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Abstract

Background: Infantile Scimitar syndrome is a rare and severe congenital anomaly characterized by anomalous pulmonary venous drainage, right lung hypoplasia, and fre-
quent association with pulmonary hypertension and heart failure. Due to its rarity, standardized management strategies remain controversial, particularly in symptomatic
neonates and infants.

Materials and Methods: This retrospective single-center study included patients diagnosed with infantile Scimitar syndrome (<2 years of age) between March 2015 and
December 2023. Diagnosis was confirmed by echocardiography and contrast-enhanced computed tomography and/or catheter angiography. Clinical presentation, associ-
ated anomalies, management strategies, and short-term outcomes were analyzed. Pulmonary hypertension was defined as a mean pulmonary artery pressure =25 mmHg
measured during cardiac catheterization.

Results: Five patients were included (mean age at diagnosis: 103.4 + 89.57 days; mean birth weight: 4606 + 1314.94 g). All patients had right lung hypoplasia, and 40% had
aortopulmonary collateral arteries. Presenting symptoms included heart failure, pulmonary hypertensive crisis, respiratory distress, cyanosis, and failure to thrive. One
patient (20%) died in the neonatal period before intervention. Two patients underwent transcatheter procedures, including successful occlusion of a sequestration artery
using an 8 mm vascular plug. Regression of pulmonary hypertension and clinical improvement were observed in treated patients during a mean follow-up of 12 months.
Surgical repair was deferred in clinically stable patients.

Conclusions: Infantile Scimitar syndrome presenting in early life carries substantial morbidity and mortality. The severity of right lung hypoplasia, pulmonary hypertension,
and associated anomalies are major determinants of outcome. Transcatheter interventions may play a crucial role in stabilizing high-risk infants and optimizing the timing
of definitive surgical correction.
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Infantil Scimitar Sendromu: tek merkez deneyiminden klinik dzellikler, girisimsel stratejiler ve kisa donem sonuglar

0z

Amag: infantil Skimitar sendromu, anormal pulmoner vendz drenaj, sag akciger hipoplazisi ve siklikla pulmoner hipertansiyon ile kalp yetersizlidi birlikteligi ile karakterize
nadir ve agir bir konjenital anomalidir. Nadir gdriilmesi nedeniyle, 6zellikle semptomatik yenidogan ve infantlarda standart tedavi stratejileri halen tartismalidir.

Gereg ve Yontem: Bu retrospektif, tek merkezli calismaya Mart 2015 ile Aralik 2023 tarihleri arasinda infantil Skimitar sendromu (<2 yas) tanisi alan hastalar dahil edildi. Tani
ekokardiyografi ve kontrastl bilgisayarli tomografi ve/veya kateter anjiyografi ile dogrulandi. Klinik bagvuru 6zellikleri, eslik eden anomaliler, uygulanan tedavi stratejileri ve
kisa donem sonuglar analiz edildi. Pulmoner hipertansiyon, kardiyak kateterizasyon sirasinda dlgiilen ortalama pulmoner arter basincinin =25 mmHg olmasi olarak tanimland.
Bulgular: Toplam bes hasta galismaya dahil edildi (tani anindaki ortalama yas: 1034 + 89,57 giin; ortalama dogum agirligi: 4606 + 1314,94 g). Tim hastalarda sag akciger
hipoplazisi mevcuttu ve %40'nda aortopulmaner kollateral arterler saptandi. Bagvuru semptomlari arasinda kalp yetersizligi, pulmoner hipertansif kriz, solunum sikintisi,
siyanoz ve gelisme gerilidi yer aldi. Bir hasta (%20) girigim Sncesinde yenidogan déneminde kaybedildi. iki hastaya transkateter girisim uygulands; bunlardan birinde 8 mm
vaskiiler plug kullanilarak sekestrasyon arteri basariyla okliide edildi. Tedavi edilen hastalarda ortalama 12 aylik takip siiresince pulmoner hipertansiyonda gerileme ve klinik
iyilesme gozlendi. Klinik olarak stabil hastalarda cerrahi onarim ertelendi.

Sonug: Erken yasam doneminde ortaya cikan infantil Skimitar sendromu yiiksek morbidite ve mortalite riski tasimaktadir. Sag akciger hipoplazisinin derecesi, pulmoner
hipertansiyonun varligi ve eslik eden anomaliler prognozu belirleyen temel faktérlerdir. Transkateter girisimler, yiiksek riskli infantlarda klinik stabilizasyonun saglanmasinda
ve definitif cerrahi diizeltmenin zamanlamasinin optimize edilmesinde nemli bir rol oynayabilir.

Anahtar Sozciikler: Scimitar sendromu, Pulmoner ven anomalisi, Sag akciger hipoplazisi, Pulmoner hipertansiyon
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Introduction

Scimitar syndrome, also known as pulmonary venolobar syn-
drome, was first described by Cooper et al. in 1960 and is a
rare congenital anomaly characterized by a combination of
cardiovascular and pulmonary abnormalities. The infantile
form of Scimitar syndrome typically presents in early infan-
cy and is associated with a significantly higher mortality risk
compared to the adult-onset form(1). Previous studies have
reported a mortality rate of approximately 31.8% in infantile
Scimitar syndrome (2,3). This form is generally associated
with more severe clinical manifestations, a higherincidence
of pulmonary hypertension, and an increased risk of heart
failure (4).

In the management of infantile Scimitar syndrome, it is cru-
cial to address associated complications such as contra-
lateral pulmonary vein stenosis and refractory pulmonary
hypertension, as these factors may significantly influence
clinical outcomes (5,8). Infants with Scimitar syndrome may
present with respiratory distress, cyanosis, failure to thrive,
recurrent respiratory tract infections, or cardiac murmurs.
The severity of symptoms largely depends on the extent of
pulmonary venous drainage abnormalities and associat-
ed cardiac defects. In particular, the prognosis of infantile
Scimitar syndrome presenting with heart failure and addi-
tional anomalies is generally worse than that of adult cases,
regardless of surgical intervention (7).

Furthermore, interventional strategies such as the occlu-
sion of abnormal pulmonary connections (e.g., sequestra-
tion arteries) have been emphasized as important measures
in stabilizing severe infantile cases and may delay the need
for definitive repair of the Scimitar vein when necessary (8).

In this study, we aimed to describe the clinical character-
istics, associated anomalies, management strategies, and
short-term outcomes of infants diagnosed with Scimitar
syndrome at our center.

Materials and methods
Study design and patient selection

This retrospective study included patients diagnosed with
infantile Scimitar syndrome (<2 years of age) between March
2015 and December 2023. The initial diagnosis was estab-
lished by transthoracic echocardiography and subsequently
confirmed by contrast-enhanced computed tomography
(CT) and catheter angiography. Patients whose diagnosis
could not be confirmed by CT and/or catheter angiography
were excluded from the study.

Eligible cases were identified through the hospital's digital pa-
tient record system. International Classification of Diseases
(ICD-10) codes related to Scimitar syndrome were used during
database screening. Radiological images were accessed via
the hospital's Picture Archiving and Communication System
(PACS), and catheterization findings were verified using the
digital hemodynamic recording system. All collected data were
anonymized and transferred into a standardized data collec-
tion form.

Clinical evaluation and management

Following diagnostic confirmation, patients were evaluated
according to their clinical symptoms and associated anoma-
lies(Figure 1).

All available clinical data—including physical examination find-
ings, chest radiographs, echocardiography, CT angiography,
and catheterization records—were retrospectively reviewed.
On transthoracic echocardiography, a pulmonary venous flow
velocity exceeding 1.6 m/s was considered indicative of sig-
nificant pulmonary vein stenosis. All patients underwent con-
trast-enhanced CT following echocardiographic evaluation
to clarify anatomical details.Catheter angiography was per-
formed in patients requiring therapeutic intervention, particu-
larly for the closure of major aortopulmonary collateral arteries
(MAPCAS). In severely symptomatic patients with significant
pulmonary hypertension detected during cardiac catheter-
ization—defined as a mean resting pulmonary artery pressure
>25 mmHg—patients were classified as having the infantile
type. When aortopulmonary collateral arteries (APCAs) were
present, they were occluded using either coils or an Amplatzer
Vascular Plug (AVP), as appropriate.

Follow-up and outcome assessment

Follow-up data were obtained from outpatient clinic records
and national mortality notification systems. The mean fol-
low-up duration was calculated from the date of diagnosis to
the date of the last clinical evaluation or death.

In the majority of cases, follow-up transthoracic echocardiog-
raphy and/or CT angiography were available after treatment,
and these findings were analyzed to assess treatment efficacy.

In patients who died, the cause and timing of death were deter-
mined through a detailed review of discharge summaries, clin-
ical observation notes, and autopsy reports (when available).
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Statement of ethical approval

The study was conducted in accordance with the Declaration
of Helsinki and approved by the Liv Bona Dea Hospital Ethics
Committee (25.11.2025/11).

Statistical analysis

Statistical analyses were performed using NCSS (Number
Cruncher Statistical System), version 2007 (Kaysville, Utah,
USA). Descriptive statistical methods were used for data eval-
uation, including mean, standard deviation, median, frequen-
cy, percentage, minimum, and maximum values.

Results
The demographic and clinical characteristics of the patients
are summarized in Table 1.

Atotal of five patients were included in the study. The age at di-
agnosis ranged from 7 to 211 days, with a mean of 103.4 + 89.57
days and a median of 85 days (interquartile range (IQR): 30-115
days). Body weight ranged from 2970 g to 6100 g, with a mean
of 4606 +1314.94 g and a median of 4600 g (IQR: 3960-5300 g).
Two patients (40%) were female and three (60%) were male.
All patients had the vertical vein type of Scimitar syndrome.
Aortopulmonary collateral arteries (APCAs) were identified in
2 patients (40%).

Presenting symptoms included heart failure, pulmonary
hypertensive crisis, pneumonia, cyanosis, failure to thrive,
tachypnea, and respiratory distress (Table 1). Two patients
presented with severe pulmonary hypertension accompa-
nied by clinical heart failure.

Extracardiac anomalies were detected in three patients
(60%). One patient had diaphragm eventration, horseshoe
lung, and right lung hypoplasia. One patient had significant
Scimitar vein stenosis, and another had isolated right lung
hypoplasia(Figure 3).

The mean follow-up duration was 12 months. During fol-
low-up, one patient (20%) died in the preoperative period
after being diagnosed in the neonatal stage and before any
surgical or interventional procedure could be performed.
Thus, the all-cause mortality rate during follow-up was 20%.

Management decisions were individualized according to
clinical severity, pulmonary hypertension status, associ-
ated anomalies, and anatomical suitability for interven-
tion. Two patients underwent transcatheter intervention
(a sequestration artery was successfully occluded using
an 8 mm vascular plug) because they had hemodynam-
ically significant systemic arterial supply and/or severe
symptoms associated with pulmonary hypertension.

Table 1. Demographic and clinical characteristics of patients with infantile Scimitar syndrome

PH: pulmonary hypertension; HF: heart failure; APCA: aortopulmonary collateral artery.

. Age at .
ID Sex Body Weight Diagnosis Symptoms AssomaFed Management
(9) Anomalies
(days)
- Horseshoe lung, dia-
1 Male 2970 7 PH C”S.IS' heart phragm eventration, | Death before surgery
failure . .
right lung hypoplasia
9 Fernale 3960 30 Cyanosis, H‘F, failure Sequestration artery Transcatheter APCA
to thrive closure (8 mm plug)
3 Female 6100 om Respiratory dlstress, §0|m|tar vein steno'- Follow-up, surgery
pneumonia sis, Rlung hypoplasia delayed
4 Male 5300 15 HF. PH Isolated R IEJng Follow-up, surgery
hypoplasia delayed
Cyanosis, tachypnea, . Follow-up, surgery
5 Male 4600 55 HE R lung hypoplasia delayed
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Three patients were managed conservatively because de-
finitive surgical or catheter-based intervention was not
considered immediately necessary or favorable at the time
of diagnosis. In these patients, the decision to defer inter-
vention was based on relative clinical stability, absence of
progressive hemodynamic deterioration, and the expecta-
tion that postponing repair would reduce procedural risk
and allow further somatic growth. One neonate died before
any intervention could be performed because of severe
early presentation with pulmonary hypertensive crisis and
heart failure (Figure 2).

Infantil Scimitar
Sendrom in

echocardiography

Confirm diagnosis
with CT and/ar
Catheter

Angiography

Surgical
Correction at 4-5
=Search for causes years old.

such as diaphragm
eventration, right lung

Is the patient
symptomatic?

hypoplasia, and

embolize the
aorta-pulmonary
collateral arery if L
present Yes

No Y| Medical follow up

Still is the patient
symptomatic?

Infant Surgical
Correction with high
mortality

Figure 1. Management of infantile Scimitar syndrome

Patient 1was diagnosed in the neonatal period and present-
ed with pulmonary hypertensive crisis and heart failure in
the setting of horseshoe lung, diaphragmatic eventration,
andrightlung hypoplasia; despite supportive treatment, the
patient died before any intervention could be undertaken.

Patient 2 presented with cyanosis, heart failure, and failure to
thrive, and underwent transcatheter occlusion of a seques-
tration artery with subsequent clinical improvement. Patient
3 had respiratory distress and pneumonia with Scimitar vein
stenosis and was managed conservatively with close follow-up
because immediate intervention was not considered favorable.
Patients 4 and 5 were also followed conservatively due to rela-
tive hemodynamic stability despite symptoms and associated
right lung hypoplasia.

Discussion

Infantile Scimitar syndrome is a rare congenital condition, with
an estimated incidence of approximately 2 per 100,000 live
births, and no single center has reported large, homogeneous
series. Consequently, due to limited collective experience, a
standardized management strategy has not been universally
established. Nearly all affected patients demonstrate abnormal
right lung lobation and varying degrees of right lung hypoplasia.
Associated anomalies frequently include dextroposition of the
heart, right pulmonary artery hypoplasia, systemic arterial sup-
ply from the infradiaphragmatic aorta to the right lower lobe,
atrial septal defect (ASD), ventricular septal defect (VSD), pat-
ent ductus arteriosus (PDA), hypoplastic aortic arch, coarcta-
tion, tetralogy of Fallot, anomalous coronary arteries, truncus
arteriosus, right-sided diaphragmatic hernia, and horseshoe
lung. The coexistence and severity of these defects largely
determine clinical presentation, therapeutic complexity, and
prognosis (9).In our series, we aimed to contribute to the ex-
isting literature by sharing our institutional experience, associ-
ated anomalies encountered, and patient outcomes to support
the development of a more consistent management approach.

Argueta-Morales et al. demonstrated that compared with the
adult form, infantile Scimitar syndrome is more frequently as-
sociated with heart failure and additional anomalies and carries
a significantly worse prognosis, regardless of surgical inter-
vention(8). In our five-patient cohort, one infant died during the
neonatal period before any intervention could be performed,
resulting in an overall mortality rate of 20%. Although numer-
ically lower than the approximately 31.8% mortality reported in
prior studies (8), this finding still underscores the substantial
risk associated with early symptomatic presentation.

The pathophysiology of the infantile form is driven by anom-
alous pulmonary venous drainage—typically into the inferior
vena cava—resulting in a left-to-right shunt, increased pulmo-
nary blood flow, and progressive pulmonary hypertension. The
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affected lung frequently exhibits hypoplasia due to reduced
perfusion and fewer bronchial segments, contributing to re-
spiratory distress and recurrent infections (10). In our cohort,
presenting symptoms included heart failure, pulmonary hyper-
tensive crisis, pneumonia, cyanosis, failure to thrive, tachy-
pnea, and respiratory distress. This heterogeneity highlights
that clinical severity is strongly influenced by the degree of
pulmonary hypoplasia, the magnitude of shunting, and the
presence of additional cardiac or extracardiac anomalies.

Diagnosis in infantile Scimitar syndrome relies on multimodal
imaging, including chest radiography, echocardiography, and
cross-sectional imaging such as CT or cardiac MRI (11). In our
practice, we routinely begin with chest radiography and trans-
thoracic echocardiography and proceed to CT when necessary
for anatomical clarification. This stepwise approach minimiz-
es unnecessary radiation exposure and sedation burden while
preserving diagnostic accuracy.

Transcatheter interventions have emerged as a less invasive
alternative or adjunct to surgery in selected patients. Although
surgical redirection of the anomalous pulmonary vein to the
left atrium remains the definitive treatment, catheter-based
approaches are particularly useful in cases with significant
systemic arterial supply (sequestration arteries) or dual ve-
nous drainage (12,13).

Systemic feeding arteries generate a high-pressure system-
ic-to-pulmonary shunt, increasing right ventricular volume
load and pulmonary vascular resistance. In infants, this may
accelerate pulmonary vascular remodeling and worsen pul-
monary hypertension. Transcatheter embolization of these
arteries interrupts this pathological shunt, reduces pulmo-
nary artery pressures, and alleviates right ventricular overload
(13,14). In our cohort, two patients underwent interventional
procedures. One infant, presenting during the first month of
life, successfully underwent transcatheter occlusion of a se-
questration artery using an 8 mm vascular plug. Following the
procedure, a marked reduction in pulmonary symptoms and
regression of pulmonary hypertension were observed during
follow-up. This allowed postponement of high-risk neonatal
surgery and stabilization of the patient until a more favorable
age for elective correction. Our experience suggests that tran-
scatheter strategies may serve not merely as “bridge therapy,”
but as an integral component of the treatment algorithm in

carefully selected infantile cases—particularly in those with
severe pulmonary hypertension or anatomically high surgi-
cal risk.

The primary goal of surgical treatment is rerouting anoma-
lous pulmonary venous drainage from the systemic venous
circulation—typically the inferior vena cava—to the left atri-
um. Techniques include direct reimplantation, intra-atrial
baffling, or graft interposition (14,15).

However, surgery in early infancy carries substantial mor-
bidity, particularly in patients with severe pulmonary hypo-
plasia or advanced pulmonary hypertension. In our series,
we adopted a conservative strategy whenever clinically fea-
sible, postponing definitive surgical repair in hemodynami-
cally stable patients. This approach aims to reduce periop-
erative mortality and improve long-term surgical outcomes
by allowing pulmonary vascular maturation and somatic
growth.

Complex anatomical variants may necessitate addition-
al procedures such as pulmonary artery reconstruction or
lung resection in cases of severe hypoplasia or recurrent
infection (16,17). None of our patients required such major
adjunctive procedures. Decisions regarding these inter-
ventions should be individualized and based on pulmonary
functional reserve, parenchymal integrity, and right ventric-
ular performance.

The most clinically important observation in our series was
the marked heterogeneity in presentation and manage-
ment despite the same syndromic diagnosis. The neonatal
patient who died had multiple extracardiac abnormalities
and severe early hemodynamic compromise, illustrating
the particularly poor prognosis of symptomatic neonatal
presentation. In contrast, patients selected for transcath-
eter intervention had identifiable and potentially treatable
hemodynamic targets, such as systemic arterial collateral
supply, and showed regression of pulmonary hypertension
after the procedure. The remaining patients were managed
conservatively because immediate definitive repair was not
expected to provide a more favorable risk-benefit profile
than close follow-up. These findings support an individu-
alized strategy in infantile Scimitar syndrome rather than a
uniform intervention-first approach.

ATLJM 2026; 6 (2): 92-99
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Figure 2. Imaging findings of a 1-month-old infant with Scimitar syndrome (birth weight: 3960 g).

(A) Computed tomography (CT) image demonstrating the sequestration artery.

(B) Catheter angiography image before occlusion of the sequestration artery.

(C) Post-procedural angiographic image after transcatheter occlusion of the sequestration artery using an 8 mm Lifetech

vascular plug.

Figure 3. Imaging findings of a 7-day-old neonate with Scimitar syndrome (birth weight: 2970 g).
(A) Chest X-ray image.

(B) Axial computed tomography (CT) image demonstrating horseshoe lung.

(C)Coronal CT image showing diaphragmatic eventration.
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Management of infantile Scimitar syndrome requires close
collaboration among pediatric cardiologists, congenital cardi-
ac surgeons, pediatric anesthesiologists, and pulmonologists.
Long-term follow-up is essential to monitor residual or recur-
rent obstruction, pulmonary hypertension progression, right
ventricular function, and arrhythmias. Equally important is pa-
rental education regarding warning signs, treatment options,
and potential complications, ensuring active participation in
long-term care.

Limitations

This study is limited by its small sample size (n = 5), reflect-
ing the rarity of infantile Scimitar syndrome but restricting the
generalizability of the findings. The retrospective design may
also introduce inherent selection and information bias, de-
spite the use of standardized digital hospital records and im-
aging databases. Additionally, the mean follow-up duration of
12 months is relatively short for assessing long-term outcomes
such as recurrent pulmonary hypertension, late pulmonary
vein obstruction, or right ventricular dysfunction. Larger, mul-
ticenter studies with extended follow-up are needed to better
define optimal management strategies and long-term progno-
sis in this high-risk patient population.

Conclusion

Management of Scimitar syndrome depends on symptom se-
verity and associated anomalies. While early surgical correc-
tion may be necessary in selected cases, infantile Scimitar
syndrome presenting in the neonatal period carries a poorer
prognosis.

The most important determinants of outcome are:
The degree of right lung hypoplasia
The severity of pulmonary hypertension

The presence and hemodynamic impact of associated
anomalies

Treatment should be individualized based on anatomical fea-
tures, symptom burden, and hemodynamic status.When clin-
ically feasible, postponing definitive surgical repair to a later
and more favorable stage of infancy or childhood may reduce
perioperative risk in selected patients. Transcatheter inter-
ventions play a critical role in stabilizing high-risk infants and
may significantly influence the overall treatment strategy.
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