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abstract

Objective:

The aim of the study was to determine the relationship between potential risk factors, 

both patient-related and surgery-related, and major bleeding complications after bariatric 

surgery.

Background:

Major bleeding complications after bariatric surgery may be associated with higher morbid-

ity and mortality. Knowledge of factors associated with a higher bleeding risk is essential.

Methods:

A retrospective case-control study was performed in five medical centers. All patients who 

underwent bariatric surgery were interviewed by telephone. Major, according to ISTH cri-

teria, and other bleeding complications within a month after bariatric surgery were regis-

tered. Control patients were selected per center. Risk factors for bleeding complications 

before and after surgery were registered.

Results:

1222 subjects were studied. Major bleeding complications were reported in 35 patients 

(2.7%). In multivariable logistic regression analyses, higher than prophylactic dose of low 

molecular weight heparins (LMWH) (odds ratio (OR) 13.2 (95% confidence interval (95% CI) 

3.0 - 57.9)) and renal insufficiency (OR 25.1 (95% CI 2.3-269.1)) were associated with post-

surgical major bleeding complications. The analyses for all bleeding events yielded similar 

results.

Conclusion:

The incidence of major bleeding complications is low after bariatric surgery. However, there 

is a strong association between postoperative bleeding complications and higher than pro-

phylactic dose of LMWH after surgery and renal insufficiency. This study highlights the need 

of studies that examine the best anticoagulant therapy in patients with a high risk of throm-

botic events after bariatric surgery.
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IntrOductIOn

Bleeding is one of the major short term complications after bariatric surgery and has 

been associated with longer hospital stay [1-3], readmission to hospital [4], blood transfu-

sions [5,6], re-interventions [5,6,7] and mortality [2,8,9]. It has been suggested by experts 

that augmented doses of thromboprophylaxis [10,11], warfarin use before surgery [1,4,12], 

bleeding disorders [1] or type of surgery [13-15] may be associated with bleeding after 

bariatric surgery. However, risk factors for bleeding after bariatric surgery have not been 

investigated extensively so far. The present study was set up to examine the relationship 

between potential risk factors, both patient-related and surgery-related, and bleeding 

complications after bariatric surgery in five dedicated bariatric centers in the Netherlands.

MethOds

study design and population

All patients who underwent bariatric surgery in five dedicated bariatric centers in the Neth-

erlands between December 2007 and September 2011 were interviewed by telephone 

to ascertain the outcome venous thromboembolism (VTE) for a study on the relation-

ship between postoperative complications and VTE [16]. In addition, we asked all patients 

whether they had developed any bleeding complication after bariatric surgery. All patients 

who were reached and had given consent for interview were included for this secondary 

analysis. Bleeding complications within a month after bariatric surgery were registered. 

For each positive case for bleeding after bariatric surgery, we randomly selected control 

patients from the same center. The control patients were selected with the use of a ran-

dom number generator (Graphpad software). Mortality was registered to check whether 

a bleeding complication was the cause of death. The participating centers were the Slo-

tervaart Hospital, Sint Lucas Andreas Hospital, Rode Kruis Hospital, Maxima Medical Center, 

and Rijnstate Hospital. Patients with several types of laparoscopic or open bariatric surgery 

were included: gastric bypass (GBP), laparoscopic adjustable gastric banding (LAGB), sleeve 

gastrectomy (SG), biliopancreatic diversion with duodenal switch (DS), Scopinaro (Sc), and 

revisional procedures (Redo). When only a gastric band was removed, the patients were 

excluded. This study was approved by the local Medical Ethics Review Committee of each 

participating study center and was performed in accordance with the guidelines of the 

Declaration of Helsinki.

Celik.indd   37 25-9-2014   15:31:36



Chapter 3

38

data collection

All digital and paper medical patient files were used to collect clinical data before surgery 

(demographics and obesity-associated comorbidities: age, gender, diabetes, hypertension, 

dyslipidemia, obstructive sleep apnea (OSA), VTE in the past, smoking, length, weight, body 

mass index), potential risk factors for bleeding complications (heart failure, renal insuffi-

ciency, bleeding disorder, previous abdominal surgery, anticoagulation use before surgery, 

thromboprophylaxis regimen, other medication that can be associated with a higher bleed-

ing risk (nonsteroidal anti-inflammatory drugs, corticosteroids and serotonin reuptake 

inhibitors)), type of bariatric surgery, open or laparoscopic surgery, extra interventions dur-

ing bariatric surgery (cholecystectomy, splenectomy), duration of surgery and data about 

bleeding complications (type of bleeding, decrease in hemoglobin, blood transfusion, 

hemodynamic instability, readmissions, admission to intensive care and re-interventions 

for bleeding).

Outcome and data definitions

Primary outcome of the study was major bleeding within one month after surgery. Bleeding 

complications were divided into gastro-intestinal, intra-abdominal, hematoma and wound 

bleeding. Major bleeding complications were defined according to the ISTH criteria for 

major bleeding in surgical studies [17]: 1. Fatal bleeding, and or: 2. Bleeding is symptomatic 

and occurs in a critical area or organ, and or: 3. Extra-surgical site bleeding causing a fall in 

hemoglobin level of 20 g L-1 (1.24 mmol L-1) or more, or leading to transfusion of two or more 

units of red blood cells, and or: 4. Surgical site bleeding that requires a second intervention, 

and or: 5. Surgical site bleeding with hemodynamic instability. All other bleeding complica-

tions were defined as minor.

Age at the date of surgery was registered. Diabetes was defined as an HbA1c ≥ 6.5% and/

or use of antidiabetic drugs. Hypertension was defined as a blood pressure of above 

140/90 mmHg and/or use of antihypertensive therapy. Dyslipidemia was defined as use of 

statins and/or a raised total cholesterol level, LDL or triglycerides above the 95st percen-

tile according to the definition proposed by the American Heart Association [18]. OSA was 

defined as sleep apnea proven with formal sleep study. Heart failure, bleeding disorder and 

VTE in the past were registered if documented. Renal insufficiency was defined as a creati-

nine clearance <60 ml/min according to the MDRD formula. Anticoagulation before surgery 

was defined as the use of platelet aggregation inhibitors, coumarins or heparins. Smok-

ing was defined as current use of cigarettes. Thromboprophylaxis regimen was registered 
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for each patient. High dose of thromboprophylaxis was defined as doses of low molecular 

weight heparins (LMWH) higher than the local thromboprophylaxis protocol.

statistical analysis

Baseline characteristics of the patients were summarized using descriptive statistics. Data 

were first tested for normal distribution using the Kolmogorov-Smirnov and the Shapiro 

and Wilk tests of normality. Univariate and multivariable logistic regression analysis was 

used for the computation of odds ratios and 95% CI. Four control patients were selected for 

the major bleeding complications and 2 control patients for the minor bleeding complica-

tions. We decided beforehand to select more controls for major bleeding to increase the 

power for the analysis of the primary outcome. The forward stepwise method was used. 

We selected variables with a p–value cut-off point of <0.1. All tests were two-tailed and a 

p value <0.05 was considered statistically significant. Statistical analyses were performed 

using SPSS software package (version 19).

results

study population

From 1989 patients, 1222 were reached by telephone calls. Among these patients 1273 

surgical procedures were performed. Fifty-one patients had two procedures. The response 

rate of the telephone calls was comparable in each center (61%). The majority of the surger-

ies consisted of GBP (61%), followed by LAGB (21%), Redo (9%) and SG (7%). A minority (2%) 

consisted of other bariatric surgery types, like DS or ring banded, distal, or modified GBP.

Postoperative bleeding complications

Major bleeding complications were reported in 35 patients (2.7%). Two of the major 

bleeding complications were detected during the selection process of control patients 

(2/238=0.84%). One case was not mentioned by the patient and in the other case there was a 

language barrier. These two cases were included in the statistical analysis as major bleeding 

complications. The major bleeding complications consisted of gastro-intestinal tract bleed-

ing (54%), intra-abdominal bleeding (26%), hematomas (20%), and wound bleeding (9%). 

Median time between surgery and bleeding was 2 days (range 0-12). Sixty-nine percent of 

the bleeding complications were during the first admission. All patients with major bleed-

ing had a fall in hemoglobin level and 60% of this group needed blood transfusion. Thirty-

four percent of the bleedings needed re-intervention, 40% of the patients were admitted to 
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the intensive care, and a longer hospital stay was needed in 66% of the cases. One patient 

died because of a bleeding complication after surgery.

Any bleeding complication in the first month after bariatric surgery was diagnosed in 

56 patients (4.4%). 55 patients indicated that they developed a bleeding complication after 

surgery. In 54 of these 55 patients (98.2%), data were confirmed by analysis of the medical 

records. These bleeding complications consisted of gastro-intestinal tract bleeding (45%), 

wound bleeding (23%), hematomas (21%), and intra-abdominal bleeding (16%). Median 

time between surgery and bleeding was 3 days (range 0-30) and 52% of the bleeding com-

plications was during the first admission. In total 182 controls patients were selected for 

all bleeding cases. Mean age of the total study population was 44.8 ± 10.4 years and 188 

(79%) were female. Mean BMI was 43.9 ± 5.8 kg/m2 and 158 procedures (66.4%) were a 

GBP. Additional characteristics of the cases and controls are shown in table 1.

table 1. Patient characteristics of patients who experienced major bleeding complication, any 
bleeding complication after bariatric surgery and the control patients.

Variables Major bleeding cases
n=35

all bleeding cases
n=56

All controls
n=182

Gender, female 22 (63) 41 (73) 147 (81)
Age, years 47.7 ± 9.9 47.3 ± 9.5 44.0 ± 10.6
Diabetes 12 (34) 17 (30) 49 (27)
Hypertension 17 (49) 29 (52) 86 (47)
OSA 9 (26) 12 (21) 34 (19)
Dyslipidemia 15 (43) 19 (34) 51 (28)
Smoking 10 (29) 16 (29) 39 (21)
Length, m 1.72 ± 0.09 1.72 ± 0.09 1.70 ± 0.09
Weight, kg 129.3 ± 26.6 125.9 ± 23.7 128.9 ± 20.1
BMI, kg/m2 43.4 ± 7.6 42.7 ± 6.8 44.3 ± 5.4
GBP 23 (66) 38 (68) 120 (66)
Gastric banding 0 (0) 3 (5) 21 (12)
SG 1 (3) 1 (2) 12 (7)
Redo 9 (26) 11 (20) 27 (15)
Laparoscopic 28 (80) 47 (84) 169 (93)

Data are presented as mean ± standard deviation, or number of patients (%).
Abbreviations: OSA = obstructive sleep apnea, BMI=body mass index, GBP=gastric bypass, SG = sleeve 
gastrectomy, Redo = revisional procedure, m = meter, kg = kilogram, min = minute.
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factors associated with bleeding complications

First we performed univariate analyses. We observed strong associations between postop-

erative major bleeding complications and renal insufficiency, coumarin use before surgery, 

extra intervention during surgery and higher than prophylactic doses of thromboprophy-

laxis (table 2a). With multivariable regression analysis, higher than prophylactic doses of 

thromboprophylaxis after surgery and renal insufficiency remained associated (OR 13.2 

(95% CI 3.0-57.9) and 25.1 (95% CI 2.3-269.1) respectively). Previous abdominal surgery and 

extra intervention during bariatric surgery nearly reached significance (table 2a).

When we performed univariate analysis for all bleeding complications after surgery, we 

observed a strong association between postoperative bleeding complications and older 

age, renal insufficiency, previous VTE, previous abdominal surgery, coumarin use before sur-

gery, open surgery, and higher than prophylactic doses of thromboprophylaxis (table 2b). In 

the multivariable regression analysis, the variables higher than prophylactic doses of throm-

boprophylaxis, renal insufficiency and previous abdominal surgery remained significant (OR 

13.2 (95% CI 3.4-51.4), and 14.6 (95% CI 1.2-172.3), and 2.6 (95% CI 1.3-5.2) respectively).

Characteristics of patients with renal insufficiency are shown in table 3. All four patients 

with renal insufficiency were men with a higher mean age of 58.5 ± 5.3 years. Diabetes, 

hypertension and dyslipidemia were present in all four patients. Mean creatinine clearance 

was 49.3 ± 11.1 ml/min. None of these patients had previous VTE. One patient (25%) had 

previous abdominal surgery. They did not use coumarins before surgery and had no higher 

than prophylactic doses of thromboprophylaxis after surgery. Three patients with renal 

insufficiency (75%) had a post-surgical major bleeding complication.
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table 2a. Predictive factors for bleeding complications in cases and controls for the major bleeding 
complications.

Variables Cases
n=35

Controls
n=140

univariate analysis Multivariable analysis

p-value Or (95% cI) p-value Or (95% cI)

Gender, female 22 (63) 109 (78) 0.071 0.5 (0.2-1.1)
Age, years 47.7 ± 9.9 44.0 ± 10.8 0.069 1.0 (0.9-1.1)
Smoking 10 (29) 30 (21) 0.517 1.3 (0.6-3.1)
BMI, kg/m2 43.4 ± 7.6 44.2 ± 5.7 0.498 0.9 (0.9-1.0)

Heart failure 1 (3) 2 (1) 0.568 2.0 (0.2-23.0)
Renal insufficiency 3 (9) 1 (1) 0.028 13.0 (1.3-129.4) 0.008 25.1 (2.3-269.1)
Bleeding disorder 0 0 1.000 NA
Previous VTE 2 (6) 3 (2) 0.275 2.8 (0.4-17.2)
Previous 
abdominal 
surgery

23 (66) 69 (49) 0.085 1.9 (0.9-4.3) 0.052 2.4 (0.9-5.7)

Platelet aggrega-
tion inhibitors

7 (20) 12 (9) 0.061 2.6 (0.9-7.3)

Coumarins 4 (11) 3 (2) 0.025 5.8 (1.2-27.5)
NSAIDs 5 (14) 16 (11) 0.653 1.3 (0.4-3.8)
SSRIs 6 (17) 18 (13) 0.522 1.4 (0.5-3.8)
Corticosteroids 2 (6) 0 (0) 1.000 NA

GBP 23 (66) 91 (65) 0.937 1.0 (0.5-2.3)
Gastric banding 0 (0) 11 (8) 1.000 NA
SG 1 (3) 10 (7) 0.367 0.4 (0.0-3.1)
Redo 9 (26) 26 (19) 0.347 1.5 (0.6-3.6)
Other type 
bariatric surgery

2 (6) 2 (1) 0.160 4.2 (0.6-30.8)

Laparoscopic 28 (80) 127 (91) 0.082 0.4 (0.2-1.1)
Duration surgery, 
min

108 ± 33 104 ± 43 0.605 1.0 (0.9-1.0)

Extra intervention 
during surgery

4 (11) 4 (3) 0.044 4.4 (1.0-18.5) 0.053 4.7 (0.9-22.4)

High dose of 
LMWH

7 (20) 3 (2) 0.001 11.4 (2.8-46.9) 0.001 13.2 (3.0-57.9)

Data are presented as mean ± standard deviation, or number of patients (%).
Abbreviations: BMI=body mass index, VTE= venous thromboembolism, NSAIDs= nonsteroidal anti-
inflammatory drugs, SSRIs= serotonin reuptake inhibitors, GBP=gastric bypass; SG=sleeve gastrectomy; Redo= 
revisional procedure, min=minutes, LMWH=low molecular weight heparins, high dose of LMWH= higher than 
prophylactic doses of LMWH.
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table 2b. Predictive factors for bleeding complications in all bleeding cases and control patients.

Variables Cases
n=56

Controls
n=182

univariate analysis Multivariable analysis

p-value Or (95% cI) p-value Or (95% cI)

Gender, female 41 (73) 147 (81) 0.227 0.7 (0.3-1.3)
Age, years 47.3±9.5 44.0±10.6 0.039 1.0 (1.0-1.1)
Smoking 16 (29) 39 (21) 0.394 1.3 (0.7-2.7)
BMI, kg/m2 42.7 ± 6.8 44.3 ± 5.4 0.075 0.9 (0.9-1.0)

Heart failure 1 (2) 2 (1) 0.690 1.6 (0.1-18.4)
Renal insufficiency 4 (7) 1 (1) 0.046 10.2 (1.0-100.5) 0.033 14.6 (1.2-172.3)
Bleeding disorder 0 (0) 0 (0) 1.000 NA
Previous VTE 6 (11) 3 (2) 0.007 7.2 (1.7-29.6)
Previous abdominal 
surgery

39 (70) 89 (49) 0.007 2.4 (1.3-4.5) 0.007 2.6 (1.3-5.2)

Platelet aggregation 
inhibitors

9 (16) 14 (8) 0.071 2.3 (0.9-5.6)

Coumarins 6 (11) 3 (2) 0.007 7.1 (1.7-29.5)
NSAIDs 9 (16) 20 (11) 0.319 1.5 (0.7-3.6)
SSRIs 11 (20) 28 (15) 0.463 1.3 (0.6-2.9)
Corticosteroids 2 (4) 0 (0) 1.000 NA

GBP 38 (68) 120 (66) 0.790 1.1 (0.6-2.1)
Gastric banding 3 (5) 21 (12) 0.434 0.4 (0.1-1.5)
SG 1 (2) 12 (7) 0.197 0.3 (0.0-2.0)
Redo 11 (20) 27 (15) 0.392 1.4 (0.6-3.0)
Other type bariatric 
surgery

3 (5) 2 (1) 0.079 5.1 (0.8-31.3)

Laparoscopic 47 (84) 169 (93) 0.049 0.4 (0.2-0.9)
Duration surgery 109±38 105±45 0.565 1.0 (0.9-1.0)
Extra intervention 
during surgery

7 (13) 10 (6) 0.083 2.5 (0.9-6.8)

High dose of LMWH 10 (18) 3 (2) 0.000 12.9 (3.4-49.1) <0.001 13.2 (3.4-51.4)

Data are presented as mean ± standard deviation, or number of patients (%).
Abbreviations: VTE= venous thromboembolism, NSAIDs=nonsteroidal anti-inflammatory drugs, SSRIs= 
serotonin reuptake inhibitors, BMI= body mass index, GBP= gastric bypass, SG=sleeve gastrectomy, Redo = 
revisional procedure, min = minutes, LMWH=low molecular weight heparins, high dose of LMWH= higher than 
prophylactic doses of LMWH.
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table 3. Characteristics of patients with renal insufficiency (creatinine clearance < 60 ml/min) 
before bariatric surgery.

PT Age,
yrs

Gender Obesity-ass 
comorbidity

Previous 
Vte

Cr Cl, 
ml/
min

Bleeding weight, 
kg

BMI,
kg/m2

Coumarins *high
dose 
TP

1 55 man DM,HT,DL, 
OSA,MI

no 51 no 152 43.9 no no

2 53 man DM,HT,DL, 
OSA

no 56 major 180 54.9 no no

3 63 man DM,HT,DL no 33 major 107 33.8 no no

4 63 man DM,HT,DL, 
OSA,MI, HF

no 57 major 113 36.5 no no

PT = patient, yrs = years, ass = associated, CrCl = creatinine clearance, BMI = body mass index, TP = 
thromboprophylaxis, DM = diabetes, HT = hypertension, DL = dyslipidemia, OSA = obstructive sleep apnea,  
MI = myocardial infarction, HF = heart failure.
*High dose thromboprophylaxis: doses of low molecular weight heparins higher than the local 
thromboprophylaxis protocol.

Each center used LMWH as thromboprophylaxis, however, type of prophylaxis regimen 

varied (enoxaparin 40 mg twice daily during 14 days, nadroparin 2850 IU once daily during 

admission, nadroparin 5700 IU once daily during 4 weeks, nadroparin 5700 IU once daily 

during 6 weeks and dalteparin 5000 IU once daily during 10 days) and not every hospital 

used mechanic prophylaxis. Higher than prophylactic dose of LMWH was used in 13 patients 

and consisted of different schemes: dalteparin 5000 IU twice a day, nadroparin 11400 or 

15200 IU, or enoxaparin 100 mg or 150 mg twice a day. These higher than prophylactic 

doses of LMWH were given because of high estimated arterial or venous thrombosis risk in 

these patients. Seven of these patients developed a major bleeding and 3 patients a minor 

bleeding, and 3 patients did not have a bleeding event (table 4). The majority of bleeding 

complications (86%) occurred during the use of thromboprophylaxis. Patients with higher 

dose of heparins were more likely to use coumarins before surgery for previous VTE or 

atrial fibrillation (5 of the 13 patients, 38%).
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table 4. Characteristics of patients who used high dose thromboprophylaxis.

PT Age,
yrs

Gender lMwh dosage Indication 
high dose

Cou-
marin
pre-op

Type
bleed-
ing 

location 
bleeding

Time 
bleeding,
days post-
op 

1 41 female enoxaparin 2x100mg phlebitis no major hematoma 1
2 51 female enoxaparin 2x100 mg previous 

VTE
yes major intra-abd 9

3* 54 male enoxaparin 2x150mg CAD no major intra-abd 0
4 57 female naroparin 15200 IU previous 

VTE
yes major GI 11

5 45 female nadroparin 11400 IU unknown no major GI 3
6 52 female nadroparin 11400 IU unknown no major GI 0

7 49 male nadroparin 11400 IU unknown no major GI 2
8 28 female dalteparin 2x5000 IU previous 

VTE
yes minor WB 5

9 51 female nadroparin 11400 IU previous 
VTE

yes minor WB 7

10 42 female enoxaparin 2x100mg previous 
VTE

no minor GI 15

11 56 male nadroparin 11400 IU AF yes NA NA NA

12 45 female enoxaparin 2x100mg previous 
VTE

no NA NA NA

13 56 female enoxaparin 2x100 mg previous 
VTE

no NA NA NA

Abbreviations: PT=patient, yrs = years, VTE=venous thromboembolism, CAD=coronary artery disease, AF= 
atrial fibrillation, GI = gastro-intestinal, intra-abd=intra-abdominal, WB=wound bleeding, pre-op=pre-
operative, post-op=postoperative, NA = not applicable.
*Patient nr 3 had used Enoxaparin 150 mg twice a day during 4 days before surgery. Enoxaparin was stopped 
1.5 day before bariatric surgery.

dIscussIOn

Major bleeding complications were reported in 2.7% and any bleeding complication in 4.4% 

of all bariatric surgical procedures. Higher than prophylactic doses of thromboprophylaxis 

and renal insufficiency were found to be predictive for major bleeding complications after 

bariatric surgery.

The incidence of bleeding complications is in line with other studies [11,19-24]. However, 

the incidence of postsurgical bleeding complications after bariatric surgery varies in the 

literature from 0% [25] tot 6% [26,27]. The reason for this wide variation may be related to 
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the heterogeneity of the studies and most studies do not use ISTH criteria for the defini-

tion of major bleeding complications. In order to facilitate comparison of safety results in 

different studies, it is crucial to harmonize the definition of major bleeding. Major bleeding 

is often associated with prolonged length of hospital stay, leading to re-intervention and 

utilization of additional health care resources, and it may occasionally be fatal [9]. General 

surgery includes a great number of different surgical procedures with large variations in 

blood loss. This makes the comparison of bleeding complications after bariatric surgery 

with other types of abdominal surgeries difficult.

In this study, there was a strong association between postoperative major bleeding compli-

cations and higher than prophylactic doses of LMWH compared to the local standard pro-

tocols. These higher than prophylactic doses of LMWH were given because of an estimated 

higher arterial or venous thrombosis risk in these patients before surgery. 38% of these 

patients used vitamin K antagonists (VKA) before surgery. We know from the literature 

that patients on VKA receiving bridging therapy with LMWH have an increased bleeding risk 

[28-30]. However, there are no studies on bleeding risk when prophylactic doses are aug-

mented without VKA bridging, but it is likely that the bleeding risk is related to LMWH dose.

Another finding in this study is the association between major postoperative bleeding 

complications and renal insufficiency. To the best of our knowledge, there are no studies 

that identified renal insufficiency as a risk factor for major bleeding complications in the 

bariatric patients.We did not investigate the underlying mechanism explaining the relation-

ship. However, in general, patients with renal insufficiency are older, vulnerable and have 

more other comorbidities like heart failure which can increase the bleeding risk. Another 

hypothesis is the higher risk of uremic thrombopathy in renal insufficiency [31]. Since the 

estimated GFR in the four patients with reduced renal function was higher than 30 ml/min, 

accumulation of LMWH prophylaxis is unlikely.

Besides higher than prophylactic dose of thromboprophylaxis and renal insufficiency, previ-

ous abdominal surgery was found to be predictive for bleeding when all bleeding complica-

tions were analyzed. There is scarce information in the literature that addresses this issue 

in bariatric patients. Heneghan et al. [1] showed that the risk of early bleeding after gastric 

bypass appears to be increased in patients who have undergone previous abdominal sur-

gery. This was documented for 48% of the patients who had a bleeding event. An explana-
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tion for this phenomenon is that patients with previous abdominal surgery may develop 

intra-abdominal adhesions which may complicate surgery and therefore increase the risk 

of bleeding. Previous studies suggested older age [2,3], bleeding disorder [1], preoperative 

LMWH use [3], type of bariatric surgery [13-15], laparoscopy [14,32], and operation tech-

nique [21,33-35] also as potential risk factors for postsurgical bleeding. Surgeon volume as 

well can play an important role in the risk of postoperative bleeding. In this study we could 

not detect an association for older age, bleeding disorder, type of bariatric surgery and 

laparoscopy. Preoperative heparin was not prescribed in our patients. The details about the 

operation technique itself were not investigated in this study.

There are limitations of this study to address. Despite the extensive search of medical 

records, data can be missed for the exact determination of the incidence of major bleed-

ing complications and analysis of other possible risk factors for bleeding because of the 

retrospective character of the study. The fact that we have detected two major bleeding 

complications during the selection of control patients would suggest an underestimation 

of the true incidence of major bleeding with 0.84% (95% CI 0.79 - 0.89). Due to the retro-

spective design we may have missed some minor bleeding cases. Not every patient might 

report minor bleeding events. The strength of this study is that the design of the study for 

risk analysis is new and that we have confirmed the results with additional searches and 

telephone calls to all patients, which makes the results more reliable. The fact that the 

differences in distribution of type surgery, mortality, response rate and the follow-up of 

patients between centers were small, is important. The follow up time of this study was 

adequate to register the bleeding complications. We checked all types of bariatric surgery, 

all types of bleeding, possible risk factors for bleeding, did not maintain exclusion criteria, 

in a multicenter study.

cOnclusIOn

In conclusion, this study identified higher than prophylactic doses of thromboprophylaxis 

and renal insufficiency as important risk factors for the development of major bleeding 

complications after bariatric surgery. Caution is warranted in these patients who may have 

an increased risk of postoperative morbidity. This study highlights the need of studies that 

examine anticoagulant therapy in patients with a high risk of thrombotic events after bari-

atric surgery.
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