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1 RESEARCH ARTICLE Open Access

2 Intra-operative gallbladder scoring predicts
3 conversion of laparoscopic to open
4 cholecystectomy: a WSES prospective
5 collaborative studyQ1

6Q2 Michael Sugrue1*, Federico Coccolini2, Magda Bucholc3, Alison Johnston1 and Contributors from WSES789

10 Abstract

11 Introduction: Laparoscopic cholecystectomy, the gold-standard approach for cholecystectomy, has surprisingly
12 variable outcomes and conversion rates. Only recently has operative grading been reported to define disease
13 severity and few have been validated. This multicentre, multinational study assessed an operative scoring system
14 to assess its ability to predict the need for conversion from laparoscopic to open cholecystectomy.

15 Methods: A prospective, web-based, ethically approved study was established by WSES with a 10-point gallbladder
16 operative scoring system; enrolling patients undergoing elective or emergency laparoscopic cholecystectomy
17 between January 2016 and December 2017. Gallbladder surgery was considered easy if the G10 score < 2, moderate
18 (2 ≦ 4), difficult (5 ≦ 7) and extreme (8 ≦ 10). Demographics about the patients, surgeons and operative procedures,
19 use of cholangiography and conversion rates were recorded.

20 Results: Five hundred four patients, mean age 53.5 (range 18–89), were enrolled by 55 surgeons in 16 countries.
21 SurgeryQ6 was performed by consultants in 70% and elective in 56% with a mean operative time of 78.7 min (range
22 15–400). The mean G10 score was 3.21, with 22% deemed to have difficult or extreme surgical gallbladders, and
23 71/504 patients were converted. The G10 score was 2.98 in those completed laparoscopically and 4.65 in the 71/
24 504 (14%) converted. (p < 0.0001; AUC 0.772 (CI 0.719–0.825). The optimal cut-off point of 0.067 (score of 3) was
25 identified in G10 vs conversion to open cholecystectomy. Conversion occurred in 33% of patients with G10 scores
26 of ≥ 5. TheQ7 four variables statistically predictive of conversion were GB appearance—completely buried GB, impacted
27 stone, bile or pus outside GB and fistula.

28 Conclusion: The G10 operative scores provide simple grading of operative cholecystectomy and are predictive of the
29 need to convert to open cholecystectomy. Broader adaptation and validation may provide a benchmark to understand
30 and improve care and afford more standardisation in global comparisons of care for cholecystectomy.

31 Keywords: Cholecystitis, Operative severity scoring system, Conversion to open cholecystectomy, Index surgery,

32
Surgical outcomes
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33 Introduction
34 Laparoscopic cholecystectomy not only is the corner-
35 stone of management of biliary disease and cholecystitis
36 but is one of the commonest operations in both elective
37 and emergency surgery. It offers an unquestionable ad-
38 vantage over open cholecystectomy to the patient and
39 the health care system [1]. It is essential therefore that
40 simple metrics can be applied to understanding the
41 course of surgery and its outcome. While completion of
42 the operation laparoscopically is not a proven quality in-
43 dicator, analysis of surgical performance needs greater
44 scrutiny [2–4]. Outcomes from cholecystectomy, par-
45 ticularly in terms of operative approaches and findings,
46 use of intra-operative cholangiography, conversion from
47 laparoscopic to open, length of surgery and morbidity, in-
48 cluding readmission to hospital, vary. There are many var-
49 iables in the management of cholecystitis, requiring a
50 tailored approach due in part to the large heterogeneity of
51 the patients and the actual state of the gallbladder at sur-
52 gery. Interpreting the cause of and reducing this variability
53 is a key to advancing outcomes following laparoscopic
54 cholecystectomy.9 Conversion to open cholecystectomy
55 is itself not only occasionally a necessity but a safer op-
56 tion than proceeding laparoscopically. Surgeons, with
57 far greater exposure to laparoscopic technique, may opt
58 for different damage control procedures rather than
59 conversion to open, including various forms of bailout
60 techniques [5].
61 It is important therefore that there is standardization of
62 documentation and communication, with risk-adjusted
63 measures, to allow qualitative studies and outcome com-
64 parisons. Accurate and reproducible stratification of the
65 severity of gallbladder (GB) disease requires a scoring/
66 grading system that is easily implemented, clinically and
67 operatively relevant and simple. A number of publications
68 have reported new scoring and grading systems [6–10].
69 SomeQ8 of these scores are based on preoperative clinical
70 findings, and imaging, but only concentrate on actual op-
71 erative findings limiting their use. Recently, the AAST
72 scoring system has been validated and it has been sug-
73 gested that it is superior to the 2013 Tokyo classification
74 in part due to the greater number of grades of cholecyst-
75 itis with the AAST classification [11]. The Tokyo guide-
76 lines for classifying cholecystitis use three grades, without
77 robust inclusion of the operative findings [12]. More
78 recently, the Tokyo updates have expanded the potential
79 scoring-grading system, but this remains yet to be
80 validated.
81 As surgeons practising in both elective and emergency
82 general surgery, we are well aware that the operative
83 findings and difficulty hold the key to outcome.
84 We reported a 10-point operative scoring system of
85 cholecystitis severity to facilitate a potential benchmark
86 for international analysis [7].

87This study undertook a prospective evaluation of a re-
88cently reported intra-operative G10 gallbladder scoring
89system to determine if it could predict the outcome of
90surgery, primarily the ability to complete the operation
91laparoscopically.

92Methods
93A prospective ethically approved multicentre study was
94undertaken, between January 2016 and December 2017,
95under the leadership of the World Society of Emergency
96Surgery. An open invitation was sent to surgeons to
97register and enrol their patients undergoing laparoscopic
98cholecystectomies, either as elective or emergency pro-
99cedures. Data was entered in a web-based data entry
100sheet [13]. Surgeons registered on-line and then enrolled
101their de-identified patient data, after completion of sur-
102gery, to include demographics, patient age, gender, na-
103ture of surgery either elective or emergency surgery, into
104a 10-point intra-operative gallbladder scoring system
105(G10) (Table T11). The G10 cholecystitis severity score fo-
106cuses on four key components: the gallbladder’s opera-
107tive appearance, whether distended or contracted, ease
108of access and the presence of sepsis in the peritoneal
109cavity, either biliary peritonitis or purulent fluid, and/or
110a cholecysto-enteric fistula. The scoring system differed
111very slightly from Sugrue’s original published 10-point
112operative score with the addition of an extra category for
113the degree of gallbladder adhesions (scoring 2 points).
114The previous (single point) score for time to identify the
115cystic artery and duct was removed and replaced with a
116category which considered limited access due to adhe-
117sions from previous surgery.

t1:1Table 1 Cholecystitis severity score used for G10 Q9

t1:2Cholecystitis severity Score

t1:3Appearance

t1:4Adhesions < 50% of GB 1

t1:5Adhesions> 50% but GB buried 2

t1:6Completely buried GB 3 (max)

t1:7Distension/contraction

t1:8Distended GB or contracted shrilled GB 1

t1:9Inability to grasp without decompression 1

t1:10Stone > 1 cm impacted in Hartmann’s pouch 1

t1:11Access

t1:12BMI > 30 1

t1:13Adhesions from previous surgery limiting surgery 1

t1:14Sepsis and complications

t1:15Free bile or pus outside the gallbladder 1

t1:16Fistula 1

t1:17Total possible 10
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118 Further information was recorded relating to the
119 occurrence of intra-operative complications, use of
120 intra-operative cholangiography (IOC), and previous
121 intervention of the common bile duct (CBD). The sur-
122 geons documented whether the procedure was completed
123 laparoscopically or converted to open. In addition, the de-
124 finitive type of cholecystectomy performed either total or
125 subtotal cholecystectomy was noted. The operative time
126 and level of experience of the surgeon was recorded. Pa-
127 tient identifiers were limited to the patients’ age, date of
128 procedure, the email of the surgeon and the Centre. The
129 relationship of the surgical volume to open conversion
130 was explored. A non-parametric Spearman test was used
131 to assess the strength of the relationship between the
132 number of operations per-consultant and percent con-
133 verted from laparoscopic to open cholecystectomy.
134 Gallbladder surgery was considered easy if the G10
135 score < 2, moderate (2 ≦ 4), difficult (5 ≦ 7) and extreme
136 (8 ≦ 10).
137 Descriptive data was presented as mean, standard de-
138 viation and range. Mann-Whitney U test was used to
139 evaluate the significance of differences between continu-
140 ous variables. Fisher exact test was used to find the sig-
141 nificant association between the G10 score and the
142 outcome. A p value < 0.05 represented statistical signifi-
143 cance. Univariate analysis was performed to identify risk
144 factors associated with conversion to open cholecystec-
145 tomy. Variables with a p value < 0.1, i.e. GB appearance,
146 adhesions from previous surgery, impacted stone, bile or
147 pus outside GB, distended or shrivelled GB, inability to
148 grasp without decompression and fistula, were consid-
149 ered clinically relevant (TableT2 2) and entered into the lo-
150 gistic regression model. The accuracy of G10 to predict
151 conversion to open cholecystectomy was assessed using
152 the area under the receiver operating curves (AUR) with
153 95% confidence intervals (CI). ROC curve and its area
154 under the curve (AUC) were calculated for the accuracy
155 in predicting the outcome (i.e. no conversion to open
156 cholecystectomy vs conversion to open cholecystectomy)
157 based on G10 scores.

158Results
159Five hundred four patients, mean age 53.5 (range 18–
16089), were enrolled by 55 surgeons in 16 countries. Two
161hundred ninety-five out of five hundred four (58.5%)
162were female and 284/504 (56.3%) were over the age of
16350 years. Surgery was elective in 281/504 (56%). The
164mean number of laparoscopic cholecystectomies each
165surgeon performed was 9.2 ± 12.9, (range 1–63). The
166mean conversion rate to open surgery was 14.3%, range
1670–100%. The conversion rate was 7.5% in elective and
16822.4% in emergency cases. The conversion rate was
16915.1% for surgeons performing ≥ 5 cases. Surgery was
170performed by consultants in 353/504 (70%) of which
17157% was elective, compared to 66% for residents. The
172mean operative time was 78.7 min (range 15–400). This
173was 71.8 min (15–400) for elective and 87.3 min (24–
174278) for emergency cases respectively (p ≤ 0.0001).
175Minor adhesions to the GB (covering < 50% of gallblad-
176der) were found in 94/223 (42.4%) emergency and 192/
177281 (68.3%) in elective cases. GB adhesions > 50% oc-
178curred in 64/223 (28.7%) emergency compared to 67/281
179(23.8%) elective and completely buried in 65/281 (23.1%)
180emergency compared to 22/281 (7.8%) in elective cases.
181A distended or contracted/shrivelled gallbladder was
182found in 118/223 (52.9%) of emergency surgeries com-
183pared to 105/281 (37.4%) of elective (p = 0.004). Simi-
184larly, bile and pus indicative of evolving biliary Q10

185peritonitis were found in 61/223 (27.4%) of emergency
186cases and 5/281 (1.8%) of elective (p = 0.0001). The rela-
187tionship between risk factors and conversion are shown
188in Table 2. Univariate analysis of risk factors for conver-
189sion is shown in Table T33. Following multivariate analysis
190factors predictive of conversion to open cholecystectomy
191included a completely buried gallbladder, a stone im-
192pacted in Hartmann’s Q11pouch, biliary peritonitis and a fis-
193tula (Table T44). Overall, 112/504 (22.2%) patients were
194found to have a difficult or extreme degree of operative
195difficulty as judged by a G10 score of 5 or greater.
196Operative cholangiograms were performed in 68/504
197(13%). Prior ERCP was performed in 79/504 (16%).
198The overall mean G10 score was 3.2 ± 1.7 and 3.0 ± 1.6
199in the 433/504 (85.9%) completed laparoscopically and
2004.7 ± 1.7 in the 71/504 (14.1%) converted (p = 5.274e−10,
201p < 0.0001; AUC (95% CI) was 0.772 (0.719–0.825). By
202maximizing sensitivity + specificity across various cut-off
203points, the optimal cut-off point of 0.067 (G10 = 3) was
204identified in G10 vs conversion to open cholecystectomy.
205Conversion occurred in 33% of patients with G10
206scores of ≥ 5. Thirty patients were reported as having
207intra-operative complications 22/30 (73%) occurring in
208the easy or moderate disease severity category.
209A Fisher p value = 5.274e−10 shows that G10 score is
210significantly associated with the conversion to open
211cholecystectomy.

t2:1 Table 2 G10 score and conversion rates

t2:2 G10
t2:3 score

Conversion to open cholecystectomy (%)

t2:4 No Yes

t2:5 1 96.6 3.4

t2:6 2 97.5 2.5

t2:7 3 87.6 12.4

t2:8 4 81.7 18.3

t2:9 5 70.4 29.6

t2:10 6 66.7 33.3

t2:11 7 68.4 31.6

t2:12 8 33.3 66.7
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212 The relationship between the number of cholecystec-
213 tomies performed and conversion is shown in Fig.F1 1 with
214 conversion rates higher in those undertaking smaller
215 numbers. The correlation coefficient rho = − 0.17 sug-
216 gests a negative, but relatively weak, correlation between
217 these two variables—implying a higher conversion rate
218 for individuals performing fewer operations.
219 TableT5 5 shows an analysis of outcome with risk factors
220 for intra-operative complications.

221 Discussion
222 There is an unquestionable unmet need for robust, re-
223 producible metrics to allow understanding of disease se-
224 verity in patients with cholecystitis [14]. DefiningQ15 the
225 status of the gallbladder at surgery and the degree of any
226 cholecystitis will facilitate more standardised reporting
227 and improve pathways and management of risk-adjusted

228outcomes [15, 16]. Since Q16Sugrue et al. reported the first
229open cholecystectomy in 1882 and Litynski and Muhe
230the first laparoscopic cholecystectomy in 1985, surpris-
231ingly, it is only recently that there has been increasing
232attention to grading severity of cholecystitis [7, 17].
233There is now an agreement that we need to gain insight
234into the heterogeneity of cholecystitis and variance in
235outcome [18]. In Q17the 1980s and 1990s, Hanna et al. and
236Nassar et al. described simple scales of difficulty for
237cholecystectomy [19, 20]. When we reported the G10
238operative scoring system in 2015, we identified 16 pub-
239lished GB grading systems. Since then, there has been a
240number reported [10]. Confounding the variability of op-
241erative findings are paradigm shifts in the management
242of biliary disease [21, 22].
243The cholecystectomy rate varies geographically, but is
244generally undertaken in between 100 to 200 per 100,000

t3:1 Table 3 Risk factors for conversion to open cholecystectomy in univariate analysisQ12

t3:2 Risk factor OR (95%CI) p value

t3:3 Gallbladder (GB) appearance 3.43 (2.38, 4.94) < 0.0001***

t3:4 BMI 1.04 (0.64, 1.68) 0.891

t3:5 Adhesions from previous surgery limiting access 3.14 (1.71, 5.75) 0.0005***

t3:6 Distended or shrivelled GB 1.72 (1.16, 2.55) 0.0018**

t3:7 Inability to grasp GB 1.92 (1.25, 2.95) 0.0013**

t3:8 Stone > 1 cm impacted in Hartmann’s pouch 2.14 (1.39, 3.3) 0.0002***

t3:9 Bile or pus outside GB 3.99 (2.33, 6.83) < 0.0001***

t3:10 Fistula 10.5 (2.48, 44.43) 0.0019**

t4:1 Table 4 Risk factors for conversion to open cholecystectomy in multivariateQ13

t4:2 Risk factor Level Outcome Multivariate odds
ratios (95% CIs)

p value

t4:3 No conversion to
t4:4 open cholecystectomy
t4:5 no. (%)

Conversion to
open cholecystectomy
no. (%)

t4:6 Gallbladder (GB) appearance Adhesions covering < 50% of GB 264 (92.3%) 22 (7.7%)

t4:7 Adhesions > 50% but GB visible 111 (84.7%) 20 (15.3%) 1.41 (0.71, 2.82) 0.3264

t4:8 Completely buried GB 58 (66.7%) 29 (33.3%) 2.50 (1.17, 5.33) 0.018*

t4:9 Adhesions from previous
t4:10 surgery limiting access

No 397 (88%) 54 (12%) 2.05 (0.99, 4.25) 0.055

t4:11 Yes 36 (67.9%) 17 (32.1%)

t4:12 Distended or shrivelled GB No 254 (90.4%) 27 (9.6%) 1.52 (0.86, 2.69) 0.1508

t4:13 Yes 179 (80.3%) 44 (19.7%)

t4:14 Inability to grasp GB No 311 (89.4%) 37 (10.6%) 1.30 (0.72, 2.33) 0.3796

t4:15 Yes 122 (78.2%) 34 (21.8%)

t4:16 Stone > 1 cm impacted in
t4:17 Hartmann’s pouch

No 322 (89.7%) 37 (10.3%) 1.96 (1.09, 3.55) 0.0257*

t4:18 Yes 111 (76.6%) 34 (23.4%)

t4:19 Bile or pus outside GB No 391 (89.3%) 47 (10.7%) 2.75 (1.37, 5.53) 0.0046**

t4:20 Yes 42 (63.6%) 24 (36.4%)

t4:21 Fistula No 430 (86.7%) 66 (13.3%) 9.14 (1.85, 45.16) 0.0066**

t4:22 Yes 3 (37.5%) 5 (62.5%)
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245 inhabitants [23]. In the UK, 41% of patients have been
246 admitted with prior cholecystitis before their eventual
247 cholecystectomy [24].
248 Other large series have somewhat similar conversion
249 rates although Hu and colleagues report only a 4% conver-
250 sion rate [6, 11, 25]. There is extreme variability in the
251 conversion rate in our study, and there is no reason to be-
252 lieve this does not reflect true practice. Even if we exclude
253 surgeons who contributed less than five cases, the variabil-
254 ity in conversion is from 0 to 60% with an average of 14%.
255 As the volume of surgery increased, the conversion rate
256 decreased. A weakness of this study was that we cannot

257be sure that all surgeons enrolled consecutive patients.
258This issue begs questions about surgical skills and tech-
259niques used to facilitate the safe completion of laparo-
260scopic cholecystectomy. It highlights the potential needs
261for data registries and key performance indicators to pro-
262vide meaningful analysis [4, 18, 26]. This would help both
263with surgical training and patient safety. This is crucially
264important with morbidity rates approaching 30%, and
265mortality of 5% after cholecystectomy, especially if the
266emergency cohorts are included.
267With the ability to predict pre-operative difficult
268surgery, perhaps surgeons may increasingly opt out,

f1:1 Fig. 1 The relationship between the number of cholecystectomies performed and conversion, (rho = −0.17)
f1:2

t5:1 Table 5 Prevalence of risk factors in those with and without complicationsQ14

t5:2 Risk factors Level Outcome

t5:3 No intraoperative
t5:4 complications no. (%)

Intraoperative
complications no. (%)

t5:5 Gallbladder (GB) appearance Adhesions covering < 50% of GB 274 (95.8%) 12 (4.2%)

t5:6 Adhesions > 50% but GB visible 120 (91.6%) 11 (8.4%)

t5:7 Completely buried GB 80 (92%) 7 (8%)

t5:8 BMI ≦ 30 325(94.2%) 20 (5.8%)

t5:9 > 30 149 (93.7%) 10 (6.3%)

t5:10 Adhesions from previous surgery limiting access No 424 (94%) 27 (6%)

t5:11 Yes 50 (94.3%) 3 (5.7%)

t5:12 Distended or shrivelled GB No 260 (92.5%) 21 (7.5%)

t5:13 Yes 214 (96%) 9 (4%)

t5:14 Inability to grasp GB No 330 (94.8%) 18 (5.2%)

t5:15 Yes 144 (92.3%) 12 (7.7%)

t5:16 Stone 1 cm impacted in Hartmann’s pouch No 342 (95.3%) 17 (4.7%)

t5:17 Yes 132 (91%) 13 (9%)

t5:18 Bile or pus outside GB No 415 (94.8%) 23 (5.2%)

t5:19 Yes 59 (89.4%) 7 (10.6%)

t5:20 Fistula No 467 (94.2%) 29 (5.8%)

t5:21 Yes 7 (87.5%) 1 (12.5%)

t5:22 Significance level: ‘*’ − 0.05; ‘.’ − 0
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269 explaining in part the increasing use of percutaneous cho-
270 lecystostomy [27]. Almost 20% of patients in Hall’s cohort
271 underwent PC cholecystostomy, with almost four times
272 the complication rate of those undergoing emergency lap-
273 aroscopic cholecystectomy. This needs to be balanced
274 however by selection bias, potentially including more ser-
275 iously ill patients in the cholecystostomy route [28]. Fu-
276 ture research relating to conversion from laparoscopic to
277 open cholecystectomy should report the percutaneous
278 cholecystostomy rate. Previous suggestions that PC chole-
279 cystostomy is a desirable alternative to cholecystectomy
280 are now in doubt [29]. TheQ18 AUC for the G10 was
281 0.772 which is less than Hu’s recent reported Cairns
282 Prediction Model with an AUC of 0.87 [25]. Their
283 prediction model utilised three ultrasonographic and
284 two clinical parameters. It is a pre-operative grading
285 system. External validation had taken place with both
286 Sutcliffe’s and Goonawardena’s predictive models with
287 good AUC outcomes, only falling from 0.81 to 0.77
288 and 0.97 to 0.87 respectively [9, 30].
289 The current study has a number of limitations in part
290 due to the desire to ensure simplifying surgeons involve-
291 ment and ensure a broad ethically agreed international in-
292 put. The question as to whether this is a validation study
293 or development of a new score is important, but the
294 changes between the first study in terms of scoring criteria
295 were limited but need to be noted. Ideally developing a
296 scoring system needs two stages, the development and its
297 validation, and a much broader validation would be ideal.
298 Surgeons when enrolling were not asked if their cases
299 were consecutive nor asked to report exclusions. Further-
300 more, subjective opinion of the operating surgeon was
301 accepted when grading the gallbladder appearance. Unlike
302 other studies, photographic documentation of intra-
303 operative findings was not required and operative pictures
304 and videos were not uploaded or analysed [10]. This may
305 have introduced bias in the study, but given the complex-
306 ity of organising and ethical issues in storing patient data
307 from 16 countries, this was not done. Inter-observer error
308 when grading adhesions which limit surgery is rather sub-
309 jective, and inter-observer variability has been reported in
310 other laparoscopic assessment and grading, with a recent
311 study in appendicitis showing poor reproducibility [31].
312 Our study only requested whether an intra-operative com-
313 plication occurred or not and further descriptors were not
314 requested. This prohibited significant analysis but was
315 utilised to encourage engagement of surgeons as it
316 was felt that underreporting would occur with sur-
317 geons reticent to enter this data into an international
318 database. This reluctance has recently been reported
319 with significant underreporting by surgeons of their
320 intra-operative complications [32].
321 AQ19 key to optimising outcomes in cholecystectomy is a
322 laparoscopic approach, albeit with a slightly increased

323risk of bile duct injury, and the latest Tokyo consensus
324emphasize that conversion to open is not a complication
325and in fact may be safer than pursuing the laparoscopic
326route in individual cases [5]. Bailout is an important op-
327tion as surgeons may not possess the experience re-
328quired for a complex open case. Conversion is not
329always a crime [33].
330Grading systems have identified risk factors for both
331prolonged surgery and increased need for conversion.
332Wakabayashi et al. identified 19 operative risk factors
333potentially contributing to conversion [5]. As surgeons,
334we know that there are unique variable technical diffi-
335culties encountered during cholecystectomy and these
336fundamentally are related to the access, adhesion density
337and vascularity and the thickness, friability and weight
338and thickness of the gallbladder [34]. Recently, Waka-
339bayashi et al., as part of the Tokyo 2018 guidelines, sug-
340gested 25 operative findings with scores that may affect
341the technical difficulty of cholecystectomy [5]. While we
342would disagree with Lee’s statement that there is no
343organised operative grading system, this study, and our
344previous study, suggests that the grading or scoring sys-
345tems can be improved even further [7, 35].
346The G10 score itself, while easy to perform, was not
347validated by independent photographic assessment or re-
348view of operative data. Unquestionably, there is a need
349for stratification of gallbladder severity in patients
350undergoing cholecystectomy. The Tokyo guidelines, like
351others, have not focused on operative finding when
352reporting outcomes [36]. The G10 score which was de-
353veloped to anticipate conversion rate was therefore not
354used to study complications in this paper.
355A disadvantage of the G10 is that it is an operative scor-
356ing system and patients who have interventions without
357surgery cannot be assessed. Patients undergoing percutan-
358eous cholecystostomy who subsequently undergo surgery
359can be included. Given the mortality of high-risk chole-
360cystitis patients, this needs to be addressed. This might
361help establish recent suggestions that percutaneous chole-
362cystostomy is inferior to cholecystectomy [27]. The
363current is one of the largest reported prospective studies
364and adds to the debate about the benefits of both scores
365and grades in cholecystitis [34].

366Conclusion
367This study has identified the need for greater understand-
368ing of conversion rates and readmission rates. The inter-
369national surgical community needs to come to grips with
370the metrics of cholecystitis and cholecystectomy. The
371adoption of an agreed peri-operative grading or score of
372gallbladder disease and surgery is essential to advance the
373road to improved outcomes for our patients with biliary
374disease. The optimal cut-off point was a G10 score of 3 to
375predict conversion to open cholecystectomy. Conversion
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376 occurred in 33% of patients with G10 scores of ≥ 5. The
377 four variables statistically predictive of conversion were
378 GB appearance—completely buried GB, impacted stone,
379 bile or pus outside GB and fistula. The G10 operative
380 scores provide simple grading of operative cholecystec-
381 tomy and are predictive of the need to convert to open
382 cholecystectomy. Broader adaptation and validation may
383 provide a benchmark to understand and improve care and
384 afford more standardisation in global comparisons of care
385 for cholecystectomy.

386 Abbreviations
387 CBD: Common bile duct; ERCP: Endoscopic retrograde
388 cholangiopancreatography; GB: Gallbladder; IOC: Intra-operative
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