
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2022. Anatomy & Cell Biology

Introduction

Situs inversus totalis is a rare congenital anomaly with an 
incidence rate varying between 1:5,000 [1] and 1:500,00 [2]. 
Situs inversus totalis is characterized by the right-left rever-
sal of thoracic and abdominal organs [3]. The topography 
of the cardiovascular system is also changed: the heart is on 
the right, the position of the heart chambers is reversed, the 
course of the aorta is also changed [4]. Despite the anatomi-
cal variation, situs inversus totalis is not manifested with 
pathognomonic signs [5]. Lack of symptoms makes situs 
inversus totalis undiagnosed and undetected, which explains 
the high variety rate.

Examination of patients with situs inversus totalis is a 
challenge for doctors, especially if the patient has already 
experienced urgent thoracic or abdominal pathology [6, 7]. 
Acute abdominal pain is one of the most common conditions 
in the emergency department [7]. Typical lower right-side 
appendicitis pain in situs inversus totalis will be on the left. 
In patients with situs inversus totalis pain in the right upper 
quadrant rather than considered a pathology of the hepato-
biliary system will be seen as a splenic disorder. A ruptured 
abdominal aortic aneurysm will be mirrored on the right of 
the inferior vena cava and a life-threatening condition may 
not be recognized on time. Pain in reversed visceral may dis-
tract clinicians, mimic typical conditions and cause a delay 
in the diagnostic and treatment process. 

Anomalies hamper clinical decision-making and surgical 
procedures. Reliable diagnostic tools should be used to make 
an accurate diagnosis promptly. Computed tomography (CT) 
is considered a quick imaging test, which allows clear visual-
ization of the anatomy of structures studied for pre-surgical 
planning and safe surgery. A CT-based morphometric 
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analysis of the cardiovascular system helps to describe vessel 
topography and size. Proper planning prior to the surgery 
allows to choose the right surgical insertion site [5], avoid 
vessel trauma and prevent hemorrhage during the surgical 
intervention [8]. 

Case Report 

The study was performed following the Declaration of 
Helsinki and was approved by the Bioethical Committee of 
Danylo Halytsky Lviv National Medical University (Lviv, 
Ukraine).

A 74-year-old male came to the emergency department 
with acute abdominal pain syndrome. Aortic morphology 
was analyzed in the native, arterial and venous phases; axial 
cross-sections, multiplanar reformation, and volume render-
ing. Contrast-enhanced CT revealed situs inversus totalis 
and rupture of infrarenal aortic aneurysm (Fig. 1).

CT scans of the chest (Figs. 2, 3). The heart is positioned 
horizontally to the right, transverse cardiac diameter (148 
mm). The right atrium (RA) is turned to the left and the left 
atrium (LA) is turned to the right. The heart chamber size: 
maximum RA transverse diameter, 46 mm; maximum LA 
transverse diameter, 86 mm; maximum anteroposterior 
LA dimension, 46 mm; maximum right ventricular (RV) 

transverse diameter, 46 mm; maximum left ventricular (LV) 
transverse diameter, 36 mm. The interventricular septum 
thickness was 17 mm and LV myocardial wall thickness was 
13 mm. No fluid was detected in the pericardial cavity. The 
aortic annulus diameter was 25 mm×30 mm. The thoracic 
aortic diameter: sinuses of Valsalva, 34 mm×35 mm×36 mm; 
sinotubular junction, 31 mm; proximal ascending aorta, 44 
mm; distal ascending aorta, 44 mm; middle of the aortic 
arch, 30 mm (the branches of the aortic arch—right subcla-
vian artery diameter, 12 mm; right common carotid artery 
diameter, 6 mm; and left brachiocephalic trunk diameter, 11 
mm); the middle third of the descending aorta at pulmonary 
trunk level, 34 mm. Diameter of the aorta at the level of dia-
phragm, 29 mm.

CT scans of the abdomen (Figs. 2, 3). The abdominal aor-
tic diameter on the level of: celiac trunk branching, 29 mm; 
superior mesenteric artery branching, 29 mm; renal artery 
branching, 28.5 mm (renal arteries branch off practically at 
the same level as the superior mesenteric artery); 24 mm 
below the left renal artery ostium there is a kinking of the 
abdominal aorta with deviation to the right, from which 
starts a spindle-shaped abdominal aortic aneurysm sized 
71 mm×77 mm×90 mm (with parietal thrombus and signs 
of rupture and retroperitoneal hematoma in the anterior 
and posterior pararenal spaces on the left, partly in the left 
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Fig. 1. Serial two-dimensional axial 
views showing slices of the aorta. (A) 
The series demonstrates the location of 
the ascending aorta (aAo) to the right 
of the pulmonary trunk (PT). The aAo 
is located to the left of the vertebral 
column; the descending aorta (DA) 
is located to the right of the vertebral 
column. (B) The aortic arch (AA) is 
to the right of the superior vena cava 
(SVC). (C) Computed tomography image 
of the abdomen under the renal arteries 
level. Abdominal aortic aneurysm (Ao) 
located in the center with intravascular 
thrombus on the left (∆) with dissection 
and retroperitoneal hematoma (▲); 
lumbar vertebra (LV); right-sidedness of 
the jejunum (Je); right-sidedness of the 
DC. (D) Common iliac artery (CIA) 
with saccular partially thrombosed 
aneurysm right-sidedness DC. DC, 
descending colon; RL, right lung; LL, 
left lung.
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perirenal space and anterior pararenal space to the right, 
without signs of contrast media extravasation). Branches of 
the inferior mesenteric artery are not clearly visualized due 

to aneurysm rupture. Abdominal aortic diameter above the 
bifurcation is 29 mm. The iliac artery diameters on the right 
side: common iliac artery, 20 mm (in the middle third with 
partially thrombosed saccular aneurysm with a diameter of 
30 mm); external iliac artery, 13 mm; internal iliac artery, 14 
mm (in proximal part with partially thrombosed saccular 
aneurysm with a diameter of 23 mm). The iliac artery diam-
eters on the left side: common iliac artery, 19 mm; external 
iliac artery, 16 mm; the internal iliac artery, 16.5 mm. The 
inferior vena cava is located left of the spine, compressed 
with an aneurysm—venous return is obstructed. The renal 
vein, which branches off the inferior vena cava and runs to 
the right-side kidney, is retroaortic and compressed between 
the abdominal aortic aneurysm and the spine (posterior nut-
cracker syndrome).

Discussion 

Situs inversus is considered an autosomal recessive ge-
netic condition [2, 3]. Laterality develops during the very 
early stages of prenatal development. During gastrulation, 
the primitive streak (starting from the 14th day of prenatal 
development) and the notochord (end of the third week of 
prenatal development) are formed. Primitive streak and no-
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Fig. 2. (A–C) A curved multiplanar reformatted view demonstrates the full course of the aorta in situs inversus totalis. Right-left inversion of 
viscera in thoracic cavity and abdominal cavity. (A) Retroperitoneal hematoma (▲). (B) Intravascular thrombus (∆) in the abdominal aortic 
aneurysm (Ao); retroperitoneal hematoma (▲). T, trachea; AA, aortic arch; LPA, left pulmonary artery; LPB, left primary bronchus; LPV, left 
pulmonary vein; LA, left atrium; RL, right lung; LL, left lung; A, abdominal aorta; S, spleen; St, stomach; L, liver; LCF, left colic flexure (splenic); 
SMA, superior mesenteric artery; RK, right kidney; IIAa, internal iliac artery aneurysm; LCCA, left common carotid artery; SVC, superior 
vena cava; IVC, inferior vena cava; AB, aorta bifurcation to iliac arteries; CIAa, common iliac artery aneurysm. LV, left ventricle; SoV, sinuses 
of Valsalva; aAo, ascending aorta; BCT, brachiocephalic trunk; LBV, left brachiocephalic vein; RCCA, right common carotid artery; PV, portal 
vein; CIA, common iliac artery.
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Fig. 3. Volumetric rendering demonstrates dextrocardia and the 
full course of the aorta till the bifurcation in situs inversus totalis. 
aAo, ascending aorta; LV, left ventricle; R A, right atrium; BCT, 
brachiocephalic trunk; LPA, left pulmonary artery; RPA, right pulmonary 
artery; A, abdominal aorta; Ao, abdominal aortic aneurysm; CIA, 
common iliac artery; EIA, external iliac artery.
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tochord are responsible for the establishment of the embry-
onic axis and left-right symmetry. The primitive node plays 
a key role in the formation of body axes. Responsible for 
the asymmetrical body structure are transforming growth 
factor-β proteins—Nodal and LEFTY-2, homeobox-contain-
ing transcription factor proteins PITX2, particular groups of 
cells in the primitive node of the embryonic disc, and many 
others [9, 10]. Disruptions in the cascade of processes result 
in “mirrored” location of thoracic and abdominal organs. 
Situs inversus totalis has no phenotypic manifestation [8]. As 
a result, situs inversus totalis is often discovered unexpect-
edly, hampering diagnostics and anatomical description of 
viscera, blood supply, and venous drainage in particular.

Case reports of situs inversus totalis often include topo-
graphic characteristics [3, 4]. In the presented case, we paid 
close attention to the rotated heart with a description of the 
heart chambers; the position of the aortic arch turning dor-
sally and to the right; the brachiocephalic trunk passing be-
hind the left sternoclavicular joint with the untypical supply 
of the left upper extremity, the left side of the neck and the 
head. Unlike the topographic anatomical peculiarities, the 
morphometric analysis of the cardiovascular system in situs 
inversus totalis is not widely presented. 

Morphometric characteristics have valuable meaning in a 
clinical situation. Firstly, appropriate detailed measurements 
of the aorta are used to choose an adequate size of the aortic 
prosthesis during open surgical repair (linear prosthesis 
of the abdominal aorta) or endovascular aneurysm repair 
(EVAR) [8]. Secondly, an accurate assessment of the vessels 
on CT scans assists in the consideration of the most reliable 
cannulation site and cannula diameter. Thirdly, vessel size 
correlates with morphological conditions, such as kinking, 
stenosis, occlusion, which must be considered a potential risk 
of organ malperfusion. Finally, anatomical analysis prior to 
surgery may ensure patient safety and predict complications. 
It supports the thesis that morphometric characteristics play 
an important complementary role in ensuring optimal clini-
cal decisions.

Because of the impact on clinical practice, assessment of 
the aorta based on the CT allowed us to measure the diam-
eter of all parts of the aorta. According to the European Soci-
ety of Cardiology Guidelines, in healthy men, the upper limit 
of the aortic diameter should not exceed 40 mm with 0.9 mm 
expansion for every 10 years [9]. In the reported case, the 
proximal and distal ascending aorta were 44 mm. Sizes of 
the branches of the aortic arch show no significant difference 

compared to those under normal conditions. Analysis of the 
CT scans of the abdomen showed abdominal aortic diam-
eter at the level of unpaired visceral branching in the ranges 
defined as normal for the general population. The abnormal 
kinking of the abdominal aorta below the left renal artery 
ostium with deviation to the right and aneurysm formation 
changed the morphometric characteristics of the aorta. The 
transverse aortic diameter was measured to be three times 
higher (90 mm) than the norm (30 mm) [11]. Typically, the 
infrarenal location of an aortic aneurysm is reported to be 
the most common [12, 13].

Dissection of the infrarenal aortic aneurysm is typically 
accompanied by abdominal pain. Acute pain syndrome is 
an emergency condition that requires swift diagnostics and 
determining the treatment tactics [6, 7]. CT was considered 
a method of choice [9]. Due to adequate visualization of 
anatomical structures, we were able to identify the mirrored 
location of internal organs and an infrarenal aortic rupture. 
Timely adequate assessment of abdominal CT scans helped 
conduct a safe surgical intervention—linear prosthesis of the 
abdominal aorta. 

In conclusions, situs inversus totalis is a rare condition, 
which bears some challenges for clinicians. The detailed 
anatomy of the cardiovascular system in different anatomi-
cal variations is the key aspect of preventing surgical compli-
cations during surgery for patient with situs inversus totalis. 
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