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Objectives: Neurologic deficit after endovascular treatment of the thoracic aorta is a complication reported with variable
frequency that may be associated with severe morbidity and mortality. The mechanism of spinal cord ischemia appears to
be multifactorial and remains ill-defined. We reviewed our experience to investigate the determinants of paraplegia after
stent-graft repair of the thoracic aorta, identify patients at risk, and assess the effectiveness of ancillary techniques.
Methods: Over a 5-year period (June 1999 to December 2004), 103 patients underwent elective endovascular repair of the
thoracic aorta at a university referral center. Indications for treatment were atherosclerotic aneurysms in 88 patients,
chronic type B dissection in 10 patients, and penetrating aortic ulcer in 5 patients. Four of the 103 patients affected with
thoracoabdominal aortic aneurysms had hybrid procedures and were excluded from the cumulative analysis. Twelve
patients with zone 0 and zone 1 aortic arch aneurysms were operated on with synchronous or staged surgical aortic
debranching. Preoperative cerebrospinal fluid (CSF) drainage was instituted in seven selected patients. Neurologic
deficits were assessed by an independent neurologist and classified as immediate or delayed. Patient demographics and
perioperative factors related to the endovascular procedure were evaluated by using univariate statistical analyses.
Results: A primary technical success was achieved in 94 patients (94.9%). At a mean follow-up of 34 ⴞ 14 months, a
midterm clinical success was obtained in 90 patients (90.9%). Four patients (4.04%) had delayed neurologic deficit that
completely resolved after the institution of CSF drainage, steroids administration, and arterial pressure pharmacologic
adjustment. None of the four patients who underwent hybrid procedures for thoracoabdominal aortic aneurysms had
paraplegia or paraparesis. Univariate analyses identified only a perioperative lowest mean arterial pressure (MAP) of <70
mm Hg as a significant risk factor (P < .0001).
Conclusion: Perioperative hypotension (MAP <70 mm Hg) was found to be a significant predictor of spinal cord
ischemia; hence, careful monitoring and prompt correction of arterial pressure may prevent the development of
paraplegia. When the latter occurred, reduction of the CSF pressure by drainage was useful. Patients with a previous or
synchronous abdominal aortic repair may also benefit from CSF drainage as a perioperative adjunct. ( J Vasc Surg 2005;
42:11-7.)

Endovascular treatment of thoracic aortic pathologies
is emerging as a less invasive alternative to open surgical
graft replacement. Recent series have reported encouraging
results in terms of technical success and midterm outcomes
compared with traditional open repair.1-3 On the other
hand, the use of thoracic stent grafts has introduced a new
pattern of complications related to their delivery and deployment, as well as to the grafts themselves.
Endoluminal repair allows the avoidance of aortic cross
clamping and its sequelae4; however, the intercostal arteries
covered by the stent graft cannot be reimplanted. The
reported incidence of both immediate and delayed paraplegia in patients undergoing endovascular procedures can be
as high as 12% of cases1-8 compared with 2% to 21% after
open repair.9-15 The mechanism underlying the occurrence
of spinal cord ischemia (SCI) after thoracic endovascular
aortic repair (EVAR) has yet to be completely understood
and represents a key issue for further developments of
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thoracic stent grafts, because paraplegia results not only in
severe physical disability but is also associated with decreased survival rates.16
In this study, we analyzed our most recent 5-year
experience with repairs of thoracic aortic pathologies to
evaluate the incidence and investigate the determinants of
spinal cord ischemia in endovascular procedures, identify
patients at risk, and assess the role and efficacy of prophylactic adjuncts and therapeutic measures.
METHODS
This study was designed as a single-center experience.
We conducted an analysis of data prospectively collected on
a computerized database of all patients undergoing elective
thoracic EVAR at our center. Over a 5-year period (June
1999 to December 2004), 103 patients underwent thoracic EVAR. There were 86 men and 17 women with a
mean age of 70.1 ⫾ 7.7 years. Four of the 103 patients
underwent hybrid procedures for thoracoabdominal aortic
aneurysms (TAAs). Because of the presence of possible
confounding factors related to the different nature of the
disease and to the complexity of each of these tailored
surgical and endovascular procedures, these cases were
excluded from the cumulative analysis.
Indications for thoracic EVAR included atherosclerotic
aneurysms in 84 patients, chronic type B dissections in 10,
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and penetrating aortic ulcers in 5 patients. The site of proximal
endograft deployment is shown in the Fig according to the
“aortic arch map” proposed by Ishimaru.2 Patients categorized as zone 0 and zone 1 received a synchronous or staged
open surgical procedure for aortic debranching, as previously
described.17 In patients with zone 2 aneurysms, a revascularization of the left subclavian artery was performed prophylactically in the first three patients17 and then only selectively in one patient with previous coronary artery bypass
grafting (CABG) that consisted of a left internal thoracic
artery-to-left anterior descending coronary artery. Four
patients underwent thoracic aorta stent-graft repair and
synchronous open abdominal aortic aneurysm (AAA) repair.
The feasibility of the endoluminal intervention and sizing
of stent grafts was determined with preoperative computed
tomography (CT) scans and aortography. The endografts
implanted were Gore Excluder TAG (WL Gore and Assoc,
Flagstaff, Ariz) in 38 cases (28 old devices and 10 new devices), Talent (AVE/Medtronic Inc, Santa Rosa, Calif) in 4
cases, Endofit (Endomed Inc, Phoenix, Ariz) in 11 cases, and
Zenith TX1 (46 cases) and TX2 (4 cases) devices (William
Cook Europe Aps, Bjaeverskov, Denmark).
Patients were operated on under spinal anesthesia (47
cases), local anesthesia (6 cases), or general anesthesia (50
cases). Preoperative cerebral spinal fluid (CSF) drainage
was instituted in seven selected patients. Based on data
previously reported in the literature and our experience in
open surgical repair of TAA, we used CSF drainage in
patients with an aneurysm involving critical intercostal arteries (T8 to L2), in those requiring the coverage of a long
descending thoracic aortic segment (ⱖ20 cm), and in patients with a previous AAA repair. Intraoperative transesophageal echocardiography monitoring was used for aortic dissection.
All the procedures were performed in the operating
room, and a portable digital C-arm image intensifier with
subtraction angiography and roadmap capabilities was
used. No temporary or permanent prosthetic conduits were
used to access the arterial system. The preferred entry sites
were the common femoral arteries. Access was also through
the common iliac artery in three cases, through the left
branch of a previous aortobiiliac graft in one case, and
through the abdominal graft in the four patients who had
synchronous AAA surgical repair.
Neurologic deficits were defined as paraplegia or paraparesis according to the Tarlov scale18 (Table I) and assessed by an independent neurologist. Paraplegia or paraparesis observed immediately or upon awakening were
defined as immediate neurologic deficits. Those occurring
after a period of normal neurologic function were classified
as delayed deficits.
We investigated the influence of the following demographic factors as possible predictors of postoperative SCI:
age, gender, cardiac risk factor (previously documented
myocardial infarction, ongoing angina pectoris, previous
coronary bypass surgery, percutaneous transluminal coronary angioplasty, or a combination), diabetes mellitus (hy-

Anatomic location of proximal landing zone of thoracic stent graft
in 103 patients according to the aortic map.

Table I. Modified Tarlov scoring scale
Scale
0
1
2
3
4
5

Motor function

Deficit

No lower extremity movement
Lower extremity motion without gravity
Lower extremity motion against gravity
Able to stand with assistance
Able to walk with assistance
Normal

Paraplegia
Paraplegia
Paraplegia
Paraparesis
Paraparesis
Normal

perglycemia requiring diet, oral medication, or insulin
treatment), hypertension (medication for hypertension or
arterial pressure ⬎160/95 mm Hg), cerebrovascular disease (history of stroke or transient ischemic attacks), pulmonary disease (chronic obstructive pulmonary disease or
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asthma), renal failure (serum creatinine ⬎150 mol/L),
smoking (current smoker), and surgical AAA repair.
The following perioperative factors related to the endovascular procedure were also analyzed: indication for
EVAR (aneurysm, chronic dissection, penetrating aortic
ulcers), anatomic location of proximal landing zone (0 to
4), length of devices, intraoperative device migration, aortic occlusion during graft deployment (including ballooning), type I or type II endoleak at intraoperative control,
deliberate covering of the left subclavian artery by the stent
graft, and intraoperative and postoperative (ⱕ48 hours
after the procedure) lowest mean arterial pressure (MAP)
⬍70 mm Hg. A systematic assessment of stent-graft occlusion of the intercostal or lumbar arteries between T8 and
L2 was not performed because of difficulties related to
significant aortic tortuosity and intraluminal thrombosis.
Univariate analyses were conducted for patient demographics and considered perioperative risk factors as shown
in Tables II and III. Student’s t test and the 2 test or Fisher’s
exact test were performed as appropriate. All analyses were run
on the Statistical Package for the Social Sciences (SPSS) PC⫹
version 9.0 software (SPSS Inc, Chicago, Ill).
RESULTS
According to the reporting standards for endovascular
aortic aneurysm repair,19 a primary technical success was
achieved in 94 (94.9 %) of the 99 subjects included in the
cumulative analysis. One patient died intraoperatively because of graft migration,20 and four patients had a residual
type Ia endoleak that was left untreated because the aortic
proximal neck was deemed inadequate for further endovascular procedures. A type II endoleak was also observed in
eight patients.
Stroke occurred in one patient who had endovascular
repair of a zone 3 penetrating aortic ulcer and in two
patients treated for a zone 0 aortic aneurysm by means of
synchronous surgical aortic debranching and stent-graft
repair of the aortic arch with intentional coverage of the
supra-aortic vessels. No positive conclusions can be drawn
regarding the cause of this complication being related to
possible ischemic or embolic events that were secondary to
surgical and endovascular procedures. Postoperative complications also included acute renal failure reversed without
dialysis in two patients, acute respiratory failure in one, and
seizure in one patient.
An initial (30-day) clinical success19 was obtained in 91
patients (91.9%). We recorded two postoperative in-hospital
deaths caused by stroke in one patient and acute respiratory
failure in the other. One patient electively underwent a
successful surgical conversion 2 weeks after the procedure
because of a total collapse of the graft.20
A short-term clinical success19 was achieved in 91 patients (91.9%). Two patients who suffered a perioperative
stroke died, and the complete spontaneous resolution of a
Type Ia endoleak was observed in two patients.
At a mean follow-up of 34 ⫾ 14 months, including only
1-month survivors, midterm clinical success19 was obtained
in 90 patients (90.9%), including eight with type II en-
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doleak in the absence of aneurysm expansion. One type Ia
endoleak resolved completely without any further intervention. One patient underwent a successful surgical conversion 43 months after EVAR because of a late fracture of the
longitudinal support wire of a Gore Excluder TAG endoprosthesis. Aneurysm expansion was observed in one patient. Five patients died of unrelated causes. One patient
was lost to follow-up.
Spinal cord ischemia. Four patients (4.04%) had delayed neurologic deficit. The first, a 70-year-old man who
previously had a surgical AAA repair, underwent endovascular exclusion of an aneurysm of the descending thoracic
aorta (zone 4) with a Zenith TX1 42- ⫻ 139-mm device.
The procedure was performed under spinal anesthesia. No
intraoperative complications occurred. His postoperative
course was characterized by wide fluctuations in MAP, with
a lowest value of ⬍70 mm Hg. A left lower extremity
neurologic deficit (Tarlov score, 2) developed 48 hours
after EVAR. It completely resolved within 72 hours after
pharmacologic adjustment to keep MAP ⬎90 mm Hg,
intravenous steroids administration (dexamethasone, 24
mg/day), and institution of CSF drainage. Cerebrospinal
fluid was allowed to freely drain with gravity when intrathecal pressure was ⬎10 mm Hg. The highest registered CSF
pressure was 15 mm Hg, and a total of 280 mL of CSF was
drained. A CT scan disclosed no signs of spinal cord infarction. The remainder of his postoperative course was uneventful, and the patient was discharged on postoperative
day 7.
In the second case, a 68-year-old-man underwent endovascular repair of a zone 4 thoracic aortic aneurysm
under general anesthesia. A Gore Excluder TAG 30- ⫻
150-mm endograft was successfully deployed without any
technical complications. Upon awakening, the patient
showed no neurologic deficits. During his immediate postoperative course, the patient had significant blood pressure
instability, and 24 hours after the procedure, paraplegia (Tarlov score, 1) developed after a hypotensive episode (MAP
value was 60 mm Hg). The neurologic deficit was completely
reversed ⱕ12 hours by means of maintenance of MAP of
⬎90 mm Hg, CSF drainage (highest CSF pressure, 16 mm
Hg; total CSF drained, 190 mL), and steroids administration.
The patient was discharged on postoperative day 5.
The third patient was a 70-year-old man who previously had a left internal thoracic artery-left anterior descending coronary artery CABG. He underwent synchronous left carotid-subclavian bypass and endovascular
exclusion of a zone 2 aortic arch aneurysm with a Cook
Zenith TX1 (36 ⫻156 mm) under general anesthesia. The
procedure was uneventful. The early postoperative period
was characterized by hemodynamic instability, with the
lowest MAP ⬍70 mm Hg. On postoperative day 4, paraparesis developed (Tarlov score, 4) associated with ataxia.
The neurologic deficit completely resolved ⱕ72 hours after
institution of the treatment described previously, including
drainage of 230 mL of CSF (highest CSF pressure value, 14
mm Hg). The patient was discharged well 7 days after the
procedure.
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Table II. Univariate analysis of the association between patient demographics and paraplegia
Variables

No paraplegia n (%)

Paraplegia n (%)

P*

Age (mean ⫾ SD)
Gender (M/F)
Cardiac risk factor
Diabetes mellitus
Hypertension
Cerebrovascular disease
Pulmonary disease
Renal failure
Smoking
Indication to EVAR
Aneurysm
Chronic dissection
PAU
AAA surgical repair

70.0 ⫾ 7.8
78 (82.1)/17 (17.2)
46 (48.4)
10 (10.5)
66 (69.5)
11 (11.6)
47 (49.5)
13 (13.7)
63 (66.3)

72.0 ⫾ 5.6
4 (100)/0 (0)
1 (25.0)
0 (0)
4 (100)
0 (0)
3 (75.0)
1 (25.0)
3 (75.0)

80 (84.2)
10 (10.5)
5 (5.3)
11 (11.6)

4 (100)
0 (0)
0 (0)
2 (50.0)

.62†
1.0
.61
1.0
.31
1.0
.61
.46
1.0
.68
—
—
—
.08

M, Male; F, female; EVAR, endovascular aortic repair; PAU, penetrating aortic ulcers; AAA, abdominal aortic aneurysm.
*2 statistics or Fisher’s exact test.
†
Student’s t test.

Table III. Univariate analysis of the association between perioperative risk factors and paraplegia
Variables
Proximal landing zone
0
1
2
3
4
Length of device (mean ⫾ SD)
Intraoperative device migration
Aortic occlusion during graft deployment
Type I endoleak‡
Type II endoleak‡
Left subclavian artery occlusion
Lowest MAP ⬍70 mm Hg

No paraplegia n (%)

Paraplegia n (%)

6 (6.3)
6 (6.3)
20 (21.0)
34 (35.8)
29 (30.5)
149.3 ⫾ 38.4
5 (5.3)
14 (14.7)
4 (4.2)
7 (7.4)
29 (30.5)
4 (4.2)

0 (0)
0 (0)
1 (25.0)
1 (25.0)
2 (50.0)
162.7 ⫾ 26.1
0 (0)
1 (25.0)
0 (0)
1 (25.0)
0 (0)
4 (100)

P*
.89
—
—
—
—
.49†
1.0
.48
1.0
.29
1.0
⬍.0001

MAP, Mean arterial pressure.
*2 statistics or Fisher’s exact test.
†
Student’s t test.
‡
Intraoperative control.

The last patient was an 80-year-old man with synchronous abdominal aortic and zone 3 thoracic aortic aneurysms. He underwent an abdominal aortic surgical repair
with 16-mm Dacron (DuPont, Wilmington, Del) graft
interposition followed by the insertion through the abdominal graft, by means of a pursestring suture, of a Zenith
Cook TX1 40- ⫻ 200-mm endograft that was successfully
deployed distal to the subclavian artery. The patient recovered from general anesthesia without neurologic deficit.
On postoperative day 1, he experienced persistent hypotension for about 30 minutes, with lowest levels of MAP of
⬍60 mm Hg, and lower left hemiparesis (Tarlov score, 4)
developed. The patient began to recover as the hypotension
was pharmacologically reversed, and the deficit completely
regressed ⱕ24 hours after the institution of CSF drainage
(highest CSF pressure, 15 mm Hg; total CSF drained, 200
mL) and steroids administration.
Spinal cord evaluation through magnetic resonance
imaging (MRI) was not performed in any of these patients.

In three patients, a Cook device had been implanted and
MRI was contraindicated by the manufacturer because of
the presence of steel components.
None of the four patients who had hybrid procedures
for TAA had neurologic deficits. The analysis of the impact
of patient characteristics and perioperative variables are
summarized in Tables II and III. None of the patient
demographics was found to be a predictor of paraplegia;
however, patients with previous (9 cases) or synchronous (4
cases) AAA repair had a trend of an increased risk of
neurologic deficit (P ⫽ .08). Univariate analysis identified
only a perioperative lowest MAP of ⬍70 mm Hg as a
significant risk factor (P ⬍ .0001).
DISCUSSION
Postoperative neurologic deficit is a dreaded and devastating possible complication of thoracic and thoracoabdominal aortic repair. The risk of SCI also remains significant after endovascular procedures and appears to be
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related to a complex interaction of several different mechanisms.
Spinal cord perfusion pressure depends on changes of the
gradient between arterial pressure and CSF pressure. Aortic
cross clamping performed during open repair of thoracic
aortic pathologies causes a decrease in distal arterial pressure
that may alter spinal cord blood perfusion. To reduce the risk
of neurologic complications, a number of ancillary techniques
have been developed and used (Table IV).21-30 No method
has been ultimately successful in the prevention of paraplegia,
however.
Endovascular repair does not require aortic cross
clamping and therefore generally reduces hemodynamicrelated derangements. This may not be always the case,
however, because errant stent-graft deployment can result
in a period of aortic occlusion that leads to paraplegia.31
Moreover, restoration of aortic patency after camp release
or completion of device deployment may prime a spinal
cord reperfusion injury whose magnitude is related to the
severity and duration of the ischemic insult. As a prophylactic measure during EVAR, CSF drainage is most commonly used only in selected patients, including those with
synchronous or previous abdominal aortic repair.32 As a
treatment for postoperative paraplegia of delayed onset,
CSF drainage often appeared to be useful33-35 although
not always effective.32
Another important issue is the great variability of the
spinal cord blood supply. The significant role of the intercostal arteries between T8 and L2 is supported by the direct
correlation between the risk of adverse neurologic events
and TAA extent. Furthermore, the reimplantation of critical intercostal arteries has been shown to significantly lower
the risk of late neurologic deficit11 even though a low
incidence of paraplegia (2%) was also reported in a series
with no intercostal arteries reattachment.15
Overall, it appears that rather than being dependent on
single segmental arteries, namely the artery of Adamkiewicz,
spinal cord perfusion highly depends on a collateral circulation36 that is extremely vulnerable to abrupt hemodynamic
changes. In this respect, postoperative hypotension appears to
be a major determinant of delayed-onset SCI.37
Thoracic endografts overlie and exclude the intercostal
arteries originating from the aneurysm and the proximal
and distal landing zones; thus, the coverage of a long
thoracic aortic segment has been reported to be a significant risk factor for SCI.32 Patients who have open AAA
repair also appear to be prone to such a risk because of the
marginal spinal cord collateral blood supply secondary to
the ligation of lumbar arteries performed during the surgical procedure.32,38 Also, proximal collateral circulation of
the spinal cord may be put at risk by the occlusion of the left
subclavian artery (landing zone 2) that abolishes the contribution to the blood supply provided by the anterior
spinal artery, a branch of the ipsilateral vertebral artery.
Finally, SCI could be precipitated by the late sealing of a
type II endoleak39 or late thrombosis of collateral pathways.
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Table IV. Ancillary techniques for prevention of spinal
cord ischemia during thoracic aortic repair
Distal aortic perfusion21
Hypothermic circulatory arrest22
Local hypothermia23
Pharmacologic agents
●steroids24
●naloxone hydrochloride25
●barbiturates26
●papaverine hydrochloride27
Spinal cord monitoring28
“Clamp-and-sew” technique29
Cerebrospinal fluid drainage30

To predict the risk of postoperative neurologic complications after thoracic EVAR, Kieffer et al40 propose a
preoperative angiographic assessment of intercostal arteries; however, this procedure appears to be cumbersome and
carries the risk of embolization. The use of somatosensory
evoked potential has also been advocated to achieve this
goal.28 The reported strategies include somatosensory
evoked potential monitoring during a 20-minute deployment of a retrievable stent graft41 or during a 15-minute
segmental balloon occlusion of the aorta, with or without
an external axillofemoral bypass.42 The occurrence of ischemic changes during these tests may jeopardize the completion of the procedure, however, and the risk of embolization remains considerable.32
Our data showed that none of the considered preoperative risk factors were a determinant of paraplegia. These
results have relevant clinical implications, because endovascular treatment has been most commonly indicated in poor
surgical candidates whose severe comorbidities have the
potential to influence neurologic outcome. The lack of
collateral spinal cord blood supply through the lumbar
arteries appears to be a relevant risk factor even though it
did not reach statistical significance in our series. The
intentional occlusion of the left subclavian was not a predictor of paraplegia and neither was the exclusion of an
extensive thoracic aortic segment.
Among the perioperative variables, only a lowest MAP
of ⬍70 mm Hg was a significant determinant of delayed
neurologic deficit. This finding is consistent with previous
reports regarding thoracic and thoracoabdominal aortic
open repair.9,37
The small number of events in our series limited the
power of the statistical analyses. However, even as a merely
descriptive report, our experience addresses the importance
of hemodynamic control to prevent postoperative neurologic deficits and encourages aggressive, postoperative care
of these patients. In our practice, we now try to maintain a
perioperative MAP of ⬎90 mm Hg9 and use CSF drainage
in patients deemed at high risk, including those who received AAA repair. In this respect, patients with synchronous thoracic and AAA, which we earlier treated simultaneously for both pathologies, currently undergo staged
procedures to better allow the development of collaterals
for spinal cord blood supply. In the case of delayed para-
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plegia, prompt CSF drainage, if not previously instituted, is
also used to keep the CSF pressure ⬍10 mm Hg and
possibly reverse the deficit. Such drainage is maintained for
72 hours after open repair, as previously suggested.30
Our results show that elective thoracic aortic stent-graft
repairs have a favorable impact on postoperative neurologic
outcome, particularly with regards to severity of SCI. Ongoing technical developments of endovascular procedures,
such as customized fenestrated grafts that incorporate intercostal arteries, may further reduce the risk of paraplegia
that represents one of the ultimate benchmarks for thoracic
EVAR as an alternative to traditional open repair.
We thank Dr Giliola Calori, Statistical Unit, Scientific
Institute San Raffaele, for her help in statistical analysis of
the data of the manuscript.
REFERENCES
1. Bell RE, Taylor PR, Aukett M, Sabharwal T, Reidy JF. Mid-term results
for second-generation thoracic stent grafts. Br J Surg 2003;91:811-7.
2. Criado FJ, Clark NS, Barnatan MF. Stent graft repair in the aortic arch
and descending thoracic aorta: a 4-year experience. J Vasc Surg 2002;
31:1121-8.
3. Greenberg R, Resch T, Nyman U, Lindh M, Brunkwall J, Brunkwall P,
et al. Endovascular repair of descending thoracic aortic aneurysms: an
early experience with intermediate-term follow-up. J Vasc Surg 2000;
31:147-56.
4. Kasirajan K, Dolmatch B, Ouriel K, Clair D. Delayed onset of ascending
paralysis after thoracic aortic stent graft deployment. J Vasc Surg 2000;
31:196-9.
5. Dake MD, Miller DC, Mitchell RS, Semba CP, Moore KA, Sakai T. The
“first generation” of endovascular stent-grafts for patients with aneurysms of the descending thoracic aorta. J Thorac Cardiovasc Surg
1991;111:689-703.
6. White RA, Donayre CE, Walot I, Lippmann M, Woody J, Lee J, et al.
Endovascular exclusion of descending thoracic aortic aneurysms and
chronic dissections: initial clinical results with the AneuRx device. J Vasc
Surg 2001;31:927-34.
7. Ellozy SH, Carroccio A, Minor M, Jacobs T, Chae K, Cha A, et al.
Challenges of endovascular tube graft repair of thoracic aortic aneurysm: midterm follow-up and lessons learned. J Vasc Surg 2001;31:
676-83.
8. Leurs LJ, Bell R, Degrieck Y, Thomas S, Hobo R, Lundbom J, et al.
Endovascular treatment of thoracic aortic diseases: combined experience from the EUROSTAR and United Kingdom Thoracic Endograft
registries. J Vasc Surg 2001;41:670-9.
9. Maniar HS, Sundt TM 3rd, Prasad SM, Chu CM, Camillo CJ, Moon
MR, et al. Delayed paraplegia after thoracic and thoracoabdominal
aneurysm repair: a continuing risk. Ann Thorac Surg 2001;71:113-9.
10. Cambria RP, Davison JK, Carter C, Brewster DC, Chang Y, Clark KA,
et al. Epidural cooling for spinal cord protection during thoracoabdominal aneurysm repair: a five-year experience. J Vasc Surg 2001;31:
1093-102.
11. Safi HJ, Miller CC 3rd, Carr C, Iliopoulos DC, Dorsay DA, Baldwin JC.
Importance of intercostal artery reattachment during thoracoabdominal aortic aneurysm repair. J Vasc Surg 1991;27:58-68.
12. Cox GS, O’Hara PJ, Hertzer NR, Piedmonte MR, Krajewski LP, Beven
EG. Thoracoabdominal aneurysm repair: a representative experience. J
Vasc Surg 1992;11:780-8.
13. Cambria RP, Clouse WD, Davison JK, Dunn PF, Corey M, Dorer D.
Thoracoabdominal aneurysm repair: results with 337 operations performed over a 15-year interval. Ann Surg 2001;231:471-9.
14. Chiesa R, Melissano G, Civilini E, de Moura ML, Carozzo A, Zangrillo
A. Ten years experience of thoracic and thoracoabdominal aortic aneurysm surgical repair: lessons learned. Ann Vasc Surg 2001;11:514-20.
15. Griepp RB, Ergin MA, Galla JD, Lansman S, Khan N, Quintana C, et al.
Looking for the artery of Adamkiewicz: a quest to minimize paraplegia

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

after operations for aneurysms of the descending thoracic and
thoracoabdominal aorta. J Thorac Cardiovasc Surg 1991;111:1202-13.
Svensson LG, Crawford ES, Hess KR, Coselli JS, Safi HJ. Experience
with 1509 patients undergoing thoracoabdominal aortic operations. J
Vasc Surg 1991;11:357-68.
Melissano G, Civilini E, Bertoglio L, Setacci F, Chiesa R. Endovascular
treatment of aortic arch aneurysms. Eur J Vasc Endovasc Surg 2001;
29:131-8.
Huynh TT, Miller CC 3rd, Safi HJ. Delayed onset of neurologic deficit:
significance and management. Semin Vasc Surg 2000;11:340-4.
Chaikof EL, Blankensteijn JD, Harris PL, White GH, Zarins CK,
Bernhard VM, et al. Reporting standards for endovascular aortic aneurysm repair. J Vasc Surg 2001;351:1048-60.
Melissano G, Tshomba Y, Civilini E, Chiesa R. Disappointing results
with a new commercially available thoracic endograft. J Vasc Surg
2001;31:124-30.
Coselli JS, LeMaire SA, Conklin LD, Adams GJ. Left heart bypass
during descending thoracic aortic aneurysm repair does not reduce the
incidence of paraplegia. Ann Thorac Surg 2001;71:1298-303.
Safi HJ, Miller CC 3rd, Subramaniam MH, Campbell MP, Iliopoulos
DC, O’Donnell JJ, et al. Thoracic and thoracoabdominal aortic aneurysm repair using cardiopulmonary bypass, profound hypothermia, and
circulatory arrest via left side of the chest incision. J Vasc Surg 1991;21:
591-8.
Cambria RP, Davison JK, Zannetti S, L’Italien G, Brewster DC, Gertler
JP, et al. Clinical experience with epidural cooling for spinal cord
protection during thoracic and thoracoabdominal aortic aneurysm repair. J Vasc Surg 1991;21:234-43.
Fowl RJ, Patterson RB, Gewirtz RJ, Anderson DK. Protection against
spinal cord injury using a new 21-aminosteroid. J Surg Res 1991;41:
597-600.
Acher CW, Wynn MM, Hoch JR, Popic P, Archibald J, Turnipseed
WD. Combined use of cerebral spinal fluid drainage and naloxone
reduces the risk of paraplegia in thoracoabdominal aortic aneurysm
repair. J Vasc Surg 1991;11:236-48.
Quayumi AK, Janusz MT, Jamieson WE, Lyster DM. Pharmacologic
interventions for the prevention of spinal cord injury caused by aortic
cross-clamping. J Thorac Cardiovasc Surg 1991;101:256-61.
Svensson LG, Hess KR, D’Agostino RS, Entrup MH, Hreib K, Kimmel
WA, et al. Reduction of neurologic injury after high-risk thoracoabdominal aortic operation. Ann Thorac Surg 1991;61:132-8.
Schurink GW, de Haan M, Jacobs M. Perioperative stroke and paraplegia in descending thoracic aortic stent grafting. In: Branchereau A,
Jacobs M, editors. Unexpected challenges in vascular surgery. Malden,
MA: Blackwell Publishing, Inc; 2005. p. 37-44.
Biglioli P, Spirito R, Porqueddu M, Agrifoglio M, Pompilio G, Parolari
A, et al. Quick, simple clamping technique in descending thoracic aortic
aneurysm repair. Ann Thorac Surg 1991;61:1038-43.
Cina CS, Abouzahr L, Arena GO, Lagana A, Devereaux PJ, Farrokhyar
F. Cerebrospinal fluid drainage to prevent paraplegia during thoracic
and thoracoabdominal aortic aneurysm surgery: a systematic review and
meta-analysis. J Vasc Surg 2001;41:36-44.
Kasirajan K, Dolmatch B, Ouriel K, Clair D. Delayed onset of ascending
paralysis after thoracic aortic stent graft deployment. J Vasc Surg
2001;31:196-9.
Gravereaux EC, Faries PL, Burks JA, Latessa V, Spielvogel D, Hollier
LH, et al. Risk of spinal cord ischemia after endograft repair of thoracic
aortic aneurysms. J Vasc Surg 2001;31:997-1003.
Tiesenhausen K, Amann W, Koch G, Hausegger KA, Oberwalder P,
Rigler B. Cerebrospinal fluid drainage to reverse paraplegia after endovascular thoracic aortic aneurysm repair. J Endovasc Ther 2001;7:
132-5.
Fuchs RJ, Lee WA, Seubert CN, Gelman S. Transient paraplegia after
stent grafting of a descending thoracic aortic aneurysm treated with
cerebrospinal fluid drainage. J Clin Anesth 2001;11:59-63.
Ortiz-Gomez JR, Gonzalez-Solis FJ, Fernandez-Alonso L, Bilbao JI.
Reversal of acute paraplegia with cerebrospinal fluid drainage after
endovascular thoracic aortic aneurysm repair. Anesthesiology 2001;95:
1288-9.

JOURNAL OF VASCULAR SURGERY
Volume 42, Number 1

36. Miyairi T, Kotsuka Y, Morota T, Kubota H, Shibata K, Ikeda Y, et al.
Paraplegia after open surgery using endovascular stent graft for aortic
arch aneurysm. J Thorac Cardiovasc Surg 2001;121:1240-3.
37. Azizzadeh A, Huynh TT, Miller CC 3rd, Estrera AL, Porat EE,
Sheinbaum R, et al. Postoperative risk factors for delayed neurologic
deficit after thoracic and thoracoabdominal aortic aneurysm repair: a
case-control study. J Vasc Surg 2001;31:750-4.
38. Dake MD, Miller DC, Mitchell RS, Semba CP, Moore KA, Sakai T. The
“first generation” of endovascular stent-grafts for patients with aneurysms of the descending thoracic aorta. J Thorac Cardiovasc Surg
1991;111:689-703.
39. Carroccio A, Marin ML, Ellozy S, Hollier LH. Pathophysiology of
paraplegia following endovascular thoracic aortic aneurysm repair.
J Card Surg 2001;11:359-66.

Chiesa et al 17

40. Kieffer E, Richard T, Chiras J, Godet G, Cormier E. Preoperative spinal
cord arteriography in aneurysmal disease of the descending thoracic and
thoracoabdominal aorta: preliminary results in 45 patients. Ann Vasc
Surg 1981;1:34-46.
41. Ishimaru S, Kawaguchi S, Koizumi N, Obitsu Y, Ishikawa M. Preliminary report on prediction of spinal cord ischemia in endovascular stent
graft repair of thoracic aortic aneurysm by retrievable stent graft.
J Thorac Cardiovasc Surg 1998;111:811-8.
42. Bafort C, Astarci P, Goffette P, El Khoury G, Guerit JM, de
Tourtchaninoff M, et al. Predicting spinal cord ischemia before endovascular thoracoabdominal aneurysm repair: monitoring somatosensory
evoked potentials. J Endovasc Ther 2001;1:289-94.
Submitted Jan 20, 2005; accepted Apr 6, 2005.

Authors requested to declare conditions of research funding
When sponsors are directly involved in research studies of drugs and devices, the editors will ask authors to clarify the
conditions under which the research project was supported by commercial firms, private foundations, or government.
Specifically, in the methods section, the authors should describe the roles of the study sponsor(s) and the
investigator(s) in (1) study design, (2) conduct of the study, (3) data collection, (4) data analysis, (5) data
interpretation, (6) writing of the report, and (7) the decision regarding where and when to submit the report for
publication. If the supporting source had no significant involvement in these aspects of the study, the authors should
so state.

