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Obesity is rising in pandemic proportions. At present, one third of the world’s population has
become overweight or obese, and estimates predict 60% in 2030. Thus, the problem is gigantic.
Obesity is associated with numerous diseases such as diabetes, high blood pressure, sleep apnea
and cancer. Untreated obesity decreases life expectancy by about 10 years. Gastric bypass has
been one of the cornerstones of surgical treatment. Since 1994 this is done by laparoscopic
technique (LRYGB)

In this thesis, we have primarily used data from our national quality register, the Scandinavian
Obesity Surgical Registry (SOReg), on patients that have been operated with LRYGB. In the
first paper, we evaluated the use of a novel suture for closing the gastrojejunostomy (upper
anastomosis). Paper II and III focused on incidence, risk factors, treatment and outcome of
anastomotic leaks. Paper IV compares the weight results, quality of life, use of medications and
healthcare consumption in patients suffering from a serious complication within 30 days after
LRYGB.

In Paper I, the use of the barbed suture resulted in shorter operative time compared to
a standard polyfilament, without increased risk for complications. Paper II showed that the
incidence of anastomotic leaks at the gastrojejunostomy was 0.6%. Risk factors were male
sex, higher age (≥49 years), diabetes, conversion to open surgery and prolonged operative
time (≥ 90 minutes). Almost all patients were reoperated and 1% died. Paper III showed that
the incidence of small bowel leaks was 0.3% and these leaks were associated with prolonged
operative time, and surgery at a low-volume centre for leaks at the enteroaenteral anastomosis.
Surgical re-intervention was common. Paper IV showed that severe complications within 30
days postoperatively after LRYGB occurred in 2.9% of cases. Two years later, the patients still
reported inferior quality of life and had a higher use of antidepressants, proton pump inhibitors
and opioids compared to uncomplicated cases. The need for additional in-hospital care was
higher, even after the first 30 days.

In conclusion, the novel barbed suture reduced operative time without increasing risks.
Anastomotic leaks are rare, but serious complications in LRYGB do affect the patient in
numerous ways and increase healthcare costs.

Keywords: Barbed suture; Operative time; Complications; LRYGB; Gastric bypass; RYGB;
Leaks; Reoperation; Enteroenteral anastomosis; Small bowel; Reintervention; Healthcare
consumption; Roux-en-Y gastric bypass; RAND-36; Quality of life

Bjarni Vidarsson, Department of Surgical Sciences, Upper Abdominal Surgery, Akademiska
sjukhuset ing 70 1 tr, Uppsala University, SE-751 85 Uppsala, Sweden.

© Bjarni Vidarsson 2020

ISSN 1651-6206
ISBN 978-91-513-0991-0
urn:nbn:se:uu:diva-417549 (http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-417549)



 

 
 
  

To my beloved family
Harpa, Viðar Elí, Daníel and Óskar 



 

 



 

List of Papers 

This thesis is based on the following papers, which are referred to in the text 
by their Roman numerals. 
 
 

I Bjarni Vidarsson, Magnus Sundbom and David Edholm. (2017) 
Shorter overall operative time when barbed suture is used in 
primary laparoscopic gastric bypass: A cohort study of 25,006 
cases. Surgery for Obesity and Related Diseases. 13(9):1484-
1488.  
 

II Bjarni Vidarsson, Magnus Sundbom and David Edholm. (2019) 
Incidence and treatment of leak at the gastrojejunostomy in 
Roux-en-Y gastric bypass: A cohort study of 40,844 patients. 
Surgery for Obesity and Related Diseases. 15(7):1075-1079. 
 

III Bjarni Vidarsson, Magnus Sundbom and David Edholm. (2020) 
Incidence and treatment of small bowel leak after Roux-en-Y 
gastric bypass: A cohort study from the Scandinavian Obesity 
Surgery registry. Surgery for Obesity and Related Diseases.16 
(8):1005-1010. 
 

IV Bjarni Vidarsson, Martin Löfling Skogar and Magnus Sund-
bom. Impact of a severe complication two years after laparo-
scopic Roux-en-Y gastric bypass: A cohort study from the 
Scandinavian Obesity Surgery registry. Manuscript 

 
Reprints were made with permission from the respective publishers. 
  



 

 



 

Contents 

Introduction ................................................................................................... 11 
Background ................................................................................................... 14 

Definitions of overweight and obesity ..................................................... 14 
Risk factors of obesity .............................................................................. 14 
Gastric bypass .......................................................................................... 14 
Early complications in Roux-en-Y Gastric Bypass (RYGB) ................... 15 
Anastomotic leak ...................................................................................... 16 
Suture types .............................................................................................. 17 
Other complications in RYGB ................................................................. 17 
Grading complications by the Clavien Dindo system .............................. 18 
Operative time .......................................................................................... 19 
In-hospital stay ......................................................................................... 19 
Weight loss after RYGB .......................................................................... 19 
Effect on quality of life ............................................................................ 19 
Quality of life after RYGB ....................................................................... 20 

Aims .............................................................................................................. 21 
Material and methods .................................................................................... 22 

Paper I ...................................................................................................... 22 
Statistics ............................................................................................... 22 

Paper II ..................................................................................................... 22 
Statistics ............................................................................................... 23 

Paper III .................................................................................................... 23 
Statistics ............................................................................................... 23 

Paper IV ................................................................................................... 24 
Statistics ............................................................................................... 24 

Ethics ........................................................................................................ 24 
Results ........................................................................................................... 25 

Paper I ...................................................................................................... 25 
Paper II ..................................................................................................... 26 
Paper III .................................................................................................... 30 
Paper IV ................................................................................................... 31 

 



 

Discussion ..................................................................................................... 36 
Paper I ...................................................................................................... 36 
Paper II ..................................................................................................... 37 
Paper III .................................................................................................... 38 
Paper IV ................................................................................................... 39 
Strength and limitations ........................................................................... 41 

Conclusions ................................................................................................... 42 
Paper I ...................................................................................................... 42 
Paper II ..................................................................................................... 42 
Paper III .................................................................................................... 42 
Paper IV ................................................................................................... 42 

Future projects .............................................................................................. 43 
Populärvetenskaplig sammanfattning på svenska ......................................... 45 

Arbete I ..................................................................................................... 45 
Arbete II och III ........................................................................................ 46 
Arbete IV .................................................................................................. 46 

Acknowledgements ....................................................................................... 48 
References ..................................................................................................... 50 
 



 

Abbreviations 

ANOVA Analysis of variance 
ATC Anatomic Therapeutic Chemical Classification system 
ASMBS American Society for Metabolic and Bariatric Surgery 
BMI Body Mass Index 
BS Barbed suture 
BV Bjarni Vidarsson 
CD Clavien Dindo 
CI Confidence interval 
CPAP Continuous positive airway pressure 
DDD Defined daily dose 
EA Enteroenteral anstomosis 
EWL Excess weight loss 
GSRS Gastrointestinal Symptom Rating Scale 
GJ Gastrojejunostomy 
HADS Hospital Anxiety and Depression Scale 
ICU Intensive Care Unit 
ICD International Statistical Classification of Diseases and 
 Health Related Problems 
LABS Longitudinal Assessment of Bariatric Surgery 
LRYGB Laparoscopic Roux-en-Y gastric bypass 
LOS Length of stay 
MCS Mental component summary 
MME Morphine milligram equivalent 
NPR National Patient Register 
OME Oral morphine equivalent 
OR Odds Ratio 
OSA Obstructive sleep apnea syndrome 
PCS Physical component summary 
PIN Personal identification number 
PPI Proton pump inhibitors 
PS Polyfilament suture 
RYGB Roux-en-Y gastric bypass 
SC Serious complication 
SOReg Scandinavian Obesity Surgery Registry 
SOS Swedish Obese Subjects 
TWL Total weight loss 
QoL Quality of life 



 

  
  
 



 11

Introduction 

Obesity has become a worldwide disease and undergoing bariatric surgery is 
the best possibility for the severely obese to achieve, and maintain, substan-
tial weight loss (1). Bariatric surgery produces a significant and more durable 
weight loss compared to any other non-surgical treatment modality (2, 3). 
Roux-en-Y gastric bypass (RYGB) has been a common procedure for the 
treatment of severe obesity in Sweden for many years. At present, sleeve 
gastrectomy comprises about 48% of all bariatric surgery in Sweden fol-
lowed by laparoscopic gastric bypass (47%), according to the Scandinavian 
Surgery Obesity Registry (SOReg) (4).  

SOReg is a nationwide quality registry containing more than 75,000 bari-
atric procedures done at the 38 bariatric centres in Sweden. SOReg has high 
coverage; indeed, 99.1% of all of bariatric surgeries in Sweden are registered 
(5), and the registry has been supported by The National Board of Health and 
Welfare and the Swedish Association of Local Authorities and Regions since 
the start in May 2007 (5). In SOReg, defined variables are registered preoper-
atively, at surgery, and at follow up after 6 weeks and 1, 2 and 5 years. Va-
lidity has been found to be high with a positive predictive value of 99.7% for 
registration of performed procedures (6). All registrations are based on the 
unique personal identification number (PIN), routinely used in the Swedish 
health care system, to allow cross-matching to other official registers, such 
as the National Inpatient Register, containing all given in-patient care, and 
the Prescribed Drug Register. These registries are run by The National Board 
of Health and Welfare and considered to have 100% coverage (7). 

Today, almost all the surgeries (99%) are done with laparoscopy, com-
pared to about 75% in 2007 (4). Laparoscopy facilitates the postoperative 
course, particularly for the length of in-hospital stay and postoperative con-
valescence (8). A low incidence of postoperative complications, both in the 
short and long term, is of considerable importance when operating benign 
high-volume surgery, in addition to a good postoperative weight result. 
SOReg data show that the RYGB technique is improving with shorter opera-
tive time, shorter length of stay and reduced complication frequencies. The 
learning curve of the procedure has been eased thanks to the standardization 
of the procedure in Sweden, using the double omega loop method to create 
the pouch and the two anastomoses (9). 
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Figure 1. Schematic description of a Roux-en-Y Gastric Bypass with a gastrojeju-
nostomy and an enteroenteral anastomosis. 

It is important to continuously lower the complications frequency to mini-
mize the individual patient suffering as well as overall cost for bariatric sur-
gery in Sweden. Therefore, we have studied the risk of complications when 
constructing the two anastomoses in RYGB on a nationwide basis. 

In Paper I, ‘Shorter overall operative time when barbed suture is used in 
primary laparoscopic gastric bypass‘, we studied a cohort of primary laparo-
scopic RYGB patients in which two different types of sutures were used to 
close the defect after constructing the linear stapled gastrojejunostomy (up-
per anastomosis). We studied differences between the groups for overall 
operative time, early complications and hospital stay. The novel barbed su-
ture shortened the operative time without increasing the risk of complica-
tions compared to conventional polyfilament suture. 

In Paper II, ‘Incidence and treatment of leak at the gastrojejunostomy in 
Roux-en-Y gastric bypass‘, we retrospectively investigated all patients hav-
ing a leak at the gastrojejunostomy (GJ) within 30 days after primary RYGB. 
GJ leaks occurred in 0.6% of patients and risk factors for leak were male 
sex, higher age, diabetes, prolonged operative time and conversion to open 
surgery. 

In Paper III, ‘Incidence and treatment of small bowel leak after Roux-en-
Y gastric bypass‘, we focused on non-GJ leaks as most surgeons seldom 
experience this complication and there are no randomized studies to guide us 
in the selection of potential treatment options. Incidence of small bowel 
leaks was 0.3%. Risk factors were prolonged operative time and surgery at a 
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low volume centre for enteroenteral anastomosis (EA, lower anastomosis) 
leak. 

In Paper IV, ‘Impact of a severe complication two years after laparoscop-
ic Roux-en-Y gastric bypass‘, patients with a severe complication after lapa-
roscopic RYGB were compared to controls with the help of SOReg data and 
three national registers. The results showed that a serious complication leads 
to inferior improvement in quality of life (QoL) and higher use of antide-
pressants, proton pump inhibitors (PPI) and opioids. Additional in-hospital 
care was increased during the first two years. 



 14

Background 

Definitions of overweight and obesity  
Body Mass Index (BMI, kg/m2) can be used to measure variation from ideal 
weight. Normal BMI lies between 18.5 and 24.9, overweight between 25 and 
29.9 and obesity above 30. Obesity is usually further subgrouped into class 1 
obesity with BMI between 30 and 34.9, class 2 with BMI between 35 and 
39.9 and class 3 with BMI above 40. Class II is usually referred to as severe 
obesity and class III as morbid obesity or super obesity). According to Swe-
dish guidelines, patients with BMI above 35 are eligible for bariatric surgery 
(10). Other methods for measuring overweight is waist circumference and 
waist-hip ratio. Increased central obesity has been linked to increased mor-
tality in patients with coronary artery disease (11).  

Risk factors of obesity 
Overweight affects over one-third of the world’s population today (1.9 bil-
lion adults and children) and this proportion has tripled since 1975 (12). If the 
trend continues about 58% of the world population could be overweight or 
obese (3.3 billion people) by the year 2030 (13). Overweight and obese indi-
viduals run a higher risk of premature death due to diseases such as stroke, 
coronary heart disease, congestive heart failure and cardiomyopathy (14). 
Mortality is also associated to obesity per se (15-17). The risk of hyperlipidae-
mia, hypertension, type 2 diabetes and sleep apnea is increased, in turn lead-
ing to shorter life expectancy compared to non-obese individuals (18-20). 

Gastric bypass 
Gastric bypass for the treatment of obesity was first described by Edward E 
Mason in 1967 (21). The pouch was then created by dividing the fundus hori-
zontally and a loop gastrojejunostomy (GJ) was added (22). The procedure 
has evolved through the years and now a small pouch (15-30 mL) is created 
on the lesser curvature and a Roux limb from the proximal jejunum is anas-
tomosed to the pouch (23) with a linear stapler (Figure 2). This alteration de-
creases the bile reflux into the pouch(24).  
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Figure 2. Construction of the gastrojejunostomy with a linear stapler during a lapa-
roscopic RYGB. 

The enteroenteral anastomosis (EA, lower anastomosis between the distal 
part of the Roux limb and the biliopancreatic limb) is the second anastomo-
ses that created in a gastric bypass operation. In the laparoscopic approach, 
this anastomosis is usually done with a linear staple line between two jejunal 
bowel segments. The remaining opening, after the stapler has been removed 
from the gut, is closed manually with a suture of the surgeon’s preference 
(Figure 3). 

Bile, pancreatic and gastric juices merge with indigested nutrients at the 
enteroenteral anastomosis often placed 70-100 cm distal to the GJ. This con-
struction makes it possible for the patient to lose substantial amounts of 
weight without risking nutritional deficiencies. 

 
Figure 3. Construction of the enteroenteral anastomosis with a linear stapler during a 
laparoscopic RYGB. 

Early complications in Roux-en-Y Gastric Bypass 
(RYGB) 
Early complications, such as bowel obstruction, bleeding, leakage and deep 
infections are rare in RYGB. In the SOReg material, leaks and deep infec-
tions/abscesses occur in less than 1% (4) and general complications such as 
deep vein thrombosis, pulmonary embolus and other pulmonary and cardio-
vascular complications occur in <0.5%. However, all of these complications 
can have serious outcome for patients. 
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Anastomotic leak 
The gastrojejunostomy (upper anastomosis between the small gastric pouch 
and proximal end of the Roux limb) is the most common location for anas-
tomotic leak in RYGB (25, 26). Other leak sites include the enteroenteral anas-
tomosis and iatrogenic perforations in the small- and large bowel, excluded 
stomach and esophagus. The incidence of leak from the GJ in RYGB is 
about 1-2% (27, 28) and it has not been found to differ between open and lapa-
roscopic operative technique in a randomized trial (8). According to data from 
SOReg, anastomotic leak occurs in 0.6% of patients operated with laparo-
scopic RYGB in Sweden (4). An early leak can be a consequence of a tech-
nical error in the construction of the anastomosis; however, a leak occurring 
after a few days is more likely associated to patient-related factors and tissue 
healing. The management of anastomotic leaks has been suggested to in-
clude prompt surgery and drainage (26). Many emphasize the importance of 
observing postoperative patients for early signs of leakage such as tachycar-
dia and accentuating upper abdominal pain postoperatively. The use of endo-
scopically applied stents has been discussed and might have its place in cer-
tain patient categories (29, 30).  

Figure 4. Patient with a suspected leak in the gastrojejunostomy at postoperative day 
1. Injection of methylene blue dye into the gastric pouch confirms the leakage site. 
After suture of the defect with a barbed suture, no leakage of methylene blue was 
observed. 

Leak at the EA is rare (0.2% in our results) and thus more unusual than the 
feared GJ leak, despite the fact that they are probably as dangerous (31). 

The introduction of laparoscopic approach to RYGB in the 90s facilitated 
the perioperative phase, allowing more operations to be done per day. The 
new minimal invasive operative technique also eased the patient’s post-
operative period. The introduction of staplers to divide tissue and construct 
anastomoses is probably one of the factors contributing to the explosion in 
gastric bypass operations done worldwide: 685,000 procedures in the year 
2016 (32). Interestingly, the stapling of the GJ has not been shown to decrease 
operative time or complications in a meta-analysis from 2016 (33). 
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Suture types 
Polyfilament suture is one of many common bowel sutures. It is a synthetic, 
often braided, suture that loses 75% of its strength in four weeks. It is easy to 
handle and can be grabbed with a laparoscopic instrument (grasper or needle 
driver) without the risk of fragmenting the suture. 

The new barbed suture has, as the name implies, numerous barbs on the 
side that make the suture unidirectional (Figure 5). The barbs anchor to the 
tissue at different points making the need for a final knot unnecessary. Stud-
ies have shown that its use has not increased risk of complications and that it 
shortens the operative time (34, 35), which is in line with our results in Paper I.  

 

Figure 5. Barbed suture, the barbs make the suture unidirectional and eliminates the 
need for knot tying. 

Other complications in RYGB 
Anastomotic stricture is a well-known complication in RYGB. The most 
common location is at the GJ and it often presents 4-6 weeks after surgery. 
The incidence in Sweden is low, 0.3% at one year (36) but can be underre-
ported because other studies have reported higher numbers (37-39). The treat-
ment is endoscopic dilatation and prescription of proton pump inhibitors. In 
extreme refractory cases a resection of the pouch with a direct esophagojeju-
nal anastomosis is required. Stricture at the EA is uncommon and usually 
caused by a technical error or a kinking in the making of the anastomosis.  

Internal hernias are a common complication to RYGB and have been seen in 
up to 6% of patients in a study with a 50-month follow up(40). There are two 
potential internal hernia sites that are created in the making of an antecolic 
laparoscopic RYGB (LRYGB). One is the space between the mesentery of 
the biliopancreatic and the Roux limb. The other is the so-called “Petersen 



 18

space” between the mesenteries of the Roux limb and the colon. The most 
common symptoms are colicky abdominal pain caused by the entrapment of 
the bowel within the internal opening. This can, in extreme cases, cause 
bowel infarction and is almost always an indication for explorative laparos-
copy or open exploration. A negative CT scan should not rule out the diag-
nosis of an internal hernia if the patient shows symptoms of pain out of pro-
portion. The needed treatment is reposition of the bowel and closure of the 
hernia defect, commonly with a non-absorbable suture. 

Grading complications by the Clavien Dindo system 
The Clavien Dindo system is a complication-grading instrument that was 
presented in 1992, initially grading the complications after cholecystectomy 
(41). The system has since then been improved to more accurately be able to 
grade complications in other surgeries (42). The system grades complications 
from 1 to 5 where 1 stands for “any deviation from the normal postoperative 
course without the need for intervention” and 5 stands for “death of a pa-
tient”. This system is frequently used when measuring and comparing post-
operative complications. 

Table 1. Clavien Dindo complication grading system.  

Grade Intervention 
1 
 
 

Any deviation from the normal postoperative course without the need for 
pharmacological treatment or surgical, endoscopic and radiologic inter-
ventions. 

2 
 
 

Requiring pharmacological treatment with drugs other than such allowed 
for grade I complications. Blood transfusions, antibiotics and total par-
enteral nutrition are also included. 

3a 
 

Requiring surgical, endoscopic or radiological intervention under re-
gional or local anaesthesia. 

3b 
 

Requiring surgical, endoscopic or radiological intervention under gen-
eral anaesthesia. 

4a 
 

Life-threatening complication requiring intensive care unit management, 
single organ failure. 

4b 
 

Life-threatening complication requiring intensive care unit management, 
multi-organ failure. 

5 Death of patient 
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Operative time  
The operative time for primary laparoscopic bariatric surgery in SOReg is 
now 57 minutes. When the register was started in 2007, operative time was 
twice as long, about 120 minutes (4). The reason for the successful shortening 
of operative time is probably more-experienced surgeons, better equipment, 
standardized operative technique, and that we passed the early learning 
curve. 

In-hospital stay  
A laparoscopic operative technique leads to a shorter in-hospital stay com-
pared to an open operation for the same procedure (43). Length of stay was 
short, 1.5 days on average, for all bariatric surgeries in SOReg in 2017 (4). 
Length of stay depends on the experience of the whole surgical team as well 
as staff at the surgical ward. It is also affected by the postoperative dietary 
regime and the rate of postoperative complications. 

Weight loss after RYGB 
RYGB has a restrictive effect and increases early satiety by alteration in 
hormonal levels. These two mechanisms in combination cause the massive 
weight loss after surgery (44). Studies on RYGB show that patients can expect 
between 50% and 80% excess weight loss i.e., reduction of former weight 
above BMI 25 (45-48). Thus, the average patient operated in Sweden with BMI 
42 will reach a BMI of about 28-33. In clinical practice, we are cautious to 
not “guarantee” a specific amount of weight loss. 

Effect on quality of life 
Quality of life (QoL) is difficult to measure and can be demanding to com-
pare between individuals. The available methods include specific question-
naires for general and disease specific QoL. One of the most used question-
naires for general QoL, the RAND-36, comprises 36 short questions with 
categorical answers (49). The responses are classified into 8 domains and two 
summary scores for physical and mental components. RAND-36 is validated 
for the use in patients with obesity (50, 51). It is frequently used in evaluating 
the effects of bariatric surgery (49). The Swedish version of RAND-36 is used 
in SOReg and validated for the Swedish population (52). Disease-specific 
questionnaires like the Obesity-related Problems scale (OP), developed to 
measure the impacts of obesity on psychosocial functioning (53) have, how-
ever, not been used in this thesis. 
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Quality of life after RYGB 
Bariatric surgery and long-lasting weight reduction improves patient scored 
QoL (53). This is probably achieved through less body pain, improved self-
esteem and improved confidence. It is also known that patients who suffer 
from a complication after colorectal surgery have decreased QoL compared 
to those without complications (54). In Paper IV, we studied general QoL in 
patients that had suffered from a serious complication after primary laparo-
scopic RYGB. 
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Aims 

The aim of the thesis is to assess the impact of two early complications after 
gastric bypass surgery and to evaluate whether the use of a novel type of 
suture influences the complication risk. 

The specific aims are: 
I To compare the use of a novel barbed suture to standard tech-

niques in closing the remaining opening in a linear stapled 
gastrojejunostomy for operative time, length of stay and surgi-
cal complications such as leak, small bowel obstruction and 
anastomotic stricture 

 
II To assess incidence, risk factors, treatment and outcome of 

leaks at the gastrojejunostomy after RYGB 
 

III To assess incidence, risk factors, treatment and outcome of 
leaks at the enteroenteral anastomosis and iatrogenic small 
bowel perforations after RYGB 

 
IV To compare the weight result, quality of life, use of antide-

pressants, proton pump inhibitors, opioids, and healthcare con-
sumption in laparoscopic RYGB patients suffering a severe 
complication to a matched cohort. 
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Material and methods 

Paper I  
We identified 25,006 patients in SOReg that had undergone primary 
LRYGB with a linear stapled gastrojejunostomy (GJ). The type of suture 
that was used to close the defect after stapling the anastomosis decided 
whether the patient was put in the barbed suture group (BS) (2211 patients) 
or the polyfilament group (PS) (22,795 patients). Centres with 10 or fewer 
patients were excluded to minimize the effects of the learning curve. SOReg 
definitions were used for the classification of complications.  

Statistics 
Student’s t test was used for parametric data and chi2 test for proportions. A 
p< 0.05 was considered statistically significant.  

Paper II  
Primary RYGB procedures in SOReg between 2007 and 2014 were includ-
ed, a total of 40,844 patients. Almost all (97%) were operated with laparos-
copy. When we had identified all patients with leak, the peri- and postopera-
tive charts were collected and reviewed. We were able to locate 94% of the 
charts. After the revision, 262 leaks at the GJ were verified and used for 
further analysis (Figure 6). 
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Figure 6. Consort diagram that shows how the 262 study patients were selected. 

Statistics 
Logistic regression was done to estimate odds ratios (OR). Student’s t-test 
and analysis of variance (ANOVA) were used for parametric data and chi2 
test was used to compare proportions. A p< 0.05 was considered statistically 
significant. Age and operative time were divided into quartiles.  

Paper III 
In this retrospective cohort study, 41,342 primary RYGB procedures (97% 
laparoscopic) from 2007-2014 were included. As in Paper II, the peri- and 
postoperative charts of all patients with a registered postoperative leak were 
collected and reviewed to verify the leak and determine its exact location. 
Patients were divided into two groups based on the location of the leak, at 
the enteroenteral anastomosis or in the small bowel. 

Statistics 
Logistic regression, based on important clinical risk factors from the univari-
ate analyses, was done to estimate odds ratios (OR) for significant risk fac-
tors for leak. Student’s t-test and ANOVA were used to compare parametric 
data and Chi2 test was used to compare proportions. Age and operative time 
were divided into quartiles. A p<0.05 was considered statistically significant.  
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Paper IV 
In this retrospective cohort study, we included 48,201 primary LRYGB op-
erated from 2007 to June 2016. Information about postoperative complica-
tions within 30 days was retrieved from SOReg and the most severe compli-
cation determined the Clavien-Dindo (CD) score(55). A Clavien-Dindo score 
≥3b was considered a severe complication (SC). A 1:1 case-control matching 
without replacement was done.  

Data on weight loss and QoL were gathered from SOReg. Medication use 
was gathered from the Prescribed Drug Register. We studied prescribed an-
tidepressants, proton pump inhibitors and opioid analgesics. Opioids were 
furthermore converted into average daily oral morphine equivalents (OMEs) 
using the morphine equivalent conversion factor per milligram for each spe-
cific opioid(56). Comparisons between the groups were done at six time 
points. Data on healthcare consumption were extracted from the National 
Patient Register (NPR), containing data from 1st January 1997 to 31st of De-
cember 2016. All types of in-hospital care were studied up until two years 
after the primary procedure. Principal diagnoses were used to classify the 
care events according to the main chapters of the International Statistical 
Classification of Diseases and Related Health- problems (ICD-10).  

Statistics 
Independent-samples t-test and ANOVA were used to compare parametric 
data between groups and Chi2 test was used to compare proportions. Paired-
samples t-test was used for comparisons within groups and McNemar’s test 
was used for comparison of proportions within groups. A p<0.05 was con-
sidered statistically significant.  

Ethics 
Paper I: The study was approved by the regional ethical review board in 
Stockholm (Dnr 2013/535-31/5). 

Paper II and III: The studies were approved by the regional ethical review 
board in Uppsala (Dnr 2015/481). 

Paper IV: The study was approved by the regional ethical review board in 
Stockholm, Sweden (Dnr: 2013/535-31/5 and 2017/857-32).  
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Results 

Paper I  
The barbed suture group and polyfilament group were similar at baseline 
except for BMI and diabetes, as can be seen in Table 2. 

Table 2. Data of the 25,006 included primary laparoscopic gastric bypass patients 
grouped according to suture type used for the gastrojejunostomy.  

Abbreviations: BS - barbed suture, PS - polyfilament suture 

Total operative time in the BS group was 58 minutes compared to 69 
minutes in the PS group (p<0.001), which is a difference of 16%. Not all 
patients were, however, operated with same type of suture in both anastomo-
ses and the operative time for the four different combinations are seen in 
Table 3. 

Table 3. Details on the type of suture used for the gastrojejunostomy and enteroen-
teral anastomosis.  

Gastro-
jejunostomy 

Entero-
enterostomy 

N Operative time 
(min) 

BS BS   1932 57 
BS PS     279 67 
PS BS     360 81 

PS PS 22,435 69 
Abbreviations: BS – barbed suture, PS - polyfilament suture  

 Barbed  
suture (BS) 

n=2211 

Polyfilament 
(PS) 

n=22,795 

p-value 

Baseline    

Gender (male) 23.4% 24.8% 0.14 
Age (years) 41.0 ±11.6 40.9 ±11.2 0.76 
Body Mass Index (kg/m2) 41.3 ±5.1 42.3 ±5.2 <0.001 
Diabetics 13.7% 15.4% 0.03 
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No difference in complication rate was observed between the groups. Table 
4. 

Table 4. Operative data and complications grouped according to suture type used 
for the gastrojejunostomy. 

Abbreviations: BS – barbed suture, PS - polyfilament suture 

Paper II  
Leak at the GJ was confirmed in 262 patients (0.6%). Patients with leaks 
were more often male (36% vs 24%), older (44.5 years vs 40.9 years) and 
had diabetes more often (26% vs 14%) (p<0.001 for all) than patients who 
did not develop a GJ leak. Hypertension and hyperlipidaemia were also more 
prevalent in the leak group, 33% vs 25% (p<0.01), and 15% vs. 10% 
(p<0.01). Waist circumference was somewhat higher in the leak group, 
130.4 cm vs 126.5 cm (p<0.001). 

Operative risk factors 
Mean operative time for patients with subsequent leaks was 97.7 ± 54.7 min 
compared to 74.1 ± 36.8 min (p<0.001) for patients that did not develop a 
leak. In addition, operative time was longer in patients that developed an 
early leak (within three days) compared to patients developing a leak later, 
109 min vs 89 min (p=0.004). Patients with early leaks were somewhat older 
than those suffering late leaks (46 vs 43 years, p=0.04). The leak rate occur-

 Barbed suture 
(BS) 

n=2211 

Polyfilament 
(PS) 

n=22,795 

p-value 

Operative data    

Mesenteric openings closed 94.3% 70.6% <0.001 
Leak test performed 99.3% 99.3% 0.76 
Total operative time (min) 58 ± 22 69 ± 33 <0001 
Length of stay (days) 1.5 ± 2.8 1.9 ± 2.6 <0.001 
Early complications    
Leak or abscess (n) 1.8% (39) 1.4% (319) 0.17 
Complications at one 
year 

   

Stricture at one year (n) 0.13% (2) 0.17% (32) 0.73 
Small bowel obstruction 
(n) 

1.8% (27) 1.6% (311) 0.69 



 27

ring at high volume centres did not differ from low volume centres (0.5% vs 
0.8%, p=0.24). 

A leak occurred in 0.6% (240/39,455) and 0.7% (8/1085) of the laparo-
scopic and open procedures, respectively. In the converted group, 4.6% 
(14/304) suffered from a leak (p<0.001). 

Time of diagnoses 
Almost half (44%) of the leaks were identified within 3 days of surgery (ear-
ly leaks) with most leaks diagnosed on day 2. Of all patients with leaks, 56% 
had been discharged and were readmitted due to their leak.  
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Figure 7. Percentage of leaks diagnosed by a) postoperative day and b) mean annual 
number of procedures at each bariatric centre where the line separates high and low 
volume centres (<125 cases/year). 

In the multivariate analysis, risk factors for developing a leak at the GJ after 
RYGB were male gender, older age, diabetes, conversion to open surgery 
and prolonged operative time Table 5.  
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Table 5. Multivariate analysis of risk factors predisposing for developing a leak at 
the gastrojejunostomy within 30 days after Roux-en-Y gastric bypass. 

Variable Total n (%) Number of 
leaks (%) 

Odds 
Ratio 

95% Conf. 
Interval 

Gender 
 

    

Female 30,915 (76%) 167 (64%) Ref  
Male 9929 (24%) 95 (36%) 1.47 1.13 - 1.90 

     
Age (years)
  
 

    

≤32 9827 (24%) 41 (16%) Ref  
33 to 40 9739 (24%) 48 (18%) 1.11 0.73 - 1.69 
41 to 48 10,601 (26%) 67 (26%) 1.31 0.88 - 1.94 

≥49 10,677 (26%) 106 (40%) 1.83 1.25 - 2.67 
     

Comorbidity     
No diabetes 34,943 (86%) 195 (74%) Ref  

Diabetes 5901 (14%) 67 (26%) 1.43 1.06 - 1.93 
     
Surgical access     

Laparoscopic 39,455 (96%) 240 (92%) Ref  
Open 1085 (3%) 8 (3%) 0.73 0.35 – 1.49 

Converted 304 (1%) 14 (5%) 3.88 2.19 – 6.88 
     
Operative time     

<50 minutes 10,004 (24%) 39 (15%) Ref  
50-65 minutes 10,502 (26%) 40 (15%) 0.96 0.62 – 1.50 
66–89 minutes 9828 (24%) 58 (22%) 1.40 0.96 – 2.16 

≥90 minutes 10,508 (26%) 125 (48%) 2.60 1.79 – 3.76 
 
Treatment and outcome 

Surgical reintervention was done in 85% of patients, and simultaneously, the 
defect was sutured in 45%. A feeding gastrostomy was placed in 24% of pa-
tients. Stents were used in 31% of GJ leaks. Overall, drainage was placed in 
89% of patients under either general or local anaesthesia. Six percent of all 
leaks were treated conservatively. Almost all leaks (n=235) lead to a severe 
complication (Clavien Dindo ≥3b), i.e. intervention under general anaesthesia 
(64%), intensive care (25%) or death (1%). The two deaths that occurred were 
caused by cardiac arrest shortly after the leak was diagnosed (0-2 days).  

Mean duration of stay after a leak was 22 days compared to 2 days for 
those that did not have leak (p<0.001). The construction of a new anastomo-
sis was associated with increased duration of stay, 58 days (p<0.001). Pa-
tients treated with stents also required a prolonged duration of stay, 30 days 
vs 18 days for non-stented patients (p=0.001). 
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Paper III 
Leaks at the EA were confirmed in 75 patients (0.2%) and small bowel per-
forations in 54 patients (0.1%). In the univariate analyses, patients with EA 
leak and small bowel perforations had higher waist circumference and longer 
operative time than patients who did not develop a leak. EA leaks were more 
frequent in patients operated in low-volume centres, 0.3%, compared to 
0.1% in high-volume centres (p<0.001). 

In the multivariate analysis, risk factors for developing an EA leak were 
surgery at a low-volume centre (OR 2.1 [1.0 – 4.1]) and prolonged operative 
time (> 90 min, OR 3.5 [1.1–11.0]). Risk factor for a small bowel leak was 
prolonged operative time (> 90 min, OR 3.4 [1.2–9.4]) Table 6. 

Table 6. Multivariate analysis of risk factors predisposing for developing a leak at 
the enteroenteral anastomosis (EA, n=75) or being treated for a small bowel perfo-
ration (n=54) within 30 days after Roux-en-Y gastric bypass. 

  EA leak Small bowel perforation 

Variable Total (%) Number of 
leaks (%) 

OR 95% CI Number of 
leaks (%) 

OR 95% CI 

Gender        
Female 30 748 (76%) 50 (67%) Ref  36 (67%) Ref  

Male 9834 (24%) 25 (33%) 1.0 0.5 – 2.2 18 (33%) 0.9 0.4 – 1.9 
Age (years)        

≤32 9786 (24%) 17 (22%) Ref  10 (18%) Ref  
33 to 40 9691 (24%) 14 (19%) 0.5 0.2 - 1.5 9 (17%) 0.9 0.3 - 2.4 
41 to 48 10,534 (26%) 18 (24%) 0.4 0.2 - 1.3 16 (30%) 1.4 0.6 - 3.4 

≥49 10,571 (26%) 26 (35%) 1.4 0.6 - 3.1 19 (35%) 1.71 0.7 – 4.0 
Waist cir-
cumf. (cm) 

33,116 53 1.0 0.9 – 1.1 43 1.0 0.9 – 1.1 

Op. time        
<50 min 9964 (24%) 9 (12%) Ref  6 (11%) Ref  

50-65 min 10,461 (26%) 17 (23%) 3.1 0.9 - 9.8 16 (30%) 2.2 0.8 – 6.5 
66–89 min 9769 (24%) 15 (20%) 1.70 0.5 – 5.0 10 (18%) 1.9 0.6 – 5.6 

        >90 min 10,388 (26%) 34 (45%) 3.5 1.1 - 
11.0 

22 (41%) 3.4 1.2 – 9.4 

Op. volume        
High 26,030 (64%) 33 (44%) Ref  34 (63%) Ref  

Low (<125 
cases /year) 

14,552 (36%) 42 (56%) 2.1 1.0 - 4.1 20 (37%) 1.0 0.5 – 1.9 

Smoking  4204 2 (3%) 0.4 0.9 – 1.5 - - - 
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Treatment and outcome 
Almost half (45%) of the EA leaks and 85% of the small bowel perforations 
were identified within 3 days of surgery (early leaks), with most leaks (33%) 
diagnosed on postoperative day 1. 

Surgical reintervention was done in more than 97% of the patients, evenly 
distributed between laparoscopic, open and converted operations. When 
specified in the charts, EA leaks were more common in the suture line (31%) 
than the staple line (20%). Likewise, the small bowel perforations were 
mainly believed to be caused by grasping forceps (41%). During the reinter-
vention, the defect was sutured in 75% of EA leaks and in 93% of small 
bowel perforations. Drainage was placed in 86% and 72% of the two groups 
at the end of the procedure, while 43% and 44%, respectively, also received 
a gastrostomy. 

Almost all leaks (97-98%) lead to a severe complication (Clavien-Dindo 
≥3b) and intensive care was needed in 35% of patients with EA leaks and in 
24% of patients with small bowel perforations. In the group with EA leaks, 
one patient died on the third postoperative day due to septic shock. 

LOS was 18 days for patients with EA leaks and 13 days for patients with 
small bowel perforations, compared to two days for the remaining patients 
(p<0.001).  

One year after RYGB, the weight result in patients with EA leaks or small 
bowel perforations did not differ from the remaining patients. 

Paper IV 
We identified 1411 (2.9%) patients having had a severe complication. Six-
teen patients (0.03%) had a fatal complication (CD 5) and were not studied 
further. In total, 1403 SC patients were successfully matched to 1403 con-
trols (42 years, 75% females, 15.7% diabetics and BMI 41.9 kg/m2). The 
eight remaining patients, which did not meet matching criteria, were exclud-
ed. 

Complications and treatment 
The most common complications within 30 days postoperatively were bowel 
obstruction 32.4% (n=454), leak 29.6% (n=415) and bleeding 26.5% 
(n=372). The overall 30-day reoperation rate was 94.2% (n=1321), while 
intensive care treatment (CD ≥4a) was needed in 6.8% (n=96) and 1.2% 
(n=17) suffered multiorgan failure (CD 4b). 

Weight loss 
Two years after LRYGB, the weight result in the SC group did not differ 
from the controls. 
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Quality of life 
The physical component summary (PCS) was improved at two years after 
surgery in both groups; however, the SC group had lower scores than con-
trols at all time points (p<0.01). When analysing the eight domains in the 
RAND-36, both groups showed an improvement in all domains (p<0.01) 
except for role emotional in SC group. Furthermore, the SC group had lower 
scores at two years compared to controls in all domains (p<0.05) but mental 
health (p=0.34) (Figure 8). 

 
Figure 8. Patient scored quality of life at baseline and two years after surgery. 

Medications 
Antidepressants 
No differences between groups were observed preoperatively nor during the 
first year after surgery. After an increase in both groups, the proportion of 
patients taking antidepressants at 2 years was somewhat higher in the SC 
group (31% vs 26% for controls, p=0.01) (Figure 9). 
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Figure 9. The proportion of patients using antidepressants before and after surgery 
in SC and control group (±95% CI). 

Proton pump inhibitors  
At all time points, including the preoperative period, the proportion of pa-
tients taking PPI was higher in the SC group (p<0.01 for all). In both groups, 
a transient increase was observed during the first 90 days after operation. At 
two years, a higher proportion of patients were on PPI compared to before 
surgery (SC 35% vs 15% and controls 20% vs 10%, both p<0.01) (Figure 
10). 

 
Figure 10. The proportion of patients using PPI before and after surgery in SC and 
control group (±95% CI). 
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Opioids 
Prior to surgery, the use of opioids did not differ between the groups. After 
surgery, and throughout the 2-year follow up, the proportion of patients us-
ing opioids was higher in the SC group (p<0.05 for all time points). Moreo-
ver, an increase in mean OMEs was observed in the SC group, from 7.3 
mg/day prior to surgery to 17.0 mg/day at two years (Figure 11). 

 
Figure 11. Opioid use as mean oral morphine equivalents per day (mean ±% CI) 
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Healthcare consumption 
We had access to data from the National Patient Register on 1364 SC pa-
tients and 1308 controls. Length of stay, within the first 30 days after sur-
gery, was 5.6 and 1.8 days for SC and controls, respectively (p<0.01). Dur-
ing the remaining part of the first year, the SC group had more additional 
hospital admissions (0.6 vs 0.2) as well as in-hospital days (3.8 vs 0.9 days) 
compared to controls. This was also true for the second year.  

The total number of additional hospital admissions from >30 days to 2 
years were 1331 for SC and 516 for controls (p<0.01). The SC group had 
more in-hospital care, based on principal diagnoses, in 9 of the 18 ICD chap-
ters (Figure 12). 

 
Figure 12. The total number of additional hospital admissions from >30 days to 2 
years for severe complications and controls. The main diagnoses are classified ac-
cording to the International Statistical Classification of Diseases and related health 
Problem (ICD). Significant difference between groups is marked with ** (p<0.01). 
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Discussion 

Bariatric surgery is the only method for the obese patient to lose weight in 
the long term. It is also known that by losing weight diseases such as diabe-
tes and high blood pressure can go into regress, which increases overall sur-
vival in the operated patient. Therefore, it is of considerable value to be able 
to help those patients with an operation that does not decrease their quality 
of life due to a complication. We have shown in short that barbed suture 
used in gastric bypass surgery does not increase the complication rate and 
that gastric bypass surgery in Sweden can be considered safe. However, 
patients that suffer from a complication have lower quality of life compared 
to controls. 

Paper I  
The total operative time was 11 minutes shorter when the novel barbed su-
ture was used to close the defect after a stapled anastomosis in LRYGB. This 
is probably because the barbed suture eliminates the need for manual knot 
tying, a technically demanding task in LRYGB. A similar decrease in opera-
tive time (74 to 63 minutes and 125 to 119 minutes) has been found in other 
single centre trials (57-59). 

The small difference in BMI (41.3 vs 42.3) and diabetes (15.4% vs 
13.7%) between the two groups is unlikely to affect the operative time or 
incidence of complications. On the other hand, closing of the mesenteric 
openings was more common in the BS group, which should increase opera-
tive time considering it takes about 2-3 minutes for each opening(60). 

No difference was observed in leak rate between the groups, which is in 
concordance with the earlier published studies (57, 59, 61). We believe that a 
meticulous surgical technique and allowing the surgeon to use the operative 
technique with which he or she is most familiar is most important. Although 
the stricture rate is lower in a linear stapled GJ compared to circular anasto-
mosis(62, 63), the switch to a new type of suture could be problematic. Howev-
er, the present stricture rate was not increased when BS was used. When 
comparing our results to others, it is important to remember that only symp-
tomatic strictures, leading to an upper endoscopy, were reported and regis-
tered. 
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Small bowel obstruction after the use of BS has been described(64, 65) but 
our data from the groups did not differ. To minimize this risk, the loose end 
of the BS should be cut close to the bowel. In our opinion, small bowel ob-
struction is probably most commonly due to internal hernias or kinking of 
the enteroenteral anastomosis, rather than a long end of the BS becoming 
entangled in the bowel in turn causing obstruction. 

Paper II 
A leak incidence of 0.6% at the GJ was observed, which is low compared 
with other studies (3-4%) (29, 66). Notably those studies have included all 
leaks after RYGB, not only leaks at the GJ. We were able to define the fol-
lowing risk factor for leak: male gender, older age, diabetes, conversion to 
open surgery and long operative time. Male gender and age as a risk factor is 
supported in previous papers. This may be because surgery in men with in-
creased abdominal obesity is technically demanding and older patients have 
impaired tissue healing as well as increased number of comorbidities (29, 67, 

68). Similarly, patients with diabetes are reported to be more prone to suffer 
from leak due to increased risk for infection and decreased tissue healing(68). 
Conversion to open surgery increases the risk for leak as does long operative 
time (>66 minutes). This is probably because the perioperative difficulties 
requiring the conversion continued during open surgery and leads to a 
suboptimal anastomosis. Long operative time per se is a proxy for technical 
difficulties as shown by Reames et al (69). Most patients suffering from leak 
required surgical intervention and 89% of patients had drainage. Moreover, 
about one-third of the present leaks were treated with stents, a feasible non-
operative approach (29, 70), keeping in mind that stents lead to their own com-
plication panorama, such as migration and potential erosion. We believe that 
the mainstay of patients will require surgical management to achieve ade-
quate drainage, a belief in line with the ASMBS guidelines(71). 

One-fourth of our patients needed treatment in the intensive care unit. 
This proportion differs to that found in  other studies, which probably de-
pends on local traditions and the distribution of high risk patients between 
private and public centres (26, 30). Mortality was 1% (2 patients), which we 
consider low. In the literature, there is a wide spread from 0% to 17% in 
cohorts from 1980 to 2000(25, 29, 68). 

Excess weight loss at one year was the same for the two groups. This was 
expected because both groups had the same postoperative anatomy, giving 
them the same possibility of achieving the expected weight loss after gastric 
bypass. 
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Paper III 
EA and small bowel leak after RYGB is a severe threat to the bariatric pa-
tient (68). The incidence of leak was low, 0.2% and 0.1% respectively, and in 
line with the literature (0.1-0.2%) (72, 73).  

Risk factors 
In the multivariate analysis, the risk factors associated with EA leak is sur-
gery at a low-volume centre and prolonged operative time, which agrees 
with other studies(74, 75). Prolonged operative time also tripled the risk for 
undiagnosed iatrogenic small bowel perforations. It has been shown that 
long operative time predisposes for leak(69) likely because it is a proxy for 
technical difficulties. The increased technical demands and poor visibility, 
due to the large amount of intraabdominal fat in bariatric surgery, can easily 
increase the risk of traumatic injuries to the small bowel by grasping forceps. 
The pressure of a grasping forceps on the bowel can be as high as 600 
kilopascal (kPa), depending on the angle, which is similar to the pressure 
generated by a high heeled shoe when all weight is put on one heel (76). 
Moreover, it is important to avoid unnecessary traction on the small bowel. 
Interestingly, none of the present leaks occurred in patients having had a 
converted operation, i.e., surgeons converting had used a wise safety-first 
management. In the literature, damage to the small bowel is often reported to 
be caused by the blind insertion of a Veress needle or trocar, or by an energy 
device(77-79).  

In line with previous studies (67, 68) BMI was not found to be a risk factor 
for leak. Possibly patients with high BMI get preferential surgical treatment 
by a more senior surgeon than patients with a BMI just above 35 kg/m2. 
Fernandez et al found obstructive sleep apnea to be a risk factor for gastroin-
testinal leaks after open gastric bypass (68); however, we were unable to con-
firm this in our cohort possibly due to the tenfold difference in leak rate (3.2 
vs 0.3% in the present study). We were also unable to verify that smoking is 
a risk factor for leaks in this large nationwide study (80); despite this, Swedish 
patients are diligently counseled to stop smoking preoperatively. In elective 
colorectal surgery, preoperative antibiotics, used in all our patients, have 
been shown to reduce anastomotic leak (81); however, the anastomotic leak 
rate is much lower in small bowel anastomoses. 

Choice of treatment and outcome 
The earlier diagnosis of iatrogenic small bowel perforations (3.6 vs 6.5 days) 
in the EA leaks is probably due to a larger defect in the bowel, thus leading 
to a larger spill of bowel contents. Earlier studies have shown that two-thirds 
of traumatic perforations are diagnosed within 48 hours (77) which is in line 
with our results (74% diagnosed within 48 hours). Most patients (97%) with 
a leak had surgical reintervention and were thus treated in line with ASMBS 
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guidelines (71). Closing the defect and adequate drainage is essential in man-
aging a leaking EA or small bowel perforation. In our experience, an ade-
quate way to manage a suspected small bowel leak is early diagnosis, prefer-
ably by laparoscopy, followed by an intervention that minimizes the spill of 
bowel contents into the abdominal cavity. Unfortunately, our data are unsuf-
ficient to help us decide whether to close the defect or to create a totally new 
anastomosis.  

Treatment in the intensive care unit (ICU) was required by 35% of pa-
tients with an EA leak and by 24% of those with small bowel perforation. 
This agrees with other studies, reporting the need for ICU treatment ranging 
from 20-67% (82, 83). In our cohort, one patient (1%) died after an EA leak in 
the third postoperative day, while the overall 30-day mortality in SOReg is 
0.03%. In the literature, mortality from postoperative leaks range from below 
1% (25, 29) to 17%, in a study from 2004 (68). The most plausible explanation 
for decreasing mortality is improved patient care, with earlier diagnosis and 
treatment, as a result of increased experience. 

The present LOS for patients suffering from leaks and perforations (18 
and 13 days, respectively) was shorter than that Marshall et al reported (33 
days) in 2003 (29, 84). The shorter LOS for patients with small bowel perfora-
tions diagnosed within three days indicates that early detection of signs and 
symptoms, e.g. tachycardia, fever and abdominal pain, of leak (83) can reduce 
patient morbidity and hospital expenses.  

It is important to remember that patients with leaks will eventually have 
the same postoperative anatomy as complication-free patients, giving them 
the same opportunity to achieve the expected postoperative weight loss. This 
outcome may provide some consolation to patients suffering from a leak, 
while they endure the extended hospital stay and various leak-related proce-
dures. However, the leak will probably lead to increased risk of future small 
bowel obstruction due to intra-abdominal adhesions. 

Paper IV 
We found the incidence of serious complications to be 2.9% and in line with 
the literature (85) as were the most common complications: bowel obstruction, 
bleeding and leakage (86). Treatment in the ICU was required by 7% which is 
lower than in other studies. The difference may partly be due to local rou-
tines and the level of care provided in ordinary wards. 

Quality of life 
Quality of life was considerably improved in both groups according to the 
frequently used RAND-36 scale (49). However, the PCS increased more in the 
control group and almost reached the normal score of 50 for the general 
population (87). Weight loss was strongly correlated with improved physical 
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health as early as in the late 1990s by the Swedish Obese Subjects (SOS) 
study (53). Patients who suffer from a surgical complication have lower QoL 
compared to controls (88, 89) a result our data verified.  

Medications 
Antidepressants reflect an increased anxiety and mental affection, PPI acid-
related conditions, e.g. ulcers and reflux, due to a suboptimal anatomical 
result and opioids reflect chronic postoperative pain. These medications 
were therefore used as proxies for those symptoms. 
The use of antidepressants increased in the end of the follow-up period in 
both groups, resulting in a higher use in the SC group compared to controls. 
These results are in contrast to the Longitudinal Assessment of Bariatric 
Surgery (LABS) study, in which a decrease was observed, from 35.3% at 
baseline to 27.5% at 3-year follow-up (90). However, although we show an 
increase in the medication for depression, our 2-year incidence (29%) is 
similar to LABS and Cunningham et al. (91).  

Proportion of patients using PPI doubled after surgery in both groups and 
a higher consumption was observed in the SC group at all time points. We 
have earlier shown that an increased use of PPI preoperatively is associated 
with an increased risk for complications (92). The reason for this is unknown 
but speculated about in more complicated surgery to be due to hiatal hernia 
or a gastrointestinal vulnerability at large. The transient increase in PPI use 
until 3 months postoperatively can partly be due to local guidelines recom-
mending PPI as prophylaxis for marginal ulcers although this effect has been 
questioned in Sweden (93).  

The greater prescription of opioid analgesics in the SC group probably re-
flects more reoperations, thus increasing the risk for both acute and chronic 
abdominal pain. An increased opioid consumption after RYGB is observed 
in other studies, even in patients that have not suffered from a complication 
(94-96). Furthermore, the opioid abuse factor must also be kept in mind as the 
risk for abuse increases after surgery, e.g., alcohol disorders increase after 
bariatric surgery (97, 98).  

Healthcare consumption 
The SC group had both more hospital admissions and in-hospital days than 
the control group. The difference at 30 days was expected, and in line with 
other studies (10 in-hospital days after LRYGB with a complication) (99). The 
increased need for in-hospital care due to conditions in the gastrointestinal 
system, such as small bowel obstruction, hernias and psychiatric diseases 
was expected. 
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Strength and limitations 
An overall strength of all studies lies in the use of SOReg data, resulting in 
large cohorts with nationwide coverage as well as high validity (98%). The 
follow up at 30 days is high (99%) and in Paper II and III we have also been 
able to review the charts of 94% of the patients suffering from a leak, a task 
done according to a predefined protocol and by a single examiner (BV). 
Moreover, the nationwide use of an almost identical operative technique, the 
laparoscopic double omega-loop technique (100), produces homogenous peri-
operative and complication data. In Paper IV, the matching of three national 
registries with high coverage reduces the risk of missing patients treated for 
a complication at another centre. The limitations lie in the nature of retro-
spective register studies where centres might underreport data on patients 
suffering from complications such as leaks. Lack of detailed information on 
differences in case mix and numbers of procedures for individual surgeons 
can vary between centres. Furthermore, the low incidence of certain compli-
cations makes it difficult to show both associations and statistical differences 
between groups. Moreover, as a diagnostic laparoscopy is preferred to a CT 
scan in some centres, the presented number of early reoperations could be 
unnecessarily high. Our determination of quality of life in Paper IV lacks 
disease-specific questionnaires, such as the Gastrointestinal Symptom Rating 
Scale (GSRS)(101) and the Hospital Anxiety and Depression Scale 
(HADS)(102). 
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Conclusions 

Paper I 
The use of barbed suture shortened the operative time, without increased risk 
of complications. Barbed suture is still uncommon in LRYGB, but its im-
plementation could significantly affect operating room time, which is bene-
ficial considering the high volume of bariatric surgeries. 

Paper II 
Leaks at the gastrojejunostomy occurred in 0.6% of patients. Risk factors 
were older age (≥49 years), male gender, diabetes, conversion to open sur-
gery and prolonged operative time (>66 minutes). Most patients had surgical 
interventions and one-quarter needed intensive care. Length of stay was in-
creased by 20 days. Mortality was low, 1%. 

Paper III 
Leak at the EA occurred in 0.2% of cases, while 0.1% suffered from an iat-
rogenic small bowel perforation, undiagnosed at the primary procedure. Risk 
factors were prolonged operative time and operation at a low-volume centre 
for EA leaks, tripling the risk. Most patients had surgical re-interventions, 
including closure of the defect and drainage of the abdominal cavity. None-
theless, 3 in 10 patients needed intensive care, but mortality was below 1%. 
Length of stay was increased by more than two weeks. 

Paper IV 
The incidence of a severe complication was 2.9%. A severe complication 
resulted in an inferior improvement in quality of life, higher use of antide-
pressants, PPI and opioids as well as higher need of in-hospital care, even 
after the first 30 days. Risk of affected patients needing treatment at the in-
tensive care unit was 7% and the mortality was low, 0.03%. 
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Future projects 

As demonstrated in this thesis, complications after gastric bypass surgery are 
rare and can therefore be challenging to study. To determine whether treat-
ment methods differ, we would, in a perfect world, do a randomized study 
with well-defined end points. It will be challenging to include and start the 
randomizing process, when confronted with an acute complication and the 
patient is in no condition to be enrolled in such a project. Because of the low 
incidence of the specific complications, descriptive studies such as those 
carried out will probably be used to better optimize treatment on a case by 
case basis. Therefore, making our registers more robust and more accurate 
seems to me the best way to collect reliable data to study the infrequent, but 
dangerous complications. However, as shown in Paper IV, it is important to 
extend such studies to several years after the complication. 

The following questions have become arisen from my work: 

1. Is there enough evidence to be more alert when operating older male pa-
tients with diabetes?  
Our results state that there is an increased risk of leaks in this group of pa-
tients. Yet, does this mean that these patients should be operated by a more 
senior surgeon or should we care for these patients differently in the periop-
erative period. This needs to be studied further in national multicentre trials. 

2. Can leaks be diagnosed earlier? 
New ideas have been launched that have focused on early detection of leaks 
after gastrointestinal surgery with measurement of hydrogen in the ab-
dominal cavity (103). This might help to prevent delay in the treatment and 
diagnosis of leaks but further studies are needed, particularly because metic-
ulous routine manual abdominal examination is difficult in the bariatric pa-
tient group. 

3. Can we further reduce the complication rates? 
Preventive measures to avoid serious complications, such as obligatory sim-
ulator training, centralization of difficult cases and continuous education and 
research, are probably the best alternatives for the individual patient and the 
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healthcare system. These factors could, however, be difficult to study, par-
ticularly in the short term. 

4. Should patients that suffered from a serious complication receive special-
ized postoperative surveillance? 
As shown in Paper IV, no major improvement was observed in the complica-
tion-related variables at two years. At present, these patients are in routine 
follow up. We could increase the number of annual outpatient visits or in-
crease the psychological support in order to increase the overall quality of 
life after their bypass surgery. The effect of this could be studied in a multi-
professional study. 

5. Are other procedures better? 
Other bariatric procedures such as sleeve gastrectomy and minigastric by-
pass are becoming more common. Sleeve gastrectomy is now the most 
common bariatric surgical method in Sweden, but it is unclear whether it is a 
preferable method. The ongoing Bypass Equipoise Sleeve Trial (BEST) 
compares gastric bypass to sleeve gastrectomy in a randomized, multicentre 
study with substantial complications and total body weight loss as primary 
endpoints (104). If sleeve gastrectomy is less prone to cause complications 
perhaps gastric bypass will lose its role as the gold standard of bariatric sur-
gery, but in order to determine this we need good, robust data.  

6. Are we as surgeons choosing the correct fight? 
Lastly, one can start to wonder whether the fight against obesity and related-
diseases can be won with surgery when estimates tell us that 60% of the 
world’s population will be overweight or obese in less than 10 years. This 
calls for multiple studies on new types of conservative treatments ranging 
from socioeconomic interventions to targeted drug therapies. The future 
success in overcoming the obesity epidemic lies in multiprofessional and 
political cooperation. 
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Populärvetenskaplig sammanfattning på 
svenska 

Övervikt och fetma blir alltmer vanlig i värden. Nu är mer än halva världens 
befolkning överviktig med ett kroppsmasseindex (Body Mass Index, BMI) 
på 25 eller högre. Övervikt leder till flertal olika sjukdomar till exempel 
diabetes, högt blodtryck och cancer, som in sin tur leder till förkortad livs-
längd. I Sverige har andelen överviktiga och feta också stigit i takt med ut-
vecklingen i övriga världen. Idag är nästan 60 % av svenska män och 45 % 
av svenska kvinnor överviktiga.  

Den rekommenderade behandlingen vid övervikt är kostråd och ökad fy-
sisk aktivitet med målet att minska kaloriintaget och öka förbrukningen. Om 
dessa råd fungerar inte finns det olika medicinska behandlingar som bland 
annat kan minska upptag av fett i magtarmkanalen och påverka hungerkäns-
lan. Vid kraftig fetma (BMI≥35) kan patienter i Sverige erbjudas kirurgi. De 
vanligaste ingreppen som utförs är gastric bypass och sleeve gastrektomi. 
Dessa operationer har blivit alltmer vanliga och det utförs omkring 5000 
ingrepp om året på olika center runtom i Sverige. Fetmaoperation ger de 
flesta hjälp med en bestående viktnedgång genom att minska mängden föda 
som man kan äta och skapa hormonförändringar i kroppen som bidrar till 
viktminskningen 

I denna avhandling har användningen av en ny kirurgisk tråd och kompli-
kationer efter fetmakirurgi granskats. 

Arbete I 
I arbetet jämför vi två grupper av gastric bypasspatienter som opereras med 
titthålsteknik (laparoskopi). En grupp opererades med en ny hullingförsedd 
tråd som inte behöver knytas, medan den andra gruppen opererades med den 
tråd som normalt används. Information om grupperna samlade vi från 
svenska kvalitetsregistret för fetmakirurgi (SOReg). Över 25,000 patienter 
inkluderades och operationstid, komplikationer och vårdtid registrerades. 
Våra resultat visar att operationstiden är kortare i gruppen som opererades 
med hullingförsedd tråd och att deras vårdtid är något kortare. Komplikat-
ionsfrekvensen är lika i båda grupperna.  
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Vår slutsats är att hullingförsedd sutur förkortar operationstiden utan att 
öka komplikationsrisken. 

Arbete II och III 
Läckage efter kirurgi kan vara en livsfarlig komplikation hos nyopererade 
patienter. I arbete II och III har vi tittat på de vanligaste platserna för läckage 
efter gastric bypassoperation. Arbete II granskar läckage vid övre koppling-
en, den som kallas gastrojejunostomi. Arbete III fokuserar på läckage från 
nedre anastomosen eller tunntarmskopplingen och andra läckage från tunn-
tarmen, till exempel efter skada på tarmen som orsakas av operatören. Vi har 
registrerat alla läckage inom 30 dagar som har dokumenteras i SOReg. 
Granskning av alla patientjournaler har gjorts och på det sättet har den ex-
akta lokalisationen av läckaget fastställts. Patienter med läckage har jämförts 
med patienter som inte har drabbats av läckage med målet att ta fram risk-
faktorer. 

Läckage vid övre kopplingen förekommer i 0,6 % av alla gastric bypass-
operationer i Sverige. Riskfaktorer för läckage är manligt kön, högre ålder 
(över 49 år), diabetes, lång operationstid och om man behövde byta till öp-
pen kirurgi (operation med vanligt snitt). Läckage från kopplingen resulte-
rade oftast i en omoperation då man vanligtvis sydde över hålet i kopplingen 
och lade dränage. En fjärdedel av patienterna behövde vistas på intensiv-
vårdsavdelning i samband med sitt läckage. Vårdtiden förlängdes med 20 
dagar och 1 % av patienterna avled. 

Arbete III visade att den nedre kopplingen läckte i 0,2 % av alla gastric 
bypassoperationer och att 0,1 % fick läckage från en tunntarmsskada. Risk-
faktorer för detta är lång operationstid och om man opereras på ett center 
som gör färre än 125 fetmaoperationer per år. Liksom i arbete II resulterade 
läckagen oftast i en omoperation då man vanligtvis sydde över hålet i kopp-
lingen och lade drän. En tredjedel av patienterna behövde vistas på intensiv-
vårdsavdelning i samband med sitt läckage och 1 % av patienterna avled. 

Vår slutsats är att läckage är sällsynt men att de som drabbas av läckage 
oftast behöver omopereras. 

Arbete IV 
Konsekvenserna av en komplikation kan på kort sikt vara allvarliga, men hur 
de drabbade patienterna mår på lång sikt är inte väl känt. Vi valde därför att 
jämföra en grupp med patienter som hade drabbats av en allvarlig komplikat-
ion med grupp som inte hade någon komplikation eller endast en mindre 
allvarlig komplikation (kontrollgrupp). Allvarlighetsgraden bestämdes uti-
från en välbeprövad skala (Clavien Dindoskalan). Mer än 1400 patienter 
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med en allvarlig komplikation kunde jämföras med kontrollgruppen angå-
ende viktminskning, livskvalitet, användning av vissa utvalda mediciner och 
sjukvårdsbehov. Tre olika nationella register användes för att samla in data 
till studien. 

Samma viktminskning noterades i bägge grupperna, den fysiska hälsan 
hos komplikationsgruppen var sämre än hos de som inte drabbades av kom-
plikation två år efter kirurgi. Ökad användning av smärtlindrande mediciner, 
läkemedel som minskar magsyran (protonspumpshämmare) och antidepres-
siva läkemedel noterades. Slutligen såg vi att patienter som drabbas av en 
allvarlig komplikation har ett ökat vårdbehov, även efter de första 30 dagar-
na. 

Vår slutsats är att följderna av en svår komplikation påverkar patienten 
även två år efter operationen.  

Sammanfattningsvis har vi sett att hullingförsedd tråd förkortar operat-
ionstiden vid en gastric bypassoperation utan att öka risken för komplikation. 
Läckage och andra allvarliga komplikationer efter gastric bypassoperation är 
trots allt ganska sällsynta i Sverige. Om en svår komplikation uppstår leder 
det oftast till en omoperation med förlängning av vårdtiden men patienterna 
uppnår samma viktminskning som de som inte har drabbats av läckage eller 
annan allvarlig komplikation. Två år efter en allvarlig komplikation kvarstår 
dock ett ökat behov av vissa läkemedel och vårdresurser jämfört med patien-
ter som inte drabbas av en svår komplikation. 
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