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A B S T R A C T

Introduction: Leak following bariatric surgery continues to be associated with morbidity and rarely mortality.
With improvement in surgical techniques and stapler design, leak rates have reduced drastically. Intra-operative
high pressure Methylene blue leak test (HPMB) is one of the techniques employed to confirm integrity of ana-
stomoses and staple lines. Despite this, evidence for its use remains limited. We evaluated the role of HPMB in
detecting and preventing leaks.
Methods: A retrospective cohort of consecutive patients who underwent primary or revisional Laparoscopic
Sleeve Gastrectomy (SG) or Laparoscopic Roux-en-Y Gastric bypass (RYGB) under the care of five surgeons in
three centres across Birmingham, UK, between 2012 and 2016 were assessed. All patients had routine HPMB at
the end of the procedure. Demographics, HPMB positivity, and post operative leaks were recorded.
Results: 924 patients underwent bariatric surgery: 696(75.3%) RYGB, and 225(24.3%) SG. 85(9.2%) were re-
visional procedures.

Two HPMB were positive, which necessitated staple or suture line reinforcement with sutures intra-opera-
tively. The patients had an uneventful recovery. 5 patients had postoperative leaks, all of whom had negative
intraoperative HPMB: 3 SG patients; and 2 RYGB patients (gastro-jejunostomy anastomotic leaks). There was no
statistically significant relationship between positive HPMB and anastomotic leak (Fishers exact test; p = 1).
Conclusion: Despite routine use of methylene blue dye test in 924 patients, there were only two positive tests.
Whilst HPMB may demonstrate technical failure, this study suggests that there is no role for its routine use in
primary bariatric surgery. Discontinuation of this practice would reduce risk of anaphylaxis to the dye, cost, and
intra-operative time.

1. Introduction

Bariatric surgery is an established treatment for obesity and related
co-morbidities providing long term weight loss and increase in life
expectancy [1]. Although this patient population is high risk, the
morbidity and mortality from these operations is low [2]. There has
been a plethora of research into the etiology of bariatric complications,
including leak, and strategies for their prevention and treatment. Var-
ious techniques have been described including larger bougie size in
sleeve gastrectomy, reinforcement of staple lines with Fibrin Glue, use
of absorbable buttressing material, and oversewing staple lines in an
effort to reduce leak rates [3].

Interestingly leaks may occur as a late event, days or even weeks
postoperatively [3–5]. High pressure methylene blue leak test (HPMB)
has been routinely used to assess anastomotic integrity following

bariatric surgical procedures. Studies have questioned the routine use
of leak testing intra-operatively by any technique. Despite the limited
evidence supporting the use of HPMB routinely, it continues to be
widely used internationally. The International Sleeve Gastrectomy
panel failed to reach a consensus as to whether there was any benefit in
continuing the routine use of intra-operative leak testing [6].

The aim of this manuscript is to evaluate our practice of routine use
of HPMB in Birmingham and analyse the benefit and risk profile of its
routine use. Our primary outcome was anastomotic or staple line leak,
secondary outcome was procedural complication of HPMB or adverse
reaction to methylene blue. This study is registered with the Research
Registry and the unique identifying number is: researchregistry2922.
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2. Methods

We undertook a retrospective cohort study of 924 patients under-
going Laparoscopic Sleeve Gastrectomy (SG) or Gastric Bypass
(LRYGB), including revisional bariatric surgery (laparoscopic ad-
justable gastric band to RYGB/SG; Vertical Banded Gastroplasty to
RYGB/SG; SG to RYGB) under the care of 5 experienced surgeons be-
tween 2012 and 2016. Patient details were identified from a pro-
spectively maintained database. Private and NHS centres were in-
cluded. All patients undergoing surgery were included. We recorded
any postoperative leak before discharge, or during emergency read-
mission. Routine post operative contrast imaging was undertaken only
if clinically indicated.

SG was routinely calibrated over a 34 Fr gastric tube. Transection
was commenced 2.5–5 cm from the antrum. Staple line reinforcement
using sutures, buttressing material, or fibrin glue was not performed
routinely.

Roux-en-Y gastric bypass was performed with a linear stapled
gastro-jejunostomy (45 mm) that was closed over a 34 Fr orogastric
tube in two layers using 2/0 monocryl. Jejuno-jenunostomy was per-
formed with a 45 mm linear stapler and the enterotomy was closed with
a single layer 2/0 monocryl. Intra-operative variations on surgical
technique such as retro-colic or ante-colic roux limb were undertaken
on surgeon preference and not recorded. The laparoscopic stapling
device used was again on individual surgeon choice and were supplied
by Medtronic (Dublin, Ireland); and Ethicon (Somerville, USA).

A 34Fr orogastric tube was subsequently used to introduce methy-
lene blue at the completion of surgery to perform the HPMB leak test. In
the case of SG the stomach distal to the resection was occluded with a
laparoscopic bowel grasper. In LRYGB the jejunum distal to the gas-
trojejunostomy was occluded. This tests the staple line in SG, and the
gastro-jejunostomy anastomosis and blind end of the jejunum in
LRYGB. Between 50 and 150 mls of methylene blue was introduced
until satisfactory distention was obtained.

Statistical analysis was undertaken with SPSS, IBM. The study was
undertaken in line with SROCSS criteria [7]. The analysis was per-
formed as part of a health service evaluation assessing the outcomes of
bariatric surgery at our centres, and hence ethical approval was deemed
not required.

3. Results

924 patients underwent Laparoscopic Gastric Bypass or
Laparoscopic Sleeve Gastrectomy in the five year period between 2012
and 2016 at three institutions. This included revisional surgery, and
operations with secondary procedures (synchronous laparoscopic cho-
lecystectomy or repair of hiatus hernia). Two (0.21%) laparoscopic
procedures were converted to open surgery: one SG for control of
bleeding from a short gastric artery, and one LRYGB for division of
adhesions resulting from previous abdominal surgery.

For a breakdown of the procedures undertaken, see Table 1.
839(90.8%) operations were primary bariatric procedures,

85(9.2%) were revisional. 696(75.3%) operations were Roux-en-Y
Gastric Bypass, and 225(24.3%) Sleeve Gastrectomy. 3(0.3%) single
anastomosis or ‘mini’ gastric bypasses were undertaken. Patient age
ranged from 18 to 77 years (median 46 years). 209(22.6%) patients
were male, 714(77.4%) female.

HPMB was performed in all cases.
Two HPMB were positive: one in a primary LRYGB with visible

contrast extravasation from the gastrojejunostomy; and one in a pri-
mary SG from the staple line. In both cases the leaking area was
oversewn and the patients made an uncomplicated recovery. 5 patients
(0.54%) suffered postoperative leaks. 2 of these had undergone primary
SG, 1 primary LRYGB, 1 LRYGB revised from gastric band with in-
traoperative diagnosis of band erosion, and 1 SG revised from vertical
banded gastroplasty. Median time to diagnosis of leak was 2 days

(range 1–8 days). All patients were managed operatively, with addi-
tional endoscopic stent placement if indicated.

No patient who had a leak had previously had a positive HPMB leak
test. Fisher's exact test confirms HPMB leak test does not predict post-
operative leak. (p = 1). Subgroup analysis of SG and LRYGB again
shows no correlation between HPMB positivity and post operative
anastomotic or staple line leak for either operation (p = 1 in both cases,
Fisher's exact test) There was no mortality in the post operative period.
There was no procedural complication of the HPMB, and no allergic
reaction to methylene blue in our cohort.

4. Discussion

Bariatric surgery provides effective, durable and cost efficient
management of morbid obesity and confers an increase in life ex-
pectancy, however staple line or anastomotic leak is a dreaded com-
plication which often requires multiple corrective procedures, weeks of
recovery for patients, and increased healthcare costs [8–11].

Previous studies by Sethi et al. and Celik et al. found limited benefit
of intraoperative leak testing, with minimal effect on eventual outcome
on the diagnosis of postoperative leaks or of the management of the
leaks when they did happen [4,12]. Similarly, Bingham et al. found
intraoperative leak test did not predict leak in SG, and postulated that
leak testing may increase the risk of postoperative leak [13]. The in-
ternational consensus group on sleeve gastrectomy attempted but has
not reached a definitive conclusion on whether there is a benefit in the
use of routine intraoperative leak tests [6]. A series of systematic ana-
lyses failed to support routine use of leak tests at the end of bariatric
procedures and also failed to ascertain any cost or risk benefit in their
routine use [3,14].

It has been estimated that intra-operative testing takes a mean of
7.6 min and that abolishing this routine could result in a cost reduction
of $855.37 [4]. Other studies have suggested that intra-operative leak
test can be negative even when there is a proven leak on CT in patients
taken back to theatre, questioning the sensitivity of this test in the first
instance [15]. This is further corroborated by Parikh et al. [14] who
concluded that performance of the leak test did not seem to impact the
leak rate (P = 0.454). Some studies have even suggested that intra
operative leakage testing was a risk factor for leakage with an odds
ratio of 2.26 [16].

Leak tests require the use of nasogastric or orogastric tubes to de-
liver high pressure dye and there are reported instances of these tubes
causing perforations [17]. Whilst methylene blue has a reasonable
safety profile and is used widely in a host of surgical techniques it is
known to have caused anaphylaxis [18,19].

In our study we detected only two positive intra-operative leak tests.
More importantly, all postoperative leaks had a normal HPMB test.

Table 1
Operations Performed.

Procedure N Percentage

Primary Procedures
LRYGB 611 66.1
SG 217 23.5
SG and repair of hiatus hernia 4 0.43
Single anastomosis gastric bypass 3 0.32
SG and cholecystectomy 2 0.22
LRGB and repair of hiatus hernia 1 0.11
LRYGB and cholecystectomy 1 0.11
Revisional Procedures
Gastric Band to LRYGB 73 7.90
SG to LRYGB 6 0.65
Vertical Banded Gastroplasty to LRYGB 3 0.32
Vertical Banded Gastroplasty to SG 1 0.11
Gastric Band to SG 1 0.11
Revisional SG 1 0.11
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Though our cohort is large, we feel the low number of leaks may
have diminished the value of a leak test. We postulate this is due to the
experience of the surgeons performing these operations, as this is
known to have a positive impact on outcomes [20,21].

This study raises important considerations regarding the confirma-
tion of anastomotic integrity during bariatric surgical procedures. In
our study of more than 900 patients who had SG and LRYGB, we did not
identify a benefit in the routine use of a high-pressure methylene blue
leak test.

In summary, HPMB may demonstrate technical failure in a very
small number of patients. A further randomised and controlled study
would identify whether it reduces leak rates by identifying these fail-
ures, however given the rarity of leak following bariatric surgery the
sample size required for a study of this nature is prohibitive. HPMB has
no role in predicting post-operative anastomotic or staple line leak and
negative leak test should not be taken as false reassurance of staple line
or anastomotic integrity in patients whose post-operative course de-
viates from the norm. Discontinuation of this practice would minimise
manipulation of the bowel and stomach; remove the risk of anaphylaxis
to the dye; and reduce both cost and operative time.

Ethical approval

Ethical approval not required, evaluation of routine practice.

Sources of funding

No funding was received from any outside source.

Author contribution

G. Kirby: Writing the paper, data collection and analysis.
C. Macano: Writing the paper, data collection.
S. Nyasavajjala: Writing the paper, data collection.
M. Daskalakis. Data collection, review and editing of paper.
M. Richardson: Study concept, data collection, review and editing of

paper.
R. Singhal: Study concept, data collection, review and editing of

paper.
R. Nijjar: Data collection; project conception; review and editing of

the manuscript.

Conflicts of interest

We have no conflict of interest to declare.

Registration of research studies

researchregistry2922.

Guarantor

R. Singhal.
G. Kirby.

Consent

Analysis carried out as part of a health service evaluation of routine

practice, consent not required.

References

[1] L. Sjöström, K. Narbro, C.D. Sjöström, et al., Effects of bariatric surgery on mortality
in Swedish obese subjects, N. Engl. J. Med. 357 (8) (2007) 741–752, http://dx.doi.
org/10.1056/NEJMoa066254.

[2] R. Wellbourn, P. Small, I. Finlay, The United Kingdom National Bariatric Surgery
Registery 2014 Report. http://nbsr.co.uk/2014-report/. (Accessed 5 August 2017).

[3] A.R. Aurora, L. Khaitan, A.A. Saber, Sleeve gastrectomy and the risk of leak: a
systematic analysis of 4,888 patients, Surg. Endosc. 26 (6) (2012) 1509–1515,
http://dx.doi.org/10.1007/s00464-011-2085-3.

[4] M. Sethi, J. Zagzag, K. Patel, et al., Intraoperative leak testing has no correlation
with leak after laparoscopic sleeve gastrectomy, Surg. Endosc. 30 (3) (2016)
883–891, http://dx.doi.org/10.1007/s00464-015-4286-7.

[5] K. Spaniolas, K.R. Kasten, M.E. Sippey, J.R. Pender, W.H. Chapman, W.J. Pories,
Pulmonary embolism and gastrointestinal leak following bariatric surgery: when do
major complications occur? Surg. Obes. Relat. Dis. 12 (2) (2016) 379–383, http://
dx.doi.org/10.1016/j.soard.2015.05.003.

[6] R.J. Rosenthal, International Sleeve Gastrectomy Expert Panel, A.A. Diaz, et al.,
International sleeve gastrectomy expert panel consensus statement: best practice
guidelines based on experience of> 12,000 cases, Surg. Obes. Relat. Dis. 8 (1)
(2012) 8–19, http://dx.doi.org/10.1016/j.soard.2011.10.019.

[7] R.A. Agha, M.R. Borrelli, M. Vella-Baldacchino, R. Thavayogan, D.P. Orgillfor the
STROCSS Group, The STROCSS statement: strengthening the reporting of cohort
studies in surgery, Int. J. Surg. 46 (2017) 198–202.

[8] J. Bingham, J. Kaufman, K. Hata, et al., A multicenter study of routine versus se-
lective intraoperative leak testing for sleeve gastrectomy, Surg. Obes. Relat. Dis. 27
(0) (2017) 240–245, http://dx.doi.org/10.1016/j.soard.2017.05.022.

[9] P. Špička, Staple line leak with peritonitis after laparoscopic sleeve gastrectomy – a
solution in one to six steps, Videosurg. Other Miniinvasive Tech. 2 (2) (2017)
154–159, http://dx.doi.org/10.5114/wiitm.2017.68297.

[10] K. Arndtz, H. Steed, J. Hodson, S. Manjunath, The hidden endoscopic burden of
sleeve gastrectomy and its comparison with Roux-en-Y gastric bypass. Ann.
Gastroenterol. 29 (1) 44–49.

[11] S.R. Puli, I.S. Spofford, C.C. Thompson, Use of self-expandable stents in the treat-
ment of bariatric surgery leaks: a systematic review and meta-analysis, Gastrointest.
Endosc. 75 (2) (2012) 287–293, http://dx.doi.org/10.1016/j.gie.2011.09.010.

[12] S. Celik, N. Almal, A. Aras, O. Yılmaz, R. Kızıltan, Intraoperatively testing the
anastomotic integrity of esophagojejunostomy using methylene blue, Scand. J.
Surg. (February 2016), http://dx.doi.org/10.1177/1457496916630652.

[13] J. Bingham, M. Lallemand, M. Barron, et al., Routine intraoperative leak testing for
sleeve gastrectomy: is the leak test full of hot air? Am. J. Surg. 211 (5) (2016)
943–947, http://dx.doi.org/10.1016/j.amjsurg.2016.02.002.

[14] M. Parikh, R. Issa, A. McCrillis, J.K. Saunders, A. Ude-Welcome, M. Gagner, Surgical
strategies that may decrease leak after laparoscopic sleeve gastrectomy: a sys-
tematic review and meta-analysis of 9991 cases, Ann. Surg. 257 (2) (2013)
231–237, http://dx.doi.org/10.1097/SLA.0b013e31826cc714.

[15] I. Mizrahi, A. Tabak, R. Grinbaum, et al., The utility of routine postoperative upper
gastrointestinal swallow studies following laparoscopic sleeve gastrectomy, Obes.
Surg. 24 (9) (2014) 1415–1419, http://dx.doi.org/10.1007/s11695-014-1243-9.

[16] C. Stroh, F. Köckerling, L. Volker, et al., Results of more than 11,800 sleeve gas-
trectomies, Ann. Surg. 263 (5) (2016) 949–955, http://dx.doi.org/10.1097/SLA.
0000000000001559.

[17] D. Theodorou, G. Doulami, A. Larentzakis, et al., Bougie insertion: a common
practice with underestimated dangers, Int. J. Surg. Case Rep. 3 (2) (2012) 74–77,
http://dx.doi.org/10.1016/j.ijscr.2011.08.017.

[18] C. Bézu, C. Coutant, A. Salengro, E. Daraï, R. Rouzier, S. Uzan, Anaphylactic re-
sponse to blue dye during sentinel lymph node biopsy, Surg. Oncol. 20 (1) (2011)
e55–e59, http://dx.doi.org/10.1016/j.suronc.2010.10.002.

[19] F. Langner-Viviani, S. Chappuis, M.M. Bergmann, C. Ribi, [Anaphylaxis to blue
dyes], Rev. Med. Suisse 10 (426) (2014) 876–880.

[20] A.C. Celio, K.R. Kasten, J. Brinkley, et al., Effect of surgeon volume on sleeve
gastrectomy outcomes, Obes. Surg. 26 (11) (2016) 2700–2704, http://dx.doi.org/
10.1007/s11695-016-2190-4.

[21] A. Courcoulas, M. Schuchert, G. Gatti, J. Luketich, The relationship of surgeon and
hospital volume to outcome after gastric bypass surgery in Pennsylvania: a 3-year
summary, Surgery 134 (4) (2003), http://dx.doi.org/10.1016/S0039 613–621-3.

G.C. Kirby et al. Annals of Medicine and Surgery 23 (2017) 32–34

34

http://dx.doi.org/10.1056/NEJMoa066254
http://dx.doi.org/10.1056/NEJMoa066254
http://nbsr.co.uk/2014-report/
http://dx.doi.org/10.1007/s00464-011-2085-3
http://dx.doi.org/10.1007/s00464-015-4286-7
http://dx.doi.org/10.1016/j.soard.2015.05.003
http://dx.doi.org/10.1016/j.soard.2015.05.003
http://dx.doi.org/10.1016/j.soard.2011.10.019
http://refhub.elsevier.com/S2049-0801(17)30363-1/sref7
http://refhub.elsevier.com/S2049-0801(17)30363-1/sref7
http://refhub.elsevier.com/S2049-0801(17)30363-1/sref7
http://dx.doi.org/10.1016/j.soard.2017.05.022
http://dx.doi.org/10.5114/wiitm.2017.68297
http://dx.doi.org/10.1016/j.gie.2011.09.010
http://dx.doi.org/10.1177/1457496916630652
http://dx.doi.org/10.1016/j.amjsurg.2016.02.002
http://dx.doi.org/10.1097/SLA.0b013e31826cc714
http://dx.doi.org/10.1007/s11695-014-1243-9
http://dx.doi.org/10.1097/SLA.0000000000001559
http://dx.doi.org/10.1097/SLA.0000000000001559
http://dx.doi.org/10.1016/j.ijscr.2011.08.017
http://dx.doi.org/10.1016/j.suronc.2010.10.002
http://refhub.elsevier.com/S2049-0801(17)30363-1/sref19
http://refhub.elsevier.com/S2049-0801(17)30363-1/sref19
http://dx.doi.org/10.1007/s11695-016-2190-4
http://dx.doi.org/10.1007/s11695-016-2190-4
http://dx.doi.org/10.1016/S0039

	The Birmingham experience of high-pressure methylene blue dye test during primary and revisional bariatric surgery: A retrospective cohort study
	Introduction
	Methods
	Results
	Discussion
	Ethical approval
	Sources of funding
	Author contribution
	Conflicts of interest
	Registration of research studies
	Guarantor
	Consent
	References




