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ABSTRACT
Objective: To investigate the effectiveness of topical tranexamic acid (TXA) use on bleeding and drain withdrawal time
in adult patients undergoing thoracolumbar fusion surgery.
Study Design: Cross-sectional comparative study.
Place and Duration of Study: Zonguldak Bülent Ecevit University Hospital, Zonguldak, Turkey, from January 2019 to
August 2020.
Methodology: The data of patients, who received thoracic and/or lumbar fusion surgery, were evaluated. The patients
were divided into two groups as Group A (30 patients) in which 1 g topical TXA was applied to the surgical site at the end
of the surgery; and Group B (30 patients) who did not receive this medication.
Results: The body mass index (BMI) and the patients’ demographic factors were similar in both the groups. There were
no statistically significant differences between the two groups in terms of the surgical time and level, perioperative ES
and FFP transfusion rates (p >0.05). While the amount of perioperative bleeding was almost the same (650 mL, p =
0.778), the amount of postoperative bleeding was lower in Group A (138.1 ± 55.6 mL) in comparison to Group B (230.3
± 65.4 mL). Postoperative ES transfusion was performed on two patients in Group A (6.7%) and six patients in Group B
(30%) (p = 0.02). Accordingly, the mean drain withdrawal time in Group A was 3 (2.8-3.0); days, and in Group B, this
time was 6 (5.0-6.0) days (p <0.001). Systemic side effects, especially thromboembolism, were not observed in any of
the patients.
Conclusion: The topical use of TXA in spinal fusion surgery reduced perioperative blood loss.
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INTRODUCTION
Especially in the last 50 years, spinal fusion surgery (SFS) has
been used frequently in many different pathologies, especially
degenerative diseases. SFS is a staged surgery (opening, decom-
pression, instrumentation and closure), takes a long time and
requires a large incision area. Therefore, it may cause significant
blood  losses  that  require  blood  transfusion.1  Thoracolumbar
spinal fusion surgery (TLSFS) in adults causes severe blood loss
and often requires blood transfusion due to this condition.2,3
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Many anatomical factors may increase the risk of bleeding, espe-
cially in the Batson's venous plexus, paraspinal muscles and the
vessels that feed the joints of the spine.4,5 Prolonged operation
time leads to frequent allogeneic blood transfusions, which may
increase  the  risk  of  allergic  reactions,  infections  and  blood
incompatibility.6 In the literature, several methods have been
introduced to reduce perioperative blood loss and transfusion
requirements. These methods include hypotensive anesthesia,
normovolemic hemodilution and perioperative blood transfu-
sion.1,7,8 Although various treatment methods have been recom-
mended, blood loss remains a significant issue in spinal surgery.

Antifibrinolytic agents, such as anti-hemostatic agents, are of
great interest among surgeons in terms of reducing periopera-
tive blood loss. Since tranexamic acid (TXA) had first entered
clinical practice in women with severe menstrual bleeding in the
mid-1900s,  the  results  from numerous  clinical  studies  have
confirmed its effectiveness in reducing the need for transfusion
due to intraoperative bleeding.9 TXA is an analogue of the amino
acid lysine (synthetic) and an antifibrinolytic agent that can
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inhibit both plasminogen activation and the effect of plasmin.10

It provides an antifibrinolytic effect by preventing the break-
down of a clot that is formed without forming a new clot. It
reduces the conversion of plasminogen to plasmin. It does this
by binding to lysine binding sites on the plasminogen surface
and preventing plasminogen from binding to lysine on fibrin. At
the same time, it protects the clot formed by preventing binding
to fibrin by creating a blockage in the lysine binding sites of the
circulating  plasmin.9,10  TXA  also  preserves  platelet  function
through plasmin inhibition.8 It is used not only systemically but
also topically and locally. However, systemic side effects are the
main  reason  why  surgeons  hesitate  to  use  anti-fibrinolytic
agents systemically.8 It TXA application is not a newly discov-
ered method, and its use as a routine part of any surgery has not
been widely accepted yet. When applied topically, despite its
low  systemic  absorption,  its  beneficial  effect  in  reducing
bleeding is observed not only in normally healthy individuals
but also in patients receiving hemorrhagic diathesis and preop-
erative anticoagulant drugs. It has been reported that positive
results have been obtained regarding the topical use of TXA in
cardiovascular surgery, orthopedics, and plastic surgery opera-
tions.8,11-13

The aim of this study, was to investigate the efficacy of perioper-
ative topical TXA use on postoperative blood loss and drain with-
drawal time in adult patients undergoing TLSFS.

METHODOLOGY

This retrospective study was conducted with 60 patients, who
underwent thoracic and/or lumbar fusion surgery in 2019 and
2020 at the Department of Neurosurgery, Zonguldak Bülent
Ecevit  University  Faculty  of  Medicine.  It  was  initiated  by
obtaining the approval of the local Ethics Committee of the
Hospital with referral centre (Decree No. 2020/17). The sample
consisted  of  patients  regardless  of  gender,  who  had
complaints  that  persisted  despite  the  use  of  non-surgical
methods and underwent thoracic and/or lumbar SFS (spinal
stenosis, spondylolisthesis, etc.). The inclusion criteria were as
patients >18 years of age, without coagulation or hemoglobin
dysfunction and undergoing elective posterior TLSFS (one or
more level). The exclusion criterion was patients with missing
data,  coagulation disorders, history of renal failure or kidney
transplant,   hepatorenal  or  cardiopulmonary  dysfunction  
history, arterial thromboembolic event within the past year
(deep  vein  thrombosis,  ischemic  heart  disease,  pulmonary
embolism, strokes) and patients with leakage of cerebrospinal
fluid (CSF) during or after surgery. All surgical procedures were
performed by the same surgeon (KE).

All  operations  were  performed in  the  prone position  under
general anesthesia, and intravenous (iv) prophylactic antibi-
otic treatment was administered with cefazolin. Cefazolin was
applied as 1x2 g iv one hour before surgery and 3x1 g iv (intra-
venously)  at  a  maximum of  three  doses,  eight  hours  after
surgery. The surgical level was determined by placing a metal
marker on the surface under the guidance of a C-arm fluoros-

cope. After a longitudinal skin incision was made along the
midline,  bleeding  was  controlled  with  electrocautery  at  all
stages of the surgery. The paravertebral muscle fascia and
muscles  were  bluntly  dissected  with  the  aid  of  monopolar
cautery,  and  retraction  was  undertaken  using  the  same
retractor in both the groups. After reaching the surgical site,
pedicle screws were successfully inserted using a C-arm fluoro-
scope.  Laminectomy  was  performed  using  the  Kerrison
rongeur and/or a motor. Previously beveled longitudinal rods
were installed on both sides and then interconnected. Then 1 g
TXA (Transamin® 250 mg; Istanbul; 5-mL vials) was poured
into the surgical side and then left until it was absorbed (3-5
minutes  on  average).  After  bilateral  posterolateral  bone
grafting and negative pressure drainage tube placement, the
layers were closed in the anatomical plane.

Intraoperative bleeding was determined using gauze, blood in
the aspiration bag, and all irrigation fluids (including saline).
Blood transfusion was performed in patients estimated to have
an intraoperative blood loss of greater than 700 mL or <7.0
g/dL postoperative hemoglobin concentration, and in those
who were not stable despite fluid resuscitation and erythro-
cyte replacement, at the discretion of the anesthesiologist. In
the postoperative blood transfusion protocol, if the patient had
hypovolemia findings (pallor, sweating, tachycardia, hypoten-
sion) and an accompanying hemoglobin value between 7.0
and 8.0 g / dL, or if the hemoglobin value below 7.0 g / dL,
erythrocyte suspension transfusion (ES) was performed. Fresh
frozen plasma (FFP, 200 mL each) was applied on the patients
with intraoperative bleeding with an international normalised
ratio (INR) of >1.5 or prolonged prothrombin time (PT) and acti-
vated partial thromboplastin time (aPTT).

As a routine practice at this clinic, the amount of bleeding in the
drains  was  recorded  three  times  a  day.  If  the  amount  of
bleeding from the drains during the shift periods was less than
50  mL,  the  drains  were  removed,  and  the  patient  was
discharged on the same day. From the hospital file records, the
patients’ age, gender, weight, height, body mass index (BMI),
amount of bleeding during surgery, duration of surgery, intra-
operative and postoperative ES and FFP transfusions, number
of surgical segments, and time to drain tube withdrawal were
obtained and examined.

The data were analysed using the statistical package for the
social  sciences  version  22.0.  The  categorical  data  are
presented given as frequencies and percentages, while the
quantitative data are presented as mean ± SD and median
(IQR: Q1-Q3). For normal distribution assumptions, Shapiro-
Wilk test was used. The Skewness and Kurtosis coefficients
and distribution in q-q plot graphs were checked. Independent
sample t-test or Mann-Whitney U-test was used to determine
the significant differences between groups depending upon
normality of variables. The differences between the groups for
the categorical variables were evaluated using Chi-squared
and Likelihood ratio tests. A p-value of <0.05 was accepted as
statistically significant.
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Table I: Clinical information for the 2 groups of patients.

Groups  Male Female Age BMI Surgical segments DM*

 A  30 14(46.7%) 16(53.3%) 63.0(59.0-68.3) 29.6(27.2-31.4) 3.0(2.0-4.0) 10(33.3%)

 B  30 13(43.3%) 17(56.7%) 63.5(53.567.0) 30.0(28.4-33.8) 3.0(2.0-4.0) 13(43.3%)

 p  0.795 0.358 0.246 0.693 0.426
* DM = diabetes.  The difference was evaluated by Mann-Whitney U test for Age, BMI and surgical segments.  Chi-squared test was used for the difference
between the sex, DM and tranexamic acid groups.   Age, BMI and Surgical Segments are presented as medians (Q1-Q3) due to nonparametric distribution.

Table II: Intraoperative and postoperative measures.

Measures Group A Group B p
 Surgical time,
 min

210.0
(176.3-243.8)

185.0
(150.0-222.5) 0.154*

 Estimated perioperative blood loss,
 mL

650.0
(400.0-1000.0)

650.0
(487.5-812.5) 0.778*

 Perioperative number (%) receiving
fresh frozen plasma (FFP) 4 (13.3%) 8 (26.7%) 0.197Ϯ

 Perioperative number (%) receiving
 blood transfusion (ES) 9 (30%) 14 (46.7%) 0.184Ϯ

 Postoperative number (%) receiving
 blood transfusion (ES) 2 (6.7%) 9 (30%) 0.020Ϯ

EBL presented as medians (Q1-Q3) due to nonparametric distribution. *The difference was evaluated by
Mann-Whitney U test. ϮChi-squared test.

Table  III:  Comparison  of  the  effectiveness  of  the  tranexamic  acid  group
and control group regardless of spine level.

 Measures Group A
n=30

Group B
n=30 p-value

 Time to withdraw the drain tube (mL) 2.9±0.7 5.5±1.2 <0.001

 Overall post-op drain mean (mL) 138.1±55.6 230.3±65.4 <0.001

 Postoperative day

  2 7(23.3%) 1(3.3%)  

  3 19(63.3%) 2(6.7%)  

  4 3(10%) 1(3.3%) <0.001

  5 1(3.3%) 6(20%)  

  6 0 16(53.3%)  

  7 0 4(13.3%)  
Independent-samples t-test was run for time to withdraw the drain tube, overall post op drain
mean difference according to the tranexamic acid groups
Likelihood ratio test was used for postoperative day.

Table  IV:  Comparison  of  the  effectiveness  of  the  tranexamic  acid  group
and the control group on multiple spinal levels.

 Groups  Time to withdraw
the drain tube

(day)

Post-op drain
first day mean

(mL)

Overall post-op
drain mean (mL)

 Group A  26 2.9±0.7 216.9±62.5 136.0±53.5

 Group B  26 5.9±0.8 304.6±67 241.6±51.8

 p  <0.001 <0.001 <0.001
*Time to withdraw the drain tube was shown as mean per day. Independent-samples t-test
was used for time to withdraw the drain tube, overall first and post-op overall drain mean
differences according to the tranexamic acid groups.

RESULTS

The patients were divided into two groups as Group A (30
patients), in which 1 g topical TXA was applied to the surg-
ical site at the end of the surgery; and Group B (30 patients)
who did not receive TXA. There was no significant difference
between the two groups in terms of their general characteris-
tics (age, gender and BMI) and comorbidities (p >0.05, Table
I).  The surgical level distribution of the cases in Group A

were  as  follows:  single  segment  in  4  cases  (13.3%),  2
segments  in  8  cases  (26.7%),  3  segments  in  7  cases
(23.3%),  4  segments  in  6  cases  (20%)  and  5  or  more
segments in 5 cases (16.7%); whereas, the median number
of surgical segments was 3.0 segments. The surgical level
distribution of the patients in Group B were as follows: single
segment  in  4  cases  (13.3%),  2  segments  in  10  cases
(33.3%), 3 segments in 5 cases (16.7%), 4 segments in 8
cases (26.7%), and 5 or more segments in 3 cases (10%);
whereas, the median number of surgical segments in this
group was 3.0 (Table I).

There  was  no  significant  difference  between  the  groups  in
terms of their surgical levels (p= 0.693, Table I). The periop-
erative bleeding amount was equal in both the groups (650
(400.0-1000.0) mL vs. 650 (487.5-812.5) mL, respectively;
p=0.778,  Table  II),  and  there  was  no  significant  difference
between the two groups in terms of operation time (210
(176.3-243.8)  min vs.  185 (150.0-222.5)  minutes,  respec-
tively; p=0.154, Table II). Regardless of the spinal level, in
Group A, the amount of postoperative bleeding was lower in
the first 24 hours (216 ± 62.5 mL and 292 ± 82.5 mL, respec-
tively, p <0.001, Table III) and on the following days (138.1
±  55.6  mL,  230.3  ±  65.4  mL,  p  <0.001,  Table  III)  in
comparison to Group B, and this difference was statistically
significant. Additionally, in Group A, the amount of postopera-
tive bleeding in the first 24 hours (216.9 ± 62.5 mL, 304.6 ±
67  mL,  respectively,  p  <  0.001,  Table  IV)  and  on  the
following days (136.0 ± 53.5 mL, 241.6 ± 51.8 mL, respec-
tively, p <0.001, Table IV) was significantly lower on multiple
spinal  levels  in  comparison  to  Group  B.  The  drain  was
removed on the postoperative approximately in 3 days (2.9
± 0.7) in Group A and 6 days (5.5 ± 1.2) in Group B (Table
III).

While FFP was given to 4 (13.3%) patients, and ES was given
to 9 (30%) patients perioperatively in Group A, 8 (26.7%)
patients were given FFP, and 14 (46.7%) patients were given
ES in Group B. No difference was observed between the two
groups in relation to their perioperative FFP and ES transfu-
sion rates (p=0.197, p=0.184, respectively, Table II). On the
other hand, 2 (6.7%) patients were given ES in the postoper-
ative period in Group A, and 9 (30%) patients were given ES
in Group B. As a result, a significant difference was found in
favour of the TXA group in terms of the need for ES in the
postoperative period (p = 0.02, Table II).

All these data showed that topical TXA (Group A) application,
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both reduced postoperative bleeding and enabled the earlier
withdrawal of the drain (p <0.001, Table IV). Accordingly,
the hospital stay was shorter in the TXA group due to the
patients being discharged on the day the drains were with-
drawn. There was no discharge, infection or other complica-
tion from the incision site in either group. At the end of the
48th  postoperative  hour,  deep  vein  thrombosis  was  not
observed in either group.

DISCUSSION

SFS is currently the most common surgical procedure for the
spine. However, it  can cause serious blood loss and may
require longer operation times.14  Various treatment proce-
dures  are  used  in  spinal  surgery,  including  controlled
hypotension, blood substitutes and pharmacological thera-
pies to reduce perioperative blood loss.15,16 Additionally, the
use  of  antifibrinolytic  drugs  in  many  types  of  surgery  has
been increasing in recent years. Because of the high risk of
graft occlusion due to the use of systemic aprotinin in coro-
nary bypass surgery, for the first time, Tatar et al. tried the
use  of  a  topical  antifibronolytic.17  As  a  result,  they  showed
that the topical use of aprotinin reduced postoperative blood
loss and the need for transfusions. Although the reliability of
antifibrinolytic drugs has been questioned for a while due to
aprotinin-related deaths, EACA and TXA are the more reli-
able drugs in this class. TXA is widely used both iv and topi-
cally  in  cardiovascular  and orthopedic  surgeries  (hip  and
knee  arthroplasty).  However,  its  use  in  neurosurgery  is
uncommon.10,11 There are a limited number of studies on the
use  of  TXA in  spinal  surgery.  In  this  study,  the  authors
investigated the effects of topical TXA use on postoperative
bleeding regardless of spinal surgery level.

There are few studies showing that TXA can reduce blood
loss by inhibiting fibrinolytic activity in spinal deformity and
fusion surgery. Most studies have shown that TXA reduces
postoperative  bleeding  with  or  without  statistical  signifi-
cance.18,19  Elwatidy  et  al.  showed  in  their  double-blind,
randomised and placebo-controlled study that high-dose iv
TXA reduced blood loss by 49%, although the difference was
not  statistically  significant,  in  pediatric  and  adult  spinal
surgery.18  In  their  retrospective  examination  of  idiopathic
scoliosis  patients,  Berney et  al.  found that  intraoperative
bleeding  was  reduced  by  approximately  50%  in  those
receiving iv TXA.19  However, in their study, there was no
statistically  significant  difference  between  the  groups  in
terms of hospital stay. In this study, unlike the aforemen-
tioned  studies,  postoperative  bleeding  was  reduced  by
approximately 60% in Group A in comparison to Group B (p
<0.001), and the mean time of drain withdrawal was approxi-
mately 3 days (p <0.001, Table III). As a result of this, the
hospital stay was shorter in Group A.

Side  effects  related  to  TXA  include  acute  gastrointestinal
discomfort  (nausea,  vomiting and diarrhea),  visual  distur-
bances (blurred vision, change in color perception), acute

renal cortical necrosis with oliguria and renal failure, throm-
boembolic  events  (deep  vein  thrombosis,  pulmonary
embolism, DIC) and convulsion. Whether or not TXA has a
thromboembolic side effect is still debated. Many studies on
TXA (cardiovascular and orthopedic surgery) did not show an
increase in the incidence of  thrombosis in comparison to
other groups (control or placebo).9,18 However, the exclusion
criteria  in  these  studies  were  an  important  factor  affecting
this result. High-risk patients were excluded, especially in
studies  conducted  in  orthopedic  surgery.  For  example,
excluded patients included those with a history of cardiovas-
cular disease, thromboembolic events or kidney failure.6,20

Pernik et al. observed that iv TXA not only provided a protec-
tive  effect  against  perioperative  blood  loss  in  patients  who
had 4 or more SFS, but it also did not increase the risk of
thrombotic  events.20  Similarly,  in  this  study,  topical  TXA
reduced  postoperative  bleeding,  and  no  thrombotic  side
effects were observed in 52 patients who had multiple-level
TLSFS (Table IV).

TXA can be administered with iv, topically, locally or orally.
In  literature,  most  studies  have  investigated  the  effects  of
oral  or iv TXA on perioperative bleeding or postoperative
transfusion  requirements.6,15,21,22  In  one  study,  it  was
observed that iv TXA reduced perioperative blood loss in
patients with multi-level thoracic spinal stenosis without any
systemic side effects.23 In another study, the effects of iv and
oral TXA in reducing blood loss in TLSFS were found to be
equal.15  In  the study of  Kumar et  al.,  where the authors
examined the effectiveness of the intravenous and local use
of TXA in elective spinal surgery, it was seen that these were
equally  effective  in  reducing  perioperative  blood  loss.24  In
comparison to knee arthroplasty surgery, spinal surgery has
more extensive dissections and involves a larger operation
field.  Thus,  there  is  a  tendency  to  prefer  iv  over  topical
administration of TXA.6 Topical TXA can be considered as a
more reliable and effective method as it acts directly at the
active  bleeding  sites  and  has  fewer  systemic  side  effects.
However, there are few studies that have investigated the
effects of topically applied TXA.21,22   Liang et al. showed that
the use of intraoperative topical TXA (to the lumbar spine
surgery site with an absorbable gelatin sponge) shortened
the duration of hospital stay due to reduced postoperative
blood loss.21 Ren et al. reported that the use of topical TXA
at ​​the end of surgery not only reduced postoperative blood
loss but also did not increase the risk of developing throm-
boembolic  complications  and  shortened  the  duration  of
hospital stay.22 On the other hand, in this study, TXA was
applied topically  instead of  iv  injection in TLSFS surgery.
Patients in Group A did not have any systemic or local side
effects and that the postoperative drain withdrawal time was
shorter in Group A than Group B (p <0.001). Additionally, the
postoperative ES transfusion rate (p=0.020; Table II)  and
postoperative bleeding amount were lower in Group A in
comparison to Group B (p <0.001, Table IV).
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Limitations of this study also need to be addressed. There
were only 30 cases in the TXA group, and the whole sample
size was relatively small. As the number of cases receiving
TLSFS was low in this study, it was not possible to compare
the  effects  of  topical  TXA  application  on  bleeding  between
those  who  received  single-level  TLSFS  and  those  who
received multi-level  TLSFS.  Further  randomised controlled
clinical studies with larger patient populations are needed to
support the positive effects of TXA on perioperative and post-
operative blood loss.

CONCLUSION

Intraoperative use of TXA reduces the need for postopera-
tive ES and the time to drain tube withdrawal; thus, short-
ening the postoperative hospital stay of patients.
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