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A B S T R AC T
Background: The prophylactic administration of tranexamic acid has been shown to be appropriate for procedures with a high risk 
of perioperative bleeding in cardiac surgery and orthopaedics. In urology the ambiguous results have been reported. Our goal was to 
evaluate the effect of tranexamic acid administration in robotic-assisted radical prostatectomy (RARP). A pilot, prospective, double-blind, 
randomized study was conducted to evaluate this effect.
Methods: The study included 100 patients who received RARP in the period from April 2017 to January 2018. The patients were randomly 
assigned to study and control groups of 50 patients each.
Results: The median follow-up was 6 months. Lower haemoglobin level drop weighted for gram of operated prostate was observed in the 
study group when treating the dorsal vein complex (DVC) at the beginning of the procedure (p = 0.004 after 3 hours and p < 0.001 after  
24 hours). There was no evidence of any serious side effect of tranexamic acid.
Conclusion: We demonstrated the safety of tranexamic acid at RARP. In addition, we showed that administration of tranexamic acid  
at the beginning of RARP significantly reduces the decrease in haemoglobin after the procedure when treating the DVC at the beginning  
of the procedure.
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INTRODUCTION

Prostate adenocarcinoma is the most common malignancy 
in men. The incidence increases over time and with patient 
age. Prostate adenocarcinoma is the second most com-
mon cause of death due to malignancy in men, after lung 
cancer. In patients with moderate- and low-risk prostate  
cancer and life expectancy more than 10 years, the method 
of choice is radical prostatectomy or radiotherapy (1–3).

In recent years, we have seen a general tendency to-
wards minimally invasive surgical procedures. In the 
treatment of localized prostate cancer, laparoscopic and 
robotic-assisted radical prostatectomy (RARP) have be-
come the gold standard. Despite tremendous development 
in the technology and technique of robotic-assisted radical 
prostatectomy over more than 25 years, we still need to 
look for ways to improve oncological and functional out-
comes (4–8).

We can assume that lower perioperative blood loss will 
lead to a better view in the operating field and improve the 
outcomes. Decreasing postoperative blood loss may lead 
to faster recovery after the procedure (9). Concerns have 
been raised about the possible relationship between the 
administration of blood derivatives and an increased risk 
of relapse of malignancy and tumour-specific mortality 
(10, 11).

Tranexamic acid is an antifibrinolytic used to relieve 
bleeding. The mechanism of action lies in binding to plas-
ma free plasminogen with higher affinity than tissue plas-
minogen activator. It prevents its conversion to plasmin, 
which is responsible for the degradation of fibrin poly-
mers. The result is greater stability of the fibrin clot at the 
site of bleeding and, therefore, lower blood loss (12–14). 
Use of tranexamic acid during or after the operation does 
not improve results, unlike administration prior to sur-
gery. A biological explanation is that tranexamic acid may 
bind plasminogen in the early phase of the fibrinolytic 
cascade, after the beginning of the procedure, reducing 
tissue plasminogen activator activity up to 80% (15).

In urological surgery, increased conversion of plasmin-
ogen to plasmin should occur, both by washing the tissue 
plasminogen activator from the destroyed tissue and by 
urokinase present in the urine (16). Only a few studies 
have been published to date on the use of tranexamic acid 
in transurethral prostate resection, open radical prosta-
tectomy, and open radical cystectomy. The first paper did 
not confirm the positive effect in terms of reduced periop-
erative and postoperative blood loss in prostate transure-
thral resection (17). Increasing evidence of the beneficial 
use of tranexamic acid in cardiac surgery, neurosurgery, 
traumatology, and orthopaedics has led to the renewal of 
this idea (18–20). 

In urology, the results are not clear, as they differ in 
various urological procedures, e.g. endoscopic transure-
thral resections with negative results (21) to positive re-
sults in other procedures (22–25). Recent meta-analysis 
confirmed these positive results for cancer patients, in 
general (26).

Our goal was to investigate the effect of tranexamic acid 
on perioperative and postoperative blood loss, procedure 
duration, and reduction of the risk of positive surgical 

margin in RARP. A secondary goal was to monitor adverse 
events, such as acute myocardial infarction, stroke, gener-
alized convulsions, and thromboembolic events.

MATERIAL AND METHODS

This pilot, prospective, randomized, double-blind, and pla-
cebo-controlled study was approved by the Ethics Commit-
tee in University Hospital in Hradec Králové (201704S06P). 
Between April 2017 and January 2018, 144 RARP were per-
formed in our department.

We acquired patients scheduled for RARP without pel-
vic lymphadenectomy who provided informed consent. 
We primarily excluded patients who did not sign informed 
consent (n = 18) or had pelvic lymphadenectomy planned 
(n = 15). We assumed that pelvic lymphadenectomy would 
distort the results by prolonging the procedure time and 
increasing the volume of fluids in the suction and drain 
after surgery. Another exclusion criterion was coagulation 
disorder, congenital (e.g., Leiden mutation or thrombo-
philia) or iatrogenic due to the chronic use of antiaggre-
gants or anticoagulants. We also excluded patients who 
had a thromboembolic, cerebral, or acute coronary event 
6 months prior to prostatectomy (n = 9). None of the pa-
tients had a proven allergic reaction to tranexamic acid, 
which was the last exclusion criterion. A total of 100 pa-
tients were finally analyzed in the study. 

After enrolment, each patient was assigned a unique 
number from 0 to 100 generated by an independent work-
er at www.randomizer.org prior to the study. The first 
50 numbers generated represented patients assigned to 
the tranexamic acid group. The remaining numbers were 
assigned to the control group. The group assignment in-
formation was placed in a sealed envelope marked with 
the study number.

On the day of the procedure, an assigned nurse pre-
pared an infusion set according to the information in 
the sealed envelope with the patient’s study number. For 
patients in the treatment group, 1.5 g of tranexamic acid 
was added to 100 ml of physiological saline and was given 
within 5 minutes after the robotic system was docked.

The therapeutic concentration of tranexamic acid in 
plasma ranges from 5 mg/kg to 10 mg/kg. After an in-
travenous dose of 10 mg/kg, plasma concentration was 
maintained for 3 hours, but in orthopaedics, it was proved 
to be inadequate (27, 28). The 20 mg/kg dose maintains 
a therapeutic level for 8 hours but increases the risk of 
a thromboembolic event (19). Based on the above-men-
tioned literature, we decided to administer a single dose of 
1.5 g tranexamic acid to all patients in the treatment group, 
corresponding to 10–20 mg/kg.

All patients underwent RARP without pelvic lymph-
adenectomy. A total of four surgeons performed the pro-
cedure using almost the same technique. The only differ-
ence was treatment of the dorsal vein complex (DVC). One 
surgeon sutured the DVC at the beginning of the proce-
dure with two rounds of resorbable monofilament suture 
(n = 38). Other surgeons treated the complex with several 
rounds of barbed suture after completing prostatectomy 
(n = 62). To accelerate the return of continence, a modified 
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Rocco stitch was performed in all patients. The anastomo-
sis was performed by two V-loc stitches, the ends of which 
were tied. Antibiotic prophylaxis was provided by a single 
dose of potent aminopenicillin as recommended by the 
antibiotic centre (n = 98); fluoroquinolone was adminis-
tered in patients with an allergy to aminopenicillin (n = 2). 
During the procedure, the urinary tract opening time 
(from bladder opening to completion of urethro-vesical 
anastomosis), console time, amount of fluid in the suction 
system, and the weight of prostate were monitored.

The prophylactic dose of low molecular weight heparin 
(LMWH) was administered to every patient for minimum 
of 7 days, starting the day before the procedure.

Evaluating perioperative blood loss in RARP has sev-
eral difficulties. The amount of aspirated fluid during the 
procedure is further distorted by the lymphatic secretions 
of the traumatized tissue, irrigation fluid and the produc-
tion of urine in the open urinary tract. The volume of in-
travenous infusions was recorded. Due to an inability to 
accurately measure actual diuresis, hourly diuresis was 
determined arbitrarily for all patients at 50 ml per hour. 
The amount of urine produced was calculated based on 
the urinary tract opening time. The measurement of the 
suction fluid volume was done with an accuracy of 25 ml 
after aspiration of all residual irrigation fluid from reser-
voir at the end of the procedure. The amount of urine and 
irrigation fluid (500 ml) was subtracted from the amount 
of fluid in the suction capsule to estimate perioperative 
blood loss.

During the operation, we recorded console time, which 
represented the activity of the console surgeon from the 
connection of the robotic system to its disconnection. 
During this period, the urinary tract opening time was re-
corded from the opening of the bladder neck to the com-
pletion of the urethro-vesical anastomosis.

We assumed that the results would be significantly 
affected by the weight of the prostate. A larger prostate 
could mean longer operating time and greater blood loss. 
Therefore, all results were weighted for the grams of pros-
tatic tissue.

Another factor that could have significantly affected 
the results was the patient’s body mass index (BMI). Pa-
tients with higher BMI usually tend to not tolerate the 
Trendelenburg position as well as those with a lower BMI, 
a position that is essential for a good overview of the oper-
ating field. Obesity of the patients worsens the overview 
and increases the tendency for lymphorrhagia. BMI > 30 
is also risk factor for thromboembolism.

The blood count was taken before the procedure, 
3 hours after the procedure and the next day at 6 a.m. The 

drainage fluid was monitored on postoperative day 1 POD1 
and 2 and the total number of blood transfusions was re-
corded. A permanent urinary catheter was extracted on 
POD7. Intraabdominal drain was extracted on the POD 
(postoperative day) 1 or 2 if there were no complications. 
Only three patients had urinary leakage of the anastomo-
sis, detected initially biochemically (creatinine level over 
500 µmol/l) in drain and subsequently cystographically. 
In another two patients, increased lymphatic secretion 
from the drain was found. These patients were excluded 
from the evaluation of postoperative blood loss (n = 5). 

Upon completion in 100 patients, the cases were un-
blinded and statistical processing performed, using NCSS 
statistical software (NCSS, Kaysville, UT, USA). 

RESULTS

The characteristics of the treatment and control groups 
were not significantly different. Differences between age 
and PSA were assessed by the nonparametric Mann-Whit-
ney U test. BMI and specimen weight were compared by 
the Kolmogorov-Smirnov test (Table 1).

No difference was found between the two groups in the 
volume of infusions during the procedure (Table 2).

No difference was found between the two groups in 
perioperative blood loss and perioperative blood loss re-
lated to gram of operated prostate (Table 3).

Blood count before the procedure was taken by pa-
tients’ general practitioner which might have biased the 

Tab. 1 Cohort parameters (TA – tranexamic acid group).

Age (years) BMI iPSA (ng/ml) Specimen weight (g)

TA Placebo TA Placebo TA Placebo TA Placebo

Average 64.3 65.3 26.5 28.5 6.8 6.8 61.3 55.4

SD 5.9 5.7 2.8 3.9 3.3 2.4 28.5 17.7

P value p = 0.363 p = 0.396 p = 0.549 p = 0.549

Tab. 2 Perioperative crystaloid infusions (ml).

  TA Placebo

Average 1825 1770

SD 751 603

P-value p = 0.656

Tab. 3 Perioperative blood loss.

Overall blood loss (ml) Blood loss per gram (ml/g)

TA Placebo TA Placebo

Q1 93.0 97 1.99 1.94

Q2 222.5 212 3.58 3.92

Q3 377.5 386 6.61 7.80

P-value p = 0.712 p = 0.480
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Tab. 4 Hemoglobin level drop overall.

 

Initial Hb level (g/l) 3hr Hb-drop (g/l) 3hr Hb-drop / g (g/l/g) 24hr Hb-drop (g/l) 24hr Hb-drop / g (g/l/g)

TA Placebo TA Placebo TA Placebo TA Placebo TA Placebo 

(n = 48) (n = 49) (n = 48) (n = 49) (n = 48) (n = 49) (n = 48) (n = 49) (n = 48) (n = 49)

Average 149.5 151.6 15.1 16.7 0.30 0.32 22.5 24.3 0.44 0.47

SD 7.7 8.3 8.4 6.8 0.22 0.13 10.3 8.1 0.28 0.20

Q1 144.0 148.0 10.0 13.0 0.15 0.24 16.5 19.0 0.20 0.31

Q3 154.0 158.0 20.0 22.0 0.43 0.41 28.0 30.0 0.52 0.62

P-value p = 0.190 p = 0.013 p = 0.154 p = 0.096

Tab. 5 Hemoglobin level drop in patients with DVC suturing at the beginning of procedure.

Initial Hb level (g/l) 3hr Hb-drop (g/l) 3hr Hb-drop / g (g/l/g) 24hr Hb-drop (g/l) 24hr Hb-drop / g (g/l/g)

TA Placebo TA Placebo TA Placebo TA Placebo TA Placebo

(n = 17) (n = 19) (n = 17) (n = 19) (n = 17) (n = 19) (n = 17) (n = 19) (n = 17) (n = 19)

Average 150.6 152.2 9.3 17.3 0.15 0.33 17.6 25.6 0.29 0.50

SD 8.7 4.5 6.9 7.3 0.12 0.13 7.6 7.7 0.12 0.18

Q1 149.0 149.0 5.0 12.5 0.07 0.21 11.0 21.0 0.19 0.38

Q3 154.0 156.0 12.0 22.8 0.18 0.42 22.0 31.8 0.35 0.65

P-value p = 0.006 p = 0.004 p = 0.004 p = 0.001

Tab. 6 Hemoglobin level drop Hemoglobin without DVC suturing at the beginning of procedure.

Initial Hb level (g/l) 3hr Hb-drop (g/l) 3hr Hb-drop / g (g/l/g) 24hr Hb-drop (g/l) 24hr Hb-drop / g (g/l/g)

TA Placebo TA Placebo TA Placebo TA Placebo TA Placebo 

(n = 31) (n = 31) (n = 31) (n = 31) (n = 31) (n = 31) (n = 31) (n = 31) (n = 31) (n = 31)

Average 149.0 151.0 17.9 15.9 0.36 0.31 24.7 22.9 0.49 0.45

SD 7.1 9.8 8.2 6.3 0.23 0.13 10.8 8.5 0.73 0.21

Q1 143.0 146.0 12.3 13.0 0.17 0.23 19.3 17.0 0.27 0.29

Q3 154.0 158.0 22.0 21.0 0.47 0.40 28.8 29.0 0.73 0.60

P-value   p = 0.657 p = 0.594 p = 0.807 p = 0.773

results. Three patients were not analyzed because the hae-
moglobin level was higher after the procedure then before 
(n = 2 from treatment group, n = 1 from control group). No 
significant difference was found in the absolute numbers 
for the haemoglobin decrease in 3 hours (3hr Hb-drop) 
and the day after surgery (24hr Hb-drop). Depending on 
the decrease in haemoglobin relative to gram of operated 
prostate, differences became significant (3hr Hb-drop/g 
and 24hr Hb-drop/g) (Table 4). The most striking dif-
ferences between the groups were observed in patients 
with the DVC treated at the beginning of the procedure 
(Table 5).

In contrast, there were no significant differences be-
tween both groups if DVC was treated at the end of the 
procedure (Table 6).

Patients with biochemically and cystographically 
proven urinary leakage of anastomosis (n = 2 in treat-
ment group, and n = 1 in control group) and patients with 
extensive lymphatic secretion (n = 2 in control group) 

were excluded from the evaluation of drainage. A signifi-
cant difference was found between the study and control 
groups in overall postoperative drainage volume and over-
all postoperative drainage volume weighted for grams of 
prostate (Table 7).

No significant differences in console time were found 
between the study and control groups. Effects of definitive 
histology findings worsening (up-staging and upgrading) 
(Table 8, 9) or operating procedure variations on console 
time have also not been demonstrated. The only factor that 
significantly influenced console time was the patient’s 
BMI (Table 10).

We did not observe significant reduction in incidence 
of positive surgical margins in group with tranexamic 
acid.

All patients were followed for 3 months after the pro-
cedure. Postoperative complications were recorded and 
graded based on severity according to the Clavien-Din-
do definition (29). Only one episode of brachial artery 
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Tab. 7 Overall volume in drain.

Drain volume (ml) Drain volume / g (ml/g)

TA Placebo TA Placebo

(n= 48) (n = 47) (n= 48) (n = 47)

Q1 6.25 50 0.12 0.75

Q2 50 80 0.81 1.37

Q3 100 100 2.03 2.50

P-value p = 0.048 p = 0.023

Tab. 8 Gleason score (GS) incidence.

GS
Initial Definitive

TA Placebo TA Placebo

6 34 29 11 8

7a 13 15 24 30

7b 2 4 9 6

8 1 1 5 3

9 0 1 1 2

Tab. 9 Prognostic factor worsening.

TA Placebo

Up-grading 32 26

Up-staging 12 5

Positive surgical margin (PSM) 11 14

Tab. 10 Impact on console time (minutes).

Overall DVC suturing Up-grading Up-staging BMI

TA Placebo First Later yes no yes no > 30

(n = 50) (n = 50) (n = 38) (n = 62) (n = 58) (n = 42) (n = 17) (n = 83) (n = 70)

Average 132.7 130.6 135.0 129.5 133.0 129.8 124.5 133.0 128.3

SD 31.2 30.3 30.7 30.5 29.5 32.3 22.8 31.8 31.4

Q1 113.0 114.0 114.0 111.0 115.0 111.0 107.0 114.0 109.0

Q3 145.0 148.0 148.0 140.0 146.0 137.0 139.5 146.0 136.0

P-value p = 0.754 p = 0.242 p = 0.249 p = 0.482 p = 0.008

a haemoperitoneum of 3000 ml was aspirated, but the 
source of bleeding was not found. Four blood transfusions 
were given (Dindo/Clavien IVa). No further complications 
were noted.

Two patients (one from the study group and the oth-
er from the control group) had increased secretion from 
drains, requiring longer drainage without further conse-
quences (Dindo/Clavien I). In three patients with cysto-
graphically proven urinary leakage (one from the study 
group and two from the control group), we left the urinary 
catheter in place for 14 days after the procedure. Subse-
quent cystography did not indicate leakage and the cath-
eter was removed (Dindo/Clavien I). One patient in the 
control group was conservatively treated for prolonged 
paralytic ileus lasting more than 5 days (Dindo/Clavien 
II). One patient from the treatment group experienced 
intestinal lesion and stercoral peritonitis because of ad-
hesiolysis after a previously complicated appendectomy. 
During revision, 15 cm of ileum was resected (Dindo/Cla-
vien IVa). Three months after the procedure, the patient 
was completely healed, with PSA level  was < 0.008 ng/ml, 
and completely continent (Table 11).

DISCUSSION

Despite all efforts, RARP carries significant blood loss in 
some patients. Perioperative bleeding impairs the visibil-
ity of the operating field, therefore, increases the risk of 
further bleeding, furthermore, worsens oncological and 
functional outcomes. 

Radical prostatectomy is associated with a higher risk of 
thromboembolism. Open radical prostatectomy has a con-
siderably higher risk of thromboembolic events (1.0–15.7%) 
compared to a robotic (0.2–3.7%) and laparoscopic ap-
proach (0.4–6.0%) (30). Administration of antifibrinolyt-
ics, which potentially increase the risk of thromboembo-
lism in laparoscopic surgery for pelvic malignancy, may 
rise certain doubts. However, our study, in agreement with 
recent meta-analysis of 11 studies involving 1177 patients 
with malignancy, did not find increased risk of thrombo-
embolism following treatment with tranexamic acid (26).

Despite all our efforts, we have not been able to elimi-
nate all potential study bias. The determined level of diu-
resis may not reflect the reality accurately. Administration 
of infusions during the procedure was not standardized, 

thrombosis was recorded in a patient in the control group 
(Dindo/Clavien II). The patients receiving tranexamic acid 
did not experience any complications in terms of stroke, 
acute myocardial infarction, or thromboembolic disease.

Two cases of significant postoperative bleeding were 
noted. One patient in the control group had an approxi-
mately 500 ml hematoma in the pelvis, which was con-
servatively controlled, with no transfusion (Dindo/Clavien 
II). Another patient from the treatment group underwent 
acute laparoscopic revision for incipient haemodynamic 
instability, demonstrated haemoperitoneum, and a sig-
nificant decrease in the blood count. During the revision, 
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but no statistically significant difference in the infusions 
between both groups was observed. 

In addition, various degrees of tissue trauma were ob-
served among the patients (e.g., adhesions of bowel, tis-
sue fattening, prostate size, etc.) and, therefore, various 
lymphatic secretions were observed during and after the 
procedure.

We found the difference in postoperative drainage vol-
ume statistically significant, but it did not bring any clini-
cal consequences. The drain was removed on the POD 1 or 
2 with no difference between both groups. 

Operations were performed by four surgeons, all of 
them with enough experience but with slightly different 
technique. Three of the surgeons performed DVC treatment 
after prostate removal using several turns of the barbed 
suture, and one surgeon after opening the endopelvic fas-
cia with two loops of PDS stitch at the beginning of the 
procedure. We confirmed that ambiguous overall results 
were affected by mixing the two variants of the surgical 
procedure. There were no significant differences between 
both groups if DVC was treated at the end of the procedure.

Significantly lower postoperative losses in the latter 
case can be explained by the greater stability of the throm-
bus produced by the early suturing of the DVC, potentiated 
by the action of the tranexamic acid.

The effect of tranexamic acid on the incidence of posi-
tive surgical margins is not clear from this pilot study and 
will be analyzed in following study. 

CONCLUSION

Prophylactic use of tranexamic acid at the beginning of 
the procedure in urology, in contrast to neurosurgery, or-
thopaedics or cardiac surgery, is not common.

In our pilot study we demonstrated the safety of 
10–20 mg/kg of tranexamic acid at the beginning of RARP. 
No patient from the treatment group developed a thrombo-
embolic event within 3 months after the procedure. In ad-
dition, we showed that administration of tranexamic acid 
at the beginning RARP significantly reduces the decrease 
in haemoglobin after the procedure, when treating the 
DVC at the beginning of the procedure. The results will be 
verified in following study in a larger patient population. 
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