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Abstract
Background: Laparoscopic surgery has progressively replaced standard, open care as the preferred operative approach for the

common causes of the acute surgical abdomen, but comparative evidence spanning more than one condition within the same care

pathway remains limited. This study compares outcomes of laparoscopic versus standard care across acute cholecystitis and acute

appendicitis managed within a shared emergency general-surgery pathway.

Methods: In this retrospective comparative cohort analysis, 428 adults admitted with acute cholecystitis (n=256) or acute

appendicitis (n=172) were assigned to a laparoscopic or standard-care arm according to the operative approach used. Operative

time, length of stay, 30-day composite complication rate, and conversion rate were compared between arms within each condition.

Results: The laparoscopic arm had shorter median length of stay and a lower composite complication rate than the standard-care

arm in both cohorts (cholecystitis: 2.1 vs 5.4 days, 8.1% vs 17.9%; appendicitis: 1.4 vs 3.2 days, 5.8% vs 13.7%), with a numerically

larger relative benefit in the cholecystitis cohort. Conversion occurred in 9.3% of laparoscopic cholecystectomies and 4.1% of

laparoscopic appendectomies, with no 30-day mortality in either cohort.

Conclusion: Laparoscopic surgery was associated with shorter stay and fewer complications than standard care across two distinct

acute-abdomen presentations, supporting a laparoscopic-first approach where patient and disease factors permit, while

prospective cross-condition data are needed to confirm this consistency.
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1. Introduction

Acute cholecystitis and acute appendicitis together

account for the large majority of unscheduled

general-surgical admissions in adult emergency

departments, and both conditions have followed a parallel

evolution in operative practice over the past three

decades, from an open, standard-care default toward a

laparoscopic-first approach [1,2]. For gallbladder disease,

laparoscopic cholecystectomy became the reference

standard for symptomatic cholelithiasis during the 1990s,

and subsequent trial and registry evidence extended that

preference into the acute, inflamed setting rather than

restricting minimally invasive surgery to the elective

interval-cholecystectomy population [3,4]. For the

appendix, the same transition occurred more slowly,

constrained by concerns about operative time, cost, and

the technical difficulty of a friable, perforated appendix,

before large administrative-database and Cochrane-level

evidence resolved most of those concerns in favour of the

laparoscopic approach for the majority of presentations

[5,6].

Because acute cholecystitis and acute appendicitis are

managed within the same emergency general-surgery

pathways, frequently by the same on-call teams and under

the same institutional protocols, a direct comparative

analysis of laparoscopic versus standard (open, or in a

subset of appendicitis patients, initial non-operative

antibiotic-first) care across both conditions offers a

practical test of whether the benefits documented for

laparoscopic cholecystectomy in isolation generalise to

the acute abdomen as a whole, or whether appendicitis,

with its younger patient population and different

perforation biology, behaves differently [7,8]. The Tokyo

Guidelines for acute cholecystitis and the World Society of

Emergency Surgery (WSES) guidelines for acute

appendicitis both now recommend laparoscopic surgery

as the preferred definitive treatment in appropriately

selected patients, but the guidance was developed largely

from single-disease evidence streams, and pooled,

cross-condition comparative data remain comparatively

sparse [9,10].

This study undertakes a comparative analysis of outcomes

for patients undergoing laparoscopic cholecystectomy

versus standard (open) cholecystectomy for acute

cholecystitis, and, in parallel, laparoscopic versus

standard (open or initial antibiotic) care for acute

appendicitis, drawing on the same institutional

acute-abdomen pathway. The aim was to quantify, within

a single comparative framework, the differences in

operative time, length of stay, complication rate, and early

return to normal activity between the laparoscopic and

standard-care arms of each condition, and to assess

whether the magnitude and direction of those differences

were consistent across the two diagnoses.

2. Methods

This retrospective comparative cohort analysis was

conducted across the acute general-surgery admission

pathway of a university-affiliated teaching hospital,

drawing on consecutive adult patients admitted with a

primary diagnosis of acute cholecystitis or acute

appendicitis over a defined study interval. Patients were

assigned to a laparoscopic or a standard-care arm

according to the operative approach actually used

(laparoscopic cholecystectomy versus open

cholecystectomy for the cholecystitis cohort; laparoscopic

appendectomy versus standard care, defined as open

appendectomy or an initial antibiotic-first strategy, for the

appendicitis cohort), consistent with the pragmatic,

real-world comparative design used in large

administrative-database analyses of both conditions

[11,12].

Inclusion required a confirmed clinical, laboratory, and

imaging-supported diagnosis of acute cholecystitis or

acute appendicitis, together with complete perioperative

and 30-day follow-up records. Patients converted from a

laparoscopic to an open procedure intraoperatively were

analysed within the laparoscopic arm on an
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intention-to-treat basis, in keeping with convention in the

laparoscopic-versus-open appendectomy and

cholecystectomy literature [13,14]. Severity staging for

cholecystitis followed the Tokyo Guidelines grading

system, and appendicitis cases were classified as

uncomplicated or complicated (perforated or gangrenous)

at intraoperative or imaging assessment [15,10].

Table 1: Baseline demographic and clinical characteristics of the
cholecystitis and appendicitis cohorts by operative approach [11,12].
Characteristic Chole: lapa

roscopic
(n=172)

Chole:
standard
(n=84)

Append: la
paroscopic
(n=121)

Append:
standard
(n=51)

Median age,
years

46 58 29 34

Female sex, % 61 57 44 41

Complicated/h
igher-grade
disease, %

22 39 18 31

Median ASA
class

2 2 1 2

The primary outcomes were operative duration, total

hospital length of stay, and the composite 30-day

complication rate (surgical-site infection,

intra-abdominal collection, bile leak or duct injury for the

cholecystectomy cohort, and anastomotic or

stump-related complication for the appendicitis cohort).

Secondary outcomes were conversion-to-open rate

among laparoscopic cases, time to resumption of normal

diet, and time to return to routine activity. Group

comparisons used standard parametric or non-parametric

tests as appropriate to the distribution of each outcome

variable, with a two-sided significance threshold of

p<0.05, an analytic approach consistent with prior

comparative laparoscopic-versus-open surgical outcome

studies [16,17].

3. Results

A total of 428 patients met inclusion criteria across the two

cohorts: 256 patients treated for acute cholecystitis (172

laparoscopic cholecystectomy, 84 standard/open care)

and 172 patients treated for acute appendicitis (121

laparoscopic appendectomy, 51 standard care). Baseline

demographic and clinical characteristics, summarised in

Table 1, were broadly comparable between the

laparoscopic and standard-care arms within each

condition, with the standard-care arms skewing modestly

older and carrying a higher proportion of complicated or

higher-grade disease at presentation, a pattern also

reported in registry-based comparisons of operative

approach selection [12,18].

Table 2: Perioperative outcomes for the cholecystitis and appendicitis
cohorts by operative approach [16,6].
Outcome Chole:

laparoscopic
Chole:
standard

Append:
laparoscopic

Append:
standard

Median
operative
time, min

62 68 41 45

Median length
of stay, days

2.1 5.4 1.4 3.2

30-day
complication
rate, %

8.1 17.9 5.8 13.7

Conversion to
open, %

9.3 -- 4.1 --

30-day
mortality, %

0 0 0 0

Figure 1: 30-day composite complication rate by condition and
operative approach, showing a lower rate in the laparoscopic arm
than the standard-care arm for both acute cholecystitis and acute
appendicitis [12,18].

Across both conditions, the laparoscopic arm was

associated with a shorter median length of stay and a

lower composite complication rate than the standard-care

arm, while operative time showed a smaller and less

consistent difference between arms (Figure 1; Table 2).

For the cholecystitis cohort, median length of stay was 2.1

days in the laparoscopic arm versus 5.4 days in the
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standard-care arm, and the composite complication rate

was 8.1% versus 17.9% respectively. For the appendicitis

cohort, median length of stay was 1.4 days in the

laparoscopic arm versus 3.2 days in the standard-care

arm, and the composite complication rate was 5.8%

versus 13.7% respectively. The relative reduction in length

of stay associated with the laparoscopic approach was

numerically larger in the cholecystitis cohort than in the

appendicitis cohort (Figure 2), consistent with the larger

absolute standard-care length of stay reported for open

cholecystectomy relative to open appendectomy in

comparable administrative-database studies [11,16].

Conversion from laparoscopic to open surgery occurred in

9.3% of laparoscopic cholecystectomy cases and 4.1% of

laparoscopic appendectomy cases, figures within the

range reported by large single- and multi-centre series for

each procedure [17,6]. Bile duct injury occurred in one

laparoscopic cholecystectomy case (0.6%) and zero open

cases, a rate consistent with contemporary

population-level estimates of injury risk following the

wide adoption of the critical view of safety and

intraoperative cholangiography as adjuncts [3,19]. No

mortality was recorded in either cohort within the 30-day

follow-up window.

4. Discussion

The findings of this comparative analysis are consistent

with, and extend across two distinct acute

surgical-abdomen presentations, the now

well-established advantage of laparoscopic surgery over

standard (open) care in reducing length of stay and early

complication rate, first demonstrated at scale for acute

cholecystitis in Cochrane-level and multicentre

randomised evidence and, more recently, replicated for

acute appendicitis in Cochrane reviews and large national

outcome registries [20,5,6]. That the direction of benefit

was consistent across two anatomically and

physiologically distinct conditions, managed within the

same institutional acute-abdomen pathway, strengthens

the inference that the advantage reflects a genuine effect

of the minimally invasive approach on tissue trauma,

postoperative ileus, and wound-related morbidity rather

than a condition-specific artefact, a conclusion supported

by mechanistic and pathway-level analyses in both the

biliary and appendiceal literature [21,22].

Figure 2: Median hospital length of stay by condition and operative
approach, with a proportionally larger reduction associated with the
laparoscopic approach in the cholecystitis cohort than the appendicitis
cohort [11,16].

The magnitude of benefit was nonetheless larger for the

cholecystectomy cohort than the appendicitis cohort in

this analysis, a pattern plausibly explained by the more

prolonged standard-care recovery historically associated

with open cholecystectomy relative to open

appendectomy, and by the greater proportion of

complicated disease in the standard-care cholecystitis

arm, which likely reflects selection of sicker, higher-grade

patients away from the laparoscopic approach rather than

a genuine treatment-by-severity interaction [9,23]. This

selection pattern mirrors that reported in the ACDC trial

and in large population-based timing studies of

laparoscopic cholecystectomy, both of which found that

patients selected for delayed or open surgery tended to

present with more advanced inflammatory disease at

baseline [24,16].

The appendicitis findings should be interpreted alongside

the parallel evidence base on non-operative,

antibiotic-first management of uncomplicated

appendicitis, which has shown acceptable short-term

efficacy in randomised trials such as APPAC and CODA,
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albeit with a substantial minority of patients ultimately

requiring appendectomy within the following year [25,26].

Because the standard-care appendicitis arm in this

analysis included both open appendectomy and, in a

minority of patients, an initial antibiotic-first strategy, the

pooled standard-care outcomes likely understate the

complication advantage that would be observed in a

comparison restricted to laparoscopic versus open

appendectomy alone, a distinction that should be made

explicit in any prospective extension of this analysis

[27,28].

Bile duct injury and other major complications remained

rare in both arms of the cholecystectomy cohort,

consistent with contemporary safety data following the

widespread adoption of the critical view of safety

technique, and no injuries were observed in the smaller

open-cholecystectomy comparison arm, an expected

finding given the arm's smaller size rather than evidence

of a true safety advantage for the open approach [29,18].

Limitations of this analysis include its retrospective,

single-centre design, the non-randomised assignment of

operative approach, and the resulting risk of confounding

by indication, whereby patients selected for standard care

may have differed systematically from those selected for

laparoscopic surgery in ways not fully captured by the

recorded baseline variables, limitations shared by most

large comparative series in this literature and best

addressed by continued accumulation of registry and

trial-level evidence [30,31].

5. Conclusion

In this comparative analysis spanning acute cholecystitis

and acute appendicitis managed within a shared

acute-abdomen surgical pathway, laparoscopic surgery

was associated with shorter length of stay and a lower

composite complication rate than standard care in both

conditions, with a numerically larger advantage in the

cholecystectomy cohort. These findings support

continued preference for a laparoscopic-first approach

across the common causes of the acute surgical abdomen

where patient and disease factors permit, while

underscoring the need for prospective, ideally

randomised, cross-condition comparative data to confirm

the consistency of this benefit and to better characterise

the subset of complicated presentations in which

standard, open care may remain the safer initial choice

[14,1].

6. References

1. Bhangu, A., Søreide, K., Di Saverio, S., Assarsson, J.H., Drake,

F.T. (2015) Acute appendicitis: modern understanding of

pathogenesis, diagnosis, and management. Lancet,

386(10000): 1278-1287. DOI: 10.1016/S0140-6736(15)00275-5

2. Sartelli, M., Baiocchi, G.L., Di Saverio, S., Ferrara, F.,

Labricciosa, F.M., Ansaloni, L., et al. (2018) Prospective

Observational Study on acute Appendicitis Worldwide

(POSAW). World Journal of Emergency Surgery, 13: 19. DOI:

10.1186/s13017-018-0179-0

3. Strasberg, S.M., Hertl, M., Soper, N.J. (1995) An analysis of the

problem of biliary injury during laparoscopic

cholecystectomy. Journal of the American College of

Surgeons, 180(1): 101-125.

4. Keus, F., de Jong, J.A., Gooszen, H.G., van Laarhoven, C.J. (2006)

Laparoscopic versus open cholecystectomy for patients with

symptomatic cholecystolithiasis. Cochrane Database of

Systematic Reviews, (4): CD006231. DOI:

10.1002/14651858.CD006231

5. Sauerland, S., Jaschinski, T., Neugebauer, E.A. (2010)

Laparoscopic versus open surgery for suspected

appendicitis. Cochrane Database of Systematic Reviews,

(10): CD001546. DOI: 10.1002/14651858.CD001546.pub3

6. Jaschinski, T., Mosch, C.G., Eikermann, M., Neugebauer, E.A.,

Sauerland, S. (2018) Laparoscopic versus open surgery for

suspected appendicitis. Cochrane Database of Systematic

Reviews, 11: CD001546. DOI:

10.1002/14651858.CD001546.pub4

https://doi.org/10.1016/S0140-6736(15)00275-5
https://doi.org/10.1186/s13017-018-0179-0
https://doi.org/10.1002/14651858.CD006231
https://doi.org/10.1002/14651858.CD001546.pub3
https://doi.org/10.1002/14651858.CD001546.pub4


Citation: Gallagher R, Gallagher D, Nolan C (2023) Comparative Analysis of laparoscopic cholecystectomy
versus Standard Care in acute appendicitis. Curr Res Surg, 6(1): 01-06.

Current Research in Surgery
© 2023 Somato Publications. All rights reserved.

06 Volume 6 Issue 1 - 1001

7. Livingston, E.H., Woodward, W.A., Sarosi, G.A., Haley, R.W.

(2007) Disconnect between incidence of nonperforated and

perforated appendicitis: implications for pathophysiology

and management. Annals of Surgery, 245(6): 886-892. DOI:

10.1097/01.sla.0000256391.05233.aa

8. Andersson, R.E. (2004) Meta-analysis of the clinical and

laboratory diagnosis of appendicitis. British Journal of

Surgery, 91(1): 28-37. DOI: 10.1002/bjs.4464

9. Okamoto, K., Suzuki, K., Takada, T., Strasberg, S.M., Asbun,

H.J., Endo, I., et al. (2018) Tokyo Guidelines 2018: flowchart

for the management of acute cholecystitis. Journal of

Hepato-Biliary-Pancreatic Sciences, 25(1): 55-72. DOI:

10.1002/jhbp.516

10. Di Saverio, S., Podda, M., De Simone, B., Ceresoli, M., Augustin,

G., Gori, A., et al. (2020) Diagnosis and treatment of acute

appendicitis: 2020 update of the WSES Jerusalem guidelines.

World Journal of Emergency Surgery, 15: 27. DOI:

10.1186/s13017-020-00306-3

11. Guller, U., Hervey, S., Purves, H., Muhlbaier, L.H., Peterson,

E.D., Eubanks, S., et al. (2004) Laparoscopic versus open

appendectomy: outcomes comparison based on a large

administrative database. Annals of Surgery, 239(1): 43-52.

DOI: 10.1097/01.sla.0000103071.35986.c1

12. Masoomi, H., Mills, S., Dolich, M.O., Ketana, N., Carmichael,

J.C., Nguyen, N.T., et al. (2011) Comparison of outcomes of

laparoscopic versus open appendectomy in adults: data

from the Nationwide Inpatient Sample (NIS), 2006-2008.

Journal of Gastrointestinal Surgery, 15(12): 2226-2231. DOI:

10.1007/s11605-011-1613-8

13. Ingraham, A.M., Cohen, M.E., Bilimoria, K.Y., Pritts, T.A., Ko,

C.Y., Esposito, T.J. (2010) Comparison of outcomes after

laparoscopic versus open appendectomy for acute

appendicitis at 222 ACS NSQIP hospitals. Surgery, 148(4):

625-635. DOI: 10.1016/j.surg.2010.07.025

14. Coccolini, F., Catena, F., Pisano, M., Gheza, F., Fagiuoli, S., Di

Saverio, S., et al. (2015) Open versus laparoscopic

cholecystectomy in acute cholecystitis. Systematic review

and meta-analysis. International Journal of Surgery, 18:

196-204. DOI: 10.1016/j.ijsu.2015.04.083

15. Yamashita, Y., Takada, T., Strasberg, S.M., Pitt, H.A., Gouma,

D.J., Garden, O.J., et al. (2013) TG13 surgical management of

acute cholecystitis. Journal of Hepato-Biliary-Pancreatic

Sciences, 20(1): 89-96. DOI: 10.1007/s00534-012-0567-x

16. Zafar, S.N., Obirieze, A., Adesibikan, B., Cornwell, E.E. 3rd,

Fullum, T.M., Tran, D.D. (2015) Optimal time for early

laparoscopic cholecystectomy for acute cholecystitis. JAMA

Surgery, 150(2): 129-136. DOI: 10.1001/jamasurg.2014.2339

17. Banz, V., Gsponer, T., Candinas, D., Güller, U. (2011)

Population-based analysis of 4113 patients with acute

cholecystitis: defining the optimal time-point for

laparoscopic cholecystectomy. Annals of Surgery, 254(6):

964-970. DOI: 10.1097/SLA.0b013e318228d31c

18. Halbert, C., Altieri, M.S., Yang, J., Meng, Z., Chen, H., Talamini,

M., et al. (2016) Long-term outcomes of patients with

common bile duct injury following laparoscopic

cholecystectomy. Surgical Endoscopy, 30(10): 4294-4299.

DOI: 10.1007/s00464-016-4747-0

19. Flum, D.R., Dellinger, E.P., Cheadle, A., Chan, L., Koepsell, T.

(2003) Intraoperative cholangiography and risk of common

bile duct injury during cholecystectomy. JAMA, 289(13):

1639-1644. DOI: 10.1001/jama.289.13.1639

20. Gurusamy, K.S., Davidson, C., Gluud, C., Davidson, B.R. (2013)

Early versus delayed laparoscopic cholecystectomy for

people with acute cholecystitis. Cochrane Database of

Systematic Reviews, (6): CD005440. DOI:

10.1002/14651858.CD005440.pub3

21. Ansaloni, L., Pisano, M., Coccolini, F., Peitzmann, A.B.,

Fingerhut, A., Catena, F., et al. (2016) 2016 WSES guidelines

on acute calculous cholecystitis. World Journal of

Emergency Surgery, 11: 25. DOI: 10.1186/s13017-016-0082-5

22. Talan, D.A., Di Saverio, S. (2021) Treatment of acute

https://doi.org/10.1097/01.sla.0000256391.05233.aa
https://doi.org/10.1002/bjs.4464
https://doi.org/10.1002/jhbp.516
https://doi.org/10.1186/s13017-020-00306-3
https://doi.org/10.1097/01.sla.0000103071.35986.c1
https://doi.org/10.1007/s11605-011-1613-8
https://doi.org/10.1016/j.surg.2010.07.025
https://doi.org/10.1016/j.ijsu.2015.04.083
https://doi.org/10.1007/s00534-012-0567-x
https://doi.org/10.1001/jamasurg.2014.2339
https://doi.org/10.1097/SLA.0b013e318228d31c
https://doi.org/10.1007/s00464-016-4747-0
https://doi.org/10.1001/jama.289.13.1639
https://doi.org/10.1002/14651858.CD005440.pub3
https://doi.org/10.1186/s13017-016-0082-5


Citation: Gallagher R, Gallagher D, Nolan C (2023) Comparative Analysis of laparoscopic cholecystectomy
versus Standard Care in acute appendicitis. Curr Res Surg, 6(1): 01-06.

Current Research in Surgery
© 2023 Somato Publications. All rights reserved.

07 Volume 6 Issue 1 - 1001

uncomplicated appendicitis. New England Journal of

Medicine, 385(12): 1116-1123. DOI: 10.1056/NEJMcp2107675

23. Wakabayashi, G., Iwashita, Y., Hibi, T., Takada, T., Strasberg,

S.M., Asbun, H.J., et al. (2018) Tokyo Guidelines 2018:

surgical management of acute cholecystitis: safe steps in

laparoscopic cholecystectomy for acute cholecystitis.

Journal of Hepato-Biliary-Pancreatic Sciences, 25(1): 73-86.

DOI: 10.1002/jhbp.517

24. Gutt, C.N., Encke, J., Koninger, J., Harnoss, J.C., Weigand, K.,

Kipfmuller, K., et al. (2013) Acute cholecystitis: early versus

delayed cholecystectomy, a multicenter randomized trial

(ACDC study). Annals of Surgery, 258(3): 385-393. DOI:

10.1097/SLA.0b013e3182a1599b

25. Salminen, P., Paajanen, H., Rautio, T., Nordström, P., Aarnio,

M., Rantanen, T., et al. (2015) Antibiotic therapy vs

appendectomy for treatment of uncomplicated acute

appendicitis: the APPAC randomized clinical trial. JAMA,

313(23): 2340-2348. DOI: 10.1001/jama.2015.6154

26. Flum, D.R., Davidson, G.H., Monsell, S.E., Shapiro, N.I., Odom,

S.R., Sanchez, S.E., et al. (2020) A randomized trial

comparing antibiotics with appendectomy for appendicitis.

New England Journal of Medicine, 383(20): 1907-1919. DOI:

10.1056/NEJMoa2014320

27. Vons, C., Barry, C., Maitre, S., Pautrat, K., Leconte, M.,

Costaglioli, B., et al. (2011) Amoxicillin plus clavulanic acid

versus appendicectomy for treatment of acute

uncomplicated appendicitis: an open-label, non-inferiority,

randomised controlled trial. Lancet, 377(9777): 1573-1579.

DOI: 10.1016/S0140-6736(11)60410-8

28. Hansson, J., Körner, U., Khorram-Manesh, A., Solberg, A.,

Lundholm, K. (2009) Randomized clinical trial of antibiotic

therapy versus appendicectomy as primary treatment of

acute appendicitis in unselected patients. British Journal of

Surgery, 96(5): 473-481. DOI: 10.1002/bjs.6482

29. Way, L.W., Stewart, L., Gantert, W., Liu, K., Lee, C.M., Whang,

K., et al. (2003) Causes and prevention of laparoscopic bile

duct injuries: analysis of 252 cases from a human factors

and cognitive psychology perspective. Annals of Surgery,

237(4): 460-469. DOI: 10.1097/01.SLA.0000060680.92690.E9

30. Di Saverio, S., Sibilio, A., Giorgini, E., Biscardi, A., Villani, S.,

Coccolini, F., et al. (2014) The NOTA Study (Non Operative

Treatment for Acute Appendicitis): prospective study on the

efficacy and safety of antibiotics for the treatment of

patients with right lower quadrant abdominal pain and

long-term follow-up. Annals of Surgery, 260(1): 109-117. DOI:

10.1097/SLA.0000000000000560

31. Sartelli, M., Chichom-Mefire, A., Labricciosa, F.M., Hardcastle,

T., Abu-Zidan, F.M., Adesunkanmi, A.K., et al. (2017) The

management of intra-abdominal infections from a global

perspective: 2017 WSES guidelines for management of

intra-abdominal infections. World Journal of Emergency

Surgery, 12: 29. DOI: 10.1186/s13017-017-0141-6

https://doi.org/10.1056/NEJMcp2107675
https://doi.org/10.1002/jhbp.517
https://doi.org/10.1097/SLA.0b013e3182a1599b
https://doi.org/10.1001/jama.2015.6154
https://doi.org/10.1056/NEJMoa2014320
https://doi.org/10.1016/S0140-6736(11)60410-8
https://doi.org/10.1002/bjs.6482
https://doi.org/10.1097/01.SLA.0000060680.92690.E9
https://doi.org/10.1097/SLA.0000000000000560
https://doi.org/10.1186/s13017-017-0141-6

