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Abstract

Background: Kartagener syndrome (KS) is a rare subset of primary ciliary dyskinesia char-
acterized by the triad of situs viscerum inversus (SVI), chronic sinusitis, and bronchiectasis.
Laparoscopic cholecystectomy (LC) in patients with SVI is technically demanding because of
mirror-image anatomy, while evidence supporting the use of indocyanine green (ICG) fluores-
cence in this setting is scarce. Case Presentation: We report the case of a 25-year-old woman with
KS and SVI totalis who underwent elective LC for symptomatic cholelithiasis. The procedure
was performed using a mirror American approach with four trocars and near-infrared ICG
fluorescence cholangiography. ICG enabled real-time visualization of biliary anatomy and
facilitated intraoperative orientation. The procedure was completed laparoscopically without
intraoperative or postoperative complications, and the postoperative course was uneventful.
Methods: A non-systematic narrative review of the literature was conducted to identify reported
cases of LC in patients with SVI, including cases associated with KS. Studies published between
1991 and 2025 were retrieved from PubMed, Web of Science, Scopus, and Embase. Data were
descriptively summarized, focusing on surgical technique, trocar placement, and reported use
of ICG fluorescence. Results: A total of 143 articles were included. Most cases involved isolated
SVI, while KS was reported only in a minority of patients. The mirror American technique
and four-trocar configuration were the most frequently adopted approaches. Only three cases,
including the present report, described the use of ICG fluorescence during LC in patients with
SVI or KS. Conclusions: LC in patients with SVI is feasible but technically demanding. ICG fluo-
rescence may assist intraoperative biliary orientation in complex anatomical settings; however,
current evidence is extremely limited and should be considered hypothesis-generating only.

Keywords: situs viscerum inversus; kartagener syndrome; laparoscopic cholecystectomy;
indocyanine green fluorescence; biliary anatomy
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1. Introduction
Kartagener syndrome (KS) is a rare autosomal recessive disorder characterized by

clinical and genetic heterogeneity [1]. Although Siewert first described KS in 1904, Karta-
gener first clinically characterized the syndrome in 1933 [2]. KS is a well-defined subset of
primary ciliary dyskinesia (PCD), a genetically heterogeneous disorder caused by defects
in the structure and function of motile cilia [3,4]. Approximately 50% of patients with
PCD present with situs inversus; however, only those who also exhibit chronic sinusitis
and bronchiectasis fulfill the diagnostic criteria for KS, for which its estimated prevalence
is approximately 1 in 40,000 individuals in the general population [5]. The classic triad
consists of chronic sinusitis, situs viscerum inversus (SVI), and bronchiectasis [2].

In the literature, no direct association between KS and cholelithiasis has been re-
ported [2,3,6]. Currently, there is no evidence of an increased incidence of cholelithiasis in
patients with KS compared to the general population [2].

Laparoscopic cholecystectomy (LC) is the surgical gold standard for symptomatic
cholelithiasis [7]. One of the most serious complications of LC is iatrogenic bile duct
injury (BDI) [7,8]. To reduce the risk of BDI, in 1995, Strasberg et al. suggested the
identification of the Critical View of Safety (CVS) [9]. Given its critical role in surgical
safety, the European Association of Endoscopic Surgery (EAES) recommends it as the best
approach to cholecystectomy [10]. The CVS requires identification of Calot’s triangle and
the hepatoduodenal ligament, mobilization of the gallbladder fundus, and identification,
isolation, and division of the cystic duct and cystic artery [7,9].

In recent years, several technologies have been introduced to reduce the risk of BDI,
including indocyanine green fluorescence (ICG) and artificial intelligence (AI) [7]. In
particular, ICG facilitates identification of the CVS and, therefore, reduces the risk of BDI
in cases of complex LC [6,11]. In patients with SVI, LC can be technically challenging,
particularly for right-handed surgeons, due to the mirrored anatomy [2]. The first case of
LC in a patient with SVI was reported in 1991, and since then, approximately one hundred
cases have been described in the literature [12].

However, in the literature, only a very limited number of cases report the use of
ICG fluorescence during LC in patients with SVI, and no standardized surgical technique
or ICG dosage has been established. In patients with SVI, the mirrored biliary anatomy
represents a potential risk factor for misidentification of biliary structures and bile duct
injury during LC. In this setting, ICG fluorescence cholangiography may provide real-
time visualization of the biliary tree and facilitate achievement of the CVS, particularly in
complex or anatomically unfamiliar scenarios.

Therefore, the primary aim of this study is to report our experience with ICG-guided
LC in a patient with KS and SVI. The secondary aim is to contextualize this experience
within the existing literature on LC in patients with SVI, comparing operative approaches,
trocar placement, and the reported use of ICG fluorescence.

2. Case Presentation
A 25-year-old Italian woman (Body Mass Index = 21.2) presented to our hospital with a

history of recurrent biliary colic, with epigastric, left hypochondrium, and left subscapular
pain, sometimes associated with nausea or vomiting. The patient exhibited the classic triad
of KS: bronchiectasis, chronic sinusitis, and SVI totalis. KS had been previously diagnosed
based on clinical and radiological findings by the pulmonology/ENT team based on the
clinical phenotype and imaging (bronchiectasis and chronic sinusitis) in the setting of SVI
totalis; previous medical documentation confirming the diagnosis was available in the
patient’s records. Chest computed tomography demonstrated limited and stable bronchiec-
tasis without signs of acute inflammatory activity. At baseline, the patient reported no
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dyspnea at rest and no recent lower respiratory tract infections. Preoperative anesthesi-
ological evaluation revealed no contraindications to general anesthesia. Perioperatively,
standard respiratory precautions were adopted (lung-protective ventilation and active
airway clearance as needed), and no respiratory complications occurred. She reported no
other comorbidities and had never undergone surgery. At preoperative surgical physical
examination, vital signs were normal, and the patient was afebrile; the abdomen was soft
and non-tender on both superficial and deep palpation, but a positive Murphy’s sign in
the left hypochondrium was noted. The last biliary colic occurred three months before the
preoperative visit. Laboratory tests were within normal limits. The patient was referred
to our unit with a preoperative total-body computed tomography (CT) scan already per-
formed, which clearly documented SVI totalis and cholelithiasis. Given the availability
of detailed cross-sectional imaging and the need for accurate anatomical mapping in the
context of mirror-image anatomy, an additional preoperative abdominal ultrasound was
not considered necessary. The preoperative x-ray showed dextrocardia and the presence
of the gastric fundus in the right abdominal region (Figure 1). Preoperative total body
computed tomography (CT) showed SVI totalis and a 7 mm endocholecystic calculus
(Figure 2). Given the history of symptomatic chronic cholelithiasis, elective LC under gen-
eral anesthesia was scheduled. Standard perioperative measures were applied, including
antibiotic prophylaxis according to local protocol, venous thromboembolism prevention
(mechanical ± pharmacological prophylaxis based on individual risk assessment), and a
multimodal postoperative analgesia regimen.

 
Figure 1. Preoperative radiograph. Note the rise of the left hemidiaphragm due to the presence of the
liver in the left hypochondrium.
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Figure 2. Preoperative computed axial tomography (CT) (2A) Note the dextrocardia; (2B) the red
arrow indicates the gallbladder in left abdominal position; (2C) position of abdominal organs and
vessels in mirrored anatomical position. The overall morphological picture, thoracic and abdominal,
reflects SVI totalis.

Before the surgical procedure, the patient signed informed consent. We diluted
25 mg of ICG in 10 mL of sterile normal saline. Then, the patient received a bolus of
0.2 mg/kg intravenously one hour before surgery. Fluorescence was displayed as an
overlay on white-light imaging using the Stryker 1688 AIM 4K platform with a 30◦

laparoscope. Before ICG administration, contraindications were assessed, including a
history of hypersensitivity reactions and liver function tests; no ICG-related adverse
events occurred. To perform the LC, we adopted the “Mirror American” (MA) surgical
technique. Therefore, we positioned the monitor on the left side of the patient and the
first and second operators on the right side of the patient. The patient was placed in
the reverse Trendelenburg position and lateralized on her right side. Under general
anesthesia, LC began with a subumbilical minilaparotomy with an open technique.
A 12 mm optical trocar was then inserted at this site. Exploration of the entire ab-
dominal cavity confirmed SVI. The gallbladder appeared distended with inflamma-
tory adhesions. We placed three more trocars: one 12 mm trocar subxiphoid, one
5 mm mid-clavicular left, and another 5 mm on the left anterior axillary subcostal line
(Figure 3). Dissection and clip application were performed with the surgeon’s left hand
through xiphoid access, while with their right hand, they retracted the Hartmann’s
pouch through the trocar on the left mid-clavicular line. The second operator retracted
the fundus with their right hand through the trocar positioned on the left anterior
axillary line and moved the laparoscopic optic with their left hand through the perium-
bilical optical trocar. After initial adhesiolysis, we opened the anterior and posterior
peritoneal layers. Subsequently, we isolated, clipped, and sectioned the elements of
Calot’s triangle (cystic artery and cystic duct) under ICG fluorescence guidance. ICG
fluorescence clearly highlighted the biliary anatomy and allowed reliable identification
of the cystic duct and the common bile duct (Figure 4). Then, we performed a retro-
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grade cholecystectomy and placed the gallbladder in a bag. A subhepatic drain was
placed because of the initial inflammatory adhesions and the need to monitor for early
postoperative bleeding or bile leakage in an anatomically unfamiliar setting; no bile
leak was observed, and the drain remained serous and was removed on postoperative
day 2. Finally, we extracted the gallbladder, removed the trocars under direct vision,
and closed the abdominal parietal accesses of the trocars in layers (Figure 5). The
primary operating surgeon was left-handed. During most of the operating times of
the LC, their left hand held and used the monopolar hook, while their right hand used
the Johann forceps. In contrast, the second operator was right-handed. The procedure
lasted 75 min. The postoperative course was uneventful. In the postoperative period,
we did not observe any complications, and the patient did not report abdominal pain,
nausea, or vomiting. Six hours after surgery, the patient was fully mobilized. The
drain was always free of serum or blood material, and we removed it on the second
postoperative day (II POD) at the time of discharge.

Postoperative follow-up was performed 7 days after discharge and subsequently
after another 30 days. No late biliary symptoms or related complications were reported
beyond 30 days. The patient had normal vital parameters; the abdomen was soft,
non-distended, and non-tender on superficial and deep palpation. After an abdom-
inal ultrasound showed no intra-abdominal fluid collections, we removed the skin
sutures made of absorbable multifilament thread. Histopathologic analysis showed
chronic cholecystitis.

This case has been reported in line with the Case Report (CARE) Guidelines to ensure
the accuracy and completeness of the report [13,14].

 

Figure 3. Position of laparoscopic operators and instruments. (3A) The red arrow indicates
the position of the monitor to the left of the patient; (3B) the white arrow indicates the left-
handed first surgeon to the right of the patient; the purple ferrule indicates the second sur-
geon to the right of the patient and to the right of the first operator; the yellow arrow indi-
cates the 10 mm umbilical optical trocar; the blue arrow indicates the 10 mm subxiphoid trocar;
(3C) the yellow arrow indicates the 10 mm umbilical optical trocar; the blue arrow indicates the
10 mm subxiphoid trocar; the green arrow indicates the 5 mm trocar on the left midclavicular line;
the black arrow indicates the 5 mm trocar on the anterior axillary line.
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Figure 4. Intraoperative images during LC. (4A) Isolation of the cystic duct (red arrow) and posterior
cystic artery (blue arrow); (4B) ICG identifies the cystic duct (red arrow) and the main biliary duct
(yellow arrow); (4C) clipping and sectioning of the cystic duct (red arrow).

 
Figure 5. At the end of the procedure, after removal of the trocars, a drainage tube was placed on the
left side (red arrow).

3. Discussion
KS is a rare autosomal recessive genetic disorder, with an estimated prevalence rang-

ing from approximately 1 in 30,000 to 1 in 40,000 individuals in the general population,
characterized by SVI, bronchiectasis, and sinusitis [15–17]. SVI exists in partialis and totalis
forms [18]. In this manuscript, the term SVI is used as a comprehensive term including
both totalis and partialis forms. SVI partialis is characterized by total anatomical mirror
inversion of either the thoracic organs or only the abdominal organs [18]. SVI totalis
presents anatomical mirror inversion of both the thoracic and abdominal organs [18]. In
these patients, symptomatic cholelithiasis may present with a different clinical manifes-
tation compared with typical cholelithiasis [19]. The mirrored anatomy may result in
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atypical pain distribution mainly in the left hypochondrium but, in some cases, also in
the epigastrium (30%) and in the right hypochondrium (10%) [2]. Less frequently, the
authors report pain in the left subscapular area, as occurred in our case [2,20]. Therefore,
the preoperative assessment of symptomatic cholelithiasis in these patients should always
consider their congenital anatomical alteration and the different clinical phenomenology
presentations [2,21]. Among the preoperative comorbidities, bronchiectasis may influence
perioperative anesthetic management, even if, in the literature, no particular adverse events
related to it are reported [22]. This is related to structural and functional abnormalities of
motile cilia or non-functioning conditions [16]. Epidemiologically, LC in these patients is
more common in females, and the average age is 46 [1,2]. From our review, in these patients,
chronic cholecystitis (CC) is more frequent than acute cholecystitis (AC) in females, while it
is almost superimposable in incidence in males (Figure 6). Almost all patients undergoing
LC had SVI.
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Figure 6. Relationship between sex and type of cholecystitis. Percentages were calculated using the
total number of included cases (n = 143). CC: Chronic cholecystitis; AC: acute cholecystitis.

LC is also the gold standard in patients with SVI who have symptomatic cholelithi-
asis [2,20,21]. In this type of LC, the main difficulties concern the different arrange-
ments of the operators and devices in the operating room and the presence of a mirrored
anatomy [16,23,24]. Other important topics of discussion concern the position of the sur-
geons (mirror French technique [MF] vs. mirror American [MA] technique), the number of
trocars to be used, and any postoperative complications. Currently, there is no standardiza-
tion of LC in patients with KS [2]. However, from our review of the literature, common
points emerge between the different authors. First, patients with KS do not seem to have
more comorbidities than the general population [2]. Furthermore, bronchiectasis does not
seem to negatively influence the anesthetic course, and in general, few authors address this
issue [2]. In our case, the patient’s bronchiectasis did not negatively influence the pre- and
post-operative anesthetic course. Over the years, three techniques have been described to
perform LC in patients with SVI: MF, MA, and mixed approach (MAp) [2,11,25]. In only
one case, a rendezvous was performed in a patient with SVI [26]. From our review, the
technique most used and recommended by the authors is the MA (Figure 7). In a smaller
number of cases, the authors preferred MF, while MAp was described in only three cases
(Figure 7). We found only one case of conversion from LC to open cholecystectomy [27]. In
115 cases, the authors performed LC with four trocars (Figure 8). The use of single-port
surgery occurred in seven cases (Figure 8).
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Figure 7. Percentages of surgical technique. Percentages were calculated using the total number of
included cases (n = 143). MA: Mirror American; MF: mirror French; MAp: mixed approach; SP: single
port; NC: not classifiable; CF: classical French; NA: not available; Open: open cholecystectomy.
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In the literature, the first case of a patient with KS undergoing LC dates back to
1991 [12]. In this case, the authors employed MA and four trocars; the first operator was
right-handed [12]. The authors did not describe any difficulties during LC, nor in the
postoperative period [12]. Takei et al. also performed LC with ease but without describ-
ing the surgical technique or providing specific technical notes [28]. Furthermore, in this
case, the authors did not report the position of the operators, nor the number of trocars
used [28]. Lipschutz et al. were the first to perform LC and endoscopic retrograde cholan-
giopancreatography with sphincterotomy [29]. However, even in this case, the authors
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do not describe the details of the surgical technique or the position of the operators [29].
Since 1991, the most widely used surgical technique has been MA (Figure 7). Left-handed
surgeons benefit most from it because they can use their left hand to clip and dissect the
anatomical elements and detach the gallbladder from the liver through the subxiphoid
trocar [15,23]. In addition, the position of the first assistant on the right of the patient allows
them to both maneuver the laparoscopic scope and use the fourth trocar on the left anterior
axillary line [3,4,15,24]. Furthermore, in most cases of MA, the number of trocars used is
four (Figure 8). Most authors state the need for high coordination between the operating
surgeons during the LC [2]. In most cases, the first operator uses the right hand to retract
the infundibulum and the left hand to dissect into the epigastric port [2,4,28,30,31]. In
other cases, given the difficulty of performing the dissection with the left hand through the
subxiphoid trocar, a second operator retracted the cystic infundibulum [2,4,15,16,23–25].
In fewer cases, the authors adopt the MF position, with the first operator between the
patient’s spread legs, the second operator on the left of the patient, and the monitor on
the left of the patient (Figure 8) [32–35]. Although MF is considered safe and effective, the
greatest difficulty is the overlapping of laparoscopic instruments, especially for left-handed
surgeons [23,25,33,34]. To avoid this problem, the MAp is safe and effective in cases of
LC performed by a right-handed surgeon [2]. In this case, the first operator is on the
right of the patient, while the second operator is between the patient’s legs (MF position);
the arrangement of the trocars reflects the MA [2]. The authors report having obtained
a greater view of the operating field and reduced interference between laparoscopic in-
struments [2]. In fact, this mixed position is a sort of MA translating from the right to the
left: The first operator maintains the position on the right of the patient, while the second
operator, instead of being on the right of the patient as in the MA, translates centrally
between the patient’s legs, as in the MF [2]. In this position, the second operator uses
the fourth trocar to traction the anterior peritoneal layer [2]. Overall, the number and
type of postoperative complications were minimal. Indeed, Meza-Martinez et al. reported
bilateral pulmonary edema, atelectasis, tachypnea, and desaturation [15]; Aburayya et al.
described the occlusion of the common hepatic duct (CHD) [16]. In other cases, LC was
concomitant with other surgeries. In fact, Taskin et al. performed it together with gastric
banding using six trocars [36]; Djohan et al. associated laparoscopic appendectomy (LA),
using four trocars in MA [37]; similarly, Borgaonkar et al. performed LA [38]. Finally, in
other cases, LC has been associated with endoscopic retrograde cholangiopancreatography
(ERCP) (Table 1) [29,39–41].

In the context of SVI, the role of ICG becomes particularly relevant, as the unfamiliar
orientation of the biliary anatomy may increase the risk of misinterpretation during
dissection. In standard LC, the reported clinical benefit of ICG fluorescence remains
equivocal. While some studies have suggested potential advantages such as shorter op-
erative times or lower conversion rates, other data do not confirm these findings; notably,
Ambe et al. reported no significant differences between LC performed with and without
ICG [11,42]. This discordance may reflect differences in study design, sample size, and
statistical power; case complexity; surgeon experience; and heterogeneity in outcome
definitions (e.g., operative time measured from skin incision vs. dissection time and
variable thresholds for conversion). Therefore, any extrapolation of potential benefits
to the SVI setting should be made cautiously, and the rationale for ICG in SVI should
primarily be framed as improved intraoperative anatomical orientation rather than as an
established reduction in operative time or conversion. In the literature, we found only
two previous reports describing ICG fluorescence during LC in patients with SVI, and
only one of these explicitly involved confirmed KS; including our case, three reports
describe ICG use in SVI with/without KS. Tirelli et al [14]. described adopting a position

https://doi.org/10.3390/gidisord8020016

https://doi.org/10.3390/gidisord8020016


Gastrointest. Disord. 2026, 8, 16 10 of 23

with the first right-handed operator on the right of the patient (a 29-year-old woman
with chronic cholecystitis) and the second operator between the patient’s legs, using
four trocars [14,42]. Therefore, the position described is the MAp. The second operator
maneuvered the laparoscopic optic with the left hand and tractioned the gallbladder
infundibulum with the right hand [42]. We selected 0.2 mg/kg administered 60 min
before skin incision to obtain biliary fluorescence with low background liver signals
at the time of Calot’s triangle dissection. This regimen is consistent with the timing
and dosing reported by Tirelli et al. [14], while other reports used shorter intervals;
overall, published protocols remain heterogeneous, and no standardized regimen ex-
ists [14,42]. Finally, they did not report postoperative complications; discharge occurred
on the first postoperative day. The difference compared to our approach is therefore
in the position of the operators and in the function of the right hand of the second
operator, who does not traction the gallbladder fundus. This difference is probably due
to the right-handedness of the first operator of Tirelli compared to our case, while ours
is left-handed. The other case concerns a 32-year-old man with SVI and a history of
cholelithiasis [6]. The first operator and the camera operator positioned themselves on
the right side of the patient, while the second operator positioned themselves on the
left side [6]. The surgeons used four trocars, arranged in MA [6]. The right hand of the
second operator cranially tractioned the gallbladder fundus, while the left hand of the
first right-handed operator retracted the gallbladder infundibulum laterally [6]. With
their right hand, the first operator performed the maneuvers of dissection, clipping,
sectioning, and clotting during the LC [6]. The procedure lasted 45 min and the patient
was discharged the day after surgery [6]. ICG was administered approximately half an
hour before the start of LC [6]. Including our case, it can therefore be inferred that the
three LCs using ICG were always performed using four trocars, with the MA position
in two cases and MAp in the third. The first operator was always positioned to the
right of the patient: In two cases, the operator was right-handed, while in our case, the
operator was left-handed. The second operator always had a fundamental role in all
three LCs and always had different positions. In fact, in our case, the second operator
was positioned to the right of the patient and to the right of the first operator: With
their left hand, they operated the laparoscopic optic, while with their right hand, they
cranially tracted the gallbladder fundus. In the case reported by Tirelli et al. [14], the
surgeon was positioned between the patient’s legs, operating the optic with their left
hand and laterally retracting the infundibulum [43]. Finally, in the case of Rungsakulkij
et al., the surgeon was positioned to the left of the patient and tracted the gallbladder
fundus laterally, while another operator operated to the right of the patient and operated
the laparoscopic optic [6]. Given the small number (3) of cases in the literature, including
ours, we can state that there is no technique superior to the others for the execution of
this type of LC. However, consistent with previous reports, it is always necessary for the
surgical intervention to be performed by expert surgeons because coordination between
the operators is crucial for the final outcome. Likewise, we can state that the presence of
an expert left-handed first operator facilitates the execution of this type of LC, as they
can use the instruments more ergonomically with their left hand, and consequently, the
overlapping of the laparoscopic instruments does not occur. Therefore, the right-handed
surgeon requires a more experienced assistant surgeon (second operator) with whom
they already have excellent coordination, whether pulling the fundus or the gallbladder
infundibulum. Finally, the presence of a third operator operating the laparoscopic optic
could help the second operator by relieving them of the need to use their left hand to
operate on the optic. For the same reason, we can state that intraoperative timing is
operator-dependent. Finally, we agree with the other two authors that ICG has been of
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great help in identifying the biliary tract in an anatomical context that is certainly not
familiar given its mirrored appearance. Notably, most of the reported cases involved
isolated SVI without a confirmed diagnosis of KS (Table 1). This finding suggests that
KS represents only a minority of reported cases undergoing LC and that most available
surgical evidence primarily reflects anatomical challenges related to SVI rather than
KS-specific clinical features. For this reason, the use of ICG in LC patients with SVI
appears to be a useful adjunct for intraoperative anatomical orientation.

Although the available evidence is limited to three published reports, including the
present case, ICG fluorescence appears to be a useful adjunct for intraoperative biliary
visualization in this anatomical setting. However, these observations are based on a very
small number of cases and cannot be generalized; further reports are needed to better
define its potential role.

4. Narrative Review Methodology
We performed a narrative, non-systematic review aimed to provide a descriptive

overview of surgical techniques reported for LC in patients with SVI, including cases
associated with KS. This review was not designed as a systematic review or meta-analysis,
and no formal protocol registration was performed. Given the rarity of the condition,
the predominance of case reports/small case series, and the marked heterogeneity in
reporting and surgical techniques, a systematic review with meta-analysis was not feasible.
We searched PubMed, Web of Science, Scopus, and Embase for studies on LC published
from 1 January 1991 to 30 June 2025 using the following keywords: “situs inversus” AND
“laparoscopic cholecystectomy” OR “Kartagener syndrome” AND “indocyanine green
fluorescence” OR “cholecystectomy with indocyanine green” OR “surgical approach of
cholelithiasis in situs inversus” (Figure 9). The search strategy was intentionally broad to
maximize sensitivity. The last search was performed on 30 June 2025. Filters were limited
to the English language and the availability of the abstract and full text. When articles
reported more than one patient, each patient was extracted and recorded as an individual
case. Missing data were coded as “NR” and were not imputed. Given the descriptive
aim of this work and the predominance of case reports, no formal quality assessment
or PRISMA-based systematic reporting was undertaken (Figure 9). We included only
articles written in English with available abstracts and full texts, including case reports and
case series, whether monocentric or multicentric, or prospective or retrospective. Patients
could be of any age with a clear diagnosis of SVI (partialis or totalis). When explicitly
reported, the presence of KS was recorded as a comorbidity (SVI with bronchiectasis
and chronic sinusitis). To ensure data accuracy, all extracted cases were independently
reviewed by two authors. When an article reported more than one patient, each patient
was extracted and recorded as an individual case (one row per case) in Table 1. Variables
extracted included year, sex, age, presentation (acute/chronic), situs inversus type, reported
KS diagnosis, operative setup/technique, trocar number, adjunct intraoperative imaging
(e.g., cholangiography/ERCP/ICG), and postoperative outcomes when available. Missing
data were coded as ‘NR’ and were not imputed. Duplicate reports and overlapping case
descriptions were identified and removed after cross-checking author names, publication
year, patient demographics, and surgical details. Discrepancies were resolved by consensus.
We focused on articles describing the surgical technique, the number of trocars used, and
postoperative complications. If these variables were not available, the articles were still
included when other relevant data were reported, such as age, sex, and preoperative
acute or chronic cholelithiasis. If some of this data was not available, we reported this
in Table 1 as not reported (NR). We excluded duplicates (including overlapping case
descriptions), incomplete reports, and non-peer-reviewed preprint articles. No formal
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quality appraisal was performed because the objective of this non-systematic narrative
review was descriptive (mapping of technical variables), and the evidence largely consisted
of anecdotal case reports/case series. Given the descriptive purpose of this non-systematic
narrative review and the heterogeneity and incomplete reporting of several variables across
individual case reports, no formal descriptive statistical analysis was performed.

Figure 9. Literature search and selection process for the narrative review.

Therefore, 143 articles were included in the final analysis, and the results of the
review are presented descriptively, without quantitative synthesis. Table 1 reports the
individual cases extracted from the literature and represents the dataset used for the
descriptive analysis.

Table 1. The 143 articles divided by category. SVI: Situs viscerum inversus; F: female; M: male; CC:
chronic cholecystitis; AC: acute cholecystitis; T: totalis; P: partialis; MA: mirror American; MF: mirror
French; Map: mixed approach; NA: not available; NC: not classifiable; CF: classical French; NO:
absent; ICG: indocyanine Green; KS: Kartagener syndrome.

Author Year Sex Age Diagnosis SVI KS Technique Number
of Trocars

Intraoperative
Examinations

1 Campos et al. [12] 1991 F 39 CC T YES MA 4 Cholangiography

2 Takei et al. [28] 1992 F 51 AC T NR NA NA Cholangiography

3 Lipschutz et al. [29] 1992 M 80 AC T NR NA NA NO

4 Goh et al. [44] 1992 M 62 CC T NR MA 4 NO

5 Drover et al. [45] 1992 F 29 CC P NR MA 4 NO

6 Huang et al. [46] 1992 M 36 CC T NR MA 4 NO

7 Schiffino et al. [47] 1993 F 53 CC T NR NA NA NO

8 Mc Dermott et al. [48] 1994 M 66 CC T NR MA 4 Cholangiography

9 Malatani et al. [49] 1996 F 25 AC T NR MA 4 NO

10 Crosher et al. [50] 1996 M 63 CC T NR NA NA NO

11 D’Agata et al. [51] 1997 F 72 CC T NR NA NA NO
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Table 1. Cont.

Author Year Sex Age Diagnosis SVI KS Technique Number
of Trocars

Intraoperative
Examinations

12 Habib et al. [52] 1998 F 45 CC T NR MA 4 Cholangiography

13
14 Demetriades et al. [53] 1999 F

M
61
37

AC
CC

T
T NR MA

MA
4
4

NO
NO

15 Djohan et al. [37] 2000 F 20 CC T NR MA 4 Cholangiography

16 Komborozos et al. [54] 2000 M 61 AC T NR MA 4 NO

17 Wong et al. [55] 2001 F 68 CC T NR NA NA NO

18
19 Donthi et al. [56] 2001 F

F
43
34

CC
CC

P
T NR MA

NC
4
4

NO
NO

20 Nursal et al. [57] 2001 F 42 CC T NR MA 4 NO

21
22 Yaghan et al. [58] 2001 F

F
48
38

CC
CC

T
T NR MA

MA
4
4

NO
NO

23 Al Jumaily et al. [59] 2001 F 46 CC T NR NC 3 NO

24 Franklin et al. [60] 2001 F 25 CC T NR MA 4 NO

25 Trongé et al. [61] 2002 F 28 CC P NR MA 4 NO

26 Polychronidis et al. [62] 2002 M 68 CC T NR MA 4 NO

27
28 Oms and Badia et al. [33] 2003 F

M
70
65

AC
AC

T
T NR MF

MF
4
4

NO
NO

29 Kang and Han et al. [63] 2004 F 64 CC T NR NA NA NO

30 Docimo et al. [64] 2004 F 41 CC T NR MA 4 NO

31 McKay et al. [65] 2005 F 32 AC T NR MA NA NO

32 Kamitani et al. [43] 2005 M 76 AC T NR MA 4 NO

33 Puglisi et al. [66] 2006 F 43 CC T NR MA 4 NO

34 Bedioui et al. [32] 2006 F 58 AC T NR MF 4 NO

35 Aydin et al. [67] 2006 M 35 CC T NR MA 4 NO

36 Kirshtein et al. [68] 2006 F 51 AC T NR MF 4 NO

37 Machado et al. [69] 2006 F 65 CC T NR MA 4 NO

38 Shah et al. [70] 2006 F 60 CC T NR MA 4 NO

39 Kumar et al. [19] 2007 F 57 CC T NR MA 4 NO

40 Fernandes et al. [71] 2008 F 43 CC T NR NA 3 NO

41 Hamdi et al. [72] 2008 M 41 AC T NR MA 4 NO

42 Pavlidis TE et al. [73] 2008 F 34 AC T NR MA 4 NO

43
44 García-Núñez et al. [74] 2008 F

F
37
39

CC
CC

T
T NR MA

MA
4
4

NO
NO

45 Rosen et al. [75] 2008 M 36 AC T NR MA 4 NO

46 Taskin et al. [36] 2009 F 20 CC T NR MA 6 NO
NO

47 Eisenberg et al. [76] 2009 M 61 AC T NR MA 4 NO

48 Ghosh et al. [77] 2009 F 27 AC T NR MA 4 NO

49 Velimezis et al. [78] 2009 F 66 CC T NR MA 4 NO

50 Pataki et al. [79] 2010 F 68 CC T NR MA 4 NO

51 Hall et al. [80] 2010 M 53 CC T NR MA 4 NO

52 Gonzalez Valverde et al. [81] 2010 F 46 CC T NR MA 4 Cholangiography

53 Sandu et al. [82] 2010 F 64 CC T NR MA 4 NO
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Table 1. Cont.

Author Year Sex Age Diagnosis SVI KS Technique Number
of Trocars

Intraoperative
Examinations

54
55
56
57
58
59

Patle et al. [83] 2010

F
F
F
F
F
M

36
43
27
48
59
33

CC
CC
CC
CC
CC
AC

T
T
T
T
T
T

NR

MA
MA
MA
MA
MA
MA

4
4
4
4
4
4

NO
NO
NO
NO
NO
NO

60
61 Jindal et al. [84] 2010 F

F
55
26

AC
AC

T
T NR MA

MA
4
4 NO

62 Sardar H. Arif et al. [85] 2010 F 42 CC T NR MA 4 NO

63 Han et al. [86] 2011 M 45 CC T NR SINGLE
PORT 1 NO

64 Uludag et al. [87] 2011 M 49 AC T NR SINGLE
PORT 1 NO

65 Borgaonkar et al. [88] 2011 F 47 CC T NR MA 4 NO

66 Weber-Sánchez et al. [89] 2011 M 60 AC T NR MA 4 Cholangiography

67 Seo et al. [90] 2011 M 60 CC T NR MA 6 NO

68 Evoli et al. [35] 2011 F 48 CC T NR MF 4 NO

69 Iusco et al. [91] 2012 F 52 CC T NR MA 3 NO

70 Elbeshry et al. [92] 2012 F 24 CC T NR MA 4 NO

71 Lochman et al. [93] 2012 F 75 AC T NR MA 4 NO

72
73 Demiryilmaz et al. [94] 2012 F

M
55
51

CC
CC

T
T NR MA

MA
4
4

NO
NO

74 de Campos et al. [95] 2012 F 59 CC T NR SINGLE
PORT 1 NO

75 Pahwa et al. [96] 2012 F 46 CC T NR MA 4 NO

76 Bozkurt et al. [97] 2012 M 49 CC T NR SINGLE
PORT 1 NO

77 Pezzolla et al. [98] 2012 F 36 AC T NR MA 4 NO

78 Salama et al. [99] 2013 M 10 CC T NR MA 4 NO

79 Singh et al. [100] 2013 F 45 AC T NR MA 4 NO

80 Arya et al. [101] 2013 F 35 CC T NR MA 4 NO

81 Ali et al. [102] 2013 F 43 CC T NR MA 4 NO

82 Khiangte et al. [103] 2013 M 65 CC T NR SINGLE
PORT 1 NO

83 Stojcev et al. [104] 2013 M 47 CC T NR MA 4 NO

84 Zhang et al. [105] 2013 F 50 AC T NR MA 4 NO

85 Raghuveer et al. [106] 2014 M 55 CC T NR MA 4 NO

86 Reddy et al. [107] 2014 F 45 AC T NR MA 4 ERCP

87 Mn R et al. [108] 2014 F 55 CC T NR MA 4 NO

88 Fang et al. [109] 2015 F 39 CC T NR MA 4 NO

89 Deguchi et al. [110] 2015 M 66 CC T NR SINGLE
PORT 1 NO

90 Phothong et al. [111] 2015 F 39 CC T NR MA 4 NO

91 Butt et al. [112] 2015 F 40 CC T NR MA 4 NO

92 EL Saady AM et al. [113] 2015 F 52 CC T NR MA 4 NO
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Table 1. Cont.

Author Year Sex Age Diagnosis SVI KS Technique Number
of Trocars

Intraoperative
Examinations

93
94
95

Ahmed et al. [114] 2016
F
F
F

46
44
33

AC
CC
CC

P
T
T

NR
MA
MA
MA

4
4
4

NO
NO
NO

96 I.M.-Guzmàn et al. [115] 2016 M 44 AC T NR NA 4 NO

97 Duncan et al. [116] 2016 F 43 AC T NR MA 4 NO

98 Jian-jun Ren et al. [117] 2017 F 36 CC T NR MA 4 NO

99 Kafadar et al. [118] 2017 F 59 AC T NR MA 4 NO

100
101 Haddad et al. [119] 2017 M

M
58
54

AC
AC

T
T NR MA

MA
4
4

NO
NO

102 Centeno DM et al. [120] 2017 F 16 CC T NR MF 4 NO

103 Ahmad et al. [121] 2017 F 57 CC T NR MA 4 NO

104 Rungsakulkij et al. [6] 2017 M 32 CC T NR MA 4 ICG

105 Fanshawe et al. [34] 2017 F 53 CC T NR MF 4 NO

106 Alam et al. [20] 2017 F 20 CC T NR MA 4 NO

107 El Hajj et al. [40] 2017 M 61 CC T NR NA NA ERCP

109 Takalkar et al. [122] 2018 F 50 CC T NR MA 4 ERCP failed

110 Jhobta et al. [123] 2018 F 23 CC T NR SINGLE
PORT 1 NO

111 Hu L et al. [124] 2018 M 72 CC T NR MA 4 ERCP

112 Boufettal et al. [125] 2018 M 25 AC T NR MA 4 NO

113 Petit et al. [126] 2018 F 33 AC P NR MA 4 NO

114 Alkhlaiwy et al. [127] 2019 M 40 CC T NR MA 4 NO

115 Mohammed et al. [128] 2019 M 26 AC T NR MA 4 NO

116 Malik et al. [129] 2019 F 40 AC T NR MA 4 NO

117 Du et al. [130] 2020 F 56 AC T NR MA 4 NO

118 Ponce Leon et al. [131] 2020 F 61 AC T NR MA 4 NO

119 Di Bella et al. [27] 2020 F 72 AC T NR OPEN NA NO

120 Chatzifotiou et al. [132] 2020 F 64 AC T NR MA 4 NO

121 Brañes et al. [26] 2020 F 79 AC T NR MF 4 RENDEZ-VOUS

122 Moyon et al. [133] 2020 M 55 AC T NR MA 4 NO

123 Palomba et al. [2] 2020 F 24 CC T YES MAp 4 NO

124 Herrera Ortiz et al. [30] 2021 F 46 AC T NR MA 4 NO

125 Tirelli et al. [14] 2021 F 29 CC T NR MAp 4 ICG

126 Suleimanov et al. [24] 2022 F 38 CC T NR MA 4 NO

127 He et al. [3] 2022 F 53 CC T NR CF 4 NO

128 Meza-Martinez et al. [15] 2023 M 46 CC T NR MAp 4 NO

129 Raut et al. [134] 2023 M 36 CC T NR MA 3 NO

130 Song et al. [135] 2023 M 26 CC T NR MA 4 NO

131 Girão de Caires et al. [136] 2023 M 51 CC P NR MA 4 NO

132 Abu-Oddos et al. [137] 2023 M 24 CC T NR MA 4 NO
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Table 1. Cont.

Author Year Sex Age Diagnosis SVI KS Technique Number
of Trocars

Intraoperative
Examinations

133 Venu Bhargava et al. [138] 2023 M NA AC T NR MA 4 NO

134 Badipati et al. [139] 2023 F 32 AC T NR MA 4 Choledochotomy

135 Cunningham et al. [140] 2024 M 54 CC T NR MA 4 NO

136 Aburayya et al. [16] 2024 F 41 AC T YES MA 4 NO

137 Nguyen et al. [25] 2024 F 33 CC T NR NC 5 NO

138 Nassr et al. [141] 2024 F 34 CC T NR MA 4 NO

139 Azadbakht et al. [142] 2024 F 59 CC T NR MA 4 NO

140 Althunayan et al. [143] 2024 F 40 AC P NR MA 3 NO

141 Abdullah et al. [144] 2024 M 52 CC T NR MA 4 NO

142 Lakhey et al. [145] 2025 F 30 CC T NR MA 4 NO

143 Vázquez-Guerra et al. [146] 2025 F 49 CC T NR MA 3 NO

5. Conclusions
LC in patients with SVI is technically more demanding than standard procedures

due to the mirrored biliary and vascular anatomy and the need for ergonomic adaptation
by the surgical team. In patients with associated KS, additional perioperative considera-
tions may arise due to underlying respiratory involvement. In this anatomically complex
setting, ICG cholangiography allows real-time visualization of the biliary tree and may
facilitate intraoperative anatomical orientation during dissection. Although the avail-
able evidence is limited to a very small number of reported cases, including ours, no
procedure-related complications were reported in association with ICG use. Given the lack
of comparative data, outcome events, and adequate statistical power, the present findings
should be considered hypothesis-generating only. According to the Oxford Centre for
Evidence-Based Medicine, the level of evidence of the available data corresponds to Level
4, and no conclusions regarding clinical effectiveness, risk reduction, or reproducibility can
be drawn.
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KS Kartagener syndrome
LC Laparoscopic cholecystectomy
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CF Classical French technique
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AC Acute cholecystitis
CC Chronic cholecystitis
NA Not available
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