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Assessment of Internal Thoracic Artery Patency With Transesophageal
Echocardiography During Coronary Artery Bypass Graft Surgery
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Objective: The purpose of this study was to evaluate in-

raoperative transesophageal echocardiography (TEE) for

ssessing patency of internal thoracic artery grafts.

Design: A retrospective study.

Setting: A university hospital.

Participants: Fifty-one consecutive patients who under-

ent coronary artery bypass graft (CABG) surgery using the

eft internal thoracic artery (LITA)–to–left coronary artery

ere examined postoperatively with coronary angiography

CAG).

Interventions: None.

Measurement and Main Results: The authors measured

lood flow velocity using TEE after anastomosis of a LITA

raft. Intraoperative TEE findings and routine CAG results

ere compared to evaluate the quality of TEE assessment.

he LITA was detected in 45 of 51 patients (88%) intraoper-

tively with TEE. Peak and mean velocities and velocity time

ntegral ratios were determined by dividing each diastolic

alue by its corresponding systolic value. The peak velocity
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tenosis and 1.14 � 0.10 (range, 0.58-3.87) in its absence

p � 0.0289), whereas mean velocity ratios were 0.62 � 0.05

range, 0.45-0.72) and 1.27 � 0.10 (range, 0.66-4.08) (p �
.0223), respectively, and velocity time integral ratios were

.83 � 0.09 (range, 0.64-1.05) and 2.69 � 0.29 (range, 0.91-

.35) (p � 0.0224), respectively. The critical values for peak

nd mean velocities and velocity time integral ratios were

.60, 0.73, and 1.06, respectively, whereas the sensitivity for

ach was 100% and the specificity was 92%, 94%, and 89%,

espectively.

Conclusions: The authors concluded that the intraopera-

ive assessment of LITA patency with TEE was a markedly

seful and powerful tool for anesthesiologists during CABG

urgery.

2009 Elsevier Inc. All rights reserved.

EY WORDS: transesophageal echocardiography, internal

horacic artery, velocity ratio, velocity time integral ratio,

ritical values, intraoperative assessment, coronary artery
atio was 0.51 � 0.04 (range, 0.40-0.59) in the presence of bypass graft surgery
ORONARY ARTERY BYPASS GRAFT (CABG) oper-
ations now widely use the internal thoracic artery because

f its high rate of long-term patency.1,2 The patency of this
rtery at the time of surgery is usually assessed by postopera-
ive coronary angiography (CAG), which is reliable but not
ppropriate when restoration of coronary perfusion is needed
uring surgery. Therefore, the ability to intraoperatively assess
he patency of an internal thoracic artery graft is important.
ecent studies have shown that transthoracic Doppler echocar-
iography using supraclavicular,3 intercostal,4,5 or apical6 ap-
roaches can reliably assess the patency of the internal thoracic
rtery. However, these methods are only useful for postopera-
ive assessment. On the other hand, transesophageal echocar-
iography (TEE) is becoming a routine monitoring method
uring cardiac surgery, and anesthesiologists are required to
se it to evaluate surgical procedures. When regional wall
otion abnormalities are detected upon the termination of

ardiopulmonary bypass, the cause must be investigated, which
s difficult because the state of the stunned myocardium some-
imes complicates the assessment. If TEE can be used to

From the Departments of *Anesthesiology and Critical Care and
Vascular Surgery, Hiroshima University Hospital, Hiroshima, Japan;
Department of Internal Medicine, Akane Foundation Tsuchiya Gen-
ral Hospital, Hiroshima, Japan; and §Department of Anesthesiology
nd Critical Care, Division of Clinical Medicine Science, Graduate
chool of Biomedical Sciences, Hiroshima University, Hiroshima,
apan.

Address reprint requests to Masahiko Kuroda, MD, 1-2-3 Kasumi, Mi-
ami-ku, Hiroshima 734-8551, Japan. E-mail: kurodam@hiroshima-u.
c.jp
© 2009 Elsevier Inc. All rights reserved.
1053-0770/09/2306-0011$36.00/0
onfirm the presence of stenosis or occlusion of grafts, it can be
oncluded that regional wall motion abnormalities are not
aused by stunning and therefore it can be recommended that
he cardiac surgeon reanastomose the graft intraoperatively.
he authors believe that the ability to assess blood flow in the

nternal thoracic artery during a CABG procedure makes TEE
potentially powerful tool for anesthesiologists. The authors

ypothesize that velocity ratios of the left internal thoracic
rtery (LITA) as determined by TEE correlate well with post-
perative angiographic findings. To test the hypothesis, the
uthors analyzed the records of the peak and mean velocities
nd velocity time integral ratios and then compared them with
ostoperative CAG findings by dividing the subjects into 2
roups according to the presence or absence of LITA stenosis.

MATERIALS AND METHODS

The retrospective study protocol was approved by the authors’
nstitutional ethical committee. Fifty-one consecutive patients who
nderwent CABG surgery involving the LITA–to–left anterior de-
cending coronary artery between January 2003 and July 2004 and who
ere examined with CAG were studied. The patients consisted of 36
en and 15 women, with a mean age of 64 years (range, 44-83).

nvasive arterial blood pressure was monitored in all patients before the
nduction of anesthesia. General anesthesia was induced with fentanyl
10 �g/kg), propofol (0.5 mg/kg), and pancuronium (0.1 mg/kg). Main-
enance was performed with an infusion of propofol (2-4 mg/kg/h),
oluses of fentanyl (total, 30-60 �g/kg), and pancuronium. Patients
outinely received nitroglycerin (0.25-0.5 �g/kg/min) for the dilation of
oronary arteries and the prevention of LITA spasm. The surgical
rocedures included on-pump CABG surgery (40 patients), off-pump
ABG surgery (4 patients), and on-pump CABG surgery with either
ortic valve replacement (2 patients), mitral valve replacement (2
atients), mitral valve replacement with tricuspid annuloplasty and
aze operation (1 patient), mitral valve plasty and maze operation (1

atient), or maze operation (1 patient). The surgery was elective in 34

atients and urgent in 17. The number of distal anastomoses was 3.0 �

nd Vascular Anesthesia, Vol 23, No 6 (December), 2009: pp 822-827
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823INTERNAL THORACIC ARTERY PATENCY
.7. The duration of surgery and anesthesia were 418 � 70 minutes and
06 � 79 minutes, respectively. In 47 patients who underwent on-
ump CABG surgery, aortic cross-clamping and cardiopulmonary by-
ass times were 110 � 29 minutes and 157 � 48 minutes, respectively.
ome patients required inotropic support after cardiopulmonary by-
ass, including dopamine in 49 patients, dobutamine in 6 patients, and
orepinephrine in 1 patient. Vasodilators were used for myocardial
rotection during and after cardiopulmonary bypass in some patients,
ncluding nicardipine in 2 patients, nicorandil in 1 patient, and dilti-
zem in 1 patient.

The assessment of LITA patency during the operation was per-
ormed with TEE by using a biplane probe (EUB-555; Hitachi Co Inc,
okyo, Japan) after surgical anastomosis, with the ultrasonic frequency
et at 5 MHz. First, the aortic arch was visualized in the upper
sophageal long-axis view. A short-axis view of the left subclavian
rtery became apparent as the probe was withdrawn with upward
exion under the guidance of color Doppler flow mapping, with a pulse
epetition frequency of about 2 KHz. As the probe was further with-
rawn while keeping the subclavian artery in the center of the screen,
he horizontal portion of the left subclavian artery became visible.7 The
istal side of the left subclavian artery then was carefully observed to
etermine the origin of the LITA (Fig 1). The LITA can be distin-
uished from other branches by detecting nonpulsatile flow in the
iastolic phase. After identification of the LITA, it was clamped (Fig 2)
nd blood flow was measured by using pulsed-wave Doppler, with
ideotape recordings made for subsequent analysis. In cases of on-
ump CABG surgery, a test clamp was performed after the adminis-
ration of protamine on termination of cardiopulmonary bypass,
hereas in cases of off-pump CABG it was performed immediately

fter anastomosis. As soon as possible at this point, the authors mea-
ured blood velocity through the LITA graft to avoid the influence of
ardiopulmonary bypass, surgical procedure, and hemodynamic insta-
ility. Measurements of both velocity and velocity time integral were
erformed during videotape playback after the operation using the
ackage for off-line internal measurement analysis included with the
ecording unit (Aloka Co, Ltd, Tokyo, Japan).

Fig 1. An image of left internal thoracic artery obtained by trans-

sophageal echocardiography. First, the aortic arch was visualized in

he upper esophageal long-axis view. A short-axis view of the left

ubclavian artery became apparent as the probe was withdrawn

ith upward flexion under the guidance of color Doppler flow map-

ing, with a pulse repetition frequency of about 2 KHz. As the probe

as further withdrawn while keeping the subclavian artery in the

enter of the screen, the horizontal portion of the left subclavian

rtery appeared.7 The distal side of the left subclavian artery was

hen carefully observed to determine the origin of the LITA. The LITA
an be distinguished from other branches by detecting nonpulsatile

ow in the diastolic phase.

v

c

Measured parameters were as follows: distance from the esophagus
o the LITA, depth of the probe tip, peak and mean velocity ratios, and
elocity time integral ratio (Fig 3). Peak and mean velocity ratios were
etermined by dividing the peak diastolic velocity by peak systolic
elocity and the mean diastolic velocity by mean systolic velocity,
espectively. The velocity time integral ratio was determined by divid-
ng the diastolic velocity time integral by the systolic velocity time
ntegral. The parameters used for calculations were obtained by aver-
ging over 5 cardiac cycles.

The authors evaluated the patency of the LITA graft by using CAG
o assess multiple projections postoperatively. This was performed in
ll cases by a single cardiologist who was unaware of the intraoperative
chocardiographic findings. Stenosis was assessed as “present” when
he degree of internal diameter narrowing was greater than 75% and
hen this was apparent in at least 1 projection. Patients were divided

nto 2 groups according to the presence or absence of stenosis.
Values are expressed as the mean � standard deviation. Statistical

nalyses were conducted by using an unpaired Student t test and Fisher
xact probability test. A probability value less than 0.05 was considered
tatistically significant. Receiver operating characteristic (ROC) curves

Fig 2. A typical view of the LITA identified by the clamp test. The

ow pattern in the LITA graft was characterized by a biphasic flow

onsisting of systolic and diastolic phases, with higher velocity in

iastole than in systole. The fact that flow decreased with clamping

nd increased with the clamp removed confirmed that the flow was

ccurring in the LITA. D, diastolic flow; S, systolic flow.

Fig 3. Measurements of peak and mean velocities and velocity

ime integral ratios. Velocity measurements were performed during
ideotape playback using the measurement analysis package in-

luded with the Aloka recording unit.
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824 KURODA ET AL
ere constructed to determine the critical values of velocity time
ntegral ratios and peak and mean velocities.

RESULTS

The authors analyzed 45 of 51 (88%) patients in whom the
ITA was identified by TEE. Their mean height and weight
ere 159 � 1 cm (range, 142-178) and 58 � 1 kg (range,
7-81), respectively. The depth of the probe tip averaged 21 �
cm (range, 16-25), and the mean distance from the esophagus
as 26 � 1 mm (range, 13-38).
Of the 45 patients in whom the LITA was identified, 4 were

xcluded from subsequent analysis because of intra-aortic bal-
oon pumping that impaired TEE analysis (3 patients) or the
nding that the LITA had been anastomosed to the coronary
ein (1 patient). In the remaining 41 patients, 5 had stenosis,
hereas 36 had no abnormal findings of anastomosis or occlu-

ion. The degree of stenosis was 90% in 3 of 5 patients and
5% (at the anastomosis) in the remaining 2. Furthermore, 3
atients had a string LITA with anastomotic stenosis. Of 41
atients in whom the LITA was identified by TEE, the cardiac
hythms were sinus in 37 patients, atrial paced in 3, and
entricular paced in 1. On the other hand, in the 6 patients in
hom the LITA was unsuccessfully visualized, postoperative
AG revealed 75% stenosis at the anastomosis in 1 patient and

evealed that the LITA graft was occluded in 2 patients in the
roximal vicinity of the LITA. A summary of the patients
nrolled in the present study is presented in Figure 4.

The calculated velocity ratios (peak and mean velocities and
elocity time integral ratios) in the presence or absence of
tenosis are shown in Figure 5A through C. Each ratio in the
resence of stenosis was significantly lower than that in the
bsence of stenosis (0.51 � 0.04 v 1.14 � 0.10, 0.62 � 0.05 v
.27 � 0.10, and 0.83 � 0.09 v 2.69 � 0.29, respectively).
ypical flow patterns in the LITA graft are shown to indicate

he absence (Fig 6A) and presence (Fig 6B) of stenosis.
By comparing the values of each parameter derived using
EE and CAG, the authors determined the critical values
ecessary for a sensitivity of 100%. For peak and mean veloc-
ties and velocity time integral ratios, these critical values were
ound to be 0.60, 0.73, and 1.06, respectively, and those for
erfect specificity were 92%, 94%, and 89%, respectively. The
reas under the ROC curve, determined by using the peak and
ean velocities and the velocity time integral ratios to differ-

ntiate between the presence and absence of stenosis, were 0.98
95% confidence interval [CI], 0.94-1.02; p � 0.001), 0.98
95% CI, 0.94-1.02; p � 0.001), and 0.96 (95% CI, 0.90-1.02;
� 0.001), respectively. In the 6 patients in whom all of these

arameters were less than the critical values, 5 had stenosis in
he LITA graft. On the other hand, there was no stenosis in the
ITA graft in any patient in whom at least 1 of the parameters
as greater than the critical value.

DISCUSSION

In the present study, the peak and mean velocities and the
elocity time integral ratios in LITA grafts with stenosis were
ignificantly smaller than in those without stenosis. The authors
lso determined the critical values for the previously mentioned
arameters that would yield 100% sensitivity because an im-
ortant goal of this study was to investigate determinants for
he detection of stenosis and occlusion in LITA grafts intraop-
ratively using TEE. Those critical values were equal to the
utoff values shown by ROC curves, which indicated that the
uthors’ method had high levels of sensitivity and specificity.
hus, the authors consider that the evaluation of LITA graft
atency during surgery with TEE is reliable. To the best of the
uthors’ knowledge, this is the first report of critical values for
ITA graft patency using TEE during CABG surgery. In a
tudy that used transthoracic echocardiography, Takagi et al3

eported that the LITA graft was detected in 55 of 56 patients
98%) with Doppler echocardiography from the supraclavicular
Fig 4. A summary of patients enrolled in this

study.
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825INTERNAL THORACIC ARTERY PATENCY
ossa. If the peak diastolic/systolic velocity ratio was less than
.6, sensitivity and specificity of predicted severe LITA graft
tenosis were 100% and 80%, respectively.3 Calafiore et al5

eported that the LITA graft was detected in all 100 patients
100%) with Doppler echocardiography from the first or second
ntercostal space. If the peak and mean diastolic/systolic veloc-
ty ratios were equal to or greater than 1.0, specificities of
redictions that the LITA graft were normal were 80% and
7%, respectively. The anastomosis was restricted but not
ccluded in cases in which both peak and mean velocity ratios
ere less than 1 but greater than 0.6. If both ratios are not at

east 0.6, the anastomosis or conduit may become occluded.5

ata et al6 reported that the LITA graft was detected in all of
6 patients (100%) with Doppler echocardiography from the
pical approach. The peak and mean diastolic/systolic velocity
atios associated with problematic LITA grafts were signifi-
antly lower than those seen with healthy grafts (0.98 � 0.12 v

Fig 5. Plots of peak and mean velocities and

elocity time integral ratios. (A) Peak velocity

atios for the LITA. The ratio in cases with ste-

otic anastomosis was significantly lower than

n those without (p � 0.0289). (B) The mean ve-

ocity ratios for the LITA. The mean velocity ratio in

ases with stenotic anastomosis was significantly

ower than in those without (p � 0.0223). (C) Ve-

ocity time integral ratios for the LITA. The velocity

ime integral ratio in cases with stenotic anasto-

osis was significantly lower than in those with-

ut (p � 0.0224). (Color version of figure is avail-

ble online.)
.67 � 0.24 and 0.87 � 0.10 v 1.65 � 0.21, respectively).6 The
uthors observed no stenosis in LITA grafts when at least 1 of
he parameters of peak and mean velocity ratios and velocity
ime integral ratio was greater than its corresponding critical
alue. Therefore, the authors conclude that all 3 parameters
hould be measured and assessed and that LITA graft patency
annot be properly evaluated with only one of these parameters.
n addition, when all of these values are below the critical
evels, the LITA should be investigated by other means, such as
ith an ultrasonic or electromagnetic flowmeter.
Coronary flow velocity may be assessed by using a variety

f tools, such as a Doppler catheter,8 Doppler guidewire,9

picardial probe,10 transthoracic probe,3-6,11,12 transesophageal
robe,13,14 or electromagnetic flowmeter,15 and the results can
rovide useful clinical and physiologic information.8,9 How-
ver, each of these except for a transesophageal probe requires
nterruption of the surgical procedure or is difficult to apply

Fig 6. Typical flow patterns in LITA with and

without stenosis. (A) No stenotic pattern. Dia-

stolic flow has adequate peak and mean veloci-

ties and velocity time integral values as com-

pared with systolic flow. (B) Stenotic pattern.

Diastolic flow has much lower systolic peak and

mean velocities and velocity time integral values
as compared with systolic flow. (Color version of

figure is available online.)
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826 KURODA ET AL
uring an operation. Nevertheless, it is important to find any
tenosis or occlusion intraoperatively in order to reanastomose
he graft. TEE is now routinely used in many cardiac centers
ecause of its ability to provide continuous, noninvasive, and
igh-quality intraoperative monitoring of cardiac function. The
ssessment of graft flow in a LITA using TEE has many
dvantages, including its minimal interruption of the surgical
rocedure.
The authors did not compare diastolic and systolic veloc-

ties because the angle of blood flow to the ultrasound beam
ar exceeded the recommended range of 30° or less. In
eneral, an angle less than 30° keeps the error within 14%
ased on a simplified Bernoulli equation. The successful
isualization rate of 88% in the present study was similar to
revious findings obtained by using transthoracic echocar-
iography, which reported success rates of 55% to 100% for
lood flow detection in LITA grafts.3,11,16-18 A clamping
echnique for identifying the LITA is essential to differen-
iate it from other vessels. If the distal subclavian artery and
iastolic dominant Doppler flow can be detected, as shown
n Figure 1, there is a strong possibility of identifying the
ITA, whereas the artery is difficult to find and distinguish
ithout the guidance provided by diastolic continuous flow.
efore anastomosis, the diastolic flow through the LITA to

he coronary arteries is near 0, but after the anastomosis it
ncreases dramatically along the pressure gradient between
he subclavian artery and left ventricle during the diastolic
hase. Diastolic LITA flow in the presence of stenosis or
cclusion is near 0 because the hemodynamic state of the
raft in this case is approaching that observed in an anasto-
otic vessel. Calafiore et al5 reported that peak and mean

iastolic-to-systolic velocity ratios in healthy volunteers
ere similar to the ratios in patients in whom the conduit
as occluded. The authors found occluded and/or stenosed
ITA grafts in 3 of the 6 patients in whom the LITA could
ot be observed. Failure to visualize the LITA in these
atients was likely caused, at least in part, by a decrease in

iastolic blood flow. The authors do still assess the LITA d
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chocardiography can be useful for analysis of postoperative early
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ow using TEE, and, when the LITA cannot be detected or
hen velocity and velocity time integral ratios are near the

ritical values, the authors confirm the LITA flow using
uplex Doppler cardiography. When stenosis and/or occlu-
ion is confirmed, the authors recommend that the cardiac
urgeon perform a reanastomosis.

The present study has some important limitations. First,
lood flow velocity through the LITA graft may vary de-
ending on general flow conditions immediately after wean-
ng from CPB. Several other factors such as cardiac output,
eart rate, preload, afterload, left ventricular diastolic func-
ion, vasoactive drugs, cardiac rhythm, and surgical proce-
ure may affect the velocity in the LITA graft as well. These
actors also complicate the intraoperative assessment of the
raft. Therefore, the authors recommend assessing the graft
hen the hemodynamics are as stable as possible. Second,

here were a small number of patients in this study with
tenosis at the anastomosis site. A greater number of patients
hould be studied to clarify the present results. Third, there
as a delay between assessment and postoperative CAG.
he cause of stenosis in the LITA may be closed-chest
emodynamic changes, graft thrombosis, and/or local
pasm, but all cases of LITA stenosis in this study were at
he site of anastomosis to the LAD, suggesting that the
tenosis detected by CAG occurred intraoperatively and was
ot because of closed-chest hemodynamics or graft throm-
osis.
In conclusion, the authors detected LITA grafts in 45 of

1 patients (88%) using TEE. The peak velocity, mean
elocity, and velocity time integral ratios were significantly
ower in cases with LITA stenosis as compared with those
ithout stenosis. The critical values for these ratios were
.60, 0.73, and 1.06, respectively, which provided a sensi-
ivity of 100% for each and specificities of 92%, 94%, and
9%, respectively. The authors concluded that intraoperative
ssessment of LITA patency using TEE is of significant
enefit and gives anesthesiologists a powerful tool for use

uring CABG surgery.
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