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Backgrounds/Aims: The standard treatment for acute cholecystitis, biliary pancreatitis and intractable biliary colics (“hot gallblad-
der”) is emergency laparoscopic cholecystectomy (LC). This paper aims to identify the prognostic factors and create statistical models

to predict the outcomes of emergency LC for “hot gallbladder.”

Methods: A prospective observational cohort study was conducted on 466 patients having an emergency LC in 17 months. Primary
endpoint was “suboptimal treatment,” defined as the use of escape strategies due to the impossibility to complete the LC. Secondary
endpoints were postoperative morbidity and length of postoperative stay.

Results: About 10% of patients had a “suboptimal treatment” predicted by age and low albumin. Postop morbidity was 17.2%, predict-
ed by age, admission day, and male sex. Postoperative length of stay was correlated to age, low albumin, and delayed surgery.
Conclusions: Several predictive prognostic factors were found to be related to poor emergency LC outcomes. These can be useful in
the decision-making process and to inform patients of risks and benefits of an emergency vs. delayed LC for hot gallbladder.
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INTRODUCTION

Gallstone disease constitutes a significant health problem in
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the western world. About 20% of persons with gallstones are
diagnosed after the onset of symptoms (biliary colic) or com-
plications (acute cholecystitis, obstructive jaundice, or pancre-
atitis). Eighty per cent of patients are asymptomatic at the first
diagnosis, but they still have a 2%-4% annual risk of develop-
ing complications [1,2].

Complications of gallstones represent about 20% of all the
emergency surgical admissions [3]. Current recommendations
are to perform a laparoscopic cholecystectomy (LC) during
the acutely symptomatic phase of the index emergency admis-
sion due “hot gallbladder” (i.e., intractable biliary colic, acute
cholecystitis, gallstones pancreatitis or jaundice due to biliary
stones), in order to prevent recurrent symptoms and further
complications, and reduce emergency department admissions,
length of hospital stay and hospital costs [4]. Conservative
management involving sepsis source control and symptoms
relief can be an alternative to an emergency LC, but this often
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results in the subsequent recurrence of gallstone related com-
plications often leading to a difficult delayed LC. However,
emergency LC is not a straightforward operation, and its out-
come is affected by several factors pertaining to the patient, the
disease and the therapeutic setting.

The aim of the current paper is to investigate the outcomes of
emergency cholecystectomy in a tertiary referral centre, evalu-
ate the prognostic factors and create statistical models to pre-
dict these outcomes, to guide the decision-making process and
to correctly inform patients of risks and benefits of emergency
vs. delayed operation.

MATERIALS AND METHODS

This prospective observational cohort study was conducted at
the John Radcliffe Hospital of the Oxford University Hospitals
NHS Foundation Trust, Oxford, UK, in 2021, including data of
patients operated on for “hot gallbladder” from January 2019
to August 2020. In this paper we use the term “hot gallblad-
der” that is gaining wide diffusion in the clinical setting, and
refers to the conditions leading to emergency cholecystectomy,
namely: intractable recurrent biliary colic, acute cholecystitis,
acute biliary pancreatitis and cholecysto-choledocolithiasis

(biliary obstruction). Our unit is a tertiary referral unit for
hepatobiliopancreatic emergencies. Hot gallbladders are usual-
ly operated during the index admission according to the 2018
Tokyo Guidelines [4], unless poor general conditions or specif-
ic contraindications suggest that the patient should be treated
conservatively (cholecystostomy, antibiotic, stenting) and an
operation postponed for a few months, if feasible.

The study included adult patients who underwent an emer-
gency operation for “hot gallbladder”. Exclusion criteria were:
paediatric patients, patients treated conservatively and not
operated in the emergency setting, elective cholecystectomies,
cholecystectomy as part of another operation, and cholecystec-
tomy for trauma.

Demographic and clinical data were fully anonymised, col-
lected into an electronic database (MS Excel for Mac v.16.53;
Microsoft) and analysed with a built-in application (StatPlus
for Mac v.7; AnalystSoft Inc.).

Primary endpoints of the study were: rate of conversion to
open surgery, rate of abandoned operations, rate of subtotal
cholecystectomies, that is, the use of escape strategies to deal
with a difficult situation and the impossibility to complete the
LC. These three dependent variables have been grouped under
the name of “suboptimal treatment,” considering that the gold

Table 1. Prognostic variables related to the patient and their univariate analysis

Total i:‘et;iztért?’l Po;t;)ri?;aitt;ve Readmission Postoperative stay”
Total 466 45(9.7) 80(17.2) 97 (20.8) 2.3-1(0-41)
Age (yr) 52.7-53.3 (19-90) 51.4-51.8(18.9-89.7)  51.5-52.4(18.9-89.7)  53.1-53.5(18.9-88.2) R’=0.0357
65.6-67.1 (24.6-88.1)  58.7-60.6 (24.6-88.2)  51.6-50.2 (20.1-89.7)
p<0.01° p<0.01? p =0.46" p<001”
<65 341 (73.5) 56 13.4 208 2.0-1(0-41)
65-80 107 (23.1) 213 28.7 204 3.4-2(0-22)
>80 16 (3.4) 18.8 18.8 25.0 2.2-2(1-10)
p <0.01 p <001 p =091 p<0.01?
Sex
Male 155 (33.3) 11.0 232 21.9 2.9-1(0-41)
Female 311 (66.7) 9.0 14.1 20.2 2.0-1(0-30)
p =050 p=001 p =067 p<0.01?
OR = 1.83575
BMI (kg/m?) 30.2-29.0 (18.2-59.1)  30.2-29.0 (18.6-59.1)  30.2-29.1 (18.2-59.1)  30.2-29.1 (18.6-59.1) R’=0.00371
30.1-28.7 (18.2-45.9)  29.9-28.8(18.6-52.8)  30.3-29.0 (18.2-52.8)
p=043" p=028" p=037" p=0.20"
<25 97 (20.9) 10.3 13.4 18.6 1.8-1(0-10)
25-40 330(71.1) 8.8 18.2 215 2.4-1(0-41)
>40 37 (8.0) 16.2 16.2 21.6 3.1-1(0-19)
p =034 p =054 p=081 p=0.28"
ASA
1 196 (42.1) 4.1 13.8 16.8 1.8-1 (0-30)
2 217 (46.6) 115 19.4 21.2 2.5 -1 (0-40)
3 51(10.9) 235 216 333 3.7-2(1-22)
4 2(0.4) 0 0 50.0 1.0-1(1,1)
p <0.01 p=033 p=0.05 p<0.01?
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Table 1. Continued

Total i:]et;%’;telsrtadl Po;tsr%?;ai\tt;ve Readmission Postoperative stay”
1-2 413 (88.7) 8.0 11.4 10.0 2.2-1(0-41)
3-4 53(11.3) 21.8 13.7 18.6 3.5-2(1-22)
p <0.01 p =055 p=0.02 p<0.01?
OR=3.19662 OR =2.04447
Diabetes
No 426 (91.4) 8.4 75 214 2.3-1(0-41)
Yes 40 (8.6) 225 13.8 15.0 2.8-2(0-8)
p <0.01 p=0.07 p=034 p=0.02"
OR=3.14516 OR=1.96252
Severe COPD
No 451 (96.8) 9.5 29 20.6 2.3-1(0-41)
Yes 15(3.2) 133 5.0 26.7 3.5-2(1-12)
p =062 p=032 p=057 p=004"
Cardiac disease
No 430 (92.3) 8.6 6.5 19.8 2.2-1(0-41)
Yes 36(7.7) 22.2 13.8 333 3.8-2(1-22)
p =001 p=0.03 p=005 p<0.01?
OR =3.03475 OR=2.30203
Chronic kidney disease
No 460 (98.7) 9.6 16.9 20.2 2.3-1(0-41)
Yes 6(1.3) 16.7 333 66.7 2.8-1.5(1-10)
p=0.56 p=029 p <001 p=052"
OR =7.89247
Immunosuppression®
No 455 (97.6) 9.4 29 20.7 2.4-1(0-41)
Yes 11(2.3) 18.2 0 273 1.8-1(1-6)
p=033 p=0.13 p=059 p=089"
Previous abdominal operations
No 445 (95.5) 9.0 44 20.7 2.3-1(0-41)
Yes 21 (4.5) 23.8 5.0 23.8 2.6-1(0-8)
p =002 p=0.82 p=073 p=035"
OR =3.16406
Known gallstones
No 275 (60.2) 9.4 16.6 19.9 2.2-1(0-23)
Yes 182 (39.8) 9.2 17.3 22.7 2.5-1(0-41)
p =094 p=085 p =046 p =049
Alcohol intake (units)
0 157 (34.4) 14.2 13.6 19.7 2.4-1(0-23)
1 253 (55.4) 7.5 18.8 21.2 2.3-1(0-41)
2 28(6.1) 3.6 25.0 25.0 24-1(1-14)
3 19 (4.2) 10.0 15.0 20.0 3.5-1(0-17)
p =009 p=036 p=093 p=049"
Smoker
No 200 (62.8) 8.0 18.0 20.5 2.6-1(0-41)
Ex 55(17.3) 7.3 30.9 236 2.3-1(0-19)
Yes 63(19.8) 6.3 14.3 23.8 2.0-1(0-23)
p =091 p=0.051 p=0.80 p=091"

Pearson chi-square test. Values reported as number and percentage (Pearson’s chi-square), mean, median and range (Kruskall-Wallis ANOVA) or as R*and
coefficient (linear regression). Missing values have been removed from the analysis by listwise deletion. OR is also reported where comparison has been

performed with 2 x 2 chi-square test and p < 0.05.

BMI, body mass index; ASA, American Society of Anaesthesiologists; COPD, chronic obstructive pulmonary disease; OR, odds ratio; ANOVA, analysis of

variance.

“Kruskal-Wallis ANOVA; linear regression; “outcomes ‘conversion, ‘abandoned’ and ‘subtotal’ merged in the ‘Suboptimal’ category; “indicates if patients
were on any immunosuppressive treatment (steroids, azathioprine, methotrexate, ciclosporin or any other immunosuppressant medication).
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Table 2. Prognostic variables related to the clinical presentation and their univariate analysis

Total i:’:::::;r;l Po;tsit?;?:;ve Readmission Postoperative stay”
Total 466 45(9.7) 80(17.2) 97 (20.8) 2.3-1(0-41)
Preoperative antibiotics
No 181 (38.8) 3.9 15.5 22,6 2.1-1(0-41)
Yes 285 (61.2) 13.3 18.2 19.6 2.5-1(0-23)
p <001 p =0.44 p =044 p<0.01?
OR=3.82418
Fever
No 452 (97.0) 9.3 16.6 208 2.3-1(0-41)
Yes 14 (3.0) 214 35.7 214 3.4-1.5(0-13)
p=013 p=0.06 p=095 p=042"
OR =2.79259
Dilated CBD?
No 394 (84.5) 8.8 16.5 20.1 2.2-1(0-41)
Yes 72 (15.5) 13.9 20.8 25.0 3.0-1(0-19)
p=019 P=037 P=034 P=017"
Thickwalled gallbladder?
No 209 (44.8) 9.1 19.6 254 2.4-1(0-30)
Yes 257 (55.2) 10.1 15.2 17.1 2.3-1(0-41)
p=071 p=0.20 p =003 p=0.96"
OR = 0.60803
Positive inflammatory markers”
No 93(20.0) 2.1 10.7 16.1 1.8-1(0-41)
Yes 373 (80.0) 11.5 18.8 22.0 2.5-1(0-30)
p <001 p=0.07 p=021 p<0.01?
OR =5.92879 OR=1.91749
Albumin 38.1-39 (19-47) 38.4-39 (22-47) 38.3-39 (22-47) 38.2-39 (19-47) R’=0.02951
35.6-36 (19-44) 37.4-37 (19-47) 37.8-38 (22-47) C=-0.149
p <0.01 p=0.15 p=034 p<0.01”
ALT/ALP 1.09-0.5 (0.08-9.29) 1.1-0.5 (0.1-9.3) 1.1-0.5 (0.1-7.4) 1.1-0.5 (0.9-9.3) R’=0.00455
0.6-.3(0.1-3.4) 0.9-0.5(0.1-9.3) 0.9-0.5(0.1-6.7) C=-0.18572
p=0.01" p=007" p =0.06" p=0.15"
Lactate 1.4-1.2(0-4.8) 1.4-1.2 (0-4.8) 1.4-1.2 (0-4.6) 1.4-1.2 (0-4.6) R’=0.00183
1.5-1.3(0-3.8) 1.5-1.4 (0.5-4.8) 1.5-1.3 (0.4-4.8) C=0.21924
p=048" p=007" p =060" p =039
Diagnosis
Biliary colic 54(11.6) 55 129 31.5 1.5-1(0-10)
Ac. cholecystitis 271 (58.2) 11. 16.6 18.8 2.3-1(0-41)
Ac. pancreatitis 76 (16.3) 3.9 17.1 21.1 2.5-1(0-23)
Biliary obstruction 65 (13.9) 12.3 23.1 20.0 2.9-1(0-22)
p=0.15 p =050 p=022 p=038"
Pancreatitis
No 390 (83.7) 10.8 17.2 208 2.3-1(0-41)
Yes 76 (16.3) 39 17.1 21.1 2.5-1(0-23)
p =007 p =099 p=0.10 p=061"
Severity?
1 256 (54.9) 7.4 17.2 203 2.2-1(0-41)
2 203 (43.6) 123 16.7 20.7 2.4-1(0-22)
3 7(1.5) 14.3 28.6 429 3.0-2(1-6)
p=0.19 p=072 p=035 p=0.15"

Pearson chi-square test. Values reported as number and percentage (Pearson’s chi-square), mean, median and range (Kruskall-Wallis ANOVA) or as R* and
coefficient (linear regression). Missing values have been removed from the analysis by listwise deletion. OR is also reported where comparison has been
performed with 2 x 2 chi-square test and p < 0.05.

CBD, common bile duct; ALT, alanine transaminase; ALP, alkaline phosphatase; OR, odds ratio; ANOVA, analysis of variance.

“Kruskal-Wallis ANOVA; linear regression; “outcomes ‘conversion’, ‘abandoned’ and ‘subtotal’ merged in the ‘Suboptimal’ category; *CBD > 7 mm;
“thickness of the gallbladder wall at US > 3 mm; "C-reactive protein (CRP) > 5 mg/L and/or white blood cells (WBC) > 11 x 10%/L; Yaccording to the 2018
Tokyo Guidelines [4].

https://doi.org/10.14701/ahbps.23-112



Hot gallbladder surgery 207

standard treatment for hot gallbladder is emergency LC and
the use of escape strategies, although necessary, should be con-
sidered as “suboptimal.” This choice is further discussed in the
Discussion section.

Secondary endpoints of the study were: biliary leak, postop-
erative morbidity, readmission rate, length of postoperative
stay.

The distribution of continuous variables has been evaluated
and, the vast majority being non-normally distributed, their
comparison has been carried out with non-parametric tests
(Kruskall-Wallis analysis of variance) or by linear regression.
Categorical variables have been compared with the Pearson’s
chi-square test. The odds ratio is also reported where compari-
son has been performed with 2 x 2 chi-square test.

The variables resulting in significance at univariate analysis
have been introduced into a multivariate analysis by back-
ward stepwise linear regression. The regression models are
presented with independent variables, their coefficients and
p-value, along with the value of the intercept, the R-value, the
R-square value, and the p-value of the model. The accuracy of
these models was evaluated by receiver operating characteristic
(ROC) curve analysis. As this analysis applies to binary mod-
els, the “length of postoperative stay” predictive model was
dichotomised on the basis of the average postoperative length
of stay; in other terms, the new variable was considered 0 when
postoperative length of stay was inferior to the average, and 1
when it was superior or equal.

Data are presented as mean, median and range (continuous)
or as number and percentage (categorical variables). A value
of p < 0.05 was taken as statistically significant. Missing or in-
complete data have been excluded listwise from the analysis.

Informed consent to operation was obtained from all subjects
and/or their legal guardians. No experimental protocol was
applied on any of the patients. All methods were carried out in
accordance with relevant guidelines and regulations.

This prospective observational cohort audit has been ap-
proved by the Health Research Authority (HRA) Confidenti-
ality Advisory Group of the Oxford University Hospitals NHS
Foundation Trust (n.6431) as the research involved the use of
patient information, albeit unidentifiable. Due to the specific
nature of this study-observational and fully anonymised-and
the internal regulations of the Oxford University Hospitals
NHS Foundation Trust regarding Research and Confidentiali-
ty, formal Ethical Committee or Institutional Review Board ap-
proval was not considered to be necessary. However, informed
consent to the operation and to the use of their information for
scientific purposes was obtained by all subjects and/or their
legal guardians. This report has been prepared on the basis of
the STROBE guidelines [5].

RESULTS

We analysed data of 466 patients, 155 males and 311 females

(33.3% and 66.7% respectively), mean age 52.7 years. The vast
majority were younger than 65 (73.5%). Mean body mass index
(BMI) was 30.2 kg/m®, with most patients being between 25
and 40 kg/m2 (71.1%). Most patients were ASA 1 or 2 (88.6%).
Almost 60% of patients had presented with acute cholecystitis.
The distribution of the other prognostic factors pertaining to
the patients and their clinical presentation is reported in Table
1 and 2, respectively, along with the results of their univariate
analysis.

About 10% of patients had a suboptimal treatment as defined
above. There were 26 conversions to open surgery (5.6%) due
to extensive inflammation or to intraoperative bleeding. Four
operations (0.9%) were abandoned as the surgeon considered
it too risky to continue by laparoscopy and preferred to bail
out and treat the patient conservatively instead of converting
to open surgery. Eighteen patients (3.9%) had a subtotal chole-
cystectomy (3 of them after conversion). These three categories
have been merged into the category “suboptimal treatment”
(Table 3).

Only 5 patients (1.1%) had intraoperative complications and
3 of them were bile le—aks (0.6%). The number of patients with
bile leak was too small to include this variable into the subse-
quent analysis.

Eighty patients (17.2%) had postoperative complications and
97 (20.8%) were readmitted after discharge within 1-500 days
(Table 3). There was no in-hospital mortality.

The average postoperative stay was 2.3 days, but the distri-
bution of this variable is highly skewed. Median postoperative
stay was 1 day (0-41 days) (Table 3).

The results of the distribution of the variables related to the
timing of admission and treatment are reported in Table 4.

Age was significantly higher in patients who had a subopti-
mal treatment and postoperative complications and is strongly

Table 3. Short-term results of emergency cholecystectomy for “hot
gallbladder”

Value
Intraoperative complications 5(1.1)
CBD injury 3(0.6)
Conversion to open® 26 (5.6)
Operation abandoned? 4(0.9)
Subtotal cholecystectomya) 18 (3.9)
Suboptimal treatment 45 (9.7)
Postoperative complications 80(17.2)
Readmission 97 (20.8)
Operation to discharge (day) 2.3-1(0-41)

Values are presented as number (%) or mean-median (range).

CBD, common bile duct.

“The categories “conversion to open;“operation abandoned” and “subtotal
cholecystectomy” have been merged into the category “suboptimal
treatment.” The totals do not sum up completely because 3 patients were
converted and ended up with a subtotal open cholecystectomy.
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Table 4. Prognostic variables related to the timing of admission and treatment and their univariate analysis

i?;?ﬁl:;l Po;t;)i?;?:;ve Readmission Postoperative stay”
Total 466 45(9.7) 80(17.2) 97 (20.8) 2.3-1(0-41)
Symptoms-admission (day) 8.9-2 (0-360) 9.2-2 (0-360) 9.3-2(0-360) 7.7-2 (0-360) R*=0.00031
5.5-2(0-120) 6.8-2 (0-180) 13.0-1 (0-360) C=-0.00198
p=0.87" p=035" p=0.19" p=071"
Admission to operation (day) 7.2-5(0-129) 7.1-5(0-129) 7.2-5(0-129) 6.8-4 (0-129) R*=0.01373
7.2-4 (0-45) 6.8 — 4 (0-45) 8.4-6 (0-53) C=0.04204
p =099 p=073" p=019" p=001"
Admission to operation (day)
<3 115 (24.7) 9.6 16.5 14.8 2.1-1 (0-30)
3-7 236 (50.6) 11.4 17.8 19.5 2.5-1(0-41)
>7 115 (24.7) 6.1 16.5 29.6 2.4-1(0-23)
p=0.28 p=0.94 p=0.02 p =039
Symptoms-operation (day) 16.4-8 (0.3-361.1) 16.8-7.9 (0.3-361.1) 16.3-8.1 (0.3-361.1) 15.1-7.8 (0.3-361.1) R*=0.00105
11.3-8.1 (0.4-48.1) 16.6-7.4 (1.7-201.8) 21.2-8.9(0.4-361.0) C=0.00342
p=033" p=047" p=0.13" p=0.49"
Symptoms to operation (day)
<3 52(11.4) 7.6 17.3 134 1.8-1(0-13)
3-7 137 (29.9) 10.2 19.0 17.5 2.4-1(0-30)
>7 269 (58.7) 9.7 16.7 234 2.4-1(0-41)
p =087 p=085 p=0.15 p =054
Day of admission
Monday 0(19.3) 7.8 8.9 20.0 1.5-1(0-8)
Tuesday 7 (14.4) 10.4 10.4 224 2.7-1(0-22)
Wednesday 8 (14.6) 8.8 25.0 25.0 2.8-1(0-30)
Thursday 62 (13.3) 14.5 24.2 258 2.9-1(0-41)
Friday 4 (13.7) 10.9 10.9 12.5 2.1-1(0-23)
Saturday 9(10.5) 4.1 18.4 26.5 2.0-1(1-12)
Sunday 6 (14.2) 10.6 258 15.2 2.6-1(0-16)
p=067 p=001 p=035 p=0.15"
Day of surgery
Monday 56 (12.0) 10.7 12.5 16.1 2.0-1(0-15)
Tuesday 76 (16.3) 11.8 224 237 2.5-1(0-23)
Wednesday 89 (19.1) 5.6 11.2 16.9 2.1-1(0-30)
Thursday 67 (4.4) 4.5 26.9 239 2.5-1(0-41)
Friday 77 (16.5) 9.1 10.4 20.8 2.5-1(0-17)
Saturday 50(10.7) 20.0 10.0 16.0 2.2-1(0-19)
Sunday 51(10.9) 9.8 294 294 2.6-1(0-22)
p=0.11 p <001 p=0.50 p=0.25"
Time of surgery
AM 62 (13.6) 6.4 24.2 27.4 2.1-1(0-41)
PM 392 (86.3) 10.2 16.6 19.6 2.4-1(0-30)
p=035 p=0.14 p=0.16 p=0.05"

Pearson chi-square test. Values reported as number and percentage (Pearson’s chi-square), mean, median and range (Kruskall-Wallis ANOVA) or as R* and
coefficient (linear regression). Missing values have been removed from the analysis by listwise deletion. Odds ratio is also reported where comparison has

been performed with 2 x 2 chi-square test and p < 0.05.

ANOVA, analysis of variance.

“Kruskal-Wallis ANOVA; "linear regression; “outcomes ‘conversion; ‘abandoned’ and ‘subtotal’ merged in the ‘Suboptimal’ category.

related to postoperative stay. Male patients tend to have more
complications and to remain as in-patients longer after the op-

eration.

Patients with higher ASA tend to have a suboptimal treat-

https://doi.org/10.14701/ahbps.23-112

ment, to have a longer postoperative stay and to be readmit-
ted more frequently. The study of the single co-morbidities
confirmed that patients with diabetes, cardiac problems and
history of previous abdominal surgeries more frequently had a
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Table 5. Multivariate analysis and predictive models

Dependent variable Independent variable Coefficient P Model AUC (ROC)
Suboptimal treatment Age 0.00382 <0.01 R=0.28918 0.757
Albumin -0.0097 <0.01 R*=0.08362
Intercept 0.26271 p <0.01
Postoperative morbidity Age 0.1106 0.02 R=0.23667 0.621
Sex"” 0.10181 0.05 R’=0.05601
Admission day” 0.02604 0.02 p <0.01
Intercept 0.04874
Readmission ASA 0.07143 <0.01 R=0.18912 0.622
Thickwalled gallbladder” -0.07137 0.05 R’=0.03577
Admission to operation 0.05175 0.04 p<0.01
(< 3 day, 3-8 day, > 8 day)® 0.02635
Intercept
Postoperative stay Age 0.02885 <0.01 R=0.5968 0.700”
Albumin -0.11648 <0.01 R’=0.05351
Admission to operation (day) 0.00379 0.02 p <0.01
Intercept 4.96172

AUC, area under the curve; ROC, receiver operating characteristic; ASA, American Society of Anaesthesiologists.
“For the ROC analysis, the “postoperative stay” variable was dichotomised into below and above average, that is <2.3 days and >2.3 days; "0, female;
1, male; 91, monday; 2, tuesday; 3, wednesday; 4, thursday; 5, friday; 6, saturday; 7, sunday; 90, no; 1, yes (gallbladder wall > 3 mm at ultrasound scan);

< 3 day, 1; 3-8 day, 2; >8 day, 3.

suboptimal treatment. Those with diabetes or cardiac disease
tend to complicate more. Patients with chronic kidney disease
(CKD) have a 7-fold risk of being readmitted with respect to
those with no renal impairment.

Most patients had preoperative antibiotics. Patients who had
antibiotics were more likely to have a suboptimal treatment
and to remain in hospital longer. However, this finding is not
clinically significant as antibiotics were mostly prescribed to
patients who were septic and in poorer general conditions.

Patients with positive inflammatory markers, low alanine
aminotransferase (ALT)/alkaline phosphatase (ALP) ratio were
more likely to end up with a suboptimal treatment. Low albu-
min at admission was also correlated to a longer postoperative
stay.

Median symptoms-to-admission time was 2 days and median
admission-to-operation time was 5 days. Patients who had to
wait longer for an operation tend to stay longer after the chole-
cystectomy and to be readmitted more often. There was a pret-
ty much equal distribution of admission and operations among
the days of the week, even if less cholecystectomies have been
performed on Thursdays. The day of admission and of oper-
ation is significantly associated with postoperative morbidity
being higher when the patients are admitted or operated on
mid-week and on Sundays. Patients operated in the afternoon
tend to have a longer postoperative stay, but this correlation is
only borderline.

At linear regression, the values of albumin correlate with the
positivity or negativity of inflammatory markers (inflammato-
ry markers = 1.66164-0.02249* Alb, R*= 0.05453, p < 0.0001).
Similarly, albumin correlates significantly with C-reactive pro-
tein (CRP) (albumin = 39.11833-0.02095*CRP, R® = 0.17448, p <

0.0001). The ALT/ALP ratio correlates with CRP (ALT/ALP =
1.21135-0.00258*CRP, R* = 0.0257, p = 0.0007) and with al-
bumin (ALT/ALP = -1.20023 + 0.05995*Alb, R* = 0.03629, p =
0.00004).

Readmission rate is directly correlated to postoperative com-
plications (Pearson’s chi- square 7.99993, p = 0.00468).

Table 5 shows the results of the multivariate analysis and
the predictive models. Advanced age and low albumin are the
independent prognostic factor for a suboptimal treatment.
Postoperative morbidity is independently associated to ad-
vanced age, male sex and, surprisingly, the day of the week the
patient was admitted, becoming higher towards the weekend.
Readmission is associated to high ASA score, thin-walled
gallbladder and delay in performing the operation. Length of
postoperative stay is independently correlated to advanced age,
low albumin, and days between admission and operation. ROC
analysis for the predictive models is shown in Fig. 1-4.

DISCUSSION

Acute cholecystitis and, more generally, biliary emergencies,
represent about 20% of all the emergency surgical admissions
[3]. For acute cholecystitis, current guidelines suggest an
emergency cholecystectomy as first choice of treatment, to be
performed ideally during the same index admission and by the
laparoscopic approach [4]. This can be extended to all acute
complications of gallstones, including intractable biliary colic,
jaundice due to CBD stones and acute gallstone pancreatitis,
along with acute cholecystitis. These conditions are sometimes
grouped under the term of “hot gallbladder,” which was ini-
tially referred to the appearance of an inflamed gallbladder at
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Fig. 1. ROC curve (model “suboptimal treatment”). AUC = 0.757. ROC,
receiver operating characteristic; AUC, area under the curve.

PET Scan [6], but has gradually extended to signify all acute
presentations of gallstone disease [7]. Safety and efficacy of
emergency LC have been fully demonstrated [8], but nonethe-
less it can become a difficult and complex operation. Other
than the old-fashioned “call an expert friend,” which is valid
for any surgical situation, specific escape strategies have been
proposed, including converting to open surgery, abandoning
the operation (if possible) and performing a subtotal chole-
cystectomy. Unfortunately, there is no agreed definition of
“subtotal” cholecystectomy (SC). The traditional description of
SC entails the excision of fundus and body of the gallbladder
without removing the neck (or Hartmann’s pouch), that can
be closed with stitches or left open and drained [4]. According
to this description, although it may surely be an escape proce-
dure to finish the operation while minimizing the risk for the
patient, in our opinion this cannot be considered a curative
cholecystectomy due to the possibility of stones recurrence in
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1 - Specificity

Fig. 2. ROC curve (model “postoperative morbidity”). AUC = 0.621. ROC,
receiver operating characteristic; AUC, area under the curve.
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Fig. 3. ROC curve (model “readmission”). AUC = 0.622. ROC, receiver
operating characteristic; AUC, area under the curve.

the small residual pouch (“mini-gallbladder”). On the contrary,
if the cystic duct can be safely closed, the operation is to be
considered a proper curative cholecystectomy even when the
posterior wall is left in place. The escape strategies result in
higher mortality and morbidity when compared to the stan-
dard LC [9,10] and reduced patient satisfaction. For this reason,
we grouped the escape strategies (conversion to open, subtotal
cholecystectomy and abandoned procedure) under the umbrel-
la term of “suboptimal treatment” in the current study, well
aware that the term “treatment” could be considered inappro-
priate for some of them.

About 10% of patients in the current study had a suboptimal
treatment. It was related to multiple patient factors such as:
increasing age above 65 years, ASA score above 3, diabetes, car-
diac disease, previous abdominal operations, need of pre-oper-
ative antibiotics and biochemical indexes of inflammation such
as: high inflammatory markers, low albumin levels and low
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0.3 1
0.2 1
0.1 1

Sensitivity

0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Fig. 4. ROC curve (model “LOS"). AUC = 0.700. ROC, receiver operating
characteristic; AUC, area under the curve; LOS, lenght of stay.



Hot gallbladder surgery 21

ALT/ALP ratio. Advanced age and low albumin are indepen-
dent prognostic factors for a suboptimal treatment. Our study
is in line with previous research showing that age increases the
risk for subtotal cholecystectomy and conversion to open sur-
gery [11,12]. An explanation might be that elderly patients may
be more likely to delay their presentation of symptomatic gall-
stones which might result in untreated cholecystitis, leading to
more severe inflammation and anatomical difficulties [13].

Although old age and male sex have been highlighted as the
two most important risk factors for the conversion of LC sur-
gery to open surgery [14,15], the current study did not statis-
tically confirm male sex to be a prognostic risk factor for sub-
optimal treatment, although there was a non-significant trend
towards this.

In terms of biochemical markers, hypoalbuminaemia has
been recognised as the most important risk factor for lap-to-
open conversion of cholecystectomy [16]. Albumin level was
significantly directly correlated with CRP, suggesting and
confirming that low albumin is a marker of more severe in-
flammation [17,18], which in turn leads to a higher likelihood
of suboptimal treatment.

We could confirm the findings of other Authors [19] that
male sex predicts post-operative morbidity. The sex gap in
surgical morbidity is a well-known effect, whose cause has not
been fully clarified yet. Males seem to be more at risk of post-
operative morbidity in all surgery except cardiac after both
elective and emergency operations [20,21], but specific pro-
spective controlled studies looking at this issue are yet to come.

Other than sex, advanced age and the day of the week the
patient was admitted are independently prognostic of post-op-
erative morbidity, being higher when the patients are admitted
or operated on mid-week and on Sundays. Comorbidities are
more common with advanced age and can increase the post-
operative complications and the frequency of conversion to
open surgery when compared to younger patients. Our study
confirmed that age and ASA score are risk factors for subopti-
mal treatment. In addition, since advanced age is often related
to delayed presentation of symptomatic gallstones, this might
also explain the increased risk of post-operative morbidity.
The current study confirmed that the day of admission was
prognostic for postoperative complications, particularly for
the mid-week and Sunday, thus being potential evidence of the
“weekend effect.” The “weekend effect” refers to allegedly infe-
rior outcomes for patients hospitalized on weekends compared
to weekdays [22,23]. This issue has never been fully proved
and its aetiology remains unclear. Theories range from lower
weekend staffing levels to less access to diagnostics, reduced
subspecialty coverage with wider cross-coverage, and less expe-
rienced surgeons manning the weekend shifts [23]. It has also
been proposed that emergency surgical patients admitted on
weekends are generally in poorer conditions, thus more prone
to develop complications, but this has not been proved for hot
gallbladders [24]. Probably, human factors may play a role. In

fact, surgeons on-call on Sundays may decide not to embark
in potentially long and difficult operations to avoid overload-
ing the already reduced theatre staff during weekends, thus
postponing the cholecystectomy to the next week. While all
these factors may explain the increased morbidity for those ad-
mitted on Sundays, it is quite difficult to explain the first peak
of morbidity around mid-week. Our impression, but with no
evidence to support it, is that hot gallbladder patients admitted
on mid-week do not get enough priority to be operated sooner
than later, due to pressure from other more urgent cases, and
when they get their LC, it is usually many days after their pre-
sentation, when the operation is more difficult due to ongoing
inflammation.

In the current study, the 30-day re-admission rate reached
20.8%. The independent prognostic risk factors associated with
readmission include ASA score > 3, patients with a thin-walled
gallbladder, increased latency from admission to surgery and
CKD. A significant amount of research has been conducted
to assess the impact of ASA score on re-admission following
different surgical procedures and ASA was the strongest pre-
dictive value of 30-day readmission [25]. This was in line with
the current study, whereby patients with a higher ASA score
were at an increased risk of re-admission, with ASA 3 patients
having a readmission rate more than double than those ASA 1.

There is limited data available on the effect of delaying hot
gallbladder treatment on readmission rates. Based on the cur-
rent study, there is a direct link between the time to operation
and readmission rate. In fact, the rate of readmission doubled
from 14.8% in patients operated within day 2 to 29.6% in pa-
tients operated after one week. There is no high-level study
in the Literature specifically comparing the readmission rate
with timing of emergency LC, but in our study this association
seems to be quite obvious if we consider that readmission rate
is directly correlated with postoperative morbidity.

There is controversial evidence on the impact that CKD
poses as a factor of postoperative re-admission and no data is
available specifically following a LC. Whilst an international
cohort study found that altered preoperative kidney dysfunc-
tion influences higher rates of morbidity and mortality, no
differences were found with readmission in their 30-day follow
up [26], whereas a study on 4,645 patients who underwent a
transcatheter mitral valve repair showed the 30-day and 90-
day re-admission rates to be significantly higher in compari-
son to the control group (non-CKD) [27]. Similarly, our data
demonstrate that patients with CKD that had an emergency
LC were seven times more likely to be readmitted to hospital in
comparison to those without CKD.

In the current study, postoperative length of stay was just
above 2 days. Similar to other outcomes measured, age > 65,
low albumin, and greater admission-to-operation time were
prognostic of post-operative stay. A recent study assessing fac-
tors on postoperative hospital stay following LC confirmed low
pre-operative albumin as a contributor increasing duration of
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hospital stay and recommendations were offered to monitor
nutritional status and to treat accordingly through supplemen-
tary nutritional therapy or albumin replacement [28]. We do
not particularly agree with this approach as, on the basis of the
previously mentioned direct correlation between albumin and
CRP, we believe that albumin is mostly a marker of inflam-
mation, more than nutrition, therefore early source-control
of sepsis with an early operation (or cholecystostomy in those
who are not fit for surgery) may be more crucial than albumin
replacement or preoperative nutritional support.

As demonstrated by the ROC analysis, the statistical models
provided by our work are reliable and significant and can rep-
resent interesting and useful tools to be considered in the deci-
sion-making process and while informing the patients of risks
and benefits of the proposed operation. It is impossible to iden-
tify precise cut-off values of the linear independent prognostic
variables (i.e., age, albumin), to provide a precise estimate of
the risk. However, it must be emphasized that the surgical risk
(i.e., “suboptimal treatment,” morbidity, readmission, and pro-
longed hospital stay) is not a categorical variable (yes or no),
but a continuous variable whose value can be estimated using
the proposed statistical models.

Unfortunately, at the moment, despite multiple high-level ev-
idence and evidence-based guidelines, the therapeutic decision
on a patient with hot gallbladder still depends on the attitude
and experience of the on-call surgeon and prognostic infor-
mation given to the patients may be imprecise and incomplete.
This paper aims at representing an initial attempt to fill this
gap.

It must be emphasised that the indication for an emergency
index-admission LC is not yet widely accepted for two main
reasons. The first is related to logistics, as in many hospitals
LC is hardly considered having enough priority to gain access
into an already busy emergency theatre list when it must com-
pete with allegedly much more urgent life-saving operations.
The second reason is somehow related to the perceived risks
of emergency LC in acute cholecystitis. Although the Tokyo
guidelines clearly state the clinical and statistical advantages of
an early cholecystectomy against conservative treatment and
the subsequent risk of recurrent symptoms while waiting for
an elective LC, some authors voice arguable concerns about the
risk of increased complications and suboptimal treatments in
the acute setting [29]. Also for this reason, some author sug-
gests prudence in approaching with a LC patients whose symp-
toms of acute cholecystitis last for more than a week [30], echo-
ing the old-fashioned and not fully demonstrated adage that
an acute cholecystitis should be operated within 12 hours from
the beginning of the symptoms or after 12 weeks. In our expe-
rience, we have not been able to demonstrate any association
between increased surgical morbidity or risk of suboptimal
treatment and timing of surgery in patients operated during
the index emergency admission.

Strengths of this study are its large population and the evalu-
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ation of a large set of prognostic factors. The main limitation is
its intrinsic non-randomised design. Moreover, our predictive
models must be externally validated on larger series to obtain
clinical significance.

Conclusions

The current study found that several prognostic factors are
related to the outcome of LCs performed on hot gallbladders,
with predictive models being able to identify patients at high
risk of poor post-operative outcomes. The statistical models
hereby proposed can be utilised to identify patients who might
benefit from a delayed LC after a period of conservative treat-
ment in order to decrease the risk of complications and sub-
optimal treatment and to provide prognostic information to
guide the processes of decision making and informed consent.
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