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In the large group, regression of the coronary aneurysm was uncommon. However,
some large coronary aneurysms regressed. Whether large coronary aneurysms
regress or not may be influenced by the affected segment or the length of the affected
area. ’

Regression groups fall into two apparent subgroups. One is regression without intimal
thickening, which occurs in aneurysms <4.0 mm and that regress within 1 year. Ali
aneurysms <4.0 mm in diameter in a coronary angiogram performed less than 100
days after the onset of KD regressed and did not develop cardiac sequelae. This
observation supports the data of our previous intravascular ultrasound study that
there is no late intimal thickening in aneurysms.<4.0 mm in diameter in the acute
phase. Strictly speaking the term regression should be confined to this group.

The other subgroup is * apparent™ regression with intimal thickening [19, 21, 23].
Apparent regression produces apparent normalization angiographically but with
decreased coronary artery diameter.due to intimal thickening. Recently, we observed
acute myocardial infarction in patients with apparent regression. Aithough the cause
of acute myocardial infarction is unknown, abnormaiities of the coronary arterial wall
probably predispose to the episode.

Acute stage aneurysms in KD usually involve the proximal segment of the coronary
arteries. Bifurcation aneurysms of the left main coronary artery, which are often
detected, are also characteristic of KD. In our study, thickening at the bifurcation of
the left main coronary artery did not correlate strongly with the diameters of the
coronary arteries in the first coronary angiograms [23].

For bifurcation lesions, the incidence of stenotic lesions was low compared with that
of branch lesions. This may be explained by the difference in arterial types. Coronary
arteries are muscular, whereas the ascending aorta is an elastic vessel. The most
proximal portion of the left main artery is of a transitional structure. We speculate that
the effect of acute vasculitis and its subsequent course of regression after the
inflammation may differ in elastic vessels compared to muscular arteries. The
characteristics of structure at the bifurcation may also explain the difference in
behavior.

Usually, an aneurysm at the bifurcation >10 mm in diameter is not localized to the
bifurcation but extends into either the left anterior descending or the left circumfiex
arteries. We believe that the development of stenosis or occlusion in a bifurcation
aneurysm is strongly dependent on the degree of involvement of the branches. in one
patient with a iong left main trunk, localized stenosis appeared in the left main trunk
after a large aneurysm at the bifurcation.

We developed fate maps for coronaty artetial dilatation based on a coronary arterial
diameter 24.0 mm in the acute phase for branch and bifurcation lesions. These fate
maps should facilitate the optimal follow-up and treatment of patients with coronary
arterial lesions after KD. Currently, measurement of the coronary arterial diameter in
the acute phase by two-dimensional echocardiography is precise, and the value
correlates highly with measurements by angiography. We believe that the results of
this study will help in the prediction of the fate of coronary aneurysms by
two-dimensional echocardiography without angiographic studies [2, 4].

When the diameters of the coronary aneurysms are the same in the medium group
and the large group, the fate of the coronary aneurysms will not always be the same.
The affected segment may determine the fate of the coronary artery due to additional
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factors. Furthermore, the factors that determine the fate of coronary aneurysms may
derive from differences between patients. Clarification of such factors may be useful
in the future in the treatment of sequelae due to KD.

Study Limitations

The study is limited by the fact that the treatment in the acute phase and in the late
period varied in this patient population. However, the study entry point is the presence
of coronary dilatation at the first angiogram. Although acute treatment may influence
the incidence of aneurysms, it is unclear whether it influences their long-term fate. We
think that our fate maps indicate the result of the treatment by antiplatelet agents. The
treatment was similar to the usual treatment for patients with coronary arterial lesions
due to KD, The influence of the antiplatelet agents on intimal thickening of coronary
arterial wall in the long-term period is unclear. We stress that a primary goal of our
study was to define the population of post-KD patients at greatest risk for late
sequelae and we believe we have achieved this goal,

Although we used the absolute dimension in the initial coronary angiogram for the
predictive vaiue of stenotic iesions, correction of the dimension by body surface area
might be better. Our study did not include patients who had coronary angiograms
within 2 months of the onset of KD, and few patients had onset of KD at 3 months.
The predictive value causing stenotic lesions in the aneurysms of the acute phase for
these small infants must be investigated. Furthermore, we should consider a possible
decrease in the diameter of the aneurysm within the first 100 days.

Conclusion

The threshold for coronary aneurysms causing stenosis is 6.0 mm in coronary
angiograms performed less than 100 days after the onset of KD. We speculate that
acute dilatation of more than 6.0 mm indicates a high probability of irreversible
change in the coronary arterial wall, leading to subsequent stenosis or occlusion.
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Objectives: There are two types of late coronary dilated lesions after Kawasaki disease: new ansurysms
and expanding aneurysms. The development of coronary dilated lesions late afier Kawesoki disesse was
investigated,

Melho%s: Between 1978 and 2003, 562 patients with coronary arterial lesions underwent selective
coronary angiography on at least two occasions.

Results: Of the 562 patients studied, 17 new dilated or expanding lesions were found in 15 patients (3%,
11 boys, four girls). The time of detection of new aneurysms alter Kawasaki disease ranged from 1.9-19.2
years (median 11.4 years} and their diameters ranged from 2.0~6.5 mm (median 4.4 mm}. Thirteen new
aneurysms occurred in vessels in which previous aneurysms had regressed and all new aneurysms were
associoted with locolised stenosis. A new aneurysm at the bifurcafion or in the branches was seen in 14
{93%) and 13 were eccentric (87%). Of two expanding aneurysms, one involved the right coronary artery
in one patient and the other the left anterior descending coronary artery. Cne expanding aneurysm
increased from 4.4 mm to 19.5 mm over 17 years, and the other expanding aneurysm increased from
10 mm to 15 mm in one year. ‘
Lonclusions: Neither new nor expanding aneurysms have caused cardiac events. New aneurysms often
develop 65 o pre-stencfic or post-stenofic dilatation secondary to localised stenosis. New and expanding
aneurysms may be caused by haemodynamic factors in addition to the abnormality of the coronary
arterial wall after severe acute vasculitis. Coronary arferial wall abnormalities were stenosis as welf as,
rarely, dilatation of the vessels in the lafe period. It is important to recognise that the changes of the
coronary arterial wall persist late after regression of a large aneurysm.

anewrysis in about 10% of patients early after the onset.

Aneurysms usually change their shape after the acute
phase, but some may persist for years whereas others either
regress or evolve into stenotic lesions®™ Usually, the
diameters of persistent aneurysms may increase slightly
because of somatic growth or they may decrease because of
intimal thickening of the vascular wall."® In the late period of
KD either new aneurysms or expanding aneurysins are
unusual but have been reported.™ We investigated the
characteristics of the dilated lesions and their time of
appearance and speculate about their cause.

The vasculitis of Kawasaki disease {KD) causes coronary

PATIENTS AND METHODS

Between 1978 and 2003, after giving informed consent, 562
patients with coronary arterial lesions underwent selective
coronary angiography on at least two occasions. The protocol
was as follows. Coronary angiography for patients with
coronary arterial lesions was performed immediately aiter the
acute phase of KD. All patients underwent a second coronary
angiography after one year and subsequent follow up
coronary angiography was done at 3-5 year intervals
depending on the findings. If the aneurysins regressed,
subsequent coronary angiography was not done but the
patients were followed up in the outpatient ¢linic by non-
invasive imaging including echocardiography and electron
beam computed tomography. If coronary arterial lesions were
suspected on non-invasive imaging, coronary angiography
was considered at that time. Soime patients who attended our
hospital late after the acute KD episode were also included.
Those patients did not undergo coronary angiography
imimediately after the acute phase.

RESULTS

We found 17 lesions in 15 patients that were coronary
dilatations developing late after KD (3%, 11 boys, four gixls).
All 15 had received anticoagulant treatment, Eight patients
underwent coronary artery bypass grafting (CABG), and one
patient underwent percutaneous balloon angioplasty. Late
coronary artery dilatations after KD can be divided into two
groups: new aneurysins and expanding aneurysms.

New aneurysms

We found 15 new aneurysmis in I3 patients in the coronary
arteries as follows: right coronary artery (RCA), three; left
anterior descending coronary artery (LAD), eight; left
circurnflex artery, three; and left main trunk, one. Fourteen
of 15 new aneurysims were in the proximal vessel segments.
In 10 lesions, there had been a pre-existing aneurysim at the
same site in the injtlal coronary angiography. Pre-existing
aneurysms had been detected by echocardiography in the
acute phase for three lesions. Acute stage status for the two
remaining new anewrysms was unknown. The diameter of all
pre-existing aneurysms exceeded 7 mm. '

The age at onset of KD ranged from 3 months to 7.0 years
{median 15 months). The interval from the onset of XD to the
latest coronary angiography ranged from 4.4-22.1 years
{nmedian 12.5) and the time of first detection of mew
aneurysms ranged from 1.9-19.2 years {median 11.4 years)
(table 1}. The interval from the onset of KD to the first

Abbreviations: CABG, coronary artery bypass grafting; KD, Kawasoki
disease; LAD, left onterior descending coronary artery; RCA, right
coronary artery
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Table 1" Cheracerisies of the new aneurysms

f\ge : - Interval from KD . L : . Pre-existing Branching of B
yeorsl  Sex - {monthe} | Segment ° Diamefer fmmj 1S (%] . cneurysm bifurcation location Eccenfric
: W 1CX 15 41 90 Yes Branch Mo
7 ; 37 LAD & 2.0 75 Yes Branch Yes

10 ! 6.2 RCA 2 30 90 Yes Branch Yes

1 M 9.8 LAD & 572 0 Yes Branch Yes

12 8 44 RCA N 4.2 75 Yes Branch Yes
P M 0.2 LAD é 47 o0 Yes Branch Yes

14 M 43 - ] 3.8 75 Yes No No

14 Mo 13 AD & . 4.4 50 Yes Branch Yes

12 " 13 RCA Y 4.9 75 Yes Branch Yes

3 e 12 1AD 6 4.5 50 Unknown Bronch Yes

17 S 16 wxn 2.5 25 ] Yes Branch Yes

7 SR ’3 “LAD & 5.4 25 © Yes Branch Yes

1 M 62 ~LAD 6" 5.1 50 Yes Bifurcation Yes

19 M 2.9 ICX 13 a2z ] Unknown Bifurcation Yes

b 158 LAD 6 . 5% 25 Yes Bifurcation Yes
F f’emc_lle,- KD-,KGWQSGH disecse; LAD, left anterior descending corenary artery; LCX, lek circumflex ortery; LWT, left main runk; LS, localised stenosis; M, male;
- RCA, ﬂghl'corom,yme'ry.; e . - . .
| T ey anery

d'etectlon ranged from 1.6-16.3 years (median 9.9 years). The
time of the first appearance of localised stenosis = 25%
ranged from 1.0-16.3 years (median 5.4 years). In five lesions
8 NEW aneurysm and Jocalised stenosis first appeared at the
samg time. For the femaining eight lesions the interval from
the first appearance of localised stenosis to the appearance of
DEW aneurysms ranged from 0.6-6.4 years (median 3.3
years).

The dlames_er Hf the new aneurysms ranged from 2.0~
6.5 mm (mecl‘lan 4.4 mm). In nine of 11 lesions on follow up
coronary anglography, the diameter of the new aneurysms
was slightdy increased, the imcrease ranging from 0.4-
2%3 rgm After CABG, one new aneurysm with a diameter
0f 2.0 mm resolved, whereas the diameter of the other new
aneurysm decreased slightly.

All new aneurysms had associated localised stenosis. The
degref: of stenosis was 25% in three patients, 50% in three,
73% in four, and 90% in five. Twelve lesions were post-
stenotic and three pre-stenotic (table 1). A new aneurysm at
the blfur.canon or in the branches was seen in 14 patients
{93%) ‘(ﬁg 1). In this study, branches referred to the small
branching vessels from the major branches. Bifurcation
rgferred to the bifurcation between the LAD and the diagonal
branch or the bifurcation between the posterolateral and
posteroFlescending branch. Thirteen new aneurysms were
cccentric. None of the new aneurysms caused cardiac

events, although the coronary artery of some patients was
revascularised,

Three cases of new aneurysms

Orne girl developed KD when 4 months old. Giant aneurysms
were seen on the RCA and the left coronary artery by two
dimensional echocardiography. At coronary angiography four
months after the onset the left coronary artery the aneurysm

- was smaller. An angiogram recorded seven years after the

onset showed a 50% localised stenosis in the LAD and
occlusion of the RCA (fig 2). She had not experienced chest
pain. Ten years after the onset there was a new aneurysm
with associated 90% localised stenosis in the LAD. The
pressure gradient estimated by the velocity at the localised
stenosis by two dimensional echocardiography was
31 mm Hg (fig 3). She underwent a CABG to the LAD. One
year later the estimated pressure gradient was 4 mm Hg at
the same lesion. The diameter of the new aneurysm
decreased from 5.2 to 4.5 mm.

A boy had KD at the age of 15 months. Although he had
severe heart failure he did not undergo coronary angiography
at the tme. An angiogram five years after the acute episode
showed segmental stenosis in the RCA. Twelve years after the
onset there was a new aneurysm with associated 50%
localised stenosis in the LAD. Seven years later the findings
were almost the same, although the aneurysm was slightly
larger (fig 4). Figure 5 shows the intravascular ultrasound
findings in the new aneurysm. In the proximal portion of the
aneurysm intimal thickening was severe, in the aneurysin
itself it was slight, and distally eccentric intimal thickening
was detected.

Fi?:re 1 New aneurysm at
biturcation, Angiograms at fleh) 8 years
and {right} 7 vears,
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- Another boy had KD at the age of 5 months. Two months

“after the onset angiograms showed aneurysms of the RCA
iand the LAD. Nine years after the acute illness an angiogram
- showed a 50% localised stenosis in the RCA. At 14 vears there
Jwas a new aneurysim with 75% localised stenosis in the RCA
.and a new aneurysm with 25% localised stenosis in the LAD
&fig 6).

179

Figure 2 New aneurysm with severe
localised stenosis that developed us o

ost-stenafic dilatation, Angiogroms
ropl 2 years, {middle] 7 years, and
(bottom] 10 years, The angiogram
showed a new aneurysm with severe
localised stenosis.

Exponding aneurysms

Two expanding aneurysms were found, one in segment 1 of
the RCA and the other in segment 6 of the LAD. One
aneurysm of the RCA had decreased from 7.8 mim to 4.4 mm
a year after its onset but subsequently enlarged 10 19,5 mm
over the next 17 years {fig 7). The other patient with an
expanding aneurysm had KD when 11 years old. The

Figure 3 Pressure gradient o
localised stenosis estimated by Doppler
echocardiography. }Top}
Echocardiogram betore coronary
qrrery puss grafting (CABG) ot 10
years. T e velocily af the localised
stenosis was 2.8 m/s. {Bottom)
Echocardiogram after CABG. The
velocnly at the localised stenosis was
1.0 m/s,
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Figure 4 New aneurysm relaied 1o
branching porfion. Angiograms ot liop]

5 years, {middie) 2 years, and {botiom}
19 years.
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Figure 6 New aneurysm thot
developed as a pre-stenofic dilatation.
Angiograms (top) two months, {middle)
nine years, and (bottom) 14 years affer
onset,

Figure 7 Angiographic follow up of an expanding aneurysm in o patient who had Kawasaki disease ot the age of 18 months. Angiogroms at (A} age
22 months {oneurysm diameter 7.8 mm), {B) 2 years 9 months [4.4 mm}, (C} 10 years (9.6 mm}, (D) 14 years {16.3 mm), end (E} 20 years {(19.5 mm).
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aneurysm increased from 10 mm to 15 mm in one year
Localised stenosis was not present in the two cases of
expanding aneurysms and both patients were asymptomatic,

DISCUSSION

We found that new aneurysms developed in the same
location at ‘which there had been a pre-existing aneurysm.
New aneurysms were aneurysms that redeveloped after
previous regression. All pre-existing aneurysms were large
and we hypothesised that the structure of the coronary
arterial wall was irreversibly damaged by the severe acute
inflammation. Most new aneurysms were assaciated with the
appearance of severe localised stenosis. The pressure gradient
generated by severe localised stenosis causes abnormal blood
flow profiles, and these haemodynamic abnormalities exacer-
bate the existing damage from severe vasculitis, New
aneurysms related to severe localised stenosis may be caused
by pre-stenotic or post-stenotic dilatation. Furthermore,
haemodynarmic factors at the bifurcation and branches may
predispose patients without severe localised stenosis to
irregularity of the coronary wall. The wall properties at the
bifurcation and branches may also favour aneurysm forma-
tion, as histologically the wall at a branching point is
different from wails in other locations.*

Usually, the remodelling of localised stenosis after a large
aneurysm caused by KD comprises severe intimal thicken.
ing*® It was thought that the coronary arterial wall of
localised stenosis consisted of intimal thickening after
regression of a largé aneurysm; however, in this study the
coronary arterial wall abnormalities late after KD were not
only stenosis but also dilatation of the vessels, although such
development was rare. Dilated coronary arterial lesions in the
late period after KD indicated that the coronary arterial wall
was irregular late after acute vasculitis, Although the cause is
unknown, a small, weak portion in the thickened and firm
wall may develop in the damaged coronary arterial wall after
severe vasculitis caused by K. The weak portion may be
related to branching and may be dilated by the haemo-
dyniamic force of severe localised stenosis.

As maost new aneurysms first appear during adolescence,
growth of the coronary artery in relation to rapid somatic
growth may also be a factor in causing new aneurysms. We
must realise that the abnormality of the coronary arterial wall
after regression of a large aneurysm consists not only of a
thickened and firm portion but also a portion of partial
thinning and weakness. This finding is usefut for percuta-
neous coronary intervention, CABG, and long term follow up
of patients with a history of a large aneurysm caused by KD.

Similasly, we believe that abnormalities of the coronary
arterial wall contxibute to the development of expanding
aneurysms. Expanding aneurysms are proximal and subject
to similar strong haemodynamic forces as is the aorta.”

The prevalence of dilated lesions in adult atherosclerosis
and the occurrence of new aneurysms in cerebral aneurysms
have been reported with a suggested incidence of 0.3-4.7%.'***
Haemodynamic factors, including hypertension, bifurcation
wall ' ¢haracteristics, and weakening of the wall by
atherosclercsis, were cited as causes. Some of these factors
may also be common to the dilated coronary arterial
lesions late after acute KD.

All new aneurysms were small or of medium size and, in
our experience, neither new nor expanding aneurysms have
led to clinical events. However, a patient with a new
aneurysm and severe localised stenosis leading to occlusion
has been reported on, although he remained asymptomatic.”
The occurrence of cardiac events depends on the degree of
localised stenosis. On the other hand, if a new aneurysm
occurs in some cases, the progression of localised stenosis
must be anticipated. A patient with an expanding aneurysm

~ 208 -

Tsuda, Kamiya, Ono, et q]

who was operated on to prevent rupture has also been
reported on.' Acute myocardial infarction secondary to a
large aneurysin certainly is possible. Such patients must be
followed up closely and be given anticoagulants.

We emphasise the abnormalities of the coronary arterial
wall in the appearance of new aneurysms. Therefore,
although some of the new aneurysms were small, we callegd
them “aneurysms” in this study on the basis of their shape,
‘We must not ignore the abnormaiity of the coronary wall
after apparent regression of a large aneurysm to prevent
cardiac events in the future. Furthermore, we must develop a
better understanding of long term changes in the vascular
wall after severe acute vasculilis of KD.

Conclusion

New aneurysms and expanding aneurysms imply that the
coronary arterial wall is abnormal late after previous
regression. We suspect that new and expanding aneurysims
result from haemodynamic factors in addition to partial
weakening of the coronary wall late after acute severe
vasculitis.
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Total Anomalous Pulmonary Venous Return with the Circular Pulmonary Venous
Connection: Qutcome of Common Pulmonary Venous Agenesis

M. Kitano,' K. Watanabe,' T. Yagihara,® S. Echigo’
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Abstract. A rare case of total anomalous pulmonary
venous return, in which the right and left peripheral
pulmonary veins connected circularly and there was
no central part of the pulmonary vein or the common
pulmonary vein, is presented. To our knowledge,
total anomalous pulmonary venous return with cir-
cular pulmonary venous connection has not been
reported previously in the litgrature. It is thought that
the complex connection, between peripheral pulmo-
nary veins with the absence of the central part of the
pulmonary vein as well as the common pulmonary
vein results from common pulmonary venous agen-
esis.

Keywords: Total anomalous pulmonary venous re-
turn ~— Common pulmonary vein — Agsplenia

Case Report

A female neonate, born at 33 weeks of gestation and weighing
2640 g, received mechanical ventilation due to persistent severe
cyanosis. Echocardiography showed asplenia, atrioventricular
septal defect, common atrium, left ventricular hypoplasia, double-
outlet right ventricle, subpulmonary stenosis, and bilateral superior
vena cava (SVC). Two abnormal transverse vessels, one of which
drained into the left SYC and the other into the right SVC, were
found but neither the central part of the pulmonary vein (CPPV)
nor the common pulmonary vein (CPV) were detected. Pulmonary
arteriography revealed the absence of the CPPV as well as the CPV
and the circular connection between right and left peripheral pul-
monary veins that drained into both SVCs through three separate
bridging vessels (two right vessels and one left vessel). Each
bridging vein seemed stenotic at its junction with the SVC (Fig. 1).

A procedure to relieve the pulmonary venous obstruction was
performed. The junction of the left bridging vein and the left SVC
was enlarged using a Gore-Tex patch and the right midportion of
the pulmonary venous circle was directly anastomosed to the
comuon atrium. Although she recovered from critical hypoxia

Correspondence to: M. Kitano, email; kitanom@hsp.neve.gojp

Fig. 1. (A) Angiogram showing the absence of any central part of
the pulmonary vein as well as the commeon pulmonary vein and the
circular connection between the right and left peripheral puimo-
nary veins that drain into both bilateral superior vena cava (S¥C)
through three separate bridging vessels. Each bridging vein seems
stenotic at its junction with the $VC {arrows). (B) Broken lines and
solid lines indicate bilateral SVC and bridging veins, respectively.

(Pa0s elevated from 17 to 35 mmHg), she developed hypoxic spells
caused by infundibular stenosis. On day 2 after the first operation a
right modified Blalock-Taussig shunt was added, but 4 days later
after the second operation she died due to decreasing ventricular
contraction.
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Discussion

From the embryologic stand point, the pulmonary
venous plexus engages with the splanchnic plexus and
communicates with cardinal veins and the umbilic-
ovitelline system. The CPV grows from the left atri-
um and connects with the pulmonary venous plexus.
This direct connection allows atrophy of primitive
complex systemic venous channels and provides
normal pulmonary venous drainage to the left atrium
through four central parts of the pulmonary vein
(right upper, right lower, left upper, and left lower
CPPV) [1, 2, 5]. It is believed that total anomalous
pulmonary venous return results from abnormal de-
velopment of the CPV and persistence of the em-
bryologic pulmonary-systemic venous anastomosis
i Chd

In this case, the right and left peripheral pulmo-
nary veins connected circularly and there was no
CPPV or CPV. It is thought that the complex con-
nection between peripheral pulmonary veins results
from either agenesis of the CPV. or early atrophy of
the CPV connecting to the primitive pulmonary ve-
nous plexus, and it Is also associated with asplenia.
Sutherland et al.{4] reported a case of the latter with
asplenia: an atretic strand extended from the com-
mon atrium to the CPPV, which directly connected to
four other central parts of the pulmonary vein (right
upper, right lower, left upper, and left lower CPPV).
Then, the left lower CPPV connected to the right

Pediatric Cardiology Vol. 25, No. 4, 2004

middle CPPV and drained into the SVC [4]. Ritter et
al. [5] reported a case of the former in which there
was no CPPV but there were complex connections
between peripheral pulmonary veins [3]. We consider
that our case is similar to the former one because of
the absence of the CPPV; that is, the complex con-
nection between peripheral pulmonary veins without
forming the CPPV resulted from common pulmonary
Venous agenesis.
i
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Blood Pressure Dynamics During Simvulated Ventricular
Tachycardia in Patients After Right Ventricular Outflow
Tract Reconstruction Mainly for Tetralogy of Fallot
Compared With Patients After Ventricular Septal

| Defect Closure

Hideo Ohuchi, mp, Hiroyuki Ohashi, Mp, Ken Watanabe, mp, Osamu Yamada, Mb,

Toshikatsu Yagihara, mp,

We studied hemodynamic changes during simulated ven-
tricular tachycardia using ventricular pacing. Hemody-
namic deteriorafion during pacing is more significant in
patients after right ventricular outflow tract reconstruction,
especially in adults, than after closure of a ventricular
septal defect. The cardiac autonomic nervous system
has a significant impact on hemodynamics during sim-
ulated ventricular tachycardia. ©2004 by Excerpta
Medica, Inc. :
{Am J Cardiol 2004;93:1445-1448)

Late arrhythmias after definitive repair for congen-
ital heart disease assume great importance, espe-
cially in adult patients! and are a major determinant of
Iate morbidity and, mortality.2 Imbalance of cardiac
autonormic neryous activity is a risk factor for arrhyth-
mias, and baroreflex function has a significant role in
arterial blood pressure (BP) recovery during ventric-
ular tachycardia (VT) in adult patients.3-5 Impaired
baroreflex function is -associated with symptoms and
intolerance of tachyarrhythmia®’ and may cause he-
modynamic deterioration and lethal ventricular fibril-
lation, Most postoperative patients with congenital
heart disease exhibit abnormalities of the cardiac au-
tonomic nervous system, especially impaired barore-
flex function in complex anatomy patients.®? This
impairment may adversely influence hemodynamics
during VT in these patients, who often also have
residual hemodynamic abnormalities, causing volume
and/or pressure overload. It is likely that the abnormal
hemodynamics have a significant impact on BP
change during VT. Because there are no studies ad-
dressing hemodynamics during tachyarrhythmias in
patients with congenital heart disease, our purpose in
the present study was to measure BP changes during
ventricular pacing (simulated VT) and determine re-
lations among BP changes, cardiac autonomic nervous
activity, and hemodynamics at rest in patients with a
history of right ventricular outflow tract reconstruction
(RVOTR) for congenital heart disease.
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We studied 29 patients with RVOTR (tetralogy of
Fallot in 20, and other anomalies in 9} and 11 patients
after closure of a ventricular septal defect (VSD). Of
the patients with RVOTR, 16 were children and the
others were adults; clinical and resting hemodynamic
characteristics are shown in Table 1. Severe pulmo-
nary regurgitation was present in 5 patients with te-
tralogy of Fallot. Diuretics and anticoagulants were
given in 5 and 9 patients with RVOTR, respectively.
No patients with RVOTR were receiving antiarrhyth-
mic agents. No medications were given in postopera-
tive patients with VSD. Of these patients, 9 patients
had had an outlet VSD with right coronary cusp pro-
lapse and 2 a perimembranous VSD with a significant
shunt,

Heart rate variability and arterial baroreflex sensi-
tivity were measured in all patients using previously
reported methods.3? The spectral heart rate variability
was expressed as a low-frequency component (0.04 to
0.15 Hz) and a high-frequency component (0.15 to
(.40 Hz), and the logarithmic values, log (low-fre-
quency component) and log (high-frequency compo-
nent), were vsed. A bolus phenylephrine method was
used to measure arterial baroreflex sensitivity (milli-
seconds/mm Hg).1¢ T

Cardiac catheterization was performed under light
sedation to.evaluate: hemodynamics and ventricular
fanction, -including” ventricular volume (divided by
body surface aréa) and the ejection fraction.®?

After hemodynamic evaluation, a 5Fr pacing cath-
eter was positioned in the right ventricolar outflow in
all patients, ventricular pacing threshold was mea-
sured, and the heart paced at twice the pacing thresh-
old. BP was directly recorded with a catheter inserted
into the ascending aorta. Femoral venous pressure
instead of central venous pressure was continuously
recorded by way of a 7Fr sheath placed in the right
femoral vein. Heart rate was derived from a continu-
ous 6-lead electrocardiographic recordings.

After acceptable hemodynamic stability, the fol-
lowing protocol was used: (1) venous blood was taken
from the femoral vein for plasma norepinephrine, (2)
a rapid pacing rate at 150 beats/min for 1 minute, (3)
venous blood sampling for plasma norepinephrine 15
seconds after the end of pacing, (4) recovery for 5 to
10 minutes, (5) rapid pacing rate at 180 beats/min for
1 minute, and (6) venous sampling for plasma norepi-
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o . . initial .the 10 seconds; Figure 1),
TABLE 1 Clinical Characteristics of the Study Patients mean BP recovery from nadir to
' RVOTR VD steady state (last 10 seconds), and
Children ~ Adulls  Children  Adults steady-state mean BP were mea-
Variables : fn=14 ;=13 [n=5 |=94 sured. Plasma norepinephrine was
Age {yrs) ' t2x2 22x4 12z1 213 | determined by high-performance lig-
Follow-up {yrs) 7xz4 13z5 1+0 120 uid chromatography. !
(R:eT:m' venot;s pressure [mm Hg] 6x3 6 * ? 3x0 4+£2 Informed consent was obtained
ight veniriculor pressure [nm Hgl 55215 58%17 255 249 : :
Right ventricular enddiastolic 8=1 922 6x1 s+2 | fromallsubjectsand/or their parents.
pressure (mm Mg} The stady protocol was approved by
PulmonuF?qutew pressure 7x5 153 13x2 10=x4 the ethical committee of the National
fmm Hg ' i
Right veniricular end-diastolic 80£20 102226* 84x17 71x12 | Cardiovascular Center. :
volume [ml/m?] Differences in hemodynagm_cs,
Ri%ht ventricular ejection Fraction (%] 538 538 544 5412 cardiac autonomic nervous activity,
Le p::g‘:irceulti: "?n:édiasiolic 10£2 10x2 10x1 10£35 and hemodynamic variables between
Leff enddiastolic volume [ml/m3 8115 102+26* 85+22 73%6 the 2 study groups were evaluated
Left ejection fraction {%) 6929  59x9* H4x7 H5%5 using the unpaired ¢ test, and differ-
Pulmonary resistanc?U[U . ;nz] 25216 26207 1.6x02 13206 ences in mean BP during pacing
Systemic resistance {U - m?} 235 N7 21 %6 24x5
Cardiac index [l/min/m?} 35%08 27:0¢6* 4007 3305 | Were assessed by repeated measures
: of analysis of variance. Simple Jinear
;pl<0.0'| v, chilireSnD [RVOTR]. ' regression analysis was used to eval-
cuesaEmen = uate correlations between mean BP
changes and hemodynamics at rest,
and cardiac autonomic nervous ac-
TOF, 23 yo, male i tivity indexes and stepwise multivar-
Pacing at 180 bpm : iate linear regression analysis were

used to detect major determinants of
the mean BP change during pacing.
Data are expressed as the mean *+
SD. A p value of <0.05 was consid-
ered statistically significant.
Hemodynamics were signifi-
cantly impaired in the patients with
RVOTR, especially the adults, com-
pared with the patients with VSD

i T T (Table 1).
FUD oo sttt gttt . Although there was no difference
e . — in plasma norepinephrine, arterial
-~ baroreflex sensitivity, and log (high-
10sec frequency component) were lower in

the patients with RVOTR. No differ-
ence in any cardiac autonomic nervous
activity was observed between the
child and adult patients with RVOTR
or patients with VSD (Table 2).

In all groups, at the onset of pac-
ing, BP decreased abruptly, whereas

FIGURE 1. Sample tracing of surface elecrocardiogram, ascending aortic pressure
{AOP), and femoral venous pressure [FVP) during 180 beats/min (bpm) veniricular
pacing in a 23-year-old patient with tetralogy of Fallot (TOF).

TABLE 2 Comparison of Cardiac Autonomic Nervous Activity Among the Study

Groups
O SO femoral venous pressure increased
followed by a gradual increase in BP
Variables Children Adults Children Adulis (BP recovery) with some fluctua-
log lowfrequsncy componentof 1.7 +07 1.8+05 21203 20=x05 tions. At the end of pacing, all pa-
hear! rate variability) tients showed stable BP with small

log (highdrequency componentof 1.4+05 16207 19205 1.9=0.6 fluctuations (Figure 1). These hemo-
heart rate variabiliiy) d i ch : .
Arterial baroreflex sensitivity {ms/ 6.4 = 6.0 3.9+3512.2+3.6 14.0= 4.1 ynamic changes were accomPamed
mm H by an increase in plasma norepineph-

Plasmea n%]repinéphrine {pg/ml}- 185296 169272 21271 164%119 rine in the 2 RVOTR groups and the
adult patients with VSD (Figures 2
and 3). Although no differences in

- mean BP change were observed be-
nephrine 15 seconds after the end of pacing. All pa- tween the RVOTR and VSD groups, the mean BP
tients tolerated the protocol. During pacing, the initial changes were greater during 180 pacing than 150
mean BP decrease from baseline to nadir (around pacing (p <0.005; Figures 2 and 3). Mean BP was

Values are mean * SD.
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FIGURE 3, Changes in mean AOP, FVP, and plasme norepineph-
rine in adult potients. Open and closed circles, patients affer clo-
sure of V5D and those after RVOTR, respectively. *Significant
versus baseline; #significant versus nadir, ss = steady stote;
other abbreviations as in Figure 1.

greater in the adult patients than in the child patients,
and, in adults, mean BP at 180 pacing was signifi-
cantly lower than that.at baseline.

Femoral venous pressure increased at the nadir of
mean BP and tended to decrease at the end of pacing
in the patients with V8D, resulting in no difference in
the femoral venous pressure compared with baseline
values, except for adult patients at 180 pacing. How-
ever, the femoral vencus pressure at the end of pacing

was significantly higher in the patients with RVOTR,
except for the value at 150 pacing in adult patients
(Figures 2 and 3). Plasma norepinephrine increased
during both pacing periods in all patients with
RVOTR; however, the increase was significant only in
adult patients with VSD during 180 pacing (Figares 2
and 3).

In all patients, there was no correlation between
plasma norepinephrine increase and mean BP recov-
ery during 150 and 180 pacing. However, a significant

. positive relation was observed in all the adults (r =

0.53, p <0.05) and it remained significant when the

. analysis was limited to adult patients with RVOTR

{Figurg 4).

In patients with RVOTR, high baseline mean BP
was a major determinant for a greater initial mean BP
decrease during 150 pacing and older age and higher
baseline mean BP for the mean BP decrease during
180 pacing (p <0.001 for each). Higher pulmonary
artery and left ventricular end-diastolic pressures
mainly determined the poor mean BP recovery during
150 pacing (p <0.01), and high central venous pres-
sure determined the poor mean BP recovery during
180 pacing (p <<0.05). Higher arterial barorefiex sen-
sitivity and baseline mean BP were the major deter-
minants for higher steady-state mean BP during 150
pacing (Figure 4), and higher baseline mean BP was
the only determinant of higher mean BP af the end of
180 pacing (p <0.001).

Our major findings are: (1) despite no difference in
mean BP during pacing, responses of plasma norepi-
nephrine and femoral venous pressure were greater in
the patients with RVOTR; (2) faster pacing caused a
greater initial mean BP decrease, and high baseline
mean BP was a major determinant for a greater mean
BP decrease and higher steady-state mean BP; (3)
adult patients had a greater initial mean BP decréase;
and (4) in addition to impaired hemodynamics, main-
tained arterial baroreflex sensitivity had a significant
impact on higher steady-state mean BP during 150
pacing, and the sympathetic activation (plasma not-
epinephrine increase) was related to the mean BP
recovery during faster pacing.

BP change during VT or ventricuiar pacing has
been studied in dogs and adult patients with VT,-6.12
and the pacing site hag little impact on hemodynamics
during VT.213 Faster VT rate and impaired left ven-
tricular contractility are the main causes of hypoten-
sion during VT.? Our study confirms that the VT rate
greatly impacts BP dynamics in patients with congen-
ital heart disease. It is notable that the initial BP
decrease was greater in adults than in children, Be-
cause BP is mainly determined by cardiac output and
vascular resistance, a higher systemic arterial resis-
tance may explain this finding; the systemic arterial
resistance correlated well with the age of our patients
with RVOTR (r = 0.59, p <0.001).

Changes in femoral venous pressure and plasma
norepinephrine were greater in the patients with
RVOTR than in the patients with VSD despite no
difference in BP during pacing. Increased tricuspid
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FIGURE 4. Relation between increase in plasma norepinephrine (NE} and AOP recov-
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Figure 1.

valve regurgitation similar to mitral valve regurgita-
tion during VT'* and a relative increase of the pres-
sure gradient across right ventricular outflow tract
may explain the femoral venous pressure increase. In
addition, impaired positive force-frequency relations
may canse hemodynamic deterioration,! because of
the significantly lower ejection fraction in some adult
patients with RYOTR.!¢ The hemodynamic deteriora-
tion requires sympathetic activation, especially in
adult patients with RVOTR, and this compensatory
résponse may have unfavorable influences on sustain-
ing VT. Because spontaneous termination of VT may
be infrequent in patients with impaired baroreflex
function,'” evaluation of cardiac autonomic nervous
activity would be beneficial and important in follow- -
ing these patients.
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Early Sympathetic Reinnervation Demonstrated by Iodine-123 Metaiodobenzylguani-
dine Imaging in a Child After Cardiac Transplantation

K. Watanabe,' K. Fukuchi,> S. Echigo'

'Department of Pediatrics, National Cardiovaseular Center, 5-7-1 Fujishirodai, Suita, Osaka, 565-8565, Japan
*Department of Radiology, National Cardiovascular Center, 5-7-1 Fujishirodai, Suita, Osaka, 565-8565, Japan

A 2-year-old boy underwent orthotopic cardiac
trangplantation because of dilated cardiomyopathy.
The procedure was performed at the Loma Linda
University Medical Center (Loma Linda, CA, USA)
when he was 17 months old. The patient returned to
Japan 6 months after transplantation, and immuno-
suppressive therapy with cyclosporine and azathio-
prine was continued at our hospital. He is in good
clinical condition.

We performed iodine-123 metaiodobenzylguani-
dine ('"*I-MIBG) scintigraphy to assess cardiac
sympathetic reinnervation 6 and 12 months after the
cardiac transplantation. Before receiving 37 MBq of
1231 MIBG, the patient took no medication known to

inhibit MIBG uptake, and thyroid uptake was
blocked by potassium iodide. At the 6-month exam-
ination, partial reinnervation was observed in the
basal anterior region in the left ventricle, which was
confirmed by anterior planar imaging and single-
photon emission computed tomography imaging
(Fig. 1). At the second examination, 12 months after
cardiac transplantation, the distribution of '*I-
MIBG uptake included the septal, apical, and lateral
walls, but the inferior wall was still not visualized
(Fig. 2).

Previous studies showed that cardiac uptake of
IZ31.MIBG was not demonstrable in adults less than
1 year posttransplantation {1-4]. However, in our

Fig. 1. Anterior planar and short-axis single-photon emission computed tomography images with iodine-123 metaiodobenzylguanidine
{(MIBG) 4 hours after injection. Regional MIBG uptake is seen in the basal anterior left ventricle {arrows) 6 months afler the cardiac
transplantation.

Carrespondence to: K.Watanabe, email; kwalanab@hsp.neve.go.jp
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Fig. 2. A second iodine-123 metaiodobenzylguanidine study was performed 12 months after the cardiac transplantation, which showed
further growth toward the apical (arrow), septal (arrow head), and Iateral (open arrow) regions.

patient, cardiac ‘_?31-'i§41BG uptake was clearly evi-
dent 6 months after cardiac transplantation, and at
12 months uptake showed obvious expansion. The

present finding demonstrates, for the first time, that

early (within 6 months after transplantation) sym-
pathetic reinnervation is possible, at least in chiidren.
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Abstract We report a case of isolated congenital complete atrioventricular block with
left ventricular dysfunction after pacemaker implantation that improved after the
pacing site was changed. During the neonatal period, a pacemaker wire was
implanted on the right ventricular epicardium and pacing was initiated. Decreased
ejection fraction and a perfusion defect around the septum on myocardial scintigraphy
were observed during follow-up. Induced ieft bundle branch block was thought to be
causing interventricular asynchrony, and the pacing site was change to the left
ventricular epicardium, Ejection fraction improved and the perfusion defect resolved.
Lead relocation may be useful for left ventricular dysfunction that develops during
right ventricular pacing.

Keywords Congenital complete atrioventricular block - Pacemaker
implantation - Dilated cardiomyopathy - Myocardial scintigraphy - Interventricular
aynchrony - Left bundle branch block

Most patients with isolated congenital complete atrioventricular block (CCAVB)
eventually require pacemaker implantation (PMI) and the pregnosis has been
considered relatively benign. Recent evidence suggests that a subset of patients with
isolated CCAVB develop dilated cardiomyopathy (DCM) despite early pacemaker
implantation [4, 17]. We describe a 5-year-old girl with isolated CCAVB who
developed left ventricular dysfunction resembling DCM 5 years after pacemaker
implantation. Her left ventricular function improved after the pacing site was changed.

Case Report

The patient was diagnosed as having complete atrioventricular block at 38 weeks of
gestation because of fetal bradycardia. Her mother had no past history of
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autoimmune disease and her serum antinuclear antibody, anti-Ro/SSA antibody, and
anti-La/SSB antibody were all negative. The patient was born at 38 weeks and 3 days
of gestation by normal vaginal delivery with a birth weight of 2620 g. Her Apgar score
was 7 at 1 minute and 8 at 5 minutes,

Because her heart rate was 50 beats per minute (bpm) and did not increase even with
crying, a pacemaker wire was implanted on the right ventricular epicardium and WVI
(120 ppm) pacing was started. Although she was doing well without pacing failure and
had normal growth during follow-up, echocardiographic parameters of left ventricular
function gradually deteriorated. At Syears of age, she was admitted to our hospital
because of suspected DCM and impending pacemaker battery failure. On
admission,there were no remarkable physical findings except the operative scar of
PMI. Serum HANP (Human Atrial Natriuretic Peptide) and BNP (Brain Natriuretic
Peptide) were within the normal range. Her cardiothoracic ratio on chest
roentgenogram was 55%, and an electrocardiogram showed complete atrioventricular
block with constant pacing rhythm and complete left bundle branch block (LBBB) with
a QRS duration of 140 msec. Echocardiogram showed that the interventricular septal
wall motion was depressed, with a left ventricular end diastolic dimension of 39.5 mm

(117% of normal) and an ejection fraction of 53%. She underwent 99mre myocardial
scintigraphy to assess myocardial perfusion and quantitative gated single photon
emission computed tomography (QGS) to determine left ventricular function.

Perfusion defects on 22T myocardial scintigraphy were revealed from the septum
to the inferior segment, and the ejection fraction on QGS was 39% with hypokinesis in
the same segments (Fig. 1). A myocardial biopsy of the right ventricle showed
moderate degenerative and fibrous changes compatible with DCM. During cardiac
catheterization, we compared the cardiac index on VVI pacing with that on DDD
pacing, but there was no significant difference. We thought that artificial LBBB with
induced interventricular asynchrony had contributed to her left ventricular dysfunction,
and that a DDD pacing mode would be more physiological than VVI. She underwent a
generator exchange with pacemaker lead implantation on the left ventricular
epicardium, and left ventricular DDD mode pacing was initiated. Biventricular pacing
systems are not available in Japan, so we chose to change the pacing site to the left
ventricle. Two weeks after the operation, her electrocardiogram had changed from
LBBB to complete right bundle branch block with a QRS duration of 140 msec, and an
echocardiogram showed improved septal wall motion with an ejection fraction of 76%.

One month after the operation, the perfusion defects on 9my, myocardial
scintigraphy had resolved and her ejection fraction on QGS improved to 53% without

hypokinesis (Fig. 2).
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