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Situs inversus totaliswith Aberrant Left Subclavian Artery:
A Case Report
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SUMMARY: Situs inversus totalis a rare congenital condition characterized by the reversed positioning of internal organs. It
can occur in various forms, including complete or partial reversal, and is often discovered accidentally through medigabrimagin
postmortem examination. In some cases, it may also be accompanied by vascular anomalies. This report describes aghSitusstance
inversus totalisin an 83-year-old female cadaver (cause of death: multiple organ failure) during a dissection conducted by a medical
student. The cadaver showed mirrored positioning of the thoraco-abdominal organs and blood vessels, along with varitions in th
vessels. Notable additional anomalies included the presence of an aberrant right subclavian artery and a bicarotidbtenke thitsa
brachiocephalic trunk and a recurrent laryngeal nerve. The rare anatomical anogitaly iwiversus totalisvhich involves the mirror-
image transposition of the organs, is discussed with the additional anomalies highlighted. Thus, this report is expemtee thenh
understanding of the correlation betwéitus inversus totalignd associated anomalies and to provide useful information for accurate
diagnosis and relevant surgical procedures.
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INTRODUCTION

Situs inversus totalis a congenital anomaly that life expectancy of patients witBitus inversus totaliss
results in the reversal of the normal positioning of thrormal, and in 90-95 % of cases, the heart is anatomically
internal organs. It occurs in approximately 0.01 % of theormal (Martaet al, 2003).Situs inversus totalidoes not
population and can manifest in different forms, includingypically affect the health of a patient. However, in some
Situs inversus totaliwith levocardia, dextrocardi&itus cases, Kartagener's syndrome, a type of primary ciliary
inversus totalisincompletus, anditus inversus totalis dyskinesia, may result in respiratory difficulties. Although
(SIT) (Sunet al, 2013). uncommon, heart or lung problems may also manifest in

individuals with this condition (Mishrat al, 2012).

SIT, in which all internal organs are reversed, affects
all thoracic and abdominal structures. Consequently, the  Situs inversus totalis often diagnosed incidentally
heart is situated on the right side of the thorax, with ithrough medical imaging such as chest radiography,
apex oriented towards the right instead of the left. Theectrocardiography, or ultrasound scans. In other cases, it
stomach and spleen are located on the right side of timay be reported after an autopsy or dissection of a cadaver.
abdomen, whereas the liver and gallbladder are on the litfis frequently accompanied by vascular anomalies of the
side. Additionally, the positional relationships between thigeart or abdomen (Kamitagii al,, 2005). These anomalies
blood vessels, nerves, lymphatic vessels, and intestinesia@y explain clinical symptoms, such as dysphagia or
reversed. Nevertheless, functional problems are ragdgspnea, which cannot be attributed to other medical cau-
because of the unchanged connections between organs.Sds Furthermore, inadequate precautions during surgical
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procedures, particularly in cases involving cardiovascul&bbreviations. ALSA: aberrant left subclavian artery
anomalies or atypical anatomical structures, can increaSLN: non-recurrent laryngeal nerve SHitus inversus
the surgical risks. Therefore, a comprehensiviotalis
understanding of the condition is crucial (Ketal., 2019).

Anomalies of the Chest OrgansAfter removing the an-

In this report, we present a case of SIT featuring therior thoracic wall, a reversed heart enclosed in the
absence of a brachiocephalic trunk, an aberrant lgfericardium was observed. The heart was skewed towards
subclavian artery (ALSA, also known as arteria lusoria), the right, with its apex also oriented in the same direction.
bicarotid trunk, and a left non-recurrent laryngeal nervEhe superior vena cava entered the upper left side of the
(NRLN). This report discusses the anatomical aspects ledart, resulting in the right brachiocephalic vein being
vascular anomalies and SIT, aiming to enhance thenger than the left (Fig. 1). After removing the
understanding of the correlations between them. Thegericardium, it was observed that the left atrium and
findings will improve our understanding of this rareventricle were situated anteriorly within the heart. The
condition and provide valuable information for diagnostipulmonary trunk originated from the left ventricle, and
techniques and improving the relevant surgical proceduréhge aorta originated from the right ventricle of the heart.

and treatment approaches. The ascending aorta ran towards the right side of the body.
The left coronary artery arose from the ascending aorta
CASE REPORT and ran downward and backward, whereas the right

coronary artery originated from the ascending aorta and
The present study reports a case of SIT identifiadas divided into the anterior interventricular and
during the dissection of a Korean female cadaver in a grasscumflex branches (Fig. 1).
anatomy practice course for medical students. The cadaver
was 83 years old and the cause of death was multiple orgdre lungs were also in a mirrored position.The left
failure. No surgical history or serious pathologicalung was divided into three lobes by the horizontal and
condition oblique fissures, and the right lung was
' A o divided into two lobes by the oblique
fissure (Fig. 1). The positional relationship
between the large vessels and bronchi in
the lung hilum was also mirrored. The
right pulmonary artery located above the
bronchus, and the left pulmonary artery
situated anteriorly and inferiorly to the
bronchus ( Fig. 2).

Additional variations were observed in
the vesselsThe most notable arterial
variation of this cadaver was the presence
of a short bicarotid trunk and an ALSA.
The bicarotid trunk is a condition where
the common carotid arteries of both sides
originate from a single common origin on
the aortic arch, instead of originating
separately (Fig. 2 A, C). Thereby the
ALSA originated directly from the poste-
rior aspect of the aortic arch without the
brachiocephalic artery. Then the ALSA

: ) ' e S ‘ . - ) - crossed the midsagittal plane, passing
Fig. 1 Aview of the thoracic organs wMus inversus totali§’he mirrored positions osteriorly to the esophagus and trachea,
of the heart (covered by the pericardium) and lungs, as well as reversed large Elﬂ d .

o . S TI™ o | . "extended towards the left upper limb
vessels are observed. 1; right brachiocephalic vein, 2; superior lobe of right IungF > B D). Th . |
inferior lobe of right lung, 4; heart (pericardium), 5; trachea, 6; superior vena cav, Jlg ' )- € veins vyere _a _SO
superior lobe of left lung, 8; middle lobe of left lung, 9; inferior lobe of left lung; _g’urrored, W'th the azygos vein dralnln_g
superior, L; left, The orange and green dotted lines represent the oblique and hoiléhthe superior vena cava on the left side

tal fissures of the lungs, respectively. of the heart through the azygos arch.
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Fig. 2. The view of the heart showing the apex directed to the right, and the left atrium and left ventricle covered dardinarepi
(which was originally the right atrium and right ventricle), can be observed (left). After removing the epicardium angefahtss
reversed coronary arteries can be seen (right).1; pulmonary trunk, 2; ascending aorta, 3; superior vena cava, 4; afexedt heart,
ventricle, 6; left atrium, 7; anterior interventricular branch, 8; left coronary artery, S; superior, L; left.

Additionally, the right vagus nerve was present, and theerior mesenteric artery, and inferior mesenteric artery,
right recurrent laryngeal nerve encircled the aortic archas also mirrored. The jejunal and ileal arteries were
(Suppl. Fig. 2). However, the left recurrent laryngeal nerveversed, showing the development of the vasa recta from
did not encircle the subclavian artery, resulting in a lethe right jejunal artery and the arterial arcade from the
NRLN. The NRLN originates from the left vagus nerveleft ileal artery. Additionally, the left colic artery was
slightly below the level of the inferior margin of the thyroidobserved to originate from the superior mesenteric artery.
gland (Fig. 2 B, D). The shape of the thoracic duct wdkig. 5, left). The spleen was located on the right side Fig.
also mirrored. These associated variations of the hedst,right). The locations of kidneys were also mirrored.
the great vessels, and the vagus nerves are schematicHiiig left kidney was located beneath the liver, spanning
illustrated in Suppl. Fig. 3. from approximately the level of T12 to L3, and was slightly
more caudal compared to the right kidney. (Fig. 6).
Anomaly of the Abdominal Organs.All the abdominal
organs were reversed ( Fig. 4). The liver was located @SCUSSION
the left side, and the stomach on the right side. The pylorus
of the stomach was on the left side, leading to the first SIT is a rare anatomical anomaly characterized
part of the duodenum. The jejunum was located on tlhg the reversal of organ position in a mirror image.
right side, whereas the ileum was located on the left siistimates of the prevalence of SIT in the global
and connected to the cecum. The ascending colon waspmpulation range from 1 in 8,000 to 1 in 25,000,
the left side, whereas the descending and sigmoid colatepending on the literature evaluated (Casey, 1998). The
were on the right side. The splenic flexure on the riglmdividuals with SIT are more likely to have vascular
side was situated superior to the hepatic flexure. The shap®mmalies, especially those affecting the thoracic and
of the abdominal vessels, including the celiac trunk, sabdominal organs. Although there are no commonly
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Fig. 3. The mirrored positions of the vessels and bronchi in the lung hilum, complemented by schematic illustrations below.
While right pulmonary artery is located above the bronchus (left), left pulmonary artery is below the bronchus (right). Azygos
vein is observed on the left side of the heart (right). 1; right vagus nerve. 2; right phrenic nerve, 3; descendindggimrta, 4; r

pulmonary artery, 5; right bronchus, 6; right superior pulmonary vein, 7; right brachiocephalic vein 8; superior vena cava, 9;
left bronchus, 10; left pulmonary artery, 11; left pulmonary vein, 12; left brachiocephalic vein, 13; azygos arch, 14; azygos

vein, S; superior, LA; left anterior, LP; left posterior.
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observedariations, several anomalies such as double i6:7 % of global population (Popieluszied al, 2018).
ferior vena cava or aberrant hepatic arteries have bddowever, in this case, because SIT occurred
reported in the literature (Taskesttal, 2019). simultaneously, we named the ALSA: aberrant “left”
subclavian artery instead of the typical aberrant “right”
This report highlights the finding of an ALSA subclavian artery. In addition, a bicarotid trunk and NRLN
anomaly in a patient with SIT. Originally, the termwere also found in this case. According to Micégal,
"aberrant 'right' subclavian artery" refers to an uncommadhe most common vascular anomaly coexisting with ALSA
vascular abnormality that the right subclavian arteng the bicarotid trunk (19.2 %) (Polgei al, 2014). The
arising directly from the aortic arch, without adevelopment of the thoracic and cervical regions is
brachiocephalic trunk. This specific anomaly occurs imfluenced by the aortic arch embryology. Hence,

Fig. 4. The left (A) and right (B)
view of the aortic arch and
blood vessels in the thoracic
cage, complemented by
schematic illustrations below
(C, D). The bicarotid trunk,
aberrant left subclavian artery,
and non-recurrent laryngeal
nerve are distinctly observed in
panels A and C. The aberrant
left subclavian artery is
obscured by other structures
and is not visible. left non-
recurrent laryngeal nerve
observed in panels B and D. 1;
right common carotid artery, 2;
right recurrent laryngeal nerve,
3; left common carotid artery,
4; right subclavian artery, 5;
bicarotid trunk, 6; right vagus
nerve, 7; ligamentum
arteriosum, 8; external carotid
artery, 9; internal carotid artery,
10; left non-recurrent laryngeal
nerve, 11; left vagus nerve, 12;
aberrant left subclavian artery,
13; esophagus (reflexed), 14;
trachea (reflexed), S; superior,
LA; left anterior, LP; left pos-
terior.
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21

22
Fig. 5. Schematic illustration &tus inversus totaliwith
associated variations. It highlights the dextrocardia, th

bicarotid trunk originating from the aortic arch, and the
non-recurrent left laryngeal nerve from the left vagug
nerve. 1; right internal carotid artery, 2; right external
carotid artery, 3; right subclavian artery, 4; right vagug
nerve, 5; pulmonary trunk, 6; right pulmonary artery, 7;
right atrium, 8; circumflex branch, 9; right coronary artery,

10; right ventricle, 11; anterior interventricular branch, 12;Fig. 6. The view of the abdominal organs wiitus inversus totalisThe

left internal carotid artery, 13; left external carotid artery,mirrored positions of the liver, stomach, and large intestine can be observed.
14; left non recurrent laryngeal artery, 15; aberrant lefty; heart (right ventricle), 2; stomach, 3; splenic flexure, 4; transverse co-
subclavian artery, 16; left vagus nerve, 17; superior vengyn, 5: descending colon, 6; ileum, 7; sigmoid colon, 8; falciform ligament,

cava, 18; bicarotid trunk, 19; left atrium, 20; left coronaryg: right lobe of liver, 10; Duodenum, 11; superior mesenteric artery, 12;
artery, 21; inferior vena cava, 22; left ventricle. ileum, S; superior, L; left.

Fig. 7. The view of the small intestine shows the reversed position of the jejunal and ileal arteries, which are
positioned at right and left, respectively. The left colic artery is also observed to originate from the superior
mesenteric artery (left). Spleen, which is located on the right, can be observed (right). 1; superior mesenteric
artery, 2; jejunal artery, 3; vasa recta, 4; jejunum, 5; ileum, 6; left colic artery, 7; ileal artery, 8; arterial arcade,
9; spleen, S; superior, L; left.
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and parathyroid surgery. An abnormal anatomical
situation, such as an undetected NRLN, increases the risk
of nerve injury and vocal fold paralysis. Patients with
undetected NRLN have a nearly six-fold increased risk of
intraoperative nerve injury (Toniatet al, 2004). To
minimize these surgical risks, preoperative identification
of ALSA and NRLN is crucial. For this purpose, the
computed tomography, ultrasonography, and
intraoperative neurophysiological monitoring are
recommended (lijimat al, 2022). For interventions or
surgeries affecting the aortic arch, a thorough
s E understanding of the bicarotid trunk is crucial (Rogrs

- Y A

Fig. 8. Reversed blood vessels that supply the kidneys can %Ié’ 2011).
observed. The splenic artery can be seen on the right side according . . . .
to the reversed position of the spleen. 1; splenic artery 2; right PreviouslySitus inversus totaliwas thought to be
renal artery 3; right renal vein 4; left renal artery 5; abdomin@ssociated with primary ciliary dyskinesia, a recessive
aorta 6; inferior vena cava 7; left renal vein 8; left kidney, S; supgenetic disorder caused by mutations affecting the function
rior, L; left. of matile cilia. Although primary ciliary dyskinesia can
occur in combination wittSitus inversus totaljsthe
anomalies in the aortic arch can lead to neurologicgtobability of this condition is only 41 % in casesSitis
anomalies, such as the rare variant NRLN duringversus totalis(Postemaet al, 2020). Kartagener
embryonic development, and is found in 0.7 % of the ggyndrome occurs when primary ciliary dyskinesia occurs
neral population (Popieluszia al, 2018). together withSitus inversus totalishronic sinusitis, and
bronchiectasis. However, various studies have shown that
Embryologically, the normal brachiocephalic trunkhe genes involved in Primary Ciliary Dyskinesia are not
arises from the right horn of the aortic sac and is dividegignificantly correlated with the occurrence Situs
into the right common carotid artery and right subclaviaimversus totaliswhich is caused by more complex genetic
artery. Degeneration of the right fourth aortic arch anfhctors. Genes such as LRRC6, DNAH11, DNAAF1,
proximal portion of the right dorsal aorta may lead to theCDC114, DNAH5, PKD1L1, CFAP52 (also known as
absence of the brachiocephalic trunk, resulting in ALS®WDR16), ZIC3, and CCDC11 are known to caGsieis
(Natsiset al, 2017). The prevalence of NRLN correlatesnversus totalisvithout Primary Ciliary Dyskinesia. Some
with an aberrant subclavian artery. On the right side, tl¢ these genes can cause partial collapse of visceral

normal inferior laryngeal nerve passes under the fourtiterality, resulting in heterotaxia or situs ambiguus (Pos-
aortic arch. If this portion is absent, the nerve migrates ggmaet al, 2020).
directly from the vagus nerve, forming the NRLN

(Popieluszkeet al, 2018). In the case of SIT, no significant Regrettably, in the present case, detailed medical
difference is known, except for the difference in th@istory records of the patient could not be obtained, aside
direction of embryological development. from the cause of death. However, considering her
lifespan of 83 years, it is speculated that she may have
From a clinical standpoint, ALSA commonly experienced minimal symptoms associated \@itus
manifests as an asymptomatic condition. However, raii¢versus totalis
symptoms and clinical manifestations have been reported,
including dysphagia, dyspnea, recurrent pulmonary  In this report, we presented a case of SIT with
infections, feeding difficulties, aneurysm formation, anfALSA, NRLN, and bicarotid trunk. This case report can
acute ischemia of the right arm (Natsisl, 2017). These contribute to surgical planning and provide insights into
symptoms occur due to compression of the trachea agh@ complexities of SIT and associated anomalies.
esophagus and may affect up to 10 % of patients with
ALSA (Natsiset al,, 2017). ACKNOWLEDGEMENTS. We extend our deepest
gratitude to the individual who generously donated to
Regarding the pathophysiological mechanismgedical education. This selfless contribution has been
involved, aortic tears or dissections may be more likely iavaluable to our research and learning. We also express

occur during trauma in patients with ALSA. Injury to theour sincere appreciation to the donor's family for their
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