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The effect of topical application of tranexamic acid
on the occurrence of postoperative hematoma
after inguinal hernia repair using the Lichtenstein
technique
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'Porde Joanovi¢ Zrenjanin General Hospital, Zrenjanin, Serbia;
“State University of Novi Pazar, Novi Pazar, Serbia

SUMMARY

Introduction/Objective The objective of the study was to determine whether the local application
of tranexamic acid (TXA) by pouring over the surgical wound reduces the incidence of postoperative
hematoma and the occurrence of postoperative bleeding in the wound following inguinal hernia repair
using the Lichtenstein technique.

Methods We conducted a prospective, randomized, double-blind clinical study in the period from June
2024 to February 2025. One hundred and twenty patients were divided into two groups, one group of
patients who received TXA during surgery, and the other group where a placebo was administered.
Subsequently, the groups were compared and analyzed by sex and age structure, the frequency of post-
operative hematoma, and the pre- and postoperative levels of erythrocytes, hemoglobin, and platelets
were recorded.

Results The results indicate that in the group where TXA was administered, postoperative hematoma
occurred statistically significantly less often than in the group with a placebo (p < 0.05). The frequency
of postoperative hematoma in the group of patients who were treated with TXA was 3.8%, while the
frequency in the group of patients who were treated with a placebo was 13%. There was a statistically
significant difference in the levels of platelets before and after surgery in the compared groups.
Conclusion We found that the topical application of TXA reduces the occurrence of postoperative he-
matoma, and thus the occurrence of postoperative bleeding, as well as reduces the postoperative drop
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in platelets.
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INTRODUCTION

Postoperative bleeding is one of the most com-
mon complications of surgical procedures.
According to some reports, more than 300
million patients undergo surgery annually [1].
Bleeding can be merely a clinical sign, without
any consequences, but it can also be signifi-
cant, with varying consequences, and it occurs
within the first 7 days in 77.7% of cases [2].
This affects the patient’s morbidity and mor-
tality, quality of life, and speed of recovery.
According to a study conducted by Roshanov,
mortality occurs in 5.8% of cases among pa-
tients with postoperative bleeding, excluding
cardiac surgery patients [3]. There are vari-
ous definitions of postoperative hemorrhage;
however, our scope of interest is bleeding in
the wound after inguinal hernia surgery us-
ing the Lichtenstein technique, manifesting as
hematoma, i.e., bruising and/or swelling and
out-of-range blood test results. The drug that
is standardly used to prevent or stop bleeding is
TXA. This agent is routinely used intravenously
and orally, according to the manufacturer’s rec-
ommendations, and has its own indications and
contraindications [4, 5].

Systemic administration of TXA has shown
many advantages, and most commonly cited are
reduced postoperative bleeding and a reduced
need for blood transfusion [6-9]. However,
the idea of using TXA in the form of a local
application emerged because there is unclear
data on adverse effects since the drug manu-
facturer suggests avoiding the drug in certain
patient groups, as a potential health risk [4, 5].
Several studies, systematic reviews, and meta-
analyses addressed this topic, including the lo-
cal application of TXA [10, 11-16]. So far, local
application of TXA has been applied in various
fields of surgery, such as otorhinolaryngology,
maxillofacial surgery, orthopedics, breast sur-
gery, spinal surgery, thoracic surgery, urology,
and plastic surgery. However, some studies
have described side effects following the local
application of TXA, such as impaired wound
healing, a larger amount of seroma after breast
mastectomy and axillary dissection, and poor
tendon healing [17, 18, 19]. Two studies also
described that it enhances bone healing [20,
21]. Only one study investigated a similar topic
regarding the local application of TXA during
inguinal hernia repair, with a small number of
patients at increased risk of bleeding due to
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the medications they used [16]. For this reason, our study
aimed to test whether the local, more precisely topical ap-
plication of TXA affects the reduction in the frequency
of postoperative hematoma, i.e., bleeding after inguinal
hernia repair using the Lichtenstein technique.

METHODS

A prospective, randomized, double-blinded study was con-
ducted in the period from June 2024 to February 2025.
The sample size consisted of 120 patients, divided into
two groups. Both groups were treated in a standard way,
one group (control) was intraoperatively treated with a
placebo solution, and the other (experimental) with a solu-
tion containing TXA.

The criteria for inclusion in the study were: age over
18 years and males and females with one-sided inguinal
hernia.

The criteria for exclusion from the study were: patients
with an inguinoscrotal hernia, patients with a recurrent in-
guinal hernia after open surgery, patients who did not stop
their regular antiplatelet therapy, patients on permanent
low-molecular-weight heparin therapy, excluding preop-
erative one-time prevention, patients with acute disease,
exacerbation of chronic disease, patients on dialysis, and
patients with hematological diseases excluding anemic
syndrome, which meets the conditions for introduction
to general endotracheal anesthesia, patients with proven
connective tissue disease.

The exclusion criteria also included an intraoperative
deviation from standard surgery, which included increased
bleeding and excessive tissue trauma, which could be the
cause of bleeding that might present a false-positive result
for the drug under investigation.

Upon admission to hospital treatment, the patient was
assigned two numbers, the first number, which was the
serial number, related to the name, surname, and order
of patient’s surgical procedure, together with the second
number, 1 or 2, indicating the recipient of a placebo or
drug. The ward nurse, in the operation block and the lead
researcher was the only person who was familiar with the
numbers and their correlation. Thereupon, the patients
underwent standard preoperative preparation, had blood
drawn, were operated on, and received standard therapy.

The standard procedure of the Lichtenstein technique
was performed for the repair of the inguinal hernia. Each
patient was operated on using a uniform method, and the
surgery was performed by five experienced general sur-
geons, each with over five years of specialized experience.
For hernioplasty, polypropylene mesh of the same type,
characteristics and size 6 x 11 cm or 8 x 15 cm, depending
on the size of the inguinal canal, was used for all patients.
Prior to inserting, the mesh was shaped accordingly and
subsequently fixed along the outer lower edge continuously
with a monofilament, non-absorbable suture of thickness
2.0 in the region of the inguinal ligament, from the tubercle
to 2—-4 cm above the internal inguinal ring. The mesh was
further fixed with 3-5 single sutures of the same material
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along the inner upper edge and with two single sutures
on the previously incised mesh to create a new internal
inguinal ring. Access to the inguinal canal, preparation
and management of the hernial sac, reconstruction of the
posterior wall of the inguinal canal, and closure of the in-
guinal canal were performed in a standardized manner,
as a standard procedure in open inguinal hernia repairs.

TXA or placebo was prepared outside the operating
room, by the previously authorized person, who did not
inform the surgical team about its content. Depending on
this, either a medication solution was prepared by drawing
two ampoules of TXA, i.e., 10 ml of solution at a concen-
tration of 500 mg / 5 ml, into a 20 ml syringe, followed
by adding 10 ml of sterile 0.9% saline solution, or just 20
ml of 0.9% saline solution as a placebo in a syringe of the
same specifications.

The professional did not inform anyone about the con-
tents of the syringe. During the operation, the hernia sac
or its residues were poured over with the solution, with-
out removal of the residues for at least 1 minute. Further
on, 8 ml of solution were poured on the entire site below
the aponeurosis of musculus obliquus externus, without
removal of the residues. Afterwards, an additional 4 ml of
solution were poured on the layers above the closed fas-
cia, without removal of the residues for at least 1 minute.
Intraoperative, prior to using the solution, hemostasis was
achieved by surgical means.

The described methods achieved the effect of a double-
blind study.

Postoperatively, the occurrence of hematoma in the
operated region was monitored until the postoperative
day 7, when most of the bleeding would be visualized [2].
The appearance of a hematoma was considered statistically
significant if the width was greater than 2 cm along the
entire lower and upper edge of the postoperative wound.

In addition, changes in the blood count were monitored
preoperatively and postoperatively, the day before and after
the operation. In this way, we analyzed the differences in
the blood count in the control and observed groups. We
monitored the number of erythrocytes, hemoglobin, and
platelets as easily measurable components involved in the
coagulation cascade.

On the first postoperative day, patients were examined
in detail to record possible complications and hematoma
at the site of the operative wound. Also, laboratory analyses
were repeated, i.e., blood test results. The wound was then
bandaged, and if the treatment was without complications,
the patients were discharged for further home and outpa-
tient follow-up.

After discharge, patients were examined after seven days
to record clinical signs of bleeding, and other complica-
tions.

In the study, among the methods of descriptive statis-
tics, the measure of central tendency, the arithmetic mean,
measures of variability and the standard deviation, as well
as relative numbers, were used. A simple random sampling
system and tables of random numbers were used for ran-
domisation of the patients. Analytical statistics methods
were used to identify empirical distributions and methods
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Table 1. The age structure of the observed groups
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Figure 1. Sex structure of the observed groups

for assessing the significance of the difference depending
on the type of data, the x* test, and t-test for independent
samples. The IBM SPSS Statistics (IBM Corp., Armonk,
NY, USA) program was used for statistical data processing.

Ethics: Informed consent was obtained from all subjects
involved in the study. The study was conducted in accor-
dance with the Declaration of Helsinki, and was approved
by the Ethics Committee of the Porde Joanovi¢ Zrenjanin
General Hospital (protocol code 01-133/56, date of ap-
proval April 10, 2024).

RESULTS

By comparing the demographic characteristics of the pa-
tients in both groups, we did not find a statistically sig-
nificant difference. In the group of patients who received
TXA, the average age was 59 years, while in the control
group the average age was 64 years. There was no statisti-
cally significant difference between the observed groups
(p =0.076). The age structure is shown in Table 1.

Figure 1 shows the sex structure of the observed groups,
where it was also noted that there was no statistically sig-
nificant difference (p = 0.834). Men were predominant in
both groups of patients, 92.3% in the experimental group
and 93.3% in the control group.

A statistically significant lower frequency of postopera-
tive hematoma was observed in the group that received
TXA during surgery (p < 0.05). It was observed that in
the experimental group, hematoma appeared in 3.8% of
patients, while in the control group, hematoma occurred
in 13% of patients. The data are shown in Figure 2.

A statistically significant difference in the number of
red blood cells before and after surgery between groups
(p = 0.672) was not observed. The mean value of red blood
cells preoperatively was 4.71 x 10**/1 in the control group,
while postoperatively it was 4.58 x 10*/1. Moreover, in
the experimental group, the values were 4.81 x 10'*/1 and
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Figure 3. Preoperative and postoperative number of red blood cells
in the observed groups

4.52 x 10"*/1 preoperatively and postoperatively. The re-
sults are shown in Figure 3.

A statistically significant difference was not observed
in the mean hemoglobin level preoperatively and postop-
eratively in the observed groups (p = 0.924). The mean
value of hemoglobin preoperatively was 145.2 g/l in the
control group, while postoperatively it was 137.93 g/1. In
the experimental group, the values were 146.23 g/l and
139.31 g/l preoperatively and postoperatively. The values
are shown in Figure 4.

The decrease in platelet count was statistically signifi-
cantly lower in the group of patients who were adminis-
tered TXA, compared to the group that was given a placebo
(p = 0.030). The mean value of platelets preoperatively was
235.45 x 10°/1 in the control group, while postoperatively
it was 209.27 x 10°/1; in the experimental group, the values
were 232.90 x 10°/1 and 220.06 x 10°/1 preoperatively and
postoperatively. The results are shown in Figure 5.
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Figure 4. Preoperative and postoperative level of hemoglobin in the
observed groups

DISCUSSION

The sex distribution disclosed that men predominated in
both the experimental and the control group. The obtained
data coincide with the results of other studies, explaining
this by the fact that men are exposed to heavier physi-
cal efforts through work and physical training. Regarding
the age distribution, the results of our study fall roughly
between the values of the studies by Agarwal [22] and
Burcharth et al. [23].

There is a small number of studies dealing with the use of
TXA in abdominal surgery and abdominal wall surgery [16,
24, 25]. The number of subjects in the studies is small, and
the possibilities are large, considering the number of opera-
tions and potential complications related to postoperative
bleeding. Inguinal hernia repair is one of the most common
surgeries in the world, and the most common technique for
surgery is the Lichtenstein technique. Thus, according to
some reports, 275,000 such operations were performed in
Germany, while 800,000 such operations were performed in
the United States of America in one year [26, 27].

Bleeding is one of the most common complications of
this surgery, and it can lead to other complications, such as
swelling, hematoma, mesh infection and pain. Hematoma
as a sign of bleeding is described with varying frequency,
from 1.4-13.6%, depending on the author and the defi-
nition of the observed complication [26, 27, 28]. These
complications can result in slower patient recovery, addi-
tional surgical procedures or reoperations, slower return
to regular daily activities and work duties, disability, more
expensive treatment, and very rarely death. When this
number of complications is multiplied by the number of
operations and the percentage of their occurrence, it can be
concluded that the prevention of bleeding can have great
benefits for the patient and the health system. Hematoma
as a sign of postoperative bleeding is the most common
complication, which can be easily monitored clinically.
Through our study, we determined that the frequency of
hematomas in the group that did not receive TXA was 13%
(eight patients), according to the given criteria. Of these,
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Figure 5. Preoperative and postoperative level of platelets in the ob-
served groups

one patient had significant clinical bleeding, prolonged
hospitalization, monitoring and replacement of blood
products, while the frequency of occurrence of hematoma
in the group that received TXA was 3.8% (two patients).
Comparing these two groups, we found that there is a sta-
tistically lower incidence of hematoma in the experimental
group. Therefore, it can be concluded that there was less
intra- and/or postoperative bleeding in this group. Several
other studies have shown similar results [9, 10, 11, 14, 16].

TXA is a potent antifibrinolytic agent, as it blocks the
lysine binding site on the plasminogen molecule, thereby
preventing its interaction with fibrin. This inhibits the
activation of the plasminogen molecule and its conver-
sion to plasmin. This inhibition disrupts the activation of
plasminogen and its conversion to plasmin, consequently
impeding fibrinolysis and preserving the integrity of the
blood clot, thus reducing the risk of bleeding. Moreover,
during the application of higher doses of TXA during car-
diac surgery, convulsions may occur due to the antagonis-
tic effect on GABA(A) receptors. The primary elimination
route is renal, with over 95% of the drug excreted through
kidneys. After oral administration, 30-50% of the drug is
absorbed and 90% of the drug is excreted from the body
within 24 hours when TXA is administered intravenously,
while during oral administration 39% of the drug is ex-
creted during the same period. The apparent elimination
half-life is close to 2 hours when TXA is administered
intravenously, while the mean terminal half-life is approxi-
mately 11 hours. Similar pharmacokinetic properties of
TXA when administered topically are not available [4, 5].

The mechanism of action of TXA theoretically increases
the risk of thromboembolic events, so it is not recom-
mended in patients where this risk is increased [4, 5].
However, in practice, this risk has not been confirmed, as
shown in a large number of studies [8, 9, 11]. No increased
frequency of vascular side effects such as myocardial in-
farction, stroke, pulmonary thromboembolism (PTE), or
deep vein thrombosis was shown. There was no risk of
acute renal failure either. Even a protective effect against
such side effects has been shown. However, there was an
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increased risk of seizures when high doses of TXA were
used in cardiac surgery [8, 29].

The mechanism of action of TXA during local applica-
tion is the same as during systemic application of TXA, the
stabilization of the formed coagulum on severed venous
and arterial blood vessels and capillaries. The methods of
application are different, by spraying, pouring, local in-
filtration and covering the surface with gauze and fabric
soaked with TXA. Spraying and pouring of tissue (topical
application) are most recommended due to surface cov-
erage and ensuring sufficient contact of tissue and TXA.
The concentrations used are very different, ranging 1-100
mg/ml, where even the lowest concentration is 100 times
higher than the minimum required concentration of TXA
in plasma to achieve a beneficial effect, which is 10 pg/ml.
So far, no information is available on whether the plasma
concentration after topical application of TXA is the same
or lower than the tissue concentration. It has not been
shown that a greater number of adverse reactions, which
we mentioned earlier, occur with topical application of
TXA compared to systemic application of TXA or when
it is not used at all [9, 10, 11].

We compared the blood count before and after surgery,
more precisely the level of erythrocytes and the level of
hemoglobin. We wanted to determine whether topical ap-
plication of TXA affects the level of these two blood count
indicators. The results showed that TXA did not affect the
level of erythrocytes and hemoglobin postoperatively in the
experimental and control groups. From this, it can be con-
cluded that these are not the factors that influence the less
frequent occurrence of hematoma in the group where TXA
was applied. Kushwaha et al. [12] showed a different result
in his study when he measured preoperative and postopera-
tive hemoglobin levels, and when he observed a statistically
significant difference in the group where TXA was applied
topically compared to the group that received saline solu-
tion. Both groups received systemic saline instead of TXA,
which was similarly shown in a study by Zhong et al. [13].
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E(I)EKaT JIOKa/IHe NpumeHe TPaHeKCaMUHCKe KUCenHe Ha nojaBy nocroneparusHor
Xeématoma nocine onepau,uje WHIBUHA/IHE xepHMje nMXTEHI.I.ITajHOBOM TeXHUKom

Batba KyHkuH', BecHa 3erbKoBuh?

'Onwra 6onHuLa, Hhophe JoaHoBuh” 3perbaHiH, 3peraHuH, Cpbuja;
[IpxaBHu yHuBep3uTeT y HoBom Ma3sapy, Hosu Masap, Cpbuja

CAXETAK

YBoa/Uum Linm cTyamje je 6uo aa ce yTBpAM fa v nokanHa
npUMeHa TpaHeKcaMUHCKe KucenuHe (TXA) nocunamem xupyp-
LIKe paHe CMatkbyje y4ecTanocT nojaee nocTornepaTMBHOr Xema-
TOMa, Tj. NOCTONEePaTUBHON KpBapetba y paHW HakoH onepaLuje
WHIBMHaNHe XepHuje JINXTEHLTajHOBOM TEXHUKOM.

Metoge CnpoBenyi CMO NPOCNEKTUBHY, PaHAOMM3UPaHy, Aynio
cneny KnMHWUKy ctyaujy. Cro ABageceT 6onecHuKa 6uno je no-
[le/beHo Y AiBe rpyne; jefHoj rpynu je anankosaHa TXA TOKOM
onepauuje, a apyroj nnaue6o. [arbe, rpyne cy nopeheHe 1 aHa-
N3npaHe npema nosy, CTapocHoj AobK, yuecTanocT nocTone-
PaTVBHOTI KpBapeHka 1 NpeorepaTMBHOM 1 MOCTONEPATBHOM
HVBOY epPUTPOLMTa, XeMOrI06MHa 1 TpoMboLUTa.
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Pesynrtatu Pe3yntaty yKa3syjy Aa ce noctonepaTtuBHN Xema-
TOM M0jaB/bMBaO CTAaTUCTUYKM 3HauajHO pehe y rpynu Kojoj je
opauHupaHa TXA y ogHOCY Ha rpymny Kojoj je OpANHUPaH nna-
Le6o (p < 0,05). YuecTanoct nojaB/b1Bara NoCTonepaTnBHOr
XemaToMa y rpynu Koja je TpetvpaHa ca TXA 6una je 3,8%, Aok je
yyecTanoct y apyroj rpynu 6una 13%. lMoctojana je CTaTucTnyKm
3HayajHa pasnuKa y HMBOY TpomboLMTa Npe 1 Nocie onepauuje
mehy nopeheHum rpynama.

3aKsbyyak YTBpAUAM CMO fja floKanHa nprmeHa TXA cvmatbyje
rnojaBy MOCTONEPaTMBHOr XemaToMa 11 CaMUM TUM NocTonepa-
TVBHOT KpBapetba, Kao 1 MoCTornepaTuBHY Nag TpombouuTa.
KrbyuHe peun: onepauuja HrBMHaNHE XepHWMje; TpaHeKca-
MUVHCKa K/CEeNNHA; XeMaToOM; XeMOITO0MH; ePUTPOLUTY; TPOM-
6ounTn
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