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STUDY PROTOCOL

Can the prophylactic administration 
of tranexamic acid reduce the blood loss 
after robotic‑assisted radical prostatectomy? 
Robotic Assisted Radical Prostatectomy 
with tranEXamic acid (RARPEX): study protocol 
for a randomized controlled trial
M. Balik1, J. Kosina1, P. Husek1, J. Pacovsky1, M. Brodak1 and F. Cecka2* 

Abstract 

Background:  The prophylactic administration of tranexamic acid reduces blood loss during procedures at high risk 
of perioperative bleeding. Several studies in cardiac surgery and orthopedics confirmed this finding. The aim of this 
prospective, double-blind, randomized study is to evaluate the effect of tranexamic acid on peri-and postoperative 
blood loss and on the incidence and severity of complications.

Methods/design:  Based on the results of our pilot study, we decided to conduct this prospective, double-blind, 
randomized trial to confirm the preliminary data. The primary endpoint is to analyze the effect of tranexamic acid on 
perioperative and postoperative blood loss (decrease in hemoglobin levels) in robotic-assisted radical prostatectomy. 
The additional endpoint is to analyze the effect of tranexamic acid on postoperative complications and confirm the 
safety of tranexamic acid in robotic-assisted radical prostatectomy.

Discussion:  No study to date has tested the prophylactic administration of tranexamic acid at the beginning of 
robotic-assisted radical prostatectomy. This study is designed to answer the question of whether the administration of 
tranexamic acid might lower the blood loss after the procedure or increase the rate and severity of complications.

Trial registration:  Clini​calTr​ials.​gov NCT04319614. Registered on 25 March 2020
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Background
Prostate adenocarcinoma is the second most common 
malignancy in men. The incidence increases over time 
and with patient age. It is the second most common 

cause of death due to malignancy in men, after lung can-
cer. Standard treatment includes radical prostatectomy 
or radiotherapy in patients with life expectancy more 
than 10 years (LE1b, GRA) [1–3].

In recent years, there is a general tendency towards 
minimally invasive surgical procedures. In the treatment 
of localized prostate cancer, laparoscopic or robotic-
assisted radical prostatectomy has become the standard 
treatment method. Despite tremendous development in 
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the technology and technique of robotic-assisted radi-
cal prostatectomy (RARP) over more than 25 years, new 
ways and methods to improve oncological and functional 
outcomes are still needed [4–8].

Intraoperative blood loss is one of the most used 
parameters to assess the quality of surgical procedures. 
Rothermel et  al. demonstrated that visual estimation of 
operative blood loss is unreliable and inaccurate [9]. Pole-
tajev et al. concluded that blood loss during laparoscopic 
radical prostatectomy (LRP), which is considered compa-
rable to the RARP, is clinically insignificant but can reach 
up to 600 ml, according to the laboratory findings [10].

Decreasing peri- and postoperative blood loss may lead 
to faster recovery after surgical procedures [11]. Sampaio 
et al. found five randomized prospective studies evaluat-
ing 838 patients with antifibrinolytics in cancer surgery. 
This meta-analysis found no evidence that antifibrinolyt-
ics increase the risk of thromboembolic complications. 
The authors have shown that it is effective in reducing 
total perioperative blood loss and also in the need for 
blood transfusion [12]. Several hemostyptic agents have 
been tested in this setting [13]. Hemostatic recombinant 
activated factor VII was originally developed to man-
age uncontrolled bleeding in hemophiliac patients. It 
has been used off label in cardiac surgery, neurosurgery, 
hepatic surgery, and open radical prostatectomy. Its use 
was associated with a higher risk of arterial thromboem-
bolic events, especially in older patients, and therefore 
should not be used in prophylactic setting in order to 
reduce blood loss. Its high price disqualifies it from the 
routine use in urological procedures [14]. Antifibrinolytic 
aprotinin is a broad-spectrum inhibitor of serine pro-
teases, including those in the coagulation cascade. It has 
been shown to have a better effect on the prevention of 
peri- and postoperative bleeding than tranexamic acid. 
However, in 2008, aprotinin was withdrawn from the 
market due to massive side effects, including increased 
perioperative mortality during complex cardiac surgery 
[15].

Tranexamic acid is an antifibrinolytic agent used to 
relieve bleeding. The mechanism of action lies in bind-
ing to plasma-free plasminogen with higher affinity than 
tissue plasminogen activator. It prevents its conversion 
to plasmin, which is responsible for the degradation of 
fibrin polymers. It results in greater stability of the fibrin 
clot at the site of bleeding, and therefore, it lowers blood 
loss [16–18]. The use of tranexamic acid during or after 
the procedure does not improve results, unlike adminis-
tration prior to surgery. A biological explanation is that 
tranexamic acid may bind plasminogen in the early phase 
of the fibrinolytic cascade, after the beginning of the pro-
cedure, reducing tissue plasminogen activator activity up 
to 80% [19].

In urology, increased conversion of plasminogen to 
plasmin should occur, both by washing the tissue plasmi-
nogen activator from the destroyed tissue and by uroki-
nase present in the urine [20]. Several studies did not 
confirm the positive effect of tranexamic acid in terms 
of reduced perioperative and postoperative blood loss in 
prostate transurethral resection [21, 22]. Other studies 
showed the positive effect in transurethral prostate resec-
tion [23, 24], open radical prostatectomy [25], and open 
radical cystectomy [26], including a recent meta-analyses 
[27, 28]. Due to the limited number of studies and the 
high heterogeneity of the results, more trials with a large 
number of patients are necessary to confirm these find-
ings [28].

No study to date has tested the prophylactic adminis-
tration of tranexamic acid at the beginning of robotic-
assisted radical prostatectomy in a prospective manner. A 
Cochrane review concluded that randomized controlled 
trials different from cardiac surgery are needed to assess 
the efficacy and safety of tranexamic acid in surgical pro-
cedures [13].

Methods/design
The RARPEX trial is designed as a randomized, placebo 
controlled, surgeon- and patient-blinded superiority 
single-center study with two parallel groups. Randomiza-
tion will be performed as a block randomization with 1:1 
allocation.

Objectives and hypothesis
The primary aim of the Robotic Assisted Radical Prosta-
tectomy with EXacyl (RARPEX) trial is to investigate the 
effect of tranexamic acid on perioperative and postopera-
tive blood loss (decrease in hemoglobin levels) in robotic-
assisted radical prostatectomy.

H0: The drop of hemoglobin level after the procedure is 
similar in both groups.

HA: The drop of hemoglobin level after the procedure 
in control group is higher than in study group.

Additional endpoint of the RARPEX trial is to analyze 
the effect of tranexamic acid on postoperative complica-
tions and confirm the safety of tranexamic acid in robotic 
assisted radical prostatectomy.

Study population and eligibility criteria
All patients who are scheduled for operation due to low 
or intermediate risk prostate cancer in our institution 
will be screened and assessed for eligibility.

Only patients who will undergo robotic-assisted radi-
cal prostatectomy with suturing of dorsal complex vein 
(DVC) bundle at the beginning of the procedure with-
out pelvic lymph node dissection will be included in 
the study. Patients with non-standard procedures or 
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a procedure associated with higher morbidity will be 
excluded from the study to achieve a homogeneous study 
group.

Detailed inclusion and exclusion criteria are described 
below.

The following are the inclusion criteria:

1.	 Patient scheduled for robotic-assisted radical prosta-
tectomy without pelvic lymph node dissection

2.	 Signed informed consent provided
3.	 Body mass index ≤ 35
4.	 Age of patient ≤ 75 years
5.	 Operating surgeon with experience of more than 100 

cases

The following are the exclusion criteria:

1.	 Body mass index > 35
2.	 Age of the patient > 75 years
3.	 Coagulation disorder (congenital or iatrogenic due to 

the chronic use of anticoagulants)
4.	 Thromboembolic, cerebral, or an acute coronary 

event within the 6 months prior to prostatectomy
5.	 Chronic renal insufficiency (arbitrary cutoff level of 

creatinine 200 μmol/l)
6.	 Allergic reaction to tranexamic acid
7.	 Operating surgeon with experience < 100 cases
8.	 Patient participating in another study

If subjects do not meet the inclusion criteria or with-
draw their consent, they will be excluded from the 
study. The researcher will record the reason for their 
withdrawal.

Criteria for discontinuing
A trial participant should terminate intervention if they 
wish to do so or if the investigator judges it necessary due 
to any of the following reasons:

–	 Withdrawal of informed consent
–	 Patient refusal or non-compliance to the protocol
–	 Occurrence of an unexpected serious adverse effect
–	 Non-standard procedure (non-sutured dorsal vein 

complex in the beginning of the procedure, rectal, 
small bowel, or ureteral wall injury)

–	 Other hemostyptic drug or material used during or 
after the procedure

Sample size calculation
The sample size calculation is based on the data from our 
pilot study [29]. We used two-sample T tests allowing 
unequal variance with respect to the primary endpoint, 

which is the difference in hemoglobin level drop on post-
operative day (POD) 1. The level of significance is set to 5 
g. With α = 1% and β = 10%, a sample size of 64 patients 
per group is necessary to detect a clinically significant 
difference between the groups. With an expected drop-
out rate over 33%, we plan to enroll 200 patients in the 
study.

Ethics, study registration, and consent
This trial was approved by the independent ethics com-
mittee at the University Hospital Hradec Kralove (regis-
tration number 201903 I90P). The RARPEX trial will be 
conducted in the context of Good Clinical Practice and 
in accordance with the Declaration of Helsinki. The trial 
is registered at Clini​calTr​ials.​gov under the registration 
number NCT04319614. All patients who are scheduled 
for robotic-assisted radical prostatectomy in our insti-
tutions will be screened for eligibility and informed in 
detail about the RARPEX trial. Informed consent will 
be obtained from each participant. The study proce-
dures, risks, benefits, and data management will be clari-
fied with the patients before they are asked to give their 
informed consent to participate. Any participant in this 
study may withdraw consent or voluntarily cease to par-
ticipate at any time for any reason.

Assignment of interventions
Allocation

Sequence generation  Participants will be randomly 
allocated to one of the groups before the surgical proce-
dure after meeting the eligibility criteria with a ratio of 
1:1. Randomization will be accomplished using random 
block sizes without stratification (block randomization) 
using statistical software approved for this purpose, e.g., 
from the website www.​rando​mizat​ion.​com. The goal is to 
obtain homogeneity between the groups.

Concealment mechanism  Opaque, sealed envelopes will 
be produced, labeled with the randomization number 
and containing a sheet that states the group allocation 
for the patient. Randomization envelopes will be used 
in consecutive order. Basic characteristics of the patient 
and the day of randomization will be documented on a 
data sheet so that compliance with the randomization 
scheme may be checked retrospectively. To maintain the 
double-blinding, the placebo and active ingredient are 
identical and cannot be distinguished by the appearance 
of the participants or staff. The code assigned to subjects 
will be kept sealed and will not be released until the end 
of the clinical trial. Cases in which the blinding must be 
unsealed, such as a serious adverse drug reaction, will 
be managed using a separate envelope created for each 

https://clinicaltrials.gov/ct2/show/NCT04319614?term=NCT04319614&draw=2&rank=1
http://www.randomization.com/
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subject so that only their randomization is revealed. 
Randomization and blinding will not be revealed to the 
researchers until the end of the study. If patients are 
excluded from the study after randomization, their num-
bers will not be reused.

Implementation  Unblinded nurse will prepare an infu-
sion set according to the information in the sealed enve-
lope with the patient’s study number on the day of the 
procedure. For patients in the intervention group 1, the 
dose of tranexamic acid according to target 20 mg/kg will 
be added to 100 ml of physiological saline. For patients 
in the intervention group 2, she will add no other sub-
stance to 100 ml of physiological saline. Infusion will 
be given into the sealed envelope, sent to the operating 
theater, and given within 5 min after the robotic system 
is docked.

Blinding
The double-blind randomized experimental scheme of 
the study allows to limit the statistical bias as well as the 
intervention bias. So, active treatment (tranexamic acid) 
and placebo will be allocated in blind: neither the patient 
nor the operating surgeons, attending physicians, nurs-
ing staff, and outcome assessors will know the allocated 
treatment. Furthermore, the presentation and the pack-
aging of active treatments and placebos will be identical.

Unblinding
The unblinding will be carried out systematically at the 
end of the study. The study team members and healthcare 
providers do not have access to the treatment allocation 
code. However, if an investigator wants to introduce a 
medication that should be not taken at the same time to 
the study treatment, the blinding code will be broken. No 
expected adverse event in the study will require an emer-
gency unblinding. In case of suspected unexpected seri-
ous adverse reaction, the sponsor will declare the serious 
and unexpected adverse reaction to the health.

Study treatment
Based on the literature [16–18], and our pilot study [29], 
we decided to administer a single dose of tranexamic 
acid, corresponding to 20 mg/kg in 100 ml saline to all 
patients in the treatment group 1 at the beginning of the 
procedure. In the control group 2, we administer only 
100 ml saline as placebo.

For prophylaxis of venous thromboembolism (accord-
ing to the rules of our institution), the combination of 
mechanical device (graduated compression stockings) 
and pharmacologic agents (low-molecular weight hepa-
rin (LMWH)) in both treatment groups will be used. 

The prophylactic dose of LMWH is administered in the 
evening before the procedure, and the next dose at least 
8 h after the procedure and then every evening at least 
till POD 7. Antibiotic prophylaxis is provided by a sin-
gle dose of potent aminopenicillin as recommended by 
the antibiotic center: fluoroquinolone in patients with 
an allergy to aminopenicillin. During the procedure, the 
console time and weight of the prostate are monitored. 
Relevant concomitant care and interventions are permit-
ted if necessary.

The surgical technique is standardized and has been 
described previously [30]. Standard robotic-assisted 
radical prostatectomy without pelvic lymphadenectomy 
using DaVinci Xi surgical system is performed. The dor-
sal vein complex (DVC) is sutured at the beginning of the 
procedure with two rounds of resorbable monofilament 
suture. To accelerate the return of continence, a modified 
Rocco stitch is performed in all patients. The anastomo-
sis is performed by two tied V-loc stitches. No additional 
manipulation, such as fibrin glue or reinforcement with 
meshes, is allowed. Patients with rectal or bowel injury 
during the procedure will be excluded from evaluation.

For 3 h after the procedure, patients of both groups will 
stay in the intermediate care unit; after moving to the 
standard ward, blood samples will be obtained. On POD 
1, all the patients will start with mobilization and solid 
food intake. The volume of the fluids in the drain will be 
measured on postoperative day 1, and if the volume will 
not exceed 200 ml for 24 h, the drain will be extracted. 
If the volume is higher than 200 ml/24 h and the creati-
nine level in drain fluid exceeds 500 μmol/l, urinary leak-
age will be confirmed [31]. On POD 2, the patients will 
be released for home care with an indwelling permanent 
urinary catheter. On POD 7, the urinary catheter and 
skin sutures will be extracted, and the blood sampling 
and ultrasound of the lower abdomen will be performed. 
Three months after the procedure, a follow-up visit is 
scheduled. The evidence of complication and level of pro-
static specific antigen (PSA) is monitored.

Upon completion in 200 patients, the statistical pro-
cessing will be performed, and patients will be unblinded.

Safety aspects
Robotic-assisted radical prostatectomy is a highly techni-
cally demanding procedure. High-volume surgeons with 
great experience have better results than low-volume sur-
geons with less experience [32].

To avoid bias based on the learning curve of the sur-
geons, every surgical procedure will be performed by 
a senior surgeon who has experience with at least 100 
robotic-assisted radical prostatectomies. Administra-
tion of tranexamic acid at the beginning of the procedure 
by an anesthesiologist is a simple common procedure, 
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performed on a routine basis, and no special training is 
necessary, and no complications are expected.

Data collection
A daily visit of the study patients will be made by clini-
cal investigators or a delegated physician. All protocol-
required information collected during the trial will be 
entered into the patient’s record form.

Patient identification on the case report form (CRF) is 
through their unique trial identifier, allocated at the time 
of recruitment. Data coding will be carried out at various 
stages during the study. The patient’s record form is sub-
ject to audit by the principal investigator (PI) and Institu-
tional Review Board (IRB).

Preoperative data gathered include patient age, body 
mass index, American Society of Anesthesiologists physi-
cal status classification system score, and comorbidities. 
Intraoperative data to be collected include surgery dura-
tion (skin to skin), console time (console surgeon activity 
time), and weight of the prostate.

Laboratory tests will include blood cell count (BCC), 
hematocrit test, and plasmatic creatinine level at the 
beginning of the procedure, 3–6 h after the procedure, on 
POD 1, POD 2, and POD 7 in the morning.

The differences between the hematocrit and hemo-
globin levels (eventually weighted for the grams of the 
prostatic tissue) and hemoglobin/creatinine ratios will be 
obtained.

The volume of the fluids in the drain will be measured 
on postoperative day 1, and if the volume does not exceed 
200 ml for 24 h, the drain is extracted. If the volume will 
be higher than 200 ml/24 h and the creatinine level in the 
drain fluid exceeds 500 μmol/l, urinary leakage will be 
confirmed (29). Patients with confirmed urinary leakage 
or urinoma will be excluded from the evaluation.

Postoperative course assessments will include duration 
of intermediate/intensive care, hospital stay including 
readmissions for postoperative complications, reinter-
ventions (reoperations, endoscopic and interventional 
radiology procedures), the reasons for readmissions, and 
transfusion rates. The patients will be seen by a clinical 
investigator 3 months after the surgery in an outpatient 
fashion. The evidence of complication and level of pro-
static specific antigen (PSA) will be monitored. Upon 
completion of 200 patients, the statistical processing will 
be performed, and results will be unblinded.

All study-related information will be stored securely at 
the study site. All participant information will be stored 
in locked file cabinets in areas with limited access. All 
reports, data collections, processes, and administra-
tive forms will be identified by a coded ID number only 
to maintain participant confidentiality. All records that 

contain names or other personal identifiers will be stored 
separately from study records identified by code number.

Data monitoring
The trial will be monitored by the principal investiga-
tor (PI) and Institutional Review Board (IRB) without 
additional monitoring by an Independent Safety Moni-
tor or Data Safety Monitoring Board. The patient’s CRF 
is a subject to audit by the PI and IRB. Data integrity 
and study credibility depend on factors such as ensur-
ing adherence to the protocol and using quality control 
measures to establish and maintain high standards for 
data quality. To ensure that accurate, complete, and reli-
able data are collected. The PI provides training to the 
site staff in the format of investigator meetings. The data 
are validated, and discrepancy reports are generated fol-
lowing data entry to identify discrepancies, such as out-
of-range values, inconsistencies, or protocol deviations 
based on data validation checks. The PI will be actively 
involved in reviewing the progress of each participant on 
protocol and will report, to the IRB, adverse events and 
unexpected problems that may influence the IRB’s deci-
sion to allow the trial to continue (in accordance with the 
IRB’s policies). The IRB is convened to carry out reviews 
of the data at staged intervals during the study. The drop-
out rate is expected to be negligible with little or no 
missing data for the primary outcome measure. Stand-
ard approaches will be used to detect patterns in miss-
ing data for the other outcomes. Monitoring activities 
and changes to the study emanating from the monitoring 
activities will be described in the annual progress report.

Adverse event reporting and harms
Adverse events (AE) reported by the patient or by the 
investigator will be recorded and scored according to the 
NCI Common Terminology Criteria for Adverse Events 
(CTCAE). If AE happen during the experimental treat-
ment period, all the details will be notified in the CRF 
as the time of occurrence, clinical symptoms and signs, 
degree, duration, and causal relationship with the treat-
ment. In case of serious adverse events (SAE), the inves-
tigator has to inform the PI within 2 h after finding the 
SAE at the latest. The investigator may stop immediately 
the treatment if it is considered in the best interest of the 
patient. The imputability of the SAE with the experimen-
tal must be established. SAE with a doubtful, possible, 
probable, or highly probable consequence of tranexamic 
acid administration will be considered as associated to it. 
If SAE are unexpected, they will be designed as suspected 
serious adverse reactions (SUSARs). In this case, the PI 
has to declare it to the ethical committee and IRB. This 
must occur not later than 15 days after the first knowl-
edge of the SAE. In case of fatal or self-threatening cases, 
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the delay will be reduced to a maximum of 7 days and 8 
days supplementary for the report completion. Once a 
year, the PI will create a report with the complete list of 
SAE that could be associated to the experimental medi-
cation including expected and unexpected effects, and a 
precise and critical analysis of the safety of participants 
included in the study.

The IRB of the study will systematically meet every 12 
months after the beginning of the trial and will decide 
whether or not to continue the study.

Ancillary and post‑trial care
Standard care is provided after participants have finished 
the study. All adverse events or reactions will be followed 
until stabilized or resolved.

Interim analyses
No interim analysis has been planned for this study.

Protocol amendments
All the modifications needing substantial amendments 
will be discussed within the IRB and ethical committee. 
The modifications must be accepted by these instances. 
Once accepted, modifications will be notified in trial reg-
istries and documents. Patients included in the study will 
be informed on important protocol modifications if per-
sonally relevant to them.

Primary and secondary endpoints
The primary endpoint is to analyze the effect of 
tranexamic acid on perioperative and postoperative 
blood loss in a randomized and prospective manner. A 
clinically significant difference between the groups on 
POD 1 is set to 10 g/l. The sample size was calculated for 
this setting.

The additional aim of the RARPEX trial is to analyze 
the effect of tranexamic acid on other postoperative com-
plications: wound infection, intraabdominal collections, 
urinary leakage, delayed gastro-intestinal emptying, post-
operative hemorrhage, pneumonia, and abdominal rup-
ture, especially analyzing the incidence of cardiac events 
and venous thromboembolism (VTE) after the procedure 
(Table 1).

Postoperative complications are graded based on sever-
ity according to the Clavien-Dindo definition (Table  2) 
[33].

We plan to seek for adverse events with repetitive blood 
sampling and imaging to prevent the underreported fre-
quency of these events. But we are aware that the inci-
dence is low, and our data will might not have sufficient 
power to make a definitive conclusion about safety.

Methods for avoiding bias
Minimizing systemic bias
Participants will be randomly allocated to one of the 
groups before the surgical procedure after meeting the 
eligibility criteria with a ratio of 1:1. Operating surgeons, 

Table 1  Clinical parameters and postoperative complications for analysis

CK-MB creatine kinase MB isoenzyme, ECG electrocardiogram, WBC white blood cells, CT computer tomography, MRI magnetic resonance imaging

Parameters Definitions

Hospital stay Days from initial operation to hospital discharge plus any readmission within 30 days

Console time Time of console surgeon activity (min)

Postoperative hemorrhage Evidence of blood loss from drains, based on ultrasonography or CT

Transfusion rate The number of blood transfusions

Urinary leakage Evidence of creatinine level > 500 μmol/l and volume of the drain output exceeds 200 ml/24 h, confirmed on cystog-
raphy

Lymphorrhea Evidence of creatinine level < 500 μmol/l, hematocrit < 0.2, and volume of the drain output exceeding 200 ml/24 h, no 
urinary leakage on cystography

Intraabdominal fluid collection Collection of fluid measuring ≥ 3 cm associated with clinical or laboratory abnormalities

Symptomatic fluidothorax Fluid in the pleural cavity associated with respiratory distress or a need to evacuate the fluid

Thromboembolism Unilateral limb swelling, acute respiratory insufficiency, based on ultrasonography or CT

Myocardial infarction Increase of serum concentration of CK-MB and troponin and/or the following ECG changes: new Q waves ≥ 0.04 in 
duration, new persistent ST elevation, and/or depression

Brain stroke Presence of neurological symptoms, findings on CT scan or MRI

Pneumonia Presence of a new infiltrate on chest X-ray, as well as the following: body temperature > 38 °C, abnormal elevation of 
WBC, or positive sputum, and requiring antibiotic treatment

Acute renal failure Serum creatinine > 300 μmol/l and/or need for dialysis

Wound infection Surgical site infection associated with laparotomy that develops during the initial hospital stay

Urinary tract infection Culture-positive urine, pyuria, or bacteriuria on urinalysis requiring antibiotic treatment
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Table 2  Complication grades according to the Dindo-Clavien classification scheme

Grade Definition

Grade I Any deviation from the normal postoperative course without the need for pharmacological treat-
ment or surgical, endoscopic, and radiologic intervention

Grade II Requiring pharmacological treatment with drugs other than those allowed for grade I complications

Grade III Requiring surgical, endoscopic, or radiological intervention

Grade IIIa Intervention not under general anesthesia

Grade IIIb Intervention under general anesthesia

Grade IV Life-threatening complications requiring intensive care unit management

Grade IVa Single-organ dysfunction

Grade IVb Multiorgan dysfunction

Grade V Death of the patient

Fig. 1  Process phases flowchart of randomized trial according to the CONSORT guidelines
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attending physicians, nursing staff, and outcome asses-
sors will be blinded. The randomization process will fol-
low the CONSORT guidelines (Fig. 1) [34].

Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) 2013 Checklist was used to 
improve the quality of the study protocol [35] (Fig. 2).

Minimizing treatment bias
Administration of tranexamic acid at the beginning of 
the procedure by an anesthesiologist is a simple common 
procedure, performed on a routine basis, which elimi-
nates a learning curve.

All patients will undergo robotic-assisted radical pros-
tatectomy without pelvic lymphadenectomy using the 
same technique. All surgeons participating in the study 
are familiar with this procedure. The dorsal vein complex 
(DVC) will be sutured at the beginning of the procedure.

Minimizing measurement bias
Measurement of hemoglobin level drop and detection 
and grading of postoperative complications will be based 
on data in the patient’s record form. Patient and clinical 
investigators or a delegated physician will be blinded.

Statistical methods
Each patient’s allocation to the analyzed population will 
be defined prior to the analysis and will be documented. 
In the full analysis set, patients will be analyzed as ran-
domized according to the intention-to-treat principle. 

The intention-to-treat principle implies that the analysis 
includes all randomized patients. The per-protocol analy-
sis set will include all the patients without major protocol 
deviation. Deviations from the protocol will be assessed 
as major or minor. Patients with major deviations from 
the protocol will be excluded from the protocol analysis. 
The safety analysis set will analyze the patients according 
to the treatment. The null hypothesis assumes that there 
is no difference in the hemoglobin level drop after the 
procedure in both groups. We will use a two-sample T 
tests allowing unequal variance with respect to the end-
point, which is the drop of hemoglobin levels. Differences 
between age and PSA will be assessed by the non-para-
metric Mann-Whitney U test. BMI and specimen weight 
will be compared by the Kolmogorov-Smirnov test. A 
P-value < 0.05 will be considered statistically significant. 
Statistical analyses will be performed using the NCSS sta-
tistical software (NCSS, Kaysville, UT, USA).

Health economic analysis
A cost analysis will be performed in order to compare the 
cost per patient in each treatment group. Data relating to 
patients’ primary hospital admission is collected prospec-
tively until primary hospital discharge (including but not 
limited to their length of stay on a ward and in the inten-
sive care unit). Data relating to readmissions, accident 
and emergency attendances, and outpatient attendances 
will be collected at the t5 visit. Unit costs will be obtained 
from public sources, e.g., Department of Health reference 

Fig. 2  The schedule of enrollment, interventions, and assessments of randomized trial according to the SPIRIT guidelines (t−2 = − 14 − 1 days; 
t−1 = − 1 day; t0 = at the beginning of the procedure; t1 = 3 h after the procedure; t2 = POD1; t3 = POD2; t4 = POD7; t5 = 3 months after the 
procedure ± 7 days)
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costs. The differences in costs between the groups will be 
estimated using regression methods adjusted for baseline 
and other covariates where appropriate.

Discussion
Blood loss
One of the greatest risks of any technical demanding 
surgical procedure is bleeding. It is similar to radical 
prostatectomy. The robot-assisted approach leads to a 
significant reduction of blood loss. Nevertheless, efforts 
to reduce the blood loss even more are eagerly awaited. 
Perioperative hemorrhage makes the surgical terrain 
unclear, makes it difficult to dissect the tissue precisely, 
increases the risk of complications, and worsens func-
tional and oncological results. Excellent experience in 
orthopedics and other cardio-surgical fields with the 
prophylactic administration of tranexamic acid after the 
introduction to anesthesia gives rise to the hope of suc-
cessful use in urology as well.

We decided not to estimate perioperative blood loss 
visually, because of its inaccuracy and unreliability doc-
umented by Rothermel et al. [9]. The cause lies in many 
biases as we confirmed in our pilot study [29]. The vol-
ume of suction fluid is affected by urine coming out of 
the open urinary tract with different intensities for vari-
ous lengths of time and by variable lymphatic secretion 
from damaged tissue.

Therefore, we focused on the drop in hemoglobin lev-
els. Chesnut et  al. in their retrospective evaluation of 
3631 patients found a median decrease in hemoglobin 4 
h after the procedure by 11 g/l and 14 h after the proce-
dure by 20 g/l [36]. In our pilot study, we found average 
hemoglobin level drop 3 h after the procedure by 9.3 g/l 
vs. 17.3 g/l. On POD 1, it was 17.6 g/l vs. 25.6 g/l in favor 
of the study group. The average difference between the 
study and control groups was 8 g/l in both measurements 
if the dorsal vein complex was sutured at the beginning of 
the procedure. We considered the difference to be prom-
ising and set the level of significance in sample size calcu-
lations to 10 g/l.

A decrease in hemoglobin level by 30% or 40 g/l or 
need for blood transfusion was reported in the litera-
ture as clinically significant blood loss [37]. Considering 
these data, the difference of 10 g/l may seem insufficient. 
However, on the other hand, a similar change in hemo-
globin level was found after administration of one unit of 
packed red blood cells [38, 39]. The estimated blood loss 
is a significant measurement of quality of care even if the 
patient receives no blood transfusion.

A sufficient number of blood counts will be analyzed in 
order to acquire sufficient data. Meunier et al. described 
a decrease in hemoglobin level after a single major blood 
loss (due to the blood donation) even after 6 days [40]. 

Prospective data are also needed to answer questions 
about the timing and frequency of sampling after RARP 
[36].

Chan et al. proved that the results can be significantly 
affected by the weight of the prostate. A larger prostate 
could mean longer operating time and greater blood loss. 
Therefore, the results will be weighted for the grams of 
the prostatic tissue [41].

Dose
The therapeutic concentration of tranexamic acid in 
plasma ranges from 5 to 10 mg/kg. After an intravenous 
dose of 10 mg/kg, plasma concentration was maintained 
for 3 h, but orthopedics proved to be inadequate. Based 
on the abovementioned literature, we decided to admin-
ister a single dose, corresponding to 20 mg/kg to all 
patients in the treatment group 1 at the beginning of the 
procedure.

Complications
Although transfusion rates after open retropubic radi-
cal prostatectomy (RRP) are low  -  3.4%, and robotic 
approach dropped the rate even lower to 0.8% [42], in 
our pilot study to 1.0% [29]. The safety of homologous 
transfusion has improved over time, but the possibility of 
having transfusion-related reactions or acquiring trans-
fusion-transmitted diseases still remains [43]. Concerns 
have been raised about the possible relationship between 
the administration of blood derivatives and an increased 
risk of relapse of malignancy and tumor-specific mortal-
ity [44, 45]. At this moment, we are aware of only one 
retrospective study showing a poor correlation between 
postoperative hemoglobin assessment and transfu-
sion requirement among patients undergoing minimally 
invasive radical prostatectomy [36]. Prospective data is 
lacking.

Radical prostatectomy is associated with a higher risk 
of thromboembolism. Open radical prostatectomy has 
a considerably higher risk of thromboembolic events 
(1.0—15.7%) compared to robotic (0.2–3.7%) and lapa-
roscopic (0.4–6.0%) approaches [46]. Administration 
of antifibrinolytics, which potentially increase the risk 
of thromboembolism in laparoscopic surgery for pelvic 
malignancy, may seem too risky. According to the litera-
ture data from recent meta-analyses, no demonstration 
of an increased risk of thromboembolism following treat-
ment with tranexamic acid was observed [27, 28].

Conclusion
Despite the enormous development in robot-assisted 
radical prostatectomy over 25 years, improvement is still 
needed. One possibility is to implement the ERAS (early 
recovery after surgery) protocol in everyday practice. 
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Each of the original 22 recommendations (for example, 
preoperative nutritional examination and nutritional 
preparation, intestinal preparation, fasting time, pre-
vention of thromboembolism, antibiotic prophylaxis, 
decolonization of the skin, minimally invasive approach, 
prevention of hypothermia, intestinal prokinetics, etc.) 
does not significantly improve the postoperative results 
alone. The prophylactic use of tranexamic acid at the 
beginning of robotic-assisted prostatectomy could be 
another piece of this mosaic. Because strategies that lead 
to small improvements might be meaningful from a sys-
tem perspective if they can be delivered easily, at low 
cost, and at a population level ([47].).

Trial status
The RARPEX trial is recruiting patients under protocol 
version 1.0 since February 24, 2020. The last patient is 
expected to be recruited by February 1, 2022.

Abbreviations
AE: Adverse events; CRF: Case record form; BCC: Blood cell count; CRA​: Clinical 
research associate;; CTCAE: Common Terminology Criteria for Adverse Events; 
CT scan: Computed tomography scan; DVT: Deep vein thrombosis; IRB: Institu-
tional Review Board; LMWH: Low-molecular weight heparin; LRP: Laparoscopic 
radical prostatectomy; MRI: Magnetic resonance imaging; PE: Pulmonary 
embolism; PI: Principal investigator; POD: Postoperative day; RARP: Robot-
assisted radical prostatectomy; RRP: Open retropubic radical prostatectomy; 
SAE: Serious adverse events; SUSAR: Suspected serious adverse reaction; VTE: 
Venous thromboembolism.

Acknowledgements
We thank the teams (especially Bc. Lenka Pasztorova) in the Department 
of Urology at the University Hospital Hradec Kralove, Czech Republic, 
for their support. We thank Dr. Eva Cermakova and Selke – Grulichova 
of the Department of Medical Biophysics and Biostatistics, Faculty of 
Medicine, Charles University in Prague, Hradec Kralove, Czech Republic, 
for the planned statistical analyses. We also thank all the patients who are 
participating in this trial.

Authors’ contributions
MBa is the chief investigator. He conceived the study and led the proposal and 
protocol development. He wrote most parts of the protocol; he was respon-
sible for the study design and revision of the manuscript, and he obtained 
funding. MBr, JP, and FC helped with the definition of the primary and second-
ary endpoints and contributed to the study design and to the development 
of the proposal. MBa, JK, PH, and MBr will perform the procedures. All authors 
read and approved the final manuscript.

Funding
This project was supported by the institutional research project PROGRES 
Q40/04 of the Charles University, Prague, Czech Republic.
Name and contact information of the trial sponsor:
Trial sponsor: Charles University in Prague, Medical Faculty Hradec Kralove, 
Czech Republic
Sponsor’s reference: PROGRES Q40/04
Contact Name: Professor Jiří Manďák, M.D., PhD.
Address: Šimkova 870, Hradec Králové 500 03, Czech Republic
Telephone: ++420-495 816 111
Email: manda​kj@​lfhk.​cuni.​cz
This funding source had no role in the design of this study and will not have 
any role during its execution, analyses, interpretation of the data, or decision 
to submit results.

Availability of data and materials
The materials described in the manuscript, including all relevant raw data, will 
be freely available to any scientist wishing to use them for non-commercial 
purposes, without breaching participant confidentiality. The datasets used and 
analyzed during the current study will be available from the corresponding 
author on reasonable request. In the event of publications arising from such 
analyses, those responsible are required to provide the principal investigator 
with a copy of any intended manuscript for approval prior to submission.
Dissemination policy:
It is anticipated that the study findings will be published in national and inter-
national peer-reviewed journals and presented at national and international 
meetings and to appropriate patient groups, all of which will be led by the PI. 
Upon request, participants may receive a lay summary of the principal study 
findings. The most significant results will be communicated to the public 
through press releases, and a paper on the primary outcome and safety data 
will be published soon after analysis and review. An ongoing update of the 
trial is maintained on the website Clini​calTr​ials.​gov.

Declarations

Ethics approval and consent to participate
This trial was approved by the independent ethics committee at the University 
Hospital Hradec Kralove (registration number 201903 I90P). The RARPEX trial 
will be conducted in the context of Good Clinical Practice and in accordance 
with the Declaration of Helsinki. All patients who are scheduled for robotic-
assisted radical prostatectomy in our institutions will be screened for eligibility 
and informed in detail about the RARPEX trial. Informed consent will be 
obtained from each participant. The study procedures, risks, benefits, and data 
management will be clarified with the patients before they are asked to give 
their informed consent to participate. Any participant in this study may with-
draw consent or voluntarily cease to participate at any time for any reason.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Urology, Charles University, Faculty of Medicine in Hradec 
Králové, Šimkova 870, 500 03 Hradec Kralove, Czech Republic. 2 Department 
of Surgery, Charles University, Faculty of Medicine in Hradec Králové, Šimkova 
870, 500 03 Hradec Kralove, Czech Republic. 

Received: 18 July 2021   Accepted: 4 June 2022

References
	1.	 Heidenreich A, Bastian P, Bellmunt J, Bolla M, Joniau S, van der Kwast 

T, et al. EAU guidelines on prostate cancer. Part 1: screening, diagno-
sis, and local treatment with curative intent—update 2013. Eur Urol. 
2014;65(1):124–37 [cited 2022-01-04]. Available from: https://​linki​nghub.​
elsev​ier.​com/​retri​eve/​pii/​S0302​28381​30104​03.

	2.	 Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch M, De Santis M, et al. 
EAU-ESTRO-SIOG guidelines on prostate cancer. Part 1: screening, diag-
nosis, and local treatment with curative intent. Eur Urol. 2017;71(4):618–
29 [cited 2022-01-04]. Available from: https://​linki​nghub.​elsev​ier.​com/​
retri​eve/​pii/​S0302​28381​63047​05.

	3.	 Nilsson S, Norlén B, Widmark A. A systematic overview of radiation 
therapy effects in prostate cancer. Acta Oncol. 2009;43(4):316–81 [cited 
2022-01-04]. Available from: http://​www.​tandf​online.​com/​doi/​full/​10.​
1080/​02841​86041​00306​61.

	4.	 Barry M, Gallagher P, Skinner J, Fowler F. Adverse effects of robotic-
assisted laparoscopic versus open retropubic radical prostatectomy 
among a nationwide random sample of medicare-age men. J Clin Oncol. 
2012;30(5):513–8 [cited 2022-01-04]. Available from: http://​ascop​ubs.​org/​
doi/​10.​1200/​JCO.​2011.​36.​8621.

mandakj@lfhk.cuni.cz
https://clinicaltrials.gov/ct2/show/NCT04319614?term=NCT04319614&draw=2&rank=1
https://linkinghub.elsevier.com/retrieve/pii/S0302283813010403
https://linkinghub.elsevier.com/retrieve/pii/S0302283813010403
https://linkinghub.elsevier.com/retrieve/pii/S0302283816304705
https://linkinghub.elsevier.com/retrieve/pii/S0302283816304705
http://www.tandfonline.com/doi/full/10.1080/02841860410030661
http://www.tandfonline.com/doi/full/10.1080/02841860410030661
http://ascopubs.org/doi/10.1200/JCO.2011.36.8621
http://ascopubs.org/doi/10.1200/JCO.2011.36.8621


Page 11 of 12Balik et al. Trials          (2022) 23:508 	

	5.	 Gandaglia G, Sammon J, Chang S, Choueiri T, Hu J, Karakiewicz P, et al. 
Comparative effectiveness of robot-assisted and open radical prostatec-
tomy in the postdissemination era. J Clin Oncol. 2014;32(14):1419–26 
[cited 2022-01-04]. Available from: http://​ascop​ubs.​org/​doi/​10.​1200/​JCO.​
2013.​53.​5096.

	6.	 Kasabwala K, Patel N, Hu J. Review of optimal techniques for robotic-
assisted radical prostatectomy. Curr Opin Urol. 2018;28(2):102–7 [cited 
2022-01-04]. Available from: https://​journ​als.​lww.​com/​00042​307-​20180​
3000-​00003.

	7.	 Montorsi F, Wilson T, Rosen R, Ahlering T, Artibani W, Carroll P, et al. Best 
practices in robot-assisted radical prostatectomy: recommendations of 
the Pasadena consensus panel. Eur Urol. 2012;62(3):368–81 [cited 2022-
01-04]. Available from: https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​S0302​
28381​20064​10.

	8.	 Sammon J, Karakiewicz P, Sun M, Sukumar S, Ravi P, Ghani K, et al. 
Robot-assisted versus open radical prostatectomy: the differential effect 
of regionalization, procedure volume and operative approach. J Urol. 
2013;189(4):1289–94 [cited 2022-01-04]. Available from: http://​www.​jurol​
ogy.​com/​doi/​10.​1016/j.​juro.​2012.​10.​028.

	9.	 Rothermel L, Lipman J. Estimation of blood loss is inaccurate and unreli-
able. Surgery. 2016;160(4):946–53 [cited 2022-01-04]. Available from: 
https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​S0039​60601​63023​2X.

	10.	 Poletajew S, Antoniewicz A. Urological oncology. Blood loss during lapa-
roscopic radical prostatectomy – is it significant or not? Central Eur J Urol. 
2012;65:11–3 [cited 2022-01-04]. Available from: http://​ceju.​online/​journ​
al/​2012/​prost​ate-​cancer-​prost​atect​omy-​lapar​oscop​ic-​surge​ry-​blood-​loss-​
blood-​cell-​count-​172.​php.

	11.	 Lee S, Seo H, Kim H, Lim S, Yoon S, Kim H, et al. Effect of intraoperative 
red blood cell transfusion on postoperative complications after open 
radical cystectomy: old versus fresh stored blood. Clin Genitourin Cancer. 
2015;13(6):581–7 [cited 2022-01-04]. Available from: https://​linki​nghub.​
elsev​ier.​com/​retri​eve/​pii/​S1558​76731​50012​75.

	12.	 Sampaio A, Guimarães G, Medeiros G, Damasceno G, Silva R, Nunes R, 
et al. Eficácia e segurança de antifibrinolíticos em cirurgia oncológica: 
uma revisão sistemática e metanálise. Braz J Anesthesiol. 2019;69(5):484–
92 [cited 2022-01-04]. Available from: https://​linki​nghub.​elsev​ier.​com/​
retri​eve/​pii/​S0034​70941​93007​3X.

	13.	 Henry D, Carles P, Moxey A, O’Connell D, Stokes B, Fergusson D, et al. Anti-
fibrinolytic use for minimising perioperative allogeneic blood transfusion. 
Cochrane Database Syst Rev. 2011;2011(3):CD001886.

	14.	 Levi M, Levy J, Andersen H, Truloff D. Safety of recombinant activated fac-
tor VII in randomized clinical trials. N Engl J Med. 2010;363(19):1791–800 
[cited 2022-01-04]. Available from: http://​www.​nejm.​org/​doi/​abs/​10.​
1056/​NEJMo​a1006​221.

	15.	 Fergusson D, Hébert P, Mazer C, Fremes S, MacAdams C, Murkin J, et al. A 
comparison of aprotinin and lysine analogues in high-risk cardiac surgery. 
N Engl J Med. 2008;358(22):2319–31 [cited 2022-01-04]. Available from: 
http://​www.​nejm.​org/​doi/​abs/​10.​1056/​NEJMo​a0802​395.

	16.	 Dunn C, Goa K. Tranexamic acid. Drugs. 1999;57(6):1005–32 [cited 2022-
01-04]. Available from: http://​link.​sprin​ger.​com/​10.​2165/​00003​495-​19995​
7060-​00017.

	17.	 Erstad B. Systemic hemostatic medications for reducing surgical blood 
loss. Ann Pharmacother. 2001;35(7-8):925–34 [cited 2022-01-04]. Avail-
able from: http://​journ​als.​sagep​ub.​com/​doi/​10.​1345/​aph.​10337.

	18.	 McCormack P. Tranexamic acid. Drugs. 2012;72(5):585–617 [cited 2022-
01-04]. Available from: http://​link.​sprin​ger.​com/​10.​2165/​11209​070-​00000​
0000-​00000.

	19.	 Benoni G, Lethagen S, Nilsson P, Fredin H. Tranexamic acid, given at the 
end of the operation, does not reduce postoperative blood loss in hip 
arthroplasty. Acta Orthop Scand. 2009;71(3):250–4 [cited 2022-01-04]. 
Available from: http://​www.​tandf​online.​com/​doi/​full/​10.​1080/​00016​
47003​17411​834.

	20.	 Nielsen J, Gram J, Fabrin K, Holm-Nielsen A, Jespersen J. Lack of 
correlation between blood fibrinolysis and the immediate or post-
operative blood loss in transurethral resection of the prostate. BJU Int. 
1997;80(1):105–10 [cited 2022-01-04]. Available from: http://​doi.​wiley.​
com/​10.​1046/j.​1464-​410X.​1997.​00251.x.

	21.	 Sharifi R, Lee M, Ray P, Millner S, Dupont P. Safety and efficacy of intra-
vesical aminocaproic acid for bleeding after transurethral resection of 
prostate. Urology. 1986;27(3):214–9 [cited 2022-01-04]. Available from: 
https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​00904​29586​902773.

	22.	 Jendoubi A, Malouch A, Bouzouita A, Riahi Y, Necib H, Ghedira 
S, et al. Intérêt de l’acide tranexamique dans les résections 
endoscopiques urologiques : étude prospective randomisée. Prog Urol. 
2017;27(16):1036–42 [cited 2022-01-04]. Available from: https://​linki​
nghub.​elsev​ier.​com/​retri​eve/​pii/​S1166​70871​73054​20.

	23.	 Rannikko A, Pétas A, Taari K. Tranexamic acid in control of primary hemor-
rhage during transurethral prostatectomy. Urology. 2004;64(5):955–8 
[cited 2022-01-04]. Available from: https://​linki​nghub.​elsev​ier.​com/​retri​
eve/​pii/​S0090​42950​40084​28.

	24.	 Kumsar Ş, Dirim A, Toksöz S, Sağlam H, Adsan Ö. BPH tranexamic acid 
decreases blood loss during transurethral resection of the prostate (TUR-
P). Central Eur J Urol. 2011;64:156–8 [cited 2022-01-04]. Available from: 
http://​ceju.​online/​journ​al/​2011/​prost​ate-​prost​atic-​hyper​plasia-​trans​ureth​
ral-​resec​tion-​of-​the-​prost​ate-​trane​xamic-​acid-​129.​php.

	25.	 Crescenti A, Borghi G, Bignami E, Bertarelli G, Landoni G, Casiraghi G, 
et al. Intraoperative use of tranexamic acid to reduce transfusion rate 
in patients undergoing radical retropubic prostatectomy: double blind, 
randomised, placebo controlled trial. BMJ. 2011;343(oct19 3):d5701 [cited 
2022-01-04]. Available from: https://​www.​bmj.​com/​lookup/​doi/​10.​1136/​
bmj.​d5701.

	26.	 Zaid H, Yang D, Tollefson M, Frank I, Winters J, Thapa P, et al. Efficacy and 
safety of intraoperative tranexamic acid infusion for reducing blood 
transfusion during open radical cystectomy. Urology. 2016;92:57–62 
[cited 2022-01-04]. Available from: https://​linki​nghub.​elsev​ier.​com/​retri​
eve/​pii/​S0090​42951​60027​40.

	27.	 Montroy J, Fergusson N, Hutton B, Lavallée L, Morash C, Cagiannos I, et al. 
The safety and efficacy of lysine analogues in cancer patients: a system-
atic review and meta-analysis. Transfus Med Rev. 2017;31(3):141–8 [cited 
2022-01-04]. Available from: https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​
S0887​79631​63017​05.

	28.	 Longo M, Cavalheiro B, de Oliveira Filho G. Systematic review and 
meta-analyses of tranexamic acid use for bleeding reduction in prostate 
surgery. J Clin Anesth. 2018;48:32–8 [cited 2022-01-04]. Available from: 
https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​S0952​81801​83021​50.

	29.	 Balík M, Košina J, Hušek P, Broďák M, Čečka F. Safety and efficacy of using 
tranexamic acid at the beginning of robotic-assisted radical prostatec-
tomy in a double-blind prospective randomized pilot study. Acta Med 
Austriaca. 2020;2020(64):176–82.

	30.	 Martini A, Tewari A. Anatomic robotic prostatectomy: current best 
practice. Ther Adv Urol. 2019;11 [cited 2022-01-04]. Available from: http://​
journ​als.​sagep​ub.​com/​doi/​10.​1177/​17562​87218​813789.

	31.	 Pacovský J, Hušek P, Balík M, Louda M, Košina J, Navrátil P. Biochemic 
evidence of the presence of urine in a drain following surgery. Rozhl Chir. 
2011;2011(90):478–81.

	32.	 Dias Neto J, Dall’oglio M, Colombo J Jr, Coelho R, Nahas W. The influence 
of previous robotic experience in the initial learning curve of laparo-
scopic radical prostatectomy. Int Braz J Urol. 2017;43(5):871–9 [cited 
2022-01-04]. Available from: http://​www.​scielo.​br/​scielo.​php?​script=​sci_​
artte​xt&​pid=​S1677-​55382​01700​05008​71&​lng=​en&​tlng=​en.

	33.	 Dindo D, Demartines N, Clavien P. Classification of surgical complications. 
Ann Surg. 2004;240(2):205–13 [cited 2022-01-04]. Available from: https://​
journ​als.​lww.​com/​00000​658-​20040​8000-​00003.

	34.	 Schulz K, Altman D, Moher D. CONSORT 2010 statement: updated guide-
lines for reporting parallel group randomised trials. BMJ. 2010;340(mar23 
1):c332 [cited 2022-01-04]. Available from: https://​www.​bmj.​com/​lookup/​
doi/​10.​1136/​bmj.​c332.

	35.	 Chan A, Tetzlaff J, Gotzsche P, Altman D, Mann H, Berlin J, et al. SPIRIT 2013 
explanation and elaboration: guidance for protocols of clinical trials. BMJ. 
2013;346(jan08 15):e7586 [cited 2022-01-04]. Available from: https://​
www.​bmj.​com/​lookup/​doi/​10.​1136/​bmj.​e7586.

	36.	 Chesnut G, Benfante N, Barham D, Dean L, Tin A, Sjoberg D, et al. Routine 
postoperative hemoglobin assessment poorly predicts transfusion 
requirement among patients undergoing minimally invasive radical 
prostatectomy. Urol Pract. 2020;7(4):299–304 [cited 2022-01-04]. Available 
from: http://​www.​jurol​ogy.​com/​doi/​10.​1097/​UPJ.​00000​00000​000108.

	37.	 Dean L, Tin A, Chesnut G, Assel M, LaDuke E, Fromkin J, et al. Contem-
porary management of hemorrhage after minimally invasive radical 
prostatectomy. Urology. 2019;130:120–5 [cited 2022-01-05]. Available 
from: https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​S0090​42951​93038​14.

	38.	 Elizalde J, Clemente J, Marin J, Panes J, Aragon B, Mas A, et al. Early 
changes in hemoglobin and hematocrit levels after packed red cell 

http://ascopubs.org/doi/10.1200/JCO.2013.53.5096
http://ascopubs.org/doi/10.1200/JCO.2013.53.5096
https://journals.lww.com/00042307-201803000-00003
https://journals.lww.com/00042307-201803000-00003
https://linkinghub.elsevier.com/retrieve/pii/S0302283812006410
https://linkinghub.elsevier.com/retrieve/pii/S0302283812006410
http://www.jurology.com/doi/10.1016/j.juro.2012.10.028
http://www.jurology.com/doi/10.1016/j.juro.2012.10.028
https://linkinghub.elsevier.com/retrieve/pii/S003960601630232X
http://ceju.online/journal/2012/prostate-cancer-prostatectomy-laparoscopic-surgery-blood-loss-blood-cell-count-172.php
http://ceju.online/journal/2012/prostate-cancer-prostatectomy-laparoscopic-surgery-blood-loss-blood-cell-count-172.php
http://ceju.online/journal/2012/prostate-cancer-prostatectomy-laparoscopic-surgery-blood-loss-blood-cell-count-172.php
https://linkinghub.elsevier.com/retrieve/pii/S1558767315001275
https://linkinghub.elsevier.com/retrieve/pii/S1558767315001275
https://linkinghub.elsevier.com/retrieve/pii/S003470941930073X
https://linkinghub.elsevier.com/retrieve/pii/S003470941930073X
http://www.nejm.org/doi/abs/10.1056/NEJMoa1006221
http://www.nejm.org/doi/abs/10.1056/NEJMoa1006221
http://www.nejm.org/doi/abs/10.1056/NEJMoa0802395
http://link.springer.com/10.2165/00003495-199957060-00017
http://link.springer.com/10.2165/00003495-199957060-00017
http://journals.sagepub.com/doi/10.1345/aph.10337
http://link.springer.com/10.2165/11209070-000000000-00000
http://link.springer.com/10.2165/11209070-000000000-00000
http://www.tandfonline.com/doi/full/10.1080/000164700317411834
http://www.tandfonline.com/doi/full/10.1080/000164700317411834
http://doi.wiley.com/10.1046/j.1464-410X.1997.00251.x
http://doi.wiley.com/10.1046/j.1464-410X.1997.00251.x
https://linkinghub.elsevier.com/retrieve/pii/0090429586902773
https://linkinghub.elsevier.com/retrieve/pii/S1166708717305420
https://linkinghub.elsevier.com/retrieve/pii/S1166708717305420
https://linkinghub.elsevier.com/retrieve/pii/S0090429504008428
https://linkinghub.elsevier.com/retrieve/pii/S0090429504008428
http://ceju.online/journal/2011/prostate-prostatic-hyperplasia-transurethral-resection-of-the-prostate-tranexamic-acid-129.php
http://ceju.online/journal/2011/prostate-prostatic-hyperplasia-transurethral-resection-of-the-prostate-tranexamic-acid-129.php
https://www.bmj.com/lookup/doi/10.1136/bmj.d5701
https://www.bmj.com/lookup/doi/10.1136/bmj.d5701
https://linkinghub.elsevier.com/retrieve/pii/S0090429516002740
https://linkinghub.elsevier.com/retrieve/pii/S0090429516002740
https://linkinghub.elsevier.com/retrieve/pii/S0887796316301705
https://linkinghub.elsevier.com/retrieve/pii/S0887796316301705
https://linkinghub.elsevier.com/retrieve/pii/S0952818018302150
http://journals.sagepub.com/doi/10.1177/1756287218813789
http://journals.sagepub.com/doi/10.1177/1756287218813789
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1677-55382017000500871&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1677-55382017000500871&lng=en&tlng=en
https://journals.lww.com/00000658-200408000-00003
https://journals.lww.com/00000658-200408000-00003
https://www.bmj.com/lookup/doi/10.1136/bmj.c332
https://www.bmj.com/lookup/doi/10.1136/bmj.c332
https://www.bmj.com/lookup/doi/10.1136/bmj.e7586
https://www.bmj.com/lookup/doi/10.1136/bmj.e7586
http://www.jurology.com/doi/10.1097/UPJ.0000000000000108
https://linkinghub.elsevier.com/retrieve/pii/S0090429519303814


Page 12 of 12Balik et al. Trials          (2022) 23:508 

transfusion in patients with acute anemia. Transfusion. 1997;37(6):573–6 
[cited 2022-01-04]. Available from: http://​doi.​wiley.​com/​10.​1046/j.​1537-​
2995.​1997.​37697​335150.x.

	39.	 Kashefi P, Rahmani A, Khalifesoltani M. Changes in the hemoglobin level 
after one unit of packed red blood cell transfusion in intensive care unit 
patients. J Res Med Sci. 2018;23(1) [cited 2022-01-04]. Available from: 
http://​www.​jmsjo​urnal.​net/​text.​asp?​2018/​23/1/​85/​242089.

	40.	 Meunier A, Petersson A, Good L, Berlin G. Validation of a haemoglobin 
dilution method for estimation of blood loss. Vox Sang. 2008;95(2):120–4 
[cited 2022-01-04]. Available from: https://​onlin​elibr​ary.​wiley.​com/​doi/​10.​
1111/j.​1423-​0410.​2008.​01071.x.

	41.	 Chan R, Barocas D, Chang S, Herrell S, Clark P, Baumgartner R, et al. Effect 
of a large prostate gland on open and robotically assisted laparoscopic 
radical prostatectomy. BJU Int. 2008;101(9):1140–4 [cited 2022-01-04]. 
Available from: https://​onlin​elibr​ary.​wiley.​com/​doi/​10.​1111/j.​1464-​410X.​
2007.​07428.x.

	42.	 Kordan Y, Barocas D, Altamar H, Clark P, Chang S, Davis R, et al. Compari-
son of transfusion requirements between open and robotic-assisted 
laparoscopic radical prostatectomy. BJU Int. 2010;106(7):1036–40 [cited 
2022-01-04]. Available from: https://​onlin​elibr​ary.​wiley.​com/​doi/​10.​1111/j.​
1464-​410X.​2010.​09233.x.

	43.	 Goodnough L, Brecher M, Kanter M, AuBuchon J. Transfusion medicine—
blood transfusion. N Engl J Med. 1999;340(6):438–47 [cited 2022-01-04]. 
Available from: http://​www.​nejm.​org/​doi/​abs/​10.​1056/​NEJM1​99902​
11340​0606.

	44.	 Linder B, Frank I, Cheville J, Tollefson M, Thompson R, Tarrell R, et al. The 
impact of perioperative blood transfusion on cancer recurrence and 
survival following radical cystectomy. Eur Urol. 2013;63(5):839–45 [cited 
2022-01-04]. Available from: https://​linki​nghub.​elsev​ier.​com/​retri​eve/​pii/​
S0302​28381​30000​79.

	45.	 Wang Y, Jiang B, Yin F, Shi H, Xu X, Zheng S, et al. Perioperative blood 
transfusion promotes worse outcomes of bladder cancer after radical 
cystectomy: a systematic review and meta-analysis. PLoS One. 2015;10(6) 
[cited 2022-01-04]. Available from: https://​dx.​plos.​org/​10.​1371/​journ​al.​
pone.​01301​22.

	46.	 Tikkinen K, Craigie S, Agarwal A, Violette P, Novara G, Cartwright R, et al. 
Procedure-specific risks of thrombosis and bleeding in urological cancer 
surgery: systematic review and meta-analysis. Eur Urol. 2018;73(2):242–51 
[cited 2022-01-04]. Available from: https://​linki​nghub.​elsev​ier.​com/​retri​
eve/​pii/​S0302​28381​73017​32.

	47.	 Wolfenden L, Foy R, Presseau J, Grimshaw J, Ivers N, Powell B, et al. 
Designing and undertaking randomised implementation trials: guide for 
researchers. BMJ.  [cited 2022-01-05];. Available from: https://​www.​bmj.​
com/​lookup/​doi/​10.​1136/​bmj.​m3721.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://doi.wiley.com/10.1046/j.1537-2995.1997.37697335150.x
http://doi.wiley.com/10.1046/j.1537-2995.1997.37697335150.x
http://www.jmsjournal.net/text.asp?2018/23/1/85/242089
https://onlinelibrary.wiley.com/doi/10.1111/j.1423-0410.2008.01071.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1423-0410.2008.01071.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1464-410X.2007.07428.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1464-410X.2007.07428.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1464-410X.2010.09233.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1464-410X.2010.09233.x
http://www.nejm.org/doi/abs/10.1056/NEJM199902113400606
http://www.nejm.org/doi/abs/10.1056/NEJM199902113400606
https://linkinghub.elsevier.com/retrieve/pii/S0302283813000079
https://linkinghub.elsevier.com/retrieve/pii/S0302283813000079
https://dx.plos.org/10.1371/journal.pone.0130122
https://dx.plos.org/10.1371/journal.pone.0130122
https://linkinghub.elsevier.com/retrieve/pii/S0302283817301732
https://linkinghub.elsevier.com/retrieve/pii/S0302283817301732
https://www.bmj.com/lookup/doi/10.1136/bmj.m3721
https://www.bmj.com/lookup/doi/10.1136/bmj.m3721

	Can the prophylactic administration of tranexamic acid reduce the blood loss after robotic-assisted radical prostatectomy? Robotic Assisted Radical Prostatectomy with tranEXamic acid (RARPEX): study protocol for a randomized controlled trial
	Abstract 
	Background: 
	Methodsdesign: 
	Discussion: 
	Trial registration: 

	Background
	Methodsdesign
	Objectives and hypothesis
	Study population and eligibility criteria
	Criteria for discontinuing

	Sample size calculation
	Ethics, study registration, and consent
	Assignment of interventions
	Allocation
	Blinding
	Unblinding

	Study treatment
	Safety aspects
	Data collection
	Data monitoring
	Adverse event reporting and harms
	Ancillary and post-trial care
	Interim analyses
	Protocol amendments

	Primary and secondary endpoints

	Methods for avoiding bias
	Minimizing systemic bias
	Minimizing treatment bias
	Minimizing measurement bias

	Statistical methods
	Health economic analysis

	Discussion
	Blood loss
	Dose
	Complications

	Conclusion
	Trial status
	Acknowledgements
	References


