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Abstract

Background: The major complication of Kawasaki coronary disease is myocardial
infarction caused by thrombus formation inside the aneurysm or by organic obstructive lesion
following the regression of aneurysm, while the indications for surgical therapy remain
controversial. We have adopted coronary artery bypass grafting (CABG) even in young
children for giant coronary aneurysms (more than 8 mm diameter) with or without a stenotic
region when myocardial ischemia is detected. We hypothesized that a shorter time-period from
diagnosis of acute Kawasaki disease (KD) to CABG would lead to better postoperative results.
To elucidate the validity of our strategy, we evaluated preoperative patient characteristics and
long-term outcome.

Methods: Twenty-one patients (mean age: 12.0 years old) with Kawasaki coronary disease
had undergone CABG during the last 12 years. The mean age at the time of acute KD was 2.7
years and the mean time range from diagnosis of acute KD to CABG was 8.1 years. The
incidence of preoperative reduced ventricular function was 10 per 21 patients (47.6%). A
multivariate logistic regression analysis using patient characteristics showed that the time
range from acute KD to CABG was the only predictor for ventricular functional deterioration
(p=0.03, odds ratio 1.55. 95%CI: 1.033~2.325). Based on these results, we divided the patients
into two groups of short time range (mean: 3.7 years; group S) and long time range (mean: 13.9
years; group L).

Results: Preoperative left ventricular functional deterioration was recognized more
frequently in group L (9/9, 100%) than in group S(1/12, 83%) (p<0.01). Myocardial infarction
was documented significantly higher in the group L (6/9, 66.7%) than group S (1/12, 8.3%)
(p=0.04). There was no surgical mortality in either group. The arterial grafts demonstrated
good potential for growth and graft patency was 96.9%. Moreover, seven of the giant
aneurysms proximal to the graft anastomosis showed complete thrombotic occlusion after
CABG without development of myocardial infarction. The cardiac events free rate of group L
and group S was 66.7% and 100%, respectively, during the postoperative follow up periods of
55+1.1 years (group L) and 4.7+1.1 years (group S).

Conclusions: We successfully applied CABG for Kawasaki coronary disease. Based on our
experience, a short interval after acute KD appears to be ideal for surgical treatment of
Kawasaki coronary disease.
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Introduction

Mucocutaneous lymph node syndrome was
termed Kawasaki disease (KD) after the physician
who first described this disease in 1967'. KD is
diffuse and systematic vasculitis of unknown
etiology that occurs in infants and young children® It
is well-known that 10~20% of patients with KD
have coronary artery complications in the acute
stage, while approximately 4% of all patients may
progress to ischemic heart disease®”. Recent studies
have shown the efficacy of coronary artery bypass
grafting (CABG)°® and catheter intervention™ for
obstructive lesions of the coronary arteries in KD;
however, optimal time of surgical treatment still
remains controversial. One of the major
complications of KD is thrombus formation in the
coronary aneurysms. 30% of giant coronary
aneurysms cause myocardial infarction, resulting in
ventricular dysfunction and sudden death®.
Recently, we studied the rheology in the coronary
aneurysm by measuring coronary flow velocity and
perfusion pressure with a doppler flow guide wire
and a pressure-monitoring guide wire. The results of
the study suggested that the stagnation of flow and
the reduction of shear stress in giant aneurysms
could initiate thrombus formation”. As a result,
sudden death may occur due to acute thrombotic
occlusion of the coronary aneurysm. Based on the
result of this study, we performed surgical therapy
even in young children with Kawasaki coronary
disease when myocardial ischemia was detected. We
evaluated the preoperative patients’ characteristics
and the long-term outcome to seek for the optimal
time of surgery in patients with Kawasaki coronary

disease.

Patients and Methods

From December 1991 to May 2003, twenty-one
patients with KD (17 boys and 4 girls ranging in age
from 3 to 30 years, mean 12.0 years) had undergone
CABG using only arterial grafts in our hospital. The
mean age at the time of acute KD was 2.7 years and

the mean time range from diagnosis of acute KD to
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CABG was 81 years. In these patients, giant
coronary aneurysm (more than 8 mm diameter)
located at left main coronary trunk (LMT) in 4
patients, left anterior descending coronary artery
(LAD) in 14 patients, right coronary artery (RCA) in
10 patients. The incidences of patient’s clinical
findings were: preoperative reduced ventricular
function in 10 patients (47.6%), old myocardial
infarction in 7 patients (33.3%), and valvular
dysfunction in 1 patient (48%). Operation was
performed with standard cardiopulmonary bypass.
The internal thoracic artery was used for all
patients (17 were to LAD only, 4 were to the
diagonal branch and LAD as a sequential graft),
whereas the right internal thoracic artery and the
right gastroepiploic artery were used for 4 patients.
In these 32 grafts, 7 grafts were anastomosed distal
to a giant aneurysm without a stenotic region.
Aneurysmorrhaphy was performed in 4 patients
(LAD 1, RCA 3) as an adjunct procedure.
Aneurysmorrhaphy is only indicated for giant
aneurysms without a stenotic region with small
distal coronary artery unsuitable for bypass grafting
to improve the stagnation of flow inside the large
aneurysm, except for a patient indicated for a
rapidly dilating aneurysm regarded as impending
rupture.

A multivariate logistic regression analysis was
performed using patient characteristics and
difference between the abnormal and normal wall
motion in the left ventricle as independent
covariates, by selecting a forward-stepping selection
method with maximum likelihood estimates and
default criteria. The results of analysis showed that
the time range from acute KD to CABG was the
only predictor for ventricular functional
deterioration (p=0.03, odd ratio 1.55, 95%CI: 1.033~
2.325). Based on these results, we divided the
patients into two groups of short time range (group
S, n=12) and the long time range (group L, n=9) in
which the mean time range from diagnosis of acute
KD to CABG was 3.7 years (range from 1 to 7.7
years) and 139 years (range 10~18 years),
respectively (Table 1). The patients’ characteristics
of the 2 groups are summarized in Tables 2 and 3.

In four patients, we could not clarify exactly when
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Table 1 Age and time range from diagnosis of acute Kawasaki disease to
coronary artery bypass grafting of the two study groups.

Age of acute KD

Age at operation

Range in years

Group S
Group L

P value

3.57 = 0.69
1.62 = 0.73
0.12

708 = 0.8
18.11 = 23
<001

373 = 0.75
13.94 = 1.58
< 0.01

Data are given as mean * standard error.

KD = Kawasaki disease; Range in years = time range in years from diagnosis of

acute KD to coronary artery bypass grafting

Table 2 Patients’ characteristics and operative procedure of short time range group (Group S). The mean
time range from diagnosis of acute Kawasaki disease to coronary artery bypass grafting was 3.4

years (range from 1 to 7.7 years).

Case Gender Age Range Aneurysm Stenosis Operative procedure

1 male 3 2.0 LAD * (=) LITA-LAD, plication LAD
2 male 3 1.8 LAD,RCA * #7 LITA-LAD

3 female 4 17 LMT *, RCA (=) LITA-LAD

4 male 5 1.0 LAD* RCA* (-) LITA-LAD, plication RCA
5 male 6 1.0 LAD*,RCA * #2 #6 LITA-LAD

6 male 8 2.3 LAD* #6 LITA- Di-LAD

7 male 8 5.1 LMT *,RCA * #2 #6 LITA-LAD, RGEA-RCA

8 male 9 6.5 LAD * #6 LITA- Di-LAD

9 male 9 75 LAD, RCA #6 LITA-LAD
10 male 9 7.7 LAD * #6 LITA-LAD
11 male 10 7.0 LAD*,RCA #6 LITA-LAD
12 male 11 2.6 LAD*, RCA* #7 LITA-LAD, plication RCA

Aneurysm: = Large aneurysm (maximal diameter> 4mm) * Giant aneurysm (maximal diameter> 8mm),
D: = first diagonal branch; LAD = left anterior descending coronary artery; LITA = left internal thoracic
artery; LMT = left main trunk; Range = time range from diagnosis of acute Kawasaki disease to coronary

artery bypass grafting; RCA = right coronary artery; RGEA = right gastroepiploic artery

Table 3 Patients’ characteristics and operative procedure in the long time range group (Group L). The mean time
range from diagnosis of acute Kawasaki disease to coronary artery bypass grafting was 14.1 years (range 10
~ 18 years). The exact time of diagnosis as acute KD was unclear in three patients.

Case Gender Age Range Aneurysm Stenosis Operative procedure

13 female 11 10.0 LMT *,RCA * (=) LITA- LAD- Di-Cx, plication RCA
14 male 12 — LAD, RCA #1,#6 LITA-LAD, RGEA-RCA

15 male 13 12.6 LAD*,RCA * #1,#6 LITA-LAD

16 female 17 16.0 LAD * #2 #7 LITA-LAD, RITA-D:

17 male 17 12.8 LAD* RCA* #3 #7 LITA-LAD

18 male 17 — LAD *, RCA #2 #7 LITA-LAD

19 female 18 18.0 LMT *,RCA * #3 #6#9 LITA-Di-LAD

20 male 29 — LAD*,RCA * #6 LITA- Di-LAD, RITA-RCA

21 male 30 — LAD * #1, #11 RGEA-RCA-RITA-Cx

Aneurysm: = Large aneurysm (maximal diameter > 4mm)

* Giant aneurysm (maximal diameter > 8mm) , Cx =

circumflex artery; D = first diagonal branch; LAD = left anterior descending coronary artery; LITA = left internal

thoracic artery; RITA = right internal thoracic artery; LMT = left main trunk; Range = time range from diagnosis of

acute Kawasaki disease to coronary artery bypass grafting; RCA =

gastroepiploic artery

right coronary artery; RGEA = right
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they were diagnosed as acute KD. However, we
classified them in group L, because we could suspect
that it takes more than 8 years from diagnosis of
acute KD to CABG.

Statistical analysis was performed using SPSS
12.0] (SPSS Inc., Chicago, IL). The non-parametric
data were analyzed using the Mann-Whitney U-test
to compare values between the two groups. A p
value of <0.05 was considered to be significant. All
data are presented as the mean * the standard error
of the mean. The eventfree curves were
constructed by standard non-parametric Kaplan-
Meier methods. The data were analyzed using the
Log-Rank test to compare values between the two

groups.

Results

Preoperative myocardial infarction was
documented by the presence of laboratory and/or
electrocardiographic change preoperatively in six
patients (66.7%) in the group L and only one patient
(83%) in the group S (p=0.04). The incidence of
reduced ventricular function were significantly
higher in the group L than group S (p<<0.01)
(Table 4). There was no significant difference in
number of large aneurysms between two groups.

There was no surgical mortality or late death in

T Nippon Med Sch 2004; 71 (4)

both groups. Angiography was performed in all
twenty one patients 1 months to 8 years (mean 2.0
years) postoperatively. The patency rate of the
grafts of the group L and group S was 94.1% and
100%, respectively. There was no significant
difference in graft patency between the two groups
(Table 5). The arterial grafts demonstrated good
potential for growth as a live conduit in both groups
(Fig. 1). Moreover, seven giant coronary aneurysms
proximal to the graft anastomosis occluded with
formation  after CABG

development of myocardial infarction or recurrence

thrombus without
of angina (Fig. 2, A. B). We performed
aneurysmorrhaphy in RCA for three patients.
Postoperative coronary flow velocity improved
notably and none of the aneurysms showed
thrombotic occlusion on postoperative angiogram
(Fig. 3).

The patients were followed-up from 6 month to
12.2 years (mean 5.0 years) after the operation. One
patient in the group L had non-sustained ventricular
tachycardia coused by graft occlusion and
reoperation was performed one year after CABG,
one patient in the group L had a syncopal attack
because of advanced AV block 4 years after CABG
and one patient in the group L had ventricular
tachycardia and an ICD implantation was performed
9 years after CABG. The other 18 patients in both

Table 4 Pre and postoperative cardiac events and status of two study groups.

Preoperative Postoperative
OMI asynergy valvular dysfunction arrhythmia
Group S 1 ( 83%) 1 (83%) 0(C 0%) 0(C 0%)
Group L 6 (66.7%) 9 (100%) 1 (11.1%) 3 (33.3%)
P value 0.04 0.001 0.43 0.06

OMI = old myocardial infarction

Table 5 Number of large aneurysms, number of grafts and graft patency of two study

groups.

No of large AN No of grafts Follow-up Graft patency

Group S 1.83 = 0.11 125 = 0.13 47 = 114 15/15 (100%)

Group L 1.78 = 0.15 1.89 = 0.2 549 = 1.13 16/17 (94.1%)
P value 0.76 0.01 0.81 043

Data are given as mean * standard error.
AN = aneurysm; No = number
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Fig. 1 Postoperative angiogram. One month after (left side) and 6 years after operation
(right side). ITA grafts demonstrated good potential for growth and adaptation
as a live conduit in both groups and a large aneurysm showed complete

degradation.

Fig. 2 A Preoperative left coronary angiogram.

groups are doing well without any cardiac events or
ischemic symptoms. Freedom from cardiac events
rate of group L and group S was 66.7% and 100%,
respectively during the follow up period 55=*1.1
years (group L) and 4.7+1.1 years (group S) (p=
0.08) (Fig. 4).

Fig. 2B

Native left coronary angiogram (left side) and LITA-
LAD graft angiogram (right side) 9 month after
operation. Large coronary aneurysm proximal to the
anastomosis occluded with thrombus formation without
development of myocardial infarction or recurrence of
angina.

Discussion

The major complication of Kawasaki coronary
disease is myocardial infraction caused by thrombus
formation inside the giant aneurysm’ Kato et al
reported" on the long-term consequences of 594

patients sequelae in KD and found giant coronary
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Fig. 3 Aneurysmorrhaphy performed to improve the stagnation of flow inside the

aneurysm. Preoperative average peak velocity was 15 cm/sec and coronary flow

ratio was 1.2 (left side) . Postoperative average peak velocity was 22 cm/sec and

patients and 4 of these 8 died. Tatara et al. reported
on the incidence of coronary obstruction subsequent
to giant aneurysms with a maximal diameter >8 mm
in 25 aneurysms among 20 patients. Coronary
obstruction occurred in six cases (30%)°. One of
these patients developed symptomatic myocardial
infarction and two developed silent myocardial
infarction. In five cases, a persistent perfusion defect
was found by myocardial imaging. They conclude
that giant aneurysms are likely to progress and
become obstructive within a few years even if

antiplatelet therapy is given.
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Fig. 4 Postoperative actuarial freedom from cardiac
events rate of group L and group S was
66.7% and 100%, respectively during the
follow up period 55+1.1 (group L) and 4.7
+1.1 (group S) (p=0.8).

aneurysms (4 or more times normal, or >8 mm in
internal diameter) at the first coronary angiogram in
26 patients (44%). Twelve of these progressed to
stenosis or obstruction of the coronary artery,

myocardial infarction occurred in 8 of these 12

In 1973 Kitamura et al reported CABG with
autologous saphenous vein grafts in children and
adolescents with KD for the first time". Since then,
myocardial revascularization for Kawasaki coronary

increasingly'".

lesions has been conducted
Subsequent follow-up revealed that saphenous vein
grafts frequently become obstructed within 1 to 2
years'. Internal mammary artery has been used for
pediatric CABG for significant coronary obstructive
lesions in patient with KD" or congenital atresia of

"7 with excellent patency

the left coronary artery
rate. It also has growth potential to adapt a ptients’

growth as a live conduit®. A study of the long-term
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outcome of myocardial revascularization in patients
with KD showed a significantly higher survival in
the ITA group than saphenous vein group®.

Kato et al. analyzed clinical data from 195 patients
with myocardial infarction complicating KD’. The
myocardial infarction usually occurred within the
first year of illness, but 27.2% of the patients had
myocardial infarction more than 1 year later, 22% of
the patients died during the first attack, 16% of the
survivors had a second attack, and 43% of all the
survivors are doing well; however, others have some
type of cardiac dysfunction, such as mitral
regurgitation, decreased ejection fraction of the
ventricle, or left ventricular aneurysm. Checchia et
al. reported” that 13 KD patients who underwent
cardiac transplantation suffered from irreversible
severe myocardial dysfunction and ventricular
arrhythmia. Eight patients underwent coronary
artery angiography before transplant, and all had
evidence of aneurysmal dilatation and/or stenosis
causing obstruction. Four patients had undergone
CABG before the
ventricular function did not improve after surgery
and all

postoperatively.

transplantation, but the

were transplanted within 1 year

One of remarkable finding regarding coronary
lesions of KD was the apparent regression of
aneurysms®. In half of patients, coronary aneurysms
show regression on angiography during the first 6
months to 2 years after the acute KD. Some of
whom documented neither obstruction or stenosis
nor irregularity of arterial wall on follow up
angiography. These data suggested that in patients
with large aneurysms during infancy or 2 year after
acute KD careful follow-up with anticoagulant
therapy would be a reasonable strategy. However,
even in these follow-up periods, when the
myocardial ischemia caused by thrombus formation
inside the giant aneurysm is evident, we recommend
the surgical therapy as soon as possible.

In conclusion, we successfully applied surgical
therapy for Kawasaki coronary disease. Based on
our experience, surgical therapy in a short interval
from diagnosis of acute KD to CABG appears to
offer a better prognosis in terms of establishing a

good quality of life.
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