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Study Design: Randomized, double-blind, controlled trial study.

Purpose: This study aimed to evaluate the safety and efficacy of topical tranexamic acid (TXA) on intraoperative blood loss (IBL) in
patients that have degenerative lumbar canal stenosis and undergo posterior lumbar laminectomy and discectomy.

Overview of Literature: The volume of IBL is directly proportional to potential surgical complications. Recent reports have shown
that the topical use of antifibrinolytic drugs, such as TXA, during surgery might decrease IBL and improve patient outcomes.
Methods: A total of 104 patients with lumbar canal stenosis were enrolled in this randomized, double blinded clinical trial. Partici-
pants were randomized and divided into two groups: TXA (54 cases) and control (50 cases). In the TXA group, a TXA solution was
used for washing and soaking, whereas, in the control group, irrigation of wound was with normal saline. IBL, pre- and postoperative
coagulative studies, operation time, conventional hemostatic agent usage, systemic complications, and length of hospitalization were
consecutively recorded. All participants were followed for an additional two months to gather data on their recovery status and time
to return to work (RTW).

Results: At baseling, there was no difference in clinical or lab findings, between the groups. IBL and use of hemostatic agents were
significantly decreased in TXA group, as compared to the control group (p=0.001 and p=0.011, respectively). Systemic complications,
length of hospitalization, and RTW were not significantly different between groups (p=0.47, p=0.38, and p=0.08, respectively).
Conclusions: This study showed that topical use of TXA during surgery may decrease IBL and minimize the use of hemostatic ma-
terials during posterior midline-approach laminectomy and discectomy, without increasing the potential for complications seen with
intravenous TXA usage.
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Introduction

High volume of intraoperative blood loss (IBL) during
any spine operation is a major dilemma for surgeons [1,2].
Large skin incisions and a need to access multiple levels,
in addition to the extensive involvement of soft tissue and
bone removal during posterior-approach spinal surgeries
are all possible factors that increase IBL [2-4]. Extensive
IBL can lead to the complications such as hypotension,
metabolic acidosis, and coagulopathies and can negatively
impact surgical outcomes [5,6]. In recent decades, many
efforts have been made to decrease IBL and improve clini-
cal outcomes in patients undergoing spinal surgeries [3-8].
Reported potential strategies include the use of smaller in-
cisions, less manipulation of soft tissue and bone, the use
of various hemostatic agents during surgery, the induction
of controlled hypotension, and systemic or topical use of
antifibrinolytic agents [4].

The safety and efficacy of topical tranexamic acid (TXA)
in orthopedic surgeries (such as knee and pelvic surger-
ies), hepatic surgeries, and cardiac surgeries has been
shown previously [9-12]. TXA is a synthetic lysine analog
that acts by reversible binding to tissue plasminogen ac-
tivator, plasminogen, and plasmin, thus preventing their
attachment to fibrin. This leads to prevention of clot lysis.
TXA can cross the blood-brain barrier and concentration
studies have shown that the cerebrospinal fluid levels of
TXA is one-tenth of its blood level, 2 hours after intrave-
nous injection of 10 mg/kg of TXA [13]. Systemic use of
TXA, however, has possible complications such as deep
venous thrombosis, pulmonary embolism, and seizure.
Colomina et al. [14] suggests the topical use of TXA, as an
alternative to intravenous use, and shows that the admin-
istration of topical TXA has the potential to reduce blood
loss in a safe manner in some surgeries (i.e., joint arthro-
plasty) [14-16].

There are scarce data regarding the topical use of TXA
in spinal surgeries. Previous studies have focused on
postoperative bleeding [8], and data regarding the role of
topical TXA in reduction of IBL is limited to small-size
retrospective studies [15,17]. The current prospective,
randomized double-blind clinical trial, aimed to evaluate
the safety and effectiveness of topical TXA in the reduc-
tion of IBL in patients that underwent standard, open,
posterior midline-approach, bilateral laminectomy, and
discectomy.
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Materials and Methods

1. Study design

A total of 104 patients participated in this randomized,
double-blind clinical trial. All participants were referred
to Bagiyatallah University Hospital clinic and were can-
didates for posterior lumbar spinal surgery with the di-
agnosis of disk herniation, spinal canal stenosis, or both.
The diagnosis was made based on history, physical exami-
nation, and magnetic resonance imaging. Indication for
surgery was determined by a senior, attending, spine sur-
geon; indications included neurological deficit, neurologic
claudication, or intolerable pain that was unresponsive to
conservative management. Plain dynamic bending X-rays
were performed to identify vertebral instability and the
need for possible instrumentation. The goals and course
of the study were explained, and all participants signed a
written informed consent before surgery. The study was
confirmed by institutional review board and ethical com-
mittee of Bagiyatallah University of Medical Sciences, reg-
istered under the number (IR.BMSU.BAQ.REC.1398.001).
It is also registered at the Iranian Registry of Clinical Tri-
als (IRCT): IRCT20200203046351N1.

2. Inclusion and exclusion criteria

The participants of the study were chosen according to
our inclusion and exclusion criteria and all participants
were required to have a history of failed previous thera-
peutic conservative intervention. The inclusion criteria
were as follows: patients aged 18 to 75 years, a diagnosis
of lumbar canal stenosis, herniated disk or both, and their
condition must have been unresponsive to at least 8 weeks
of conservative treatment (i.e., nonsteroidal anti-inflam-
matory drugs, physiotherapy, and muscle strengthening
exercises). In the case of progressive neurologic deficit, or
any other emergent condition, the patient was candidate
for surgery immediately. History and physical examina-
tion were obtained by an attending spine surgeon or
fellow. Magnetic resonance imaging was reviewed by an
expert radiologist and final indication for the surgery was
determined by the senior attending spine surgeon.
Patients with the history of any coagulopathy or taking
medication that might influence the coagulation cascade
(e.g., aspirin, warfarin, etc.) were excluded from the study.
Due to possible disturbances in coagulation lab tests,
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participants that had experienced recent trauma were ex-
cluded from the study. Use of TXA in patients with liver/
kidney dysfunction and those with the history of seizure
is relatively contraindicated; therefore, they were excluded
from the study.

3. Randomization

The randomization of the participants completed via
Randlist (Datinf GmbH, Stuttgart, Germany) software. In
short, 104 random numbers were generated, concealed
sequentially in opaque, sealed envelopes, and kept in the
operation room. Just before the operation began each
participant was assigned a random number, with equal
probability. Patients who received an even number were
assigned to the intervention (TXA) group and those with
odd numbers were assigned to the control group. A surgi-
cal technician nurse, who was unaware of the randomiza-
tion and did not take part in the intervention, prepared
the solutions (TXA or saline) used for irrigation during
the operation, based on the even or odd code. The sur-
geon, anesthesia team, and all patients were blind to ran-
domization and were not aware of the ingredients in the
solution.

4. Intervention

Patients were treated by open, bilateral, posterior laminec-
tomy, and discectomy. The same surgeon performed all of
the operations at our university hospital. In order to rule
out any confounding influence, the anesthesia team was
also the same for all patients. The surgeon incised the skin
at the midline and used the bilateral approach for muscle
and soft tissue dissection and a bilateral laminectomy at
the involved levels was performed. The lower segment
of the cranial lamina and the upper part of the caudal
lamina were removed, and ligamentum flavum between
these parts was dissected. Herniated disc fragments were
completely removed, and decompression of the thecal sac
and nerve root was achieved. Non-instrumented postero-
lateral fusion was performed for all the patients. Finally,
the wound was closed in separate layers. After random
allocation of the subjects (described above), the same sur-
gical technician nurse made an irrigation solution which
contained 3 g of TXA in 100 mL of normal saline for the
TXA group, and only normal saline for the control group.
The solution was used during all parts of the surgery. For

example, after skin incision, the solution was used during
bipolar electrocoagulation. Blunt dissection of the para-
spinal muscle was performed by wet sterile gauze with the
solution, and after stripping muscles from the bone the
surgical field was filled with the wet sterile gauze (soaked
in the solution and left for 5 minutes). After laminectomy
and final discectomy, the surgical field was filled with the
solution and remained for 5 minutes. At the end of the
surgery the wound was irrigated with the solution and
drain fixed for all the patients.

5. Outcome measurements

The primary outcome measure of the study was IBL,
which was recorded in milliliters. The duration of surgery
and length of postoperative hospital stay were recorded in
minutes and days respectively. Postoperative laboratory
coagulation tests were performed and consisted of pro-
thrombin time (PT), partial thromboplastin time (PTT)
and the international normalized ratio (INR); the results
of these tests were compared between the groups. Any
systemic complication was recorded. All the subjects were
followed for a minimum of 2 months and any delayed
complications, as well as time to return to work (RTW),
were recorded.

6. Statistical analysis

Statistical analyses were performed using SPSS software
package ver. 17.0 for Windows (SPSS Inc., Chicago, IL,
USA). Data are presented as meantstandard deviation.
One-sample Kolmogorov-Smirnov was used to check the
normal distribution of the measurements. Independent
samples T-test was carried out to investigate the differenc-
es of the quantitative variable between two groups. Pear-
son’s correlation coeflicients were calculated to investigate
the correlation of age and other quantitative variables with
blood loss volume. A chi-square test was used to evalu-
ate the association of diagnosis with the amount of blood
loss. Statistical significance was defined as a p-value <0.05.

Results

Of 134 patients who were assessed for eligibility between
June 2020 and February 2021, 104 participants were ran-
domly assigned to two groups: the TXA group (n=54) and
the control group (n=50). None of the patients were lost
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Enrollment (n=148)

Excluded:
- Not meeting inclusion criteria (n=7)
- History of thromboembolism (n=1)
— - Taking aspirin (n=21)
- Taking sodium valproate (n=1)
- Taking clopidegrol (n=2)
- Patients reluctance (n=12)

Allocation (n=104)

TXA group (n=54)

Control group (n=50)

Analyzed (n=50) Analyzed (n=50)

Lost (n=0) Lost (n=0)

Fig. 1. The flowchart of study progress. TXA, topical tranexamic acid.

during follow-up, and the data for all 104 patients were
included in the final analysis (Fig. 1). The characteristics
of the participants are provided in Table 1.

1. Preoperative measurements

As it is shown in Table 1, at baseline, there were no sig-
nificant differences between the groups regarding demo-
graphic characteristics and blood lab findings (including
renal, hepatic, and coagulation parameters).

2. Intraoperative measurements

IBL was significantly lower in TXA group as compared to
the control group (230.00+£165.78 versus 407.20+£323.58,
respectively; p<0.001). We also found that the operation
time was shorter among patients in TXA group, as com-
pared to the control group, although the difference was
not statistically significant (79.8+27.6 versus 83.40+36
minutes, respectively; p=0.62). We found that surgeons
had used significantly lower hemostatic material during
operation of patients in the TXA group (p<0.05) (Table
2). This included all conventional hemostatic materials,
such as oxidized cellulose polymers, absorbable gelatin
sponges, and bone waxes.
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3. Postoperative measurements

The statistical analysis showed that there was no signifi-
cant difference in lab data or coagulation parameters be-
tween the groups (Table 2); and the length of hospital stay
was similar between the groups (p=0.38). There was not
any significant difference in the prevalence of complica-
tions between groups, including deep vein thrombosis,
pulmonary thromboembolism, urinary tract infection,
severe low back pain, dyspnea, intestinal pseudo-ob-
struction, or coccygeal pain (p=0.47). There was not any
occurrence of deep vein thrombosis or pulmonary throm-
boembolism in either group. At the end of follow-up, the
RTW time was evaluated and there were no significant
differences between groups (Table 2).

Discussion

The present double-blind randomized controlled trial was
conducted to assess the efficacy and safety of using topical
TXA to reduce IBL in standard posterior lumbar lami-
nectomy and fusion surgery. The study showed that using
topical TXA significantly reduced IBL; this could provide
better visualization of the operation field by the surgeon
and a decrease in the use of hemostatic agents, thereby;,
shortening the operation time and the length of hospital
stay. There was no significant difference in age, body mass
index, past medical history, past surgical history and drug
history, liver function studies, renal function tests, and
coagulation tests between two groups; all of which are
the most well-known factors to influence intraoperative
bleeding. Our results showed a significant decrease in the
use of conventional hemostatic agents in TXA group, as
compared to the control group. This is in the line with
other advantages of reduced intraoperative bleeding.

Since the development of TXA (synthetic lysine), nu-
merous studies have been conducted on the effectiveness
of antifibrinolytic compounds [15,18]. TXA binds to the
tissue plasminogen activator, plasminogen, and plasmin
and prevents their attachment to fibrin, thereby inhibiting
the lysis of clots. The ability of TXA to cross the blood-
brain barrier may explain the mechanism for the develop-
ment of serious complications in patients who receive the
systemic intravenous form of TXA [13,19].

The exact role of topical TXA on IBL in different surgi-
cal procedures needs to be more clearly understood before
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Table 1. Comparison of baseline studied variables
Characteristic
No. of patients
Age (yr)
Gender
Male
Female
Body mass index (kg/cm?)
Diagnosis
Lumbar disk herniation
Lumbar canal stenosis
Lumbar disk herniation and canal stenosis
Past medical history
Yes
No
Past surgical history
Yes
No
Drug history
Yes
No
Aspartate aminotransferase (U/L)
Alanine aminotransferase (IU/L)
Alkaline phosphatase (U/L)
Blood urea nitrogen (mg/dL)
Creatinine (mg/dL)
Preoperative prothrombin time (sec)
Preoperative partial thromboplastin time (sec)

Preoperative international normalized ratio

Topical TXA group Control group p-value

54 50
51.39+12.77 54.8+14.04 0.31
0.56

26 27

28 23
26.57+4.18 26.56+5.44 0.98
0.74

20 22

14 12

20 16
0.32

8 12

45 38
0.23

19 24

35 26
0.82

14 12

40 38
27.81£7.12 26.34+5.58 0.24
30.78+6.48 31.0645.37 0.81
40.61+8.23 38.62+8.04 0.22
25.46+7.31 24.66+4.97 0.52
1.09+0.17 1.06£0.12 0.23
13.310.77 13.20£0.53 0.27
29.65+3.24 29.78+3.22 0.38
1.03+0.07 1.02+0.06 0.43

Values are presented as number or meanzstandard deviation.
TXA, topical tranexamic acid.

considering such measures in standard practice. To date,
studies have evaluated the efficacy of TXA in orthopedic
surgeries, including knee and pelvic surgeries; it has also
been evaluated in cardiac surgeries [9]. In case of spinal
surgery, the efficacy of intravenous TXA among patients
who underwent posterior lumbar surgeries has been stud-
ied [5,15,17,20]. Elwatidy et al. [21] found that prophy-
lactic intravenous administration of TXA could reduce
intraoperative bleeding. Some studies compared the effi-
cacy of high-dose and low-dose intravenous TXA [22]. In
addition, the effectiveness of systemic TXA, in single level
versus multilevel posterior spine operations [23,24], has
been compared. Beynon et al. [22] in 2019 showed that

intravenous TXA could reduce IBL when the patient was
treated with oral anticoagulants and required emergency
spinal surgery. In two systematic reviews, Hui et al. [7]
in 2017 and Hariharan et al. [17] in 2019 showed that an
intravenous TXA injection was useful in reduction of IBL
and operation time; they also mentioned that only high-
dose TXA could decrease the need for blood transfusions.
In a review of studies on intravenous TXA, Yoo et al. [25]
found that although the benefits of intravenous injection
are significant, the potential side effects of the systemic
use of TXA limits the dose of administration. In order
to prevent the side effects of intravenous TXA, in recent
years, efforts have been made to show the effectiveness of
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Table 2. Comparison of intra- and postoperative variable

Variable Topical TXA group Control group
No. of patients 54 50
Intraoperative blood loss (mL) 230.00+323.58 407.20+165.77 0.001
Operation time (min) 79.80+27.60 83.40+36 0.62
Involved levels 1.8110.91 2.16+0.97 0.065
Hemostatic materials 0.011
No 39 23
Oxidized cellulose 14 23
Bone wax 0 4
Gelatin sponge 1 0
Postoperative prothrombin time (sec) 13.44+1.05 13.36+0.85 0.66
Postoperative partial thromboplastin time (sec) 30.37+3.71 30.04+3.84 0.66
Postoperative international normalized ratio 1.03+0.09 1.030.07 0.63
Systemic complications 0.47
No 45 37
Yes 9 13
Hospital stay (day) 1.24+0.55 1.34+0.59 0.38
Return to work (day) 34.50+10.80 36.90+20.70 0.08

Values are presented as number or meansstandard deviation.
TXA, topical tranexamic acid.

topical TXA. Topical TXA was first used in knee joints
surgery with acceptable results [15,16].

To the best of our knowledge, limited studies have fo-
cused on the topical use of TXA, and most are limited
to postoperative bleeding. Yerneni et al. [8] reported the
beneficial effects of topical TXA including a reduction
in postoperative bleeding and length of hospital stay. A
review by Winter et al. [26] pointed to only two clinical
trials on topical TXA, wherein TXA solution was poured
into the wound just before closure and of postoperative
bleeding was examined [27,28].

Our results showed that IBL was lower in the topical
TXA group, as compared to the placebo group (Fig. 1).
This finding emphasizes the key role of topical TXA in the
reduction of blood loss during surgery; this can result in
better visualization, less operation time, and a decrease in
surgical complications. Our results are in agreement with
the recent study, which demonstrated that topical TXA
can decrease IBL in the surgical treatment of thoracic
burst fracture [29].

According to the current study, there was no significant
difference in complication rate or type between the two
groups. We also observed none of the known systemic

TXA-related complications in patients who received
topical TXA. Such findings are in line with other stud-
ies showing that topical TXA can be administered in
maximum doses, while avoiding serious complications of
systemic TXA, in thoracolumbar fractures [30]. There was
no association between the use of topical TXA and the
duration of hospital stay or RTW. The absence of these as-
sociations between the groups indicates that other factors,
such as type of surgery and preoperative comorbidities,
might play the major role in determining hospital stay
and recovery. Both groups of the present study underwent
posterolateral lumbar fusion surgery and had similar
perioperative comorbidities. Postoperative PT, PTT, and
INR were not statistically different between groups, which
might be explained by relatively moderate bleeding in
both groups.

The need for conventional hemostatic agents (e.g.,
oxidized cellulose polymers, absorbable gelatin sponges,
and bone waxes) was lower in the topical TXA group, as
compared to the control group. This could be indicative of
the topical TXA acting to reduce bleeding not only from
soft tissue, but also bleeding from the bones [8]. These
findings could imply that topical TXA may be beneficial
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in decreasing the burden of the operations, although this
warrants further study.

The main limitation of this study was in determin-
ing the optimum topical TXA dose; we calculated dos-
ing based on previous studies that mainly investigated
postoperative bleeding. Studies are needed to compare
different topical TXA doses, thus determining a safe and
effective dose for the purpose of decreasing IBL in vari-
ous spinal operations. Another limitation of the present
study was the difference in the involved levels between
the groups, although the difference was not significant.
Studies with more stratified groups may be necessary in
the future. An additional limitation could be that topical
TXA can influence postoperative drainage and total blood
loss.; however, previous studies have mainly evaluated
the postoperative blood loss and data on this topic has
been widely published [8,26-28]. In the present study, we
focused on the amount of IBL. As the study was aimed to
evaluate the relationship between use of TXA and IBL,
we did not record functional outcome parameters such
as Visual Analog Scale, Oswestry Disability Index, and
EuroQol-Five Dimensions. An investigation of patients’
functional outcomes, with a longer period for follow-up,
is also important for future research.

Conclusions

Our results illustrate that the decreased amount of IBL in
the standard posterior lumbar laminectomy might be as-
sociated with administration of topical TXA; we demon-
strated this in more than one hundred homogenous par-
ticipants treated with TXA, as compared to the placebo.
This study suggests that topical TXA might be a safe and
effective intraoperative medication, but our results may
not extend to other diagnoses and surgical procedures,
thus, it may merit further studies in this context.
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