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Abstract

Background The aim of this study is to evaluate morbidity and mortality in patients taken to conversion to open proce-
dure (CO) and subtotal laparoscopic cholecystectomy (SLC) as bailout procedures when performing difficult laparoscopic
cholecystectomy.

Method This observational cohort study retrospectively analyzed patients taken to SLC or CO as bailout surgery during
difficult laparoscopic cholecystectomy between 2014 and 2022. Univariable and multivariable logistic regression models
were used to identify prognostic factors for morbimortality.

Results A total of 675 patients were included. Of the 675 patients (mean [SD] age 63.85 + 16.00 years; 390 [57.7%] male)
included in the analysis, 452 (67%) underwent CO and 223 (33%) underwent SLC. Overall, neither procedure had an
increased risk of major complications (89 [19.69%] vs 35 [15.69%] P.207). However, CO had an increased risk of bile duct
injury (18 [3.98] vs 1 [0.44] P.009), bleeding (mean [SD] 165.43 +368.57 vs 43.25+123.42 P <.001), intestinal injury (20
[4.42%] vs 0 [0.00] P.001), and wound infection (18 [3.98%] vs 2 [0.89%] P.026), while SLC had a higher risk of bile leak
(15 [3.31] vs 16 [7.17] P.024). On the multivariable analysis, Charlson comorbidity index (odds ratio [OR], 1.20; CI95%,
1.01-1.42), use of anticoagulant agents (OR, 2.56; CI95%, 1.21-5.44), classification of severity of cholecystitis grade III
(OR, 2.96; C195%, 1.48-5.94), and emergency admission (OR, 6.07; CI95%, 1.33-27.74) were associated with presenting
major complications.

Conclusions SLC was less associated with complications; however, there is scant evidence on its long-term outcomes. Further
research is needed on SLC to establish if it is the safest in the long-term as a bailout procedure.

Keywords Cholecystectomy - Laparoscopic - Difficult cholecystectomy - Complications

The current treatment of choice for benign biliary disease
is laparoscopic cholecystectomy [1, 2]. Nonetheless, when
faced with a difficult cholecystectomy during which the
critical view of safety cannot be properly identified due to
severe inflammation or fibrosis of the hepatocystic triangle,
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a bailout procedure is recommended [3] with the means to
avoid complications such as bile duct injury [4].

Some of the currently defined bailout procedures for chol-
ecystectomy available include conversion to open procedure
(CO), subtotal laparoscopic cholecystectomy (SLC), chol-
ecystostomy, a fundus-first approach, or, in worst-case sce-
narios, aborting the procedure if manipulation of the surgical
area is too hazardous [3, 5]. Each of these approaches has its
advantages and disadvantages; thus, the technique of choice
during difficult cholecystectomy depends on the performing
surgeon’s clinical criteria, experience, and expertise [5].

Cholecystostomy (drainage tube) is a minimally inva-
sive, transient procedure employed in order to control the
biliary focus of infection while the patient is taken to a sec-
ond surgical procedure in an attempt to once again perform
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cholecystectomy as a means of avoiding symptomatic recur-
rence [6]. A fundus-first approach is more often associated
with bile duct injury due to severe local inflammation where
a clear dissecting plane between the cystic plate and porta
hepatis cannot be appreciated; however, some studies refer to
it as a safe alternative [5, 7]. On the other hand, aborting the
procedure implies that a second deferred cholecystectomy
attempt must be made, increasing morbidity. Due to all of
the above, the currently preferred bailout procedures are CO
and SLC; however, these procedures are not exempt from
complications [8]. The current surgical tendency appears
to favor performing SLC over CO as a bailout procedure,
which may be associated with the trend that newer genera-
tion surgeons have more experience with laparoscopic sur-
gery [9]. That being said, current literature where both of
these techniques are compared is limited and as a result, it is
necessary to delve into which procedure has better surgical
outcomes as the safest bailout procedure when performing
difficult cholecystectomy.

Owing to all the aforementioned, the aim of this study is
to evaluate morbidity and mortality in patients taken to CO
and SLC as bailout procedures when performing difficult
laparoscopic cholecystectomy.

Methods
Study design

A retrospective observational cohort study was designed.
We reviewed 16,225 cholecystectomies performed by a total
of 35 surgeons with varying degrees of experience, which
represent the total number of cholecystectomies performed
at our institution between 2014 and 2022. We selected the
preemptive conversion and subtotal laparoscopic cholecys-
tectomy cases (bailout procedures), from which we obtained
the information. Cholecystectomies that did not require bail-
out procedures, those that were reactive conversions, those
that were scheduled as open procedures, those associated
with another procedure, and 15 cases with incomplete infor-
mation were excluded. All variables were collected in an
anonymous database. This study was reviewed and approved
by our institution’s ethics committee (number DVOO005
2349-CV1737). The study was conducted under the prin-
ciples of the Declaration of Helsinki [10]. We followed the
STROBE guidelines to report this study [11].

Patients
Patients with a preoperative diagnosis of gallbladder can-

cer, patients in which cholecystectomy was associated
with another surgical procedure (such as gastrectomy or
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pancreatoduodenectomy), patients without postoperative fol-
low-up of 30 days, patients in which reactive conversion was
performed, and patients whose data registry did not include
the predetermined variables of interest were excluded.

Preemptive conversion (elective conversion before a
complication develops) differs from reactive conversion
(emergency conversion due to an intraoperative complica-
tion) if the decision to convert is taken before or because
of an intraoperative complication [12]. Both procedures are
mutually exclusive. We decided to exclude reactive conver-
sions because their results would not be comparable to SLC
in terms of morbidity.

The indications for performing laparoscopic cholecystec-
tomy were the following: all cases of benign biliary disease
(biliary colic, pancreatitis, choledocholithiasis, cholecysti-
tis, or a combination of them) where at least one diagnostic
image study evidenced biliary disease. In cases of cholecys-
titis, this was diagnosed, classified, and managed follow-
ing what is established in the Tokyo guidelines [13, 14].
Additionally, the American guidelines protocol for the risk
of choledocholithiasis was followed; in low-risk cases, chol-
ecystectomy was performed without the need for additional
studies, in intermediate-risk cases a magnetic resonance
cholangiopancreatography was performed, while in high-
risk cases patients were taken to an endoscopic retrograde
cholangiopancreatography (ERCP) previous performing
cholecystectomy [15]. Cases of pancreatitis were managed
according to both international and our institution’s guide-
lines, defining the timing of cholecystectomy when pancrea-
titis was clinically resolved [16, 17].

All patients had a scheduled outpatient control appoint-
ment where adequate clinical progress, healing of the sur-
gical wounds, and the surgical specimen’s histopathology
report were reviewed to ensure an adequate postoperative
evolution or the need for further studies.

The following variables were analyzed: patients’ demo-
graphic characteristics, body mass index, ASA Physical Sta-
tus Classification, previous diagnosis of either diabetes mel-
litus, arterial hypertension, chronic obstructive pulmonary
disease, chronic kidney disease, cardiovascular disease and/
or liver disease, current therapy with antiplatelet or antico-
agulant agents, previous history of abdominal surgery, previ-
ous episodes of cholecystitis, preoperative blood work tests,
surgical procedure indication, imaging findings on preopera-
tive image studies, classification according to its severity
(in cases of cholecystitis), the need for preoperative ERCP,
history of cholecystostomy, type of admission, time interval
between hospital admission and surgical procedure, type of
incision (in cases of CO), type of subtotal cholecystectomy
according to Purzner’s classification [18] (in cases of SLC),
surgeon experience, need for drain placement, intraoperative
findings according to Nassar’s modified score for difficult
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cholecystectomy [19], Clavien-Dindo’s score for complica-
tions associated with both the procedure and hospital admis-
sion [20], length of hospital stay, need for reintervention,
and 30-day mortality.

Surgical procedure

Laparoscopic cholecystectomy was performed in the Ameri-
can position using the standard 4-port technique [1 umbilical
port, 1 subxiphoid port, and 2 ports in the right hypochon-
drium]. Dissection of the hepatocystic triangle was per-
formed until the critical view of safety could be visualized,
performing the dissection above Rouviere’s sulcus in a lat-
eral to medial direction. In cases where the critical view of
safety could not be properly reached, it was at the surgeon’s
discretion to perform either SLC or CO. The need to place
a drain in the surgical site was also decided according to the
attending surgeon’s own criteria [21].

In cases of CO, the type of approach (by either a sub-
costal or midline incision) was also decided depending on
the attending surgeon’s preference. A fundus-first approach
was then performed until the gallbladder was completely
liberated from the cystic plate, followed by proper identifi-
cation of both the cystic duct and artery. In cases where the
structures from the hepatocystic triangle could not be safely
identified, subtotal open cholecystectomy or cholecystos-
tomy was performed.

On the other hand, when SLC was performed, the gall-
bladder wall portion free from the liver was opened with
either a fundus-first downward or body-upward approach
using electrocautery, hoping to dissect as much as possible
of this free gallbladder wall while staying above the safety
line between Rouviere’s sulcus and the umbilical fissure [5].
If the cystic artery was identified, it was clipped during the
division of the gallbladder wall; although on multiple occa-
sions, it could not be properly identified due to the severe
inflammatory process, during which it was probably in a
thrombotic state. All gallstones would then be extracted from
the remaining gallbladder portion. If the cystic duct’s orifice
was visible, it was sutured; however, due to severe inflam-
mation this was not possible in the majority of cases. Conse-
quently, the gallbladder stump was also electrocauterized. In
cases where the surgeon’s experience and personal decision
allowed, the remaining gallbladder stump was closed with
sutures. Likewise, removing the gallbladder wall in contact
with the liver or leaving it in situ was also according to the
surgeon’s personal decision intraoperatively [22, 23].

Statistical analysis
A description of demographical, clinical, paraclinical, intra-

operative, and surgical outcome variables was performed.
Categorical variables were described as proportions,

whereas continuous variables were described as means and
standard deviations (SD). The incidence for both SLC and
CO was calculated for each year between 2014 and 2022. A
univariate analysis was made, using the Chi-squared test in
the case of categorical variables and the 2-tailed ¢ test with
continuous variables to evaluate the differences between
them depending on the type of bailout procedure performed
and type of subtotal cholecystectomy. A logistical regression
model was built in order to identify factors associated with
major complications (defined as a Clavien-Dindo score > 3).
All variables that were clinically relevant were included in
the binary logistic regression model. Both crude odds ratios
(OR) and the adjusted OR to their respective 95% confi-
dence intervals (CI95%) were calculated to determine the
magnitude of association between risk factors identified in
the multivariate analysis for morbimortality. Data analysis
was performed from July to September 2023. The analyses
were conducted using SPSS 29 statistical software and the
RStudio.

Results

A total of 675 patients taken to cholecystectomy which was
considered difficult and thus required a bailout procedure
were included in this study, out of which 452 of them were
CO and 223 were SLC. The study selection process can be
seen in the following flowchart (Fig. 1).

The incidence for bailout surgery was 42.58 for every
1000 laparoscopic cholecystectomies performed. When
observing each year between 2014 and 2022, CO has a
higher incidence as the preferred bailout procedure in 2014
while SLC is more frequent in 2022. This change of inci-
dence happened linearly, finding a progressive reduction of
CO and an increase in SLC across time (Fig. 2).

16.225 cholecystectomies 2014~
2022

15.018 laparoscopic
cholecystectomies without the need
for a bailout procedure
385 planned open cholecystectomies

822 Bailout surgery

146 patients excluded:
129 reactive conversions to open
15 without all variables of interest
2 associated with another procedure

675 patients fulfilled inclusion
criteria

452 conversions to open 223 subtotal laparoscopic
cholecystectomies

Fig. 1 Study selection process flowchart
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Fig. 2 Incidence of bailout
procedures for every 1000 chol- ?
ecystectomies per year
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The age mean was of 63.85 + 16.00 years and patients’
sex was predominantly male (57.77%). The most frequent
diagnosis for performing either type of bailout procedure
was cholecystitis (68.88%), mainly grade II cholecysti-
tis according to the Tokyo guidelines (41.92%), followed
by grade I (14.81%) [13, 14]. On patients where CO was
performed, 169 (37.38%) of them ended up with an open
subtotal cholecystectomy and 3 (0.66%) of them with
cholecystostomy. Most cholecystectomies were difficult
according to the intraoperative findings described in Nas-
sar’s modified scale (97.99%) [19]. Other demographic,
clinical, and surgical characteristics are described in
Tables 1 and 2.

When we evaluate the proportion of CO versus SLC
based on whether the surgeons had more or equal to 5 years
of experience, we observe that surgeons with more or equal
to 5 years had a higher proportion of CO (72.56%) com-
pared to surgeons with less than 5 years (26.79%), with a
statistically significant difference (< 0.001). This disparity
is steeper and can be observed more clearly between 2020
and 2022 (Fig. 3).

In terms of surgical outcomes, a higher, statistically sig-
nificant proportion of bile duct injury, intraoperative bleed-
ing, intestinal injury, and wound infection was evidenced
in patients taken to CO. Nonetheless, there were no statis-
tically significant differences when evaluating the rate of
complications according to the Clavien-Dindo classification,
including major complications, reintervention, and mortality
(Table 3).
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Years

The analysis of surgical outcomes of subtotal cholecys-
tectomies, categorized as reconstituting or "closed-tract"
versus fenestrating or "open-tract,” is presented in Table 4.

Most subtotal cholecystectomies were performed laparo-
scopically (56.46%), and the majority were reconstructive
or "closed-tract"; of these reconstructive or "closed-tract"
procedures, the majority were performed using an open
approach. Major complications were more frequent in the
open approach group (20.34% versus 15.69%), with no sta-
tistically significant differences.

We performed a binary logistic regression model to assess
the factors associated with major complications (Clavien-
Dindo score > 3).

The model showed that Charlson comorbidity index, use
of anticoagulant agents, severity of cholecystitis, and emer-
gency admission were associated with major complications
(Clavien-Dindo > 3) (Table 5).

Discussion

The incidence of bailout surgery in cholecystectomy was
42.58 per every 1000 laparoscopic cholecystectomies per-
formed in the population analyzed during the study’s time
period. This rate of bailout surgery coincides with the ones
already described in the current literature [12, 24]. Patients
on which bailout cholecystectomy surgery was performed
had a higher age average (63.85 + 16.00), were predomi-
nantly male and overweight (BMI of 26.94 +4.67), and most
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Table 1 Demographic and clinical characteristics according to bailout procedure performed
N (%) Conversion to open Subtotal laparoscopic chol-  p value
procedure (n=452) ecystectomy (n=223)
Age (mean)(SD)(years) 63.85+16.00 64.31+15.40 6291+17.15 0.284*
Sex
Female 285 (42.22) 191 (42.25) 94 (42.15) 0.979
Male 390 (57.77) 261 (57.74) 129 (57.84)
Body mass index (mean)(SD)(kg/m?) 26.94+4.67 26.99+4.86 26.85+4.29 0.740%*
ASA classification
1 79 (15.11) 59 (13.05) 20 (12.50) 0.169
2 270 (51.63) 187 (41.37) 83 (51.88)
3 162 (30.98) 100 (53.47) 56 (35.00)
4-5 12 (2.29) 11 (5.88) 1 (0.62)
Co-morbidity
Diabetes mellitus 148 (22.02) 100 (22.12) 48 (21.52) 0.826
Arterial hypertension 333 (49.55) 225 (44.44) 108 (48.43) 0.682
Chronic obstructive pulmonary disease 60 (8.93) 39 (8.62) 21 (9.42) 0.754
Chronic kidney disease 30 (4.46) 19 (4.20) 11 (4.93) 0.679
Cardiovascular disease 116 (17.29) 76 (16.81) 40 (17.94) 0.754
Liver disease 10 (1.49) 5(1.10) 5.24) 0.257
Charlson comorbidity index
(Mean)(SD)(points) 2.65+1.90 2.71+1.85 2.54+2.01 0.281
Anticoagulant agents 38 (5.65) 25 (5.56) 13 (5.83) 0.890
Antiplatelet agents 99 (14.73) 67 (14.92) 32 (14.35) 0.844
Previous surgical history
Upper abdomen 81 (12.04) 63 (14.00) 18 (8.07) 0.026
Pre-operative laboratories (mean)(SD)
Leukocytes (X 10%) 12.67+5.11 1295+5.18 12.11+£4.92 0.054*
Hemoglobin (mg/dL) 14.62+2.03 14.69 +2.03 14.49+2.04 0.258%*
Bilirubin (mg/dL) 2.86+15.87 3.26+19.45 2.10+2.36 0.387*
Alkaline phosphatase (mg/dL) 198.59+264.58 182.63 +161.27 230.69 +396.81 0.035%
Aspartate aminotransferase (mg/dL) 95.90+153.38 91.52+159.31 104.20 +141.46 0.334*
Alanine aminotransferase (mg/dL) 111.13+166.00 102.90+162.10 126.73+172.47 0.092%*
Imaging findings
Bile duct diameter (mean)(SD)(mm) 5.79+2.32 5.77+2.23 5.81+2.51 0.831*
Gallbladder wall thickness (mean)(SD)(mm) 3.61+1.86 3.57+1.81 3.67+£1.97 0.507*
Signs of cholecystitis 443 (66.42) 287 (63.70) 156 (70.27) 0.137
Abscess or pericholecystic fluid 133 (19.97) 87 (19.57) 46 (20.72) 0.732
Perforation 30 (4.50) 17 (3.70) 13 (5.86) 0.234
Scleroatrophic gallbladder 14 (2.10) 11 (2.43) 3(1.79) 0.341
Impacted stone 61 (9.15) 28 (6.19) 33 (14.86) <0.001

Bold values indicate statistically significant p values (p <0.05)

p values were obtained using the Chi-squared test

*p values were obtained using the 2-tailed ¢

had a severity diagnosis of grade II or III cholecystitis; all of
these variables have been formerly reported as risk factors
associated with difficult cholecystectomy [25-27].
Conversion rates progressively diminished over time, and
on the contrary, the rates for SLC increased. This phenom-
enon can be explained considering that modernly trained
younger surgeons have a lower degree of expertise in open
cholecystectomy due to lower exposure to this approach in
relation to the exponential popularity of laparoscopic sur-
gery during the last century. Nonetheless, surgeons with

more years of experience were most likely trained in open
cholecystectomy as the preferred surgical approach for
benign biliary disease and would thus favor this technique
as their bailout procedure of choice over SLC. This can be
evidenced in the rate of CO according to surgeon experi-
ence, where surgeons with <5 years of experience had rates
of 26.79% versus rates of 72.56% in surgeons with over 5
years of experience [9, 28]. Moreover, some of the most
recent expert recommendations prefer SLC over CO as a
bailout procedure, which may bias younger surgeons [8].
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Table 2 Pathology and surgical

characteristics according to
bailout procedure performed

rs
o
'

Porcentage

'
<_5_years_of_experience
Years_of_experience

'
>5_years_of_expenence

N (%) Conversion to open  Subtotal laparoscopic p value
procedure (n=452) cholecystectomy
(n=223)
Surgical procedure indication
Biliary colic 134 (19.85) 101 (23.34) 33 (14.79) 0.019
Pancreatitis 62 (9.18) 46 (10.17) 17 (7.62) 0312
Choledocholithiasis 116 (17.18) 68 (15.04) 48 (21.52) 0.039
Acute cholecystitis 465 (68.88) 302 (66.8) 163 (73.09) 0.105
Pre-operative ERCP
No 538 (80.06) 369 (81.63) 169 (75.78) 0.051
Yes 134 (19.94) 80 (17.69) 54 (24.22)
Type of admission
Elective 75 (11.16) 55 (12.16) 20 (8.97) 0.330
Delayed 581 (86.46) 382 (84.51) 199 (89.24)
Emergency 16 (2.38) 12 (2.65) 4(1.79)
History of cholecystostomy
No 659 (97.63) 446 (98.67) 213 (95.52) 0.011
Yes 16 (2.37) 6 (1.32) 10 (4.48)
Time from admission to surgi- 4.73+5.48  4.49+5.11 5.21+6.16 0.107*
cal procedure (mean)(SD)
(days)
Subtotal cholecystectomy
No 280 (41.48) 283 (62.61) 0 (0.00) <0.001
Yes 395 (58.52) 172(37.38) 223 (100.00)
Intraoperative cholecystostomy
No 672 (99.55) 449 (99.33) 223 (100.00) 0.223
Yes 3(0.44) 3 (0.66) 0 (0.00)
Drain placement
No 282 (41.78) 208 (46.01) 74 (33.18) 0.001
Yes 393 (58.22) 244 (53.98) 149 (66.82)

Bold values indicate statistically significant p values (p <0.05)

p values were obtained using the Chi-squared test

*p values were obtained using the 2-tailed 7 test
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Fig. 3 Bailout procedure according to the number of years of experience. A Period between 2014 and 2022. B Period between 2020 and 2022
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Table 3 Surgical outcomes according to bailout procedure performed
N (%) Conversion to open proce-  Subtotal laparoscopic cholecys-  p value
dure (n=452) tectomy (n=223)
Hospital stay (mean)(SD) (days) 9.91+9.44 9.96+9.57 9.79+9.19 0.827*
ICU stay (mean)(SD) (days) 0.77+2.59 0.91+2.90 0.48+1.78 0.044*
Bile leak
No 609 (90.22) 415 (91.81) 194 (86.99) 0.047
Yes 66 (9.77) 37 (8.18) 29 (13.00)
Post-operative ERCP
Choledocholithiasis 16 (2.37) 10 (2.12) 6 (2.69) 0.701
Bile leak 31 (4.59) 15 (3.31) 16 (7.17) 0.024
Complications
Bile duct injury 19 (2.81) 18 (3.98) 1(0.44) 0.009
Bleeding (mean)(SD)(mL) 124.89+314.72 165.43 +368.57 43.25+123.42 <0.001*
Bilioperitoneum 8 (1.18) 4 (0.88) 4(1.79) 0.305
Intestinal injury 20 (2.96) 20 (4.42) 0 (0.00) 0.001
Wound infection 20 (2.96) 18 (3.98) 2 (0.89) 0.026
Fluid collection 20 (2.96) 16 (3.53) 4(1.79) 0.208
Perioperative acute myocardial infarc- 6 (0.88) 4 (0.88) 2(0.89) 0.988
tion
Perioperative venous thromboembo- 14 (2.07) 9(1.99) 5(2.24) 0.830
lism
Health care-associated pneumonia 7 (1.03) 4 (0.88) 3(1.34) 0.579
Health care-associated urinary tract 1(0.14) 0 (0.00) 1(0.44) 0.154
infection
Pleural effusion 18 (2.66) 10 (2.21) 8 (3.58) 0.299
Reintervention
No 626 (92.74) 416 (92.03) 210 (94.17) 0.315
Yes 49 (7.25) 36 (7.96) 13 (5.82)
Clavien-Dindo
I 43 (6.37) 28 (6.19) 15 (6.72) 0.065
I 47 (6.96) 39 (8.62) 8(3.58)
1IA 23 (3.40) 14 (3.09) 9 (4.03)
1B 54 (8.00) 40 (8.84) 14 (6.27)
v 28 (4.14) 21 (4.64) 7 (3.13)
\Y% 19 (2.81) 14 (3.09) 5(2.24)
Major complication
No 551 (81.62) 363 (80.30) 188 (84.30) 0.207
Yes 124 (18.37) 89 (19.69) 35 (15.69)
30-day mortality
No 656 (97.18) 438 (96.90) 218 (97.75) 0.527
Yes 19 (2.81) 14 (3.09) 5(2.24)

Bold values indicate statistically significant p values (p <0.05)
p values were obtained using the Chi-squared test

*p values were obtained using the 2-tailed ¢ test

Another factor that may be related to higher CO rates is
previous history of upper abdomen surgery, evidenced as
statistically significant in our sample. A probable explana-
tion for this may be that visceral adherence associated with
previous surgical history may prevent the attending surgeon
from performing SLC in spite of it being their procedure of
choice [29].

Another important factor to note was that on patients
taken to CO, 37.38% of procedures ended up as open sub-
total cholecystectomies while 0.66% ended up as cholecys-
tostomies. Some authors consider that CO is not a bailout
procedure per se when faced with difficult cholecystectomy
but rather what results from the procedure after conversion,
which could trifurcate into either total open cholecystec-
tomy, subtotal open cholecystectomy, or cholecystostomy
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Table 4 Surgical outcomes

) o N (%) Reconstituting Fenestrating or p value
according to reconstituting or “closed-tract” “open-tract”
or “closgd-tract” versus (n=335) (n=60)
fenestrating or “open-tract”
Approach
Laparoscopic 223 (56.46) 180 (53.73) 43 (71.66) 0.010
Open 172 (43.54) 155 (46.27) 17 (28.33)
Hospital stay (mean)(SD) (days)  10.44+9.03 10.25+8.99 11.50+9.24 0.442*
ICU stay (mean)(SD) (days) 0.74 +£2.58 0.69+2.57 1.00+2.68 0.141*
Bile leak
No 342 (86.58) 294 (87.76) 48 (80.00) 0.104
Yes 53 (13.42) 41 (12.24) 12 (20.00)
Post-operative ERCP
Choledocholithiasis 11 (2.78) 9 (2.68) 2(3.33) 0.779
Bile leak 28 (7.08) 19 (5.67) 9 (15.00) 0.010
Reintervention
No 368 (93.16) 315 (94.02) 53 (88.33) 0.107
Yes 27 (6.84) 20 (5.97) 7 (11.66)
Major complication
No 325 (82.28) 281 (83.88) 44 (73.33) 0.049
Yes 70 (17.72) 54 (16.12) 16 (26.66)
30-day mortality
No 384 (97.22) 326 (97.31) 58 (96.66) 0.779
Yes 11 (2.78) 9 (2.69) 2(3.33)

Bold values indicate statistically significant p values (p <0.05)

p values were obtained using the Chi-squared test

*p values were obtained using the 2-tailed 7 test

[8]. Considering the aforementioned high rates of subtotal
open cholecystectomy in procedures that were CO, one can
conclude that conversion could be avoided and that subtotal
cholecystectomy could be better performed using a lapa-
roscopic approach. When performing subtotal cholecystec-
tomy with a converted open approach, the benefits usually
associated with laparoscopic surgery would be lost [30-32]
(less postoperative pain and lesser rates of intra- and post-
operative complications such as bleeding, bile duct injury,
surgical wound infection, dehiscence, among others).

In a recently published study where SLC is compared
with CO, CO is suggested as the preferred surgical alterna-
tive due to similar rates of complications, time of hospital
stay, and readmissions. However, this approach presented
higher rates of reinterventions compared with SLC. Addi-
tionally, when analyzing the results of this study we can
observe that a CO does not necessarily guarantee a complete
cholecystectomy [33].

The results of this study evidenced that there was not a
statistically significant difference between patients taken to
either CO or SLC on rates of major complications, reinter-
ventions, time of hospital stay, and mortality. Furthermore,
in patients taken to an open procedure, there was a statisti-
cally significant higher proportion of bile duct injury, intra-
operative bleeding, and intestinal injury. As such it can be
observed that a conversion will not necessarily guarantee the

@ Springer

absence of bile duct injury, which is one of the arguments in
the reported literature that favors SLC over CO.

In another study where the surgical outcomes for CO
and SLC were compared, CO was associated with higher
rates of bile duct injury, bleeding, postoperative ileus, ICU
admission, and longer hospital stay. However, this cohort of
patients included reactive conversions (emergent conversion
due to an intraoperative complication), as such this sam-
ple may be biased and is probably the reason for the more
unfavorable surgical outcomes associated with CO in this
study [34].

When analyzing subtotal cholecystectomies, the fenestrat-
ing or "open-tract" technique was the most frequent choice
when the approach was laparoscopic. It is important to
highlight that this approach had a higher proportion of bile
leakage and major complications compared to reconstituting
or "closed-tract" cholecystectomy, a finding that is consist-
ent with what has been published in the literature [35-38].
We can hypothesize that the choice of this technique is due
to the technical difficulty involved in closing the stump via
minimally invasive methods.

This study found that risk factors for major complica-
tions during bailout surgery were Charlson comorbidity
index, use of anticoagulant agents, classification of severity
of cholecystitis, and the type of admission. These variables
have already been reported as risk factors associated with
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Table 5 Bina.ry regress.ion. Crude OR (CI95%) Multivariable adjusted ~ Multivari-
model for major complications OR (CI95%) * able adjusted OR

(Clavien-Dindo > 3)

(CI95%) **

Age
Sex

Female
Male

Type of cholecystectomy

Total
Subtotal reconstituting
Subtotal fenestrating

Bailout procedure approach
Laparoscopic
Open

Charlson comorbidity
Index

Classification of severity of
cholecystitis
Not apply
I

1I
1

Anticoagulant agents
No
Yes

Type of admission
Elective

Delayed
Emergency

1.02 (1.01-1.03)

1.00 (referent)
1.10 (0.74-1.63)

1.00 (referent)
0.80 (0.53-1.21)
1.52 (0.79-2.90)

1.00 (referent)
1.31 (0.85-2.02)

1.26 (1.14-1.40)

1.00 (referent)

1.93 (0.98-3.79)
2.26 (1.32-3.86)
3.80 (1.98-7.29)

1.00 (referent)
3.54 (1.80-6.96)

1.00 (referent)
4.28 (1.53-11.98)
10.65 (2.55-44.40)

1.00 (0.98-1.02)

1.00 (referent)
0.96 (0.63-1.47)

1.00 (referent)
0.73 (0.43-1.23)
1.24 (0.55-2.76)

1.00 (referent)
1.32 (0.75-2.31)

1.20 (1.01-1.42)

1.00 (referent)

1.88 (0.92-3.81)
1.75 (0.99-3.11)
2.96 (1.48-5.94)

1.00 (referent)
2.56 (1.21-5.44)

1.00 (referent)
2.71 (0.92-7.94)
6.07 (1.33-27.74)

1.00 (referent)
0.74 (0.44-1.25)
1.34 (0.60-2.95)

1.00 (referent)
1.35 (0.77-2.36)

1.21 (1.08-1.35)

1.00 (referent)

2.11 (1.05-4.24)
2.09 (1.20-3.65)
3.62 (1.84-7.15)

1.00 (referent)
2.64 (1.27-5.46)

Bold values indicate statistically significant p values (p <0.05)

*Multivariable model includes age, sex, type of cholecystectomy, approach, Charlson comorbidity index,
classification of severity of cholecystitis, anticoagulant agents, and type of admission

**Multivariable model includes type of cholecystectomy, approach, Charlson comorbidity index, classifi-
cation of severity of cholecystitis, and anticoagulant agents

the difficulty of cholecystectomy and higher perioperative
morbimortality [39, 40]. On the other hand, the type of bail-
out procedure (CO versus SLC) and the type of subtotal
cholecystectomy (reconstituting or "closed-tract" versus fen-
estrating or "open-tract") did not emerge as factors associ-
ated with a higher proportion of major complications in the
multivariate analysis.

Subtotal cholecystectomy has gained popularity as the
preferred bailout surgery of choice when faced with difficult
cholecystectomy [41] although this study did not evidence
any superiority between SLC and CO for the appearance of
major complications and mortality. Nevertheless, there was
a significantly higher proportion of bile duct injury, intraop-
erative bleeding, and intestinal injury associated with con-
version. Furthermore, CO does not guarantee to perform
a total cholecystectomy, and we can then hypothesize this
may add up to a subtotal cholecystectomy’s morbidity if the
procedure is converted. It is also important to consider that
the evidence on long-term outcomes for SLC is limited, as

current literature is lacking on the risk of recurrence and
malignancy of the remaining gallbladder stump [42]. As
such it is necessary to broaden current research on which
bailout surgical procedures for difficult cholecystectomy
yield better outcomes and as a result be able to establish a
definite recommendation on the subject.

This study has several distinct strengths. To our knowl-
edge of current literature, it contains the most extensive
series that compares surgical outcomes for SLC and CO
as bailout procedures when faced with difficult cholecys-
tectomy. Moreover, it excludes reactive conversions. The
most relevant limitation of this study is its retrospective
design and the surgeon's discretionary decision to perform
the bailout procedure, which makes it prone to selection
bias. Another significant limitation is that follow-up was
only conducted at 30 days, so long-term outcomes cannot
be assessed, and these are important when determining the
best procedure.
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Conclusions

SLC seems to be a good alternative when faced with dif-
ficult cholecystectomy; however, it is necessary to take into
account the limitations of current scientific knowledge on
its long-term outcomes such as recurrence and malignancy.
Conversely, in terms of CO, this procedure is still an alterna-
tive therapeutic approach to consider; however, it has seen
a decline considering that more recently trained surgeons
have lower exposure to the technique due to the current
predominantly laparoscopic approach to cholecystectomy.
Additionally, performing an open conversion does not nec-
essarily mean the procedure will end as a total cholecys-
tectomy, and a significant proportion of patients will end
up having a subtotal cholecystectomy either way with the
added morbidity of an open approach in comparison with
laparoscopic surgery.

Author contributions Camilo Ramirez-Giraldo: Study design, acquisi-
tion of data, analysis and interpretation of data, drafting of manuscript,
critical revision of manuscript. Danny Conde Monroy: Study concep-
tion and design, analysis and interpretation of data, drafting of manu-
script, critical revision of manuscript. Andrés Isaza-Restrepo: Study
conception and design, analysis and interpretation of data, drafting of
manuscript, critical revision of manuscript. Daniela Ayala: Acquisition
of data, drafting of manuscript, critical revision of manuscript. Juliana
Gonzalez-Tamayo: Acquisition of data, drafting of manuscript, critical
revision of manuscript. Ana Maria Vargas-Patifio: Acquisition of data,
drafting of manuscript, critical revision of manuscript. Luisa Trujillo-
Guerrero: Acquisition of data, drafting of manuscript, critical revision
of manuscript. Isabella Van Londofio: Drafting of manuscript, critical
revision of manuscript. Susana Rojas-Lopez: Study design, critical
revision of manuscript. All authors and approved the final version of
the manuscript.

Funding Open Access funding provided by Colombia Consortium.

Data availability Data are available in https://doi.org/10.34848/
LP5S1IE.

Declarations

Disclosures Camilo Ramirez-Giraldo, Danny Conde Monroy, Andrés
Isaza-Restrepo, Daniela Ayala, Juliana Gonzéalez-Tamayo, Ana Maria
Vargas-Patifio, Luisa Trujillo-Guerrero, Isabella Van-Londofo, and
Susana Rojas-Lépez have no conflicts of interest or financial ties to
disclose.

Ethical approval Ethical compliance with the Helsinki Declaration,
current legislation on research Res. 008430-1993 and Res. 2378-2008
(Colombia), and the International Committee of Medical Journal Edi-
tors (ICMIJE) were ensured under our Ethics and Research Institutional
Committee (IRB) approval. Informed consent was filled out as required
for the execution of this study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,

@ Springer

provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Gallaher JR, Charles A (2022) Acute cholecystitis: a review.
JAMA—J Am Med Assoc 327(10):965-975

2. Fujita N, Yasuda I, Endo I, Isayama H, Iwashita T, Ueki T et al
(2023) Evidence-based clinical practice guidelines for cholelithi-
asis 2021. J Gastroenterol 58:801-833. https://doi.org/10.1007/
$00535-023-02014-6

3. Wakabayashi G, Iwashita Y, Hibi T, Takada T, Strasberg SM,
Asbun HJ et al (2018) Tokyo guidelines 2018: surgical manage-
ment of acute cholecystitis: safe steps in laparoscopic cholecys-
tectomy for acute cholecystitis (with videos). J Hepatobiliary
Pancreat Sci 25(1):73-86

4. de Angelis N, Catena F, Memeo R, Coccolini F, Martinez-Pérez
A, Romeo OM et al (2021) 2020 WSES guidelines for the detec-
tion and management of bile duct injury during cholecystectomy.
World J Emerg Surg. 16(1):1-27

5. Gupta V, Jain G (2019) Safe laparoscopic cholecystectomy:
adoption of universal culture of safety in cholecystectomy.
World J Gastrointest Surg 11(2):62-84

6. Hung YL, Sung CM, Fu CY, Liao CH, Wang SY, Te HJ et al
(2021) Management of patients with acute cholecystitis after
percutaneous cholecystostomy: from the acute stage to defini-
tive surgical treatment. Front Surg 8:1-9

7. Osawa T, Fukami Y, Komatsu S, Saito T, Matsumura T, Kura-
hashi S et al (2023) Impact of fundus-first laparoscopic chol-
ecystectomy for severe cholecystitis. Surg Endosc. https://doi.
org/10.1007/300464-023-10080-3

8. Strasberg SM (2019) A three-step conceptual roadmap for
avoiding bile duct injury in laparoscopic cholecystectomy:
an invited perspective review. J Hepatobiliary Pancreat Sci
26(4):123-127

9. Sabour AF, Matsushima K, Love BE, Alicuben ET, Schellenberg
MA, Inaba K et al (2019) Nationwide trends in the use of subtotal
cholecystectomy for acute cholecystitis. Surgery. https://doi.org/
10.1016/j.surg.2019.11.004

10. Association WM (2016) World medical association declaration of
helsinki: ethical principles for medical research involving human
subjects. JAMA 310(20):2191-2194

11. von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC,
Vandenbroucke JP (2008) The strengthening the reporting of
observational studies in epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol
61(4):344-349

12. Manatakis DK, Papageorgiou D, Antonopoulou MI, Stamos N,
Agalianos C, Ivros N et al (2019) Ten-year audit of safe bail-out
alternatives to the critical view of safety in laparoscopic cholecys-
tectomy. World J Surg 43(11):2728-2733

13. Yokoe M, Hata J, Takada T, Strasberg SM, Asbun HJ, Waka-
bayashi G et al (2018) Tokyo guidelines 2018: diagnostic criteria
and severity grading of acute cholecystitis (with videos). J Hepa-
tobiliary Pancreat Sci 25(1):41-54


https://doi.org/10.34848/LP51IE
https://doi.org/10.34848/LP51IE
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00535-023-02014-6
https://doi.org/10.1007/s00535-023-02014-6
https://doi.org/10.1007/s00464-023-10080-3
https://doi.org/10.1007/s00464-023-10080-3
https://doi.org/10.1016/j.surg.2019.11.004
https://doi.org/10.1016/j.surg.2019.11.004

Surgical Endoscopy (2024) 38:4965-4975

4975

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Okamoto K, Suzuki K, Takada T, Strasberg SM, Asbun HJ, Endo I
et al (2018) Tokyo guidelines 2018: flowchart for the management
of acute cholecystitis. J Hepatobiliary Pancreat Sci 25(1):55-72
Buxbaum JL, Abbas Fehmi SM, Sultan S, Fishman DS, Qumseya
BJ, Cortessis VK et al (2019) ASGE guideline on the role of
endoscopy in the evaluation and management of choledocholithi-
asis. Gastrointest Endosc 89(6):1075-1105.e15. https://doi.org/10.
1016/j.gie.2018.10.001

Sarr MG, Banks PA, Bollen TL, Dervenis C, Gooszen HG, John-
son CD et al (2013) The new revised classification of acute pan-
creatitis 2012. Surg Clin North Am 93(3):549-562

Leppéniemi A, Tolonen M, Tarasconi A, Segovia-Lohse H, Gam-
berini E, Kirkpatrick AW et al (2019) 2019 WSES guidelines for
the management of severe acute pancreatitis. World J Emerg Surg.
https://doi.org/10.1186/s13017-019-0247-0

Purzner RH, Ho KB, Al-Sukhni E, Jayaraman S (2019) Safe lapa-
roscopic subtotal cholecystectomy in the face of severe inflam-
mation in the cystohepatic triangle: a retrospective review and
proposed management. Can J Surg 62(6):402—411

Nassar AHM, Ng HJ, Wysocki AP, Khan KS, Gil IC (2021)
Achieving the critical view of safety in the difficult laparo-
scopic cholecystectomy: a prospective study of predictors of
failure. Surg Endosc 35(11):6039-6047. https://doi.org/10.1007/
500464-020-08093-3

Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg 240(2):205-213
Hassler KR, Collins JT, Philip K, Jones MW (2023) Laparoscopic
cholecystectomy. In: StatPearls. https://www.ncbi.nlm.nih.gov/
books/NBK448145/

Strasberg SM, Pucci MJ, Deziel DJ, Brunt LM (2015) Subtotal
cholecystectomy * fenestrating ” vs *“ reconstituting ” subtypes and
the prevention of bile duct injury : definition of the optimal pro-
cedure in difficult operative conditions. ] Am Coll Surg. https://
doi.org/10.1016/j.jamcollsurg.2015.09.019

Srinivasa S, Hammill CW, Strasberg SM (2021) How to do
laparoscopic subtotal fenestrating cholecystectomy. ANZ J Surg
91(4):740-741

Shimoda M, Udo R, Imasato R, Oshiro Y, Suzuki S (2021) What
are the risk factors of conversion from total cholecystectomy to
bailout surgery? Surg Endosc 35(5):2206-2210

Nassar AHM, Hodson J, Ng HJ, Vohra RS, Katbeh T, Zino S
et al (2020) Predicting the difficult laparoscopic cholecystectomy:
development and validation of a pre-operative risk score using
an objective operative difficulty grading system. Surg Endosc
34:4549-4561

Tongyoo A, Liwattanakun A, Sriussadaporn E, Limpavitayaporn
P, Mingmalairak C (2022) The modification of a preopera-
tive scoring system to predict. J Laparoendosc Adv Surg Tech
00(00):1-7

Abe T, Oshita A, Fujikuni N, Hattori M, Kobayashi T, Hanada
K et al (2023) Efficacy of bailout surgery for preventing intra-
operative biliary injury in acute cholecystitis. Surg Endosc
37(4):2595-2603

Ramirez-Giraldo C, Van-Londofio I (2023) Re: the modification
of a preoperative scoring system to predict difficult elective lapa-
roscopic cholecystectomy by Tongyoo et al. ] Laparoendosc Adv
Surg Tech 00(00):1

Ashfaq A, Ahmadieh K, Shah AA, Chapital AB, Harold KL,
Johnson DJ (2016) The difficult gall bladder: outcomes following

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

laparoscopic cholecystectomy and the need for open conversion.
Am J Surg 212(6):1261-1264. https://doi.org/10.1016/j.amjsurg.
2016.09.024

Jensen SAMS, Fonnes S, Gram-Hanssen A, Andresen K, Rosen-
berg J (2021) Low long-term incidence of incisional hernia after
cholecystectomy: A systematic review with meta-analysis. Sur-
gery 169(6):1268-1277

Coccolini F, Catena F, Pisano M, Gheza F, Fagiuoli S, Di Save-
rio S et al (2015) Open versus laparoscopic cholecystectomy in
acute cholecystitis Systematic review and meta-analysis. Int J Surg
24:107. https://doi.org/10.1016/j.ijsu.2015.04.083

Agha R, Muir G (2003) Does laparoscopic surgery spell the end
of the open surgeon? J R Soc Med 96(11):544-546

Braschi C, Tung C, Tang A, Delgado C, Uribe L, Senekjian L
et al (2022) Early outcomes of subtotal vs total cholecystectomy
for acute cholecystitis. JAMA Surg 157(11):1062-1064
Grossman H, Holder KG, Dhanasekara CS, Dissanaike S (2022)
Comparing outcomes of sub-total cholecystectomy versus open
cholecystectomy as bailout procedures for the difficult gallbladder.
Am Surg 0(0):1-7

Koo JGA, Huak Y, Vishal C (2021) Laparoscopic subtotal chol-
ecystectomy : comparison of reconstituting and fenestrating tech-
niques. Surg Endosc 35(3):1014-1024. https://doi.org/10.1007/
500464-020-08096-0

Nzenwa IC, Mesri M, Lunevicius R (2021) Risks associated with
subtotal cholecystectomy and the factors in fluencing them : a sys-
tematic review and meta-analysis of 85 studies published between
1985 and 2020. Surgery 170(4):1014-1023. https://doi.org/10.
1016/j.surg.2021.03.036

Elshaer M, Gravante G, Thomas K, Sorge R, Al-Hamali S, Ebdewi
H (2015) Subtotal cholecystectomy for “difficult gallbladders™:
systematic review and meta-analysis. JAMA Surg 150(2):159-168
Lunevicius R (2023) Review of the literature on partial resections
of the gallbladder, 1898-2022: the outline of the conception of
subtotal cholecystectomy and a suggestion to use the terms ‘sub-
total open-tract cholecystectomy’ and ‘subtotal closed-tract chol-
ecystectomy.” J Clin Med. https://doi.org/10.3390/jcm12031230
Ramirez-Giraldo C, Isaza-Restrepo A, Conde Monroy D, Castillo-
Barbosa AC, Rubio-Avilez JJ, Van-Londoio I (2023) What is the
best score for predicting difficult laparoscopic cholecystectomy?
A diagnostic trial study. Int J Surg 109(7):1871-1879

Di Martino M, Ielpo B, Pata F, Pellino G, Di Saverio S, Catena F,
et al. (2023) Timing of cholecystectomy after moderate and severe
acute biliary pancreatitis. JAMA Surg. http://www.ncbi.nlm.nih.
gov/pubmed/37610760

Toro A, Teodoro M, Khan M, Schembari E, Di Saverio S, Cat-
ena F et al (2021) Subtotal cholecystectomy for difficult acute
cholecystitis : how to finalize safely by laparoscopy—a sys-
tematic review. World J Emerg Surg. https://doi.org/10.1186/
s13017-021-00392-x

Ramirez-Giraldo C, Torres-Cuellar A, Van-Londofio I (2023)
State of the art in subtotal cholecystectomy: an overview. Front
Surg 10:1-12

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.gie.2018.10.001
https://doi.org/10.1016/j.gie.2018.10.001
https://doi.org/10.1186/s13017-019-0247-0
https://doi.org/10.1007/s00464-020-08093-3
https://doi.org/10.1007/s00464-020-08093-3
https://www.ncbi.nlm.nih.gov/books/NBK448145/
https://www.ncbi.nlm.nih.gov/books/NBK448145/
https://doi.org/10.1016/j.jamcollsurg.2015.09.019
https://doi.org/10.1016/j.jamcollsurg.2015.09.019
https://doi.org/10.1016/j.amjsurg.2016.09.024
https://doi.org/10.1016/j.amjsurg.2016.09.024
https://doi.org/10.1016/j.ijsu.2015.04.083
https://doi.org/10.1007/s00464-020-08096-0
https://doi.org/10.1007/s00464-020-08096-0
https://doi.org/10.1016/j.surg.2021.03.036
https://doi.org/10.1016/j.surg.2021.03.036
https://doi.org/10.3390/jcm12031230
http://www.ncbi.nlm.nih.gov/pubmed/37610760
http://www.ncbi.nlm.nih.gov/pubmed/37610760
https://doi.org/10.1186/s13017-021-00392-x
https://doi.org/10.1186/s13017-021-00392-x

	Subtotal laparoscopic cholecystectomy versus conversion to open as a bailout procedure: a cohort study
	Abstract
	Background 
	Method 
	Results 
	Conclusions 

	Methods
	Study design
	Patients
	Surgical procedure
	Statistical analysis

	Results
	Discussion
	Conclusions
	References




