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Background:

Methods:

Conclusions:

Recent reports have demonstrated that use of a left ventricular assist system (LVAS) can initiate
recovery of cardiac function, and subsequent weaning from the LVAS has attracted considerable
interest. In this study we investigated reliable predictors of LVAS weaning.

Eighty-two patients underwent LVAS implantation between April 1994 and July 2006 at our
institution. Cardiac function was restored in 8 patients, who were weaned from LVAS after 2 mean
of 5 months (Group R). Thirty-three patients remained on LVAS support for >1 year (Group N)
because natural heart function did not show adequate improvement. We retrospectively evaluated
the differences between these two groups. Group R was younger, and had a shorter duration of
heart failure than Group N (23.4 vs 36.7 years and 13.3 vs 56.1 months, p < 0.01, respectively).
Pathologic findings showed that the interstitial fibrosis score was lower in Group R (¢ < 0.01).
Three months after LVAS insertion, B-type natriuretic peptide (BNP) and fractional shortening (FS)
were more favorable (66.6 % 46 vs 264.5 * 170 pg/ml, p < 0.01, and 23 * 17.1vs 12 * 9.1%,
p < 0.05, respectively) in Group R. Furthermore, Group R received a higher dose of B-blocker
(15.4 > 84 vs 58 = 3.9 mg, p < 0.05).

Younger age, shorter history of heart failure, and less interstitial fibrosis were effective predictors of
weaning from LVAS. Restoration of natural heart function was more rapid and more persistent in
candidates for LVAS explantation, and presence of B-blocker played a prominent role in improving
cardiac function after LVAS implantation. ] Heart Lung Transplant 2008;27:869 -74. Copyright © 2008 by

the International Society for Heart and Lung Transplantation.

The left ventricular assist system (LVAS) is a powerful tool
for saving patients with end-stage heart failure. The pri-
mary objective of this device is to provide sufficient
circulation, to help patients recover from secondary organ
dysfunction, and to stabilize them until their own heart
function recovers or suitable donor organs are found.
However, relatively few patients receive the benefit of
heart transplantation, especially in Japan, due to a short-
age of donor organs. In a previous study, we have de-
scribed the possibility of natural heart recovery after
profound heart failure using longterm LVAS support.'
Several recent reports have demonstrated the restoration

From the Departments of *Organ Transplantation, "Cardiovascular
Surgery, Physiology, “Cardiology and “Pathology, National Cardiovis-
cular Center, Osaka, Japan.

Submitted January 17, 2008; revised May 2, 2008; accepted May 2,
2008.

Reprint requests: Akiko Mano, MD, Department of Organ Trans-
plantation, National Cardiovascular Center, 5-7-1 Fujishiro-dai, Suita,
Osaka 565-8563, Japan. Telephone: +81-66833-5012. Fax: +81-G-
6872-8160. E-nxtil: mano@hsp.ncve.go.jp
Copyright © 2008 by the International Socicty for Heart and Lung
Transplantation.  1053-2498/08/$-sce front matter.  doiz10.1016/
j-healun.2008.05.007

161

of native cardiac function during LVAS support, and
weaning from LVAS is recognized as a desirable option.
Several factors are associated with improvement of natural
heart function after LVAS implantation. Levin et al re-
ported reverse remodeling with a decreased LV mass in
LVAS-supported patients.> Reduced cellular edema,® im-
proved myocardial metabolism,”* reversal of neurohumoral
stimulation® and decreased apoptosis(’ have also been
suggested. Assessment of myocardial recovery during
LVAS support is also an area of interest.” However, it
remains unclear which patients are appropriate candi-
dates for LVAS explantation. In this study we investigated
the factors that could predict weaning from LVAS.

METHODS
Patient Population

Between April 1994 and July 2006, 82 patients except
post-cardiotomy cases underwent LVAS implantation
for end-stage heart failure at our institution. All patients
had New York Heart Association Class IV status and
were supported by intravenous inotropic agents and/or
percutaneous mechanical support. Among these pa-
tients, natural heart function was restored and general
condition was sufficiently stable in 8 patients (ages 17
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to 38 years, 7 males and 1 female; 7 with dilated
cardiomyopathy [DCM], 1 with myocarditis) and they
were weaned from LVAS after 89 to 310 days (recovery
group: Group R). Thirty-three patients were supported
by LVAS for >1 year. They remained generally stable,
but they could not be weaned from LVAS because of
poor native heart function (non-recovery group: Group
N). This group comprised 22 males and 11 females, ages
16 to 55 years, and whose etiologies were as follows: 27
had DCM; 3 were in the dilated phase of hypertrophic
cardiomyopathy (dHCM); and 3 had secondary cardio-
myopathy (sarcoidosis, myopathy and drugs). Of these,
15 patients underwent heart transplantation, 13 died (6
cerebral hemorrhages, 1 cerebral infarction, 6 infec-
tions), and 5 remain on the waiting list. Another 3
patients were weaned from LVAS due to cerebral events
despite insufficient natural heart recovery. LVAS sup-
port was discontinued within 1 year in the other 35
patients because of transplantation or death.

In Group R, 3 patients were given a Toyobo LA LVAS,
4 a Toyobo LV LVAS and 1 a Novacor device. In Group
N, 30 patients were given a Toyobo LV LVAS and 3 a
HeartMate VE device. We retrospectively evaluated the
differences between Group R and Group N. To assess
natural heart function, we followed-up echocardio-
graphic parameters and the brain natriuretic peptide
(BNP) levels at 1 and 3 months after LVAS implantation.
Medical therapy regimens were also evaluated. The
investigations complied with the principles outlined in
the Declaration of Helsinki. The study was approved by
the institutional review board of the National Cardio-
vascular Center, and all patients provided written in-
formed consent.

Management After LVAS Implantation

After general stabilization, we re-administered a
B-blocker (carvedilol), an angiotensin-converting en-
zyme inhibitor (ACE], enarapril) and an aldosterone
antagonist (spironolactone).

The maximum titrated doses were 20, 5 and 25 mg,
respectively. The criteria by which we introduced or
increased these drugs were as follows: systolic blood
pressure >80 mm Hg; heart rate >(0 beats/min; and no
sign of deterioration of heart failure. Adequate rehabil-
itation was also combined with medical treatments.
Nutritional states were assessed and the patients re-
ceived nutritional intervention if necessary. The pump
rate was gradually reduced to 60/min when cardiac
function showed no deterioration.

Weaning Protocol

Device explantation was considered if the patients met
the following criteria: left ventricular diameter in dias-
tole (LVDd) <55 mm; fractional shortening (FS) >20%;
and BNP < 100 pg/m! under minimal LVAS support (60
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pumps/min). Candidates for LVAS explantation then
underwent dobutamine stress testing. Dobutamine was
titrated from 5 to 40 p.g/kg/min, and hemodynamic and
echocardiographic data were evaluated at each dose
level. The test outcome was classified as favorable if the
patients showed an increase in cardiac output and FS
with an increase in dobutamine, without an increase in
pulmonary capillary wedge pressure (PCWP), LVDd and
symptoms of heart failure. Those who responded ap-
propriately to dobutamine stress testing were consid-
ered candidates for LVAS explantation.

Statistical Analysis

We used Student’s unpaired #-test to compare continu-
ous variables (all data expressed as mean = SD) and the
chi-square test to compare categoric variables. In time-
course analysis (Figure 1), data were analyzed by 2-way
analysis of variance (ANOVA) followed by Tukey's post
hoc test. p < 0.05 was considered statistically signifi-
cant. All analyses were performed using SPSS software
(version 14-]).

RESULTS
Before LVAS Implantation

Table 1 summarizes the demographics and baseline char-
acteristics of Groups R and N. Group R was significantly
younger and had a shorter duration of heart failure than
Group N (¢ < 0.01, respectively). Group R had less
myocardial fibrosis than Group N (¢ < 0.01). Myocardial
hypertrophy tended to be milder in Group R, but the
difference did not reach statistical significance. The ratio
(%) of patients with dilated cardiomyopathy was similar in
both groups. Hemodynamic parameters, echocardio-
graphic parameters, dose of intravenous inotropic agents,
ratio (%) of patients supported by percutaneous mechan-
ical assist devices, BNP levels, and degree of other organ
dysfunction or anemia did not significantly differ between
the two groups. The regimens of medical treatment did
not significantly differ between the two groups (Table 2),
but the percentage of patients who were given an ACE],
a B-blocker, a spironolactone or an amiodarone tended to
be higher in Group N.

One Month After LVAS Implantation

Echocardiographic parameters (Dd and FS) and BNP
levels were more favorable in Group R, but the differ-
ences were not statistically significant (Table 3). The
ratio (%) of patients who tolerated treatment with a
B-blocker was significantly higher in Group R (p <
0.05) (Table 4).

Three Months After LVAS Implantation

FS was significantly higher, and BNP levels was signifi-
cantly lower (p < 0.05 and p < 0.01, respectively) in
Group R than in Group N (Table 5). Furthermore, the
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Figure 1. Changes in Dd, FS and BNP after LVAS implantation. Filled squares: Group R; filled circles: Group N. *p < 0.05 vs basgline, tp<
0.05 vs Group N and Sp < 0.01 vs Group N. LVDd, left ventricular end-diastofic dimension; FS, fractional shortening; BNP, brain natriuretic

peptide.

. increasing rate of FS and the decreasing rate of BNP (3
months after vs before LVAS implantation) were signif-
icantly higher in Group R (p < 0.03, respectively, data
not shown). The dose of B-blocker was higher in Group
R (p < 0.05) (Table 6). More patients tolerated treat-
ment with an ACE- or a B-blocker, and Dd tended to be

smaller in Group R, but statistical significance was not
demonstrated.

Time Course After LVAS Implantation

Figure 1 shows changes in Dd, FS and BNP after LVAS
implantation. Improvement of Dd was almost complete

Table 1. Demographics and Baseline Characteristics of Study Population

Group R Group N

(n=28) (n=33) p-value
Age (years) 234+ 7.1 36.7 =124 <0.01*
Gender (% female) 125 35.3 0.21
Etiology (% dilated cardiomyopathy) 875 79.4 0.6
Duration of heart failure (month) 133 £ 22 56.1 = 52 <0.01®
Myocardial fibrosis (score) 1.4x05 2506 <0.01°
Myocardial hypertrophy (score} 1.7 0.5 22+08 0.1
Dose of inotropic agents (DOA + DOB) 97 + 56 102+ 48 0.83
Use of mechanical support (% IABP and/or PCPS) 62.5 67.6 0.78
Systolic blood pressure (mm Hg) 93+ 9.0 86 £ 12 0.16
Heart rate (bpm) 116 = 13 103 £ 25 0.19
Cardiac output (liters/min) 32110 33610 0.77
Pulmonary capillary wedge pressure (mm Hg) 27243 2712 £ 85 0.1
Right atrial pressure (mm Hg) 142+ 58 10.2 = 6.1 0.17
Left ventricular diastolic dimension {(mm) 741 =89 759 = 11 0.66
Fractional shortening (%) 90+37 86 +46 0.84
Wall thickness (mm) 76*x04 7414 0.7
B-type natriuretic peptide (pg/mi) 1,140 = 660 1,282 + 1,074 0.76
Total bilirubin (mg/dl) 2610 18 +1.0 0.06
Creatine (mg/dl) 11+05 1411 0.52
Hemoglobin (g/dl) 11425 10.5 =18 0.31

Myocardial fibrosis or hypertrophy was classified as mild, moderate or severe and scored as follows: 1 = mild; 2 = moderate;
3 = severe. Dose of inotropic agents is shown as the sum of dopamine (D0OA) + dobutamine {DOB). Wall thickness is shown as
the mean of the septum angd posterior wall. 1ABP, intra-aortic balloon pump; PCPS, percutaneous cardiopulmonary support.

Statistically significant.
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Table 2. Medical Regimens Before LVAS Implantation
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Table 4. Medical Regimens at 1 Month After LVAS Implantation

Group R Group N p-value Group R Group N p-value
ACE-i (%) 375 55.9 0.35  ACE-l (%) 71.4 41.2 0.14
B-blocker (%) 12.5 474 0.07  B-blocker (%) 71.4 26.5 <0.05*
Furosemide (%) 100 82.4 0.2 Furosemide (%) 85.7 88.2 0.85
Spironolactone (%) 25 55.9 0.12 Spironolactone (%) 571 70.6 0.49
hANP (%) 375 23.5 0.42  Amicdarone (%) (] 20.6 0.19
Amiodarone (%) 125 50 0.05  Digitalis (%) 571 26.5 0.11
Digitalis (%) 375 294 066 Ratio (%) represents drug induction rate. LVAS, left ventricular assist system.

Ratio (%) represents drug induction rate. LVAS, left ventricular assist system;
ACE-l, angiotensin-converting enzyme inhibitor.

within 1 month in both groups. Augmentation of FS
continued during the follow-up period in Group R, but
was complete at about 1 month in Group N. BNP levels
decreased during the first month and continued to
decrease thereafter in both groups.

Prognosis of Patients After LVAS Explantation

Table 7 shows prognosis of patients after LVAS
explantation. Three of 8 patients have continued to
maintain normal ventricular function during fol-
low-up periods ranging from 8 months to 8 years.
Four patients developed recurrent but mild heart
failure, and were treated in the outpatient clinic for
up to 10.5 years. All are being given an ACEI
(enarapril, mean dose 3.75 mg) and a B-blocker
(carvedilol, mean dose 16 mg). The other patient did
well up to 8 to 9 years after LVAS removal, but then
had episodes of heart failure that required re-LVAS
implantation 12 years after explantation. He is now
on the waiting list. '

DISCUSSION

This study has demonstrated that: (1) young patients
with a short history of heart failure and less myocar-
dial fibrosis are candidates for LVAS removal; (2)
patients who can be weaned from LVAS show rapid
and persistent improvement of natural heart func-
tion; and (3) a B-blocker is a potent agent that can
induce LVAS removal.

Several mechanisms about restoration of the natu-
ral heart by LVAS have been reported. Wohlschlaeger
et al showed that ventricular pressure and volume
unloading by LVAS reduces harmful neurohumoral

Tahle 3. Echocardiographic Parameters and BNP Levels 1 Month
After LVAS implantation

Group R Group N p-value

Left ventricular diastolic

diameter (mmj) 537 +124 595=x176 042
Fractional shortening (%) 161 +127 119=x77 0.43
BNP (pg/mi) 176.8 = 1516 526.2 + 483.8 0.09

BNP, B-type natriuretic peptide; LVAS, left ventricular assist system.

*Statistically significant.

and cytokine stimulation (systemic and local), and
decreases myocardial apoptosis.8 Heerdt et al sug-
gested that LVAS support increases the gene and
protein levels of SERCA 2a, normalizes Ca** han-
dling® and improves myocardial contraction. Brodde
et al demonstrated an up-regulation of a B-receptor
after LVAS support.'® The regression of myocyte
hypertrophy and interstitial fibrosis has been also
suggested.'""'? These effects, which occur as a result
of maximal ventricular unloading, lead to functional
recovery of the native heart.

Basal cardiac states, however, might influence the
process of functional improvement. Histologic analy-
sis has demonstrated that less myocardial fibrosis is
one of the predictors of LVAS weaning.'® This finding
was also demonstrated in our study. Furthermore, in
the present study, myocardial hypertrophy tends to
be less common in patients who could be weaned
from the device, but a significant difference was not
detected. Our study found that younger patients with
a shorter duration of heart failure before LVAS im-
plantation were suitable candidates for LVAS explan-
tation. These features indicate less pre-operative
myocardial degeneration. The timing of LVAS implan-
tation is very important. LVAS implantation in neces-
sary before myocardial damage becomes irreversible
for restoration of natural heart after LVAS implanta-
tion. Cardiac function and dysfunctional severity of
other organs before LVAS implantation were not
statistically different between Groups R and N.

The process of natural heart improvement might
reach completion within 4 to 5 months after device
implantation.” Continued ventricular unloading be-

Table 5. Echocardiographic Parameters and BNP Levels 3 Months
After LVAS Implantation

Group R Group N p-value

Left ventricular diastolic
diameter {mm) 547 =117 589 =154 0.49
Fractional shortening (%) 23.0 =171  120x=80 <0.05°
BNP (pg/mi) 66.6 * 46.1 2646 = 170.1 <0.01°
BNP, B-type natriuretic peptide; LVAS, left ventricular assist system.
2Statistically significant.
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Table 6. Medical Regimens at 3 Months After LVAS Implantation

Group R Group N p-value
ACE-! (%) 85.7 55.9 0.14
B-blocker (%) 85.7 55.9 0.14
B-blocker (mg) 154+ 84 58 +39 <0.05*
Furosemide (%) 571 85.3 0.09
Spironolactone (%) 57.1 70.6 0.49
Amiodarone (%) 57.1 324 0.22
Digitalis (%) 571 29.4 0.16

Ratio (%) represents drug induction rate. LVAS, left ventricular assist system;
ACE-, angiotensin converting enzyme inhibitor.
3Statistically significant.

yond this time frame may induce myocardial atrophy
and fibrosis. Farrar et al reported that waiting 50 days
would capture half of the patients who would ulti-
mately recover ventricular function followed by suc-
cessful device removal, and waiting up to 90 days
could capture 80% of them.> We evaluated several
parameters at 1 and 3 months after LVAS implanta-
tion. Natural heart function was restored more rap-
idly and the improvement persisted for longer in the
weaned patients (Group R). They recovered com-
pletely, essentially within 3 months, and were
weaned from LVAS after a mean of 5 months of
support. BNP was the first representative indicator of
native cardiac recovery, which was followed by
echocardiographic improvement. None of the pa-
tients in whom restoration of the native heart was not
indicated for these periods could be weaned from
LVAS. This timing is compatible with the findings of
Farrar et al.

Recently, the B-blocker has been recognized as
being highly beneficial for patients with chronic
heart failure, and is becoming the first-line drug
treatment for heart failure.'>'7 However, the effect
of a B-blocker in patients with LVAS is unclear. We
found here that the ratio (%) of patients who toler-
ated treatment with a B-blocker at 1 month after
LVAS insertion and the dose of a B-blocker at 3

Mano etal. 873

months after device implantation were significantly
higher in weaned than in non-weaned patients. This
result indicates that a B-blocker is useful in patients
with LVAS. Several mechanisms underlying the favor-
able effects of B-receptor blockage have been sug-
gested. A B-blocker restores the function of the
calcium-release channel and improves cardiac muscle
performance.'® It also improves myocardial energet-
ics, attenuates myocardial apoptosis, and abrogates
induction of the fetal gene program.'® These effects
ultimately help to prevent and reverse ventricular
remodeling. Also, these mechanisms might
strengthen restoration of the natural heart induced by
LVAS. Our findings directly show the importance of
B-blocker treatment in patients with first-time LVAS.
The percentage of patients who tolerated treatment
with an ACE-l after LVAS implantation was also higher
in the weaned group, but the values did not reach
statistical significance. Conversely, more patients
were given a B-blocker, ACEI, spironolactone and
amiodarone before LVAS implantation in the non-
weaned group. This may be dependent on the longer
duration of heart failure in those patients.

Study Limitations

The present study has several limitations. First, the
population size in. this investigation was relatively small
because the percentage of patients able to be weaned
from LVAS is small. Second, the etiologies of patients
are various due to the same reason (we could not focus
specifically on DCM patients). Third, we demonstrated
the effect of a B-blocker. However, we could not
standardize the medical regimens after LVAS implanta-
tion. Further examinations on larger numbers of pa-
tients with uniform etiology and medical treatments are
necessary.

In conclusion, weaning from LVAS might be feasi-
ble in selected patients. Adjunctive treatments as well
as adequate unloading are important in those who

Table 7. Prognosis After Explanation of the Left Ventricular Assist System

Left ventricular ~ Fractional

New York Heart

Patient  Age diastolic dimension shortening B-type natriuretic  Association Duration after
no. (years) Gender {mm) (%) peptide (pg/mi) class Current status explantation
1 29 M 69 5 124 | Re-LVAS implantation, 12 years
in hospital, on
waiting list
2 31 M 66 17 103 ] Well, at home 10 years 5 months
3 33 M 50 28 12 | Well, at home 8 years
4 44 F 53 36 21 | Well, at home 5 years 7 months
5 25 M 69 10 548 | Well, at home 5 years 5 months
] 30 M 72 8 275 I Well, at home 4 years 1 month
7 19 M a1 12 848 [ Well, at home 3 years
8 26 M 51 3 26 I Well, at home 8 months
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have the capability of natural heart restoration. Fur-
ther studies on LVAS weaning are desirable.
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Objective: Surgical replacement is our standard treatment for descending aortic aneu-
rysm. despite the advent of thoracic endoprostheses. We retrospectively analyzed out-
comes of descending aortic replacement performed with partial cardiopulmonary
bypass.

Methods: Since 1994, a total of 113 patients in our institution {mean age 68 = 12
years. n = 75 male) have undergone graft replacement of the descending aorta for
nondissecting aneurysm. There were 16 emergency cases (14.2%). All operations
were performed through left thoracotomy with partial cardiopulmonary bypass with
segmental clamping. Since 1998. preoperative magnetic resonance angiography has
been performed to detect the Adamkiewicz artery in elective cases. Motor evoked
potentials are now measured intraoperatively.

Results: Early mortalities were 5.3% overall (6/113), 1.0% (1/97) in elective cases,
and 31.3% (5/16) in emergency cases. Rates of spinal cord dysfunction were 2.7%
overall (3/113). 1.0% (1/97) in elective cases, and 12.5% (2/16) in emergency cases.
Stroke rates were 7.1% overall (8/113). 4.1% (4/97) in elective cases, and 25.0% (4/
16) in emergency cases. Rates of respiratory failure were 9.7% overall (11/113).9.2%
(9/97) in elective cases, and 12.5% (2/16) in emergency cases. No patient underwent
reoperation for the same lesion as a result of repair problems in the follow-up period.
Kaplan-Meier overall survival estimates were 92.2% at 3 years. 90.6% at 5 years, and
70.2% at 10 years.

Conclusion: Although it is more invasive than stent graft repair. descending aorta re-
placement performed with partial cardiopulmonary bypass involves a risk comparable
to that associated with thoracic endoprosthesis placement.

urgical treatment for a descending thoracic aneurysm (DTA) is changing dras-

tically in response to the advent of endovascular treatment. Endoprostheses

have been used for DTA. with generally favorable results.'* Stent graft repair
for thoracic aortic diseases is a therapeutic option even for high-risk patients who are
not candidates for open surgery. Open surgical replacement. however. s still our cur-
rent standard treatment for DTA. There are several operative strategies for DTA. such
as the single-clamp lechnique.3 distal perfusion with left heart bypass.” hypothermic
circulatory arrest.” and partial cardiopulmonary bypass (PCPB).® We have usually
used PCPB for DTA. with hypothermic circulatory arrest when there is no space
for crossclamping. We retrospectively analyzed the outcomes for DTA repair per-
formed with PCPB and compared them with those reported in the literature for endo-
prostheses.

Materials and Methods

Patients

From 1994 to 2004, atotal of 113 patients (75 men, mean age 68 = 12 vears) underwent graft
replacement of the descending aorta for nondissecting aneurysm. The cases that required open
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Abbreviations and Acronyms
AKA = Adamkiewicz artery
DTA = descending thoracic aneurysm
MEP = motor evoked potential
PCPB = partial cardiopulmonary bypass

proximal anastomnosis under circulatory arrest were excluded. and
the patients in this study had sufficient space for crossclamping
next to the left subclavian artery and celiac artery. There were 16
cases of emergency surgery (14.2%). all because of rupture of the
aneurysm. Fifteen patients had undergone previous abdominal aor-
tic replacement, 3 had undergone previous thoracoabdominal aortic
replacement. and 11 had undergone previous thoracic aortic replace-
ment. Since 1998, preoperative magnetic resonance angiography
has been performed to detect the Adamkiewicz artery (AKA) in
elective cases.” The AKA was preoperatively imaged by contrast
magnetic resonance angiography with gadolinium dimeglumine
(0.3 mmol/kg body weight). Early- and late-phase images were
used to differentiate arteries from veins. Imaging volumes covered
the levels between T6 and L3. The AKA and the anterior spinal ar-
tery were identified by at least two radiologists in 0.6-mm contigu-
ous sections processed by multiplanar reconstruction. Our
institution approved this retrospective study and did not require
patient consent on the condition that patients not be identified.

Operative Techniques

The patients were anesthetized and intubated with a double-lumen
endotracheal tube. The patients were then positioned in the right lat-
eral decubitus position with the hips flexed 60°. An incision was
made from the veriebral border of the scapula to the costal cartilage
along the intercostal space. From the 4th to the 7th intercostal space.
access to the left thorax was selected according to the location of the
aneurysm. The left or right femoral artery and vein were dissected
and looped with umbilical tape. A cannula was inserted in the
femoral artery for perfusion inflow, and another cannula was
inserted in the femoral vein for perfusion outflow, The tip of the
venous cannula was placed at the opening of the inferior vena
cava in the right atrium. with placement confirmed by transesopha-
geal echocardiography. PCPB was initiated. and normal proximal
aortic pressure was maintained: the flow rate was usually around
1.5 10 2.0 mL/Amin - m?). The pump circuit had an extracorporeal
membrane oxygenator. including a heat exchanger. The bladder
temperature was cooled to between 33°C and 34°C during
PCPB.® The DTA was exposed and clamped after establishment
of PCPB. The clamps were placed sequentially when the aneurysm
involved a long segment. The aorta was opened longitudinally, and
intercostal arteries were ligated or oversewn for hemostasis when
they were considered to be unimportant. Intercostal arteries that
had to be reattached or preserved were temporarily closed with
a bulldog clamp or small balloon-tip catheters. The anastomosis
was always performed with complete transection of the descending
aorta. An appropriately sized Dacron polyester fabric graft was cho-
sen, and the proximal anastomosis was performed first with running
3-0 or 4-0 polypropylene suture with a polytetrafluoroethylene felt
strip. Intercostal arteries were reattached with a short, small-caliber

graft. The distal anastomosis was then performed with unning 3-0
or 4-0 polypropylene suture with a polytetrafiuoroethylene felt strip.
The flow of PCPB was reduced. and the aortic clamps were then
gently released. The patient was weaned from PCPB once the blad-
der temperature reached 36.5°C.

‘We have been measuring motor evoked potentials (MEPs) during
surgery since 1998 to detect spinal ischemia and have previously de-
scribed the details.” With sufficient anesthesia maintained with low
doses of fentanyl (0.02—4 mg/kg). propofol (4—6 mg/[kg - h)).
and vecuronium (0.04 mg/{kg - h)). the motor cortex was activated
by 600 V transcranial electrical stimulation. The action potentials
conducted through the anterior horn motor neurons were recorded
from the skin over the upper extremity muscles (as a control). the
lower extremity muscles. and the thenar muscles. The signals of
the MEPs are affected by femoral arterial cannulation: the probe
was therefore always placed on the contralateral side from femoral
cannulation. Monitoring of MEPs is also influenced by anesthesia.
including neuromuscular blockade. only a low dose of vecuronium
was therefore used during the operation. During crossclamping.
MEP levels were determined every 2 to 5 minutes. A fall in MEP am-
plitude below 25% of the baseline was taken to indicate ischemia of
the spinal cord. When critical reduction of MEP amplitude was ob-
served, rapid revascularization of the spinal cord blood supply was
performed. Additionally, the blood pressures of upper and lower
body were increased with use of catecholamines. transfusion. and
perfusion flow.

Definitions

Early mortality was defined as death during the hospital stay. Post-
operative stroke was defined as newly developing neurologic deficit
confirmed by computed tomography. Neurologic diagnoses were
made by neurologists. Respiratory failure was defined as the need
for intubation and ventilatory support longer than 72 hours.

Statistical Analysis
Values are the mean = SD. Data were analyzed with Fisher exact
tests for categorical variables.

Results

The early mortalities were 5.3% overall (6/113). 1.0% (1/97)
in elective cases. and 31.3% (5/16) in emergency cases. The
rates of spinal cord dysfunction were 2.7% overall (3/113).
1.0% (1/97) in elective cases, and 12.5% (2/16) in emergency
cases. Spinal cord dysfunction occurred more frequently in
patients older than 75 years and was nol prevented by preop-
erative AKA detection (Table 1). The stroke rates were 7.1%
overall (8/113), $.1% (4/97) in elective cases, and 25.0% (4/
16) in emergency cases. Stroke occurred most frequently in
emergency cases, but it was not related to crossclamping ad-
jacent to the aortic arch (Table 2). The rates of respiratory
failure were 9.7% overall (11/113). 9.2% (9/97) in elective
cases. and 12.5% (2/16) in emergency cases.

Thirty-two patients were older than 75 years. and 9 of
these underwent emergency operations. The older patients’
mortality was 6.3% (2/32), and the 2 patients who died had
both undergone emergency operations. The rates of spinal
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TABLE 1. Spinal cord dysfunction and variables

omtovan

.Surgery for Acquired Cardiovascular Disease

Total  Spinal cord dysfunction P value

All 13 3(2.7%)
Male 76 3(3.9%)} 55
Age

>0y 56 3 (5.4%) 12

>75y 32 3(9.4%) .02
Partial cardiopulmonary

bypass duration

>60 min 83 3{3.6%) .98

>90 min 39 1{25%) .99

>120 min 15 1(6.7%) 36
Emergency operation 16 ° 2 (12.5%) 05
Preoperative 50 2(4.0%) .59

Adamkiewicz artery

detection

cord dysfunction in this age group were 9.3% overall (3/32),
4.3% (1/23) in elective cases. and 22.2% (2/9) in emergency
cases. The stroke rates were 9.4% overall (3/32), 0% (0/23) in
elective cases, and 33.3% (3/9) in emergency cases. TheTates
of respiratory failure were 12.5% overall (4/32). 13.0% (3/
23) in elective cases, and 11.1% (1/9) in emergency cases.

Overall, the mean operative time was 291 * 93 minutes,
the mean PCPB time was 84.8 = 32.1 minutes, the mean
bleeding volume was 1187 = 1432 mL. and the mean trans-
fusion volume was 1335 = 2642 mL, with 45.1% of the pa-
tients not requiring transfusion. In elective cases, the mean
operative time was 280 = 78 minutes, the mean PCPB
time was 80.7 * 27.7 minutes, the mean bleeding volume
was 921 * 845 mL, and the mean transfusion volume was
851 = 1870 mL. with 51.5 % of the patients not requiring
transfusion.

Magnetic resonance angiography was performed in 65
cases, and the AKA was detected in 50 patients (76.9%).

TABLE 2. Stroke and variables

Total Stroke Pvalue

All 13 8 {7.1%)
Male 16 5 {6.6%) 72
Age

>70y 56 4{7.1%) 89

>75y 32 3(9.4%) 69
Partial cardiopulmonary

bypass duration

>60 min 83 8 (9.6%) 20

>90 min 39 5{12.8%) 13

>120 min 15 3{20.0%} 08
Emergency operation i6 4 (25.0%) 01
Crossclamp near arch 37 4(10.8%) 43

Among these patients. 2 had paraplegia; the AKA had been
detected in both. Three patients had paraplegia or parapare-
sis: | had undergone surgery without MEP monitoring, an-
other showed MEP change. and the third patient showed no
change in MEPs. MEPs were altered in 2 patients; 1 had para-
plegia and the other had a postoperative stroke.

None of the patients underwent reoperation for the same
lesion to repair problems in the follow-up period. Kaplan—
Meier overall survival estimates were 92.2% at 3 years.
90.6% at 5 years. and 70.2% at 10 years (Figure 1).

Discussion

DTA repair is usually discussed in combination with thora-
coabdominal aortic aneurysms. Reports focusing solely on
surgical repair for DTA are relatively uncommon. Many
DTAs will probably be repaired with endoprostheses, because
a DTA has no visceral branches. The advent of endovascular
treatment is believed to be a great innovation in treatment for
aortic aneurysm. Endoprostheses have been used for abdom-
inal aortic aneurysms, and some surgeons are now using them
for DTA repair. Makaroun and colleagues® used the GORE
TAG thoracic endoprosthesis in 139 patients with DTA.
They reported that the procedure time was 150 minutes on av-
erage, blood loss was 506 mL on average, and that mortality,
stroke, and spinal ischemia rates were 1.5%, 4% and 3%. re-
spectively. Fattori and colleagues'® used the Talent thoracic
stent graft for DTA in 457 patients. They reported mortalities
of 7.9% in acute cases and 4% in elective cases, a stroke rate
of 3.7%. and a spinal ischemia rate of 1.7%.

The articles on endoprostheses refer to open repair of
DTA, and they often point out that the mortality associated
with open repair is greater than 10% and that the risk of spinal
ischemia is 4% to 5%. On the other hand, the results of open
repair are improving. Coselli and colleagues'' reported amor-
tality of 4.4% and a paraplegia rate of 2.6% after open repair
of DTA. Estrera and associates'* reported a mortality of 8.8%
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Figure 1. Kaplan-Meier cumulative actuarial survival curve.
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and a paraplegia rate of 2.7% after open repair of DTA with
cerebrospinal fluid drainage and distal perfusion. Even with
hypothermic circulatory arrest. Patel and coworkers'” re-
ported a mortality of 6.0%. a stroke rate of 6.8%. and a spinal
ischemia rate of 4.5%. Our results were comparable with or
even better than those reported for open repair and for
endoprostheses. Open repair of DTA has several merits rela-
tive to repair with an endoprosthesis. especially long-term du-
rability. Moreover. there are no anatomic limitations such as
interfere with the applicability of an endoprosthesis. includ-
ing short or wide proximal or distal landing zones. severe
neck angulations. and tortuous or stenotic access arteries.'*

Stroke is a devastating complication after aortic surgery.
The incidence and etiology of stroke related to DTA repair
have not been frequently described. Attention is generally
paid to spinal ischemia as a primary neurologic complica-
tion of DTA repair. Actually, DTA repair with PCPB in-
volves a certain risk of stroke. as indicated in this study.
Goldstein and colleagues'? reported a stroke rate of
8.1 % in DTA repair and also noted that stroke was a signif-
icant predictor of postoperative death. Patel and co-
workers'® reported a stroke rate of 6.8% in DTA repair
with hypothermic circulatory arrest. The retrograde flow
of PCPB from femoral cannulation when normal proximal
aortic pressure is not maintained could be a reason for
the stroke risk. Moreover, crossclamping adjacent to the
aortic arch has also been mentioned as a cause of stroke.'®
In our study. however, some patients without crossclamping
adjacent to the aortic arch still had stroke occur under nor-
mal proximal aortic pressure. Crossclamping adjacent to the
aortic arch was not a statistically significant risk factor of
stroke in our study.

The preoperative detection of AKA by magnetic reso-
nance angiography is. we believe, useful in preventing spinal
cord injury during DTA repair. The utility of the detection of
AKA has already been descnibed elsewhere. and the effects
were reflected in the lower rate of spinal ischemia. Although
the spinal blood supply is not completely understood. we
consider that reimplantation or preservation of the intercostal
arteries. which connect the AKA. contributes to improved
results. In this study. however. 2 patients showed spinal
ischemia despite detection of the AKA. This implies that
preservation of the AKA per se is not enough to prevent spi-
nal ischemia. MEPs have been reported to be a rapid indicator
of spinal cord injury during thoracoabdominal aortic repair.'’
We also believe that MEP monitoring contributes to preven-
tion of spinal cord injury. even during DTA repair. but such
an effect was not clear in this study.

Advanced age is supposed 10 be among the risks for DTA
repair. Huynh and colleagues'™ reported a stroke rate of 9% in
their series of descending and thoracoabdominal aortic re-
placements in patients of advanced age. In this study, the fre-
quencies of stroke in patients older than 70 years and in those
older than 75 ycars old were compurable. No deaths and no

postoperative strokes were seen among elective cases. The
rate of respiratory failure. however. was high even in elective
cases. as expected.

In conclusion. outcomes of traditional open DTA repair
are improving. The long-term: result of this technique is in
clear contrast to that of endoprosthesis. Even in patients older
than 75 years. open DTA repair can be performed with ac-
ceptable risk. Although open DTA repair is by definition
more invasive and should be further improved. the risks in-
volved in replacement of the descending aorta under PCPB
were comparable to those associated with thoracic endopros-
thesis placement at this time.
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Abstract

© Mesenchymal stem cells (MSC) transplantation has been proved to be promising strategy
to treat the failing heart. The effect of MSC transplantation is thought to be mediated
mainly in a paracrine manner. Recent reports have suggested that cardiac progenitor cells
(CPC) reside in the heart. In this study, we investigated whether MSC had paracrine

. effects on CPC in vitro. CPC were isolated from the neonatal rat heart using an explant
method. MSC were isolated from the adult rat bone marrow. MSC-derived conditioned
medium promoted proliferation of CPC and inhibited apoptosis of CPC induced by hypoxia
and serum starvation. Chemotaxis chamber assay demonstrated that MSC-derived
conditioned medium enhanced migration of CPC. Furthermore, MSC-derived conditioned
medium upregulated expression of cardiomyocyte-related genes in CPC such as B-myosin
heavy chain (B-MHC) and atrial natriuretic peptide (ANP). In conclusion, MSC-derived
conditioned medium had protective effects on CPC and enhanced their migration and
differentiation.

Keywords: Cardiac progenitor cell; Mesenchymal stem cell, Paracrine effect,
Proliferation; Migration; Differentiation
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Fig. 1. Morphological features and gene expression of CPC derived from neonatal rat
heart. (A B) Representative photographs of CPC isolated by explant method. White
arrows indicate CPC and black arrow indicates fibroblast-like cells. (A) Bar: 200 pm. (B)
Bar: 20 pym. (C) Gene expression profile of CPC by RT-PCR.

Fig. 2. Proliferative and antiapoptotic effect of MSC-derived conditioned medium on
CPC. (A) Representative photographs of CPC incubated in basal culture medium
(serum starvation) and MSC-derived conditioned medium for two days. Bar: 200 ym. (B)
MTS assay of CPC. “p < 0.05 vs serum starvation. (C) TUNEL staining of CPC. TUNEL-
positive apoptotic CPC are stained green. Nuclei are stained with DAPI (blue). White
arrows indicate TUNEL/DAPI double-positive cells. Bar: 50 pm. (D) Caspase-3 activity of
cultured CPC. "p < 0.05 vs control, Tp < 0.05 vs serum starvation. (E) Wester blot
analysis. MSC-derived conditioned medium as well as 50 ng/mL HGF phosphorylated
Akt compared to basal culture medium (standard medium).
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Fig. 3. Migration of CPC induced by MSC-derived conditioned medium. (A)
Representative photographs of migrated CPC incubated in basal culture medium
(standard medium) and MSC-derived conditioned medium. White arrows indicate
migrated CPC (standard medium). Bars: 100 um. (B) Quantitative analysis of migrated
CSC. “p < 0.05 vs standard medium.

Fig. 4. Cardiomyogenesis of CPC induced by MSC-derived conditioned medium. (A)
Morphological features of CPC after incubation in complete culture medium (Vehicle)
and MSC-derived conditioned medium for two weeks. Cultured CPC did not beat
spontaneously. (A) Bar: 50 pm. (B) RT-PCR analysis of CPC after induction of
cardiomyogenesis. Adult rat heart extract was used as positive control.
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ORIGINAL ARTICLE

Competition Between Native Flow and Graft Flow After Coronary
Artery Bypass Grafting. Impact on Indications for Coronary
Artery Bypass Grafting for Localized Stenosis with Giant
Aneurysms Due to Kawasaki Disease
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Abstract We report the postoperative course of native
and graft flow after coronary artery bypass grafting
(CABG) in two patients with giant aneurysms and local-
ized stenosis due to Kawasaki disease (KD). Although both
patients had undergone CABG to the left anterior
descending artery (LAD) with the left internal thoracic
artery (ITA), at 5 and 10 years old, respectively, the ITA
grafts were occluded 1 month postsurgery. However, when
the two patients suffered complete occlusion of the native
LAD more than 10 years after surgery, angiograms showed
that the ITA grafts had reopened. We believe that this
postoperative course reflects competition between the
native artery flow and graft flow after CABG. CABG in
patients with severely delayed coronary flows or recurrence
of thrombus in giant aneurysms was ineffective in pre-
venting myocardial infarction or damage. We conclude that
CABG in giant aneurysm without significant localized
stenosis should be avoided.
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Giant aneurysm is one coronary artery lesion that charac-
terizes Kawasaki disease (KD) [6, 7] and, after the acute
episode, may lead to thrombotic coronary artery occlusion
or coronary artery stenosis and eventually progress to
ischemic heart disease [2, 10]. Myocardial revasculariza-
tion by coronary artery bypass grafting (CABG) to prevent
myocardial infarction or myocardial damage is useful for
stenotic lesions due to KD [4, 11], but determining its
optimal timing is difficult. We sometimes encounter
recurrent thrombus in a giant aneurysm or severely delayed
flow in a giant aneurysm with ischemic signs, and we
discuss the decision whether or not to recommend CABG.
We report unusual latent occlusion of the internal thoracic
artery (ITA) graft more than 10 years postsurgery in two
patients with giant aneurysms and localized stenosis. This
experience might provide some basis for determining the
indications for CABG in patients with giant aneurysms
caused by KD.

Case Reports
Case 1

One patient had acute KD when 4 years old and was treated
with flurbiprofen and steroid. Bilateral giant aneurysms
were detected by two-dimensional echocardiography
(2DE) 12 days after the onset of KD. She underwent car-
diac catheterization and selective coronary angiograms
(CAG) 2 months later. when the maximum diameter of
both the right coronary artery (RCA) and the left coronary
artery (LCA) was 12 mm. Aspirin was started to prevent
thrombotic occlusion. Four months after the onset of KD,
the patient had an acute inferior myocardial infarction.
When she was 5 years old CAG revealed segmental
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Fig. 1 Left coronary
angiograms (Case 1). Left: The
left coronary angiogram
revealed a defect due to
thrombus in a giant aneurysm.
Right: The defect due to
thrombus in the giant aneurysm
disappeared after intracoronary
thrombolysis

Fig. 2 Left coronary
angiograms (Case 1). Left: The
left coronary angiogram
revealed segmental stenosis of
the left anterior descending
artery at the age of 9 years.
Right: The left anterior
descending artery was occluded
at the age of 16 years

stenosis of the RCA. One week after the examination, she
became pale and felt generally unwell. After 2 months, she
was referred to our hospital. A thrombus in the aneurysm of
the LCA was detected by 2DE, a perfusion defect was
observed in the inferior and anterolateral wall of the left
ventricle by dipyridamole-loaded 201T] myocardial imag-
ing, and redistribution was detected in the anterolateral
wall of the left ventricle. CAG confirmed a giant ancurysm
of the LCA with a defect due to thrombus (Fig. 1, left). The
left ventricular ejection fraction (LVEF) was 50%. Blood
flow in the left anterior descending artery (LAD) was
delayed. Intracoronary thrombolysis (ICT) by tissue plas-
minogen activator was performed for the LCA, and the
thrombus dissolved (Fig. 1, right). There was no stenosis of
LAD beyond the giant ancurysm. However, the thrombus
reoccurred within 2 months despite the administration of
urokinase and heparin intravenously. Warfarin was started
in addition to aspirin. After 2 months, CABG to the LAD
with the left internal thoracic artery (ITA) was performed
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9 years

Sycars

16 years

Complete occlusion

at the age of 5 years 8 months. One month after surgery,
angiography showed that the ITA graft was completely
occluded and flow in the native LAD was detected. When
the patient was 9 and 13 years old, CAGs showed localized
stenosis of the LAD (Fig. 2, left). ITA graft flow was not
detected in the follow-up angiograms (Fig. 3, left).
Depression of ST-T segments in the left precordial leads
after exercise was detected from the age of 13 years. Per-
fusion defects in the anterior wall, inferior wall, and apex
of the left ventricle were demonstrated by exercised **™Tc
myocardial imaging. The patient had remained symptom-
free since surgery. When she was 16 years old, she had
abdominal discomfort; CAG at that time revealed complete
occlusion of the native LAD (Fig. 2, right). At that
angiogram, the ITA graft, although narrow, had reopened
(Fig. 3, right). The left ventricular end-diastolic volume
index (LVEDVI) and the LVEF were 112 ml/m? and 50%,
respectively. The ITA graft was patent on angiography at
the age of 21 years.
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Fig. 3 Left internal thoracic
angiograms (Case 1). Left: The
left internal thoracic graft was
occluded at the age of 9 years.
Right: Flow in the left anterior
descending artery was detected
through the left internal thoracic
graft at the age of 16 years. The
stenosis at anastomosis was
detected

Case 2

The second patient had acute KD when 8 years old, and she
received flurbiprofen and intravenous immunogloblin
within 7 days after the onset. Bilateral giant aneurysms
were detected by 2DE 14 days after the onset of KD. She
underwent cardiac catheterization and CAG after 52 days.
At CAG, the maximum diameter of the right coronary
artery (RCA) was 10 mm and that of the LAD was 11 mm.
Aspirin and dipyridamole were started. CAG at 1 year after
the onset of KD revealed localized stenosis of the LAD
with severely delayed flow. A perfusion defect in the in-
terventricular septum was detected by 2°'TI myocardial
imaging after dipyridamole and isoproterenol loading. Two
months after the CAG, the patient had a CABG to the LAD
using the left ITA at the age of 10 years. One month after
surgery, angiography showed that the ITA graft was
occluded and the delayed flow in the native LAD persisted.
When she was 17 years old, the patient had an acute
anterior myocardial infarction. ICT by tissue plasminogen
activator for the LAD was initially successful, but she had
a reinfarction the next day, and ICT was repeated. The
interventricular septum was akinetic by 2DE and perfusion
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16 years

defects were detected in the anteroseptal wall and apex of
the left ventricle. The LVEF was 35% and the creatinine
phosphokinase was clevated to 8415mg/dl. Warfarin and
angiotensin converting enzyme were started. The patient
had been asymptomatic since her previous myocardial
infarction. CAGs, 3 and 7 years after myocardial infarction,
revealed severe delayed flow in the LAD, although the ITA
graft was occluded (Fig. 4, left, and Fig. 5, left). Although
a localized stenosis of the RCA was detected by CAG
when the patient was 20 years old, there was no ST-T
change on treadmill testing. When she was 26 years old,
CAG revealed complete occlusion of the RCA and the
LAD; at that time distal LAD flow through the ITA graft
was detected (Fig. 4, right, and Fig. 5, right). The LVEDVI
and the LVEF were 131 ml/m” and 37%. respectively.

Discussion

Thrombus is often detected in giant aneurysms and pre-
sents a treatment challenge. Usually warfarin and an
antiplatelet agent are administered, and if either chest pain
or ischemic signs on examination occur, ICT by tissue
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Fig. 4 Left coronary
angiograms (Case 2). Left: The
left coronary angiogram
revealed severely delayed flow
and Jocalized stenosis of the left
anterior descending artery at the
age of 20 years. Right: The left
anterior descending artery was
completely occluded at the age
of 26 years

Fig. 5 Left internal thoracic
angiograms (Case 2). Left: The
left internal thoracic graft was
occluded at the age of 20 years.
Right: Flow in the left anterior
descending artery was detected
through the left internal thoracic
graft at the age of 26 years

20 years 26 years
LAD occlusion

20 years

plasminogen activator is considered [1]. Recurrence of
thrombus despite aggressive anticoagulant therapy threat-
ens possible myocardial infarction. We sometimes observe
at CAG severe delays in flow due to giant aneurysms with
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localized stenosis, especially in the LAD. The degree of
localized stenosis is difficult to quantify because of the
severe delayed flow. If ischemic signs are present, a high
risk of myocardial infarction is assumed. In the middle

@ Springer



270

Pediatr Cardiol (2008) 29:266-270

1980s it was difficult to decide whether or not CABG
should be performed for these patients. Our patients had
no symptoms or evidence of severe ischemia on exami-
nation. Prophylactic CABG at the selected time in these
two patients was ineffective in preventing myocardial
damage.

In these patients, the ITA grafts became occluded
immediately after surgery and antegrade native LAD flow
persisted. When the antegrade flow in the native LAD
disappeared, the ITA reopened and provided distal LAD
flow. We believe the apparent occlusion was functional,
not mechanical, Although ITA grafts in chiidren are known
to grow with physical development [3], it is striking that an
apparently occluded ITA graft had grown more than 10
years after surgery despite absence of flow. This is an
interesting example of a “living graft.” Until recently, the
results of ITA graft patency in small children with stenotic
lesions caused by KD have been unsatisfactory [11]. Early
graft occlusion after surgery often occurred because of
anastomotic stenosis and competition with the native cor-
onary flow [8]. Our experience showed that the ITA graft
flow was compromised because of competition with the
native LAD flow. Recently we have reported that percu-
taneous transluminal balloon angioplasty for the
anastomotic site performed a few months after surgery
helped prevent graft occlusion in patients with "giant
aneurysm and localized stenosis [5].

The appropriate decision regarding CABG is very
important. The existence of severe ischemia on examina-
tion and severe localized stenosis or complete occlusion
would be absolute indicators for CABG [9]. However, it is
not easy to diagnosis clearly the existence of ischemia in
cases with recurrent thrombus or severe delayed flow in
giant aneurysms. Patients with recurrent thrombosis in

_giant aneurysms do not always have significant localized
stenosis, and severe delayed flow in giant aneurysms
occurs because of the hemodynamic effects due to large
aneurysms. The thrombus formation and delayed flow
often occur simultaneously, and these phenomena influence
reciprocally. Further, it is also difficult to detect the degree
of localized stenosis accurately in such cases. Flow in the
graft will be compromised if the native artery flow is not
decreased. In cases with recurrent thrombus in a giant
aneurysm despite aggressive anticoagulation or with severe
delayed flow in the giant aneurysm without significant
localized stenosis, CABG is not necessarily effective, and
the indication for CABG should be considered carefully.
Our experience with these two patients suggests that
CABG in patients with giant aneurysm and mild localized
stenosis should be avoided.
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Conclusion

We encountered two patients with early ITA graft occlu-
sion after surgery in whom the grafts reopened more than
10 years after surgery with the disappearance of the native
coronary artery flow. Prophylactic CABG in patients with
severely delayed coronary flow or recurrent thrombus in
giant aneurysms was ineffective in preventing myocardial
infarction or damage. Our experience suggests that CABG
in giant aneurysm without significant localized stenosis
should be avoided.
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