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ABSTRACT
Introduction Pancreaticoduodenectomy (PD) is a major 
gastroenterological surgery that results in a substantial 
amount of blood loss. Several studies have demonstrated 
that major blood loss during PD is associated with both 
short- term and long- term poor outcomes. Administration 
of perioperative tranexamic acid (TXA) has been reported 
to reduce intraoperative blood loss in various surgeries, 
including cardiovascular surgery and orthopaedic surgery. 
Nevertheless, the effect of perioperative TXA use in 
patients undergoing PD has not been investigated. This 
study aims to investigate the effect of TXA on blood loss 
during PD.
Methods and analysis A multicentre (six hospitals), 
randomised, blind (patient- blinded, surgeon- blinded, 
anaesthesiologist- blinded, monitor- blinded), placebo- 
controlled trial of TXA during PD was started in September 
2019. Patients undergoing PD for biliary, duodenal or 
pancreatic diseases are randomly assigned to the TXA or 
placebo group. The stratification factors are the institutions 
and preoperative clinical diagnosis. Before skin incision, 
the participants in TXA group are administrated 1 g TXA as 
a loading infusion followed by a maintenance infusion of 
125 mg/hour TXA until the end of surgery or 8 hours from the 
incision. Participants in the placebo group are administrated 
the same volume of saline that is indistinguishable from 
the TXA. The primary outcome is blood loss during PD. The 
secondary outcomes are intraoperative and postoperative 
(up to day 2) blood transfusions, operation time, anaesthesia 
time, postoperative laboratory variables, length of hospital 
stay, in- hospital and 90- day mortality and postoperative 
complications occurring within 28 days of surgery or 
requiring readmission. To date, 115 patients of a planned 
220 have been enrolled in the study.
Ethics and dissemination This protocol was approved by 
the Nagoya University Clinical Research Review Board and 
is registered with Japan Registry of Clinical Trials on 15 
August 2019. The results of this trial will be disseminated 
through peer- reviewed journals.
Trial registration number jRCTs041190062.

INTRODUCTION
Pancreaticoduodenectomy (PD) is consid-
ered to be the only curative treatment option 

for periampullary malignancies, including 
pancreatic head cancer, distal bile duct 
cancer and duodenal cancer. Although there 
have been recent advancements in surgical 
instruments and techniques, PD is still a risky 
gastroenterological surgery that results in a 
substantial amount of blood loss and blood 
transfusion requirements (table 1).1–7 Recent 
observational studies have reported the asso-
ciation between both major blood loss and 
blood transfusions during PD and morbidity 
after PD.1 2 5 In addition, several studies 
have shown that major blood loss and blood 
transfusions during PD were independently 

Strengths and limitations of this study

 ► This randomised controlled trial (RCT) will be the 
first study to answer the clinical question as to 
whether tranexamic acid (TXA) use during pancre-
aticoduodenectomy (PD) is beneficial.

 ► A multicentre (six hospitals), blinded (patient- 
blinded, surgeon- blinded, anaesthesiologist- 
blinded, monitor- blinded) placebo- controlled RCT is 
the optimal study design for addressing the clinical 
question above.

 ► A loading dose of TXA (1 g) is administrated intra-
venously within 10 min before the skin incision, 
followed by a maintenance dose (125 mg/hour) of 
continuous infusion during PD, which are simple and 
easy for anaesthesiologists to administer.

 ► The study inclusion criteria are extensive, and ex-
clusion criteria are limited; therefore, this protocol 
will have broad applicability if the trial results are 
positive.

 ► Based on the previous data regarding blood loss 
during PD in the participating institutions, the nec-
essary sample size is estimated to be 220 patients; 
however, the amount of blood loss during PD tends 
to vary widely, so there remains a risk that the pri-
mary analysis will lack statistical power.

http://bmjopen.bmj.com/
http://orcid.org/0000-0001-6491-5224
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associated with poor long- term outcomes in patients with 
malignancies.3 4 8

Tranexamic acid (TXA) is an antifibrinolytic agent that 
was first developed in 1964 and has been used in clin-
ical practice in Japan since 1965.9 This antifibrinolytic 
agent is a synthetic derivative of the amino acid lysine, 
which reversibly binds to lysine- binding sites on plasmin-
ogen molecules, inhibits the conversion of plasminogen 
to plasmin and subsequently prevents the dissolution 
of fibrin clots.10 11 Despite the lack of robust evidence 
of its effectiveness from clinical trials, TXA has been 
used routinely for many years in Japan in cases in which 
bleeding is a concern. However, recent large randomised 
clinical trials (RCTs) have demonstrated the clinical effec-
tiveness of TXA in various settings, such as severe trauma 
with significant haemorrhage,12 traumatic brain injury,13 
postpartum haemorrhage14 and surgery.15 Systematic 
reviews of clinical trials of TXA use during surgery have 
demonstrated that TXA significantly reduces intraoper-
ative blood loss and the probability of receiving a blood 
transfusion by approximately one- third without increased 
risk of adverse events.16 17

Although many recent clinical trials have reported the 
benefit of perioperative TXA use in cardiovascular,15 18 
orthopaedic19–21 and urological surgeries,22 the effect of 
TXA in gastroenterological surgery has been poorly inves-
tigated. Only one RCT has demonstrated the effectiveness 
of perioperative TXA use in patients undergoing liver 
surgery.23 Most importantly, to our knowledge, the effec-
tiveness and safety of perioperative TXA use in patients 
undergoing PD have never been investigated.

Therefore, the objective of this study is to investigate the 
effectiveness and safety of TXA administration during PD 
using a multicentre, blind, placebo- controlled RCT. TXA 

was selected as the study drug because of safety profile, 
suitability for a blind trial and demonstrated benefits in 
other types of surgeries.

Study objectives
The primary objective of this RCT is to answer the clinical 
question as to whether intravenously administered TXA 
during PD is beneficial. Specifically, the effectiveness of 
TXA will be investigated in terms of whether it significantly 
reduces blood loss during PD as compared with placebo. 
The secondary objectives are to investigate the effect of 
TXA on the amount of any type of perioperative blood 
transfusions (up to 2 days after the operation), operation 
time, anaesthesia time, postoperative laboratory variables 
and complications occurring within 28 days of surgery 
or requiring readmission. The safety of TXA during PD, 
especially in terms of incidence of thrombotic/embolic 
events, will also be evaluated when these events will occur 
within 28 days of surgery or require readmission.

METHODS AND ANALYSIS
Study design and setting
The Tranexamic ACid during PD (TAC- PD) is a multi-
centre, randomised, blind, placebo- controlled trial. This 
study was conceived and initiated at Nagoya Univer-
sity Hospital, an academic referral hospital in Nagoya, 
Aichi, Japan. Five other referral hospitals around Nagoya 
(Aichi Cancer Centre, Ogaki Municipal Hospital, Toyo-
hashi Municipal Hospital, Toyota Kosei Hospital and 
Kasugai Municipal Hospital) are participating in this 
study. Patients are randomly assigned to receive either 
TXA (intervention) or placebo (control) just before and 
during PD. Clinical practice other than the intervention 
will be carried out based on each institution’s routine 
procedures. Permissive eligibility criteria, a simple study 
protocol and limited data collection have been adopted 
to maintain a pragmatic study design and study feasibility. 
The study design is shown in figure 1, and the timeline 
of assessment and follow- up is presented in figure 2. The 
final report of this study will follow the Consolidated Stan-
dards of Reporting Trials statement. This study protocol 
was written according to the Standard Protocol Items 
Recommendations for Interventional Trials guidelines 
(see online supplemental additional file 1).

Ethics, registration and informed consent
This RCT will be conducted in accordance with the prin-
ciples of the Declaration of Helsinki. In addition, because 
the prophylactic use of TXA in this study is considered 
to be an off- label use in Japan, this study is considered 
a specified clinical trial as defined by the Clinical Trials 
Act published by the Ministry of Health, Labour and 
Welfare of Japan. The study protocol and consent forms 
were reviewed as a specified clinical trial and approved 
by the Nagoya University Clinical Research Review Board. 
The ethics committee of each participating hospital 
also approved this study. This study was registered with 

Table 1 List of median blood loss and percentage of 
patients receiving perioperative blood transfusion in 
pancreaticoduodenectomy

Authors

Number 
of 
patients

Median blood 
loss (mL)

Perioperative 
transfusion 
(%)

Kazanjian et al1 182 400 (ND) 23.6

Braga et al2 700 500 (300–700) ND

Ross et al3 200 394* 18.0

Sutton et al4 697 672* 42.0

Seykora et al5 5323 400 (250–600) 37.2

Rystedt et al6 1864 600 (300–1000) 21.7†

Ishii et al7 415 930 (620–1389) 22.9†

Data of blood loss are presented as medians with interquartile 
ranges.
*Average blood loss is shown because the data of median blood 
loss are not described.
†Percentage of the patients requiring intraoperative blood 
transfusion is shown because the data of perioperative blood 
transfusion are not described.
ND, not described.

https://dx.doi.org/10.1136/bmjopen-2020-040914
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the Japan Registry of Clinical Trials. Written informed 
consent will be obtained from all participants.

Patient inclusion criteria
Patients undergoing planned open PD for the treatment 
of duodenal, biliary or pancreatic disease (regardless of 
histology) are eligible for the study. Eligible procedures 
include classical PD, pylorus- preserving PD and subtotal 
stomach- preserving PD. PD with combined resection 
of the portal vein, artery and right- sided colon is also 
eligible. Any extent of lymph node dissection is accept-
able. Eligible patients are adults (aged ≥20 years) who 
provide written consent. Patients who have undergone 
previous abdominal surgery, neoadjuvant chemotherapy 
and/or radiation therapy are also permitted. The periop-
erative use of anticoagulants and antiplatelet medication 
is also allowed, and these agents are administered at the 
discretion of the surgeons and/or anaesthesiologists.

Patient exclusion criteria
Patients will be excluded from enrolment if any of the 
following criteria are met: (1) the planned procedure 
is PD with hepatectomy or other procedures for other 
organs (eg, colectomy for descending colon cancer, cystec-
tomy for bladder cancer and resection of gynaecological 
organs), (2) the patient is receiving thrombin therapy, (3) 
the patient has used TXA within 7 days before surgery, (4) 
the patients has a known allergy to TXA, (5) the patient 
has a diagnosis of protein C/S deficiency, (6) the patient 
has a history of symptomatic deep vein thrombosis and/

or pulmonary embolism, (7) the patient has a history of 
cerebral infarction and/or myocardial infarction, (8) the 
patient has a severe atherosclerotic lesion under treat-
ment, (9) the patient has a history of epilepsy, (10) the 
patient has a chronic kidney disease (serum creatinine 
level ≥2.8 mg/dL) or is on maintenance dialysis, (11) 
the patient is enrolled in another relevant interventional 
study. These criteria are screened by investigators just 
before informed consent and enrolment (within 14 days 
before surgery).

Trial interventions
Japanese- sourced TXA (Tranexamic acid made by Teva 
Takeda Pharma) is used in this study. A loading dose of 
TXA is administered intravenously at a dose of 1 g (10 mL 
of TXA diluted with 40 mL of normal saline) over 10 min 
just before surgery. TXA for maintenance dose is admin-
istered intravenously at 125 mg/hour continuous infu-
sion during PD (stopped at the end of surgery). If the 
duration of surgery is longer than 8 hours, the mainte-
nance infusion is stopped at 8 hours from the incision 
(maximum dose of maintenance infusion is 1 g). In the 
placebo group, the same amount of 0.9% sodium chlo-
ride (normal saline) is administered intravenously at the 
same rate. These drug (or placebo) administrations are 
noted on the anaesthesia record by the blinded anaesthe-
siologists and monitored by surgeons and other medical 
staff members who are also blinded to the assignment.

Rationale of dose
Previous studies on the use of perioperative TXA have 
used a wide variety of doses and schedules. The loading 
doses ranged from 10 to 40 mg/kg, and maintenance 
doses ranged from 1 to 40 mg/kg/hour in non- cardiac 
surgery.24 However, there are little data regarding the 
perioperative use of TXA in gastroenterological surgeries. 
A previous open- labelled phase II trial demonstrated that 
the doses that will be used in our study (loading dose: 
1 g; maintenance dose: 1 g/8 hours) provided stable and 
therapeutic serum concentrations of TXA during major 
hepatectomy.25 Furthermore, previous large interna-
tional RCTs have shown that this dose is safe.12 13 Despite 
the potential dose- dependent effect in vitro, higher doses 
were not adopted because of safety concerns, mainly 
about seizure.26

Randomisation and assignment
Enrolled patients are randomly assigned to the TXA 
arm or placebo arm in a 1:1 ratio no earlier than 14 days 
before surgery. Investigators perform web- based online 
enrolment after obtaining written informed consent 
from the patients. Randomisation is conducted using a 
stochastic minimisation procedure stratified by study 
centres (six hospitals) and preoperative clinical diagnosis 
(pancreatic invasive ductal adenocarcinoma or others: 
ie, stratified into two groups). Investigators must provide 
the information of these two stratification factors with the 
data centre at the time of enrolment. An electronic data 

Figure 1 Study design.



4 Ishii K, et al. BMJ Open 2020;10:e040914. doi:10.1136/bmjopen-2020-040914

Open access 

capture (EDC) system is used to perform the randomisa-
tion and data collection. The allocation sequence and the 
EDC were generated and managed by the data centre at 
Nagoya University Hospital.

Blinding and drug preparation
The results of the randomised assignment are sent 
to predetermined open- labelled pharmacists at each 
centre by email from the data centre. The open- labelled 
pharmacists prepare the drug or placebo at the phar-
macy department on the day of the surgery. They are 
prohibited from providing care to the assigned patients 
or discussing the individual assignment with the inves-
tigators, clinical care team and patients unless serious 
adverse events (SAEs) such as severe allergy after the 
intervention occur and unblinding is requested by the 
anaesthesiologists and/or surgeons. Two ampoules of 
TXA (2 g/20 mL) are mixed with 80 mL of normal saline, 
and the mixture is divided into a 50- mL bottle for the 
loading dose and a 50- mL syringe for the maintenance 
dose when the patients are assigned to TXA group. The 
open- labelled pharmacists divide only 100 mL of normal 
saline into a 50- mL bottle and a 50- mL syringe when the 
patients are assigned to the placebo group. Mixing by 
the open- labelled pharmacists is completely out of sight 
of the other staff members. Anesthesiologists admin-
ister the prepared drug or placebo intravenously in the 

operating room. Study drugs are stored in a locked place 
at each centre’s pharmacy department and are managed 
only by the open- labelled pharmacists. This protocol 
achieves blinding of the patients, investigators, surgeons, 
anaesthesiologists and other medical staff members 
except for the open- labelled pharmacists, because the 
diluted TXA is colourless and indistinguishable from the 
placebo. Members of the Data Safety and Monitoring 
Board (DSMB) are also masked the results of randomis-
ation, and only the statistical manager at the data centre 
has access to the results.

Other treatment
Other techniques, drugs or equipment as well as postop-
erative management are administered at the discretion 
of the surgeons and anaesthesiologists. These include the 
PD approach (eg, mesenteric approach or conventional), 
type of reconstruction, techniques of pancreaticojejunos-
tomy or pancreaticogastrostomy, infusion of crystalloids 
and colloids, blood transfusions and instrument use such 
as the vessel- sealing system LigaSure (Covidien Japan, 
Tokyo, Japan). In contrast, preoperative (within 7 days 
before surgery) TXA use, administration of TXA during 
PD outside of this trial’s intervention and perioperative 
thrombin therapy are not allowed.

Figure 2 Assessment and follow- up timeline of the TAC- PD study. TAC- PD study, Tranexamic ACid during 
PancreaticoDuodenectomy study; TXA, tranexamic acid. *Limited to the patients with a malignancy.



5Ishii K, et al. BMJ Open 2020;10:e040914. doi:10.1136/bmjopen-2020-040914

Open access

Outcome measures
The primary outcome in this trial is blood loss during PD. 
Blood loss is measured and calculated based on the in–
out balance of the operative field. For example, amount 
of normal saline for intraabdominal lavage is recorded as 
the gain of the field, and amount of fluid in suction bottle 
is recorded as the loss of the field. Any fluid loss from the 
body such as blood- soaked gauze is weighted as precisely 
as possible during the operation. The secondary outcomes 
include operating time, anaesthesia time, whether the 
patient requires a blood transfusion, and the amount of 
the transfusion during PD and up to 2 postoperative days. 
To maintain the pragmatic approach in this multicentre 
study, strict criteria for blood transfusions were not prede-
termined. In general, anaesthesiologists and surgeons 
decide whether to transfuse based on laboratory variables 
and vital signs. Secondary outcomes also assess postopera-
tive laboratory variables including white blood cell count, 
haemoglobin concentration, platelet count, serum creat-
inine, serum amylase, serum total bilirubin, C- reactive 
protein and variables associated with coagulation and 
fibrinolysis (eg, plasma fibrinogen level, prothrombin 
time and D- dimer). These variables are measured on 
postoperative days 1, 3 and 7. The morbidity, severity of 
complications, length of hospital stay and in- hospital as 
well as postoperative day 90 mortality are also evaluated 
as secondary outcomes. Complications include postoper-
ative pancreatic fistula (POPF), haemorrhage associated 
with POPF, delayed gastric emptying (DGE), bile fistula, 
intra- abdominal abscess, sepsis, acute kidney injury, 
hepatic failure, heart failure, stromal ulcer, pneumonia, 
urinary tract infection and postoperative bleeding. The 
severity of these complications is evaluated based on the 
Clavien- Dindo classification system and comprehensive 
complication index.27 28 POPF and DGE are also classified 
according to the definitions of the International Study 
Group of Pancreatic Surgery.29 30 Grade B or C POPF and 
other complications with a Clavien- Dindo score 3a or 
higher are considered clinically relevant. SAEs are defined 
as adverse events with a Clavien- Dindo score 4a or higher 
that are potentially caused by TXA, including severe drug 
allergy, seizure and thrombotic/embolic events such as 
deep venous thrombosis, pulmonary embolism, myocar-
dial infarction and cerebral infarction. These compli-
cations and adverse events are evaluated as secondary 
outcomes when the events occur within 28 days of surgery 
or readmission is required. These outcomes (ie, blood 
loss, blood transfusions, operating/anaesthesia time, 
morbidity, SAEs, length of hospital stay and mortality) 
are clinically relevant for both clinicians and patients. If 
the patients have a pathologically proven malignancy, the 
long- term outcomes (recurrence- free survival and overall 
survival) will be assessed at 3 and 5 years after surgery.

Data collection and follow-up
Case report forms in this study are constructed as web- 
based forms (from the EDC). The data are entered by 
blinded investigators before surgery and after surgery 

(postoperative days 1, 3, 7, 28 and 90) and are fully 
supported by source documents. Baseline patient char-
acteristics include age, sex, history, comorbidity, medi-
cations, preoperative diagnosis, preoperative laboratory 
variables (white blood cell count, haemoglobin concen-
tration, platelet count, serum albumin, serum creatinine, 
serum amylase, serum total bilirubin, C- reactive protein, 
total cholesterol and variables associated with coagulation 
and fibrinolysis) and American Society of Anaesthesiolo-
gists physical status. The data that will be captured and 
relevant to the surgery include the surgical procedure, 
the extent of lymph node dissection, method of recon-
struction and the experience of the operator. Postoper-
ative management is performed as per- standard care at 
each institution; however, laboratory blood tests on post-
operative days 1, 3 and 7 and drain amylase measured on 
postoperative day 3 are necessary to assess the secondary 
outcomes. Postoperative complications and their severi-
ties are judged by a blinded investigator who is indepen-
dent from the patient’s clinical care team. The patients 
will be followed up at each institution at least 90 days 
from the surgery. If the patients have a malignant lesion, 
they will be followed up or interviewed over the phone 
at 3 and 5 years from surgery to assess recurrence and 
survival.

Sample size
A previous meta- analysis has shown that TXA reduced 
intraoperative blood loss by 34% (95% CI 33% to 35%).16 
Review of past patient record at Nagoya University 
Hospital and other referral hospitals indicated that the 
average blood loss during PD was approximately 800 mL 
(SD=680 mL). We hypothesised that the average blood 
loss in the TXA group will be reduced to approximately 
530 mL (34% reduction from the past average). From 
the results of our survey and our hypothesis, assuming 
a power of 80% to detect an absolute difference, with a 
bilateral alpha risk of 5%, the sample size needed is 200 
patients. To account for 2% of cases being stopped before 
surgery (eg, due to cholangitis) and 8% incomplete PD 
due to tumour progression, we estimate that the final 
sample size required is 220 patients (110/arm).

Statistical analysis
Baseline characteristics of the enrolled patients will be 
summarised using descriptive statistics. Comparisons 
between the TXA group and placebo group will be 
performed according to an intention- to- treat principle. 
Student’s t- test or Welch’s t- test (when the data are not 
normally distributed) will be used to assess the primary 
outcome and other continuous variables included in 
the secondary outcomes (operating/anaesthesia time, 
number of transfused blood products, laboratory vari-
ables). If unacceptable baseline imbalances are present, 
a multiple linear regression analysis to calculate the 
adjusted coefficient of TXA for the blood loss will be 
performed. Categorical variables such as whether or not 
blood transfusions are required, and the occurrence of 
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postoperative complications and SAEs will be evaluated 
using Pearson’s χ2 test. Fisher’s exact test will be applied 
only when the expected scores in any of the cells are ≤5. 
Relative risk ratio and number needed to treat will also be 
calculated. Intention- to- treat analysis (ie, analysis popula-
tion consists of all enrolled patients undergoing surgery), 
per- protocol analysis (ie, analysis population consists of 
all patients receiving complete intervention) and limited 
analysis (ie, analysis population consists of patients who 
complete the intervention and PD) will be planned. 
Subgroup analyses will also be planned for baseline char-
acteristics that may affect blood loss during PD, including 
preoperative body mass index, diagnosis and laboratory 
variables. In patients with a malignancy, recurrence- free 
survival and overall survival will be evaluated at 3 and 
5 years from surgery using Kaplan- Meier method, log- 
rank test and Cox hazard model. Interim analysis is not 
planned in this trial.

Unblinding
In cases in which a severe allergy (an anaphylactic reac-
tion), such as bronchospasm or shock, occurs during 
anaesthesia and TXA is suspected as the causal agent, the 
attending anaesthesiologists and surgeons can stop the 
study intervention and request emergent unblinding from 
the open- labelled pharmacists. If the patients received the 
placebo, the causal agent is not TXA but rather another 
drug used during anaesthesia. This unblinding protocol 
will allow the anaesthesiologists to properly treat the 
severe allergy during anaesthesia. Unblinding will also be 
carried out when SAEs potentially caused by TXA such as 
seizure and thrombotic/embolic events occur postoper-
atively. This unblinding is for the members of the inde-
pendent DSMB and the principal investigator to properly 
evaluate the safety of TXA, ensure the safety of the study 
and report the SAEs to the Pharmaceuticals and Medical 
Devices Agency (PMDA) and Ministry of Health, Labour 
and Welfare of Japan.

Individual and entire stopping rules
A patient’s participation in the trial will be stopped in the 
following scenarios: (1) the patient declines to participate 
(all enrolled patients have the right to withdraw from the 
trial at any time), (2) the surgery is cancelled or post-
poned or (3) a severe allergy during PD develops in which 
TXA is the suspected causal agent. The entire trial will be 
terminated only if it is obvious that the SAEs are occur-
ring frequently in the TXA group. Specifically, if there 
are more than three patients with SAE in the TXA group 
than those in the placebo group, a decision of termina-
tion will be considered. This decision will be made by the 
members of the independent DSMB. Other early cessa-
tion rules have not been developed because interim anal-
ysis will not be planned in this trial. Data collected before 
the termination will be used for the analysis. In addition, 
SAEs that result in cessation of the trial will be analysed to 
evaluate the safety of TXA during PD.

Trial management
The data centre at Nagoya University Hospital is respon-
sible for the allocation sequence, EDC design and setup, 
web- based online enrolment, randomisation and confi-
dentiality of the collected data. Data of the enrolled 
patients are entered in the EDC and anonymised. Only 
the investigators, members of the data centre and site 
monitors have access to the EDC. The anonymised data 
will be retrieved from the EDC after the trial. The data 
and research documents will be archived for 5 years after 
study completion. Each institution has at least one site 
monitor. The site monitors have the responsibility of veri-
fying patient eligibility, written informed consent, compli-
ance with the protocol, accuracy of the data in the EDC 
and report of SAEs using on- site surveillance of source 
documents. The site monitors will verify the written 
informed consent in all participants. For other items, 
the first two participants will be verified, and if there is 
no problem, the verification will be carried out every 
five participants thereafter. If the site monitors find any 
error or deficiency, he or she presents these to the study 
team member, describes them in the monitoring report 
and implements the corrective actions. The DSMB has 
the responsibility of monitoring the SAEs throughout the 
trial. Auditing is not planned in this trial.

Potential harms and reporting rule
Data on adverse events and complications are collected in 
the EDC. SAEs are reported to the principal investigator 
by the chief investigator at each institution as soon as the 
SAE occurs. The principal investigator must report the 
occurrence of SAEs to the DSMB, PMDA and the Ministry 
of Health, Labour and Welfare of Japan using a specific 
reporting form. The DSMB will consider stopping the 
entire study when the incidence of the SAEs (eg, severe 
allergy, seizure and thrombotic/embolic events) is obvi-
ously higher in the TXA group. However, previous large 
studies have shown that TXA does not increase the risk of 
seizure or clinically relevant thrombotic/embolic events 
at least when the dosage of TXA is 2 g or less.12–14 In addi-
tion, anaphylaxis to TXA during anaesthesia is extremely 
rare; only a few case reports on this issue have been 
published.31–33 Therefore, we estimate that the proba-
bility of trial cessation due to SAEs is very low.

Loss to follow-up and missing data
In general, patients undergoing PD can be followed up 
until postoperative day 90 at each institution because the 
participating institutions are all tertiary hospitals of each 
region. We expect more than 99% follow- up at day 90 
referring to the 90- day follow- up completion rate (100%) 
in the past observational studies.7 The available data 
of loss to follow- up are used for analysis, and complete 
case analysis will be performed if most data are present. 
Imputation- based approaches such as the multiple impu-
tation method will be considered when much data are 
missing. Patients with a malignant lesion will generally 
be followed up until 3 and 5 years or death. Follow- up at 
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3 and 5 years will be done by telephone interview when 
the patients are not in the hospital where they underwent 
surgery.

Patients and public involvement
Patients and/or the public were not involved in the design 
or conduct of this study. We will intend to actively involve 
patients and the public in study dissemination strategy.

DISCUSSION
The TAC- PD trial will assess whether TXA during PD 
will result in reduced intraoperative blood loss without 
increased risk of adverse events. The blood loss (not the 
unit of blood transfusion) was selected as the primary 
outcome because the decision of transfusion depends 
on factors such as baseline haemoglobin level other 
than blood loss. The effect of TXA on blood transfusion 
may not be an accurate indicator of the effect of TXA 
on surgical patients.16 The study design is a randomised, 
blind and placebo controlled. The stratification factors 
are study centres and preoperative clinical diagnosis 
(pancreatic invasive ductal adenocarcinoma or not). 
Pancreatic invasive ductal adenocarcinoma was selected 
as a stratification factor because some previous studies 
have reported that vascular resection, hard pancreas and 
neoadjuvant therapy, which are associated with pancre-
atic invasive ductal adenocarcinoma, were associated 
with major blood loss during PD.5–7 However, require-
ment for vascular resection and texture of pancreas are 
often uncertain before surgery, and whether performing 
neoadjuvant therapy largely depends on institution policy. 
Therefore, our pragmatic protocol includes preoperative 
clinical diagnosis as a stratification factor. This protocol 
adopted the loading dose (1 g) over 10 min just before 
surgery and maintenance dose (1 g) over 8 hours during 
surgery. These doses were determined based on the 
previous studies,12 13 25 and the remaining drug at the 
end of surgery is not administered if the surgery finishes 
within 8 hours. This is because postoperative TXA use 
may not affect the primary outcome in this study, while 
there is concern that it may increase the risk of postoper-
ative thrombotic/embolic events.

This pragmatic protocol has several potential limita-
tions. First, although the intraoperative blood loss is 
measured as accurately as possible at each institution, 
there may be differences in blood loss measurement 
methods between study centres. However, study centre is 
a stratification factor in this trial; therefore, the difference 
of measurement methods is unlikely to confound the 
primary outcome. Second, although the sample size was 
estimated based on the past data of the participating insti-
tutions and the previous meta- analysis,16 there remains a 
risk that non- interventional factors that strongly affect 
the primary outcome such as vascular resection could 
be unbalanced because of relatively small sample size. 
Therefore, the data that possibly affect the blood loss are 
collected, and multivariate regression analysis to adjust 

the imbalance in two group will be planned if unaccept-
able baseline imbalances are present.

If the effectiveness and safety of TXA during PD are 
demonstrated, TXA may be almost routinely used in this 
clinical setting because it is both technically easy to admin-
ister and inexpensive (approximately US$1 per patient in 
Japan). An economic benefit will be achieved if the use 
of inexpensive TXA decreases perioperative blood trans-
fusions. To our knowledge, this trial will be the first to 
answer the clinical question of whether TXA use during 
PD reduces intraoperative blood loss and results in better 
clinical outcomes after PD. At study completion, we will 
better understand the benefits and risks of systemic TXA 
administration during PD. We expect our findings to have 
broad applicability, as this trial has wide inclusion criteria 
and narrow exclusion criteria. We hope that this trial will 
have a great impact not only on the establishment of TXA 
use during PD but also on opening the door for periop-
erative TXA use in gastroenterological surgeries. If the 
study findings are negative because of insufficient statis-
tical power, a larger study and an RCT targeting other 
major gastroenterological surgeries such as major hepa-
tectomy will be warranted.

ETHICS AND DISSEMINATION
This protocol is based on the latest version (Ver.3), as 
established on 13 March 2020. The study protocol was 
approved by the Nagoya University Clinical Research 
Review Board. All substantial protocol modifications 
will be reviewed and approved. The ethics committees 
of other participating hospitals (Institutional Review 
Board of Toyota Kosei Hospital, Clinical Research Insti-
tutional Review Board of Toyohashi Municipal Hospital, 
Ethics Committees of Kasugai Municipal Hospital, Clin-
ical Research Review Committee of Ogaki Municipal 
Hospital and Certified Review Board of Aichi Cancer 
Centre) also approved this study. Investigators will obtain 
written informed consent from all participants. The 
consent forms include additional consent provisions for 
collection and use of participant data for future ancillary 
studies (see online supplemental additional file 2). The 
first patient was enrolled on 27 September 2019. To date 
(3 September 2020), 115 patients have been enrolled and 
successfully randomised. No SAEs have been occurred, 
and unblinding has never been requested. Expected 
completion of patient enrolment is March 2021, and data 
collection is to be completed in September 2021. Nagoya 
University Hospital undertakes randomisation, data 
management, statistical analysis, central trial manage-
ment and coordination. The final results of this trial will 
be disseminated through peer- reviewed journals and 
conference presentations.
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