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A left-sided gallbladder is an unusual anatomic variation that makes gallbladder surgery challenging.
Two systematic reviews on surgery for left-sided gallbladder highlighted high iatrogenic bile duct
injury rates of 4.4% and 7.3%. This paper reports a female in her 40s with symptoms of acute calculous
cholecystitis admitted to a secondary health-care center. After inserting four ports through standard
sites for conventional gallbladder surgery, laparoscopic inspection revealed a phlegmonous left-sided
gallbladder. No discordant situs of abdominal viscera was noted. Laparoscopic surgery was converted
to open subtotal closed-tract cholecystectomy. No post-operative complications related to the surgical
site were observed. A left-sided gallbladder affected by severe inflammation and infection is an
extraordinary condition that should be considered as a risk factor. If an inflamed left-sided gallbladder
is encountered, emergency subtotal cholecystectomy is an alternative to total cholecystectomy when
the circumstances to adopt the strategies of a culture of safety in cholecystectomy for complete
removal of the gallbladder are unfavorable.

Relevance for Patients: Subtotal cholecystectomy in patients with left-sided gallbladder reduces the
risk for bile duct injuries, outweighing the potential side effects stemming from this surgical approach.

1. Introduction

Anatomical variants within the biliary ductal system are common [1,2]; contrarily,
aberrations are rare. The true left-sided gallbladder is one of them, with an estimated
incidence rate of <0.3% [3.4].

A recent systematic review summarized 53 case reports and case series on managing the
left-sided gallbladder [5]. Briefly, cholecystectomy for symptomatic gallstones was performed
in 90 (80.4%) of 112 total patients. A major iatrogenic injury to the common duct requiring
hepaticojejunostomy occurred in four patients (4.4%). Another review paper revealed a higher
bile duct injury rate (7.3%) in 55 patients during left-sided cholecystectomy [6].

Despite the high rates of bile duct injury in this subpopulation of patients, a left-sided
gallbladder has not yet been elucidated as a surgical factor requiring pre-operative and (or)
intraoperative consideration in applying the gallbladder bailout surgery principle, which
is always directed at iatrogenic injury prevention [7-9]. This is especially important in an
emergency general surgery setting. In this paper, we aim to describe an incidental surgical
finding from a clinical case of an urgent subtotal cholecystectomy for a left-sided gallbladder.
Insufficient awareness of the potential dangers associated with this anatomical variation of
the gallbladder can expose a patient to a substantially higher risk of having life-changing
consequences related to biliary or vascular injuries.
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2. Materials and Methods
2.1. Case presentation

A right-handed female patient in her 40s with severe
central epigastric and right-sided hypochondrium pain was
admitted to the emergency general surgery ward of the
acute care hospital. The pain was associated with vomiting
and diarrhea. Her only concomitant diseases were essential
hypertension, which was controlled using 5 mg ramipril daily,
and constipation. Her body mass index was 35.8 kg/m? on
admission.

The patient was afebrile (37.1°C), with a satisfactory oxygen
saturation level at 98%, sinus heart rhythm at 81 beats/min, and
high arterial blood pressure at 179/98 mmHg. Further objective
examination revealed severely tender right hypochondrium,
central epigastrium, and positive Murphy’s sign.

Her white blood cell count was 16.1 x 10%L. Her neutrophils
comprised 89.4% leukocytes (14.4 x 10°L). The total serum
bilirubin concentration was within the standard range (9 umol/L;
0.53 mg/dL). However, her serum vy-glutamyl transferase
concentration was 3.8 times above the standard level of
<40 U/L. Her serum C-reactive protein concentration was within
the standard range (4 mg/L). Hyperlactatemia of 3.8 mmol/L
was also detected in the patient. The radiographs did not reveal
pneumoperitoneum or chest infection.

The radiologist performed a transabdominal ultrasound
scan within 24 h of admission. Signs of fatty liver disease with
hepatomegaly and cholecystolithiasis were reported. Two
annotated ultrasonograms are illustrated in Figure 1.

Liver, LLS, S3
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LPV, branch  Gallbladder,
"

1

Splenic vein

Figure 1. Transabdominal ultrasonography of the gallbladder and
surrounding anatomical structures: (A) longitudinal view of the
gallbladder reveals a distended organ and large calculi in its neck;

the block arrow is directed at the tubular structure which, by our
interpretation, is a branch of the left portal vein; (B) transverse view of
the gallbladder shows a calculus within it; most importantly, the head
and the body (the upper block arrow) of the pancreas, and splenic vein
behind this organ (the lower block arrow) are visible. A line arrow is
directed at a hypoechogenic area, a site of the round ligament of the
liver.

Abbreviations: LLS: Left lateral section; LPT: Left portal vein; S3: The
third segment of the liver.

2.2. Differential diagnosis

A working diagnosis of acute calculous cholecystitis was
apparent; however, four diagnostic detail points should be briefly
overviewed. First, according to Tokyo Guidelines 2007 (TGO07),
2013 (TG13), and 2018 (TG18), grading the acute cholecystitis
severity should be emphasized during admission and pre-operative
diagnosis. Our case should have been classified as acute moderate
cholecystitis — grade 2 — as it was associated with a duration of
acute symptoms of >72 h [10].

Second, precise radiological characterization of the gallbladder
and its site is crucial in managing acute cholecystitis. However,
detecting an atypical gallbladder anatomical location is difficult
(although possible) when performing an urgent transabdominal
ultrasound scan (further details are provided in the discussion).
Therefore, the left-sided gallbladder is identified during surgery
in over 80% of cases [5].

Third, intraoperative characterization of the anatomy of the
gallbladder, liver, and its ligaments facilitates decision-making
during laparoscopic or open surgery. Also, it is essential in
education and academic surgery. In the absence of situs viscerum
inversus, the sinistroposition, a true left-sided gallbladder (our
patient), usually with hypoplastic segment 4 of the liver, should
be differentiated from the medioposition of the gallbladder [11],
when it is medially displaced to lie on the undersurface of the
quadrate lobe (i.e., inferior subsegment of segment 4) of the left
hemiliver.

Fourth, a right-sided round liver ligament is another rare
anatomical variant, which can be associated (but not always; our
patient is an example) with the left-sided gallbladder and frequent
intrahepatic vascular and biliary anomalies [12].

2.3. Therapeutic interventions

A standard conservative treatment scheme, including
antibiotics, was established for this patient. We infused 100 mg
of tigecycline and 240 mg of gentamycin through the peripheric
vein, and a regular tigecycline dose of 50 mg every 12 h for
5 days was prescribed. Pyrexia during the hospital stay, local
signs of peritoneal irritation, and serum C-reactive protein
raised to 88 mg/L were key indicators to consider an urgent
index admission laparoscopic cholecystectomy on the 4 day of
hospitalization. Informed consent was obtained as a part of the
routine pre-operative actions.

After inserting the first 11-mm diameter port below the
umbilicus, a capnoperitoneum of up to 12 mmHg was achieved.
Standard sites of the right upper quadrant of the abdominal
wall were used to insert the other three ports for conventional
cholecystectomy. Laparoscopic inspection revealed a distended
thick-walled phlegmonous gallbladder on the left side of the round
and falciform ligaments of the enlarged liver on the anterior wall
of the distal portion of the stomach (Figure 2). A proximal portion
of the gallbladder anterior to the hepatic hilum, inflamed tissues of
the hepatoduodenal ligament, unclear segmental anatomy (such as
the presence or absence of segment 4) despite the apparent sulcus
on the visceral surface of the liver, and a sizeable umbilical fissure
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of'the liver were other features of the case’s surgical anatomy. Also,
it was the first time an experienced consultant surgeon operated on
a patient with a true left-sided gallbladder. An additional 5-mm
diameter port was inserted into the peritoneal cavity through
the left upper quadrant of the abdominal wall. An attempt was
made to detach the gallbladder’s fundus from the visceral surface
of segment 3 of the liver. However, this procedure was aborted.
A decision was made to convert a laparoscopic to open surgery
through an upper midline laparotomy.

The fundus-first technique was further employed to detach 80%
of the hepatic wall of the gallbladder from the cystic plate, which
was edematous and hemorrhagic. Thereafter, the gallbladder’s
fundus was opened, infected bile was suctioned out, and moderate-
sized gallstones were removed from the cavity of the gallbladder.
When a good backflow of fresh bile was noticed from the internal
orifice of the cystic duct, situated quite superiorly, a final decision
was made to perform a subtotal cholecystectomy.

No attempt was made to dissect the cystic pedicle. The
gallbladder was transected circumferentially at the level of the
Hartmann’s pouch. The remnant was closed using two continuous
polyglactin 910 (Vicryl® 2/0) and polydioxanone (PDS II 2/0)
sutures to obliterate the cavity of the remnant gallbladder.
Floseal®, a human gelatine-thrombin matric sealant, was used to
ensure hemostasis from the liver. The Portex®*Robinson drainage
system 20 Ch was used for the subhepatic space of the peritoneal
cavity.

2.4. Outcome and follow-up

No surgical complications were observed. However, on post-
operative day 2, a fever episode (38.1°C), supraventricular
tachycardia (>200 beats/min), and hypotension were documented
and managed according to hospital guidelines. Furthermore,
on post-operative day 3, the patient was tested positive for
influenza B. The patient was isolated in a side room with droplet
precautions. The drain was removed from the peritoneal cavity
on post-operative day 6, the day she was discharged from the

Figure 2. Laparoscopic inspection reveals a left-sided gallbladder

and acute cholecystitis. The fissure on the visceral surface of the liver
between segment 4 of the left hemiliver and segment 5 of the right
hemiliver can be interpreted as an external hallmark of the Cantlie-
Serege-Rex plane separating the right hemiliver from the left hemiliver.

hospital. Histopathological investigation of the excised part of
the gallbladder of 60 x 33 x 24 mm dimensions revealed a 6-mm
wall thickness, necrotic mucosa, and signs of diffuse chronic
inflammation.

No other side effects and readmissions to the hospital occurred
within 90 post-operative days. The patient underwent three-
dimensional magnetic resonance cholangiopancreatography as an
outpatient (Figure 3).

A follow-up visit to the surgical assessment unit on post-
operative day 111 revealed that the patient had made an excellent
post-operative recovery. We used the Gastrointestinal Quality of
Life Index-10 (GIQLI-10, English; point range 0-40; a maximal
score indicates perfect health) to assess the quality of life related to
health [13]. The summative score was 28. However, only diarrhea
(score 2 out of 4) had increased since the surgery, which was due
to intake of high-fat or high-sugar foods. The other two low-score
(1 out of 4) symptoms — strong burping/belching and tiredness/

Remnant of
the gallbladder]

Cystic duct

Figure 3. Magnetic resonance cholangiopancreatography (MRCP)

on the 47" post-operative day. The gallbladder remnant is on the right
side of the common hepatic and bile ducts, situating adjacent to them.
This image suggests that the fusion of the cystic duct with the common
hepatic duct is on the left of the main bile duct after a U-shaped turn
from right to left anteriorly to the main bile duct. Other anomalies of
the biliary ductal system are highly probable as the right hepatic duct
(RHD) is not identifiable in MRCP images.

Abbreviations: ASD: Anterior sectional duct; CBD: Common bile duct;
CHD: Common hepatic duct; LHD: Left hepatic duct; PD: Pancreatic
duct; PSD: Posterior sectional duct; S3: The third segment of the liver;
B1: Left-sided duct for caudate lobe; B2, B3, B7, and B8 are segmental
bile ducts; B4, B5, and B6 are not highlighted.
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fatigue — were regarded as regular occurrences suffered similarly
before subtotal cholecystectomy.

3. Discussion

The primarily aims of surgical care are to save the patient’s
life, prevent the patient from further disease complications or
reduce the risk of sustaining them, improve the patient’s quality
of life, and eliminate the possibility of iatrogenic injury associated
with surgery. Gallbladder surgery for benign biliary disease is an
excellent example of this concept because injury to any classified
bile duct is considered avoidable [14-16]. This paper highlights
the decision-making during and the technical details of gallbladder
surgery related to double conversion in an acute surgery setting
with atypical gallbladder anatomy. Conversions from laparoscopic
to open surgery and pre-planned total to subtotal cholecystectomy
with the closure of the gallbladder remnant guaranteed no
intraoperative risks, satisfactory surgical outcomes, and effective
physical rehabilitation following the arduous gallbladder surgery.
Seven other themes related to the left-sided gallbladder —precision in
radiological diagnostics, the importance of laparoscopic inspection,
detailed informed consenting, extraordinarily high bile duct injury
rates, variations of ductal anatomy, intraoperative fluorescent
cholangiography, and decision-making to perform a less-than-total
gallbladder removal — emerged from the details of this case report.

First, pre-operative identification of the left-sided gallbladder
is difficult, especially in emergency admission patients whose

radiological investigations are restricted to a real-time ultrasound
scan of the gallbladder [17]. Table 1 describes why it is difficult
to reveal a left-sided gallbladder through standard examination
and imaging techniques before surgery [3,18-22]. On the
contrary, a left-sided gallbladder and the variations of the biliary
tract — a frequent combination of biliary anomalies — can be
diagnosed preoperatively using intravenous contrast-enhanced
reconstructive  three-dimensional ~ computed  tomography
(CT)-cholangiography [23-25]. However, a three-dimensional
CT-cholangiography is not a routine investigation in an acute
care surgery environment. It can be considered when a congenital
anomaly of the gallbladder is suspected during an ultrasound scan
examination. The same logic is relevant for applying an urgent
magnetic resonance cholangiopancreatography.

Second, a targeted laparoscopic inspection of the liver and
gallbladder through a first port and the rationale for correctly
using other laparoscopic ports and instruments are fundamental
principles of safe laparoscopic surgery for all, as an element
of uncertainty is a satellite of every surgery. Unfortunately, the
gallbladder anatomy-related intraoperative problem was not
identified and acknowledged during the primary inspection of the
hepatobiliary area. This determined the standard insertion of the
other three laparoscopic ports through the right upper quadrant of
the abdominal wall. If the problem had been identified during the
primary inspection, the second port would have been inserted into
the peritoneal cavity through the left lateral quadrant laterally to
create an adequate workspace between the round and falciform

Table 1. Comparison of selected characteristics of right-sided and left-sided gallbladders and their clinical implications

Characteristics Right-sided gallbladder Left-sided gallbladder Explanation Implications
Embryogenesis The same primary structure for the The same primary structure It is a cholecystic axis; hepatic ~ Locational variations of the
gallbladder and one extrahepatic bile  for the gallbladder and one ducts appear much later as gallbladder are rare: migration to
duct extrahepatic bile duct lateral buds the left side or primary formation on
the left side of the liver
Incidence >99.7% <0.3% See embryogenesis Increased risk of injuries during
left-sided gallbladder surgery
Innervation Sympathetic and sensory: coeliac Standard and identical to right-  No evidence of different The same dermatomes may be
plexus, T7-9 sided gallbladder innervation of the left-sided affected
Parasympathetic: the right vagus nerve gallbladder is available Boas’ sign for both anatomical
through its hepatic branch variations: a change detected by
lightly drawing a pin down the back
of the patient’s chest
Pain Right hypochondrium and Identical afferent pain pathway  See innervation Murphy’s sign for both anatomical

epigastrium, with or without radiation
to the back close to the tip of the right
scapula

variations

US scanning

Conventional description includes the
measurements of the gallbladder size,
wall thickness, gallstones, and polyps

Not the main investigation
to clarify the anatomical
relationship with the liver
(see CT scanning)

Left-sided gallbladder is
an occasional event; other
anatomical variations, such
as floating gallbladder, are
possible.

The aim: gallbladder disease
diagnosis; US scan is the first and,
in most cases, the last choice of
testing approach to diagnosing
cholecystolithiasis and acute
cholecystitis

Standard IV
contrast-enhanced
CT scanning

Assessment of the gallbladder and
surrounding anatomical structures in
general surgical practice

Specific target when planning
elective liver resection and
transplantations

A positive predictive value of
60% for left-sided gallbladder
using standard CT scan
technique

Collective discussion with
hepatobiliary radiologists is
warranted regarding the application
of specific CT scan protocols

Abbreviations: CT: Computed tomography; IV: Intravenous; US: Ultrasound
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ligaments, left lateral section of the liver, and the gallbladder [25].
The location of the third, fourth, and (if the need arises) fifth
ports for traction of the gallbladder should be adapted according
to the anatomical situation and surgeons’ preferences. This point
should be regarded as a reminder to the surgeons to inspect the
liver and gallbladder after the insertion of the laparoscope through
the periumbilical port and early recognize the abnormal position
of the gallbladder to allow the standard port placements to be
modified [26].

Third, the theoretical reasons for performing alternative
gallbladder surgeries should be discussed with the patient
comprehensively for informed consent [27]. The options for
managing a left-sided gallbladder were not discussed with our
patient preoperatively. Interestingly, the incidences of a left-sided
gallbladder (not routinely discussed while providing information
for informed consent) and major bile duct injury (discussed
routinely) are similar. It is approximately 0.3%.

Fourth, comparisons of bile duct injury rates from both reviews
on cholecystectomy for a left-sided gallbladder [5,6] with the
CholeS Study Group [28] data for conventional cholecystectomy,
are concerning. For example, four patients in the cholecystectomy
for a left-sided gallbladder cohort had an injury to the bile duct
with a rate of 7.3% [6], which is 4.3 times higher than the bile
duct injury rate (1.7%) for the most difficult grade 4 and 5
cholecystectomies. Furthermore, it is almost 43 times higher than
the bile duct injury rate (0.17%) for grade-3 difficulty-specific
cholecystectomies and 29 times higher than the overall bile duct
injury rate of 0.25% in the CholeS Study [28]. Such comparisons
have methodological drawbacks; nonetheless, they indicate that a
left-sided gallbladder and associated variations in biliary ductal
anatomy present challenges in intraoperative decision-making and
the technical execution of the surgical procedure [29].

Fifth, the atypical position of the gallbladder predetermines the
cystic duct’s atypical anatomical relationship with the main bile
ducts, first- and second-order bile ducts, and the entire hepatic
pedicle. Specifically, the left-sided gallbladder, anterior to the
hepatic pedicle, changes Calot’s triangle planes from horizontal
and lateral to vertical and anterior, bringing the gallbladder closer
to the extrahepatic biliary tract (Figure 3) [3]. Five topographical
patterns of the fusion of the cystic duct with the extrahepatic
bile duct, including common hepatic, lobar, and sectional, were
described in 41 patients with a left-sided gallbladder [5]. In
descending order by incidence, they were on the right side of the
common hepatic duct after a U-shaped turn anterior to this duct
(65.6%), on the left of the common hepatic duct (9.5%), with the
left hepatic duct (9.5%), with the right hepatic duct (7.6%), and
with the smaller order bile duct (sectional, most probable) to the
right hepatic duct (2.4%). Furthermore, six patients (14.6%) had
other minor biliary anomalies, and one had a duplicate common bile
duct. The selected magnetic resonance cholangiopancreatography
image (Figure 3) strongly suggests the fusion of the cystic duct
on the left with the common hepatic duct after its U-shaped turn
anterior to this duct. Also, the congenital absence of the right
hepatic duct is highly probable. Therefore, dissection of the left-
sided gallbladder close to its wall is key to preventing the patient

from injuries to the highly probable anomalous extrahepatic bile
ducts.

Variations of biliary anatomy at the hepatic hilum are more
frequent in patients with left-sided gallbladder, especially in
those with abnormal intrahepatic portal vein branching [23].
The understanding of infraportal bile duct anatomy, classified
as joining the hepatic duct caudally to the transverse portion
of the left portal vein [30], is of paramount importance for
safe cholecystectomy planning. A few variations in infraportal
courses of segmental and sectional bile ducts were reported.
They should be considered before, as it is possible to identify
them using contrast-enhanced computed tomography and
magnetic resonance-based imaging, and during gallbladder
surgery. The examples include infraportal B1l (it is one
of the bile ducts of segment 1 which drains Spiegel’s lobe)
joining the left or common hepatic duct [30], right posterior
sectional bile duct joining the right anterior sectional bile duct
with an infraportal course [31], right posterior sectional duct
joining the common bile duct [32], and infraportal B3 [33].
Encountering another infraportal bile duct of the left hemiliver
is always possible, as a true left-sided gallbladder is more
associated with the left-sided biliary tract variations. Thus,
infraportal variations of biliary anatomy at the hepatic hilum
are the second reason a surgeon should initiate the dissection
of the left-sided gallbladder as close to its wall as possible to
prevent infraportal bile duct injury [24]. It is a prerequisite for
safe total cholecystectomy.

Sixth, an intraoperative fluorescent cholangiography method
using indocyanine green and a near-infrared light source is a new
imaging method in laparoscopic cholecystectomy to improve the
visualization of the extrahepatic biliary anatomy (despite a long
history of indocyanine green utilization in liver surgery) [34].
However, it should be noted that surgical care providers can
use intraoperative imaging methods approved by the individual
health-care organization.

Seventh, when in doubt, an anatomic dissection of the
proximal portion of the gallbladder and cystic pedicle cannot be
performed safely, or the hepatic wall of the gallbladder cannot
be safely detached from surrounding tissues [25], a less-than-
total gallbladder removal should be performed [3-6,25]. At
present, two medical terms are used to name a less-than-total
cholecystectomy — a subtotal cholecystectomy [9] and a partial
cholecystectomy [35]. The question regarding the probability of
symptomatic gallbladder remnant events in the future and the
necessity of elective completion cholecystectomy remains open,
as this depends on the number of specific factors associated with
subtotal cholecystectomy. Examples of these factors include the
type of completion of subtotal cholecystectomy (controversial
conclusions) [7,35-38], the presence or absence of bile leak after
subtotal cholecystectomy [39], and retained gallstones within the
gallbladder remnant [40]. According to a systematic review, the
overall incidence of retained gallstones, recurrent biliary events,
and completion cholecystectomy ranges between 0.8% and
3% [8]. During the follow-up visit, our patient was instructed to
contact the consulting surgeons if the symptoms resurfaced.
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Two limitations of this case study should be acknowledged.
First, we were unable to obtain systematic data on the occurrence
of the left-sided gallbladder in our institution, which is a large
hepatobiliary and general emergency surgery center for the region.
The absence of figures indicating clinical and histopathological
correlations is another limitation of this paper. However, the
key messages arising from this paper are fully supported by the
clinical information provided and the discussion points.

4. Conclusions

latrogenic bile duct injury rates are the highest in the
subpopulation of patients with left-sided gallbladder. A left-sided
gallbladder, therefore, should be considered a risk factor. Subtotal
cholecystectomy, especially in an emergency surgery setting, is an
alternative to total cholecystectomy to avoid gallbladder surgery-
related risks and prevent a patient from iatrogenic injuries to the
bile ducts when a safe cholecystectomy cannot be performed
due to a lack of clarity or knowledge on the extrahepatic biliary
anatomy, which might deviate from the typical anatomy in patients
with left-sided gallbladder. It is essential to discuss with patients
about managing the left-sided gallbladder during the consent-
taking step.
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Appendix
Patient’s Perspective

I'have had what I believed to be severe trapped wind for at least 12 years. I was in extreme discomfort and pain whenever I overindulged
in rich food. I never visited the general practitioner to investigate; I just accepted this as part of life. The usual pain began at midday, and
by 6 pm, I was in unbearable agony. I visited the accident and emergency center, and after initial triage and assessment by the surgical
team, I was informed that I had an inflamed gallbladder and may need surgery. I was in the surgical assessment unit department for
another 4 days receiving antibiotics to manage the inflammation. As the pain was not subsiding and my temperature remained elevated,
it was decided that I would need surgery to remove the gallbladder. I was informed of the risks and was told that the surgeon would try
for a keyhole surgery but that it could also lead to open surgery. After the surgery, I was informed of the situation and that I needed open
surgery because my gallbladder was on the left side of my liver. I was in pain, but it was managed well by the doctors and nurses. I had
an episode where my blood pressure dropped, and my heart went tachycardic, which was very scary. It was dealt with promptly and
efficiently, and I have since been referred to a cardiologist for further investigation. My recovery has been smooth, with no complications.
My life postoperatively is much better, and I have not had the pain I previously experienced. Despite not knowing that I had gallstones, I
feel very lucky that it was diagnosed and the surgery was successful. I want to thank the surgeons for looking after me so well and bringing
me back to health.

DOI: https://doi.org/10.36922/jctr.00128



