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Strengths and limitations of this study

 ► Randomised double- blinded placebo- controlled trial.
 ► Investigating a severe complication of bariatric 
surgery.

 ► Monocentre study in the Netherlands.
 ► Four different operators, causing inter- operator 
variance.

 ► Only one dose of tranexamic acid is investigated.

AbStrACt
Introduction Fast- track protocols often include short- 
term thromboprophylaxis and short length of hospital 
stay. These treatment strategies may negatively affect the 
occurrence and diagnosis of postoperative haemorrhage. 
Over the years, the rates of venous thromboembolic 
events (VTEs) have decreased, while there seems to be an 
increase in the occurrence of postoperative haemorrhage. 
Tranexamic acid (TXA) can potentially lower the incidence 
of postoperative haemorrhage. This trial aims to 
investigate whether preoperative administration of TXA 
reduces the preoperative and postoperative haemorrhage 
rates in laparoscopic sleeve gastrectomy (LSG).
Methods and analysis This is a single centre double- 
blind randomised placebo- controlled trial. Patients 
undergoing an LSG are included after obtaining informed 
consent. Patients are randomised between two groups: (1) 
administration of placebo infusion and (2) administration 
of 1500 mg TXA. In both groups, the infusions will be 
administered during the induction phase of the procedure. 
Primary outcome measures are preoperative use of 
haemostatic clips, postoperative haemoglobin decrease 
and postoperative haemorrhage. Secondary outcome 
measure is the rates of VTE.
Ethics and dissemination The protocol version 3 was 
approved by the medical ethical committee Medical 
Research Ethics Committees United (MEC- U), Nieuwegein, 
on 29 July 2019. The trial results will be submitted for 
publication in a peer- reviewed journal and at conference 
presentations.
trial registration number The Netherlands Trial Registry 
(NL8029); Pre- results.

bACkground
Because of the increasing rates of morbid 
obesity and herewith increasing incidence 
of bariatric surgery, the popularity of fast- 
track protocols is growing. These Enhanced 
Recovery After Bariatric Surgery (ERABS) 
protocols often include short- term thrombo-
prophylaxis and short length of hospital stay 
(LOS), with the aim to discharge patients on 

the first postoperative day.1 2 Even though 
ERABS has many positive outcomes, it may 
also negatively affect the diagnosis of post-
operative haemorrhage due to the short- 
time window for diagnosing postoperative 
complications.

The current literature states that postoper-
ative haemorrhage occurs in 2.0% of patients 
undergoing laparoscopic sleeve gastrectomy 
(LSG) and in 1.5%–3.1% of patients under-
going a laparoscopic Roux- en- Y gastric bypass 
(LRYGB).3 4 It is described that over the years, 
there seems to be an increase in the occur-
rence of postoperative haemorrhage, while 
the risk of venous thromboembolic events 
(VTEs) is decreasing.5 In our centre, overall 
postoperative haemorrhage rates of LRYGB 
and LSG have been stable since 2014, with 
more haemorrhage occurring after an LSG 
(2.2%) than after an LRYGB (1.3%). The 
rates of preoperative haemorrhage requiring 
haemostatic clips were 63.3% between 
January 2017 and March 2019. The rate of 
diagnosed VTE within 3 months postopera-
tive is 0.05% since 2014 at our centre.

Tranexamic acid (TXA) is a plasminogen 
inhibitor that can be used to inhibit fibrino-
lysis during or after surgery and thus minimise 
the risk of developing perioperative haemor-
rhage. Little is known about the use of TXA 
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in bariatric surgery. Nevertheless, in several other surgical 
areas, such as for coronary artery surgery and arthroplasty, 
perioperative administration of TXA has proven its value 
in preventing postoperative haemorrhage.6–8 Until now, 
the use of TXA to prevent postoperative haemorrhage in 
bariatric surgery has been described once by Hussain et 
al.9 The authors performed a meta- analysis of administra-
tion of TXA during LSGs and concluded that administra-
tion of TXA is a simple yet effective way to lower the rates 
of staple line haemorrhage, while shortening the length 
of surgery. In the end of 2018, Klaassen et al described 
that reoperations may be prevented due to postoperative 
administration of TXA in case of a suspicion of an already 
present haemorrhage.10

Because of the serious risks of postoperative haemor-
rhage, the need for preventive measures in bariatric fast- 
track surgery is increasing. This manuscript reports the 
protocol of a randomised controlled trial (RCT) inves-
tigating the outcome of preoperative administration of 
TXA in patients undergoing an LSG. The hypothesis is 
that the administration of TXA can lead to less use of 
preoperative haemostatic staples, a smaller haemoglobin 
decrease postoperatively and a lower reoperation rate, 
without increasing the VTE rates. By publishing this 
protocol, we hope to create more awareness of the haem-
orrhage risks of bariatric surgery and to further stimulate 
research in this area.

MEthodS/dESIgnS
Study design and participants
This is a double- blind, single centre, parallel- group RCT 
that takes place in a high- volume bariatric centre in the 
Netherlands. We aim to include 100 patients. Patients 
are randomised with an allocation ratio of 1:1 between 
two groups: (1) administration of a placebo infusion 
(sodium chloride) and (2) administration of 1500 mg 
TXA. In both groups, the infusions will be administered 
during the induction phase of the procedure by the 
anaesthesiologist.

All patients found suitable for bariatric surgery 
according to the international guidelines and undergoing 
an LSG will be asked to participate in this study. In order to 
be eligible to participate in this study, a subject must meet 
all of the following criteria: primary bariatric procedure 
and good knowledge of the Dutch or English language. A 
potential subject who meets any of the following criteria 
will be excluded from participation in this study: patients 
unwilling to give informed consent, patients with a 
medical history of bleeding or VTE and patients who use 
therapeutic anticoagulants. Patients will also be excluded 
in case of preoperative arterial bleeding or (iatrogenic) 
bleeding coming from surrounding organs or vascular 
structures, such as the liver or the spleen.

Patient involvement
This research was done without patient involvement. 
Patients were not invited to comment on the study design 

and will not be consulted to develop patient relevant 
outcomes or interpret the results. Patients will not be 
invited to contribute to the writing or editing of this docu-
ment for readability or accuracy.

outcome measures
Primary outcome measures are preoperative use of 
haemostatic staples, the decrease in haemoglobin after 
the procedure at day one postoperative and rates of 
postoperative haemorrhage (ie, haemorrhage needing 
administration of packed cells or a surgical or radiological 
re- intervention) within 30 days postoperative. Secondary 
outcome measure is rates of VTE within 3 months postop-
erative. Comorbidities such as hypertension, diabetes en 
dyslipidemia will be taken into account. Also, the preop-
erative blood pressure will be registered.

Interventions
This study will compare an intervention group with a 
control group. In the intervention group, patients will be 
administered TXA (Cyklokapron) 1500 mg intravenously 
during the induction of the procedure. A set dose of 
1500 mg will be used, based on the study population with 
morbid obesity.11 The TXA will be intravenously adminis-
tered, dissolved in 100 mL sodium chloride 0.9% in a time 
frame of 15–30 min, with a maximum of 100 mg/min. In 
the control group, patients will receive a placebo infusion 
containing 100 mL sodium chloride 0.9%, to be adminis-
tered in a time frame of 15–30 min. The hospital’s phar-
macy will prepare and label the investigational medicinal 
products according to the relevant Good Manufacturing 
Practice guidelines.

For all patients participating in the trial, three topics are 
addressed in more detail in this protocol. First, we want 
to determine the haemoglobin decrease. A blood sample 
(one EDTA tube) will be obtained in the week preopera-
tive by venipuncture. From this blood sample, a haemo-
globin test is performed in the hospital’s laboratory. The 
postoperative haemoglobin value will be obtained from 
the blood sample that is obtained in all bariatric patients 
on the first postoperative day. Second, we aim for an 
unambiguous policy on fluid balance. Patients can eat 
up to 8 hours preoperatively and drink clear fluids up to 
4 hours preoperatively. To compensate for this preoper-
ative ‘nothing per os’ policy, all patients receive 1 L of 
Ringer’s lactate solution preoperatively. After the proce-
dure, all patients receive intravenous administration of 
sodium chloride 0.9% (2 L per 24 hours). Furthermore, 
the fluid intake of each individual patient is registered 
starting after surgery. Third, the preoperative conditions 
need to be standardised for all trial patients. The preop-
erative mean arterial pressure is to be kept above 60 mm 
Hg. Information on preoperative use of haemostatic 
staples, administration of packed cells, postoperative 
TXA, rates of postoperative haemorrhage and VTE are 
obtained from the electronical patient report. Adverse 
events will be reported to the medical ethical committee 
and the national trial committee. All patients undergo an 
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box 1 Steps to be followed by the surgeon before 
placement of haemostatic clips

Steps before placing haemostatic clips:
 ► Staple gastric sleeve.
 ► Remove nasogastric tube.
 ► Remove sleeve from the abdomen.
 ► Aim for normotension.
 ► Decrease intraabdominal pressure to 12 mm Hg.
 ► Inspection of staple line.
 ► Place clips in case of ≥1 bleeding spot.

LSG as described by Gadiot et al.12 Haemostatic clips will 
be placed according to the step- by- step plan as detailed 
in box 1.

Education of study personnel
All involved personnel are educated on the study design 
by the coordinating researcher before the start of this 
study by walking through a digital presentation. In this 
presentation, all tasks will be discussed in detail, speci-
fied by function type. Surgeons are informed of how to 
include patients in this study at the outpatient clinic. 
The personnel of the hospital pharmacy are educated on 
how to prepare the individually labelled study medica-
tion. The anaesthesiology team is informed on the study 
design and to be aware of administering the medication 
as delivered by the hospital pharmacy. Bariatric nurses 
are educated on how to send out study information to 
all patients eligible for a bariatric procedure. Another 
important task of the bariatric nurse is the follow- up after 
surgery, which is done by a phone call 1 week after surgery. 
In this phone call, patients are asked about respiratory 
complaints of calve pain. In this same phone call, patients 
are once again reminded of the importance to contact 
the bariatric clinic in case of calve pain or respiratory 
complaints. No active follow- up (eg, duplex imaging of 
the calve veins) is performed to diagnose asymptomatic 
VTE, as it is unclear whether the not- clinically apparent 
VTEs are relevant to diagnose and should receive aggres-
sive therapy when diagnosed.

Sample size
The performed power analysis (power=80%, α=5% two- 
sided) calculated a required sample size of 2×36=72 
patients. The analysis was based on an expected 50% 
decrease of the percentage of patients for whom preop-
erative placement of haemostatic staples was required. 
To be able to compensate for potential exclusions, we 
decided to include 100 patients in total.

recruitment
In the Franciscus Gasthuis & Vlietland, approximately 
1000 patients undergo a bariatric procedure each year. 
Approximately 40% of these patients undergo a primary 
LSG and is herewith eligible for inclusion in this trial. 
Therefore, we expect to have included 100 patients within 
3–6 months. All patients found suitable for bariatric 

surgery according to the international guidelines and 
undergoing an LSG will have received written informa-
tion attached with the invitation letter for the appoint-
ment at the outpatient clinic. The surgeon and/or the 
anaesthesiologist will inform the patient once more about 
the study protocol at the outpatient clinic. If willing to 
participate, patients will be asked to fill in the informed 
consent form. Patients will have 1 week to reconsider 
their decision.

blinding and randomisation
After obtaining informed consent at the outpatient clinic 
of the surgical or anaesthesiological department, patients 
will be randomised into one of the two groups using vari-
able block randomisation software by Ciwit BV (Castor 
EDC©). Patients will either receive TXA or placebo 
(sodium chloride) during induction. Patient, surgical 
team and anaesthesiological team will be blinded for the 
treatment, as the hospital pharmacy will prepare the infu-
sion bags for each individual patient. Availability of the 
patient’s individualised infusion bag will be checked at 
the time out procedure. The coordinating researcher and 
the pharmacologist are unblinded in order to prepare the 
infusions properly. In case of suspicion of complications 
due to administration of the trial infusion bag, the anaes-
thesiologist and the surgical team can be unblinded by 
contacting the pharmacy or the coordinating researcher 
by a phone call.

data management
Identification of participants will be protected by using 
study numbers non- traceable to patient’s identity. Only 
members of the research team will have access to the 
databases with the study data. Data will be kept for 20 
years. The data will be monitored by a committee that is 
appointed by the hospital’s research department.

Statistical analysis
Statistical analyses will be performed using IBM SPSS 
version 24 (IBM Corporation, Armonk, New York, USA). 
Efforts will be made to prevent missing data by checking 
the completeness of the collected data. Missing data 
may be expected because of failed haemoglobin tests 
or (less likely) due to unregistered administration of 
TXA or packed cells. Differences in use of haemostatic 
staples between the two groups will be calculated using 
χ2 tests. The difference in haemoglobin decrease will 
be tested using multivariate logistic regression analysis, 
correcting for comorbidities (hypertension, diabetes 
and dyslipidemia) and use of haemostatic staples. These 
same analyses will be performed to assess the differences 
in number of patients needing to undergo a re- interven-
tion, but adding postoperative administration of TXA as 
a covariate. Differences in the rates of VTE and postop-
erative administration of TXA between the two groups 
will be calculated using χ2 (Fisher’s exact) tests. Results 
will be evaluated at a significance threshold of p<0.05 
(two- sided).
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dISCuSSIon
The complication rates in a fast- track bariatric surgery 
are modest: 2%–4% of all patients undergoing a bariatric 
procedure develops a major complication, such as staple 
line leakage or haemorrhage.13 14 Haemorrhage is not a 
frequently seen complication, but does have a substan-
tial impact on the patient’s recovery. This study tests the 
effects of preoperative administration of TXA on preop-
erative and postoperative haemorrhage rates in patients 
undergoing an LSG.

TXA has already been proven to be beneficial in preven-
tion of haemorrhage in several studies. The range of the 
dosage of TXA among these studies is wide, varying from 
100 mg/kg body weight8 to 20 mg/kg body weight,15 or 
multiple doses of 10 mg/kg before and after surgery.16 
The dosage of TXA can be determined based on patient’s 
body weight or renal function, or a standard dose can 
be given to each patient.17 In this study, a fixed dosage 
of 1500 mg TXA was used. For general (non- topical) 
fibrinolysis in adults, TXA is administered intravenously 
in a dosage of 15 mg/kg body weight in a solution with 
sodium chloride. Administration can be repeated every 
6–8 hours.18 In our study population, body weight varies 
between 100 and 200 kg. TXA has a small volume of distri-
bution (9–12 L) and will mostly be present in a watery 
environment and will not spread to fatty tissue.11 There-
fore, it is expected that a dosage above 1500 mg will not 
be of additional value.

Very little is known about the risks of TXA in patients 
with an increased risk of VTE. In this study, patients 
who used therapeutic anticoagulants were, therefore, 
excluded from participation. Earlier research showed 
that patients who use anticoagulants are at the highest 
risk of developing postoperative haemorrhage.19

As administration of TXA can hypothetically increase 
the risk of VTE, patients will be followed up for 3 months 
postoperatively to diagnose symptomatic VTEs. This 
follow- up is observational, meaning that no routine diag-
nostic imaging of the calve veins will be performed. The 
VTE rates in a metabolic fast- track surgery are very low: 
<1%. Therefore, we do not expect to be able to find a 
significant difference in the VTE rates between the 
groups.

The procedures in this trial will be performed by one 
of the four metabolic surgeons, assisted by a surgical 
resident or a physician assistant. This might create a risk 
of inter- operator variance on placing haemostatic clips. 
We have, therefore, created a step- by- step plan to create 
uniformity in the placement of haemostatic clips. Also, 
the operator will be included as a covariate in the multi-
variate regression analysis.

In this trial, we investigate the effect of preopera-
tive TXA in patients undergoing an LSG on the usage 
of haemostatic clips, haemoglobin decrease, re- inter-
ventions due to haemorrhage and the rates of VTE. 
Our results will be relevant for clinics performing fast- 
track metabolic surgery, as administration of TXA may 

decrease preoperative and postoperative haemorrhage 
rates. We aim to present the outcome of this trial in future 
publications.

trial status
The protocol version 3 was approved by the medical 
ethical committee on 29 July 2019.11 The enrolment of 
the first patient is expected in November 2019. Expected 
completion of recruitment is halfway through 2020.
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