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Percutaneous coronary interventions in children with
structurally normal hearts. Is there any place for stenting?
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Uvod: Akutni korondrni syndromy (AKS) se sice vyskytuji mnohem ¢asté&ji v dospélosti nez v détstvi, pficemz
vrozena koronarni insuficience hraje vyznamnou tlohu (zvlasté po operaci, tzn. TGA po arterialnim switchi),
avsak AKS u strukturalné zdravého srdce souvisi ¢astéji se systémovymi poruchami a/nebo lokoregionalnimi
anomdliemi epikardu véncitych tepen. | kdyz perkutanni korondrni angioplastika (percutaneous coronary
angioplasty, PCA) ma nesmirny vyznam u dospélych po AKS, zvlasté pfi implantaci stentu snizujici naslednou
mortalitu, u déti se nejednd o bézny vykon a vzhledem k moznym komplikacim se provadi velmi zfidka
u kojencu.
Pacienti a metody: V této kazuistice chceme predstavit tfi klinické pfipady pacientt mladsich 18 let se struk-
turainé zdravym srdcem, ktefi prodélali AKS a u nichz byla provedena perkutanni koronarni angioplastika.
Cil nasi kazuistiky: V nasi praci chceme popsat ndrocnou diagnostiku a feseni AKS ve vyse uvedené specifické
populaci i uc¢innost koronarni angioplastiky s pfredpokladanymi komplikacemi a probrat postaveni implan-
tace stentu jako lé¢ebné moznosti.
Vysledky: U tfi pacientli po AKS s elevaci Useku ST ve véku 4, 10 a 12 let byla provedena perkutanni koro-
narni intervence. V jednom piipadé byla za etiologicky faktor oznacena Kawasakiho choroba a ve dvou
pfipadech familiarni hypercholesterolemie.
Koronarografické vysetfeni prokéazalo ve vSech pfipadech vyznamnou stenézu levych véncitych tepen.
Ve dvou pripadech byla Uspésné provedena angioplastika s implantaci stentu a v jednom pfipadé balonkova
angioplastika.
Béhem sledovéni téchto pacientd nebyly prokazany zadné recidivy ani komplikace v souvislosti s PCA.
Zavér: Koronarni angioplastika maze predstavovat schddnou strategii u kojencli a déti s ucpanymi tepna-
mi nebo dysfunkci levé komory srdecni i alternativu chirurgické revaskularizace a transplantace srdce pred
dosazenim vyssiho véku; nicméné vzhledem k vyssimu riziku v souvislosti s PCA a obtizné srdecni katetrizaci
zUstava tématem, u néhoz dosud nebylo dosazeno jednotného nézoru.

© 2021, CKS.

ABSTRACT

Introduction: Acute coronary syndromes (ACS) are far more common in adulthood than in childhood, con-
genitally related coronary insufficiency occupies a convenient part (especially after surgical repair, i.e. TGA
arterial switch) but ACS in structurally normal hearts are more common related to systemic disorders and/
or loco-regional epicardial coronary anomalies. Although, percutaneous coronary angioplasty (PCA) is para-
mount in adults who have had an acute coronary syndrome especially with stent implantation reducing the
consequent mortality, it's not a common option in children and extremely rare in infants considering the
complications that can be incurred.

Patients and methods: We aim to report three clinical cases of structurally normal hearts in patients aged
less than 18 years in this study who experienced an acute coronary syndrome and underwent a percutaneous
coronary angioplasty

Aim of the case presentations: We aim to study through this work the challenging courses of the diagnosis
and the management of ACS in this specific population and the efficacy of coronary angioplasty with its
suspected complication as well as to discuss the place of stenting as therapeutic option.

Results: Three patients aged respectively 4, 10, and 12 years underwent percutaneous coronary intervention
after an acute coronary syndrome with ST segment elevation related to Kawasaki disease in one case and to
familial hypercholesterolemia in the other cases.
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54 PCl in children with structurally normal hearts
Coronary angiography showed a significant stenosis in the left coronary arteries in all cases.
Successful angioplasty with stent implantation was achieved in two cases and a balloon angioplasty was
undergone in one case.
The follow up of these patients did not show any recurrences or complications related to the PCA.
Keywords: Conclusion: Coronary angioplasty can be a viable strategy for infants and children with blocked arteries or
Acute coronary syndrome a left ventricle dysfunction, alternative to surgical revascularization and heart transplantation when they
Angioplasty are older, but because of the increased risk of PCA and the difficulty of heart catheterization, it remains
Childhood a controversial issue.

Introduction

The diagnosis and management of myocardial ischemia
and infarction in children is very challenging as electri-
cal, biological, and echographic criterions are not well
defined comparatively to adults. Moreover, acute pre-
sentations are often clinically misleading and usually in
a substrate of structurally abnormal hearts in a spectrum
of specific congenital heart diseases either as initiatory or
after surgical repair (i.e. after TGA arterial switch surgery,
ALCAPA...). In the absence of congenital heart diseases,
acute coronary syndromes are usually related to systemic
disorders and/or loco-regional epicardial coronary anom-
alies. Furthermore, reperfusion strategies are not well
established as percutaneous coronary angioplasty (PCA)
is not a common option in children and extremely rare
in infants considering the complications that could be in-
curred, as thrombolysis and anti-thrombotic therapy do.

Patients and methods

We are about to report three cases of patients from the
pediatric population aged respectively 4, 10, and 12 years
with structurally normal hearts, hospitalized in our de-
partment after an acute coronary syndrome for which
they underwent coronary angioplasty.

We aim to study through this work the challenging
courses of the diagnosis and the management of ACS in
this specific population and the efficacy of coronary an-
gioplasty with its suspected complication as well as to dis-
cuss the place of stenting as therapeutic option.

Case reports

Case 1

A 10-year-old boy with no medical history born from in-
breeding marriage and with a history of sudden death in
two of his young brothers at the ages of 9 and 11 years
old, presented to the emergency department for acute
chest pain and palpitations ongoing for at least three
hours.

On examination the patient had tachypnea at 33 cycle/
minute without signs of serious respiratory distress and he
was hemodynamically stable (BP at 110/80 mmHg). There
were no signs of left or right heart failure, no abnormal
cardiac or respiratory murmur. But cutaneous xanthomas
were found on his elbows and knees (Fig. 1).

In a per-critic electrocardiogram (Fig. 2) revealed a si-
nus tachycardia at 110 beats/minute with an ST segment

Fig. 1 - About the first case, these are xanthomas in the surface of
the patient’s right knee.
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Flg. 2 - ECG of the first case.

depression in the anterior and inferior leads associated
to an ST segment elevation in AVR lead. Cardiac enzymes
were elevated (troponin 1700 ng/l).

The diagnosis of acute coronary syndrome was estab-
lished, and the young boy was rapidly treated with load-
ing doses of clopidogrel (300 mg), aspirin (150 mg) and
50 mg of UFH (un-fractioned heparin) followed by a pro-
gressive disappearance of his chest pain and a medium
resolution of ST segment changes in the electrocardio-
gram. The decision was to exceed the acute course for
further evaluation of the underlying situation.

After 36 hours, a CT coronary angiography was per-
formed and had revealed a significant and long stenosis
of the left main artery (LMA).

Our heart team decided to perform a percutaneous re-
vascularization with simple balloon angioplasty and stent
implantation that was done with satisfying results.

In the screening exams, LDL cholesterol level was at
12 mmol/l. The diagnosis of familial hypercholesterol-
emia was established based on familial history of sudden
deaths, xanthomas on the clinical exam and biological
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screening. Thus, the patient was treated with 10 mg of
rosuvastatin in the association with diet and healthy life-
style.

After 2 months of follow up, the young boy didn't
show any complication (especially from PCA) and family
screening is still ongoing, but LDL level persisted at high
levels, so an increasing in statin doses was prescribed and
he was referred to a dietitian.

Case 2

A 12-year-old boy with a family history of coronaropathy
and type 1 diabetes, but full metabolic screening was not
attempt for him or his family previously, presented to the
emergency department for abrupt chest pain and vomit-
ing. His heart rate was at 100 beats/min without signs of
heart failure and there was no clinical evidence for low
cardiac output.

The diagnosis of ACS with ST segment elevation was
deducted after the electrocardiogram showed an ST seg-
ment elevation on lateral leads of 1.5 mm with a mirror
image on inferior leads.

The echocardiogram revealed a severe hypokinetic lat-
eral free wall and 50% of ejection fraction without coro-
nary anomalies and valvular diseases. Infarct biomarkers
were extremely elevated (troponin level was at 2500 ng/l).

Fibrinolysis with 30 mg of tenecteplase was attempted
but failed. So, rescue percutaneous coronary intervention
was performed urgently and revealed an ostial total oc-
clusion of the circumflex artery (the left anterior descend-
ing artery and the right artery were infiltrated without
significant stenosis). The decision was to undertake the
occlusion for a balloon angioplasty followed by stenting
with a self-expandable stent of 3 x 20 mm.

In the aftermath of the procedure the chest pain disap-
peared as well as the ST segment elevation. The adminis-
tration of double antiplatelet therapy, betablockers, and
statin as initiated in the boy.

In the follow up screening a familial hypercholesterol-
emia was diagnosed when a high total cholesterol (>20
mmol/l) and LDL cholesterol (between 13 and 16 mmol/l)
levels in screening exams for the patient as well as his par-
ents, brothers and paternal cousins. Genetic testing was
performed and diagnosed heterozygote familial hyper-
cholesterolemia. After 3 years of the angioplasty, there
were no complications.

Case 3

A 4-year-old boy presented to the pediatric emergency
department with fever and rash. Kawasaki disease (KD)
was suspected, and he was referred to an echocardiog-
raphy exam for further screening exploration which
showed a large aneurysm at the origin of the left anterior
descending (LAD) coronary artery measuring 6 mm in di-
ameter and a slight dilatation of the circumflex coronary
artery (Cx) but the right coronary artery was not dilated.

Thus, KD was confirmed and the boy was treated with
infusion of intravenous immunoglobulin (IVIG) and high-
dose aspirin (80 mg/kg/day).

Despite therapy with IVIG, there was enlargement
of his coronary aneurysms reaching 8 mm and the RCA
became dilated measuring 7 mm. After a pulse dose of
IVIG he became apyretic and there was a significant de-
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Fig. 3 - ECG of the third case.

Fig. 4 - Short axis echo view of the third case.

crease in the inflammatory marquers. The patient was
discharged home on subcutaneous low-molecular-weight
heparin and aspirin (6 weeks after the beginning of his
symptoms).

Two weeks later, he was admitted with chest pain. An-
amnesis revealed that anticoagulation therapy had been
inadequate during the previous week. The patient under-
went an electrocardiogram which was consistent with an-
terior myocardial ischemia (Fig. 3).

TTE showed apical and septal hypokinesis with poor
left ventricle function and moderate mitral regurgitation
(ejection fraction = 35%) associated to an ostial LAD an-
eurysm occluded with a large thrombus (Fig. 4).

The patient received 37.5 mg of clopidogrel and he
was maintained with a heparin infusion of 15 U/kg/h, af-
ter few minutes a complete AV block occurred.

The decision was to put the patient on dobutamine
and a 0.7-unit dose of tenecteplase (metalyse) was in-
fused intravenously. Then the patient was transferred di-
rectly to the cardiac catheterization laboratory for urgent
evaluation and treatment.

A left heart catheterization was performed via the
right femoral artery. The aortic pressure was 85/55 mmHg.
Non-selective angiography of the left coronary artery was
performed which showed a complete occlusion of this ar-
tery (Fig. 5), so an infusion of heparin (50 mg) was admin-
istered followed by balloon angioplasty.

This procedure was well tolerated and recanalization
with complete reperfusion of the occluded artery was im-
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Fig. 5 - Caudal fluoroscopy view of coronary arteries of
the third case.

mediately achieved. Angiography into the RCA then was
performed to show an extreme aneurysmal artery from
the proximal to the distal branches.

The heart block resolved 2 days later, the boy improved
clinically and was discharged 15 days later receiving clopi-
dogrel, aspirin, and acenocoumarol (mini-sintrom).

A follow up echocardiogram showed an improvement
of left ventricular contraction reaching 53% after a few
weeks and further investigation didn’t reveal other arte-
rial obstruction.

Discussion

Coronary catheterization represents the common tech-
nique for angiography since October 1958 by F. Mason
Sones. First percutaneous coronary angioplasty was per-
formed in September 1977 by Grlntzig at a 38-year-old
patient with a high-grade discrete stenosis of the proxi-
mal left anterior descending coronary artery.

Since then, percutaneous coronary intervention (PCl) is
commonly used in adult patients with coronary artery dis-
ease (CAD) either in acute coronary syndromes, stable or
unstable angina or ischemic heart failure and its efficacy
was revolutionary.

Despite the diversity of procedural indications, the
goals of PCl and techniques remain the same in either an
adult or a child: to relieve symptoms of angina, and to
reverse or prevent ischemia, infarction, or sudden death.’
Available literature suggests that PCl is feasible from in-
fancy to adolescence.?®

Data on PCl in children and adolescents remain limited.
This reflects not only the relative health of the younger
patient population, but also the technical challenges in-
herent to these procedures in smaller patients.>°

Nevertheless, due to the smaller vessel diameter, coro-
nary interventions in children and especially infants bear
a high risk of complications. Even temporary occlusion
withthin catheters (3 or 4 French) can cause ST segment
alterations in the ECG and arrhythmia. More severe com-

plications are thrombus formation or thromboembolism,
rupture of the vessel, or creation of an intimal flap caus-
ing reduced myocardial perfusion and infarction.’"

However, PCl in this population of patients can be
a feasible strategy especially in acute coronary syndromes
when medical therapy (anticoagulation and anti-aggre-
gation therapy) and thrombolysis fails. Balloon dilation
or, if necessary, stenting of coronary arteries stenosis to
restore adequate myocardial perfusion, is feasible even in
small children with a low bodyweight.®

Acute coronary syndromes in children and infants
are rare and secondary to many causes such as arteritis
(Takayasu, Kawasaki...), spontaneous coronary dissec-
tion, congenital aneurysms, metabolic disorders (some fa-
milial hypercholesterolemia, nephrotic syndromes...) and
post-transplant coronary vasculopathy in some abnormal
coronary origins.'#10-13

Congenital heart diseases were excluded from this ar-
ticle, but they occupy an important part of the etiologies
as the abnormal left coronary artery originating from
the pulmonary artery ‘ALCAPA’ does which represent the
congenital disorder that is most frequently seen in cause
of pediatric myocardial infarction with Kawasaki's dis-
ease." In normally structured heart, during childhood and
adolescence, causes could be divided into systemic ones
with secondary affection of coronary arteries (Kawasa-
ki's disease, vasculitis, genetic diseases causing hyperco-
agulability, nephrotic syndromes, and familial hyperlip-
idemia) and/or loco-regional epicardial coronary artery
abnormalities (myocarditis, drugs and substances causing
coronary spasm, spontaneous dissection, severe myocar-
dial bridging, accelerated atherosclerosis, tumoral and
infective embolisms and hypertrophic cardiomyopathy).'

Yet, antithrombotic treatment and thrombolysis
should be manipulated with caution at this age since that
standardized antiplatelet therapy regimens and dura-
tions have not yet been established at present.

The choice between simple balloon dilatation and
stenting was made most of the time depending to the
underline etiology of the coronary syndrome. Aneurysms
and dissections related diseases were treated with bal-
loon angioplasty' but those related to a significant coro-
nary artery stenosis were treated with stents.'

Some challenges are raised using coronary artery stents
among young children. The risk of in-stent restenosis may
be increased, either because of the small diameter of the
stents required or because of undefined differences in
vascular healing responses in this population.

Furthermore, a metallic stent may become undersized
because of a child’s growth: a 4-fold increase in the di-
ameter of the left main coronary artery (1-4.5 mm) oc-
curs between infancy and 17 years of age.'® Finally, the
presence of a metallic stent may permanently alter the
coronary physiology.

Moreover, stents implantations required to maintain
dual anti-platelet therapy with aspirin and clopidogrel
for at least 12 months unless contraindications are pres-
ent. Premature termination or suspension of the dual an-
ti-platelet therapy may result in a higher re-stenosis rate
or stent thrombosis.

New stent generations were implanted such as self-
expandable stents and bioresorbable scaffolds to avoid
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those risks."” In adult, self-expandable stents are indicated
generally in STEMI patients, bifurcation lesions, and situa-
tions with no arterial congruence (CABG).

As in our second case, a self-expandable stent was put
in a 12-year-old child for a purpose to adjust the stent di-
ameter to the artery wall and to optimize coronary flow
meanwhile.

There has been no other case to our knowledge with
a coronary self-expandable stent implantation in child-
hood so far.

Conclusion

Coronary angioplasty can be a viable strategy for infants
and children with blocked arteries or a left ventricle dys-
function, alternative to surgical revascularization and
heart transplantation when they are older, but because
of the increased risk of PCA and the difficulty of heart
catheterization, it remains a controversial issue.
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