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Background and Aim: Bleeding during surgery is one of the most common surgical complications.
In this study, we decided to determine the effect of Tranexamic Acid (TA) in reducing blood loss in
patients undergoing spinal surgeries.
Methods and Materials/Patients: In this clinical trial, 100 patients undergoing spinal surgeries
were randomly divided into two groups. One group received TA and the other was selected as the
control group. Patients in the treatment group received 1 gram of intravenous TA and another 250
milligram intravenously, one hour after the beginning of the surgery. Bleeding during the surgery,
in the first 24 hours and the first 48 hours were recorded separately. The need for transfusion and
its volume, as well as the hospital stay length were compared in the two groups.
Results: Bleeding during surgery in TA group was significantly lower than that in the control group
(433 ml vs. 522 ml respectively, P=0.009). Also, during the first 24 hours after surgery, bleeding in
TA group was significantly less than that in the control group (P=0.011). During the second 24 hours
after surgery, bleeding was similar between the two groups (P=0.112). The values of hemoglobin
in both groups slowly decreased and the trend of decrease was not significantly different between
them (P=0.154).
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Conclusion: In spinal surgeries, TA administration in the beginning of the process reduces
surgical bleeding during surgery and in the first 24 hours after surgery. Considering the possible
complications, TA administration is suggested for patients with hemoglobin less than 12 g/dl.
Future studies are needed to conclude the advantages and disadvantages of TA administration in
spinal surgeries.
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Highlights
● In spinal surgeries, tranexamic acid administration in the beginning of the process reduces surgical bleeding during surgery and in the first 24 hours after surgery.
● Transfusion requirements, reduction in hemoglobin level, duration of operation and length of hospital stay were independent of TA administration in this study.
● Tranexamic acid administration may have adverse effects on hospitalization period, related to complications such as
deep vein thrombosis, especially in women.

Plain Language Summary
Bleeding during surgery is one of the most common surgical complications. In this study, we decided to determine the effect of Tranexamic Acid (TA) in reducing blood loss in patients undergoing spinal surgeries. In this clinical trial, 100 patients
undergoing spinal surgeries were randomly divided into two groups. One group received TA and the other was selected as
the control group. Patients in the treatment group received 1 gram of intravenous TA and another 250 milligram intravenously, one hour after the beginning of the surgery. Bleeding during the surgery, in the first 24 hours and the first 48 hours
were recorded separately. The need for transfusion and its volume, as well as the hospital stay length were compared in the
two groups. Bleeding during surgery in TA group was significantly lower than that in the control group (433 ml versus 522 ml
respectively). Also, during the first 24 hours after surgery, bleeding in TA group was significantly less than that in the control
group. During the second 24 hours after surgery, bleeding was similar between the two groups. The values of hemoglobin
in both groups slowly decreased and the trend of decrease was not significantly different between them. In spinal surgeries,
TA administration in the beginning of the process reduced surgical bleeding during surgery and in the first 24 hours after
surgery. Considering the possible complications, TA administration is suggested for patients with hemoglobin less than 12
g/dl. Future studies are needed to conclude the advantages and disadvantages of TA administration in spinal surgeries.

L

1. Introduction

aminectomy and laminotomy are the most common treatments for discectomy. Lumbar disc
herniation has been associated with lumbar
canal stenosis in 15% to 45% of patients with
disc herniation. Canal stenosis is considered to
be a degenerative disorder with neurological symptoms in
lower limbs, which can reduce the quality of life in patients
[1, 2]. Decompression with laminectomy is the most common surgical treatment for lumbar canal stenosis, which is
performed to alleviate pain and reduce symptoms. [3-5]
Bleeding during surgery is one of the most common surgical complications [1-5].
Tranexamic Acid (TA) prevents lysis of blood clots
through plasmin deactivation. TA is the chemical analog
for lysin and combines with plasminogen and plasmin,
which inhibits their ability to bind with lysin residue in
fibrin, therefore preventing fibrinolysis. Studies have reported that TA decreases blood loss and that patients
require less transfusion of blood products under general
anesthesia during urologic, orthopedic, cardiovascular
and liver transplant surgeries [6-11]. Besides, prophylac-
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tic transfusion of antifibrinolytic products, such as TA has
been shown to improve hemostasis. However, the results
are still controversial [12-17].
Local TA in epidural area has been shown to significantly
reduce blood loss after surgical laminectomy in the first
and second days after surgery as well as total blood loss,
therefore reducing duration of hospitalization [13]. Local
TA has also been shown to reduce blood loss in patients
undergoing spinal surgery using screw fixation [15].
To date, the effect of intravenous TA in reducing blood
loss as well as assessing its adverse effects in spinal surgeries has not been well studied. In this study, we decided to
determine the effect of tranexamic acid in reducing blood
loss through its antifibrinolytic features in patients undergoing laminectomy. Surgeon satisfaction with operation
field, as well as hemodynamic parameters of the patients,
and adverse effects of TA were also evaluated.

2. Methods & Materials/Patients
In this study, we designed a randomized clinical trial to
evaluate the effect of intravenous TA on reducing blood
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loss during and after laminectomy in patients with canal
stenosis and spinal fractures undergoing surgery in 2016
at Alzahra Hospital, affiliated with Isfahan University of
Medical Sciences. This study was approved by Iranian
Registry of Clinical Trial (IRCT20130311012782N34). In
this study, 100 patients diagnosed with canal stenosis and
spinal fractures in radiological assessment were randomly
divided into two groups.
Inclusion criteria included being under 60 years old with
thoracic/lumbosacral spinal stenosis, or thoracic/ lumbosacral spinal fractures that needed surgery. Patients with
diabetes, neuropathic disorders, and previous spinal surgery were excluded. Exclusion criteria were patients older
than 60 years, with positive drug history of anticoagulants,
such as aspirin and dipyridamole, abnormal PT, PTT and
INR, positive previous thrombotic incidence, history of abnormal bleeding and previous lumbar surgery. All patients
were operated in prone position under general anesthesia.
In this study, 140 patients with inclusion criteria were selected and randomly allocated to two groups of 70 patients
with Random Allocation Software. Because including cases
of narrow lumbar canal and vertebral fractures makes the
groups nonhomogeneous, we matched the patients for demographic variables, medical history and type of disease in
order to avoid bias.
One group received TA and the other was selected as the
control group. The patients were divided randomly in order, one receiving and the next, not receiving the drug. Prior to surgery, we described the possible benefits, adverse
effects, and the method of the study for the participants.
After selection of participants, demographic data consisting of age, sex, past medical history such as hypertension,
diabetes, cardiovascular diseases and smoking history
were all gathered.
Physical examination and radiographic features were
used to diagnose canal stenosis. To eliminate the interobserver bias, one expert radiologist reported the radiographic findings to diagnose the disease. Criteria used for
diagnosis by the radiologist were hypertrophy of ligamentum flavum and facet joints.
One surgical approach and technique was used for all surgeries. Also, the method of anesthesia is same for all patients. Patients in the treatment group received 1 gram of
intravenous TA (Transec, Rasht Pharmaceutical Company,
Iran) and another intravenous dose of 250 milligram one
hour after the beginning of the surgery. Bleeding in the surgical field was suctioned and its volume was measured at
the end of the surgery.

Bleeding after the surgery was measured through hemovac drain and the figures were recorded separately for the
first 24 and 48 hours. The person who recorded the data
was blinded to whether the patient received tranexamic
acid or not. The need for transfusion and its volume, as
well as the length of hospital stay was compared in the
two groups. Chi-square test, student sample t-test and
variance analysis were used for intergroup comparisons
as indicated. P<0.05 was considered as statistically significant. Statistical package for social sciences software (SPSS
for windows, V. 23; Chicago, IL) was used for the analysis.

3. Results
One hundred and fourteen patients were screened for
eligibility. Fourteen patients were excluded from the study
(five patients refused to accept the informed consent and
seven patients did not meet the inclusion criteria). One
hundred eligible patients were randomly assigned to two
groups. One group received intravenous TA and the other was selected as the control group. All patients in both
groups completed the study follow-up period and were included in the data analysis (Figure 1).
Table 1 shows baseline demographics, clinical data and
surgical results in the two study groups. No significant difference was noted between TA group and control group
for mean age, sex distribution, type of disease, laminectomy, fixation, duration of operation, transfusion, length
of hospital stay and hemoglobin before and after surgery
(P≥0.05). TA group experienced significantly less bleeding
during surgery than the control group (433 ml versus 522
ml respectively, P=0.009). Also, during the first 24 hours
after surgery, bleeding volume was 159.2 ml in TA group
and 196.4 ml in the control group (P=0.011). During the
second 24 hours after surgery, bleeding volume was similar
between the two groups (P=0.112).
Figure 2 shows the trend of bleeding during study period between the groups using repeated measurements
of ANOVA. Both groups experience a decrease in bleeding levels during the study period, but the decrease slope
was significantly more in TA group compared with the control group (P=0.011). Also, Figure 3 shows the changes in
hemoglobin level during study period between the two
groups.
The values of hemoglobin in both groups slowly decreased and the trend of decrease was not significantly different between TA group and the control group (P=0.154).
All patients received prophylactic dosage of enoxaparin
in the first 24 hours after the surgery. During hospitalization period after the surgery, four patients suffered from
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114 patients screened

14 Patients were excluded:
7 did not meet the inclusion
criteria
5 refused concent

100 patients were randomly divided

Control group: 50 patients
did not receive tranexamic acid

Intervetion group: 50 patients
did not received
receive tranexamic acid

Completed : 50 patients
Lost: 0 patients

Completed and Analyzed: 50 patients
Lost: 0 patients

Figure 1. Follow-up chart of the study

Deep Vein Thrombosis (DVT). These four patients were all
female. Three of them were in TA group and one patient in
the control group.

4. Discussion
In this study, we evaluated the effect of intravenous TA
on reducing blood loss during and after laminectomy in
patients undergoing spinal surgery. TA administration for
reducing blood loss has been suggested in several stud-

ies [18, 19]. TA was first used in cardiac surgery to reduce
blood loss [6-11]. Recently, there is an increasing interest
in using TA for reducing bleeding, especially after the publication of CRASH-2 [20], which is the largest published
trauma trial up to now. Currently, the role of fibrinolysis in
bleeding is being closely observed [14-17, 21].
TA (trans-4-(aminomethyl) cyclohexanecarboxylic acid) is
a synthetic derivative of lysine which competitively inhibits
the activation of plasminogen to the serine protease, plas-
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Figure 2. Comparison of trend of bleeding during study period between groups using repeated measurements of ANOVA (P=0.011)
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Figure 3. Comparison of trend of Hb during study period
between
groups using repeated
measures ANOVA (P=0.154)
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Table 1. Baseline demographics, clinical data and surgical results in study patients

Mean±SD, or No
Variable

P

Tranexamic Acid Group
(n=50)

Control Group
(n=50)

49.9±12.3

51.3±10.4

Female

21(42)

22(44)

Male

29(58)

28(56)

Traumatic

15(30)

11(22)

Degenerative

35(70)

39(78)

Laminectomy

43(86)

41(82)

0.585**

Fixation

40(80)

39(78)

0.806**

Duration of operation (min)

170.8±42.3

183.6±3.9

0.141*

Transfusion

12(24)

18(36)

0.190**

Bleeding during surgery (ml)

433±136.3

522±190.6

0.009*

Bleeding during the first 24 hours after surgery

159.2±66.1

196.4±76.4

0.011*

Bleeding during the second 24 hours after surgery

50±43.1

64.5±47.1

0.112*

Hb before surgery

13.4±1.4

13.2±1.3

0.454*

Hb 24 hours after surgery

11.1±1.2

10.7±1

0.061*

Hb 48 hours after surgery

10.7±1.2

10.4±1

0.149*

DVT

3(6)

1(2)

0.309

Length of hospital stay (days)

4.2±1.3

3.8±1

0.107*

Age (years)
Sex

Type of disease

0.517*
0.840**

0.362**

P calculated by *independent sample t-teat and **Chi-square test
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min, via binding to Kringle domains. TA is also a competitive inhibitor of tissue plasminogen activator. It blocks the
lysine-binding sites of plasminogen, resulting in inhibition
of plasminogen activation and fibrin binding to plasminogen, which impairs fibrinolysis [22]. TA can also directly
inhibit plasmin activity, but higher doses are required to
reduce plasmin formation [15-17].
TA is about ten times as potent as aminocaproic acid in
vitro, and binds more strongly than aminocaproic acid to
both the strong and weak receptor sites of the plasminogen in a ratio corresponding to the difference in potency
between the compounds. TA is distributed throughout all
body tissues and the plasma half-life is 120 minutes [1517, 23-25].
In our study, intravenous TA significantly reduced bleeding during surgery, as well as the blood loss in the first 24
hours after the surgery. Transfusion rate in TA group was
less than that in the control group. However, the difference
between the two groups was not statistically significant.
Thus, no significant effect was observed in transfusion rate
during surgery. Several studies have shown that despite the
reduction in bleeding-induced mortality, administration of
TA does not reduce transfusion requirements. However, in
studies relating to traumatic situations, blood is given empirically and blood losses are not accurately measured. Besides, it is confirmed that blood transfusion practice varies
worldwide [18-20, 26].
We administered a loading dose of TA at the beginning
of the surgery, as well as a maintenance dose one hour
later to evaluate its effect. Previous data show that timing
of TA administration is also important. Further analysis of
CRASH-2 showed that treatment given in the first 3 hours
reduced the risk of death due to bleeding, even with a
more significant reduction in the first hour compared
with between 1 and 3 hours. However, treatment given
after 3 hours seemed to increase death due to bleeding [27]. Thus, TA should be given as early as possible to
traumatic patients with bleeding. TA is less effective, and
could be harmful in traumatic patients admitted late after
injury [28-30].
In the present study, although transfusion rate was
lower in TA group, no statistical difference was observed
between the two groups in terms of blood transfusion requirement. A systematic review in 2012 [29], reflecting
the increased interest in TA over the intervening years,
identified 129 trials between 1972 and 2011 that included 10488 patients. In this meta-analysis, TA reduced the
probability of receiving a blood transfusion by a third.
This effect remained when the analysis was restricted
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to trials using adequate allocation concealment. Fewer
deaths occurred in the TA group, however, there was considerable uncertainty when the analysis was restricted to
trials using adequate concealment.
The authors concluded that cumulative meta-analysis
showed reliable evidence that TA reduces the need for
transfusion. Another systematic review of 104 randomly
assigned trials examined whether the effect of TA on blood
loss varies with the extent of surgical bleeding. The results
suggest that despite variation in the magnitude of blood
loss between procedures and the heterogeneity of the
studies included, the use of TA was associated with an
overall reduction in surgical bleeding by about a third. This
reduction in bleeding with TA is almost identical to the reduction in the risk of receiving a blood transfusion with TA
suggesting, as expected in the closely monitored environment of an operating theater, that unlike traumatic bleeding in CRASH-2, blood transfusion use was closely titrated
to blood loss [20, 22, 27-30].
Strong evidence that TA reduces blood transfusion in
surgery has been available for many years. Further trials
on the effect of TA on blood transfusion are unlikely to
add useful new information. However, the effect of TA on
thromboembolic events and mortality remains uncertain.
Surgical patients should be made aware of this evidence so
that they can make an informed choice [22, 27-30].
Spine surgery is usually associated with a large amount
of blood loss, necessitating blood transfusions. [1-4]
Blood loss-associated morbidity can be because of direct risks, such as hypotension and organ damage, or as
a result of blood transfusions [22, 30]. TA administration
significantly reduced intraoperative, postoperative, and
total blood loss. TA led to a reduction in proportion of
patients who received a blood transfusion as compared
with placebo [29, 30].
Four patients suffered from DVT in this study. They were
all female, three in the TA group and one in the control
group. In other studies, mortality data were reported in
only a third of the included trials, and less than half of the
reported data on deep vein thrombosis, and pulmonary
embolism. Data from studies and meta-analyses for over a
decade suggest that TA reduces blood transfusion in surgical patients, yet its effect on thromboembolic events and
mortality remains uncertain [29].

5. Conclusion
In spinal surgeries, TA administration in the beginning of
the process reduces surgical bleeding during surgery and in
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the first 24 hours after surgery. Transfusion requirements,
reduction in hemoglobin level, duration of operation and
length of hospital stay were independent of TA administration in this study. TA administration may have adverse
effects on hospitalization period, related to complications
such as DVT, especially in women. However, future studies
are needed to conclude the advantages and disadvantages
of TA administration in spinal surgeries.
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