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Abstract: Situs inversus totalis is a rare congenital abnormality characterized by a mirror-image transposition of both the abdominal
and the thoracic organs. While this anomaly is known since the ancient times, practicing doctors do not have much experience with it.
Laterality is established early in development, and any failure in that process might lead to a wide variety of disorders which may be
partial or complete. Situs solitus describes the normal anatomy, situs inversus is the complete reversal, and situs ambiguous is used for
any other abnormality of left-right development. Sidedness is regulated by genes: over 100 genes have been linked to laterality defects.
Frequency of situs inversus is 1:10,000 and is more frequent in males: 1.5:1. Advanced imaging modalities can be used to assess fine
anatomical details, which play a crucial role in these cases to plan radiologic or surgical interventions. Percutaneous biliary procedures,
portal vein embolization are really challenging procedures in SIT patients due to the mirror effect. As most surgeons are right-handed,
SIT operations can cause difficulties: handling the instruments with their left hand or the pedals with their left foot can be
uncomfortable Organ, especially liver transplantation represents an extraordinary surgical challenge. Solutions to overcome the
anatomic differences include the use of segment or reduced size graft with rotation, modified piggy-back technique, side to-side
caval anastomosis, and vascular conduit. Because of its rarity and special nature, surgical patients with situs inversus may require more
flexibility and creativity from the surgical team.

Keywords: situs inversus totalis, left-right asymmetry, mirror-image transposition, kidney transplantation, liver transplantation, organ
donation

Plain Language Summary

Nearly all visceral organs of the thorax and abdomen are left-right asymmetrical in their anatomy and placement. Situs inversus is
the mirror-image transposition of the organs. This is a rare condition, affecting 1:10,000 people. Laterality is established early in
foetal development and over 100 genes have been linked to laterality defects. Any failure in the normal left-right asymmetry
stands in a spectrum of disturbances. Because of its rarity, practising doctors usually do not have much experience with these
patients. Advanced imaging modalities like computer tomography (CT) or magnetic resonance imaging (MRI) can be used to
assess fine anatomical details. The diagnosis of situs inversus is especially important in emergency situations. Clinically, situs
inversus by itself is asymptomatic. A thorough assessment of the patient’s anatomy is recommended before Surgery. These patients
require more flexibility and creativity from the surgical team; however, many cases that have been reported were treated
successfully.

Introduction

Situs inversus totalis (SIT) is a rare congenital abnormality characterized by a mirror-image transposition of both the
abdominal and the thoracic organs (Figure 1). This is a global defect of situs orientation, as the failure to generate normal
left-right asymmetry results in a spectrum of laterality disturbances.' This condition might cause difficulties during
diagnostic and therapeutic procedures. Because of its rarity, practising doctors, eg, gastroenterologists, radiologists, and
surgeons usually do not have much experience with these patients. Even a busy surgeon may expect to encounter this
anomaly only once or twice in a lifetime.”

In this review, we focus on the surgical and clinical importance of situs inversus totalis.
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Figure | Characteristic CT-scan in SIT: coronal reconstruction of contrast-enhanced CT.

History

This anomaly was first described in animals by Aristotle (BC. 384-322).> We had to wait to the first observations in
humans till the 17th century. Fabricius reported the first known case of reversal of the liver and spleen in man in 1600.*
A few years later, in 1652, Riolan, dean of the medical faculty of the University of Paris, reported two cases.” Marco
Severino first recognized dextrocardia in 1643 (https://emedicine.medscape.com/article/413679-overview).

Kiichenmeister was the first who observed four cases in living persons by physical examination and reported this with
drawings in 1888. He called this anatomical situation “situs viscerum transversus”.® To Vehsemeyer is given the credit
for being first to demonstrate the transposition of the viscera in 1897 by X-ray.” Since then, imaging has been the method
of choice to clarify the anatomy.

Terminology

The body of vertebrate species shows an external bilateral symmetry. Therefore, it is surprising that humans and all other
vertebrates present an internal asymmetry: nearly all visceral organs are left-right (LR) asymmetrical in their anatomy
and placement. The normal disposition of organs is called situs solitus." Any failure in the normal left-right asymmetry
stands within a spectrum of laterality disturbances. Heterotaxia (from Greek: “heteros” and “taxis”) is the common term
used for these disorders. It encompasses a wide variety of disorders which may be partial or complete. The asymmetry of
unpaired organs (heart, liver, spleen, stomach, bowels, aorta, v. cava) seems to be logic and “unavoidable”. The
asymmetry of paired organs seems less obvious, but they have distinct left and right forms. The lungs have major
differences (three lobes vs two lobes), but even kidneys show some asymmetry. Especially the vascular differences
between left and right kidneys have some technical importance, eg, for transplant surgeons.

The terminology, as described in the literature, is a bit confusing. The complete reversal of normal organ position,
including both the thoracic and abdominal organs, is called situs inversus totalis. Between the two “extremities”, situs
solitus (normal) and situs inversus (reversed) totalis, lies the spectrum of situs ambiguous (indeterminate), which,
according to Aylsworth, is characterized by isomerism, heterotaxy, and multiple malformations in one or more thoracic
or abdominal organs.® However, Kosaki et al use the term situs ambiguous when the entire anatomic left-right axis is
neither normal nor mirror-image reversed.’ Peeters et al use this term for the failure of asymmetry of unpaired organs (a
condition where at least one organ shows a reversed orientation), in some contrast with isomerism, which refers to
a defect in asymmetry of paired organs. Moreover, these conditions are frequently associated with each other.! Probably,
it is wise to follow Kosaki’s advice and use situs solitus for normal anatomy, situs inversus for complete reversal, and
situs ambiguous for any other abnormality of LR development.
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It must always be kept in mind that malrotation, a congenital anomaly of the intestinal position, is different from situs
inversus. The liver, bile ducts and the gallbladder, the oesophagus, the stomach, the duodenum and the pancreas develop
from the foregut; these do not rotate during embryonic development. Intestines (the small intestine and the colon until the
transverse colon) develop from the midgut and they rotate 270° counterclockwise around the superior mesenteric artery.

Malrotation results from an error of this process. Thus, malrotation is independent of situs inversus.'%"!

Embryology, Genetics

In a population-based Baltimore-Washington Infant Study using multivariate analyses of cases and controls, six risk
factors for SIT were identified: family history of heart defects, family history of noncardiac anomalies, maternal diabetes,
antitussive use, paternal smoking, and low socioeconomic status.'?> These factors might have some connection with
genetic mutations, as major advances in the identification of gene mutations in animals and humans support a growing
body of knowledge about the causes of laterality defects.'?

It is reasonable to assume that monozygotic twins are more likely to show evidences of SIT. However, that is not the
case. Situs inversus is seldom seen in identical twins.>'* In a multicenter study analysing 1812 individuals, Baneke et al
were unable to calculate meaningful heritability for SIT, due to insufficient numbers.'> The situation may differ for
conjoined twins. The incidence of situs inversus in them is far too high to be due to chance alone.'®

Laterality is established early in development and is orchestrated by a cascade of signal molecules and genes.
Importantly, the neurotransmitter serotonin (SHT) also plays a critical role in this signalling cascade that establishes
laterality.'® Sidedness is established at the time of primitive streak formation (gastrulation) and is regulated by genes,
such as Nodal and PITX2, which become restricted in their expression. Partial reversal of left-right asymmetry is more
often associated with other defects than complete asymmetry (situs inversus).'® The discovery of these cascades has also
shed light on the cause of situs defects in conjoined twins.'”

Genetic deletions of KIF3-A or KIF3-B, two microtubule-dependent kinesin motor proteins, resulted in
a randomization of the situs of the viscera. In case of non-functional KIF3, the cell-adhesion factors N-cadherin and -
catenin are not transported to the cell surface. These proteins are involved in the development and progression of
cancer.'® 2% Reversed cerebral asymmetry is associated with breast cancer, suggesting that some aspects of laterality
mechanisms also participate in growth and pattern control processes.”' Most cases of heterotaxy are sporadic occurrences
without a recognizable cause.'?

Understanding how directional information is converted into global position will be a key piece of the puzzle. Over
100 genes have been linked to laterality defects, including primary ciliary dyskinesia (PCD) genes, which has led to
a greater focus on the overlap between PCD and the full spectrum of laterality defects between situs solitus and situs
inversus totalis.

Epidemiology
It is difficult to provide a valid estimation of real frequency. There are only a few own observations in the literature and
a lot of citations.

The incidence of all lateralization defects is approximately 1:15,000 according to the Orphanet.”? Heterotaxy is
present in approximately 1 in 10,000 births.** The incidence of situs inversus itself is reported to be 1:6500 to 1:25,000,
see Table 1.

We performed a search in our radiologic database, looking for situs inversus as key words in the results. Between
2006 and 2020, 217,646 imaging examinations (ultrasound, CT and plain radiography) were performed at the Department

Table | Estimated Frequency of LR Disorders

Heterotaxy 1:10 0002
Situs ambiguous 1:10 000'3 1:15 0002
Situs inversus totalis 1:20 000%* 1:6-8000' 1:6500? 1:25 000%°
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of Transplantation and Surgery, Semmelweis University. Out of them, 21 cases were found, which represents a 1:10,000
frequency. This hospital-based prevalence rate best reflects Adams et al in 1937 (23:232,113), and Lin et al in 2000
(20:201,084) from Massachusetts, as data from own observations.?® This rate is similar as well to the population-based
Baltimore-Washington Infant Study.'? SIT is slightly more frequent in males: 1.5:1.27

Syndromic LR Defects

Sometimes LR malformations arise as only one manifestation of a broader spectrum of so-called syndromic LR defects.
The most common of these is the immotile cilia syndrome, whose name was changed to “primary ciliary dyskinesia”
(PCD) as it describes more appropriately its heterogeneous genetic base and the ciliary dysfunction.®® The first cases,
reported in the early 1900's, became known as the Kartagener syndrome, the triad of situs inversus, bronchiectasis and
sinusitis.”*>° Affected individuals suffer from chronic respiratory tract infections and from a variable combination of
infertility in males, chronic ear infections and decreased or absent sense of smell. These problems arise because of
defective cilia and flagella (sperm tails have a similar structure).’

Several other syndromes associated with abnormal situs have been described as well, including polysplenia syn-
drome, asplenia or Ivemark’s syndrome.>' Ivemark and asplenia/polysplenia syndromes do not constitute distinct
etiological entities and therefore these terms should be avoided.'

Situs ambiguous is very frequently associated with cardiac malformation: 80% of these patients present complex
congenital heart disease, detected basically in childhood. The rate of congenital heart disease is around 0.6% in situs
solitus (normal anatomy), 3-9% in situs inversus totalis, and almost 80% in situs ambiguous. This highlights the
importance of relative organ position with respect to each other for proper morphogenesis.'** Vascular anomalies
such as an interrupted inferior vena cava (INT-IVC) and preduodenal portal vein (PDPV) have been reported in as
many as 20% and 42% of situs anomaly patients, respectively.>® Aberrant hepatic arterial anatomy also has a higher
frequency in patients with abnormal situs. Biliary atresia (BA) is commonly found in patients with abnormal

. 4—
SItus.3 36

Medical Imaging

Although situs inversus can be suspected following a careful physical examination, the wide availability of medical
imaging and routine screening programs make it possible to confirm the findings and look for further details and
pathologies. Traditional imaging modalities like ultrasound (US) or plain film X-ray are usually the first choice of
diagnostic imaging. Typical findings are dextrocardia, left-placed liver and right-placed spleen — rarely even with
polysplenia.’”*® Advanced imaging modalities like computer tomography (CT) or magnetic resonance imaging (MRI)
can be used to assess fine anatomical details and possible pathological findings (Figure 1). Prenatal MRI of the foetus can
even provide a detailed description of situs anomalies well before delivery.*' Nuclear medicine imaging is also feasible
in situs inversus, but technical details need to be considered, like detector position during cardiac SPECT imaging.** If
available, fusion with CT or MRI can help to understand the anatomy that may not be visible on functional imaging.
SPECT/CT with **™Tc-labeled native red blood cells can be useful to differentiate between polysplenia and abdominal
masses.**

Congenital cardiovascular disorders are found frequently in situs inversus, highlighting the role of advanced thoracic
and abdominal imaging with CT and/or MRI.***

Caval vein disorders are also common. The most common variation is left-sided inferior caval vein (IVC). In some
cases, the distal part of the VCI is absent or interrupted.*”>* These malformations may come with higher risks of deep
vein thrombosis. The superior vena cava can be on the left side as well.*®

The diagnosis of situs inversus is especially important in emergency scenarios. Olasehinde et al reported a case of
a polytraumatized patient with an accidental finding of situs inversus totalis during exploratory laparotomy.”" Similarly,
acute abdominal diseases, like cholecystitis, acute appendicitis or splenic injury will present with uncommonly located
symptoms.®*>> Typically, diagnosing these acute abdominal diseases is part of the daily routine; however, medical
imaging can help clarify the diagnosis when symptoms are atypical due to situs anomalies. Patients with situs inversus
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may develop malignant or benign neoplasms just like patients without situs anomalies.’®®? Medical imaging plays
a crucial role in these cases to properly plan possible surgical treatment.

Interventional Radiology (IR)

There are only a few cases reported in the literature when a patient with situs inversus underwent an interventional
radiological procedure.®* 7 Gasparrini et al reported a patient with situs inversus totalis who underwent repeated TACE
treatments after Fontan surgery.®® Variant origin of the hepatic artery (from the superior mesenteric artery) further
complicated the case.

Percutaneous biliary procedures are far more challenging, as the operator needs to work on the “wrong” side. Routine
procedures like patient lying, placement of angio team members and C-arm location may also need to be revised when
working with a situs inversus patient. Our work group’s recent paper presents a patient with a biliary stricture who
underwent multiple biliary procedures.” Compared to traditional percutaneous biliary drainage procedures in our
institute, we placed the patient heading the opposite direction in order to stay on the usual side to work. The operator
and the IR nurse changed their position and the ceiling-hanged monitor was moved behind the IR nurse to allow a clear
view. All IR procedures were uneventful and complication-free. Giordano et al and Gupta et al described a very similar
workflow for PTD in situs inversus totalis patients.®*®>

Similarly to PTD, portal vein embolization (PVE) can also be challenging due to the mirror-effect. So far there is only
one reported case of PVE on a situs inversus totalis patient published by Faria et al.®®
Balloon-occluded retrograde transvenous obliteration (BRTO) is a minimally invasive treatment for patients with

gastric varices.”® Watanabe et al reported a single case of a situs inversus patient who underwent BRTO.®’

Endoscopy

Gastro- and Colonoscopy

To perform an oesophago-gastro-duodenoscopy (EGD) in situs inversus a “mirror-technic” is required which means that
the insertion tube together with the left-right and up-down wheels move inversely as within a normal procedure.”’
A clearer endoscopic view can be obtained placing the patient in right lateral position and the endoscopist on the opposite
side, with rearranging the endoscopic room.””

In the literature, several reports of successful endoscopic interventions can be found.

These include endoscopic submucosal dissection of early gastric cancer,”” PEG (percutaneous endoscopic gastro-
stomy) insertion using a pre-existing abdominal surgical incision in an obese patient,”> endoscopic papillectomy,”*
endoscopic myotomy.”

Choi et al reported 5 colonoscopies made by situs inversus patients between 2001 and 2006. The cecal intubation time

was prolonged, but a complete colonoscopy was possible.”®

ERCP

The most challenging procedure in situs inversus is the endoscopic retrograde cholangiopancreatography (ERCP).
Despite the difficulty, many publications can be found about successful interventions, like sphincterotomy, stone
extraction, biliary dilatations and placing biliary stents. Most of the procedures were performed with the patient in
ventral position, with the duodenoscope rotated through 180° in the second part of the duodenum to enable visualization
of the ampulla.

Endoscopic procedures can be combined in altered anatomy, too. In a 65-year-old man, a conventional ERCP
revealed 2 giant intraductal stones, lithotripsy could not be performed. Intraductal cholangioscopy and laser lithotripsy
were successful.”” One interesting case was published about double-balloon enteroscopy-assisted ERCP procedure in
a patient who had undergone earlier Roux-en-Y hepatico-jejunostomy following iatrogenic bile duct injury during
cholecystectomy. Dilatation of the anastomotic stenosis and placing a plastic biliary tube was performed by keeping
the patient in a standard ERCP position.”®
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Post-surgical interventions together with congenital anatomic alterations can complicate the endoscopic methods.
Kim et al reported the first case of ERCP in situs inversus totalis following a Billroth II. gastrectomy. Neither the
patient’s nor the endoscopist’s position was changed. The major papilla was accessed with a forward-viewing
endoscope.”’ Billroth I. anatomy enables the use of a side-viewing duodenoscope inserted along the lesser curve of
the stomach into the duodenum, rotated counterclockwise, placed the patient in the prone position with the endoscopist
on his right side.®

There are only a few reports about endoscopic ultrasound (EUS) for diagnostic or therapeutic procedures.
Kumbhari et al reported the first EUS in a patient with situs inversus totalis, and revealed a pancreatic malignancy.
The position of the patient (left to right lateral) and the echoendoscope (linear to radial) was changed during the
procedure, t00.®' Cecinato et al performed a successful EUS-guided transgastric biliary drainage because of a solid
mass of pancreatic isthmus involving the entire common bile duct, duodenum, portal vein and mesenteric axis, causing
duodenal stenosis.®? Cases of extrahepatic cholangiocarcinomas proved with EUS followed by ERCP were published,

t00.25’83

Surgery

General Surgery

A thorough assessment of the patient’s anatomy is recommended before surgery. Of note to the general surgeon,
abnormal sidedness of cardiac structures is frequently associated with abnormal relationships of the thoracic and
abdominal organs.

Clinically, SIT by itself is asymptomatic; however, when it is associated with other conditions, the diagnosis may
represent a challenge due to the reversed anatomical location of symptoms. This clinical presentation can be explained by
the fact that the organs are transposed, but the peripheral nervous system components are not, allowing the patient to
experience diffuse abdominal pain.®*

In laparoscopic procedures, careful consideration of trocar positioning is necessary.®> There are no standard port
positions in these situations and the surgeon has to modify the port placements adhering to the basic principles of
laparoscopy — triangulation and ergonomy. The main advantage of laparoscopic procedures is that they can be tailored
to every patient with minimal modification of the standard procedure — placement of the trocars is widely variable.***’
On the other hand, as a result of these modifications, incisions in inappropriate sites have been documented in more than
40% of such cases.™

Handedness of the lead surgeon in these cases may influence the outcome of the surgery, because most of the human
population is right-handed. Surgical procedures are designed for right-handed surgeons but can be approached by the left-
handed in alternative ways.*® The connection between handedness and professions was explored in many studies and
found most of the surgeons right-handed.®” The left-handed part of the population could have the gift of high aptitude for
visuospatial skills, which could be very useful practicing surgery, as well.

However, for right-handed surgeons, it can cause some difficulties: handling the instruments with their left hand or
the pedals with their left foot can be uncomfortable.”® Very tiring situations can occur: using the right hand has technical
difficulties of either having to cross the hands or hyperflex the trunk, and these could have an effect on the surgical

outcome, t00.”"

LC

There are several reports in the literature about laparoscopic cholecystectomy (LC) in SIT. The most widely used
technique described is by placing an umbilical trocar for the camera and three trocars in the standard subcostal positions
mirrored to the left. The surgeon and the assistant stand on the right, while the monitor is situated on the left side of the
patient. In this situation, the surgeon can hold the infundibulum (Hartmann’s pouch) with the left hand through the
subxiphoid port and can use the right hand to perform the dissection through the left midclavicular port.>* This kind of

“American mirror technique” was used by most surgeons according to a recent review.”” This is ergonomically a bit

2442 https: International Journal of General Medicine 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Eitler et al

inconvenient as the surgeon has to lean across the patient’s body. The operation time is reported to be longer than the
average in normal anatomy.”> *°

In our unit, we do not use a second assistant for standard LC: the camera assistant grasps and retracts the fundus. The
colleague who performed a laparoscopic cholecystectomy in a SIT patient described the whole situation as “difficult”

(personal communication, case not published).

Appendectomy

Appendicitis in unusual locations or situations always poses a diagnostic dilemma. Abdominal CT is widely accepted and
used in acute abdominal diseases, therefore in rare and/or puzzling situations it belongs to the essential diagnostic
options.””?® In the case of SIT, the laparoscopic procedure has even more advantages compared to normal anatomy. The
operation can be carried out laparoscopically if possible; if not, an appropriate surgical incision can be made.”® The
camera can be introduced through the umbilical port, the other port positions can be then placed according to the exact
position of the appendix and the technique is to be modified to suit each individual patient.”*

Other Operations

Many other surgical procedures have been reported in SIT patients. These include sleeve gastrectomy for morbid

100,101 103,104 105,106

proximal gastric resection,'®” “distal” gastric resection, total gastrectomy for malignancy,

109

obesity,

laparoscopic pancreato-duodenectomy,'®” nephrectomy,'®® complicated choledochal cyst'® and different colorectal

operations, eg, sigmoid resection, rectal resection, etc. 10111

We previously published a case of malignant masquerade biliary stricture in a situs inversus totalis patient (who gave
his written consent to that) when distal resection of the common bile duct, cholecystectomy and hilar lymphadenectomy
were performed.®’

After encountering the initial disorientation, experienced surgeons can perform these procedures successfully and

safely.

Transplantation

Organ transplantation might pose extremely challenging surgery in the case of SIT. Theoretically, both the donor and the
recipient can have situs inversus, but taking account of the rarity, it is very unlikely to find such matching donor-recipient
pairs. In our unit, which is a high-volume kidney and liver transplant center within the Eurotransplant, so far we have not
met a donor with situs inversus and we did not perform transplantation in SIT recipient.

Kidney
As kidneys are paired and more or less symmetric organs, situs inversus should not cause serious difficulties. There are
several reports about living donations and performing laparoscopic nephrectomies, with excellent result, as it was
expected.''> "> Detailed imaging is mandatory to reveal the exact anatomy.

Reports about recipients having SIT are even more sparse. Ochi et al reported three cases, and concluded that kidney
transplantation is the same, except that attention should be paid to venous anastomosis.''® With multidisciplinary efforts

and thorough surgical preparation at a high-volume transplant centre, this procedure is feasible and safe.''”

Liver

The liver is an asymmetric organ and is always involved in anatomic disturbances related to SIT. Therefore, both the
donation from a SIT donor and the transplantation into a SIT recipient represent extraordinary surgical challenges. Situs
inversus was once regarded as a contraindication to liver transplantation because of the technical difficulties associated
with the unique vascular anatomy and concern about achieving accurate graft positioning.''® The first liver transplanta-

8.""” Watson et al in 1995 reported 8 cases.'?’ They selected relatively small

tion in a SIT recipient was published in 198
donor organs or reduced-size grafts and used a modification of the “piggy-back” technique of suprahepatic vena caval
anastomosis to overcome the recipient’s venous anomalies. The modified piggy-back technique is advocated by others, as

well.'?!!?2 Solutions to overcome anatomic differences include side to-side caval anastomosis, reduced and rotated graft
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(90 degrees clockwise), for which relatively smaller grafts are to be preferred.'*'?* This technique is most suited for this
anatomical variation in the opinion of Sankarankutty.125 The rotation (15-90°) and the use of reduced size grafts seems to
be an accepted solution for that rare situation.'?¢~'%®

In the case of living donation, the use of segmental liver transplantation gives more freedom for the transplant
surgeon to figure out the best option. If there is enough time for preoperative planning, the new techniques, such as 3D
printing, can help procedure planning.'*® Pomposelli and Rayhill used a 180-degree ventral caudal (backward)
rotation,'?*'3!

Plication of the left diaphragm together with stabilization of the graft, use of vascular conduits or splenectomy to
make space should be considered as well. However, thrombotic complications, including even the need of retransplanta-
tions, are more frequent than in a normal setting.'®

Although different successful approaches have been proposed, agreement on a standard technique has not been
achieved. Careful perioperative planning, thorough anatomic knowledge of both the donor and the recipient liver,

flexibility and creativity for use of a variety of different novel techniques can lead to beneficial outcomes.

Conclusion

The establishment of left-right asymmetry is a fascinating problem in embryonic morphogenesis.'*> Given that
complete situs inversus presents no medical disadvantage, why do not individuals with situs solitus co-exist in roughly
equal numbers with those with situs inversus?'** Significant progress in our understanding of the molecular genetic
basis of right-left patterning has recently been made, but the crucial details of the origin of asymmetry remain
unknown.

Medical imaging is capable of visualizing the fine details of situs anomalies and is essential before any further
invasive therapy.

All IR procedures can be performed on patients with situs inversus totalis; however, some may need technical
modifications because of the “mirror effect”. Diagnostic and interventional endoscopy means a difficulty in this
anatomical rarity, but all the known procedures could be achieved by experts using a mirror-technic, with or without
changing the position of the patient and endoscopists, or type of the endoscope.

This uncommon malformation has been challenging and amazing for many surgeons. Because of its rarity and special
nature, surgical patients with situs inversus may require more flexibility and creativity from the surgical team; however,
many cases that have been reported in the literature could have been treated successfully.
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