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ABSTRACT

INTRODUCTION: Intraoperative blood loss is
considered to be one of the major complications
in neurosurgical operations and neurosurgical
procedures and is directly related to the
postoperative  morbidity and  mortality.
Administration of Tranexamic acid [TXA] by
reducing blood loss has resulted in survival
benefits in Traumatic Brain Injury [TBI]
population, as shown in two recent meta-
analysis.

AIMS AND OBJECTIVES: To study the
effect of tranexamic acid on blood loss in brain
tumor resection surgery.

MATERIAL AND METHODS: Patients of
either sex, aged 18-65 years who were
undergoing brain tumour resection were
randomly allocated to either group - the study
group and the control group (30 patients in each
group). Patients in the study group received
tranexamic acid intravenously @10 mg/kg body
weight over 10 minutes after induction and then
maintenance of continuous infusion @
Img/kg/hr intraoperatively till skin closure.
Patients in the control group received the same
volume of saline per kg body weight as the
volume of tranexamic acid in study group.
RESULTS: The average drop in haemoglobin
and HCT was significantly lower in TXA group.
Accordingly, amount of blood loss was less in
TXA group compared to saline group. (332ml
vs 576 ml; p = 0.011).

CONCLUSION: From our study, it was
concluded that the administration of TXA
resulted in a significant reduction in blood loss.
TXA can thus be suggested as a cost effective

method of reducing mortality due to hemorrhage
in brain tumor surgery.

KEYWORDS: Tranexamic acid [TXA],
Traumatic Brain Injury [TBI].

I. INTRODUCTION

Brain tumor resection has been associated
with increased blood loss and a significant
increase in the incidence of intravascular
disseminated coagulopathy. The
development of coagulopathy in the context
of tumor resection is associated with poor
results. Transfusion decision during the
course of neurosurgical surgery offers
benefits such as increased oxygen carrying
capacity but may increase the risk
associated with transfusions such as blood
infections, hemolysis, lung injury and
immunosuppression. Tranexamic acid is an
antifibrinolytic agent that blocks the binding
of plasminogen to the fibrin surface. It has
been used to reduce blood loss during
coronary revascularization, liver resection,
obstetrics and orthopedic  procedures
intraoperatively up to 45% [1]. The primary
concern when administering an
antifibrinolytic drug is the potential
increased incidence of thromboembolic
events. Reduction in transfusion
requirements lead to reduction in
complications of blood transfusion and
perioperative incidents.
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In neurosurgery, haemorrhagic
abnormalities and postoperative
haematomas uniformly result in poor

outcome, with one recent series reporting
55% severe disability or mortality at six
months, and only 13% with good outcome
[2]. Intraoperative blood loss is considered
to be one of the major complications in
neurosurgical operations and is directly
related to the postoperative morbidity and

mortality of the patients [3] .Most
investigators currently  think  that
hyperfibrinolysis,  either  primary  or

secondary to a disseminated intravascular
coagulation type condition, is the

mechanism responsible  for  these
haemostatic  abnormalities [2,4] .The
pathophysiology is thought to involve

release of plasminogen activator factors
from tumour cells, or tissue factors from
injured brain parenchyma during surgery
[5,6] .

The substantial intraoperative bleeding that
occurs often needs to be replaced with many
units of blood and blood products in
addition to the infusion of large volume of
crystalloids and  colloids.  However,
allogeneic red blood cell transfusion is
associated with well-known adverse effects
that can range from relatively mild allergic
reactions, acidosis, citrate toxicity and
hypocalcaemia to severe anaphylactic
reactions, transfusion associated lung injury,
infectious disease transmission, circulatory
overload and immunosuppression [7,8] . In
addition, administering large amount of
replacement fluids in the form of red blood
cell, crystalloids or colloids are found to
dilute the coagulation factors thereby
resulting in disorder of coagulation and
further increasing the surgical bleeding [9] .
To overcome these problems associated
with  massive blood loss requiring
transfusions, several strategies have been
devised and investigated to reduce blood
loss and thus the transfusion requirements.
These strategies include developing
preoperative  erythrocyte mass  using

autologous blood donation or intraoperative
blood salvage using the cell saver, [12,13]
normovolemic  hemodilution [14] and
controlled hypotension [15] . However none

of these techniques are  without
complications [16]. Complications
associated with these techniques and
considering the availability and cost-

effectiveness, has led to the investigation of
alternative hemostatic agents that include
aminocaproic acid, tranexamic acid (TXA),
desmopressin, aprotinin, and conjugated
estrogens [15].

In patients subjected to neurosurgery, the
inflammation is parenchymal and the

cellular  response is dominated by
macrophages and T-lymphocytes.
Furthermore, neuroinflammatory
mechanisms tightly interact with the

coagulation system in both directions
(inflammation influences coagulation and
vice versa). Brain tissue is very rich in
tissue factor (TF), and injury leads to
formation of TF-FVIla complexes and
subsequently elicits a proinflammatory
response. It has been shown that TF-FVlla
can induce synthesis of fibrinogen and
increase its plasma levels [16].

The incidence of coagulation abnormalities
in neurosurgery is 15—70%, depending on
the definition and patient selection. In a
recent meta-analysis a pooled incidence of
acute traumatic coagulopathy was about
35%.

Tranexamic acid [TXA], a tissue
plasminogen and plasmin inhibitor, is most
commonly used, with evidence for benefit
in  cardiac, orthopaedic, urological,
gynaecological, and obstetric surgery. In
US, &-aminocaproic acid, which also
inhibits plasmin, is commonly used. TXA a
protease inhibitor is used as a haemostatic
agent, as it inhibits fibrinolysis. It is
important to administer TXA early, within
three hours of surgery [17]. Administration
of TXA resulted in survival benefits even in
a Traumatic Brain Injury [TBI] population,
as shown in two recent meta-analyses

erythropoietin [10,11], perioperative blood [18,19]
salvage in the form of preoperative
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In neurosurgical interventions TXA (1g
immediately  after diagnosis of an
aneurysmal  subarachnoid  hemorrhage
[aSAH], followed by 1g every 6 h up to the
time the aneurysm has been clipped)
reduced the mortality risk due to early
rebleeding by 80% [20]. Data from
randomized controlled studies on the
efficacy and safety of antifibrinolytics in
brain surgery are rare. A Cochrane review
published in 2013 included all randomized
controlled studies published between 1973
and 2002 [21]. The authors came to the
conclusion that the short-term data were
promising but felt that the studies were too
heterogeneous to justify a general
recommendation to use antifibrinolytics in
the treatment of aSAH. Similarly, the
European Stroke Organization is not ready
to make such a recommendation on the
basis of the data so far available [22].

II. AIMS AND OBJECTIVES

e To study the average blood loss during
brain tumor surgery.

e To study the effect of tranexamic acid
on blood loss in brain tumor resection
surgery

. MATERIAL AND METHODS

This study was conducted at Sher-i-Kashmir
Institute of Medical Sciences, Soura, J&K,
India for a period of two years (August 2015
to June 2017). Approval by our institutional
ethical committee was taken prior to the
start of the study. A proper informed
consent was obtained from all patients
included in the study. The study included 60
patients aged 18-65 years of both genders,
planned for brain tumour resection surgeries
(meningiomas, astrocytomas, gliomas and

other wvascular tumors) under general
anesthesia.

EXCLUSION CRITERIA

e Patients with known allergy to

tranexamic acid.

e Patients with abnormal liver function.

e Patients with known contraindications to
fibrinolytic agents.

e Patients with known renal dysfunction
(creatinine>1.5mg/dl).

e Patients  with  coagulopathy  on
anticoagulation  therapy  (abnormal
PT/PTT).

e Patients with thromboembolic events.

e ASA IV patients.

Patients with intraoperative bleeding due to

vessel injury.

Patients of either sex, aged 18-65 years were

randomly allocated to either group - the

study group and the control group (30

patients in each group) using computer

generated random numbers in sealed
envelopes. The investigator was present
during the procedure for data collection
purpose only and was not involved in the
conduct of anesthesia.  Preoperative

Hemogram was obtained. All patients were

given standard general anesthesia consisting

of propofol, an opioid (fentanyl and
morphine), muscle relaxant (atracurium or
vecuronium) and a volatile anesthetic

(isoflurane or sevoflurane) with oxygen in

nitrous oxide. Minute ventilation was

titrated to maintain EtCO2 of 28 to 32

mmHg. Esophageal temperature was

maintained at >36°C.

Anesthesia was maintained with propofol/

dexmedetomidine  infusion,  isoflurane

(MAC 1.0+0.2), oxygen in nitrous oxide

and opioid (fentanyl 1-2mcg/kg/hr).

Standard as well as invasive monitoring

including arterial catheter for invasive blood

pressure, central venous catheter and urinary
output catheter was used. Neurosurgeons
with more than 10 years of experience
operated upon the patients to avoid technical
bias. Patients in the study group received
tranexamic acid intravenously @10 mg/kg
body weight over 10 minutes after induction
and then maintenance of continuous
infusion @ 1mg/kg/hr intraoperatively till
skin closure. Patients in the control group
received the same volume of saline per kg
body weight as the volume of tranexamic
acid in study group. Anesthesia
technologist, not involved with the study,
prepared the treatment medication and
placebo in identical 50 ml syringes for
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infusion pumps. Anesthesiologists and
surgeons were blinded to randomisation and
solution administered.

Fluid  therapy = was  managed by
administration of crystalloid solution and
colloid. ~ Adequate  replacement and
maintenance of intravascular volume was
guided by monitoring arterial blood
pressure, urine output (>1 mL/kg/hr), and
central venous pressure. The amount of
crystalloids and colloid given were
recorded. A uniform policy for transfusion
of blood was followed and blood
transfusions were given if Hct fell below
25% by monitoring hourly hematocrit.
Blood was started in accordance with the
ASA Task Force practice guidelines for
blood component therapy. Amount of blood
transfused in each patient was recorded.
During surgery the blood loss was
determined hourly by ABG samples for
hematocrit and surgical suction bottles'
blood volume. Blood loss on surgical gowns
and drapes were included. Postoperative
blood loss was measured from surgical drain
for 24 hours.

Blood loss calculations was done by:

Q) Surgical suction bottles/ gauze count
(i) Hematocrit estimation

(i) Hb loss = (Hb pre-Hbe) x BV + Hbt
Expected Blood Loss = 1000x Hb loss/ Hb
pre

Where, Hb pre = initial preoperative Hb
conc.

Hbe = Hb conc on 1st postoperative day.
Hbt = total amount of allogenic blood
transfused

Tranexamic acid infusion was stopped at the
end of the surgery and patient was extubated
when standard criteria for weaning and
extubation were met.

STATISTICAL ANALYSIS

Statistical analysis was performed by the
institutional biostatistician. The recorded
data was compiled and entered in a spread-
sheet (Microsoft Excel) and then exported to
data editor of SPSS Version 20.0 (SPSS
Inc., Chicago, Illinois, USA). Statistical
software SPSS (version 20.0) and Microsoft
Excel were used to carry out the statistical
analysis of data. Continuous variables were
summarized as Mean+SD and categorical
variables were summarized as percentages.
Student’s independent t-test was employed
for comparison of continuous variables.
Chi-square test or Fisher’s exact test,
whichever appropriate, was used for
comparison of categorical variables.
Graphically the data was presented by bar
diagrams. A P-value of less than 0.05 was
considered statistically significant.

IV. RESULTS

Preoperative haemoglobin value in the
tranexamic acid group was 12.86 g/dL as
compared to 13.45 g/dL in the placebo

group and the difference was not
statistically significant. (p=0.26).
The intraoperative blood loss in the

tranexamic acid group was 332 ml as
compared to 576 ml in the placebo group
and this difference was statistically
significant (p=0.01). The post operative
blood loss in the tranexamic acid group was
81.3 ml as compared to 152 ml in the
placebo group and this difference was also
statistically significant (p=0.025). The total
blood loss in the tranexamic acid group was
413.7 ml as compared to 729 ml in the
placebo group and this difference was also
statistically significant (p=0.006).

Table 1: Comparison based on preoperative Hb (g/dL) between two groups

Hb (g/dL) Mean SD

Min Max P-value

TXA Group 12.86

1.589

10.1 16.5

Saline Group 13.45

2411

98 181 0.265
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l Comparison based on preoperative Hb (g/dL) between two groupsl
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Table 2: Comparison of perioperative blood loss (ml) between the two groups

Parameter TXA Group Saline Group value
Mean SD Mean SD p
Intraop Blood 3323 | 41320 |5767 | 28099 | 0.011*
Loss (ml)
Postop Blood .
Loss (mh) 813 14414 | 1523 | 8756 | 0.025
Total Blood 4137 | 51892 | 7290 | 30293 | 0.006*
Loss (ml)
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Table 3: Comparison of blood transfusions in two groups
. TXA Group | Saline Group
No. of Blood Transfusions No. | %age | No. | %age P-value
0 20 | 66.7 15 50.0
1 4 13.3 5 16.7
Intraop 2 3 10.0 6 20.0 0.101
>3 3 10.0 4 13.3
Mean+SD 0.7+1.36 1.1+1.21
0 22 | 733 19 63.3
1 4 133 5 16.7
Postop 2 3 10.0 4 133 0.389
>3 1 3.3 2 6.7
Mean+SD 0.43+0.817 0.63+0.964
0 20 | 66.7 14 46.7
1 1 33 3 10.0
Total 2 2 6.7 4 133 0.184
>3 6 20.0 9 30.0
Mean+SD 1.1+1.69 1.7+1.76
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The mean intraoperative transfusion
requirement in the tranexamic acid group
was 0.7 units as compared to 1.1 units in the
placebo group and this difference was not
statistically significant p=0.1. Also the

postoperative transfusion requirement was
less in the tranexamic acid group i.e. 0.43
units as compared to 0.63 units in the
placebo group but the difference was not
statistically significant p=0.38.
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Table 4: Average drop in Hb postoperatively between the groups
SD

Drop in Hb (g/dL) Mean Min | Max | p-value
TXA Group 1.6 0.947 | 01 3.3 0.001*
Saline Group 2.4 0.735 | 1.3 3.7 '
Showing average drop in Hb (g/dL) postoperatively
among (wo groups
2.8 2.4
20 |
24 |
2.2 |
20 | (o
s |
=16 |
£ 14 |
= 1.9
Eio |
o8 |
0.6 |
04 |
0.2 |
0.0 L
TXA Group Saline Group

The average drop in the haemoglobin values postoperatively in the tranexamic acid group
was 1.6 g/dL as compared to 2.4 g/dL in the saline group and this difference was statistically

significant (p=0.001)

Table 5: Comparison of average drop in HCT postoperatively between the two groups
Dropin HCT Mean SD Min Max p-value
TXA Group 6.2 2.642 2.2 11.6 0.006*
Saline Group 8.4 3.353 4.0 14.1 )
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Compavison of average drop in HCT postoperatively between two
groups
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The average drop in the haematocrit values
in the post operative period for the
tranexamic acid group was 6.2% as
compared to 8.4% in the placebo group and
the difference was statistically significant
(p=0.006)

V. DISCUSSION

Tranexamic acid has been shown to be
effective in reducing blood transfusion in a
variety of settings, including spine [23],
obstetric  [24], urologic [25], major
orthopedic [26], and trauma [27] patients.
Tranexamic acid is an  effective
antifibrinolytic and acts as a plasmin
inhibitor to prevent clot breakdown.
Furthermore, others have speculated that the
benefits of tranexamic acid may extend

beyond clot  stabilization  through
suppression of proinflammatory mediators
[28].

Our study is novel, because there are very
few studies in the literature regarding the
use of tranexamic acid in elective
neurosurgical procedures. In our study, we
demonstrated that the administration of
tranexamic acid was associated with
decreased blood loss and a reduced
frequency of transfusion of blood products
at our institution.

Tranexamic acid reduced death due to
bleeding in patients with trauma. The
CRASH-2 trial, which recruited 20,211
adults with acute traumatic bleeding,
showed that tranexamic acid reduced death
due to bleeding, with no apparent increase

in vascular occlusive events. Planned
analysis of the effect of tranexamic acid by
the start of treatment showed that early
treatment is essential [29].

In our study the average drop in
haemoglobin and HCT was significantly
lower in TXA group. Accordingly, amount
of blood loss was less in TXA group
compared to saline group. (332mlvs 576
ml; p = 0.011). The transfusion requirement
intraoperatively was less in TXA group with
only 10 patients requiring blood transfusion
compared to 15 patients requiring blood
transfusion in saline group. Postoperatively
only 8 patients needed blood transfusion in
tranexamic acid group compared to 11
patients requiring blood transfusion in saline
group. Our findings were similar to Ramya
Vel et al [30].

Wong et al [31] also had similar findings in
patients undergoing spinal fusion surgery.

In the immediate postoperative period,
patients in the TXA group had higher
postoperative Hb and Hct levels than the
saline group. This could be due to the
reduction in blood loss by TXA and thus
better hemodynamics.

VI. CONCLUSION

From our study, it is concluded that the
administration of TXA resulted in a
significant  reduction in blood loss.
Tranexamic Acid has been demonstrated to
be a cost effective method of preventing
hemorrhage in brain tumor surgery patients
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induction of

anesthesia and at the start of surgery.
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