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ABSTRACT
Relevance: Congenital heart defects (CHD) account for one-third of all congenital malformations and occur in 0.7-1.7% of 

newborns. Interrupted aortic arch (IAA) is quite rare, accounting for 1% of CHD. IAA is an unusual shape of critical neonatal 
heart disease in which there is a lack of continuity between the ascending aorta and the descending thoracic aorta. IAA is almost 
always severe in the neonatal period and requires urgent corrective surgery. 

This study aimed to identify gaps in knowledge, suggest directions for in-depth research through critical analysis, and 
improve our understanding of risk factors and mechanisms of embryology that contribute to aortic arch interruption to improve 
the approach to diagnosis and treatment.

Materials and Methods: A literature search was conducted in electronic databases PubMed, MEDLINE, Web of Science, 
Google Scholar, and e-library. The review covered 20 sources meeting the inclusion criteria.

Results: We systematize the available literature data on embryology and risk factors to improve the IAA diagnosis and 
treatment approach. We found that aorta development begins at Week 3 of pregnancy, and the main factor in further IAA etiology 
is the chromosomal deletion 22q11.2. 

Conclusion: Understanding the timeline during early embryonic development plays a critical role in aortic arch formation. 
Abnormalities occurring in this period, such as chromosomal deletions, may contribute to IAA. This finding highlights the 
importance of genetic factors in the etiology of this condition and the potential for genetic screening and counseling for individuals 
with chromosomal abnormalities, especially those in the 22q11.2 region.

Keywords: congenital heart defect (CHD), anatomy, interrupted aortic arch (IAA), epidemiology.
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АННОТАЦИЯ
Актуальность: Врожденные пороки сердца (ВПС) составляют треть всех врожденных пороков развития и встре-

чаются у 0,7-1,7% новорожденных. Перерыв дуга аорты (ПДА) встречается довольно редко, составляя 1% ВПС. ПДА 
является редкой формой критического неонатального порока сердца, при котором отсутствует преемственность между 
восходящей аортой и нисходящей грудной аортой. ПДА почти всегда протекает тяжело в неонатальном периоде и тре-
бует срочной корректирующей операции.

Цель исследования – выявление пробелов в знаниях, предложение направлений для углубленного исследования по-
средством критического анализа и улучшение нашего понимания факторов риска, механизмов эмбриологии, которые 
способствуют прерыванию дуги аорты, для совершенствования подхода к диагностике и лечению.

Материалы и методы: Поиск литературы осуществлялся в электронных базах данных PubMed, MEDLINE, Web of 
Science, Google Scholar и электронной библиотеке с использованием ключевых слов. В анализ были включены 20 источ-
ников, которые соответствовали критериям включения.

DOI: 10.37800/RM.3.2023.80-85
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Результаты: Были систематизированы имеющиеся литературные данные по эмбриологии и факторам риска для со-
вершенствования подхода к диагностике и лечению ПДА. Авторы обнаружили, что развитие аорты начинается на 3 не-
деле беременности, и основным фактором дальнейшей этиологии является хромосомная делеция 22q11.2.

Заключение: Понимание временной шкалы во время раннего эмбрионального развития играет решающую роль в 
формировании дуги аорты. Аномалии, возникающие в этот период, такие как хромосомные делеции, могут способ-
ствовать развитию ПДА. Этот вывод подчеркивает важность генетических факторов в этиологии этого состояния и 
потенциал для генетического скрининга и консультирования людей с хромосомными аномалиями, особенно в области 
22q11.2.

Ключевые слова: врожденный порок сердца (ВПС), анатомия, перерыв дуги аорты (ПДА), эпидемиология.
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АНДАТПА
Өзектілігі: Туа біткен жүрек ақауы (ТБЖА) барлық туа біткен кемістіктердің үштен бір бөлігін құрайды және жаңа 

туған нәрестелердің 0,7-1,7%-ында болады. Аорта доғасының үзілуі (АДҮ) өте сирек кездеседі, оның үлесіне ТБЖА-
ның 1%-ы тиесілі. АДҮ — көтеріңкі қолқа мен кеміп келе жатқан торакалды қолқа арасында сабақтастықтың жоқтығы 
байқалатын жүректің неонаталдық ақауының жиі кездесетін пішіні. АДҮ неонаталдық кезеңде әрдайым дерлік ауыр 
болады және шұғыл түзету операциясын талап етеді. 

Зерттеудің мақсаты – олқылықтарды анықтауға, сыни талдау арқылы терең зерттеу бағыттарын ұсынуға және аорта 
доғасының үзілуіне ықпал ететін қауіп факторлары, эмбриология механизмдері туралы түсінігімізді жақсартуға, диа-
гностика мен емдеуге көзқарасты жақсартуға бағытталған.

Материалдар мен әдістер: Әдістер: Әдебиетті іздеу PubMed, MEDLINE, Web of Science, Google Scholar және e-library 
электрондық дерекқорларында кілт сөздерді пайдалана отырып жүргізілді. Талдауға қосу критерийлеріне сай келетін 
20 дереккөз енгізілді. 

Нәтижелері: АДҮ диагностикасы мен емдеу тәсілін жақсарту үшін эмбриология және қауіп факторлары туралы әде-
биеттің қолда бар деректерін жүйелейміз. Аортаның дамуы жүктіліктің 3 аптасынан басталатынын анықтадық, ал одан 
әрі АДҮ этиологиясының негізгі факторы хромосомалық жою 22q11.2 болып табылады.

Қорытынды: Ерте эмбриондық даму кезіндегі уақыт шкаласын түсіну қолқа аркасының қалыптасуында маңыз-
ды рөл атқарады. Осы кезеңде орын алған ауытқулар, мысалы, хромосомалық жоюлар АДҮ-ға ықпал етуі мүмкін. 
Бұл қорытынды осы жағдайдың этиологиясындағы генетикалық факторлардың маңыздылығын және хромосома-
лық ауытқулары бар адамдарға, әсіресе 22q11,2 өңірдегі адамдарға генетикалық скрининг және кеңес беру әлеуетін 
көрсетеді.

Түйінді сөздер: туа біткен жүрек ақауы (ТБЖА), анатомия, аорта доғасының үзілуі (АДҮ), эпидемиология.
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Introduction: Congenital heart defects (CHDs) account 
for a third of all congenital malformations and 17.9 per 1,000 
newborns worldwide. Interrupted aortic arch (IAA) is quite 
rare, accounting for 1% of all CHD cases. IAA is a defect 
dependent on the patent ductus arteriosus, as it is the only 
way blood flow can move to places far from the rupture. In 
1778, it was first described by Steidel, and then in 1959, it was 
classified into three types by Celoria and Patton [1]. Without 
treatment, the average age of patients is 4-10 days [2], usually 
after the physiological closure of the patent ductus arteriosus. 
However, fortunately, mortality from CHD decreased by 
34.5% worldwide between 1990 and 2017, mainly due to 
the rapid development of diagnostic imaging, drugs, and 
accumulated surgical experience, and therefore improved 
postoperative survival, often requiring further intervention 
to eliminate the aortic arch residual or recurrent obstruction 
[3]. Congenital anomalies and variations of the aortic arch 
range from asymptomatic variations, mostly detected by 
chance, to clinically symptomatic variations that cause 
respiratory distress syndrome or esophageal compression [4]. 
Radiologists and clinicians should be aware of the options 
for IAA because they can have important consequences in 
diagnosis and classification, the choice of treatment tactics in 
managing patients, and further prognosis. IAA is a complex 
congenital cardiovascular malformation characterized by 
a lack of luminal continuity between the ascending and 
descending thoracic aorta. Also, an additional displacement of 
the posterior conical septum to this defect, leading to a defect in 
the interventricular septum as a concomitant defect, is present 
in approximately 73% of all cases. In addition to the defect of 
the interventricular septum, IAA can be associated with other 
more complex cardiac anomalies; for example, transposition 
of the main arteries, arterial trunk, aortopulmonary window, 
single ventricle, atresia of the aortic valve, double outlet 
right ventricle. Due to the incorrect location of the septum, 
there may also be an obstruction of the outflow tract of the 
left ventricle, which was previously considered the etiology 
of this defect. However, more recent evidence shows multiple 
genetic disorders associated with IAA, such as microdeletion 
of chromosome 22q11 or Di George syndrome, present in 
50% of patients with IAA. It is currently the most well-known 
etiology of this defect [5]. This review will describe the 
embryological development and anatomy of the thoracic aorta 
and discuss the types and comorbidities of IAA.

This study aimed to identify knowledge gaps, suggest 
directions for deep research through critical analysis, 
and enhance our understanding of the anatomical factors 
contributing to interrupted aortic arch to better the approach 
to diagnosis and treatment.

Materials and Methods: A literature search was carried out 
in electronic databases PubMed, MEDLINE, Web of Science, 
Google Scholar, and e-library, using keywords. The review 
included 18 full-text articles published in English or Russian 
over the past decade and excluded duplication or repetition of 
information and media articles.

The review selected important publications and represented 
the aspects of the issue. Following the analysis of the article 
abstracts, the full-text versions of the associated articles were 
included in the Mendeley database and verified for duplication.

Results: 
Embryology
Understanding the normal development of the aortic arch 

is essential to understanding and classifying the various 
subtypes of aortic arch anomalies and variants. Two distinct 
developmental models can explain the development of the 
great vessel system. The development of the aorta begins 
on Week 3 and is completed by Week 8 of pregnancy. The 
system of main arteries, including the aortic arch, arises 
from six pairs of pharyngeal arch arteries, each of which 
connects the dorsal and ventral primitive aorta. These 

Legend: BCA – brachiocephalic artery, CCA – common 
carotid artery, LECA – left external carotid artery, LICA – 
left internal carotid artery, LSA – left subclavian artery, 
RECA – right external carotid artery, RICA – right internal 
carotid artery, RSA – right subclavian artery

Figure 1 – Schematic representation of a Rathke diagram: 
A – pair of intersegmental arteries (straight arrows) arises 
from the aortic sac; B – schematic representation of normal 
aortic arch and branch vessels development [3]

primitive arches appear separately, regress, and eventually 
reconstruct and transform into parts of the large vessel 
system, including the aortic arch, arch branches, ductus 
arteriosus, and proximal segments of the pulmonary 
arteries. This embryological model was originally proposed 
in Rathke’s classic diagram (Fig. 1). The primitive first and 
second arcs regress with the first, and the residual areas 
become maxillary, sublingual, and stirrup arteries. The 
primitive fifth aortic arch usually regresses but may rarely 
persist as a double aortic arch [6]. A mature system of aortic 
arches forms as some of the primitive arcs regress while 
others persist and develop. After some arches regress, the 
remains of the third, fourth, and sixth primitive arcs give 
rise to mature large vessels. The third arch becomes the 
common carotid and proximal internal carotid arteries, and 
the fourth arc forms the terminal arch of the mature aorta. 
The primitive sixth arch is preserved as a segment of the 
pulmonary arteries and arterial duct. The mechanism for 
determining the persistence or regression of segments of 
the aortic arch is not fully known [5, 6].

The transverse arch of the aorta is formed from the left 
fourth arch of the aorta (Fig.1 A). Six paired branchial 
arches (numbered 1 to 6) connect the paired ventral aortae 
(arrowheads) and dorsal aortae (curved arrows). A pair of 
intersegmental arteries (straight arrows) arises from the 
aortic sac (Fig.1 B). Selective involution of the branchial arch 
segments results in the final adult aortic arch and is thought 
to be the main mechanism underlying arch and branch vessel 
anomalies [3]). Abnormalities in the left fourth aortic arch 
formation lead to aortic arch break types B and C. Type A 
IAA is essentially the most severe form of aortic coarctation 
and is likely associated with conditions that result in 
decreased fetal left ventricular exit and, therefore, decreased 
flow through the aortic isthmus, including obstruction of 
the left ventricular outflow tract. Type B IAA occurs almost 
exclusively in combination with a posterior deviation of the 
septum, leading to a violation of the septum and a narrowing 
of the outflow of the left ventricle [6]. The aortic valve is 
often bicommissural (at least 30% of all IAAs) and may 
have varying degrees of hypoplasia. IAA is most commonly 
found in the left-sided aortic arch but can also occur in the 
right aortic arch [7]. 
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Etiology
All newborns with IAA are identified when the patent 

ductus arteriosus closes within the first two weeks after birth. 
The exact etiologies of IAA have yet to be elucidated, but IAA 
can be considered a phenotype of heterogeneous etiologies. 
For example, approximately 50–80% of patients with type 
B IAA have a genetic etiology, such as Di George syndrome 
and chromosome deletion of 22q11 [8]. In 1968, Di George 
described a small group of patients identified in immunology 
clinics with distinct facial features, thymus hypoplasia or 
aplasia, parathyroid hypoplasia, and CHD. Cytogenetic and 
molecular analysis of patients with Di George syndromes 
and conotruncal facial abnormalities showed that almost 
90% of such patients had a common genetic etiology, namely 
microdeletion of chromosome 22q11.2 [9]. 22q11.2DS is an 
autosomal dominant syndrome of deletion of adjacent genes. 
Descendants of patients have a 50% chance of inheriting 
the 22q11.2 deletion. The 22q11.2 deletion syndrome is 
the most common, occurring in about 1 in 4 to 6,000 live 
births. It is one of the most common chromosomal changes 
associated with congenital heart disease. The spectrum of 
CHDs associated with 22q11.2DupS has been described in 
only a few studies. CHD is less common among patients with 
22q11.2DupS compared to patients with 22q11.2 deletion 
syndrome (22q11.2DelS) and is more diverse, including aortic 
arch-deluge conotruncal defects, septal defects, and left-sided 
obstructive lesions. Earlier studies in hospitals reported that 
75-80% of patients with a score of 22q11.2 had CHD. The main 
clinical manifestations of 22q11.2DS include CHDs, especially 
malformations of conotruncus (defect of the interventricular 
septum, Tetralogy of Fallot, IAA, and common arterial trunk) 
[10]. Maternal factors such as advanced maternal age, maternal 
diabetes, and exposure of the mother to teratogenic agents 
during pregnancy are suggested potential risk factors for IAA. 
Maternal health and prenatal care are critical in reducing 
the likelihood of congenital heart anomalies, including IAA 
[11]. Certain infections during pregnancy, such as rubella, 
have been associated with an increased risk of congenital 
heart defects, including IAA. Additionally, exposure to 
environmental toxins or medications during critical periods of 
fetal development may contribute to the development of these 
anomalies [12]. The transverse aortic arch protrudes from the 
left quarter of the aortic arch, and abnormalities in the left 
quarter of the aortic arch are responsible for type B and type 
C IAA. Type A IAA is essentially the most severe form of 
aortic coarctation and is likely associated with the condition 
that leads to the development of fetal left ventricular exit 
and therefore to decreased flow through the aortic isthmus, 
including obstruction of the left ventricular outflow pathway. 

Epidemiology
According to the latest epidemiological data, the incidence 

of IAA varies depending on the population studied, with rates 
ranging from 0.1 to 3.7 per 10,000 live births. The prevalence 
of IAA is generally low, estimated to be less than 1 per 10,000 
live births. 

Mortality
Infants with IAA are at high mortality risk, particularly if 

the defect is not diagnosed and treated promptly. The reported 
mortality rate for untreated IAA is approximately 90%, and 
even with prompt treatment, the mortality rate remains high 
(approximately 30%) [13].

Risk factors: The etiology of IAA is not fully understood, 
but some risk factors have been identified. These include 
chromosomal abnormalities (such as DiGeorge syndrome), 
maternal diabetes, and exposure to certain medications or 
toxins during pregnancy [14].

According to a retrospective study published in the Journal 
of Pediatric Surgery in 2019, aortic arch rupture is a rare but 
severe complication of aortic coarctation repair in children, 
with an estimated incidence of 0.15% (9/5947) in the study 

population. The study also found that aortic arch rupture was 
associated with a high mortality rate (67%) and that younger 
age and low weight at surgery were risk factors for developing 
this complication. 

Associated Conditions
Most (~95%) cases are associated with septal defects. The 

risk of mortality in IAA is increased due to the associated 
complex abnormalities. A more commonly associated 
heart defect with IAA is a defect in the interventricular 
septum. Posterior deviation of the conal septum (relative 
to the ventricular septum) leads to improper alignment of 
the VSD (ventricular septal defect) and can contribute to 
hemodynamically significant obstruction of the excretory 
tract of the left ventricle. Other anatomical features that may 
contribute to obstruction of the left ventricular excretory 
tract include the hypoplastic aortic ring and/or bicuspid 
aortic valve with commissural fusion and the bulge of the 
Moulaert muscle (a bundle of muscles protruding from the 
wall of the left ventricle to the excretory tract of the left 
ventricle). A clinically significant atrial septal defect is 
more common in the form of a stretched (or large) patent 
foramen ovale. Various sporadic ventricular heart defects 
occur in 11% of patients with IAA. The development of a 
hemodynamically significant subaortic membrane may also 
occur within 1-2 years after surgical correction of IAA in 
newborns [14]. 

The conal septum is deflected posteriorly in almost all 
cases of type B IAA, which leads to VSD and narrowing 
of the outflow of the left ventricle. Type B IAA combined 
posterior deviation septum in 30% have a bicommissural 
aortic valve. A typical phenomenon, especially in type B 
IAA with concomitant Di George syndrome, is the aberrant 
right subclavian artery [15]. The aberrant right subclavian 
artery develops on the right side of the proximal descending 
aorta near the beginning of the left subclavian artery. The 
aortopulmonary window, a defect in the interventricular 
septum, or the transposition of the main arteries are more 
often associated with a type A break [16].

K. Friedman conducted a systematic review to examine 
the literature on the description of the embryology and 
anatomy of the aortic arch system and found that the aberrant 
right subclavian artery is common in type B with VSD and is 
associated with a worse outcome. The proposed mechanism 
for worse outcomes is that there is less outflow of the left 
ventricle and ascending aorta during the life of the fetus 
since the aberrant subclavian is distal to the patent ductus 
arteriosus (PDA) and, therefore, blood circulation goes 
through the IAA [15]. 

Hemodynamics
Physiology in IAA depends in part on associated heart 

disease. Regardless of concomitant lesions, lower extremity 
blood flow depends on the type of IAA. Normally, the fetal 
right ventricle provides most of the lower body circulation, 
with only 10% of the combined fetal cardiac output crossing 
the aortic isthmus. Thus, it is not surprising that the fetus 
tolerates IAA well. After birth, the IAA usually closes within 
the first week of life, resulting in lower body hypoperfusion 
and enlargement after left ventricular exercise, followed by 
metabolic acidosis, renal failure, left ventricular dysfunction, 
and circulatory collapse [17]. 

Classification
According to the Celoria and Patton classification, IAA 

can be grouped into three types, depending on the site of the 
disruption [2]: 

Type A: The disruption is located distal to the left subclavian 
artery; the second most common disruption represents 
approximately 13% of the cases.

Type B: The disruption is located between the left carotid 
artery and the left subclavian artery; this is the most common 
anomaly, representing approximately 84% of the cases.
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Type C: The disruption is located between the innominate 
artery and the left carotid artery; this rare type represents 
approximately 3% of all cases.

These three types of IAA can be sub-classified according to 
the origin of the subclavian artery:

Type 1: Normal origin of the subclavian artery.
Type 2: Aberrant right subclavian artery, found distal to the 

left subclavian artery.
Type 3: Isolated right subclavian artery; found originating 

from a right patent ductus arteriosus.                                                                                                                        
In IAA type A, the arch is interrupted distal to the left 

subclavian artery’s origin. This anomaly is thought to be 
caused by an abnormal regression of a part of the left fourth 
arch at the end of development after the left subclavian artery 
has relocated to its normal position. Type A is the second most 
common type of IAA. It affects 30–40% of people with IAA 
[18].

In IAA type B, the arch is interrupted depending on where 
the left common carotid and the left subclavian arteries start. 
Type B is the most common type of IAA, accounting for 
50-60% of cases. More than half of the time, IAA type B is 
associated with 22q11.2 microdeletion and other features 
outside the heart. Type B is often part of specific syndromes, 
such as DiGeorge’s syndrome. 

In type C IAA, the arch is ruptured between where the 
brachiocephalic artery and the left common carotid artery 
start. This anomaly is thought to be caused by the ventral 
part of the left third and fourth arches moving backward in an 
unusual way. Type C is the rarest form of IAA, making up less 
than 5% of cases [19].

Thus, it has been established that it is necessary to study 
the anatomical and morphological features of this defect 
for the diagnosis and development of treatment tactics in 
the pediatric population, and it is necessary to take into 
account the type and localization of the defect, which plays 
an important role in the outcome of this defect. This study 
showed that the aorta development starts on Week 3 of 
pregnancy, and the 22q11.2 chromosomal deletion is the 
main factor for the future disease etiology. Patient survival 
depends on the severity, time of diagnosis, and treatment of 
congenital heart disease. Factors associated with mortality 
include low birth weight [20].

Discussion: The presented article provides a comprehensive 
overview of the interrupted aortic arch (IAA), its embryological 
development, anatomy, associated conditions, and risk factors. It 
also highlights the importance of accurate diagnosis and timely 
management to improve patient outcomes. Overall, the article 
presents valuable insights into the understanding of IAA and 
offers suggestions for further research to enhance our knowledge 
in this field. The discussion of the embryological development of 
the aortic arch and the associated abnormalities leading to IAA 
provides a solid foundation for understanding the pathogenesis 
of this congenital heart defect. The description of Rathke’s classic 
diagram and the transformation of primitive arches into mature 
large vessels is informative. The discussion emphasizes the 
significance of the left fourth aortic arch in forming the transverse 
arch of the aorta and its relation to type B and type C IAA. 
Understanding these anatomical factors is crucial for accurately 
diagnosing and classifying the different subtypes of IAA. The 
article highlights the role of genetic factors in the etiology of 
IAA, particularly the association with DiGeorge syndrome and 
microdeletion of chromosome 22q11.2. This section focuses 
on the importance of genetic testing and evaluation in patients 
with IAA, as it may influence treatment decisions and prognosis. 
The article effectively discusses the commonly associated heart 
defects with IAA, particularly the defect in the interventricular 
septum, and the impact of these conditions on the hemodynamics 
of the heart. The discussion highlights the complexity of IAA 
and the need for a comprehensive approach to managing patients 
with multiple coexisting anomalies. According to Celoria and 
Patton, the classification of IAA is well-described, along with the 
subtypes based on the origin of the subclavian artery.

Conclusion: The embryological development of the 
aortic arch is discussed, starting from Week 3 of pregnancy, 
involving six pairs of pharyngeal arch arteries that eventually 
form the aortic arch and related structures. Abnormalities 
during this process, like chromosomal deletion 22q11.2, are 
linked to IAA, emphasizing the importance of genetic factors 
in its etiology.

The article also discusses the classification of IAA into three 
types (A, B, and C) based on the disruption site, associated 
conditions, and risk factors. Timely diagnosis and management 
are crucial, as untreated IAA can have a mortality rate of 
approximately 90%.
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