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How does the extent of antral resection affect the residual gastric volume and excessive weight loss?

AIM: To identify the effect of the extent of antral resection on the residual gastric volume (RdGV) and excess weight
loss (EWL) among patients who underwent laparoscopic sleeve gastrectomy(LSG) due to the obesity.
MATERIAL AND METHODS: The demographical data, operative details, postoperative morbidity, mortality and the per-
centages of EWL in the postoperative 3, 6 and 12 months of the patients who underwent LSG between January 2014
and August 2015 were analyzed. These patients were divided into three groups regarding the antral resection margin
(ARM): Group 1(n=80): ARM≤3cm; Group2 (n=35): 3 <ARM < 6 cm; Group3 (n=30): ARM ≥6cm. The ARM was
measured by usinga ruler. RdGV measurement and leak test were performed by filling methylene bluethrough the bougie. 
RESULTS: A total of 145 patients were included in the study. Demographic features were similar between three groups.
The mean RcGV was significantly higher in Group 1, whereas RdGV was significantly higher in Group 3. The patients
in Group 1 had significantly higher EWL% than Group 3 at 12 monthspostoperatively. The mean number of stapler
used for gastric resection was significantly higher in Group1. No significant complications such as hemorrhage, staple line
leakage, abscess, etc.that required any interventional management were observed in all groups.
CONCLUSIONS: Enlargement of the antral resection margin (>6cm from pylorus) resulted in reduced operating cost and
decelerated reach to optimal EWL% with similar postoperative outcomes.

KEY WORDS: Antral resection margin, Excess weight loss, Laparoscopic sleeve gastrectomy, Residual gastric volume,
Surgical technique.

(LSG), Roux-en-Y gastric bypass, biliopancreatic diver-
sion, duodenal switch and the laparoscopic adjustable
gastric band are the most widely accepted surgical pro-
cedures for the treatment of obesity. LSG has now
become a first choice treatment option for most of the
patients 1,2. It has been as the first step in the bariatric
surgery for high risk super-obese patients 3. 
Laparoscopic sleeve gastrectomy has acceptable long-term
weight loss results and other advantageous, when com-
pared to other bariatric procedures 4. As the long-term
data showed permanent weight loss, improved medical
comorbidities, long-term patient satisfaction, and
improved quality of life after LSG, it has been accept-
ed as stand-alone bariatric surgical procedure 5. Since

Introduction

The development of bariatric surgical methods is the
milestone for the treatment of obesity and obesity relat-
ed health problems. Laparoscopic sleeve gastrectomy
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2013, LSG procedure has risen and become the most
performed bariatric procedure for surgical treatment of
obesity 6.
Some mechanisms have been described for weight loss
after sleeve gastrectomy. These well-known factors
include the decreased plasma ghrelin level due to the
fundectomy, reduced gastric expansion and volume, and
subsequent rapid gastric emptying 5,7. In particular, the
effect of the remnant gastric volume is a continued
debate. Although the basic steps of the surgical proce-
dure are quite the same, there are varieties of surgical
details of LSG such as the caliber of bougie, antral resec-
tion margin (ARM), and associated residual gastric vol-
ume (RdGV).
The aim of this study was to investigate the effect of
the extent of antral resection on the residual gastric vol-
ume and the percentage of excess weight loss (EWL%,
[(initial weight-current weight) / (initial weight-ideal
weight)]*100) among the patients who underwent LSG
due to obesity.

Material and Method

Between January 2014 and August 2015, 145 patients,
Body Mass Index (BMI)>40 and <50 kg/m2, without the
metabolic disease who underwent LSG procedure, were
enrolled into the study. The institutional review board
approved the study with a registration number of 729.
In all patients, acomprehensive preoperative evaluation
including endoscopic evaluation to avoid any plausible
peri-operative complication was performed 8,9. 
In this retrospectively designed study, patients were
divided into three groups regarding ARM: Group 1
(n=80): ARM≤3cm; Group 2 (n=35): 3 <ARM < 6 cm;
Group 3 (n=30): ARM ≥6cm.
Demographic and clinical features of the patients, surgi-
cal data, intraoperative measured RdGV, operative cost,
postoperative morbidity and mortality, and the EWL% at

the 3, 6 and 12 months postoperatively were recorded.
Apart from vessel sealer materials, trocars and other mate-
rials which were standardized for all operations were all
the same in groups.

SURGICAL PROCEDURE

Following Optical Trocar insertion, pneumoperitoneum
was established, and other three working trocars and a
Nathanson liver retractor were placed as illustrated in
Fig. 1. The dissection started with the division of Leimer
ligament. Anteriorly gastroesophageal fat pad was mobi-
lized to guide the correct placement of stapler. The left
crura were exposed completely up to its medial border.
After then, stomach was separated from the gastrocolic
and gastrosplenic ligament by EnSeal™5 mm (Ethicon
Endo-Surgery, Cincinnati, OH, United States).
Complete mobilization of the fundus (thedivision of both
gastrocolic and gastrosplenic ligament and posterior gas-
tric attachments) was achieved by detaching all attach-
ments. After a 36F bougie was inserted towards proxi-
mal part of the pylorus measurement of ARM was done
using a ruler, and a clip was placed as a marker. The
creation of sleeve was performed with appropriate sized
staplers, and the staple-line was reinforced with endo-
clip. The bougie was pulled back to the esophagogastric
junction; pylorus was compressed with laparoscopic
intestinal clamp, methylene blue was injected through
the bougie into the sleeve stomach. RdGV was noted as
the volume of injected methylene blue producing sleeve-
expansion (Fig. 2a). The 15 mm trocar site was closed
with Endo-Close™(Covidien-Medtronic, Minneapolis,
MN) and the resected gastric volume (RcGV) was mea-
sured by filling the specimen with tap water (Fig. 2b).
Gastrograffin swallow fluoroscopy was performed on the
first postoperative day, and clear-liquid diet was allowed
in case  of intact stapler line. On the second postoper-
ative day, patients without any problem were discharged.

Fig. 1: Patient position(a), and arrangement of trocars (b,c).
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STATISTICAL ANALYSIS

All analyses were performed with the Statistical Product
and Service Solutions (SPSS) software package (version
21.0, SPSS-IBM, Armonk, NY, USA) at the 95% con-
fidence level and p <0.05 significance level. Data were
obtained by review of the prospectively maintained data-
base. Quantitative variables were reported as the mean
and standard deviation (SD); qualitative variables were
described as number and percentages. One-way analysis
of variance (ANOVA) was used to determine whether
there were any statistically significant differences between
the means of three or more independent (unrelated)
groups. 

Results

A total of 145 patients were included in the study. There
was no statistically significant difference between three
groups considering demographic features (Table I). The
mean RcGVs was significantly higher in Group 1, where-
as RdGV was significantly higher in Group 3, (p<0.01)
(Table II). 

The mean number of stapler used for gastric resection
was significantly higher in Group 1, (p <0.01) (Table
II). Expected cost of the operation was also simultane-
ously increased in Group 1 (Table II). Nomajor com-
plications such as hemorrhage, staple line leakage,
abscess, etc.that required any interventional management
were observed in all groups.
The EWL% at the 3, 6 and 12 months postoperatively
in all groups were shown in Table III. The patients in
Group 1 had significantly higher EWL% than Group 3
at the12 months postoperatively.

Discussion

Laparoscopic sleeve gastrectomy is being a surgical inter-
vention suggesting that it is more than a simple res-
trictive procedure because the mechanism of T2DM
improvement is the weight-loss independent 2. The
mechanisms of weight loss after LSG are multifactorial;
a combination of gastric restriction, hormonal factors
(increased GLP-1 and decreased ghrelin level) 9,10, and
changes in gastric emptying (fastened) and eating habits
are involved. However, it is still unclear that which fac-
tor plays the most important role 5,12. In this study, we
particularly focused on the characteristics of restriction
process during laparoscopic sleeve gastrectomy.
Although it is well-known that LSG is not only a restric-
tive procedure but also effective regarding hormonal
changes 12, the efficacy of restriction volume on EWL%
in the patients undergoing LSG remains disputed. This
study evaluated different margins of antrum resection
that could affect the RdGV and quality of restriction
process, alike. As minor changes were encountered
between groups, EWL% outcome appeared promising
(75%) even in large ARM group despite its relatively low

Fig. 2: (a) Residual gastric volume; (b) Resected gastric volume and staplers used for resection (placed regarding the order of use).

TABLE I - Demographic features of the patients

Variables Group 1 Group 2 Group 3 p value
(n=80) (n=35) (n=30)

F/M 59/21 26/9 22/8 NS
Age (year)(mean ± SD) 40.3±4 38±5 36±3 NS
BMI (kg/m2)(mean ± SD) 46±2 44±4 45±2 NS

F: female, M: male, BMI: body mass index, NS: non-significant
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levels compared other two groups. This result could be
related to concomitant factors. In a very recent study by
Yormaz et al., acceptable EWL% despite decreased restric-
tion was found associated with hormonal factors 13. 
There are various aspects of LSG procedure with no con-
sensus and subsequent results and impacts. More sur-
geons perform the dissection >4 cm proximal to the
pylorus, whereas others prefer to resect closer to the
pylorus. Authors suggest that those with too close to the
pylorus result in impaired antral pumping mechanism
and the patient may have nausea and even higher rates
of reflux 13. In their prospective randomized study,
Abdallah et al. reported similar findings in regards to
comorbidities resolution in two groups in which gastric
division was performed 2 cm and 6 cm from pylorus
with no significant difference with regards to thepost-
operative complication, as well 14. Although LSG has a
restrictive role, antral preservation is suggested to main-
tain contractile function, promoting gastric emptying and
thus reducing intraluminal pressure and potentially
decreasing leakage, as well 15-17. In our study, there was
no difference with regards to the intraoperative and post-
operative complications between groups. Study records
did not specifically include reflux research. However, very
few patients complained when questioned on any dis-
comfort. 
In fifth international consensus conference report,
Gagner et al. noted the importance of learning curve for
better results in weight loss. They particularly empha-
sized small details such as fundus dissection and stapling
in close proximity of the gastroesophageal (GE) junction

but not the antral resection 1. However, antrum issue
still is a debate between bariatric surgeons. Obeidat et
al. reported better-maintained weight loss in those with
radical resection and its fortified restrictive effect 18,
whereas Jacobs et al.revealed no difference concerning
weight loss and complications between groups of 4 cm
versus 7 cm antral pouch 19. In our study, although the
RdGV and RcGV were significantly different between
groups, EWL% was similar at 3 and 6 months postop-
eratively. At one-year follow-up, Group 1 was found with
significantly higher EWL% values compared to Group
3. This was attributed to that antral preservation might
result in deceleration to reach optimal EWL%. Likewise,
Sahin et al. suggested that increasing the distance from
pylorus was associated with better weight loss 13. On the
other hand, Fallatah et al. reported that antral resection
margin should be selected on the basis of the patient
characteristics such as gender, preoperative foregut con-
ditions 20. 
Limitations of the study included the lack of prospec-
tive design of the study. The small size of the patient
series and short-term follow-up are among the weakness
of the study. Thirdly, plausible complications related to
differences of antral resections such as reflux, gas-
tricemptying disorders were not recorded in detail. 

Conclusions

In conclusions, research findings support an ongoing
effort for improved standardization of techniques based

TABLE II - Comparison of surgical data between groups.

Variables Group 1, ≤3 cm Group 2, 3<ARM<6 cm Group 3, ≥6 cm p value
(n=80) (n=35) (n=30)

RcGV(cc), (mean ±SD) 1440±13 1412±21 1374±18 <0.01
RdGV(cc), (mean ±SD) 29.3±6 32.2±9 36.6±11 <0.01*
The number of stapler used(mean ±SD) 6.5±0.6 5.7±0.4 5.1±0.6 <0.01**
Operative  cost (USD),(mean ±SD) 1239.9±45 1186.5±30.8 1146±41.2 <0.01

RcGV: resected gastric volume, RdGV: residual gastric volume; *p values: Group 1 vs 2: NS, Group 1 vs 3: p<0.01, Group 2 vs 3:
NS; ** p values: Group 1 vs 2: p<0.01, Group 1 vs 3: p<0.01, Group 2 vs 3: p<0.01

TABLE III - Comparison of EWL% between groups at 3, 6 and 12 mo postoperatively

Variables Group 1, ≤3 cm Group 2, 3<ARM<6 cm Group 3, ≥6 cm p value
(n=80) (n=35) (n=30)

EWL% (3 mo) (mean ±SD) 43.2±6 42.8±5 40.4±4 0.195
EWL%  (6 mo)(mean ±SD) 65±6 64.3±4 61.4±5 0.19
EWL%  (12 mo)(mean ±SD) 81.2±5 79.2±5 75.6±5 <0.01

p values considering EWL% between groups: Group 1 vs 2: NS, Group 1 vs 3: p<0.15, Group 2 vs 3: NS
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on current and past expert surgeon experience. The aim
of this study was to investigate the role of the differ-
ences of antral resection margin on weight loss and post-
operative morbidity.Enlargement of the antral resection
(>6cm from pylorus)resulted in reduced operating cost
and decelerated reach to optimal EWL% with similar
postoperative outcomes. LSG with greater than 6 cm
margin can be safe and provide promising results.  

References

1. Gagner M, Hutchinson C, Rosenthal R: Fifth International
Consensus Conference: current status of sleeve gastrectomy. Surg Obes
Relat Dis, 2016; 12(4):750-56.

2. Isil RG, Mihmanli M, Yazici P, Isil CT, Demir U, Kaya C,
Bostancı O: Comperative analysis of laparoscopic sleeve gastrectomy and
Roux-en-Y gastric bypass procedures for the treatment of morbid obe-
sity. Ann Ital Chir, Digital Edition, 2018; 7.

3. Abd Ellatif ME, Abdallah E, Askar W, Thabet W, Aboushady
M, Abbas AE, El Hadidi A, Elezaby AF, Salama AF, Dawoud IE,
Moatamed A, Wahby M: Long term predictors of success after laparo-
scopic sleeve gastrectomy. Int J Surg, 2014; 12(5):504-8.

4. Brethauer SA, Hammel J, Schauer PR: Systematic review of sleeve
gastrectomy as a staging and primary bariatric operation. Surg Obes
Relat Dis, 2009; 5:469–75.

5. Melissas J, Koukouraki S, Askoxylakis J, Stathaki M, Daskalakis
M, Perisinakis K, Karkavitsas N: Sleeve Gastrectomy. A Restrictive
Procedure? Obes Surg, 2007; 17(1):57-62.

6. ASMBS: Estimate of Bariatric Surgery Numbers, 2011-2015.
Available at:https://asmbs.org/resources/estimate-of-bariatric-surgery-
numbers. July 2016; Accessed 14 September 2016

7. Lombardo V, Baratta R, Giannone G: Laparoscopic sleeve gas-
trectomy for morbid obesity. Ann Ital Chir, 2010; 81(1):17-20.

8. Mihmanli M, Yazici P, Işıl G, Tanik C: Should we perform pre-
operative endoscopy routinely in obese patients undergoing bariatric
surgery? Bariatric Surgical Practice and Patient Care, 2016; 11(2):
73-7.

9. Yormaz S, Yılmaz H, Alptekin H, Ece I, Acar F, Colak B,
Kafali ME, Sahin E, Sahin M: Does digestive symptoms require esopha-
go gastroscopy prior to bariatric procedure? Assessment of 6 years’ expe-
rience. Ann Ital Chir, Digital Edition, 2017; 6.

10. Switzer NJ, Smith A, Birch D, Karmali S: The Metabolic Effects
of Laparoscopic Sleeve Gastrectomy: A Review. J Minim Invasive Surg
Sci 2013; 2(1):3-7.

11. Dimitriadis E, Daskalakis M, Kampa M, Peppe A, Papadakis
JA, Melissas J: Alterations in gut hormones after laparoscopic sleeve
gastrectomy: A prospective clinical and laboratory investigational study.
Ann Surg, 2013; 257(4):647-54.

12. Benaiges D, Lorenzo AM, Goday A, Ramon JM, Chillarón JJ,
Botet JP, Flores-Le Roux JA: Laparoscopic sleeve gastrectomy: More
than a restrictive bariatric surgery procedure? World J Gastroenterol,
2015; 21(41):11804-814.

13. Yormaz S, Yılmaz H, Ece I, Yılmaz F, Sahin M: Midterm clin-
ical outcomes of antrum resection margin at laparoscopic sleeve gas-
trectomy for morbid obesity. Obes Surg, 2017; 27: 910.

14. Abdallah E, El Nakeeb A, Youssef T, Abdallah H, Ellatif MA,
Lotfy A, Youssef M, Elganash A, Moatamed A, Morshed M, Farid
M: Impact of extent of antral resection on surgical outcomes of sleeve
gastrectomy for morbid obesity (a prospective randomized study). Obes
Surg, 2014; 24(10):1587-94

15. Michalsky D, Dvorak P, Belacek J, Kasalicky M: Radical resec-
tion of the pyloric antrum and its effect on gastric emptying after sleeve
gastrectomy. Obes Surg, 2013; 23(4):567-73.

16. Cottam D, Qureshi FG, Mattar SG, Sharma S, Holover S,
Bonanomi G, Ramanathan R, Schauer P: Laparoscopic sleeve gas-
trectomy as an initial weight-loss procedure for high-risk patients with
morbid obesity. Surg Endosc, 2006; 20(6):859-63.

17. Givon-madhala O, Spector R, Wasserberg N, Beglaibter N,
Lustigman H, Stein M, Arar N, Rubin M: Technical aspects of
laparoscopic sleeve gastrectomy in 25 morbidly obese patients. Obes
Surg, 2007; 17(6):722-27.

18. Obeidat F, Shanti H, Mismar A, Albsoul N, Al-Qudah M: The
Magnitude of Antral Resection in Laparoscopic Sleeve Gastrectomy and
its Relationship to Excess Weight Loss. Obes Surg, 2015; 25(10):1928-
932.

19. Jacobs M, Bisland W, Gomez E, Plasencia G, Mederos R,
Celaya C, Fogel R: Laparoscopic sleeve gastrectomy: A retrospective
review of 1- and 2-year results. Surg Endosc, 2010; 24(4):781-85.

20. Fallatah B, AzizShehry A, Abdelsamed L, Abo Zaid H, Hussain
S, Jaber SA: Comparison study of gastric emptying after performing
sleeve gastrectomy with two different techniques. Global Journal of
Surgery, 2013; 1(4): 53-56.

R
E
A
D
-O

N
L
Y
 C

O
P
Y
 

P
R
IN

T
IN

G
 P

R
O
H
IB

IT
E
D


