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Abstract
Background: Dumping syndrome (DS) is an important but often missed problem occurring after bariatric
surgery. It is believed that gastric bypass procedures like Roux-en-Y Gastric Bypass (RYGB) and One-
Anastomosis Gastric Bypass (OAGB) are more likely to cause DS than the pylorus-preserving Sleeve
Gastrectomy (SG). The aim of this study was to evaluate the incidence of DS in patients undergoing SG,
RYGB and OAGB.

Methods: A retrospective clinical study with additional phone interviews of 180 morbidly obese patients
(130 females; 72.2%) undergoing SG (n=50), RYGB (n=53) and OAGB (n=77) in our clinic during 2016 -
2018 was performed. Clinical and demographic data were assessed. The incidence of dumping
syndrome was evaluated using validated Sigstad Score.

Results: Information about the occurrence of dumping symptoms and patient satisfaction was obtained
from 127 patients; 53 could not be reached by phone. Median follow-up was 20.0 ± 11.4 months.
Signi�cant differences between the surgical procedures were found for the duration of surgery,
complications, incidence of DS and satisfaction postoperatively. DS occurred in 15.6% after SG, in 56.4%
after RYGB and in 42.9% after OAGB. While SG showed the shortest operative time with 66.5 ± 25.3
minutes and highest patient satisfaction, the lowest complication rate was observed after OAGB with
5.2%. The RYGB group reported the longest duration of surgery with 121.0 ± 28.9 minutes, most
complications (17.0%), and lowest patient satisfaction.

Conclusion: The present results showed a clear superiority of SG regarding both perioperative results and
incidence of DS compared to RYGB and OAGB and may impact clinicians and patients in their choice of
procedure.

Introduction
The steadily increasing prevalence of people suffering from obesity has developed into one of the
greatest public health challenges of the 21st century. Since the 1980s, prevalence has tripled in many
countries in the WHO European Region causing various physical disabilities and psychosocial problems
[1]. Observational studies have shown that in cases of obesity, a conservative approach leads to
sustainable success in only very few cases. Therefore bariatric surgery remains the most effective
therapeutic option for achieving permanent weight reduction and metabolic improvements [2].

Today, the offers range from simple restrictive models up to complex operations, which radically
intervene in the gastrointestinal tract and change it in structure and function [3]. The focus here is
primarily on causing malabsorption. This leads to de�ciency symptoms in many cases, which must be
prevented and treated su�ciently. Beside the mechanistic model of restriction and malabsorption,
metabolic operations change the perception of hunger and satiety by altering the secretion of gut
hormones (e.g. peptide YY, glucagon-like peptide-1, ghrelin, leptin) and adipocytokines and reestablishing
the diversity of gut microbiota [4]. Complications that can negatively affect the postoperative course are
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bleeding, ulcers, stenoses and dumping syndrome (DS). DS is a very common and often self-induced
problem after bariatric surgery. This complication has been known for many decades and has been
observed increasingly after operations involving gastric resection with reconstruction, although it is
frequently underdiagnosed. With the rise of bariatric surgery, dumping symptoms have increasingly
received attention and have become the focus of interest in metabolic procedures. There are two types of
DS - early and late dumping which include gastrointestinal and vasomotor symptoms following meal
intake. Early dumping usually occurs within 30 minutes of food ingestion. High-osmolarity foods (e.g.
high-sugar foods) cause an osmotic overload after bypassing much of the stomach undigested as they
enter the small intestine. This hyperosmolality leads to �uid shifts from the circulation to the intestinal
lumen, thereby diluting the ingested food. Together with a vagal response and hypersecretion of
gastrointestinal hormones, such as neurotensin and vasoactive intestinal peptide, hypotension, dizziness,
lightheadedness and a very unpleasant feeling of fatigue and exhaustion are induced in the patient.
Abdominal symptoms include early satiety, bloating, pain, diarrhea, nausea, cramps, �atulence, and
borborygmi. Late dumping occurs 1-3 hours postprandial and often presents a challenge in both
diagnosis and treatment. The underlying pathophysiologic mechanism in late dumping is
neuroglycopenia (NGP) caused by reactive hypoglycemia. This manifests mainly in adrenergic symptoms
such as agitation, anxiety, sweating, tremor, tachycardia and palpitations. If left untreated, a NGP can
even lead to coma with lethal outcome [5,6]. The most common bariatric procedures currently performed
are SG and RYGB. The incidence and intensity of DS is related to the type of gastric resection and occurs
more frequently after RYGB surgery compared to SG [7]. In the last decade, due to very promising results,
the OAGB has been implemented more frequently [8]. There are indications that the OAGB is superior to
the RYGB in terms of the incidence of postoperative dumping syndrome [9]. However, data directly
comparing these procedures is limited. Therefore, this analysis takes the opportunity to compare all three
procedures and to evaluate the incidence of DS in our own patient collective.

Materials And Methods
Our study included 180 consecutive patients who had undergone SG (n=50), RYGB (n=53) and OAGB
(n=77) at the Clinic for General and Visceral Surgery at the Kepler University Clinic Linz between January
1, 2016 and December 31, 2018. Retrospectively, the clinical and demographic data of the study
participants, surgery duration and incidence of operative complications were taken from the hospital
information system and collected in the obesity database Mazimoi ODS (Bariatric Patient Documentation
and Data Analysis). 127 of the patients were interviewed by phone in October 2019; 53 patients could not
be reached by phone. A standardized questionnaire was �lled out for each patient, recording responses
on postoperative dumping symptoms and their satisfaction with the procedure. The Sigstad Score was
used to evaluate dumping. We did not perform any provocative tests in order to assess dumping
symptoms in a way which is more relevant to daily practice.

Individual patient satisfaction was assessed by giving a school grade (1=very good, 2=good,
3=satisfactory, 4=su�cient, 5=not su�cient) and asking whether the patient would undergo the
intervention again. Patient inclusion for bariatric surgery was based on the criteria of the National
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Institutes of Health Development Panel (Body Mass Index (BMI) >40 kg/m² or BMI >35 kg/m² with at
least one obesity-associated comorbidity) [2]. Patients who have not met the NIH criteria or had
incomplete preoperative clari�cation were excluded. Pregnancy was also not compatible with bariatric
surgery. Patients who had previous abdominal surgery or had already undergone bariatric surgery before
(e.g. gastric band), were also enrolled in the study. Further exclusion criteria for admission to the study
were an incomplete follow-up protocol and any other bariatric procedure except SG, RYGB and OAGB.
Preoperatively all candidates were evaluated by a multidisciplinary medical unit and underwent
preoperative nutritional consultation and psychological, and comprehensive medical evaluations. A
detailed assessment was performed of their general condition, comorbidities, risk factors, mental status,
motivations for bariatric surgery, compliance and ability to adhere to a postoperative regimen.
Biochemical and radiological studies (chest x-ray, upper GI series) as well as endocrine and
cardiopulmonary assessment, were performed. The study was conducted after approval from the ethics
committee and Institutional Review Board (Ethics committee protocol number: 1025/2020).

Variables
All variables were analysed at baseline (perioperative values) and included gender, age, BMI, preoperative
weight, type of surgery, operative time and complications. Patients were evaluated 20.0 ± 12.1 months
after SG, 20.0 ± 12.1 months after RYGB and 20.0 ± 10.7 months after OAGB during a phone interview
which included �lling out a standardized questionnaire after patient’s consent. Incidence of dumping
syndrome and satisfaction were monitored and possible association between diabetes and dumping and
satisfaction and dumping was tested. Complications were de�ned as minor in cases where no surgical
reintervention was necessary (Clavien Dindo grade 1 or 2). Complications were de�ned as major when
patients had to undergo surgical reexploration (Clavien Dindo grade 3 or higher). Operation time was
de�ned as the beginning of the skin incision to completion of the surgical dressing. Sigstad Score was
used to evaluate dumping (Table 1). A score of 7 and above was considered positive for dumping
syndrome. Informed consent was obtained from all of the patients.

Statistical analysis
All data was evaluated using IBM SPSS Statistics 24.0 (SPSS Inc. Chicago, IL, USA) and then processed
and graphically displayed in Microsoft Excel. By means of descriptive statistics, mean values, standard
deviations, medians and ranges were calculated. An intention to treat approach as well as a per-protocol
approach has been taken. All data of continuous variables were checked for normal distribution using
Kolmogorov-Smirnov-test with Lilliefors signi�cance correction. Comparisons (SG vs. RYGB vs. OAGB) of
variables with normally distributed data without different variances were performed by a parametric
analysis of variance (ANOVA). For comparisons of all other continuous variables and of variables
measured on ordinal scales a non-parametric analysis of variance (Kruskal Wallis test) was used. Data of
categorical variables were compared by the exact chi-square test. The absolute and relative frequencies
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of individual parameters were compared using frequency tables and displayed in crosstabs. Correlations
were tested using Fisher's exact test. A signi�cance level of 0.05 was applied to all statistical tests.

Operation techniques
In all patients standardized operation techniques were used and all procedures were performed
laparoscopically under general anesthesia by the same surgeon. The operations were either primary
bariatric surgery for 157 patients (87.2%) or reoperations following gastric banding in 23 patients
(12.8%). Anastomosis integrity was veri�ed after every procedure with an intraoperative endoscopic
pneumatic-water test.

SG: Five ports were used. Three 12-mm ports were located in the epigastric, right hypochondriac and left
lumbar region. A 5-mm port was placed subxiphoideal and a 15-mm port in the right lumbar region. A
longitudinal resection from the angle of His to approximately 6cm orally to the pylorus was performed
using a linear stapler (iDrive® with Tri-staple cartridges, Medtronic, USA). A 34-Fr bougie was used for
calibration of the gastric tube and inserted along the lesser curvature.

RYGB: 5 ports were placed. One in the right hypochondriac region (12-mm), left hypochondriac region (12-
mm), epigastrium (12-mm), subxiphoideal (5-mm), and left paraumbilical (12-mm). A gastric pouch was
performed, calibrating it using a 34-Fr bougie, with a linear stapler (iDrive® with Tri-staple cartridges,
Medtronic, USA). A 140-cm biliary limb and a 80-cm alimentary limb were performed. Gastrostomy was
done using a 30-mm linear stapler. The enterotomies and gastrotomies were sutured with Vicryl 3/0 SH.
Petersen’s space was always closed.

OAGB: 5 ports were placed in the same positions as in RYGB. A long and slim gastric pouch, calibrated
with a 34-Fr bougie, was constructed. Termino-lateral gastrojejunal anastomosis with 30-mm linear
stapler (iDrive® with Tri-staple cartridges, Medtronic, USA) was performed. The afferent loop was sutured
up to the long stomach pouch with three Prolene sutures (anti-re�ux sutures) and the draining loop is
sutured to the antrum of the remnant stomach with another Prolene 2.0 suture with extracorporeal slip
knots. The enterotomies and gastrotomies were closed with continuous barbed suture V-Loc 2/0
(Medtronic, USA). The biliopancreatic limb length ranged between 140 and 180 cm. We choose not to
close the Petersen’s space when performing OAGB.

Results
Between January 2016 and December 2018, a total of 180 patients received bariatric surgery. 27.8%
received SG (n=50), 29.4% RYGB (n=53) and 42.8% (n=77) OAGB. After median 20.0 ± 11.4 months 127
patients were contacted by phone; 53 patients could not be reached and were excluded from the analysis
of dumping syndrome and postoperative satisfaction. Patient demographics are shown in table 2.
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Complications are depicted in Table 3. There were no deaths. The overall complication rate was 8.9%
(n=16). There was no conversion to open surgery. Early major complications requiring reoperation
occurred in 7 patients (3.9%). Four patients after RYGB, two patients after SG and one patient after OAGB
and included stapler line failure, internal hernia, bleeding and anastomotic failure. Overall complication
rate after SG was 6.0% (n=3), 17.0% (n=9) after RYGB, and 5.2% (n=4) after OAGB (p<0.05). All patients
recovered well after the treatment.

The overall incidence of DS in our study population was 40.2% (n=51). We reported 5 cases (15.6%) of
DS after SG, 22 cases (56.4%) after RYGB and 24 cases (42.9%) after OAGB (p<0,01) (Figure 1). There
was no signi�cant difference in DS between RYGB and OAGB (p=0.216). The median Sigstad Score
obtained was 0.0 ± 4.7 for SG, 10.0 ± 8.1 for RYGB and 4.0 ± 8.9 for OAGB (p<0.01) (Table 4).

The distribution of diabetics in the three groups was evaluated and compared with the incidence of
dumping (Table 4). In total, 26.0% of the 127 patients (n=33) suffered from DM type two. 27.5% (14/51)
reporting symptoms of dumping were also diabetics. There was no correlation between DM and DS.
Individual patient satisfaction was rated best in the SG group and achieved a grade point average of 1.13
followed by OAGB with 1.25 and RYGB with 1.72 (p<0,01). 96.9% after SG, 94.6% after OAGB and 76.9%
after RYGB stated they would undergo surgery again at any time (p<0,05). Overall satisfaction after
bariatric surgery was 1.36 with 89.8% not regretting their surgery.

A statistically signi�cant correlation between the occurrence of dumping and perceived satisfaction was
shown. This was re�ected both in the school grades (p<0.01) and in the response to the question of
whether they would undergo the same bariatric procedure again (p<0.01). Thus, 66.7% of patients without
dumping rated the procedure performed as "very good," whereas this was the case in 33.3% of patients
with dumping. "Su�cient" and "not su�cient" was only answered by patients with dumping. Furthermore,
97.3% of the patients without dumping stated that they would be willing to undergo surgery again, while
82.0% of those with dumping could imagine undergoing surgery again.

Discussion
Starting with simple restrictive methods, bariatric surgery has now arrived at complex interventions with
signi�cant metabolic implications. Observations of numerous surgeries have contributed to a better
understanding of the physiology of the gastrointestinal tract and in this way revolutionized many
treatment approaches. The �nal breakthrough �nally came with the introduction of laparoscopy.
Morbidity and mortality were reduced to such an extent that bariatric surgery became a safe and effective
weapon in the �ght against obesity.

The Sigstad score represents a useful tool in the evaluation of dumping syndrome. The diagnosis of
dumping is primarily clinical and requires a detailed history and examination. If the diagnosis is doubted
an Mixed Meal-Test can be helpful in order to trigger symptoms of early dumping [10]. In the treatment of
DS, a stepwise approach is recommended. This includes dietary adjustment, pharmacologic interventions
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and �nally surgical re-interventions or continuous tube feeding. Dietary modi�cations are the main base
of therapy and focus on the reduction of simple carbohydrates and giving preference to high protein
foods. Patients are instructed to reduce their portions, chew slowly and not drink liquids for half an hour
after eating a solid meal. Also milk and diary products should be avoided. If these diet modi�cations do
not lead to improvement, Somatostatin analogues such as octreotide and pasireotide are available. They
have been shown to retard gastric emptying, slow bowel transit and inhibit the release of vasoactive
peptides. However, these carry risk of side effects such as diarrhea, nausea, and steatorrhea [7]. Other
medical treatment options include acarbose, verapamil, diazoxide, glucagon-like peptide-1 (GLP-1)
analoga and GLP-1 receptor antagonists [11–13]. Surgical intervention is reserved only for a small group
that does not respond to the measures mentioned above and report a signi�cant reduction in quality of
life. Options that can be offered here are the insertion of a gastric tube into the remnant stomach, a
restriction of the gastric outlet and a reversal operation. It is important, especially in the case of a reverse
operation, that the patients are informed about possible weight regain and worsening of comorbidities
[14]. The incidence of DS correlates with the type of gastrectomy performed. Accordingly, a higher
incidence of DS is observed in patients after total gastrectomy compared to proximal gastrectomy. DS
has been proven to occur in 15 to 70% after gastric bypass procedures, with symptoms improving over
time [15,16]. Kefurt et. al reported hypoglycemic episodes in 75% of patients after RYGB using continuous
glucose monitoring, while a Mixed Meal-Test indicated hypoglycemia in 29% [17]. In addition, however, DS
is also observed in procedures that involve only partial gastric resection, such as SG. Although this
surgery is expected to have a lower risk of DS, two prospective studies reported DS rates of up to 40% 6-
12 months after SG [18]. The aim of our study was to �nd the incidence of DS among patients after SG,
RYGB and OAGB only by evaluating clinical symptoms and using the Sigstad score. Patient
demographics, operative data and complication rates were similar to those reported in the literature. SG
was associated with a signi�cantly lower risk for DS compared to RYGB and OAGB (p<0,01). It is believed
that DS is less likely to occur after SG due to preservation of the pyloric sphincter [16]. The overall
incidence of DS in our study population was 40.2%. We were not able to show a signi�cant superiority
regarding DS for OAGB compared to RYGB as reported in literature, although indicating a slight tendency
in favor of OAGB. Further data collection and a larger sample size would be needed to con�rm these
�nding. In our study there was no correlation between the prevalence of DM and DS. While SG scored
better in many parameters, re�ux und weight regain are still matter of discussion by many authors when
looking on the long-term follow up. Felsenreich et al. found that EWL and symptomatic re�ux impair
patients’ long-term quality of life after SG [19]. This observation should be taken into account when
choosing the type of bariatric surgery for the individual patient. In order to clearly prove or disprove
differences between the treatment groups, a larger study population and longer follow-up period are
required. In addition, not all patients could be reached by telephone and were therefore not available for
the evaluation of DS and postoperative satisfaction. The Sigstad Score was used to assess the incidence
of DS. However, the assessment of symptoms is very subjective and may vary among patients. The use
of continuous glucose monitoring systems would be an option to create a more comparable format.
Furthermore, some of our patients had bariatric revisions as mentioned above, which in all cases were
conversions from gastric banding to SG, RYGB and OAGB. These patients are known to be more prone to
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surgical complications. Nevertheless, we did not evaluate them separately because we do not expect the
incidence of DS to be increased by pre-operation. This could be a question of debate.

Conclusion
Signi�cant differences between the surgical procedures in terms of operative time, dumping syndrome,
complications and satisfaction were reported. Although any procedure which involves gastrointestinal
resection or digestive system bypass includes the risk of developing DS, SG is associated with a
signi�cantly lower risk for DS than RYGB and OAGB. Considering our results, the superiority of SG
compared to OAGB and RYGB was demonstrated in many parameters. Although RYGB is currently the
most popular procedure in Austria, this study should serve as an opportunity to incorporate the presented
results into the decision-making process for the most individually appropriate surgical procedure for the
patient.
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Tables
Table 1 Sigstad scoring system

Shock +5

Desire to lie or sit down +4

Fainting, syncope, unconsciousness +4

Breathlessness, dyspnea +3

Palpitation +3

Weakness, exhaustion +3

Sleepiness, drowsiness, apathy, falling asleep +3

Restlessness +2

Dizziness +2

Nausea +1

Headaches +1

Feeling of warmth, sweating, pallor, clammy skin +1

Abdominal fullness, meteorism +1

Borborygmus +1

Eructation -1

Vomiting -4

 

 

Table 2 Distribution of age, gender, preoperative anthropometric measures, follow up, operative time and
complications between groupsa
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Characteristics SG (n=50) RYGB
(n=53)

OAGB
(n=77)

Total (n=180) p-valueb

Age (years) 42.5 ± 10.2 32.0 ± 9.3 45.0 ± 9.1 42.0 ± 10.8 <
0.001**

Females/males 29/21 41/12 60/17 130/50 0.03*

BMI (kg/m2) 46.7 ± 8.0 43.8 ± 4.9 42.1 ± 5.1 43.2 ± 6.3 0.001**

Weight (kg) 130.0 ±
28.4

 125.0 ±
21.1

122.0 ± 17.0 125.0 ± 22.6 0.02*

Follow-up (months) 20.0 ± 12.1 20.0 ± 12.1 20.0 ± 10.7 20.0 ± 11.4 0.970

Operating time
(minutes)

66.5 ± 25.3 121.0 ± 28.9 99.0 ± 31.5 96.5 ± 34.0 <
0.001**

Complications 3/50 (6.0%) 9/53
(17.0%)

4/77 (5.2%) 16/180
(8.9%)

0.047*

BMI: body mass index  

a Values are presented as mean ± one standard deviation 

b *P < 0.05. **P < 0.01

 

 

Table 3 Complications other than DS after RYGB, SG and OAGB
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Operation Complication Number of patients
(n)

Treatment

SG (n=50) Bleeding 2 Surgical

  Bradykardia with short-term asystole 1 CPR, drugs

RYGB (n=53) G-J anastomotic ulcer 5 PPI

  Stapler line failure of the gastric
remnant

1 Surgical

  Internal hernia 1 Surgical

  Bleeding 2 Surgical

OAGB (n=77) G-J anastomotic failure 1 Endo-
SPONGE®

  G-J anastomotic ulcer 3 PPI

Total
(n=180)

  16  

 

 

Table 4 Incidence of dumping syndrome and satisfaction

Characteristics SG (n=32) RYGB
(n=39)

OAGB
(n=56)

Total
(n=127)

p-valueb

Dumping syndrome (DS) 5 (15.6%) 22 (56.4%) 24 (42.9%) 51 (40.2%) 0.001**

Sigstad score 0.0 ± 4.7 10.0 ± 8.1 4.0 ± 8.9 4.0 ± 8.2 <
0.001**

Diabetes mellitus (DM) 9 (28.1%) 7 (17.9%) 17 (30.4%) 33 (26.0%) 0.379

DM + DS 2 (6.3%) 5 (12.8%) 7 (12.5%) 14 (11.0%) 0.758

Satisfaction grade1 1.0 ± 0.4 1.0 ± 0.9 1.0 ± 0.7 1.0 ± 0.7 <
0.001**

Undergo surgery again
(yes)

31
(96.9%)

30 (76.9%) 53 (94.6%) 114 (89.8%) 0.032*

a Values are presented as mean ± one standard deviation   

 11=very good, 2=good, 3=satisfactory, 4=su�cient, 5=not su�cient      

b *P < 0.05. **P < 0.01
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Figures

Figure 1

Incidence of dumping syndrome after SG, RYGB and OAGB


