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Abstract
Purpose  The Laparoscopic Roux-en-Y Gastric Bypass (LRYGB) is an effective weight loss procedure. The gastro-jejunal 
(GJ) anastomosis required can be performed on the anterior or posterior gastric pouch wall. No studies have compared these 
variants in terms of efficacy and onset of dumping syndrome (DS) and weight regain (WR). We aimed at assessing the 
prevalence of DS in relation to the site of anastomosis together with identifying prognostic factors of DS and WR.
Methods  Patients who had undergone LRYGB with anterior (AGJ) or posterior (PGJ) anastomosis in 2010–2019 were 
retrospectively analyzed. We collected demographic data, medical history and the prevalence of DS evaluated through the 
Sigstad Score, together with WR data.
Results  213 patients were enrolled, of which 51.6% had an AGJ and 48.4% had a PGJ. The mean follow-up time was 81 ± 18 
and 27 ± 13 months in the AGJ and PGJ group, respectively (p < 0.0001). Excess weight loss was 77.59% and 94.13% in 
patients with AGJ and PGJ, respectively (p < 0.001). WR rate was 16% and 4% in the AGJ and PGJ population, respectively 
(p < 0.001). DS prevalence was 38% and 76% in the AGJ and the PGJ population, respectively (p < 0.0001). The site of 
anastomosis was identified as an independent predictor of DS (OR5.15; 95% CI 2.82–9.41; p < 0.0001) and WR (OR5.31; 
95% CI 2.32–12.15; p < 0.0001). Obesity-related complications significantly improved after surgery independent of the 
anastomosis site.
Conclusion  LRYGB is effective in determining long-term weight loss and improvement of complications. AGJ is associ-
ated with lower prevalence of DS but more frequent WR. The anastomosis site is a factor to be considered when performing 
LRYGB.
Level of evidence  Level V, cross-sectional descriptive study.
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Introduction

Obesity is nowadays a major health burden, with its preva-
lence as high as 40% in the US [1], but that of Italy rapidly 
reaching the same pace having now hit 10% of the general 
population [2]. The obesity pandemic has inevitably led to 
an increase in prevalence of many complications of weight 
excess, some of which are well acknowledged, such as 
Type 2 Diabetes (T2D), obstructive sleep apnea syndrome 
(OSAS), non-alcoholic fatty liver disease NAFLD, and car-
diovascular disease [3–6], and others are emerging and cur-
rently being investigated [7, 8]. Several strategies have been 
proposed for the treatment of weight excess and its com-
plications, ranging from dietary regimens [9–15], to food 
supplements [16, 17], pharmacological treatments [18–20], 
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physical exercise [21], and psychological approaches [22]. 
Most of these are safe [19, 23, 24], although some have risen 
concern [25, 26], but despite leading to improvements in the 
majority of cases, the major issue is long-term maintenance. 
To date, obesity and metabolic surgery is the treatment that 
most commonly leads to long term success [27].

The Laparoscopic Roux-en-Y Gastric By-pass (LRYGB) 
has become one of the most performed surgical procedures 
for morbid obesity accounting for 30% of all procedures, 
only second to sleeve gastrectomy [28]. Despite its well-
established efficacy, LRYGB is not devoid of weight regain 
in the years following surgery. Moreover, adverse events 
can occur in up to 25% of the cases, including leaks, bleed-
ing, anastomotic ulcers or strictures, gastro-gastric fistulas, 
internal hernias, vitamin deficiency and Dumping Syndrome 
(DS) [29–31]. Noteworthy, the prevalence of DS following 
LRYGB varies between 15 and 70% [32–37], with a wide 
range of presentations. The symptoms usually occur within 
the first hour following a meal (early DS) and include vas-
omotor symptoms such as palpitations, profuse sweating, 
dizziness, flushing, hypotension, and gastrointestinal symp-
toms, including diarrhea, bloating, nausea, or abdominal 
pain. The mechanisms underlying the onset of DS following 
LRYGB seem to be a higher speed of gastric emptying lead-
ing to autonomic responses, osmotic effects and possibly an 
increased release of gastrointestinal hormones such as gluca-
gon-like peptide-1 (GLP-1) and peptide YY (PYY) [38–40]. 
Late DS occurs one to three hours following a meal and is 
primarily characterized by hypoglycemia due to excess insu-
lin secretion that leadsto confusion, hunger, syncope, tremor, 
irritability etc.[41]. In its most severe cases, DS may lead to 
car accidents and even death, on top of poor quality of life 
and possibly malnutrition, often linked to a limitation in the 
dietary intake [42].

The gastro-jejunal (GJ) anastomosis, being one of the 
most prominent factors in the mechanisms of gastric pouch 
emptying, represents an important player in the development 
of DS [32, 43]. It may be performed in different locations 
of the gastric pouch, including the anterior (AGJ) or the 
posterior (PGJ) wall of the pouch, possibly influencing the 
rate of DS onset. In fact, the AGJ might exert an antigrav-
ity effect possibly delaying emptying compared to the PGJ, 
which could conversely lead to a more rapid emptying.

To date, no studies have investigated the clinical impact 
of the GJ anastomosis site on the gastric pouch wall. We 
therefore aimed at analyzing the relationship between the 
site of GJ anastomosis and parameters of efficacy in terms of 
DS together with the development of WR in patients under-
going a LRYGB.

Methods

Study design

A cross-sectional study was conducted in patients with 
morbid obesity undergoing LRYGB at Belcolle Hospital 
and Campus Bio-medico University of Rome from Janu-
ary 2010 to January 2019, by means of a phone interview. 
Inclusion criteria were as follows: age > 18 years; patients 
with diagnosed obesity (pre-operative Body mass Index 
(BMI) > 35 kg/m2) candidate to obesity and metabolic sur-
gery and treated with LRYGB. Patients were excluded if 
any of the following conditions was present: previous upper 
gastro-intestinal surgery (other than LRYGB); occurrence 
of post-operative complications which had required a re-
intervention; inability to provide all necessary information; 
lack of informed consent.

The ethics committee of Campus Bio-Medico Univer-
sity of Rome approved this study and its development (prot. 
9/20). All the procedures performed in the study complied 
with the ethical standards of the institutional and/or national 
research committee and the Helsinki Declaration of 1964 
and its subsequent amendments or comparable ethical stand-
ards. Written informed consent was obtained from all par-
ticipants prior to enrollment.

Surgical technique

All surgical procedures had been performed by the same 
experienced surgeon (VB). The RYGB procedure was per-
formed laparoscopically as previously described [44, 45]. 
Briefly, a small sub-cardial gastric pouch of 15-25 mL of 
volume was created, and an enterotomy performed at 120 cm 
from where the ligament of Treitz was, realizing a jejunal 
limb. Then, a gastro-jejunal latero-lateral antecolic 3-cm 
large anastomosis was realized with a mechanical linear 
stapler at the anterior (AGJ) or posterior (PGJ) wall of the 
pouch. At 100 cm from the GJ anastomosis in the alimentary 
tract, an enterotomy was then performed to make a second 
jejuno-jenunal anastomosis between the two limbs realiz-
ing a roux-en-Y. All patients included in the analysis had 
been managed according to ERAS (Enhanced recovery after 
surgery) post-operative care. Mobilization, liquid assump-
tion and hospital discharge were scheduled at 3, 5 and 48 h 
from surgery in case of no complications. Urinary catheter, 
abdominal drainage or nasogastric tube were not routinely 
positioned. Surgical and nutritional follow up occurred at 1, 
3, 6 and 12 months after surgery, as per national guidelines 
[46].
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Data collection and variables

Partial data regarding the variables of interest were retrieved 
through the hospital electronic records. In order to complete 
the collection, the study involved the administration of a 
structured phone interview conducted by a qualified medical 
doctor from August to October 2019. Weight, BMI, obesity-
related complications, and smoking habits were assessed 
both at the time of the interview and at the time of surgery, 
together with the prevalence of DS according to the Sigstad 
Scoring system at the time of the interview [47]. Briefly, 
this score was first proposed in 1970 and aids DS diagno-
sis by allocating points to several suggestive symptoms. 
A score less than 4 excludes the diagnosis, while one of 7 
and above suggests it [47]. Noteworthy, the time of symp-
toms occurrence is not investigated by the score, but it was 
inquired about during the phone interview. Excess Weight 
Loss (EWL) was defined as the percentage of excess weight 
lost after surgery [(pre-operative weight – nadir post-oper-
ative weight)/(pre-operative weight − ideal weight)]. Total 
Weight Loss (TWL) was defined as the total percentage of 
weight lost after surgery [(pre-operative weight – nadir post 
− operative weight)/(pre-operative weight)]. Δ Weight (Kg) 
was defined as the difference between the weight at the time 
of the surgery and the weight at the time of the interview; Δ 
BMI was defined as the difference between that at the time 
of the surgery and that at the time of the interview). Weight 
regain (WR) was defined as the recovery of at least 20% of 
the weight lost following surgery. The nadir of postoperative 
weight loss was considered for this calculation independent 
of when it occurred.

Statistical analysis

Based on a preliminary pilot study of 20 patients, the 
mean ± SD value of the Sigstad score in the patient popula-
tion was 7.9 ± 4.5. Assuming a power of 0.80 and alpha of 
0.05, 196 patients were considered appropriate to highlight 
an expected difference of 7 points in the Sigstad score. The 
number of patients was further increased to 213 to prevent 
possible missing data.

The Statistical Package for Social Sciences (SPSS), v.20 
(Armonk, NY: IBM Corp), was used for statistical analysis. 
Results are presented as mean ± standard deviation (SD) for 
continuous variables and as frequency (absolute number 
and percentage) for categorical variables. Normality was 
assessed with the Kolmogorov–Smirnov test. Differences 
between groups were analyzed with the Student t test for 
continuous variables and Chi-Square test/Fisher’s exact 
test for categorical variables. Univariate and multivariate 
logistic regression models were performed to analyze the 
relationship between the presence of DS and WR as the 
dependent variables of two different analysis and clinical 

and anthropometrical variables as independent variables. 
Univariate analysis was performed by converting continuous 
variables into dummy dichotomic variables based on median 
values, while continuous variables were used for multivari-
ate analyses. To build a multivariate logistic regression 
models with DS and WR as the dependent variables of two 
different analysis, we used a forward stepwise approach. To 
build a multivariate logistic regression model with presence 
of dumping syndrome and weight regain as the dependent 
variables in two different analysis, we used a forward step-
wise approach including all statistically significant variables 
of the univariate analysis as regressors in one single model. 
The forward stepwise selection method does not provide 
ORs and 95% CI for the variables not retained in the model 
because they do not significantly improve prediction. There-
fore, only the variables with statistically significant results 
were added in the table in the multivariate model, reporting 
their OR and 95% CI, [R2]. For the forward stepwise analy-
sis, a P-IN = 0.05 and a P-OUT = 0.10 were used. The effect 
estimate is reported as Nagelkerke’s R2, which informs on 
how much the model explains the variance of the dependent 
variable. The ORs represent the mean change in the depend-
ent variable per one unit of change in the independent vari-
able while holding other predictors in the model constant. 
The results were considered statistically significant when 
p < 0.05.

Results

Two hundred and thirteen patients were enrolled, of which 
179 (84%) were female. Their general characteristics at 
the time of surgery and at that of the phone interview are 
summarized in Table 1. Briefly, at the time of surgery their 
age was between 21 and 67 years (mean age 45 ± 10), body 
weight was 122.54 ± 21.35 kg and BMI of 44.15 ± 5.61 kg/
m2. Smoking history was present in 78 patients (36.6%). 
In regard to obesity-related complications, 27.7% had T2D, 
40.8% were pharmacologically treated for hypertension, 
25.4% had dyslipidemia, and 28.2% had OSAS.

Analyzing the post-operative variations of the anthropo-
metric indexes, at an average follow-up of 55 months, the 
patients presented a weight reduction of 44.18 ± 15.46 kg 
with a % EWL of 85.67 ± 25.3 and a % TWL of 35.71 ± 9.7. 
The minimum weight reached was on average 73.25 kg, 
while the average minimum BMI was 26.42. At the time of 
the interview, 42 patients (19.7%) presented weight regain. 
In regard to obesity-related complications, the patients 
reported of having T2D, hypertension, dyslipidemia or 
OSAS in 3.8, 8.5, 4.7 and 2.3% of cases, respectively. At 
the time of the interview, the study population presented a 
weight of 78.35 ± 16.13 kg with an average BMI of 28.25. 
The prevalence of DS at the time of the interview as assessed 
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by a Sigstad score ≥ 7 was 56.3%, with a score of 9.59 ± 7.64 
(Table 1). Our study population reported of having experi-
enced symptoms suggestive of DS within 6 months after the 
surgery and that these symptoms always occurred within the 
first hour after the meal consumption, suggesting an early 
rather than late DS.

There were no differences in terms of gender, age at the 
time of the interview or preoperative weight between the 
two groups, nor there were significant differences in terms 
of preoperative complications such as T2D, hypertension, 
dyslipidemia, OSAS, presenting respectively in 13.6%, 20%, 
12.7% and 15% of patients with AGJ and in 14%, 21%, 13% 
and 14% of patients with PGJ. However, the preoperative 
BMI was significantly higher in the AGJ group compared to 
PGJ (45.32 ± 5.6 kg/m2 and 42.90 ± 5.36 kg/m2, respectively, 
p = 0.04) (Table 2).

The minimum post-intervention BMI was higher in the 
AGJ group compare to the PGJ one (27.09 ± 4.45 kg/m2 
and 25.69 ± 3.95 kg/m2, respectively, p = 0.011), in line 
with lower % EWL and % TWL in the AGJ group com-
pared to PGJ (p < 0.0001). A significant difference was also 
observed at the time of the interview (BMI 29.68 ± 5.08 and 
26.71 ± 4.17, respectively p < 0.001), with the AGJ group 
reporting weight regain more frequently (16% vs. 4%, 
p < 0.001) (Table 2).

A univariate analysis showed that the remission rate of 
obesity-related complications such as T2D, hypertension, 

dyslipidemia and OSAS did not differ between the two study 
groups, with both showing significant improvements follow-
ing surgery (Table 3).

The presence of DS as assessed by the Sigstad Score 
was 38% in the AGJ group and 76% in the PGJ group 
(p < 0.0001), with the score being significantly lower in 
the AGJ group compared to the PJG one (6.89 ± 6.57 and 
12.48 ± 7.67, respectively, p < 0.0001). Univariate associa-
tion with the presence of DS at the time of the interview 
were assessed for all baseline clinical characteristics together 
with the time of follow-up since surgery and the minimum 
BMI reached after surgery. The minimum BMI reached 
after surgery, time elapsed since surgery, female gender and 
PGJ were found to have a significant univariate association 
with DS (Table 4). Multivariate analysis showed that also 
when correcting for all the significant variables at the uni-
variate analysis, PGJ and female gender were significant 
predictors of DS (OR 5.15; 95% CI 2.82–9.409; p = 0.0001 
and OR 2.54; 95% CI 1.125–5.775; p = 0.025 respectively, 
Table 4) explaining 21% of the clinical outcome DS (R2 
0.21) (Table 4).

Univariate association with the presence of WR at the 
time of the interview were assessed for all baseline clinical 
characteristics together with the time of follow-up since 
surgery and the minimum BMI reached after surgery. 
The minimum BMI reached after surgery, time elapsed 
since surgery, and AGJ were found to have a significant 

Table 1   General characteristics 
of the study population

Na not available, kg kilogram, BMI body mass index, EWL excess weight loss, TWL, total weight loss, n 
number, OSAS obstructive sleep apnea syndrome

Time of surgery Time of interview
n = 213 n = 213

Time of interview (months since surgery) na 55.01 ± 31.29
Female n (%) 179 (84) 179 (84)
Age (years) 45 ± 10 49 ± 10
Weight (Kg) 122.54 ± 21.35 78.35 ± 16.13
BMI (kg/m2) 44.15 ± 5.61 28.25 ± 4.89
Minimum postoperative Weight (Kg) Na 73.25 ± 14.47
minimum postoperative BMI (kg/m2) Na 26.41 ± 4.27
Δ Weight (Kg) Na 44.18 ± 15.46
Δ BMI (Kg/m2) Na 15.9 ± 5.32
% EWL Na 85.67 ± 25.3
% TWL Na 35.71 ± 9.7
Sigstad Score 9.59 ± 7.64
Weight regain n (%) na 42 (19.7)
Smoking habit n (%) 78 (36.6) 53 (24.9)
Diabetes n (%) 59 (27.7) 8 (3.8)
Hypertension n (%) 87 (40.8) 18 (8.5)
Dyslipidemia n (%) 54 (25.4) 10 (4.7)
OSAS n (%) 60 (28.2) 5 (2.3)
Dumping syndrome n (%) na 120 (56.3)
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univariate association with WR (Table 5). When the Sig-
stad score was converted into a dummy dichotomic vari-
able based on its median value of 9, its univariate associa-
tion with WR almost reached significance with a p = 0.052. 
Multivariate analysis showed that when correcting for all 
the significant variables at the univariate analysis, AGJ 
was the only significant predictor of WR (OR 5.31; 95% 
CI 2.323–12.15; p = 0.0001) (Table 5) explaining 13.7% of 
the clinical outcome WR (R2 0.137) (Table 5).

Discussion

The incidence of obesity and obesity-related pathologies 
has increased of 75% from 1980 and seems to affect child-
hood and adolescence more and more [48]. Consequently, 
obesity and metabolic surgery has gained popularity in the 
last decade, representing one of the most solid and prefer-
able therapeutic options. The LRYGB is one of the most 

Table 2   General characteristics 
of the study population stratified 
by GJ anastomosis site

The p value shown in the right column is from a t student test or a chi square test
p values < .05 are highlighted in bold
Anterior GJ anterior gastro-jejunal anastomosis, kg kilogram, m meter, BMI body mass index, n number, 
Posterior GJ posterior gastro-jejunal anastomosis, EWL excess weight loss, TWL total weight loss

n Anterior GJ Posterior GJ p
n = 110 n = 103

Time of surgery
Female n (%) 91 (83) 88(85) 0.589
Age (years) 43.62 ± 9.65 46.91 ± 10.06 0.016
Weight (Kg) 125.04 ± 20 119.9 ± 21.63 0.101
BMI (kg/m2) 45.32 ± 5.6 42.9 ± 5.36 0.004
Time of interview
Age (years) 49.87 ± 9.03 48.69 ± 10.23 0.326
Weight (Kg) 81.82 ± 16.2 74.65 ± 15.28 0.001
BMI (kg/m2) 29.68 ± 5.08 26.71 ± 4.17  < 0.0001
Minimum post-operative weight (Kg) 74.61 ± 14.13 71.81 ± 14.75 0.108
Minimum post-operative BMI (Kg/m2) 27.09 ± 4.45 25.69 ± 3.95 0.011
ΔWeight (Kg) 43.21 ± 17.45 45.21 ± 13.01 0.067
ΔBMI (Kg/m2) 15.63 ± 6.12 16.18 ± 4.31 0.076
% EWL 77.75 ± 24.74 94.13 ± 23.07  < 0.0001
% TWL 33.99 ± 11.17 37.56 ± 7.47 0.007
Follow-up (months) 80.95 ± 18.35 27.3 ± 13.18  < 0.0001
Sigstad Score 6.89 ± 6.57 12.48 ± 7.67  < 0.0001
Weight regain n (%) 34 (16) 8 (4)  < 0.0001
Dumping Syndrome n (%) 42 (38) 78 (76)  < 0.0001

Table 3   Analysis of the 
patients’ complications 
according to GJ anastomosis 
site

The p value is from a chi square test or Fisher exact test and represent the difference between-groups after 
the two type of operations; P* from a McNemar test which represent the within group difference the before 
and after surgery (no matter which surgery)
Anterior GJ, anterior gastro-jejunal anastomosis; Posterior GJ, posterior gastro-jejunal anastomosis; OSAS, 
obstructive sleep apnea syndrome

Anterior GJ Posterior GJ p p*
n = 110 n = 103

Smoking habit reduction n (%) 20 (40) 10 (34) 0.808  < 0.0001
Diabetes reduction n (%) 25 (86) 27 (90) 0.705  < 0.0001
Hypertension reduction n (%) 33 (79) 37 (82) 0.584  < 0.0001
Dyslipidemia reduction n (%) 23 (85) 24 (89) 0.698  < 0.0001
OSAS reduction n (%) 28 (87) 27 (96) 0.356  < 0.0001
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performed procedures in obesity and metabolic surgery, 
even more so in patients with T2D [28], and represents a 
mixed type surgery as it combines different mechanisms: 
a positive appetite-controlling gastro-intestinal hormonal 
response to food ingestion, a reduction in size of the stom-
ach, and a variable grade of absorption reduction in rela-
tion with the length of the Roux-en-Y limbs [49].

The effectiveness of the procedure in leading to the remis-
sion of weight excess complications was not influenced by 
the technical variants of the anastomosis packaging. Inter-
estingly, greater weight loss and much less frequent weight 
regain were observed when the anastomosis had been per-
formed on the posterior wall. Noteworthy, the significant dif-
ference in terms of follow-up between the two groups could 
have hindered the comparison between the two techniques 
in terms of weight loss and regain, as it is described that 
patients undergoing obesity and metabolic surgery tend to 
slowly and progressively recover the lost weight over time. 
However, the anastomosis site was maintained as independ-
ent predictor of WR, upon inclusion of the time elapsed 
since surgery in the regression model.

The location of the anastomosis was also strongly related 
to the onset of DS. In our analysis, the general prevalence 
of DS was 56.33%, similar to what reported in the litera-
ture [33]. Interestingly, that of patients of the AGJ group 
was 38%, while the PGJ group had one of 76%, with a 

statistically significant difference (p < 0.0001). It is possi-
ble to hypothesize that such a striking difference might be 
related to a slower emptying of the gastric pouch, attribut-
able to the anti-gravity position of the anastomosis on the 
anterior wall.

DS has always been considered a complication of LRYGB 
surgery as described for the first time in patients undergo-
ing surgery with different objectives than the treatment of 
obesity, such as total gastrectomy for neoplastic disease or 
Billroth II type gastrectomy for ulcers. Clinical studies have 
shown that patients occasionally consider DS to be a posi-
tive protective mechanism against excessive consumption of 
foods with a high glycemic index, since the discomfort that 
derives from the intake of calorie dense foods limits their 
intake, facilitating weight loss [37]. However, DS among 
patients undergoing LRYGB may have an impact on food 
choices [33] and therefore, in some cases, on maintaining 
weight loss after LRYGB. We could postulate that the higher 
prevalence of DS observed with the PGJ anastomosis might 
have led to better weight maintenance possibly due to the 
modification of eating behaviors to avoid the unpleasant 
symptoms of DS, a hypothesis partially supported by the 
almost significant association between the Sigstad score 
and the presence of WR. As there could to be a causal link 
between the anastomosis site and the presence of DS, inves-
tigating the association of both the site and the presence 

Table 4   Univariate and 
multivariate logistic regression 
analyses for presence of 
dumping syndrome

Univariate analysis was performed by converting continuous variables into dummy dichotomic variables 
based on median values, while continuous variables were used for multivariate analyses. To build a multi-
variate logistic regression model with presence of dumping syndrome as the dependent variable, we used 
a forward stepwise approach including all statistically significant variables of the univariate analysis as 
regressors in one single model. The forward stepwise selection method does not provide ORs and 95% CI 
for the variables not retained in the model because they do not significantly improve prediction. Therefore, 
only the variables with statistically significant results were added in the table in the multivariate model, 
reporting their OR and 95% CI, [R2]. For the forward stepwise analysis, a P-IN = 0.05 and a P-OUT = 0.10 
were used. The effect estimate is reported as Nagelkerke’s R2, which informs on how much the model 
explains the variance of the dependent variable. The ORs represent the mean change in the dependent vari-
able per one unit of change in the independent variable while holding other predictors in the model con-
stant. The results were considered statistically significant when p < 0.05. Age in years
Associations with P values < .05 are highlighted in bold
OR odds ratio, CI confidence interval, BMI body mass index, TOS time of surgery, AGJ anterior gastro-
jejunal

Variable Univariate Multivariate
OR, 95% CI, p value OR, 95% CI, p-value (R2 0.21)

Site of anastomosis (AGJ) 5.05 (2.79–9.13), p = 0.0001 5.151 (2.82–9.409), p = 0.0001
Age at the time of surgery (quartiles) 0.97 (0.76–1.22), p = 0.7680
BMI-TOS 0.60 (0.35–1.03), p = 0.0640
BMI minimum post surgery 0.51 (0.30–0.89), p = 0.0170
Follow-up after surgery 0.22 (0.12–0.39), p = 0.0001
Gender (female) 2.40 (1.13–5.10), p = 0.0230 2.54 (1.125–5.775), p = 0.025
Weight regain 1.38 (0.67–2.71), p = 0.3560
Diabetes 1.02 (0.56–1.87), p = 0.9410
Hypertension 0.85 (0.49–1.49), p = 0.5770
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DS with WR was not feasible, and mechanistic studies are 
needed to shed further light on the topic on which we cannot 
be conclusive on.

Our study presents several limitations. First, the means of 
data collection, including retrieval from electronic records 
and phone interviews, may have led to possible bias: symp-
toms were self-reported by the patient as well as anthropo-
metric data, often with reference to distant times of which 
the patient can lose or alter the memory. It is therefore pos-
sible that some of the information might have been lost by 
the time of the phone interview. Second, we did not assess 
the prevalence of DS in the immediate post-operative period, 
as the mean time from surgery was 55 months, providing 
an incomplete picture regarding the clinical course of the 
disease following surgery. Third, we had limited knowledge 
regarding the possible confounding factors that might have 
occurred, such as pharmacological or dietary interventions 
that might have been implemented by the patient after sur-
gery. This is particularly important for the outcome of WR, 
as this is of multifactorial origin and many other aspects that 
were not taken into account could have concurred in leading 
to the observed results. Fourth, the cross-sectional design of 
the study did not allow for cause-effect assessments. Fifth, 
the score used to identify the DS focuses on early symptoms. 

We may therefore infer that the site of anastomosis is associ-
ated to the onset of early DS, and we are instead unable to 
report an association with late DS. Of note, patients reported 
of having symptoms within the first hour after the meal, and 
within six months of surgery. Sixth, an indirect means of 
evaluation of DS was used, whose sensitivity and specific-
ity in patients subjected to obesity and metabolic surgery is 
currently unknown. Seventh, EWL was defined as the nadir 
reached following surgery independent of the time of occur-
rence. All patients had undergone a minimum follow up time 
of 12 months, an interval within which the nadir of weight 
loss is usually hit. However, we cannot exclude Querythat 
some patients might have been still losing weight by the time 
of the last in person follow up or phone interview. Finally, 
the significantly different time elapsed since surgery of the 
two groups identified based of GJ anastomosis site might 
have influenced the comparison. However, when adjusting 
by follow-up time, analyses retained their significance, sug-
gesting that this factor might be of limited relevance.

Our study also features some strengths. First, this is the 
first research conducted to investigate the pathophysiologi-
cal implications of the GJ anastomosis site, and despite 
its many limitations may lay the path for ad hoc designed 
prospective studies. Second, a relatively large population 

Table 5   Univariate and 
multivariate logistic regression 
analyses for presence of weight 
regain

Univariate analysis was performed by converting continuous variables into dummy dichotomic variables 
based on median values, while continuous variables were used for multivariate analyses. To build a multi-
variate logistic regression model with presence of weight regain as the dependent variable, we used a for-
ward stepwise approach including all statistically significant variables of the univariate analysis as regres-
sors in one single model. The forward stepwise selection method does not provide ORs and 95% CI for the 
variables not retained in the model because they do not significantly improve prediction. Therefore, only 
the variables with statistically significant results were added in the table in the multivariate model, report-
ing their OR and 95% CI, [R2]. For the forward stepwise analysis, a P-IN = 0.05 and a P-OUT = 0.10 were 
used. The effect estimate is reported as Nagelkerke’s R2, which informs on how much the model explains 
the variance of the dependent variable. The ORs represent the mean change in the dependent variable per 
one unit of change in the independent variable while holding other predictors in the model constant. The 
results were considered statistically significant when p < 0.05. Age in years
P values <. 05 are highlighted in bold
OR odds ratio, CI confidence interval, BMI body mass index, TOS time of surgery, AGJ anterior gastro-
jejunal

Variable Univariate Multivariate

OR, 95% CI, p value OR, 95% CI, p value (R2 
0.137)

Site of anastomosis (AGJ) 5.31 (2.32–12.15) p = 0.0001 5.312 (2.323–
12.148)

p = 0.0001

Age at the time of surgery (quartiles) 1.12 (0.83–1.51) p = 0.4570
BMI-TOS 1.85 (0.93–3.69) p = 0.0820
BMI minimum post surgery 2.39 (1.17–4.84) p = 0.0160
Follow-up after surgery 5.04 (2.27–11.18) p = 0.0001
Sigstad score 0.50 (0.25–1.01) p = 0.0520
Gender (female) 1.19 (0.83–4.39) p = 0.1261
Diabetes 0.91 (0.42–1.95) p = 0.8070
Hypertension 0.98 (0.49–1.95) p = 0.9570
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was enrolled, allowing for a high study power. Third, the 
follow-up exceeding 4 years following surgery allowed us 
to both investigate the long-term efficacy and safety of the 
surgical procedure. Fourth, the same experienced surgeon 
performed all procedures, de facto excluding a possible 
operator-dependent bias.

Conclusion

The choice of the site (anterior or posterior wall of the gas-
tric pouch) of the gastro-jejunal anastomosis seems to be 
correlated with the development of DS and may also cor-
relate with the effectiveness of the procedure in terms of 
weight regain. Therefore, the findings emerged from the 
present study suggest that the choice of the GJ anastomosis 
site should be taken into account, among other technical and 
clinical pre-operative factors, when performing a LRYGB, as 
what was simply considered a variant of a well-established 
surgical technique may indeed have a functional and clinical 
implication.

What is already known on this subject?

LRYGB is effective but linked with WR and DS. The 
LRYGB gastro-jejunal anastomosis can be on the anterior or 
posterior gastric pouch wall, whose difference is of unknown 
clinical significance.

What this study adds?

The anterior gastro-jejunal anastomosis is associated with 
lower dumping syndrome prevalence but more frequent 
weight regain, showing clinical implications for the two 
variants evaluated.
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