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Abstract

Background It is not clear whether obesity has any neg-

ative impact on the results of laparoscopic antireflux sur-

gery (LARS). In this prospective study we investigated the

effect of body mass index (BMI) on the surgical outcome

of LARS.

Methods Patients undergoing primary LARS were divided

into three groups: BMI \ 25 (normal), BMI = 25–29.9

(overweight), BMI [ 30 (obese). All perioperative data,

operative and postoperative complications, and follow-up

data were recorded prospectively. All patients were seen

2 months postoperatively and yearly thereafter.

Results One thousand patients underwent LARS from

May 2004 to August 2009. There were 484, 384, and 132

patients in normal, overweight, and obese groups, respec-

tively. The incidence of Barrett’s metaplasia (8.5% for the

entire series) increased with BMI, although this difference

was not statistically significant. 684 patients had Nissen

and 316 had Toupet fundoplication. Mean follow-up was

53.33 ± 17.21 months. There was no mortality or con-

version to open surgery. Mean operating times were

48.04 ± 21.20, 53.54 ± 23.42, and 61.33 ± 28.47 min

for normal, overweight, and obese groups, respectively

(P = 0.0001). Esophageal perforation, jejunal perforation,

and pulmonary emboli were the three major complications

in separate patients. Dysphagia occurred in 18.4, 13.1,

and 9.9% of normal, overweight, and obese patients,

respectively (P = 0.122). Bloating occurred in 18, 14.1,

and 20.5 % of normal, overweight, and obese patients,

respectively (P = 0.150). Rehospitalization for any reason,

excluding redo surgery or dilatation, occurred less in

overweight subjects (4.8, 1, and 3.8% respectively,

P = 0.008). All other minor complications were distrib-

uted evenly among the groups with the exception of hic-

cups, which occurred more frequently in normal weight

patients. Recurrence of reflux was observed in 0.6, 3.6, and

2.3% of the normal, overweight, and obese patients,

respectively (P = 0.007).

Conclusion LARS is a safe but more demanding proce-

dure in obese patients and a significant increase in com-

plications should not be anticipated. Long-term control of

reflux by LARS in higher-BMI patients is slightly worse

than that in normal-weight subjects.

Keywords Gastroesophageal reflux � Fundoplication �
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Gastroesophageal reflux disease (GERD) is a common

problem affecting almost 40% of the world’s population,

and the availability of laparoscopic antireflux surgery

(LARS) has changed the threshold for referring patients to

surgery. Obesity per se, besides being regarded as a GERD-

triggering condition, is almost an endemic. Therefore, it is

not infrequent for an antireflux specialist to encounter an

obese patient seeking surgical correction of his/her GERD.

In line with the increasing number of patients undergoing

LARS, the factors that may adversely affect surgical

morbidity and outcome became a concern. Obesity was

reported to be associated with increased risk and less

success in LARS patients [1–3], although there are con-

flicting reports on this [4–10]. In this report we investigated
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the effect of preoperative body mass index (BMI) on the

immediate operative outcome and complications of LARS

in a prospective fashion. Furthermore, the long-term effi-

cacy of LARS in controlling reflux with respect to BMI is

also investigated. This article represents a single surgeon’s

experience with 1,000 consecutive patients and to our

knowledge is the largest series from a single center that

addresses this issue in a prospective fashion.

Materials and methods

The study was conducted at our antireflux therapy center,

which is a specialized tertiary referral center for the diag-

nosis and treatment of GERD. All patients with a definite

diagnosis of GERD who underwent primary LARS during

the study period were included after their BMI was cal-

culated. BMI is defined as weight in kilograms divided by

the square of the height in meters (kg/m2). All patients with

BMI [ 40 and patients with BMI [ 35 with obesity-rela-

ted comorbidities were candidates for morbid obesity sur-

gery and never underwent a LARS procedure and therefore

were not included in the study.

All patients referred to us with probable GERD were

comprehensively evaluated. At our center, gastroscopy

with biopsies is routine after a detailed history is obtained.

Esophagitis is classified using the Los Angeles classifi-

cation [11]. pH meter was routine in patients without

esophagitis. A definite diagnosis was established accord-

ing to a patient’s history (typical symptoms responding to

proton pump inhibitors) in addition to the presence of

esophagitis at gastroscopy. Biopsy-proven Barrett’s dis-

ease or a DeMeester score of [14.7 or symptom index

[50% at pH meter analysis (MMS, Orion II, and Oh-

mega) were also conclusive evidence for GERD in

symptomatic patients seeking surgical care. Therefore,

patients were classified as having either erosive or none-

rosive GERD. Extraesophageal symptoms were carefully

recorded.

Indications for surgery were quite straightforward. Any

patient with a definite diagnosis of GERD with symptoms

for more than 1 year was a candidate for LARS. Patient

preference was the rule in choosing the surgical approach

instead of continuing medication and diet.

Obese patients received prophylaxis by subcutaneous

low-molecular-weight heparin routinely during the induc-

tion of anesthesia, in addition to compression stockings.

All patients underwent manometric assessment (UPS-

2020-stationary measurement system MMS, Enschede, the

Netherlands) of the esophagus to assess its motility and

lower esophageal sphincter (LES) function, and an upper

gastrointestinal series as well. Preoperative upper abdom-

inal ultrasound was also routinely performed. All

operations were done by the senior author (MAY) and the

series does not contain his learning curve.

All patients were admitted on the day of surgery and

underwent an antireflux procedure after an overnight fast.

High-resolution video recordings of all operations were

also collected for possible future analysis of technical

details. The operative approach was standard. Briefly, the

preferred technique for the Nissen procedure included

crural repair with silk sutures, deployment a V-shaped

monofilament polypropylene graft (prolene, Ethicon,

Somerville, NJ, USA), cutting short gastrics using the

Ligasure vessel-sealing system (Valleylab, Boulder, CO,

USA), and a floppy 1.5–2-cm wrap done over a 60-F

bougie. The cutting of short gastrics was the rule in our

Nissen procedure. Partial 270� posterior fundoplication,

namely, the Toupet operation, was the procedure of choice

in patients with a mean esophageal contraction amplitude of

\20 mmHg. Partial fundoplication was also performed

whenever it was technical difficult to secure a floppy wrap

(i.e., unable to cut short gastric vessels and difficulty with

dissection). In patients with a mean esophageal contraction

amplitude between 20 and 30 mmHg, the choice between a

Nissen and a Toupet procedure was determined according

to the severity and erosive nature of the disease and com-

pliance of the patient. Therefore, all patients in this cate-

gory were informed about the probable increased risk for

dysphagia that may alter their postoperative management if

the Nissen procedure was preferred. In patients who were

not willing to tolerate any swallowing problems, the Tou-

pet procedure was preferred. Patients who could not tol-

erate manometry also underwent the Toupet procedure.

During Toupet procedures short gastrics very rarely

were severed and only when absolutely needed to pull the

fundus. Patients with a symptomatic (causing dysphagia)

Schatzki ring or benign lower esophageal stricture under-

went preoperative pneumatic balloon dilatation. Toupet

was the procedure of choice in this subgroup of patients

regardless of manometric calculations as further postoper-

ative dilatations may be needed in the future and a Nissen

procedure may interfere with dilatation. Early in our

experience we favored graft usage only in patients with

obvious mechanical defects and hiatal hernias. Use of

grafts for hiatal hernia repair became routine during the

third quarter of our experience. Drains were used at the

surgeon’s discretion.

All patients were hospitalized for 1 day unless specific

problems occurred. All patients were seen 1 week after

surgery and then 2 months after surgery and yearly there-

after. Patients who could not come for their yearly visit

were contacted by phone and asked about their symptom

status. No attempt was made to perform gastroscopy or pH

meter testing during these visits unless the patient was

symptomatic or had Barrett’s disease. Any upper
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gastrointestinal symptom that may suggest recurrent reflux

was investigated by gastroscopy and pH metry. All data,

including demographics, operative details, operative or

postoperative complications, and early and late outcomes

were recorded to the prospective database using SPSS

software. Three groups were defined according to the cri-

teria of the World Health Organization: normal

(BMI \ 25), overweight (BMI = 25–29.9), and obese

(BMI [ 30). Data obtained from the three groups were

compared. All patients included in the study had at least

18 months of follow-up.

Statistical analysis

All recorded data were compared between the groups.

Differences among the groups were evaluated using one-

way ANOVA analysis, and multiple comparisons between

the groups were performed using Tukey’s HSD test. For

categorical data, a v2 test was used. Differences were

considered statistically significant when P \ 0.05. Data

were analyzed using SPSS for Windows 11.5 (SPSS,

Chicago, IL, USA).

Results

A total of 1,000 consecutive patients underwent primary

LARS from May 2004 to August 2009. None of the cases

was converted to an open procedure and there was no

mortality.

Patient demographics are given in Table 1. The distri-

bution of patients with BMI [ 30 is shown in Fig. 1. There

were 16 patients with BMI [ 35 and none of these patients

had obesity-related comorbidities. These 16 patients were

not grouped separately because of insufficient sample size.

Preoperative parameters of the patients are given in

Table 2. The duration of GERD symptoms was signifi-

cantly shorter in the normal BMI group compared to other

groups. Hiatal hernia was encountered less frequently in

the normal BMI group and this difference was also sig-

nificant. Erosive esophagitis was also significantly less

frequent in the normal BMI group compared to other

groups. Mean esophageal body contractile pressure was

also lower in obese patients although the difference was not

significant.

Perioperative parameters are given in Table 3. Toupet

fundoplication was done significantly more with increasing

BMI, reaching statistical significance in obese patients. Not

surprisingly, fewer short gastric vessels were cut in the

obese group. The duration of the operation was also sig-

nificantly longer in obese patients. The use of drains and

grafts for hiatal hernia repair was less in the normal BMI

group. It should be noted that the higher rate of graft use in

higher-BMI patients reflects our change in graft-use policy.

As grafts were used only in cases with obvious hernias

during the first half of our series and then became a routine,

the higher number of grafts used in higher-BMI patients

can be explained by the significantly higher number of

hiatal hernias in overweight and obese patients. The rate of

additional concomitant surgical operations was similar

among groups, although a slight increase in cholecystec-

tomies was observed in obese patients. The day of dis-

charge did not differ among the groups.

The three groups were similar regarding the rate of

operative and early postoperative complications (Table 4),

with the exception of hiccups, which occurred significantly

less in obese patients. Although there was only one

Table 1 Patient demographics

All significant values were

shown in italic

All Normal Overweight Obese P value

n (%) 1,000 (100) 484 (48.4) 384 (38.4) 132 (13.2)

Mean age (years) 39.64 ± 10.58 37.77 ± 10.65 41.34 ± 10.23 41.46 ± 10.18 0.0001

Gender n (%) 0.0001

Male 613 (61.3) 263 (54.3) 270 (70.3) 80 (60.6)

Female 387 (38.7) 221 (45.7) 114 (29.7) 52 (39.4)

Mean BMI (kg/m2) 25.43 ± 4.0 22.2 ± 2.3 27.1 ± 1.3 32.4 ± 2.2 –

Fig. 1 Distribution of the patients with BMI [ 30
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pulmonary embolus, which occurred in an obese patient, this

difference was found to be statistically significant. Prompt

diagnosis with lower extremity duplex and pulmonary

angiography followed by immediate subcutaneous heparin

for 1 week and oral anticoagulation for 1 year thereafter was

needed in this patient and she recovered without sequelae.

Table 2 Preoperative patient details

All Normal Overweight Obese P value

(n = 1,000) (n = 484) (n = 384) (n = 132)

Symptom type [n (%)] 0.324

Typical 358 (35.8) 174 (36.0) 142 (37.0) 42 (31.8)

Mixed 630 (63.0) 301 (62.2) 240 (62.5) 89 (67.4)

Atypical 12 (1.2) 9 (1.9) 2 (0.5) 1 (0.8)

Duration of symptoms (months) a 48.82 ± 54.00 39.8 ± 41.7b 55.11 ± 57.99 63.28 ± 73.19 0.0001

Esophagitis [n (%)] 0.009

Nonerosive 329 (32.9) 182 (37.6)b 109 (28.4) 38 (28.8)

Erosive 671 (67.1) 302 (62.4) 275 (71.6) 94 (71.2)

Barrett’s metaplasia [n (%)] 0.254

None 915 (91.5) 450 (93) 347 (90.4) 118 (89.4)

Present 85 (8.5) 34 (7.0) 37 (9.6) 14 (10.6)

Hiatal hernia [n (%)] 0.001

None 427 (47.2) 237 (49)b 141(36.7) 49 (37.1)

Present 573 (57.3) 247 (51) 243 (63.3) 83 (62.9)

Previous upper abdominal surgery [n (%)] 32 (3.2) 15 (3.1) 13 (3.4) 4 (3) 0.965

LES pressure (mmHg)a 8.9 ± 9.3 9.78 ± 9.6 7.78 ± 9.17 8.88 ± 8.13 0.100

Mean esophageal body contractile pressure (mmHg)a 41.06 ± 18.4 42.41 ± 18.3 40.12 ± 18.6 38.63 ± 17.5 0.064

De Meester scorea 41.97 ± 52.1 48.4 ± 59.4 32.81 ± 38.7 32.40 ± 38.15 0.195

Preop balloon dilatation [n (%)] 15 (1.5) 7 (1.4) 7 (1.8) 1 (0.8) 0.679

LES lower esophageal sphincter

All significant values were shown in italic
a Values are mean ± standard deviation
b Significantly different versus other groups

Table 3 Perioperative parameters

All Normal Overweight Obese P value

(n = 1,000) (n = 484) (n = 384) (n = 132)

Type of operation [n (%)] \0.0001

Nissen 684 (68.4) 362 (74.8) 263 (68.5) 59 (44.7)

Toupet 316 (31.6) 122 (25.2) 121 (31.5) 73 (55.3)b

Dissection of the gastrica breves (%) 73.5 80.3 73.6 48.5b \0.0001

Duration of operation (min) 51.91 ± 23.54 48.05 ± 21.20 53.54 ± 23.42 61.33 ± 28.47b \0.0001

Additional procedures [n (%)]a 0.059

None 900 (90) 441 (91.1) 349 (90.9) 110 (83.3)

Laparoscopic cholecystectomy 66 (6.6) 31 (6.4) 22 (5.7) 13 (9.8)

Minor operation 34 (3.4) 12 (2.5) 13 (3.4) 9 (6.7)

Graft usage (%) 63.3 57.3b 68 72 \0.0001

Drains (%) 12.6 7.9b 15.6 21.2 \0.0001

Day of discharge (day) 1.1 ± 0.4 1.09 ± 0.3 1.1 ± 0.5 1.08 ± 0.2 0.637

All significant values were shown in italic
a Additional procedures performed concomitantly
b Significantly different versus other groups
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Two major operative complications, esophageal and jejunal

perforations, occurred in an overweight patient and a nor-

mal-BMI patient, respectively. The esophageal perforation

resulted from the bougie insertion and was immediately

repaired laparoscopically without any further sequelae. The

jejunal perforation resulted from umbilical trocar insertion

and became evident 10 h postoperatively. This patient was

operated on the day after LARS with laparotomy and

recovered uneventfully.

Postoperative complications and long-term follow-up

data are presented in Table 5. The mean follow-up of the

present series was 53.33 months. The shortest follow-up

duration was 18 months. Dysphagia, resolving spontane-

ously or requiring reintervention (dilatation or redo sur-

gery) was distributed evenly among the groups. Acute

dysphagia, which typically occurs during the immediate

postoperative period, was diagnosed easily when there was

no passage of opaque liquids in an upper GI series. It

occurred in nine patients evenly distributed among the

groups (Table 5). All nine patients underwent a Nissen

procedure and all were treated by early reoperation lapa-

roscopically. All nine Nissen operations were converted to

Toupet within 1–7 days postoperatively with enlargement

of the hiatus in two. Five cases were operated on the day

after the Nissen procedure and four were operated on after

rehospitalization. All early reoperated patients had an

uneventful recovery without any dysphagia thereafter.

Four patients required redo surgery for prolonged dys-

phagia after failed dilatation attempts. All underwent lap-

aroscopic conversion of their Nissen procedure to Toupet,

Table 4 Operative and

postoperative complications

Values are n (%)

All significant values were

shown in italic
a Hematoma or infection
b Significantly different versus

other groups

All Normal Overweight Obese P value

(n = 1,000) (n = 484) (n = 384) (n = 132)

Capsular tear in spleen 17 (1.7) 9(1.9) 7 (1.8) 1 (0.8) 0.667

Laceration in liver 6 (0.6) 3 (0.6) 2 (0.5) 1 (0.8) 0.952

Esophageal perforation 1 (0.1) 1 (0.2) 0 0 0.586

Small bowel perforation 1 (0.1) 0 1 (0.2) 0 0.456

Trocar site complicationa 22 (2.2) 12 (2.5) 5 (1.3) 5 (3.8) 0.206

Lymphangitis 2 (0.2) 2 (0.4) 0 0 0.344

Upper respiratory tract infection 8 (0.8) 6 (1.2) 1 (0.3) 1 (0.8) 0.275

Pulmonary embolus 1 (0.1) 0 0 1 (0.8)b 0.037

Diarrhea 15 (1.5) 9 (1.9) 5 (1.3) 1 (0.8) 0.601

Hiccup 30 (3) 12 (2.5) 18 (4.7) 0b 0.016

Anxiety 8 (0.8) 5 (1) 2 (0.5) 1 (0.8) 0.701

Early atypical symptoms 3 (0.3) 1 (0.2) 2 (0.5) 0 0.559

Table 5 Postoperative complications and long-term follow-up data

All Normal Overweight Obese P value

(1,000/100) (484/48.4) (384/38.4) (132/13.2)

Mean follow-up (months) 53.33 ± 17.08 55.35 ± 16.92a 51.66 ± 17.49 50.80 ± 15.59 0.0001

Dysphagia 0.081

None 847 (84.7) 395 (81.6) 333 (86.7) 119 (90.2)

\6 months 133 (13.3) 76 (15.7) 45 (11.7) 12 (9.1)

[6 months 20 (2) 13 (2.7) 6 (1.6) 1 (0.8)

Dilatation 8 (0.8) 5 (1) 2 (0.5) 1 (0.8) 0.701

Early redo for acute dysphagia 9 (0.9) 5 (1) 4 (1) – 0.225

Late redo for prolonged dysphagia 4 (0.4) 4 (0.8) – –

Bloating 168 (16.8) 87 (18) 54 (14.1) 27 (20.5) 0.150

Rehospitalization (excluding redos) 32 (3.2) 23 (4.8) 4 (1)a 5 (3.8) 0.008

Reflux recurrence 20 (2) 3 (0.6)a 14 (3.6) 3 (2.3) 0.007

Reflux recurrence (normal vs. overweight ? obese) 20 (2) 3 (0.6) 17 (3.3) 0.03

All values, except for Mean follow-up, are n (%)

All significant values were shown in italic
a Significantly different versus other groups
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with enlargement of hiatal opening in three. Dysphagia

resolved completely in these three patients, but in a nor-

mal-weight patient in whom the hiatal opening was not

enlarged, tolerable dysphagia still persists.

The rate of bloating was evenly distributed among the

groups (Table 5).

Rehospitalization for any reason, excluding redo surgery

and dilatations for dysphagia, occurred less in the overweight

group but the rate was similar in obese and normal-weight

subjects (Table 5). The main reasons for rehospitalization

were gas bloat, psychological problems, wound-related

problems, and abdominal complaints; all were treated con-

servatively without any sequelae.

During the 53.33-month mean follow-up, pH metry-

proven reflux recurrence occurred in 20 patients (2%,

Table 5). Significantly increased recurrence rates were

noted in both overweight and obese groups. When com-

pared to higher-BMI patients altogether, normal subjects

had significantly and more than fivefold fewer recurrences.

As the number of Toupet procedures increased with

weight, reaching statistical significance in the obese group

(Table 3), we further analyzed our outcome data with

respect to the type of the operation in different weight groups

in order to eliminate any probable bias. As can be seen in

Table 6, dysphagia, dilatations, redo surgery for dysphagia,

and bloating were all evenly distributed in patients who had

a Nissen procedure and no effect of BMI was observed.

Rehospitalizations were somehow increased in the normal-

weight group. On the other hand, recurrence rates increased

significantly with higher BMI values (Table 6). In patients

who had undergone the Toupet procedure, complications

occurred with similar frequency in the different BMI groups.

However, a slight but significant increased rate of reflux

recurrence was observed in overweight group. When com-

pared to higher-BMI patients altogether, normal subjects

still had significantly fewer recurrences (Table 7).

Discussion

Surgeons in general are not enthusiastic about operating on

obese patients because of the technical problems involved

(i.e., difficulties in exposure and dissection) and increased

perioperative risk as many additional problems frequently

affect obese subjects. Many reports are available regarding

increased complication rates after different surgical pro-

cedures in obese patients [12–16].

However, obesity is almost an epidemic, and besides its

very well-known adverse effects on one’s general medical

condition, is also thought to be as a GERD-inducing factor

[17]. Thus, in line with the increased number of patients

referred for LARS, surgeons frequently encounter obese

patients who are candidates for the surgical correction of

their GERD.

It is important to note that patients who fell into morbid

obesity category were beyond the scope of our article. Such

patients with BMI [ 40 or [35 with obesity-related

comorbidities are routinely offered either laparoscopic

sleeve gastrectomy or Roux-en-Y gastric bypass at our

affiliated morbid obesity center. Morbid obesity, a life-

threatening condition, we believe is a contraindication to

LARS and treatment of the obesity rather than the reflux

must take priority in the management of such patients.

During the last decade a number of studies have assessed

the probable adverse effects of obesity on the surgical

outcome of LARS [1–10]. Interestingly, results of previous

Table 6 Postoperative findings for Nissen

All Normal Overweight Obese P value

(n = 684) (n = 362) (n = 263) (n = 59)

Dysphagia 0.384

None 560 (82) 287 (79.3) 221 (84.4) 52 (88.1)

\6 months 105 (15.2) 63 (17.4) 36 (13.3) 6 (10.2)

[6 months 19 (2.8) 12 (3.3) 6 (2.3) 1 (1.7)

Dilatation 8 (0.8) 5 (0.7) 2 (0.3) 1 (0.1) 0.718

Early redo for acute dysphagia 9 (1.3) 5 (1.4) 4 (1.5) – 0.151

Late redo for prolonged dysphagia 4 (0.6) 4 (1.1) – –

Bloating 134 (19.6) 72 (19.9) 46 (17.5) 16 (27.1) 0.237

Rehospitalization (excluding redos) 24 (3.5) 20 (5.5)a 3 (1.1) 1 (1.7) 0.010

Reflux recurrence 13 (1.9) 3 (0.8)a 7 (2.7) 3 (5.1) 0.044

Reflux recurrence (normal vs. overweight ? obese) 13 (1.9) 3 (0.8) 10 (3.1) 0.029

Values are n (%)

All significant values were shown in italic
a Significantly different versus other groups
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studies were conflicting. However, it is important to know

whether obesity has any adverse effect on patients who

underwent LARS as far as the complications and the

recurrence of GERD are concerned. Furthermore, in theory,

increased intra-abdominal pressure in obese subjects may

induce early postoperative failure of the hiatal closure by

postoperative herniation of the wrap. As LARS procedures

are not life-saving procedures and its main goal is to provide

better quality of life, the risk involved should be very low

and good long-term control of GERD must be achieved. If

performing LARS puts obese patients in any considerable

risk or if unacceptable recurrence rates are anticipated, then

obesity can be regarded as a contraindication to LARS.

Morgenthal et al. [3] retrospectively investigated pre-

operative factors that may predict long-term failure of a

planned Nissen procedure. Response to acid-reducing

medicine, presence of typical symptoms, and BMI \ 35

were found to be associated with successful outcome. In

their series, 4 of 7 patients (57%) with BMI [ 35 had

unsuccessful long-term outcome. However, the 62% fol-

low-up rate from the original cohort is a serious weakness

of that retrospective study, making interpretation of their

results highly inconclusive.

The only other study that reported a significantly

increased recurrence of reflux after the Nissen procedure in

obese subjects was also retrospective [1]. In that study,

which had a mean follow-up of 33 months, 22.9% of the

obese patients (BMI [ 30) developed recurrent reflux

compared with 5.1% of normal-weight patients (BMI \ 25).

Only these two above-mentioned studies [1, 3] reported

higher recurrence rates in obese patients after LARS.

However, it should be noted that as opposed to our series,

both of these studies were retrospective, had an almost 40%

loss to follow-up from the original cohort [3], and a very

small sample size.

Anvari et al. [8] reported successful outcome after the

Nissen procedure in patients with BMI [ 35. They com-

pared 70 Nissen operations in patients with BMI [ 35–70

consecutive Nissen procedures in patients with BMI \ 30

in a prospective fashion with a mean follow-up of

41.5 months. Their work is the only study that also pro-

vides objective outcome parameters such as increased

lower esophageal sphincter pressure and less acidification

of the esophagus as shown by pre- and postoperative

manometry and pH metry in obese subjects. High BMI was

not associated with significantly increased risk or recur-

rence rate, although the slightly increased number of tro-

cars needed, operating time, and delay in discharge for

obese subjects pointed out both the feasibility but also the

more demanding nature of the operation in obese subjects.

All other studies addressing the same issue have dem-

onstrated that LARS can be safely and successfully per-

formed in obese patients. A multivariate analysis of factors

predicting outcome after LARS found no correlation with

obesity and poor outcome [4]. D’Alessio et al. [7] pro-

spectively assessed 257 patients who underwent the Nissen

procedure with a mean follow-up of 25.5 months. Their

BMI grouping was the same as ours, and there was no

increase in complications with increase in obesity, in

accordance with our results. Furthermore, good or excel-

lent clinical outcomes were evenly distributed among the

different BMI groups in their series. Using a prospectively

collected database, Winslow et al. [6] evaluated the effect

of BMI on outcome parameters after LARS procedures.

Theirs was a comparatively larger series of 505 LARS

procedures (21 patients were excluded), with the shortest

follow-up period of 3 months and a mean follow-up of

35 months. They found that symptom relief and compli-

cation rates were similar in all BMI groups with significant

increase in operating time. Vivien et al. [9] compared the

Table 7 Postoperative findings

for Toupet

Values are n (%)

All significant values were

shown in italic
a Significantly different versus

other groups

All Normal Overweight Obese P value

(n = 316) (n = 122) (n = 121) (n = 73)

Dysphagia 0.651

None 287 (90.8) 108 (88.5) 112 (92.6) 67 (91.8)

\6 months 28 (8.9) 13 (10.7) 9 (7.4) 6 (8.2)

[6 months 1 (0.3) 1 (0.8) 0 0

Dilatation 0 0 0 0 1

Early redo for acute dysphagia 0 0 0 0

Late redo for prolonged dysphagia 0 0 0 0 1

Bloating 34 (10.8) 15 (12.3) 8 (6.6) 11 (15.1) 0.144

Rehospitalization (excluding redos) 8 (2.5) 3 (2.5) 1 (0.8) 4 (5.5) 0.135

Reflux recurrence 7 (2.2) 0 7 (5.8)a 0 0.003

Reflux recurrence (normal vs.

overweight ? obese)

7 (2.2) 0 7 (3.6) 0.034
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outcomes of 366 LARS patients after the exclusion of 32

patients in a prospective fashion. Their follow-up rate at

1 year decreased almost 40% but they provided objective

outcome parameters by postoperative pH metry analysis.

Patients with BMI [ 30 were compared to patients with

BMI \ 30. No differences were found in acid exposure and

Visick scorings at 6 weeks and 6 and 12 months postop-

eratively. Operating time was longer in obese patients and

the operation was more difficult.

Chisholm et al. [10] retrospectively addressed the same

issue in 1,925 LARS procedures. However, only 481

patients were available for their study and the almost 75%

rate of exclusion was a serious weakness of this study.

Nevertheless, both the conversion rate and the rate for

revision surgery were unaffected by BMI and the clinical

outcome. Only the duration of surgery was longer in obese

patients undergoing a Nissen procedure.

Most previous aforementioned studies addressing this

issue had weaknesses because of either an insufficient

number of patients or the use of a nonstandardized surgical

approach as different surgeons from multiple centers were

involved. Furthermore, an unacceptably high number of

exclusions, the retrospective nature of some of the studies,

and inclusion of the learning curve were additional short-

comings of most of these papers.

The present series clearly demonstrated that LARS is an

effective treatment for GERD in obese patients without any

significant increase in associated risk and complications.

There was no mortality or conversion to open surgery in

the 1,000 consecutive operations done by a single surgeon

at a tertiary referral center for the treatment of GERD. This

series did not include the surgeon’s learning curve and

there were no exclusions. The surgical technique was very

standard and all data were prospectively collected. Fur-

thermore, this series represents the largest series reported

concerning this issue.

In our series, increased BMI was associated with a slight

increase in age (Table 1), significant increase in duration of

symptoms, erosive nature of the disease, and presence of

hiatal hernia but a slight decrease in esophageal body

function (Table 2). The rate of Barrett’s metaplasia also

was higher with increased BMI, although the difference

was not statistically different. These findings point out that

the patient population is ‘‘sicker’’ with respect to reflux

status with an increase in BMI. An increased number of

hiatal hernias in obese subjects was also reported by Fraser

et al. [5], Winslow et al. [6], and Vivien et al. [9].

Almost all previous reports reported longer operating

times for LARS in obese subjects [5–10], and Vivien et al.

[9] reported a twofold higher rate of operational difficulty

in assessing visual access, intra-abdominal bleeding, and

pleural tear. Anvari et al. [8] reported the use of a signif-

icantly greater number of trocars and longer time to

discharge, and Vivien et al. [9] reported longer time to

return to work after LARS in obese subjects. The increased

difficulty in performing LARS in an obese subject was also

evident in our series as indicated by the longer operating

times, higher rate of hiatal hernia, and graft and drain

usage. It is noteworthy, however, that this difficulty never

resulted in any conversion, major complication, or delay in

discharge.

In our series, the higher rate in the use of Toupet pro-

cedures in obese subjects may be explained by two factors.

As stated in the Materials and methods section, the deci-

sion to use either Toupet or Nissen was made mainly

according to the measured propulsive activity of the

esophagus. Therefore, the lower mean esophageal body

pressure in obese subjects was the main reason for the

higher incidence of Toupet operations, although difficulty

in exposure and/or dissection was also the other reason in a

number of patients.

We failed to show any significantly increased risk

associated with LARS in higher-BMI patients with respect

to operative and postoperative complications, with one

exception. This patient developed deep vein thrombosis

and pulmonary emboli, although prophylactic low-molec-

ular-weight heparin was administered subcutaneously

during the induction of anesthesia and compression

stockings were in place until full mobilization. She

recovered uneventfully after prompt diagnosis and treat-

ment, as stated in the Results section. Deep venous

thrombosis is a well-known risk, especially during surgery

on an obese patient, and it is also known that prophylactic

measures may not eradicate this problem. When operating

on an obese patient, one should always bear this compli-

cation in mind; it may be fatal unless prompt diagnosis and

treatment are implemented. All previous literature [6–10]

but one [2] is in accordance with our results, which show

no significant increase in perioperative complications after

LARS in obese subjects. In a retrospective analysis of 126

patients who had undergone a Nissen procedure, Hahnloser

et al. [2] found a significantly increased BMI in patients

who had intra- and postoperative complications compared

to the no-complication group. Recurrence of reflux was not

associated with high BMI. On the other hand, six conver-

sions and five perforations encountered in this miniseries

are not very acceptable and may well reflect the inclusion

of the learning curve of multiple surgeons working at dif-

ferent centers, bringing considerable bias to interpreting

their data. There are no other reports that point out a sig-

nificantly increased complication rate after the LARS in

obese patients.

Postoperative long-term problems such as dysphagia

and bloating were distributed evenly among the BMI

groups in the present series. Increased risk for early or

prolonged dysphagia, need for dilatation, and early or late
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redo surgery were not observed in obese patients. There is

no detailed information regarding the effect of BMI on

such late outcome parameters after LARS in most of the

previous literature. Nevertheless, Vivien et al. [9], Win-

slow et al. [6], Chisholm et al. [10], and D’Alessio et al. [7]

also reported no effect of BMI on general dysphagia status

after LARS. The need for dilatation was evenly distributed

in all BMI groups in two other reports [6, 9] as in our

series. Bloating was also evenly distributed in all BMI

categories in both the Winslow et al. [6] and the Chisholm

et al. [10] papers. Furthermore, rehospitalization for any

reason, excluding redo surgery, did not occur more fre-

quently in obese patients in the present series.

One of the most important outcome parameters, namely,

the problem of recurrence, deserves special attention.

Surgical expertise had been credited for achieving better

recurrence rates, but reported recurrence rates of reflux

after LARS greatly differ from one series to another,

depending on how the recurrences were defined. It is well

known that aggressive follow-up protocols by routine

postoperative pH metry and endoscopic control would

result in much higher recurrence rates. Furthermore, longer

follow-up periods will also result in higher recurrence

rates. However, we do not think that invasive testing of an

otherwise asymptomatic and satisfied patient is justifiable.

We are aware that our approach might have missed some

recurrences and our recurrence rates therefore could reflect

a minimum but 100%-proven recurrence rate. As the def-

inition of recurrence is very clear during the entire series

(pH metry- and endoscopy-proven surgical failure in a

patient whose symptoms are back), there was no compar-

ison bias among our groups. Using scales for symptom

status would have been beneficial and their lack of use is a

weakness of our study, but it should be noted that those

scales are also not without problems.

Nevertheless, patients with a higher BMI had a slight

but statistically significant increase in recurrence rates in

the present series (Table 5). Groups with BMI between 25

and 30 and BMI [ 30 both had significantly higher

recurrence rates than that observed in normal-weight sub-

jects. When we compare normal subjects to the rest of the

series, we still get a more than fivefold higher recurrence

rate in patients with BMI [ 25. It is also very important to

note that the mean follow-up duration of normal subjects

was significantly longer in our series (Table 5). Therefore,

there is reason to believe that more recurrences will be

diagnosed in the higher-BMI groups when their follow-up

times match that of the normal-BMI group. We further

analyzed our long-term recurrence data with special

attention given to the LARS method used as higher BMI

was associated with a significantly higher number of

Toupet procedures (Tables 6, 7). Increased risk for recur-

rence was found in higher-BMI patients who underwent a

Nissen procedure (Table 6) or a Toupet procedure

(Table 7).

We have to add that although the recurrence rates were

significantly higher with higher BMI, an overall recurrence

rate of 3.3% during a mean follow-up period of more than

4 years in higher-BMI patients is not enough to condemn

the use of LARS in this subgroup of patients. In other

words, acceptable rates for reflux control in patients with

higher BMI can still be achieved.

In conclusion, obese patients seeking surgical care of

their GERD are sicker than their normal-weight counter-

parts as far as the duration and erosive nature of the disease

are concerned. The presence of hiatal hernia and Barrett’s

metaplasia are also greater in this subset of patients.

According to our results, LARS in an obese patient is

surely a demanding procedure. It takes longer to perform

and more grafts and drains are needed. In experienced

hands, however, no significant increase in major or minor

complications or in the conversion rate should be antici-

pated, as shown in this series. It is surgeon’s task to be

aware of all the precautions such as prophylaxis for deep

vein thrombosis when operating on an obese subject. This

is a very real and life-threatening risk and must be treated

promptly as prophylactic measures may not totally avoid

its occurrence. Long-term control of reflux by LARS in

obese patients is good but slightly worse than that in nor-

mal-weight subjects regardless of the type of the operation

performed. Obesity per se is not a contraindication to

LARS.
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