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Abstract

Background: Dextrocardia is an intrinsic cardiac malposition where the base-apex axis is oriented toward the right side.

Diagnosing these abnormalities is crucial for the appropriate treatment of associated anomalies. Advances in CT angiography

techniques have enabled a comprehensive study of cardiovascular structures.

Objectives: This study aims to identify the association of cardiac anomalies in various types of dextrocardia.

Methods: Patients with a confirmed diagnosis of dextrocardia who underwent contrast-enhanced cardiac CT angiography were

included in the study. All patients had previously undergone echocardiography with equivocal findings. The type of

dextrocardia (based on the Arcilla and Gasul classification), along with septal, atrial, ventricular, aortic, pulmonary artery and

vein, systemic veins, and non-cardiac anomalies, were evaluated.

Results: Thirty-five cases of dextrocardia (18 males and 17 females) were included in this study, with a mean patient age of 24

months. Among these, 23 cases were classified as type 3, 8 as type 1, and 4 as type 2. The most common anomalies across all types

were septal defects, with ventricular septal defects being the most prevalent in type 1, while atrioventricular septal defects

(AVSD) were the most common in types 2 and 3. In type 3, left transposition of the great arteries (L-TGA), right isomerism, and

AVSD were significantly more frequent, occurring concurrently in 65.2% of patients. Additionally, more than 50% of the cases had

a concomitant pulmonary artery anomaly.

Conclusions: A correlation may exist between the occurrence of AVSD, L-TGA, right isomerism, and pulmonary artery anomalies

in type 3 dextrocardia.
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1. Background

The history of dextrocardia dates back to the 17th

century when it was first reported by Fabricius during a

necropsy inspection. Since then, many definitions and

classifications have been published to improve the

understanding of this condition. In 1964, Van Praagh et

al. defined dextrocardia as the positioning of the heart

predominantly in the right hemithorax on a plain chest

X-ray (1). Today, the most accepted definition of

dextrocardia is an intrinsic cardiac malposition where

the base-apex axis of the heart is directed toward the
right side of the body (2). It should be distinguished

from dextroposition, in which the heart is located on

the right side with or without a normal axis due to

extracardiac factors such as pulmonary, pleural, or

diaphragmatic abnormalities (3).

Dextrocardia is often associated with several other
cardiac abnormalities, necessitating a thorough and

segmental examination to investigate the heart more
comprehensively (1, 2, 4). Previous studies have focused

on the associated cardiac defects in dextrocardia in both
the prenatal and postnatal periods (5-9).

Generally, dextrocardia is classified as situs solitus,

situs inversus, or situs ambiguous (also called

heterotaxia). Although this classification is useful for

categorizing dextrocardia, it lacks sufficient focus on
the internal structures of the heart. A morphologic
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classification based on the cardiac chambers and their

interrelationships was proposed by Arcilla and Gasul,

providing a better understanding of cardiac anatomy

(10).

Previous studies have relied on echocardiographic,

angiocardiographic, or prenatal ultrasound data to

evaluate dextrocardia. Although echocardiography

remains the first-line modality for assessing these

patients, recent advances in CT angiography techniques

now allow for a comprehensive analysis of heart

structure, particularly vascular anatomy, along with

associated extracardiac abnormalities in complex

patients. Several studies have emphasized the essential

role of cardiothoracic CT angiography in evaluating

cardiac malformations, including ventricular

morphology, atrioventricular (AV) connections, MAPCAs,

great artery relations, and intrathoracic extracardiac

anomalies. Many studies have demonstrated that

various cardiac anomalies, including AV and

ventriculoarterial discordance, malposition of the great

arteries, univentricular heart, AV valve abnormalities,

and pulmonary atresia, are associated with dextrocardia

and often require cardiac surgery (11). Some studies,

including one by Yury Rapoport et al., have suggested

that preoperative cross-sectional imaging should be

performed in the management of dextrocardia due to

the high risk of associated anomalies (12).

2. Objectives

To our knowledge, this is the first study to focus on

the structural abnormalities of dextrocardia in pediatric
patients using CT angiography and the Arcilla and Gasul

classification, with the aim of guiding clinicians and
surgeons in treatment planning.

3. Methods

The study was approved by the university's ethics

committee, and written informed consent was obtained

from all participants.

3.1. Patients

In this retrospective cross-sectional study, among the

667 patients referred to the Children’s Medical Center

for cardiothoracic CT angiography between January

2010 and March 2019, we enrolled all 48 patients

diagnosed with dextrocardia. All patients were under 15

years old. Of these, 12 patients were identified as having

dextroposition, and one patient was referred after

cardiac surgery; these patients were excluded from the

study. Ultimately, 35 cases with a confirmed diagnosis of

dextrocardia were considered eligible for inclusion in

the study. All patients had previously undergone an

echocardiographic exam and were referred for CT

angiography after cardiologist assessment to evaluate
vascular structures and associated uncertain cardiac

anomalies. The primary focus was on identifying major
aortopulmonary collateral arteries (MAPCAs), the

presence of non-confluent pulmonary arteries, and

bronchial tree anatomy in cases of suspected isomerism
syndromes, which were challenging to assess with

echocardiography.

3.2. CT Scan Protocol

Contrast-enhanced chest CT scan images were

obtained in the supine position using a GE 16-slice
scanner. The following parameters were used to obtain

the images: Tube voltage of 80 - 100 kilo voltage peak
(kVp), (80 kVp for children under 2 years and 100 kVp for

those older than 2 years), effective current of 60 - 80 mA,

pitch of 1.375 - 1.75, matrix size of 512 × 512, and a slice
thickness of 0.6 mm (reconstructed slice thickness of

1.25 mm). Limited cuts of the abdomen were also
obtained to assess the anatomy of the liver and spleen.

The reconstructed images were sent to the picture
archiving and communication system (PACS). A total

contrast dose of 1.5 mL/kg of a low or iso-osmolar

contrast agent was used, with a maximum dose limit of
120 mL, which was not reached in any patient.

3.3. Imaging Interpretation

All CT scans were reviewed blindly by a radiologist
specialized in cardiovascular imaging. Ten patients with

suspicious small septal defects in suboptimal images

were recalled and double-checked with

echocardiography, with no discrepancies observed

between the CT angiography and echocardiographic

findings. The CT scan evaluation was conducted across

nine major categories: Type of dextrocardia, septal

anomaly, atrial anomaly, ventricular anomaly, aortic

anomaly, pulmonary artery anomaly, pulmonary vein

anomaly, systemic vein anomaly, MAPCAs, and non-

cardiac anomalies (including pulmonary, bronchial

tree, spleen, liver, thoracic skeletal, and esophagus). The

type of dextrocardia was determined based on the

Arcilla and Gasul classification (Figure 1).

The classification used in this study includes five

major types of dextrocardia: (1) type I, mirror-image
dextrocardia, where the anatomic right atrium and

right ventricle are situated to the left and anterior; (2)
type II, dextroversion complex, characterized by normal

chamber relations with an abnormal cardiac axis; (3)

Type III, mixed dextrocardia, involving inversion of
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Figure 1. Type 1 to 3 dextrocardia based on Arcilla and Gasul classification

either the atria or the ventricles alone; (4) Type IV,

congenital dextroposition, where the heart is positioned

in the midchest with a normal axis; (5) Type V,

congenital extrinsic dextroposition, where the heart is

abnormally positioned due to external factors.

We excluded cases classified as Type IV and Type V

because they do not represent true dextrocardia

according to the proposed definition.

In this study, the right atrium was identified as the

chamber receiving the inferior vena cava. Due to
variations in pulmonary vein anatomy, the left atrium

was identified based on its morphology, characterized
by a narrow orifice with a long, tubular appendage (13).

The right ventricle was identified by the presence of a

moderator band, trabeculation from the septum to the
free wall, and a muscular outflow tract (the

infundibulum). The left ventricle was distinguished by
the absence of the infundibulum, a smooth septal

surface, and distinct papillary muscles (13, 14).

Bilateral right-sidedness, characterized by bilateral

three-lobed lungs with or without asplenia, was

considered indicative of right isomerism, while left

isomerism was defined by bilateral left-sidedness,

characterized by bilateral two-lobed lungs with or

without polysplenia. L-looped transposition of the great

arteries (L-TGA) was defined as the position of the aortic

root being left and anterior to the pulmonary root (15).

3.4. Statistical Analysis

IBM SPSS statistics v.26 was used for statistical

analysis. Frequencies and descriptive statistics were

calculated for all variables. The distribution of findings

among the three types of dextrocardia was compared. To

determine the relationship between categorical

variables, Pearson's chi-square test was used, with a

significance level set at P < 0.05.

4. Results

Thirty-five cases of dextrocardia [18 (51.4%) males and
17 (48.6%) females] were included in this study. The mean

age of the patients was 24 months (ranging from 4 days
to 14 years). The majority of cases were classified as type

3 (23 cases), followed by type 1 (8 cases) and type 2 (4

cases). The associated cardiac anomalies for each type
are summarized in Table 1.

Table 2 presents the non-cardiac anomalies observed

in each group.

The most common anomalies in type 1 were septal

defects (7 cases in total), with ventricular septal defects

present in 5 cases. Among these, 3 patients also had a
concomitant atrial septal defect (ASD). Six patients

exhibited some form of systemic vein anomaly. Double

outlet right ventricle (DORV) was also relatively

common, occurring in 5 cases. None of these anomalies

were significantly more frequent in this type compared

to the other two types. There was one patient in type 1

who had no associated anomalies (Figure 2).

Type 2 was the least common, with only 4 cases. All

patients in this group had some form of septal defect,

including 2 with complete atrioventricular septal

defects (AVSD), 1 with atrial septal defect (ASD), and 1

with ventricular septal defect (VSD). Two cases had

DORV, both of which were associated with AVSD. One of

these cases also presented with esophageal atresia, a

single ventricle, and L-TGA. No instances of isomerism or

situs inversus were observed in this group (Figure 3).

Among the type 3 patients, 22 cases had AVSD, with 19

of these also having concomitant L-TGA. Fourteen

patients (61%) had the triad of AVSD, L-TGA, and either

pulmonary atresia or stenosis. Systemic vein anomalies

were relatively common in this group, occurring in 13

cases (56.5%), all of which had AVSD, and 10 of these also

had L-TGA concurrently. Total anomalous pulmonary

venous return (TAPVR), MAPCA, and right ventricular
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Table 1. Associated Cardiac Anomalies in 3 Types of Dextrocardia a

Associated Anomaly Type 1 (n = 8) Type 2 (n = 4) Type 3 (n = 23)

Septal - - -

ASD 3 (37.5) 1 (25) 1 (4.3)

VSD 5 (62.5) 1 (25) 1 (4.3)

AVSD 2 (25) 2 (50) 22 (95.7)

PFO - - -

Aortic - - -

Right side arch 3 (37.5) 1 (25) 3 (13)

CoA - 1 (25) 1 (4.3)

Hypoplastic arch - 1 (25) 1 (4.3)

Double arch, As, aberrant SA, truncus arteriosus, interrupted arch - - -

PDA 3 (37.5) - 10 (43.5)

Pulmonary artery - - -

PA 2 (25) - 10 (43.5)

PS 2 (25) 2 (50) 7 (30.4)

Focal stenosis 2 (25), bilateral 2 (50), one right and one left side 2 (6.7), one left and one bilateral

MAPCA - - 3 (13)

Pulmonary vein - - -

TAPVC - - 5 (21.8)

Supracordis - - 4 (17.4)

Cordis - - 1 (4.3)

Infracordis - - 1 (4.3)

PAPVC 2 (25) - 2 (6.7)

Systemic vein -

L-SVC 4 (50) - 7 (30.4)

Double SVC 1 (12.5) 1 (25) 6 (26.1)

Interrupted SVC/azygous continuation 2 (25) 1 (25) 1 (4.3)

Atrial - - -

Common atrium 1 (12.5) 1 (25) 7 (30.4)

Cor triatriatum, TA, MA - - -

Ventricle - - -

Hypoplastic 2 (25) - 7 (30.4)

RV - - 1 (4.3)

LV 2 (25) - 6 (26.1)

Single ventricle - 1 (25) 3 (13)

Hypertrophy 2 (25) - 2 (6.7)

RVH 1 (12.5) - 1 (4.3)

LVH 1 (12.5) - 1 (4.3)

DORV 5 (62.5) 2 (50) 12 (52.2)

L-TGA 4 (50) 1 (25) 20 (87)

Abbreviations: ASD, atrial septal defect; VSD, ventricular septal defect; AVSD, atrioventricular septal defect; PFO, patent foramen oval; CoA, coarctation of aorta; SA, subclavian
artery; PDA, patent ductus arteriosus; PA, pulmonary atresia; PS, pulmonary stenosis; MAPCA, major aortopulmonary collateral arteries; PAPVC, partial anomalous pulmonary
venous return; L-SVC, left superior vena cava; SVC, Superior vena cava; TA, tricuspid atresia; MA, mitral atresia; RV, right ventricle; LV, left ventricle; RVH, right ventricular
hyperplasia; LVH, left ventricular hyperplasia; DORV, double outlet right ventricle; L-TGA, L-looped transposition of the great arteries.

aValues are expressed as No (%).

hypoplasia were exclusively observed in type 3 patients.

Right isomerism was present in 17 cases (73.9%);

however, only 6 of these had both asplenia and a

midline liver, while 2 had only asplenia and another 2

had only a midline liver (Figure 4).

As shown in Table 1, the prevalence of certain

anomalies is notably higher in the type 3 group. When

comparing anomalies between type 3 and non-type 3

groups, we found that the following anomalies were

significantly more common in type 3 patients: L-TGA (X²
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Table 2. Associated Non-cardiac Anomalies in 3 Types of Dextrocardia a

Associated Anomaly Type 1 (n = 8) Type 2 (n = 4) Type 3 (n = 23)

Right isomerism 2 (25) - 17 (73.9)

Left isomerism 2 (25) - 3 (13)

Situs inversus 2 (25) - 1 (4.3)

Asplenia 1 (12.5) - 8 (34.8)

Polysplenia 2 (25) 1 (25) 3 (13)

Midline liver 2 (25) - 8 (34.8)

Thoracic skeletal - - -

Esophagus - 1 (25) -

aValues are expressed as No (%).

Figure 2. Type 1 dextrocardia in a 4-month-old male associated with left isomerism syndrome, double outlet right ventricle (DORV), pulmonary stenosis, left malposition of the
great arteries (L-MGA), atrial septal defect (ASD) and VSD. A, correlation of cardiac chambers in type 1 dextrocardia; B, DORV; C, L-MGA and pulmonary stenosis; D, ASD and VSD; E,
upper bronchi of both upper lobes (yellow arrows) are hypo-arterial in left isomerism syndrome associated with midline liver; and F, polysplenia (arrowheads).

= 7.926, P = .005), right isomerism (X² = 10.414, P = 0.001),

and AVSD (X² = 16.032, P < 0.001). These three anomalies

were concurrently present in 15 patients (65.2%) within

the type 3 group. Although pulmonary artery

abnormalities did not show a statistically significant

difference in type 3 patients, they occurred

concomitantly with the aforementioned anomalies in 12

cases (52.2%). This high prevalence of concurrent

anomalies is particularly evident in type 3 dextrocardia.

5. Discussion

The purpose of this study was to investigate the

associated anomalies found in dextrocardia patients

during cardiac CT angiography, focusing on the

different morphologic types of dextrocardia, in order to

provide clinical guidance for both cardiologists and

surgeons. To our knowledge, this is the first study that

specifically examines the associated findings in

subtypes of dextrocardia using cardiac CT angiography.

Despite various definitions and classifications for

dextrocardia, the most widely accepted definition

describes it as a heart with a base-apex axis oriented
toward the right side of the body (5). However, the

orientation of the heart alone is not the primary
concern; it is the associated cardiac and non-cardiac

abnormalities that could be lethal if left untreated (6, 7,
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Figure 3. Type 2 dextrocardia in a one-month-old female associated with aortic coarctation and tracheal bronchus. A, correlation of cardiac chambers in type 2 dextrocardia,
black arrowhead shows the moderator band in right ventricle (RV); B, solitus major arteries; C, aortic coarctation; D, tracheal bronchus (yellow arrow).

16). We used Arcilla and Gasul's typing system to

investigate the structural abnormalities of the heart

(10). Based on this classification, we found that the most

common type was type 3, with a prevalence of 65.7%.

However, this does not necessarily indicate that type 3 is

the most common form of dextrocardia overall. Since

the prevalence of associated cardiac abnormalities is

higher in type 3, and these cases require more complex

surgical and medical treatments, they are more likely to

be referred to our tertiary center than the other two

types. In another study using the same classification,

researchers investigated dextrocardia and associated

anomalies in prenatal cases and found that of the 22

cases of fetal dextrocardia, 12 were type 2, 6 were type 1,

and 4 were type 3 (9).

We found that the prevalence of L-TGA, AVSD, and

right isomerism is significantly higher in type 3

patients, with these three anomalies occurring together

in 65% of cases. Additionally, 52% of type 3 patients had

an additional pulmonary artery abnormality (Figure 5).

Lev et al. discussed the pathological anatomy and

embryological aspects of dextrocardia and also

explained hypotheses regarding associated anomalies.

They suggested that pivotal atria could be accompanied

by inverted transposition and ventricular septal defects,

often associated with a straddling aorta and pulmonary

stenosis. Additionally, the association between splenic

abnormalities, such as asplenia, and endocardial

cushion defects with trunco-conal malformations, such

as inverted transposition, has been demonstrated in

previous studies. However, the basic factors responsible

for the association between the pivotal atria and the L-

bulbo-ventricular loop remain unexplained (17, 18).

This is of significant clinical and diagnostic

importance, underscoring the need for radiologists and

cardiologists to carefully evaluate all these anomalies.
The prevalence of these anomalies in dextrocardia
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Figure 4. Type 3 dextrocardia in a one-month-old female associated with right isomerism syndrome, CAVSD, double outlet right ventricle (DORV), L-looped transposition of the
great arteries (L-TGA), Pulmonary stenosis, infracardiac total anomalous pulmonary venous return (TAPVR), pulmonary edema and double Superior vena cava (SVC). A,
correlation of cardiac chambers in type 3 dextrocardia. RA is shown in level of insertion of suprahepatic IVC; B, L-TGA and double SVC (Red arrowheads); C, compete
atrioventricular septal defects (AVSD); D, DORV; E, subvalvular pulmonary stenosis; F, epiarterial upper lobe bronchi of both lungs (right isomerism) and also interlobular septal
thickening due to pulmonary edema; G, midline liver; H, reconstruction of heart in posterior view showing infracardiac TAPVR (white stars show pulmonary veins).

Figure 5. Pulmonary atresia in a 4-month-old male with type 3 dextrocardia

patients has been reported variably, depending on the

diagnostic method and classification system used (7-9,

16, 17, 19, 20). Although there is currently limited

evidence, the possibility of concomitant anomalies in

type 3 dextrocardia should be considered. More studies

focusing on these anomalies are needed to validate this

concern.
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In our study, eight cases of left ventricle hypoplasia

were observed, with six cases in type 3 and two cases in

type 1. All these cases had DORV, and AVSD and right

isomerism were present in seven of them. Additionally,

six cases (all in type 3) also had L-TGA. Consistent with

our findings, some prenatal studies have reported cases

of left ventricle hypoplasia (9, 21, 22). In one of these

studies, of the three cases, two had concomitant DORV

and one had AVSD (9). However, in contrast to our

findings, some studies reported no cases of left

ventricular hypoplasia (2, 4, 7, 16, 17, 19).

Previous studies using echocardiography have

reported cases of valvular abnormalities in dextrocardia

(7, 8). However, we did not identify any such cases in our

study. This discrepancy could be attributed to the

limitations of cardiac CT angiography in evaluating

valvular disease (21). In the study by Epcacan et al.,

concomitant cardiac malformations were evaluated

using echocardiography and compared across three

subgroups: Situs solitus, situs ambiguous, and situs

inversus dextrocardia. They found that situs solitus was

the most common subgroup with additional cardiac

anomalies, followed by situs ambiguous and situs

inversus. However, this study did not evaluate the

subtypes of dextrocardia based on the Arcilla and Gasul

classification (23). Bohun et al. found that the most

complex cardiac malformations were associated with

isomerism, while ventricular septal defects were the

most common type of cardiac malformation in situs

solitus and situs inversus, likely due to their higher

inherent prevalence. Situs inversus showed a lower

association with cardiac malformations compared to

situs solitus and isomerism (6). Rapoport et al.

suggested that preoperative assessment, including

cross-sectional imaging such as CT scans and MRI in

addition to echocardiography, should be performed in

patients with dextrocardia, particularly those with situs

solitus, for optimal surgical planning due to the

complex cardiac and extracardiac anomalies associated

with dextrocardia (12). Both cardiothoracic surgeons

and anesthesiologists face specific challenges with these

patients, making detailed preoperative assessment

critically important.

To our knowledge, no other study has focused on this

classification system of dextrocardia and the associated

anomalies in the same manner as ours.

This study had some limitations. First, the sample

size was not sufficient to conduct more detailed

analytical studies. Second, since our hospital is a referral

center for pediatric cardiac abnormalities, the

prevalence of the disease in our study may not be

generalizable. Third, some patients underwent cardiac

surgery based solely on echocardiographic results

without preoperative cardiac CT angiography, which

excluded them from our study. Finally, due to concerns

about radiation dose, we were unable to obtain full

abdominal images to optimally evaluate associated non-

cardiac abnormalities.

Cross-sectional imaging is usually necessary for

analyzing ventricular morphology, AV connections, and

the relationships of the great arteries.

Echocardiographic examination in patients with

dextrocardia can be more challenging due to technical

issues (13). Cardiac CT angiography and MRI serve as

adjuncts to echocardiography, which remains the

primary modality, with each imaging technique having

its own limitations and advantages. The comprehensive

assessment of the heart and the evaluation of

extracardiac anomalies are the main advantages of

cardiac CT and MRI over echocardiography. Cardiac CT

angiography has gained several advantages in recent

years. Compared to echocardiography, it provides a

more global assessment of cardiovascular anatomy,

particularly for MAPCAs, pulmonary arteries and veins,

the thoracic aorta, and systemic veins. Additionally, it

provides valuable information about adjacent

structures, including skeletal, pulmonary, airway,

esophageal, and upper abdominal organs. Cardiac CT

angiography is less operator-dependent and faster (22).

Techniques such as ECG-gated CT scanning with ECG-

pulsing, low tube voltage, and automatic tube current

modulation can reduce radiation dose while providing

high-quality images.

Cardiac MRI offers essential quantitative and

qualitative data, including ventricular function and

volumetric assessment, 3D and 4D imaging, evaluation

of myocardial inflammation, pressure measurement,

and does not involve radiation exposure (24, 25).

Compared to MRI, cardiac CT requires less sedation, is

faster, and has no contraindications related to metal

devices. Additionally, CT allows better observation of the

child during the examination, making it more suitable

for ill patients. Although cardiac catheterization

provides valuable physiological data, it has several

disadvantages, including a higher radiation dose, longer

sedation time, and less detailed anatomical information

(22, 26). Despite the advantages of cardiac CT

angiography, such as detailed anatomical visualization,

there are concerns about its limitations, including the

lack of functional data, radiation exposure, challenges

in evaluating valvular abnormalities, and the potential

for adverse reactions to contrast agents. Today,

echocardiography remains the primary modality for

assessing these patients due to its widespread
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availability, absence of ionizing radiation, and low cost.

However, it may lack the ability to provide detailed

insights into certain cardiac and extracardiac

anomalies, especially with 3D reconstruction, which

cannot be achieved with echocardiography (27).

Therefore, while CT angiography can serve as a

supplementary modality, its use, particularly in

pediatric patients, should be carefully justified to

identify doubtful anomalies and complex structures

while minimizing the risks associated with radiation

exposure (28).

5.1. Conclusions

our study revealed that in type 3 dextrocardia, special

attention should be given to the following anomalies:

AVSD, L-TGA, right isomerism, pulmonary artery

anomalies (including atresia or stenosis), and DORV.

There may be a significant correlation among these

anomalies in type 3 dextrocardia, and recognizing this

potential correlation as a unique and specific cardiac

anomaly could assist cardiologists, radiologists, and

surgeons in better managing these cases. Based on the

results of this study, and with support from future

studies, cardiothoracic CT angiography could be

considered as an adjunct to echocardiography in the

diagnostic workup, after a careful cost-benefit analysis

and assessment of indications, particularly when

approaching patients with type 3 dextrocardia and

other complex cardiac anomalies. The detailed

information provided by CT angiography could help in

developing appropriate surgical treatment strategies,

which may justify the use of this modality.

Additionally, diagnosing asplenia in these patients

can alert pediatricians to implement appropriate

vaccination protocols and provide specialized patient

care. Future studies should further explore these issues.

We emphasize that although cardiac CT angiography is

useful in detecting cardiac anomalies, it should be

reserved for evaluating patients with uncertain or

undetectable cardiac or vascular anomalies on

echocardiography.

Footnotes

Authors' Contribution: Study concept and design, N. P.

and M. J.; acquisition of data, M. J. and F. Z.; analysis and

interpretation of data, N. P., A. T. and M. R. Ch.; drafting

of the manuscript, M. R. Ch. and A. T.; critical revision of

the manuscript for important intellectual content, N. P.,

A. T. and M. R. Ch.; statistical analysis, A. T. and M. R. Ch.;

study supervision, N. P.

Conflict of Interests Statement: The authors declare

no conflicts of interest.

Data Availability: The dataset presented in the study is

available on request from the corresponding author

during submission or after its publication. The data are

not publicly available due to our institute privacy policy.

Ethical Approval: The study was approved by the ethics

committee of the Tehran university of medical sciences.

This study was done in 1394 when the ethical approval

code was not required for all researches. The study was

submitted in pajooheshyar with research code

9411282009.

Funding/Support: The present study was conducted

without any financial support.

Informed Consent: Written informed consent was

obtained from all the participants.

References

1. Van Praagh R, Vanpraagh S, Vlad P, Keith JD. Anatomic Types of

Congenital Dextrocardia: Diagnostic and Embryologic Implications.

Am J Cardiol. 1964;13:510-31. [PubMed ID: 14136294].

https://doi.org/10.1016/0002-9149(64)90159-6.

2. Squarcia U, Ritter DG, Kincaid OW. Dextrocardia: angiocardiographic

study and classificiation. Am J Cardiol. 1973;32(7):965-77. [PubMed ID:

4757237]. https://doi.org/10.1016/s0002-9149(73)80166-3.

3. Bharati S, Lev M. Positional variations of the heart and its component

chambers. Circulation. 1979;59(5):886-7. [PubMed ID: 428100].

https://doi.org/10.1161/01.cir.59.5.886.

4. Calcaterra G, Anderson RH, Lau KC, Shinebourne EA. Dextrocardia--

value of segmental analysis in its categorisation. Br Heart J.

1979;42(5):497-507. [PubMed ID: 518773]. [PubMed Central ID:

PMC482192]. https://doi.org/10.1136/hrt.42.5.497.

5. Evans WN, Acherman RJ, Collazos JC, Castillo WJ, Rollins RC, Kip KT, et

al. Dextrocardia: practical clinical points and comments on

terminology. Pediatr Cardiol. 2010;31(1):1-6. [PubMed ID: 19727926].

https://doi.org/10.1007/s00246-009-9516-0.

6. Bohun CM, Potts JE, Casey BM, Sandor GG. A population-based study

of cardiac malformations and outcomes associated with

dextrocardia. Am J Cardiol. 2007;100(2):305-9. [PubMed ID: 17631088].

https://doi.org/10.1016/j.amjcard.2007.02.095.

7. Garg N, Agarwal BL, Modi N, Radhakrishnan S, Sinha N. Dextrocardia:

an analysis of cardiac structures in 125 patients. Int J Cardiol.

2003;88(2-3):143-55. discussion 155-6. [PubMed ID: 12714192].

https://doi.org/10.1016/s0167-5273(02)00539-9.

8. Oztunc F, Madazli R, Yuksel MA, Gokalp S, Oncul M. Diagnosis and

outcome of pregnancies with prenatally diagnosed fetal

dextrocardia. J Matern Fetal Neonatal Med. 2015;28(9):1104-7. [PubMed

ID: 25007986]. https://doi.org/10.3109/14767058.2014.943659.

9. Comstock CH, Smith R, Lee W, Kirk JS. Right fetal cardiac axis: clinical

significance and associated findings. Obstet Gynecol. 1998;91(4):495-9.

[PubMed ID: 9540929]. https://doi.org/10.1016/s0029-7844(98)00018-

0.

10. Arcilla RA, Gasul BM. Congenital dextrocardia. Clinical,

angiocardiographic, and autopsy studies on 50 patients. J Pediatr.

1961;58:251-62. [PubMed ID: 13684050]. https://doi.org/10.1016/s0022-

3476(61)80165-0.

http://www.ncbi.nlm.nih.gov/pubmed/14136294
https://doi.org/10.1016/0002-9149(64)90159-6
http://www.ncbi.nlm.nih.gov/pubmed/4757237
https://doi.org/10.1016/s0002-9149(73)80166-3
http://www.ncbi.nlm.nih.gov/pubmed/428100
https://doi.org/10.1161/01.cir.59.5.886
http://www.ncbi.nlm.nih.gov/pubmed/518773
https://www.ncbi.nlm.nih.gov/pmc/PMC482192
https://doi.org/10.1136/hrt.42.5.497
http://www.ncbi.nlm.nih.gov/pubmed/19727926
https://doi.org/10.1007/s00246-009-9516-0
http://www.ncbi.nlm.nih.gov/pubmed/17631088
https://doi.org/10.1016/j.amjcard.2007.02.095
http://www.ncbi.nlm.nih.gov/pubmed/12714192
https://doi.org/10.1016/s0167-5273(02)00539-9
http://www.ncbi.nlm.nih.gov/pubmed/25007986
https://doi.org/10.3109/14767058.2014.943659
http://www.ncbi.nlm.nih.gov/pubmed/9540929
https://doi.org/10.1016/s0029-7844(98)00018-0
https://doi.org/10.1016/s0029-7844(98)00018-0
http://www.ncbi.nlm.nih.gov/pubmed/13684050
https://doi.org/10.1016/s0022-3476(61)80165-0
https://doi.org/10.1016/s0022-3476(61)80165-0


Torabi A et al.

10 Iran J Pediatr. 2024; 34(6): e139746.

11. Applegate KE, Goske MJ, Pierce G, Murphy D. Situs revisited: imaging

of the heterotaxy syndrome. Radiographics. 1999;19(4):837-52.

discussion 853-4. [PubMed ID: 10464794].

https://doi.org/10.1148/radiographics.19.4.g99jl31837.

12. Rapoport Y, Fox CJ, Khade P, Fox ME, Urman RD, Kaye AD.

Perioperative implications and management of dextrocardia. J

Anesth. 2015;29(5):769-85. [PubMed ID: 25957984].

https://doi.org/10.1007/s00540-015-2019-7.

13. Maldjian PD, Saric M. Approach to dextrocardia in adults: review. AJR

Am J Roentgenol. 2007;188(6 Suppl):S39-49. quiz S35-8. [PubMed ID:

17515336]. https://doi.org/10.2214/AJR.06.1179.

14. Araoz PA, Reddy GP, Higgins CB. Congenital heart disease:

morphology and function. In: Senzaki H, Yasukochi S, editors.

Cardiovascular MRI & MRA. Philadelphia: Lippincott Williams &

Wilkins; 2003. p. 307-38.

15. Van Praagh R. The importance of segmental situs in the diagnosis of

congenital heart disease. Semin Roentgenol. 1985;20(3):254-71.

[PubMed ID: 3898392]. https://doi.org/10.1016/0037-198x(85)90009-4.

16. Bernasconi A, Azancot A, Simpson JM, Jones A, Sharland GK. Fetal

dextrocardia: diagnosis and outcome in two tertiary centres. Heart.

2005;91(12):1590-4. [PubMed ID: 16287744]. [PubMed Central ID:

PMC1769217]. https://doi.org/10.1136/hrt.2004.048330.

17. Lev M, Liberthson RR, Eckner FA, Arcilla RA. Pathologic anatomy of

dextrocardia and its clinical implications. Circulation. 1968;37(6):979-

99. [PubMed ID: 5653057]. https://doi.org/10.1161/01.cir.37.6.979.

18. Ivemark BI. Implications of agenesis of the spleen on the

pathogenesis of conotruncus anomalies in childhood; an analysis of

the heart malformations in the splenic agenesis syndrome, with

fourteen new cases. Acta Paediatr Suppl (Upps). 1955;44(Suppl 104):7-

110. [PubMed ID: 13292296].

19. Huhta JC, Hagler DJ, Seward JB, Tajik AJ, Julsrud PR, Ritter DG. Two-

dimensional echocardiographic assessment of dextrocardia: a

segmental approach. Am J Cardiol. 1982;50(6):1351-60. [PubMed ID:

7148713]. https://doi.org/10.1016/0002-9149(82)90474-x.

20. Walmsley R, Hishitani T, Sandor GG, Lim K, Duncan W, Tessier F, et al.

Diagnosis and outcome of dextrocardia diagnosed in the fetus. Am J

Cardiol. 2004;94(1):141-3. [PubMed ID: 15219529].

https://doi.org/10.1016/j.amjcard.2004.03.049.

21. Siripornpitak S, Pornkul R, Khowsathit P, Layangool B, Promphan W,

Pongpanich B. Cardiac CT angiography in children with congenital

heart disease. Europ J Radiol. 2013;82(7):1067-82. [PubMed ID:

22196744]. https://doi.org/10.1016/j.ejrad.2011.11.042.

22. Frush DP, Herlong JR. Pediatric thoracic CT angiography. Pediatr

Radiol. 2005;35(1):11-25. [PubMed ID: 15565342].

https://doi.org/10.1007/s00247-004-1348-8.

23. Epçaçan S, Şişli E. Congenital cardiac malformations associated with

dextrocardia: analysis of 75 patients in a tertiary center. Osmangazi

Tıp Dergisi. 2020;42(1):61-6.

24. Pushparajah K, Duong P, Mathur S, Babu-Narayan S. EDUCATIONAL

SERIES IN CONGENITAL HEART DISEASE: Cardiovascular MRI and CT in

congenital heart disease. Echo Res Pract. 2019;6(4):R121-38. [PubMed

ID: 31730044]. [PubMed Central ID: PMC6893312].

https://doi.org/10.1530/ERP-19-0048.

25. Chen XF, Jiang F, Li L, Chen Y, Chen X, Jiang YY, et al. Application of

low-dose dual-source computed tomography angiography in

children with complex congenital heart disease. Exp Ther Med.

2017;14(2):1177-83. [PubMed ID: 28810576]. [PubMed Central ID:

PMC5526138]. https://doi.org/10.3892/etm.2017.4591.

26. Pages J, Buls N, Osteaux M. CT doses in children: a multicentre study.

Br J Radiol. 2003;76(911):803-11. [PubMed ID: 14623782].

https://doi.org/10.1259/bjr/92706933.

27. Rao PS, Rao NS. Diagnosis of Dextrocardia with a Pictorial Rendition

of Terminology and Diagnosis. Children (Basel). 2022;9(12). [PubMed

ID: 36553425]. [PubMed Central ID: PMC9777272].

https://doi.org/10.3390/children9121977.

28. Goo HW, Siripornpitak S, Chen SJ, Lilyasari O, Zhong YM, Latiff HA, et

al. Pediatric Cardiothoracic CT Guideline Provided by the Asian

Society of Cardiovascular Imaging Congenital Heart Disease Study

Group: Part 2. Contemporary Clinical Applications. Korean J Radiol.

2021;22(8):1397-415. [PubMed ID: 33987995]. [PubMed Central ID:

PMC8316776]. https://doi.org/10.3348/kjr.2020.1332.

http://www.ncbi.nlm.nih.gov/pubmed/10464794
https://doi.org/10.1148/radiographics.19.4.g99jl31837
http://www.ncbi.nlm.nih.gov/pubmed/25957984
https://doi.org/10.1007/s00540-015-2019-7
http://www.ncbi.nlm.nih.gov/pubmed/17515336
https://doi.org/10.2214/AJR.06.1179
http://www.ncbi.nlm.nih.gov/pubmed/3898392
https://doi.org/10.1016/0037-198x(85)90009-4
http://www.ncbi.nlm.nih.gov/pubmed/16287744
https://www.ncbi.nlm.nih.gov/pmc/PMC1769217
https://doi.org/10.1136/hrt.2004.048330
http://www.ncbi.nlm.nih.gov/pubmed/5653057
https://doi.org/10.1161/01.cir.37.6.979
http://www.ncbi.nlm.nih.gov/pubmed/13292296
http://www.ncbi.nlm.nih.gov/pubmed/7148713
https://doi.org/10.1016/0002-9149(82)90474-x
http://www.ncbi.nlm.nih.gov/pubmed/15219529
https://doi.org/10.1016/j.amjcard.2004.03.049
http://www.ncbi.nlm.nih.gov/pubmed/15219529
https://doi.org/10.1016/j.amjcard.2004.03.049
http://www.ncbi.nlm.nih.gov/pubmed/22196744
https://doi.org/10.1016/j.ejrad.2011.11.042
http://www.ncbi.nlm.nih.gov/pubmed/15565342
https://doi.org/10.1007/s00247-004-1348-8
http://www.ncbi.nlm.nih.gov/pubmed/31730044
https://www.ncbi.nlm.nih.gov/pmc/PMC6893312
https://doi.org/10.1530/ERP-19-0048
http://www.ncbi.nlm.nih.gov/pubmed/28810576
https://www.ncbi.nlm.nih.gov/pmc/PMC5526138
https://doi.org/10.3892/etm.2017.4591
http://www.ncbi.nlm.nih.gov/pubmed/14623782
https://doi.org/10.1259/bjr/92706933
http://www.ncbi.nlm.nih.gov/pubmed/36553425
https://www.ncbi.nlm.nih.gov/pmc/PMC9777272
https://doi.org/10.3390/children9121977
http://www.ncbi.nlm.nih.gov/pubmed/33987995
https://www.ncbi.nlm.nih.gov/pmc/PMC8316776
https://doi.org/10.3348/kjr.2020.1332

