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CHAPTER 1

Introduction
Arvind Venkat
Allegheny General Hospital, Pittsburgh, PA, USA; Drexel University College of
Medicine, Philadelphia, PA, USA

The emergency department (ED) serves as the gateway for medical care for
the preponderance of acutely ill patients. Whether due to medical, surgical,
pediatric, obstetric, neurologic, or psychiatric conditions, patients presenting with acute ailments expect that the ED and emergency physicians in
particular will be able to diagnose and initiate management of critical conditions. In the United States, as of 2007, there were 117 million annual
visits to the ED with 39.4 visits/100 persons [1]. Worldwide, there has
been increasing recognition of the need for quality emergency care and the
resultant recognition of emergency medicine as a medical specialty in nations as diverse as India, Turkey, and Malaysia. With this explosive growth
in emergency care, it is increasingly common for patients to view the ED
as the location for entrance into the health care system when confronted
with unexpected and severe medical complaints.
This recognition of the ED is well warranted, but it does create a dilemma
for emergency physicians who in their practice must be aware of the vast
complexities of ailments that can cause patients to present for emergency
care. While emergency physicians are clearly well trained to deal with the
most common diseases that require emergency interventions, such as cardiovascular disease and trauma, providers in the ED must now become
facile with managing patients whose disease entities are either only now
being recognized and treated or whose therapies have only recently been
developed. During a typical clinical shift, an emergency physician may
have to manage acute issues in patients whose co-morbid illnesses may
include transplantation, congenital heart disease, end-stage renal disease
or cancer. Without awareness of the new treatments and procedures in
these areas as well as the implications of increased longevity in patients
who previously may have never required emergency care in the past, it is
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easily foreseeable that emergency physicians may not correctly diagnose
and initiate treatment in conditions that require acute intervention with
resultant detriment to the patient.
At the same time, the literature and educational process in emergency
medicine has understandably largely focused upon patients who present
most commonly for ED care. Research in emergency medicine largely,
though not exclusively, focuses on the most prevalent conditions, such
as acute coronary syndromes, pulmonary embolism, stroke, trauma, and
sepsis, while textbooks in emergency medicine are largely comprehensive
surveys of the entire gamut of diseases that can cause presentation to the
ED. Similarly, the core curriculum in emergency medicine for residency
training in the United States attempts to cover the entire range of conditions to the ED, but in the process does not allow for more in-depth consideration by trainees of patient populations that are either on the horizon
or whose therapies are quickly evolving to result in increased longevity
and changed pathophysiology.
This book attempts to address this educational need for emergency
physicians to understand patient populations whose ailments either are
being treated in new ways or to rectify a lack of common recognition both
in diagnosis and the implications of increasing longevity. In selecting topics for inclusion, three themes emerge that underline the challenge facing
emergency physicians.

Increased longevity
As seen in the chapters on adults with congenital heart disease, the geriatric trauma patient, adults with cystic fibrosis, the intellectually disabled
patient, adults with sickle cell disease, and children with intestinal failure,
evolving medical care and understanding of the pathophysiology of disease has resulted in a vast improvement in the life expectancy of patients
who previously have not survived to adulthood or whose survival to late
adulthood has resulted in their exposure to illnesses that will now require
ED care. For emergency physicians, this increased longevity will result in
the need to reconsider the pathologic processes that can result in illness as
well as new complications of late-stage disease. For example, survival to
adulthood of patients with congenital heart disease means that emergency
physicians will have to recognize the late complications of surgical procedures that were used to correct these defects in infancy as well as the late
cardiovascular and pulmonary issues that may not arise until adulthood.
The aging of the general population means that emergency physicians will
have to understand the more complex pathophysiology of trauma when
interacting with other age-related illnesses. Children with intestinal failure may now survive for longer periods of time and present with complications that were only seen in the past in specialized centers shortly after
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birth. For all the patient populations discussed in these chapters, the underlying theme is that the emergency physicians have to conceive of these
patients as surviving well beyond what was previously recognized in dayto-day medical practice and consider how that may cause these individuals
to present with novel complications not seen in the past.

Novel treatment modalities
As seen in the chapters on the bariatric surgery patient, HIV-positive
adults on highly active antiretroviral therapy, emergency complications of
chemotherapeutic regimens, the post-cardiac arrest patient, renal dialysis
patients and renal transplant patients, evolving medical and surgical care
for patients who previously either had different or ineffective treatment
modalities has resulted in emergency complications that require recognition by ED providers. Such treatments have often provided wonderful benefits to these patient populations in terms of quality of life and
longevity, but have made the ED the venue in which acute diagnosis of
treatment failures or complications will take place. For example, the astronomic growth of bariatric surgical procedures requires emergency physicians to recognize the resultant anatomic and physiological changes that
take place post-operatively and the side effects and treatment issues that
can arise. The increased longevity of HIV-positive adults on highly active
antiretroviral therapy has resulted in completely new disease processes
that more commonly affect this patient population. With the development
of hypothermia treatment post-cardiac arrest, emergency physicians are
being called upon to manage patients previously thought to be neurologically devastated in a novel and potentially life-changing way. For all these
patient populations, the underlying theme is that new and evolving therapies have created a novel set of disease processes and treatments with
which emergency physicians must become familiar.

Complications of social pathologies and lack of
medical resources
As seen in the chapters on conditions causing chronic pain, family violence, and the obese patient, the ED also serves as the “canary in the mine”
for pathologies that often extend beyond the medical realm [2]. To some
extent, this may be seen as the dark side of the increased recognition of the
ED as the gateway to the health care system. As such, emergency physicians now must contend with the consequences of failures in our medical
system and complexities that result from the breakdown in family relationships or societal forces well beyond their control. For example, the growth
in the number of patients with conditions that cause chronic pain coupled with a lack of medical training in pain management and a shortage
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of pain management physicians has left the ED as the venue of last resort
for patients who require analgesia, perhaps best managed ideally in the
outpatient setting. Increased recognition of child abuse and intimate partner violence has imposed a burden on emergency physicians to treat the
medical and social dangers imposed by these conditions. The epidemic of
obesity has profound implications for the diagnostic assessment and therapeutic management of patients in the ED. Together, these emerging patient populations represent a profound challenge for emergency care in
the twenty-first century.
Chapters in this book are structured so that the reader will have an
understanding of the epidemiology, procedural interventions, and disease
presentation and management in these patient populations in the ED. Each
chapter concludes with a section entitled “The next five years” which is
meant to provide the reader with a prediction of where these fields will
likely evolve in the near future and the implications of those changes for
emergency practice. The contributing authors to this book and I hope that
the reader will find that this serves as a starting point for consideration in
training programs and clinical EDs as to how best to address the numerous
challenging and emerging conditions that will cause patients to present for
emergency care.

References
1. Niska R, Bhuiya F, Xu J. National Hospital Ambulatory Medical Survey: 2007
emergency department summary. National Health Statistics Reports 2010 Aug 6;
26: 1–32.
2. Venkat A. Health insurance: canary in the mine. Cincinnati Enquirer 2004 Jul 1:
C10.
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CHAPTER 2

The post-cardiac arrest
patient
Ankur A. Doshi1,2 and Clifton W. Callaway2
1
2

UPMC Presbyterian and Mercy Hospitals, Pittsburgh, PA, USA
University of Pittsburgh School of Medicine, Pittsburgh, PA, USA

Introduction
Heart disease is the leading cause of death in the industrialized world
[1]. Consequently, the presentation of end-stage heart disease—cardiac
arrest—is well known to emergency physicians. Similarly, emergency
providers, both in the prehospital setting and in the emergency department (ED), are well versed in the treatment algorithms for patients during
cardiac arrest. Over the past 35 years, organizations such as the American
Heart Association (AHA) and International Liaison Committee on Resuscitation (ILCOR) have developed recommendations for care of patients in
cardiac arrest [2, 3]. These references, including Advanced Cardiovascular
Life Support (ACLS), provide standardized care of patients in cardiac arrest. Even though the baseline characteristics of patients in cardiac arrest
are fairly uniform, the rates of survival for these patients still vary geographically [4]. Moreover, from the 1970s through the early 2000s, despite
a variety of newly researched and implemented interventions, there was
no change in long-term survival of cardiac arrest patients [5–10].
In the past 10 years, scientists have begun to better describe the pathophysiology of cardiac arrest leading to research that has demonstrated that
physiologic derangements occur not only during but also after cardiac arrest [11]. Consequently, clinicians have begun to recognize the need to
coordinate care of patients during and after cardiac arrest to maximize patients’ survival [11]. In many cases, early, aggressive treatment directed
at the specific pathology after cardiac arrest (post-cardiac arrest care) is essential to allow patients the maximum likelihood of beneficial neurological
outcomes [11]. This strategy of beginning post-cardiac arrest care promptly
is now advocated by guidelines published by the AHA and ILCOR such as
Challenging and Emerging Conditions in Emergency Medicine, First Edition. Edited by Arvind Venkat.
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ACLS [2, 3]. Yet, less than 20% of US emergency physicians have treated
patients with post-cardiac arrest care [12]. This chapter outlines the evidence supporting aggressive post-cardiac arrest care in the ED, protocols
for performing efficient post-cardiac arrest resuscitation in the acute setting, and future directions in the evolution of care of the post-cardiac arrest
patient.

Epidemiology and pathophysiology
An estimated two-thirds of US citizens are at high lifetime predicted risk
for atherosclerotic cardiovascular disease [13]. Consequently, cardiovascular disease was the cause of one in six deaths in the United States in
2006 [1]. The end point of cardiovascular disease is sudden cardiac arrest, which most often occurs in the out-of-hospital setting [14]. The incidence of out-of-hospital cardiac arrest is estimated to range from 55 to
120 events per 100,000 persons per year [14, 15]. A recent North American sample demonstrated the median incidence of out-of-hospital cardiac
arrest to be 52.1 events per 100,000 persons per year. The mean survival
in this cohort was 8.4% [4]. As expected, the demographics of cardiac
arrest mirror those of other coronary heart disease. The mean age for patients with sudden cardiac arrest is between 65 and 70 years of age, and
death from sudden cardiac arrest is more common in men than women
[4, 14]. Patients with ventricular fibrillation arrests, those who received
bystander CPR (cardiopulmonary resuscitation), and those with rapid return of spontaneous circulation, survive at a greater rate than those who
do not meet these criteria [11]. However, there is great variability in survival, with some regions of North America reporting overall survival after
out-of-hospital cardiac arrest to be greater than 15% and others reporting survival of less than 2% [4]. This variation persists even after controlling for patient and resuscitation variables, such as witnessed collapse,
bystander CPR, ambulance response times, and initial rhythm [4]. Part of
this variation may be explained by differing ED and in-hospital care [16].
The causes of death for patients after cardiac arrest can be broadly divided into two categories—“cardiac death” and “neurological death.” Cardiac death is due to intrinsic cardiac failure, either the inability to restart
spontaneous cardiac contraction or the inability to maintain systemic perfusion after significant myocardial damage. Neurological death is due to accumulated cellular damage to the central nervous system (CNS). Standard
care of the cardiac arrest patient prior to 2002 focused only on the restoration of circulation and did not address the continued pathology of cardiac
arrest after return of spontaneous circulation [17]. For the past 30 years,
despite newer medications and devices to treat out-of-hospital cardiac arrest, only approximately one-third of patients have return of spontaneous
circulation long enough to be admitted to the hospital [14]. Almost by
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definition, patients who do not survive to hospital admission are considered to have cardiac death [11].
Of the out-of-hospital cardiac arrest patients who survive to hospital admission, another two-thirds will die prior to hospital discharge. Although
some patients develop secondary cardiac failure or other complications of
severe illness, the primary etiology of in-hospital mortality is severe neurological injury [18, 19]. The CNS cellular damage in this group is not simply
due to ischemic cell necrosis but also due to reperfusion injury. Reperfusion injury is a second wave of cellular damage that is characterized
by dysregulation of CNS protective mechanisms and plays out for hours
to days after return of spontaneous circulation. Consequently, the previous treatment of cardiac arrest, as limited to the achievement of return of
spontaneous circulation, did not address this secondary neurological injury
[11]. Although CNS reperfusion injury had been identified for a number
of years, until recently, no therapy had been found to minimize its effect.
Randomized trials tested treatment such as calcium-channel blockers, benzodiazapines, and even specific antibodies without demonstrating benefit
in humans [20–22]. The first successful clinical trials demonstrating successful treatment of CNS reperfusion injury after out-of-hospital cardiac
arrest were published in 2001 and 2002 [23–25]. These three trials evaluated the use of induced therapeutic hypothermia (ITH) in patients after
return of spontaneous circulation from out-of-hospital cardiac arrest.
Over the past 20 years, ITH has been used to treat neurologic disorders, such as traumatic brain injury and stroke, and has been shown to be
of benefit to prevent brain injury during cardiac bypass surgery [26–28].
ITH is theorized to minimize CNS reperfusion injury via a number of
mechanisms. Possibilities include decreasing cerebral metabolism, reducing brain edema, and therefore, increasing perfusion, diminishing free radical production, suppressing neuroexcitatory toxins, controlling apoptosis,
improving brain glucose metabolism, and reducing seizures. This multifactorial effect on the CNS is likely why ITH has shown benefit, when other
specific therapies have not [11].
The three original cardiac arrest ITH trials demonstrated that the use of
ITH after out-of-hospital cardiac arrest could significantly increase patient
survival to hospital discharge. A meta-analysis of these studies showed an
almost 30% relative risk reduction for death or poor neurological outcome
in survivors of cardiac arrest treated with ITH [29]. Early use of ITH (within
the first 8 hours of cardiac arrest) increased patients’ absolute survival to
discharge with good neurologic functioning by 16% [24,25,29]. Additionally, the early use of ITH resulted in the same magnitude of benefit at
6 months post-arrest [24]. A number of further studies have confirmed
this benefit [30, 31]. On the basis of these data, the AHA and ILCOR recommend that patients after out-of-hospital cardiac arrest receive specific
post-arrest management [2, 3].
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Supportive treatment to minimize secondary CNS injury during reperfusion has also been associated with improved patient survival with good
neurological status. These therapies have been modeled after successful
treatments in the intensive care setting, such as minimizing hypoxia, hypotension, and hyperglycemia, in other critical illnesses [32–34]. Bundling
these interventions with ITH into treatment pathways has been labeled as
“post-cardiac arrest care.” A truly integrated protocol to neuroresuscitation for the post-cardiac arrest patient should include these interventions.
There have been several small studies that have demonstrated the efficacy of integrated post-cardiac arrest care in the intensive care setting to
increase patient survival [35–37].
Despite the known benefits of post-cardiac arrest care, there remains
large local variability of in-hospital care after out-of-hospital cardiac arrest. For example, when similar out-of-hospital cardiac arrest patients
were taken by ambulance to different hospitals, their survival to hospital discharge differed simply based upon the hospital where treatment occurred [35, 38]. This difference was postulated to be due to the different
in-hospital care patients received, including the use, or lack thereof, of ITH.
It is postulated, then, that regional variability in out-of-hospital cardiac arrest survival is also partially due to in-hospital care differences [16, 39].
When hospitals are polled, a majority self-report the capacity to provide
post-cardiac arrest care. However, many of these institutions do not provide this type of care on a routine basis (Martin-Gill: unpublished data).
Even when an institution has a post-cardiac arrest care system in place,
treatment is often delayed until admission, because of the perception that
such care is too time and resource intensive for the ED [12].

Indications and contraindications
There are a number of potential barriers to the use of post-cardiac arrest
care in the ED. As a result, a majority of emergency physicians report that
they do not provide post-cardiac arrest care routinely [12]. Yet, just as
early treatment of other critical illnesses, such as stroke, myocardial infarction, or trauma, in the ED improves patient outcomes, emergent treatment
of post-cardiac arrest patients can improve survival to hospital discharge
[11]. Reperfusion injury of the brain begins at the moment of return of
spontaneous circulation; the earlier that treatment is begun, the more the
potential benefit for improved neurological outcome [11]. Therefore, postcardiac arrest care should be initiated in the ED for all out-of-hospital cardiac arrest patients without contraindications detailed in Table 2.1.
Although no one has reported on specific barriers to post-cardiac arrest
care in the ED, research has identified the barriers to the use of ITH—the
most novel component of post-cardiac arrest care. A survey of North
American and European physicians identified the most common barriers
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Table 2.1 Contraindications to induced therapeutic hypothermia and post-cardiac

arrest care
Absolute contraindications
r Active uncontrolled or noncompressible hemorrhage
r Do not resuscitate/do not intubate status
r Rapid neurologic improvement (i.e., following commands with 60 minutes of return
of spontaneous circulation)
Relative contraindications
r Multisystem trauma
r Shock from GI bleed or sepsis
r Intracranial hemorrhage (unless cleared by neurosurgery)

to the use of ITH in the ED [12]. Reasons for not using ITH include the following: “not enough data” (49% of North American physicians and 41%
of European physicians), “too technically difficult” (35% North American
physicians and 32% European physicians), and “have not considered it”
(34% North American physicians and 23% European physicians) [12].
However, new data address these concerns of emergency physicians. For
example, respondents in the Merchant study indicating “not enough data”
pointed to the fact that studies only demonstrated a benefit to ITH only after out-of-hospital cardiac arrest due to ventricular fibrillation or pulseless
ventricular tachycardia [12]. However, there is no evidence that the pathophysiology of CNS injury from out-of-hospital ventricular fibrillation arrest
is different from that of any other type of cardiac arrest. A number of case
series have found a benefit to the use of ITH in all cardiac arrest patients
(in-hospital and out-of-hospital) and with all initial rhythms [40–43].
Large registries have shown that ITH provides outcome benefit to patients after cardiac arrests because of non-cardiac causes, such as asphyxiation or drug overdose [36, 40, 44]. Therefore, presently, there is sufficient data to support the use of ITH, and in association, post-cardiac arrest
care, after all types of cardiac arrest.
Another frequent reason why physicians do not provide ITH is that they
“have not considered it” [12]. This is despite these physicians understanding the benefit of ITH after out-of-hospital cardiac arrest; 34% of North
American respondents felt that the data for ITH was compelling enough to
make a trial randomizing some patients to normothermia unethical. The
reason for this disparity may lie in the fact that emergency physicians provide care in a scarce resource model. They attempt to provide the best
care possible to the most number of patients with the available time and
resources. Consequently, emergency physicians may not consider the use
of hypothermia in contrast to other lifesaving interventions such as intravenous thrombolytics for acute stroke or immediate coronary intervention in the setting of ST-segment elevation myocardial infarction. In short,
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many emergency physicians may feel that, despite the proven benefit of
ITH after cardiac arrest, the magnitude of this benefit does not outweigh
the risk incurred to other patients when ITH is initiated for cardiac arrest.
Pessimism about the survivability from cardiac arrest may bias physicians into believing that aggressive post-cardiac arrest care is rarely useful. One study demonstrated that a majority (63%) of in-hospital cardiac arrest patients after return of spontaneous circulation were placed
in “do not resuscitate” status. Of these patients, 43% had mechanical support actively discontinued during the hospitalization [45]. The fact that
many patients after return of spontaneous circulation seem neurologically devastated may contribute to this pessimism. However, neurological assessment in the ED is not predictive of final neurological outcome
after cardiac arrest [46–49]. Many patients receive medications during cardiac arrest that may make neurological assessment invalid. Atropine, for instance, will cause pupillary dilation because of its anticholinergic effect, in the absence of brain injury. Additionally, all
patients after cardiac arrest suffer some degree of neurological stunning.
The depth of this stunning is likely proportional to the ischemic injury suffered during the arrest. A patient with very little injury, such
as one rapidly defibrillated in the field, may seem almost neurologically
normal in the ED. However, even patients who demonstrate no neurological function shortly after a prolonged cardiac arrest will improve
neurologically during the next 48–72 hours [49]. Because of this initial
inability to predict final neurological outcome of out-of-hospital cardiac
arrest patients, the benefit of post-cardiac arrest care may be less obvious
to the emergency physician than the benefit from interventions for STsegment elevation myocardial infarction or stroke.
The final barrier to care identified—that ITH is “too technically
difficult”—probably has two components. First, many physicians may not
feel comfortable with the mechanical steps needed to implement ITH. Additionally, physicians may be concerned about the possible side effects of
ITH that could lead to worse patient outcomes. As with any new therapy
or medication, there is a learning curve to the implementation of postcardiac arrest care. Providing an algorithm for emergency physicians to
manage patients after cardiac arrest may clarify both how post-cardiac arrest care can be integrated into the patient’s ED care as well as for which
patients such care is contraindicated.
The algorithm we recommend is the “ABCs” of resuscitation—already
well known to all emergency physicians. After return of spontaneous
circulation, the emergency physician should return back to the beginning of the ABCs and ensure that the patient’s airway is secured, followed by assessments of oxygenation, ventilation, perfusion, and focal
neurological disability. This algorithm helps the physician provide postcardiac arrest care using a well-known pathway. In addition, by following this pathway, those few patients in whom post-cardiac arrest care is
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contraindicated will be evident. For instance, patients in shock due to multisystem trauma, hemorrhage, or sepsis should have their ED resuscitation
focused on correction of these illnesses or injuries processes prior to specialized post-cardiac arrest care. However, the presence of one of these
medical problems is only a relative contraindication to treatment with
post-cardiac arrest care. Similarly, a brief focused neurological assessment,
with the addition of neuroimaging via CT, should identify patients with intracranial hemorrhage. If cleared by neurosurgery, these patients may still
be treated with post-cardiac arrest care. Initial resuscitation may focus on
correction of the intracranial hemorrhage first. Previously accepted contraindications to post-cardiac arrest care, such as pregnancy or under-18
age, do not have physiologic bases. There have been published case reports
detailing successful use of ITH in these settings [50–52].
It is true that despite optimal care, a patient’s final neurological status
can only be maximized to the level of functioning prior to the recent cardiac arrest. In an ED setting, therefore, it may be reasonable to withhold
aggressive post-cardiac arrest care for a patient whose neurological status
prior to cardiac arrest is poor. Some patients, in addition, have made their
decision on the use of lifesaving technology clear prior to their event in the
form of an advanced directive. As post-cardiac arrest care is a therapy that
may take days to accomplish, it is reasonable for the emergency physician
to not aggressively treat a post-cardiac arrest patient who has specifically
declined intensive care therapy. However, in other cases, aggressive postcardiac arrest care in the ED can make a profound difference in patients’
final neurological outcome.

Nuts and bolts
The application of post-cardiac arrest care in the ED is straightforward and
requires resources that are already available in most institutions. However, some preparation is needed to ensure that the needed equipment is
resourced to the ED to minimize time delay from return of spontaneous
circulation to the beginning of neuroresuscitation. It is also imperative that
the care provided in the ED not be labor or resource intensive. This will
ensure that providers, even in a chaotic ED environment, are able to provide maximum care to the post-arrest patient without compromising care
to other patients. The familiar “ABCs” algorithm is a useful framework for
defining the care to be provided with some modification (Table 2.2).
Airway
The beginning of post-cardiac arrest care in the ED is an assessment of
the patient’s airway. If, after return of spontaneous circulation, the patient
is alert and protecting his or her own airway, further interventions may
not be necessary. However, most survivors of cardiac arrest will be neurologically injured and require placement of an artificial airway. Recent
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Table 2.2 Recommended emergency department post-cardiac arrest care protocol

r A (airway)
b Replace rescue airway with endotracheal tube
r B (pulmonary function)
b Arterial blood gas
b Continuous pulse oximetry


Avoid hypoxia OR hyperoxia (O2 sat—94%–98%)



Maintain eucapnia (PaCO2 35–45 mm Hg)

b Continuous end-tidal capnography

r C (systemic and cerebral perfusion)
b Frequent or continuous blood pressure evaluation (continuous arterial line
monitoring is preferred)
 Maintain central venous pressure (12–15 mm Hg adjusting for any positive-end
expiratory pressure)
Use intravenous fluid boluses
 Maintain mean arterial pressure (80–100 mm Hg)
Use ionotropes or vasopressors
b Obtain ECG
 Percutaneous coronary intervention based on standard criteria
 Maintain low threshold for cardiac catheterization with evidence of ischemia or
cardiogenic shock
r D (neuroresuscitation)
b Induced therapeutic hypothermia
 Continuous temperature monitoring with esophageal, rectal, or bladder probe
 Goal temperature of 32–34◦ C within 6 hours of return of spontaneous circulation
 Infusion cooling
30 mL/kg 4◦ C crystalloid infusion (bolus)
Gastric/bladder cold irrigation
 Surface cooling
Application of ice packs to head, neck, axilla and groin
Cooling blanket
 Prevention of motion
Neuromuscular paralysis (short term)
Sedation with benzodiazapine/barbiturate
Shivering control with narcotic
r Other possible therapies per local protocols (discuss with admitting physician)
b Control of hyperglycemia
 Low-dose insulin infusion
b Anticoagulation
b Antimicrobial use

data on patients in cardiac arrest has demonstrated a significant association between the amount of time chest compressions were performed and
survival [53,54]. Endotracheal intubation often requires lengthy interruption in chest compressions [55]. Supraglottic airways, in contrast, can be
more easily placed without an interruption of chest compressions [56]. For
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this reason, some local protocols have begun using these airways for rescue
when endotracheal intubation cannot be accomplished or favoring immediate supraglottic airway placement over standard intubation [57, 58]. If
a rescue airway or primary supraglottic airway was placed during resuscitation, it should be converted to a standard endotracheal tube in the ED,
as most patients will require mechanical ventilation for at least 24 hours.
Additionally, a common complication of out-of-hospital cardiac arrest is
aspiration; therefore, intubation should be accomplished with an endotracheal tube large enough to allow for frequent suctioning [24, 25].
Pulmonary function
The next step in post-cardiac arrest care is an evaluation and management
of pulmonary function. The patient should be placed on continuous pulse
oximetry. An arterial blood gas (ABG) should be assessed to evaluate the
partial pressure of oxygen (PaO2 ) and carbon dioxide (PaCO2 ). If possible, a continuous end-tidal carbon dioxide detector may be used as well.
Immediately after return of spontaneous circulation, the CNS is extremely
vulnerable to hypoxia. Therefore, ED care should ensure that adequate
oxygenation is maintained throughout [32]. In addition, early hyperoxia
is also associated with poorer final neurologic outcomes. Patients with initial PaO2 less than 60 or greater than 300 had worse outcomes than those
with PaO2 between 61 and 299 [59]. Therefore, the emergency physician
should titrate supplemental oxygen to avoid these extremes of blood oxygenation. To avoid repetitive ABG sampling, continuous pulse oximetry
can be used to reduce oxygen levels to the lowest possible to maintain
saturations ⬎94%.
Management of ventilation is also an important component of postcardiac arrest care. Hypocapnia decreases cerebral blood flow. Therefore,
maintenance of normal PaCO2 (between 35–45 mm Hg) is useful in preventing a secondary reduction in CNS perfusion. Initial management can
be done on the basis of the ABG, with subsequent changes being performed using the end-tidal carbon dioxide monitor.
Systemic and cerebral perfusion
Thirdly, the emergency physician should continually evaluate the adequacy of circulation and CNS perfusion after return of spontaneous circulation. In the first 24 hours after return of spontaneous circulation, myocardial dysfunction is common, likely due to primary cardiac disease or
coronary reperfusion injury. This cellular damage results in decreased cardiac stroke volume and decreased cardiac output and cerebral blood flow
[60]. Also, during initial resuscitation, vasopressors, such as epinephrine,
are often used, which artificially increase systemic blood pressure. The effect of these vasopressors is quite transient; as their effect wanes, hemodynamic compromise may occur. Without an adequate mean arterial
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pressure, CNS perfusion will not be maintained [11]. After reperfusion,
autoregulation of the cerebral circulation causes further decrease in cerebral blood flow due to cerebral vasoconstriction. Due to this, mean arterial
pressures after return of spontaneous circulation should be kept on the
higher end of normal (80–100 mm Hg) to avoid secondary CNS injury
[61]. One study demonstrated that even transient hypotension in the first
2 hours following return of spontaneous circulation was associated with
poor neurologic recovery [33]. Therefore, emergency care of the postcardiac arrest patient should include frequent assessments of global perfusion. At a minimum, measurement of blood pressure should be made
frequently (every 5 minutes) using noninvasive measures. Ideally, arterial
cannulation should be performed to measure blood pressure continuously.
Adequate fluid resuscitation is needed to maintain adequate cardiac filling
pressures. Either inotropes, such as dopamine, or vasopressors, such as
norepinephrine, may be needed to ensure adequate perfusion.
Other cardiac therapy within post-cardiac arrest care must include an
evaluation of the need for coronary intervention. All patients after out-ofhospital cardiac arrest should have a 12-lead ECG obtained. The presence
of ischemia should be aggressively managed including a low threshold for
percutaneous coronary intervention. Routine cardiac catheterization may
lead to increased survival from cardiac arrest, and standard criteria for direct coronary intervention, such as the presence of ST-segment elevations,
should prompt immediate intervention [62, 63]. One series showed that
48% of patients with return of spontaneous circulation after cardiac arrest
had some coronary artery occlusion [64]. Another study showed that 51%
of resuscitated patients had either cardiac enzyme elevation or electrocardiographic evidence of acute myocardial infarction [65]. Multiple studies have shown that emergent coronary intervention with angioplasty or
coronary stenting is safe in patients during ITH [66,67]. Patients in cardiogenic shock, even without ST-segment elevation, may also benefit from
coronary intervention or the placement of an intra-aortic balloon pump,
although the evidence for this benefit is more from correlation rather than
clinical trials [63]. ITH has been used with concomitant fibrinolytic therapy after cardiac arrest and stroke, with no more bleeding than usually expected after fibrinolysis [68, 69]. Therefore, ITH should be considered for
patients regardless of the reperfusion strategy selected. From the standpoint of the emergency physician, the data supports that a strong partnership with cardiology and an ability to carry out immediate coronary
intervention are needed to care for post-cardiac arrest patients.
Neuroresuscitation
The most novel portion of post-cardiac arrest care is the focus on neuroresuscitation. The major component of this is ITH. However, other therapies,
such as the use of benzodiazapine or barbiturate sedation and control of
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hyperglycemia, may be useful as well. As described above, ITH has many
effects on the CNS that may contribute to its effectiveness in improving
survival from out-of-hospital cardiac arrest. Interestingly, many different
treatment protocols for ITH have been tested, and all have demonstrated
similar benefits [30, 31,70]. The techniques for ITH can be grossly divided
into three categories: (1) surface cooling, (2) infusion cooling, and (3) endovascular cooling. The use of the first two types of cooling requires minimal preparation and no special equipment. Endovascular cooling, in contrast, requires the purchase of specialized equipment. All three methods
have similar effectiveness for induction of hypothermia. However, because
of the ease of use of surface and infusion cooling, we recommend the use
of these methods in the ED.
Many of the parameters of ITH, such as the optimal temperature, optimal rate of temperature change, and the maximum time delay to beginning therapy, are unknown. Current recommendations are, therefore,
adapted from successful clinical trials. It is reasonable to attempt to induce
hypothermia to between 32◦ C and 34◦ C within 6 hours of return of spontaneous circulation. The optimal rate of cooling is unknown, but no ill effects have been noted with rapid reduction of temperature [71]. Many patients after return of spontaneous circulation are mildly hypothermic with
temperatures ranging from 35◦ C to 35.5◦ C [25,72]. However, if the induction of hypothermia is delayed, spontaneous rewarming occurs within 1
to 2 hours [73, 74]. Therefore, prompt temperature control after return
of spontaneous circulation may reduce the amount of effort required to
provide ITH.
Surface cooling is performed using ice packs and cooling blankets. We
have found that true ice packs should be used, as opposed to chemical cooling packs, which lack the thermal mass and duration of action to be effective. These ice packs are placed about the patient’s head, neck, axilla, and
groin with adequate padding to minimize the chance of frost injury. Additionally, a cooling blanket can be placed to help lower core temperature.
Initial experience with surface cooling showed it to be slow—needing between 4 and 6 hours to reach goal temperature [24,25,75]. More advanced
protocols have added neuromuscular blockade and sedation to minimize
motion and shivering and have successfully cooled most patients below
34◦ C within 4 hours [71]. The only preparations to use surface cooling are
having a source of ice and a readily available cooling blanket.
Infusion cooling is performed by the administration of cold fluids, either intravenously or via gastric and/or bladder lavage. The most effective of these interventions is a rapid infusion of cold (4◦ C) crystalloid intravenous fluids [74]. The recommended dose is 30 mL/kg of crystalloid
administered as a bolus via central line or pressure infuser peripherally
[76]. Minimal preparation is needed for the use of infusion cooling. Standard 1 L bags of crystalloid fluid can be placed within a refrigerator and
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infused when needed. Some institutions require that these bags be rotated
or replaced in a standard fashion, although no study has evaluated this
requirement. Cold crystalloid infusion may be contraindicated in patients
with pulmonary edema or others who cannot tolerate such a volume load.
In these patients, gastric and bladder irrigation with cold (4◦ C) fluids may
be used as an alternative.
Although infusion of cold fluids is effective at induction of hypothermia,
it is not an effective method for hypothermia maintenance [77]. Another
method must be used to maintain hypothermia once the patient reaches
goal temperature. Most protocols provide simultaneous infusion cooling
with surface or endovascular cooling. Sedation and short-term paralysis
are essential to ensure that the patient does not generate body heat and
rewarm prematurely during induction. One important caveat is that, due
to a high incidence of seizures in post-cardiac arrest patients, care must be
taken to ensure that neuromuscular blockade does not mask seizure activity. Our recommendation is to discontinue paralysis once goal temperature
is reached and to control movement of shivering with sedation and narcotic pain medications. For example, one regimen might consist of sedation
with a propofol infusion and analgesia with fentanyl. If the patient’s blood
pressure does not tolerate propofol, then a midazolam infusion might be
substituted. Figure 2.1 shows a model patient receiving ITH.
Other therapies for neuroresuscitation are more controversial than those
detailed above. Such treatments include control of hyperglycemia, anticoagulation, and antimicrobial treatment of suspected infection. However,
each of these strategies has not shown significant benefit when added to

Figure 2.1 Model patient receiving induced therapeutic hypothermia.
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ITH [78–80]. Therefore, although these therapies are reasonable and may
become part of local protocol [81], we do not recommend their use in the
ED without coordination with the intensive care unit.
Appropriate admission
The final aspect of post-cardiac arrest care that should be discussed is appropriate disposition from the ED. Obviously, the use of post-cardiac arrest
care requires institutional buy-in and support, in addition to being a focus
of ED care. Any patients undergoing post-cardiac arrest care in the ED
should be managed in a center with the ability to continue this care in
the intensive care setting. With the possibility of deterioration of cardiac
function, an admitting facility must have the ability to perform immediate
percutaneous coronary intervention. Finally, some research indicates that
post-cardiac arrest care may have fewer complications when performed in
specific referral centers [16, 39, 80].
Overall, initiation of post-cardiac arrest care in the ED is straightforward
when done in an algorithmic fashion. Focusing on airway (A), pulmonary
function (B), systemic and brain perfusion (C), neuroresuscitation (D), and
appropriate disposition in a stepwise approach makes the induction of this
therapy more practical in a busy ED. However, a typical patient requires
and deserves 1 hour or more of critical care time while still in the ED
with potential for more depending on the procedures performed. A close
relationship with intensivists or partners in the ED to provide this coverage should be considered. In many ways, the resource requirements of
the post-cardiac arrest patient are similar to those of a high-acuity trauma
patient.

Special situations
Emergency medical services
Many emergency physicians, as medical directors, play a significant role
in their local emergency medical services agency. A recent focus in prehospital medicine is on “best practices” cardiac arrest care. For instance,
by implementing multiple small changes in how paramedics provide care
to out-of-hospital cardiac arrest patients, survival to hospital discharge can
triple [57, 58]. Similarly, research is being done on the implementation
of post-cardiac arrest care, specifically ITH, prior to arrival at the hospital. Theoretically, treatment with ITH in the field could provide additional
neurological benefit because of minimization of the time delay from return
of spontaneous circulation to neuroresuscitation. Intravenous crystalloid
in portable coolers can be easily maintained at the appropriate temperature [82]. Furthermore, infusion of cold intravenous fluids can lower body
temperature prior to a patient’s arrival at the hospital [74]. However, no
study has shown a significant neurological outcome difference between
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patients cooled in the field and those cooled in the ED [44]. However, a
number of prehospital systems have implemented protocols encouraging
ITH in the field. Importantly, data from patients in the intensive care unit
shows that those patients with high variability in their temperature (i.e.,
those who fluctuate from goal temperature to either overcooling or undercooling) have a poorer neurologic outcome than those whose temperature
is less labile [83,84]. Therefore, patients who have ITH initiated in the field
should be transported to institutions where ITH can be continued. Patients
that arrive in the ED after undergoing ITH in the field should have ITH
continued without interruption.
Ethics
Ethical concerns regarding ITH and post-cardiac arrest care are often expressed by physicians and patients’ family members. For instance, there
exists a worry that the use of aggressive post-cardiac arrest care will result in more patients surviving cardiac arrest, but in a neurologically devastated state. Prior to the widespread use of ITH, of the 8% of patients
who survived cardiac arrest, most had a high quality of life [18, 85]. This
is likely due to the fact that a majority of resuscitated cardiac arrest patients are given “do not resuscitate” status while in the hospital and, therefore, do not survive if severely debilitated [86]. After the implementation of standardized use of ITH, the relative proportion of patients with
good neurologic survival, when compared with those who survive with
severe neurologic injury, has not changed [87]. Another group found
that the use of ITH has decreased the number of neurologically injured
survivors [88].
Another concern deals with termination of care, i.e., when can care be
ethically withdrawn after the initiation of post-cardiac arrest care? For instance, if post-cardiac arrest care is begun in the ED prior to the arrival of
the patient’s family, it is possible that the family may provide evidence of
the patient’s wishes for end-of-life care to not have intensive care level interventions. Unfortunately, the benefits of ITH and post-cardiac arrest care
are not necessarily evident in the first 24 hours. If the emergency physician feels that the cardiac arrest can be survivable with aggressive therapy,
it may be reasonable to delay discussions about withdrawal of care until
the treatment protocol is completed, i.e., after the first 24 hours. In the
event that the provider and the family have very different views on continuing care, a consult to the hospital ethics service may be useful to clarify
both sides’ positions and develop a coordinated plan of care.
Finally, emergency physicians may be concerned with the need for families to provide informed consent for post-cardiac arrest care, and any
potential liability from the initiation of post-cardiac arrest care. No specific case law on post-cardiac arrest care exists. The use of ITH and other
post-cardiac arrest care interventions has been supported by the AHA and
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ILCOR as standard of care after out-of-hospital cardiac arrest. For this reason, we do not believe that informed consent is needed to provide postcardiac arrest care. However, our institutional practice is to inform the
patient’s nearest relative of the plan of care if possible.

The next five years
The future may bring a further specialization in institutions that care for
post-cardiac arrest patients. Some centers may self-designate themselves
as “cardiac arrest centers” analogous to “trauma centers” or “stroke centers” and provide comprehensive post-cardiac arrest care from ITH to neurological rehabilitation [11, 39]. These centers will likely be staffed by inhouse neurointensivists and interventional cardiologists, who are prepared
to care for post-cardiac arrest patients at all times [11,39].
Not all patients would benefit from this level of care, however. For example, some patients after return of spontaneous circulation are awake
and without complaint. These patients usually have received rapid defibrillation for ventricular fibrillation or pulseless ventricular tachycardia.
Patients presenting with these initial rhythms are more likely to have
coronary disease amenable to percutaneous coronary intervention [64,
66]. Therefore, even in the absence of obvious criteria for cardiac catheterization, such patients should be managed in a center capable of immediate percutaneous coronary intervention, though they may not require all
the features of a full cardiac arrest center. At the other extreme, certain
patients have severe cardiac and neurologic damage even prior to their
cardiac arrest. These patients may require aggressive ventilator support,
vasopressor management, and pharmacologic control of seizures to survive. However, despite maximal therapy, it is impossible for such a patient
to improve beyond their baseline severely debilitated state. In this circumstance, supportive care might be managed in any center. In fact, the risk
of transfer of such patients may far outweigh any potential benefits. Additionally, transfer of these patients may make it more difficult for family to
be involved in their care due to distance and transportation issues. Patients
who fall between these extreme categories will probably benefit most from
treatment by a cardiac arrest center. These centers would be best equipped
to identify and manage complications of care and provide the intensive rehabilitation and coordinated effort needed to maximize survival with good
neurologic outcome. From a medical standpoint, the potential direct benefit to the patient from specialized care should outweigh any administrative
concerns about losing business. Therefore, in the case of an ED without
tertiary care abilities, post-cardiac arrest care should be initiated prior to
the patient being transferred to a higher level of care—including a cardiac
arrest center.
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Conclusion
A focus on post-cardiac arrest care has shown uniform and absolute improvement in patients’ survival to hospital discharge with good neurological outcome of greater than 15% [24, 25, 70]. Although recommended by
the AHA and ILCOR, most EDs presently do not provide post-cardiac arrest
care [2, 3]. Those centers that have implemented post-cardiac arrest care
protocols continue to show an improvement in patient survival [43, 87].
Post-cardiac arrest care can be accomplished in any ED using a well-known
algorithm and readily available resources once logistical and attitudinal
barriers are addressed in the care of this challenging patient population.
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CHAPTER 3

Adults with congenital
heart disease
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Introduction and epidemiology
Congenital heart disease (CHD) is defined as cardiac abnormalities present
at birth. In the 1950s, the surgical mortality of children with CHD was
greater than 50% [1]. With the improvement of diagnostic techniques,
surgical interventions, and specialized care, more than 85% of children
with CHD now reach adulthood [2, 3]. There are now more than 1 million
adult congenital heart disease (ACHD) patients [3]. As of today, there are
more adults than children with CHD [1]. As a result, outpatient cardiac
care of ACHD patients has rapidly increased. In Canada, for example, the
outpatient ACHD workload has increased by 400% [2].
With the increasing number of ACHD patients, emergency physicians
are likely to encounter this population. Most of these patients will already
carry a diagnosis of CHD. However, 10% of congenital heart defects are not
discovered until adulthood [1]. ACHD patients seek care for both cardiac
and non-cardiac emergencies. European studies have shown that the most
common reasons ACHD patients visit the emergency department (ED) are
related to cardiovascular dysfunction (specifically arrhythmias and heart
failure) and infection (such as endocarditis) [4, 5].
ACHD patients who seek emergency care are often quite ill. A prospective study of 126 emergent admissions of ACHD patients showed that 20%
of urgent admissions resulted in mortality or transplant within 3 years of
the initial admission [5]. Additionally, those who experienced a lapse in
routine care for CHD are three times more likely to require urgent cardiac
intervention [6]. Overall, ACHD patients have an admission rate 2–3 times
the general population [7].
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Table 3.1 Symptoms and findings frequently missed or inadequately

treated in adults with CHD (As per author experience)
Rapid increase in heart rate
New widening of the QRS complex
Atrial flutter
New onset supraventricular tachycardia
Syncope
Rapid increase in hypoxia
Hemoptysis
Extracardiac conditions due to disease, medications, and alcohol

General considerations for adult congenital heart
disease patients in the emergency department
With the exception of uncomplicated bicuspid aortic valve, most ACHD
patients will have required treatment during childhood and have had subsequent follow-up with a cardiologist. Based on recommendations from
the American Heart Association and the American College of Cardiology,
most patients will carry with them specific details of their cardiac history.
It behooves emergency physicians to contact the treating cardiologist early
in the patient encounter to avoid complications that can arise from not
having access to a detailed medical history. In addition, ED patients requiring either cardiac or surgical intervention, even if not cardiac-related,
should be transferred to a center with expertise in managing congenital heart disease [8]. Emergency physicians can find the nearest referral
center by accessing the website of the Adult Congenital Heart Association
(http://www.achaheart.org).
There are a number of common mistakes made by physicians with limited CHD experience. Table 3.1 outlines symptoms and findings that are
frequently missed or inadequately treated. Table 3.2 describes common
mistakes made during the treatment of ACHD patients.
Table 3.2 Common mistakes made while treating adults with
CHD (As per author experience)
Late or no referral to congenital cardiologist
Extracardiac surgery or endoscopy without referral to or discussion
with a Regional Congenital Heart Disease Center
Injudicious use of medications (such as NSAIDs)
Poor arrhythmia management
Use of proarrhythmic medications
Lack of aggressive treatment of arrhythmias
Poorly managed anticoagulation
Not measuring electrolytes
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Clinical implications of non-cyanotic congenital
heart conditions
Table 3.3 outlines the presenting symptoms/signs, findings on physical
exam, ECG and chest radiograph, and long-term complications of adults
with each non-cyanotic congenital heart condition.
Atrial septal defect
Atrial septal defect (ASD) is one of the most common adult congenital
heart defects. Nearly 4 of every 100,000 newborns are found to have an
ASD [3]. An ASD is a persistent communication between the right and
left atria [8]. There are three types of ASDs. The most common type
(70%–80%) of ASD is the secundum ASD. The primum ASD accounts
for 15%–20% of all ASDs. It is a deficiency in the endocardial cushion
tissue and commonly associated with Trisomy 21. The sinus venous ASD
is rare, accounting for only 5%–10% of all ASDs [3]. About 30% of ASDs
are associated with additional malformations, most commonly mitral valve
prolapse or valvular pulmonic stenosis [8].
Given the higher pressure on the left side of the heart, the shunt across
the ASD is predominantly left to right. Over time, however, the chronic
overload of the right ventricle causes hypertrophy and pulmonary overcirculation. Right-sided heart failure, frequent pulmonary infections, fatigue,
exercise intolerance, atrial arrhythmias, and pulmonary hypertension may
bring these patients to the ED. Pulmonary hypertension and right ventricular hypertrophy can result in a right to left shunt [3, 8].
Large ASDs are repaired in childhood to avoid long-term complications. These patients are asymptomatic after repair. Small ASDs can remain
asymptomatic until the fourth or fifth decade of life when coronary artery
disease, acquired valvular disease, or hypertension decrease left ventricular compliance causing an increase in shunting [1, 8]. This physiology
causes adults with ASDs to present in four distinct ways:
1. Progressive dyspnea on exertion from pulmonary overcirculation.
These symptoms are not usually attributed to the ASD until a transthoracic echocardiography is done [9].
2. Atrial arrhythmia from dilated atria. This rarely occurs before the age of
40. If right atrial enlargement occurred prior to repair, the patient still
has a high risk of atrial arrhythmias.
3. Transient ischemic attack, stroke, or other systemic ischemic event.
4. Incidentally during echocardiography for other reasons or to evaluate
cardiomegaly on a chest X-ray [1, 3, 10].
Adults with unrepaired ASDs are usually candidates for closure although
arrhythmias may persist after repair [9].
Examination of the adult with an ASD reveals a fixed splitting of the
second heart sound with respirations. A systolic pulmonary flow murmur

Ventricular
septal defect
(VSD)

Palpable RV lift (if RV
overload present)

TIA/CVA

Incidental
finding on
echocardiography
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is present if there is a significant left to right intra-cardiac shunt. Right ventricular volume overload will produce a palpable right ventricular lift (or
a left parasternal heave) and lateral retraction of the apex [11]. An ECG
and chest X-ray will reflect a volume overloaded right heart. The ECG
usually shows a sinus rhythm with right axis deviation, right atrial enlargement and an rsR’ pattern in lead V1. The chest X-ray will show right
atrial and ventricular enlargement, prominent pulmonary artery segment,
and increased pulmonary vascularity [12]. Echocardiography with color
flow Doppler is the diagnostic test of choice [13].
The treatment for ASDs is closure. In the absence of pulmonary
hypertension, early mortality for an ASD closure is less than 1% [8].
One week to a month after repair, an autoimmune disorder called
post-pericardiotomy syndrome may occur. It presents with fever, fatigue,
vomiting, chest pain, and abdominal pain. Physical exam will reveal a pericardial friction rub while a chest radiograph will show cardiomegaly and
possible bilateral pleural effusions. Echocardiography may show a pericardial effusion. Unless there is cardiac tamponade, post-pericardiotomy
syndrome can be treated with nonsteroidal anti-inflammatory drugs
(NSAIDs) or steroids. Post-pericardiotomy syndrome usually responds to
pharmacologic treatment, but may recur [14]. Many secundum ASDs are
now amenable to catheter device closure, thus avoiding post-operative
morbidity.
Ventricular septal defect
Ventricular septal defect (VSD), a persistent communication between the
right and left ventricles, account for 20% of all cardiac malformations [3].
It is one of the most common congenital heart defects at birth with an
incidence of 2%–5% [15]. Nearly 80% of small, isolated VSDs close spontaneously; so the incidence in older infants and children is lower [8]. Perimembranous VSDs account for 80% of all VSDs. The perimembranous
VSD may create a pouch, or “aneurysm,” that limits left to right shunting
and can result in partial or full closure of the defect. The remaining 20% of
VSDs are usually muscular. This muscular VSD may have multiple openings, but spontaneous closure is common. An inlet VSD exists as part of
the endocardial cushion defect and usually occurs in patients with Down
syndrome [3, 8].
The direction of the shunt created by a VSD is determined by the difference between the systemic and pulmonary pressures. If the defect is
small, the systemic pressure is greater than the pulmonary pressure so the
blood flow through the shunt is left to right. However, if the VSD is large,
increased pulmonary resistance may result in a right to left shunt (Eisenmenger’s syndrome) [3]. Large VSDs are usually closed before 2 years of
age. Smaller, isolated VSDs may present in adulthood as infectious endocarditis or incidentally on evaluation for a murmur [8].
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The physical exam of an adult with a small VSD includes a blowing pansystolic murmur best heard at the left lower sternal border. Large VSDs
have an additional low-pitched diastolic murmur at the apex [12]. The
ECG is usually normal but may exhibit an intraventricular conduction
delay, biventricular hypertrophy, or isolated RV hypertrophy [8, 16]. A
significant left to right shunt may result in left atrial and ventricular enlargement and increased pulmonary vascular markings on chest x-ray [8].
Echocardiography is the best noninvasive form of definite diagnosis as it is
extremely sensitive [16].
The treatment for VSDs is surgical closure. Most VSDs are not amenable
to percutaneous device closure and require surgical closure with synthetic
material. Early closure usually avoids the development of long-term pulmonary hypertension. Patients who undergo cardiac surgery for VSDs are
at increased risk of arrhythmias [8, 16].
Patent ductus arteriosus
Patent Ductus Arteriosus (PDA) refers to a persistent communication between the pulmonary artery and aorta beyond the first post-natal week
[3, 8]. The incidence is highest in pregnancies complicated by persistent
perinatal hypoxemia and among infants born at high altitude or prematurely [13, 15]. The most common lesions associated with PDAs are VSDs
and ASDs [8].
The pathophysiology of the PDA is based on the difference in resistance
between the systemic and pulmonary circulations. As a result, a left to right
shunt develops [3]. Most PDAs are diagnosed on physical exam (continuous murmur and wide pulse pressure) and treated in infancy or childhood.
A patient with a large PDA has a 50% survival rate at 20 years and 10%
survival rate at 50 years of age [17]. Without correction for size of the
PDA, the mortality of an untreated adult with a PDA is 1.8% per year
[18]. Adults with an undiagnosed PDA may present with consequences of
a left to right shunt, angina from coronary “steal” phenomenon (in which
the ductus competes for aortic diastolic flow), endarteritis (endocarditis of
the artery), left heart failure, arrhythmia (mainly atrial tachycardias), and
pulmonary hypertension [3, 19]. PDAs in adults may be well tolerated until combined with acquired heart conditions such as ischemic heart disease
or calcific aortic stenosis.
The physical exam of an adult with an unrepaired PDA reveals a continuous machinery-like murmur best heard at the left upper sternal border
[12]. With pulmonary hypertension, upper extremity oxygen saturation
may be higher than the lower extremities [8]. The ECG may be normal if
the PDA is small. If the PDA is large, the ECG may show left atrial enlargement and left ventricular hypertrophy [18]. If the disease has progressed
to involve pulmonary hypertension, there will also be right ventricular
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hypertrophy. Chest X-ray findings, again, depend on the size of the shunt.
A larger shunt may reveal cardiomegaly with increased pulmonary vascular markings and calcification in the area of the ductus [12]. Echocardiography is the procedure of choice to confirm diagnosis and further characterize the PDA and associated anomalies [19].
Definitive treatment for a PDA is percutaneous or surgical closure, but
medical therapy may be required in order to prepare for an operation. If
the PDA is isolated, device closure or coils have a high success rate with
few complications. If the PDA is not amenable to a percutaneous approach,
the surgical approach through a left lateral thoracotomy is often successful
with low early mortality. Complications of the surgical approach include
injury to the recurrent laryngeal nerve, phrenic nerve, or thoracic duct.
Once treated, recannulization of the PDA is rare [8].
Coarctation of the aorta
Coarctation of the aorta is a discrete narrowing of the aorta in the region of
the ligamentum arteriosum. There is usually a discrete narrowing distal to
the left subclavian artery or, less commonly, at the aortic arch or isthmus
[8]. Coarctation of the aorta accounts for about 5% to 8% of all congenital heart disease [20]. Other cardiac lesions, such as bicuspid aortic valve,
subaortic stenosis, and VSDs, are commonly associated with coarctation of
the aorta. There is a small incidence of associated berry aneurysms of the
Circle of Willis [8].
The vast majority of coarctations are recognized and repaired in the
neonatal period [1]. The average age of survival for untreated patients
with coarctation is only 35 years with 90% of these patients dying before the age of 50 [21]. Hypertension develops quickly as the diminished
pressure to the lower portions of the body, including the juxtaglomerular
apparatus of the kidney, perceives low blood flow and modulates vascular
tone and intravascular volume in an attempt to restore perfusion pressure
to the distal aorta [20].
Adults with unrepaired coarctation of the aorta may present with exertional headache or leg claudication, epistaxis, cool extremities, or fatigue
[8, 20]. The patient will have a history of hypertension and, if started on
antihypertensive medication, may have worsening claudication or prerenal azotemia [20]. Physical exam of an adult with unrepaired coarctation of the aorta will show upper extremity hypertension with discrepant
pulses between the upper and lower extremities. A systolic ejection murmur loudest in the left infrascapular position is due to the coarctation or
collateral vessels. There may be signs of left ventricular hypertrophy with
a forceful, pressure-load apical impulse and hyperdynamic carotid pulsations [11]. The ECG will show left ventricular hypertrophy, secondary
ST–T wave abnormalities and, possibly, right ventricular conduction
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delay [8]. The chest X-ray can have the following three distinct findings
[20, 22]:
1. Prominent curvilinear shadow along the right sternal border indicating
a dilated ascending aorta
2. A “figure of three” sign at the upper left mediastinal border from the indentation of the aorta with post-stenotic dilation, left subclavian artery
dilation, or aortic knob dilation
3. Notching on the underside of ribs 3 through 9 from collateral vessels
Beyond treatment for hypertension, there is a controversy as to whether
surgical or interventional therapy should be the preferred treatment of native coarctation of the aorta in adults [23]. Surgical repair is accomplished
by excision of the narrowed segment with extended end-to-end anastomosis or with a subclavian flap angioplasty [1, 20]. Interventional therapy
consists of a stent and possibly balloon angioplasty [21]. Early mortality
after a coarctation repair in an adult is less than 1% [8].
Coarctation of the aorta involves a structural defect that diminishes arterial wall compliance and increases rigidity. Even after repair, long-term
survival is still reduced with 91% of the patients alive at 20 years and
80% alive at 40 years after surgery [21]. The main complications after
repair of aortic coarctation include hypertension, coronary artery disease,
restenosis, aneurysm, and stroke. Around one-third to one-half of patients
still have hypertension after late aortic coarctation repair [21]. Aggressive management of hypertension and other cardiovascular risk factors is
important to prevent or decrease the impact of coronary artery disease
[24], which accounts for about a fourth of deaths in patients with a repaired coarctation of the aorta [21]. Recurrent coarctation, usually found
on routine follow-up exam or imaging [21], occurs because the graft does
not grow with the patient, poor growth of the repaired segment, or from
surgical scarring [20, 24]. Recurrence of coarctation occurs in less than
10% of patients who are repaired as adults [21]. Treatment for restenosis is usually catheter-based with a balloon or stent [2]. In most circumstances, it is the preferred alternative to surgery. Aortic aneurysm occurs
in about 10% of patients after repair of coarctation [21]. Older patients
with a prosthetic repair may present to the ED with an aneurysm at the
graft site resulting in an aortobronchial fistula [1]. Other factors, such
as intrinsic aortic wall abnormalities, transverse aortic arch hypoplasia,
chronic hypertension, and pregnancy, also increase the risk of aneurysm
formation. Aneurysm rupture is rare but devastating [21]. Lastly, strokes
from Circle of Willis aneurysm rupture occurs in 3%–5% of both unrepaired and repaired coarctation of the aorta patients. Hypertension is
not the only precondition for this complication as normotensive patients
who are many years from their repair also experience cerebral aneurysms
[21, 24].
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Clinical implications of cyanotic congenital
heart conditions
Compared to the lesions previously described, cyanotic defects result in the
delivery of blood to the body that is only partially oxygenated. As a result,
the anatomic and physiologic complications of both the disease and the repair are more complex than those of non-cyanotic lesions. Most cyanotic
CHD is diagnosed and treated in infancy or childhood. In order to evaluate
and treat patients with a history of cyanotic CHD lesions, the emergency
physician must be knowledgeable about the surgical anatomy of the repair and its physiological consequences as outlined in Table 3.4. Adults
with unrepaired cyanotic CHD usually have a mild defect or arrive from a
country where diagnosis and treatment are not feasible.
Late complications of cyanotic lesions
The body compensates for long-standing cyanotic CHD. Chronic hypoxemia from unrepaired lesions not only alters the hematologic and renal
systems most prominently, but is also manifested in the gastrointestinal
and musculoskeletal systems.
The main hematologic complications of chronic hypoxemia are erythrocytosis, thrombosis, iron deficiency, and bleeding. When the tissues
do not receive adequate oxygenation, the bone marrow responds by increasing the amount of red blood cells (RBCs) transporting oxygen. This
erythrocytosis increases blood viscosity. Given the chronic nature of the
hypoxemia, most patients with cyanotic CHD have a normal compensatory hemoglobin that is high. The expected value of hemoglobin for a
given degree of hypoxemia is not known; however, the elevated level
often does not require any intervention. Although thrombosis is possible, the most common complication from erythrocytosis is inappropriate, aggressive phlebotomy or blood loss. Therapeutic phlebotomy is indicated if the hemoglobin is greater than 20 g/dL and hematocrit greater
than 65% with symptoms of hyperviscosity (headache, increasing fatigue)
and no evidence of dehydration. One unit of blood is replaced with an
equal volume of dextrose containing intravenous fluid or saline. Repetitive
phlebotomies, recurrent hemoptysis, epistaxis, and menorrhagia cause
iron-deficiency anemia. Erythrocytosis with iron deficiency reduces
oxygen-carrying capacity even further, deforms RBCs, increases the risk
of stroke, and leads to symptoms of hyperviscosity at much lower levels. Symptoms with a hematocrit of less than 65% are usually due to
iron-deficiency anemia. Iron repletion, not phlebotomy, will improve
symptoms. Lastly, 20% of cyanotic CHD patients have other hematologic
abnormalities including thrombocytopenia, disseminated intravascular coagulation, primary fibrinolysis, impaired production of coagulation factors,
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and platelet dysfunction. Treatment for all these hematologic abnormalities focuses on risk reduction. Vaccines are given to decrease infectious
complications. Routine use of anticoagulants, NSAIDs, and phlebotomy,
as well as conditions such as anemia and dehydration, should be avoided
[25–27].
Chronic hypoxemia also results in hypercellular renal glomeruli. With
years of congestion, the glomeruli become sclerotic causing a reduced
glomerular filtration rate, increased creatinine and proteinuria. Even with
normal renal function there should be judicious use of intravenous contrast and medications that affect renal function [8]. As renal function
worsens, so does urate clearance. Despite decreased urate excretion, acute
gouty arthritis is relatively infrequent. Treatment for gout is difficult as
colchicine can cause dehydration through the side effects of vomiting and
diarrhea and NSAIDs worsen intrinsic hemostatic abnormalities and renal
function [27].
The gastrointestinal and musculoskeletal systems are affected by chronic
hypoxemia. Calcium bilirubinate gallstones occur more frequently with
the increased RBC turnover from erythrocytosis. Similar to cholelithiasis in the patient without CHD, treatment is not warranted until the patient becomes symptomatic. Hypertrophic osteoarthropathy is the irregular thickening of the periosteum. It presents with aching and tenderness of
the long bones [8]. A final important consideration for emergency physicians caring for adults with a history of cyanotic congenital heart disease
is the possibility of causing systemic air embolism with the use of standard intravenous infusion equipment. When providing intravenous fluid
or medications to this population, it is important to include an air filter in
the system to prevent this complication.
Tetralogy of Fallot
Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart
defect. The four particular structural abnormalities of TOF are as follows:
1. Subpulmonary infundibular stenosis
2. VSD
3. Overriding aorta
4. Right ventricular hypertrophy
Like other forms of CHD, there are varying forms of severity with the most
extreme form of TOF being pulmonary atresia with a VSD [8]. The most
common associated anomaly is a right-sided aortic arch [8]. About 15% of
patients with TOF also have the chromosome 22q11.2 deletion commonly
manifested as DiGeorge syndrome (which is described as impairment in social function, schizophrenia, mental disability, deafness, immune deficiencies, endocrinopathies, and clubbed feet) [8]. Prior to effective treatment,
patients with TOF had a 95% mortality by the age of 40 [1].
The severe cyanosis associated with TOF means nearly all cases are identified and repaired at a very young age. Two rare circumstances in which
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an adult with TOF may present are if the patient has “pink tetralogy,” a
form with mild pulmonary obstruction and mild cyanosis often mistaken
for a small VSD or in a patient that has had extremely limited medical
care [8].
Most infants undergo complete repair of TOF during the first year of
life. Without surgical intervention, only 10% of these patients would survive beyond 21 years of age [12]. The repair consists of relief of the right
ventricular outflow obstruction and VSD closure. If an anomalous coronary artery crosses the obstructed right ventricle outflow tract, an extracardiac conduit from the right ventricle to the pulmonary artery may be
required [8].
On physical examination, the patient with a repaired TOF usually has
a systolic ejection murmur from residual right ventricular outflow obstruction and a diastolic murmur of pulmonary insufficiency. A pansystolic
murmur from a residual VSD is less common. The ECG of a patient with
a repaired TOF may have a prolonged QRS from right ventricular dilation.
If that patient underwent a transventricular repair, there may also be a
complete right bundle branch block on the ECG [8].
Despite the success of TOF repair, there are serious long-term complications. Adult patients with repaired TOF are at risk for residual pulmonary
stenosis, arrhythmias, and valvular insufficiency. Pulmonary regurgitation
is the most common valvular complication and results from valvotomy or
transannular patch repair. In the long term, this causes right ventricular
volume overload and failure [2]. The strain placed on the right heart contributes to the high risk of arrhythmias and sudden death. Nearly 33% of
patients with repaired TOF will develop symptomatic atrial tachycardias,
while 10% develop high-grade ventricular arrhythmias by adulthood. In
several large series, TOF patients have a 2.5% risk of sudden death per
decade of follow-up. While most of the sudden deaths are attributed to
ventricular tachycardia, the culprit can also be an atrial–ventricular block
or intra-atrial reentrant tachycardia [28]. The immediate treatment of arrhythmias in patients with repaired TOF does not vary from standard Advanced Cardiac Life Support protocols. ␤-blockers, amiodarone, and Class
Ib agents (such as phenytoin and mexiletine) are effective [29]. In the long
term, however, pulmonary valve replacement with surgical ablation and
implantable defibrillators may be needed [30]. Clearly, patients who have
experienced significant arrhythmias require an electrophysiology evaluation and treatment. Given the long-term complications, patients with a repaired TOF who present with hypoxia, palpitations, arrhythmias, dizziness,
chest pain, syncope, exercise limitations, or heart failure require prompt,
detailed evaluation and admission [8].
Complete transposition of the great arteries
Complete Transposition of the Great Arteries (TGA) is atrio–ventricular
concordance with ventriculo–arterial discordance. The nomenclature
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“d-TGA” means the aorta arises from the right ventricle and the pulmonary
artery from the left ventricle. Nearly two-thirds of patients with d-TGA do
not have any other associated cardiac anomalies [1]. In those who do have
associated defects, the most common conditions are VSD, left ventricular
outflow tract obstruction, and coarctation of the aorta [8].
Infants born with d-TGA present with severe cyanosis and, if unrepaired,
mortality is 90% in the first year of life. In order to survive, there must
be a communication between the pulmonary and systemic circuits. Twothirds of patients rely on the ductus arteriosus and foramen ovale while
the rest may have a VSD to allow for some mixing of oxygenated with
deoxygenated blood [31]. Unrepaired d-TGA is rarely found in an adult
[1, 8, 22].
Adults with d-TGA usually have had neonatal or early childhood surgical repairs and should have regular follow-up with cardiology. The surgical options for uncomplicated d-TGA treatment have changed in the
past 40 years. Prior to the 1980s, the primary repair options for d-TGA
were the Mustard and Senning procedures. As shown in Figure 3.1, these
procedures involve the creation of an atrial baffle (a surgically created

PV

SVC

PV

PV

PV
IVC
LV
RV

Figure 3.1 Atrial switch operation (Mustard/Senning) for d-TGA. A “chamber” is
created along the back wall of the atria, such that pulmonary venous (PV) return
is redirected to the tricuspid valve, to flow to the right ventricle (RV) and aorta
(white arrow). Systemic venous blood from superior vena cava (SVC) and inferior
vena cava (IVC) (black arrows) is excluded from the tricuspid valve and must flow
over the baffle to the mitral valve, then to the left ventricle (LV) and lungs.
(Reprinted with permission: Sommer et al. Pathophysiology of congenital heart
disease in the adult part III: complex congenital heart disease. Circulation 2008 Mar
11; 117: 1340–1350. (http://lww.com))
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connection) that redirects deoxygenated blood to the mitral valve and left
ventricle, which empties into the pulmonary artery. At the same time,
oxygenated blood is redirected to the tricuspid valve and right ventricle,
which empties into the aorta. As a result, the morphologic right ventricle
acts as the systemic ventricle [31]. An adult who has undergone a previous
Mustard or Senning procedure has a relatively normal physical exam with
the exception of right ventricular enlargement and tricuspid regurgitation.
The ECG shows right axis deviation and right ventricular hypertrophy. The
chest X-ray has a narrow mediastinal shadow due to the parallel relationship between the great arteries [8].
The most common late complications of atrial baffle procedures are obstruction, heart failure, and arrhythmias. Baffle obstruction, occurring in
nearly one-fourth of atrial baffle patients, usually affects the superior limb
resulting in superior vena cava syndrome (plethora, truncal venous engorgement). Inferior vena cava obstruction, on the other hand, causes
hepatic congestion and eventual cirrhosis [8]. Heart failure occurs because
the right ventricle is not structured to withstand years of systemic pressure
and is a major factor for morbidity and mortality in d-TGA patients [2].
Atrial arrhythmias occur from the extensive suture lines created during
the atrial baffle procedure and sinus node dysfunction. In the ED, the care
of tachyarrhythmias does not deviate from the standard pharmacologic
or electrical treatments. Eventually, the patient will require chronic pharmacologic management, ablation and/or pacemaker therapy. Ventricular
tachycardia and ventricular fibrillation account for many sudden deaths,
which usually occur during exercise [8].
Surgical repair for uncomplicated d-TGA changed from atrial baffle repairs to arterial-switch operations (ASO) in the 1980s. In the ASO, the
pulmonary artery and ascending aorta are transected and switched so the
aorta is connected to the neoaortic valve arising from the left ventricle
and the pulmonary artery is connected to the neopulmonary valve arising
from the right ventricle. The coronary arteries are transected and relocated
to the neoaorta to restore normal coronary circulation [31]. Knowing
which procedure a patient has undergone is fundamental for treatment
in the ED.
The ASO is superior to the atrial baffle in terms of late morbidity and
mortality. Teenagers with an ASO have similar quality of life and health
status as children without CHD. Survival at 10 years is greater than 90%.
Physical exam of adults who had an ASO will reveal a systolic murmur
if there is arterial obstruction at the anastomosis site. The ECG is usually
normal. Long-term concerns of ASO include right ventricular outflow obstruction, neopulmonary valvular stenosis, and aortic root dilation. The
coronary arteries are reimplanted during ASO. Ischemic injury is possible
in the early post-operative period from coronary artery kinking or ostial
stenosis. Late coronary mortality and myocardial infarction have a prevalence of less than 2% [8, 33].
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L-transposition of the great arteries/congenitally corrected
transposition of the great arteries
Congenitally Corrected Transposition of the Great Arteries (CCTGA) encompasses a wide spectrum of morphological features and clinical profiles,
but the underlying abnormalities are atrio–ventricular and ventricular–
arterial discordances. In other words, the right atrium connects to the left
ventricle which gives rise to the pulmonary artery. The left atrium connects to the right ventricle that connects to the aorta. As a result, the morphological right ventricle acts as the systemic ventricle while the left ventricle functions as part of the pulmonary system. The tricuspid and mitral
valves maintain their relationships with their “normal” ventricles. Thus,
the tricuspid valve is the systemic atrio–ventricular valve (SAVV) [8]. The
nomenclature can be tricky. “Corrected” means the direction of the blood
flow through the pulmonary and systemic circulations is physiologic. Another name for CCTGA is l-Transposition of the Great Arteries.
Many patients with CCTGA have other congenital cardiac lesions. The
most common is a perimembranous VSD, but subvalvular pulmonary
stenosis and abnormality of the SAVV are also seen. Most patients are diagnosed with CCTGA in childhood but, if the lesion is not hemodynamically
significant, surgery may not be necessary until adulthood. Associated lesions may require intervention in the early childhood [8].
A common complication associated with both repaired and unrepaired
CCTGA is arrhythmia. During the embryonic development of CCTGA, the
AV node is displaced away from Koch’s triangle to a position more anterior and superior within the right atrium resulting in accessory pathways
or sinus node dysfunction. Patients with CCTGA, repaired and unrepaired,
have a 2% chance of spontaneous complete heart block per year. Treatment of arrhythmias must take these important issues into consideration
to avoid complete AV block [8].
Systemic (right ventricular) failure is common and may be associated
with SAVV (tricuspid) insufficiency. In one series, systemic ventricular
failure was a major cause of morbidity and mortality in 50% of unrepaired patients. In addition to heart failure, there is also a high incidence
of coronary perfusion mismatch causing myocardial perfusion defects and
impaired ventricular contractility [8].
The physical exam of a patient with unrepaired CCTGA reveals an abnormal ventricular impulse with a right ventricular parasternal lift and a
palpable second heart sound that relates to the anterior aorta. The ECG of
the patient with unrepaired CCTGA may show a prolonged PR interval or
complete heart block. The septum is activated from right to left resulting
in absent Q waves in the left precordial leads but present in III, aVF, and
V1. This ECG pattern can be mistaken for an inferior infarct. The chest
X-ray shows a straightened left heart border from the abnormal relationship between the aorta and pulmonary artery [8]. Medical treatment of
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systemic right ventricular failure is controversial. Afterload reduction with
angiotensin-converting enzyme inhibitors and angiotensin receptor blockers may be less successful than when used for the morphologic left ventricle [34]. Surgery is usually related to repair of associated defects (VSD,
pulmonary stenosis) or SAVV insufficiency. Surgical strategies to restore
“normal” atrio–ventricular and ventriculo–arterial relationships (double
switch repair) are more complex, but may offer improved long-term survival if performed at an early age [8].
Ebstein’s anomaly
Ebstein’s anomaly accounts for 1% of all congenital defects. It involves
the atrialization of the right ventricle with inferior displacement of the tricuspid valve. Over half of patients with Ebstein’s anomaly have an atrial
septal defect that may produce cyanosis. Other common abnormalities
with Ebstein’s anomaly are VSDs, accessory conduction pathways (such as
Wolff–Parkinson–White syndrome) and right ventricular outflow obstructions. Nearly half of patients with CCTGA have an Ebstenoid left AV valve.
Ultimately, the impact and clinical presentation of Ebstein’s anomaly depends on the severity of the tricupsid insufficiency and hemodynamics of
the shunts [8, 35]. Severe Ebstein’s anomaly presents in neonates as congestive heart failure and cyanosis. As peripheral vascular resistance drops
over the first weeks of life, symptoms may improve and may not require
immediate surgery [8].
Asymptomatic Ebstein’s anomaly patients who reach late adolescence
and adulthood may not require surgical repair [8]. Twenty percent of Ebstein’s anomaly cases are complicated by atrial or ventricular arrhythmias.
Atrial dilation and Wolff–Parkinson–White syndrome are associated with
Ebstein’s anomaly and increase the likelihood of recurrent atrial arrhythmias [32]. Arrhythmias may also precipitate congestive heart failure [8].
The physical exam of a patient with unrepaired Ebstein’s anomaly varies
depending on the severity of the defect and the resulting hemodynamics. On exam, multiple systolic clicks are common [8, 35]. The ECG may
show ventricular preexcitation. The P waves are often tall and peaked from
atrial enlargement. There is a complete or incomplete right bundle branch
block with small R waves in lead V1 and V2. The chest X-ray again varies
depending on the severity of the disease. It may be normal or have cardiomegaly with a “globular” contour of the prominent right atrium [8, 32].
Two of the most common causes of death in adults with Ebstein’s
anomaly are congestive heart failure and arrhythmia [36]. Treatment for
right-sided heart failure should be directed toward decreasing right-sided
preload and diminishing tricuspid valve regurgitation [32]. Arrhythmias
may be amenable to catheter ablation. Unfortunately, success rates are
low and recurrence rates are high as many Ebstein’s anomaly patients have
multiple accessory pathways and landmarks for the procedure are distorted
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[8, 32]. Chronic or recurrent arrhythmias require anticoagulation. Surgery
is considered in Ebstein’s anomaly for uncontrolled tachyarrhythmias, severe tricuspid regurgitation, or associated lesions.
Tricuspid atresia/single ventricle
Tricuspid atresia is the prototypical single ventricle defect. Other single
ventricle defects include double inlet left ventricle, double outlet right ventricle, and hypoplastic left heart syndrome [36]. Tricuspid atresia involves
an absent or imperforate tricuspid valve with a hypoplastic right ventricle.
As a result, there is only one ventricle [8].
Given the severity of single ventricle defects and tricuspid atresia, adult
survival without intervention is rare. Surgery involves a staged approach
that ultimately provides a pathway from the systemic venous return to
the pulmonary artery in the absence of a pulmonary ventricle. The Fontan
operation has evolved to become the preferred “palliative” treatment for
functional or anatomical single ventricles and complex anomalies considered unsuitable for biventricular repair.
The classic Fontan involved a direct connection from the right atrium or
atrial appendage to the pulmonary arteries. Suboptimal systemic venous
flow characteristics resulted in right atrial dilation. This increases the risk
of atrial arrhythmias and thrombus formation. The current single ventricle strategy involves a staged repair. Neonatal palliation involves an initial aortopulmonary shunt. Next, the bidirectional Glenn (or bidirectional
cavopulmonary anastomosis) connects the superior vena cava to the confluent pulmonary artery. It provides a stable source of pulmonary blood
flow without overloading the systemic ventricle. It is usually performed
in infancy or early childhood as a stepping-stone to Fontan completion.
The last step creates a lateral tunnel or extracardiac conduit connection
from the inferior vena cava to the pulmonary artery, thus separating the
oxygenated and unoxygenated blood [8]. Compared to older Fontan procedures, the lateral tunnel or extracardiac conduit connections eliminate
atrial suture lines, improves flow dynamics, and may reduce atrial arrhythmias [36]. Figure 3.2 shows the cardiac anatomy after an extraconduit
Fontan procedure.
Although survival after the Fontan has improved, complications are
common. Nearly 50% of patients with the older-style Fontan develop
atrial tachycardia within a decade of surgery. With lateral tunnel or extracardiac conduit connections, fewer than 10% of patients suffer from
recurrent atrial arrhythmias. Atrial tachycardia results in significant hemodynamic compromise and may be associated with thrombus formation
or Fontan obstruction. Uniform anticoagulation of the Fontan patient is
a source of controversy as this may not eliminate the risk of cardiac
thrombus. Drug dosing for antiarrhythmic medications should be carefully
calculated as sinus node dysfunction is common and venous pacing is not
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Figure 3.2 External conduit-type Fontan operation in a patient with a hypoplastic

right ventricle. The superior vena cava (SVC) is disconnected from the right
atrium (RA) and connected directly to the pulmonary artery (PA) (bidirectional
Glenn shunt), and the inferior vena cava (IVC) flow is rerouted through the
external conduit to the PA. Systemic venous blood (black arrows) flows to the
lungs; only pulmonary venous blood is pumped to the aorta (Ao; white arrow).
RPA, right pulmonary artery; LPA, left pulmonary artery; RA, right atrium; LA,
left atrium; RV, right ventricle; LV, left ventricle. (Reprinted with permission:
Sommer et al. Pathophysiology of congenital heart disease in the adult part III:
complex congenital heart disease. Circulation 2008 Mar 11;117: 1340–1350.
(http://lww.com))

always possible due to the complex Fontan anatomy [2, 8]. Another serious but less common complication of the Fontan procedure is protein
losing enteropathy (PLE). It occurs in 10% of patients and presents as
ascites, peripheral edema, chronic diarrhea, and pleural and pericardial
effusions. PLE is a poor prognostic sign [1, 8]. Also with time, cyanosis
can worsen. New right to left shunts, worsening ventricular function,
and pulmonary arteriovenous malformations or fistulas can form. Attempts at central lines or Swans by physician unfamiliar with the complex
venous anatomy of Fontan patients can result in thrombus or vascular
obstruction [8].
“Failed” Fontan procedures may result in ventricular dysfunction, intractable arrhythmias, or PLE. As a result, Fontan revision carries an
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operative mortality ranging from 5% to 25%. Heart transplantation remains an option but is associated with a relatively higher operative mortality than in non-congenital cardiac patients.

Other considerations in adults with CHD
Non-cardiac surgery
Unless operative intervention is an absolute emergency, guidelines suggest that patients with high-risk CHD (defined as prior Fontan, severe pulmonary arterial hypertension, cyanotic CHD, complex CHD with residual
heart failure, valvular disease, or malignant arrhythmias) have operative
interventions at a regional adult CHD center. In an urgent intervention,
basic preoperative evaluation should include systemic arterial oximetry,
ECG, chest X-ray, transthoracic echocardiography, and complete blood
count and coagulation studies. Involvement of a congenital heart specialist
is highly recommended [8].
Psychiatric illness
Most adults with CHD have a life-long condition. A pilot study suggested
33% of adult CHD patients have a psychiatric disorder, compared to 20%
of the general population. The majority of psychiatric disorders suffered
by adults with CHD are anxiety and depression. While medications have
been proven to be effective, a Cochrane Review showed there are no nonpharmacologic treatments that have randomized controlled clinical studies. When a depressed or anxious CHD patient presents to the ED, consider the patient’s support system, sense of fear, overall physical health,
and current relationship with a psychologist, psychiatrist, or cardiologist
to help guide treatment [8, 37, 38].
Endocarditis
Infectious endocarditis accounts for about 4% of admissions to an adult
CHD service [39]. The most identified causes for endocarditis are dental
manipulation, cardiovascular surgery, pneumonia, and cutaneous infection. TOF, TGA, unrepaired VSD, PDA, coarctation of the aorta, and the
presence of prosthetic materials or conduit or unexplained febrile illness
should prompt a complete cardiac evaluation including multiple blood cultures prior to initiating antibiotics. Early consultation with a surgeon or
cardiologist experienced in adults with CHD should occur as these patients
have the potential for rapid deterioration. One study showed a mortality of 8% with medical treatment alone and 11% for those who required
surgery. Antibiotic prophylaxis in adults with CHD is recommended for
dental procedures involving manipulation of gingival tissue or the periapical region of teeth or perforation of the oral mucosa when a prosthetic
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valve or prosthetic material, previous infectious endocarditis, unrepaired
CHD lesion, CHD repair, or catheter intervention in the past 6 months
and repaired CHD with residual defects near prosthetic material are
present [8].

The next five years
Ever evolving technology will continue to improve the care of pediatric
and adult patients with CHD. The future will also have many new issues
created by an aging CHD population such as health care needs, complexity of disease, repeat surgical intervention, ischemic heart disease, heart
transplantation and others that can not be envisioned yet.
As more children with CHD survive to adulthood, the health care system
will have to provide adequate and appropriate resources to serve these patients. Current areas of concern include the small number of specialty clinics, regional centers and health care providers, adequate health insurance,
transition from pediatric to adult care, and infrastructure for case management [7,8]. Additionally, the nature of adult CHD will change as survivors
of complex CHD surgery age. There will be an increasing numbers of adults
with multiple interventions for univentricular hearts, complex pulmonary
atresia, and common arterial trunk [11].
As CHD patients age, they will require additional interventions for associated co-morbidities. For instance, patients with repaired TOF may require several pulmonary valve replacements in a lifetime [30]. Repeat
surgeries result in increased bleeding from adhesions and further complicated anatomy. Additionally, ACHD patients may suffer from ischemic
heart disease [40]. Vascular access for cardiac catheterization may be difficult due to multiple previous catheterizations and surgeries.
Heart transplantation as a treatment for CHD continues to be evaluated.
Currently only 3% of cardiac transplants involve adult CHD patients [41].
Although adults with CHD have a higher 1-year mortality compared to
other groups who undergo heart transplantation, they also have a comparable or improved 10-year survival rate (with the exception of patients
with a previous Fontan) [42]. The increase in HLA antibodies from previous transfusions and reconstructions makes matching a donor less likely
[41]. Next, despite surgical ingenuity to overcome anatomical complications, dense adhesions, cardiomegaly, and abnormal positioning of native
and collateral vessels can produce substantial hemorrhage [41, 42]. The
rate of infections and wound dehiscence is also higher in CHD patients
[42].
ACHD patients will continue to age and present with new issues that
may not have emerged yet. The current changes in pediatric and adult
CHD treatment will produce new complications down the road.
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Conclusion
With improvements in medical and surgical management, adults with a
history of CHD are more likely to present to the ED. Careful understanding of the anatomic and physiologic changes that result from treatment of
CHD and close communication with a congenital cardiologist will aid the
emergency physician in caring for this challenging and emerging patient
population.
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The renal transplant patient
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Introduction and epidemiology
End-stage renal disease (ESRD) is a major and growing global public health
problem. Renal transplantation is the preferred treatment option for ESRD
because it confers improved quality of life and longevity compared to dialysis. Currently in the United States, approximately 160,000 ESRD patients
have their lives sustained by a functioning kidney transplant, and worldwide, the number of renal transplant recipients is approximately three
times this number [1].
Renal transplant recipients are prone to a variety of serious medical
problems that cause them to seek care in the emergency department (ED).
Over the past 2 decades, the risk of developing such emergent medical
problems has increased significantly in the transplant population for a variety of reasons. There is an increasing acceptance for transplantation of
older patients with a number of serious co-morbidities such as diabetes and
cardiovascular disease. There is also an increasing length of time spent on
dialysis awaiting a deceased-donor transplant (up to 4 to 5 years in many
patients) that adds dialysis-related co-morbidities. Finally, the availability
of more potent immunosuppressive drugs has reduced the risk of acute
rejection, but increased the risk of drug-related adverse effects including
opportunistic infections and malignancies [2].
The emergency physician must be aware of a number of unique considerations in evaluating and managing the renal transplant patient. These
patients may present with disorders that are uncommon in the general
patient population. They may also present with blunted symptoms of
common disorders as a results of immunosuppressive drugs, especially corticosteroids. The presenting complaint of renal transplant recipients may
be due to the adverse effect of drugs unique to the transplant population
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with which emergency physicians may be unfamiliar. There are multiple
serious drug interactions with immunosuppressive medications, and the
possibility that the patient’s symptoms may be the result of such an interaction must always be entertained. Care should be exercised while prescribing new medications or altering the renal transplant patient’s current
medications as this may lead to serious drug interactions and alterations in
the blood level of immunosuppressive drugs [2].
This chapter presents a review of background aspects of renal transplantation pertinent to emergency physicians followed by an organ systembased discussion of the medical problems that might result in presentation
of the renal transplant recipient to the ED.

Surgical aspects of renal transplantation
Knowledge of the surgical anatomy of the kidney transplant (allograft)
is essential for the proper evaluation of the renal transplant patient. The
allograft is usually placed extraperitoneally in the right or left lower abdominal quadrant. Occasionally, for technical reasons, the transplanted organ is placed intra-peritoneally. The operation involves three anastomoses
(Figure 4.1): renal artery and vein of the allograft to the recipient’s ipsilateral internal or external iliac artery and vein, respectively, and the ureter
of the allograft to the recipient’s bladder (ureteroneocystostomy) [3].
A single kidney is transplanted into most recipients. Occasionally, because of the concern of inadequate nephron mass in a small kidney, both
kidneys from a pediatric donor (placed en bloc in one or other lower abdominal quadrant) or both kidneys from an older donor with age-related
loss of nephron mass (placed one on each side) are transplanted [3]. Because of a shorter period of ischemic preservation after removal from the
donor prior to transplantation, most living-donor transplants function immediately with no need for post-operative dialysis. However, up to onethird of cadaveric donor transplants do not function immediately (due to
the longer period of ischemic preservation), and dialysis may be required
until transplant kidney function is established—a condition referred to
as delayed graft function (DGF) [4, 5]. A well-functioning kidney transplant usually results in a post-transplant nadir serum creatinine (SCr) level
lower than 1.5 to 2.0 mg/dL.

Post-transplant immunosuppression regimens
With the exception of the very rare recipient of a kidney from an identical twin donor, renal transplant recipients require lifelong maintenance
antirejection therapy. In the immediate post-transplant period with
its attendant risk of acute rejection, a combination of three drugs
(“triple therapy”) is used for immunosuppression: a calcineurin inhibitor
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Figure 4.1 Transplant kidney anatomy.

(CNI—cyclosporine or tacrolimus) plus an antilymphocyte proliferative
agent (mycophenolate mofetil, mycophenolate sodium, or azathioprine)
plus a corticosteroid (prednisone, prednisolone, or methylprednisolone)
[6, 7]. Mycophenolate has largely replaced the less potent azathioprine in
current clinical practice except in patients with serious adverse reactions
to the former. Sirolimus (or the related drug everolimus) is generally not
used in the early post-transplant period.
In renal transplant patients with good renal function, one of the three
drugs in the initial triple therapy regimen may be discontinued posttransplant in order to minimize its long-term adverse effects [6, 7]. Thus, a
patient presenting to the ED may be on only two antirejection medications.
Corticosteroid is the most commonly withdrawn antirejection medication.
In patients with chronically impaired allograft function, the nephrotoxic
CNI may have been stopped and replaced with sirolimus or everolimus
[6]. Rarely, one might encounter a renal transplant patient in whom all
immunosuppressive medications have been discontinued due to severe
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Table 4.1 Commonly used maintenance immunosuppressive medications in
current clinical practice
Medication

Recommended drug level

R
Azathioprine (Imuran
or generic)

Drug level monitoring not recommended

Corticosteroids (Prednisone, Prednisolone
or Methylpredniosolone)

Drug level monitoring not recommended

R
Cyclosporine (Sandimmune
, NeoralTM or
generic)

Trough level: 250 to 400 ng/mL (initial) and
125 to 200 ng/mL (long term)

R
)
Everolimus (Zortress

Trough level: 3 to 8 ng/mL

R
or
Mycophenolate Mofetil (CellCept
generic)
R
or
Mycophenolate Sodium (Myfortic
generic)
R
or generic)
Sirolimus (Rapamune

R
or generic)
Tacrolimus (Prograf

Drug level monitoring not recommended
Drug level monitoring not recommended
Trough level: 10 to 20 ng/mL (initial) and 5
to 15 ng/mL (long term)
Trough level: 10 to 15 ng/mL (early) and 5
to 10 ng/mL (long term)

infection or malignancy. The currently approved maintenance immunosuppressive drugs are shown in Table 4.1.
In addition to the above-mentioned maintenance drugs, antilymphocyte antibodies are used immediately after transplantation as induction
therapy to prevent rejection (currently in ⬎70% of renal transplant recipients in the United States), or as treatment of acute rejection unresponsive to initial therapy with high-dose intravenous methylprednisolone
for 3 to 5 days [8]. If the renal transplant team requests the administration of intravenous methylprednisolone (250 to 1000 mg per dose)
in the ED for presumed acute rejection, it should be remembered that
such doses should be given over 30 to 60 minutes because fatal cardiac
arrhythmia has been reported with rapid bolus administration [9]. Currently available antilymphocyte agents for induction therapy are rabbit anR
), horse antilymphocyte globulin
tilymphocyte globulin (Thymoglobulin
R
R
R
), muromonab (OKT3
), alemtuzumab (Campath
), basilix(ATGAM
R
R
imab (Simulect
), and daclizumab (Zenapax
) [8]. The first four of these
drugs can also be used for treatment of corticosteroid-resistant rejection.
The commonly encountered adverse effects of maintenance immunosuppressive medications are shown in Table 4.2 [6].
The emergency physician should also be aware of the clinically important drug interactions involving antirejection medications which are
shown in Table 4.3 [6].
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Table 4.2 Adverse effects of maintenance immunosuppressive medications
Medication

Adverse effects

Azathioprine

Macrocytic anemia, leukopenia, thrombocytopenia,
hepatotoxicity, pancreatitis

Corticosteroids

Obesity, mooning of the face, diabetes mellitus, cataracts,
acne, thinning of skin, bruising, gastro-duodenal
ulceration/bleeding, hyperlipidemia, psychosis,
osteoporosis/fracture, avascular necrosis of bone

Cyclosporine

Reversible (dose and level-related) acute nephrotoxicity,
chronic/progressive/irreversible nephrotoxicity,
hyperkalemia, hypomagnesemia, hemolytic–uremic
syndrome, hypertension, hyperlipidemia, diabetes mellitus,
increased uric acid level + gout, abnormal liver function
tests, neurotoxicity (tremor, paresthesiae, cramps,
headache, insomnia, seizure), hirsutism, gingival hyperplasia

Mycophenolate mofetil

Nausea, vomiting, esophageal ulceration/dysphagia,
heartburn, abdominal pain, loss of appetite/weight loss,
upper gastrointestinal ulceration/bleeding,
colitis/diarrhea/lower gastrointestinal bleeding, anemia,
leukopenia, thrombocytopenia

Mycophenolate sodium

Similar to mycophenolate mofetil (see above);
gastrointestinal adverse effects may be less severe

Sirolimus/everolimus

Anemia, leukopenia, thrombocytopenia, diarrhea,
hyperlipidemia, oral ulcers, skin rash, localized /asymmetric
edema, proteinuria, interstitial pneumonitis, delayed
wound healing, increased incidence of lymphocele,
increased incidence/duration of delayed graft function

Tacrolimus

Generally similar to cyclosporine (see above) with the
following differences: more diabetogenic and neurotoxic,
causes alopecia rather than hirsutism, does not cause
gingival hyperplasia

Approach to acute and chronic renal and urinary tract
disorders in renal transplant recipients
The allograft and the urinary tract of the renal transplant patient can be
affected by any of the disorders that occur in their native counterparts
[5]. Thus, the emergency physician may encounter renal transplant
recipients presenting with acute kidney injury (AKI, previously referred to
as acute renal failure), chronic kidney disease (CKD, previously referred
to as chronic renal failure), proteinuria/nephrotic syndrome, hematuria,
urinary tract obstruction, or urinary tract infection (UTI). Rejection
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Table 4.3 Clinically important drug interactions with immunosuppressive drugs
Immunosuppressive Drug(s) causing
drug(s)
interaction

Mechanism and result(s) of interaction

Azathioprine

Allopurinol

Azathioprine is metabolized by
xanthine oxidase, the enzyme
inhibited by allopurinol. Allopurinol,
therefore increases azathioprine
blood levels with an increased risk of
azathioprine induced bone marrow
suppression.

Cyclosporine,
tacrolimus,
sirolimus or
everolimus

Phenobarbital,
Phenytoin,
Carbamazepine,
Rifampin, or Isoniazid

Potentiation of hepatic cytochrome
P-450 enzyme system with increased
metabolism and decreased blood level
of immunosuppressive drug and
resultant increased risk of rejection.

Diltiazem, Verapamil,
Amiodarone, Azole
antifungals∗ , Macrolide
antibiotics†

Inhibition of cytochrome P-450
decreases metabolism, causing
increased blood levels and a higher
incidence of known adverse drug
effects, particularly a higher risk of
cyclosporine or tacrolimus nephroand neurotoxicity

Cyclosporine or
tacrolimus

Aminoglycosides,
iodinated radiocontrast,
Amphotericin,
nonsteroidal
anti-inflammatory drug

These nephrotoxic drugs may
potentiate cyclosporine or tacrolimus
nephrotoxicity. No change in
metabolism or blood level of the
immunosuppressive drug

Cyclosporine

HMG CoA-reductase
inhibitors

Statin blood level increased by
cyclosporine: increased risk of
statin-induced rhabdomyolysis +
acute kidney injury

∗
†

Keto-, Flu-,Vori- or Itroconazole.
Erythromycin and Clarithromycin. Azithromycin has only minimal drug interaction.

is, of course, a unique disorder affecting only the kidney transplant.
Renal dysfunction due to BK-polyomavirus-associated nephropathy
affects 5%–10% of renal transplant patients but is very rare in native
kidneys [10].
The same differential diagnostic approach traditionally used when evaluating AKI affecting the native kidneys is also applicable to the renal transplant patient: pre-renal, post-renal and intra-renal causes [5]. The diagnosis of AKI requires an acute increase in the serum creatinine level of
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≥0.3 mg/dL over the most recently documented baseline level; smaller
increases may be the result of random laboratory variation. After the exclusion of pre- and post-renal causes, the two common diagnostic considerations in the renal transplant patients with AKI are acute rejection and
acute CNI-nephrotoxicity. Elevation in SCr associated with a higher than
therapeutic blood level of cyclosporine or tacrolimus favors the diagnosis
of CNI-nephrotoxicity. A key point for the emergency physician to remember is that it is the trough level of cyclosporine or tacrolimus that is used
in therapeutic monitoring. These drugs are administered every 12 hours
and the trough level should be obtained in the 1 to 3 hour period immediately preceding the drug dose. Since the renal transplant recipient may
come to the ED after having already taken the medication, the random
level obtained on arrival in the ED may be elevated because it was drawn
prior to the trough period. A low fractional excretion of sodium (FENa)
in the urine supports the diagnosis of pre-renal azotemia in native kidney
AKI. However, acute rejection and acute CNI-nephrotoxicity may also be
associated with a low FENa, making this test less useful in the evaluation
of post-transplant AKI [2]. To decrease the risk of AKI, the intrinsically
nephrotoxic drugs shown in Table 4.3 and iodinated radiocontrast should
be avoided in renal transplant patients.
Evaluation of the allograft by ultrasonography is especially useful in the
renal transplant patient presenting with AKI [11]. Demonstration of new
onset hydronephrosis suggests obstructive uropathy. Doppler ultrasonography helps in diagnosing renal arterial or venous occlusion as the cause
of AKI.
The most common cause (65% to 70% of cases) of CKD in the renal
transplant recipient is the entity previously referred to as chronic rejection
and currently called chronic allograft nephropathy (CAN) or interstitial fibrosis/tubular atrophy [12]. This syndrome is characterized by a gradually
increasing SCr level and proteinuria over months to years. Recurrence of
the original disease that caused ESRD and the uncommon development
of de novo renal disease in the allograft account for the remainder of the
cases of CKD in renal transplant patients [13].
It is important to remember that microscopic or gross hematuria and UTI
in the renal transplant patient may originate from the lower urinary tract,
the native kidneys, or the allograft [14,15]. Thus, it is necessary to include
both the native kidneys and the allograft when performing imaging studies
to evaluate these disorders. Although the microbial spectrum causing UTI
in this patient population is similar to that in the native urinary tract, the
clinical presentation of UTI may be more severe post-transplant, especially
during the first post-transplant year due to the higher dose of immunosuppressive medications during this period [15]. It should also be remembered
that besides UTI, acute rejection may also cause pyuria in renal transplant
recipients [2]. The current incidence of UTI in the first post-transplant year

P1: PAB/UKS
BLBK370-04

P2: PAB
Color: 1C
BLBK370-Venkat
March 25, 2011

58

18:53

Trim: 229mm X 152mm

Challenging and Emerging Conditions in Emergency Medicine

Table 4.4 Special considerations in the evaluation and initial treatment of acute
kidney injury (AKI) in renal transplant recipients
1. Any disorder (pre-renal, intra-renal and post-renal) that can cause AKI in the native
kidneys can affect the transplant kidney.
2. After exclusion of other causes of AKI, acute rejection and acute calcineurin inhibitor
(CNI) nephrotoxicity are the major diagnostic considerations.
3. Elevated CNI (cyclosporine or tacrolimus) trough level in association with AKI supports
the diagnosis of acute CNI nephrotoxicity.
4. Random CNI blood level drawn upon arrival in the ED may not be a trough level. Time
of last intake of CNI should be ascertained.
5. Fractional excretion of sodium (FENa) in the urine has limitations when used in this
patient population. Urinalysis, including microscopy of urinary sediment, is more
useful.
6. Doppler ultrasonography of the kidney transplant is a very useful test in evaluating
AKI. It helps to identify obstructive uropathy, peritransplant fluid collection (urinoma,
lymphocele, seroma/hematoma) and renal arterial or venous occlusion.
7. Unless unavoidable, prescription of nephrotoxic drugs (Table 4.3) and use of
iodinated radiocontrast is not advisable.
8. When prescribing new drugs or changing the dose of existing drugs, the possibility of
drug interactions involving immunosuppressive medications should always be
considered (Table 4.3).

is 10% to15%. Pyelonephritis affecting the allograft can cause severe AKI,
and may be complicated by gas formation in the renal collecting system
and urinary tract (emphysematous pyelonephritis, best demonstrated by a
CT) [16]. In the initial treatment of severe UTI in a renal transplant recipient, a combination of two potent antibiotics intravenously (for example,
vancomycin and a third-generation cephalosporin) should be used. Unless
unavoidable, nephrotoxic drugs such as aminoglycosides and high-dose
trimethoprim–sulfamethoxazole should not be used.
Table 4.4 summarizes the special considerations when evaluating a renal
transplant patient with AKI.

Surgical complications related to the kidney
transplant operation
A variety of surgical complications, most of them requiring prompt consultation with the transplant surgery team, may be encountered in the renal
transplant patient [3,17].
1. Generic post-operative complications: Disorders that can complicate any
type of surgery can also occur in the renal transplant patient.
These include pulmonary atelectasis and pneumonia following general

P1: PAB/UKS
BLBK370-04

P2: PAB
Color: 1C
BLBK370-Venkat
March 25, 2011

18:53

Trim: 229mm X 152mm

The renal transplant patient

2.

3.

4.

5.

59

anesthesia, surgical wound infection, abdominal ileus, post-operative
bleeding, and venous thrombosis/pulmonary embolism, among others.
Acute vascular occlusion: Occlusion of the transplant renal artery or vein
occurs in up to 8% of renal transplant patients [3, 17]. This catastrophe usually occurs in the first few weeks post-transplant and results
in sudden onset oligoanuric AKI. Doppler ultrasonography is the most
expeditious method of confirming the diagnosis, and prompt surgical
intervention offers the only (albeit small) chance of salvaging the kidney transplant.
Transplant renal artery stenosis: Significant (⬎50% to 70%) narrowing
of the allograft renal artery has to be considered in the differential
diagnosis of post-transplant hypertension and/or acute or chronic renal dysfunction. It has been reported in up to 10% of renal transplant
recipients [3].
Bleeding from or near the kidney transplant: This complication has been
reported in 2%–3% of renal transplant patients, usually in the early
post-transplant period [3,5]. Failure to achieve adequate hemostasis
intra-operatively, initiation of anticoagulation for any indication postoperatively, bleeding following biopsy of the allograft, and (rarely) severe acute rejection resulting in marked swelling/rupture of the allograft are contributory factors. Presenting symptoms of allograft rupture
include tenderness over the allograft, sudden hypotension, a drop in the
hemoglobin level, AKI of the kidney transplant, and/or difficult to control hyperkalemia due to red cell lysis in the peritransplant hematoma.
Noncontrast CT is the best diagnostic test, and significant peritransplant
bleeding requires prompt surgical intervention.
Urine leak (urinoma): Disruption of the ureteroneocystostomy anastomosis leads to urine leak into the pelvis [17, 18]. Urea, creatinine,
and water in the extravasated urine will be reabsorbed into the blood
stream with resultant oliguria and azotemia. This complication usually
occurs within the first month post-transplant with a reported incidence
of 2% to 5%. The resultant peritransplant fluid collection can be detected by ultrasonography. Percutaneous, ultrasound-guided aspiration
of the fluid with demonstration of a markedly higher creatinine level in
the aspirate compared to a simultaneously measured SCr level confirms
the diagnosis of urinoma, and differentiates it from other peritransplant
fluid collections such as lymphocele (see below), hematoma, or seroma.
Unlike a urinoma, the aspirate creatinine level in these other types of
fluid collections is nearly the same as the SCr level. Another method
of confirming a urinary leak is isotopic renography with demonstration
of persistent radioactivity over several hours in the peritransplant fluid
collection due to extravasation of urine containing the intravenously
injected radioisotope.
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6. Peritransplant lymph collection (lymphocele): This complication occurs
in 5% to 15% of renal transplant patients usually within the first
3 months post-transplant [3,19]. It results from persistent leakage
from pelvic lymphatics severed during the transplant operation. Small
lymphoceles may be asymptomatic and detected incidentally by ultrasonography. Larger lymphoceles may cause local pain and/or fullness,
increase in the SCr level by extrinsic pressure on the transplant ureter,
pressure on the bladder with urinary frequency, and lower extremity
edema on the side of the kidney transplant due to pressure on the iliac
veins. Compression by lymphocele may cause iliac venous thrombosis
and, very rarely, partial or complete renal arterial occlusion. Percutaneous, ultrasound-guided external drainage is the initial treatment for
patients with symptomatic lymphoceles.
7. Urinary tract obstruction in the renal transplant recipient: Obstructive uropathy occurs in 3% to 6% of renal transplant patients [3]. During the first
3 post-transplant months, this complication is usually caused by either
technical problems at the ureteroneocystostomy, extrinsic compression
of the ureter by a lymphocele, occlusion of the ureter, or Foley catheter
by blood clots in patients with gross hematuria or inability to empty the
bladder (caused by the prostate or neurogenic bladder). Beyond the first
3 months, obstruction is the result of ureteric stenosis due to ischemia
or scarring following episodes of rejection, or inability to empty the
bladder because of the disorders mentioned above. Elevation of SCr associated with ultrasonographic demonstration of new onset or worsening of pre-existing hydronephrosis is strongly suggestive of obstructive
uropathy. Percutaneous nephrostomy with external drainage of urine is
the preferred initial step in treating obstructive uropathy in this patient
population.
8. Bleeding following biopsy of the kidney transplant: Biopsy of the kidney
transplant for evaluation of renal dysfunction is performed mostly as
an ambulatory procedure in which the patient is sent home after a
few hours of observation. Although uncommon, this procedure may be
complicated by bleeding [20]. Such a patient may return to the ED with
pain overlying the renal allograft, gross hematuria, hypotension, fall in
the hemoglobin level, and/or AKI. CT identifies peritransplant bleeding better than ultrasonography. Blood transfusions and embolization
of the bleeding vessel by allograft angiography may be required.
9. Lower quadrant abdominal pain at the site of the kidney transplant: This is a
common complaint in this patient population. Common causes of this
complaint are shown in Table 4.5. It is important to remember that
the pain may be unrelated to the allograft and causes of right or left
lower quadrant abdominal pain in the general population should also
be considered in the differential diagnosis.
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Table 4.5 Causes of lower quadrant abdominal pain at the site of the kidney

transplant
Transplant-related causes

Transplant-unrelated causes

1. Severe acute rejection
2. Transplant pyelonephritis
3. Pressure from large lymphocele,
urinoma or peritransplant hematoma
4. Transplant wound
infection/peritransplant infection
5. Chronic, recurrent incisional pain∗

1.
2.
3.
4.

Acute appendicitis
Diverticulitis
Ischemic colitis
Infectious or inflammatory bowel
disease
5. Ovarian and pelvic inflammatory
disorders

∗

Experienced by some patients and likely the result of injury to cutaneous nerves during
surgery.

The febrile renal transplant patient in the ED
Fever is a challenging complaint that frequently leads renal transplant recipients to seek evaluation in the ED. Signs and symptoms of infection
may be partially masked by immunosuppression. Additionally, the risk of
opportunistic infections and the potential for a fulminant course complicate the diagnostic and therapeutic approach to fever in these patients.
It should be remembered that these patients are more susceptible to severe sepsis, multilobar pneumonia, and meningitis compared to the general population. It is useful to consider the time elapsed after transplantation when a renal transplant patient presents with fever (Table 4.6).
These patients carry the highest risk of opportunistic infections during
the second through the sixth month following transplant. During the first
month after transplant, nosocomial and post-operative infections such as
wound infection, line-sepsis, and UTIs may occur, but are infrequent. Early
opportunistic infections are rare since the full effect of immunosuppression
is not yet present. Also encountered in the first month (though rarely)
are donor-derived (transmitted through the allograft) infections such as
Hepatitis C virus or West Nile virus. Between 30 days and 6 months posttransplant, a wide spectrum of opportunistic infections reach their highest
incidence in this patient population [21]. The prevalence of specific opportunistic pathogens varies geographically, and consultation with the transplant team can aid emergency physicians to narrow down the diagnostic
possibilities in patients they encounter.
Cytomegalovirus (CMV) is a significant opportunistic pathogen in all
types of transplant recipients. Despite universal prophylaxis with ganciclovir or valganciclovir, symptomatic CMV infection still occurs in 10%
to 25% of renal transplant patients [22]. CMV infection may present as
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Table 4.6 Infectious risk based on time post-transplant
0–1 Month

1–6 Months

>6 Months

Nosocomial
C. difficile colitis
VRE, MRSA
Candida

Bacterial
Pneumococcus, Staphylococcus,
Gram-negatives, Legionella

Community-acquired
Pneumonia
Urinary tract infections
Influenza, adenovrius

Post-surgical
Wound infections
Anastamotic leaks
Donor-derived
West Nile virus
HSV, HIV, HCV

Fungal
Cryptococcus, Aspergillus, PCP
Viral
Influenza, CMV, EBV, VZV
BK virus, HCV, HBV
Other
Toxoplasmosis, Mycobacterial,
C. difficile colitis, Strongyloides

Fungal
Aspergillus, Nocardia
Atypical molds
Latent viral
CMV colitis/retinitis
HBV, HCV, HSV, EBV

Source: Adapted from Fishman [21].
VRE, Vancomycin resistant Enterococcus faecalis; MRSA, Methicillin resistant Staphylococcus aureus; HSV, Herpes simplex virus; HIV, Human immunodeficiency virus; HCV, Hepatitis
C virus; PCP, Pneumocystis jiroveci (carinii); CMV, Cytomegalovirus; EBV, Epstein-Barr virus;
VZV, Varicella zoster virus; HBV, Hepatitis B virus.

CMV disease, characterized by high fever, elevated liver enzymes, and
pancytopenia. Tissue-invasive CMV infection (pulmonary, gastrointestinal, or central nervous) represents the more severe spectrum of CMV disease. The most expeditious method to confirm the diagnosis within 24 to
48 hours is the polymerase chain reaction (PCR) assay for CMV DNA in
the blood. Use of routine antimicrobial prophylaxis has decreased but not
eliminated the chance of Pneumocystis or CMV infection.
The ED evaluation of the febrile renal transplant patient should include complete blood count and differential, serum creatinine, urinalysis, urine and blood cultures, and chest radiograph. Additional tests
(especially CMV-PCR and liver function tests) may be necessary in the appropriate clinical setting. Consideration of non-infectious causes of fever
is also warranted in these patients, particularly severe acute rejection, administration of antilymphocyte antibodies, and post-transplant lymphoma
[21]. Post-transplant lymphoma may initially present as an infectious
mononucleosis-like illness [23].
Past the first 6 months, community-acquired infections predominate in
renal transplant recipients. By this time, in the majority of patients the immunosuppressive regimen has been tapered to maintenance doses, thus
decreasing the risk of opportunistic infections. However, opportunistic
infections may still occur, especially if a recent rejection episode has required intensified antirejection therapy.
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In the first year post-transplant, most febrile renal transplant patients
will require hospitalization due to the potential for a fulminant course, and
the risk of nosocomial or opportunistic infections and rejection. A lower
threshold for admission and observation is still warranted in more longterm patients, but outpatient management of milder infectious processes
may be possible in consultation with the transplant team.

Cardiovascular and hypertension-related disorders
in renal transplant recipients
Atherosclerotic cardiovascular disease is the leading cause of death in renal
transplant patients, accounting for approximately 40% of post-transplant
mortality [24]. In comparison to an age-matched general population, these
patients carry a three- to fivefold higher risk of cardiovascular disease [25].
Even prior to transplantation, chronic kidney disease is associated with accelerated atherogenesis. High prevalence of diabetes (40% to 50%), hypertension (up to 90%) and hyperlipidemia (50% to 60%) are major contributors to the increased cardiovascular risk [26]. No matter how atypical
the presentation and even in patients younger than 40 years, a high index
of suspicion for an acute coronary syndrome is justified in the transplant
population.
The diagnostic and therapeutic approach to cardiovascular disorders in
renal transplant recipients is the same as in the general population. There
are no unique contraindications to anticoagulation or the use of any parenteral or oral antihypertensive agents in these patients. However, diltiazem, verapamil, and amiodarone inhibit the hepatic cytochrome P-450
enzyme system and can lead to cyclosporine or tacrolimus nephrotoxicity due to decreased metabolism of these immunosuppressants [27]. Brief
use of these agents as an emergent antiarrhythmic agent is acceptable, but
continuing long-term outpatient use requires coordination with the transplant team to monitor immunosuppressive drug levels and adjust dosing
downward as necessary.

Renal transplant recipients presenting
with respiratory complaints
When evaluating respiratory symptoms, the risk of an opportunistic pneumonia, and the possibility of a more fulminant course, separates the renal transplant patient from the general population. Factors that influence
their evaluation and treatment in the ED include the time period since
transplantation, severity of illness, and radiographic appearance.
Post-operative, non-opportunistic pneumonia may occur in the first
post-transplant month. Opportunistic infections become a significant problem past the first month and must be considered in the evaluation of
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respiratory symptoms. The pattern of pulmonary infiltrate can offer clues
to possible etiology. Lobar consolidation is suggestive of bacterial pneumonias caused by organisms such as Pneumococcus or Legionella. A bilateral
interstitial pattern points to Pneumocystis or CMV pneumonia [28]. Additionally, interstitial pneumonitis associated with sirolimus therapy should
be considered [29]. Nodular or cavitating lesions suggest fungal infections
such as Aspergillus, Cryptococcus, or Histoplasma. Even in the setting of mild
symptoms, findings suggestive of fungal infection require aggressive investigation due to the risk of significant morbidity [30].
CT is frequently necessary in evaluating pulmonary complaints in transplant patients. Nondiagnostic radiographs do not rule out the early stages
of bacterial pneumonia. Tuberculous, fungal, Pneumocystis, and CMV pneumonias can present with subacute symptoms and unimpressive radiographs [31]. The risk of these pathogens is greatest in months 1 through
6 post-transplant and during periods of intensified immunosuppression.
Pneumocystis may present with hypoxemia, dyspnea, and cough with subtle or absent physical and radiographic findings. There should be a high
index of suspicion for the diagnosis of tuberculosis because its incidence is
increased in immunosuppressed patients [21].
The threshold for hospital admission of renal transplant patients with
suspected pulmonary infection should be low due to the potential for a
rapidly deteriorating course. Unless tuberculosis is suspected, strict isolation precautions are not required. Nevertheless, many institutions elect to
place hospitalized transplant patients in private rooms for the first 6 to
12 months post-transplant to decrease the risk of nosocomial infections.
Because of the risk of unusual opportunistic and resistant pathogens, every attempt should be made to obtain adequate blood and sputum culture
specimens before initiating empiric antimicrobial therapy. Nevertheless,
empiric therapy should be initiated promptly, particularly during the first
6 months post-transplant, due to the risk of rapid deterioration. Treatment
for a community-acquired pneumonia or healthcare-associated pneumonia should be initiated according to established guidelines [32, 33]. Patients within the first 6 months of transplant require this same treatment
but warrant additional consideration for antimicrobials targeted at opportunistic organisms in consultation with the transplant team.
The macrolide antibiotics are commonly used to treat respiratory infections, but can have significant pharmacological interaction in transplant
patients. The majority of macrolides inhibit the hepatic enzymes that metabolize cyclosporine, tacrolimus, and sirolimus. Therefore, it is important
to monitor the blood level and reduce the dose of these immunosuppressants if a macrolide antibiotic is selected. Azithromycin is preferred because
it is the macrolide least likely to affect the metabolism of these immunosuppressants [27].
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Renal transplant recipients presenting
with gastrointestinal complaints
Just as immunosuppressants blunt the immune system’s response to various microbes, these medications (corticosteroids in particular) may also
mask the peritoneal response to significant intra-abdominal pathology.
The clinical presentation of serious abdominal conditions such as acute
cholecystitis, visceral perforation, diverticulitis, and bowel infarction may
be muted [34]. An intra-abdominal catastrophe cannot be excluded because abdominal pain is mild and guarding and/or rebound tenderness are
absent. The care of renal transplant patients with abdominal pain requires
a low threshold for ultrasound or CT imaging and surgical consultation.
There are a broad range of gastrointestinal/hepatobiliary/pancreatic
problems that are encountered in transplant patients. The two major
causes of these disorders are direct adverse effects of immunosuppressants and a variety of infections that occur in immunosuppressed patients.
Table 4.7 summarizes these disorders.

Renal transplant recipients presenting with
neurological or psychiatric problems
New onset headache, seizure, or change in mental status in a renal
transplant patient may be the result of very serious disorders such as
meningitis, encephalitis, or neoplasm. Such symptoms warrant prompt
Table 4.7 Gastrointestinal disorders in renal transplant recipients due to infectious

or drug-related complications
Disorder

Infectious

Drug-related complications

Oral ulcers, plaques

Candida, HSV

Sirolimus

Esophagitis

Candida, HSV, CMV

Mycophenolate mofetil

Gastroduodenitis, upper
gastrointestinal
ulceration/bleeding

CMV infection, EBV-related
gastrointestinal lymphoma

Mycophenolate mofetil,
corticosteroids

Diarrhea, lower
gastrointestinal
ulceration/bleeding

CMV infection,
Microsporidium,
Cryptosporidium,
EBV-related intestinal
lymphoma

Mycophenolate mofetil,
sirolimus

Hepatic dysfunction

CMV, EBV, Hepatitis C and B

Cyclosporine, tacrolimus

Pancreatitis

CMV

Azathioprine

HSV, Herpes simplex virus; CMV, Cytomegalovirus; EBV, Epstein-Barr virus.
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imaging and lumbar puncture. The incidence of an opportunistic central
nervous system (CNS) infection approaches 10% in this population,
particularly within the first 6 months post-transplant. Common pathogens
include Cryptococcus neoformans, Mycobacterium tuberculosis, and Listeria monocytogenes [35–37]. Additional pathogens to consider are CMV, Herpes simplex, JC-Polyoma and West Nile viruses, and Toxoplasma gondii. Because
of the masking effect of immunosuppression, fever, leukocytosis, and
meningismus may be absent in these patients. Hence, the threshold
for cerebrospinal fluid (CSF) analysis in these patients should be low.
It should also be remembered that despite severe meningoencephalitis,
CSF chemical abnormalities and pleocytosis may be equivocal. The most
common CNS neoplasm in renal transplant recipients is post-transplant
lymphoma [38].
Immunosuppressant medications are also associated with neurological
adverse effects. CNIs are known to cause headache, insomnia, tremors,
paresthesiae affecting the hands/feet, seizures, and global encephalopathy [39]. Tacrolimus is more neurotoxic than cyclosporine. Severe encephalopathy may also be due to neurological toxicity of drugs such as acyclovir, penicillins, and cephalosporins, especially when given to patients
with impaired allograft function.
Corticosteroid psychosis may also underlie alterations in mood in transplant recipients. Lastly, the prevalence of depression and risk of suicide are
higher among renal transplant patients compared to the general population [40].

Hematologic disorders in renal transplant recipients
Medication-associated cytopenias are common in renal transplant recipients [41]. Additionally, chronic transplant dysfunction may cause anemia of chronic kidney disease. The prevalence of anemia approaches 21%
at 1 year and 36% at 3 years following transplantation [42]. Opportunistic viral infections, particularly CMV and Parvovirus, are also associated with cytopenias. Lastly, common prophylactic medications such as
trimethoprim–sulfamethoxazole, ganciclovir, and valgancyclovir can all
be associated with cytopenias. When blood product transfusions are required for symptomatic anemia, the use of leukocyte-poor blood is recommended for transplant patients to decrease the risk of sensitization to
HLA-antigens [22].
Hemolytic-uremic syndrome (HUS) is an emergent condition to consider
when a renal transplant patient presents with the triad of anemia, thrombocytopenia, and AKI. History of ESRD secondary to native kidney HUS,
cyclosporine, tacrolimus or sirolimus therapy, severe acute vascular rejection, and CMV infection are the risk factors for post-transplant HUS [43].
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Table 4.8 Common hematologic disorders and special considerations in renal

transplant recipients
Disorder

Special considerations

Cytopenias

CMV or Parvovirus infection
Drug effects: Mycophenolate mofetil, sirolimus, everolimus,
azathioprine, ganciclovir, valgancyclovir,
trimethoprim–sulfamethoxazole

Hemolytic–uremic
syndrome (HUS)

Recurrence of native kidney HUS, severe vascular rejection, CMV
infection
Drug effects: Cyclosporine, tacrolimus, sirolimus

Leukocytosis

Corticosteroids (conversely, discontinuation of corticosteroids may
result in leukopenia)

Erythrocytosis

Endogenous erythropoietin (source: native kidney more so than
the allograft) and other factors

Diagnostic clues include elevated lactate dehydrogenase, low haptoglobin
levels, and the presence of schistocytes on a peripheral blood smear.
Leukocytosis and erythrocytosis can also occur in renal transplant patients. The primary cause of non-infectious leukocystosis is demargination
of leukocytes by corticosteroids. Band forms should be absent with demargination, and their presence suggests infection. Up to 20% of renal
transplant recipients will have erythrocytosis in the first year following
transplant, and in half of these patients, erythrocytosis may persist long
term [44]. Erythrocytosis predisposes post-transplant patients to thromboembolic events, and may cause chronic dizziness and headaches.
Table 4.8 summarizes the common hematological disorders encountered
in renal transplant recipients.

Renal transplant recipients presenting with
musculoskeletal and articular complaints
Renal transplant recipients are at increased risk for a number of musculoskeletal and articular emergencies. Corticosteroids accelerate osteoporosis resulting in an increased risk of fractures. For unclear reasons, the most
common site of fractures in renal transplant recipients is the foot [45].
Unexplained foot pain with or without trauma may well be the result of
a fracture. Avascular necrosis with hip and/or knee pain occurs in up to
3.5% of renal transplant recipients and may require MRI for diagnosis in
its early stages [46]. Pending imaging, immobilization for presumed fracture may be appropriate.
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Table 4.9 Special considerations in evaluating musculoskeletal complaints in
renal transplant recipients
Complaint

Special considerations

Foot pain

Foot fractures are common and history of trauma may be lacking

Hip pain

Increased risk of avascular necrosis due to corticosteroid use

Acute arthritis

Increased risk of gout on CNI, but care should be taken to rule
out a septic joint. NSAIDs and colchicine use not advisable

Quadriceps or
achilles tendon pain

Corticosteroid and quinolone use and tendon calcification cause
increased risk of tendon rupture

Acute gout is common in renal transplant patients on CNIs. These
medications reduce renal uric acid excretion and cause hyperuricemia.
In the diagnostic evaluation of arthritis in renal transplant recipients,
arthrocentesis is important to differentiate septic arthritis from gout.
The therapeutic approach also has a few caveats: nonsteroidal antiinflammatory drugs may cause AKI/ARF, and colchicine can interact with
cyclosporine and cause leukopenia, hepatic dysfunction, and rhabdomyolysis [47]. In this population, corticosteroids and alternative analgesics are
better therapeutic choices for gout.
Long-term corticosteroid use may cause proximal muscle weakness of
the limbs secondary to steroid myopathy. Corticosteroids and tendon calcification secondary to hyperparathyroidism contribute to increased risk
of tendon rupture in this patient population [48]. Quinolone antibiotic
use may further increase this risk [2]. Pain and swelling over common
sites of rupture such as the Achilles or quadriceps tendon should prompt
soft-tissue ultrasonography or MRI for rupture even in the setting of minor trauma. Following complete discontinuation of corticosteroids, renal
transplant patients may present with polymyalgia and polyarthralgia that
may respond to reinstitution of a small dose of corticosteroid [2].
Table 4.9 shows the special considerations in the evaluation of musculoskeletal and articular problems in renal transplant recipients.

Common electrolyte disorders encountered in renal
transplant recipients
Potassium and magnesium abnormalities are common among renal transplant recipients. Patients on cyclosporine and tacrolimus frequently require magnesium replacement secondary to chronic renal magnesium
wasting [49]. The CNIs also reduce urinary potassium excretion, resulting
in hyperkalemia. Additional medications that contribute to hyperkalemia
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in these patients are trimethoprim–sulfamethoxazole, ACE-inhibitors, and
angiotensin II receptor blockers [2].
Hypercalcemia and hypophosphatemia occur in 5% to 10% of renal
transplant patients due to persistence of secondary hyperparathyroidism
in the setting of good allograft function [2]. Lastly, normal anion gap renal
tubular acidosis may be noted in patients with allograft dysfunction [2].

Endocrine complications in renal transplant recipients
New-onset diabetes mellitus occurs in approximately 25% of patients
within 3 years of renal transplantation [50]. Both corticosteroid and CNI
(particularly tacrolimus) use contribute to this increased risk of diabetes.
Symptoms of polyuria, polydipsia, and weight loss should prompt testing for diabetic emergencies in renal transplant recipients. Diabetic ketoacidosis occurs in approximately 8% and hyperosmolaity in 3% of renal transplant patients who develop post-transplant diabetes mellitus [51].
The treatment of these diabetic complications is not different from that of
non-transplant patients.
Acute adrenal insufficiency is a significant concern in critically ill renal
transplant recipients. The majority of these patients receive corticosteroids
for some period of time for immunosuppression with resultant suppression
of their pituitary–adrenal axis. Stress-dose corticosteroid coverage (intravenous hydrocortisone 100 mg every 8 hours) is required in the critically
ill renal transplant patient unless steroid therapy had been discontinued
more than 6 to 12 months earlier [52].

The next five years
Currently, there are approximately 90,000 patients wait-listed for kidney
transplantation in the United States [1]. With the increasing global incidence/prevalence of ESRD due to a combination of aging of the population and the epidemic of obesity and diabetes, the demand for kidney
transplantation is bound to increase. If the availability of organs for transplantation increases, the number of renal transplant recipients and ED visits by these patients will likewise rise. HIV infection was, until recently,
considered an absolute contraindication to kidney transplantation. Nevertheless, the increasing success of antiretroviral therapy has cleared the way
for carefully selected HIV-positive ESRD patients to be accepted for transplantation [53]. This high-risk population will be more likely to seek care
in the ED.
Several new and potent immunosuppressive medications and monoclonal antibodies are likely to be approved in the coming years (e.g.,
belatacept) and may result in a higher incidence of emergent adverse effects, including drug interactions, infection, and malignancy. The pattern
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of post-transplant infections for which a renal transplant patient may seek
care in the ED may subsequently change with time as new immunosuppressant medications are introduced and patients with more co-morbidities
become renal transplant recipients. Finally, transplant tourism (patients
traveling to countries where commercial transplantation using paid live
donors is practiced) is increasing [54]. These patients may present to the
ED with uncommon infections acquired abroad.

Conclusion
Renal transplant patients represent a growing and challenging ED patient
population. Careful consideration of the time since transplantation and
broad differential diagnosis can aid the emergency physician in the evaluation and management of these individuals when presenting for acute care.
Early consultation with the transplant team can be invaluable in assuring that renal transplant recipients receive quality care in the emergency
department.
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Introduction and epidemiology
During the last 30 years, the incidence and prevalence of end-stage renal
disease (ESRD) have increased significantly worldwide. The major factors
contributing to this increase are the aging of the population, and the global
epidemic of obesity and diabetes mellitus. Currently in the USA, approximately 370,000 patients are on maintenance dialysis for ESRD. Of these,
more than 90% receive in-center hemodialysis (HD) at hospital-based or
free-standing dialysis centers, and less than 10% dialyze at home. The vast
majority of home-dialysis patients receive peritoneal dialysis (PD) [1]. The
number of dialysis patients worldwide is estimated to be approximately
2 million. The distribution of patients between in-center and home-dialysis
varies widely between different countries [2].
Dialysis patients are prone to a variety of medical problems that frequently bring them to the emergency department (ED). There are several
factors that contribute to the ESRD patient’s susceptibility to medical emergencies: the increasing age at incidence of ESRD, the susceptibility of the
HD access and the PD catheter to infection, dialysis-induced rapid changes
in blood chemistry and body fluid volume, greater prevalence of severe
generalized vascular disease, incomplete correction of the uremic state by
dialysis, and patient noncompliance with therapy [3].
This chapter presents an overview of dialysis techniques, a review of
the medical problems that cause dialysis patients to present to the ED,
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and the special diagnostic and management considerations that emergency
physicians must be aware of in caring for them.

Principles of dialysis therapy
In-center HD is generally performed three times a week on alternate days,
with each session lasting 3–4 hours. Home-HD is performed more frequently (up to 6 days per week). During HD, blood is drawn into an
extracorporeal circuit and passed through a dialyzer (“artificial kidney”)
made of a semipermeable membrane [4,5]. During HD, the patient’s blood
is drawn into the dialysis circuit through a variety of vascular accesses
(Figure 5.1) [6].
Nitrogenous uremic waste, potassium, magnesium, and phosphate leave
the blood down the concentration gradient across the semipermeable dialyzer membrane into the dialysis fluid (dialysate) flowing on the other side
of membrane, whereas calcium and bicarbonate (in higher concentration
in the dialysate) move into the circulation in the reverse direction. These
processes partially correct the ESRD-associated biochemical abnormalities.
Simultaneously, HD corrects ESRD-associated fluid overload by removing
salt and water from the patient, aiming to bring down the patient’s weight
to the clinically estimated “dry weight” (weight at which the patient is
euvolemic) by the end of each HD session [4].
In PD, access to the peritoneal cavity is provided by an implanted
catheter (Figure 5.2).
Continuous ambulatory PD (CAPD) is performed manually by the patient, usually four times (exchanges) per day. During each exchange,

Double Lumen Catheter*
Internal
jugular
vein

AV Fistula¶

Vein

Vein

Catheter in
subcutaneous
tunnel

Straight Graft

Vein
Loop graft**

Right
atrium
Artery

Artery
Side-to-side
anastomosis

Skin exit-site

Figure 5.1 Accesses used for long-term hemodialysis. ∗ Tunneled catheters can also
be placed in the femoral vein or the inferior vena cava. ∗∗ Forearm grafts can also
be straight. Loop grafts can also be placed in the thigh. ¶ AV fistula can also be
created at the elbow. (Reprinted with permission from Venkat A, Kaufmann KR,
Venkat K. Care of the end-stage renal disease patient on dialysis in the ED. Am J
Emerg Med 2006; 24(7): 847–858.)
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Catheter in
subcutaneous
tunnel
Skin exit-site*
Peritoneal
cavity
Tip of the catheter in the
pelvic–peritoneal cavity

Figure 5.2 Surgical anatomy of the peritoneal dialysis catheter. ∗ The skin exit site

is usually in the right or left lower abdominal quadrant, but less commonly may
be placed above the level of the umbilicus. (Reprinted with permission from
Venkat A, Kaufmann KR, Venkat K. Care of the end-stage renal disease patient on
dialysis in the ED. Am J Emerg Med 2006; 24(7): 847–858.)

dialysate (2 to 3 L) is infused through the catheter, allowed to dwell in the
peritoneal cavity for several hours followed by draining out of the used
dialysate. In the PD variant called “continuous cycling PD” (CCPD), a
machine containing dialysate bags is connected to the PD catheter and
multiple exchanges are completed as the patient sleeps, supplemented if
necessary by one or two manual exchanges during the daytime [7].

Evaluation and initial management of the febrile
dialysis patient
Fever in the dialysis patient may be due to any of the causes that apply
to the general population with the caveat that HD access infection or PDassociated peritonitis are the major diagnostic considerations.
HD catheters are associated with the highest risk of infection, arteriovenous grafts with intermediate, and arteriovenous fistulae with the lowest risk. Local signs of infection (tenderness/redness/warmth/fluctuance
over the access and/or purulent drainage from the cutaneous exit of the
catheter spontaneously or after application of pressure along the catheter
tunnel) should be sought in febrile HD patients, but the absence of these
signs does not rule out access-related infection. Infection of the HD access
is associated with the risk of hematogenous dissemination of infection potentially causing septic pulmonary emboli with multiple nodular and/or
cavitary lung lesions, endocarditis, septic arthritis, vertebral osteomylitis,
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Table 5.1 Microbiology of hemodialysis access infection and recommended initial

antibiotic therapy
Organism (reported frequency
in different series)
1. Coagulase-negative staphylococci and
Staphlococcus aureus (40% to 80%)
2. Enterococcus species (2% to 20%)
3. Gram-negative bacilli (5% to 40%)
4. Fungal and other organisms (rare)
(a) Single causative organism
identified in 80% to 90% of
patients
(b) Polymicrobial infection identified
in 10% to 20% of patients

Initial presumptive antibiotic therapy
Vancomycin 20 mg/kg intravenously over
30 to 60 minutes
combined with
Gentamicin 1.0 to 2.0 mg/kg intravenously
or
A third-generation cephalosporin
(cefepime or ceftazidime 1 to 2 g
intravenously)

intervertebral diskitis and/or epidural abscess + spinal cord compression. Evaluation of the febrile HD patient should include blood cultures,
Gram’s stain/culture of drainage at the exit site of the catheter and chest
X-ray. Severely septic patients with hemodynamic compromise may require emergent removal of the catheter/graft/fistula by the access-surgery
team. Echocardiography looking for vegetations, imaging studies to identify spine infection, and arthrocentesis to diagnose septic arthritis may be
indicated in selected patients [8, 9].
The microbiological spectrum of HD-access infection and the recommended initial empiric therapy (after obtaining appropriate cultures) are
shown in Table 5.1 [3, 10].
Less common HD-related causes of fever include lymphokine generation
due to contact of blood with the dialyzer membrane, febrile reaction to
blood products administered during dialysis, and endotoxemia from contaminated dialysis fluid [3]. However, these are diagnoses of exclusion,
and fever should generally be assumed to be secondary to access-related
infection. Febrile HD patients usually require hospitalization.
PD-associated peritonitis is usually due to spread of cutaneous organisms along the PD catheter. Less commonly, it may be caused by an intraabdominal source such as diverticulitis, appendicitis, visceral perforation,
or bowel infarction. It should be remembered that absence of fever does
not rule out peritonitis since 40%–50% of such patients are afebrile. Diffuse abdominal pain/tenderness, cloudy dialysate, nausea, vomiting, diarrhea, and/or constipation are other presenting features. Severe peritonitis can cause paralytic ileus and/or septic shock. PD catheter cutaneous
exit site or subcutaneous tunnel infection (suggested by purulent drainage
from the exit site upon application of pressure along the tunnel) may predispose to peritonitis [11].
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Table 5.2 Microbiology of peritoneal dialysis-associated peritonitis and
recommended initial antibiotic therapy
Organism (reported frequency)

Initial presumptive antibiotic therapy

1. Gram-positive organisms (50% to 60%):
Predominantly coagulase-negative
staphylococci and Staphylococcus
aureus, with a minority due to
Enterococcus species, ␤-hemolytic
streptococcus and Corynebacterium
species
2. Gram-negative organisms (up to 20%)
3. Sterile/culture-negative (up to 20%)
4. Polymicrobial—Gram-positive +
Gram-negative + anerobes (up to 5%)
5. Fungal, mycobacterial, etc. (less than 2%)

Intra-peritoneal vancomycin 2 g
combined with
Gentamicin 0.6 mg/kg
or
A third-generation cephalosporin
(cefepime 1 g or ceftazidime 1 g)
The two antibiotics are added to the
same bag of peritoneal dialysis fluid. The
antibiotic-containing dialysate is infused
intra-peritoneally over 15 to 30 min and
allowed to dwell in the peritoneal cavity
for 6 h.

When PD-associated peritonitis is suspected, effluent dialysate should be
sent for total and differential WBC count, Gram’s stain, and aerobic and
anaerobic cultures. Dialysate WBC count ⬎ 50 to 100 cells/mm3 suggests
peritonitis. In untreated bacterial peritonitis, dialysate WBC count is typically in thousands/mm3 with neutrophilic predominance. Any drainage
from the exit site should be submitted for Gram’s stain and culture.
Injecting dialysate into blood culture bottles increases the diagnostic yield.
Polymicrobial peritonitis (mixture of Gram-positive and negative organisms) suggests and growth of anaerobes in dialysate culture is virtually
diagnostic of an intra-abdominal source of peritonitis. Imaging studies
should include plain abdominal X-rays and (in severe cases) CT [3, 11].
It should be remembered that small amounts of free air may be normally present in upright plain-abdominal X-rays in PD patients due to
air entry during PD exchanges. However, if the height of the infradiaphragmatic air column is ⬎5 mm, visceral perforation is more likely [12].
Initial management of PD-associated peritonitis includes parenteral narcotics for pain control and intra-peritoneal antibiotics (after obtaining
dialysate cell count and cultures). The microbial spectrum of and the recommended initial empiric therapy for PD-associated peritonitis are shown
in Table 5.2 [13].
Clinically severe peritonitis or suspected intra-abdominal source of
infection should lead to prompt surgical consultation because emergent
catheter removal and/or exploratory laparotomy may be required [3, 11].
Unless the peritonitis is mild (which can be managed as an outpatient in consultation with the nephrology team), the patient should be
hospitalized.
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Management of the dialysis patient presenting with
cardiorespiratory and blood pressure-related
problems
Chest pain
The very high prevalence of coronary artery disease in the dialysis patient should be remembered in evaluating chest pain in this population.
Cardiovascular disorders account for approximately 50% of all mortality
in dialysis patients. Compared to an age-matched general population, the
cardiovascular risk is 10- to 100-fold higher in dialysis patients [14]. A
high index of suspicion for an acute coronary event and a lower threshold
for noninvasive testing and inpatient observation, however atypical the
presentation, are appropriate in dialysis patients.
The interpretation of tests commonly used to evaluate acute coronary
events is confounded in dialysis patients by the frequently present baseline
EKG changes, due to left ventricular hypertrophy or electrolyte abnormalities, and elevated baseline cardiac troponin levels (due to the combination
of cardiac hypertrophy and decreased renal excretion). Stress testing is limited by the inability of many dialysis patients to exercise. This frequently
necessitates pharmacologic stress testing [14].
Several medications used in treating acute coronary syndromes may require dose modification in dialysis patients. Among the ␤-blockers, only
atenolol requires dose reduction in ESRD patients. Enoxaparin is not recommended in this population because it is cleared by the kidneys. If used,
it should be given at half the usual dose. Among the platelet glycoprotein
IIb/IIIa inhibitors, eptifibatide is contraindicated in ESRD patients because
of its renal excretion, tirofiban requires 50% dose reduction, and abciximab is preferred because no adjustment is required [15].
Uremic pericarditis should be considered in the differential diagnosis of
retrosternal pain in the dialysis patient. Aggravation of pain by inspiration,
and relief by sitting up and leaning forward are suggestive of pericardial
pain. Pericarditis may cause fever. The presence of a pericardial rub supports the diagnosis. However, the rub may disappear once significant effusion develops. Pericardial effusion causes cardiac enlargement with a globular configuration on chest X-ray. The dreaded complication of pericardial
effusion is cardiac tamponade. Relative or absolute hypotension, muffled
heart sounds, elevated jugular venous pressure, and/or pulsus paradoxus
are the manifestations of cardiac tamponade. However, the definitive test
for tamponade is echocardiography, which should be performed urgently
if this diagnosis is suspected. Patients with uremic pericarditis need hospitalization for intensive dialysis and close observation for development of
tamponade. Patients presenting with tamponade require prompt cardiac
surgery consultation for emergent surgical drainage by creation of a pericardial window, and should be admitted to an intensive care unit pending
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surgery. If emergent pericardiocentesis is required, the pericardial cavity
should be continuously drained externally with a catheter, to prevent recurrence of tamponade secondary to intra-pericardial bleeding [16].

Dyspnea
The differential diagnostic approach to dyspnea in dialysis patients is similar to that in the general population with the caveat that fluid overload/pulmonary edema/acute left ventricular failure is a major cause. Most
dialysis patients are oligo-anuric with markedly limited ability to excrete
excess dietary salt and water. A number of factors may precipitate acute
pulmonary edema in dialysis patients: excessive intake of salt and water
especially over the weekend which involves an extra day without dialysis,
missing HD sessions or PD exchanges, inadequate salt/water removal during HD and PD due to technical problems or overestimation of dry weight,
and acute left ventricular dysfunction. Even in dialysis patients with dyspnea due to respiratory causes such as asthma, bronchitis, emphysema,
pneumonia, or pulmonary embolism, fluid overload may be adding to the
dyspnea caused by the primary pulmonary disorder [3, 17]. Brain natriuretic (BNP) level is unreliable as a diagnostic marker for heart failure/fluid
overload in dialysis patients since other factors such as increased production secondary to cardiac hypertrophy and decreased renal excretion contribute to elevated BNP level in this population [18].
It should be remembered that even high-dose intravenous loop-diuretic
therapy may be ineffective in relieving fluid overload in dialysis patients
because most of them are oligo-anuric. Thus, the only effective treatment
for the fluid-overloaded dialysis patient is urgent dialysis. Until dialysis can
be started, therapy should consist of supplemental oxygen, hypertension
control, treatment of arrhythmias and acute coronary event (if present),
and preload reduction with intravenous or cutaneous nitrates [3]. Intubation and ventilatory support should be provided according to standard
indications.
Despite the presence of uremia-associated qualitative platelet dysfunction, venous thrombosis and pulmonary embolism do occur in dialysis patients [3]. Pleural effusion of different etiologies (hydrothorax secondary
to fluid overload, uremic pleurisy, infection, or malignancy) may cause
dyspnea in dialysis patients. Fluid removal during dialysis is generally ineffective in decreasing the size of pleural effusions; thoracentesis may be
required for relief of dyspnea [3]. In PD patients, transdiaphragmatic leakage of dialysate into the pleural cavity has been reported. The pleural fluid
can be identified as dialysate by its much higher glucose concentration
compared to the blood glucose level [19].
Fluid overload is less common in PD patients since fluid removal is continuous in this modality. However, noncompliance with PD exchanges
or technical problems with fluid removal (“ultrafiltration failure”) may
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result in fluid overload. Since fluid removal by PD is slow, a severely
fluid overloaded PD patient may require temporary HD for rapid fluid
removal [3].

Hypotension
Intra-dialytic hypotension during HD is a common problem occurring in
10% to 50% of patients. The major causative factor is rapid removal of
salt and water during dialysis compounded by rapid changes in plasma osmolality, uremic and/or diabetic autonomic neuropathy, or intake of antihypertensive medications immediately before dialysis [20]. Intra-dialytic
hypotension may result in the cessation of HD and transport of patient to
the ED. The possibility of cardiac tamponade secondary to a pericardial effusion should be entertained in such patients. Other causes of hypotension
such as acute myocardial infarction, and septic or anaphylactic shock also
need to be excluded. The initial management of the hypotensive dialysis
patient is the intravenous bolus administration of 250 to 500 mL of normal
saline while watching for the development of fluid overload [3]. Acute hypotension is less common in PD patients since fluid removal is slow and
continuous.
Severe hypotension in dialysis patients may necessitate the use of vasopressors. All currently available vasopressors can be used in ESRD patients.
However, the greater risk of sympathomimetic pressor agents triggering
arrhythmias in this population should be remembered [21].
Syncope
A common cause of syncope in dialysis patients is intra-dialytic hypotension [3]. Syncope (+ seizure) may occur during or upon standing up at
the end of dialysis. Although less common, the possibility of syncope secondary to a potentially life-threatening arrhythmia such as transient ventricular tachycardia or fibrillation will have to be kept in mind given the
high prevalence of coronary artery disease in ESRD patients [21]. Sudden
cardiac death due to such an arrhythmia is not uncommon in dialysis patients [22]. Unless it is clear that transient hypotension caused syncope,
hospitalization for cardiac monitoring is advisable.
Uncontrolled hypertension
Up to 85% of dialysis patients are chronically hypertensive, and hypertensive emergency/urgency is a commonly encountered problem in them.
The major mechanism underlying hypertension in ESRD patients is salt
and water excess. Thus, failure to achieve dry weight during and/or missing dialysis treatments as well as dietary salt/water excess are important
contributors to hypertension in this population [23].
The treatment of hypertensive urgency/emergency in the dialysis patient is the same as in the general population, with no contraindication to
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the use of any of the antihypertensives used in the latter. However, the
following points are worth remembering [24]:
1. Diuretics are not effective in lowering BP in oligo-anuric dialysis patients.
2. Risk of nitroprusside-associated cyanide toxicity is greater in patients
with impaired renal function.
3. While sudden cessation of any antihypertensive agent might cause rebound hypertension, abrupt clonidine withdrawal is associated with the
highest risk.
4. Sudden ␤-blocker withdrawal may precipitate arrhythmias and/or
acute coronary events.

Emergent gastrointestinal problems in dialysis
patients
Upper or lower gastrointestinal bleeding
The etiology of gastrointestinal hemorrhage in the ESRD patient is similar
to that in the general population. However, bleeding tends to be more
severe and transfusion requirements are greater in the dialysis patient
because of uremic qualitative platelet dysfunction, heparin administration during dialysis, presence of uremic gastritis and colitis, and preexisting anemia of chronic kidney disease. When administering saline and/or
blood to a dialysis patient with gastrointestinal bleeding, one should watch
for volume overload and hyperkalemia (stored blood has high potassium
content) [3]. Persistent bleeding may require rapid correction of uremic
platelet dysfunction. Options include intravenous desmopressin/DDAVP,
0.3 to 0.4 mcg/kg over 20 to 30 minutes (the most commonly utilized
treatment), and transfusion of fresh platelets or cryoprecipitate. Slower
correction over days can be achieved by daily HD and/or administration of
conjugated estrogens (0.6 mg/kg daily for 5 days) [25].
Abdominal pain
The differential diagnosis of abdominal in the dialysis patient is not different from that in the general population. However, the following points are
worth emphasizing:
1. In PD patients, peritonitis is a major cause of abdominal pain.
2. As already discussed, subdiaphragmatic free air is not a reliable radiological sign of visceral perforation in PD patients.
3. Development of hernias due to increased intra-abdominal pressure is
not uncommon in PD patients, and the possibility of abdominal pain
due to an incarcerated hernia will have to considered [19].
4. The incidence and severity of acute pancreatitis are increased in ESRD
patients [26]. Baseline serum amylase and lipase levels may be elevated
in dialysis patients (due to their decreased urinary excretion) and a
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greater than threefold elevation of these enzyme levels is required to
definitively diagnose pancreatitis [3].
5. In patients with ESRD secondary to autosomal dominant polycystic kidney disease (ADPKD), there is increased prevalence of colonic diverticulosis with attendant risks of diverticulitis and colonic bleeding [27].
6. The combination of severe generalized vascular disease and intradialytic hypotension may cause bowel infarction and abdominal pain
in dialysis patients [28].

Approach to worsening anemia in the dialysis patient
Chronic kidney disease-related anemia is present in most dialysis patients.
Current erythropoietin-dose guidelines recommend only partial correction of this anemia (target hemoglobin level 11 to 12 g/dL) [29]. A common problem encountered in ED in the dialysis patient is a decreased
hemoglobin level compared to recent values. The most common cause of
this is blood loss. Uremic platelet dysfunction and heparinization during
HD increase the risk of bleeding from different anatomical sites [3]. Two
other sources of blood loss in ESRD patients are intra-dialytic complications (e.g., blood clotting in the extracorporeal circuit secondary to inadequate anticoagulation or accidental disconnection of blood lines) [3] and
retroperitoneal or intra-renal hemorrhage (spontaneously or as a complication of hereditary or acquired renal cysts) [30]. CT of the abdomen
to rule out intra-abdominal bleeding is indicated when there is an unexplained drop in the hemoglobin level in dialysis patients.

Evaluation of the dialysis patient with neurological
problems
Presentation of the dialysis patient to the ED with neurological complaints
such as headache, symptoms of global encephalopathy (mental status
changes and/or depressed level of consciousness), seizures, and/or focal
neurological deficits (e.g., hemiplegia) is common [3, 31].
Patients started on HD with severe azotemia (BUN level ⬎150 mg/dL)
may experience “dialysis disequilibrium” characterized by headache,
global encephalopathy, and (in severe cases) seizures/coma/fatal tentorial
herniation, during or after the initial few HD sessions. This syndrome is
attributed to rapid decrease in serum osmolality due to removal by HD of
osmotically active uremic toxins from the blood with consequent shift of
water into relatively hyperosmolar brain tissue. The mildest form of this
syndrome (recurrent dialysis-related headache) is still seen, but the more
severe manifestations have become rare due to increased awareness of this
complication and reduction of delivered dialysis-dose during the initial
HD sessions. Dialysis disequilibrium is uncommon in PD patients due to
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slower removal of uremic waste, which avoids rapid changes in serum
osmolality [32].
Another cause of headache, global encephalopathy, and/or seizures in
dialysis patients is hypertensive encephalopathy. As already discussed,
seizures could also be caused by cerebral ischemia secondary to intradialytic hypotension. Global encephalopathy may also result from uremia
due to inadequate dialysis, sepsis, hypercalcemia, hypoglycemia, dysnatremias, hepatic or respiratory failure, meningoencephalitides, and failure to decrease doses of drugs that accumulate in renal failure (e.g.,
meperidine, penicillins, cephalosporins, acyclovir, amantadine, cimetidine,
etc.). Wernicke’s encephalopathy secondary to thiamine deficiency has
been reported in malnourished dialysis patients. Dialysis dementia attributed to aluminum accumulation in the brain has become uncommon
with avoidance of chronic aluminum exposure resulting from aluminumcontaining phosphate-binders and aluminum-contaminated water for
dialysate preparation [3, 31].
Focal neurological deficits (and/or headache) may be the result of a subdural hematoma (SDH). The incidence of SDH is increased in dialysis patients due to qualitative platelet dysfunction and heparin administration
during dialysis. SDH can occur in ESRD patients without significant head
trauma. Chronic dementia secondary to SDH has also been reported [33].
The threshold for neuroimaging to rule out SDH should be low in dialysis
patients.
Since cerebral atherosclerosis and hypertension are more prevalent in
dialysis patients, cerebrovascular accidents occur commonly with resultant focal deficits such as hemiplegia [34]. Even though uremic platelet
dysfunction is common in dialysis patients, there is no absolute contraindication to systemic thrombolytic therapy in the ESRD patient presenting
with an ischemic stroke [35]. Multi-infarct dementia secondary to cerebral atherosclerosis is commonly encountered in older dialysis patients [3].
Uremic peripheral neuropathy may cause numbness and (less commonly)
motor weakness of distal parts of the extremities or the “restless legs”
syndrome [31].

Commonly encountered acid–base and electrolyte
disorders in dialysis patients
Uremic, high anion-gap metabolic acidosis
Uremic, high anion-gap metabolic acidosis is corrected during HD by
movement of bicarbonate from the dialysate into the blood stream. After HD there may be transient overcorrection of the acidosis with mild
metabolic alkalosis lasting a few hours [3]. Acidosis redevelops over the
subsequent 48–72 hours until the next HD. Patients on CAPD have more
stable acid–base status due to the continuous correction of acidosis. In HD
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patients, pre-dialysis acidosis is usually mild with serum bicarbonate levels ⬎15 mmol/L. If a dialysis patient presents with more severe metabolic
acidosis (pH ⬍7.15 and/or serum bicarbonate ⬍12 mmol/L), presence of
another type of acidosis compounding uremic acidosis will have to be
considered (e.g., lactic acidosis, ketoacidosis, volatile alcohol or salicylate
poisoning, or respiratory acidosis) [3]. In dialysis patients, intravenous
sodium bicarbonate therapy should be used only for severe acidosis and
only partial correction acidosis (to pH ⬎7.20) should be attempted because
overzealous use of intravenous sodium bicarbonate may cause pulmonary
edema, symptomatic hypocalcemia (since rapid increase in pH decreases
serum ionized calcium level) and/or hypernatremia [36, 37].

Hyperkalemia
Hyperkalemia is more common in HD than in CAPD patients because in
the former potassium removal occurs only during dialysis every 48 to 72
hours whereas in PD there is continuous potassium removal. In fact, CAPD
patients may require oral potassium supplements to avoid hypokalemia.
Fortunately, hyperkalemia is mild (⬍5.5 to 6.0 mmol/L) in most HD patients. However, dietary potassium excess, use of potassium-rich salt substitutes, severe hyperglycemia and/or acidosis, missing dialysis, prolonged
fasting causing suppressed insulin secretion, release of intracellular potassium into the circulation due to severe catabolism (trauma, major surgery,
and/or sepsis) or red cell lysis (intravascular hemolysis or breakdown of
RBCs in large hematomas), and/or the use of angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker or potassium supplements
may cause severe hyperkalemia in dialysis patients [3].
Hyperkalemia ⬎6.5 to 7.0 mmol/L may cause generalized muscle weakness, and the EKG usually shows progressive changes (peaked T waves,
prolonged PR interval, disappearance of P waves, widened QRS with a
“sine-wave” pattern, and eventual asystole), correlating with increasing
serum potassium level. However, even severe hyperkalemia may be totally asymptomatic with a normal EKG, which can evolve directly into
asystole. Therefore, therapy for hyperkalemia should be based not just
on EKG changes but also on the actual serum potassium level. If serum
potassium is ⬎7.0 mmol/L it is advisable to give intravenous calcium even
if the EKG is normal to counter the cardiac effects of hyperkalemia. Intravenous hypertonic glucose (50 mL of 50% dextrose), if the patient is
not already hyperglycemic, together with 5 to 10 units of intravenous
regular insulin is used to shift potassium into the cells and lower the
serum potassium to a safer level within 30 minutes. Intravenous or inhaled ␤-sympathetic agonists (albuterol, terbutaline, or epinephrine) also
lower the serum potassium rapidly. Patients who are given ␤-sympathetic
agonists should be monitored for acute coronary syndromes or serious
cardiac arrhythmias. Intravenous sodium bicarbonate is not effective in
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lowering potassium levels except in the very uncommon setting of
inorganic metabolic acidosis [38, 39]. Cation-exchange resin (sodium
R
polystyrene sulfonate/Kayexalate
) is used widely to achieve more prolonged (6–12 hours) lowering of serum potassium level. However, both
the efficacy and safety (risk of bowel necrosis, perforation, and/or stenosis) of cation-exchange resin therapy have been questioned recently [40].
The above-mentioned treatments are only temporizing measures. To minimize the risk of rebound hyperkalemia, the severely hyperkalemic ESRD
patient should generally be hospitalized for dialysis as soon as possible [3].
In the uncommon event of a CAPD patient presenting with severe hyperkalemia, it is better to perform temporary HD because PD does not lower
the serum potassium level rapidly.

ESRD-associated hypocalcemia
ESRD-associated hypocalcemia is corrected with supplements of calcium
and active vitamin-D analogs, and by the intra-dialytic calcium flux from
the dialysate into the patient [41]. The risk of precipitating tetany by the
rapid correction of metabolic acidosis with intravenous sodium bicarbonate in dialysis patients has been mentioned earlier. Rapid remineralization
of bone following subtotal parathyroidectomy for severe secondary hyperparathyroidism of CKD may cause symptomatic hypocalcemia—“hungry
bone syndrome”. In a patient with history of recent parathyroidectomy
and symptoms of hypocalcemia/tetany, this diagnosis will have to be considered and intravenous calcium infusion and calcitriol administration may
be required to correct hypocalcemia rapidly [42].
Hypercalcemia
Hypercalcemia is uncommon in dialysis patients and may be due to blood
sampling within a few hours after HD (transient overcorrection of hypocalcemia by calcium influx from the dialysate), severe secondary hyperparathyroidism of CKD, excessive doses of active vitamin D metabolites,
and/or causes of hypercalcemia not unique to CKD (e.g., malignancy, and
granulomatous disorders) [3].
ESRD-associated hyperphosphatemia
ESRD-associated hyperphosphatemia is only partially corrected by dialysis
and the use of oral phosphate binders. Thus, asymptomatic hyperphosphatemia is common in dialysis patients [41]. However, severe hyperphosphatemia (serum phosphorous ⬎10 to 15 mg/dL) may develop if a
dialysis patient ingests sodium phosphate as a laxative or in preparation
for colonoscopy. Severe hyperphosphatemia can cause life-threatening
hypocalcemia and widespread soft tissue calcification. The only effective
way to rapidly correct severe hyperphosphatemia is intensive HD [3].
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Hypermagnesemia
Hypermagnesemia (magnesium level 2.0 to 3.0 mg/dL) is common in HD
patients. This degree of hypermagnesemia is asymptomatic [43]. However,
intake of medications with high magnesium content (e.g., magnesiumcontaining antacids, laxatives, or magnesium sulfate enema) may cause
dangerous hypermagnesemia resulting in flaccid, ascending skeletal muscle paralysis, bradycardia, respiratory paralysis, and obtundation. Serum
magnesium and potassium levels must be checked in dialysis patients with
muscle weakness. Initial therapy for symptomatic hypermagnesemia is intravenous calcium (similar to treatment of hyperkalemia) while awaiting
emergent HD for magnesium removal from the body [3].
Hypokalemia, hypophosphatemia and hypomagnesemia
Hypokalemia, hypophosphatemia, and hypomagnesemia are rare in HD
patients. Initial replacement doses of potassium, magnesium, and phosphorous are the same in the ESRD patient compared to patients with
normal renal function. However, long-term therapy with potassium, magnesium, and/or phosphorous supplements is not safe in ESRD patients unless blood levels are closely monitored [3].
Hyponatremia
Hyponatremia (serum sodium 130 to 135 mEq/L) is common in ESRD
patients and is due to excess water intake in the setting of low urine
output. This mild, chronic hyponatremia is generally asymptomatic and
should not be corrected rapidly. Hyponatremia is partially corrected during HD because of the higher sodium concentration in the dialysate
(140 mEq/L) [3].

Special considerations in the management of
diabetes-related emergencies in dialysis patients
Diabetic nephropathy is the etiology of ESRD in approximately 40% of
dialysis patients [3]. Presentation of the diabetic dialysis patient to the ED
with markedly elevated blood glucose (with or without ketoacidosis) or
severe hypoglycemia is common.
While insulin therapy of the diabetic patient with hyperglycemia is similar to that in the non-renal population, several special considerations
apply [44]:
1. In the oligo-anuric HD patient, urinary losses of sodium, water, potassium, phosphorous, and magnesium (caused by glucosuria) will not occur. Therefore, intravenous saline, bicarbonate, potassium, magnesium,
and phosphorous administration have to be cautious with close monitoring of volume status and blood chemistries. In fact, hyperglycemiainduced increase in serum osmolality with attendant shift of water from
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the cells into the circulation causing acute pulmonary edema has been
reported [45].
2. The high glucose content of peritoneal dialysate may contribute to hyperglycemia in PD patients. However, because salt, water and electrolyte removal is continuous during PD, intravenous fluid and electrolyte replacement can be more liberal in these patients [3].
3. ESRD patients lack the normal renal catabolism and excretion of insulin, and therefore, are more sensitive to the effects of insulin necessitating moderation in insulin dosing (initial dose 50%–75% of that used
in the general population).
4. The use of icodextrin-containing peritoneal dialysate may cause spurious hyperglycemia when blood glucose level is checked with glucose
dehydrogenase test strips. This is because icodextrin absorbed from
the dialysate is metabolized to maltose which cross-reacts with glucose
dehydrogenase test strips. Patients should be questioned about the
use of icodextrin-containing dialysate and in such patients glucose
oxidase or hexokinase test strips should be preferentially used or blood
glucose level should be checked by laboratory measurement to avoid
inappropriate treatment of spuriously elevated blood glucose level [46].
In ESRD patients, hypoglycemia secondary to insulin or oral hypoglycemic drugs tends to be more prolonged than in the non-renal
population because the renal catabolism and/or excretion of these drugs
is impaired [44]. Thus, longer observation for recurrence of hypoglycemia
after treatment is warranted in dialysis patients and hospitalization
for prolonged intravenous 10% dextrose administration may be required. Spontaneous hypoglycemia has been reported in malnourished,
non-diabetic ESRD patients [3].

Problems related to the urinary tract in dialysis
patients
If a dialysis patient presents with pain over the kidney(s) and/or gross
hematuria, in addition to pyelonephritis and nephrolithiasis, the possibility
of polycystic kidney disease causing these symptoms will have to be considered. Polycystic disease may be hereditary (ADPKD) or acquired (“degenerative” cysts developing in previously non-polycystic end-stage kidneys). Either type of cysts can be complicated by infection, intra-cystic or
retroperitoneal hemorrhage, and development of adenoma or carcinoma
within the cysts [30]. CT is the preferred technique for the initial evaluation of these cyst-related complications.
Sterile pyuria may occur in oligo-anuric dialysis patients and does not
necessarily indicate urinary infection [47]. Stasis of small volumes of urine
in the bladder might be complicated by infection and pyocystis. Since such
a patient may not void urine spontaneously, bladder catheterization to
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obtain urine for culture is indicated in the workup of the febrile, oligoanuric patient [3].

Special considerations regarding the HD vascular
access in the ED
A number of points are worth emphasizing regarding the HD access (external catheter, arteriovenous graft, or fistula) in the patient presenting to
the ED:
1. Use of the HD access for drawing blood or administration of parenteral
fluids or medication should be avoided, except as a last resort in settings
such as cardiopulmonary resuscitation. If a dialysis catheter is used as a
venous access, 5 mL of blood should first be drawn out of the catheter
and discarded to remove the heparinized saline or sodium citrate with
which these catheters are “locked” after dialysis.
2. Blood pressure should not be measured in the extremity with an arteriovenous access to avoid occlusion and thrombosis of the access.
3. If there is no palpable thrill or bruit over the arteriovenous access,
thrombosis of the access should be diagnosed, and surgical consultation
for prompt declotting is required.
4. Access-related venous thrombosis or stenosis may cause unilateral
edema of the extremity, and Doppler venous imaging is indicated.
In patients with central venous catheters, right atrial thrombosis, or
superior vena cava thrombosis and/or stenosis may develop. These
vena caval problems might cause facial and bilateral upper extremity
edema.
5. Creation of an arteriovenous access in an extremity may be followed
by the “steal syndrome” (diversion of blood flow through the access
causing distal ischemia) with numbness and coldness of the fingers.
6. HD patients may return to the ED with bleeding from access needle
puncture sites. Initial therapy consists of manual pressure without complete occlusion of the access, and topical thrombin or gelfoam. If bleeding persists, surgical intervention is indicated.
7. Localized aneurysms may develop in long-standing arteriovenous accesses. Aneurysmal rupture can cause life-threatening hemorrhage. Immediate complete occlusion of the access with a tourniquet and surgical
intervention are mandatory [3, 6].

Emergencies related to intra-dialytic accidents
The safety systems built into modern HD equipment have made lifethreatening complications secondary to intra-dialytic accidents (e.g., air
embolism, intravascular hemolysis due to copper or cupramine contamination of dialysate, and severe dysnatremia due to incorrect dialysate
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sodium level) very rare. Anaphylactoid reaction to either residual
disinfectant in the dialyzer or to polyacrylonitrile dialyzer membrane (in
ACE-inhibitor-treated patients) occur rarely [48, 49].

Approach to the dialysis patient presenting with joint
or musculoskeletal problems
Dialysis patients are prone to a variety of articular and musculoskeletal
problems. Acute monoarthritis or polyarthritis in dialysis patients is usually
due to pseudogout, gout, or septic arthritis due to hematogenous spread of
access infection. Prompt arthrocentesis with analysis of the aspirate for
total and differential WBC count, crystals, Gram’s stain and culture is indicated. Other causes of joint pains in the ESRD patient include periarticular
bone resorption as a result of secondary hyperparathyroidism or periarticular deposition of dialysis-related ␤-2 microglobulin amyloid. Renal osteodystrophy also increases the susceptibility to fractures and rupture of
tendons, particularly the Achilles and patellar tendons [50]. Tendon rupture is best diagnosed by soft tissue ultrasonography or MRI [3].

Calciphylaxis
This is the major dermatological emergency likely to be encountered in
dialysis patients and warrants hospitalization. It is most commonly seen
in obese, diabetic women. Presentation is with painful, red nodules in
the lower abdomen, buttocks, thighs, and/or legs that ulcerate quickly
with black eschar formation. Hyperphosphatemia and/or secondary hyperparathyroidism causing cutaneous arteriolar calcification with downstream ischemic necrosis is the suggested pathogenic mechanism [51].

Issues regarding choice of diagnostic tests and
medications in dialysis patients
Radiological imaging studies involving the intravascular administration
of iodinated contrast (e.g., CT, arteriography) are frequently required in
the ED. Iodinated contrast-induced acute kidney injury is not a concern
in the oligo-anuric ESRD patient on dialysis. However, in the minority of
dialysis patients with daily urine output ⬎1 L, contrast may have to be
avoided to preserve residual renal function. Pulmonary edema following
administration of hyperosmolar contrast is rare even in oligo-anuric
dialysis patients [3].
Gadolinium use for MRI is contraindicated in patients with advanced
CKD (GFR ⬍30 mL/min/1.73 m2 ) and in dialysis patients because of the
known association of gadolinium use with the development of nephrogenic systemic fibrosis [52].
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Table 5.3 Dose-adjustment for commonly used medications in dialysis patients
1. Anticoagulation: No dose adjustment for heparin. Enoxaparin accumulates—use is
not recommended
2. Antihypertensives/diuretics: No dose adjustment except for the following:
(a) Angiotensin-converting enzyme inhibitors (except fosinopril): Initial dose to be
reduced by 50%. No dose adjustment for angiotensin-receptor blockers
(b) Atenolol: Initial dose to be decreased by 50%. No dose adjustment for other
␤-blockers
(c) Furosemide: Not effective unless patient has residual urine output greater than 1
L/day. Maximum single dose: 240 to 320 mg PO or 160–240 mg IV—risk of
transient deafness with higher doses
3. Analgesics:
(a) Nonsteroidal anti-inflammatory drugs and COX-2 inhibitors: Best
avoided—increased risk of gastrointestinal bleeding
(b) Meperidine: Contraindicated—its metabolite, normeperidine, accumulates
causing encephalopathy and/or seizure
(c) Morphine, hydromorphone, oxymorphone, codein, methadone: initial dose to be
reduced by ∼50%. No accumulation, but possible increased sensitivity to
neuro-depressive effect
4. Anticonvulsants:
(a) Phenytoin: No dose adjustment. Free (not total) blood level to be checked
because of decreased protein-binding of the drug in renal failure
(b) Gabapentin: Dose to be reduced to 300 mg once daily or 300 mg after each
hemodialysis—risk of neurological and other adverse effects
5. Antimicrobials:
(a) Gentamicin/tobramycin: No modification in loading dose (1.0 to 1.7 mg/kg).
Subsequent dosing only after each hemodialysis treatment or based on blood
levels in peritoneal dialysis patients, to avoid vestibular toxicity
(b) Cephalosporins: 1 g daily or 2 g after each hemodialysis. Risk of encephalopathy
and/or seizures with standard dose
(c) Pencilillin, ampicillin, ticarcillin, pipracillin: Dose reduction by 50% to avoid risk of
encephalopathy and/or seizures. No dose adjustment needed for oxacillin
(d) Nitofurantoin: Contraindicated—increased risk of neuropathy
(e) Quinolones (ciprofloxacin, levofloxacin, ciprofloxacin, ofloxacin): Reduce dose by
50%. No dose adjustment needed for moxifloxacin
(f) Vancomycin: No change in loading dose—15 to 20 mg/kg IV. Subsequent dosing
only after each hemodialysis treatment or based on blood levels in peritoneal
dialysis patients to avoid ototoxicity
(g) Acyclovir: Herpes simplex—200 mg twice daily oral; Herpes zoster 800 mg twice
daily oral. Risk of neuropsychiatric adverse effects with standard dose
(h) Valacyclovir: 500 mg oral only after each hemodialysis. Risk of neuropsychiatric
adverse effects with standard dose
6. Miscellaneous:
(a) Colchicine for gout is best avoided: Risk of pancytopenia, peripheral neuropathy,
myopathy, and hepatotoxicity. If used, reduce dose to 0.6 mg orally every 8 to 12
h for no more than 2 to 3 days
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Nonsteroidal anti-inflammatory drug-induced acute kidney injury is
not a concern in the dialysis patient. However, these drugs are best
avoided because of the increased risk of gastrointestinal bleeding in dialysis
patients [3].
Blood transfusion in the oligo-anuric dialysis patient may precipitate
volume overload and hyperkalemia. The patient should be monitored for
these complications if blood transfusion undertaken in the ED [3]. Since
many dialysis patients are wait-listed for kidney transplantation, the preferred blood product is leukoreduced/irradiated to reduce the risk of exposure to donor HLA antigens [53].
Another major management issue is the appropriate adjustment of the
doses of medications whose pharmacokinetics is affected by renal dysfunction [54]. Table 5.3 above lists the dose adjustment recommendations regarding medications commonly prescribed in the ED.

The next five years
The “fistula first” initiative in the United States has been moderately successful in increasing the number of patients receiving HD through an
arteriovenous fistula and decreasing long-term catheter use [55]. Also,
catheter design is improving and the use of “antimicrobial-locking” of
catheters is increasing. These developments may decrease HD accessrelated emergencies, particularly infections. If the number of home HD patients increases over the next 5 years, the utilization of emergency services
by ESRD patients may decrease since home HD patients in general have
fewer medical problems. The advent of expanded health insurance coverage in the United States may enable earlier referral to nephrologists and
thereby decrease the burden of co-morbid conditions that develop prior to
initiation of dialysis.
However, the following factors may militate against these favorable
trends [2]:
r The continuing increase in the age of onset of ESRD and age-related
co-morbidities.
r The global epidemic of obesity and diabetes that might increase the
number of ESRD patients.

Conclusion
Dialysis patients represent a complex and challenging population for emergency physicians. Careful understanding of the pathophysiology of disease
in these patients will aid in the emergency management of the variety
of ailments that can cause this population to present to the ED. Close
consultation with treating nephrologists can also prevent adverse outcomes for these patients when admitted or discharged from the emergency
department.
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Introduction and epidemiology
Cystic fibrosis is the most common lethal genetic disease among Caucasians, affecting approximately 1 in 3500 newborns in the United States
[1]. Improvements in treatment have resulted in a dramatic increase in
life expectancy in patients with cystic fibrosis over the last 10 to 20 years.
Median survival has risen from the teens in the 1970s to 37 years today
in the United States. It is anticipated that a child born today with cystic
fibrosis has the potential to have a life expectancy of 50 years based on
improvements in understanding of the pathophysiology and management
of complications related to this disease [2]. With the improvements in life
expectancy of patients with cystic fibrosis, the number of adults with cystic fibrosis has increased by 400% since the 1970s, with the Cystic Fibrosis
Foundation National Data Registry indicating that 43% of all individuals
with cystic fibrosis are adults (age ≥18 years), and that percentage is anticipated to rise to 50% in the next decade. A growing number of adults with
cystic fibrosis are older than age 30 [3]. For reasons that are not well understood, survival among males with cystic fibrosis slightly surpasses that
of females, but improvements in life expectancy have been shared across
both sexes [4]. It is estimated that there are 30,000 individuals with cystic
fibrosis in the United States and over 100,000 worldwide [3].
Cystic fibrosis is caused by mutations in the gene for the cystic fibrosis
transmembrane conductance regulator (CFTR). Over 1500 disease-causing
mutations have been identified. However, diagnosis of cystic fibrosis is
made by a combination of sweat chloride testing, genetic testing, clinical
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presentation of the patient, and the use of adjunctive methods like nasal
potential difference testing [1].
Contrary to the perception of cystic fibrosis as a pediatric ailment, registry data shows that approximately 10% of patients with cystic fibrosis
are diagnosed as adults. Unexplained bronchiectasis with less severe pulmonary disease than childhood presenting cystic fibrosis, persistent airway
pathogens in sputum (Pseudomonas aeruginosa, non-tuberculous mycobacteria, and Staphylococcus aureus most prominently), chronic sinusitis, idiopathic recurrent pancreatitis, male infertility, and delayed puberty in males
can all lead to consideration and diagnosis of cystic fibrosis in adulthood.
Further characterization of mutations in the CFTR gene may lead to increased diagnosis of cystic fibrosis in adults [2].

Pulmonary disease in adults with cystic fibrosis
Pulmonary complications remain the most common cause of morbidity
and mortality in patients with cystic fibrosis. Chronic pulmonary infections
and airway inflammation lead to obstructive pathophysiology, hypoxia,
hypercapnia, and respiratory failure. For the emergency physician, adults
with cystic fibrosis may present with numerous pulmonary issues ranging
from exacerbations of the underlying pulmonary pathology of cystic
fibrosis to pneumothoraces, episodes of hemoptysis, and frank respiratory
failure [5].
Prior to a discussion of these pulmonary complications of cystic fibrosis, it is important to understand the common maintenance medications
that most patients with cystic fibrosis will be using to manage their pulmonary disease. Table 6.1 shows a summary of these treatments and their
underlying basis [6–12].
Table 6.1 Common maintenance medications for pulmonary disease in adults

with cystic fibrosis
Aerosolized
tobramycin and
aztreonam

Suppression of chronic infection with Pseudomonas
aeruginosa with resultant reduction in exacerbations and
improvement of pulmonary function

Recombinant DNase

Degradation of free DNA within pulmonary mucus to
decrease thickened secretions and cellular breakdown
products, thereby reducing exacerbation frequency and
increasing pulmonary function

Hypertonic saline

Increased hydration of pulmonary passages and improved
mucus clearance

Azithromycin

Combination of antimicrobial and anti-inflammatory effect

␤ 2 -adrenergic agonists

Bronchodilation and potentially increased mucus clearance
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The sequence and dosage of these chronic therapies can vary greatly
from patient to patient, but these treatments form the basis of the chronic
management and improvement in life expectancy of adults with cystic fibrosis. In general, the standing medications for pulmonary health in adults
with cystic fibrosis are well tolerated. Studies that have examined the adverse effects of these treatments indicated that most are mild—cough (hypertonic saline) [9], nausea (azithromycin) [10], and laryngitis and rash
(recombinant DNase) [6, 8]. Concerns regarding ototoxicity and nephrotoxicity related to long-term inhaled tobramycin use have not been borne
out in clinical trials and long-term follow-up. In addition, while investigations have revealed a measurable increase in the minimum inhibitory
concentration of Pseudomonas aeruginosa by tobramycin after long-term inhalational treatment, to date, this has not generally affected the utility of
tobramycin as first-line therapy in the treatment of Pseudomonas aeruginosa
as an inciting organism for pulmonary exacerbations in patients with cystic
fibrosis [7].
A key component of the maintenance of long-term pulmonary function in cystic fibrosis patients is the use of airway clearance therapies.
These therapies have been shown to increase sputum production, improve
lung function, oxygen saturation, exercise tolerance, and quality of life.
However, studies have not shown that airway clearance efforts improve
longevity or frequency of acute pulmonary exacerbations of cystic fibrosis. Among the more common airway clearance techniques are percussion
and postural drainage, positive expiratory pressure exercises, active cycle
of breathing technique, autogenic drainage, oscillatory positive expiratory
pressure devices, and high frequency chest compression. Aerobic exercise
is also recommended as a means to improve physical strength and cardiovascular health [13].
Pulmonary exacerbations in cystic fibrosis
The diagnosis and treatment of pulmonary exacerbations of underlying
disease in adults with cystic fibrosis is a challenge for emergency physicians. Given the continuing pulmonary insults that characterize the progression of cystic fibrosis, differentiating the natural progression of disease from acute exacerbations can be difficult. There are no consensus
diagnostic criteria for determining when an acute exacerbation is occurring. Among the signs and symptoms that can suggest this diagnosis are
increased cough, changing sputum production in amount, consistency,
and color, weight loss, decreased appetite, alteration in pulmonary exam
from baseline (wheezing/crackles), hemoptysis, rising white blood cell
count, fever, and new radiographic findings on chest X-ray [14]. Since
many of these findings rely on the availability of previous medical records
and laboratory/X-ray reports, it is appropriate to discuss with patients
where such information might be obtained and to rely heavily on their
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impression of how their symptoms have changed and whether these reflect their previous experience with pulmonary exacerbations in determining when to initiate treatment.
Once the diagnosis of acute pulmonary exacerbation has been made,
a number of therapies can be initiated in the emergency department
(ED) to aid the patient. The mainstay of therapy is the use of combination intravenous antibiotic therapy to treat underlying bacterial organisms that have been documented in respiratory cultures of the patient.
Pseudomonas aeruginosa is the most commonly cultured organism in adult
patients with cystic fibrosis and should be presumptively treated if recent cultures are not available to guide antibiotic selection. First-line therapy for Pseudomonas consists of an aminoglycoside, typically tobramycin,
dosed on a once-daily basis, and a ␤-lactam antibiotic, typically a thirdgeneration cephalosporin such as ceftazidime, or an anti-Pseudomonal ␤lactam, such as piperacillin/tazobactam. Fluoroquinolones can serve as an
alternative antibiotic class for treatment, but should be carefully chosen
for anti-Pseudomonal activity (ciprofloxacin or levofloxacin, rather than
moxifloxacin). Antibiotics are generally given for a 14-day course, though
no optimal dosing regimen has been established [15].
With the increased longevity of patients with cystic fibrosis, there
is increased recognition that the microbiologic flora, typically cultured
from the respiratory tract, is evolving. Beyond Pseudomonas aeruginosa,
Stenotrophomonas maltophilia, Achromobacter xylosoxidans, Ralstonia species,
and Pandorea have been increasingly cultured. Fluoroquinolone-resistant
Pseudomonal organisms have become more prevalent as well [16]. Staphylococcus aureus has also become more prevalent as has methicillin-resistant
strains (MRSA). MRSA respiratory infection has been associated with decreased pulmonary function (FEV1 ), and studies are ongoing as to whether
chronic suppression therapy should become part of the standard medications among adults with cystic fibrosis [17].
Though relatively low in prevalence, Burkholderia cepacia complex, consisting of nine different species, raises the greatest fear among patients
with cystic fibrosis and their physicians, and is worthy of special note
by emergency physicians. This complex is easily transmitted by contact
and likely respiratory means, is multidrug resistant, and has characteristics that impedes host response and can cause a fulminant pneumonia
with bacteremia and endotoxin-mediated shock and multiorgan failure
(cepacia syndrome). Given the low prevalence of this organism due to
improved infection control techniques and procedures, it is not necessary
for emergency physicians to presume the presence of this pathogen when
initiating antimicrobial therapy. However, confirmation of the presence
of this organism, either by the patient or review of respiratory culture,
or clinical suspicion based on presenting signs and symptoms, raises multiple challenges in initiating antibiotic therapy. Synergistic testing, used
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to determine the optimal antibiotic regimen in patients with cystic fibrosis based on underlying respiratory cultures, can aid in this determination. However, when such test results are not available, antibiotics
that may be effective in combination include carbapenems, quinolones,
piperacillin, ceftazidime, trimethoprim–sulfamethoxazole, and minocycline [16].
In general, close consultation with the patient’s pulmonologist is warranted in determining the optimal antibiotic regimen for adults with cystic
fibrosis presenting with acute pulmonary exacerbations. It is common that
patients will be well aware of what antibiotics their treating pulmonologists currently recommend for acute therapy based on recent respiratory
cultures.
Other therapies that can aid in the treatment of acute pulmonary exacerbations are airway clearance therapies and the continued use of chronic
therapies such as hypertonic saline, DNase, ␤-agonists, and oral antiinflammatory medications. It is recommended that these therapies be
maintained upon admission with perhaps more aggressive airway clearance therapies [15].
Given the common presence of wheezing in cystic fibrosis patients with
acute exacerbations, emergency physicians may feel that corticosteroids
will benefit the patient due to their anti-inflammatory effects. While airway inflammation clearly contributes to the pathophysiology of acute pulmonary exacerbations and studies have shown that corticosteroids can
provide short-term improvement in pulmonary function (FEV1 ), investigations have revealed that this short-term benefit is outweighed by adverse side effects such as hyperglycemia. In general, corticosteroids are not
recommended in the standard therapy of acute pulmonary exacerbations
of cystic fibrosis [18].
For adults with cystic fibrosis who present with acute respiratory failure, Bilevel Positive Airway Pressure (BiPAP) represents the next step in
respiratory support in the emergency department. Nasal BiPAP has been
studied in this population and has been found to be effective in improving respiratory rate, mechanics, pulmonary function, oxygenation, and
hypercapnia [19]. The prognosis of cystic fibrosis patients on ventilators
is quite grave, and all efforts should be made to avoid this intervention, if
possible, in the ED.
In general, adults with acute pulmonary exacerbations of cystic fibrosis
should be admitted to the hospital. While intravenous antibiotics might be
provided as an outpatient, other therapies, such as airway clearance techniques and chronic inhalational therapies (tobramycin, hypertonic saline,
and DNase), especially in a patient with worsening respiratory parameters, may not be possible [15]. For the emergency physician caring for
adults with cystic fibrosis with a pulmonary exacerbation, a decision to
discharge a patient should only be made in close consultation with the
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treating pulmonologist and assurance of aggressive therapy and support in
the outpatient setting.
Infection control procedures are also a key component of emergency
care of adults with cystic fibrosis. Given the association of respiratory infection and chronic colonization and reduced pulmonary function in this
population, rigid precautions should be the rule upon ED presentation for
the protection of the patient and potentially other cystic fibrosis patients
who might present in the future. All patients require standard precautions
with hand washing using sanitizers and soap and water by health care
providers. Given the increased prevalence of MRSA among adults with
cystic fibrosis, gowns and gloves with contact precautions may be appropriate as a general rule, though current recommendations are to enact
this precaution only if respiratory cultures reflect this necessity. Disposable mouthpieces for nebulizer treatment and inline bacterial filters should
be used, and wall-humidifiers should be cleaned and dried appropriately. Chronic airway infection with pathogens such as multidrug resistant
Pseudomonas, MRSA, Burkholderia species, or other intrinsically resistant
bacteria are common in adults with cystic fibrosis, so admission to a singlepatient room without common facilities is preferred [14,20].

Hemoptysis
Hemoptysis represents a common pulmonary complication in patients
with cystic fibrosis and may be a sign of acute pulmonary exacerbation.
Retrospective series have indicated that 9.1% of cystic fibrosis patients had
hemoptysis. While usually mild, 4.1% of patients with cystic fibrosis suffer massive hemoptysis (⬎240 mL) during their lifetime, with increased
incidence in older patients [21].
For emergency physicians, an important consideration is the amount
of hemoptysis. Scant or mild hemoptysis (⬍5 mL) may be managed
as an outpatient with close follow-up by pulmonology. Antibiotic therapy should be initiated if mild hemoptysis is associated with other pulmonary symptoms and may be warranted if the amount of hemoptysis is
submassive [21].
Cystic fibrosis patients with moderate to massive hemoptysis represent
an emergent population who require resuscitation and quick intervention
in the ED. Large-bore intravenous access, complete blood count, type and
screen, and coagulation profile should be obtained. Impaired absorption
of fat-soluble vitamins from pancreatic insufficiency may result in hypoprothrombinemia or other coagulopathy requiring correction in this patient population. Chest radiography can help localize the sight of hemorrhage with the appearance of pulmonary infiltrate, but chest computerized
tomography and bronchoscopy generally do not aid in localization of
bleeding while delaying definitive management [21].
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Bronchial artery embolization represents the most effective therapy for
moderate to massive hemoptysis in adults with cystic fibrosis. Embolization of dilated and tortuous vessels, either at the site of suspected hemorrhage or throughout the pulmonary circulation, may be appropriate. Complications of this procedure include chest pain, dysphagia, bronchial necrosis, and transient neurological symptoms. Paraplegia from inappropriate
embolization of a spinal artery is exceedingly rare with an experienced angiographer [22]. Intubation and placement of a bronchial balloon in the
bleeding segmental airway may temporize the situation while angiography is arranged; however, this should only be employed when patients
are unable to clear airway blood or there is significant impairment of gas
exchange due to massive hemoptysis.
Lung resection is the therapy of last resort in patients with massive
hemoptysis, but should only be initiated where embolization has been unsuccessful. The loss of lung parenchyma can further worsen the pulmonary
function in already impaired cystic fibrosis patients [21].
Pneumothorax
Approximately 3.4% of patients with cystic fibrosis will experience a pneumothorax in their lifetime, again with increased incidence among older
patients. Given the distorted anatomy of adults with cystic fibrosis with
long-standing bronchiectasis and inflammation, chest radiography may be
unrevealing of pneumothorax and chest computerized tomography may
be required to make this diagnosis [21].
For large pneumothoraces (⬎3 cm), chest tube placement with admission is appropriate management. However, patients with small pneumothoraces should only have a chest tube placed if there is evidence of clinical instability. It may be appropriate to discharge the patient with close
observation and follow-up in the absence of other clinical signs or symptoms. For patients with mild pulmonary symptoms and small pneumothorax, initiation of therapies for acute pulmonary exacerbation is appropriate
prior to consideration of chest tube placement [21].
For patients discharged from the ED, BiPAP and certain airway
clearance therapies (positive expiratory pressure and intra-pulmonary
percussive ventilation) should be discontinued until resolution of the
pneumothorax. However, aerosol therapies should continue. Given the
risk of pneumothorax progression, patients discharged from the ED should
be advised to avoid flying, lifting weights ⬎5 pounds, and spirometry for
up to 2 weeks after the pneumothorax has resolved [21].

Gastrointestinal disease in adults with cystic fibrosis
With improvements in longevity in the cystic fibrosis patient, management of gastrointestinal complications of the disease has become more
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important. Beyond the pancreatic insufficiency and need for nutritional
supplementation that can characterize patients with cystic fibrosis who are
diagnosed in childhood, a range of gastrointestinal, hepatic, and pancreatic
disorders can manifest in late adolescence and adulthood.

Gastrointestinal disease
Distal intestinal obstructive syndrome (DIOS), previously called meconium
ileus equivalent, is characterized by partial or complete bowel obstruction due to thickened gastrointestinal mucus and fecal material. Presenting
more commonly in late adolescence and adulthood than in childhood in
patients with cystic fibrosis (affecting up to 18% of adults with cystic fibrosis), patients will present with typical symptoms of bowel obstruction (bilious and feculent emesis, abdominal pain and distention, decreased or hyperactive bowel sounds) with radiographic appearance similar to patients
who present with mechanical bowel obstructions due to other etiologies
(Figure 6.1). DIOS has shown a clear association with exocrine pancreatic insufficiency and worsening pulmonary status (FEV1 and forced vital
capacity (FVC)) [23].
Given the presence of mechanical bowel obstruction pathophysiology,
there may be a temptation among emergency physicians to determine
that rapid surgical consultation and intervention is required for management. However, conservative therapy using enemas (Gastrograffin© or
polyethylene glycol) and oral laxatives are often effective, without the
need for insertion of nasogastric tube. One study cited a 96% success rate
with conservative management in the inpatient setting [24]. In addition,
surgical management can be difficult in this patient population due to underlying poor respiratory and nutritional status. In general, surgical intervention is required only after medical therapy has failed or with signs
of bowel ischemia or peritonitis [25]. Patients with DIOS generally require
admission to the hospital for aggressive medical therapy and analgesia with
serial examinations to evaluate for efficacy of treatment.
Clostridium difficile has been reported in up to 43% of stool cultures of
patients with cystic fibrosis. However, Clostridium difficile-associated disease
is rare despite the presence of pathogenic toxin-producing strains. Presentation of colitis due to Clostridium difficile in this patient population can be
varied, ranging from constitutional symptoms such as fever and nausea to
abdominal pain and diarrhea. When there is a suspicion for this diagnosis
in the ED among adults with cystic fibrosis, laboratory evaluation should
include complete blood count, C-reactive protein, electrolyte panels, stool
culture, and Clostridium difficile stool toxin testing. Unlike DIOS, Clostridium
difficile can cause marked elevation in C-reactive protein levels to a range
greater than 100 mg/L range. CT may be most sensitive in the ED for diagnosis, with findings including pancolitis and toxic megacolon. First-line
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Figure 6.1 Abdominal radiograph of adult cystic fibrosis patient with distal

intestinal obstructive syndrome.

therapy continues to be metronidazole, followed by oral vancomycin and,
if necessary, surgical intervention [26].
Pancreatic disease
While patients with cystic fibrosis often have pancreatic insufficiency and
require enzyme supplementation for exocrine pancreatic function, increased life expectancy in this patient population and diagnosis of patients
in adulthood have caused recognition of the prevalence of pancreatitis
among adults with cystic fibrosis. Up to 2% of adults with cystic fibrosis
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will experience acute pancreatitis as a complication of having at least partially preserved exocrine pancreatic function. There is a significant association between acute pancreatitis and the subsequent diagnosis of exocrine
pancreatic insufficiency in adults with cystic fibrosis [27]. Small studies
have suggested an increased risk of pancreatic cancer in adults with cystic fibrosis who initially have maintained exocrine pancreatic function and
develop acute pancreatitis [28].
In general, adults with cystic fibrosis who present with acute pancreatitis will present with typical epigastric pain radiating to the back and
associated vomiting. Enzymatic tests using amylase and lipase levels may
be unrevealing due to underlying reduced pancreatic function. Imaging
studies using CT or magnetic resonance cholangiopancreatography or endoscopic retrograde cholangiopancreatography may be required for definitive diagnosis. Mean age of pancreatitis presentation in this population is
in the late twenties, with admission a requirement to maintain hydration
and nutritional status, pain control, and evaluation of etiology of acute
pancreatitis [29].

Hepatobiliary disease
Up to 20% of adults with cystic fibrosis may show evidence of hepatic
disease [30]. Steatosis remains the most common hepatic disorder seen in
patients with cystic fibrosis, possibly due to malnutrition and fatty acid deficiency. The likelihood of progression to cirrhosis with this complication is
unknown. Focal biliary cirrhosis is the most common clinical hepatic disorder in this patient population. Most commonly presenting with the onset
of puberty, focal biliary cirrhosis has been related to worsening pancreatic insufficiency and severe genotype. Patients will present with signs of
portal hypertension including hepatosplenomegaly, though variceal bleeding is rare. More than biochemical and laboratory testing, cystic fibrosis
liver disease requires imaging and biopsy findings to confirm the diagnosis (echogenicity, nodularity, hepatosplenomegaly with histologic findings of focal biliary, and multinodular cirrhosis). Medical treatment remains the mainstay of therapy with the use of ursodeoxycholic acid as a
means of improving cholangiocyte function [31]. A small percentage of
patients will progress to end-stage cirrhotic liver disease and require liver
transplantation.
Gallstones may be found on imaging in up to 50% of patients with cystic fibrosis. While this can be the etiology of acute pancreatitis, cholecystitis, and ascending cholangitis in this patient population, most adults with
cystic fibrosis remain asymptomatic from cholelithiasis. Diagnostic and
therapeutic evaluation of complications of cholelithiasis is similar to the
non-cystic fibrosis population [31].

P1: PAB/UKS
BLBK370-06

P2: PAB
Color: 1C
BLBK370-Venkat
April 6, 2011

106

11:25

Trim: 229mm X 152mm

Challenging and Emerging Conditions in Emergency Medicine

Cystic fibrosis related diabetes mellitus (CFRD)
Cystic fibrosis related diabetes mellitus (CFRD) has increased with the life
expectancy of patients with cystic fibrosis. As of 2006, 19.2% of cystic fibrosis patients aged ⬎14 and up to 50% of patients aged ⬎30 were insulindependent. CFRD is associated with a 6–7-fold increase in mortality in
comparison to non-CFRD cystic fibrosis patients, and is related to increased
functional decline. CFRD is distinct from both type 1 and type 2 diabetes
mellitus in that it has both decreased insulin secretion and relative insulin
resistance and requires nutritional support that may include fat and carbohydrate supplementation. Diagnosis is made by either the presence of
fasting hyperglycemia (⬎126 mg/dL) or hyperglycemia after oral glucose
tolerance testing (⬎200 mg/dL) [32]. Insulin therapy is the mainstay of
treatment, and emergency physicians may see patients with hypoglycemia
due to the combination of poor nutritional intake and use of long-acting
insulin agents such as Lantus© . Hypoglycemia may occur in up to 14%
of patients with cystic fibrosis, and treatment with supplemental dextrose
and glucagon has been shown to be effective [33]. Diabetic ketoacidosis is
exceedingly rare in patients with CFRD.

Musculoskeletal and rheumatic disease
in adults with cystic fibrosis
It is well recognized that adults with cystic fibrosis commonly have low
bone mineral density and associated increased risk for fractures and spinal
kyphosis. This decrease in bone mineral density is likely due to a combination of nutritional status, physical activity, and hormonal/vitamin deficiency, specifically vitamin D. Up to 90% of patients with cystic fibrosis
may have bone mineral deficiency [34].
As a result of bone mineral deficiency, fractures are more commonly
seen in this patient population from low energy mechanisms or spontaneously. Rib fractures, possibly in association with airway clearance techniques, and vertebral fractures, most commonly of the thoracic spine, are
most prevalent, though extremity fractures have also been shown to be
more prevalent than in the non-cystic fibrosis population. Up to 20% of
adults with cystic fibrosis may suffer fractures during their lifetime. Similarly, up to 62% of adults with cystic fibrosis in one study showed evidence
of spinal kyphosis that can affect respiratory mechanics and overall functional status. Diagnosis of both fractures and kyphosis is made by plain
radiography with management similar to the non-cystic fibrosis population. However, consideration in patient disposition from the ED should
take into account how the fracture may affect the underlying functional
status and life sustaining airway clearance options of the already impaired
patient with cystic fibrosis [35]. Alendronate has been shown in adults
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with cystic fibrosis to increase bone mineral density, though its effect on
preventing fractures is unknown [36].
Patients with cystic fibrosis can present with an arthropathy that is
distinct from other polyarthritis conditions. Characterized by recurrent
monoarticular and polyarticular inflammation and a rash similar to erythema nodosum, episodes can last up to several weeks and be debilitating
with patients complaining of both joint and spine pain. No diagnostic test
or imaging study has been found to confirm the diagnosis. Up to 9% of
patients with cystic fibrosis may suffer from this condition with increasing likelihood of presentation with age. Treatment largely consists of the
use of nonsteroidal anti-inflammatory medications that can also improve
pulmonary function. However, episodes of hemoptysis can also be exacerbated with this treatment [37].
Hypertrophic pulmonary osteoarthropathy can occur in up to 5% of patients with cystic fibrosis. Characterized by periosteal inflammation of long
bones and clubbing of the digits, this condition is treated by attempting
to improve the pulmonary status of patients. By itself, hypertrophic pulmonary osteoarthropathy will not cause patients to present to the ED, but
its presence may indicate to the treating physician a higher likelihood of
poor underlying pulmonary status in patients with cystic fibrosis [38].

Cardiovascular disease and cor pulmonale
in adults with cystic fibrosis
With improvements in survival of patients with cystic fibrosis, it is increasingly recognized that recurrent pulmonary infections and worsening
bronchiectasis and pulmonary disease can lead to pulmonary hypertension
and cor pulmonale. The finding of pulmonary hypertension and cor pulmonale in patients with cystic fibrosis may be an indicator of likely morbidity and mortality, having been observed in up to 45% of late adolescent
and adults with cystic fibrosis in the 2 weeks preceding death. Distinguishing between acute pulmonary exacerbations and the presentation of cor
pulmonale in this patient population may be difficult as both may cause
dyspnea, tachycardia, hypoxemia, chest pain, and cyanosis. In the ED,
making the distinction is less important than recognizing that the mainstay
of treatment is both improvement in oxygenation and pulmonary function
via treatments for acute pulmonary exacerbation described above. Upon
admission to the hospital, ECG may confirm the presence of pulmonary
hypertension and cor pulmonale, requiring further management of oxygenation in the outpatient setting [39].
Chronic chest pain has been also found to be prevalent in survey studies
of adults with cystic fibrosis, affecting up to 32% of patients who reported
chronic pain [40]. No study has shown a clear correlation of this symptom
with the presence of underlying atherosclerotic cardiovascular disease, and
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by itself would not be sensitive for diagnosing acute pulmonary exacerbations. However, pneumothorax and rib fractures may present with chest
pain in isolation in this patient population. Lastly, there are reports of a
high incidence of deep venous thrombosis, often associated with central
venous or peripherally inserted central (PICC) lines, and pulmonary embolism must be considered in the differential diagnosis of chest pain in
adults with cystic fibrosis [41, 42].

Psychiatric illness in adults with cystic fibrosis
Registry data suggests that depression may be third highest cause of death
in patients with cystic fibrosis and may overall affect up to 46% of this
patient population. Studies suggest that depression can be correlated with
worsening pulmonary function, though the exact chronological interaction is unknown. Depression is clearly associated with poor adherence to
treatment regimens. For emergency physicians, recognition of depression
among patients with cystic fibrosis should result in urgent referral for treatment so as to maintain adherence and functional status [43].
Anxiety is also common among adults with cystic fibrosis, affecting
up to 31% of this patient population. Treatment involves cognitive behavioral therapy and benzodiazepines. Selective serotonin reuptake inhibitors can be used to treat both anxiety and depression in this patient
population. There is also experience with using mirtazapine as an appetite
stimulant in depressed cystic fibrosis patients. Benzodiazepines, due to respiratory side effects, are generally prescribed at low doses and only for
short periods of time (up to 4–6 weeks) for the acute management of anxiety symptoms [44].

Rhinosinusitis in adults with cystic fibrosis
Nasal obstruction due to changes in mucus characteristics and secretion
can often cause chronic rhinosinusitis in patients with cystic fibrosis. Characteristic lesions include panopacification of the sinuses on imaging and
nasal polyposis. Treatment involves nasal steroids, saline washes, and surgical removal. For the emergency physician who has a suspicion of acute
sinusitis in a patient with cystic fibrosis, treatment should target the possibility of Pseudomonas aeruginosa among other organisms as the inciting
agent. Ciprofloxacin and trimethoprim–sulfamethoxazole remain the antibiotics of choice in this patient population [45].

Dermatologic disease in adults with cystic fibrosis
Drug hypersensitivity reactions occur in up to 30% of patients with cystic
fibrosis. Related to increased antibiotic usage, drug reactions can present
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with a range of cutaneous signs, including morbilliform rash, urticaria,
angioedema, and leukocytoclastic vasculitis. Urticaria and angioedema in
these patients may not be related to an acute allergic reaction, nor does
the presence of a rash automatically indicate that a particular antibiotic
should not be further used in this patient [46]. Given the common use of
polypharmacy regimens in the treatment of pulmonary disease in adults
with cystic fibrosis, it may be necessary, after careful history and physical
examination to determine the inciting agent, for the emergency physician
to discuss with the patient’s treating physician whether discontinuation of
the inciting antibiotic is warranted.
Nutrient deficiency dermatitis of cystic fibrosis represents a primary and
secondary disorder of cystic fibrosis, related to both CFTR function and
nutritional status. This condition can be quite varied in its appearance,
including perioral and periorbital dermatitis and erythematous hyperkeratotic desquamating plaques without mucus membrane involvement. This
dermatitis may be the presenting symptom for patients who have not been
diagnosed with cystic fibrosis to that time [46].
Early aquagenic wrinkling is well recognized in the cystic fibrosis population. While not an emergency diagnosis, it can be recognized and treated
with topical aluminum chloride, antihistamines, and iontophoresis as an
outpatient [46].

Ocular disease in adults with cystic fibrosis
Ophthalmic disease in patients with cystic fibrosis is often correlated with
digestive and nutritional deficiency. Lens transparency is often decreased
in patients with cystic fibrosis. Patients with cystic fibrosis can present
with cataracts, retinal hemorrhage, papilledema, and functional changes
to the optic nerve [47]. Earlier findings include complaints of dry eyes
due to changes in the cornea that can create difficulty with contact lenses
and resultant presentation to the emergency department [48]. Treatment
for these conditions is similar to when present in the non-cystic fibrosis
population.

The next five years
While gene therapy remains the ultimate goal for correction of the CFTR
dysfunction or decreased production that characterizes the underlying genetic disorder in cystic fibrosis patients, this treatment is not likely to be
available in the foreseeable future. However, a number of treatments that
both attempt to improve CFTR function or activate alternative chloride
channels on affected cells as well as emerging treatments for the presenting pathology of cystic fibrosis are under active investigation. Table 6.2
classifies the treatments that are discussed below.
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Table 6.2 Emerging therapies for cystic fibrosis undergoing active investigation
Ion channel modulating agents

Denufosol

Agents to potentiate or correct CFTR
function

PTC124, VX-809, and VX-770

Inhaled antibiotics

Fosfomycin/tobramycin combination therapy,
liposomal amikacin, ciprofloxacin and
levofloxacin

Airway anti-inflammatories

Oral N-acetylcysteine

Ion channel modulators such as Denufosol activate alternative chloride
channels than CFTR with the hopes of improving mucus hydration and
clearance. An inhalational therapy, Denufosol has shown in phase II trials
improvement in pulmonary function with few adverse effects and would
represent a new therapeutic category of treatment for patients with cystic
fibrosis [49, 50].
VX-770 is an oral potentiator of normal and a number of mutant CFTRs
that traffic to the cell membrane, such as G551D mutant CFTR. PTC124
and VX-809 are recently identified correctors of cystic fibrosis stop mutations, such as G542X and W1282X, and the most common cystic fibrosis
processing mutation, deltaF508, respectively. Studies of these agents suggest some restoration of chloride transport via mutant CFTR proteins, while
further studies are needed to determine clinical efficacy of these potentially
disease-modifying or curative drugs [51–53].
Given the constant difficulty with antibiotic selection in patients with
cystic fibrosis, particularly adults who have been treated with multiple
previous agents, there is a constant need for novel and improved maintenance inhalational antibiotic therapies. Inhaled fosfomycin/tobramycin
has shown high levels of activity against common respiratory pathogens in
cystic fibrosis patients, including Pseudomonas aeruginosa [54]. Liposomal
amikacin as an inhalational therapy similarly showed similar improvements in activity against Pseudomonas aeruginosa and pulmonary status
from baseline in treated patients [55].
Oral N-acetylcysteine has been tested as an airway neutrophil antiinflammatory agent and mucolytic. Trials to date have been inconclusive,
but investigation is ongoing as to whether this agent can add to the benefit
given by DNase [56].

Conclusion
With improvements in longevity in patients with cystic fibrosis, it is reasonable to expect that emergency physicians will see these patients more
commonly and at later stages of disease. As discussed in this chapter,
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emergency physicians may be required to manage pathology involving
a variety of organ systems whose spectrum of disease is changing with
the aging of this patient population. Close consultation with treating pulmonologists is invaluable for decisions regarding management and disposition. Novel treatments may over the next 5 years further improve the
management and prognosis of adults with cystic fibrosis.
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CHAPTER 7

Adults with sickle-cell
disease: implications of
increasing longevity
Ward Hagar and Claudia R. Morris
Children’s Hospital and Research Center, Oakland, CA, USA

Introduction and epidemiology
Sickle-cell disease (SCD) is an inherited hemolytic anemia that affects nearly 100,000 individuals in the United States, primarily
African-Americans, and millions more worldwide. Approximately 8% of
African-Americans carry the sickle-cell gene [1]. Sickling conditions occur
in individuals of African, Caribbean, Mediterranean, Arab, and other Middle Eastern descent and are appearing in more and more ethnic groups.
There are an estimated 60,000 persons with SS-type SCD, 30,000 with SC
disease, and 10,000 with S-␤-thalassemia conditions in the United States.
Although an accurate account of the global burden of SCD is unknown,
recent newborn screening analysis for hemoglobinopathies in the State of
California revealed an incidence of 1/393 African-American infants born
with SCD over an 8.5-year time period [2]. In Sub-Saharan Africa, it is
estimated that 1%–4% of the population is born with this disease [3]
Despite the perception that sickle-cell trait and disease are only extant
in the African-American community in the United States, there is an increasing realization that this illness exists in other ethics groups as well. In
Florida, up to 28% of SCD patients are of Hispanic ethnicity, and in other
states, such as New Hampshire, the Hispanic ethnicity prevalence among
SCD patients can reach 38% [1]. In California, 12.5% of S-␤-thalassemia
infants were of Hispanic origin [2]. Despite the high global prevalence,
SCD remains a rare and orphan disease in the United States. Continuity
of care is a challenge, and transitioning from pediatric to adult care can be
difficult, as practitioners familiar with SCD are limited. The small number
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of patients makes it unlikely that any particular health care provider sees
any appreciable number of sickle-cell patients. In fact, it is estimated from
insurance data that of the sickle-cell patients that see a physician regularly,
half see a physician for whom they are the only sickle-cell patient that that
provider sees (Cage Johnson, personal communication).

Genetics and pathophysiology
The myriad clinical features of the disease result from a deceptively simple amino acid substitution of valine for glutamic acid in the 6th position
of the ␤-subunits of hemoglobin. The result is intracellular polymerization
under hypoxia and dehydration. Sickled RBCs are less deformable than
normal cells and fragment in the circulation, resulting in shortened RBC
survival of only 10–12 days compared to 120 days for normal erythrocytes. Oxidative stress, chronic endothelial damage, and hemolysis initiate
a cascade of events that results in episodic vaso-occlusion and subsequent
ischemia-reperfusion injury, which clinically amounts to a cytokine bomb
[4, 5]. The clinical phenotype of SCD varies widely and is characterized by
anemia, severe pain, and potentially life-threatening complications such as
bacterial sepsis, splenic sequestration, acute chest syndrome (pneumonia),
stroke, and chronic organ damage. These and other manifestations result
from chronic hemolysis and intermittent episodes of vascular occlusion
that cause tissue injury and organ dysfunction [4, 6, 7].
The single sickle mutation is not sufficient to explain the heterogeneity of the disease phenotype. Two subphenotypes of SCD have recently
emerged: that of “Viscosity–Vaso-Occlusion” that involves erythrocyte
sickling complications such as pain crisis, acute chest syndrome, and osteonecrosis; and a second subphenotype of “Hemolysis–Endothelial Dysfunction”, a proliferative vasculopathy that involves pulmonary hypertension, priapism, leg ulcers, stroke [8] (Figure 7.1) [7], and possibly asthma
[5, 9]. The quantification of hemolytic intensity can be estimated by evaluating tertiles or quartiles of lactate dehydrogenase values [10], or using
a recently published hemolytic “index” determined by a principal component analysis of the levels of reticulocyte count, lactate dehydrogenase,
aspartate aminotransferase, and bilirubin [11]. The variable disease severity is likely the result of complex genetic modifiers and polymorphisms
that affect the individual phenotype. For example, SCD patients with single or double ␣-hemoglobin gene deletions or genetically influenced elevations of fetal hemoglobin (Hb-F) experience milder disease. Since fetal
hemoglobin is protective, the newborn will not have clinical manifestation of SCD until the switch from Hb-F to Hb-S occurs after the first few
months of life. The enhanced survival for these RBCs results from the improved erythrocyte survival and deformability from the inhibition of Hb-S
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Figure 7.1 Spectrum of sickle-cell subphenotypes affected by hemolytic rate. The viscosity–vaso-occlusion subphenotype is associated
with a lower hemolytic rate, marked by a higher hemoglobin level and low plasma hemoglobin, lactate dehydrogenase, bilirubin, and
arginase levels. Patients with these features have a higher incidence of vaso-occlusive pain crisis, the acute chest syndrome, and
osteonecrosis. In contrast, patients with the hemolysis-endothelial dysfunction subphenotype exhibit markers of high hemolytic rate,
including low hemoglobin level and high plasma hemoglobin, lactate dehydrogenase, bilirubin, and arginase levels, culminating in low
nitric oxide bioavailability and a high prevalence of pulmonary hypertension, leg ulceration, priapism, and stroke. (Reprinted with
permission from Gladwin MT, Vichinsky E. Pulmonary complications of sickle cell disease. N Engl J Med 2008; 359(21): 2254–2265.
Copyright© [2008] Massachusetts Medical Society. All rights reserved.)
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polymerization by Hb-F. The success of hydroxyurea, the only FDAapproved drug intervention for SCD, is mechanistically based on its ability
to increase Hb-F.
Life expectancy
Patients with SCD have a shortened life expectancy, and death in infancy
and childhood is still a significant risk, with approximately 15% mortality in patients with homozygous Hb-S prior to 20 years of age, peaking
between 1 and 3 years of age [12]. These statistics are even more unfavorable in areas where access to care is limited, particularly in countries of the
Third World. However, advances during the last few decades in medical
management have significantly improved patient survival. Patients with
SCD are now expected to survive into at least late middle age, and a large
proportion to well over 50 years. With improved longevity comes the development of complications unique to the adult with SCD that are present
alongside the usual medical issues that typically develop for the patient’s
current age and ethnic group [13–15].
In recent decades, several practices emerged that vastly improved patient survival. In particular, the childhood use of transfusions for stroke
risk [16], penicillin prophylaxis [17], and better splenic care has led to a
marked increase in longevity. However, there is currently no cure for SCD.
Even bone marrow transplantation does not consistently prevent ongoing
vasculopathy and delayed symptoms. Ironically, with the fact that this is
the first time in human history that so many persons with SCD are living into adulthood, new, unique, and important medical issues have also
emerged [18]. This chapter discusses the acute evaluation and management of the adult patient with SCD, with an emphasis on both emerging
and common complications that require emergency department (ED) care.

Sickle-cell trait
Sickle-cell disease is an autosomal recessive condition. Sickle-cell trait
(hemoglobin AS) is not regarded as a disease state, and individuals are typically asymptomatic. Complications occurring in patients with sickle-cell
trait are uncommon, but pathologic processes such as methemoglobinemia, high altitude and other causes of hypoxia, acidosis, dehydration,
hyperosmolality, hypothermia, or elevated erythrocyte 2,3-DPG can transform silent sickle-cell trait into a syndrome resembling SCD. Established associations with sickle-cell trait include renal medullary carcinoma,
hematuria, splenic infarcts at high altitude, acute exertional rhabdomyolysis, urinary tract infection, and sudden death during physical exertion [19]. Hyphema complications, venous thromboembolic events, fetal
loss/neonatal deaths, and pregnancy complications have also been
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reported [20]. Although rare, reports of increased mortality risk in young
African-American athletes and military recruits have generated attention to the risks of sickle-cell trait. Athletes with sickle-cell trait and
their instructors must be aware of the dangers of the condition during
anaerobic exertion, especially in hot and dehydrated conditions [21].
Awareness of these risks and aggressive early intervention may improve
survival. Whether collapse with exercise in sickle trait is more common
than in hematologically normal athletes is unknown. However, collapse
in a sickle-cell trait patient is a medical emergency. Management should
include assessment of vital signs, administration of high flow oxygen
(15 L/min with a non-rebreather face mask), cooling of the athlete, intravenous hydration, cardiac monitoring for patients with vital sign abnormalities, or, if obtunded, close evaluation for severe rhabdomyolysis
and metabolic complications. Early transfusions or red cell exchange may
be important if the hemoglobin is low (less than 6.5 g/dL) and biological
markers of ongoing hemolysis (high total bilirubin and lactate dehydrogenase levels) are high.

Complications of sickle-cell disease
Vaso-occlusive episodes
Pain is the hallmark of SCD. Pain is also the most vexing problem of sicklecell care in the ED [22] and accounts for nearly 80% of the approximately
200,000 annual ED visits for SCD [23]. All severe pain should be considered a precursor of a more severe sickle-cell complication. The pain is
often excruciating and debilitating and is a true medical emergency. Pain
is typically managed at home using acetaminophen with codeine, fluids,
rest, and hot packs; the ED visit is often the final resort only after conservative outpatient measures have failed. The challenge for the emergency
physician is to understand that severe pain is often the harbinger of lifethreatening conditions. The most common medical mistakes for the ED
staff revolve around pain. The first is not fully evaluating a patient presenting even with their typical pain episode. The sickle-cell patient may
present with pain for several visits and then come in with a life-threatening
condition whose main manifestation is pain. The second mistake, and one
that has again led to deaths in the ED, is not recognizing the wide variation in pain in different sickle-cell patients. This may result in assuming that a sickle-cell patient is tolerant to medications and using a higher
dose than that particular patient is used to. This mistake is then compounded by failing to monitor the patient for respiratory depression after
narcotics are given. Furthermore, it is important to remember that pain is
damage—damage to some tissue, organ, or neuronal pathway. Most adults
have accumulated enough damage that they have chronic mixed pain with
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or without acute sickle-cell pain flares, as opposed to the more pure sicklecell pain of children.
Most studies find that emergency physicians misunderstand sickle pain
and are not satisfied with ED pain treatment, just as patients are unsatisfied with the knowledge of the ED staff with SCD and their treatment [22].
Successful use of opioids and adjuvants requires expertise and skill in pain
assessment and experience in using potent pain medications. Negative attitudes toward patients with painful sickle crises have been compounded by
racial stereotypes, the effects of the disease in limiting educational and employment opportunities, suboptimal medical coverage, and the large doses
of opioids often required to obtain pain relief [24]. Disparities in pain management practices have also been reported, as adults with SCD experience
longer delays in the initiation of analgesics despite higher pain scores and
acuity levels compared to other patients with pain [25]. A recent study
found that 53% of emergency physicians believe that over 20% of sicklecell patients are addicted to opioids, with 22% of emergency physicians
believing that over 50% are addicted to opioids. Behaviors such as being
a clock-watcher, knowing names and doses of specific opioids, requesting
and requiring large doses of medications, and multiple ED visits are taken
as evidence of addiction. A recent study of 232 sickle-cell patients that kept
detailed pain diaries found that 35.5% were high ED utilizers, defined by
three or more ED visits a year. However, the same study showed that these
patients had lower hemoglobin, lower quality of life, more pain and distress, more pain days, more crises, and more transfusions than those who
were not high ED users [26]. Indeed, controlling for the severity of their
illness, high ED utilizers did not use more opioids any more often. In short,
they were sicker and they hurt more.
It is important to keep in mind that by the time a person with SCD is
an adult, they have had over 15 years of opioid exposure. Such exposure leads to an experience of care, ideas of what has worked in the past,
and tolerance to low doses of opioids. The usual pain of SCD is classically felt to be vaso-occlusive and ischemic. Recent work has also implicated numerous cytokines that suggest the release of a cytokine bomb involving adhesion factors, endothelial activation, and nitric oxide changes.
Because of this, pain can have roving locations over several days as the
vascular beds and nerves respond to these signals, but would tend to
be located with stability during a single ED visit. Recent studies with
sickle mice suggest the profound changes in the nerves and pain pathways that come not only from chronic pains, but also from chronic use
of opioids and other medications. In fact, chronic use of medication may
cause hypersensitivity to pain and a decrease in the effectiveness of further treatment. Other studies have shown that some patients worsen their
pains with the chronic use of specific opioids, an effect called hyperalgesia
[27, 28].
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One of the most important questions an emergency physician can ask is
whether this pain episode is similar to the patient’s prior episodes. Sicklecell pains are as varied as the persons with SCD. Some patients present so
seldom for emergency care that any ED visit warrants admission. Asking
about prior treatments, or better yet, having an individualized pain plan
accessible from the patient’s electronic medical record, allows the consistency of treatment necessary to fine-tune an ED care plan for complex
pain. An account of the patient’s sickle-cell history is important, including
past history of stroke, bony sickling and avascular necrosis, asthma, allergies, or priapism. Treatment plans should include information on which
opioids and their amounts and routes work best, along with adjuvants,
such as lorazepam, ketorolac, and diphenhydramine. Lastly, set criteria for
admission (such as admit if three rounds of opioids are not controlling
pain, or hemoglobin is less than 7 g/dL) are helpful.
One major factor in the care of sickle-cell pain is the psychology of pain
itself. As patients become stressed, their pain increases when they start
thinking about how severe their pain can get. Experience with this population has revealed that one of the most important factors in improvement
in a patient’s pain is the perception that the health care practitioner cares
about them. Having a policy of rapid treatment of sickle-cell pain can allay
the worsening of anticipatory pain. This can be especially important since
by the time a patient comes to the ED, he or she has had hours, often days,
of uncontrolled pain.
Another challenge for patients and emergency physicians is that once
they start recovering from their last crisis or medical event, their bone
marrow increases production of sickle cells, releasing sickle reticulocytes.
Unfortunately, these sickle reticulocytes are the most sticky of sickle cells
and often cause a rebound crisis. This has led some to question the utility
of using readmission after hospitalization as a “quality” indicator as it is
part of the natural history of the disease. For the emergency physician,
this manifests itself as a patient returning to the ED several times in a
short period of time [29].

Approach to the sickle-cell patient with pain
1. Start analgesics as soon as possible.
2. Patients with severe pain or anxiety may benefit from anxiolytics to
decrease anticipatory pain, such as lorazepam (1–2 mg IV q4h).
3. Obtain a history of pain, type, location, and quantity. See if any triggers can be identified. Ascertain if this is similar to usual pain crisis.
Note any differences between past episodes and this episode.
4. Acknowledge patient’s pain, and ask what has worked in the past.
Assure patient that you will work to relieve their pain, regularly assess
the success of pain treatment, and adjust treatment accordingly.
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5. Give opioids with short duration between doses if pain is unrelieved.
Morphine IV can be given every 10 minutes, hydromorphone every
40 minutes. Attempt to get ahead of pain by repeated doses. If no IV,
use the IM or subcut route.
6. Evaluate for other causes of pain.
7. Start hydration with D5/0.5 normal saline at 100–120 mL/h, using
some free water to aid in cellular, and especially red cell, rehydration.
8. If chest pain, fever, or low pulse oximetry measurement (⬍93%) that
isn’t reversed by deep breathing is present, check a chest radiograph
for early infiltrates. Utilize supplemental oxygen for low pulse oximetry measurements.
9. Compare hemoglobin to prior values. If the current value is lower by
more than 1–1.5 g/dL, consider transfusions or admission.
10. If no better after three rounds of analgesics, consider admission.
Fever/infections
Patients with SCD often present with mild fever. The etiology can be
the inflammation of sickle cell itself (up to about 100.5◦ F). Atelectasis
from pulmonary splinting, medications’ effects, and infections are common causes for fever in this patient population. There are reports of increased incidence of Salmonella osteomyelitis in sickle-cell patients presenting with fever, but these seem rare [30]. In an adult, a fever over
101◦ F should be evaluated as in a non-sickle-cell adult. Fever can be a
harbinger of more severe sickle-cell complications such as acute chest syndrome [31], leg ulcerations, large bony infarcts, thrombosis, and infections. Also, sickle-cell patients often have, or have had, indwelling lines or
vascular access devices. What little data is available suggests that patients
with SCD are somewhat more susceptible to line infections, possible from
small clots caused by their hypercoagulable state [32]. In general, the
workup is like any other patient with a fever, but admission is warranted
for any symptomatic fever without a clear, treatable source. Some studies
suggest that sickle-cell patients are also prone to more atypical infections
than the general population [33]. In treating a patient without an identified source, a macrolide or quinolone antibiotic, such as levofloxacin,
should be included in addition to a parenteral broad-spectrum antibiotic
appropriate to local infective organisms.

Approach to the sickle-cell patient with fever
1. Temperature ⬎100.5◦ F
(a) Obtain blood, urine, and line cultures (if present).
(b) Evaluate the skin for ulcers.
(c) Obtain chest X-ray (CXR) (posteroanterior and lateral views). Evaluate CXR for signs of infiltrates.
(d) Evaluate bones for infarcts or infections.
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2. Is the fever symptomatic?
(a) Is the patient fatigued, sweating, or weak?
(b) Is there localized pain or difficulty in breathing?
3. If the source of fever can be identified, such as a urinary tract infection, sexually transmitted disease, or skin infection, and the patient is
not symptomatic, then the patient can be treated as an outpatient with
appropriate follow-up.
4. If the source of fever cannot be identified, then the patient should
be admitted for evaluation and observation and covered with broadspectrum antibiotics, including an IV second- or third-generation
cephalosporin and an oral or IV macrolide or quinolone antibiotic.
Acute anemic complications
The average lifespan of a sickle red cell is 10 days. So, if there is a process
that decreases the reticulocyte count, then the patients can lose up to 10%
of their hemoglobin daily. Add that baseline drop in hemoglobin to the
drop from active hemolysis, and a patient can suddenly have a hemoglobin
level of 3 g/dL or less. In addition, the hemoglobin in the ED often is artificially high from dehydration. In sickle-cell patients with active mild disease, the hemoglobin can drop by 1 g/dL each day and is often significantly lower the day after admission. Patients vary greatly in their baseline
hemoglobin levels. Some patients with chronically low hemoglobin levels
may decline transfusions even when their hemoglobin level is less than
6 g/dL.
Transfusions in the ED are best started for symptomatic anemia—
weakness, dizziness, orthostatic hypertension, chest pains, dyspnea,
and sweating—or other signs of poor end organ perfusion. Acute transfusions (as opposed to monthly transfusions) may not be helpful for
sickle-cell pain and complications, as once a pain episode has started,
the numerous cytokine and endothelial processes already have been released and will run their course. If transfusions are indicated, then red
cell transfusions that are negative for the antigens Kell, E, and C may
help stabilize the patient’s hemoglobin level. Although uncommon, delayed hemolytic transfusion reactions can occur; so obtaining a history
of transfusions in the last month could point to a transfusion reaction.
Most of these occur within 10 days of transfusions, but delays of weeks
have been reported [34, 35]. If a delayed transfusion reaction is suspected,
then the patient is best managed by admission where the appropriate
follow-up tests, and transfusion under observation, can be more safely
performed.
In adults, as compared to children, splenic or hepatic sequestration is
rare. Most adults with SS hemoglobin have autoinfarcted their spleens.
Hemoglobin SC and S-␤-thalassemia patients may have some degree of
splenic or hepatic red cell sequestration, but the larger body mass of an

P1: PAB/UKS
BLBK370-07

P2: PAB
Color: 1C
BLBK370-Venkat
March 25, 2011

124

18:58

Trim: 229mm X 152mm

Challenging and Emerging Conditions in Emergency Medicine

adult makes the condition far less life threatening than in a child and
is usually treated as a simple anemia. If transfusions are indicated, it is
important to keep the hemoglobin under about 11 g/dL. In vitro and in
vivo studies find that unless the percentage of sickle cells in the circulation
is less than 50%, as measured by quantitative hemoglobin electrophoresis (as it would be from a chronic transfusion program), increasing the
hemoglobin over 11.5 g/dL increases red cell viscosity and decreases peripheral tissue oxygen delivery [36, 37].The formulas that can be used to
keep the amount transfused in a safe range are discussed in the section
below entitled “Transfusion therapy”. If a patient with a high hemoglobin
level otherwise needs transfusion, then consultation for exchange transfusion is needed.
There are two rare, but potentially deadly, hemolytic complications of
SCD. The first is the hyperhemolysis syndrome, where both transfused
and non-transfused cells lyse. The more the patient is transfused, the
more the hemolysis is accentuated [38]. If a patient presents with a lower
hemoglobin level in the ED just after their recent transfusions and with no
obvious source of blood loss, then urgent hematologic consultation is warranted. The second complication is aplastic crisis [39, 40]. This condition
is defined by hypermetabolic bone marrow, due to necrosis or infection,
failing to produce the tens of millions of red cells per second needed to
balance the ongoing hemolysis of SCD. This can rapidly result in a dangerously low hemoglobin level. The hallmark of this condition is a low or
even nonexistent reticulocyte count in the face of dropping hemoglobin
levels. Parvovirus infection, with its propensity to infect reticulocytes, is
the most commonly identified cause of this condition [41].

Approach to the sickle-cell patient with anemia
1. Routinely obtain a complete blood count, including reticulocyte count.
Ascertain the patient’s baseline hemoglobin. See if the reticulocyte
count is appropriately higher than normal. If not, then anticipate a
further drop in hemoglobin of about 1–2 g/dL over the next 24 hours.
2. Has the patient been transfused in the last month?
3. Ascertain if the patient has symptomatic anemia (weakness, dizziness).
4. If the patient is symptomatic and the hemoglobin is more than
1 g/dL below the patient’s baseline, consider transfusing with phenotypically matched, sickle hemoglobin negative and leukoreduced red
cells.
5. If the patient has signs of increased hemolysis (higher bilirubin, lactate dehydrogenase, or aspartate transaminases) and an inappropriately low or normal reticulocyte count, consider transfusion.
6. If the patient was transfused within the last month and has a significantly lower hemoglobin level on presentation than after transfusions,
consider delayed hemolytic transfusion reactions.
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7. If the patient seems to have any severe sickle-cell complications and
anemia, then consider transfusions to stabilize the acute sickling cycle.
This is especially true for acute chest syndrome as early transfusion
may interrupt the severity and duration of this condition.
8. Remember that the hemoglobin in the ED is often elevated from dehydration.
9. Any symptomatic anemia with a history or signs that suggest a possible delayed transfusion reaction, hyperhemolysis, or aplastic crisis
necessitates admission and hematologic consultation.
10. Keep the post-transfusion hemoglobin less than 11.5 g/dL. If there
is concern about exceeding this value, hematologic consultation is
needed for possible manual exchange transfusion or automated exchange transfusion (erythrocytopheresis).
Pulmonary complications
Acute chest syndrome is one of the hallmark complications of sickle-cell
disease. It is a complex condition of bone marrow emboli, infection, and
vascular shunting [42]. Physician recognition of acute chest syndrome is
suboptimal, given that few respiratory symptoms may be present early on
[31]. About 50% of acute chest syndromes present as a pain crisis with
a normal CXR. Interestingly, one risk factor for developing acute chest
syndrome is having severe limb pain, likely secondary to marrow infarct
leading to marrow emboli [33]. Any new CXR infiltrate with a fever in a
person with SCD should be treated as acute chest syndrome. Macrolide antibiotics are recommended to cover the high percentage of atypical bacteria
noted in bronchoscopy studies of SCD [33]. Early transfusions anecdotally
seem to abort or to lessen the severity of acute chest syndrome [43]. Some
studies have used intravenous corticosteroids to good effect, but rebound
has been noted [44, 45]. Keeping the oxygenation greater than 93% by
nasal cannula is important to decrease the shunting that keeps the sickled
cells in the sickle state. Also, patients short of breath or with chest pain severe enough to keep them from inspiring fully are at risk for development
of acute chest syndrome or pneumonia.
Separating acute chest syndrome from pulmonary embolism in the ED
is challenging. Hypoxia and chest pain, elevated D-dimer levels, abnormal
V/Q scan, and even positive CT angiograms can be due to either condition.
Patients with SCD are often in a hypercoagulable state [46], with increased
markers of activation of the coagulation system and decreased levels of
antithrombotic factors such as protein C and protein S [47]. If a pulmonary
embolism is suspected, it should be treated as in a person without SCD. If
the CT angiogram is negative, despite an elevated D-dimer, treating the
patient as with acute chest syndrome is usually appropriate. Little data
support anticoagulation for acute chest syndrome, and such treatment is
not routinely recommended.
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By adulthood, baseline pulmonary function is abnormal in approximately 90% of patients with SCD [48]. Regardless of the cause, severe
pulmonary disease requires admission and inpatient follow-up and evaluations. Sickle-cell patients often present with wheezing and have a history
of asthma [49]. Asthma is also common in the background populations
where SCD is most prevalent. Treatment with aerosolized ␤-agonists with
pre- and post-peak flows often results in substantial clinical improvement.
Incentive spirometry alone has also shown marked improvement in outcomes [50]. Improving lung oxygenation by treating the bronchoreactive
component of the disease may decrease the sickling process and prevent
further progression. Arterial blood gases usually show partial pressures
of oxygen lower than the pulse oximetry would indicate, and should be
obtained to guide therapy if the patient has severe pulmonary compromise. The use of corticosteroids for acute chest syndrome is controversial
[51–53]. Although they may improve the course of illness, concern for
rebound symptoms have affected clinical utilization among many practitioners. However, patients with moderate-to-severe acute chest syndrome
are more likely to receive corticosteroids, which may, in part, account for
the rebound phenomenon. In a more recent study, a short course of prednisone did not significantly increase readmission rate after discharge for
acute chest syndrome [53]. If a patient has severe chest symptoms, transfusions and steroids may be initiated in discussion with the inpatient treatment team, to be evaluated and tapered slowly after admission. Sickle-cell
patients can be safely intubated. These patients are more sensitive to barotrauma than the general patient, but acutely require adequate oxygenation. Keeping the airway peak filling pressures as low as possible may help
prevent barotrauma.
Pulmonary hypertension is an increasingly recognized complication of
chronic hemolytic anemias, including SCD. Approximately a third of
adults with SCD have an abnormally elevated tricuspid regurgitant jet velocity (⬎2.5 mg/s) measured by Doppler echocardiography at steady state,
suggestive of pulmonary hypertension. This finding alone is associated
with a ten-fold risk of early mortality [54]. Advancing age is a clinical
risk factor for pulmonary hypertension. In addition, pulmonary pressures
rise acutely during vaso-occlusive crisis [55] and even more so during the
acute chest syndrome [56]. A recent study examined 84 consecutive hospitalized patients with the acute chest syndrome and found that 13% had
clinical manifestations of right heart failure, placing them at the highest
risk for mechanical ventilation and death [56]. These data suggest that
acute pulmonary hypertension and right heart dysfunction represent major co-morbidities during the acute chest syndrome. In some EDs, bedside
echocardiograms are available. If right-sided pressures are high in a patient
that has severe dyspnea, chest pains, or hypoxia despite external oxygen,
oral arginine [57] and intravenous L-arginine hydrochloride (0.1 g/kg tid
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up to 10 g tid) (unpublished series) have safely and temporarily lowered
the right-sided pressures while pulmonary or cardiology consultation is
sought. Sildenafil has been shown to increase pain episodes in SCD and is
not currently recommended in the acute setting. Guidelines for the evaluation and treatment of pulmonary hypertension in SCD are currently under development by a committee commissioned by the American Thoracic
Society and will be available in the near future.

Approach to the sickle-cell patient
with pulmonary complaints
1. Ascertain rapidity of onset and other historical factors such as asthma,
severe limb pain, or a past history of thromboembolism.
2. Ascertain temperature and severity of hypoxia, using arterial blood
draw if needed. Attempt to correct low pulse oximetry by deep breathing, thereby showing low tidal volumes secondary to splinting from
pain. Give enough analgesics to allow deep breathing.
3. Examine lungs for signs of consolidation, air trapping, wheezing, and
pleural changes. Egophony and vesicular breath sounds are often
present before radiographic changes are seen.
4. CXR is indicated with any severe chest symptoms, hypoxia, or fever.
Heart size is often enlarged secondary to anemia, but compare to prior
films for acute changes. Any new infiltrate and a fever should be considered acute chest syndrome and warrants admission.
5. Remember that half of the acute chest syndrome patients present with
pain and a normal CXR that will become positive with time and hydration, usually within 72 hours. (Figures 7.2a–c).
6. If acute chest syndrome is suspected, keep the patient hydrated and
oxygenated. Empiric antibiotics, including a quinolone or a macrolide,
in addition to a parenteral broad-spectrum antibiotic appropriate to local infective organisms, should be routinely started. If symptoms are
severe, then consider steroids and early transfusion. If the hemoglobin
is too high for simple transfusions, hematology consultation for erythrocytopheresis is needed.
7. If the patient is wheezing, then treatments directed at bronchospasm
and asthma should be started.
8. If the history and physical examination suggest a pulmonary embolism, then duplex venous evaluation and CT angiogram should be
obtained. SCD is not a contraindication to contrast. However, renal
dysfunction is common in adults with SCD and poses the same relative risks as in other patients. D-dimer levels in acute sickling are often
high and can overlap the range for pulmonary embolism; thus, this is
not a sensitive test alone for pulmonary embolism.
9. For severe dyspnea or chest pain without a clear cause, Doppler
echocardiography is indicated to screen for pulmonary hypertension.
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(a)

(b)

(c)

Figure 7.2 Chest radiographs of evolving acute chest syndrome. (a) A CXR taken
in the ED of a patient presenting with a vaso-occlusive pain episode that included
leg and lower back pain. The official reading by radiology was “mild congestion,
no infiltrate.” (b, c) CXRs taken 24 hours after admission, with an official reading
of right lower lobe infiltrate and atelectasis, consistent with acute chest syndrome.

If increased pulmonary pressure is suspected (over approximately
35 mm Hg), then admission is warranted for further observations and
evaluation. Brain natriuretic peptide (BNP) may be helpful diagnostically as most patients with significant pulmonary hypertension have a
BNP ⬎500 pg/mL [58].
10. Any acute lung compromise warrants admission for further observation and treatment.
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Cardiovascular complications
Chronic inflammation in most patients with SCD was once believed to
be protective from classic epicardial heart disease, in part, by keeping
the cholesterol levels low [59]. This may have some truth, but as the
sickle-cell population ages, more heart abnormalities are becoming increasingly prevalent. These divide into vascular, electrical, and myocardial
conditions. There may also be a vasculopathy associated with SCD. This
may manifest itself as decreased left ventricular systolic and diastolic function, or pulmonary hypertension. Indeed, chest discomfort may be a sign
of increased pulmonary pressures. Electrical cardiac disease may manifest as conduction abnormalities and prolonged QT intervals [60]. Lastly,
a decreased left ventricular ejection fraction may be chronic or episodic.
Pulmonary hypertension, as shown by echocardiography, may be secondary to volume overload or increased pulmonary vascular resistance.
Several publications suggest that if the tricuspid regurgitant jet velocity is
greater than 2.5 m/s, sickle-cell patients have a mortality of about 40% at
40 months [54, 61–64]. The pathophysiology of pulmonary hypertension
may involve nitric oxide and arginine dysregulation [65], among other abnormalities. Sickle-cell patients may also have a higher incidence of prolonged QTc, likely reflecting many factors including methadone [66] and
other opioid use, genetic factors [67], possibly transfusional iron overload
[68], hemolysis, and other cardiac abnormalities [69, 70]. Therefore, before giving medications that have a known side effect of prolonging QTc,
checking an ECG may be important in the ED. Although less common
than in the general population, as patients age, the likelihood of classical atherosclerotic heart disease increases, and patients should be screened
for epicardial disease as otherwise age appropriate. For severe chest pains,
checking troponin, creatine kinase and its isoenzymes, and BNP levels,
along with an ECG, can help delineate the etiology of the chest pain.

Approach to the sickle-cell patient with chest complaints
1. Assess for classic causes of chest pain and discomfort. A high proportion of chest complaints can be reproduced by rib or sternal palpation, showing these as manifestations of soft tissue and bone sickling
and pain. Often, these are accompanied by splinting. If age and symptom appropriate, screen for epicardial heart disease by ECG and cardiac
markers.
2. If the pain is not musculoskeletal or pleuritic, evaluate the lungs (as
above) and the heart. ECGs often show various abnormalities related to
acute pain and medications, such as prolonged QTc and nonspecific Twave abnormalities. Many sickle-cell patients have reduced chest wall
muscle mass, and so high voltage in the anterior leads is common. Comparison to prior tracings may be helpful. CXR may show an enlarged
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heart and vascular congestion. BNP levels are helpful in assessing for
the presence of pulmonary hypertension.
3. Chest pain may be a symptom of acute chest syndrome. Evaluate as per
the protocol outlined above.
4. Echocardiograms with estimation of pulmonary artery pressures
may identify patients with right and left ventricular abnormalities.
Pulmonary artery pressures can rise with acute chest syndrome,
pneumonia, pain, and bronchospasm. If increased pulmonary artery
pressures (over approximately 35 mm Hg) are present in a symptomatic
patient, admission is warranted for further observation and evaluation.
Central nervous system complications
Stroke is a devastating complication of SCD. This is most common in young
children not receiving regular transfusions [71]. Adults often have subtle
manifestations of clinical and subclinical infarcts [72]. This may manifest
from seizures to impulse control to memory issues. A recent neuropsychologic study found profound neurologic and functional deficits even among
sickle-cell patients with no overt signs of neurologic problems or any past
history of neurologic or psychiatric history [73]. Adults tend to have hemorrhagic strokes [74], possibly related to secondary moyamoya, although
occlusive infarcts still occur.

Approach to the sickle-cell patient with suspected stroke
1. In adults, stroke presents with the typical neurologic signs and symptoms. Any unexplained focal neurologic finding, such as tingling or
twitching in a cranial nerve distribution, new onset seizures, or loss
of sensation or strength, may herald either transient ischemic attacks or
a stroke.
2. If a stroke is suspected, emergent erythrocytopheresis is indicated.
3. A CT scan is often needed to look for acute hemorrhagic stroke. Other
imaging (contrast CT or MRI) would be indicated in the appropriate
clinical setting, such as clinical signs of acute cerebral vascular obstruction.
4. The use of thrombolytics in SCD is understudied, but not contraindicated in the appropriate clinical setting.
Ocular complications
Three acute sickle-cell ocular conditions may present in the ED. One is
hyphema, which is blood in the anterior chamber of the eye and, usually, is the result of trauma or surgery [75]. Although this is rare, because
of the high risk of complications in patients with sickle trait as well as
SCD, a sickledex preparation to rule out sickle trait should be ordered
on every hyphema patient, regardless of ethnic background. A second
ocular emergency is vitreous hemorrhage. This is a consequence of the
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neovascularization of the retina, similar to that in diabetic patients. The
third complication is arterial occlusion. The treatment for all is similar.
The patient needs to reduce the viscosity of blood, increase oxygenation
to the tissues, and reduce the amount of sickle cells that cause activation
of the endothelium that leads to more occlusion, inflammation, and end
organ damage.

Approach to the sickle-cell patient with an ocular emergency
1. The treatment of choice for the acute complications of all the three
eye emergencies is erythrocytopheresis, where sickle blood is removed
while non-sickle blood is transfused. This reduces the percentage of
sickled cells to less than 30% rapidly and is often the best stabilization for the sickling red cell cycle. If pheresis is not available and the
patient’s hemoglobin is less than 9 g/dL, then straight red cell transfusions may be helpful. However, unless the percentages of sickled cells
is less than about 50%, increasing the hemoglobin over 11.5 g/dL will
both increase blood viscosity and decrease tissue oxygen delivery.
2. Urgent ophthalmologic consultant is needed for possible surgical interventions.
Pregnancy in SCD—emergency management
Pregnancy in SCD is often uncomplicated. A recent review of pregnancy
in SCD shows that although many complications of pregnancy are increased in sickle-cell patients, the management is similar to that of the
non-sickle-cell patient [76]. A randomized controlled trial showed that for
single, uncomplicated pregnancies, the baby does equally well whether
the mother is transfused or not [77]. The mothers, however, often feel
better when transfused. The babies are often small for gestational age and
delivered slightly earlier than the due date would predict, but otherwise
do well. The small size and early delivery is likely from placental infarcts
noted in sickle-cell patients. This may also explain the slight increase in
preeclampsia and placenta previa in sickle-cell patients. A complicating
factor is that sickle-cell patients often have proteinuria, elevated liver
transaminases, and hypertension at baseline, making surveillance for
many complications of pregnancy challenging. Sickle-cell patients should
be followed by high-risk obstetrics.

Approach to the pregnant sickle-cell patient
1. A rule of thumb for the ED is that a distressed mother causes a distressed fetus; so any treatment that relieves the mother’s distress helps
the baby. Narcotics are not contraindicated. The worry about opioids affecting the fetus, although real, is often outweighed by controlling the
distress of the mother.
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2. Women with SCD may find that their usual sickle-cell pains worsen,
improve, or stay the same during different parts of the pregnancy.
Closer to term, separating sickle pain from pain related to the body
changes of pregnancy is difficult. The best guide is to ask the patient
whether the pain is consistent with their prior sickle episodes.
3. Experienced obstetrics consultation is mandatory in any complex ED
presentation.
Priapism
Priapism is one of the more challenging issues for men with SCD [78].
Priapism arises most commonly early in the mornings and persists for several hours. Whether the pathophysiology of priapism in SCD is the same
as in other conditions is unclear [79]. One hallmark on physical exam in
sickle-cell priapism is that the corpus spongiosum does not become engorged. Urination and a warm shower may help at home. By the time
the patient has presented to the ED, usually the priapism has persisted for
hours. The pain can be excruciating, and treatment can be challenging.
Hydration and alkalization have been used as treatments. Adequate analgesia is essential, and using adjuvants such as lorazepam to address the
anticipatory pain helps relax the patient and his muscles. Sometimes the
priapism is stuttering, with turgidity increasing and decreasing. In such a
case, pseudoephedrine orally, 60 mg to 120 mg up to q6h, may be helpful.
Subcutaneous terbutaline can also help. Case reports of intravenous sildenafil, antitestosterone medication, and L-arginine (Claudia Morris, unpublished data) have reportedly been helpful [80, 81]. If the priapism persists
with turgidity, then aspiration and injection with epinephrine should be
attempted in concert with urologic consultation. Exchange transfusions
are often used, but their effectiveness is variable [82].

Approach to the sickle-cell patient with priapism
1. Ascertain history of current and prior episodes, including duration, and
exacerbating and relieving factors. Priapism can be stuttering, meaning
it can cycle between being present and absent.
2. Hydration, analgesics, and alkalization of the blood may be helpful.
3. Physical examination may vary from a turgid erection to no active priapism (in the case of stuttering priapism).
4. If no relief, penile aspiration and injection of epinephrine should be
attempted.
5. If no relief occurs within a few hours, urologic consultation is needed,
along with admission for simple or exchange transfusions.
Leg ulcers
Leg ulcers are a recalcitrant symptom of SCD [83]. In the ED, the history
can help determine the chronicity. A complex series of factors initiate and
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maintain sickle-cell ulcers. These ulcers are usually on the lateral and medial malleolus, but can affect any areas of the lower leg. The contribution
of increased venous pressure is suspected from the fact that bed rest for
several weeks is one of the most effective treatments for these ulcers [84].
For the ED provider, the main issue is whether there is a secondary infection of the ulcer.

Approach to the sickle-cell patient with leg ulcers
1. Determine the chronicity of the ulcers, past history, and any change in
size, location, exudates, color, or odor.
2. Assess for signs of local or systemic infection.
3. Occasionally, bone X-rays may be helpful to determine if there is underlying osteomyelitis.
4. Cultures are of variable utility, usually will not come back soon enough
to be helpful, and often just show skin colonization. If the ulcers are
worsening, then a therapeutic trial of antibiotics that cover common
skin bacteria may reduce the ulcers. If unsuccessful, then cultures
would be warranted to look for more resistant bacteria such as pseudomonas or methicillin-resistant Staphylococcus aureus. Wet to dry dressing, and occasionally an Unna boot, may be needed. If the patient has
symptoms of bacteremia, he or she requires admission.
5. Bed rest is an effective treatment for most leg ulcers and may warrant
admission. Referral to a plastic surgeon for recalcitrant cases may help.

Transfusion therapy
Sickle-cell patients have variable baseline hemoglobin levels. Whether
a patient needs an emergent transfusion depends on the change from
baseline hemoglobin, symptoms of anemia, and associated conditions.
Hemoglobin should not be raised to over 11.5 g/dL to avoid hyperviscosity [85]. The dangers of transfusion are infection, alloimmunization,
and iron overload. In the acute setting, the last fact is not a consideration, but in the long term, hemosiderosis can be of paramount importance.
Blood-borne infections are rare enough that this shouldn’t be a consideration on whether to acutely transfuse a symptomatic patient. Alloimmunizations can be lessened by using red cells negative for the Kell, E, and C
antigens, which are responsible for approximately 80% of alloimmunizations [86]. A common empiric formula for determining how much blood to
give is: (desired hemoglobin – current hemoglobin) × 4 × weight in kilograms. Alternatively, 10 mg/kg tends to raise the hemoglobin by 2.5 g/dL.
These formulae are commonly used, provide an estimate based on clinical
experience and are a reasonable guide. The desired level of hemoglobin depends on the condition and on an estimate of how quickly the hemoglobin
may be decreasing. Acutely, keeping the hemoglobin over 8 g/dL, with at
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least 1 mg/dL reserve, is a reasonable rationale to get the hemoglobin to
9 g/dL. Evaluation of the reticulocyte count can be helpful. If the reticulocyte count is low for the hemoglobin, then the patient will likely continue
to drop their hemoglobin levels.

Approach to the sickle-cell patient needing transfusion
1. Ascertain transfusion history, frequency, amounts of blood transfused,
and history of transfusion reactions.
2. Calculate the number of mL needed to obtain a post-transfusion
hemoglobin of 8–9 mg/dL, without exceeding 11.5 mg/dL. Round to the
nearest number of units (approximately 250–300 mL red cells/units).
3. If a patient with high hemoglobin needs transfusion for a non-anemia
indication, then exchange transfusion is needed, and hematologic consultation is required.
4. Order leukoreduced, sickledex negative red cells, matched for Kell, C,
and E antigens. If these units are not available, hematological consultation is needed to find the most compatible units.
5. Premedication before transfusions is not standardized, but often p.o.
acetaminophen 650 mg and diphenhydramine 50 mg are common. Loratidine 10 mg p.o. can also be given as premedication for itching. With
adults, 20 mg IV furosemide is often given if the number of units exceeds two, or if vascular congestion, dyspnea or high blood pressure
develops during transfusions.

The next five years
There is reason for cautious optimism that the next five years will bring
relief from pain, decrease of end organ damage, and better quality of life
for patients with SCD. On a biologic level, several large trials of intervention for pain have pointed to gaps in our knowledge of sickle pain and
sickle complications that are now active areas of research. On a molecular level, there is promise that selected biomarkers of disease severity
and hemolytic rate may identify high-risk patients in need of aggressive
intervention. Recent correction of SCD in a humanized mouse model by
gene replacement therapy in induced pluripotent stem cells [87] sets the
stage for the progress of gene replacement therapies in the future. On a social level, better education of physicians about the protean effects of SCD
and the best use of current approaches could relieve much pain and suffering. On a pharmacologic level, studies with simple compounds, such as
magnesium [88] and arginine [89] for pain and finasteride for priapism
[90], and complex compounds, such as selectin inhibitors, to ameliorate
acute vaso-occlusion at its inception [91] are ongoing. Pain management
remains the most complex and difficult research priority for patients with
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SCD. Maximizing the use of existing agents, while looking for better treatments, is critical.

Conclusion
2010 marked the 100th anniversary since SCD was first described. Advances in medical care since that time have significantly improved
longevity for patients with sickle-cell disease, who are now expected to
survive into their 4th and 5th decade. Improved survival is associated with
unique complications in the adult patient as they present at later stages
of their disease. Early recognition of complications and aggressive treatment initiated in the ED can dramatically improve patient survival. Early
consultation with a hematologist with sickle-cell experience may provide
guidance for management and disposition when patients present to the ED
with complex issues. Better insight into the pathogenesis of sickle vasculopathy may guide future therapies, while novel therapeutic strategies that
target hemolysis, inflammations, and oxidative stress are currently under
investigation for this challenging patient population.
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Introduction and epidemiology
According to the World Health Organization, 33 million individuals globally are HIV-positive [1] while the Centers for Disease Control estimates
that 1.1 million individuals are HIV-positive in the United States [2]. Since
the emergence of the HIV pandemic in the early 1980s, physicians and
other health care providers have treated HIV-positive adults for a variety of ailments. Prior to the advent of highly active antiretroviral therapy
(HAART), the majority of HIV-positive adults experienced a progressive
and unrelenting decline in their immune status leading to unusual infections and death. They predominantly presented to the emergency department (ED) for acute care due to opportunistic infections [3].
However, HAART regimens have resulted in a marked increase in life
expectancy for HIV-positive adults and reduction in the incidence of opportunistic infections. Combined antiretroviral therapy reduces viral replication, increases CD4 cell counts, and restores and preserves immune
function [4]. From 1996 to 2005, the life expectancy for a 20-year-old HIVpositive individual has increased from a mean of 36.1 years to 49.4 years
[5]. This increase in life expectancy has been contemporaneous with a
decrease in the incidence of opportunistic infections as the cause of morbidity and mortality in this patient population. In comparison to the preHAART era, hospitalizations among HIV-positive adults are predominantly
in those over age 40 [6]. Similarly, single center studies have suggested
that hospitalizations for typical late-stage opportunistic infections, such as
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Cryptosporidium and Mycobacterium avium complex, have decreased while
those for conditions such as cardiovascular, renal, oncologic, and HAARTrelated side effects have increased [7]. From the ED perspective, there is
also evidence that both ED and hospital discharge diagnoses due to musculoskeletal, endocrine/metabolic, psychiatric, and circulatory conditions
have become more prevalent [8]. Finally, there is increasing evidence that
HIV itself may play a prominent role in the development of medical conditions in this patient population which are not classically considered AIDSdefining, such as coronary artery disease, stroke, and malignancies, such
as non-Hodgkin’s lymphoma, anal, and lung cancers [9].
For emergency physicians and other health care providers, this changing epidemiology requires a paradigm shift in their approach to assessing
and treating HIV-positive adults. Rather than focusing exclusively on the
diagnosis of opportunistic infections, it is now necessary to recognize that
there is a broader spectrum of illnesses that can cause HIV-positive adults
to present to the EDs. This chapter presents an overview of the evolving
ailments that may cause HIV-positive adults to require emergency care as
well as how the changing life expectancy and management of HIV-positive
adults in the outpatient setting may affect the future ED evaluation and
treatment of this patient population.

HAART regimens
With the advent of HAART, numerous studies have been conducted as
to the optimal time to begin therapy in HIV-positive patients. The benefit of antiretrovirals must be balanced against the toxicity, cost, and inconvenience of lifelong treatment. Antiretroviral therapy has continued
to improve and the current consensus is in favor of initiating HAART in
those patients with CD4 counts ⬍500 cells/mm3 or those patients who
show evidence of an AIDS-defining illness as well those who are pregnant, have HIV nephropathy, or who require treatment for a concurrent
infection with Hepatitis B or C [10]. Treatment should be considered in
asymptomatic patients with a CD4 cell count of ⬎500 cells/mm3 .
First-line regimens consist of one non-nucleoside analog reverse transcriptase inhibitor (NNRTI) and two nucleoside analog reverse transcriptase inhibitors (nRTI) (efavirenz plus tenofovir and emtricitabine), two
nRTI plus a boosted protease inhibitor (tenofovir and emtricitabine plus
atazanavir/ritonavir or darunavir/ritonavir), or two nRTI and an integrase
strand transfer inhibitor (tenofovir and emtricitabine plus raltegravir) [11].
As a result, emergency physicians will more often be seeing HIV-positive
patients who are on newer antiretroviral medications and who may have
been on these regimens for longer periods of time and may have never
experienced an AIDS-defining illness.
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Table 8.1 Class side effects of antiretroviral medications
Antiretroviral medications

Class side effects

Nucleoside analog reverse transcriptase
inhibitors

Hepatotoxicity, lactic acidosis, pancreatitis,
and lipoatrophy

Protease inhibitors

Lipodystrophy, insulin resistance, and
gastrointestinal distress

Non-nucleoside analog reverse
transcriptase inhibitors

Hepatotoxicity and drug hypersensitivity

HAART side effects and medication interactions
of relevance in the emergency department
The combination nature of HAART predisposes HIV-positive patients who
are on this regimen to a number of medication side effects that range from
mild to potentially life threatening. Many of these side effects are a class
effect of the type of agent in the HAART regimen. Table 8.1 shows the
common class side effects for those types of antiretroviral medications used
most often in HAART [11, 12].
While hepatic steatosis and hepatotoxicity can be seen with all medications in HAART regimens, the degree and clinical significance can vary
greatly. The NNRTI nevirapine is most clearly associated with increased
risk of fulminant hepatic failure when started on patients with higher CD4
counts [13]. Similarly, while all HAART medications can cause drug hypersensitivity, the nRTI abacavir is associated with the most severe reaction. This reaction can manifest as a macular or urticarial rash with fever,
myalgias, and hypotension, is managed by supportive care, and requires
immediate cessation of the medication with recording that it should not
be used in this patient in future [14].
In addition to these class side effects, there are unique side effects for
certain HAART medications that require recognition by emergency physicians. Table 8.2 elucidates those of the most commonly used HAART medications [12, 13].
Table 8.2 Unique side effects of commonly used HAART medications
Commonly used HAART
medications

Unique side effects

Atazanavir
Tenofovir
Efavirenz
Tipranavir

Indirect hyperbilirubinemia
Renal insufficiency
Neuropsychological symptoms, depression
Intracerebral hemorrhage (rare)
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Finally, the numerous medications required by HIV-positive patients on
HAART can result in medication interactions that can be of importance
to emergency physicians. Atazanavir’s absorption is decreased when patients are given acid-reducing agents. Both protease inhibitors and NNRTIs are metabolized by hepatic p450 enzymes and drug interactions are
common and severe. For example, warfarin use by patients on protease
inhibitors can cause hyperanticoagulation. In contrast, anticonvulsants
such as phenytoin, carbamazepine, and phenobarbital can increase the
metabolism of protease inhibitors. It is well advised for emergency physicians to consult with the patient’s treating infectious disease specialist and
relevant pharmacologic resources prior to prescribing new medications to
this patient population [13].

Cardiovascular diseases in HIV-positive patients
on HAART
With improved life expectancy among HIV-positive patients on HAART,
there has been a concomitant increase in the incidence of cardiovascular
disease in this population and specifically acute coronary syndromes. The
pathology of coronary artery disease in HIV-infected patients is multifactorial and complex. Some attribute the lipodystrophy and hyperglycemic
side effects of protease inhibitors as major causative factors. Newer evidence suggests that HIV replication has inflammatory and atherogenic
properties and the risk of ongoing viral replication outweighs that of the
small increase in CAD attributed to antiretroviral therapy [9,15–19]. Regardless of the cause, for emergency physicians, this evidence suggests that
HIV-positive adults who present with acute coronary syndrome tend to be
younger than the general population. There is no difference in the actual
evaluation and interventions for HIV-positive adults with acute coronary
syndromes, but the pre-test probability of treating physicians should be
higher than that in comparably aged HIV-negative adults.
HIV-positive adults can also show evidence of dilated cardiomyopathy.
Associated with a poor prognosis, cardiomyopathy is best diagnosed using echocardiography and cardiac catheterization. ED management is similar to other patients with clinical signs and symptoms of congestive heart
failure [20].

Pulmonary diseases in HIV-positive adults on HAART
The cause of pulmonary disease in HIV-patients is dependent on the immune status. Unlike the pre-HAART era, where Pneumocystis jiroveci was
the primary respiratory pathogen, HIV-positive adults on HAART with a
high CD4 count are most likely to be afflicted by bacterial pneumonia due
to Streptococcus pneumoniae. Presentation in the emergency department will
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be comparable to the HIV-negative population as will radiographic appearance if the patient has had a good clinical response to HAART (CD4 count
⬎350/mm3 ) [21]. In contrast, patients with a poor response to HAART
can manifest bacterial pneumonia with atypical symptoms, including lack
of fever, multifocal pneumonia on chest radiograph, and vague constitutional symptoms which can be hard to differentiate clinically from P. jiroveci
pneumonia [22]. Patients with a good clinical and immunological response
to HAART may be removed from P. jiroveci prophylaxis if such a response
is maintained for 3 months [23].
Tuberculosis can also show great variability in presentation in HIVpositive adults, dependent largely on CD4 count. While cough may be a
predominant presenting symptom, tuberculosis should also be suspected
in this patient population when encountering a patient with persistent
fever or night sweats of unknown origin [24]. HIV-positive adults are
also more likely to manifest extrapulmonary tuberculosis than the HIVnegative population. For HIV-positive adults with a poor response or who
have not received HAART and have a CD4 count ⬍200, typical cavitary
lesions with consolidation are often absent on chest radiograph. Instead,
hilar lymphadenopathy and nonspecific pulmonary infiltrates can be all
that is seen on chest radiography [25]. Treatment of tuberculosis in HIVpositive adults on HAART requires close consultation with an infectious
disease specialist as there can be significant medication interactions between HAART medications and antituberculosis regimens, especially those
using rifampin.
In addition to pneumonia, HIV-positive adults can manifest chronic obstructive pulmonary disease, controlling for smoking history, at a higher
incidence than the general population [26]. There is also an increased incidence of pulmonary hypertension, which carries a significant mortality
risk (47% survival at 3 years from diagnosis) and can manifest with prosaic symptoms such as fatigue and dyspnea [27]. Treatment is limited to
sildenafil, prostaglandins, and anticoagulation.

Renal diseases in HIV-positive adults on HAART
As discussed above, HIV-nephropathy is a well-accepted indication for the
initiation of HAART [11, 28]. It is characterized by rapid progression to
end-stage renal disease that is best arrested by HAART. For the emergency physician, other reversible causes of renal insufficiency, including
pre-renal azotemia and obstructive uropathy from nephrolithiasis, should
be ruled out prior to concluding that renal insufficiency in this patient
population is due to HIV-nephropathy.
Acute renal failure due to any cause is a poor prognostic sign in HIVpositive adults. Studies have suggested a six-fold increase in mortality among hospitalized HIV-positive patients when acute renal failure is
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present [29]. For patients requiring intensive care, the mortality rate with
acute renal failure may be as high as 43% [30]. As such, HIV-positive
adults presenting to the ED who are found to have renal injury should
have aggressive evaluation and treatment. The algorithm for assessing for
pre- and post-renal causes of renal failure is similar to the non-HIV patient
population, but an appreciation of the increased severity of illness in this
cohort is required.
Atazanavir, the most commonly used protease inhibitor, can occasionally precipitate and cause kidney stones [31]. Such stones should be radioopaque on CT as the medication-related stones serve as the core for precipitation with calcium oxalate. Treatment is similar to other patients with
renal colic.

Neurological disorders in HIV-positive adults
on HAART
With the use of HAART in HIV-positive adults, there has been a corresponding reduction in the incidence of cryptococcal meningitis, toxoplasmosis, CNS lymphoma, progressive multifocal leukoencephalopathy
(PML), and AIDS dementia [32]. However, all of these late manifestations of AIDS can still present in patients with poor response to HAART
as determined by a CD4 count ⬍200/mm3 . In contrast, those patients
with CD4 counts ⬎200/mm3 are much less likely to present with these
conditions.
As with cardiovascular disease, HIV-positive adults on HAART have seen
a concomitant increase in the incidence of ischemic and hemorrhagic cerebrovascular diseases. This has been attributed both to the atherogenic effects of HIV itself and the increased use of protease inhibitors and resultant
hyperlipidemia, increasing longevity, and other atherosclerosis risk factors
[33, 34]. For emergency physicians, a timely history and physical exam
should focus upon whether the patient is presenting with focal or diffuse
neurological deficits, the CD4 count of the patient, timeline of when the
patient was started on HAART, and previous history of AIDS-defining illnesses of the central nervous system (CNS). Patients with focal neurologic findings should, at minimum, receive a noncontrast CT of the brain
and, based on the most recent CD4 count and the clinical presentation,
the addition of contrast CT of the brain or MRI to look for space occupying lesions. A lumbar puncture should also be performed if it is not
contraindicated.
HIV-positive patients on HAART can also present with manifestations
of disease involving the peripheral nervous system. Both HIV itself and
certain HAART medications (didanosine and stavudine) can cause sensory neuropathies that cause hypersensitivity of the distal extremities.
Generally, this is more prevalent in patients with low CD4 counts, and
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treatment involves discontinuation of suspect medications and the addition of gabapentin for symptomatic relief [35, 36].

Immune reconstitution inflammatory syndrome
Immune reconstitution inflammatory syndrome (IRIS) represents a
unique side effect of HAART. With the initiation of HAART and reinvigoration of the immune system, patients can experience a worsening of their
clinical status due to immune reconstitution and resultant inflammatory
response to dormant opportunistic pathogens or exacerbation of underlying conditions that are autoimmune in nature. Risk factors for IRIS include high viral load and low CD4 count at the time of HAART initiation,
rapid reversal of these two conditions, and widespread manifestation of
underlying opportunistic infection [37]. Two opportunistic pathogens that
deserve special consideration by emergency physicians when considering
the diagnosis of IRIS are Mycobacterium tuberculosis and JC virus. If HAART
is started concomitantly with treatment for tuberculosis, there is a high risk
of the patient experiencing IRIS. Up to 43% of patients in this scenario can
experience this complication [38]. Such patients usually will present with
exacerbation of pulmonary symptoms, but extrapulmonary manifestations
of tuberculosis, particularly in the abdomen or CNS, can also recrudesce.
Similarly, patients who are infected with JC virus at the time of initiation of HAART can manifest progressive multifocal leukoencephalopathy,
which may present with altered mental status, gait disturbances, or even
seizures. Unlike classic PML, IRIS-related PML lesions can be contrast enhancing with space occupying lesions on CT and MRI [39, 40].
The important issue for the emergency physician is to recognize that
IRIS is largely a self-limited process that should be treated with supportive measures without discontinuation of HAART. As HAART remains the
mainstay for therapy for most opportunistic infections or autoimmune illnesses that can manifest with IRIS, patients should be treated symptomatically for constitutional symptoms using NSAIDs. Corticosteroids may be
added in close consultation with the treating infectious disease specialist,
but their use is largely confined to when the opportunistic pathogen involved has a specific therapy that can be given to treat worsening clinical
symptoms [41].

Gastrointestinal and hepatobiliary diseases
in HIV-positive adults on HAART
Ailments of the GI tract remain a common problem in HIV-positive patients on HAART. Most of the medications in the HAART regimen have
a side effect of nausea, which can lead to poor oral intake, malnutrition,
dehydration, and medication noncompliance. The advent of HAART has

P1: PAB/UKS
BLBK370-08

P2: PAB
Color: 1C
BLBK370-Venkat
March 25, 2011

148

18:59

Trim: 229mm X 152mm

Challenging and Emerging Conditions in Emergency Medicine

resulted in a dramatic decrease in the incidence of Candidal esophagitis,
though patients with a poor response to HAART can still present with this
condition [42]. In contrast, Clostridium difficile diarrhea has emerged as a
significant concern among HIV-positive adults on HAART. Up to 36% of
HIV-infected adults who are hospitalized for diarrhea are found on stool
testing to have C. difficile as the inciting agent [43]. For the emergency
physician, stool testing for this pathogen is highly recommended in this
patient population along with aggressive assessment and treatment of dehydration. In addition, a careful history regarding volume and frequency
of stool and CD4 count can help the emergency physician to narrow their
differential diagnosis in terms of the inciting pathogen causing the diarrhea. In general, patients with CD4 count ⬎200 are as likely to have selflimited and viral causes of diarrhea as the general patient population. For
patients with CD4 count ⬍200, bacterial causes, such as C. difficile, Shigella,
and Salmonella, along with opportunistic pathogens, such as Cryptosporidium, Microsporidium, and Mycobacterium avium, are more prevalent and often require hospitalization for treatment of dehydration and the underlying inciting agent [44].
Patients on HAART can also present with acute pancreatitis. A recent
study showed that the rate of pancreatitis has not decreased from the preHAART era and that the incidence in HIV-positive adults on HAART is
five times that of the general patient population. Numerous factors contribute to this finding. HAART medications, especially nRTI, have side effects of causing acute pancreatitis. The hypertriglyceridemia from protease
inhibitors can also contribute to pancreatitis. Finally, other more common
cause of pancreatitis, such as alcohol use and gallstones, can also be seen in
this patient population. Taken together, it behooves emergency physicians
to consider acute pancreatitis in the differential diagnosis of HIV-positive
adults on HAART who present with abdominal pain. Testing for serum
lipase levels and CT imaging are the most accurate diagnostic modalities
with treatment largely consisting of supportive care (intravenous hydration, analgesia, and discontinuation of inciting medications) [13].
As discussed above, nearly all HAART medications can cause abnormalities in liver function, ranging from mild elevation in transaminases to fulminant hepatic failure. Up to 49% of patients on atazanavir can manifest
an indirect hyperbilirubinemia, which is benign and does not require further evaluation [13]. What has emerged as a critical issue in HIV-positive
patients on HAART is concomitant infection with hepatitis B and C. Such
coinfection can lead to a 2–3 times elevation in risk of developing chronic
liver disease. Additionally, hepatitis C coinfection is associated with a faster
presentation of AIDS-defining illnesses in this patient population. Certain
antiretroviral medications have activity also against hepatitis B (lamivudine, emtricitabine, and tenofovir), and, in general, both hepatitis B and
HIV should be treated concurrently [45–47].
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Given the broad differential diagnosis that exists for liver disease in
HIV-positive adults on HAART, an approach that focuses on history,
physical examination, and the pattern of laboratory liver abnormalities
can aid the emergency physician in assessing these patients. Focal elevation of transaminases may be attributable largely to medication side
effects or chronic hepatitis viral infection or IRIS. Indirect hyperbilirubinemia is largely confined to conditions causing hemolysis or the use
of atazanavir. In contrast, synthetic dysfunction and hepatic failure suggest fulminant hepatitis B or C infection or toxicity from HAART medications such as nevirapine. HIV-cholangiopathy may be attributable to
Cryptosporidium infection. As with HIV-negative adults, disposition decisions for the emergency physician will largely focus on the presence of
liver synthetic dysfunction and clinical status, with patients who have isolated laboratory abnormalities being safe to discharge with close outpatient
follow-up [13, 48].

Hematologic and oncologic diseases in HIV-positive
adults on HAART
The use of HAART in the treatment of HIV-positive adults has resulted in
a number of changes in the epidemiology of hematologic and oncologic
conditions that can cause this patient population to present to the emergency department. Zidovudine can classically cause a macrocytic anemia
and is treated largely symptomatically. Trimethroprim–sulfamethoxazole
is also implicated in patients requiring PCP prophylaxis [49]. Neutropenia
and thrombocytopenia, which can manifest with the progression of HIV,
are largely treated with HAART though these medications can be associated with suppression of these cell lines as well, most prominently zidovudine [50]. It is now recognized that HIV-positive adults are at higher risk
of complications of venous thromboembolism than the general population with a result that emergency physicians should have a low threshold
for evaluating these patients for this complication [51]. Later stage HIV
also has a clear association with thrombotic thrombocytopenic purpura,
and emergency physicians should recognize this diagnosis in the presence
of hemolytic anemia and thrombocytopenia and initiate treatment with
plasmaphoresis [52].
HAART has resulted in a decreased incidence of certain AIDS-defining
cancers such as Kaposi’s sarcoma and primary CNS lymphoma. However,
there has been a concomitant increase in Hodgkin’s lymphoma, anal cancer, and lung cancer, which may be age related. For emergency physicians,
prompt referral of patients with anal warts for evaluation for anal cancer
is important given the higher incidence of human papilloma virus-related
anal cancer among HIV-positive adults [53].
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Endocrine disease in HIV-positive adults on HAART
The use of protease inhibitors has resulted in a higher incidence of insulin
resistance among HIV-positive adults on HAART than the general population. As a result, there is a rising incidence of diabetes mellitus which
should be recognized by emergency physicians both as a primary reason
for ED presentation and as a risk factor for cardiovascular, cerebrovascular,
and renal disorders [54]. IRIS can also cause an autoimmune thyroid disorder than can manifest as Grave’s disease or even thyrotoxicosis. Treatment
is similar to the HIV-negative adult with these conditions [55].

Psychiatric diseases in HIV-positive adults on HAART
While not a common cause of acute ailments in the HIV-positive adult population, psychiatric disorders have a profound impact on issues of medication compliance and resultant morbidity from non-psychiatric conditions.
40% of all HIV-positive patient referrals for psychiatric treatment are due
to depression, and for emergency physicians, recognition of depression in
this patient population should lead to prompt referral and aid to the patient who requires long-term psychiatric management [56].
The commonly used NNRTI efavirenz has well recognized neuropsychological side effects. Generally manifesting within the first 4 weeks of treatment, most patients will manifest mild symptoms of sleep disturbance and
irritability and do not need to stop the medication. However, psychosis can
also present as a side effect of this medication, and this requires prompt
discontinuation of its use. Most neuropsychological symptoms caused by
efavirenz will resolve within 4 weeks of treatment, though late depressive symptoms can also manifest, requiring concomitant antidepressant
use [57].

Dermatologic diseases in HIV-positive adults
on HAART
As with psychiatric conditions in this patient population, dermatologic
conditions can lead to noncompliance with prescribed medications and
resultant morbidity. There are a number of dermatologic conditions that
continue to manifest in this patient population even with the use of
HAART. Low CD4 counts can cause the presentation of infectious conditions such as bacterial folliculitis due to S. aureus, Herpes zoster, and disseminated scabies [58]. HAART itself can lead to photosensitivity reactions
and increased risk of Molluscum contagiosum [59]. Certain HAART medications (atazanavir, delaviridine, and nevirapine) cause an increased risk of
developing Stevens–Johnson syndrome [13]. Finally, as discussed above,
emergency physicians should recognize that abacavir can cause a drug
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hypersensitivity reaction that can be quite severe and requires aggressive
supportive care and discontinuation of the medication [14].

Ocular diseases in HIV-positive adults on HAART
With the use of HAART, the incidence of CMV retinitis has decreased up to
80% in the HIV-positive adult population [60]. However, IRIS can cause a
CMV uveitis that presents with eye pain, photophobia, and inflammatory
cells within the anterior chamber of the eye. Treatment involves the use
of topical corticosteroids in careful consultation with an ophthalmologist
who can follow the patient’s response as an outpatient [61].
HIV can also cause a retinopathy that leads to vision abnormalities involving color and light perception. It is not clear what is the pathophysiology of this process nor whether HAART has resulted in a reduced incidence of this condition [62]. For the emergency physician, recognition of
this condition should lead to referral of the patient to outpatient ophthalmologic follow-up.

Musculoskeletal diseases in HIV-positive adults
on HAART
HIV-infection and antiretroviral therapy cause a variety of musculoskeletal disorders [63]. HIV-infected patients are susceptible to the same types
of fractures, dislocations, and other musculoskeletal disorders as nonHIV infected patients. However, there are a number of musculoskeletal conditions that are specific to this patient population. Patients that
are profoundly immunosuppressed (CD4 count ⬍50) are predisposed to
disseminated and unusual infections, including disseminated bartonella,
tuberculosis, pyomyositis, and atypical mycobacterial infections. Noninfectious spondyloarthropathies are also commonly associated with HIV,
as are myopathies. With the alteration in clinical course achieved by
HAART in HIV-infected patients, there has been a corresponding change
in the types of musculoskeletal complications HIV-infected patients may
experience. For example, there has been a decrease in opportunistic infections and an increase in both osteopenia and osteonecrosis [64].
Polymyositis can occur at any stage of HIV infection [65, 66]. Patients
present with a subacute, progressive, proximal muscle weakness and an
elevated creatine kinase (CK) level. It may be the first sign of HIV infection. Treatment with corticosteroids appears to be beneficial. High dose
zidovudine is associated with a polymyositis-like picture in a small percentage of patients, and clinical and laboratory features normalize several
months after discontinuing therapy [67].
Multiple studies have suggested that HIV-infected patients have lower
bone mineral density (BMD) than age-matched controls [68–70]. Causes
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of this decrease in BMD include HIV itself as well as secondary effects
from medications. Antiretroviral therapy, especially protease inhibitors,
has been linked to the development of osteopenia and osteoporosis
[69, 70]. Not surprisingly, the reduction in bone strength leads to an increased risk of fractures of the hip and spine [70].
Osteonecrosis, previously known as avascular necrosis, refers to bone
infarction at the epiphyseal regions of a bone near a joint. The incidence
of osteonecrosis is almost 50 times greater in HIV-infected patients [64].
Other predisposing factors that may contribute to this increased incidence
of osteonecrosis in HIV-infected adults include hypertriglyceridemia, corticosteroid use, and ethanol abuse. Antiretroviral medications, especially
protease inhibitors, have also been implicated [63, 68]. Osteonecrosis occurs most often in the femoral head, but may occur in other locations
also. Routine radiographic screening for osteonecrosis in asymptomatic patients is not recommended [71]. However, MRI of the hip is recommended
in patients with persistent pain and in those who have abnormal plain
radiographs.
Unexplained myalgias, in association with fatigue and vomiting, may
be due to lactic acidosis. Most often associated with the use of didanosine and stavudine, the complication is confirmed by an elevated
serum lactic acid level. Treatment is largely supportive, and with the advent of newer antiretroviral regimens, this complication has become less
prevalent [13].

The next five years
With the advent of HAART, there has been a profound improvement in the
life expectancy of HIV-positive adults. However, the requirement of combination therapy creates barriers to adherence, which may increase the risk
of treatment failure [10]. In 2006, the FDA approved Atripla (efavirenz
plus tenofovir and emtricitabine)—the first single-pill, once daily fixeddose regimen (FDR)—for HIV-positive adults who are treatment naı̈ve. A
handful of FDRs are in late stage development; these include the addition of an integrase inhibitor and a newer generation NNRTI to an nRTI
backbone [72]. There is potential that the next 5 years will see more FDR
treatments for HIV-positive adults, which will aid in their adherence to
treatment and further improvement in clinical outcome.
The next phase of the HIV-epidemic, certainly in the developed world,
will involve the management of older adults with HIV. It is estimated that
more than half the HIV-positive population in the United States will be
over age 50 by 2015 [73]. For emergency physicians, the challenge of the
next 5 years in managing older HIV-positive adults will be in assessing the
interaction of HIV-related illnesses and treatment with diseases that are a
result of the natural course of aging. Research is needed to determine how
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the management of this patient population may change with the aging of
HIV-positive adults.

Conclusion
The use of HAART among HIV-positive adults has resulted in a profound
improvement in the longevity and quality of life in this patient population.
However, for emergency physicians, HAART has led to a changed spectrum of illness that requires a broader consideration of conditions that may
require emergency evaluation and treatment. A better familiarity with this
changing epidemiology and close consultation with treating infectious disease and primary care physicians will aid the emergency physician in managing the HIV-positive adult patient who presents to the ED.
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Introduction and epidemiology
Cancer is one of the most feared diagnoses that confronts patients on a regular basis. With the aging of the general population, the incidence of cancer in the United States is increasing. According to American Cancer Society data, 292,540 men and 269,800 women died of cancer in 2009 [1]. This
growing trend is not isolated to the United States; World Health Organization data from 2004 indicates that 13% of all deaths worldwide (7.4 million deaths) were attributable to cancer [2]. As the number of cancer
patients increases, so does the variety of chemotherapeutic agents available to treat these patients. Monotherapy is rarely seen in modern cancer
treatment, resulting in increasing number of agents to which each patient
is exposed. Side effects are unfortunately common during chemotherapy.
The extent of these manifestations varies based on the agent(s) used, the
dose administered, and the frequency of therapy.
For emergency physicians, this creates the double challenge when
treating cancer patients of determining whether acute illness is due to
the underlying disease or its treatment. Given the complexity of modern oncologic treatment protocols, close contact with the treating cancer
specialist of the patient is required to avoid serious adverse outcomes. At
the same time, a working knowledge of the common chemotherapeutic
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regimens and their outcomes will aid emergency physicians in managing
cancer patients when presenting to the emergency department. This
chapter discusses the emergency department (ED) evaluation and management of cancer patients who present with complications related to
chemotherapy.

General principles in the emergency
department evaluation of cancer patients
receiving chemotherapy
When a cancer patient who is receiving chemotherapy presents to the
ED, there are some important historical points that should be obtained.
Ideally, the patient or a family member will be able to provide the exact
regimen that the patient is receiving. However, when that information is
not available, it is possible to make an educated assumption as to what
chemotherapeutic agents the patient may be receiving based on the underlying cancer diagnosis. Tables 9.1–9.3 summarize the current first-line
regimens for chemotherapy based on diagnosis and the commonly used
abbreviations that may be provided by patients [3].
Once the presumed or identified chemotherapeutic regimen has been
identified, the emergency physician should note the date of the last
chemotherapy session as several clinical complications are related to the
time of administration. Neutropenia, for example, is typically seen within
7–10 days of chemotherapy; however, this may develop as much as
2–3 months after treatment with rituximab [4]. At the same time, the
mechanism of action of the chemotherapeutic regimen in use can, in some
cases, predict associated side effects of therapy. Table 9.4 summarizes the
mechanisms of action, uniquely associated side effects, and commonly
identified serious side effects of chemotherapeutic agents that may cause
presentation to the ED.
Targeted therapies have recently been developed that utilize monoclonal
antibody therapy and inhibitors of tyrosine kinase. Monoclonal antibody
therapy has been developed to take advantage of tumor biochemistry
while limiting systemic side effects (Table 9.5). A specific nomenclature
is used to describe new antibodies. The ending “-mab” designates a monoclonal antibody while the suffix “-nib” indicates tyrosine and multikinase inhibitors. For monoclonal antibodies, the letter preceding -mab indicates the source of the antibody: “o” is murine, “u” is human, “xi” is a
chimera, and “zu” is a humanized origin. The letter preceding the cell line
source indicates the type of tumor the therapy is targeting: tu (m) indicates
a general or miscellaneous tumor. It is important to consider the origin
of the monoclonal antibody being used in a particular treatment plan as
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Table 9.1 Common chemotherapeutic regimens for solid tumors

Cancer

Agents

Common
abbreviations
for regimen

Lung

Mitomycin, vinblastine, cisplatin

MVP

Mitomycin, ifosfamide, cisplatin

MIC

Vinorelbine or gemcitabine + cisplatin

NP

Cyclophosphamide, methotrexate, 5FU

CMF

Breast

Tamoxifen if estrogen+
Vinca alkaloid or anthracycline in metastatic
disease

C

Trastuzumab (Herceptin ) (for Her2Neu+
patients)
Esophageal

Cisplatin, 5FU +/– mitomycin

Gastric

5FU, cisplatin, mithromycin, docetaxol
5FU, adriamycin, methotrexate

Pancreas

5FU, gemcitabine, erlotinib

Hepatocellular

Anthracyclines, 5FU, etoposide, cisplatin

FAMTX

Radiolabeled antibodies
Colorectal

5FU, lecuovorin, mithromycin
5FU, leucovorin, oxaliplatin

Prostate

Excision + luteinizing hormone releasing
hormone antagonist

Bladder

Surgery only; chemotherapy rare

Renal cell

Surgery and medroxyprogesterone
Some benefit with 5FU or tamoxifen
Interferon alpha
Aldesleukin (IL-2)
5FU, interferon alpha, IL-2

Germ cell of
the testes

Bleomycin, etoposide, cisplatin

Cervix

Surgery + cisplatin

Ovarian

Cisplatin or carboplatin + paclitaxel

Brain

Carmustine

BEP

BCNU
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Table 9.2 Common chemotherapy regimens for hematological malignancies
Common
abbreviations
for regimen

Cancer

Agents

AML

Daunorubicin or idarubicin, cytosine +/–
etoposide, imatinib

ALL

Vincristine, prednisolone, anthracycline +/–
asparginase
Cytosine, etoposide and cyclophosphamide once
in remission

CLL

Alkylating agent, prednisone
Nucleoside analogues
Immunoglobulin

CML

Allopurinol, hydroxyurea

C

Interferon alpha, imatinib (Gleevec )
Multiple
myeloma

Vincristine, doxorubicin, methylprednisolone
then melphalan
Interferon alpha for maintenance

Hodgkin’s
lymphoma

Non-Hodgkin’s
lymphoma

Mustine, vincristine, procarbazine,
prednisolone

MOPP

Doxorubicin or adriamycin, bleomycin,
vinblastine, dacarbazine

ABVD

Vincristine, epirubicin, etoposide, prednisolone

VEEP

Bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine,
prednisone

BEACOPP

Cyclophosphamide, doxorubicin, vincristine,
prednisolone

CHOP

Prednisolone, doxorubicin, cyclophosphamide,
etoposide, cytarabine, bleomycin, vincristine,
methotrexate

ProMACECytaBOM

murine-based antibodies cause the highest rate of hypersensitivity during
infusion; humanized cells the least amount of hypersensitivity. Patients
may present to the ED with a variety of hypersensitivity-related concerns,
including fever, chills, sweats, gastrointestinal distress, back pain, and
anaphylaxis.
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Table 9.3 Common chemotherapeutic regimens for skin and bone cancers

Cancer

Agents

Melanoma

Surgery, then interferon alpha/IL-2
Dacarbazine for metastatic disease

Sarcoma

Doxorubicin and ifosfamide for metastatic
disease

Rhabdomyosarcoma

Dactinomycin, ifosfamide, doxorubicin +/–
etoposide or carboplatin

Osteosarcoma

Cisplatin, doxorubicin, methotrexate

Ewing’s sarcoma

Doxorubicin, ifosfamide, vincristine,
etoposide

Kaposi’s sarcoma

Highly active antiretroviral therapy +
daunorubicin

Common
abbreviations
for regimen

Clinical side effects of chemotherapeutic agents
Neurologic
A variety of neurologic complications are associated with chemotherapy.
As a result, a thorough neurovascular examination should be performed
early in the physical exam to identify the presence of a neurological abnormality that may be attributable to the chemotherapeutic regimen. Careful
attention should be paid to mental status and focal neurological deficits.
Cord compression typically results from metastatic lesions to the spine and
results in significant neurovascular deficits; this condition is considered a
true oncologic emergency. Patients with suspected cord compression typically present with severe back pain with associated weakness. Sensory
deficits are also associated with cord compression, as are changes in urinary and fecal control. Emergent imaging, usually MRI, should be performed to determine the extent of the lesion. Intravenous steroids should
be administered in an attempt to limit cord damage and potentially spare
neurologic function. Ideal dosing of steroids in cord compression cases is
somewhat controversial. Current recommendations now focus on using
the neurologic exam to guide steroid dosing; high dose steroids (100 mg
dexamethasone loading dose with 96 mg per day in divided doses every
6 h) recommended for patients with rapidly deteriorating neurologic exams and a moderate dosing regimen (10 mg dexamethasone loading dose
with 16 mg per day in divided does every 6 h) for patients with known
lesions but a stable neurologic exam [5].
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Table 9.4 Mechanisms of action, and uniquely associated and serious side effects

of common chemotherapeutic agents

Class of agent

Mechanism of action

Example

Anthracyclines

Inhibit DNA uncoiling

Doxorubicin,
doxorubicin
liposomal
Daunorubicin,
daunorubicin
liposomal

Alkylating
agents

Antimetabolites

Characteristic side
effects
Cardiomyopathy,
alopecia, infusion
reaction with
liposomal
formulation

Binds DNA strands
preventing replication

Cyclophosphamide

Hemorrhagic
cystitis

Binds single DNA
strands

Cisplatin

Nausea/vomiting,
neuropathy, renal
insufficiency

Inhibit basic cell
metabolism

5-fluorouracil
(5FU)

Palmar–Plantar
syndrome

Capecitabine
(oral prodrug of
5FU)

Cardiotoxicity,
hyperbilirubinemia

Cytarabine (aka
cytosine)

Anaphylaxis, sepsis

Methotrexate

Thrombosis, AML

Azathioprine

Pancreatitis,
hepatotoxicity

Mercaptopurine
(6MP)

Hepatotoxicity,
myelosuppression

Microtubular
agents

Block microtubule
formation necessary
for mitosis

Paclitaxel,
paclitaxel protein
bound

Alopecia,
neuropathy

Vinca alkaloids

Prevent mitosis

Vincristine,
vinblastine

Neuropathy,
constipation

Bleomycin

Pulmonary fibrosis

Mitomycin

Hemolytic–Uremic
syndrome

Increase T cell
production and
function

Aldesleukin (IL-2)

Capillary leak
syndrome

Activate natural killer
cells and macrophages

Interferon

Tachycardia
pulmonary edema

Antibiotics

Immune
therapy


C


C ∗


C


C

Stevens—Johnson syndrome, corneal ulcer

Erlotinib (Tarceva )


C

Disseminated intravascular coagulation,
hepatotoxicity, rashes

Cardiotoxicity

Sudden cardiac death, rashes

Hepatotoxicity, severe cutaneous or
mucocutaneous reactions, delayed and
prolonged cytopenias

Gefitinib (Iressa )


C

Trastuzumab (Herceptin )

Cetuximab

Ibritumomab tiuxetan (Zevalin )

Neutropenia, thrombocytopenia
hepatotoxicity, myelosuppression

Severe mucocutaneous reactions

Neutropenia (late onset), thrombocytopenia,
multifocal leukoencephalopathy, tumor lysis
syndrome

All can cause hypersensitivity and infusion
reactions

Side effects

19:0

Gemtuzumab ozogamicin (Mylotarg )

Rituximab (Rituxan )

Example
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Table 9.5 Mechanisms of action and common side effects of targeted therapies used in cancer treatment
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C

GI perforation,
acute renal failure
Stevens–Johnson syndrome,
pulmonary embolism, teratogencity

Temsirolimus (Torisel )

Thalidomide (Thalomid )


C

Bortezomib (Velcade )

Thrombocytopenia, peripheral neuropathy

Pleural effusion, GI bleed, cardiotoxicity

Dasatinib (Sprycel )


C

Cardiac tamponade, cardiogenic shock,
hypokalemia, cardiotoxicity

Imatinib (Gleevec )


C

Anemia, stomatitis, cardiotoxicity


C

Sorafenib (Nexavar )


C

Torsades de Pointes, hyperkalemia,
cardiotoxicity

Thromboembolism, hemorrhage

Sunitinib (Sutent )


C

19:0

Voluntarily recalled from the market.


C

Bevacizumab (Avastin )
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Altered mental status
Patients undergoing chemotherapy may present to the ED with altered
mental status. Several clinical conditions must be considered, including return of primary central nervous system lesions, metastatic lesions, and infectious processes. A glucose level and vital signs should be checked upon
patient arrival. A thorough neurologic exam should be performed, with
attention to cerebellar function, reflexes, speech, and cognitive function.
A CT scan of the head (without and possibly with contrast) should be performed early in the course of the ED visit. Imaging is particularly important before a lumbar puncture to assess the risk for possible herniation.
CSF analysis should include at least protein, glucose, cell counts (from
tubes 1 and 4), and HSV. Additional studies can be added based on individual patient risk factors. Once standard infectious processes have been
ruled out, it is important to consider that certain chemotherapeutic agents
are associated with mental status changes. Cisplatin, cytosine, 5FU, ifosfamide, and tamoxifen have all been associated with encephalopathy. The
newer agents, particularly the monoclonal antibodies, have an increased
risk of altered mental status than more traditional therapies. The risk of
chemotherapy associated altered mental status increases significantly with
intrathecal administration though changes can still be seen with systemic
therapies. Cytosine and methotrexate are known to cause aseptic meningitis. Cerebellar dysfunction is often seen following treatment with cytosine and 5FU; MRI should be considered to further evaluate this anatomic
region. Delirium must be considered as well. A multitude of chemotherapy agents have been linked to delirium, including bleomycin, cisplatin,
cytosine, 5FU, interferon, interleukin (IL), ifosfamide, methotrexate, prednisone, procarbazine, vinblastine, vincristine, carmustine, and combination therapy with BCNU. As with any case of delirium, the emergency
physician should rule out infectious etiologies before assuming delirium is
the cause of the patient’s altered mental status.
Seizures
Seizures are associated with several commonly used chemotherapeutic agents, including cisplatin, vincristine, and ifosfamide. Chemotherapy
associated seizures typically respond to standard therapy, with benzodiazepines such as lorazepam being the first-line agent; the phenytoins,
barbiturates, and sedation with propofol can be tried in succession if benzodiazepines do not stop seizure activity.
Sensory changes
Hearing loss and tinnitus can result from cisplatin and carboplatin use
as these agents increase NADPH oxidase production leading to increased
free radicals and significant ototoxicity [6]. Although the exact mechanism of hearing loss has not yet been elucidated, the investigational use
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of diphenyleneiodonium chloride or apocynin has limited free radical production and thus limited cisplatin associated ototoxicity [7]. Symptoms
rarely resolve with discontinuation of the medication. Peripheral neuropathy is also common after treatment with cisplatin, paclitaxel, and
vincristine. It is theorized that the chemotherapeutic agents, particularly
paclitaxel, induce change in microtubule organization within nerve cells;
thus, these deficits tend to be long standing [8]. Combination therapy with
cisplatin and paclitaxel has been shown to have a greater effect on nerve
conduction than the agents used separately, potentially accelerating the
development of peripheral neuropathy [9]. Cisplatin has also been linked
to the development of Lhermitte’s Sign, transient paresthesias that radiate
from the neck into the upper extremities. Alpha-lipoic acid in an in vitro
model has been shown to limit the development of cisplatin–paclitaxel induced peripheral neuropathy by serving as a potent mitochondrial antioxidant [10]. IL-6, in a rodent model, has also shown promise in limiting the
development of chemotherapy-related peripheral neuropathy, particularly
that associated with cisplatin, vincristine, and paclitaxel [11]. An additional area of potential neurotoxicity involves ABVD therapy for Hodgkin’s
lymphoma in patients who are HIV positive and on antiretroviral therapy.
Many chemotherapeutic agents and antiretroviral agents are metabolized
through the cytochrome P450 system, thus slowing degradation of both
agents and accelerating neurotoxicity, particularly peripheral neuropathy
[12]. Bleomycin has been linked to the development of Raynaud’s syndrome [13]. The incidence of Raynaud’s also increases with concurrent
use of vinblastine during treatment for germ cell tumors of the male genitourinary system [13].

Central nervous system toxicity
Direct neurotoxicity can also occur during intrathecal administration of
chemotherapy and by agents that cross the blood–brain barrier. Intrathecal errors can occur by pump malfunction, improper concentration of
chemotherapeutic agent, or by misidentification of the intrathecal pump
versus the standard port or PICC line. Patients will typically note almost
instantaneous pain; muscle spasms and alterations of hemodynamic parameters are also common. If medication errors are discovered, CSF exchange should be performed as quickly as possible; isotonic saline or
lactated ringer’s can be infused intrathecally to replace fluid and ideally
reduce additional headaches/pain associated with rapid changes in CSF
volume [14]. This should be done in consultation with both neurosurgery
and anesthesia as well as the local poison control center. Admission is
warranted to monitor neurologic status. Cyclophosphamide and 5FU easily cross into the CNS while agents like doxorubicin and paclitaxel do
not. Insulin-like growth factor 1 (IGF-1), in a rodent model, promotes
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neurogenesis and thus limits direct neurotoxicity of the drugs that do penetrate the blood–brain barrier [15].
Cerebrovascular accident
Patients undergoing chemotherapy are also at risk for cerebrovascular accidents (CVA); underlying co-morbidities also contribute significantly to the
likelihood of CVA. Most CVAs associated with cancer tend to be ischemic
in nature; tumor embolism may result in ischemic stroke as well [16].
Hemorrhagic CVAs are typically associated with leukemias, lymphomas,
and multiple myeloma [16]. Evaluation of these patients should proceed
as would the evaluation of a non-cancer patient presenting with stroke like
symptoms. It may be beneficial to obtain an MRI early in the workup to
facilitate delineation between CVA and metastatic disease. Also, if t-PA is
being considered in the chemotherapy patient, it is important to ensure the
patient is not thrombocytopenic as platelet count ⬍100,000 is an exclusion
criterion for t-PA administration [17]. Cancer patients may also be hypercoaguable, thus increasing the risk of cerebral venous sinus thrombosis.
This risk increases even further following therapy with asparaginase [16].
Cardiac
Cardiac manifestations of chemotherapy are very prevalent. Patients often
present with shortness of breath, chest pain, and cardiac dysrhythmias.
Evaluation of this chest pain should include standard diagnostic testing
including EKG, cardiac enzymes, B-natriuretic peptide, and chest X-ray.
Pericardial effusion (occasionally progressing to cardiac tamponade) is associated with cancer, both with metastatic lesions and as a side effect of
chemotherapy. Bedside ultrasound (or complete echocardiography) is an
integral part of the emergent evaluation of chemotherapy patients with
chest pain [18].
Cardiomyopathy is also a common cardiac side effect of chemotherapy,
with the anthracyclines being the most common causative agent. The exact
mechanism of this side effect is not fully understood, but it is believed that
the anthracyclines produce oxidative stress in the mitochondria [19]. Use
of several naturally occurring antioxidants, including vitamins A, C and
E, coenzyme Q, and carotenoids, has been proposed to limit cardiotoxicity [20]. Inhibition of endothelin-converting enzyme-1, thus decreasing
the amount of endothelin-1 produced in mitochondria, has also shown
promise in limiting anthracycline-induced cardiomyopathy [21]. Highdensity lipoprotein (HDL) has also been shown to protect cardiac myocytes
against the oxidative stresses induced by doxorubicin [22]. Administration of dexrazoxane, a derivative of the iron chelator EDTA, 30–60 minutes before chemotherapy has also been shown to limit the development
of chemotherapy-induced cardiomyopathy, particularly that resulting
from anthracycline administration [23]. It is believed that iron chelation
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decreases the amount of free radicals formed, thus limiting cell toxicity. Both the in vivo and in vitro free radical clearances of dexrazoxane
have been shown to be superior to both glutathione and uric acid [24].
While dexrazoxane decreases the incidence of anthracycline-associated
cardiomyopathy it does raise the risk of clinically significant leukopenia,
more so than therapy with the anthracyclines alone [25].
There is some evidence that survivors of childhood cancers treated with
high-dose anthracyclines and cardiac radiation have long-term left ventricular dysfunction [26]. There is also evidence that the development of
cardiac abnormalities may be delayed, as cardiac parameters often become
increasingly more abnormal as the time from therapy increases [27]. Unfortunately, standard therapy for congestive heart failure (CHF), particularly the second-line combination of digitalis and a diuretic, is not effective
at treating anthracycline-induced heart failure; heart transplantation is often required for definitive treatment.
The attribution of development of cardiomyopathy to the administration
of trastuzumab, commonly used to treat HER2+ breast cancer, has been
somewhat controversial as many patients treated with this agent have also
been given an anthracycline. The likelihood of cardiomyopathy increases
with cumulative doses of anthracyclines previously administered, and also
with combination therapy, particularly radiation therapy. The resultant
cardiac changes include decreased left ventricular wall mass leading to
dilated cardiomyopathy and potentially CHF (systolic dysfunction) [28].
In contrast to the anthracyclines, this effect of trastuzumab is not dose
dependent [29]. Cyclophosphamide, cisplatin, vinca alkaloids, and mitomycin have also been implicated in the development of cardiomyopathy.
Resveratrol, a naturally occurring antibiotic, limits cisplatin-induced cardiomyopathy by limiting free radical production in a rodent model [30].
Paclitaxel has been linked to cardiac dysrhythmias while 5FU typically
results in nonspecific EKG changes. Coronary artery spasm has also been
seen following 5FU administration [31]. Myocardial ischemia has been
documented after treatment with 5FU and capecitabine; this effect is even
more pronounced in patients with pre-existing coronary artery disease.
Doxorubicin has also been found to cause prolonged QTc intervals on EKG;
dexrazoxane has been shown to limit this development as well [32]. The
newly developed tyrosine kinase inhibitors, including imatinib, dasatinib,
nilotinib, sunitinib, sorafenib, and lapatinib, contribute to chemotherapy
associated cardiotoxicity, including cardiomyopathy, EKG changes, and
left ventricular ejection fraction changes, often resulting in heart failure
[33]. Gefitibin and erlotinib have not been found to have cardiotoxic effects [33]. Lastly, the emergency physician should not ignore the patient’s
underlying coronary artery disease risk factors when evaluating chest
pain in chemotherapy patients. The use of chemotherapy may add to the
acute coronary syndrome risk and is not a contraindication to aggressive
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management of myocardial ischemia, including cardiac catheterization and
possibly cardiac bypass surgery.
Pulmonary
Cancer in general does increase a patient’s risk for pulmonary embolism,
but the risk is even higher in patients with brain, lung, renal, gynecologic, or GI tract tumors [34]. Patients with multiple myeloma are also
at high risk for deep vein thrombosis (DVT) given the increased viscosity
seen with the condition. This risk is increased even further with the use of
thalidomide or lenalidomide in combination with dexamethasone, the two
agents typically used to treat multiple myeloma [35]. Additionally, patients
on mitomycin, bleomycin, cisplatin, bevacizumab, or cyclosporine have a
higher risk of DVT than those on other forms of chemotherapy [36]. If a
pulmonary embolism is diagnosed, a CT scan of the head should be performed to rule out intracranial lesions prior to initiating anticoagulation
therapy. Low molecular weight heparin (LMWH) is preferred over unfractionated heparin (UFH) for treating cancer-related DVT/pulmonary embolism. LMWH has several therapeutic advantages over UFH: less bleeding and less associated treatment resistance with LMWH than with UFH.
LMWH is also preferred over warfarin therapy for long-term treatment of
DVT/PE in cancer patients due to the difficulty in maintaining a therapeutic INR. Oncologic patients on warfarin therapy require more frequent INR
checks than cardiac patients on the drug; many chemotherapeutic agents
alter the normal metabolism of warfarin and thus can place the patient
at higher risk of bleeding or of developing a DVT/pulmonary embolism
[34]. Preventive therapy with LMWH is only currently recommended
for patients on combination therapy with thalidomide/lenalidomide and
corticosteroids; prophylaxis is not recommended for any other patient
subgroups [35].
Respiratory complications are commonly associated with chemotherapy.
The reason for this is twofold. Several chemotherapeutic agents have pulmonary side effects while others induce immunosuppression, thus making the patient more susceptible to both typical and atypical lung infections. Common pulmonary infections occurring in chemotherapy patients
frequently include pneumonia and pleural effusions. Patients with pneumonia should be treated for health care acquired infections given the
regularity with which they receive chemotherapy. Extreme infectious
cases can result in bronchiolitis obliterans organizing pneumonia (BOOP).
Patients with pleural effusions may require thoracentesis to determine if
the fluid collections are infectious or malignant in nature. Pulmonary toxicity (diffuse alveolar hemorrhage or fibrosis) is commonly associated with
bleomycin therapy; this, too, is dose dependent. In a prospective study
of 95 patients, bleomycin injected directly into hemangiomas and vascular malformations had previously not been associated with pulmonary
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toxicity [37], but use of this therapy in younger patients raises the possibility that pulmonary toxicity be a consideration in these patients [38].
Cyclophosphamide, busulfan, methotrexate [39], mercaptopurine (6MP),
cytosine, BCNU, vinca alkaloids, and paclitaxel have also been associated with clinically significant pulmonary complications [40]. Methotrexate toxicity typically results in pulmonary infiltrates; interstitial infiltrates
can be seen, but basilar infiltrates are more common. Pneumonitis is also
frequently seen with methotrexate therapy. Treatment of early, minimally
invasive cervical cancer with the combination of vincristine, bleomycin,
and cisplatin has been found to be particularly pulmonary toxic. BOOP
and interstitial pneumonitis are characteristic of this therapy [41]. Pulmonary function testing (peak expiratory flow in the ED setting) can help
guide therapy and should be incorporated into the acute diagnostic and
treatment plan [39]. Chest CT may also help differentiate the type of infiltrate and thus further guide therapy. Steroid use is critical in limiting the
progression of the pneumonitis and should be started as soon as possible.
Hematologic
Significant alterations in hematologic parameters can be seen following
chemotherapy. Neutropenia is particularly common following chemotherapy; time from last treatment is particularly important as individual agents
affect cell lines at different time intervals. Profound neutropenia places the
cancer patient at increased risk of infection. Care should be taken to ensure that reverse isolation precautions are applied to these patients to minimize iatrogenic infection risks. Thrombocytopenia is also associated with a
variety of agents, including mitomycin, methotrexate, hydroxyurea, 5FU,
anthracyclines, carboplatin, vinblastine, and busulfan [3]. Caution should
be taken to avoid trauma in this patient subgroup as apparently minor
head trauma can have catastrophic complications. Busulfan and BCNU
have been associated with prolonged alterations in cell lines; abnormalities have been found as long as 6 weeks from the time of administration
[42]. Attention should be paid to platelet counts prior to performing any
invasive procedure on a chemotherapy patient; hemostasis may be difficult
to achieve in this situation. Etoposide, a DNA topoisomerase inhibitor, significantly increases the risk of subsequent leukemia [13]. Methotrexate
toxicity can result in significant myelosuppression; anemia and thrombocytopenia can be clinically significant in cases of severe toxicity [43].
Tumor lysis syndrome
Tumor lysis syndrome is a combination of metabolic abnormalities resulting from partial breakdown of a tumor. Hematogenous tumors are
more frequently associated with tumor lysis syndrome than are solid lesions. The incidence of tumor lysis syndrome increases with the increasing
size of the tumor being treated as well as with the rapidity with which
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the lesion is broken down. Additionally, use of interferon alpha, tamoxifen, methotrexate, and rituximab are associated with higher likelihood of
tumor lysis syndrome. Hyperkalemia, hypocalcemia, hyperuricemia, and
hyperphosphatemia are the most common electrolyte abnormalities associated with tumor lysis syndrome [44]. An EKG should be performed
as soon as the diagnosis of tumor lysis syndrome is considered to ensure timely identification of electrolyte abnormalities. Hyperkalemia and
hypocalcemia can have significant morbidity and mortality associated and
should be treated as soon as the abnormalities are detected. The combination of electrolyte disturbances can also lead to organ failure, particularly renal failure. Care should be taken to ensure proper hydration and
thus appropriate urine output during the treatment period. Administration of allopurinol prior to chemotherapy has been shown to significantly
decrease the incidence of tumor lysis syndrome by inhibiting xanthine oxidase, effectively limiting uric acid production [44]. Allopurinol therapy
is currently recommended in patients at high risk for tumor lysis syndrome. If hyperuricemia develops, alkalinization of the urine is the preferred method of treatment; hyperphosphatemia may worsen after alkalinization of urine. Rasburicase, a recombinant urate oxidase, is also used
to limit the development of hyperuricemia associated with tumor lysis syndrome. This agent converts uric acid to allantoin, a highly soluble complex
that is easily excreted in the urine, thus enhancing elimination of uric
acid. The measurement of uric acid concentrations in patients on rasburicase will be adversely affected unless blood samples are handled appropriately and collected in pre-chilled heparin containing tubes and kept
chilled, with analysis occurring within 4 hours of collection. Urine specimens being evaluated for uric acid must also be chilled prior to analysis.
Concomitant alkalinization of the urine is not required when using this
agent [44]. Rasburicase is currently preferred over allopurinol in the pediatric population as well as in patients with renal insufficiency as dosage
does not need to be altered based on renal function [45,46]. Its use should
be avoided in patients with concurrent G6PD deficiency as these patients
are not able to metabolize the hydrogen peroxide byproduct of the uric
acid conversion and thus are at risk for hemolysis. Methemoglobinemia
is another reported side effect of rasburicase. Hypersensitivity reactions,
including anaphylaxis are common as well following rasburicase administration; such reactions should be treated with standard therapy [45].
Electrolyte abnormalities
Syndrome of inappropriate antidiuretic hormone (SIADH) can result from
chemotherapy [47] or from certain ADH secreting tumors, particularly
lung cancers. Hyponatremia is the hallmark of this condition, along with
excessive urinary sodium excretion. Signs and symptoms of hyponatremia
vary based on the absolute sodium value as well as the rapidity with which
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the level is reached. Severe hyponatremia may result in seizure and coma.
Hypertonic saline may be required to correct severe hyponatremia while
more moderate levels may be treated with water restriction. Hyponatremia
has been reported following intravenous cyclophosphamide administration [48]. Incidence of cyclophosphamide-induced hyponatremia increases
when hypotonic saline is used during therapy; isotonic saline is preferred
in this situation. Hypercalcemia is common in cancer patients, particularly
those with cervical, esophageal, head/neck, and lung cancers. Symptoms
typically include dehydration, altered mental status, and vague abdominal
pain. As with other electrolyte abnormalities, an EKG should be performed
when hypercalcemia is suspected; arrhythmias and QT abnormalities are
common. It is important to check total calcium as well as ionized calcium
to determine the level of biologically available calcium. Hydration is the
hallmark of therapy. Once patients are euvolemic, furosemide, and calcitonin can be used to enhance renal clearance of excess calcium.
Gastrointestinal
Perhaps the most common side effect of chemotherapy is gastrointestinal
distress, resulting in patients being persistently nauseated and often with
frequent episodes of vomiting. Almost all agents can cause these symptoms, but varying levels of risk are associated with the different drugs.
Cisplatin, carboplatin, ifosfamide, and the anthracyclines have a high incidence of GI distress while intravenous cyclophosphamide, the taxanes,
etoposide, and methotrexate have a moderate risk of vomiting [49]. The
American Society of Clinical Oncology classifies chemotherapeutic agents
on the likelihood to cause emesis. Cisplatin, high-dose cyclophosphamide,
carmustine, dacarbazine, and dactinomycin are all considered very high
risk for emesis while oxaliplatin, carboplatin, ifosfamide, doxorubicin,
danorubicin, moderate dose cyclophosphamide, and epirubicin are considered moderate risk (30%–90%). Low-risk medications include paclitaxel, doxitaxel, topotecan, etoposide, methotrexate, mitomycin, low-dose
cytarabine, 5FU, and trastuzumab. The vinca alkaloids, oral cyclophosphamide, bleomycin, busulfan, bevacizumab, and rituximab are the least
likely to induce nausea [49].
A variety of antiemetic agents are used to limit the discomfort associated
with this gastrointestinal distress. Patients receiving high-risk chemotherapeutic agents, anthracyclines, or cyclophosphamides are typically treated
prophylactically with three antiemetic agents, including a serotonin 5HT3
receptor antagonist, corticosteroids, and a neurokinin-1 receptor antagonist [49]. Neurokinin-1 receptor antagonists work by blocking substance
P, a potent trigger of emesis. The most commonly used agent is aprepitant.
Those undergoing therapy with the other moderate-risk agents typically
receive both a serotonin receptor ant agonist and corticosteroids. Low-risk
patients are typically given only a corticosteroid. Pre-emptive therapy is
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not usually prescribed for the very low-risk medications [49]. While serotonin 5HT3 receptor antagonists have few side effects, it is important for
the emergency physician to inquire about long-term use of dexamethasone as an antiemetic as the effects of frequent corticosteroid use may
affect patient presentation, particularly when relatively minor trauma results in significant fractures. Aprepitant itself may cause significant fatigue
and diarrhea. Knowledge of the emetic risk class of a particular chemotherapeutic agent can also help guide therapy in the ED as monotherapy may
not be adequate for all patients.
Further disruptions to normal bowel function can also be seen as paclitaxel commonly causes diarrhea while vincristine use frequently results in
constipation. The diarrhea associated with paclitaxel is often bloody as this
drug is also associated with lower GI bleeds [3,50]; corticosteroid use more
typically results in an upper GI bleed. Both upper and lower GI bleeds in
cancer patients should be treated in the same manner as bleeds not associated with chemotherapy. Constipation from chemotherapeutic agents can
be magnified by the concurrent use of opioid analgesics. Bowel regimens
are a key aspect of chemotherapy to limit the development of constipation
or even fecal impaction. Mucositis is also associated with chemotherapy.
This inflammation of mucosa can affect the oral cavity or the entire gastrointestinal tract. Patients typically notice irritation of the mucosal cells
within 3–4 days of chemotherapy; symptoms peak within 2 weeks of treatment. Oral mucositis is commonly seen following therapy with 5FU while
gastrointestinal mucositis is associated with irinotecan. Symptomatic and
supportive care is the mainstay of treatment, but patients should be closely
monitored to prevent superinfection of the lesions [51].
Several chemotherapeutic agents have been found to cause pancreatitis, including azathioprine, bleomycin, cisplatin, cyclophosphamide, cytarabine, 5FU, ifosfamide, interferon, methotrexate, mitomycin, and the
vinca alkaloids [52]. Ranson criteria should be applied to chemotherapy patients with pancreatitis. Lastly, hepatotoxicity may be seen following the use of cyclophosphamide, cisplatin, carmustine, cytarabine,
mercaptopurine, methotrexate, mithromycin, paclitaxel, etoposide, and
tamoxifen [3]. Supportive care is crucial in cases of hepatotoxicity. Nacetylcysteine should be considered in these patients and any patient with
chemotherapy-associated liver failure.
Renal
Nephrotoxicity also results from a variety of chemotherapeutic agents,
including cisplatin, IL-2, ifosfamide, mitomycin, interferon, carboplatin,
and methotrexate [3]. It is important to maximize the patient’s hydration status while on these agents in an effort to prophylactically limit
the development of renal insufficiency or failure. Dialysis is a viable
temporizing treatment modality for these patients. However, it is not
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particularly effective for clearing methotrexate. If methotrexate-induced
renal failure is identified early, the use of glucarpidase and leucovorin
have been shown to limit renal and direct methotrexate toxicity. However, these agents should be administered as soon as possible following
the onset of renal toxicity to have maximum benefit [53]. Glucarpidase is
an enzyme that inactivates methotrexate (as well as leucovorin) and limits
the development of methotrexate toxicity [43,54]. Combination therapy
with cisplatin and paclitaxel has been found to be particularly nephrotoxic.
Effects are greater than those seen during monotherapy with cisplatin.
Given the relatively low renal injury profile associated with paclitaxel use,
this is particularly concerning and thus the mechanism of this reaction is
the focus of much research [9]. The antidiabetic medication rosiglitazone
has been shown to be nephroprotective during cisplatin therapy as has
carvedilol, the ␤-1 blocker/␣-1 blocker [55]. It is theorized that rosiglitazone upregulates IL-10, an anti-inflammatory mediator, thus limiting toxicity [56]. IL-6 deficiency in a rodent model contributes to accelerated cisplatin nephrotoxicity [57]. Drug–drug interactions have also been shown
to increase methotrexate toxicity; proton pump inhibitors significantly
delay methotrexate elimination, resulting in toxicity. If possible, use of
this medication class should be limited during methotrexate therapy [58].
Hemorrhagic cystitis is commonly seen with cyclophosphamide and ifosfamide. MESNA (2-Mercaptoethane sulfonate sodium) can be used to limit
the development of hemorrhagic cystitis by binding to the toxic metabolites, thus limiting the cellular damage [59]. Again adequate hydration is
paramount to maintain renal function and in this case to maintain patient
comfort. Intravascular hemolysis may result from Rho immunoglobulin
therapy; the first manifestation of this condition is often hematuria. Use of
this agent is now limited to closely monitored, extended care units [60].

Dermatologic
Chemotherapy can have devastating consequences for the skin, particularly in cases of extravasation of the chemotherapeutic agent. It is
important to consider the diluent used to administer the actual chemotherapeutic agent as this too may contribute to skin changes associated with
extravasation. The site of the extravasation can impact the extent of symptoms. If the extravasation is from a chest wall port, the emergency physician should consider the possibility of mediastinitis; CT scanning of the
chest may be required to fully evaluate the extent of tissue damage.
Peripheral extravasation should be treated with elevation and ice; compression also helps limit the spread of the agent. Anthracycline extravasation result in ulceration that progresses to skin necrosis [61].
Dexrazoxane in a formulation different from that used for cardioprotection has also shown utility as an antidote to anthracycline extravasation if
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administered as soon as possible and within 6 hours of the extravasation
[62]. Vincristine, vinblastine, and vesicants, such as doxorubicin and mitomycin, typically result in necrosis if extravasation occurs. Several antidotes
are available to limit the extent of tissue toxicity following extravasation
(Table 9.6 below).
Table 9.6 Common antidotes
Chemotherapy agent

Antidote

Mechanism

Anthracycline
(extravasation)

Dexrazoxane

Limits free radical synthesis

Mitomycin
(extravasation)

DMSO

Free radical scavenger

Vinca alkaloids
(extravasation)

Hyaluronidase

Increases systemic absorption to
limit local damage

Methotrexate

Leucovorin

Bypasses methotrexate block to
provide active folate

Glucarpidase

Inactivates methotrexate in
plasma

Uridine triacetate

Competes with active 5FU
metabolites for incorporation into
RNA

5FU, capecitabine

Palmar–plantar syndrome is frequently seen following 5FU, doxorubicin, and IL-2 therapy; the oral agents capecitabine and sorafenib have
also produced this syndrome [3].This condition results as chemotherapeutic agents are excreted into the skin cells and concentrate in the palms and
soles. Typical features of this condition include erythema, exquisite pain,
and in severe cases sloughing of the skin. Exposure to hot water should be
limited, as should prolonged walking or activities with the hands. Therapy
is initially supportive; however, oral antibiotics and steroids may be required. Extreme cases may require IV antibiotics, IV steroids, and hospital
admission. Acne like skin eruptions may be seen following cetuximab or
erlotinib use. One study did show that topical therapy with nadifloxacin
cream was preferred over tetracycline or isotretinoin due to fewer interactions with the chemotherapeutic agents [63]; larger studies are still needed
to fully evaluate topical therapy in this situation.
Reproductive system
The reproductive system is particularly susceptible to the effects of
chemotherapy. Sperm production is significantly limited, if present at all,
following chemotherapy; such suppression can last up to 5 years after
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therapy. Administration of testosterone along with chemotherapy may
limit the negative impact on sperm production [64], but sperm donation
should be considered prior to the onset of chemotherapy in men of childbearing age. Women are also susceptible to alterations in fertility due to exposure to chemotherapy. The alkylating agents, anthracyclines, bleomycin,
etoposide, 5FU, methotrexate, the platinums, thalidomide, and the vinca
alkaloids, all directly decrease oocyte counts and follicle formation; they
also significantly slow down or halt ovulation completely. Egg donation
should be considered prior to initiation of therapy in women of childbearing age. Paclitaxel is commonly used to treat breast and gynecologic
tumors. Transient decreases in the number of corpora lutea were noted,
but little decrease in the number of follicles has been found in long-term
follow-up. This potential fertility sparing treatment is particularly encouraging for women of child-bearing age undergoing chemotherapy [65].

Antidotes
As chemotherapeutic agents gain widespread use and more side effects are
identified, research has begun to focus on the development of antidotes to
these drugs (Table 9.6 above).
Methotrexate toxicity can be limited by urine alkalinization and the concurrent use of leucovorin, a biologically active form of folic acid. As folic
acid synthesis is limited by methotrexate, leucovorin use provides some
substrate for normal DNA and RNA syntheses during chemotherapy. Intravenous doses of leucovorin can be titrated based on serum methotrexate concentration [66]. Glucarpidase can also be used as rescue therapy
in methotrexate toxicity. This recombinant enzyme, derived from Pseudomonas, accelerates methotrexate degradation [53]. Uridine triacetate,
formerly known as vistonuridine, has been shown to limit toxicity from
5FU and presumably from capecitabine, a prodrug of 5FU. Uridine triacetate is a pro-drug for uridine and serves as a competitive inhibitor of
the toxic metabolites of 5FU, thus limiting incorporation of 5FU metabolites into RNA and limiting systemic toxicity [67]. Any case of suspected
chemotherapy-related toxicity should be called into the local poison control center (1-800-222-1222 in the United States). Specialists are on call
24 hours a day to assist with management of these cases.

The next five years
Research continues to further elucidate the mechanisms through which
various tumors develop. As a result, it is reasonable to expect that tailored chemotherapeutic regimens based on individual characteristics will
become more common. This will confront emergency physicians with further variability in chemotherapy treatment plans that will have unique
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and potentially dangerous side effects. Monoclonal antibody therapy has
been developed to take advantage of tumor biochemistry while limiting
systemic side effects (Table 9.5). Patients may present to the ED with a
variety of hypersensitivity related concerns, including fever, chills, sweats,
gastrointestinal distress, back pain, and anaphylaxis.
Angiogenesis is a critical part of cancer growth, and several new therapies are targeting this aspect of tumor development. The epidermal growth
factor-tyrosine kinase inhibitors (EGFR-TKI) have been found to be particularly potent at limiting angiogenesis in certain cancers. In general, the optimal timing of EGFR administration is still controversial, as is the benefit
of monotherapy versus combination with standard chemotherapy. Nonsmall cell lung cancer, particularly in those with no history of smoking,
has been sensitive to treatment with this class of agents. Gefitinib was one
of the first EGFR agents used; however, resistance to this drug is fairly
common and develops early in the therapy process [68]. Secondary treatment with another EGFR-TKI, eroltinib, has also shown promise in treating these tumors [69]. Similarly, bevacizumab is a vascular endothelial
growth factor antibody that is becoming an integral part of therapy for colorectal, non-small cell lung and breast cancer patients. Maximum benefit
from bevacizumab is achieved when it is administered concurrently with
standard chemotherapy regimens. It is, however, currently recommended
as monotherapy during the maintenance phase of treatment.
There are significant neurologic side effects linked to bevacizumab, including blindness and reversible posterior leukoencephalopathy syndrome
[70]. Typical features of this syndrome include altered mental status, visual
changes, hypertension, seizures, and reversible lesions in the white matter,
predominantly in the parietal and occipital lobes. Current therapy centers
upon controlling hypertension, limiting seizure activity, and general supportive care. Ofatumumab is currently used as salvage therapy in chronic
lymphocytic leukemia patients who have failed standard chemotherapy
regimens [71]. Small bowel perforation has also been reported following
bevacizumab therapy [72]. Overall, angiogenesis targeting has the potential to develop into first-line therapy for a number of malignancies in the
next 5 years with research focusing on which malignancies can be targeted
and how to limit side effects.
Temsirolimus is a kinase inhibitor that is now being used to treat solid
tumors, particularly renal cell tumors. Side effects seen with this medication include hyperglycemia, abnormal liver function tests (particularly
ALT), neutropenia, and stomatitis [73].
Cacalol, a free radical derived from an Asian herbal plant, has shown
promise in inducing cell death in breast cancer cells. The cytotoxic effect
was even greater when cacalol was administered concurrently with taxol
or cyclophosphamide and significantly increased tumor necrosis without
significant systemic toxicity [74].
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Conclusion
Cancer is becoming increasingly common in the United States and worldwide. Therapies used to treat these conditions are continuously evolving;
the combination of medications used for a particular diagnosis is changing
as well. These agents have many side effects that can alter the patient’s presentation to the ED. The emergency practitioner should be familiar with
the common and life-threatening side effects of chemotherapeutic agents
as well as the standard methods to treat chemotherapy-related side effects.
Close consultation with oncology can aid in the management of this challenging ED patient population. In addition, consultation with the poison
control center (1-800-222-1222) can aid with antidotal therapy.
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Introduction and epidemiology
In the United States, the prevalence of obesity has steadily increased since
the 1980s. Between 1980 and 2004, the prevalence of obesity increased
from 15% to 33% among adults and 6% to 19% among children [1].
The most recent National Health and Nutrition Examination Survey continues to indicate an alarming percentage of individuals who are morbidly obese. These statistics reveal an age-adjusted prevalence of obesity at
33.8% (95% confidence interval, 31.6%–36.0%) overall, 32.3% (95% CI,
29.5%–35.0%) among men, and 35.5% (95% CI, 33.2%–37.7%) among
women [2]. The prevalence of overweight and obesity combined (BMI
⬎–25) is even greater at 68.0% (95% CI, 66.3%–69.8%), 72.3% (95% CI,
70.4%–74.1%), and 64.1% (95% CI, 61.3%–66.9%), respectively [2].
Obesity has been linked to a number of medical co-morbidities: hypertension, cardiovascular disease, hyperlipidemia, diabetes mellitus, sleep
apnea, several cancers, increased risk of disability, and elevated risk of allcause mortality [1]. Surgical treatment of obesity (for patients with a BMI
≥40) has been shown to be more effective than non-surgical treatment
for long-term management of weight loss [3]. With an overall mortality
and morbidity of 0.3% [4], the number of bariatric procedures rapidly
expanded in the late 1990s through the first decade of this century [5].
Since then, the number of bariatric procedures has reached a plateau
[6]. Given the large number of bariatric cases performed in the United
States annually (200,000 cases per year), the emergency physician must be
familiar with the common early and late post-operative complications of
these procedures. In this chapter, we review the commonly performed
bariatric operations and discuss their potential complications.
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Description of bariatric surgical procedures
Laparoscopic adjustable gastric banding
The laparoscopic adjustable gastric banding (LAGB) (Figure 10.1a) was
approved by the US Food and Drug Administration (FDA) in 2001. It
is a silicone-based adjustable band that is placed around the proximal
portion of the stomach, creating a 15–30 cc pouch just distal to the
gastroesophageal junction. This pouch is connected to a port, which is
placed on the anterior abdominal wall and is accessed percutaneously
(similar to the technique used to access implantable IV ports) to allow for
adjustments of the band [7]. The LAGB functions purely as a restrictive
procedure, limiting caloric intake by adjusting the silicone band.
Roux-en-Y gastric bypass
The Roux-en-Y gastric bypass (RYGBP) (Figure 10.1b) is both a restrictive
and malabsorptive procedure in which a 15–30 cc pouch is created along
the lesser curvature of the stomach using surgical staplers. The pouch created in the RYGBP is usually completely separated from the remainder of
the stomach. Next, the jejunum is transected to create the biliopancreatic
and Roux limb of the bypass. Various limb lengths have been described in
the literature. The Roux limb is then either stapled or hand sewn to the
gastric pouch. A jejunojejunostomy is created to allow continuity between
the biliopancreatic limb and the remainder of the bowel [8]. Mesenteric
defects that are created during this process are usually closed to prevent
internal herniation of bowel contents. RYGBP represents the most commonly performed bariatric surgical procedure.
Laparoscopic longitudinal (sleeve) gastrectomy (LSG)
Laparoscopic longitudinal (sleeve) gastrectomy (LSG) (Figure 10.1c) is a
novel procedure in which a narrow tube-like stomach is created by the
resection of the greater curvature of the stomach. This functions as a restrictive procedure that aims to decrease appetite by reducing the ability of
the stomach to distend and producing a sensation of fullness with minimal
oral intake. The operation itself is performed by detaching the attachments
of the greater omentum to the greater curvature of the stomach and continuing proximally to ligate the short gastric vessels. A longitudinal portion
of the stomach is then transected starting several (usually 4–6) centimeters proximal to the antrum. The dissection is continued along the lesser
curvature and is carried to the angle of His (creating a pylorus-preserving
vertical subtotal gastrectomy) and this part of the stomach is removed from
the abdominal cavity [9].
Biliopancreatic diversion/duodenal switch
Biliopancreatic diversion/duodenal switch (BPD/DS) (Figure 10.1d) combines the restriction of a pylorus-preserving vertical subtotal gastrectomy
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Image not available in this dig ital edition.

(a) Laparascopic adjustable gastric band. (b) Roux-en-Y gastric
bypass. (c) Sleeve gastrectomy. (d) Biliopancreatic diversion/duodenal switch.
(e) Vertical banded gastroplasty. (Reprinted with permission from Jones DB, et al.
Atlas of Metabolic and Weight Loss Surgery, Cine-Med, 2010.)

Figure 10.1
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with malabsorption by excluding the majority of the small bowel. Initially,
a longitudinal (sleeve) gastrectomy is performed. Then, the duodenum is
transected at its first portion a few centimeters distal to the pylorus. Next,
a segment of small bowel is measured starting at the ileocecal valve. This
segment is anastomosed to the duodenum and serves as the Roux or alimentary limb. The excluded biliopancreatic limb (most of the small bowel)
is then anastomosed to the more distal ileum, reestablishing intestinal continuity and flow through a relatively short common channel [10].

Vertical banded gastroplasty
Vertical banded gastroplasty (VBG) (Figure 10.1d) is now primarily only
of historical interest and is no longer commonly performed. It is a purely
restrictive procedure in which a small vertical pouch is created along the
lesser curvature of the stomach using surgical staplers. The pouch is left
in continuity with the remainder of the stomach and is not transected;
it is simply stapled closed. A non-adjustable Marlex band is then placed
around this pouch to create distal constriction and limit passage of food
[11]. This can create confusion as patients with the VBG present to the
emergency department (ED) stating that they have a “band.” The Marlex
“band,” which is placed during the creation of a VBG should not be confused with the LAGB. It is not adjustable and there is no subcutaneous
port. Ultimately, the goal of the VBG was to provide an early sense of satiety in order to limit caloric intake.

Description of emergency diagnosis and treatment
of post-bariatric surgery complications
The common risks of any intra-abdominal surgery include bleeding,
intra-abdominal or surgical site infection, and even death. Post-operative
complications after bariatric surgery are relatively common [12].
Due to the large amount of intra-abdominal and subcutaneous adipose tissue, signs and symptoms of peritonitis are often masked in the
bariatric surgery patient. For emergency physicians, the absence of abdominal tenderness should not serve to rule out the possible presence of intraabdominal pathology in the post-bariatric surgery patient. In fact, many
abdominal conditions in the bariatric surgery patient present initially with
signs of respiratory distress [13]. Additionally, the lack of physiologic reserve results in rapid decompensation of bariatric surgery patients, making
early diagnosis essential in their ED care. Below we describe the commonly
encountered complications and outcomes of the most common bariatric
operations.
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Laparoscopic adjustable gastric band
The laparoscopic adjustable gastric band (LAGB) has only been commonly
used in the United States for the last 10 years; however, it has been employed in Europe, Australia, and Israel since the mid-1990s. Studies evaluating the outcomes of the LAGB have shown variable results. Ren et al.
showed outcomes of 44.4% excess weight loss (EWL) at 1 year, 51.8% at
2 years, and 52% at 3 years [14]. Long-term European data has also shown
promising results with ⬎50% EWL maintained after 7-year follow-up [15].
However, other series in the United States have been less promising showing greater weight loss failure rates with the LAGB [16].
Direct comparisons of the LAGB to the RYGBP have shown greater
weight loss, lower BMI, and greater %EWL at each time point across
all BMI ranges for RYGBP with a follow-up of approximately 6 years
[17, 18]. However, the Longitudinal Assessment of Bariatric Surgery Consortium showed a greater morbidity and mortality associated with the
RYGBP when compared to the LAGB [4]. The purported advantages of
the lap band system lie in its overall safety profile, maintenance of normal anatomy, and ease of reversibility. Nonetheless, overall, re-operation
rates as high as 10% have been reported secondary to the band system
[19]. An early complication rate of 3.7% (acute post-operative band obstruction, wound infection, and bleeding) and a late complication rate of
10.1% have been reported for the LAGB [14].
Early post-operative obstruction, often related to surgical technique
(leading to an early slip) or gastric edema has been described [20, 21].
The presenting symptoms of patients with a slipped band/obstruction include complaints of inability to tolerate solids and liquids. Diagnosis is easily made by an upper GI series showing malpositioning of the gastric band
and herniation of the stomach through the band without passage of contrast into the distal stomach (Figure 10.2). Treatment includes immediate
removal of all fluid from the band. The LAGB reservoir resembles the port
of intravascular devices used for long-term venous access. In order to access the port, the skin overlying the device is prepped, and the port is
stabilized between two fingers of the non-dominant hand. A Huber-type
needle (or 16 g bore needle) attached to a 10 cc syringe is inserted through
the membrane of the port. Fluid retrieval confirms the needle placement.
If this does not immediately resolve the symptoms, early surgical consultation is mandatory. In the acute setting with patients complaining of
epigastric pain, the urgency of surgical repair is heightened, as gastric ischemia may be imminent [22].
Gastric prolapse (slip) is the most common delayed complication of
LAGB at a rate of 2.9% [14]. However, larger cohort follow-ups have reported higher rates of slippage up to 7.6% [23]. Symptoms of delayed gastric prolapse mimic those of early obstruction, and the workup is identical.
Again, surgical consultation is warranted for evaluation.
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(a)

(b)
Figure 10.2

(a) Normal LAGB (Fluoroscopy). (b) Slipped LAGB (Fluoroscopy).

Gastric erosion is also a known complication of the gastric band with
an incidence ranging from 0.6%–11% [23–26]. A recent study evaluating
865 bands placed at a single institution noted a band erosion rate of 1.96%
over 5 years of follow-up. Fifty-five percent of the erosions presented in
the first year after band placement, and only 10% occurred greater than
2 years after surgery [25]. The most common presenting complaint is pain,
followed with weight regain, and delayed port-site infection (⬎60 days).
Case studies describing presentation of band erosion with an upper GI
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bleed have also been reported [24]. Diagnosis with endoscopy is the gold
standard. Treatment entails laparoscopic removal of the band with repair
of the erosion surgically. There are reports in the literature describing endoscopic removal of the band, though this has not yet become standard
[24, 27].
LAGB port/tubing complications (port leak/flip/migration, port abscess,
tubing breaks, port protrusion) have been reported to occur at a rate of
2.4%–7.1% [17, 28]. Presentation of these minor complications varies.
Port infections present with pain, induration, or overlying cellulitis. Late
(⬎60 days post-operatively) or recurrent port-site infections mandate endoscopic evaluation to exclude an associated band erosion. Treatment may
begin with antibiotics; however, the infection may necessitate port removal. Tubing leaks often present with loss of restriction and weight gain.
Diagnosis is made by accessing the port and injecting fluid that cannot be
retrieved using the procedure described above for removing fluid from the
LAGB. The site of the leak can be diagnosed in radiology by injection of
contrast. Treatment involves replacement of the damaged portion of the
band system [28].
Other more rare complications include erosion of the gastric band tubing
into the lumen of the bowel. Tubing breaks often present with abdominal
pain and may lead to bowel erosion. Isolated case reports describe erosion into the jejunum and colon [29, 30]. The presenting symptoms are
abdominal pain and/or port-site infection. Diagnosis may be difficult and
require exploratory laparoscopy, ultimately requiring removal of the band
and possible bowel resection. Several case reports of small bowel obstructions secondary to looping of the band tubing have also been described
[31, 32]. These patients may not present with the telltale signs of obstruction (nausea/vomiting/abdominal distention) due to creation of a closed
loop obstruction by the tubing and may more likely present with unexplained abdominal pain. Diagnosis may be made radiographically with CT
scan or necessitate laparoscopic evaluation.
Roux-en-Y gastric bypass
RYGBP has been shown to obtain an EWL of 75% at 5 years follow-up
[18]. However, there is a substantial number of patients who are unsuccessful and experience either lack of appropriate weight loss or weight regain post-operatively [33]. The weight loss profile of the gastric bypass
has been shown to be better than the LAGB, but not as successful as
the BPD/DS. However, the RYGBP has fewer nutritional and metabolic
complications than the BPD/DS [33] and requires less post-operative vitamin and mineral supplementation.
Complications associated with the RYGBP are more infrequent, but
often more perilous than the band. An early complication associated
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with gastric bypass is an anastomotic leak (gastrojejunostomy, jejunojejunostomy, or bypassed stomach remnant) (Figure 10.3a). If not
identified and managed expeditiously, a leak can result in disseminated
intra-abdominal sepsis, which can lead to multiorgan system failure and
death. Leak rates ranging from 1%–5% in large series have been documented [17, 18,34–36]. A recent study evaluating 3828 RYGBP patients
reported an overall leak rate of 3.9%. The overall leak-related mortality
after RYGBP was 0.6% [35]. Revision RYGBP has a significantly greater
leak rate than both open and laparoscopic RYGBPs, and these patients

(a)

(b)

(a) RYGBP anastomotic leak (Fluoroscopy). (b) RYGBP internal
hernia (CT). Open arrow indicates the compressed Roux limb. Thin arrow
indicates bypass limb with distention.

Figure 10.3
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deserve particular attention should they present to the ED in the immediate post-operative period.
The most common indicators of a post-operative leak after bariatric
surgery are sustained tachycardia (⬎120), abdominal pain, and fever. Hypotension and shortness of breath may also be present [36]. As mentioned
previously, morbidly obese patients with abdominal problems may appear tachypneic with respiratory distress, leading the clinician to believe
the most likely diagnosis is a pulmonary embolus. It must be emphasized
that presentation with the aforementioned symptoms in the early postoperative period is an anastomotic leak until proven otherwise. Studies
to delineate the presence of a leak versus a pulmonary embolus (upper
GI series, CT of the chest with intravenous contrast) can be undertaken if
done expeditiously. However, if the patient is unstable, further diagnostic
testing and attempts at resuscitation should not delay immediate surgical exploration. Treatment in the operating room may entail placement
of intra-abdominal drains to create a controlled fistula, antibiotic therapy,
and placement of a gastrostomy tube in the gastric remnant for enteral
feeds. The patient should be monitored in an ICU setting with supportive
care. Contained leaks in a stable patient may be treated non-operatively
with broad antibiotic coverage and percutaneous drain placement. Endoscopically placed stents have also been reported for conservative management of leaks [37]; however, patient selection for conservative management is critical.
Post-operative bleeding is another early complication after RYGBP
(3.86% incidence in the immediate post-operative period) [38]. Patients
can present with abdominal pain, anemia, tachycardia, or hypotension.
Hematemesis and melena may be absent as the site of bleeding can be
intra-abdominal or along staple lines. The tachycardia that accompanies
post-surgical bleeding usually varies from that of the sustained tachycardia of an anastomotic leak and is often progressive, developing over time,
and is cyclical, not sustained. Diagnosis can be made with serial hematocrit
monitoring. CT scans may also be helpful in identifying an intra-abdominal
collection. Management is dependent on the clinical condition of the patient. If stable, anticoagulation medication should be held and the patient
typed and crossed for possible transfusions. If unstable, the patient will require a return to the operating room in order to identify and control the
source of bleeding. The low physiological reserve in this patient population
necessitates aggressive fluid resuscitation in the ED with appropriate large
gauge (18 g or better) intravenous access.
The RYGBP patient population is at risk for post-operative development
of deep vein thromboses (DVT), and pulmonary embolus is one of the
most common causes of post-operative mortality. Prospective studies of
patients undergoing gastric bypass have reported DVT rates ranging from
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0.16%–3.8% [39,40]. Patients with a history of venous thromboembolism
have been observed to have a greater incidence of DVT development,
though accurate percentages are difficult to determine due to the low percentage of patients who fit this profile [39]. Other risk factors include venous stasis disease and limited mobility. The PROBE study evaluated the
incidence of DVT and pulmonary embolism in the post-surgical bariatric
population and found that the greatest risk occurred after cessation of
thromboprophylaxis, even if it is stopped weeks after surgery [41]. Thus,
patients may present with DVT or pulmonary embolism for several weeks
after surgery. Patient presentations may vary from calf pain or swelling
to shortness of breath, tachycardia, and right-heart strain. Classic signs of
asymmetrical lower extremity edema may not be identified in this population due to their body habitus, which may also preclude adequate evaluation with duplex scans. If respiratory symptoms or tachycardia are present,
a spiral chest CT to rule out a pulmonary embolus should be undertaken
with extension to the lower extremities to evaluate for DVT. Anticoagulation is the treatment for DVT and pulmonary embolism. In patients where
pulmonary embolism is strongly suspected, it is our recommendation to
give 60 mg of low molecular weight heparin if their weight is under 250 lbs
and 80 mg for those that are heavier.
Gastrojejunostomy anastomotic stricture is also a known complication of
RYGBP, whether surgical staplers are used or a hand-sewn anastomosis is
constructed. Stricture rates ranging from 3%–27% have been documented
[40]. Patients that develop strictures usually present in the first 4–6 weeks
after surgery. Presentation includes progressive dysphagia, post-prandial
regurgitation, nausea, vomiting, and occasionally pain. Etiology can be secondary to surgical technique, ischemia, or inflammatory processes such as
ulcer development in those presenting several months after surgery. Upper
GI series contribute very little in the diagnosis of anastomotic strictures due
to limitations in determination of the actual anastomotic size. Endoscopy
is the diagnostic modality of choice since diagnosis can be made and treatment can often be accomplished with endoscopic dilation of the site.
The success rate of endoscopic dilation is high; however, repetitive dilations may be required until clinical resolution of symptoms is achieved
[40, 42, 43].
Internal hernias are a known complication for RYGBP with an incidence ranging from 2%–4.5% [44, 45] and can present at any time postoperatively. The incidence of internal hernias is known to be greater after
laparoscopic RYGBP than open RYGBP, presumably secondary to a diminished inflammatory response and decreased formation of intra-abdominal
adhesions. Potential locations include the transverse mesocolon defect,
Petersen’s space (the area between the mesentery of the transverse mesocolon and the Roux limb), and the jejunojejunostomy mesenteric defect.
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Patients may present with acute or chronic symptoms. Chronic symptoms are typically intermittent in nature with episodes of abdominal pain
(97.1%), nausea and emesis (80%) [45]. Acute presentations of internal
hernias have symptoms of an acute abdomen and may have tenderness
out of proportion to findings at physical exam, the hallmark for intestinal
ischemia.
Due to the presence of the bypassed biliopancreatic limb, obstruction
symptoms are not always associated with development of internal hernias. In fact, lack of obstructive symptoms should not sway the emergency
physician from evaluating the patient for the presence of internal hernias, since a closed loop hernia can present with abdominal pain without signs of obstruction. CT scan is the gold standard for evaluation of
internal hernias due to its ability to evaluate the bypassed biliopancreatic limb. Studies evaluating radiologic findings in internal hernias after
RYGBP found that 64%–92% of internal hernias were identified with CT
scanning [44, 46]. One study noted the presence of four recurring findings: dilated small bowel, distended gastric remnant, excess small bowel
loops in the lesser sac, and thick-walled fluid-filled small bowel (Figure
10.3b above). Findings on upper GI series may include dilated fluid-filled
small bowel loops, redundant Roux limb in the lesser sac, preponderance
of bowel loops in the left upper quadrant, and slow emptying of contrast
with prolonged transit times [44]. Once the diagnosis has been made, surgical exploration is mandatory. However, even if imaging modalities are
negative, unexplained symptoms of abdominal pain should be referred to
a bariatric surgeon to exclude an internal hernia. Intra-operatively, the
hernia is reduced and the mesenteric defect is closed. If ischemic, nonviable bowel is present, a bowel resection may also be necessary.
Marginal ulceration in the early post-operative period (30 days) has
been reported in 12.3% of patients after laparoscopic gastric bypass. However, when followed out to 1 year, all of these patients healed their ulcers.
The incidence of late marginal ulceration (⬎1 year after surgery) in this
population was found to be 0.4%. Twenty-eight percent of these patients
with endoscopically diagnosed marginal ulcers were asymptomatic [47].
Patients with marginal ulcers typically present with symptoms of epigastric
pain and inability to tolerate oral intake/emesis. Less commonly, patients
may present with an upper gastrointestinal bleed or perforation (1%).
Risk factors for development of marginal ulcers and perforation include
smoking and use of steroids and nonsteroidal anti-inflammatory medications [48]. Diagnosis can be made expeditiously with endoscopy. Medical
treatment with proton-pump inhibitors usually suffices. Carafate is often
prescribed in addition to proton-pump inhibitors, but may be of minimal
efficacy given the lack of an acidic gastric environment when proton-pump
inhibitors are used. In cases where ulcers are refractory to treatment, surgical revision of the gastrojejunostomy may be necessary.
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Finally, patients undergoing RYGBP are susceptible to mineral and vitamin deficiencies given the bypassed stomach and small bowel. The incidence of deficiencies will increase over time after the surgery. Iron, vitamin B12, folate, calcium, and vitamin D levels should be routinely assessed
to evaluate for abnormal values. Parathyroid hormone (PTH) should also
be measured to evaluate for secondary hyperparathyroidism due to low
calcium levels. Treatment consists of daily supplementation with a multivitamin (MVI), iron, and calcium. Vitamin D deficiency is common and
must also be supplemented to maintain physiologic levels. Thiamine is
rarely deficient, but must remain part of the assessment of any patient
with weight loss surgery who gives a history of recurrent chronic vomiting. Wernicke–Korsakoff encephalopathy has been described in postRYGBP patients. When thiamine deficiency is identified or suspected in
the ED, treatment is initiated with 50–100 mg per day of intravenous
thiamine [49].
Longitudinal (sleeve) gastrectomy (LSG)
Laparoscopic sleeve gastrectomy was initially described as the first step in
a two-step surgical approach in those morbidly obese patients deemed to
be at the highest surgical risk in order to decrease perioperative morbidity
and mortality [50]. Early post-operative weight loss profiles were promising, and it has since been accepted as a stand-alone procedure [51]. Longterm results for sleeve gastrectomy are now becoming available. A recent
study by Himpens et al. evaluated a small cohort of sleeve gastrectomy patients 3 and 6 years post-procedure with an average EWL of 77.5% and
53.3%, respectively [52]. While data is still limited, these initial findings
show promise for sleeve gastrectomy as a primary surgical approach to
morbid obesity.
The post-operative complications of sleeve gastrectomy are rare, but
their management can be more difficult than those of the gastric bypass.
Advantages of this procedure include maintenance of gastrointestinal continuity allowing for future endoscopic intervention. The three main complications of sleeve gastrectomy include: (1) bleeding from the staple line;
(2) staple line dehiscence (leak); and (3) stricture formation.
Staple line hemorrhage was reported to occur at a rate of 1.1% at the
Second International Consensus Summit for Sleeve Gastrectomy [53]. Patients present in the early post-operative period with typical findings of
post-operative blood loss (low hematocrit, tachycardia, melena, and/or hematemesis). Diagnosis is made by following trends of the patient’s hematocrit, CT scan, and possibly endoscopy. It should be noted that the site of
the bleed is most often not intra-luminal and therefore endoscopy may be
of limited value; moreover, the decision to perform endoscopy after recent
gastric surgery should not be undertaken without surgical consultation.
Based on the clinical condition and hemodynamic stability of the patient,
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treatment may require correction of coagulation abnormalities, transfusions, endoscopic evaluation, and surgical reexploration.
Staple line dehiscence has been noted to range from 0.7%–5.3% [40, 54]
and most commonly occurs in the proximal most portion of the sleeve at
the angle of His. Presentation is similar to a leak in an RYGBP patient
(tachycardia, fever, abdominal pain, SOB, etc.) and most commonly occurs in the first 10 days post-operatively. Diagnosis can be made with an
upper GI series or CT scan with oral water-soluble contrast (Figure 10.4).
Management of the leak varies based on the clinical presentation. Early
leaks (1–3 days post-operatively) or leaks in unstable patients should be
treated with re-operation, repair, and wide drainage. Consideration of a
jejunostomy tube placement should also be given for subsequent enteral
feeds [54]. Intermediate or late leaks (⬎3 days post-operatively) can be
managed non-surgically in stable patients. Endoscopically placed stents,

Figure 10.4

Sleeve gastrectomy leak (Fluoroscopy).
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application of fibrin glue, and percutaneous drainage have all been used
successfully in the management of leaks [55, 56]. It should again be emphasized that a post-operative leak and subsequent peritonitis in a bariatric
patient can rapidly lead to multiorgan system failure, and surgical consultation should be sought early in the management of these patients.
Strictures after sleeve gastrectomy usually form at the midpoint (incisura
angularis) of the lesser curvature with an incidence of 0.9% [53]. Etiology
is related to technical factors, bougie size, and oversewing of staple lines,
which lead to stenosis of the gastric sleeve. Patients present weeks to
months after surgery with symptoms of dysphagia, post-prandial regurgitation, nausea, and emesis. Diagnosis is made with upper endoscopy or an
upper GI series. As previously discussed, strictures that form after gastric
bypass are often successfully treated with endoscopic balloon dilation.
While this approach is also valid with after-sleeve gastrectomy strictures,
the anatomy of the stricture can be a limiting factor. Small, short strictures
can be treated with dilation; however, longer strictures may not be
amenable to dilation. A recent case series of nine patients with long strictures that were not amenable to endoscopic dilation describes performing
a longitudinal seromyotomy, which was successful in all cases [57].
Biliopancreatic diversion/duodenal switch
Biliopancreatic diversion/duodenal switch (BPD/DS) is the most challenging of the bariatric procedures, both in terms of surgical technique and
post-operative nutritional management. It is currently the least commonly
performed bariatric operation. It does, however, have the best weight loss
profile of the bariatric procedures [33] and maintains the pylorus, thereby,
in theory, eliminating dumping syndrome. Initial EWL of 73.4% has been
reported for patients undergoing BPD/DS. Ten-year follow-up has shown
a sustained weight loss of 46.8% [58].
Complications of BPD/DS are similar, but more frequent, to those of
gastric bypass, including anastomotic leak, bleeding, marginal ulcers, DVT,
and internal hernias [59]. Presenting signs and symptoms are also the same
and require the identical workup. BPD/DS, however, appears to have a
lower risk of marginal ulceration.
The nutritional complications of the BPD/DS are more frequent than
those for any of the other bariatric procedures. Protein deficiency after
BPD/DS has been reported in up to 18% of patients and occurs due to
bypassing the majority of the small bowel (where protein is absorbed)
[49]. Signs of protein deficiency include hypoalbuminemia, peripheral
edema, alopecia, and asthenia. Diagnosis is made with routine lab studies,
and treatment is initiated with dietary counseling and pancreatic enzyme
supplementation. Total parenteral nutrition may be necessary in those
patients with severe malnutrition. Care must be taken in the acute period of treatment to monitor for refeeding syndrome. This syndrome is
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characterized by congestive heart failure, anasarca, respiratory compromise, and, occasionally, neurologic symptoms, such as confusion or even
convulsions. Laboratory findings include electrolyte disorders, such as
hypokalemia, hypophosphatemia, and hemolysis. Once malnutrition has
been corrected, nutritional counseling is necessary to prevent a recurrence.
Some patients may need revisional surgery to increase the length of the
common channel.
BPD/DS patients are at risk for developing the same vitamin deficiencies
as RYGBP patients. Iron, vitamin B12, folate, calcium, and vitamin D are
common deficiencies and can be detected by serologic analysis. Again, thiamine levels should also be evaluated. Treatment is the same as for RYGBP
patients. Fat-soluble vitamin deficiencies (A, D, E, and K) are more common in BPD/DS patients due to the more limited exposure of ingested
foods to biliopancreatic secretions in the relatively short common channel. Magnesium, zinc, and selenium deficiencies have also been identified,
though clinical manifestations of deficiency are uncommon [49].
Vertical banded gastroplasty
Vertical banded gastroplasty (VBG) is currently only of historical interest. Despite initially promising results, long-term follow-up studies of the
VBG demonstrated poor weight loss outcomes. Initial weight loss over the
first year has been shown to be approximately 50%–70% of excess weight;
however, weight regain has been shown as early as the second postoperative year [60–62] with 10-year results showing persistent %EWL of
⬎50% in only 26% of patients [63]. The same trend has also been shown
with co-morbidity resolution [62].
Due to the lack of malabsorption, the VBG is usually not associated with
metabolic complications; however, in patients with a long-standing history of vomiting, thiamine deficiency should also be considered. Late complications are frequent and include staple line disruption (16%), pouch
enlargement, gastric outlet stenosis (uncontrollable vomiting), Marlex
band erosion/migration, and incisional hernia (41%). Re-operative rates
ranging from 17%–21.4% have been documented [63, 64]. Marlex band
erosion rates up to 7% have been reported and can occur months to years
post-operatively. Patients typically present with symptoms of excessive
weight loss and obstruction [65]. Diagnosis is based on endoscopic evaluation. Removal of the band is a complex surgical decision and often conversion to RYGBP or gastrectomy is necessary.

The next five years
As more advanced laparoscopic surgical procedures are developed, there is
a constant push to move towards less invasive means of accomplishing the
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same goals. Newer techniques of single incision laparoscopic approaches
and endoscopically performed surgical techniques are currently under investigation.
Endoscopic techniques include a multitude of approaches; however, significant weight loss and co-morbidity data are not yet available for these
techniques. Restrictive technique trials are ongoing with transoral gastroplasty (TOGA). TOGA essentially creates an endoluminal sleeve gastrectomy; however, the durability of the device and weight loss data has not
been validated. Malabsorptive techniques, mimicking the outcome of a
gastric bypass with the Endobarrier © , are also under investigation. The
Endobarrier© is an impermeable polyethylene sleeve that is deployed to
essentially exclude the duodenum and jejunum from contact with food.
Gastric electrical stimulation is being investigated to determine its effects
on food-intake reduction, gastric emptying delay, and appetite suppression
via hormonal mechanisms [66].
Single incision and natural orifice surgery (NOTES) have also been applied to the current surgical techniques for bariatric surgery. These approaches may offer a more cosmetically appealing outcome, though safety
profiles of the approaches are under evaluation. Single incision surgery,
introduced for appendectomy and cholecystectomy, has now been applied
to many laparoscopic weight loss procedures, including sleeve gastrectomy
and adjustable gastric banding. NOTES for bariatric procedures is currently
under investigation in animal and cadaveric models [66].
Finally, the metabolic effects of bariatric procedures are currently under
investigation. Specifically, the role of bariatric surgery and its effect on diabetes resolution is an area of intense research. Multiple, case-controlled
studies have shown significant improvement in diabetes outcomes with
all of the bariatric procedures. RYGBP and BPD/DS have shown improvement and even complete remission of diabetes days to weeks after surgery,
before the effects of weight loss would be seen [67]. Thus, it is hypothesized that weight-independent mechanisms for diabetes resolution exist.
Animal studies have shown significant improvements in glucose homeostasis in diabetic rat models that underwent duodenojejunal bypass.
Additionally, when the operation was reversed in these same rats, glucose tolerance impairment recurred [68]. Such advancements in the field
of metabolic and bariatric surgery promise significant advancement in
our understanding and treatment of diabetes and provide hope for a
possible cure.

Conclusion
Bariatric surgical procedures offer an effective treatment for obesity
and the co-morbid conditions associated with obesity. For the emergency physician, the increased prevalence of patients undergoing these
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procedures requires a knowledge of the post-operative complications that
can cause these patients to present to the ED. Close consultation with the
bariatric surgical team can aid in the emergency evaluation and management of this patient population.
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Introduction and epidemiology
Obesity is a growing epidemic in the developed world, and emergency departments (EDs) are frequently the sites for acute care of obese patients
[1]. Presently, over 60% of the US population is overweight, and 30% are
obese [2]. In addition, health care costs for obese patients are higher than
for non-obese patients [3]. It is predicted that by the year 2030, the vast
majority—roughly 86%—of Americans age 18 and older could be overweight or obese, and obesity-related costs could climb to over $950 billion
per year, or 16%–18% of total US health care costs [4].
Previously obesity was regarded in a more subjective fashion with varied definitions. Research studies on the diagnosis and treatment of acute
illnesses have often excluded obese patients. Over time, there has been
an agreement on the definitions of the spectrum of obesity: overweight
as a body mass index (BMI) of 25–29 kg/m2 , obesity as a BMI≥30, morbid obesity as a BMI≥40, and super obesity as a BMI≥50. Thus, obesity
is a clinical diagnosis with specific criteria, not a subjective determination or insult. Obesity is a risk factor for a number of conditions, such
as heart disease, diabetes, hypertension, and stroke [5, 6]. Just as hospitals
will be required to provide care for a growing number of obese patients,
EDs will need to adapt to this growing population. Understanding obesity’s unique biology, physiology, acute pathological manifestations, and
medico–sociological issues are critical for the emergency physician.
On a cellular level, obese patients reside in a chronic inflammatory state,
which is associated with features such as endothelial dysfunction, immune
system activation, prothrombotic state and insulin resistance. Adipose tissue is not a metabolically inactive storage medium for excess calories,
but rather is an active endocrine and immunomodulatory organ. In the
event of acute illness or trauma, obese patients manifest an exaggerated
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inflammatory response. Various fat depots, such as subcutaneous, visceral,
and perivascular adipose, have a unique phenotype, with both visceral and
perivascular adipose being the most inflamed and potentially pathologic
[7, 8]. As a result, obese patients manifest a unique physiology that emergency physicians must recognize and, as a result, appropriately modify
their diagnostic and treatment decisions. For example, following trauma,
obese patients sustain different injuries and have worse outcomes related
to co-morbidities. Obese patients with sepsis may require altered doses of
antibiotics and ventilator management. Procedures such as endotracheal
intubation, venous access, lumbar puncture, and needle thoracostomy require modifications of technique and equipment. A growing scientific interest surrounds the study of adipose tissue and its contribution to a variety
of disease processes.
This chapter summarizes the unique pathophysiology of obesity and
provides practical suggestions for the diagnosis and treatment of obese patients presenting to the ED.

Acute clinical conditions affected by obesity
Cardiovascular disease

Acute coronary syndrome
Obesity is a traditional and well-known risk factor for the development of
acute coronary syndrome (ACS). This condition is often associated with
other ACS risk factors, such as metabolic syndrome, diabetes, sedentary
lifestyle, and dyslipidemia. Patients with insulin resistance and associated
diabetes, in particular, may present with atypical symptoms [9, 10]. Some
studies have identified obesity to be a disproportionately more significant
risk factor for ACS in the young (⬍40 years) [11, 12]. Only recently has
the attention to obesity brought measures of BMI as part of the demographic parameters collected during clinical trials; therefore, the degree to
which classifications of overweight, obese, and morbid obesity should factor into the ED risk assessment of patients presenting with chest discomfort
is not yet clear. As such, the obese patient should be viewed by emergency
physicians as one at heightened risk of developing ACS deserving careful
risk stratification and a lower threshold for further testing and observation
unit or hospital admission.
The process of evaluating and risk stratifying obese patients at risk of
ACS is problematic in the ED. Obesity and its associated physiologic limitations decrease the utility of exercise treadmill testing [13]. The prognostic
value of a normal myocardial perfusion imaging study in this population
appears to be less significant than in non-morbidly obese patients as the
diagnostic quality of nuclear imaging may be compromised. Duvall et al.
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determined that single photon emission CT (SPECT) imaging can be optimized in the obese with the use of a dual-head camera, attenuation correction, and high-stress Tc-99m tracer doses; however, this is not presently
available in most institutions [14]. Despite the inherent limitations listed
above, perfusion imaging studies continue to be one of the most valuable tools in predicting cardiovascular mortality in the obese and should
be utilized in the ED assessment of low- to moderate-risk patients [15].
Patients with nondiagnostic studies should be considered for referral or
admission for conventional coronary angiography. The use of dual-source
CT coronary angiography (CTCA) possesses similar limitations as myocardial perfusion imaging in the obese patient [16]. Impaired diagnostic accuracy can be explained by scattering and absorption of radiation resulting
in poorer image quality due to increase in image noise and decrease in
signal-to-noise ratio in obese patients. Moreover, insufficient opacification
of the coronary vessels may occur in obese patients due to differences in
distribution of blood volume in peripheral venous and central pulmonary
circulation when injecting contrast agents [16, 17].
Medications for the initial treatment in ACS may include aspirin, nitroglycerin, anticoagulants, antithrombotics, antiplatelet agents, and fibrinolytics. Aspirin, clopidogrel, and nitroglycerin require no adjustment in
dosing for obesity, yet accepted standards for weight-based dosing with
other commonly used medications, such as heparin, fondaparinux, bivalirudin, glycoprotein IIb/IIIa inhibitors and fibrinolytics, are not clear.
The effects of obesity on drug behavior, clinical efficacy, and safety are
unknown for many drugs. Guidelines for the concomitant dosing of
these medications is often institutionally based, tends to be more conservative than what the package inserts might recommend and to a large degree
depend on the specific combination of medications and regional practice
differences. Table 11.1 outlines dosing modifications for commonly used
medications in the ED, including those in ACS.
Obesity remains a significant risk factor for the development of cardiovascular disease and ACS and may require increased vigilance in medication dosing. Obese patients with ACS treated with percutaneous coronary
intervention paradoxically have a trend for lower mortality and fewer subsequent cardiovascular events [18, 19]. From this we can hypothesize that
obesity is a substantial risk factor for ACS, and rapid referral for percutaneous coronary intervention may prove to be more beneficial in this
patient population.

Congestive heart failure
Obesity is an important risk factor for acute decompensated heart failure
in both women and men, and approximately 11% of cases of congestive heart failure are attributable to obesity alone [20]. For the evaluation and treatment of congestive heart failure, obesity can be particularly
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Table 11.1 Medication adjustments in the obese patient population
[113, 115–120]
Medication class

Recommendation for dose adjustment for obese patients

Aminoglycosides

Dose by actual body weight; dosing interval dependent on
estimated renal function; use therapeutic drug monitoring for peak
and trough levels due to the narrow therapeutic window

Beta lactams

Consider doubling dose

Fluoroquinolones

No consistent data; consider using approved dosing range

Linezolid

No empiric change recommended

Carbapenems

No empiric change recommended

Antifungals

No empiric change recommended; use lean body weight as guide for
dosing weight-based agents

Enoxaparin

Actual body weight for acute thrombosis at dose of 1 mg/kg; venous
thromboembolism prophylaxis at dose of 0.5 mg/kg subcut once
daily; venous thromboembolism prophylaxis in morbidly obese
trauma patients at dose of 60 mg subcut BID; use antiXa level
monitoring

Succinylcholine

Recommended dose is 1 mg/kg of actual body weight

Opioids

Recommended dosing is by lean body weight; increased time for
clearance

Muscles relaxants

Dose by lean body weight

Vecuronium

Dose by ideal body weight

Propofol

Dose by lean body weight

problematic. Symptoms of heart failure, such as dyspnea, orthopnea, and
lower extremity swelling, can be difficult to interpret in these patients as
venous stasis and physical deconditioning are associated with very similar
symptoms and presentations. The diagnosis of acute decompensated heart
failure is further complicated by laboratory and imaging difficulties. Plain
chest radiography in the obese patients is often obscured by the increased
amount of soft tissue and can be falsely positive or negative necessitating the risk and expense of further studies [21]. Natriuretic peptide levels
tend to be significantly lower in obese patients [22, 23]. For instance, Bnatriuretic peptide thresholds to maintain 90% sensitivity for acute heart
failure are 170 pg/mL for non-obese patients in contrast to 110 pg/mL for
obese patients [24]. Transthoracic echocardiography may be of limited utility due to an inability to obtain an adequate acoustic window necessitating
a transesophageal approach. Treatment considerations for obese patients
with congestive heart failure are less medication dependent and largely
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focus upon airway management. Noninvasive positive pressure ventilation (NPPV) should be considered earlier in the course of patient management in obese patients with acute decompensated heart failure due
to the potential difficulties associated with emergent endotracheal intubation. Obese patients may also need to be maintained on higher expiratory
positive airway pressures.
Similar to ACS, obese patients, while at increased risk for congestive
heart failure, tend to have fewer adverse events long term, and this has
now been dubbed the “obesity paradox” [25]. Despite the evidence that
long-term outcomes for conditions such as ACS and congestive heart failure may be more favorable in the obese patient population, this should not
affect the necessary risk stratification performed by emergency physicians
in the acute setting. In that obesity can be an independent risk factor for
ACS and can complicate the management of congestive heart failure, it is
prudent for emergency physicians to have a low threshold for admission
of these patients for aggressive inpatient management.

Venous thromboembolism
Obesity is also an independent risk factor for venous thromboembolism,
and overall risk appears to be proportional with the degree of obesity
[26–28]. Conventional sonography may be limited in obese patients and
is largely operator dependent [29, 30]. A lower frequency probe may be
required for adequate tissue penetration. No definitive evidence suggests
that d-dimer levels might be falsely elevated in obese patients, and, therefore, this test can be used in screening for appropriate patients. The choice
between ventilation perfusion scanning and CT pulmonary angiography
may depend on the instrument capacities and the practice and experience
of the radiologist within the institution. CT pulmonary angiography tends
to be favored for the most quality images [31].
Trauma
Trauma in the obese population presents a number of distinct challenges to
the emergency physician. Obese patients who experience trauma tend to
have higher morbidity than their lean counterparts and have ICU and hospital stays that are double those of the non-obese population [32]. Obese
patients also have a significantly higher incidence of multisystem organ
failure following trauma [33]. Poor healing, higher incidences of venous
thromboembolism, acute renal failure, urinary tract infections, and pulmonary morbidities complicate their hospital course [32, 34, 35]. Obese
patients manifest different injury patterns and have inherent obstacles in
performing the physical exam, obtaining appropriate images, and performing necessary procedures. Much like identifying the unique features of
trauma resuscitation in pediatric or pregnant trauma patients, emergency
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physicians’ strategies for obese patients should be tailored in the context
of these unique characteristics.

Traumatic injury patterns
Numerous studies have explored the physical forces and mechanics applied to the human body in the development of vehicle safety restraint
systems and designing passenger compartments of vehicles. Results from
these studies indicate that obese passengers have very different patterns of
body excursion, or movement outside of the neutral position maintained
by the restraint, resulting in different injury patterns [36–38]. Standard
crash testing for American vehicles currently uses a dummy with a weight
of 76.2 kg (167 lbs) and a height of 173 cm (5 feet 8 inches) [36]. A BMI of
24.3 has been artificially set as the standard for the development of safety
features in vehicles and is clearly not a fair representation of the American
population with nearly 30% having a BMI of greater than 30 [39]. Overall, due to suboptimal positioning or lack of use of safety restraints on the
pelvis, as well as greater inertia, obese patients have higher injury-severity
scores and abbreviated injury scale extremity scores than their lean counterparts [40, 41].
Obesity appears to be somewhat protective in some trauma situations
and in particular from intra-abdominal injuries. One explanation is the
“cushion effect” [37, 42]. Other studies, such as that by Wang et al., have
demonstrated a protective effect of subcutaneous fat [43]. Biomechanical
studies have shown that obese patients have greater forward excursion,
but that their increased abdominal fat content serves to lessen the forces
to the internal organs [37].
Normal weight or underweight patients tend to sustain more head injuries and abdominal injuries in accidents due to seatbelt restraint as well
as the body bending forward during maximal excursion leading to striking
the steering column [36, 37]. Obese patients are also less likely to sustain
skull fractures as well as traumatic brain injuries, yet, when they do occur,
tend to be more severe than in the non-obese patient [35, 44, 45].
Most studies support that obese patients experience more lower extremity and pelvis injuries due to the excursions of the body that results from
increased weight, forward momentum, and inefficiencies in lap belt protection in a collision [36, 44, 46–48]. One study, however, demonstrated
that in near side collisions, obese patients have a lower incidence of pelvic
fractures. This was hypothesized to result from increased subcutaneous fat
surrounding the hips or an extrapolation of the abdominal “cushion effect”
[49]. Maheshwari demonstrated that obese patients sustain more severe
fractures of the distal femur as well as tibia, which is consistent with the
fact that obese patients tend to suffer more significant extremity injuries
even with minor falls [40, 50, 51].
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Obese patients in motor vehicle collisions sustain more thoracic injuries
with higher abbreviated injury scale thorax scores [44, 52]. Specifically,
broken ribs, pulmonary contusions, and diaphragm injuries are more common and more severe with abbreviated injury scale thorax scores greater
than 3 [46, 52]. A study by Reiff et al. demonstrated a strong association between diaphragm injuries in near side collisions in the obese patient population [52]. With these findings the emergency physician should
have a lower threshold to order CT imaging of the chest in an obese patient involved in a motor vehicle collision with thoracic complaints or for
a high-energy mechanism of injury.

Initial evaluation and imaging
The obese patient presents obstacles to the primary and secondary surveys
performed on the trauma patient in the ED. Airway assessment should
involve inspection of the soft tissue on and around the neck as well as
consideration to appropriate positioning and immobilization. Up to 40%
of obese patients have some form of obstructive sleep apnea, and hypertrophied soft tissue within the pharyngeal region may obstruct the airway when lying flat [53]. Specific airway management strategies for obese
patients are outlined below in the “Airway Management” section of this
chapter. If available cervical collars cannot accommodate the obese patient,
inline cervical immobilization may require the use of towel rolls and tape
across the patient’s forehead and chin.
Obesity affects diagnostic imaging in the trauma setting and should be
considered in the diagnostic plan after appropriate injury survey. Cassette size and soft tissue penetration limit the use of plain radiography
in the imaging of obese patients [54]. In these cases, CT imaging might
be considered, particularly when the lung parenchyma needs to be evaluated. Emergency physicians should consider whether the CT scanner
can support the weight or has sufficient gantry size to accommodate
the patient. Diagnostic peritoneal lavage may be an option in selected
cases [54].
In that physical examination and plain radiography of the lower body
may be limited for obese patients, it seems reasonable to have a lower
threshold for more advanced imaging if a suspicion for injury of the pelvis
exists.
The specific impact of obesity on mortality in trauma patients is less
clear. In hospitalized trauma patients, a number of studies have shown
a higher mortality for obese patients, while others have only shown increased morbidity with no effect on mortality [32, 33, 44, 55]. It appears
that obese patients manifest their higher morbidity and mortality in the
long term due to the increased number of complications during hospitalization following trauma [33, 55].
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Pulmonary disease
One of the principal organ systems to be affected by obesity is the lungs. In
the presence of obesity, the mechanical properties of the respiratory system are profoundly compromised. Conditions such as obstructive sleep apnea (OSA) and obesity hypoventilation syndrome (OHS) are likely caused
by obesity, while other conditions, such as asthma, chronic obstructive
pulmonary disease (COPD) and pneumonia, can be made worse. Reduced
lung expansion reduces the patency of the airways and may lead to greater
contractile responses of the airway smooth muscle [56]. Evaluation with
auscultation within the din of an ED is more difficult in the obese patient, and imaging with plain radiography can be impaired. There are
presently no specific recommendations for the modification of therapeutic
approaches to COPD or asthma (e.g., inhalation therapy) in obesity. However, based on the very recent literature, some adjuncts may prove useful
in the ED setting.

Asthma
On a population basis, there is a higher prevalence of obesity among adults
with asthma, and its severity seems to be proportional to BMI [57]. Ma et
al. demonstrated that obesity was independently associated with atopic
and non-atopic forms of asthma, even after controlling for insulin resistance and sociodemographic factors. Twelve percent of the obese individuals in this population-based study had asthma, compared to 5% of
the normal weight study participants. The risk of asthma was more than
tripled for the most obese individuals compared to normal weight people. There is also an association between obesity and poor asthma control. Obese patients experience more exacerbations and emergency visits,
a lesser response to therapy, and have higher morbidity compared to nonobese asthma patients [57–60].
The reason why asthma and obesity might be related is still not clear.
One hypothesis is that the systemic low-grade inflammation that occurs
with obesity may be a factor [61]. Emerging evidence suggests that obese
patients have a distinct asthma phenotype and need specialized treatment
to control symptoms [62]. Furthermore, obesity-related co-morbidities,
such as obstructive sleep apnea, gastroesophageal reflux disease, and vocal
cord dysfunction, further complicate asthma control.
Some obese patients with asthma have a non-atopic form and appear to
be steroid resistant. One study has found that obese asthma patients respond better to leukotriene inhibitors [62]. The emergency physician does
not usually have the benefit of access to spirometry data and what specific
asthma phenotype an individual patient expresses. While there are no current recommendations for the routine use of leukotriene inhibitors in the
ED, they should be considered in an obese asthmatic patient otherwise not
responding to typical therapy. NPPV has gained increased prevalence in ED
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practice. In asthma, NPPV may have a direct bronchodilating effect, recruit
collapsed alveoli, improve ventilation/perfusion mismatch, and reduce the
work of breathing. This beneficial effect may be augmented with the use of
bronchodilator nebulization together with NPPV [63]. While there are no
defined recommendations for the use of NPPV in acute severe asthma exacerbations, it seems reasonable to consider this adjunct in obese patients
with acute asthma.

Chronic obstructive pulmonary disease
COPD is caused by the chronic inflammatory response to particles or gases
in the lungs, usually from smoking. Obesity is usually associated with
chronic bronchitis rather than with emphysema [64]. The prototypical emphysema patient or the “pink puffer” is more likely to be underweight and
even cachectic in the final stages. On the other hand, the “blue-bloater”
more often fits the description of the obese patients with COPD. This may
be due to the fact that patients with COPD lead a more sedentary lifestyle,
which would contribute to the development of obesity. Alternatively, obesity may modify the clinical presentation of COPD, although there is little
research or clinical evidence on this complex issue. Just as in asthma, it is
hypothesized that an increase in circulating pro-inflammatory adipokines
may be responsible for COPD pathology [56]. At the present time, there
are no alternative pharmacologic recommendations for the obese patient
with COPD; however, the efficacy of NPPV in acute COPD exacerbations
is well known [65, 66] and should be considered earlier in the care of the
obese COPD patient in order to prepare for or even forgo potentially difficult airway management.
Obstructive sleep apnea and obesity hypoventilation syndrome
Obesity is a well-recognized risk factor for OSA. Increased fat tissue deposition in the pharyngeal region and reduced operating lung volumes in
obesity act together to reduce upper airway caliber, modify airway configuration and increase their collapsibility; airways are thus predisposed
to repetitive closures during sleep [67]. About 70% of people with OSA
are obese, and, conversely, the prevalence of the disorder among obese
individuals is approximately 40% [68].
A condition related to OSA is OHS characterized by respiratory failure,
severe hypoxemia, hypercapnia (daytime CO2 ⬎ 45 mm Hg) and pulmonary hypertension. Most patients with OHS also have OSA [69–71].
It has been well established for decades that continuous positive airway
pressure is the treatment of choice for obese patients with OSA at home
[72]. Due to impaired oxygenation and ventilation physiology at baseline,
implementation of NPPV for OSA and OHS patients in the ED with concomitant acute respiratory pathologies is recommended.
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Infection and sepsis
Obese critically ill patients represent a challenge in the ED setting. In particular, sepsis is a leading cause of death worldwide, and a growing body of
literature is devoted to the increases of morbidity and mortality associated
with critically ill obese patients with sepsis. Obese patients also present
additional metabolic challenges in resuscitation as they have significantly
slower rates of resolving their metabolic acidosis and base deficits [69, 73].
These factors contribute to progression of the patient into multiorgan failure, and continued and recurrent reassessment of these parameters is encouraged. However, there are studies on the association of increased BMI
and ICU mortality that yield conflicting results [74–76]. Obesity manifests
in a constellation of metabolic disturbances and inflammatory stress. It is
difficult to attribute size alone to morbidity and mortality risk, and further assessments and definitions are needed to adequately assess and risk
stratify obese patients. As with other medical conditions where obesity by
itself does not cause increased mortality, the emergency physician must
focus on the acute presentation of the obese septic patient and potential
co-morbidities that affect their immediate treatment.
Why obesity may predispose septic patients to increase morbidity is unclear, but it is clear that obese patients are at risk for a number of preexisting co-morbidities and procedural complications. One possibility is
that obesity in itself is not an independent risk factor for infection, but
rather associated co-morbidities predispose obese patients to increased risk
of suffering community-acquired and nosocomial infections. Extremely
obese patients have a higher prevalence of co-morbid conditions that confer higher risk complications with sepsis, including chronic heart, lung,
liver, and metabolic diseases [77]. Obesity is a risk factor for ICU-acquired
line and blood infections, possibly due to the inherent difficulty of obtaining venous access in this patient population and the reluctance of removing lines once they are established [78]. Obese patients are also predisposed
to nosocomial infections after elective surgeries, such as arthroplasty, in
comparison to the non-obese [79, 80]. Ironically, many of these patients
may require surgery because of complications from or treatment of conditions related to obesity, such as multivessel coronary artery disease and
joint degeneration.

Impediments to emergency department management
inherent to obesity
Estimating patient weight
The obese patient in need of resuscitation provides a number of challenges for emergency physicians. One of the initial obstacles is estimating the patient’s weight. Often, conscious obese patients do not know or
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grossly understate their weight. Scales in the ED may not have the capacity to weigh patients over 150 kg. While some mechanized beds weigh
patients, these are not common in most ED settings. In addition, accurate
assessment of patient’s weight is critical for safe aeromedical transport.
Thus, estimating a patient’s weight based on easily obtained information can be a useful clinical skill. A variety of formulas using anthropometric measurements, such as height, waist circumference, hip circumference, and arm circumference, have been derived. Nearly all of these
appear to provide more accurate estimations than visual analysis alone.
Many of these employ charts or tables and have been derived to accurately allow the use of weight-based medications. Lorenz et al. developed
a three input nomogram using height, weight, and hip circumference
to assist in the weight estimation of compromised stroke patients receiving weight-based tissue plasminogen activator (tPA) [81]. In another
study, height and arm circumference were used to accurately estimate
the patient’s weight within a 15% error margin [82]. These formulas for
weight estimation can be easily used in the ED setting. The authors of
this chapter prefer the Crandall et al. formulas as they require the least
amount of time and patient manipulation. For non-pregnant females, the
formula is:
Weight = 64.6 + 2.15 (arm circumference in cm) + 0.54 (height in cm).
For males, the formula is:
Weight = 93.2 + 3.29 (arm circumference in cm) + 0.43 (height in cm).
Airway management
Managing the airway is always of concern in obese patients, especially
considering the anatomical challenges presented in this patient population. One of the first things to note is that while there may be some mild
infiltrations of adipose tissue into the soft tissues of the airway, such as the
tonsils and aryepiglottic folds, the airway of the obese patients is approximately the same size as a lean male or female of the same height. The
challenge for the emergency physician is aligning of the oral, pharyngeal,
and laryngeal axes in the face of anatomical features of obese patients.
Obese and lean individuals have the same number and size of cervical vertebrae, but have increased neck mass, volume, and percent adipose tissue.
This results in the appearance and functionality of having a short neck
[83]. This may be so severe at times that the head and thorax appear
to be contiguous. Excess breast or chest wall tissue may fall towards the
head and neck when the patient is placed in a recumbent position, acting
as a barrier to the laryngoscope handle. Specific short-handled laryngoscope blades may be of use in this circumstance. As mentioned above,
OHS is a common baseline condition causing chronic hypercapnia in these
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patients. Gas exchange and lung function may be improved through the
use of a pre-intubation period of NPPV and may assist in the treatment of
acute respiratory failure from a variety of causes [84, 85].
Advanced preparation is critical when planning to intubate the obese
patient. There is conflicting evidence whether increased BMI can predict a
difficult airway [86]. However, if the airway is not successfully intubated
in the obese patient, alternative measures such as bag valve mask ventilation or cricothyrotomy are exponentially more difficult. Perhaps the easiest maneuver for the anticipated intubation of the obese patients includes
placing them in a “ramp” position. This can be achieved by stacking blankets behind the patient’s back, resulting in elevation of the head, upper
body, and shoulders significantly above the chest. As a result, the external
auditory meatus aligns horizontally with the sternal notch. Similar positioning can be achieved using a commercially available elevation pillow
[87–89]. There are several steps that the emergency physician should consider when planning to intubate obese patients:
1. Recruit enough assistance to perform extra maneuvers such as displacing chest tissue caudad, positioning the patient, and acquiring necessary
or additional supplies.
2. Advance preparation and acquisition of additional airway adjuncts
such as video laryngoscopy (several available devices) and extraglottic
devices.
A formula suggested by the authors for the optimal number of people needed to perform a successful intubation is: ((actual body weight in
kg)/70 kg) + 2 (round to the highest whole number). Consider a prolonged pre-oxygenation period if time permits and the use of adjustable
angle laryngoscopes.
Device considerations may include a number of adjuncts designed for
use in managing the difficult airway. Ndoko et al. found that use of the
TM
Airtraq laryngoscope shortened mean intubation time (56 vs. 24 seconds) and episodes of decreased oxygen saturation in comparison to a
Macintosh laryngoscope in the obese patient [90]. Other video-assisted
TM
TM
TM
intubation devices (i.e., LMA Ctrach , Airway Scope , GlideScope )
may also provide additional aid in managing the airway of obese patients
[91, 92]. Sifri et al. demonstrated that emergency physicians can often
successfully intubate sick obese trauma patients in the ED setting [93]. In
the event that the patient cannot be intubated, ventilation through the
TM
TM
use of extraglottic devices, such as the Combitube or King Airway ,
may be beneficial.
Once intubation has taken place, the emergency physician must be
aware that ventilator strategies and settings need to be carefully tailored.
Increased BMI has been associated with a higher rate of developing acute
respiratory distress syndrome [94]. Ventilation may be improved through
slight reverse Trendelenburg angulation of the patient’s bed.
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Vascular access
Vascular access in obese patients is problematic and often takes additional
preparation and time and, despite these efforts, may be unsuccessful. Ideally, whatever technique is decided upon would be safe, efficient, and well
tolerated by patients. The advent of bedside ultrasonography has significantly improved the ability to achieve intravenous access in obese patients. Ultrasound-guided peripheral intravenous access has been shown
to be more successful than traditional “blind” techniques, requires less
time, and decreases the number of percutaneous punctures in patients
who were defined to have difficult intravenous access, including obese
patients [95]. An alternative to central venous access in the obese patient
may be ultrasound-guided brachial vein cannulation. Mills et al. demonstrated the feasibility of using an ultrasound-guided 15-cm catheter to cannulate the brachial or basilic vein in patients with varied reasons for difficult venous access [96]. Regardless, care providers should be prepared
with intravenous catheters of sufficient length to avoid dislodgement and
potential infiltration.
Central venous access can also be problematic in the obese patient, and
there is no clear consensus about which site and approach is most preferable. Femoral access has largely fallen out of favor due to the increased
incidence of infection and deep venous thrombosis [97]. Remaining options include standard approaches for the subclavian and internal jugular
veins, and both of these approaches can be more difficult in the obese patient due to obscured landmarks. One recent study found that the internal
jugular could be accessed with equal success to the subclavian approach in
obese patients [98]. These authors recommended that procedural success
might be increased by maintaining the head in neutral position where the
internal jugular vein would have the least overlap over the carotid artery.
Overall, it appears that in any approach and in many special patient populations, including obesity, ultrasound guidance may be the best adjunct in
successfully and safely accomplishing central venous access [99–102].
Lumbar puncture
Obese patients have an increased distance from the skin surface to the subarachnoid space. This distance often exceeds that of a routine 9 cm spinal
needle. Abe et al. devised a formula for predicting the required lumbar
puncture depth, which can aid in the selection of an appropriate-sized
spinal needle [103]:
Lumbar puncture depth (cm) = 1 + 17 (weight (kg))/height (cm)
Awareness of the predicted depth of needle insertion can increase the
success rate [104]. Ultrasound may improve the identification of landmarks for lumbar puncture as well [105,106]. Fluoroscopy may be considered in extreme, technically difficult, or unsuccessful cases.
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Needle and tube thoracostomy
Obese patients can have significant adipose tissue on their chest and thorax. This may preclude urgent and emergency procedures such as needle
and tube thoracostomy from being rapidly and effectively accomplished
[107, 108]. In a study of the effectiveness of needle thoracostomy for tension pneumothorax in the pre-hospital environment, the authors found
that nearly 25% of included patients had retained some amount of pneumothorax, with most having subclinical tension, indicating incomplete or
total failure of penetration into the pleural space [109]. Procedure failure
in this study was attributed to the use of routine 5-cm catheters that were
simply too short to adequately decompress the chest. In a similar fashion,
Givens et al. retrospectively measured chest wall thickness by chest CT
scans in medical and trauma patients and found that 5-cm catheters would
reliably penetrate the pleural space in only 75% of patients [108]. Due to
the apparent increased proportion of obese patients requiring medical care,
some emergency medical services (EMS) systems have reportedly adopted
the use of 7-cm catheters. Alternatively, some authors have found that
needle decompression may be more successful when the catheter is placed
in the anterior or midaxillary line [110, 111]. In tube thoracostomy, tube
length is not the limiting difficulty for morbidly obese patients, but the
space between the scapula and the underlying ribs can create confusion.
This can be avoided by blunt dissection and finger decompression of the
pleural space prior to chest tube insertion [112]. Once this is performed, it
reduces the urgency and allows time for the subsequent placement of an
appropriate chest tube.
Drug dosing
The physiologic changes of obesity also alter both the hepatic and renal
clearance and the volume of distribution of many drugs. Fixed amount
dosing regimens may result in underdosing, and, likewise, total body
weight (TBW) dosing may result in overdosing. Several body weight
definitions, such as TBW, actual body weight, ideal body weight, and
lean body weight, have variable use and sometimes unclear definitions.
Glomerular filtration rate and creatinine clearance are affected by obesity,
and standard calculations for these values are less accurate in the obese
population [113]. Obese patients not only have an obviously increased
amount of adipose tissue weight, but also concomitantly have a greater
amount of lean body weight to physically and metabolically compensate
for the increased tissue burden. Over 99% of drug metabolism occurs in
lean tissues [114]. While there are few clear and consistent dosing guidelines for obese patients, there seems to be a trend in the recommendations for weight-based dosing to be based on the lean body weight. Lean
body weight calculators, based on the derivation of Janmahasatian et al.
R
are available online (http://www.medcalc.com/body.html and ePocrates
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medical calculation applications MedMath and CardioMath). Considerations for dosing adjustments for obese patients appear in Table 11.1 above.

Sociologic and medicolegal risks of obesity
Obese patients are highly stigmatized, and weight bias has increased with
the growing recognition of obesity as a medical issue. Research shows that
physicians, nurses and medical students associate negative attitudes towards obese patients, including beliefs that they are noncompliant, lazy,
and lack discipline [121]. Such beliefs may translate to the caregiver’s
notion that any treatment for an obese person’s condition may be futile. Obese patients may avoid seeking preventive or early medical care
for fear of receiving disrespectful treatment, unsolicited advice to lose
weight, or being embarrassed by using gowns or equipment intended for
normal weight patients [122, 123]. Despite these patient- and physicianfocused obstacles to caring for obese patients, emergency physicians are
duty bound to provide the best possible acute care to any patient population regardless of prejudice.
Failure of diagnosis, drug dosing errors due to incorrect weight estimation and ineffective medical devices, such as airway equipment or imaging
modalities, are just a few examples in which the clinical manifestations
of obesity may expose care providers to increased medicolegal risk. Obesity also has the potential to cause increased risk for patients and ED care
providers unrelated to the presenting complaint. For instance, most medical equipment, such as stretchers, transport boards, and radiology tables,
were not designed for morbidly obese patients and may be at risk of mechanical failure. Inadequate equipment, staff assistance, and training of
health care providers may result in personal injury claims such as back injuries. Appropriate risk management and investment in capital equipment
to manage obese patients may prevent unnecessary claims; however, it is
unclear whether hospitals will be expected to have invested in equipment
designed for bariatric patients. Very few ED have the equipment to image patients ⬎ 450 lbs, and although some veterinary schools and zoos are
sometimes equipped with large CT scanners, most have policies prohibiting the imaging of humans [1].

The next five years
Landmark trials evaluating life saving emergency treatments have often
excluded obese patients from the study populations or have not recorded
BMI [124]. There is a paucity of data specifically addressing obese critically ill patients, and future studies will need to address this “minority”
population and include them in clinical trials.
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Most likely, the proportion of obese patients presenting to the ED will
continue to grow. Obesity is a multibillion dollar market ready and waiting
for device developers to catch up to fill an enormous unmet need. Medical
device developers have already identified as a prime market opportunity
the invention and adaptation of advanced technologies and devices specifically catered to the obese patient. An obvious need lies in the realm of
imaging modalities such as CT, MRI, ultrasound, and even plain radiography. At its most basic level, the medical profession is in need of longer
needles, airway devices, such as an indicator-guided percutaneous emergency cricothyrotomy adjunct, elevation pillows, imaging devices, scales,
transfer boards, beds, and mobility aids (crutches, wheelchairs, scooters)
to care for the obese patient.
As in many medical conditions, an increasing number of patients parallels an increasing number of pharmaceuticals targeting that process. The
same is true with obesity in both the prescription and over-the-counter
(OTC) drug arenas. Any pharmacy, grocery, or nutritional supplement
store contains several agents purported to promote weight loss. Several
companies produce OTC or herbal/all natural weight loss supplements that
have no proven clinical efficacy, may have dangerous side effects or interactions, and are not approved by the FDA. The FDA determined and recently released news about the presence of sibutramine, fenproporex, fluoxetine, bumetanide, furosemide, phenytoin, rimonabant, cetilistat, and
phenolphthalein in weight loss products being sold OTC under a variety
of names [125]. One of the first mainstream medications targeting obesity,
“Fen-Phen” (fenfluramine, phentermine, dexfenfluramine), was found to
cause significant cardiac valvular complications that resulted in it being
taken off the market in 1997. Since that time emerging agents are under
intense regulatory scrutiny [126]. The FDA recently pulled sibutramine
from the market citing an increased risk of myocardial infarction and
stroke with prolonged use [127]. Despite being removed from the market, many of these agents can still be found internationally and on the
Internet. The potential for millions of individuals to be taking prescription
and OTC medications for obesity is immense. While emergency physicians
are unlikely to prescribe these agents, they should realize the potential for
complications and overdoses from this set of agents and consider including
queries of such medication use in their history and physical.

Conclusion
Obesity is a clinical condition that affects nearly every disease process and
population emergency physicians serve. Obesity in isolation is often not
solely responsible for a poor prognosis, but is likely the contributing factor of difficulty in performing procedures, physical examination, and obtaining adequate imaging. Insulin resistance, increase in infection rate,
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and other co-morbidities also account for morbidity associated with the
obese condition. For now, in the absence of definitive evidence, emergency physicians must continue to extrapolate from available literature
and clinical experiences when managing the obese patient. There is currently a charge in the medical and surgical literature to identify diagnostic and treatment strategies for the obese. Emergency physicians need to
identify and consider obesity as a clinical condition, rather than a social
stigma, and combine this with the knowledge of associated co-morbidities
to appropriately manage this challenging patient population.
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Introduction and epidemiology
With the aging of the general population [1], emergency physicians will
encounter more geriatric patients who have suffered trauma. While the
spectrum of trauma can vary from minor to major multisystem injuries,
for the emergency physician, the geriatric trauma patient population requires a heightened awareness of complications that can arise and affect
emergency department (ED) evaluation, management, and disposition.
The combination of pre-existing medical conditions and prescribed medications can blunt the ability of the emergency physician to assess for the
presence of worsening hemodynamic parameters in the geriatric trauma
patient. As a result, disposition of the geriatric trauma patient can differ
from younger trauma patients based on the need for more careful monitoring for physiological decompensation that may not manifest in the typically expected manner of trauma patients experiencing shock [2].
While the number of geriatric trauma patients is on the rise, the exact
definition of what constitutes a geriatric patient is not standardized across
the trauma literature. Some authors support the use of a functional status
rather than age alone, contending that functional status can vary widely
among the elderly [3]. There is considerable heterogeneity in the literature
in the age ranges that are used to refer to geriatric trauma patients [4].
Ages as young as 45 to as old as 85 have been used to classify this patient
population. One study of the Ohio trauma registry found that age 70 was
the most appropriate transition point based on overall mortality [2]. Yet,
no age or set of co-morbitities has been standardized to define a patient as
geriatric for the purposes of trauma evaluation.
Local prevalence of geriatric populations vary widely. Florida has 17.2%
of its residents aged 65 or over, while Alaska has only 7.6% [5]. Japan’s
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overall population is even older with 22.2% of the national population
aged 65 or older [6]. A German study found that patients over the age
of 60 accounted for 19% of trauma patients in 1996 and 25% of trauma
patients in 2006 [7]. Overall, the populations of industrialized countries
are aging. As populations age, a greater percentage of patients arriving
with traumatic injury will be elderly.
Elderly patients have a greater burden of morbidity and mortality than
their younger counterparts. Trauma is the ninth leading cause of death in
patients over the age of 65 [8]. Geriatric patients who survive their traumatic events have a decreased life expectancy relative to their uninjured
counterparts [9]. They also can account for a greater use of medical resources per capita [10]. The cost of hospitalizing an elderly trauma patient
is generally greater than the costs incurred by younger patients [10]. A notable exception to this is in elderly patients with the most severe injuries.
The high mortality rate in this cohort accounts for less use of resources
[11]. The burden of this extra cost is likely to fall on hospitals as the elderly have relatively low reimbursement rates for trauma care [12, 13].
With this combination of increasing prevalence and potential morbidity
and mortality, geriatric trauma represents an emerging and challenging
patient population in the ED. This chapter discusses the evaluation and
management of the geriatric trauma patient in the ED.

Patient co-morbidities that affect the evaluation
of the geriatric trauma patient
As the general population ages, the prevalence of underlying chronic illness has increased [14]. Co-morbidities in the geriatric trauma patient may
alter the goals of therapy. A patient’s pre-existing conditions and level of
function must be considered both in the evaluation of the patient in the
ED and in the disposition of the patient. Patients with pre-existing medical
conditions and a low baseline level of function are more likely to require
placement in a long-term facility after their hospitalization [15]. They may
also have a greater in-hospital mortality, suggesting the need for higher
acuity monitoring relative to younger patients with similar injuries [16].
Chronic obstructive lung disease
Chronic obstructive lung disease (COPD) is a common disorder in the elderly. It is estimated that 13% of nursing home residents suffer from this
ailment [17]. COPD has been associated with increased risk of nosocomial
infection after trauma [18]. COPD also predisposes patients to more severe
orthopedic injuries from lower energy traumatic mechanisms, as do the
steroids, both systemic and inhaled, that may be used to treat this condition [19]. Bone density is reduced in patients with severe COPD [20], but
it is not necessarily reduced in patients with moderate COPD [21]. While
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published studies to date have not assessed the specific impact of COPD
on geriatric trauma patients requiring ventilation, it is prudent to assume
that a history of COPD may predispose this population to ventilator-related
complications.
Dementia
As of 2007, there are an estimated 3.4 million patients with dementia
in the United States [22]. Cognitively impaired geriatric patients fall frequently [23]. The causes of these falls are likely multifactorial. Some of
these factors include the cognitive impairment itself, medication use, orthostatic changes, and environmental factors [23]. Many of these factors
are not easily modifiable. Demented patients may also have difficulty providing a clear history and cooperating with physical examination in the
ED. This causes the emergency physician to rely on imaging, monitoring,
and laboratory findings more heavily than in cognitively intact patients.
Body habitus
As of 2008, 37% of men and 34% of women in the United States over the
age of 60 were classified as clinically obese based on a body mass index
(BMI) greater than 30 [24]. In-hospital mortality has been shown to be
seven times higher for all obese adults admitted to the trauma intensive
care unit [25]. Elevated BMI is also a risk factor for requiring mechanical ventilation after thoracic trauma [26]. Body habitus can also affect the
risk of elderly trauma patient suffering orthopedic injuries. Low BMI has
been associated with an increased risk of hip fractures and high BMI with
an increased risk of humerus fractures in post-menopausal women [27].
Functional outcomes have not been well documented for the elderly obese
trauma patient. Obese patients receiving hip arthroplasty have been found
to be able to reach their functional goals as well as their non-obese counterparts, but at a greater cost and length of stay [28].
Diabetes mellitus
As the population ages and the prevalence of obesity increases, there has
been a concomitant increase in the prevalence of diabetes mellitus [29].
Diabetes mellitus predisposes patients to injury in a variety of ways. In the
later stages of the disease, many patients have decreased vision and decreased sensation in their feet. This loss of sensorium may lead patients
to have greater difficulty navigating through their environment. Episodes
of hyper- or hypoglycemia may lead patients to have alterations in
consciousness or mental status that can lead to injury. Alterations in a
diabetic patient’s vasculature and immune function may lead to delayed
healing or susceptibility to post-traumatic infection.
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Hyperglycemia has been associated with poor outcome in trauma patients [30]. There has been considerable investigation in how to best manage the blood glucose in critically ill patients. In the past, intensive insulin
therapy with tight glucose control has been the standard of care. This approach has not been shown to improve outcomes in the general critically
ill population [31] nor in critically ill trauma patients [32,33]. Intensive insulin therapy has been shown to increase the frequency of hypoglycemia
[31–33]. It is reasonable to avoid extremes in blood glucose in critically ill
trauma patients.
Cardiovascular disease
Geriatric trauma patients with coronary artery disease or congestive heart
failure present their own set of challenges to the emergency physician. Patients with congestive heart failure may have difficulty managing the large
amount of intravenous fluids that trauma patients may receive. Patients
with coronary artery disease may have difficulty adapting to the increased
demand for cardiac output that the stress of a trauma may place on the
body [34]. Patients over the age of 50 who have sustained blunt trauma
to the chest wall are at a much higher risk for in-hospital mortality [35].
Patients with cardiovascular disease may also be on medications that alter coagulation, platelet aggregation, or the ability to appropriately elevate
the heart rate. As such, geriatric trauma patients taking these medications
may be predisposed to hemorrhagic injury from minor mechanisms and
may also not manifest the typical vital sign abnormalities that accompany
hypovolemic shock in younger patients [36].
Polypharmacy
Geriatric patients are more likely to be on numerous medications related
to age-related illness. As alluded to above, these medications can affect
the assessment and management of geriatric trauma patients. Table 12.1
outlines commonly prescribed medications in the elderly that can affect
their ED trauma evaluation and management.
Substance abuse
Geriatric patients are not immune to the ills that plague other segments of
society. Alcohol ingestion is not uncommon in geriatric trauma patients,
and if a patient is found to have alcohol present in their system, they are
likely to have levels above the legal limit for intoxication [43]. Alcohol
screening by hospital staff using history and physical exam has been shown
to be inaccurate [44]. Alcohol testing is not always universal in geriatric
trauma patients, and using the data set of those who are tested may not
be a reliable approximation of the population at large. Geriatric patients
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Table 12.1 Commonly prescribed medications in the elderly that affect ED trauma
evaluation and management
Beta-blockers/calcium-channel blockers/digoxin: Can blunt cardiac response to
hypovolemia [36]
Platelet inhibitors: Bleeding complications, especially in head trauma [37]
Narcotic pain medications: Pre-trauma use can prevent adequate pain control without
side effects
Statins: Possible protective effects concerning fractures; mixed effects on overall
morbidity/mortality following major trauma [38–41]
Corticosteroids: May cause osteoporosis, delayed wound healing, and adrenal
suppression [19]
Warfarin: Bleeding complications, especially in head trauma [37, 42]

who test positive for alcohol ingestion are more prone to falls [45]. A postmortem study of all fatal ground-level fall patients, regardless of age, found
that alcohol changes the pattern, frequency, and severity of injury [46].
Depression and suicidal ideation
A retrospective review by Crandall et al. of the National Trauma Data Bank
examined risk factors and outcomes for patients over the age of 65 admitted to the trauma service for attempted suicide. Geriatric trauma patients
who present with suicide attempts are likely to be white males, insured,
use a firearm, and have at least one medical co-morbidity. They are commonly found to be positive for alcohol or illicit drugs, though less commonly than younger patients who attempt suicide. They are unlikely to
have a history of pre-existing psychiatric illness. Their injury severity score
is likely to be high. Geriatric suicide attempt patients are twice as likely
to die, and those who survive are half as likely to be discharged home
[47].
Delirium
Acute delirium is not uncommon in geriatric trauma patients. The etiology
of this is likely multifactorial. The trauma itself, necessary interventional
procedures and the chaotic environment of the ambulance, helicopter, or
ED trauma bay are factors that are not easily modifiable. Acute delirium
may be exacerbated by benzodiazepines or opiates [48]. Trauma physicians
often request the assistance of other services in treating pain in geriatric
patients [49]. The emergency physician should likewise assist the trauma
service in the balance of treating the patient’s pain while being mindful of
the effects that the medications may have on the patient’s mental status.
Nerve blocks, fostering a calm environment, anchoring the patient with
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direct communication with the staff or family, avoidance of overstimulation, and judicious use of systemic medications all may help in preventing
delirium in the elderly trauma patient [50].

Emergency department management of the
geriatric trauma patient
Prehospital management
The earliest interventions in the care of the geriatric trauma patient occur
on scene and en route to the hospital. These interventions are provided by
local emergency medical services (EMS). Counterintuitively, elderly patients are less likely to be brought to a level-1 trauma center or have the
trauma team activated than their younger counterparts with equal severity
of injury [51,52]. One potential cause of this disparity is that the vital signs
that younger patients can mount in the presence of severe physical stress
may be blunted in older patients. In patients over the age of 65, blood pressure and heart rate have not been shown to predict severe injury [51]. A
chronically hypertensive patient may be physiologically hypotensive despite a normal blood pressure reading. Those taking ␤-blockers or other
medications that cause bradycardia may not be able to mount a tachycardic response despite significant volume loss [53, 54]. In order to curtail
the frequency of geriatric patients being under triaged, the National Expert
Panel on Field Triage includes age greater than 55 as a special criteria to
consider when evaluating a patient. EMS providers may up-triage an older
patient who does not meet the physiologic, anatomic, or mechanistic criteria for treatment at a level-1 trauma center. Proper triage is especially
important in the elderly. Under-triaged patients over the age of 65 have
a significantly higher rate of in-hospital mortality, disability, and overall
complications [52].
Airway management
For many geriatric patients, a major trauma requires the placement of a
definitive airway. Geriatric patients might be wearing dentures, which may
be helpful in establishing a seal during bag-valve mask ventilation as long
as they are properly secured and not dislodged by the procedure. Dentures should be removed prior to intubation, so that the physician’s view
is not obstructed by them. Care should be taken in positioning and stabilizing the cervical spine during intubation of the geriatric trauma patient.
Degenerative changes may be present that make the patient more vulnerable to spinal injury, more difficult to properly position, and less tolerant
of motion. The combination of age and limited cervical spine mobility is a
predictor for difficult intubation [55]. Decreased mouth size and an anteriorly positioned glottis may also be encountered.
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When intubating a geriatric trauma patient, the emergency physician
should consider the medications and dosing used. Vecuronium or other
relatively long-acting paralytics may have prolonged effects. A shorter acting agent such as succinylcholine or rocuronium may be a better choice for
paralytic agent during rapid sequence intubation, and no age-based dose
adjustments are needed [56]. Defasciculating doses of non-depolarizing
agents should not be used when using succinylcholine as they have been
shown to decrease oxygen saturation in elderly patients prior to intubation [57]. The doses of etomidate or benzodiazepines may be reduced in
the geriatric patient and still achieve appropriate levels of sedation [56].
The effects of ketamine may be prolonged in geriatric trauma patients [56].
In the authors’ experience, etomidate and succinylcholine are an effective
induction combination with predictable effects on the geriatric trauma patient. Midazolam in small boluses or in a drip may then be used to keep
the patient sedated while on the ventilator.
Vital signs assessment and determination of need
for further resuscitation
Trauma resuscitation has classically relied heavily on vital signs to guide
the need for intervention and to define resuscitative end points. A seminal
article by Scalea et al. posited that since vital signs are not always indicative
of underlying shock in geriatric multiple system blunt trauma patients, and
that early invasive monitoring can better guide the resuscitation [58]. A
combination of laboratory markers, such as lactate levels and arterial base
deficit, in addition to invasive monitoring for cardiac output and oxygen
delivery, should be used to direct the resuscitation [59].
Initial arterial base deficit and lactate levels can be used to indicate that
the geriatric trauma patient needs further resuscitation. These markers
may also be used to assess the patient’s response to the resuscitative interventions and potential prognosis. Use of changes in the base deficit over
time in addition to the initial sample strengthens the marker’s ability to
predict outcome in geriatric trauma patients [59].
The arterial base deficit may be altered by most factors that affect the
anion gap, which must be taken into account when interpreting the results [59]. A patient may have a hyperchloremic non-anion gap acidosis
from resuscitation with normal saline, dropping the total bicarbonate, and
increasing the base deficit. The presence of alcohol intoxication decreases
the test’s specificity as the initial base deficit may be elevated from intoxication alone [59].
Use of invasive monitoring to assess cardiac output and oxygen delivery
has been shown to be of more value in assisting in patient prognosis rather
than as a tool to guide therapy. Supranormal levels, rather than simply
attaining normal levels, of cardiac output and oxygen delivery have been
shown to increase the trauma patient’s chance of survival. This is only
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true if the patient is able to reach these supranormal levels on their own
with standard supportive care. Interventions designed to cause the patient
to reach these levels have not been shown to improve patient outcome.
Mixed venous oxygen saturation has been shown to be a useful marker
to guide resuscitation in septic patients, but it has not been shown to be
helpful in trauma patients [59]. Proposed triggers for the initiation of early
invasive monitoring in geriatric trauma patients include any sign of shock,
an elevated arterial base deficit greater than 11 in patients with elevated
injury severity scores or the presence of pre-existing cardiac disease or
cardiac risk factors [60]. Other markers such as tissue or subcutaneous
oxygenation have been studied with inconclusive results [59].
Physical examination
As with vital signs, there are limitations to the utility of the physical examination in the assessment of the geriatric trauma patient. Tenderness on
examination may be reduced in geriatric trauma patients. The reduced reliablitiy of the physical exam compels the physician to rely more on imaging
to exclude the presence of injury. Serial FAST examinations, especially in
the presence of hypotension, are useful in rapidly determining whether
acute surgical intervention is required in a geriatric trauma patient [61].
Imaging evaluation
CT imaging is useful in the geriatric trauma patient as it is in the general
population. However, its use should be weighed by the emergency physician in the context of risk factors that accompany this testing. Deunk et al.
found that age greater than 55 alone was not an independent predictor for
intra-abdominal injury to be diagnosed on CT [62]. Intravenous contrast
allows imaging of the vasculature and better defines injuries to solid and
hollow organs, but it does carry some risk. Geriatric patients have an increased frequency of contrast-induced nephropathy (CIN). In one study,
CIN was present in 1 in 5 patients over the age of 75, though none of these
patients died or needed in-hospital dialysis [63]. A patient’s age, presence of diabetes, heart failure, or other pre-existing conditions should be
taken into account when making the decision to use intravenous contrast
[64].
Cervical spine evaluation requires special attention in geriatric trauma
patients [65]. The Canadian C-spine Rule excludes patients over the age of
65 from clinical clearance. The NEXUS criteria do not have any age cutoff,
but care should still be taken when foregoing cervical spine imaging in
those over the age of 65 [66]. CT imaging is the evaluation method of
choice, and it may be appropriate to obtain such imaging even in geriatric
patients with low-energy traumatic mechanisms. Cervical spine fractures
in the elderly, whether isolated or associated with other injuries, have a
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high level of associated morbidity and mortality [65]. The atlanto–occipital
complex and the upper cervical spine is especially vulnerable to injury in
patients over the age of 75 or those who fall from standing [67].
Assessment of the geriatric trauma patient on anticoagulation
An area of special consideration when assessing geriatric trauma patients is
whether the individual is taking anticoagulation medications. Evidence on
the effect of anticoagulation on trauma outcome is somewhat contradictory. Multitrauma patients on warfarin, aspirin, or clopidogrel do not have
increased mortality in the absence of an intracranial injury [68]. Kirsch
et al. showed that warfarin use in geriatric orthopedic trauma patients
was associated with prolonged hospital stay, number of units of transfused blood products given, and longer delays to surgery [69]. Intracranial injury in the presence of warfarin is a strong predictor of mortality
[42]. For all head trauma patients, age greater than 70 and elevated International Normalized Ratio (INR) is associated with increased mortality
[42]. A study of patients on anticoagulation and/or antiplatelet therapy
with minor head trauma (GCS 15) showed results disparate from studies
that included minor and major head trauma. In patients suffering only
minor head trauma, external evidence of head injury, age, type of medication (warfarin or clopidogrel), and INR were not predictive of intracranial
hemorrhage. Loss of consciousness was a significant marker and had a high
positive predictive value, but the absence of a loss of consciousness could
not be used to rule out the presence of intracranial bleeding [37]. A study
by Cohen et al. found that INR elevation was a predictor of delayed or
occult intracranial bleeding. The authors recommend that all patients on
warfarin with any kind of head trauma receive a head CT and that those
with supratherapeutic levels be admitted for a period observation and possible repeat head CT at 12–18 hours, but this has not been validated in
general ED practice [70]. While the degree of risk posed by the use of warfarin in geriatric patients who have suffered head injury is debated, it does
seem prudent based on this evidence for emergency physicians to have
a low threshold for obtaining CT imaging in this patient population. The
determination of whether to admit the geriatric trauma patient on anticoagulation with no evidence of intracranial injury on CT is one that should
be based on the specific characteristics of the individual and their social
support.
Patients on warfarin who require rapid reversal of their anticoagulated
state can be treated in several ways. Fresh frozen plasma (FFP) may be
used but it requires a large volume, usually dosed at 15 mL/kg. FFP also
needs to be thawed prior to use, and many centers do not have pre-thawed
FFP available for immediate use. Factor IX may not be adequately replaced
by standard dosing of FFP. For these reasons, prothrombin complex concentrate (PCC), a combination of factors II, VII, IX, and X, is often used and
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in limited studies has been shown to be superior to FFP [71, 72]. Recombinant factor VIIa has also been used in combination with FFP to reverse
warfarin. Large studies still need to be done to compare the relative efficacy
and safety profile of FFP versus PCC versus recombinant factor VIIa [73].
Head injury patients with an intracranial hemorrhage and on antiplatelet
therapy have been shown to be at increased risk of mortality [74]. Downey
et al. found no improvement in mortality by the administration of platelets
to geriatric trauma patients receiving antiplatelet medications who have
suffered head injuries [75].
When faced with an injured patient who is on anticoagulation or antiplatelet therapy and is not to be admitted to the hospital, the emergency
physician must consider the risk and benefits of continuing the therapy.
Factors to be considered include the mechanism of injury and whether it
might recur, the patient’s behavior or home environment and the likely
benefits from continued therapy. Consultation with the physician originally prescribing these medications is imperative if discontinuation of these
therapies is to be considered.
Disposition of the geriatric trauma patient from the ED
When a geriatric trauma patient has been determined to be fit for discharge
from the ED, the emergency physician must consider the type of facility
and resources to which the patient has access. If the patient is to return
to the home environment, many factors must first be considered (Table
12.2). The types of facilities used to house the elderly are varied, and the
patient should be discharged to a facility that can provide the appropriate
level of care. Facilities range from minimal intervention and monitoring
to long-term acute care facilities that provide services similar to a standard
hospital. The emergency physician should be familiar with the resources
that the local facilities have and clarify with the facility when unsure.
Table 12.2 Factors to consider before a geriatric trauma patient can be discharged
from the ED
Does the patient need someone to get needed items (food, toiletries, etc.) from outside
the home?
Are there steps or other physical impediments in the home?
Has the patient’s level of function changed such that they are no longer able to safely
operate their mobility equipment (crutches, walker, wheelchair, scooter)?
Is the patient able to access the bathroom or commode in a safe manner?
Does the patient need to be monitored or assisted by a caregiver in any other way?
During what portion of the day will the patient need a caregiver?
Can the family or social services meet this need?
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End of life care of the geriatric trauma patient
Other types of disease may have varying time courses that allow a patient
and their family to make end of life decisions over time. The instantaneous,
violent nature of major trauma often precludes such consideration. The
patient and family suddenly find themselves in a situation that they did
not expect and for which they are not prepared. End of life issues and
decisions about withdrawal of care may arise in the ED in the severely
injured geriatric trauma patient. Unfortunately, the patient’s direct wishes
are often not known or well documented [76]. Emergency physicians must
be mindful that the way they portray the patient’s physical condition and
prognosis goes a long way towards directing the course of action that the
patient or their family decides to take.

Mechanisms of trauma and injury patterns in
geriatric trauma patients
Falls
Falls are extremely common in the geriatric population. A study by Sterling et al. found that for patients over the age of 65, injury severity and the
mortality rate was much higher for all types of falls when compared to the
younger cohort. This was especially true in ground-level falls. The types of
injury were also different, with head, chest, and pelvis injuries overrepresented in the geriatric group [77]. Geriatric patients with even minor fall
mechanisms should be assessed for the presence of serious internal injury.
In order to decrease the number of geriatric falls, many groups have devised strategies for fall prevention in the elderly. The Centers for Disease
Control has published a collection of some of the most efficacious strategies. Exercise, home safety evaluation, and multifaceted interventions are
discussed [78]. One of the simplest things an emergency physician can
do after seeing a geriatric patient who has fallen or is at risk of falling is
to refer the patient to one of these types of programs. Be mindful that
though there are many effective interventions, there are others that have
not been shown to be [79]. Further research needs to be conducted to assess whether and what type of interventions the emergency physician can
use to prevent the recurrence of falls.
Motor vehicle accidents
The patterns of injury sustained in a motor vehicle accident can vary
widely based on the point of impact, intrusion into the vehicle, and the
type of safety devices installed. According to the National Household
Travel Survey, elderly drivers are more likely to be driving older cars,
which are less likely to have the modern safety features installed. It is a
common misconception that larger, heavier, older cars are generally safer
than modern vehicles [80].
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Studies show that patients over the age of 65 who sustain a major
trauma from a motor vehicle accident are more likely to have head and
chest injuries than younger patients [81]. Blunt thoracic aortic injury has
been shown to be more common and occur with less forceful impacts than
in younger patients [82]. The frequency of lower extremity injury patterns
were not found to be associated with age in one study, but younger patients under the age of 35 or older patients over the age of 65 were found
to have more hip and thigh fractures and less foot and ankle fractures than
their middle-aged counterparts [83].
Working with elderly drivers injured in motor vehicle accidents may
lead one to speculate on the wisdom of elderly persons driving. Should licensing authorities restrict the ability of older patients to drive? What kind
of interventions should the emergency physician take? A review of the
National Household Travel Survey found that the very elderly, those over
the age of 85, are disproportionally more likely to die in a fatal car accident
when driving, per mile driven. Most vulnerable are drivers who drive infrequently and take short trips. They are much more likely to cause their
own fatality than kill others involved in the accident. Young inexperienced
drivers are much more likely to cause harm to others on the road [84]. The
overall odds of death in patients over the age of 85, regardless of who was
driving, are 11 times greater than younger patients aged 25–44 [85]. The
emergency physician should take all these facts into account when counseling geriatric patients and their families on the risks of continued driving
after trauma.
Pedestrian struck
There have been many safety advances in car design to prevent injuries to
pedestrians since this first entered the public consciousness in 1965 [86].
Alterations to the angling of the bumpers and placement of the light fixtures, emblems, and wipers have been made to lessen the injury if a pedestrian is struck by the front of the vehicle. Crosswalks and pedestrian lights
at intersections have been placed to help keep down the number of pedestrian injuries. Demetriades et al. found that head, chest, abdomen, and
pelvic injuries are all more common in patients over the age of 65 struck
by a motor vehicle. Injury severity and mortality was also greatly elevated
in this group with a total mortality of 25% [87].
Burns
Elderly burn patients are difficult to manage for a variety of reasons. Skin
thickness is often reduced in the elderly, and poor skin turgor may lead to
increased skin edema [88]. Cardiovascular reserve may also be reduced in
geriatric trauma patients, and they have difficulty meeting the increased
physiologic demand [89]. This combination of increased fluid demands,
due to increased third spacing in the skin, and the decreased ability of
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the cardiovascular system to tolerate the large volume of fluids required
may lead geriatric burn patients to require early ventilator support [89].
Geriatric burn patients who arrive to the ED intubated, independent of the
reason for intubation, have a high rate of mortality [90]. Elderly trauma
patients in general are prone to nosocomial infections, and burn patients
should be monitored closely for this complication [91].
Hospital length of stay over percentage of body surface area burned is
much longer for patients over the age of 65. Mortality is also much higher
in patients over the age of 65. Elderly burn patients, like their younger
counterparts, most frequently die from lung injury or sepsis. A large percentage of elderly patients also die from cardiac events and renal failure
[89]. Aggressive fluid resuscitation, early interventions for cardiovascular
and ventilatory support, and efforts to minimize superinfection should be
implemented in the ED.
Subdural hematoma
Elderly patients with head trauma are vulnerable to subdural hemorrhage
(Figure 12.1). The pathologic explanation for this is the increased length

Figure 12.1 CT image of subdural hematoma.
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of the bridging veins as the brain atrophies with age and is pulled further
from the inner surface of the skull [92]. Acute subdural hematomas often
occur in the presence of other injuries. For isolated subdural hemorrhage
alone, the most important factors affecting prognosis are the size of any
midline shift rather than the size of the bleed itself [92]. Elderly patients
may have increased cerebral atrophy that may allow for a larger volume
of hemorrhage prior to a parenchymal shift [93].
Spinal fracture
Geriatric patients may have vertebral structural deficiencies that leave
them more vulnerable in the face of trauma to injury due to a multitude
of factors. Osteoporosis, metastatic changes, and degenerative changes
may all alter the structure of the spine. There have been no clinical
rules even for young patients to assess the stability of the thoracic or
lumbar spine. Any elderly patient with a mechanism of injury that places
the thoracolumbar spine at risk should be evaluated both clinically and
radiographically.
Elderly trauma patients frequently injure their cervical spine (Figure
12.2). The upper cervical spine is more frequently injured than the lower.
Falls and motor vehicle collisions are the most common mechanisms of
injury [67]. Cervical spine injuries carry a heavy burden of morbidity and

Figure 12.2 CT image of C2 fracture.
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mortality [94]. Definitive treatment is more often surgical in patients over
the age of 65 as these patients often respond poorly to the halo-vest immobilization [95].
Rib fracture
The chest wall becomes less compliant with age. Thoracic trauma in these
patients may lead to rib fractures. Rib fractures in those over the age of
65 show an increased hospital length of stay, pneumonia risk, and overall
mortality. This is especially true for isolated rib fractures that are rarely
fatal to younger patients, but have been found to have mortality rates of
15% for patients over the age of 65. These patients are more likely to
die of respiratory failure or sepsis than their younger counterparts [96].
Measurement of geriatric rib fracture patients’ forced vital capacity at presentation and before intervention has been shown to be associated with
length of hospital stay [97]. These measurements should be taken before
any interventions, such as bronchodilators or bilevel positive airway pressure (BiPAP), are initiated. Patients over the age of 65 must be worked
up aggressively for rib fractures as even a low-energy trauma can result
in fractures and the potential for morbidity and mortality that comes with
them.
Blunt abdominal trauma
As with other types of injuries, abdominal injuries may occur with lower
impact trauma in the elderly. In the past, geriatric trauma patients were
thought to respond worse than younger patients when treated nonoperatively for solid organ injury. Management of intra-abdominal traumatic injuries in geriatric patients no longer differs significantly from that
of the population at large. Markers of significant injury on CT scan or
FAST examination, signs of hemodynamic instability, and response to nonoperative management all play a role in deciding when these patients
should go to the operating room [98].
Penetrating trauma
Penetrating trauma only accounts for 5%–10% of elderly trauma patients
[99, 100]. Patients over the age of 65 who sustain penetrating traumatic
injuries have poorer outcomes than do younger patients, though the excess morbidity and mortality is less than that of blunt trauma [101]. The
worsening in outcomes may be due to pre-existing co-morbidities as well
as age itself [100, 101]. Requirements of intensive care and overall length
of stay is increased in older patients [100]. Still, most elderly penetrating trauma patients recover to the point where they can be discharged
home [100]. This combination of factors suggests that emergency physicians should view geriatric penetrating trauma patients as a high-risk population requiring aggressive intervention and surgical consultation.
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Extremity fracture
Fractures of the wrist and ankle are most common in patients over the age
of 65 and under the age 70. As patients age beyond 70, hip fractures begin
to predominate. Proximal humerus fractures are also common. Caucasian
patients have a greater frequency of fractures than African-American patients. Patients sustaining a humerus or radius fracture over the age of 50
are at an increased risk of a future hip fracture [102].
Lacerations
Elderly patients with thin skin are at risk of skin tears. Skin tears are
classified into three different categories. Category I, in which there is no
tissue loss, can be reapproximated using steri-strips or similar type of surgical tape. Wound adhesives may also be used. Stitching or stapling these
wounds is usually not effective, in that the skin will tear around the sutures. In category II wounds, a portion of tissue is lost. In category III, all of
the skin has been removed, and the wound cannot be completely approximated. There are a variety of absorbent dressings, such as petroleum jelly
or silicone dressings, which can be used. The dressings should be placed
in layers with daily dressing changes of the outer layers and weekly of the
inner [103].

The next five years
As the population ages over time, the frequency of geriatric trauma will
surely increase. Trauma guidelines for their care in the field and the ED
must adapt to care for this vulnerable group. The Eastern Association for
the Surgery of Trauma Guidelines for Geriatric Trauma care was last updated in 2001 and will likely be revised in the near future [104]. Regional
EMS guidelines vary, but guidelines specifically designed for the care of
the geriatric trauma patient are now in place or in development in different regions.
In response to this change in population, how we teach physicians and
other care providers must evolve as well. There is now a consensus proposal for the addition of specific geriatric core competencies, including care
of geriatric trauma, to the emergency medicine residency core curriculum
[105]. The Advanced Trauma Life Support course provided by the American College of Surgeons includes a section devoted to the care of geriatric
trauma patients [106]. The National Highway Traffic and Safety Administration has created a Geriatric Education for EMS course, which includes a
section on geriatric trauma [107]. With the dissemination of these teaching tools, awareness and treatment of geriatric trauma will likely increase
and be more standardized, respectively.
Future research should be undertaken with more uniform definitions
for what defines a geriatric patient. Further work in the areas of prognostic

P1: PAB/UKS
BLBK370-12

P2: PAB
Color: 1C
BLBK370-Venkat
March 25, 2011

244

19:6

Trim: 229mm X 152mm

Challenging and Emerging Conditions in Emergency Medicine

indicators, markers for effectiveness of resuscitation measures, and trauma
prevention strategies will also likely progress geriatric trauma care. The
treatment of geriatric trauma patients using a multidisciplinary approach
from scene to final disposition is becoming better defined, and emergency
physicians will play a vital role in the management of these patients.

Conclusion
With the aging of the general population, ED care of the elderly will become more common. Geriatric trauma represents a growing subset of care
of the elderly that requires close consideration of the pre-injury medical
conditions, prescribed medications, and differences in presentation and
prognosis from the young. Close collaboration between emergency physicians, primary care providers, and trauma surgeons will aid in the careful
management of this emerging and challenging patient population.
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Introduction and epidemiology
Intestinal failure is a physiological state defined as a critical reduction of
functional gut mass below the minimal amount necessary for adequate digestion and absorption to satisfy body nutrient and fluid requirements in
adults or growth in children [1]. Historically, intestinal failure has been
used to describe children with the “short gut syndrome,” a consequence of
surgical resection of intestine after an intra-abdominal catastrophe (such as
midgut volvulus). Children with short gut syndrome comprise the majority of the intestinal failure population. However, recognition of intestinal
failure as a functional rather than anatomical diagnosis has led to the inclusion of children with full anatomical length but dysfunctional intestine.
Regardless of cause, these patients require total or partial parenteral nutrition (TPN). Common diagnoses that may lead to intestinal failure are
provided in Table 13.1 [2].
The incidence and prevalence of children with intestinal failure is not
well defined as a result of the large number of associated diagnoses. The
incidence of short gut syndrome has been estimated to be between 3 and
25 per 100,000 births [3, 4]. This range is in part due to a definition of
short gut syndrome that is based on anatomical length. In addition, advances in surgical, neonatal, and anesthetic techniques, as well as the
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Table 13.1 Selected Diagnoses Leading to Intestinal Failure
Mixed Surgical/
Functional Causes

Functional Causes

Surgical Necrotizing
Enterocolitis

Gastroschisis

Total Intestinal Aganglionosis

Complicated
Gastroschisis∗

Long-segment
Hirschsprung’s
Disease

Chronic Intestinal
Pseudo-obstruction

Surgical Causes

Isolated Intestinal Atresia

Megacystis–Microcolon
Hypoperistalsis Syndrome

Malrotation/Volvulus

Microvillus Inclusion Disease

Trauma

Tufting Enteropathy

Surgical Debulking of
Abdominal Tumors
Vascular Thrombosis
∗

Gastroschisis with associated atresia, ischemia, or volvulus.

success of parenteral nutrition and small bowel transplantation as therapies have likely led to an increase in the prevalence of such patients [5].
Patients with intestinal failure and short gut syndrome will present to
the emergency department (ED) with any number of problems resulting
from the primary medical or surgical diagnosis or with problems attendant
to parenteral nutrition and the presence of a central catheter. Likewise,
patients who have had intestinal transplantation are at risk for delayed
surgical and post-transplantation medical complications.
This chapter outlines the various emergent presentations of patients
with intestinal failure or intestinal transplantation, with an emphasis
on specific problems encountered in the acute setting including electrolyte and fluid management, bowel obstruction, liver failure, central
venous catheter complications, enteral feeding device complications, and
infection.

Descriptions of surgical or procedural interventions
Central venous catheters
Patients with intestinal failure uniformly require TPN to maintain adequate fluid, electrolyte, and caloric balance. TPN requires central venous
access, most often a tunneled catheter made from a silastic material that
makes it more pliable and softer than the non-tunneled versions [6].
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Tunneled catheters have a longer in situ duration potential, but are predisposed to stretching, thinning, or the formation of blebs in the catheter over
time, all of which may result in malfunction of the line. In addition, importantly, tunneled catheters are at risk for becoming infected, particularly
in the patient with intestinal failure.
Enteral feeding devices
Enteral feeding devices are common in patients with intestinal failure.
Temporary tubes placed via the nares can be either nasogastric or nasojejunal. Gastrostomies are created for placement of long-term feeding
tubes via surgical, endoscopic, or interventional radiographic techniques.
Once the fistula tract has matured, a skin-level button device is commonly
placed. While some buttons have an intra-gastric balloon to anchor the
site in place, other models have discs or other soft plastic appendages. A
working knowledge of which type of tube is in place is essential prior to
manipulating any enteric feeding device. Dislodgement of feeding tubes is
a frequent reason for ED care.
Abdominal surgery
Patients with short gut syndrome or small intestine transplantation have
undergone major abdominal surgical intervention. As with any patient
with prior abdominal surgery, these patients are at risk for either partial or
complete obstruction due to adhesions, bands, volvulus, or stricture at the
anastomotic site.
Regardless of surgical anatomy, electrolyte disturbances may occur in
patients after intestinal resection or transplantation. High-end ostomies
may be associated with increased output of intestinal contents due to the
lack of absorptive capacity of the proximal small intestine. Patients are,
therefore, predisposed to dehydration, hyponatremia, and acidosis due to
bicarbonate losses. Lower ostomies and bowel re-anastamosed to colon
take advantage of the absorptive capacity of the lower intestine, but these
patients can still be at risk for electrolyte disturbances.

Emergent complications in pediatric intestinal
failure patients
Altered fluid and electrolyte balance
Children who are dependent on parenteral nutrition may become dehydrated with seemingly minor increases in enteral fluid output. Increased
output may be the result of enteral infection or oral intake in amounts
greater than the intestines can process. Acute dehydration in the patient
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Table 13.2 Initial Laboratory Evaluation and Management of the Pediatric
Intestinal Failure Patient with Dehydration
Ancillary Test

Typical Abnormalities

Essential Management

Basic metabolic panel

Hypoglycemia
Hyponatremia-Seizure
Hyponatremia-Asymptomatic
Hypokalemia

Dextrose: 0.5–1 g/kg IV bolus
3% saline
Normal saline bolus therapy
Slow correction via IV K+

Electrocardiogram

Flattened T-waves (low K+ )
Peaked T-waves (high K+ )

Slow correction via IV K+
Calcium infusion, Insulin,
Glucose, Sodium polystyrene

with intestinal failure can lead to altered serum electrolyte concentrations,
most notably low sodium and potassium [7].
Patients presenting with acute dehydration will most often report a history of diarrhea. They may have increased thirst, decreased activity level,
and irritability. Those with severe hyponatremia (sodium ⬍120 mEq/L)
may present with seizure activity, while those with severe hypokalemia
may have complaints of weakness. On physical examination, the clinician
should pay particular attention to heart rate and blood pressure. Additional examination findings suggestive of dehydration include decreased
energy level, lethargy, dry mucous membranes, poor skin turgor, and prolonged capillary refill time. A patient with severe dehydration may present
in hypovolemic shock, with tachycardia and hypotension.
The diagnosis of acute dehydration is based on history and physical examination. An initial laboratory evaluation and management strategy is
suggested in Table 13.2. The initial goal of treatment is to normalize heart
rate, perfusion, and blood pressure with rapid administration of an isotonic
fluid (normal saline or lactated ringer’s solution) as 20 mL/kg fluid boluses.
Intravenous fluids should be given even if the patient can tolerate enteral
fluids [7]. Fluid boluses can be repeated to a maximum of 60–80 mL/kg, at
which point a continuous infusion of a pressor (e.g., epinephrine) should
be considered in the patient with fluid-refractory shock [8]. Of note, in
the patient with ECG changes secondary to hypokalemia in whom more
rapid correction of potassium is desired, intravenous potassium chloride,
0.2–0.3 mEq/kg/h, may be given [9]. Admission to an inpatient unit
should be considered for patients with electrolyte abnormalities or for
those with significant dehydration that requires ongoing fluid replacement. Patients with mild dehydration and normal electrolytes whose vital
signs normalize after administration of intravenous fluids can be considered for discharge to home with close outpatient follow-up.
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Intestinal obstruction
Patients who have had intra-abdominal surgery (e.g., bowel resection
or transplant) are at increased risk of bowel obstruction secondary to
adhesions [10]. These patients classically present with acute onset of
abdominal pain, bilious vomiting, and distension. Peritoneal signs may
be present if the bowel has perforated. Imaging is the test of choice to
establish the diagnosis of bowel obstruction. Plain radiographs are fairly
sensitive and should be performed in the upright and supine positions
(Figure 13.1). A cross-table lateral or a decubitus view may also be
helpful in visualizing intra-peritoneal free air. Additional findings on
plain film suggestive of bowel obstruction are dilated, stacked loops of
bowel and air-fluid levels prior to the point of obstruction [10]. Patients
with suspected bowel obstruction should be made nil per os (NPO) and
have intravenous fluids initiated. Bolus fluid therapy is indicated in the
setting of unstable vital signs. Placement of a nasogastric tube should
be considered for decompression of the stomach. Surgical consultation
should be obtained for all patients. Hospital admission is required for
patients with bowel obstruction. Surgical intervention may be needed for
some, but many will recover with conservative measures such as bowel
rest, decompression, and intravenous hydration. Optimal care of patients
with complications of intestinal failure or transplantation is achieved by
transfer to a tertiary referral center familiar with such patients.
Hepatobiliary complications associated with intestinal failure
Patients with intestinal failure who require long-term TPN are at risk of
hepatobiliary dysfunction (reported rates vary between 40%–60%) [11].
Three hepatobiliary complications are most commonly associated with
long-term TPN therapy: (1) steatosis; (2) cholestasis; and (3) gallbladder
stones or sludging [12, 13]. Steatosis is more common in adults than children and is usually asymptomatic. Cholestasis may be initially asymptomatic, but is heralded by stereotypical lab abnormalities such as elevated
conjugated bilirubin, transaminases, alkaline phosphatase, and gamma
glutamyl transpeptidase. Cholestasis must be detected early, as failure to
do so may result in liver cirrhosis and failure.

Cholelithiasis and cholecystitis
Patients who develop cholelithiasis or cholecystitis may present acutely to
the ED. These patients usually present with biliary colic, characterized by
mid-upper and right-sided abdominal pain that begins after a meal, builds
in intensity and lasts up to several hours. The pain is intense, causing
the patient to be very restless. It can be accompanied by nausea, vomiting, fever, and jaundice. On physical examination, the patient may display a Murphy’s sign. Laboratory investigation to support the diagnosis
reveals elevated transaminases, alkaline phosphatase, and bilirubin levels.
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(a)

(b)
Figure 13.1 Plain radiograph of the abdomen of a 4-year-old boy with ischemic
distal intestine as a result of torsion of his intestine allograft causing obstruction.
(a) Cross-table lateral image demonstrates abdominal distension with dilated
bowel loops. (b) Upright radiograph demonstrates dilated bowel loops and the
absence of air in the distal intestine. (Courtesy of George Mazariegos, MD.)
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Diagnosis is best made via abdominal ultrasound that may demonstrate
gallstones, dilated bile ducts, thickened gallbladder wall, and biliary sludge.
Febrile patients should have a blood culture sent. In the ED setting, once
the diagnosis of cholecystitis is made, the patient should be made NPO,
placed on intravenous fluids and given pain control. Surgical consultation is also warranted, and antibiotics should be initiated, especially in
the setting of fever. Ampicillin–sulbactam provides appropriate coverage
for Gram-negative pathogens as well as Enterococcus. All patients with
cholecystitis should be admitted to the hospital for further management
[14].

Esophageal variceal bleeding
Portal hypertension in the setting of liver failure leads to esophageal
varices that may bleed acutely. Patients usually present to the ED with
melena or hematochezia. Diagnosis should be suspected based on history
and examination. In the stable patient, the level of bleeding can be assessed via nasogastric lavage [14]. Patients who present with unstable vital
signs due to hemorrhage require rapid fluid resuscitation, with care being given not to expand the intravascular volume too rapidly as this may
lead to rebleeding [14, 15]. Isotonic crystalloid solutions (normal saline or
lactated ringer’s solution) can be given initially in small boluses, such as
10 mL/kg, with consideration for the administration of packed red blood
cells. If volume resuscitation does not stabilize the patient, an infusion of
octreotide should be started at a rate of 1–2 g/kg/h [15, 16]. Consultation with a gastroenterologist should be obtained to facilitate endoscopy
to identify and stop the source of bleeding. Severe bleeding that cannot
be controlled by the above measures requires general surgical consultation
for possible operative interventions. All patients with esophageal variceal
bleeding should be admitted to the hospital, and any patient with unstable
vital signs should be monitored in the intensive care setting.
Encephalopathy
Patients with hepatobiliary disease secondary to TPN are at risk for the
eventual development of frank liver failure and subsequent encephalopathy. Early symptoms may include fatigue, nausea, vomiting, abdominal
pain, and jaundice, all of which may lead the patient to seek care in an
ED. In more advanced stages of liver disease, manifestations of hepatic encephalopathy may develop as a result of elevated ammonia levels. Patients
may be excessively somnolent or lethargic, or they may be confused, agitated, combative, or unresponsive. The diagnostic evaluation of a patient
with suspected liver failure should include a physical examination with
a thorough neurological assessment. Laboratory investigations should include ammonia level, liver function tests, coagulation factors, fibrinogen,
glucose level, albumin level, electrolytes, and blood culture. Lactulose is
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the mainstay of treatment for hepatic encephalopathy in children [15].
In children, lactulose is given as 40–90 mL, divided 3–4 times, daily with
the goal of achieving 2–3 soft stools per day. Additional lab abnormalities should also be addressed, including hypoglycemia and hypoalbuminemia. Intravenous vitamin K is indicated for coagulopathy. Most patients
with worsening hepatic function or encephalopathy should be admitted
for supportive care. Liver transplant remains the only definitive therapy.
Complications associated with central venous catheters

Central venous catheter occlusion
Several potential complications may occur related to in situ central venous catheters, many of which necessitate timely medical attention (Table
13.3). The most common complication is line occlusion. A central venous
catheter may become partially occluded, wherein the line will infuse but
not draw back, or may become completely occluded. Line occlusion may
be thrombotic (60% of cases) or non-thrombotic in nature [17, 18].
The diagnostic approach to a patient presenting with central venous
catheter occlusion should start with careful inspection of the catheter to
rule out mechanical obstruction. Function should be confirmed by attempting to aspirate and flush the line, ascertaining whether function
changes with line position. Plain radiographs may be considered to confirm that the line is not kinked and is still in good position. If a mechanical
obstruction is not suspected, consideration should be given to the presence
of a drug precipitate or lipid residue by taking a careful history of what was
last infused into the line prior to the line occlusion. Once these types of
obstruction have been excluded, thrombotic obstruction can be assumed.
If there is concern for a deep vein thrombosis, evaluation via ultrasound
should be pursued.

Table 13.3 Central Venous Catheter Occlusion
Thrombotic Occlusions
Fibrin sheath at catheter tip
Intra-luminal clot
Mural thrombus
Deep vein thrombosis
Non-thrombotic Occlusions
Mechanical obstruction
Drug or mineral precipitates
Lipid residue

Typically develops 1–2 weeks after line placement
Often a complete occlusion
Typically occludes the tip of the catheter
Often in an upper extremity catheter
Examples: kink in a catheter, tight stabilizing suture,
tubing clamp in place
Typically a result of incompatible infusates
Residues of parenteral nutrition components
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The treatment of a central venous catheter occlusion is dependent upon
the suspected etiology. External mechanical occlusions can usually be easily and quickly remedied. If the line is kinked or broken internally or has
migrated to a less than ideal position, the line may need to be repaired via
interventional radiology or replaced altogether. Central venous catheters
can become occluded by drugs that have low solubility or are incompatible
with TPN. Interestingly, studies have demonstrated that an acidic drug precipitate can be treated with a hydrochloric acid solution and a basic drug
precipitate with a sodium bicarbonate solution [17–19]. Calcium phosphate crystals (e.g., due to parenteral nutrition with high levels of calcium
and phosphorus) can also be treated with hydrochloric acid [17–19]. However, the practicality of using these solutions in an ED setting is low given
the clinician will not likely know the pH of most medications. Finally, a
lipid residue can occlude and central venous catheter secondary to intralipid infusion. To dissolve this, a 70% ethanol solution can be injected into
the line [17–19]. A maximum dose of 3 mL or 0.55 mL/kg (whichever is
greater) is recommended [19].
The mainstay of treatment for central venous catheter occlusion secondary to thrombus is recombinant tissue plasminogen activator (rt-PA).
Several studies have demonstrated both efficacy and safety in the use of
rt-PA for children. Although treatment protocols vary, most authors recommend instillation of 2 mg of rt-PA in children weighing more than 30 kg
and 110% of the catheter volume to a maximum of 2 mg in children
weighing less than 30 kg. Dwell times are 60–120 minutes before testing the patency of the line. Treatment may be repeated once if the first
attempt fails [20–23]. Patients with a central venous catheter may develop
an associated deep vein thrombosis (up to 12% of children), which usually presents with pain, swelling, warmth, and tenderness most often in
the upper extremity where the central venous catheter is located [17]. An
ultrasound can be helpful in diagnosing deep vein thrombosis. Although
management of catheter-related deep vein thrombosis in children is controversial, anticoagulation with heparin or low molecular weight heparin
is recommended.
Patients with central venous catheter occlusions who are treated successfully during their ED visit can be discharged to home and instructed to
use their line as usual. Patients with an occluded catheter that fail treatment should have peripheral intravenous access placed until central venous access is reestablished.

Central venous catheter infection
All children with a central venous catheter are at risk for line infection.
Central venous catheters can be colonized with bacteria within 24 hours
of placement. Sources of colonization include migration of bacteria from
the skin surrounding the outer surface of the catheter and the introduction
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of bacteria into the catheter lumen when the line is accessed. A hallmark of
central line infection is unexplained fever. Other symptoms include chills
and malaise. Pulse may be elevated and signs of shock may be present in
patients who are more ill. There also may be indicators of infection around
the catheter site such as erythema, swelling, and drainage.
An elevated peripheral white blood cell count may be helpful in making
the diagnosis of line infection, but may be normal in many patients. Blood
cultures sent from the central venous catheter along with a peripheral
blood culture are the gold standard for diagnosis. Common causative organisms include Staphylococcus epidermidis, Staphylococcus aureus (including
methacillin-resistant Staphylococcus aureus), and Enterococcus spp [24–26], as
well as many Gram-negative organisms and fungi. One study reported that
23% of infections evaluated in their case series (n = 47) were polymicrobial [26]. Empiric broad-spectrum antibiotics are initiated until culture
results are known, and specific choice of antibiotics should be based on regional microbiological susceptibilities. Common recommendations in most
settings include vancomycin and piperacillin–tazobactam. Empiric treatment of fungal infection should be considered in more ill or unstable
patients or those known to have past fungal central venous catheter infections. Current preferred antifungal agents in this setting include amphotericin B and caspofungin. Patients with a suspected line infection should
be admitted for parenteral antibiotics. An uncommon exception may be
the patient with stable vital signs and additional symptoms suggestive of
a source for fever (e.g., a mild upper respiratory infection) with reassuring peripheral blood counts. With close follow-up, these patients may be
eligible for discharge to home.
Complications associated with enteral feeding device
Several complications associated with gastrostomy tubes may result in patients seeking emergency care, the most common of which is tube dislodgement [27–30]. Other common complications related to the tube itself
include tube obstruction, tube leakage, gastric ulceration, and gastric outlet obstruction. Complications may also occur at the stoma site and include
skin irritation, skin infection, and granulation tissue.

Gastrostomy tube dislodgement
A gastrostomy tube may become dislodged secondary to trauma (e.g., the
tube is pulled out accidentally without balloon deflation) or secondary to
accidental deflation or rupture of the anchoring balloon. A careful history
should include the date of the operation to create the stoma and place
the gastrostomy tube and how long the tube has been displaced. Patients
may present with a benign appearing stoma or have bleeding from the site,
depending on the mechanism of dislodgement.
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Figure 13.2 Mic-key button gastrostomy tube with 5-mL syringe attached at the

gastrostomy tube valve. The balloon is inflated prior to placement to ensure
competence. (Courtesy of Melissa Vitale, MD.)

Reinsertion is generally straightforward (Figure 13.2). However, consultation with a pediatric surgeon is recommended if the gastrostomy stoma
is new, that is, if the stoma was created within the previous 4–8 weeks.
Recently placed enteral tubes must be handled with caution due to the
possibility of an immature tract and subsequent tract disruption. While
generally considered safe after 90 days, tract disruption has been described
up to 5 months after placement [31]. Replacement of new tubes should
be confirmed radiographically and in most cases with close surgical supervision. Otherwise, the emergency physician should attempt reinsertion as
soon as possible. Many caregivers will bring a replacement tube with them
to the ED. Typically, if the gastrostomy tube has been out for more than
3–4 hours, the stoma may have constricted and the clinician will feel resistance when attempting reinsertion. In this case, a Foley catheter one
to two sizes smaller than the gastrostomy tube can be inserted in order to
dilate the stoma. Each Foley catheter is left in place for 10 minutes prior to
placement of the next size tube. A plain radiograph demonstrating proper
placement upon instillation of radio-opaque dye (a “dye study”) should
be performed after reinsertion of a gastrostomy tube. Patients with a new
tube in place that is functioning properly can be safely discharged to home.
If tube replacement is unsuccessful, a smaller catheter may be left in place
to keep the existing stoma patent until surgical replacement of the proper
size gastrostomy tube. These patients most often are admitted to a surgical
service for definitive care.
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Gastrostomy tube obstruction and leakage
Obstruction of a gastrostomy tube commonly occurs as a result of dried formula clogging the tube or simply a kink in the tube. Simple repositioning
and a flush with warm water may suffice to relieve the obstruction [30].
If flushing and aspiration of the tube is unsuccessful, the gastrostomy tube
should be replaced. Once the obstruction is removed, or the tube replaced,
the patient may be discharged to home.
Fluid leakage from the gastrostomy tube suggests that the gastrostomy
tube is not intact, and the tube should be replaced. The presence of purulent drainage from the tube or around the stoma should alert the medical
practitioner to possible infection. Surgical consultation and the initiation
of antibiotics are warranted. Common first-line treatment is cefazolin for
coverage of skin flora. Drainage of gastric contents from the stoma is an
indication for placement of a larger tube. Most patients who present with
leakage from a gastrostomy tube or from the stoma can be discharged to
home once the source is identified and rectified.
Gastric ulceration and gastric outlet obstruction
A gastrostomy tube that is too long may irritate the gastric mucosa resulting in the formation of an ulcer. Patients may report abdominal pain,
bloody emesis, or blood in the stool. Saline lavage through the gastrostomy tube should be completed to assess for active bleeding. If the aspirate is non-bloody, H-2 blockers, antacids and carafate are prescribed [30].
The tube should also be replaced with one that is shorter in length. These
patients may be discharged to home with close follow-up. If a brisk gastrointestinal bleed is suspected, peripheral intravenous access should be
established for the administration of resuscitative fluids, including blood,
when necessary.
Gastric outlet obstruction is a rare complication associated with a gastrostomy tube. Obstruction results from migration of the tube tip into the
pylorus. Outlet obstruction is suspected in the patient who presents with
acute onset of vomiting and a dilated stomach on abdominal radiographs.
There may only be retching if the patient has previously undergone a Nissen fundoplication. An attempt to alleviate symptoms can be made by
pulling back on the gastrostomy tube to attain a better position. If this
is unsuccessful, the tube should be removed. A shorter tube may be considered for replacement. Patients whose symptoms are resolved with tube
repositioning may be discharged to home.
Stoma site complications
Leakage of fluid around the gastrostomy tube is common and often leads
to skin irritation. Red skin around the stoma site with vesicular lesions is
suggestive of irritant dermatitis [30] and should be treated with a barrier
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cream. The area should be kept as dry as possible, and the source of leaking
should be addressed.
Cellulitis is an uncommon complication of irritated skin from fluid leakage and presents classically with erythema, warmth, tenderness to palpation, and swelling around the stoma site. Fever may also be present. If
cellulitis is suspected, oral antibiotics directed against both Streptococcus and
Staphylococcus species should be initiated. As long as the patient is otherwise
well appearing, they may be discharged to home with close follow-up.
Fungal infection may also develop on the skin surrounding the stoma
site and presents as erythematous pustules or papules that typically coalesce into beefy red plaques around the stoma site. The area should be kept
as dry as possible. The application of topical antifungal agents usually leads
to resolution [30].
Granulation tissue commonly develops around the stoma of gastrostomy
tube sites. This appears as deep red extraneous tissue protruding from the
stoma border (Figure 13.3). Patients usually come to medical attention because of bleeding from the granulation tissue. Small areas of bleeding can
be cauterized with silver nitrate. Once the bleeding has been controlled,
these patients can be safely discharged to home.

Figure 13.3 Granulation tissue at the site of a gastrostomy stoma. Note the beefy

red tissue protruding from the stoma (arrow). (Photo courtesy of Julia Warner,
RN.)
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Emergent care of the patient with intestinal transplantation
Children with intestinal failure may undergo isolated small intestine transplantation alone or in combination with liver transplantation or multivisceral transplantation. Regardless of the differences in procedures, all
patients are at risk of complications after transplantation that may require emergent care. Infection is one of the most common causes of posttransplantation complications and includes both bacterial and viral etiologies. Transplant rejection can also lead to significant graft dysfunction and
complications.
The etiologies of infection after organ transplantation are many. During small intestine transplantation in particular, the bowel mucosa may
be injured, altering the protective barrier of the gut mucosa and allowing
for bacterial translocation. In addition, immunosuppressive therapies after
transplantation place the child at increased risk of infection.
Evaluation for infection in a patient after transplantation includes determination of the date of the transplantation. In the first month after
transplantation, patients are most susceptible to bacterial infections that
are common to all patients who undergo major surgery [32, 33] including wound, urinary tract and intra-abdominal infections, pneumonia, and
central venous catheter infection. One to six months after transplantation, the patient is maximally immunocompromised and susceptible to viral infections (cytomegalovirus (CMV) or Epstein–Barr virus (EBV)) and
opportunistic infections (e.g., Pneumocystis jiroveci) [32, 33]. During this
time, the patient may acquire a new strain of viral infection, acquire a viral
infection from the donor organ or have reactivation of a latent virus. Beyond 6 months post-transplantation, patients who are doing well acquire
the same community infections as immunocompetent children. Patients
who have not done well post-transplant are more susceptible to chronic
infection and opportunistic infection [32, 33].

Evaluation for bacterial infections
Bacterial infections are most common during the first month after transplant. The majority of these infections will present while the patient is still
hospitalized. However, the emergency physician should include bacterial
infection on the differential diagnosis of any transplant patient with fever.
Intestinal transplant patients are particularly susceptible to bacteremia and
intra-abdominal infection (peritonitis) [34].
In addition to fever, the transplant patient with a bacterial infection
may present with a wide spectrum of signs and symptoms, including
hemodynamic instability and shock. Review of systems should focus on
symptoms that may be related to bacteremia, peritonitis, pneumonia, and
urinary tract infection. A thorough physical examination, with special
attention paid to pulse, perfusion, blood pressure, and mental status
should be performed.
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Any transplant patient for whom infection is suspected should have a
blood culture sent and complete blood count performed. Additional studies
should be guided by symptoms and may include urinalysis/urine culture
as well as chest and abdominal radiographs.
Resuscitation of shock is paramount, and empiric broad-spectrum antibiotics should be administered to cover for Staphylococcus and Streptococcus species as well as Gram-negative gut flora [35]. Vancomycin and
piperacillin–tazobactam are common first-line antibiotics. Virtually all
transplant patients with a fever are admitted to the hospital for intravenous antibiotics and monitoring.

Evaluation for viral infections
CMV may be acquired as a new infection (primary infection), either from
the environment or the transplant donor, or may occur from reactivation
of latent infection (secondary infection). Prior to age 20, only about half
of the population has had CMV infection; therefore, many patients who
have had intestinal transplantation have not had prior exposure [33].
The majority of patients with CMV infection will present within 1–6
months after transplantation and may present as either CMV syndrome or
CMV tissue invasive disease [33]. Children with CMV syndrome usually
present with fever in association with leukopenia, thrombocytopenia, and
atypical lymphocytosis. There is no evidence of specific organ involvement
[33, 35]. Those with CMV tissue invasive disease present with signs and
symptoms of end-organ injury, the most common of which is enteritis
[35]. Other presentations include those consistent with pneumonitis, hepatitis, myocarditis, and encephalitis.
EBV, similarly to CMV, may be acquired as a primary or secondary infection post-transplant. Many patients present with a mononucleosis-type
illness, including fever, malaise, pharyngitis, and lymphadenopathy, and
specific organ disease, such as hepatitis or enteritis may be present. Posttransplantation lymphoproliferative disorder (PTLD) may also be a consequence of EBV infection, particularly in the patient with small intestine
transplantation [32]. In the intestinal transplant patient, the transplanted
organ is often involved, and thus patients with evolving PTLD can often
present with gastrointestinal symptoms such as diarrhea, as well as nonspecific constitutional symptoms [36, 37].
Evaluation of the post-transplantation patient with fever who is at risk
of disease from CMV or EBV should include ancillary testing such as
blood culture, complete blood count, basic metabolic panel, liver function
tests, and chest radiographs. CMV and EBV viral loads (by polymerase
chain reaction) can be sent to initiate the evaluation for viral infection
[36,37]. However, further evaluation for CMV or EBV, which includes tissue biopsy, should be completed as an inpatient on a transplant surgical
service [32, 33].
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Both CMV and EBV infection may be difficult to differentiate from a
bacterial infection. The primary goal of the emergency physician is to treat
unstable vital signs and start empiric broad-spectrum antibiotics. If the diagnosis of CMV infection has already been made or is strongly suspected,
treatment should include intravenous ganciclovir. This is rarely indicated
in the ED and more typically started in the inpatient setting. Reduction in
immunosuppression is the mainstay of treatment for EBV once a definitive diagnosis has been made [36, 37]. All patients with fever and possible
CMV or EBV infection should be admitted to a tertiary care center on a
transplant service.

Graft rejection
Patients who have had small intestine transplantation are at highest risk
of graft rejection during the first year and most especially within the first
6 months [34]. The most common symptoms of graft rejection include
fever, increase in stoma output, and gastrointestinal symptoms such as
abdominal pain, bleeding, vomiting, and diarrhea [34,38]. It is, therefore, difficult to differentiate rejection from infection. ED evaluation of patients presenting with symptoms of rejection should include blood culture,
complete blood count, and a basic metabolic panel. Clinical presentation
should dictate additional lab testing. Initial treatment of the patient with
possible graft rejection should include fluid resuscitation and correction of
electrolyte abnormalities. Empiric broad-spectrum antibiotics should be
initiated in the setting of fever. Consultation is mandatory, as the only
way to diagnose rejection is to biopsy the transplanted organ. All patients
with suspected graft rejection should be admitted to a tertiary care center on a transplant surgical service for further management, which usually
includes treatment with steroids.

The next five years
During the past decade, management of patients with intestinal failure
has begun to evolve, largely focusing on the prevention and treatment
of the two major complications of TPN-associated care: (1) infection; and
(2) parenteral nutrition-associated liver disease. While the prevention of
catheter-associated bloodstream infections will always consist of aseptic
techniques while handling central catheters, management using new technologies such as the chlorhexidine impregnated patch [39], anti-microbial
coated catheters [40], and “line-lock therapy” are beginning to come into
vogue. Preventative line-lock therapy using the antimicrobial properties of
ethanol is one particular example [41].
The prevention of parenteral nutrition-associated liver disease has also
advanced. Soy-based lipid emulsions, a staple in TPN management because of their relatively high caloric content, have been theorized to be
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hepatotoxic due to the generation of phytosterols and resultant cholestasis
[42]. Strategies such as lipid minimalization and investigational omega-3based lipid preparations are being used to prevent cholestasis. While these
strategies appear to decrease direct hyperbilirubinemia [43], a marker for
cholestasis, it is unknown whether they ultimately prevent fibrosis and
eventual cirrhosis in patients requiring TPN [44].
As the field of intestinal transplantation evolves, there will be a population shift to long-term survival. While data is limited, the overall long-term
survival in post-transplant patients has begun to increase. One relatively
new concept in intestinal transplantation is the development of chronic
rejection [45], which can present with more subtle symptoms, but can be
just as devastating as acute cellular rejection.

Conclusion
Evolution of the management of patients with intestinal failure and small
intestinal transplantation will impact care in the ED. Vigilant attention to
the details of each patient’s history and current status, including the presence of a central catheter and feeding tube, is necessary to provide optimal care to these patients. Rapid response to signs of infection and shock
is paramount, and careful evaluation for other of potential complications
of intestinal failure and transplantation is imperative. The care of most
patients with intestinal failure and small bowel transplantation will include
consultation with gastrointestinal and transplantation specialists and may
require transfer to a tertiary care center.
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Introduction and epidemiology
The medical community’s approach to child abuse (defined here as physical abuse of a minor), and intimate partner violence (IPV) (defined here as
physical abuse of a spouse or significant other), together referred to here
as family violence, has dramatically changed in the last several decades.
Child physical abuse was only recognized in the medical literature in the
mid-twentieth century [1], but has recently been designated as the newest
subspecialty of pediatrics. IPV, once considered a problem best addressed
by police and the courts, was redefined in the 1980s as a public health
problem. But while awareness is increasing and tools are improving, clinicians continue to show uncertainty and variability in recognizing abuse,
and reluctance in reporting [2–5].
Unlike other forms of trauma, emergency physicians may be reluctant to
consider the diagnosis of family violence, likely because the topic threatens to change the typical patient–clinician dynamic. Under normal circumstances, the clinician, patient, and family are working toward a common
goal; raising the possibility of abuse can make the clinician feel pitted in an
adversarial role against the spouse or parent. Victims of abuse may have
relatively minor injuries or no physical evidence of abuse at all, making
the social aspects of care more central than typical medical treatments.
Further, clinicians may feel that compared to their treatment of discrete
medical issues, their efforts in addressing abuse are futile and that there is
little chance for a good outcome. Finally, emergency physicians may feel
overwhelmed and isolated by the challenge of facing a complex issue with
little support.
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However, emergency physicians are not alone in dealing with violence,
and the potential for improved outcomes is just as real as with other
illnesses [6, 7]. Early recognition and best practices for management of
family violence can improve outcomes not only for the presenting patient,
but also for other family members affected by the violence. A rational and
systematic approach, coupled with team effort and an understanding of
the role of the emergency physician, has the potential to improve both
the experience of the clinician and the short- and long-term outcomes of
their patients.
Because victims of family violence are frequently unable, or unwilling,
to speak out about their victimization [8] and because of poor clinician
screening, documentation, and coding practices for IPV [9,10], it is difficult
to be precise in estimating the incidence or prevalence of family violence.
Results of epidemiological studies for child abuse differ greatly depending on methodology and definitions of abuse [11, 12], but it is clear that
the true scope of problem is much broader than most people suspect. The
number of cases that are actually detected in the emergency department
(ED) likely represents only a fraction of the true toll of the disease.

Child abuse
The estimated incidence of US children who suffer physical abuse annually
is 2–5/1000, suggesting that hundreds of thousands of children are physically abused each year [11, 12]. The annual estimate of children killed
by abuse or neglect (1740) [12] is strikingly similar to the number killed
by road traffic collisions (1794) [13], and the number of infants who die
from homicide is comparable to the number who die from sepsis [14]. But
implementation of screening protocols for abuse continues to lag behind
routine evaluation for sepsis or accidental trauma.
Abusive head trauma (AHT), formerly known as “Shaken Baby Syndrome” is the most lethal form of child abuse, with case-fatality ratios of
approximately 20% and long-term disability in the majority of survivors.
Estimates of AHT are 20–30 victims per 100,000 for infants and approximately half that for children between 12 and 24 months of age [15–18].
While reports of abusive head trauma have been published for older children, and even adults [19], the vast majority of patients are less than
3 years old.
The true rates of child abuse may be much higher than those cited
above. In an anonymous phone survey of parents’ disciplinary practices,
4.3% of parents reported using methods that would generally be considered abusive (e.g., burning, beating, kicking) as discipline and 2.6% of
parents reported using shaking as discipline in children less than 2 years
of age [20]. These rates are 40–150 times the rates of abuse recognized by
medical professionals. Further, the vast majority of those with recognized
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abusive injury have moderate to severe injury, suggesting that emergency
physicians are failing to recognize a large number of children with milder
injuries.
Because physical abuse represents such a broad spectrum of injuries,
many of which go unrecognized, it is impossible to speak broadly of the
prognosis for abuse. However, the mere fact of witnessing or experiencing
any abuse has been linked to long-term health deficits in adults throughout their lifetime [21].

Intimate partner violence
The National Violence Against Women survey estimated that IPV occurs
in 25% of US women and 7.6% of men over their lifetimes and approximately 2 million women and 1 million men annually [22]. The health
consequences of IPV are wide-ranging and profound. IPV adversely affects
8 of 10 of the leading health indicators identified by the Department of
Health and Human Services and is responsible for an estimated $4.1 billion in direct medical and mental health care costs [23]. IPV occurs against
both men and women, although the majority of violence, and the health
sequelae of violence, occurs in women [24].
IPV is common in the ED population, among whom estimates for prevalence of past-year abuse range from 12%–19% (approximately 8–12 times
that of the general population) and of lifetime abuse from 44%–54% (approximately 1.8–2.2 times that of the general population) [25–29]. There
are over 500,000 visits to the ED per year for IPV-related injuries [30].
In one study of women who reported IPV to the police, 64% were seen
in the ED within the previous year [31]. Another study of IPV homicides showed that 44% of victims had visited the ED within 2 years of
their death [32]. The importance of the ED in recognizing abuse is compounded by the fact that victims of IPV often have poor access to primary
care [33, 34].
While physical injuries from IPV often provide the most direct and striking evidence of abuse, it is becoming increasingly clear that IPV impacts every aspect of women’s health. It is associated with risky health behaviors
such as cigarette smoking, heavy alcohol use, and drug use [28, 35–37],
as well as mental illness (depression, anxiety, post-traumatic stress disorder) and suicidality [38, 39]. IPV patients have poor maintenance of
chronic medical conditions such as asthma, joint disease, peptic ulcer disease, and chronic pain syndromes [40–42]. Pregnant women who are victims of IPV tend to seek prenatal care late and are at risk for placental
abruption, preterm delivery, and low infant birth weight [43]. IPV is responsible for most intentional injuries experienced by women [44] and
constitutes 30%–50% of all female homicides in the United States each
year [45].
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Role of the emergency physician
Child abuse
With the most severe abuse, injuries are obvious and management is similar to standard trauma care, with the exception of notifying Child Protective Services (CPS). In these cases, the role of the emergency physician
is relatively straightforward. However, physical abuse is often thought to
become more violent over time, and early detection is considered key to
improving outcomes [46]. The emergency physician is, therefore, charged
with:
r identifying the early signs of inflicted injury (Table 14.1);
r initiating the process of screening for other injuries;
r preserving any appropriate evidence; and
r protecting the child and any other children at risk.
However, it is seldom possible and almost never necessary to come to
the final diagnosis of abuse in the initial hours or days of the patient encounter. An ultimate determination that abuse has occurred often involves
prolonged diagnostic testing, the exclusion of mimics of abuse, and careful social, and sometimes criminal, investigation. Emergency physicians
should, therefore, seek collaboration with child abuse specialists and/or
CPS before making definitive statements about the etiology of injuries and
Table 14.1 Red flags for child abuse [47]
History
Serious injury from a short (<5 foot) fall [48]
Serious injury attributed to a young sibling
Traumatic injury without a report of trauma
History that changes significantly over time or between caregivers
Obvious injuries with unexplained delay in seeking care
Physical exam
Bruising to infants not yet “cruising” [49]
Bruising to the pinna, abdomen, genitalia, or neck
Patterned bruises
Bite marks
Retinal hemorrhages
Oral (labial, sublingual) frenulum tears
Palatal petechiae or lacerations
Circumferential burns of the hands or feet (stocking/glove pattern)
Perineal burns (immersion pattern)
Radiology
Classic metaphyseal fractures (corner “chip” or “bucket-handle” pattern) in infants
Posterior rib fractures
Fractures in various stages of healing
Source: Reference [47].
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should refrain from specific accusations against any person. The following phrases can communicate concern for abuse in a neutral and nonaccusatory manner:
r I’m concerned that someone might be hurting your child.
r The number of injuries we have found is more than we would expect
in a child with this history. It is important that we make sure there
isn’t another reason (including another medical reason) for the findings
we’ve identified.
r When we see injuries like this, we sometimes find other injuries that
aren’t obvious and it’s important that we do testing to make sure we
aren’t missing something important.
Intimate partner violence
It is the role of the emergency physician to maintain a high level of suspicion for IPV among all patients, to be familiar with screening and management protocols at their facility, including human resources available to
care for patients with IPV (such as social work or victim advocates) and to
know what steps to take in the event that a patient divulges abuse.

Presenting signs and symptoms
Child abuse—seeing the red flags
Considering that (a) screening studies can detect subtle abusive injuries
when children have a real chance for good recovery [50–52] and that
(b) early intervention can prevent the most serious outcomes of physical
abuse [5] and (c) current screening strategies fail to identify a significant
fraction of abused children [5, 20], it is easy to reach the conclusion that
emergency physicians should be screening more for child physical abuse. But who
do we screen and how?

Demographic red flags
Risk factors such as poverty, substance abuse, and exposure to IPV have
been found to be associated with increased rates of recognized child abuse
[53]. In a retrospective study of child fatalities, the presence of an unrelated caregiver in the home (boyfriend, stepparent) dramatically increased
the chance of a child dying from abuse [54]. Large studies of abuse incidence report different rates of substantiated abuse according to race, gender, and ethnicity [12]. These studies have supported a theory that abuse
often results from the confluence of social stressors and a caretaker unable
to cope.
However, while several studies have suggested that demographic factors
are associated with abuse, the value of demographics to the emergency
physician is questionable. Abuse has been documented in every population where it has been sought, by every type of perpetrator; at the same
time, the vast majority of parents (of any demographic characteristic) do
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not abuse their children. Therefore, demographic characteristics should
not be used to guide suspicion of abuse.

Historical red flags
The hallmark of child physical abuse is the presence of injuries unexplained by the given history. As such, one role of the emergency physician
is to carefully document the initial history offered for any childhood injury. Injuries that may initially seem innocuous may seem more concerning with a history that is inconsistent over time or between caregivers, or
if new injuries are identified [55]. Documentation for every injured child
(regardless of the level of concern for abuse) should, at a minimum, include information about when, where, and how the injury occurred as well
as who was present at the time of the injury.
Two specific histories should raise special concern when offered to explain serious injury to a pre-verbal child. Short falls (less than 5 feet) have
been shown to be a rare source of serious injury [48]. Surprisingly, this
even holds for children who fall down several steps [56, 57]. Similarly, serious injury attributable to another young (especially a pre-verbal) child is
extremely rare and should prompt evaluation for abuse.
While delay in seeking care is often cited as a red flag for abuse, one
study of abdominal injuries showed that, even in cases of non-inflicted injury, delay in seeking care was common when the injury mechanism was
not clearly dangerous [58]. In the authors’ experience, delay in seeking
care is not uncommon in young infants with both accidental and inflicted
skull or extremity fractures, which may be difficult to appreciate [59], or in
some burns where the depth of the burn progresses with time. Ultimately,
the foundation for concern is a caregiver who recognizes a dangerous situation, yet fails to act. Reports that a child was ill-appearing, unarousable,
or even seizing for several hours while the caretaker avoided medical care
are concerning.
While emergency physicians should be alert to histories that are inconsistent with the developmental abilities of the child (e.g., a not-yetcrawling infant is reported to have climbed up several steps), each child’s
developmental abilities are unique. One study showed that a surprising
fraction of toddlers (e.g., 40% of 14-month olds) were capable of climbing
into a bathtub to turn on scalding water [60].
Physical examination red flags
Children without a concerning history, and whose overall appearance may
be reassuring, may be found on physical examination to have signs that are
relatively specific for abuse. Because the vast majority of abused children
with serious or fatal injuries are less than 4 years old [12], it is essential
that all pre-verbal children seen in the ED undergo a thorough physical
examination, including genitalia.

P1: PAB/UKS
BLBK370-14

P2: PAB
Color: 1C
BLBK370-Venkat
March 25, 2011

19:9

Trim: 229mm X 152mm

Family violence

277

Bruises
While bruises are often considered the sine qua non of trauma, bruises are
both less sensitive and less specific than many physicians believe. Large
series of children with fractures, brain injury, or intra-abdominal injury
demonstrate that bruises are absent in the majority of children with any of
these injuries [50–52, 61]. Bruising should not, therefore, be relied on as a
screen for occult trauma, and its absence should not have any implication
for which testing ought to be pursued. The presence or absence of bruises
cannot determine the force necessary to produce any given injury.
On the other hand, some bruising patterns are extremely concerning for
abuse, even in isolation. Bruising is extremely uncommon in pre-mobile
children, without a history of trauma. “If they don’t cruise, they don’t
bruise” is a reasonable maxim for infants as shown by a large study that
demonstrated a rate of less than 2.5% among more than 500 pre-cruising
infants [49]. While bruises on the forehead, shins, and forearms are common among toddlers, bruising to the genitalia, cheeks, ears, and abdomen
are rare and should raise concern for abuse [62].
Linear or patterned bruises are extremely concerning for abuse. While
bruising can take the shape of the implement used to inflict the bruise,
it can also take on an outline pattern, as capillaries rupture laterally from
the impact. Two classic examples of this phenomenon are the “tram-track”
appearance of loop marks, where parallel lines of ecchymoses or petechiae
outline the path of a cord used to whip a child, and the parallel lines seen
in the classic slap mark (Figure 14.1). Linear bruising about the wrists or
ankles (ligature marks) can be seen when children are bound or about the
corners of the mouth when children are gagged. The majority of bruises in

Figure 14.1 Loop marks that were the result of whipping with the pictured cord.

Note the parallel or “tram-track” appearance of the petechiae, which results as
capillaries rupture outwards from impact.
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Figure 14.2 A young infant with multiple bite marks on the face. Note the
symmetric, semilunar rows of box-shaped lesions. In conjunction with the history,
the short maxillary intercanine distance was used to confirm that the biter had
been a child (with primary teeth).

children with inflicted injuries follow no identifiable pattern. Faced with
unpatterned bruises, some clinicians will describe small, oval bruises as
“fingertip” bruising. Such descriptions should generally be avoided given
the difficulty of demonstrating the etiology of these common bruises.

Bites
Bite marks are roughly symmetric, half-moon rows of rectangular bruises
(Figure 14.2). The controversies surrounding the use of bite marks to identify a particular biter are beyond the scope of this chapter, but bear two
comments. First, the maxillary intercanine distance has been used as a
general method to differentiate primary teeth (child bites) from secondary
teeth (adult bites). Second, the most specific method by which a biter can
be identified is DNA isolation. When forensic evidence is collected, bite
marks should be swabbed twice with cotton swabs (wet first, then dry)
[63], and swabs should be submitted as when evidence is collected from
sexual assault victims.
Burns
Burns were identified in nearly 10% of one large cohort of children evaluated for physical abuse [50]. In the authors’ experience, abuse-related
burns are often inflicted when a caretaker becomes frustrated in the process of toilet training. Some burn patterns are concerning for immersion,
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such as burns to the buttocks and perineum or burns in a stocking or glove
distribution. While there is insufficient evidence to support a blanket statement of concern for burns without splash marks, deep burns in a circumferential pattern with clear lines of demarcation and no splash marks are
concerning for a forced immersion. The relatively cool surface of a tub can
cause central sparing if the palms, soles, or perineum are held down, a
so-called “donut” pattern. This sparing, coupled with the sparing of skin
folds or joint creases can, occasionally, be used to reconstruct the position
of a child at the time of a scald burn [64]. While these reconstructions
can sometimes be used to determine the credibility of an offered story, the
simple presence of spared folds or creases does not itself imply an inflicted
burn.

Oropharyngeal injuries
Oropharyngeal injuries are less well-known indicators of abuse. The soft
palate, lingual and labial frenula, and inner surfaces of the lips should be
examined in all children with concern for abuse [65]. Injuries have been
associated with frustrated caretakers shoving fingers, bottles, spoons, or
other objects into the mouths of children (Figure 14.3). Caustic ingestions
may be a sign of neglect, especially in the setting of methamphetamine
synthesis [66].

Figure 14.3 Pharyngeal injury in a young child referred for very mild

oropharyngeal bleeding. The injury was ultimately thought to be the result of a
frustrated caretaker shoving a spoon into the child’s mouth.

P1: PAB/UKS
BLBK370-14

P2: PAB
Color: 1C
BLBK370-Venkat
March 25, 2011

280

19:9

Trim: 229mm X 152mm

Challenging and Emerging Conditions in Emergency Medicine

Head injuries
Red flags are harder to find for abusive head injury. The neurological examination is more variable, and less sensitive in children who are preverbal and who cannot cooperate with the exam by following commands.
Two studies of children at risk for abuse showed rates as high as 37% of
occult head injury in children with normal neurological examinations and
no external evidence of head injury [51,52]. While robust evidence is lacking, the presence of a bulging fontanel is often cited as a red flag for head
injury in a child with nonspecific symptoms. As checking a fontanel is safe
and easy, with a presumably low rate of false positives, we suggest this in
all infants.
Fractures
In many ways, the field of child abuse pediatrics was started not by pediatricians, but by radiologists [1, 67]. Even today, some of the most specific
findings for abuse remain radiographic findings. Perhaps the most specific of these is the so-called “classic metaphyseal fracture” (i.e., classic for
abuse) definitively described by Paul Kleinman and others [68]. Sometimes called “chip”, “corner,” or “bucket-handle” fractures (Figure 14.4),
these fractures can be subtle and difficult to appreciate, but when identified
in infants, are extremely concerning for abuse and should always prompt
further screening.
Similarly, while any unexpected fracture in a young child is concerning,
fractures of the posterior ribs, near the costovertebral articulation are extremely uncommon in accidental injury and are very concerning for abuse

(a)

(b)

Figure 14.4 (a) Classic metaphyseal fracture of the proximal humerus in a

9-month-old child whose parents noticed decreased arm use. In this projection,
the fracture appears as a chip on the lateral edge of the bone. (b) Follow-up film
12 days later. In this projection, and with increased healing and periosteal
reaction, the same fracture now shows a “bucket handle” morphology.
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Figure 14.5 Posterior rib fractures in a 3-month-old child brought for arm pain

(dual arrows). The history given by the parents, that the child was dropped and
then caught by the arm, is a plausible explanation for the left humeral fracture
(single arrow), but does not explain these fractures, which are very concerning for
abuse.

(Figure 14.5). Traditional CPR rarely causes rib fractures of any kind, and
has not been shown to cause posterior rib fractures [69]. Newer techniques
of two-handed chest compressions have not been studied for their effect
on rib fractures.

Myths
Research has shown that some findings once widely considered as red flags
for abuse are less useful than previously thought. One well-known correlation linking the color of a bruise with its age has been discredited by
studies showing that physicians have poor reliability when estimating the
age of a bruise and rarely even agree about which colors are present in a
bruise [70]. The appearance and color of a bruise can be affected by many
factors in addition to age, including the child’s complexion, depth of bleeding, and the way the bruise was inflicted.
Using the appearance of blood on CT to determine the age of a brain injury is another example of an idea that is widely taught but not well supported by evidence. Conventional teaching is that fresh bleeding is bright
on CT, that dark collections must be chronic, and that collections with
mixed density represent evidence of multiple episodes of trauma. Several theories have been advanced to explain why mixed density collections have been well described in children with a single traumatic episode,
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at both acute and more chronic stages of the injury [71, 72]. Hyperacute
bleeding or re-bleeding into a chronic collection are two ways that mixed
density subdural hematomas could result from a single injury, though the
incidence of either finding is unknown and probably uncommon or rare
[73]. The presence of CSF within a subdural hematoma could also result
in either mixed density or in a darker appearance of an acute subdural
hematoma. Regardless of the physiological explanation, the appearance of
an intracranial injury on CT is not a reliable way to determine the age of
the injury.
Finally, the spiral fracture continues to carry an overly dark reputation
as being specific for abuse. Studies of fracture morphology in the upper
[74] and lower [75] extremities disagree as to whether the spiral fracture
is overrepresented among abused children, but agree that no fracture morphology (aside from the classic metaphyseal fracture) should be used in
isolation to determine whether a fracture was inflicted. This is not to imply that spiral fractures need not be considered for the possibility of abuse.
Rather the cause of a fracture should always be considered, regardless of
morphology.
Intimate partner violence
As with child abuse, there are demographic and patient characteristics associated with the occurrence of IPV. IPV is associated with younger age, female gender, and low socioeconomic status [76]. It is also highly prevalent
among those with mental health and alcohol and substance use problems
[77]. Among ED patients, IPV victims tend to present to the ED during
evening, overnight, and weekend hours [78]. However, again, using any
of these characteristics as flags for IPV is problematic, as abuse occurs in
patients of all backgrounds and all medical histories.

Clinical indicators
While there are “classic” injuries of IPV, including cigarette burns, ligature
marks, strangulation marks, and defensive wounds [79], any injuries due
to interpersonal violence should prompt questioning about IPV, particularly among women, who experience assault most often in the context of
an intimate partner relationship [80]. Further, it is important to remember that IPV victims often present to the ED for reasons other than injury
[31]. Although certain injury patterns (e.g., maxillofacial injuries, multiple
injuries, extremity fractures) and non-injury complaints (e.g., nonspecific
abdominal pain) have been studied for their ability to serve in screening algorithms for IPV [81, 82], to date, these have demonstrated limited predictive value [44]. It therefore seems reasonable to conclude that
“routine screening”—asking all patients about abuse, regardless of race,
gender, sexual orientation, or presenting compliant—is the most appropriate and effective approach to identify IPV.
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Screening studies
Child abuse
In many cases, it will not be possible for the clinician to definitively determine whether the offered history is sufficient to explain the identified
injury. In these cases, the identification of other occult injuries may be the
most conclusive evidence that the offered history is inconsistent, and that
the child is being abused. A handful of tests have been used commonly as
part of an emerging standard of care to supplement a detailed history and
physical examination in screening for occult injuries (Table 14.2).
Importantly, the forensic implications of abusive injuries make screening standards very different than for cases where there is no concern for
abuse. Many abusive injuries are self-limited, require no treatment, and
are unlikely themselves to be a source of morbidity. Rather, injuries like
classic metaphyseal fractures, retinal hemorrhages, and hepatic contusions
are more important for what they say about the mechanism or timing of
an injury and the danger of a child’s environment. The goal in diagnosing
these injuries is not only to treat them, but also to prevent future injuries.
Therefore, a normal examination or a well-appearing child should not be
used as a reason to omit screening that is otherwise indicated.

Skeletal survey
The radiographic skeletal survey is the oldest screening test for abusive
injuries and has the most support in the medical literature. Studies consistently show that 20% of infants referred for skeletal survey are found
Table 14.2 Testing protocols when suspecting child abuse
Test

Indication

Notes

Skeletal survey

All children <24 months
Selected cases 24–60 months
Rarely >60 months

Includes children with
burns

Neuroimaging

Children with mental status
change, evidence of head injury
Children <6 months
Infants with facial bruising, rib
fractures, or multiple fractures

Consider MRI in stable
children

Retinal examination

Traumatic brain injury
Mental status change
Facial bruising

Requires ophthalmologist
using dilated pupil
examination

Abdominal CT

AST or ALT > 80 IU
Abdominal tenderness, bruising,
or distention

Abdominal ultrasound and
serial transaminases do not
replace CT
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to have occult fractures, and that the rate for children between 1–2 years
of age runs between 10%–20% [83–85]. The American Academy of Pediatrics, therefore, considers the skeletal survey to be mandatory in all children less than 2 years of age when there is a concern for physical abuse
[86]. Children above 5 years of age are unlikely to benefit from the skeletal
survey and children between 2–5 years should be considered on a case-bycase basis. Factors that may suggest screening for children between 2 and
5 years include decreased mobility, communication difficulties, concerning
history, or altered mental status due to brain injury.
Some clinicians have considered children with abusive burns to be an
exception to the otherwise universal recommendation for skeletal survey
in young children suspected to have suffered child abuse. While children
who present with burns seem to have a lower rate of occult fractures than
other children with concerns for abuse, the rate of occult fractures remains
high enough to support routine skeletal survey [87, 88].
To be accurate, the skeletal survey requires specialized equipment and
technique, and should be interpreted by a radiologist with experience with
the skeletal survey [89]. Guidelines define the specific views and equipment required for a proper skeletal survey [90, 91]. In most EDs, the implication of these guidelines is that young children with concern for physical abuse will need to be transferred to an experienced center (usually a
children’s hospital) for a proper evaluation.
The skeletal survey is not a time-critical test and sensitivity may even
increase as fractures begin the healing process (days to weeks). As such, it
is reasonable to wait until a child is clinically stable rather than performing
a suboptimal survey with portable equipment. In rare cases where a safe
environment for the child can be assured (e.g., when abuse is suspected
from a daycare provider), a skeletal survey could even be arranged as an
outpatient study, assuming other serious injuries have been excluded. A
follow-up skeletal survey performed in 10–14 days will frequently identify fractures missed by the initial survey and improve the interpretation
of inconclusive findings [92]. Post-mortem skeletal surveys may identify
injuries that would not be appreciated on autopsy. While radionuclide
bone scans are occasionally used to supplement skeletal surveys, they
are not a first-line study and are not commonly ordered by emergency
physicians.

Neuroimaging
Because abusive head trauma is responsible for the vast majority of
morbidity and mortality from abuse, neuroimaging is a core component
in screening for abuse. As in children with accidental head injury, it
seems reasonable to perform imaging with altered mental status, bulging
fontanel, or evidence of injury to the head on physical examination. However, unlike adults, the infants and young children who are likely to be
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victims of abusive head trauma are unable to communicate the subtle
signs of brain trauma, like headache, nausea, confusion, or paresthesias.
Two studies have shown high rates of occult head injuries in children
with concerns for abuse, even in the absence of physical examination findings [51, 52]. Therefore, it seems reasonable to use the criteria studied by
Rubin et al. to determine which infants with suspicion of abuse but without clinical evidence of head injury should undergo imaging: age less than
6 months, multiple fractures, rib fractures, or facial injury [52].
The role of neuroimaging in children who present with an acute lifethreatening event (ALTE) is unclear. While the incidence of child abuse
quoted by one moderate-sized (n = 128) series of children with ALTE
(2.3%) seems too low to recommend routine neuroimaging, it suggests
that this group at least deserves careful consideration of the possibility of
abuse [93].
As with the skeletal survey, the results of screening neuroimaging, while
critical to the long-term health of the child, will not impact the immediate management of the stable child. With this in mind, and coupled with
increasing concerns about the use of diagnostic radiation, MRI is a reasonable alternative to CT in stable children.

Retinal examination
While a number of conditions can cause retinal hemorrhages, certain
patterns of retinal hemorrhages (multilayered, too numerous to count,
extending to the ora serrata), or other retinal findings like retinoschisis
(mechanical disruption of the layers of the retina leading to a cystic cavity, partially or completely filled with blood) are very specific for abusive head trauma [94]. The accuracy of examinations performed by nonophthalmologists without a dilated pupil is poor [95]. While characteristic
retinal hemorrhages have been reported in abused children with normal
neuroimaging [96], this is rare and is usually associated with evidence of
facial injury or altered mental status [97].
Abdominal injuries
Abdominal injuries are found in less than 10% of children evaluated for
physical abuse [50, 98], and the majority of children with accidental abdominal trauma heal without intervention [99]. Yet abdominal trauma is
second only to head injury as a source of mortality in abused children
[54], and even as routine “trauma panels” for children with blunt injuries are being abandoned, most experts recommend routine laboratory
or CT screening in children with concern for abuse [100,101]. The fact that
abdominal injuries from child abuse may be self-limited actually increases
the urgency for the emergency physician since these injuries might not be
detected if testing is left for the follow-up consultation.
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Screening for abdominal injuries involves two types of testing: blood
tests and imaging. Of all blood tests, hepatic transaminases (AST and ALT)
have received the most attention. Two studies have shown that wellappearing children with transaminase elevations are likely to have abdominal injuries [50, 98] and support routine screening in children with concerns for abuse. Children with significant elevations of AST or ALT (a level
of 80 IU/dL is one conservative threshold [50]) should undergo definitive
testing such as CT, laparotomy, or autopsy, as clinically appropriate. It is
clear that some abdominal injuries are missed by hepatic transaminases,
regardless of the threshold used [50, 102]. Children with clinical signs
of abdominal injury like abdominal bruising or tenderness, or a history
of assault to the abdomen should undergo definitive testing, regardless of
transaminase results.
Literature is scarce in support of other screening laboratory tests like
amylase, lipase, and urinalysis for microscopic hematuria. While many experts recommend sending these studies routinely, practice varies in the
absence of evidence-based guidelines [103, 104].
Because children with occult abdominal injuries are, by definition, well
appearing, there is often reluctance to use CT as the initial imaging screening modality, in favor of abdominal ultrasound or serial transaminase
measurements. However, professional guidelines agree that CT with IV
contrast is the most appropriate first-line study [90, 105]. Abdominal
ultrasound lacks sensitivity for several abusive injuries [102] and hepatic transaminases will almost universally trend to normal, regardless of
whether an injury exists [106].

Siblings and contacts
Unfortunately, many abused children are only identified when symptoms
are obvious and when treatments have limited efficacy (as in most cases
of abusive head trauma). However, if family violence is indeed a disease
that affects an entire household, siblings and contacts of abused children
may represent a group that is especially likely to benefit from early intervention. To date, there are no evidence-based guidelines for screening the
contacts (siblings and other at-risk children) of abused children and there
is some variability among both medical experts and child protection workers [107]. In cases where there is serious concern for abuse, many experts
would recommend, at a minimum, physical examination for all contact
children and skeletal survey for contact children that are less than 2 years
of age [107]. Though firm evidence is difficult to obtain, twins of abused
children are thought to be at especially increased risk and warrant more
screening [108].
Estimates of the co-occurrence of IPV and child abuse vary widely,
but are certainly high (33%–77%) [109], supporting universal violence
screening for all adults living in a household with an abused child.
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Intimate partner violence
Screening for IPV remains a controversial issue. The United States Preventive Services Task Force (USPSTF) does not currently endorse screening for
family violence. Its most recent recommendations state, “No studies have
directly addressed the harms of screening and interventions for family and
intimate partner violence . . . the USPSTF could not determine the balance
between the benefits and harms of screening for family and intimate partner violence . . . ” [110]. However, many physicians feel that sheer logic
and the humanity of screening—of asking patients about a condition influential in virtually all aspects of their health and well-being and potentially
fatal—is enough to justify the practice of screening [104]. Routine assessment of patients for violence has been mandated by the Joint Commission
and supported by many major medical societies [111–113].
There are a variety of screening tools studied in the ED setting (Table
14.3) [114–116]. ED-based screening tools are designed to be brief and
inclusive. They are not diagnostic, and should prompt notification of the
treating clinician or a social worker to perform a full evaluation, which
Table 14.3 Screening tools for intimate partner violence
Screening tools

Questions

Topics covered

HITS (Hurt, Insult,
Threaten, and
Scream)

How often does your partner† :
1. Physically hurt you?
2. Insult you or talk down to you?
3. Threaten you with harm?
4. Scream or curse at you?

Physical and
emotional
abuse

PVS (Partner
Violence Screen)‡

1. Have you been hit, kicked, punched, or
otherwise hurt by someone within the past
year? If so, by whom?
2. Do you feel safe in your current relationship?
3. Is there a partner from a previous
relationship who is making you feel unsafe
now?

Physical abuse
and injury

STaT∗

1. Have you ever been in a relationship where
your partner has pushed or slapped you?
2. Have you ever been in a relationship where
your partner threatened you with violence?
3. Have you ever been in a relationship where
your partner has thrown, broken, or
punched things?

Physical and
emotional
abuse

†

Respondents are asked to respond on a 5-point Likert scale: never (1 point); rarely [2];
sometimes [3]; fairly often [4]; frequently [5]. Total scores ⬎10 are positive.
‡
A positive response to any question indicates abuse.
∗
Considering any affirmative response a positive screen provides the highest sensitivity.
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should include more detailed questioning about the circumstances referred
to in the screen and an assessment of safety. In the absence of screening
protocols, or if there is suspicion of abuse that was not identified during triage screening, emergency physicians may ask directly about abuse,
framing questions with statements such as “Because violence is so common in people’s lives, I ask all my patients about it,” or “I’m concerned that
your symptoms may have been caused by someone hurting you” [117].

Treatment
Acute treatment for the injuries that result from family violence is no different than if the same injuries had occurred accidentally. But inflicted injuries invoke the potential for future injury and the duty to protect, or offer
protection to, the patient. For children, this often means acting to protect
the child in the short term and reporting concerns of abuse to agencies or
groups charged with investigating abuse. For competent adults, this means
ensuring that the patient has safe housing, a safety plan, and contact with
law enforcement and community resources for counseling.
Children-mandated reporting
The actual process of reporting a child to CPS is much simpler than most
physicians assume. Each state’s CPS agency and associated child abuse hotline can be found using any standard Internet search engine. Filing a report
usually involves a phone call, with or without a faxed, written report detailing the reason(s) for concern. CPS will determine the extent and timing
of the investigation. Knowing the address where the abuse is thought to
have occurred will help CPS assign a lead team to respond.
Important protections exist for reporters of child abuse and neglect.
Physicians cannot be successfully sued for malpractice because of reporting in good faith, even if the concern for abuse is not ultimately substantiated. The HIPAA privacy regulations were specifically written so as not to
limit the ability (or duty) to report concerns for abuse and neglect. Section
1178(b) of the statute specifically excludes reports for concerns of abuse
from the scope of the law.
Intimate partner violence
Almost every state has some legal requirement for health care practitioners
to report IPV in patients with injuries resulting from abuse. The exact laws
vary from state to state [118]. States may require reporting of any partner
violence treated by a clinician, or reporting only in the context of criminal
acts, injuries by firearms or sharp weapons, potentially fatal injuries, burn
injuries, or any injuries at all that result from partner violence (or some
combinations of these).
Basic treatment for IPV involves four steps. First, an assessment should
be performed to determine if the patient is at high risk for severe or lethal
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violence. There is no single accepted tool for assessing risk, but, in general,
the patient should be asked about escalating violence, threats of lethal violence, threats to children in the household, perpetrator risk factors such
as alcohol and drug use and the patient’s subjective sense of safety. The
option of relocating to a shelter or other housing for IPV victims should be
discussed with women who report risk factors for violent abuse and who
do not have alternate options. Second, women should be offered assistance in contacting law enforcement during their ED stay. Third, a safety
plan should be discussed with the patient, emphasizing basic, immediate
actions to improve safety, such as removing weapons from the house, creating and practicing a rapid escape plan, and teaching children how to get
help. Making a long-term plan for increasing safety and coping with abuse
(e.g., increasing financial independence, couples counseling) is also important, and should be discussed with in follow-up with community partner
violence agencies and/or primary-care provider. Finally, victims should be
referred to community partner violence programs where they can receive
further counseling, support, and often legal and housing assistance. If local resources are unavailable or unknown, the National Domestic Violence
Hotline (1-800-799-SAFE) provides 24-hour assistance and referrals to IPV
victims. Many victims will not wish to leave their relationship immediately, and directing them to resources will assist them in improving their
safety over the long term.
In some institutions, these functions—assessment, safety options, police
engagement, and referral to community resources—may be performed by
a specific staff member such as a social worker or case manager. In other
circumstances, local community partner violence agencies may have advocates available to come to the hospital, meet with victims, and offer needed
services and resources. At present, availability of these services is highly
variable; thus, in many settings clinicians must become familiar with the
standard treatment algorithm and management resources, such as intervention checklists and referral resources (the “Domestic Violence Packet”)
available in their ED.
Accurate and complete medical documentation of IPV is important for
clinical, epidemiological, and legal reasons. Having IPV as part of the medical record allows other treating clinicians to understand the patient’s
health needs, reassess patient safety, and follow-up on need for IPV-related
services. Coding of IPV is necessary for disease surveillance and appropriate allocation of resources. Finally, documentation and testimony based
on documentation are valuable for victims seeking legal relief from abuse
[119].
Documentation should be clear, concise, and objective. Emergency
physicians should describe: all injuries and the medical treatment provided; the stated cause, timing, and mechanism of injuries (including
any use of a weapon); the alleged perpetrator’s name and relationship to
the patient; observed behaviors of the victim to the alleged perpetrator;
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whether photographs were taken; if police are involved, the name and
contact details of the police officer; the referral and follow-up plans discussed with the patient; and the status of others in the home, including
children.

Disposition
Child abuse
The majority of young children with concerns for physical abuse will require admission to the hospital—if only so that CPS can determine a safe
place for the child to be discharged. Medically stable children can be discharged in cases where the immediate workup is complete and a safe environment has been identified. These cases usually involve an older child
with cutaneous injuries attributed to a specific perpetrator or household. If
the child is under the care of a different household (e.g., when one parent
with joint custody alleges abuse by the other parent) or if the alleged perpetrator will not be near the child (as when CPS establishes a safety plan
requiring the alleged perpetrator to live somewhere else), the investigation
can continue in the outpatient setting.
Intimate partner violence
The majority of patients who are victims of IPV will be able to return home
or to another safe situation—sometimes the home of a friend or family
member. In exceptional circumstances, when risk for harm or fatality is
high, shelter at an IPV facility is not available and women have no alternate safe housing with friends or family, the patient may need to be
admitted to the hospital.

The next five years
Child abuse
At times, the medical approach to abused children can seem woefully
primitive. There are no gold-standard diagnostic criteria for abuse, practices and opinions of experts can differ and estimates of the number of
abused children can vary widely [2, 11, 12]. There are, as yet, no specific
treatments for abusive injuries, and prevention is just starting to have an
impact [120]. But it is worth noting that modern medicine did not even
recognize child abuse as an entity until the mid-twentieth century [67].
Since then, the field has moved beyond raising awareness and measuring demographics into establishing best practices for screening and testing
dogma to determine which indicators of abuse are reliable and which are
merely myths [69, 70, 121].
With its establishment as a new subspecialty of pediatrics, the field
of child abuse pediatrics has recently made an important transition
within medicine. As fellowship training programs become accredited and
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continue to produce board-certified subspecialists, the field will be better
equipped to take on the next challenges and improve the ability of doctors
to protect children from abusive injury [122].
Current research is seeking to establish best-practice guidelines for
screening and reporting in order to decrease variability in the evaluation
of potentially abused children. As hospital-based, multidisciplinary child
protection teams become both more common and better integrated into
the public child protection system, reporting practices should continue to
become more uniform between different hospitals and states. Prevention
programs continue to gain acceptance and have shown some progress,
while the goal of developing specific treatments for abusive injuries remains stubbornly elusive.
Intimate partner violence
The past 25 years have led to great advances in the understanding and
awareness of the prevalence and sequelae of IPV. The mission over the
near future for health professionals will be:
1. To correct the deficiencies in evidence noted in the 2004 USPSTF family
violence screening statement. Further data on the outcomes of health
care-based screening and intervention programs will allow us to provide evidence-based recommendations to providers.
2. To adequately address IPV beyond the education of individual emergency physicians. We need to identify the most effective and costeffective resources for health care systems to support their clinicians in
the identification and management of IPV.
3. To work with community IPV organizations to define meaningful outcomes and to design and test safe, effective interventions that can be
initiated in the ED are priorities in the upcoming years.

Conclusion
Child abuse and intimate partner violence are challenging conditions that
face emergency physicians on a regular basis. An understanding of the
epidemiology, clinical management, and evolution of care of these patient
populations and coordination with specialists and legal and community
resources will aid the emergency physician in providing quality care to
victims of family violence.
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Introduction
Intellectual disability, the preferred term for what was formerly called
mental retardation, represents a complex conglomeration of cognitive and
adaptive impairments. The American Association on Intellectual and Developmental Disabilities defines intellectual disability as impairments both
of cognitive function and adaptive behavior, covering a wide range of social and practical skills, which must appear before the age of 18 [1]. This
generally correlates to an IQ less than 75 [1]. It is difficult to ascertain the
true incidence of intellectual disability. Experts from divergent fields, such
as medicine and governmental agencies, state that the general prevalence
rate of intellectual disability is between 1% and 3.5%, though up to half
of these cases never receive a formal diagnosis [2–4]. The WHO estimates
that 60 million people worldwide suffer from intellectual disability [5]. A
recent survey in the United States reported that 0.6% of children carry a
formal diagnosis of intellectual disability [6]. In mild forms of intellectual
disability, males outnumber females by a ratio of 1.6:1, though in severe
forms the prevalence is equal between the sexes [7].
In ancient Greece and Rome, infanticide was considered the appropriate
solution to the birth of any deformed child. Sadly, the perception of intellectual disability as an untreatable and even evil condition continued for
thousands of years. In the early nineteenth century, perceptions shifted,
and intellectual disability was thought of as a form of mental illness. Later
in that century, advances in care demonstrated that with education and
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medical treatment, many individuals with intellectual disability could begin or increase their functioning within society [8].
Throughout the early twentieth century educational testing for the intellectually disabled improved, accelerating the founding of many residential
training schools [9]. These were widespread by mid-century, but many of
the more severely handicapped were left in simple custodial status, with no
therapeutic interventions. During the 1960s and 70s, advocacy groups encouraged improved treatment for persons with intellectual disability, and,
in 1975, the United States Congress passed the Education for the Handicapped Act. This law guaranteed educational services for persons with
physical and intellectual disabilities up to the age of 21 [9]. By the end
of the twentieth century, with improved medical care, longevity among
the intellectually disabled had increased. In the United States, Down Syndrome patients had an increased median age at death from 25 years in
1983 to 49 years in 1997 [10]. This resultant longevity was concomitantly
associated with a strong trend towards deinstitutionalization via both the
establishment of group homes and increasing numbers of patients staying
with their biologic families [5].
With these changes in both longevity and residential settings for the
intellectually disabled, governmental agencies have advocated for new approaches to the medical management of this patient population. In 2001,
the WHO published a lengthy report encouraging improved health care for
the intellectually disabled [5]. Their suggestions included that healthcare
providers should adopt a lifespan approach that recognizes the progression or consequences of specific diseases and therapeutic interventions.
In 2001, the US Surgeon General’s Conference on Health Disparities and
Mental Retardation opened their report with the statement that:
“Today, the life expectancy of people with conditions associated with
Mental Retardation (MR) has lengthened into adulthood and middle
age. People with MR are remaining in their communities. In everincreasing numbers, people with MR either do not enter institutions,
or they leave them to live with their families or in other community
settings, and they are determined to understand and take charge of
their health. But in most cases, neither the education and training of
health professionals nor other elements of the nation’s health system
have been updated to reflect their progress.” [2]
For emergency physicians, the combination of improved longevity and
deinstitutionalization among the intellectually disabled has resulted in increased encounters with this patient population. At the same time, knowledge among emergency physicians of the intellectually disabled and their
medical reasons for presentation is limited [11]. This chapter discusses the
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emergency department (ED) evaluation and management of patients with
intellectual disability.

Etiologies
By identifying the underlying cause of intellectual disability, one may be
able to predict the constellation of associated medical conditions that may
cause patients with intellectual disability to present to an acute care setting
such as the ED. However, despite advances in testing, only half of the intellectually disabled population has an identifiable etiology of their condition
[11]. In cases where a cause is identified, it generally falls into one or more
of the following categories: genetic, traumatic, environmental, metabolic,
or infectious (Table 15.1).

Table 15.1

Category
Genetic

Causes of intellectual disability [11–21]

Subcategory
Chromosomal

Gross aberrations

Microdeletions

Single gene

Multifactoral
Trauma

Metabolic/
endocrine

Infectious

Source: References 11–21.

Conditions

Estimated
prevalence

Down Syndrome

1 in 800 births

Turner Syndrome

1 per 3125

Klinefelter
Syndrome

1 in 500

Fragile X

1 in 4000

DiGeorge Syndrome

1 in 4000

Neurofibromatosis

1 per 3000

Tuberous sclerosis

1 per 10,000

Phenylketonuria

1 per 15,500

Variety of familial
disorders

Variable

Traumatic brain
injury

Unknown

Cerebral palsy

1 per 500

Congenital
hypothyroidism

1 per 150,000

Reye Syndrome

1 per million

Congenital
toxoplasmosis

1 per 10,000

Congenital syphilis

1 per 13,000
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Genetic causes, which are often syndromic, can be grossly divided into
chromosomal, single gene, and multifactoral types [22]. The most common of these subsets is chromosomal abnormalities, which account for
up to a quarter of the total known causes [23]. Best known among these
is Down Syndrome (Trisomy 21), but the category also includes Fragile
X Syndrome, Klinefelter Syndrome, Prader–Willi Syndrome, and Cri-duchat. Non-chromosomal conditions include Tay–Sachs disease, phenylketonuria, Hunter Syndrome, Hurler Syndrome, Lesch–Nyhan Syndrome,
and tuberous sclerosis [11].
Environmental or teratogenic causes can be found in 5%–13% of
cases, and another 2%–10% can be linked directly to the trauma of prematurity [24]. Brain injury, including hemorrhage, direct head trauma,
and hypoxic injury, can all lead to cerebral palsy. Approximately twothirds of patients with cerebral palsy have an intellectual disability [25].
Of the environmental factors, Fetal-Alcohol Syndrome deserves special note; it is the leading preventable cause of intellectual disability
in the United States, affecting 1–10:1000 lives births [26]. Lead poisoning is also notable for its effects, which often occur after birth
[20, 27].
Metabolic triggers of intellectual disability can be either genetic or situational and include congenital hypothyroidism, hypoglycemia, and Reye
Syndrome. Infections, especially those in the prenatal period, are a final
cause of intellectual disability. Examples include rubella, meningitis, CMV
encephalitis, toxoplasmosis, and other CNS agents [11].

Organ system-based pathologies
While the intellectually disabled experience the same spectrum of disease as the general population, the prevalence of particular illnesses differs
greatly from the non-intellectually disabled. Recent studies have demonstrated that intellectually disabled adults are more likely to present with
digestive disorders and ill-defined symptoms versus a general population
control group, and present less often with complaints related to pregnancy,
psychiatry, trauma, or the musculoskeletal system [28]. Reduced mobility and tube feeding are both independent predictors of a large increase
in mortality risk [29]. Many intellectually disabled patients have larger
numbers of cardiovascular risk factors, higher mortalities, and more undiagnosed conditions than the general population [30]. They also have a
higher rate of sensory organ dysfunction, which can interfere with access
to care [31].
To aid in the focused evaluation of intellectually disabled patients who
present to the ED, we present below an organ system-based review of the
common pathologies afflicting this population.
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Neurology
Seizures are the most frequent neurologic abnormality associated with the
intellectually disabled. Some studies have estimated that about 15% of
people with intellectual disability have concomitant epilepsy [32]. These
seizures are more difficult to manage and frequently refractory to singledrug therapy than in the general epileptic population [11]. They also
tend to be worse in patients with more severe forms of disability and
decrease life expectancy by as much as two decades [32]. There are no
specific changes in pharmacologic management in these patients; however, the physician should be prepared to use second- or third-line agents
and for airway management as needed. The clinician must be careful not
to misidentify the movement disorder side effects of neuroleptic drugs
as seizures. Metoclopramide and neuroleptic medications can cause tardive dyskinesia, and stereotyped movements such as lip smacking, tongue
darting, and upper extremity choreatic movements can be reported as
“seizures” [33]. In cases where the emergency physician cannot distinguish between these possibilities, neurology consultation is indicated and
at times an electroencephalogram may be necessary.
Psychiatry
Estimates of the prevalence of separate mental health disease in patients
with intellectual disability are remarkably varied, with published studies in
the United States noting a rate of 14%–60% [34]. This variability reflects
the extreme difficulty in diagnosing these disorders in patients where communication can be difficult and features may overlap with their primary
intellectual disability diagnosis. Providers should remember the possibility
of a separate psychiatric condition when dealing with behavior concerns
in patients with intellectual disability [34]. Recent research in the area of
mental health in patients with intellectual disability laments the lack of a
standardized form of assessment. Most authors suggest a multidisciplinary
“biopsychosocial” approach to the possibility of psychiatric disease and that
caregivers must understand the potential for mental health disease and refer for further assessment when indicated [35].
Suicidality is a problem that emergency physicians frequently encounter, and it is the 11th leading cause of death in the United States.
Classic teaching held that patients with intellectual disability had a relative buffer to suicide, and there was rarely research aimed at this problem.
Recently, researchers have challenged this maxim. While few studies have
been performed, the data indicates that there is a significant rate of suicidality in the intellectually disabled. Practitioners should be aware that risk
factors for suicidality in the intellectually disabled appear to mirror those
in the general population, including history of prior psychiatric hospitalization, co-morbid physical disabilities, loneliness, sadness, depression, or
anxiety [36].
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Ear, nose, and throat
Sensory loss is common in patients with intellectual disability [31].
Chronic serous otitis media caused by facial hypoplasia and a subtle immune deficiency produces mild to moderate conductive hearing loss in
60%–90% of children with Down Syndrome [11]. In any disorder with
facial dysmorphism, otitis media and sinusitis can be common causes of infection that can present in a subacute or non-specific manner. For similar
reasons, obstructive sleep apnea can often present in patients with intellectual disability and can require surgical correction if they fail to tolerate
positive airway pressure by mask [33].

Cardiac
Recent studies have noted the increasing prevalence of adults with congenital heart defects related to a genetic syndrome, likely due to increased
survival thanks to advances in medical care [37]. Many of these syndromes
are also associated with intellectual disability. While some patients retain
medical providers at specialized children hospitals well into adulthood,
many more are seen in the community for their day-to-day cardiovascular
care. Table 15.2 provides a summary of the association between congenital
heart disease and chromosomal abnormalities.
Down Syndrome is classically associated with atrio–ventricular canal defects, including complete defects, and sometimes less significant atrial septal defects (ASD) or ventricular septal defects (VSD). In infancy, these are
often repaired aggressively. In adults, there can still be an ASD or VSD with
the typical sequelae, including embolic events such as stroke and progressive heart failure due to right-sided overload. Secondary to prior surgical
repair, there can be stenosis or reflux at the atrio–ventricular valves. These
can present with palpitations, dyspnea, or simply as fatigue. Diagnosis can
be made with careful physical exam, aided by chest X-ray or EKG; however, a formal echocardiogram is often required. Separately, there can be
progressive heart block in Down Syndrome patients, often presenting as
decreased exercise tolerance over weeks to months [37]. This is easily diagnosed with an EKG and can be treated with an implanted pacemaker.
Rarely, this condition can present as a hemodynamically unstable third
degree heart block, which may require emergent temporary pacing while
cardiology is consulted for definitive management.
In patients with Down Syndrome but no prior congenital heart disease,
there is a marked increase in the rate of mitral valve prolapse, with some
increase in the rates of other valvular regurgitations [44]. There are also
the occasional patients who have congenital heart disease, but never had a
repair. They can present as adults with progressive Eisenmenger Syndrome
with worsening cyanosis, pulmonary hypertension, subacute bacterial endocarditis, and stroke [37].
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Chromosomal abnormalities and their associated congenital heart
disease prevalence and types [38–43]

Table 15.2

Chromosomal disorder
Deletion 5p
(Cri-du-chat)

Prevalence of
congenital heart
disease (%)
30–60

Types of congenital heart disease
Atrial and Ventricular Septal Defects
(ASD, VSD), Patent Ductus Arteriosis
(PDA)

Deletion 7q11.23
(Williams–Beuren
Syndrome)

66

Supravalvar Aortic and Pulmonary
Stenosis, Peripheral Pulmonary
Stenosis, Stenosis of the Coronary
Ostia

Trisomy 21 (Down
Syndrome)

50

VSD, ASD, Tetrology of Fallot (TOF),
Mitral Valve Prolapse (MVP),
Progressive Heart Block

Deletion 22q11
(DiGeorge Syndrome)

75

Interrupted Aortic Arch, Truncus
Arteriosus, Isolated Aortic Arch
Anomalies, TOF, VSD

Monosomy X (Turner
Syndrome)

30

Aortic Coarctation, Bicuspid Aortic
Valve, Valvular Aortic Stenosis,
Hypoplastic Left Heart Syndrome,
Aortic Dissection

Klinefelter Syndrome
(47, XXY)

50

MVP, Venous Thromboembolic
Disease (predisposition), PDA, ASD

Source: References 38–43.

The 22q11.2 deletion is generally associated with DiGeorge Syndrome,
but has a great deal of phenotypic variation. It is associated with mild intellectual disability in about one-third of patients, and is the second most
common source of congenital heart defects behind Down Syndrome [37].
Three-quarters of these 22q11.2 deletion patients have some type of heart
defect; the more common include Tetrology of Fallot, Truncus Arteriosus, Interrupted Aortic Arches, VSDs, and other anomalies of the aortic
arch. Frequently, these conditions require repair within the first year of
life. Adults with a conotruncal defect—a defect of the ventricular outflow
system—which was repaired in childhood have similar cardiac complications and outcomes whether or not they also have an intellectual disability.
Right ventricular–pulmonary artery conduits can develop both pulmonary
regurgitation and valvular stenosis. Typically, these present with dyspnea
and varied amounts of fluid overload, pulmonary edema, and heart failure. Treatment is highly lesion dependant, and cardiology consultation is
often required for echocardiography.
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Repaired interrupted aortic arches may have recoarctation of the reconstructed aortic arch, though the rate decreases as time passes after
repair. These present in a similar manner to a late presentation of an inborn coarctation—often with murmur and hypertension, more rarely with
headaches, chest pain, fatigue, claudication, or intracranial hemorrhage.
With the exception of intracranial hemorrhage, these generally do not require true emergent treatment. The emergency physician can perform a
lifesaving intervention by simply diagnosing this condition and referring
the patient for future repair [37, 45].
Additionally, left ventricular outflow obstruction at the level of the aortic valve, truncal valve (valve at the base of a tetrology outflow tract), or
subaortic region may develop. These lesions impose increased afterload on
the left ventricle and eventually result in hypertrophy, dilatation, and failure of the left ventricle. The patient will present with typical symptoms of
left-sided heart failure, but should be carefully managed as some outflow
lesions can be very volume-dependent. These lesions also carry a high risk
of infectious endocarditis, which must be considered both for prophylaxis
and as a potential diagnosis in a patient with fever [43]. Lastly, Tetralogy of
Fallot is frequently associated with late post-operative atrial tachyarrhythmias, ventricular tachyarrhythmias, and heart block [37, 45].
Turner Syndrome, characterized by a female with a single X chromosome, is also classically associated with cardiac anomalies, largely types
of left heart obstruction, including bicuspid aortic valves and coarctation
of the aorta. Aside from the typical post-operative complications, adult
Turner’s patients have been recognized to have some unique cardiac risk
factors. First, they can have a subtle bicuspid aortic valve or aortic coarctation that may be unrecognized in childhood. More worrisome, recent
population-based studies have demonstrated that Turner Syndrome can
be associated with perhaps a 100-fold increased incidence in the rate of
thoracic aortic dissection in comparison to the general population [40].
The emergency physician must be acutely aware of this correlation, which
is reminiscent of the relationship of Marfan’s disease and dissection, and
have a low threshold for ordering imaging studies to assess for this critical
condition in this patient population. These patients should also have aortic
imaging at least every 5 years to assess for the development of thoracic
aortic pathology [37].
Lastly, Williams–Beuren Syndrome is a microdeletion related form of
mild intellectual disability associated with dysmorphic facies and musculoskeletal deformities. These patients are very likely to have supravalvular
aortic stenosis, often requiring surgical repair or serial balloon dilatation in
childhood [41]. As adults, aside from continued issues with this stenosis,
they are at special risk of stenosis of the coronary ostia, likely due to medial
hyperplasia, which has been implicated in numerous episodes of sudden
death in these patients. This specific lesion can be difficult to detect using
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standard cardiac imaging, and these patients are often unable to complete
typical exercise stress tests. These patients should be admitted for further
cardiac workup if their presenting symptoms are compatible with acute
coronary syndrome (ACS); their initial treatment is no different than a
standard patient with ACS [37].
Pulmonary
Unlike the cardiovascular system, few forms of intellectual disability have
direct correlations to anatomic variants in the pulmonary system. However, respiratory concerns, often related to aspiration, are the second most
common cause of mortality in patients with intellectual disability [46, 47].
These common respiratory infections are multifactorial: some patients
with severe intellectual disability have problems with pulmonary toilet,
some have related facial abnormalities that can impair proper swallowing,
and many patients are unable to voice their symptoms until they become
severe and obvious to outsiders. Health care providers must recall that
many patients with intellectually disability live in institutionalized settings,
which can change the recommended antibiotic coverage for pneumonia.
Also, secondary to their anatomic dysmorphism, many patients with intellectual disability have chest radiographs that are difficult to interpret.
In our clinical opinion, the clinician must consider the risk and benefit of
treating without clear radiographic evidence of infection versus the use of
advancing imaging techniques, such as CT.
Gastrointestinal
Gastroesophageal reflux disease is a common cause of sore throat, choking,
coughing, and behavioral changes in patients with intellectual disability.
They often lack the verbal ability to explain the sensation, and appropriate diagnostic radiologic studies can be difficult to obtain in these patients
[33].
Constipation is also common in patients with intellectual disability, up
to 70% in some studies [48]. Constipation can present as simple behavioral changes, a presentation it shares with reflux disease [46]. Predictors
of constipation include limited mobility, anticonvulsant therapy, severe intellectual disability, cerebral palsy, and refusal to eat. This can occur despite
the frequent use of standing laxatives in this population [48].
Parasites, including Strongyloides stercoralis and Enterobius vermicularis
(pinworm), are also more prevalent in the intellectually disabled population and should be considered in the diagnosis of unexplained diarrhea,
discomfort, or eosinophilic leukocytosis [49].
Patients with severe intellectual disability or concomitant dementia frequently require gastrostomy or jejunostomy tubes for their nutritional
needs. These can trigger frequent ED visits. Often, if the presenting complaint involves the displacement of the tube, the emergency physician can
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place another tube into the tract and verify placement with radiography.
Occasionally, the emergency physician is left with a choice between placing a temporary place-holding tube, such as a foley catheter, or contacting
a specialist for assistance. This choice must be made based on institutional
preferences and the patient’s need and ability to follow-up for definitive
management [28].
In patients with Down Syndrome, there is an increasingly diverse body
of literature suggesting they are at higher risk for symptomatic gall bladder disease, including sludge, cholelithiasis, and acute cholecystitis. Some
of these studies have noted that while obesity and Down Syndrome often
occur together, the chromosomal abnormality alone does seem to confer
added risk of cholelithiasis. This risk includes children, in whom gallbladder disease is classically rare [50–52]. Apart from a higher pre-test probability, the ED evaluation and treatment of Down Syndrome patients with
gallbladder disease is similar to the general patient population.
Endocrine
The most prevalent endocrine disease associated with intellectual disability is hypothyroidism, with a prevalence of 29%, increasing to 46% in
patients with Down Syndrome [30]. While rarely resulting in an acute
emergency, this problem can precipitate visits to acute care providers and
should be considered in many differential diagnoses.
Obesity is a well-publicized epidemic in recent decades. Patients with
certain intellectual disabilities have an even higher rate of obesity than the
baseline population, including high rates during their youth. Patients with
Down Syndrome or autism have rates as high as double or triple the general population during adolescence [53]. Obesity serves as both a causative
agent and surrogate marker for many conditions. Research demonstrates
that patients with intellectual disability and concomitant obesity have
higher rates of asthma, high blood pressure, high blood cholesterol, diabetes, depression, and pressure sores [54]. Obesity is also an independent
risk factor for worsening outcomes from serious blunt trauma, including
increased length of stay and increased mortality [55].
Patients with Down Syndrome have high rates of both hypothyroidism
and obesity. These two conditions have been noted in tandem in clusters of
Down Syndrome patients suffering from slipped capital femoral epiphysis,
and patients noted to have this orthopedic disease should be screened for
hypothyroidism [56].
Genitourinary and gynecologic
Sexual activity is a little-explored topic within the realm of the intellectually disabled. However, multiple studies document a normal rate of consensual sexual activity in the mildly intellectually disabled and a higher
rate of rape and incest [57]. Some studies suggest that the rate of abuse
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in this population is 4–10 times as high as the general population [58].
The abuser is usually a person known to the victim, most frequently service providers or family members [59]. Emotional insecurities, ignorance
of sexuality, and powerless position in society have been the noted causes
of frequent exploitation of the intellectually disabled [60]. As such, emergency physicians must remain aware of the real possibility of sexually
transmitted diseases, HIV, and pregnancy in this population. They also
must remain conscious of the subtle clues and presentations that could
be related to abuse. Many of these victims are able to communicate the
nature of the abuse, making it important to draw on them for the history
beyond that given by family or service providers [58]. Laws vary by state
and often involve complex determinations on the ability to consent when
determining the need to report possible abuse [60]. The emergency physician has a key role in recognizing abuse and sexually related disorders in
this vulnerable population.
Incontinence of bowel or bladder is common in a number of severe
forms of intellectual disability. It is a key measure of functional status, and
poor functional status correlates with the rate of presentation to ED with
acute health problems [28]. The severity of function status impairment is
also an independent predictor of multiple health problems, including obesity, gastroesophageal reflux, and urinary tract infections [61].
Musculoskeletal
Multiple studies have demonstrated that the intellectually disabled have a
higher rate and earlier onset of osteoporosis, necessitating earlier screening and increased attention to minor trauma [62]. This is especially true
in patients on long-term anticonvulsant therapy, those with limited mobility or those with Down or Prader–Willi Syndromes [63]. Fractures due
to osteoporosis are the most frequent musculoskeletal reason for ED presentation in patients with intellectual disability. One chart review demonstrated that a third of women with intellectual disability had a diagnosed
fracture as an adult, suggesting they may benefit from earlier commencement of bone mineral supplements [64]. Intellectual disability has been
strongly associated with vitamin D deficiency, though this has not been
proven to be a causative factor in their increased risk of fractures [65]. It
is important to consider the patient’s baseline functional status when deciding on the eventual treatment of any fracture, as some patients with
limited functional status will prefer conservative management versus operative fixation.
Joint contractures are another musculoskeletal disorders frequently associated with the intellectually disabled. The effects of contractures are
variable, but often limit ambulation, impair posture, cause discomfort, and
predispose to the development of osteoarthritis, as well as decubitus ulcers [11]. The aforementioned obesity epidemic also leads to a number of
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orthopedic complications, including increased rates of degenerative joint
disease and slipped capital femoral epiphysis [56].
Hematology and oncology
Despite the fact that the standardized incidence of malignancy in patients
with Down Syndrome is identical to the general population, they have
a 10–20-fold higher risk of leukemia and a markedly lower risk of solid
organ tumors [66]. Patients with Down Syndrome are at higher risk of acquiring three hematologic disorders: transient myeloproliferative disorder
(TMD), acute megakaryoblastic leukemia (AML), and acute lymphoblastic
leukemia (ALL). TMD is a unique disease to patients with Down Syndrome
and is a clonal expansion of megakaryocytes, which appears very similar to
AML. However, in TMD, the condition spontaneously regresses after some
number of months. It can be seen in up to 10% of infants with Down
Syndrome, and symptoms vary from solitary laboratory abnormalities to
death from acute leukemia with organ failure. In AML, Down syndrome
patients have a better prognosis than the general population, but are more
prone to treatment side effects. Lastly, in ALL, Down Syndrome patients
once again have a higher chemotherapy-associated side effect profile [66].
Other population studies have shown an equal rate of most cancers between the general population and the intellectually disabled and do not
suggest a variation in screening techniques. However, the one exception
is cervical cancer, which has a markedly lower rate in the intellectually
disabled population, presumably related to a lower rate of sexual activity
in the more severely intellectually disabled [1].
Pharmacology
Lastly, like the elderly, intellectually disabled patients often have an extensive medication list. Polypharmacy complications can be found in both the
presenting complaint or develop due to new medications used in the ED. It
is especially important to note drug–drug interactions related to antiepileptic and cardiovascular medications [11]. One emerging concern is the increased rate of prolonged QT intervals in patients with Turner Syndrome.
Clinicians should use caution prescribing any drugs that have QT prolongation effects in these patients [37]. Lastly, polypharmacy itself is an independent predictor of the need for hospitalization in ED patients with
intellectual disability [28].

Emergency department management
Personal interactions and obtaining patient history
Many health care providers are uncomfortable interacting with individuals
who have an intellectual disability, which can carry over to the assessment
and management of these patients in the ED. One manifestation of this is
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the difficulty in taking a history from a patient who may have limited,
if any, verbal skills. Often a clinician will discuss the case only with the
attendant service provider and not the patient [67]. This can worsen the
clinician–patient relationship [68].
A number of suggestions can improve physician–patient communication. The patient should be evaluated in a quiet area, preferably one
time by a single health care provider team. Before entering the room,
the emergency physician should review any accompanying data, such as
baseline level of functioning, medical history, vital signs, and presenting
complaints. It is also important to formally note the patient’s code status,
primary physician, and legal guardian and health care proxy.
The provider should specifically introduce themselves to the patient and
any family or service personnel who accompany them. The patient should
give as much history as possible, even employing non-verbal communication such as signs or picture boards as needed. The provider should assume the patient can understand, and the patient should feel included
when spoken to, even if there is no outward sign of cognition [68]. Physicians should use clear and age-appropriate language. Any of the caregivers
present should be asked to supplement the history since caregivers as well
as primary physicians can often give valuable clues to the diagnosis, especially in patients presenting with subtle and non-specific complaints such
as altered mental status. If the provider has any concern for abuse, the
patient should also be interviewed separately from any caregivers. Special
attention should be given to non-specific changes in personality, activity,
food and water intake, mobility, bowel habits, or acute changes in cognition [3, 11].
Strategies in physical examination and laboratory evaluations
The physical examination in the intellectually disabled takes on increased
importance, due to the often incomplete history given to the physician.
However, there are also new difficulties encountered during the examination such as agitation. Frequently, having a caregiver or family member
assist with the examination will calm the patient and allow the physician
a better examination.
The emergency physician must perform a detailed examination as
guided by the history or chief complaint. Frequent inspection of the oral
cavity is required to look for dental abscesses or periodontic disease. The
aforementioned frequent otitis media can only be evaluated with careful exam. Also, considering the frequency of co-morbid heart conditions,
cardiac auscultation should be mandatory. Pulmonary and abdominal examination may give clues to occult infections. A rectal exam should be
considered to evaluate both constipation and occult blood loss. Extremities should be assessed for signs of trauma, both accidental and secondary to abuse. Occult fractures can be the cause of many non-specific
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presentations. The patient should also be disrobed, to fully inspect the skin
for potential ulcerations or bruising. Care should be taken with any pelvic
exam, as such examination is frequently indicated, but the patient may
have had few, or none, in the past [11].
Once a thorough history and examination are complete, the physician
will often need additional information. Laboratory data and other studies should be ordered as with any patient. It may be wise to consider the
need for evaluation of levels of any antiepileptic drugs and EKGs for patients with congenital heart disease. The indication for lumbar puncture
and CT of the brain can be obfuscated in a patient with a baseline abnormal exam; knowledge of the patient’s prior studies and status can help
determine which tests should be done and interpret the results of these
tests. Other times, baseline anatomy can make a test less sensitive or specific than usual, such as in the case of chest X-ray examination in patients who have severe kyphoscoliosis or even EKG after a complex heart
repair.
One consideration that is frequently encountered is that many tests and
procedures are invasive and painful. In a patient with compromised understanding, this can create a tense and even violent environment. In addition to the above mentioned communication techniques, the emergency
physician should consider anxiolytics or even conscious sedation when appropriate.
Several studies have shown that propofol, midazolam, thioridazine,
chloral hydrate, and, most recently, ketamine can be used for conscious
sedation in patients with intellectual disability with minimal side effects
[69–71]. Despite these advances in conscious sedation, some procedures
that are routinely performed without any sedation in other patients may
require general anesthesia in patients with intellectual disability. These include painful procedures, such as abscess drainage and orthopedic reductions.
Familial and social issues: informed consent
The intellectually disabled not only present with complex medical conditions, but also with complex social situations. As this population ages,
there will be an increasing number of adults with intellectual disability
who do not have living parents serving in the traditional role of guardians.
ED nurses have noted difficulties with informed consent when the patient
has difficulty with communication, especially when there are no guardians
to rely upon [72].
In the case of an adult with an intellectual disability, one should assume they have the ability to provide consent for their own treatment
choices, while ensuring that this is correct. Most ethicists agree that consent is valid when it is given freely, is informed and specific, and given
by someone competent to consent. This competence is often questioned
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in patients with intellectual disability. Depending on the complexity of the
situation, the patient may be able to consent for some procedures and not
for others.
To ensure the patient has the capacity to consent, the emergency physician must check that the patient has the ability to comprehend, weigh
information, and have a rationale for any decision that the he makes. In
the case of a patient without ability to consent for treatment, local and
regional laws vary with regards to guardianship. In the case of emergency,
or uncertainty, the physician should proceed as they would with any patient who is unable to consent: prudently provide the lifesaving interventions that any reasonable person would desire, while employing whatever
means they have (social work, case management, local agencies) to determine the patient’s true legal status.
If the ability to consent is unclear, the emergency physician can try a
number of strategies to assess the patient’s capacity for medical decisionmaking. The patient can be asked to paraphrase the choices. They can be
asked to compare the differences between two choices. The practitioner
should always use whatever communication adjuncts are needed by a certain patient. Physicians should also be aware that a patient may have the
capacity to make decisions on certain health care topics, but not on others that are more complex. It is also important to ensure that the patient
makes their own decision, even if their family or other caregiver is needed
to communicate with the patient. If the patient is deemed to lack capacity,
the physician should cautiously proceed forward with the patient’s “best
interests” in mind [73].

The next five years
For many years, treatment of intellectual disability has focused on behavioral therapy and discrete medical interventions targeting individual
symptoms. Sometimes anatomic variants are amenable to surgical repair.
Prevention has been limited to public health campaigns targeting alcohol
consumption and seat-belt use as well as prenatal screening for known
metabolic disorders such as phenylketonuria. However, with the rapid
emergence of molecular biology and genetics, the future promises novel
diagnostic testing and treatment options.
One condition that demonstrates these emerging technologies is Fragile
X Syndrome. This condition is characterized by a range of learning problems, intellectual disability, autism, and anxiety. It is caused by absent or
decreased levels of Fragile X Mental Retardation Protein (FMRP). On a
genetic level, this is triggered by either a genetic microdeletion, or more
commonly, an expansion of a trinucleotide sequence that causes a failure
to express the protein. This trinucleotide sequence expansion can range
widely in size and can also be methylated in different amounts, both of
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which lend variability to the exact symptoms and level of disability caused
by this condition [74].
Researchers have spent decades identifying this genetic mutation and
also trying to explain its downstream effects. A lack of FMRP leads to
a number of changes in the biochemistry of the brain, including lack of
regulation of the mGluR5 pathway [74]. Recently, a small study was undertaken looking at the effect of an mGluR5 anatagonist (fenobam) on
adults with Fragile X. Surprisingly, with a single dose they recorded improved scores on a behavior and attention assay. Despite the fact that this
study only involved 12 patients and was non-randomized, it immediately
sparked public interest and widespread news coverage [75]. Even if this
therapy is eventually disproven, it demonstrates the promise of molecular
biology to offer novel therapies to individuals with intellectual disability.
With little difficulty, one can imagine how gene therapy, fetal testing, and
novel pharmaceuticals could lead to markedly improved outcomes in the
near future for intellectually disabled patients with an identifiable genetic
or metabolic abnormality.

Conclusion
With improvements in medical care, greater social acceptance, and integration of the intellectually disabled, this patient population will become
more prevalent in the ED. Emergency physicians will need to gain a greater
understanding of the range of pathology that can cause the intellectually
disabled to require acute care. Along with this medical knowledge, sensitivity to the special considerations in assessing the intellectually disabled
will allow improved care and outcomes for this challenging and emerging
patient population.
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Introduction
Between 50% and 70% of the over 119 million emergency department
(ED) visits each year in the United States involved pain as one of their chief
symptoms [1, 2]. Of the top 12 categories of pain treated in the ED, 60%
are of medical cause rather than due to trauma or injury (Table 16.1). Yet
while pain and chronic pain are so prevalent in the ED patient population,
the treatment of these conditions is often difficult in the acute care setting.
Emergency physicians often receive inadequate training in the essentials
of pain management, such as the interpretation of the subjective nature of
pain assessment and multimodal treatments for pain. Even if they have
been fortunate to have received training in acute pain management, a relatively new addition to medical school and residency curricula, they may
be particularly unprepared to assess and treat chronic pain and manage
acute exacerbations of chronic pain syndromes [3]. There is also the ever
present dread of being duped by a so-called “drug seeker” or of causing
addiction, drug abuse, or misuse. Many emergency physicians have confusion about dependence, tolerance, addiction, and pseudoaddiction, as
well as substantiated concern about the adverse effects that can occur with
pain medications.
In general, emergency physicians are fairly intolerant of patients presenting with any kind of chronic problems, especially chronic pain. Many
emergency physicians have the perception that the ED is an environment
strictly for acute and critical care treatment [4, 5]. Yet a recent survey of
US adults found that 15% reported an ED visit for chronic or recurrent
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Table 16.1 Summary of the discharge diagnoses of patients
presenting to an academic ED with a pain complaint
N (%)
Wound, abrasion, or contusion
Sprain or strain
Back or neck pain
Abdominal pain
Fracture or dislocation
Headache
Chest pain (non-cardiac)
Upper respiratory infection
Abscess or cellulitis
Toothache
Urinary tract infection
Renal colic
Other diagnoses
Total with ICD-9 diagnosis

91 (11)
90 (11)
85 (10)
71 (9)
48 (6)
47 (6)
40 (5)
30 (4)
25 (3)
19 (2)
16 (2)
14 (2)
243 (30)
819 (100)

Source: Redrawn from Todd KH, Ducharme J, Choiniere, M, et al.
Pain in the emergency department: results of the Pain and Emergency Medicine Initiative [PEMI] Multicenter Study. J Pain 2007;
8(6): 460–466, Copyright © 2007, with permission from Elsevier.

pain. When this figure is applied to the overall US adult population, it suggests that during the 2 years preceding this study, more than 34 million
adults were seen in EDs for chronic or recurrent pain [6]. Of these patients, more than 60% had chronic pain syndromes currently treated by a
primary care physician, and over 40% had recurrent pain [7]. This represents a significant proportion of all ED patients seen. Adding in the increasing population of older adults and the continuing increases in the number
of annual ED visits of all types, visits for chronic pain will continue to increase in number. Therefore, it seems clear that emergency physicians will
have to become more facile with the management of acute and chronic
pain. This chapter discusses the principles of management of patients with
chronic pain in the ED setting with a particular emphasis on patients with
back pain, migraine syndromes, and abdominal pain of various etiologies
as well as pain management in the elderly.

Pain assessment in the emergency department
Prior to discussing the management of specific conditions that cause
chronic pain, it is necessary to understand the broader basis for and
terminology of pain management. Gender, ethnicity, and age issues affect
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pain assessment and management in the ED. Studies have found shorter
times to pain relief for better educated, older, Caucasian men. The best
single factor determining time to pain relief continues to be physician assessment of pain, rather than patient self-report [8]. This is pertinent to
chronic pain sufferers, who often do not exhibit the typical signs of moderate to severe pain seen in patients who have acute pain, such as behavioral
(facial grimacing, splinting, crying) or sympathomimetic signs (accelerated
blood pressure or heart rate, mydriasis, or pallor). There are numerous
means of assessing acute pain, including visual analog scales (VAS), numerical rating scales (NRS), graphical or picture scales (GRS), the Face,
Legs, Activity, Cry and Consolability (FLACC) observational scale for use
in very young children or non-verbal adults, and the Pain Assessment IN
Advanced Dementia (PAINAD) scale for use in the setting of older patients
with cognitive impairment. These may not accurately reflect a chronic pain
state in which patients continually reside at a moderate level of pain. Additionally, patients with chronic pain and dementia or delirium may have
difficulty in explaining pain or differentiating chronic pain from acute pain
in the ED. Pain scales based on observation of the patient at rest and
with activity may provide a better assessment of pain in patients with
chronic pain syndromes. For example, observational pain scales such as
the PAINAD and Abbey Pain Scale were found to be helpful in elderly patients with chronic osteoarthritic pain [9]. Even when pain is appropriately
assessed at triage, reassessments after pain treatment are inconsistent [10].
In addition to appropriately assessing pain, physicians must understand
and assess the physiologic state of the patient with chronic pain. Dependence is the progressive development of a physiologic tolerance to the same
dosing and an increasing need for higher dosing to achieve the same effect. This condition generally develops whenever opioids are administered
for over 2 weeks. When drug dosage is rapidly reduced or discontinued
in a patient who is dependent, or when an antagonist is administered, a
withdrawal state develops. Withdrawal symptoms include irritability, anxiety, tachycardia, lacrimation, nausea, vomiting, or diarrhea. Addiction is a
primary neurobiological disease state in which the patient exhibits a psychological dependence associated with a compulsion and craving for the
drug(s), despite the adverse impact of the drug use. Pseudoaddiction is another state commonly encountered in the ED. Pseudoaddiction may resemble the behaviors associated with addiction, but differs from addiction
in that all of the behaviors disappear when the patient is provided adequate medication to treat the pain-causing syndrome. Due to confusion
around these terms, patients may have fears of addiction even with minimal or short-term use of opioids. Clearly, there is a significant problem
of drug use, misuse, and abuse within American society; however, emergency physicians are also faced in the ED with patients with chronic pain
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problems interfacing with a relative shortage of available pain management specialists. Many of the patients frequently termed “drug seekers”
more likely represent patients suffering from pseudoaddiction with lack of
access to physicians able to treat their conditions [11].
Chronic pain syndromes are the summation of multiple factors producing a disordered pattern of pain perception. Nociceptive pain results from
contact with a noxious stimulus that alerts the nervous system via pain
pathways extending from the periphery to the spinal cord and onto the
brainstem, thalamus, and cerebral cortex. Inflammatory pain is part of the
healing process that causes us to protect the injured part until that healing
has been accomplished. It is mainly mediated by cytokines and the immune system. The maladaptive pain response that occurs with neuropathic
pain, as seen in diabetes, HIV, cancer, stroke, spinal cord injury, and following surgery or other trauma is a result of lack of inhibition of these pain
processes resulting in increased sensitivity and chronic or recurrent pain.
Allodynia, a painful response to a non-painful stimulus, and hyperalgesia,
an exaggerated painful response to normally painful stimuli, are common
features of neuropathic pain. Functional pain is the most difficult to characterize, but is also related to abnormal nociceptive responses. It results
from induced genetic changes that alter the chemical character or phenotype of the neuron, resulting in hypersensitivity, amplified responses, and
propagation of the signal to uninjured areas. This phenomenon of peripheral and central sensitization demonstrates the ability, or plasticity, of the
nervous system to modify itself based on varying feedback, in this case tissue injury. Unfortunately, both neuropathic and functional pain can occur
spontaneously without a noxious stimulus or tissue injury as well [12].
Assessment of the patient with chronic pain should aim to determine
the etiology when possible and the predominant pain pathways involved,
as well as some consideration of disability [13]. Disability is the effect of
the pain on activities of daily living. For example, an assessment of disability after an ankle sprain includes the patient’s ability to bear weight.
Disability for a patient with chronic pain may include the patient’s ability to participate in social functions or bathe. The Brief Pain Inventory
(BPI) is a short tool that provides information on pain in the preceding
24 hours, the degree of pain relief from current pain regimen and interruption of usual activities [14, 15]. Evaluation of mood and psychological
co-morbidities, such as depression, attention deficit hyperactivity disorder
(ADHD), or bipolar disorder may also impact decisions in the initiation or
modification of treatments. Physical examination should be thorough in
assessing areas of tenderness, hyperalgesia, allodynia, numbness, or weakness. A pain assessment that accounts for biological, psychological, social,
and cultural elements, as well as subjective perceptions and personal stressors (often financial), will help to build a successful and comprehensive
multimodal approach to pain treatment.
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Pain treatment in the emergency department:
multimodal therapy
The goal of treatment of the chronic pain patient in the ED is to successfully relieve pain, defined as a reduction of at least 30% or two points in
the pain intensity numerical rating scale (PI-NRS), using medications directed to the mechanism of pain while anticipating and lowering or avoiding adverse effects and safety risks [16]. Choosing the correct medication
combinations, routes of administration, and adjuncts involves consideration of the significant side effects and safety profiles of each medication.
Physicians must also consider safety in and outside of the ED. The majority of patients will be discharged, and their driving status, the ability to
fill prescriptions and necessary adjuncts, such as antiemetics or a bowel
regimen, must be considered.
The route of administration is an important factor. If the patient is able
to swallow, and there are no concerns about bowel motility, oral preparations are preferred. Enteric treatments are convenient, allow for flexibility in dosing, and, when prescribed on a time-dependent, around the
clock, rather than pain-dependent schedule, allow for steady blood levels. Immediate release (IR) and controlled release (CR) formulations are
available. For patients with chronic, persistent pain, a longer acting analgesic combined with a short-acting medication for breakthrough pain often
provides the best results. Intramuscular injections are a common method
of administration; however, this route has a lack of consistent absorption, long times to onset, rapid offset, and potential necrosis of nerves and
muscle. Subcutaneous administration, when intravenous access cannot be
achieved, is a much more desirable alternative [11]. The onset is only
somewhat slower than the intravenous route and the offset somewhat
quicker. Opioids such as morphine, fentanyl, hydrocodone, methadone,
oxycodone, and codeine have all been successfully used subcutaneously,
particularly in palliative medicine settings [17]. Subcutaneous morphine
administered in high doses should be avoided due to local histamine release. Intravenous bolus dosing or infusions in combination with patient
controlled anesthesia (PCA) can provide good relief of severe pain. Repeated bolus dosing is necessary if insignificant relief is achieved at the time
of peak effect. In severe exacerbations of cancer pain and chronic nonmalignant pain, boluses every 10–20 minutes may be needed to achieve a
significant reduction of pain. Infusions provide consistent blood levels of
opioids. Transdermal opioid preparations are a convenient method of providing analgesia, and their lipophilic characteristics allow for good absorption. Transdermal preparations cause less constipation than other equianalgesic CR oral preparations. They have an extended lag time, 12–16
hours, before any substantial therapeutic effect is noted. Topical nonsteroidal anti-inflammatory drug (NSAID) preparations are available with

P1: PAB/UKS
BLBK370-16

P2: PAB
Color: 1C
BLBK370-Venkat
March 25, 2011

324

19:14

Trim: 229mm X 152mm

Challenging and Emerging Conditions in Emergency Medicine

Table 16.2 Parental opioid dosing for opioid naive patients
Time to onset
of action
(min)

IV opioid

Weight-based
dosing

Duration
of action

Side effects

Fentanyl

1 mcg/kg

1–5

Hydromorphone

0.02 mg/kg

5–6

30–45 min
2–3 h

Rigidity at high doses
Least vagal effect;
significant euphoria

Morphine

0.15 mg/kg

15–30

3–4 h

Vagal symptoms;
histamine release; dose
adjustment in patients
with renal insufficiency

the same conveniences of transdermal opioids [18]. Many transdermal and
topical analgesic preparations are costly however and may be a financial
burden to patients.
Fentanyl, hydromorphone, and morphine are the mainstays of opioid
analgesia in the ED. These drugs differ in their analgesic and side effect profiles, and best results are achieved with weight-based dosing (Table 16.2)
that helps avoid over- or undertreatment of pain. Dosage increases are
required in patients who are opioid tolerant, and decreases are required
in patients who are elderly, dehydrated, or have renal insufficiency. A
starting regimen in opioid-dependent patients of an equi-analgesic dose
based on 20% of their overall daily opioids is often sufficient [19]. PCAs
should be considered for patients with severe pain, such as sickle cell vasoocclusive crisis, or admitted patients with moderate to severe pain expected to last more than 12 hours. Patients must be able to self-administer
and understand the relationship between the pain and pushing the button.
Hourly sedation assessment, such as the Richmond Agitation and Sedation
Scale (RASS), is required.
Many chronic pain patients on daily opioids will present to the ED with
complaints related to side effects. Constipation is the one side effect to
which tolerance does not develop; therefore, most patients on chronic
opioids must be prescribed a daily bowel regimen that includes a stool
softener, such as docusate, and a stimulant laxative, such as senna or
bisacodyl. Osmotic agents such as lactulose or sorbitol may be needed for
acute exacerbations of constipation [11]. Sedation and respiratory depression are two of the major adverse effects of opioid usage. Excessive sedation occurs when opioids are combined with other sedating drugs, such
as antiemetics and benzodiazepines. Respiratory depression occurs more
commonly in opioid naive patients, patients who are sleeping, patients
with existing pulmonary disease or obstructive sleep apnea, and those
who are obese [11, 20]. PCAs, intrathecal, or epidural pumps also increase
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the risk [21]. Pulse oximetry should be continuous, and capnography is
important for assessing ventilatory effort. Opioid tolerant patients who
have been on scheduled therapy for a week or more rarely develop respiratory depression as tolerance to this side effect develops rather quickly
over time. If excessive sedation and/or respiratory depression occur, a dilute solution of naloxone (1 mg in 10 cc saline) should be administered
in small bolus doses until adequate respiratory effort and/or awakening
are achieved. Caution must be exercised to avoid intense withdrawal or
seizures, pulmonary edema and severe pain. The relative short half-life
of naloxone requires that patients be observed for return of respiratory
depression or need for a naloxone infusion dosed at an hourly rate of twothird of the initial dose required to produce awakening and increased ventilatory effort. Other opioid side effects include nausea and vomiting. This
is best treated with non-sedating antiemetics, such as ondansetron, metoclopramide, or prochlorperazine. Meclizine or transdermal scopolamine
might be considered in motion-exacerbated nausea due to opioid vestibular effects. Pruritus is another common complaint with opioid usage, which
often resolves on its own within a few days or may improve with a lowdose naloxone infusion [11].
Multimodal analgesia also reduces the occurrence of these adverse
effects. Dose sparing agents, such as an NSAID, or coanalgesics, such
as acetaminophen, topical NSAIDs, and lidocaine, may help. Stimulant
drugs, such as caffeine or modafinil, anticonvulsant drugs, such as carbamazepine, gabapentin, or pregabalin, and antidepressants, including the
tricyclic antidepressants, serotonin selective reuptake inhibitors, and serotonin norepinephrine reuptake inhibitors can also decrease the dosage of
opioids. Adjuncts such as heat or cold, physical therapy, ambulatory assist devices, and therapies involving relaxation or cognitive behavioral approaches may also allow the dose of the opioid analgesic to be lowered.
Changing the route of delivery or the type of opioid may also help reduce
side effects [22].

Management of conditions causing chronic pain in
the emergency department
Chronic back pain
Acute and persistent low back pain is one of the most frequently-cited
reasons for ED visits, and painful episodes can lead to significant disability,
ongoing disruption of daily functioning, and psychological distress. Approximately 80% of adults experience low back pain problems at some
point in their lives. In 2006, EDs reported 3.3 million patient visits for
back symptoms, about half of which were for low back pain symptoms,
ranking back-related symptoms among the top 20 reasons for ED visits
[2]. Studies have shown that back pain is frequently recurrent and that
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organic pathologies are rarely identified. Approximately 30% of patients
seen in primary care for back pain continue to have persistent problems
12 months later. Combined medical and disability compensation costs for
back pain in the United States are estimated at over $50 billion annually
[23].
Clinical practice guidelines for persistent low back pain were developed
over a decade ago by the Agency for Health Care Policy and Research and
state that physicians should, among other recommendations, educate patients about their symptoms and the role of behavioral self-management
in managing these symptoms [24]. These guidelines note that the vast majority of low back pain patients who experience persistent pain and painrelated disability are unlikely to require extensive diagnostic workups or
other physician-initiated interventions. For example, even with acute back
pain and certainly with persistent low back pain, lumbar radiographs are
only advised when certain “red flags” are present (e.g., history of recent
trauma or symptoms suggestive of fracture, unexplained fever or weight
loss, history of cancer, use of steroids, and age greater than 55) that would
suggest a more serious back problem. Despite evidence that persistent low
back pain responds better to behavioral strategies, such as exercise, activity
pacing, and time-contingent, that is around the clock, scheduled medication dosing, the majority of emergency physicians continue to prescribe
“light activity” and bed rest when patients present with acute exacerbations of pain [25, 26]. Persistent pain is a complex biopsychosocial problem. Effective management requires attention to patients’ beliefs, attitudes,
coping abilities, and social environment, among other factors [27].
Understandably with ED overcrowding, it may be difficult to implement
clinical practice guidelines that seemingly require more time with each patient. Providers may not be trained to routinely assess these factors when
patients present to the ED, nor are they trained to deliver recommendations for behavioral self-management. Patients treated for persistent low
back pain in the ED are typically provided only general medical recommendations for self-management, and little is known about the extent
to which discharged patients appropriately implement those recommendations. Emergency physicians should emphasize the importance of returning to normal activities, increasing physical activity levels and taking
pain medications on a time-contingent, rather than pain-contingent, basis. These patients may benefit most from an approach that fosters appropriate use of behavioral self-management skills. Analgesics that address
the mechanisms of pain present—inflammatory, nociceptive, and even
neuropathic—and that also account for the muscle spasm that frequently
accompanies the pain, should be used. Topical 1% diclofenac which has
a ⬍ 1% systemic absorption rate can be quite useful when used regularly
at least 3–4 times per day. Orphenadrine can assist for muscle relaxation,
and appropriate opioid and other adjuncts are needed for more severe or
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radicular pain. In the case of the latter, interventional injections of epidural steroids and radiofrequency ablation may be needed. Most importantly,
the drug regimen should be administered on an around-the-clock scheduled basis, and patients should be encouraged to maintain and gradually
increase activities and to alternate periods of rest and activity throughout
the day [28].
Chronic headaches and migraines
Recurrent episodes of headaches and migraines result from a variety of
inflammatory, neuropathic, and functional mechanisms and can be associated with objective neurologic findings. EDs remain a mainstay location
of treatment for these recurrent episodes. Much research has been developed over the past decade to evaluate these pathways and determine
appropriate analgesic treatments [29, 30]. Treatment should include rapid
relief of symptoms with as few adverse effects as possible, prevention of recurrence and identification of headaches with life-threatening etiologies.
Associated symptoms such as nausea, photophobia, and otophobia may
be soothed by modification of environmental stimuli. Dehydration may
make all these symptoms worse; so parenteral hydration is often a first
step in treatment. Non-narcotic treatments of migraines, and other recurrent headaches, despite differences in mechanism, have shown good therapeutic results with the use of triptans, metoclopramide, prochlorperazine
and other phenothiazines, and dopamine antagonist antiemetics. Benadryl
is often added to prevent the akathesia and dystonic reactions that can occur with these medications [31, 32]. The addition of NSAIDs, such as parenteral ketorolac, can serve as abortive therapy alone or in combination
with other medications [32]. The use of triptans, given their potential side
effect profile and the time-consuming task of evaluating potential cardiovascular and cerebrovascular risks, should likely be reserved for those who
have an established diagnosis of migraine and who report a good outcome
from prior triptan use.
Research identifying phases of migraine with and without cutaneous allodynia has led to the observation that there are different mechanisms at
work that respond to triptans when allodynia has not yet developed and
to NSAIDs when allodynia is already present [33]. It is notable that in one
study, NSAIDs relieved 100% of migraines unless the patient had already
taken a narcotic analgesic. Caffeine intake should be assessed, and caffeine
infusion, especially in combination with NSAID and a dopamine antagonist antiemetic, can be useful in those patients who may in fact have
a caffeine withdrawal-induced headache or are in another phase of migraine suffering [34]. Resistant headaches may also respond to parenteral
dihydroergotamine (DHE), valproic acid, and intravenous steroids [29, 35,
36]. Finally, the use of parenteral opioids is always a tool in the management of moderate to severe pain of all types, although in the management
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of chronic headaches this should be considered only after non-narcotic
treatment of headache has failed, given the potential for the narcotic to
lessen efficacy of non-narcotic treatment and/or cause rebound headache
[37, 38].
Chronic abdominal pain
Chronic abdominal pain may be the most difficult category of chronic pain
to assess and treat. These patients frequently undergo extensive and often
invasive diagnostic testing to exclude acute diagnoses, such as diverticulitis, appendicitis, or abdominal tumors. Abdominal pains and gastrointestinal complaints are common areas of somatization. A study of patients at a
gastroenterology clinic found that those ultimately diagnosed with a functional gastrointestinal disorder (FGID) had higher levels of somatization
traits than those diagnosed with a structural illness. Multiple somatization
complaints and a history of psychiatric illness together had a high predictive value for FGID [39]. Therefore, physicians must broaden their differential to include psychosocial influences on pain in this patient population
and be diligent in treating all causes.

Chronic pancreatitis
A recent study following patients for up to 20 years found that 16% of
patients with acute pancreatitis progress to chronic pancreatitis, with the
risk increased in patients who smoke or consume alcohol [40]. The incidence of chronic pancreatitis is approximately 8/100,000 in the United
States and is increasing worldwide [41]. The pain in pancreatitis is classically epigastric and often radiates to the back. It may worsen with eating or
be associated with nausea, vomiting, or diarrhea with light-colored stools.
Episodes can be triggered by alcohol or high-fat foods. These patients are
at risk of hemorrhagic pancreatitis, sepsis, and pancreatic adenocarcinoma.
The pathophysiology of pancreatitis pain is thought to be a combination of
autodigestion from pancreatic enzyme release, pancreatic ductal hypertension, inflammation and sensitization, or damage of the pancreatic visceral
nerves [42]. Bioactive enzymes and inflammatory cytokines are released
causing a self-perpetuating inflammatory cascade. Conditions that increase
the release of inflammatory molecules, such as smoking or inflammatory
bowel diseases, can also exacerbate chronic pancreatitis [40, 43].
Management requires identifying precipitating causes, ruling out complications and treating symptoms. Surgical complications, such as pseudocyst or obstruction, must be excluded, especially if the pain is worsening or
different than the patient’s typical exacerbation pain. CT of the abdomen
is helpful in assessing disease progression and evaluating for pseudocyst
or obstruction [44]. Pancreatic enzymes may provide an estimate of disease severity, but may not correlate to symptomatology as many patients
lose endocrine and exocrine function. Basic electrolytes are helpful in
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assessing dehydration from vomiting and diarrhea. Blood glucose should
be monitored, as these patients are at risk of hyper- and hypoglycemia due
to lower levels of glucagons and insulin and dysregulation in the pancreas
[45].
Intravenous fluid resuscitation, antiemetics, and opioid pain control are
usually required for acute exacerbations. Despite the inflammatory component of pancreatitis, NSAIDs should be used cautiously and not prescribed to patients with alcohol-induced exacerbations. This could worsen
coexisting alcoholic gastritis and cause gastrointestinal bleeding. Additionally, high-dose naprosyn increased pancreatic fibrosis in a mouse model
of chronic pancreatitis [46]. However, selective cycloxygenase-2 (COX2)
inhibition decreased the inflammation and progression of chronic pancreatitis in another mouse study, suggesting that COX2 inhibitors may
be an appropriate treatment for chronic pancreatitis [47]. Further studies in humans are needed. Abstinence from alcohol, tobacco, and high-fat
foods should be counseled at every presentation. In patients with known
autoimmune pancreatitis, steroids are first-line treatment and should be
given in conjunction with discussion with the patient’s gastroenterologist. Although some patients may require inpatient admission for symptom control, most patients with uncomplicated chronic pancreatitis can be
stabilized symptomatically in the ED and discharged. For long-term suppression of illness, several medications can be prescribed at discharge. Pancreatic enzyme supplementation, such as Creon© , may help decrease stool
symptoms. They should be prescribed with an H2 inhibitor to reduce gastric acid degradation of the capsules [44, 48]. Antioxidants may decrease
pain episodes and narcotic use in patients with alcohol-induced pancreatitis. Studies have examined pancreatitis-specific antioxidant preparations of vitamin C, alpha-tocopherol (vitamin E), vitamin A, selenium,
and the essential amino acid methionine [49, 50]. The preparation used
is not currently available in the United States as one pill but included almost ten times the recommended dietary allowance (RDA) of vitamin C,
nine times the RDA of vitamin E, almost twice the RDA of vitamin A,
and 8.5 times the RDA of selenium, which are available individually at
health food stores. Further treatments under development include specific
anti-inflammatories such as anti-interleukin 6, which would theoretically
decrease the inflammatory cascade [42]. Some patients may benefit from
daily subcutaneous octreotide injections. This inhibits pancreatic enzyme
secretion and may help control pain and improve quality of life [51]. Octreotide and additional treatments such as ERCP, celiac plexus block, longterm nasojejunal feedings or pancreatectomy with islet cell transplantation are strategies available to patients through their gastroenterologist.
Emergency physicians may consider admission of these patients if pain
and vomiting remain uncontrolled despite ED treatment with parenteral
hydration, analgesics, and antiemetics, or if the obstructive or hemorrhagic
complications described above are suspected. If discharged, patients should
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be prescribed pancreatic enzyme supplements in conjunction with an H2
gastric acid blocker as well as supplemental antioxidant vitamins, and be
referred to a gastroenterologist with specific expertise in these chronic and
progressive pancreatic entities.

Irritable bowel syndrome
Irritable bowel syndrome (IBS) is the most common of the FGIDs. IBS is a
chronic and episodic disease characterized by periods of exacerbation and
remission. While the diagnosis of IBS can be difficult to make in the ED,
the Rome II and III consensus criteria have helped clarify this syndrome
[52]. Symptoms consist of abdominal pain that is relieved with defecation and associated with changes in stool frequency or consistency. Patients may present with right or left lower quadrant pain. Upper abdominal pain is rare. Bloating, abdominal distension, mucus in the stools, bowel
urgency, and straining may occur. Up to 20% of adults in the United States
are affected [53]. Almost 75% of patients diagnosed are women. Increased
visceral hypersensitivity is thought to be the underlying cause of the pain.
Patients with IBS, even in asymptomatic periods, have higher pain scores
from colonoscopy compared with patients with other GI disorders [54].
Altered GI tract motility and intestinal secretion production may cause the
bowel changes.
A thorough history of previous events and bowel habits must be obtained, especially in patients without a formal diagnosis of IBS by a gastroenterologist. Further physical exam, screening labs, or radiographic testing, such as abdominal CT, pelvic exam, or pelvic ultrasound, may be
necessary to rule out appendicitis, diverticulitis, or pelvic inflammatory
disease. Treatment is symptomatic, with stool softeners or laxatives as
needed. Rice-based meals, less allergenic and inflammatory than wheat,
are recommended during flairs [55]. Alpha2 -adrenergic agonists, such as
clonidine, and calcium channel blockers, such as verapamil or nicardipine, can relieve rectosigmoid spasms and decrease rectal tone. Octreotide
decreases visceral pain and intestinal response to distension. Several serotonergic agents targeting the gastrointestinal 5-HT4 and 5-HT5 receptors
have been developed. Tegaserod, a 5-HT4 agonist, is prescribed for IBS
with constipation (IBS-C). However, Tegaserod is currently being investigated due to concerns about increased cardiovascular events. Alosetron,
a 5-HT3 agonist, is used in IBS with diarrhea (IBS-D) for uncontrollable
diarrhea. Newer serotonergic pharmaceuticals are under development. A
recent Cochrane review found insufficient high-quality trials to recommend herbal treatments for IBS [56]. Enteric coated peppermint capsules
may provide some anti-spasmodic and analgesic effects from the methyl
salicylate, but may also exacerbate any coexisting GERD. Low-dose erythromycin may help with GI complaints [57]. IV hydration, antispasmodics such as dicyclomine (Bentyl© ), especially for diarrhea prone IBS, and
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analgesics are the mainstays of ED treatment. If discharged, recommendations regarding diet are equally important. The most essential part of IBS
treatment in the ED is reassurance to the patient that symptoms are treatable and that there is no danger to their overall health from this disorder.
Prompt and frequent primary care follow-up is important [58].

Chronic pelvic pain
Chronic pelvic pain (CPP) is a term applied to a variety of syndromes
that can occur in women or men. It may have specific cause or be another type of visceral pain syndrome. In female CPP, the most common causes found during laparoscopy are adhesions (40%), endometriosis (14%–18%), pelvic congestion syndrome (12%–18%), and sequelae of
pelvic inflammatory disease (20%) [59]. Previous caesarean section, endometriosis, or pelvic inflammatory disease (PID) increases the risk [60].
Assessment of the woman with CPP includes obtaining a history of the
pain and the relationship with the menstrual cycle, sexual intercourse,
and bowel symptoms. Ovarian torsion, pregnancy, acute PID, and sexual abuse must be considered. Treatment of female CPP is targeted to the
cause of the pain. Cyclical pain with menstruation is likely endometriosis or dysmenorrheal. Oral contraceptives or hormone modulators are the
first-line therapy, with NSAIDs as needed for pain. Results of GnRH agonist treatment have been mixed [61]. Leiomyomata may cause constant
pressure or acute pain with necrosis. These are seen on abdominal ultrasound or CT and treated surgically. Adhesions may cause pain with movement or associated with bowel movements. Treatment is with NSAIDs or
surgery. Screening for abuse and treating any concurrent gastrointestinal
symptoms may help. Additionally, physical therapy can aid with the musculoskeletal component of pelvic pain that some women experience [62].
Tricyclic antidepressants and pregabalin can also decrease pain, but require
close follow-up after prescription in the ED. Nerve blocks, such as ganglion impar block or sympathomimectomy may provide lasting pain relief,
but are invasive and usually performed by a gynecologist or pain management specialist. ED care involves excluding diagnoses requiring immediate
intervention, such as obstruction, ectopic pregnancy, ovarian torsion, or
tubo-ovarian abscess, controlling nausea and pain, and ensuring appropriate and timely specialist follow-up.
Male pelvic pain is a syndrome of chronic non-bacterial prostatitis complicated by bladder spasms or pelvic floor dysfunction [63]. Patients may
present with waxing and waning urinary symptoms, pain, and ejaculatory
dysfunction. Management in the ED involves evaluating for acute prostatitis and urinary tract infection. Male CPP is treated with fluoroquinolone
antibiotics, antispasmodics, and NSAIDs [64]. Referral to a urologist is also
appropriate if the patient has long-standing symptoms or is resistant to
antibiotic treatment.
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CPP with referred urinary symptoms may be interstitial cystitis/bladder
pain syndrome (IC/BPS). IC/BPS is a syndrome of chronic pelvic pain, urinary urgency, frequency, and nocturia in the absence of infection or other
cause [65]. Thirty percent of women suffering with IC/BPS are less than
50 years old; however, it is most common in women older than 65 years
[66]. It has similar features to overactive bladder, with the addition of pain.
There are three pain pathways involved. First, a defect in the glycosaminoglycan layer of the urothelium allows urinary irritants to affect the bladder
wall cells. Secondly, hyperalgesia occurs from bladder nerve sensitization,
and thirdly, mast cell activation causes inflammation [67]. Management
involves evaluating for urinary tract infection, prostatitis, and urinary retention. Bladder ultrasound, pre- and post-voiding, quantifies retention.
First-line treatment is with dietary changes and fluid monitoring. Elimination of triggering foods, such as spicy foods or chocolate, may help. Medical
treatment with pentosan polysulfate sodium (PPS), which chemically resembles glycosaminoglycans, may decrease symptoms but requires weeks
to months of therapy. Significant relief from symptoms occurs in about
one-third of patients [68]. Anticholinergics, such as oxybutinin, may also
help. Patients with chronic or uncontrolled symptoms should be referred
to an urologist for discussion of hydrodistension, intravesicular injections,
and other long-term therapies, such as pelvic floor therapy and neuromodulators.

Chronic post-operative abdominal pain
Up to 18% of woman who undergo caesarean sections report chronic postoperative pain [69]. Numbness at the incision site acutely post-operatively
and emergent caesarean are risk factors for persistent pain [70]. Pain may
be from adhesions or nerve entrapment within the incision. Inguinal hernia repair is another surgery with a high rate of post-operative pain. Risk
factors for the development of chronic inguinal pain include age (younger
adults are at higher risk), pre-existing pain or pain syndromes and history of multiple surgeries. Laparoscopic procedure versus open repair was
not associated with chronic pain [71]. High ratings of pain immediately
post-operatively increase the risk of chronic pain, suggesting that better
treatment of pain acutely may prevent chronic post-operative pain [72].
In patients with concern for incisional nerve entrapment, treatment with
topical lidocaine patches, capsaicin, or systemic gabapentin or pregabalin
is first line. Abdominal wall physical therapy can also help reduce pain.
Other causes of chronic abdominal pain
Other causes of chronic abdominal pain not covered above include angioedema, porphyria, cyclic vomiting syndrome, abdominal migraines, superior mesenteric artery syndrome, sexual assault, and domestic violence.
These syndromes may be waxing and waning without evidence of disease
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on screening labs or imaging. With these difficult patients who present
with recurrent pain and no identifiable cause, it is important to remember
that the resources of the ED are limited and that there are many causes
of pain that cause significant morbidity, but are not apparent on commonly obtained exams. If symptoms are not able to be well controlled in
the ED setting, or you suspect a serious underlying cause, or have concerns about follow-up, hospital admission may be the pathway to distinguish these often elusive diagnoses. As the ED is often better equipped
to diagnosis and manage acute life-threatening problems or acutely manage symptoms more so than chronic issues, appropriate outpatient followup for further workup including colonoscopy, ERCP, small bowel follow
through, laparoscopy, and metabolic workup may be required.
Chronic pain in the geriatric patient
The many difficulties of chronic pain management in the ED setting are
further complicated in the older adult patient. Older adults are at risk of
chronic pain conditions such as cancer pain, osteoarthritis, rheumatologic
disorders, peripheral neuropathies, and compression fractures. The prevalence of chronic pain in long-term care facilities ranges from 49%–83%
[73]. In the community, 63% of older adults report daily pain [74]. Cancer pain is the most common cause of chronic pain. The probability of
developing an invasive cancer after 60 years of age is 10%–15%, and up
to 26%–37% in patients over 70 [20]. Of those currently battling cancer,
64% report daily pain and 33% of patients who have achieved a cure still
report pain [75]. Additionally, up to 43% of men and 54% of women older
than 65 report arthritis pain in at least one joint [76]. This creates a population of patients who require long-term pain control that may present to
the ED.
Older patients are also at higher risk for secondary problems from
chronic pain, such as falls, immobilization, delirium, polypharmacy, inappropriate over-the-counter drug use, and constipation. A study of community dwelling older adults found that musculoskeletal pain in two or
more sites or any severe daily pain significantly increased their risk of falls
[77]. Even 2 days of immobilization or bed rest while in pain after a fall
can result in muscle atrophy, dehydration, or pressure ulcers. Other common causes of pain exacerbations include disease progression, medication
changes, social stressors, and depression.
The physiologic changes of aging alter pain sensation and complicate
treatment. Increased gastrointestinal transit time predisposes older adults
to constipation and gastritis. Liver mass and liver blood flow decrease
with aging, resulting in decreased albumin synthesis and phase I drug
metabolism. Cyclobenzaprine, buprenorphine, hydrocodone, oxycodone,
and methadone are all metabolized by the cytochrome P450 system and,
therefore, will have longer half-lives. Impaired renal function is also very
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common in older patients. The serum creatinine level may not give an accurate measurement of their renal function due to alterations in muscle
mass. Renal insufficiency decreases the clearance of morphine and oxycodone metabolites, hydromorphone, most benzodiazepines, gabapentin,
pregabalin and baclofen. Dementia and delirium may obscure symptoms
and confuse the medical history. Untreated pain increases the risk of delirium. In a study of hip fracture patients who developed delirium, the patients with delirium received significantly less pain medicine prior to the
onset of delirium than matched non-delirious controls [78]. Additionally,
delirium in the ED is an independent risk factor for patient decline and
death within 6 months [79]. Therefore, pain control in this at risk population is not only appropriate symptomatic treatment, but also an essential
intervention to reduce short- and long-term morbidity.
There are several classes of pain medications that should be prescribed
cautiously or not at all in older adults. NSAIDs are inexpensive, but
have many concerning side effects, including cardiovascular risks, renal function compromise, and GI bleeding. Patients already on a daily
aspirin for cardioprotection are at especially high risk of bleeding [80].
Propoxyphene and tramadol are also not recommended. Propoxyphene is
a weak mu-opioid receptor agonist that also affects acetylcholine and serotonin reuptake. Propoxyphene and derivatives (Darvocet© , Darvon© )
are only as effective as acetaminophen in studies of chronic pain, but have
more side effects. In addition to the anticholinergic and opiate effects,
propoxyphene is a class 1c antiarrhythmic more potent than its classmate
lidocaine. It decreases the heart rate via sodium channel blocking, widens
the QRS interval, and may result in arrhythmias [81]. Tramadol is another
mu-opioid receptor agonist that has additional antagonistic effects on
norepinephrine and serotonin reuptake. It also lowers the seizure threshold. For acute pain, tramadol is only as effective as acetaminophen [82].
Corticosteroids must be prescribed cautiously as their usual side effect
profile of fluid retention, hyperglycemic effects, steroid psychosis, bone
demineralization, immunosuppression, and cardiovascular effects are amplified in the older patient. Corticosteroids may be helpful in inflammatory
conditions such as rheumatoid arthritis, malignant compression fractures,
or the crystal arthropathies. They are not recommended for osteoarthritis,
and the use of steroids for chronic back pain remains controversial
[83].
The current American Geriatrics Society guidelines recommend first-line
use of acetaminophen for treating chronic pain [83]. In the ED, many nonmedication adjuvants, such as physical therapy, cognitive behavioral therapy, acupuncture, and heat pads, are unavailable or difficult to arrange.
Adjuvant medications, such as selective serotonin reuptake inhibitors, are
not appropriate to initiate during an acute flair of chronic pain as they require drug monitoring and weeks to take effect. Other faster acting opioid
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alternatives are topical lidocaine patches, topical NSAIDs, or transdermal
buprenorphine.
The ED is not the appropriate place to initiate CR opioids unless there is
prompt and reliable outpatient follow-up. Short-acting opioids are therefore recommended for patients who require further pain control after acetaminophen and adjuvant therapies [83]. The best opioid depends on the
patient’s co-morbidities and pain needs as described above. Over- and underuse must be discussed. Patients should adjust their dosing schedule so
that medication is taken before painful travel or exercise and before sleep.
It is not unreasonable to check renal and liver functions before prescribing
these medications. Elderly patients, especially the opioid naive, should be
monitored in the ED for delirium or other side effects after the initial dose
of opioids and discharged on a bowel regimen that includes daily docusate
(stool softener) and laxatives, such as the sennosides, lactulose, or sorbitol
as needed.
Overall, treating chronic pain in the older adult population is a difficult task that is compounded in the acute care setting. However, it can
be highly rewarding when done appropriately as one has the satisfaction
of relieving pain, restoring functional status, and reducing the long-term
morbidity and mortality of these patients.

The next five years
There are many new mechanisms being developed to help in the attack
on drug misuse and abuse. The use of electronic medical records within an
institution or health system will assist in the important information sharing critical to making good decisions. Additionally, departmental policies
that restrict prescribing more than 24–72 hours of opioid analgesics to patients not followed within that health system where information can be
shared is also useful. Next is the advent of many state prescription drug
management programs (PDMPs), which allow physicians and pharmacists
in real time to be aware of prescribing, dispensing, and usage of controlled
substances [84]. As of 2009, nearly 40 states had legislation to allow for
PDMPs, and 32 programs were operational. The federally sponsored PDMP
Information Exchange (PMIX) allows for sharing of this information across
state lines. Access to this information allows the emergency physician to
make a better judgment about prescribing substances that could be abused
or diverted.
Finally, pharmaceutical companies are using new technologies to find
novel ways to package opioid analgesics so that they are tamper-proof and
do not allow them to be used for unintended routes of intranasal or intravenous administration. These newer formulations incorporate antagonists
that help lower the potential for tolerance and addiction (Embeda© ) and
contain substances that cause release of a gel when exposed to solvents
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(Extended Release Oxycontin© ), and some are being combined with substances, such as niacin, with unpleasant side effects when consumed in
excess (Acurox© ).
The problems of access to health care, and to primary care, and pain
specialist physicians in particular, must be addressed on a local as well
as global level. Emergency medicine leadership must work in conjunction
with their physician colleagues to ensure appropriate follow-up, case management, and coordination with long-term care settings, as the care of pain
and opioid-dependent patients requires a multidisciplinary approach [85].
However, this care often begins in the ED, where concerned and educated
physicians can truly make a difference in the lives of patients living with
chronic pain and suffering.

Conclusion
Management of patients with conditions causing chronic pain in the ED,
for better or for worse, is becoming more relevant to the practice of emergency medicine. A thorough understanding of the anatomical and pathophysiologic basis of chronic pain can aid the emergency physician in the
management of these patients. Ideally, interaction and consultation with
specialists in pain management, occupational and physical therapy, behavioral psychology, and psychiatry would optimize the care of this population; however, this often requires approaches initiated by ED, institutional,
and community leaders. For emergency physicians, careful attention to
the history, physical examination, and underlying diagnoses of the patient
with chronic pain can allow optimal outcomes for this challenging and
emerging ED patient population.
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recurrence of, 34
surgical therapy for, 34
symptoms in adults, 33
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Colorectal cancer, 160t
Complete transposition of the great
arteries (TGA), 36t, 39–41.
See also d-TGA
Congenital heart disease (CHD), 26
in adults, 26
children with, 26
and chromosomal abnormalities, in
intellectually disabled, 305t
cyanotic defects, clinical implications
of, 35, 36t–37t
complete transposition of the great
arteries, 36t, 39–41
congenitally corrected
transposition of the great
arteries, 37t, 42–3
Ebstein’s anomaly, 37t, 43–4
late complications of cyanotic
lesions, 35, 38
tetralogy of Fallot, 36t, 38–9
tricuspid atresia, 37t, 44–6
definition of, 26
epidemiology of, 26
and future perspective, 47
non-cyanotic, clinical implications of,
29t–30t
atrial septal defect, 28, 29t, 31
coarctation of the aorta, 30t, 33–4
patent ductus arteriosus, 30t, 32–3
ventricular septal defect, 29t, 31–2
other considerations in ACHD
patients
endocarditis, 46–7
non-cardiac surgery, 46
psychiatric illness, 46
Congenital heart disease center,
referral to, 27
Congenitally corrected transposition of
the great arteries (CCTGA), 37t,
42–3
complication associated with, 42
physical exam of patient with, 42
treatment of, 42–3
Congestive heart failure, in obese
patients, 206–8
Constipation, in intellectually disabled,
307

Continuous ambulatory PD (CAPD),
75
Continuous cycling PD (CCPD), 76
Contrast-induced nephropathy (CIN),
235
Cord compression, 162
Cor pulmonale, in cystic fibrosis, 107
Corticosteroids, 53, 54t, 55t
for acute chest syndrome, 126
use in pulmonary exacerbations,
100
CT coronary angiography (CTCA), 206
CT imaging, for geriatric trauma
patient, 235
Cushion effect, 210
Cyclosporine, 53, 54t–56t
Cycloxygenase-2 (COX2) inhibitors,
329
Cystic fibrosis, 96
in adulthood, 97. See also Cystic
fibrosis patients
diagnosis of, 96–7
emerging therapies for, 110t
epidemiology of, 96
future perspective on treatment of,
109–10
life expectancy in, improvements in,
96
mutations in CFTR gene in, 96
Cystic Fibrosis Foundation National
Data Registry, 96
Cystic fibrosis patients, 97
chest pain in, 107–8
cor pulmonale in, 107
dermatologic disease in, 108–9
diabetes in, 106
gastrointestinal complications of,
102–3
gastrointestinal disease, 103–4
hepatobiliary disease, 105
pancreatic disease, 104–5
hypoglycemia in, 106
musculoskeletal and rheumatic
disease in, 106–7
ophthalmic disease in, 109
psychiatric illness in, 108
pulmonary disease in, 97–102
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hemoptysis, 101–2
and infection control procedures,
101
maintenance medications for, 97t,
98
microbiologic flora from
respiratory tract, 99
pneumothorax, 102
pulmonary exacerbations, 98–101
and use of airway clearance
therapies, 98
rhinosinusitis in, 108
Cystic fibrosis related diabetes mellitus
(CFRD), 106
Cytomegalovirus (CMV) infection
after transplantation, 265–6
in renal transplant patients, 61–2
Cytopenias, medication-associated, 66,
67t
Dasatinib (Sprycel), 165t
Deep vein thrombosis (DVT), 108, 170
catheter-related, in children, 259
Dehydration, in pediatric intestinal
failure patient, 253–4
diagnosis of, 254
history and physical examination in,
254
laboratory evaluation and
management of, 254t
treatment of, 254
Delayed graft function (DGF), 52
Delayed hemolytic transfusion
reaction, 123
Deletion 22q11.2, 305, 305t
Delirium, 166
in geriatric trauma patients, 232
Dementia, in elderly, 230
Denufosol, 110
Depression, in cystic fibrosis, 108
Dermatologic diseases
in chemotherapy patients, 175–6,
176t
in cystic fibrosis, 108–9
in HIV-positive adults on HAART,
150–51
Dexrazoxane, 168–9, 175–6, 176t
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Diabetes mellitus
and elderly trauma patient, 230–31
in HIV positive adults on HAART,
150
in renal transplant recipients, 69
Dialysis disequilibrium, 83–4
Dialysis patients
abdominal pain in, 82–3
anemia in, 83
articular and musculoskeletal
problems in, 90
calciphylaxis in, 90
chest pain in, 79–80
diabetes-related emergencies in,
considerations in, 87–8
diagnostic tests and medications in,
choice of, 90–92
dose-adjustment for medications in,
91t
dyspnea in, 80–81
in ED, factors for, 74
ESRD-associated hyperphosphatemia
in, 86
ESRD-associated hypocalcemia in, 86
fever in, 76
evaluation and management of,
76–8, 77t, 78t
febrile HD patients, 76–7, 77t
PD-associated peritonitis, 77–8, 78t
future perspective on, 92
with gastrointestinal bleeding, 82
HD vascular access in ED,
considerations in, 89
hypercalcemia in, 86
hyperkalemia in, 85–6
hypermagnesemia in, 87
hypertensive urgency/emergency in,
81–2
hypokalemia in, 87
hyponatremia in, 87
hypophosphatemia and
hypomagnesemia in, 87
hypotension in, 81
intra-dialytic accidents related
emergencies in, 89–90
neurological complaints in, 83–4
syncope in, 81
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Dialysis patients (Continued )
uremic, high anion-gap metabolic
acidosis in, 84–5
urinary tract related problems in,
88–9
Dialysis therapy, principles of, 75–6,
75 f , 76 f
Diclofenac, 326
Dicyclomine, 330
DiGeorge syndrome, 38, 305, 305t
Distal intestinal obstructive syndrome
(DIOS), 103–4, 104 f
Down Syndrome (Trisomy 21), 302
Atrio–ventricular canal defects in,
304–5
gastrointestinal disorders in, 308
hematologic disorders in, 310
hypothyroidism and obesity in, 308
Doxorubicin, 169
d-TGA
adults with, 40
arterial-switch operations for, 41
infants with, 40
meaning of, 40
Mustard and Senning procedures for,
40–41, 40 f
Dyspnea in dialysis patients, 80–81
Eastern Association for the Surgery of
Trauma Guidelines for Geriatric
Trauma care, 243
Ebstein’s anomaly, 37t, 43–4
abnormalities with, 43
causes of death in adults with, 43
physical exam of patient with, 43
treatment for, 43–4
Education for the Handicapped Act,
300
Efavirenz, 143t, 150
Embeda, 335
Embolization, for hemoptysis, 102
Emergency department (ED), 1. See also
specific topics
and complications of social
pathologies, 3–4
emergency physicians
challenges faced by, 1–2

complications of new therapies,
knowledge of, 3
increased longevity and
considerations for, 2–3
visits to, 1
Emergency medical services (EMS),
233
Emesis, 173
Encephalopathy, 257–8
c , 199
Endobarrier
Endocarditis, in patients with CHD,
45–6
End of life care, of geriatric trauma
patient, 238
End-stage renal disease (ESRD), 51,
74
dialysis for, 74
increase in, 74
renal transplantation for, 51
Enoxaparin, 79
Enteral feeding devices, 253
complications associated with, 260
gastric outlet obstruction, 262
gastric ulceration, 262
gastrostomy tube dislodgement,
260–61
obstruction and leakage, 262
stoma site complications, 262–3,
263 f
Enteric coated peppermint capsules,
330
Enterobius vermicularis infection, in
intellectually disabled, 307
Epidermal growth factor-tyrosine
kinase inhibitors (EGFR-TKI),
178
Epstein–Barr virus (EBV) infection,
after transplantation, 265–6
Eptifibatide, 79
Erlotinib (Tarceva), 164t, 178
Erythrocytopheresis, 125–7, 130–31
Erythrocytosis, 67, 67t
in cyanotic CHD patients, 35
Esophageal cancer, 160t
Esophageal variceal bleeding, 257
ESRD-associated hyperphosphatemia,
86–7
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ESRD-associated hypocalcemia, 86
Ethanol solution, 259
Etomidate, 234
Etoposide, 171
Everolimus, 54t–56t
Ewing’s sarcoma, 162t
Extremity fracture, in elderly patients,
243
Face, Legs, Activity, Cry and
Consolability (FLACC)
observational scale, 321
Falls, in geriatric patients, 238
Family violence, 271. See also Child
abuse and Intimate partner
violence (IPV)
emergency physicians, role of, 271–2
epidemiology of, 271–2
Fenobam, 314
Fen-Phen, 219
Fentanyl, 324t
Fetal-Alcohol Syndrome, 302
Fever
in dialysis patient, 76–8, 77t, 78t
in renal transplant recipients, 61–3,
62t
in sickle-cell patient, 122
approach to, 122–3
causes for, 122
Fingertip bruising, 278
Fistula first initiative, 92
Fluoroquinolones, 99
Focal biliary cirrhosis, 105
Foley catheter, 261
Fosfomycin/tobramycin, in cystic
fibrosis, 110
Fractures, in children, 280–81, 280 f ,
281 f
Fragile X Mental Retardation Protein
(FMRP), 313
Fragile X Syndrome, 313
Fresh frozen plasma (FFP), 236
Functional gastrointestinal disorder
(FGID), 328
Functional pain, 322
Fungal central venous catheter
infections, 260
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Gallstones, in cystic fibrosis patients,
105
Gastric cancer, 160t
Gastric outlet obstruction, 262
Gastric ulceration, 262
Gastroesophageal reflux disease, 307
Gastrograffin, 103
Gastrointestinal disorders
in chemotherapy patients, 173–4
in cystic fibrosis patient, 102–5, 103 f
in HIV-positive adults on HAART,
147–9
in renal transplant recipients, 65, 65t
Gastrointestinal hemorrhage in ESRD
patient, 82
Gastrostomy tube dislodgement,
260–61
Gefitinib (Iressa), 164t, 178
Gemtuzumab ozogamicin (Mylotarg),
164t
Geriatric Education for EMS course,
243
Geriatric patient, chronic pain in,
333–5
Geriatric trauma patients, 228
body habitus in, 230
cardiovascular disease in, 231
chronic obstructive lung disease in,
229–30delirium in, 232–3
dementia in, 230
depression and suicidal ideation in,
232
diabetes mellitus in, 230–31
discharge from ED, 237, 237t
ED management of
airway management, 233–4
anticoagulation medications,
assessment of, 236–7
imaging evaluation, 235–6
need for resuscitation,
determination of, 234–5
physical examination, 235
prehospital management, 233
vital signs assessment, 234
end of life care of, 238
epidemiology of, 228
future research on, 243–4
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Geriatric trauma patients (Continued )
mechanisms of trauma and injury
patterns in
blunt abdominal trauma, 242
burns, 239–40
extremity fracture, 243
falls, 238
lacerations, 243
motor vehicle accidents, 238–9
pedestrian struck, 239
penetrating trauma, 242
rib fracture, 242
spinal fracture, 241–2
subdural hematoma, 240–41, 240 f
medications affecting ED evaluation
in, 231, 232t
and younger trauma patients,
comparison of, 228–9
Germ cell of testes, 160t
Glucarpidase, 175, 177
Gout, 68
Graft rejection, 266
Granulation tissue, at site of
gastrostomy stoma, 263, 263 f
Graphical or picture scales (GRS), 321
HAART. See Highly active antiretroviral
therapy (HAART)
Headaches, 327–8
Hearing loss, chemotherapeutic agents
and, 166–7
Heart transplantation, for CHD, 47
Hematologic complications
in chemotherapy patients, 171
in renal transplant recipients, 66–7,
67t
Hemodialysis (HD), 74
accesses used for, 75 f
home, 75
in-center, 75
infection of HD access, 76–7
microbiology of, 77t
recommended initial antibiotic
therapy for, 77t
procedure of, 75
Hemolytic index, 116
Hemolytic-uremic syndrome (HUS),
66, 67t

Hemoptysis, in cystic fibrosis patients,
101–2
Hemorrhagic cystitis, 175
Hepatobiliary complications, with
intestinal failure, 255
cholelithiasis and cholecystitis, 255,
257
encephalopathy, 257–8
esophageal variceal bleeding, 257
Hepatobiliary disease, in cystic fibrosis
patients, 105
Hepatocellular cancer, 160t
Highly active antiretroviral therapy
(HAART), 141
first-line regimens, 142
initiation of, 142
HIV-nephropathy, 145
HIV-positive adults on HAART, 141
cardiovascular diseases in, 144
dermatologic diseases in, 150–51
endocrine disease in, 150
epidemiology of, 141–2
future perspective on, 152–3
gastrointestinal disease in, 147–9
HAART regimens, 142
HAART side effects in, 143, 143t
class side effects of antiretroviral
medications, 143t
side effects of HAART medications,
143t
hematologic and oncologic diseases
in, 149
immune reconstitution inflammatory
syndrome, 147
life expectancy in, 141
medication interactions of relevance
in ED, 144
musculoskeletal diseases in, 151–2
neurological disorders in, 146–7
ocular diseases in, 151
psychiatric disorders in, 150
pulmonary disease in, 144–5
renal disease in, 145–6
Hodgkin’s lymphoma, 161t
Hungry bone syndrome, 86
Hydromorphone, 324t
Hyperalgesia, 120, 322
Hyperbilirubinemia, 267
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Hypercalcemia, in dialysis patients, 86
Hyperhemolysis syndrome, 124
Hyperkalemia, in HD patients, 85
Hypermagnesemia, in HD patients, 87
Hypertension, in dialysis patients, 81–2
Hypertensive encephalopathy, 84
Hypertonic saline, use in cystic fibrosis
patients, 97, 100
Hypertrophic osteoarthropathy, 38
Hypertrophic pulmonary
osteoarthropathy, 107
Hyphema, 130
Hyponatremia, 172–3
in ESRD patients, 87
Hypotension in dialysis patients, 81
Ibritumomab tiuxetan (Zevalin), 164t
Imaging evaluation, in geriatric trauma
patient, 235–6
Imatinib (Gleevec), 165t
Immune reconstitution inflammatory
syndrome (IRIS), 147
Immune therapy, 163t
Incentive spirometry, 126
Incontinence of bowel, in intellectual
disability, 309
Induced therapeutic hypothermia
(ITH), use of, 7. See also
Post-cardiac arrest care
after out-of-hospital cardiac arrest, 7
barriers to use of, 7–11, 9t
for neuroresuscitation, 14–17, 16 f
endovascular cooling, 15
infusion cooling, 15–16
surface cooling, 15
trials on, 7
Inflammatory pain, 322
Insulin-like growth factor 1 (IGF-1),
167–8
Insulin therapy, 106
Integrase strand transfer inhibitor, 142
Intellectual disability, 299
causes of, 301–2, 301t
environmental, 302
genetic, 302
infectious, 302
metabolic, 302
traumatic, 302
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definition of, 299
future perspective on treatment of,
313–14
incidence of, 299
longevity in, increase in, 300
management of, in ED
informed consent, 312–13
laboratory evaluations, 312
patient history, obtaining of, 311
physical examination, 311–12
physician–patient communication,
310–11
organ system-based pathologies in,
302
cardiac, 304–7
ear, nose, and throat, 304
endocrine, 308
gastrointestinal, 307–8
genitourinary and gynecologic,
308–9
hematology and oncology, 310
musculoskeletal, 309–10
neurology, 303
pharmacology, 310
psychiatry, 303
pulmonary, 307
perception of, changes in, 299–300
prevalence of, 299
Intensive insulin therapy, 231
International Liaison Committee on
Resuscitation (ILCOR), 5
International Normalized Ratio (INR),
236
Interstitial cystitis/bladder pain
syndrome (IC/BPS), 332
Interstitial fibrosis/tubular atrophy, 57
Intestinal failure, 251. See also Intestinal
transplantation
complications in pediatric patients
altered fluid and electrolyte
balance, 253–4, 254t
central venous catheters related,
258–60gastrostomy tubes
related, 260–63
hepatobiliary complications, 255,
257–8
intestinal obstruction, 255, 256 f
definition of, 251
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Intestinal failure (Continued )
diagnoses leading to, 252t
future perspective on, 266–7
incidence and prevalence of children
with, 251–2
surgical/procedural interventions in
abdominal surgery, 253
central venous catheters,
252–3enteral feeding devices,
253
visits to ED in, 252
Intestinal obstruction, 255, 256 f
Intestinal transplantation, 252, 264
bacterial infections, evaluation for,
264–5
care of patient with, 264–6
future perspective on, 267
graft rejection in, 266
infection after, 264
viral infections, evaluation for,
265–6
Intimate partner violence (IPV), 271
definition of, 271
and disposition, 290
future perspective on, 291
health consequences of, 273
National Violence Against Women
survey on, 273
role of emergency physician in, 275
screening tools for, 287–8, 287t
signs and symptoms, 282
treatment for, 288–90
USPSTF recommendations on, 287
visits to ED in, 273
women’s health, impact on, 273
Intra-dialytic complications, during
hemodialysis, 89–90
Intramuscular injections, 323
Intravenous sodium bicarbonate
therapy, in dialysis patients, 85
Ion channel modulators, 110
IPV. See Intimate partner violence (IPV)
Irritable bowel syndrome (IBS), 330–31
JC virus, and IRIS, 147
Joint contractures, in intellectual
disabled, 309

Kaposi’s sarcoma, 162t
Ketamine, 312
Kidney stones, by atazanavir, 146
Klinefelter Syndrome, 305t
Lacerations, in elderly patients, 243
Lactate levels, 234
Lactic acidosis, 152
Lactulose, 257–8
LAGB. See Laparoscopic adjustable
gastric banding (LAGB)
Lantus, 106
Laparoscopic adjustable gastric banding
(LAGB), 188
advantages of, 188
complications of, and treatment
early post-operative obstruction,
188
gastric erosion, 189–90
gastric prolapse (slip), 188
LAGB port/tubing complications,
190
tubing breaks, 190
normal LAGB, 189 f
procedure of, 185, 186 f
slipped LAGB, 189 f
Laparoscopic longitudinal (sleeve)
gastrectomy (LSG)
complications of, and treatment,
195–7
bleeding from staple line,
195–6
staple line dehiscence, 196–7,
196 f
stricture formation, 197
procedure of, 185, 186 f
Lead poisoning, 302
Lean body weight calculators, 217
Leg ulcers, sickle-cell patient with,
132–3
Lens transparency, in cystic fibrosis,
109
Leukocytosis, 67, 67t
Levofloxacin, 122
Linear bruising, 277
Line-lock therapy, 266
Liposomal amikacin, 110
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Liver disease, in HIV positive adults on
HAART, 148–9
Lorazepam, 132
Low molecular weight heparin
(LMWH), 170
L-transposition of the great arteries. See
Congenitally corrected
transposition of the great
arteries (CCTGA)
Lumbar puncture depth, formula for,
216
Lung cancer, 160t
Lung resection, 102
Lymphoceles, 60
Macrolide antibiotics, 64, 125
Maintenance immunosuppressive
medications, for renal transplant
recipients, 52–3, 54t
adverse effects of, 55t
drug interactions with, 56t
Marlex band, 187
Meconium ileus equivalent. See Distal
intestinal obstructive syndrome
(DIOS)
Melanoma, 162t
Mental retardation. See Intellectual
disability
Mental status, alteration in, 166
MESNA (2-Mercaptoethane sulfonate
sodium), 175
Methicillin-resistant strains (MRSA),
respiratory infection by, 99
Methotrexate toxicity, 171
Metoclopramide, 303
Metronidazole, 104
Mic-key button gastrostomy tube,
261 f
Microtubular agents, 163t
Midazolam, 234
Migraines. See Headaches
Mirtazapine, 108
Mixed venous oxygen saturation, 235
Monoclonal antibody therapy, 159, 178
Morphine, 324t
Motor vehicle accidents, elderly drivers
and, 238–9
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Mucositis, 174
Multiple myeloma, 161t
Musculoskeletal diseases
in HIV-positive adults on HAART,
151–2
in renal transplant recipients, 67, 68t
Mustard and Senning procedures, for
d-TGA. See Atrial baffle
procedures
Mycobacterium tuberculosis, and IRIS, 147
Mycophenolate mofetil, 53, 54t, 55t
Mycophenolate sodium, 53, 54t, 55t
N-acetylcysteine, oral, 110
National Domestic Violence Hotline,
289
National Expert Panel on Field Triage,
233
National Household Travel Survey, 238
Natural orifice surgery (NOTES), 199
Nephrotoxicity, from
chemotherapeutic agents, 174–5
Neuroimaging, for abusive injuries,
284–5
Neurokinin-1 receptor antagonists, 173
Neuroleptic medications, 303
Neurological death, 6
Neurological disorders, in HIV-positive
adults on HAART, 146–7
Neurologic complications, of
chemotherapeutic regimen, 162
Neuropathic pain, 322
Neutropenia, 149, 171
Nevirapine, 143
NEXUS criteria, in trauma patients, 235
Nociceptive pain, 322
Non-Hodgkin’s lymphoma, 161t
Noninvasive positive pressure
ventilation (NPPV), 208, 211–12
Non-nucleoside analog reverse
transcriptase inhibitor (NNRTI),
142, 143t, 144
Nonsteroidal anti-inflammatory drugs
(NSAIDs), 31, 38, 147, 327, 334
topical, 323–4
Nucleoside analog reverse transcriptase
inhibitors (nRTI), 142, 143t
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Numerical rating scales (NRS), 321
Nutrient deficiency dermatitis, of cystic
fibrosis, 109
Obese patients
acute coronary syndrome in, 205–6
congestive heart failure in, 206–8
future studies on, 218–19
impediments to management of, in
ED
airway management, 214–15
drug dosing, 217–18
lumbar puncture, 216
needle and tube thoracostomy,
217
patient weight estimation, 213–14
vascular access, 216
infection and sepsis in, 213
pulmonary disease in, 211–12
asthma, 211–12
chronic obstructive pulmonary
disease, 212
obesity hypoventilation syndrome,
212
obstructive sleep apnea, 212
and sociologic and medicolegal risks,
218
trauma in, 208–9
initial evaluation and imaging in,
210
injury patterns in, 209–10
venous thromboembolism in, 208
Obesity
definition of, 204
epidemiology of, 204
in intellectually disabled, 308
medical co-morbidities associated
with, 184
National Health and Nutrition
Examination Survey on, 184
physiology of obese patients, 204–5.
See also Obese patients
prevalence of, 184
surgical treatment of, 184. See also
Bariatric surgical procedures
Obesity hypoventilation syndrome
(OHS), 212

Obesity paradox, 208
Obstructive sleep apnea (OSA), 212
Octreotide, 330
Ocular complications, in SCD
approach to, 131
arterial occlusion, 131
hyphema, 130
vitreous hemorrhage, 130–31
Ofatumumab, 178
Ophthalmic disease
in cystic fibrosis, 109
in HIV-positive adults on HAART,
151
Opportunistic central nervous system
(CNS) infection, in renal
transplant recipients, 66
Oropharyngeal injuries, in children,
279, 279 f
Orphenadrine, 326
Osteonecrosis, 152
Osteoporosis, in intellectual disability,
309
Osteosarcoma, 162t
Ovarian cancer, 160t
Over-the-counter (OTC) medications,
for obesity, 219
Oxybutinin, 332
Paclitaxel, 167, 169, 177
Pain Assessment IN Advanced
Dementia (PAINAD) scale, 321
Pain, in sickle-cell disease, 119
approach to, 121–2
criteria for admission, setting of, 121
ED visits for, 119
medical mistake by staff in,
119–20
pain management practices,
disparities in, 120
patient’s sickle-cell history and, 121
psychology of pain in, 121
Pain intensity numerical rating scale
(PI-NRS), 323
Pain management, in ED, 319–20,
320t. See also Chronic pain
Palmar–plantar syndrome, 176
Pancreas cancer, 160t
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Pancreatic disease, in cystic fibrosis,
104–5
Pancreatitis
acute, in HIV positive adults on
HAART, 148
chronic, 328–30
in patients with cystic fibrosis, 104–5
Patent ductus arteriosus (PDA), 30t, 32
in adults, 32
diagnosis of, 33
large, ECG in, 32
pathophysiology of, 32
physical exam of adult, 32
treatment for, 33
Patient controlled anesthesia (PCA),
323–4
PDMP Information Exchange (PMIX),
335
Pedestrian struck, 239
Penetrating trauma, 242
Pentosan polysulfate sodium (PPS),
332
Pericardial effusion, in dialysis patient,
79
Peripheral blood culture, 260
Peripheral neuropathy, 167
Peritoneal dialysis (PD), 74
catheter, 75, 76 f
continuous ambulatory, 75–6
continuous cycling, 76
peritonitis associated with, 77–8
initial management of, 78
microbial spectrum of, 78t
recommended initial antibiotic
therapy for, 78t
Petroleum jelly dressing, 243
Physician–patient communication,
improvement in, 311
Piperacillin–tazobactam, 260
Pneumonitis, 171
Pneumothorax, in cystic fibrosis
patients, 102
Polyethylene glycol, 103
Polymerase chain reaction (PCR) assay,
62
Polymicrobial peritonitis, 78
Polymyositis, in HIV infection, 151
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Polypharmacy complications, in
intellectual disability, 310
Post-cardiac arrest care. See also Cardiac
arrest
ABCs algorithm for, 10, 11, 17
AHA and ILCOR guidelines on, 5–6
benefits of, 7–8
contraindications to, 7–11, 9t
in ED, 11, 17
airway, assessment of, 11–13
appropriate disposition, 17
neuroresuscitation, focus on,
14–17, 16 f
pulmonary function, evaluation
and management of, 13
recommended ED post-cardiac
arrest care protocol, 12t
systemic and cerebral perfusion,
evaluation of, 13–14
emergency medical services and,
17–18
and ethical concerns, 18–19
future perspective on, 19
need of, 5
Post-pericardiotomy syndrome, 31
Post-transplantation
lymphoproliferative disorder
(PTLD), 265
Pregnancy in SCD, 131–2
Prescription drug management
programs (PDMPs), 335
Priapism, 132
Primum ASD, 28. See also Atrial septal
defect (ASD)
Propoxyphene, 334
Prostate cancer, 160t
Protease inhibitors, 143t, 144, 150
Protein losing enteropathy (PLE), 45
Prothrombin complex concentrate
(PCC), 236–7
Pruritus, 325
Pseudoaddiction, 321–2
Pseudomonas aeruginosa
first-line therapy for, 99
in patients with cystic fibrosis, 99
tobramycin in treatment of, 98–9
PTC124, in cystic fibrosis, 110
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Pulmonary complications
in chemotherapy patients, 170–71
in HIV-positive adults on HAART,
144–5
in obese patients, 211–12
in sickle-cell disease, 125–7
Pulmonary exacerbations, in cystic
fibrosis
diagnosis of, 98–9
treatment of, 99–101
Pulmonary hypertension in SCD,
126–7
Pulmonary infections, in transplant
patients, 63–4
Pulmonary regurgitation, in patients
with repaired TOF, 39
Radionuclide bone scans, 284
Rasburicase, 172
Raynaud’s syndrome, 167
Recombinant DNase, 97t, 98
Recombinant factor VIIa, 237
Recombinant tissue plasminogen
activator (rt-PA), use of, 259
Refeeding syndrome, 197–8
Renal cell cancer, 160t
Renal disease, in HIV-positive adults on
HAART, 145–6
Renal transplantation
for ESRD, 51
post-transplant immunosuppression
regimens
adverse effects of maintenance
immunosuppressive
medications, 55t
antilymphocyte agents for
induction therapy, 54
discontinuation in antirejection
medications, 53–4
drug interactions with
immunosuppressive drugs, 56t
triple therapy regimen, initial,
52–3, 54t
surgical anatomy of, 52, 53 f
Renal transplant recipients, 51. See also
Renal transplantation
with acute kidney injury (AKI),
56–7, 58t

cardiovascular disorders in, 63
chronic kidney disease (CKD) in, 57
in ED, 51
electrolyte disorders in, 68–9
endocrine complications in, 69
febrile, ED evaluation of, 61–3, 62t
and future perspective, 69–70
gastrointestinal disorders in, 65, 65t
hematologic disorders in, 66–7, 67t
hypertension-related disorders in,
63
management of, considerations in,
51–2
musculoskeletal and articular
complaints in, 67–8, 68t
neurological/psychiatric problems in,
65–6
respiratory complaints in, 63–4
surgical complications in, 58
acute vascular occlusion, 59
bleeding following biopsy of
kidney transplant, 60
bleeding from or near kidney
transplant, 59
lower quadrant abdominal pain,
60, 61t
lymphocele, 60
post-operative complications,
generic, 58–9
transplant renal artery stenosis,
59
urinary tract obstruction, 60
urine leak, 59
urinary tract infection in, 57–8
Reproductive system, effects of
chemotherapy on, 176–7
Resveratrol, 169
Rhabdomyosarcoma, 162t
Rhinosinusitis, in cystic fibrosis, 108
Rib fractures
in cystic fibrosis patients, 106
in elderly trauma patients, 242
Rice-based meals, 330
Richmond Agitation and Sedation Scale
(RASS), 324
Rituximab (Rituxan), 164t
Rocuronium, 234
Rosiglitazone, 175
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Roux-en-Y gastric bypass (RYGBP)
complications of, and treatment,
190–95
anastomotic leak, 191–2, 191 f
deep vein thromboses (DVT),
192–3
gastrojejunostomy anastomotic
stricture, 193
internal hernias, 193–4
marginal ulcers, 194
post-operative bleeding, 192
pulmonary embolism, 193
mineral and vitamin deficiencies, 195
procedure of, 185, 186 f
Salmonella osteomyelitis, in sickle-cell
patients, 122
Sarcoma, 162t
SCD. See Sickle-cell disease (SCD)
Secundum ASD, 28. See also Atrial
septal defect (ASD)
Seizures, 166
in intellectually disabled, 303
Selective serotonin reuptake inhibitors,
108
Sensory loss, in intellectually disabled,
303
Sepsis, in obese patients, 213
Sexual abuse and disorders, in
intellectually disabled, 308–9
Shaken baby syndrome, 272
Short gut syndrome, in children, 251.
See also Intestinal failure
Sibutramine, 219
Sickle-cell disease (SCD), 115
clinical phenotype of, 116
complications of
acute anemic, 123–5
cardiovascular, 129–30
central nervous system
complications, 130
fever/infections, 122–3
ocular, 130–31
pulmonary, 125–8
vaso-occlusive episodes, 119–22
epidemiology of, 115–16
future perspective on treatment for,
134–5
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genetics and pathophysiology of,
116–18
hemolysis-endothelial dysfunction
subphenotype, 116, 117 f
incidence of, 115
leg ulcers in, 132–3
life expectancy in, 118
pregnancy in, 131–2
priapism in, 132
transfusion therapy for, 133–4
viscosity–vaso-occlusion
subphenotype, 116, 117 f
Sickle-cell trait, 118–19
collapse with exercise in, 119
complications with, 118
risks of, 119
Sickle reticulocytes, 121
Sildenafil, 127
Silicone dressing, 243
Single incision surgery, 199
Single photon emission CT (SPECT)
imaging, 206
Sinus venous ASD, 28. See also Atrial
septal defect (ASD)
Sirolimus, 53, 54t–56t
Skeletal survey, for abusive injuries,
283–4, 283t
Sorafenib (Nexavar), 165t
Soy-based lipid emulsions, 266
Spinal fracture, in elderly trauma
patients, 241–2, 241 f
Spinal kyphosis, in cystic fibrosis
patients, 106
Steal syndrome, 89
Steatosis, 255
Stevens–Johnson syndrome, 150
Stoma site complications, 262–3
Streptococcus pneumoniae, bacterial
pneumonia by, 144–5
Stroke, in sickle-cell patient, 130
Strongyloides stercoralis infection, in
intellectually disabled, 307
Subcutaneous administration, 323
Subdural hematoma (SDH)
in dialysis patients, 84
in elderly patients, 240–41, 240 f
Substance abuse, in geriatric patients,
231–2
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Succinylcholine, 234
Suicidal ideation
in geriatric trauma patients, 232
in intellectually disabled, 303
Sunitinib (Sutent), 165t
Syncope in dialysis patients, 81
Syndrome of inappropriate antidiuretic
hormone (SIADH), 172
Systemic atrio–ventricular valve
(SAVV), 42
Tacrolimus, 53, 54t–56t, 66
Tegaserod, 330
Temsirolimus, 178
Tenofovir, 143t
Tetralogy of Fallot (TOF), 36 f , 38–9
pink tetralogy, 39
repair of, 38–9
complications of, 39
in infants, 39
physical examination of patient
with, 39
structural abnormalities of, 38
Thalidomide (Thalomid), 165t
Thrombocytopenia, 149, 171
Tipranavir, 143t
Tobramycin
in cystic fibrosis, 97t, 98
in Pseudomonas aeruginosa treatment,
98, 99
Total/partial parenteral nutrition
(TPN), 251–2
Tramadol, 334
“Tram-track” appearance of loop
marks, 277, 277 f
Transfusion therapy, 133–4
approach to sickle-cell patient in,
134
dangers of, 133
formula for estimation of blood
transfused, 133
need of, 133
Transient myeloproliferative disorder
(TMD), 310
Transoral gastroplasty (TOGA), 199
Transplant renal artery stenosis, 59
Transplant tourism, 70

Trastuzumab (Herceptin), 164t, 169
Trauma, in obese patients, 208–10
Trauma resuscitation, markers for,
234–5
Tricuspid atresia, 37t, 44–6
Fontan procedure for, 44, 45 f
complication of, 44–5
failed, 45–6
Trimethoprim–sulfamethoxazole,
108
Triptans, use of, 327
Tuberculosis, in HIV positive adults on
HAART, 145
Tumor lysis syndrome, 171–2
Tunneled catheters, 252–3
Turner Syndrome, 305t, 306
United States Preventive Services Task
Force (USPSTF), 287
Uremic pericarditis, 79
Uridine triacetate, 177
Urinary tract infection, in renal
transplant patient, 57–8
Urinary tract obstruction, in renal
transplant recipient, 60
Urine leak (urinoma), 59
Ursodeoxycholic acid, use of, 105
Vancomycin, 260
Vascular access, in obese patients,
216
Vecuronium, 234
Venous thromboembolism, in obese
patients, 208
Ventricular septal defect (VSD), 29t,
31–2
incidence of, 31
inlet, 31
muscular, 31
perimembranous, 31
physical exam of adult with, 32
treatment for, 32
Vertical banded gastroplasty (VBG)
complication of, and treatment, 198
procedure of, 186 f , 187
Vinca alkaloids, 163t
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Viral infections, after transplantation,
265–6
Visual analog scales (VAS), 321
Vitamin D deficiency, in intellectual
disability, 309
Vitreous hemorrhage, 130–31
VX-770, 110
VX-809, 110

Warfarin use, in geriatric patients,
236
Website, Adult Congenital Heart
Association, 27
Williams–Beuren Syndrome, 305t,
306–7
Zidovudine, 149, 151
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