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Abstract

Background One of the most common adverse effects of laparoscopic sleeve gastrectomy (LSG) is postoperative nausea and
vomiting (PONV). The present study aimed to assess the impact of local injection of a mixture of magnesium sulfate and
lidocaine into the pylorus on gastric intraluminal pressure (ILP) and PONV after LSG.

Methods Patients with morbid obesity who underwent LSG were randomly allocated to one of two equal groups: treatment
group (pyloric injection of a mixture of magnesium sulfate and lidocaine) and control group (pyloric injection of normal saline).
PONYV and antiemetic requirements were recorded at 6 and 24 h postoperatively.

Results Seventy patients (63 female) with a mean age of 34.6 9.9 years were included. The mean preoperative and postoper-
ative gastric ILP was comparable in the two groups. The pyloric injection of magnesium sulfate-lidocaine mixture resulted in
31% reduction in the mean gastric ILP (19.4+4.7 mmHg before injection to 13.4+4.1 mmHg after injection, p <0.0001).
Pyloric injection of saline did not result in significant change in ILP (19.9 +4.9 vs 20.3 +£5.1 mmHg). Of the treatment group
patients, 17.1% had significant PONV at 6 h compared to 91.4% of control group patients (p <0.0001). At 24 h, none of the
treatment group patients had significant PONV versus 40% of the control group patients (p < 0.0001).

Conclusion Pyloric injection of magnesium sulfate-lidocaine mixture during LSG resulted in lower incidence of PONV and less
use of antiemetic medications in the first 24 h after LSG without being associated with higher complication rate.

Keywords Sleeve gastrectomy - Pyloric injection - Magnesium sulfate, lidocaine - Early outcome - Randomized trial

Introduction technical feasibility, satisfactory outcomes in terms of weight

loss and improvement in comorbidities, and high safety pro-
Laparoscopic sleeve gastrectomy (LSG) is considered one of  file [1, 2]. Despite the multiple advantages of LSG, a number
the most popular procedures for the treatment of morbid obe-  of postoperative morbidities have been recognized including
sity. The increasing popularity of LSG is attributed to its  staple line leakage, hemorrhage, gastroesophageal reflux
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disease (GERD), and postoperative nausea and vomiting
(PONV) [3].

PONV may be considered the most common adverse effect
of LSG with variable incidence that can be as high as 80% in
patients without antiemetic prophylaxis [4]. The risk of PONV
after bariatric surgery can be estimated before surgery using
Apfel score [5] which comprises female gender, history of
motion sickness or PONV, non-smoking, and postoperative
use of opioids. On the other hand, the actual PONV is assessed
postoperatively using PONV impact scale score [6].

PONYV after LSG may be explained by higher gastric
intraluminal pressure (ILP) that results from decreasing the
distensibility and compliance of the postopertaive gastric
pouch compared to that of the whole stomach preopertaively
[7]. Therefore, it may be logical that any intervention that
reduces the gastric ILP may interfere with this mechanism
and results in a lower incidence of PONV after LSG.

Although many measures were devised for the prevention
of PONYV after LSG including the reduction of opioid con-
sumption, use of supplemental oxygen, and preoperative in-
travenous fluid administration [4], none of these measures
aimed to reduce the gastric ILP.

The present study aimed to assess the impact of local in-
jection of a mixture of magnesium sulfate and lidocaine into
the pylorus on the gastric ILP and PONV after LSG. We pos-
tulated that the injection of this mixture may help relax the
pyloric sphincter ring and canal, lowering the gastric ILP, and
conferring a lower incidence of PONV.

Patients and Methods
Study Design, Setting, and Registration

This was a single-center, randomized, controlled, double-
blind trial on patients with morbid obesity who underwent
LSG in the General Surgery Department, Mansoura
University Hospital, in the period of July 2017 to July 2018.
Morbid obesity was defined as body mass index (BMI) >
40 kg/m? or BMI >35 kg/m” associated with at least one
obesity-related comorbidity. Ethical approval for the study
was obtained form the Institutional Review Board (IRB) of
Faculty of Medicine, Mansoura University. The trial registra-
tion number in www.clinicaltrials.gov is NCT03729505.

Eligibility Criteria

Patients included to the trial were adult patients with morbid
obesity below 65 years, with ASA class I-I1I, who failed to
achieve and maintain a clinically significant weight loss
through supervised non-surgical methods for at least 6 months.
We excluded the following patients:

»  Obesity secondary to endocrine disorders.

» History of previous bariatric procedure.

» Impaired intellectual capacity or major psyciatric disorder.

» Lack of willingness and motivation to embrace postoper-
ative lifestyle changes.

» Substance abuse.

* Pregnancy or expected pregnancy in the following 12 to
18 months.

» Severe GERD as assessed clinically.

Random Sequence Generation and Blinding

Patients were randomly allocated to one of two equal groups:
group I (treatment group) in which patients underwent LSG
and injection of magnesium sulfate and lidocaine mixture into
the pyloric sphincter muscle and group II (control group) in
which patients underwent LSG and injection of normal saline
into the pyloric sphincter muscle.

Randomization was conducted by an online random-
number generator software (www.randomization.com).
Allocation concealment was undertaken by sealed envelope
method. Randomly generated treatment allocations were
placed in sealed envelopes. Upon completion of sleeve
gastrectomy, the envelope was opened in the operation
theater by the circulating nurse and the patient was then
assigned to one of the study groups.

The study was double-blind as the patients and the operat-
ing surgeons were unaware of the nature of the substance
injected in the pylorus intraoperatively. The early postopera-
tive outcome was also assessed by assessors who were un-
aware of the allocation of the study groups.

Preoperative Assessment

Patients were assessed carefully before surgery by taking de-
tailed history of the onset and duration of obesity, associated
medical comorbidities, and previous treatments for morbid
obesity, in addition to detailed dietary history. Using a simpli-
fied risk score [5], the risk of PONV and the predicted post-
operative antiemetic requirements were estimated in all
patients.

Thorough clinical examination was done to exclude pa-
tients with secondary obesity and to assess for coexisting ab-
dominal hernias or organomegally. All patients had ultrasound
examination, electrocardiography, and pulmonary function
tests as a part of comprehensive clinical assessment.
Measures against thromboembolism were taken including
wearing elastic stockings after admission and subcutaneous
administration of low molecular weight heparin
(Enoxaparin, 40 TU) 12 h prior to surgery.
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Surgery

Written informed consents to participate in the trial were ob-
tained from the patients after explaining the nature of the study
and the potential benefits and harms in each group. One gram
of cefotaxime was given on induction as prophylactic antibi-
otic. The procedures were done under opioid-free general an-
esthesia by consultants of general and laparoscopic surgery.

A three-port technique was used. Devascularization of the
greater curvature of the stomach started 4 cm proximal to the
pylorus using a 5-mm sealing device (HARMONIC ACE®+
Shears). A 36-French bougie was inserted into the stomach
then gastric transection started 4 cm proximal to the pylorus
using long 60-mm endo-stapler (ECHELON FLEX™
ENDOPATH®).

Upon completion of LSG, a mixture of 100 mg/2 ml mag-
nesium sulfate (Magnesium Sulfate®) and 5 ml of 2% lido-
caine (Lidocaine®) was injected into the pylorus in the treat-
ment group whereas normal saline was injected into the pylo-
rus in the control group.

Pyloric injection was achieved using a line extension set
introduced through the 12-mm working port. A 28-gauge nee-
dle (insulin needle), about 0.5 an inch in length, was used to
inject 2 ml (of a total of 7 ml mixture) at a single point into the
pyloric ring and canal proximal to the prepyloric vein of
Mayo.

Measurement of Gastric Volume and ILP

We measured the gastric volume and ILP using the revised
semi-continuous method as previously described [7, 8]. A
Sengstaken-Blakemore tube, used as a pressure-measuring
tube, was introduced into the stomach. The gastric balloon
was connected to 3 ml syringe and a pressure transducer using
a three-way stopcock. To secure the stomach, mechanical
compression was applied just distal to the pylorus using
non-traumatic intestinal clamp and occlusion of gastroesoph-
ageal junction was achieved by inflation of the esophageal
balloon (Fig. 1).

The stomach was decompressed and 1 to 2 ml of air was
injected into the gastric balloon and the pressure was recorded.
Then, the stomach was inflated using methylene blue colored
saline until full distension detected by sharp elevation of pres-
sure or when the instilled saline volume reached 2000 ml and
the distended stomach blocked the operative field, then the
pressure was recorded. Afterwards, the stomach was deflated
and the tube was withdrawn.

Gastric volume and ILP were measured in the empty and
distended stomach states at three time points: before sleeve
gastrectomy, after sleeve gastrectomy and before pyloric in-
jection, and after pyloric injection with either magnesium
sulfate-lidocaine mixture or normal saline.

@ Springer

Postoperative Care and Assessment

Patients were monitored in the general ward. Vital signs were
assessed on regular basis and patients were observed for early
postoperative complications. Adequate analgesia was
achieved using intravenous acetaminophen infusion. Early
ambulation was advised for the patients and liberal intake of
low-sugar clear oral fluids was encouraged in the same oper-
ative day as tolerated by the patient.

PONV was assessed with PONV impact scale [6] at 6 and
24 h postoperatively.

Antiemetic medications used to control PONV included a
single dose of intravenous (IV) 4 mg ondansetron (Zofran®)
as first-line treatment. Other antiemetic drugs were added se-
quentially according to patients’ need including a single dose
of IV 4 mg dexamethasone (Epidron®), then a single dose of
50 mg meclizine (Navoproxin®) suppository and as a last
measure 20 mg of IV metoclopramide (Primperan®) was
used, maximally for 48 h. The number of different antiemetic
agents used was recorded and compared with the estimated
number preoperatively according to the Apfel score.

Follow-up

Follow-up was scheduled at 1, 2, 4, and 6 weeks following
surgery. During follow-up visits, patients were examined for
detection of any postoperative complications, PONV, symp-
toms or signs of gastric leakage, healing of the wounds, sur-
gical site infection (SSI), improvement in comorbidities,
assessing compliance to diet regimen and adoption of lifestyle
modifications, and measuring the percentage of excess weight
loss (%EWL) at 6 weeks.

Outcomes of the Study

The primary outcome of the study was PONV score at 6 and
24 h postoperatively and the number of antiemetic agents
required postoperatively compared to that estimated before
surgery.

Secondary outcomes included the need for antiemetic med-
ications, postoperative complications including gastric leak-
age, operation time, gastric volume and ILP before and after
LSG and after pyloric injection in both groups, and %EWL at
6 weeks.

Sample Size Calculation

Based on the primary outcome of the study (PONV), and in
light of previous literature [4], we assumed that the percent of
patients with significant PONV in the treatment group would
be 45% compared to 80% in the control group.

Using sample size calculation software (www.clincalc.
com), a minimum of 58 patients, equally divided into two
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Fig. 1 Measurement of gastric
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revised semi-continuous method
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groups, was needed to achieve a study power of 80% with
alpha set at 5%. Therefore, a total of 64 patients were
ultimately included to the trial.

Statistical Analysis

Statistical analysis of the data was performed using SPSS
software, version 17 (IBM Corp., Chicago, USA). For contin-
uous variables, descriptive statistics were calculated and de-
scribed as mean =+ standard deviation (SD). Categorical vari-
ables were reported using percentages. Student’s ¢ test for
paired samples was used to detect differences in the means
of continuous variables and Fisher exact test or Chi-square test
was used for categorical variables. p values <0.05 were con-
sidered to be significant.

Results
Patients’ Characteristics

Eighty-three patients were initially assessed, 13 of whom were
excluded and 70 were ultimately included to the study as
shown in the Consort flow chart (Fig. 2).

Patients were 63 female (90%) and 7 male (10%). The
mean age of patients was 34.6+9.9 years, ranging from 24
to 56 years. The mean weight of patients was 130+ 15.3 kg,
ranging from 98 to 175 kg. The mean BMI was 49 +5.2 kg/
m?, ranging 40.8 to 62 kg/m®.

There were 14 (20%) patients with obesity-related comor-
bidities (type II diabetes mellitus = 10, hypertension = 4) and 4
patients (5.7%) with asymptomatic cholelithiasis. There were
no significant differences between the two groups regarding

age, gender, weight, height, BMI, and obesity-related comor-
bidities as shown in Table 1.

Risk of PONV

The mean risk of PONV as evaluated according to Apfel score
was 46+ 12.2% in the treatment group vs 46+ 11% in the
control group (p=0.71). The number of antiemetic agents
estimated to be required in both groups ranged from two to
four agents (Table 2).

Gastric Volume and ILP Before and After LSG

The mean preoperative gastric volume in both groups was
comparable with no significant differences (1318.6 +225 ml
in the treatment group vs 1347.1+ 191 ml in the control
group, p=0.57).

The mean postoperative gastric volume was also compara-
ble in both groups (133.1+20 ml in the treatment group vs
127.7+20.5 ml in the control group, p =0.27). There were no
significant differences in preoperative and postoperative gas-
tric volumes between the two groups as shown in Table 3.

Preoperative Gastric ILP

The mean preoperative gastric ILP was comparable in the two
groups in both empty and distended stomach states (Table 3).

The mean preoperative gastric ILP in the distended state
was significantly (p <0.0001) higher than the empty state in
both groups [28.4+ 5.1 vs 17.3£3.5 mmHg in the treatment
group; 29.7+5.6 vs 17.6£3.5 mmHg in the control group]
(Tables 4 and 5).

@ Springer



1618

OBES SURG (2019) 29:1614-1623

CONSORT 2010 Flow Diagram

[ Enrollment ]

Assessed for eligibility (n=83)

Excluded (n=13)

+ Not meeting inclusion criteria (n=8)
+ Declined to participate (n=5)

+ Otherreasons (n=0)

Randomized (n=70)

!

I [

Allocation ]

\d

Allocated to pyloric injection of magnesium
sulfate-lidocaine (n=35)

+ Received allocated intervention (n=35)

+ Did not receive allocated intervention {n= 0)

Allocated pyloric injection of normal saline
(n=35)

+ Received allocated intervention (n=35)

+ Did not receive allocated intervention (n=0)

[ Follow-Up ]

h 4

Lost to follovw-up (n= 0)

Discontinued intervention (n= 0)

h 4

Lost to follov-up (n=0)

Discontinued intervention (n= 0)

[ Analysis ]

Analysed (n=35)
+ Excluded from analysis (n= 0)

Fig. 2 Consort flow chart for selection of patients included to the study

Postoperative Gastric ILP

The mean postoperative gastric ILP was comparable in the
two groups after LSG in both empty and distended stomach
states (Table 3).

The mean postoperative gastric ILP in the distended state
was significantly (p <0.0001) higher than the empty state in
both groups [42.3+7 vs 19.4+4.7 mmHg in the treatment
group; 43.1+£6 vs 19.9+4.9 mmHg in the control group]
(Tables 4 and 5).

Comparing Gastric ILP Before LSG, After LSG,
and After Pyloric Injection
Gatric ILP showed a significant increase after LSG compared

to before LSG in both empty and distended stomach states as
shown in Tables 4 and 5.

@ Springer

Analysed (n=35)
+ Excluded from analysis (n=0)

In the treatment group, the mean gastric ILP after pyloric
injection of magnesium sulfate-lidocaine mixture was signif-
icantly lower than before injection in both empty and
distended states (p < 0.0001) (Table 4).

In the control group, there were no significant differences
in the gastric ILP before and after pyloric injection of saline in
both empty and distended states (Table 5).

Moreover, there were significant differences between post-
operative ILP in the treatment and control groups after pyloric
injection in both empty and distended states of the stomach as
shown in Table 6.

Postoperative Nausea and Vomiting
The median PONV score at 6 h postoperatively was 4

(range, 2-5) in the treatment group vs 5 (range, 4-6) in
the control group. The median PONV score at 24 h
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Table 1 Baseline characteristics

of patients in both groups Variable Treatment group (n =35) Control group (n =35) p value
Mean age in years 35.8+84 33.5+£5.7 0.18
Male/female 5/30 2/33 0.43
Mean weight in kilograms 132.4+14.3 127.6+16 0.19
Mean height in meters 1.6£0.1 1.6£0.1 1
Mean BMI in kg/m? 49.8+52 482+52 0.2
Comorbidities (%) 9 (25.7) 5(14.3) 0.23

postoperatively was 1 (0—4) in the treatment group vs 4
(2-6) in the control group.

The number of patients with significant PONV score at 6 h
was 6 (17.1%) in the treatment group compared to 32 (91.4%)
in the control group. The number of patients with significant
PONV score at 24 h dropped to 0 and 14 (40%) in the treat-
ment and control groups, respectively. There were significant
differences between both groups regarding PONV impact
scale score and the number of patients with significant
PONYV score at 6 and 24 h postoperatively as shown in
Table 7.

The number of antiemetic agents used after surgery ranged
from one to two agents in the treatment group vs two to four
agents in the control group. Unlike the control group, there
was a significant difference (p < 0.0001) between the estimat-
ed number of antiemetic agents depending on Apfel score and
the actual number of antiemetic agents used after surgey in the
treatment group as shown in Table 8.

Technical Details

One patient (2.9%) in the treatment group and three patients
(8.6%) in the control group underwent additional cholecystec-
tomy. The operation time of both groups ranged from 60 to
125 min and did not show any significant difference (87.6 =
18.7 min in the treatment group vs 92.1 £15.7 min in the
control group, p = 0.28). There were no significant differences
between the two groups regarding hospital stay (2.6 + 1.4 in
treatment group vs 2.7 = 1.7 in the control group, p =0.79).

Postoperative Complications

Four (5.7%) patients experinced early postoperative compli-
cations. Complciations included hospital-acquired pneumonia
(n=2) that was treated with antibiotics and physiotherapy;
hypertensive crisis in one patient in the control group who
required ICU admission and IV antihypertensive agents; and
reactionary hemorrhage (n = 1) that required laparoscopic in-
tervention to control bleeding points at staple line.

On folow-up, eight patients (11.4%) developed complica-
tions which included surgical site infection (n =4) that were
treated with wound drainage and antibiotics; and GERD (n =
4) that was treated with proton pump inhibitors and prokinetic
agents. There were no recorded cases of gastric leak in both
groups as assessed by clinical and radiological assessment.
Also, there were no recorded cases of pyloric wall hematoma
or leakage at the site of injection or allergic reaction to mag-
nesium sulfate-lidocaine mixture. There were no significant
differences between the two groups regarding postoperative
complications (14.3 vs 20%, p =0.75).

Discussion

PONYV is a common, yet an unpleasent, sequel of sleeve gas-
trectomy. It has been estimated that around 60-80% of pa-
tients may experience PONV after sleeve gastrectomy [4].
Predisposing factors for PONV are female gender, history of
motion sickness, use of opioids, duration of surgery, induced

Table 2 Estimated risk of PONV

Variable Treatment group Control group p value
Apfel score (%) 1 2(5.7) 12.9) 0.71

2 19 (54.3) 22 (62.9)

3 14 (40) 12 (34.3)

4 0 (0.0) 0 (0.0)
Mean risk for PONV 46+12.2 46+11 1
Estimated postoperative antiemetic agents 1 0(0.0) 0(0.0) 0.71

2 2(5.7) 129

3 19 (54.3) 22 (62.9)

4 14 (40) 12 (34.3)

PONYV postoperative nausea and vomiting
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Table 3 Preoperative and

postoperative gastric volume and Variable

Treatment group Control group p value

ILP in both empty and distended
stomach

Mean postoperative gastric volume in ml

p value

Mean preoperative ILP in empty stomach in mmHg
Mean preoperative ILP in distended stomach in mmHg
Mean postoperative ILP in empty stomach in mmHg
Mean postoperative ILP in distended stomach in mmHg

Mean preoperative gastric volume in ml

1318.6 £225 1347.1+191 0.57
133.1+20 127.7+20.5 0.27
<0.0001 <0.0001

17.3+£3.5 17.6+3.5 0.72
284+5.1 29.7+5.6 0.31
19.4+4.7 19.9+49 0.66
423+7 43.1+6 0.61

ILP intraluminal pressure

pneumoperitoneum, distance of a point from the pylorus at
which the transection of greater curvature begins, and dilated
proximal pouch [5, 9-11].

The present study aimed to investigate the impact of
injection of magnesium sulfate-lidocaine mixture in the
pylorus on PONV after LSG. Magnesium sulfate is a cal-
cium channel antagonist and vascular smooth muscle re-
laxant that has been used in management of wide spec-
trum of diseases including preeclampsia, convulsions, tet-
anus, and acute asthma [12, 13]. Lidocaine is a potent
sodium-channel blocker, smooth muscle relaxant, and
cholinergic antagonist that is used as local anesthetic
and for prevention of bronchospasm and decreasing the
frequency of rebound spasm during colonoscopy
[14-16]. We opted to use a mixture of both agents as
the combination of magnesium sulfate and lidocaine has
been proved to confer a longer duration of action and
more potent sensory and motor blocking action [17].

We included 70 patients with morbid obesity in the present
study, around 90% of whom were female in concordance with
the female predominance of obesity described in the literature
[1, 18]. The mean age of patients was approximately 35 years
in line with the middle age distribution of patients undergoing
bariatric surgery [1]. There were no significant differences
between the two study group in terms of baseline and demo-
graphic characteristics which reflects absence of selection bi-
as, most probably due to proper randomization of patients to
the study groups.

On assessment of the primary outcome of the study using
PONYV impact scale at 6 h postoperatively, we observed a
significantly lower incidence of patients with significant
PONV in the treatment group compared to the control group
(17.1 vs 91.4%). Halliday et al. [19] reported a lower inci-
dence of significant PONV after LSG (64%) than that of the
control group in our study which can be explained by the fact
that Halliday and colleagues used prophylactic antiemetic
medications before LSG while we did not employ antiemetic
prophylaxis in the present study. At 24 h postoperatively and
after the use of antiemetic medications to control PONYV, the
incidence of significant PONV dropped to zero in the treat-
ment group and 40% in the control group.

The efficacy of magnesium sulfate-lidocaine mixture in
reducing the incidence and seveirty of PONV was also dem-
onstrated by a noticeable decline in the use of postoperative
antiemetic agents in the treatment group compared to the pre-
operative estimation based on Apfel score. On the other hand,
the control group required a number of postoperative anti-
emetic medications similar to the number estimated before
surgery.

Although both groups were comparable in regards the
number of antiemetic medications estimated preoperatively
to be required after surgery, the actual postoperative
requirment of antiemetic medications was signifincatly lower
in the treatment group than the control group.

The improvement in PONV in the tretament group may be
attributed to the reduction in the gastric ILP. In order to

Table 4 Gastric ILP before LSG,
after LSG, and after pyloric
injection of magnesium sulfate-

lidocaine mixture

Variable Empty Distended p value
stomach stomach

Mean ILP in mmHg before LSG 17.3£3.5 284+5.1 <0.0001

Mean ILP in mmHg after LSG and before pyloric injection ~ 19.4+4.7 423+7 <0.0001

p value* 0.04 <0.0001

Mean ILP in mmHg after pyloric injection 13.4+4.1 31.9+6.8 <0.0001

p value** <0.0001 <0.0001

ILP intraluminal pressure, LSG laparoscopic sleeve gastrectomy

*Comparing ILP before and after LSG (before pyloric injection)

**Comparing ILP before and after pyloric injection of magnesium sulfate-lidocaine mixture
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Table 5 Gastric ILP before LSG, i ]
after LSG, and after pyloric Variable Empty Distended p value
injection of saline stomach stomach
Mean ILP in mmHg before LSG 17.6+3.5 29.7+5.6 <0.0001
Mean ILP in mmHg after LSG and before pyloric injection ~ 19.9+4.9 43.1+6 <0.0001
p value* 0.0270 <0.0001
Mean ILP in mmHg after pyloric injection 20.3+5.1 43+£5.6 <0.0001
p value** 0.7390 0.9427

ILP intraluminal pressure, LSG laparoscopic sleeve gastrectomy

*Comparing ILP before and after LSG (before pyloric injection)

**Comparing ILP before and after pyloric injection of normal saline

confirm this theory, we measured gastric ILP in all patients at
three time points: before LSG, after LSG and before pyloric
injection of magnesium sulfate-lidocaine mixture or saline,
and after pyloric injection in both empty and distended states
of stomach.

It is known that the gastric fundus is the thinnest and most
distensible part of the stomach that acts as a reservoir [20], and
since the fundus is entirely removed in LSG, this results in loss
of gastric dispensability and compliance. This was clearly
shown in our study as the gastric ILP showed significant in-
crease after LSG due to loss of the most distensible part of the
stomach. In order to assess the effect of injection of magnesium
sulfate-lidocaine mixture in the pylorus, we measured gastric
ILP after pyloric injection to evaluate its change in both groups.

The mean volume of the stomach before and after LSG in
both groups was comparable to another study [7] that mea-
sured gastric volume and pressure before and after LSG.
Similarly, the gastric ILP before and after LSG in our study
was comparable to the results reported by Yehoshua et al. [7].

Pyloric injection of magnesium sulfate-lidocaine mixture
resulted in a significant decrease in gastric ILP in both empty
and distended stomach states compared to the control group
which did not show any significant change in ILP after saline
injection. This observation confirms our theory that the use of
magnesium sulfate-lidocaine mixture resulted in marked re-
laxation of the pyloric sphincter and canal with subsequent
reduction in gastric ILP that was associated with lower rates
of PONV.

Although PONV after LSG is usually managed with anti-
emetic medications, the efficacy of these medications is vari-
able according to various patient and technical factors. In ad-
dition, another shortcoming of antiemetic medications is the

adverse effects and increased costs associated with their use,
especially with double or triple combination of these medica-
tions. While pyloric injection of magnesium sulfate-lidocaine
mixture addresses the main cause of PONV after LSG which is
increased gastric ILP, antiemetic drugs function through other
unrelated mechanisms [21].

Increased gastric ILP may also factor in the development of
staple line leak after LSG. None of the patients in the present
study experienced gastric leak by clinical and radiological
assessment. This could be attributed to the relatively small
sample size included given the low incidence of staple line
leak which is around 1% according to the International Sleeve
Gastrectomy Expert Panel Consensus Statement 2011 [22],
and can vary between 1 and 3% [23]. Absence of gastric leak
in our study may be also attributed to the adoption of certain
measures for prevention of gastric leak including gentle han-
dling of tissues, avoiding distal stenosis, steady compression
by the stapler before firing, and larger bougie size [24-27], in
addition to the presumed effect of pyloric injection of magne-
sium sulfate-lidocaine mixture.

Another value of magnesium sulfate has been shown by
Kizilcik and Koner [28] who reported that the perioperative
use of intravenous magnesium sulfate reduced postoperative
pain and opioid consumption in patients undergoing sleeve
gastrectomy operations. However, our trial examined the ef-
fect of local delivery of magnesium sulfate into the pyloric
sphincter and canal rather than its systemic application as
followed in the other trial.

It is worthy to note that the local injection of magnesium
sulfate in the pylorus may be associated with some complica-
tions including pyloric wall hematoma and leak which we did
not encounter owing to the small caliber of the needle used for

Table 6 Postoperative gastric ILP
after pyloric injection in both

empty and distended stomach in
the two groups

Variable Treatment group Control group p value

Postoperative gastric ILP (mmHg) after pyloric 134 £4.1 203 £5.1 <0.0001
injection in empty stomach

Postoperative gastric ILP (mmHg) after pyloric 319+ 6.8 43 +£5.6 <0.0001

injection in distended stomach

ILP intraluminal pressure
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Table 7 PONV impact scale
score at 6 and 24 h

postoperatively

Variable Treatment group Control group p value
PONV score at 6 h (%) 0 0 (0) 0 (0) <0.0001
1 0 (0) 0(0)
2 4(11.4) 0(0)
3 10 (28.6) 0(0)
4 15 (42.9) 3(8.6)
5 6(17.1) 16 (45.7)
6 0 (0) 16 (45.7)
Patients with significant PONV (%) 6 (17.1) 32.(91.4) <0.0001
PONV score at 24 h (%) 0 7 (20) 0 (0) <0.0001
1 12 (34.3) 0(0)
2 10 (28.6) 3(8.6)
3 5(14.3) 4 (114)
4 12.9) 14 (40)
5 0 (0) 13 (37.1)
6 0 (0) 129
Patients with significant PONV (%) 0(0) 14 (40) <0.0001

PONYV postoperative nausea and vomiting

injection. Although not recorded in our trial, allergic reaction
to the injected substance is another potential adverse effect
that should be considered. The systemic absorption of locally
injected magnesium sulfate was minimal and this is why it did
not affect the blood pressure in any of the patients studied,
even those who were on antihypertensive medications.

It could be arguable that pyloric injection of magnesium
sulfate may increase the costs and operation time of LSG;
however, the added costs of magnesium sulfate-lidocaine mix-
ture (around 2 US dollars per patient) and time (average of
5 min) were not particularly significant.

Another effective strategy for management of PONV after
bariatric surgery is the multimodal approach devised by recent
guidelines [29]. The enhanced recovery after surgery (ERAS)
protocol advocates a multimodal approach that includes using
“Propofol for induction and maintenance of anesthesia, avoid-
ance of volatile anesthetics, minimization of intra- and post-
operative opioids and avoidance of fluid overload” [4].
Additionally, the use of a triple combination of haloperidol,

dexamethasone, and ondansetron was proved superior over a
single or double combination in control of PONV after LSG
[30]. Given the positive impact of pyloric injection of magne-
sium sulfate on PONV as demonstrated by our trial, this meth-
od can be a part of the ERAS protocol to decrease PONV and
antiemetic requirements after sleeve gastrectomy.

Limitations of the study include being a single center study,
relatively small number of patients which was not able to detect
significant differences between the groups in staple line leakage,
and short follow-up. Endoscopic injection of magnesium sulfate-
lidocaine mixture may be used as an alternative to the method we
followed in the trial; however, intraoperative endoscopy was not
freely available in our hospital at the period of the study.

Conclusion

The injection of magnesium sulfate-lidocaine mixture in the
pylorus after LSG resulted in lower incidence of PONV and

Table 8 Comparison between

estimated and actual need for Estimated PO antiemetic agents (%)  Actual PO antiemetic agents (%)  p value
postoperative antiemetic drugs
Treatment group 1 0(0.0) 29 (82.9) <0.0001
2 2057 6(17.1)
3 19(54.3) 0(0.0)
4 14 (40) 0(0.0)
Control group 1 0(0.0) 0(0.0) 0.3
2 129 4(11.4)
3 22(62.9) 23 (65.7.1)
4 12(343) 8(22.9)
p value 0.71 <0.0001
PO postoperative
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less use of antiemetic medications in the first 24 h after LSG
without being associated with higher complication rate.
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