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Background: The role of tranexamic acid in patients undergoing endoscopic sinus surgery (ESS) is not clearly defined. The aim of

our study is to systematically review the existing evidence on the role of tranexamic acid in patients undergoing ESS.

Methodology: Systematic search of MEDLINE (1950 - 2013), EMBASE (1980 - 2013), metaRegister, Cochrane Library and ISI confe-

rence proceedings was carried out.

Results: Five randomised controlled trials with 192 patients receiving tranexamic acid and 196 controls were included. Meta-

analysis demonstrated that mean estimated blood loss was significantly lower, and surgical field quality was significantly better

in tranexamic acid group. There was no significant difference in mean operative time between the two groups. No significant

adverse effects were noted in either of the groups.

Conclusion: Intra-operative use of local and systemic tranexamic acid in ESS, results in significantly reduced estimated blood loss
and improved surgical field quality. There is no statistically significant difference seen in operative time and incidence of side ef-
fects. Well-conducted larger RCTs using validated objective outcome measures and reporting on minor and major complications

are required.
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Introduction

Endoscopic sinus surgery (ESS) was first described by Stam-
mberger @ in 1985 and Kennedy @ coined the term functional
endoscopic sinus surgery (FESS) to highlight its surgical philo-
sophy of mucosal sparing. With improvement in the knowledge
of the anatomy of the sinus system, advances in image guided
surgery and development of specialized instruments, ESS has
developed into a safe and effective treatment option for many
conditions and is one of the commonest procedures performed
64, Endoscopic lacrimal surgery ), orbital decompression ©,
benign and malignant endonasal tumour removal "% and more
recently endoscopic transnasal intracranial surgery have all been

a great extension to the basic technique of ESS.

In spite of all the advances, peri-operative bleeding in ESS still
remains a challenge as it occurs in up to 5% of cases 9. Intra-
operative bleeding makes recognition of anatomical landmarks
difficult and obscures surgical planes. Bleeding results in dif-
ficulty in differentiation between cell walls and critical anato-
mical structures like lamina paprycea and skull base leading to
increased risk of complications, prolonged operative time and
sometimes resulting in incomplete surgery V. Several interven-
tions like positioning of patient, use of topical vasoconstrictive
agents, preoperative antibiotics and steroids, bipolar cautery,
infiltration of pterygopalatine fossa have been used in an at-
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tempt to reduce intra-operative bleeding "". These have been
supplemented with the use of hypotensive anaesthetic agents
and techniques like total intravenous anaesthesia (TIVA) 2.

Antifibrinolytic agents were first described in 1964 '3 and

have been used widely in variety of clinical settings since then.
Two synthetic derivatives of the amino acid lysine, tranexamic
acid [4-(aminomethyl)cyclohexanecarboxylic acid] and e-
aminocaproic acid (EACA; 6-aminohexanoic acid) have shown
antifibrinolytic activity in humans %, Both of these agents bind
to lysine binding site of plasminogen thereby inhibiting the in-
teraction of plasminogen and fibrin thus preventing fibrinolysis
and stabilizing the blood clot thereby reduces overall bleeding
03, Fibrinolytic test systems comparing the binding potencies
of tranexamic acid and EACA have shown tranexamic acid to
be more potent by a factor of between 6 and 10 131519, These
agents have been used in patients with bleeding disorders and
to reduce intra-operative bleeding during various surgical pro-
cedures "¥.They are now widely used in head and neck surgery
including oral surgery, parotid surgery, and tonsillectomy 7-20,
There are few studies evaluating the role of tranexamic in ESS,
however, these studies have reported conflicting results.

The aim of our study is to systematically review the existing
evidence on the role of tranexamic acid in patients undergoing
ESS. The intention of our systematic review and meta-analysis
is to determine whether intra-operative tranexamic acid affect
operative parameters i.e. estimated blood loss, surgical field
quality and operative time.

Materials and methods

Data sources and literature search

We conducted systematic searches for randomised controlled
trials (RCTs). There were no language, publication year or publi-
cation status restrictions. The date of the last search was January
1.2013. We searched MEDLINE, EMBASE, metaRegister, Cochra-
ne Library and ISI conference proceedings. A combination of
MeSH and text words were used to generate two subsets of cita-
tions, one including studies of endoscopic surgery (‘endoscopic
sinus surgery; ‘sinus surgery; ‘FESS, ‘functional endoscopic sinus
surgery; ‘nasal surgery’) and the second including tranexamic
acid (‘tranexamic acid; ‘antifibrinolytics”, ‘cyclokapron; ‘lysteda;,
‘transmin | ‘trascam ; ‘espercil; ‘traxyl; ‘Cyclo-F | 'Femstrual *).
These subsets were combined using ‘AND’ to generate a subset
of citations relevant to our research question. The reference lists
of all known primary and review articles were hand searched to
identify cited articles not captured by electronic searches. The
searches were conducted independently by VP and JP.

Study selection
Two review authors (VP and JP) performed data selection and

extraction based on predetermined criteria. Studies were selec-
ted in a two-stage process. Firstly, the titles and abstracts from
the electronic searches were scrutinized and full manuscripts
of all citations that were likely to meet the predefined selection
criteria were obtained. Final inclusion or exclusion decisions
were made on examination of the full manuscripts. In cases of
duplicate publication, the most recent or complete versions
were selected. We documented our justification for the exclu-
sion of studies.

Data extraction

Two reviewers (JP and VP) completed data extraction. Study cha-
racteristics and participant features were extracted from each
study regarding: characteristics of trials - setting, design, me-
thod of data analysis; participants - study population, number of
participants; type of intervention: dose, route of administration,
duration of treatment, follow-up and outcomes. Inconsistencies
between reviewer’s data were resolved through discussion with
other reviewers until a consensus was reached. After identifying
the studies where additional data were needed, a request was
sent by means of electronic mail to the corresponding author of
each study.

Data Synthesis

Inclusion and exclusion criteria

Studies were selected if the target population underwent
endoscopic sinus surgery, and were exposed to tranexamic acid
and compared with either placebo or no tranexamic acid. Only
RCTs were included. Trials including participants of any age, who
had any co-morbidity including asthma and aspirin sensitivity,
allergic or non-allergic, followed for any duration, CRS with and
without polyps were included. Studies were included irrespec-
tive of the dose, duration or route of administration of tranexa-

mic acid.

Outcomes assessed

The main outcomes assessed were estimated blood loss (EBL),
surgical field quality and operative time. We also assessed pos-
sible adverse effects of the medication.

Assessment of risk of bias in included studies

We assessed the methodological quality of the included studies
and carried out the assessment of risk of bias ", taking into
consideration: method of randomisation; allocation conceal-
ment; blinding; incomplete outcome data; selective outcome
reporting; and other sources of bias. We used the Cochrane 'Risk
of bias’tool in RevMan 5.1 ©2, which involved describing each
of these domains as reported in the trial and then assigning a
judgement about the adequacy of each entry as low, high or
unclear risk of bias. We presented this information in a risk of
bias’ graph and summary.
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Total number of citations retrieved from electronic
searches and from examination of reference lists of
primary and review articles: (n=7)

Citations excluded after screening
titles and/ or abstracts: (n=1)

A,
Full manuscripts retrieved for
detailed evaluation: (n=6)

Studies excluded with reasons (n=1)

"| A nonrandomised case control study and used oral
tranexamic acid starting 2 hours before surgery to 5
days after surgery.

Randomised control trials with suitable information, by outcome (n=5)

Figure1. Consort diagram - Study selection process for the systematic

review of role of tranexamic acid in endoscopic sinus surgery.

Statistical analyses

Meta-analysis was performed in line with recommendations
from the Cochrane Collaboration and the Quality of Reporting
of Meta-analyses (QUORUM) guidelines 2?4, From each study,
dichotomous outcome data were summarised in 2 x 2 tables by

two reviewers (VP, JP). The results were pooled and expressed as
risk ratios (RR). Continuous variables were analyzed using weigh-

ted mean differences (WMD) or standardised mean differences
(SMD) @3, with 95% confidence intervals (Cls). The results were

pooled using either a fixed effect ® or random effect model as

appropriate ®. Heterogeneity of the exposure effects was evalu-

ated statistically using the 12 statistic to quantify heterogeneity
across studies @7, A 12 value of >50% was taken as evidence of
substantial heterogeneity and in such cases a random effect
model was used. A chi-squared test for heterogeneity was also
performed and the ‘p’values are presented.

When a study failed to present a standard deviation (SD), this
statistic was either calculated from standard error of mean, 95%
Cl, t value or interquartile range ®. Some studies provide only
ranges, in such instances, the SD was estimated using the for-
mula total range/4 @, Statistical analyses were performed using
RevMan 5 software.

Results

Study selection

Of the 7 citations identified by the search, 6 were selected after
initial screening as the seventh compared two doses of tranexa-
mic acid ©%. Following examination of the full manuscripts of
these six studies, one study was excluded as it was a nonrando-
mised case control study and used oral tranexamic acid starting
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Figure 2."Risk of bias’ graph: for the systematic review —role of tranexam-
ic acid in endoscopic sinus surgery - each risk of bias item presented as

percentages across all included studies.
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Figure 3."Risk of bias’summary: For the systematic review - Role of
tranexamic acid in endoscopic sinus surgery - Each risk of bias item for

each included study.

2 hours before surgery to 5 days after surgery ©".

Five studies satisfied the selection criteria and were included in
this review 239, comprising of 192 patients receiving tran-
examic acid and 196 controls (Figure 1). Sample size per study
varied across the trials and ranged from 10 to 100 participants.
Intra-operative tranexamic acid was either used intravenously
(323430 or topically ®33%. In our attempt to get more information
about studies with unpublished data, we received response
from Chhapola et.al ©%.

Study characteristics
A description of included studies is summarised in Table 1. Risk
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Table 1. Characteristics of the studies included in the review- tranexamic acid in endoscopic sinus surgery.

Author/ cases and
controls

Inclusion Criteria

Exclusion Criteria

Cases Protocol

Control Protocol

Follow-up

Outcomes

Alimian et al. ©2
2011

Cases-42
Contols-42

Athanasiadis et al.®
2007

Cases-10
Contols-10

Chhapola et al. %
2011

Cases-100
Contols-100

Jabalameli et al. ¢
2006

Cases-26
Contols-30

Langille et al. ¢®
2012

Cases-14
Contols-14

of bias from included studies is represented in Figures 2 and

3. Our judgements about each risk of bias item, presented as
percentages across all included studies, are shown in Figure 2,
and for each risk of bias item for each included study in Figure 3.
Generally, included studies had medium risk of bias for method
of randomisation and blinding, low risk of bias for incomplete
outcome data and selective reporting and unclear risk of bias for

Patient undergoing
Endoscopic Sinus

Surgery with ASA
Grade l and I, Age
19-64 years

Patient undergoing
Endoscopic Sinus
Surgery >18 yrs
age

Patient undergoing
Endoscopic Sinus
Surgery

(FESS, Excision of
nasal mass, Septo-
plasty)

Patient undergoing
Endoscopic Sinus
Surgery with ASA
Gradeland Il

Patient With CRS
and CRSWNP who
failed medical
treatment under-
going Endoscopic
Sinus Surgery

allocation concealment.

Patients on antico-
agulants or having
bleeding diasthesis

Asymmetric
disease and were
not receiving
similar surgery on
both sides.
Allergies to antifi-
brinolytics.
Pregnancy or
breast feeding

On anticoagulants
or having bleeding
diathesis

Not Mentioned

On medications af-
fecting coagulation
system.

History of throm-
boembolic events,
disseminated intra-
vascular coagulo-
pathy, hemophilia,
hypersensitivity to
drugs and abnor-
mal renal function.

History of hyper-
tension, renal
failure, vascular
disease, ASA Grade
Il or higher, under-
going any other
procedure like
Septoplasty

tranexamic

acid 10 mg/kg
of IV bolus dose
immediately after
induction

of anesthesia.

tranexamic acid
100mg topically

Tranaexamic Acid
infusion (500mg in
100ml normal sa-
line) 20-30 minutes
preoperatively

Tranexamic acid
(1000 mg diluted
in 20 ml normal
saline)
administered
topically

Tranexamic acid
bolus (15mg/

kg) followed by
infusion (1mg/kg/
hr) throughout the
operation

sterile water 0.1
mL/kg

as a bolus dose
immediately after
induction

of anesthesia

Normal Saline

Did not receive
tranexamic acid

same volume of
normal

saline was adminis-
tered topically

Equivalent amount
of normal saline

Outcomes
Estimated blood loss (EBL)
Data addressing this comparison were available from four

ficant heterogeneity.
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100%

100%

100%

100%

100%

Intraoperative blood loss
Boezart intraoperative
surgical field score
Prothrombin

time, partial thromboplas-
tin time, and complete
blood count

were measured before
surgery and 6 hours post-
operatively.

Surgical field score

Intraoperative blood loss

Intraoperative blood loss
Boezart intraoperative
surgical field score

Intraoperative blood loss
Wormald intraoperative
surgical field score

POSE Score, LKES Score

studies 23439, Pooling of the results showed that, mean EBL
was significantly lower in the tranexamic acid group compared
to the no tranexamic acid group (WMD -104.10 mls; 95% Cl
-185.60, -22.60; p = 0.01; Figure 4). 12 was 99%, suggesting signi-



Tranexamic acid No Tranexamic acid

Tranexamic acid in endoscopic sinus surgery

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Tota Weight IV, Random, 95% CI IV, Random, 95% CI

Alirmian et al.2011 184 G4 42 32 Ta 42 26.6% -128.00 [1457.82,-98.18] L]

Chhapola et al.2011 EBA 323 100 249 686 100 27.3% -180.50 [-195.36, -165.64] u

Jabalameli et al. 2008 174 106 26 2291 238 0 27.8% -55.10 [-64.54, -45.66] u

Langille et al.2012 2m 173 14 23 112 14 18.6% -30.00 [-137.945, 77.94] —=

Total (95% CI) 182 186 100.0% -104.10 [-185.60, -22.60] R

Heterageneity: Tau®= 626314, Chi®= 201.67, df= 3 (P = 0.00007%; I7= 98% o0 an0 0 =00 1000

Test for averall effect: £=2.50 P =0.01)

Tranexamic acid Mo Tranexamic acid

Figure 4. Forest plot of comparison — estimated blood loss-tranexamic acid vs no tranexamic acid.

Tranexamic acid No Tranexamic acid

Stil. Mean Difference Stil. Mean Difference

Study or Subgroup Mean SD Total Mean S0 Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Alimian et al.2011 2 0a 42 25 0.a 42 31.8% -0.99 [-1.45, -0.54] -

Athanasiadis et al. 2007 16 1.08 10 2.2 1.3 10 18.6% -0.48 [-1.37, 0.41] — =

Jabalameli et al. 2006 23 0.z 26 2,483 015 30 27.4% -1.24 [-1.82, -0.66] —a

Langile et al.2012 5.8 149 14 5.8 2 14 22.4% 000074, 0.74] —

Total (95% CI) 92 96 100.0% -0.74 [-1.26, -0.22] 4

Heterageneity: Tau*= 017, Chi*= 7.83, df= 3 (P = 0.08); I*= 62% '4 '2 ] é A

Test for overall effect: £ =281 {F = 0.008)

Tranexamic acid Mo Tranexamic acid

Figure 5. Forest plot of comparison -surgical field quality score-tranexamic acid vs no tranexamic acid.

Tranexamic acid No Tranexamic acid

Mean Difference Mean Difference

Study or Subgroup  Mean S0 Total Mean S0 Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Alirmian et al 2011 842 271 42 811 148.2 42 TTE% -6.90[16.94, 314 —.--

Langille et al.2012 1218 4.2 14 13148 26.3 14 22.4% -10.00[-28.72, 8.74] I

Total (95% CI) 56 56 100.0% -7.59[16.44, 1.26] -

Heterogeneity; Chi®= 008, dfi=1 (F=077);, 1*= 0% -_50 _2;5 b 2'5 50'

Test for averall effect: 7 =1.68 {F = 0.04

Tranexamic acid Mo Tranexamic acid

Figure 6. Forest plot of comparison —operative time -tranexamic acid vs no tranexamic acid.

Surgical field quality

The surgical field quality was reported on two different scoring
system, the Boezaart system ©7 by Alimian et al. ®?, Athanasiadis
et al. ¥ and Jabalameli et al. ®%, and the Wormald system ©3 by
Langille et al. ©9, We used standardised mean difference as a
summary statistic for this outcome because the included studies
assessed the same outcome but measured it in a variety of
ways, to standardise the results of the studies to a uniform scale
before they could be combined.

Data addressing this comparison were available from four stu-
dies 62333539 Pooling of the results of these showed that, surgical
field quality was significantly better in tranexamic acid group as
compared to no tranexamic acid group (SMD -0.74; 95% Cl -1.26,
-0.22; p = 0.005; Figure 5). 12 was 62%, suggesting significant
heterogeneity.

Operating time

Data addressing this comparison were available from two
studies 239, Pooling the results showed that mean operative
time was not significantly different in the tranexamic acid group
compared to the no tranexamic acid group (WMD -7.59 minutes;
95% Cl-16.44, 1.26; p = 0.09; Figure 6). 12 was 0%, suggesting no
significant heterogeneity.

Adverse effects

Pooled data for postoperative bleeding showed no bleeding out
of 66 cases, and one case of bleeding out of 66 controls 23336,
Pooled data for post operative nausea or vomiting showed 6
patients out of 56 suffered with nausea and vomiting in tranexa-
mic acid group compared to 4 out of 56 patients in the control
group ©239, None of the studies reported serious thromboem-
bolic event in any patients both in tranexamic acid and controls.
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Discussion

Our systematic review and meta-analysis of randomised control-
led trials demonstrated that estimated blood loss was signifi-
cantly lower, and surgical field quality was significantly better in
the tranexamic acid group compared to the non tranexamic acid
group in patients undergoing ESS. In relation to operating time
in response to intra-operative tranexamic acid there was no sig-
nificant difference, however, there is a trend of benefit towards
the use of tranexamic acid. The use of tranexamic acid was not
associated with any significant increased risk of post operative
nausea, vomiting, bleeding or thromboembolic complications.
The reduction in estimated blood loss with the use of tranexa-
mic acid as shown in our systematic review is in accordance with
other reports of reduction in intra-operative bleeding seen in
other procedures. A recent systematic review on the use of tra-
nexamic acid in tonsillectomy, including two RCTs has reported
similar reduction in EBL . As expected the reduction in EBL in
our systematic review has also showed a significant improve-
ment in surgical field quality.

Regarding the operating time, even though it did not reach
statistical significance, there is a trend toward the benefit with
the use of tranexamic acid. This statistical insignificance could
be most likely due to the small sample size in this review, as only
two RCTs including 102 patients reported on this outcome.

The main side effects associated with tranexamic acid, though
uncommon, are nausea, diarrhoea and orthostatic reactions 4.
Our review showed no significant difference in the occurrence
of nausea and vomiting in the patients taking tranexamic acid
compared to placebo. There is also theoretical risk of incre-

ased thrombotic tendency with some case reports of cerebral
thrombosis 839, arterial thrombosis “?, acute renal failure #42
being reported. However, none of the studies included in our
systematic review reported on any thromboembolic event out
of total population of sample of 192 patients using tranexa-

mic acid. Long-term follow-up data on these patients was not
available, however, the remote thromboembolism secondary to
intraoperative single dose of tranexamic acid seems unlikely as
it has a short halflife . This observation is in accordance with
other controlled studies; including several randomised studies
in patients undergoing cardiac surgery “*%9, Furthermore, no
thromboembolic episode was reported in a retrospective ana-
lysis of 256 pregnant women with bleeding disorders who were
on tranexamic acid “”. These findings are particularly reassuring,
because pregnant women are at an increased risk of throm-

References 111: 643-649.

bosis especially after caesarian section, as about two third of
these women underwent caesarean section, but none of them
developed any thromboebolic event. However, this should be
interpreted with caution as the numbers are not high enough,
unlike efficacy, where smaller numbers are adequate, safety can
only be assessed in much bigger studies.

Limitations of the review

Limitations of our systematic review include potential biases

in the review process regarding the eligibility criteria and data
analyses. The majority of these studies were limited to small
sample size and adopted different endoscopic scores. Only 5
randomized studies were included and that the medication was
applied topically in two studies and was applied systemically in
the other three studies. Clinical diversity, including variability in
dose, route, duration and the delivery methods, led to hetero-
geneity in the studies included in this review. Our review, even
though it had significant heterogeneity in some outcomes, has
attempted to bring the existing evidence together and repre-
sents the best evidence on this subject available.

Concluding remarks

Intra-operative use of local and systemic tranexamic acid in

ESS, results in significantly reduced estimated blood loss and
improved surgical field quality. There is no statistically significant
difference seen in operative time and incidence of side effects.
There was no incidence of serious side effects of thromboem-
bolism in the included studies. Well-conducted longer term and
larger RCTs are required using, standardised inclusion criteria;
specified dose, duration and route of tranexamic acid; validated
objective outcome measures and reporting on minor and major
complications.
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