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Clinical parameters in anastomotic leaks

Abstract

Background: Anastomotic leakage (AL) following Laparoscopic Roux-en-Y Gastric Bypass 

(LRYGB) or Laparoscopic Sleeve Gastrectomy (LSG) is a severe complication, with a high 

morbidity rate. Several clinical parameters are known to alter during the presence of AL, yet 

no consensus on their usage exists to predict this complication at an early stage. This study 

aimed to identify clinical parameters predicting AL.

Methods: The following clinical parameters of patients who underwent LRYGB and LSG 

between 2011- 2015 were analysed: heart rate; blood pressure; respiratory rate; saturation; 

body temperature and highest pain score. Data were entered at baseline and three moments 

after surgery within two days’ time (T0-T3). A time frame analysis was performed to inves-

tigate their alteration and their predictive value in detecting AL.

Results: Fifteen hundred forty-four bariatric surgery patients were included, 23 (1.5%) 

developed AL. In patients with AL, the pain score was 1.2 points higher (Visual analogue 

scale, 6.0 vs. 4.8, p<0.05), heart rate and diastolic blood pressure were significantly altered 

(p <0.05). A prediction model showed an incidence of 1.6% and 7.9% when 2 and 3 points 

were scored respectively, identifying 26% of the patients who developed AL.

Conclusion: The risk on AL increased 8.9 times when measurements between baseline and 

just before discharge differed more than 10 units for heart rate and blood pressure. The 

measurement at discharge was the most important one to detect differences in clinical 

parameters in patients with AL.
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Introduction

Obesity has doubled worldwide since 1980, now more than 20% of the adults in Europe are 

obese (1;2). Although the World Health Organization has set up multiple programs to prevent 

an even higher increase of obesity, bariatric surgery has become crucial in its management, 

being the only treatment option with lasting results (3). Laparoscopic Roux-en-Y gastric 

bypass (LRYGB) and Laparoscopic Sleeve Gastrectomy (LSG) are most frequently performed 

due to its good results and relatively low complication rate (4;5). The performance of LRYGB 

translates in a significant relative risk reduction in mortality of 89% and a sustained 67% 

excess weight loss compared to treatment without surgery (4). For LSG similar sustained 

excess weight is described and the reduction in comorbidities is comparable to LRYGB (6).

The two most severe complications in LRYGB and LSG are pulmonary embolism and anas-

tomotic leakage (7). In LRYGB, anastomotic leakage (mainly at the gastrojejunostomy) has a 

prevalence ranging between 0.0 and 5.2% with no difference between the laparoscopic or 

open procedure (8-13). For LSG anastomotic leaks occur in 1.0 – 3.0% due to the longer staple 

line and the higher pressure in the ‘new’ stomach (6;14). Anastomotic leaks are most common 

at the gastrojejunostomy (GJS), followed by the jejunojejunostomy (JJS). Due to the loss of 

integrity at the anastomosis, stomach- (leakage at the GJS) or bowel content (leakage at the 

JJS) enters the abdominal cavity causing peritonitis and sepsis with significant morbidity 

and even mortality due to multi organ failure.

Early diagnosis of an anastomotic leak is important to decrease the severity of its morbidity 

and its mortality after bariatric surgery. Routine Upper Gastrointestinal tract radiography 

series (UGI) were often routinely performed but they are known for their diverging sensitivity, 

ranging from only 22% to 79.4% (15;16). Computed Tomography (CT) with oral and IV contrast 

has a higher sensitivity and specificity compared to UGI (11;16) and is seen as the radiologic 

procedure of choice to detect anastomotic leaks. However, routine performance of CT scans 

has no place in detecting anastomotic leakage, as the number needed to harm (radiation 

load) is too high compared to incidence of AL.

Clinical observations could improve early identification and therefore treatment of anasto-

motic leakage. Although the role of clinical observations is extensively reported in literature, 

with early deviating clinical parameters (e.g. tachycardia, abdominal pain, respiration rate, 
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temperature) as an important predictor of anastomotic leaks (8;9;11;17;18), there is no consensus 

on how these clinical parameters should be used. As a consequence, these parameters are 

interpreted in different ways, which can easily lead to delay of diagnosis in some patients 

as opposed to unjust diagnostics in others (18).

The aim of this study is to determine the role and identity of clinical parameters in early 

identification of an anastomotic leakage after LRYGB or LSG. Furthermore, it aims to develop 

a prediction model to identify anastomotic leakage using these clinical parameters.

Materials and Methods

This is a single centre retrospective cohort study of all patients who underwent elective bar-

iatric surgery, either a LRYGB or a LSG. The database contained all patients who underwent 

bariatric surgery between 2007 and 2015. As the hospital started using electronic patients 

record from 2011 with standard records of the clinical parameters, patients from 2011 

onwards were included in the present study. All patients who underwent surgery met the 

International Federation for the Surgery of Obesity and Metabolic Disorders (IFSO) criteria (19). 

Patients were obliged to participate in a pre- and postoperative program that facilitated the 

life style changes needed for the surgery to be a success (e.g. diet changes, psychological 

guidance). Patients who underwent either LRYGB, LSG, primary or revisional surgery were 

deemed eligible for inclusion. Minimal follow up was 30 days.

This study was approved of by the local medical ethical commission.

Surgical procedure:

All procedures were carried out by four experienced bariatric surgeons or under their direct 

supervision. The procedures were performed as previous described (20). For all procedures 

pneumoperitoneum was obtained and five trocars (three 12 mm and two5 mm) were used. 

If patients underwent a revisional procedure from an adjustable gastric band, it started with 

removal of the band followed by direct revision, after which the Port-a-Cath was removed 

prior to skin closure.
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In case of LRYGB the pouch was formed with one horizontal and 3-4 vertical firings of a 

45 mm endoscopic stapler (Johnson and Johnson, Sommerville, NY, USA) in the lesser 

curvature of the stomach. Subsequently the gastrojejunostomy was created in an antecolic, 

antegastric fashion, posterior by means of a stapler and anteriorly hand sewn using a V-locTM 

(Covidien, Dublin, Ireland). This was followed by creation of the jejunojunostomy at 120-150 

cm and transection of the connecting loop.

The LSG was created using multiple firings of the Echelon 60 endoscopic stapler. The 

remnant stomach was removed through the most lateral 12 mm port after the trocar was 

removed and the incision enlarged (2-3 cm) and send for pathologic examination.

Admission time

Patients were admitted early on the day of surgery. Postoperatively they were observed at 

the recovery unit for a short time and then taken back to the bariatric surgical ward. Patients 

with severe obstructive sleep apnoea (OSA) (Apnoea hypopnoea index (AHI) > 30) were 

closely observed overnight at the Intensive Care Unit (ICU). During admission, measurements 

of different clinical parameters were taken three times daily or more often if required. If 

necessary, additional diagnostics like blood analysis and-or CT scans were performed. In 

case of an uneventful LRYGB or LSG the admission time was two days.

Moments of measurement and variables

The two days of normal admission time were taken to evaluate whether anastomotic 

leakage can be detected at an early stage, prior to discharge. The routinely measured clinical 

parameters included: heart rate; respiration rate; pain (using the visual analogue scale (VAS)); 

blood pressure; temperature and saturation. Three postoperative measure moments were 

taken for data input during admission, T1 was < 3 hours postoperatively, T2 was 7-13 hours 

postoperatively and T3 was 22-28 hours after surgery Table 1. Blood pressure and heart rate 

were collected before admission by the anaesthesiology department or preoperatively at day 

one at the surgical ward, this measurement was used as baseline. In total, four moments of 

measurement were taken on which statistical analysis was performed.

Aside from the clinical parameters mentioned above, the database was complemented with 

the following additional variables: development of fever during admission; development of 

fever after discharge; highest pain score during admission (scored with visual analogue scale 
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1 - 10 (VAS); development of nausea during admission; panting during admission; CT-scan 

performed. Furthermore, the database already contained patients baseline characteristics 

e.g. gender; age; weight; comorbidities, and perioperative features prior to the start of this 

study.

All variables and time frames were analysed to identify the most distinguishing mea-

sure-moments or timeframes in the relation to clinical parameters and the detection of 

anastomotic leaks. To explore the predictive power of the clinical parameters, a basic model 

was created based on the significant differences. One point was scored when a variable had 

a difference of more than 10 units between measure moments.

Statistical analysis

Complementation of the existing database and statistical analysis was performed using 

IBM SPSS 21.0 for Windows. Normality assumption was tested with histograms and the 

Kolmogorov-Smirnov test. Comparison of continuous variables was achieved with the inde-

pendent Students T-test. The chi-square or Fishers’ exact test was used for the dichotomous 

variables. The assumptions for logistic regression analysis were checked for the continuous 

variables that were used. Variables which did not met the assumption for linearity were 

categorized Table 2 using standard ranges for the given variable.

For creation of the predictive model, univariate logistic regression was performed to define 

which variables had predictive characteristics. The variables which had a significant p-value 

of <0.05 were further analysed by multivariate logistic regression to discern their effect on 

the presence of anastomotic leakage.

Table 1: Moments of time measurement

T Measurement Time of measurement

T0 Reference measurement Before admission

T1 First measurement post-operative < 3 hours postoperative

T2 Last measurement of the day +/- 23:00 Day 1, +/- 23:00, 7-13 hours postoperative

T3 Last measurement before discharge Day 2, +/- 14:00, 22-28 hours postoperative
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Table 2: Categorization of clinical parameters

Variable Normal (0) Lower range (1) Higher range (1)

Heart rate 60 – 100 < 60 > 100

Blood pressure

 — Diastolic

 — Systolic

60 – 90

90 – 140

< 60

< 90

> 90

> 140

Respiration rate 12 – 20 < 12 > 20

Temperature 37 – 38.5 < 37 > 38.5

Saturation 90 - 100 < 90 > 100

Results

Between January 2011 and April 2015, 1810 patients were operated of whom 276 were 

excluded for various reasons as shown in Figure 1. A total of 1544 patients were included.

A LRYGB was performed in 1444 (93.5%) patients, 100 patients (6.5%) underwent a LSG. 

Primary surgery was executed in 1261 (81.3%) patients (75.3% LRYGB, 6.0% LSG) whereas 

revisional surgery was performed in 283 (18.7%) including conversion from LAGB/LSG to 

LRYGB, LAGB to LSG and pouch revisions. Of all patients, 23 (1.5%) developed an anas-

tomotic leak. The overall mortality rate was 0.4% (n = 6), of whom three patients died of 

anastomotic leakage. Of these six deaths three patients underwent revisional surgery of 

a LAGB into a LRYGB, the others underwent a primary LRYGB. Twelve-hundred-sixty-nine 

patients (82.2%) were female, the mean age was 44.3 years (SD 10.6) and mean BMI 44.2 

kg/m2 (SD 6.6). The baseline characteristics and its comparison in patients with and without 

anastomotic leakage are displayed in Table 3.

With a span of 136.3 cm (SD 22.6) compared to 128.7 cm (SD 14.7) the group with anas-

tomotic leakage had a significantly higher waist circumference, (p<0.05). Although no 

significant differences could be established for the variables gender, age, preoperative 

BMI, type II diabetes, dyslipidaemia, alcohol, smoking and time of surgery, the incidence of 

anastomotic leaks among males seemed higher (2.2%), compared to that of women (1.3%).
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Figure 1. Flowchart of inclusion

Table 3: Baseline characteristics

Variable All Patients

(n=1544)

Anastomotic Leakage

(n=23)

No anastomotic Leakage

(n=1521)

P-

value

Gender; n (%)

 — Female

 — Male

1269 (82.2)

275 (17.8)

17 (73.9)

6 (26.1)

1252 (82.3)

269 (17.7)

0.2962

Age; years (SD) 44,3(10.6) 48,3 (9.9) 44.2 (10.6) 0.1531

Preoperative BMI; kg/m² (SD) 44,2 (6.6) 44.3 (10.3) 44.2 (6.5) 0.9341

Waist circumference; cm (SD) 128,8 (14.9) 136.3 (22.6) 128.7 (14.7) 0.0431

Type II diabetes; n (%) 405 (26.2) 7 (31.8) 398 (26.2) 0.5512

Dyslipidaemia; n (%) 339 (22) 7 (33.3) 332 (21.9) 0.2082

Alcohol; n (%) 611 (40.1) 5 (25) 606 (40.3) 0.1662

Smoking; n (%)

 — Yes

 — Former

292 (19.1)

374 (24,5)

4 (20)

5 (25)

2

88 (19.1)

369 (24.5)

0.9952

Time of surgery (SD) 77.3(33) 96.9 (48.3) 77 (32.7) 0.0821

BMI = Body Mass Index; SD = Standard deviation; 1 Independent t-test; 2 Chi-square
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Clinical parameters: Anastomotic leak versus no anastomotic leak.

A higher systolic BP at T1 (161.6 mmHg (SD 32.6) vs 150.7 mmHg (SD 23.7), p =0.03); a faster 

heart rate at T3 (86.3 (SD12.7) vs 77.8 (SD12.7), p =0.001) and a lower oxygen saturation at 

T3 (95.2 (SD 1.8) vs 96.2 (SD 2.1) were the significant different clinical parameters in patients 

with and without anastomotic leakage (Table 4, adapted from Table 9, appendix A).

Although development of fever during the complete admission was notably higher for the 

anastomotic leak group (39.1% vs. 1.3%), no significant differences in temperature were seen 

during the T0-T3 time frame. Similarly, development of fever after discharge was significantly 

higher in patients who developed an anastomotic leak. Development of nausea during the 

complete admission was more common in the anastomotic leak group with 69.1% versus 

13.7% in the non-anastomotic leak group.

Although the highest pain (VAS) rate during admission was included in a later stage of the 

study (missing data: 34.1%), a significant difference is shown between the two groups (VAS 

6.0 vs 4.8).

Table 4: Summary of univariate analysis of variables tested, Anastomotic leak

Variable All patients (n=1544) Anastomotic Leak (n=23) No anastomotic 

Leak (n=1521)
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Heart rate at T3 (SD) 77.9 (12.8) 86.3 (12.7) 77.8 (12.7) 0.0011

Saturation T3 (SD) 96.2 (2.1)

(n=1346)

95.2 (1.8)

(n=22)

96.2 (2.1)

(n=1324)

0.0321

Fever during stay (%) 29 (1.9) 9 (39.1) 20 (1.3) 0.0002

Fever after discharge (%) 18 (1.2) 9 (39.1) 9 (0.6) 0.0002

Nausea during stay (%) 189 (14.5)

(n=1305)

13 (61.9)

(n=21)

176 (13.7)
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0.0002

CT performed (%) 39 (2.5) 14 (60.9) 25 (1.6) 0.0002

VAS max score (SD) 4.8 (2.1)

(n =1017)

6 (2.1)

(n=23)

4.8 (2.1)

(n=994)

0.0121

1= independent student T-test / 2= Fishers exact / BP = Blood pressure /

CT: Computed Tomography / SD: Standard Deviation / VAS: Visual Analogue Scale
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Clinical parameters: predictive value

Three continuous variables measured between T0 and T3 were significant. In correspon-

dence with the previously shown results of the univariate analysis Table 4, the variables 

systolic blood pressure at T1; heart rate at T3; systolic blood pressure at T3 and panting 

during admission were significant. The variable systolic blood pressure at T1 showed a 

one-sided significance for a blood pressure < 90mmHg. At T3, systolic blood pressure 

showed a two-sided significance, for below 90 mmHg and above 140 mmHg. Systolic blood 

pressure > 140 mmHg at T3 had an OR of 2.4 with a 95% CI of 1 – 5.8.

A heart rate at T3 less than 60 was not found during this study. Tachycardia showed to be 

statistical significant with an OR of 3.8 and a 95% CI of 1.1 – 13.3 in patients with anastomotic 

leakage (Table 5, adapted from Table 10, appendix B).

Table 5: Summary of univariate logistic regression analysis

Variable Anastomotic leakage after Bariatric surgery

OR 95% CI P Value

Systolic BP at T1

 — 90 – 140 mmHg

 — < 90 mmHg

 — > 140 mmHg

-

15.281

2.151

-

1.532 – 152.413

0.724 – 6.390

-

 0.020

0.168

Systolic BP at T3

 — 90 – 140 mmHg

 — < 90 mmHg

 — > 140 mmHg

-

32.083

2.426

-

5.871 – 175.334

1.014 – 5.806

-

0.000

0.046

Heart rate at T3

 — 60 – 100 per sec

 — <60 per sec

 — >100 per sec

-

***

3.843

-

***

1.108 – 13.336

-

***

0.034

Fever during stay 48.150 18.687 – 124.067 0.000

Fever after discharge 108.000 37.294 – 312.756 0.000

Panting during stay 9.556 2.030 – 44.993 0.004

CT performed 93.147 36.899 – 235.134 0.000

VAS score 5 -10 3.647 1.219 – 10.917 0.021
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Multivariate analysis:

Table 6 shows the multivariate analysis of the univariate results based on one variable per 

10 events. A systolic blood pressure below the 90 mmHg had a high association with the 

presence of anastomotic leakage, p < 0.05; 95% CI 4.4-165 and OR 26.95.

Table 6: Multivariate regression analysis

Variable Anastomotic leakage after Bariatric surgery

OR 95% CI P Value

Systolic BP at T3

 — 90 – 140 mmHg

 — < 90 mmHg

 — > 140 mmHg

-

26.952

2.279

-

4.401 – 165.055

0.951 – 5.464

-

0.000

0.065

Heart rate at T3

 — 60 – 100 per sec

 — < 60 per sec

 — > 100 per sec

-

***

1.009

-

***

0.717 – 10.499

-

***

0.205

Alterations in time

The differences of variables between time frames were most prominent between T3 (22-28 

hours after surgery) and T0 – T2 in patients with and without AL. Table 7 displays the 

significant differences between groups, with a p < 0.05. For both heart rate and diastolic 

blood pressure almost all the mean differences were increased for the anastomotic leak 

group. Table 7 also shows that nearly no difference was seen in heart rate between T3 and 

T1 in the anastomotic leak group, whereas the patients who did not develop anastomotic 

leaks had a significant lower heart rate at T3, compared to T1.

Table 7: differences between the time frames

Time 

difference

Variable Mean difference

no AL

Mean difference

AL

Mean difference

AL – no AL

P-Value

T3 – T0 Heart rate - 3.0 7.0 10.0 0.002

T3 – T1 Diastolic BP

Heart rate

9.3

- 9.9

17.3

0.3

8.0

9.6

0.040

0.008

T3 – T2 Heart rate 0.3 6.9 7.2 0.008

T2 – T1 Diastolic BP 11.3 20.0 8.7 0.019

Independent student-T test. Other differences between measure moments were not significantly different (T1 – 
T4, 3,2,1 \ T2 – T4,3 \ T3 – T4) Heart rate in beats/minute and diastolic blood pressure in mmHg.
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Figure 2 displays an overall similar course for diastolic blood pressure between T0 and T3, 

while being significantly different between groups (p <0.05). Heart rate had a comparable 

course for both groups up to measure moment T3, where an important difference in heart 

rate between the patients who developed anastomotic leaks and those without is eminent.

To establish the most predictive and differentiating value between T3 and T0, the ROC curve 

and the area under the curve showed that a difference between five and ten had the highest 

predictive value for diastolic blood pressure, systolic blood pressure and heart rate.

Figure 2: Course of mean diastolic blood pressure (BP) and heart rate (HR).

The final model consisted of three variables. For each positive variable, the patient got one 

point with a maximum of three points in accordance to the number of variables. Figure 3 

displays the ROC curve with an area under the curve of 0.66 associated with the model. 

The ROC curve measures the accuracy of a model by analysing the model’s sensitivity 

using the number of true and false positive cases when the model is applied. The better the 

predictive value of the model, the higher the area under the curve with a maximum value of 
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one. Table 8 shows the distribution of patients who developed anastomotic leaks within the 

model. When zero to one point was scored the incidence of anastomotic leaks was 0.9% 

which was lower than the overall anastomotic leak incidence of 1.5%. When two points were 

assigned, the incidence of anastomotic leaks increased to 1.6%, with nine patients (39%) 

who suffered from an anastomotic leak. The incidence increased to 7.9% when three points 

were scored, (n=6, 26%).

The model showed that an increase of heart rate by 10 beats per minute, together with a 

rise of 10 mmHg systolic and diastolic blood pressure gave an 8.9 times higher chance on 

presence anastomotic leakage.

Figure 3: ROC curve for prediction model for developing AL, based on T1-T4 difference for diastolic BP, systolic 

BP and heart rate

Table 8: Distribution among classes

Points Patients (%)

(n= 1544)

AL developed

(n=23)

Incidence of AL (%)

0 334 (21.6) 3 0.89

1 582 (37.6) 5 0.86

2 552 (35.8) 9 1.63

3 76 (4.9) 6 7.89
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Discussion

This study describes the importance of clinical parameters and their interpretation during 

the presence of anastomotic leaks. The three most valuable differences seen between 

groups were the systolic blood pressure at T1, heart rate at T3 and highest pain score during 

admission.

In the present study, a total of 23 (1.5%) patients developed an anastomotic leak, a rate 

comparable to other high-volume centres (9;12). Due to this severe complication, three of 

these 23 patients died, accounting for half of all deaths and making it the most important 

cause of mortality within this study population, which is similar to the results found by 

Goldfeder et al. (7).

With the presented prediction model, four groups were created. Patients that have no 

differences or just one variable differing between measure moment T0 and T3 have a 0.9% 

chance on the presence of an anastomotic leak, which was even lower than the risk in the 

overall bariatric surgery population (1.5%). The most important increase is seen in patients 

with three points. In this group, the incidence of anastomotic leakage is 7.9% increasing the 

risk 8.9 times compared to the patients with zero or one point.

An important finding in this study is the highest pain score measured via the VAS-scale, 

which is significantly different between groups (p<0.05) and could play a major role in 

a future prediction model. When clinical symptoms occur, abdominal pain is described 

by Ballesta et al. as the most important clinical manifestation during the development of 

anastomotic leaks (11). However, the pain score did not differ much, the highest pain score 

measured was 1.2 points higher on the VAS scale for patients who suffered from anasto-

motic leakage compared to those who did not.

Fever during or after admission was not uncommon as it occurred in 39.1% of the patients 

suffering of anastomotic leakage. The temperature was never above 38.5 °C between T0 

and T3 for any of the patients who developed anastomotic leakage in our study population. 

Therefore, it can be concluded that although present in over one third of the patients with 

anastomotic leakage, fever does not contribute to the early detection of anastomotic leaks 

and can be regarded as a relatively late symptom. The same was seen in a study investi-
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gating the anastomotic leaks after colorectal resection with a mean onset of fever at the 

fifth postoperative day (22).

As the variables nausea, panting and vomiting were noted beyond the timeframe of T0-T3, 

it was inappropriate to analyse these variables for the prediction model as its purpose 

was to detect anastomotic leakage at an early stage. The same accounts for the highest 

pain score, measured in the study. However, this study does show that patients, suffering 

from anastomotic leakage experience more panting, nausea and vomiting, as an increased 

amount of pain.

As nausea was present in 61.9% of patients with the presence of an anastomotic leak, 

compared to 13.7% (p <0.05) of those who did not suffer from this complication and the 

highest pain score also showed a significant difference, it is important to include these 

parameters in future research.

The analysis of the time frames supports the importance of T3, just prior to discharge, as 

moment to measure the patients’ clinical parameters and identify patients at risk for anas-

tomotic leakage. This is important as discharge can be evaluated and closer observation 

is possible. The most prominent difference for heart rate and diastolic blood pressure was 

found when T3 is compared to T0, which should be done by the responsible physician prior 

to discharge of a patient.

The development of clinical parameters following T3 are unknown and might possess 

important predictive value. However, aim of the present study was to identify early signs 

of anastomotic leakage prior to discharge. The development of altered clinical parameters 

after T3 was therefore irrelevant for the present study.

The significantly (p<0.05) different alteration of heart rate and diastolic blood pressure 

between groups suspect a cardiovascular response as one of the first noticeable clinical 

signs of anastomotic leakage. An increase of 8.9 times, solely based on heart rate and blood 

pressure supports this thought. With tachycardia as a known predictor, heart rate has shown 

to have an important role in the development of a prediction model for anastomotic leaks. 

For systolic and diastolic blood pressure, only pre-existent hypertension is described as a 
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risk factor in some studies (10,11). Blood pressure has great variation among people which 

makes the comparison between T0 and T3 necessary with regards to the same patient.

To our knowledge, this study is the first attempt to produce a prediction model covering the 

early timeframes for the presence of anastomotic leaks following bariatric surgery. During 

this process several pitfalls became evident, limiting the applicability of this prediction model. 

The most important pitfall in developing this model was the low incidence of anastomotic 

leakage. In 1544 patients, only 23 developed this complication. As a consequence, statistical 

rules allowed only two variables, one per 10 events, for multivariate logistic regression. Next, 

only three out of 21 continuous variables showed a significant difference between both 

groups, limiting the development of a model drastically. This caused an eminent loss of 

possible valuable data. However, this method was deemed the most appropriate to approach 

the clinical situation and eliminate selection bias as much as possible.

This study does show the importance of the measurement of clinical parameters. Even more, 

it could be concluded that standardized assessment of all parameters at certain timeframes 

should be fully implemented in post bariatric surgery patient care.

Multicentre studies with a larger population should be the focus for future studies attempt-

ing the development of a prediction model, containing a larger number of patients with 

anastomotic leakage.

Without the presented model, it is not possible to state what the chances are on developing 

an anastomotic leak for a patient during admission, solely based on clinical parameters. 

Anastomotic leaks are often diagnosed after discharge, with a rate of 83% in the population 

studied by Jacobsen et al9. Although prolongation of admission time in all patients to diag-

nose anastomotic leakage in hospital setting is possible, this is not desirable considering 

the low incidence of this complication. This mentioned, it is meaningful to assess if the 

differences between baseline and T3 variables are increased for selected patients already 

at risk for complications due to their baseline characteristics (20). Combining these baselines 

with such a model will enhance the early detection of this complication, decreasing its 

morbidity and mortality. When this model is applied, the detection increases only by 26% in 

all patients, showing its modesty. Therefore, additional diagnostics such as the level of white 

blood cells and C-reactive protein in laboratory results, the performance of an abdominal 
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CT scan remains very important. However, the model could be used additionally to estimate 

if a patient has a higher risk of developing an anastomotic leak and if admission should be 

prolonged. Furthermore, it could provide a direction whether invasive and more expensive 

diagnostics are necessary as these are not performed routinely.

Conclusion

This study aimed to develop a prediction model based on clinical parameters for anastomotic 

leakage after LRYGB and LSG. Alterations in blood pressure and heart rate after surgery 

were found to increase the possibility that an anastomotic leakage was present. Patients 

where diastolic blood pressure, systolic blood pressure and heart rate differed more than 10 

units between the preoperative measurement and measurement at day two postoperatively, 

had an 8.9 times increased risk to develop an anastomotic leak. Heart rate was identified 

as an important predictor for the presence for anastomotic leaks, especially at 22-28 hours 

postoperatively (T3). With heart rate and blood pressure as the most influential variables, 

an early cardiovascular response could be regarded as one of the first clinical signs during 

the presence of an anastomotic leak.

Secondly an important finding of this study was that the moment of discharge is the most 

important moment to detect differences in clinical parameters.

With this study, a blueprint is created for further research and development of a solid 

prediction model, where clinical parameters play a vital role in predicting the presence of 

anastomotic leakage after bariatric surgery. 15
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Appendix A: Table 9, All tested variables

Variable All patients 

(n=1544)

Anastomotic 

Leak (n=23)

No anastomotic 

Leak (n=1521)

P value

Systolic BP at T0 (SD) 137.0 (17.3) 141.6 (25) 136.9 (17.2) 0.3961

Diastolic BP at T0 (SD) 81.1 (11.9) 80.2 (12.8) 81.2 (11.9) 0.7031

Heart rate at T0 (SD) 80.7 (13.3) 78.5 (12.6) 80.7 (13.4) 0.4521

Systolic BP at T1 (SD) 150.9 (23.9) 161.6 (32.6) 150.7 (23.7) 0.031

Diastolic BP at T1 (SD) 81.7 (17.6) 86.6 (25.9) 81.7 (17.5) 0.3741

Heart rate at T1 (SD) 87.7 (16) 86.7 (18.6)  87.7 (16) 0.7571

Respiration rate T1 (SD) 16.2 (4.6) 16 (4.2) 16.2 (4.7) 0.9251

Saturation T1 (SD) 97.2 (3.5) 97.1 (3) 97.2 (3.5) 0.9041

Temperature T1 (SD) 36.5 (0.6) 36.3 (0.7) 36.5 (0.6) 0.2801

Systolic BP at T2 (SD) 128.0 (18.6) 131.2 (26.3) 127.9 (18.4) 0.5591

Diastolic BP at T2 (SD) 70.3 (11.6) 66.6 (12.3) 70.4 (11.6) 0.1171

Heart rate at T2 (SD) 78.1 (13.7) 79.4 (14.4) 78.1 (13.7) 0.6431

Respiration rate T2 (SD) 15 (3.3) 16.8 (5.3) 15 (3.2) 0.1231

Saturation T2 (SD) 96.8 (2.3) 97.1 (1.3) 96.8 (2.3) 0.2071

Temperature T2 (SD) 36.9 (0.6) 36.8 (0.7) 36.9 (0.6) 0.4281

Systolic BP at T3 (SD) 129.6 (17.9) 131.4 (27.6) 129.6 (17.8) 0.7541

Diastolic BP at T3 (SD) 72.3 (11) 69.3 (12.6) 72.4 (10.9) 0.1811

Heart rate at T3 (SD) 77.9 (12.8) 86.3 (12.7) 77.8 (12.7) 0.0011

Respiration rate T3 (SD) 14.6 (2.8) 16.4 (4.8) 14.6 (2.7) 0.0961

Saturation T3 (SD) 96.2 (2.1) 95.2 (1.8) 96.2 (2.1) 0.0321

Temperature T3 (SD) 37.1 (0.5) 37.2 (0.5) 37.1 (0.5) 0.5881

Fever during stay (%) 29 (1.9) 9 (39.1) 20 (1.3) 0.0003

Fever after discharge (%) 18 (1.2) 9 (39.1) 9 (0.6) 0.0003

Nausea during stay (%) 189 (14.5) 13 (61.9) 176 (13.7) 0.0033

Vomit during stay (%) 35 (2.7) 2 (9.5) 33 (2.6) 0.1073

Panting during stay (%) 16 (1.2) 2 (9.5) 14 (1.1) 0.0263

CT performed (%) 39 (2.5) 14 (60.9) 25 (1.6) 0.0003

VAS max score (SD) 4.8 (2.1)

(n =1017)

6 (2.1)

(n=23)

4.8 (2.1)

(n=994)

0.0121

1= independent student T-test / 2= Chi-square / 3= Fishers exact / BP = Blood pressure /

CT: Computed Tomography / SD: Standard Deviation / VAS: Visual Analogue Scale
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Appendix B: Table 10

Variable Anastomotic leakage after Bariatric surgery

OR 95% CI P Value*

Systolic BP at T0

 — 90 – 140 mmHg

 — < 90 mmHg

 — > 140 mmHg

-

***

0.975

-

***

0.406 – 2.336

-

***

0.953

Diastolic BP at T0

 — 60 – 90 mmHg

 — <60 mmHg

 — >90 mmHg

-

2.661

1.006

-

0.597 – 11.864

0.334 – 3.032

-

0.199

0.992

Heart rate at T0

 — 60 – 100 per sec

 — <60 per sec

 — >100 per sec

-

1.867

0.631

-

0.426 – 8.193

0.083 – 4.767

-

0.408

0.655

Systolic BP at T1

 — 90 – 140 mmHg

 — < 90 mmHg

 — > 140 mmHg

-

15.250

2.147

-

1.529 – 152.102

0.723 – 6.377

-

 0.020*

0.169

Diastolic BP at T1

 — 60 – 90 mmHg

 — <60 mmHg

 — >90 mmHg

-

1.465

1.613

-

0.404 – 5.307

0.664 – 3.921

-

0.561

0.291

Heart rate at T1

 — 60 – 100 per sec

 — <60 per sec

 — >100 per sec

-

2.161

0.666

-

0.490 – 9.529

0.195 – 2.277

-

0.309

0.517

Respiration rate T1

 — 12 – 20 per sec

 — <12 per sec

 — >20 per sec

-

0.524

0.701

-

0.152 – 1.799

0.204 – 2.413

-

0.304

0.574

Saturation T1

 — 90% - 100%

 — < 90% *** *** ***

Temperature T1 (N=576)

 — 35 – 38.5

 — < 35

 — >38.5

-

7.814

***

-

0.856 – 71.347

***

-

0.068

***

Systolic BP at T2 (SD)

 — 90 – 140 mmHg

 — < 90 mmHg

 — > 140 mmHg

***

1.233

***

0.482 – 3.151

***

0.662

15
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Variable Anastomotic leakage after Bariatric surgery

OR 95% CI P Value*

Diastolic BP at T2

 — 60 – 90 mmHg

 — <60 mmHg

 — >90 mmHg

-

1.414

***

-

0.553 – 3.619

***

-

0.470

***

Heart rate at T2

 — 60 – 100 per sec

 — <60 per sec

 — >100 per sec

-

1.364

0.853

-

0.399 – 4.664

0.113 – 6.450

-

0.620

0.877

Respiration rate T2 (SD)

 — 12 – 20 per sec

 — <12 per sec

 — >20 per sec

-

0.310

1.156

-

0.072 - 1.338

0.265 – 5.042

-

0.117

0.848

Saturation T2 (SD)

 — 90% - 100%

 — < 90%

*** *** ***

Temperature T2

 — 35 – 38.5

 — < 35

 — >38.5

-

***

***

-

***

***

-

***

***

Systolic BP at T3

 — 90 – 140 mmHg

 — < 90 mmHg

 — > 140 mmHg

-

32.056

2.424

-

5.866 – 175.183

1.013 – 5.801

-

0.000

0.047

Diastolic BP at T3

 — 60 – 90 mmHg

 — <60 mmHg

 — >90 mmHg

-

1.382

0.860

-

0.463 – 4.127

0.113 – 6.522

-

0.562

0.884

Heart rate at T3

 — 60 – 100 per sec

 — <60 per sec

 — >100 per sec

-

***

3.841

-

***

1.107 – 13.326

-

***

0.034

Respiration rate T3

 — 12 – 20 per sec

 — <12 per sec

 — >20 per sec

-

0.634

3.897

-

0.183 – 2.194

0.855 – 17.773

-

0.472

0.079

Saturation T3

 — 90% - 100%

 — < 90%

-

***

-

***

-

***
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Clinical parameters in anastomotic leaks

Variable Anastomotic leakage after Bariatric surgery

OR 95% CI P Value*

Diastolic BP at T2

 — 60 – 90 mmHg

 — <60 mmHg

 — >90 mmHg

-

1.414

***

-

0.553 – 3.619

***

-

0.470

***

Heart rate at T2

 — 60 – 100 per sec

 — <60 per sec

 — >100 per sec

-

1.364

0.853

-

0.399 – 4.664

0.113 – 6.450

-

0.620

0.877

Respiration rate T2 (SD)

 — 12 – 20 per sec

 — <12 per sec

 — >20 per sec

-

0.310

1.156

-

0.072 - 1.338

0.265 – 5.042

-

0.117

0.848

Saturation T2 (SD)

 — 90% - 100%

 — < 90%

*** *** ***

Temperature T2

 — 35 – 38.5

 — < 35

 — >38.5

-

***

***

-

***

***

-

***

***

Systolic BP at T3

 — 90 – 140 mmHg

 — < 90 mmHg

 — > 140 mmHg

-

32.056

2.424

-

5.866 – 175.183

1.013 – 5.801

-

0.000

0.047

Diastolic BP at T3

 — 60 – 90 mmHg

 — <60 mmHg

 — >90 mmHg

-

1.382

0.860

-

0.463 – 4.127

0.113 – 6.522

-

0.562

0.884

Heart rate at T3

 — 60 – 100 per sec

 — <60 per sec

 — >100 per sec

-

***

3.841

-

***

1.107 – 13.326

-

***

0.034

Respiration rate T3

 — 12 – 20 per sec

 — <12 per sec

 — >20 per sec

-

0.634

3.897

-

0.183 – 2.194

0.855 – 17.773

-

0.472

0.079

Saturation T3

 — 90% - 100%

 — < 90%

-

***

-

***

-

***
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Clinical parameters in anastomotic leaks

Variable Anastomotic leakage after Bariatric surgery

OR 95% CI P Value*

Temperature T3

 — 35 – 38.5

 — < 35

 — >38.5

-

***

***

-

***

***

-

***

***

Fever during stay 48.118 18.674 – 123.984 0.00

Fever after discharge 107.929 37.270 – 312.549 0.000

Nausea during stay 10.230 4.180 – 25.036 0.000

Vomit during stay 3.990 0.893 – 17.839 0.07

Panting during stay 9.549 2.028 – 44.958 0.004

CT performed 93.084 36.875 – 234.978 0.000

VAS score 5 -10 3.647 1.219 – 10.917 0.021

OR = Odds Ratio, CI = Confidence Interval, SD = Standard Deviation
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Clinical parameters in anastomotic leaks

Variable Anastomotic leakage after Bariatric surgery

OR 95% CI P Value*

Temperature T3

 — 35 – 38.5

 — < 35

 — >38.5

-

***

***

-

***

***

-

***

***

Fever during stay 48.118 18.674 – 123.984 0.00

Fever after discharge 107.929 37.270 – 312.549 0.000

Nausea during stay 10.230 4.180 – 25.036 0.000

Vomit during stay 3.990 0.893 – 17.839 0.07

Panting during stay 9.549 2.028 – 44.958 0.004

CT performed 93.084 36.875 – 234.978 0.000

VAS score 5 -10 3.647 1.219 – 10.917 0.021

OR = Odds Ratio, CI = Confidence Interval, SD = Standard Deviation
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