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Abstract. The efficacy of tranexamic acid in orthognathic surgery remains
controversial. We conducted a systematic review and meta-analysis to explore the
influence of tranexamic acid on blood loss for orthognathic surgery.

We performed a search of PubMed, Embase, Web of science, EBSCO, and
Cochrane library databases through October 2017 for randomized controlled trials
(RCTs) assessing the effects of tranexamic acid versus placebo on orthognathic
surgery. Meta-analysis was performed using the random-effects model.

Six RCTs were included in the meta-analysis. Overall, compared with placebo in
orthognathic surgery, tranexamic acid administration results in significantly decreased
blood loss [mean difference (MD) = —159.73; 95% confidence interval (CI) = —236.42
to —83.03; P < 0.0001], and higher postoperative haemoglobin (MD = 0.71; 95%
CI=0.11to 1.31; P = 0.02), but has no remarkable impact on postoperative haematocrit
(MD = 1.23;95% CI = —1.22t0 3.69; P = 0.33) and operation time (MD = —2.35; 95%
CI = —18.05 to 13.36; P =0.77). In addition, patients with orthognathic surgery need
decreased amounts of irrigant fluid (MD = —229.23; 95% CI = —399.63 to —58.83;
P = 0.008) after using tranexamic acid.

We concluded that tranexamic acid promotes the bleeding control in orthognathic

surgery.
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Orthognathic surgery is a well-known pro-
cedure to correct different types of dento-
facial deformities and aims to readjust the
anatomic and functional relationships

0901-5027/01001323 + 06

through surgical manipulation of facial
skeletal components' . Blood loss is one
of the main concerns for maxillofacial sur-
geons™”. Some patients may need blood

transfusion during or after orthognathic
surgery’. Because the maxillomandibular
area is highly vascularized, significant in-
traoperative bleeding may occur’*.

© 2018 Published by Elsevier Ltd on behalf of International Association of Oral and Maxillofacial Surgeons.
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Blood transfusion may result in trans-
mission of various blood-borne diseases,
infections, and other complications (e.g.,
transfusion-related acute lung injury)>”-'°.
Various pharmacologic agents have been
developed to reduce intraoperative blood
loss and blood transfusion, and they in-
clude tranexamic acid and aprotinin,
etc.'!2. The lysine analog inhibitor tra-
nexamic acid has been reported to be
effective in reducing perioperative blood
loss in various surgical procedures, and no
adverse effects are reported'>'*.

Topical application of tranexamic acid
in the maxillary sinus is able to decrease
intraoperative blood loss in endoscopic
sinus surgery'®. Preoperative intravenous
bolus administration of tranexamic acid is
reported to reduce blood loss during
bimaxillary osteotomy'”. Patients with
bleeding trauma have decreased rate and
volume of packed red blood cell transfu-
sion, and reduced hospital and intensive
care unit lengths of stay after using tra-
nexamic acid'°.

However, some studies have reported
that the use of tranexamic acid shows no
significant influence on blood loss, and
postoperative haematocrit for orthog-
nathic surgery'>'”. Considering these con-
flicting results, we performed a systematic
review and meta-analysis of RCTs to in-
vestigate the efficacy of tranexamic acid in
orthognathic surgery.

Materials and methods

Ethical approval and patient consent were
not required because this was a systematic
review and meta-analysis of previously
published studies. The systematic review
and meta-analysis were conducted and
reported in adherence with PRISMA (Pre-
ferred Reporting Items for Systematic
Reviews and Meta-Analyses)'®.

Search strategy and study selection

Two investigators independently searched
the following databases (from inception to
October 2017): PubMed, Embase, Web of
science, EBSCO, and Cochrane library.
The electronic search strategy was con-
ducted using the following key words:
‘tranexamic acid’ and ‘orthognathic sur-
gery’. We also checked the reference lists
of the screened full-text studies to identify
other potentially eligible trials.

Inclusive selection criteria were as fol-
lows: (1) the population were patients with
orthognathic surgery; (2) intervention
treatments were tranexamic acid versus
placebo; (3) study design was RCT.

Data extraction and outcome measures

We extracted the following information:
author, number of patients, age, weight,
and preoperative haemoglobin, etc. Data
were extracted independently by two
investigators, and discrepancies were re-
solved by consensus. We contacted the
corresponding author to obtain the data
when necessary. The primary outcome
was blood loss. Secondary outcomes in-
cluded postoperative haemoglobin, post-
operative haematocrit, operation time and
amount of irrigation fluid.

Quality assessment in individual studies

Methodological quality of the included
studies was independently evaluated using
the modified Jadad scale'”. There were
three items for the Jadad scale: randomi-
zation (0-2 points), blinding (0-2 points),
dropouts and withdrawals (0—1 points).
The scoring of the Jadad Scale varied from
0 to 5 points. An article with Jadad score
of <2 was considered to be of low quality.
If the Jadad score was >3, the study was

thought to be of high quality?’.

Statistical analysis

We estimated mean differences (MDs)
with 95% confidence interval (CI) for
continuous outcomes (blood loss, postop-
erative haemoglobin, postoperative hae-
matocrit, operation time, amount of
irrigation fluid). A random-effects model
was used regardless of heterogeneity. Het-
erogeneity was reported using the I? sta-
tistic, and 1> > 50% indicated significant
heterogeneity®'. Whenever significant
heterogeneity was present, we searched
for potential sources of heterogeneity
via omitting one study in turn for the
meta-analysis or performing subgroup

Potentially relevant studies
in the first search n=674

analysis. Publication bias was not evalu-
ated because of the limited number (<10)
of'included studies. All statistical analyses
were performed using Review Manager
Version 5.3 (The Cochrane Collaboration,
Software Update, Oxford, UK).

Results

Literature search, study characteristics
and quality assessment

A detailed flowchart of the search and
selection results was shown in Fig. 1. A
total of 674 potentially relevant articles
were identified initially. Six RCTs that
met our inclusion criteria were finally
included in the meta-analysis'>!'>7:22 2%,

The baseline characteristics of the six
eligible RCTs in the meta-analysis are
summarized in Table 1. The six studies
were published between 2009 and 2015,
and sample sizes ranged from 32 to 61
with a total of 288. Two included RCTs
involving tranexamic acid irrigation'”*?,
two included RCTs involving oral tra-
nexamic acid'*'°, one included an RCT
involving intravenous infusion of tranexa-
mic acid®*, and the remaining included an
RCT involving tranexamic acid 10 mg/kg
as a bolus preoperatively followed by
1 mg/kg as a maintenance dose intraopera-
tively™>.

Among the six studies included here,
five studies reported blood
loss'?!>17:22:33 'two studies reported post-
operative haemoglobin'>**, three studies
reported postoperative haematocrit'>'"->3,
six studies reported operation
time'>!'>172224 and two studies reported
amount of irrigation fluid'’*% Jadad
scores of the six included studies varying
from 3 to 5, and all six studies were
considered to be high-quality according
to quality assessment.

l _— | 191 duplicates were removed

483 initial included |

| ——

473 were excluded after
reading the titles and
abstracts

10 full articles assessed for
eligibility

| —

6 articles were included

4 articles were removed for
the subjects not being RCT

Fig. 1. Flow diagram of study searching and selection process.
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Table 1. Characteristics of included studies.
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Primary outcome: blood loss

This outcome data was analysed with a
random-effects model, and the pooled es-
timate of the five included RCTs sug-
gested that, compared to placebo in
orthognathic surgery, tranexamic acid
treatment could significantly reduce blood
loss (MD = —159.73; 95% confidence in-
terval (CI)=-236.42 to —83.03;
P < 0.0001), with significant heterogene-
ity among the studies (I* = 73%, hetero-
geneity P =0.005) (Fig. 2).

Sensitivity analysis

Significant heterogeneity was observed
among the included studies for blood loss,
but there was still remarkable heterogene-
ity when performing sensitivity analysis
by omitting one study in each turn or
subgroup analysis based on the different
approaches of taking tranexamic acid.

Secondary outcomes

Compared to placebo in orthognathic sur-
gery, tranexamic acid treatment led to
significantly higher postoperative haemo-
globin (MD=0.71; 95% CI=0.11 to
1.31; P=0.02; Fig. 3) but showed no
notable influence on postoperative haema-
tocrit (MD=1.23; 95% CI=-1.22 to
3.69; P =0.33; Fig. 4) and operation time
(MD = —2.35;95% CI = —18.05 to 13.36;
P=0.77; Fig. 5). In addition, tranexamic
acid treatment resulted in decreased
amounts of irrigation fluid during
orthognathic surgery (MD = —229.23;
95%  CI=-399.63 to —58.83;
P =0.008; Fig. 6).

Discussion

Orthognathic surgery can trigger signifi-
cant intraoperative blood loss and may
require blood transfusion with an in-
creased risk of transmission of blood-
borne pathogens, allergic reactions, and
other complications®> ?’.  Numerous
methods have been advocated to reduce
intraoperative blood loss and blood trans-
fusion®>?®. Tranexamic acid is well
known as a synthetic analogue of lysine
to produce an antifibrinolytic effect by
reversibly inhibiting the lysine-binding
sites on plasminogen and plasmin mole-
cules, as well as preventing degradation of
fibrin*® 2. Previous studies have reported
that intraoperative administration of tra-
nexamic acid can significantly decrease
intraoperative and postoperative blood
loss and blood transfusion in various sur-
gical procedures™>.

Data are represented as mean =+ standard deviation.
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Tranexamic acid group Control group

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Rand 95% Cl IV, Random, 95% CI

Choi 2009 8786  577.7 32 1,257.2 8178 29 4.1% -378.60(-737.29,-19.91] *

Christabel 2014 220.96 78.196 25 40583 72.287 24 351% -1B4.87 (-227.01,-142.73] -

Eftekharian 2015 575 286.9 28 817.85 261.83 28 16.5% -242.85(-386.72, -98.98]

Kaewpradub 2011 8325 3155 20 917.51 424.03 20 8.6% -85.01(-316.64, 146.62] =

Sankar 2012 1889 61.14 25 2783 78.224 25 357%  -89.40[-128.32, -50.48) -

Total (95% C!) 130 126 100.0% -159.73 [-236.42, -83.03] e

Heterogeneity: Tau? = 3895.42; Chi? = 14,71, df = 4 (P = 0,005); I* = 73% t ' ! !

Test for overall effect: Z = 4.08 (P < 0.0001) o 230 ) s g =0 20
prefer tranexamic acid prefer placebo

Fig. 2. Forest plot for the meta-analysis of blood loss (mL).

Tranexamic acid group Control group

Mean Difference
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_StudyorSubgroup ~ Mean ~ SD  Total Mean SD Total Weight IV, Random, 95% Ci IV, Random, 95%Cl
Chei 2009 1.1 21 32 106 1.6 29 41.9% 0.50 [-0.43, 1.43) — =
Christabel 2014 10.72 1.381 25 9.86 1445 24 58.1% 0.86 [0.07, 1.65] =
Total (95% CI) 57 53 100.0% 0.71 [0.11, 1.31) g
Heterogeneity: Tau? = 0.00; Chi* = 0.33, df = 1 (P = 0.56); I = 0% -*4 2 B 2 jl
Test for overall effect: Z = 2.30 (P = 0.02) . .
prefer placebo prefer tranexamic acid
Fig. 3. Forest plot for the meta-analysis of postoperative haemoglobin (mg/dL).
Tranexamic acid group Control group Mean Difference Mean Difference
% Cl 1V, Random, 95% ClI
Choi 2009 325 6.1 32 308 4.7 29 31.5% 1.70[-1.02, 4.42) 1T"
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Kaewpradub 2011 306 335 20 3165 445 20 34.1% -1.05[-3.49, 1.39] L
Total (35% Cl) 77 73 100.0%  1.23[-1.22,3.69) ’-
Heterogeneity: Tau? = 3.06; Chi? = 5.70, df = 2 (P = 0.06); I = 65% t t t }
-10 -5 0 5 10
Test for overall effect: Z = 0.98 (P = 0.33) - .
prefer placebo prefer tranexamic acid
Fig. 4. Forest plot for the meta-analysis of postoperative haematocrit (%).
Tranexamic acid group Control group Mean Difference Mean Difference
StudyorSubgroup __Mean __ SD _ Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% Cl
Choi 2009 376 108 32 366 110 29 6.7%  10.00 {-44.80, 64.80]
Christabel 2014 57.6 14.868 25 7791 16.74 24 33.3% -20.31[-29.19,-11.43) =
Eftekharian 2015 250.2 58.8 28 2364 366 28 18.7% 13.80[-11.85, 39.45] =1 =
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e _ -100 -50 0 50 100
Test for overall effect: Z=0.29 (P =0.77) . .
prefer tranexamic acid ~ prefer placebo
Fig. 5. Forest plot for the meta-analysis of operation time (min).
Tranexamic acid group Control group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight V. Random, 95% CI I_Vﬁin__d_cm. 95% Cl
Eftekharian 2015 843.57 275.48 28 1,057.14 407.04 28 87.6% -213.57[-395.62, -31.52)
Kaewpradub 2011 2400 654.54 20 2,740 889.94 20 12.4% -340.00[-824.16, 144.16] [
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Fig. 6. Forest plot for the meta-analysis of amount of irrigation fluid (mL).

Topical application of tranexamic acid
is both target-directed and potentially ef-
fective in reducing intraoperative and
postoperative bleeding, because topical
application can directly mark the source
of bleeding and increase the antifibrinoly-
tic activity>*. The recommended amount
of topical tranexamic acid during endo-
scopic sinus surgery to reduce intraoper-

ative bleeding is 1000 mg (20 mL)'®.
Patients with surgical removal of third
molars have diminished blood loss after
tranexamic acid administration®>. One re-
cent meta-analysis included four RCTs.
The results found that tranexamic acid
can effectively reduce intraoperative
blood loss in patients with orthognathic
surgery, but show no remarkable influence

on postoperative levels of haemoglobin
and haematocrit*®. Six RCTs were includ-
ed in another meta-analysis, and the
results concluded that tranexamic acid is
associated with reduced intraoperative
blood loss by an average of 171 mL and
decreased operating time by an average of
15 min for orthognathic surgery3 7. In our
meta-analysis, patients with orthognathic



surgery had significantly decreased blood
loss and amount of irrigation fluid, im-
proved postoperative haemoglobin, but
there was no influence on postoperative
haematocrit or operation time.

Regarding the sensitivity analysis, there
is still significant heterogeneity after per-
forming sensitivity analysis by omitting
one study in turn or subgroup analysis.
There may be several reasons for this.
Firstly, the approaches of tranexamic acid
include intravenous infusion, oral method,
irrigation or their combination. Secondly,
different operation time and detailed sur-
gical procedures may affect the heteroge-
neity. Thirdly, serum concentrations of
drug, and the duration of irrigating solu-
tion may affect the efficacy of topical
tranexamic acid*®**°. For instance, intra-
operative administration of 1% tranexa-
mic acid irrigation solution results in a
significant decrease in intraoperative
blood loss during orthognathic surgery””,
but there is no significant efficacy after
using 0.05% tranexamic acid irrigation
solution'”. Irrigation solution cannot be
reduced after applying 1% tranexamic
acid for the surgery””. Finally, different
methods used to calculate blood loss may
result in inconsistencies.

The intravenous dose of tranexamic acid
(10-20 mg/kg) is found to significantly re-
duce intraoperative blood loss during
orthognathic surgery'>**, but is limited
by the increased risk of thromboembolic
complications after systemic administra-
tion of this medication®”. The optimal dose
oftranexamic acid for orthognathic surgery
remains elusive. Other adverse events in-
clude nausea, diaorrhea, and occasionally
orthostatic reaction, but they are uncom-
mon”’. Topical application of tranexamic
acid facilitates 70% lower systemic absorp-
tion and may decrease the risk of thrombo-
embolic complications compared with
intravenous administration®'. All included
RCTs reported no adverse events or com-
plications associated with the application of
tranexamic acid for orthognathic surgery.

This meta-analysis has several potential
limitations that should be taken into ac-
count. Firstly, our analysis is based on
only six RCTs and all of them had a
relatively small sample size (n < 100).
Overestimation of the treatment effect is
more likely in smaller trials compared
with larger samples. Next, there is signifi-
cant heterogeneity when performing sen-
sitivity analysis, possibly owing to the
approaches of taking tranexamic acid, op-
eration time, detailed surgical procedures,
and serum concentrations of drug, etc.
Finally, postoperative bleeding is not
available based on current included RCTs.

Tranexamic acid for orthognathic surgery

In conclusion, tranexamic acid can have
significantly reduce blood loss, and
improve postoperative haemoglobin in
patients undergoing orthognathic surgery.

Funding

National Natual Science Foundation for
the Youth of China (No. 81600398).

Competing interests

None.

Ethical approval

Not applicable.

Patient consent

Not required.

References

1. Thastum M, Andersen K, Rude K, Norholt
SE, Blomlof J. Factors influencing intraop-
erative blood loss in orthognathic surgery. Int
J Oral Maxillofac Surg 2016;45:1070-3.

2. Salma RG, Al-Shammari FM, Al-Garni BA,
Al-Qarzaee MA. Operative time, blood loss,
hemoglobin drop, blood transfusion, and
hospital stay in orthognathic surgery. Oral
Maxillofac Surg 2017;21:259-66.

3. Lin S, McKenna SJ, Yao CF, Chen YR, Chen
C. Effects of hypotensive anesthesia on reduc-
ing intraoperative blood loss, duration of op-
eration, and quality of surgical field during
orthognathic surgery: a systematic review and
meta-analysis of randomized controlled trials.
J Oral Maxillofac Surg 2017;75:73-86.

4. Jeong J, Portnof JE, Kalayeh M, Hardigan P.
Hypotensive anesthesia: comparing the
effects of different drug combinations on
mean arterial pressure, estimated blood loss,
and surgery time in orthognathic surgery. J
Craniomaxillofac Surg 2016;44:854-8.

5. Matsuura N, Okamura T, Ide S, Ichinohe T.
Remifentanil reduces blood loss during
orthognathic Anesth  Prog
2017;64:3-7.

6. Oh AY, Seo KS, Lee GE, Kim HJ. Effect of
preoperative autologous blood donation on
patients undergoing bimaxillary orthog-
nathic surgery: a retrospective analysis. Int
J Oral Maxillofac Surg 2016;45:486-9.

7. Apipan B, Rummasak D. Efficacy and safety
of oral propranolol premedication to reduce
reflex tachycardia during hypotensive anes-
thesia with sodium nitroprusside in orthog-
nathic surgery: a double-blind randomized
clinical trial. J Oral Maxillofac Surg
2010;68:120-4.

8. Andersen K, Thastum M, Norholt SE, Blom-
lof J. Relative blood loss and operative time
can predict length of stay following orthog-

surgery.

9.

11.

12.

13.

16.

17.

18.

19.

20.

21.

1327

nathic surgery. Int J Oral Maxillofac Surg
2016;45:1209-12.

Pailleret C, Ait Hamou Z, Rosencher N,
Samama CM, Eyraud V, Chilot F, Baillard
C. A retrospective comparison between
delayed and early hip fracture surgery in
patients taking clopidogrel: same total bleed-
ing but different timing of blood transfusion.
Int Orthop 2017;41:1839-44.

. Mao T, Gao F, Han J, Sun W, Guo W, Li Z,

et al. Restrictive versus liberal transfusion
strategies for red blood cell transfusion after
hip or knee surgery: a systematic review and
meta-analysis. Medicine 2017;96:¢7326.
Kovesi T, Royston D. Pharmacological
approaches to reducing allogeneic blood ex-
posure. Vox Sang 2003;84:2-10.

Fusaro MV, Nielsen ND, Nielsen A, Fon-
taine MJ, Hess JR, Reed RM, et al. Restric-
tive versus liberal red blood cell transfusion
strategy after hip surgery: a decision model
analysis of healthcare costs. Transfusion
2017;57:357-66.

Sankar D, Krishnan R, Veerabahu M, Vikra-
man B. Evaluation of the efficacy of tranexa-
mic acid on blood loss in orthognathic surgery.
A prospective, randomized clinical study. Int J
Oral Maxillofac Surg 2012;41:713-7.

. Athanasiadis T, Beule AG, Wormald PJ.

Effects of topical antifibrinolytics in endo-
scopic sinus surgery: a pilot randomized con-
trolled trial. Am J Rhinol 2007;21:737-42.

. Choi WS, Irwin MG, Samman N. The effect

of tranexamic acid on blood loss during
orthognathic surgery: a randomized con-
trolled trial. J Oral Maxillofac Surg
2009;67:125-33.

Guerriero C, Cairns J, Perel P, Shakur H,
Roberts I, on behalf of Ctc. Cost-effective-
ness analysis of administering tranexamic
acid to bleeding trauma patients using evi-
dence from the CRASH-2 Trial. PLoS One
2011;6:e18987.

Kaewpradub P, Apipan B, Rummasak D.
Does tranexamic acid in an irrigating fluid
reduce intraoperative blood loss in orthog-
nathic surgery? A double-blind, randomized
clinical trial. J Oral Maxillofac Surg
2011;69:¢186-9.

Moher D, Liberati A, Tetzlaff J, Altman DG,
Group P. Preferred reporting items for sys-
tematic reviews and meta-analyses: the
PRISMA statement. J Clin Epidemiol
2009;62:1006—12.

Jadad AR, Moore RA, Carroll D, Jenkinson
C, Reynolds DJM, Gavaghan DJ, et al.
Assessing the quality of reports of random-
ized clinical trials: is blinding necessary.
Control Clin Trials 1996;17:1-12.
Kjaergard LL, Villumsen J, Gluud C.
Reported methodologic quality and discre-
pancies between large and small randomized
trials in meta-analyses. Ann Intern Med
2001;135:982-9.

Higgins JP, Thompson SG. Quantifying het-
erogeneity in a meta-analysis. Stat Med
2002;21:1539-58.


http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0005
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0010
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0015
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0020
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0025
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0030
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0035
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0040
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0045
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0050
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0055
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0060
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0065
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0065
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0065
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0065
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0065
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0070
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0070
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0070
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0070
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0075
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0080
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0085
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0090
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0095
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0100
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0105
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0105

1328

22.

23.

24.

25.

26.

217.

28.

Mei and Qiu

Eftekharian H, Vahedi R, Karagah T, Tabrizi
R. Effect of tranexamic acid irrigation on
perioperative blood loss during orthognathic
surgery: a double-blind, randomized con-
trolled clinical trial. J Oral Maxillofac Surg
2015;73:129-33.

Christabel A, Muthusekhar MR, Narayanan
V, Ashok Y, Soh CL, Ilangovan M, et al.
Effectiveness of tranexamic acid on intraop-
erative blood loss in isolated Le Fort I osteo-
tomies—a  prospective, triple blinded
randomized clinical trial. J Craniomaxillo-
fac Surg 2014;42:1221-4.

Karimi A, Mohammadi SS, Hasheminasab
M. Efficacy of tranexamic acid on blood loss
during bimaxilary osteotomy: a randomized
double blind clinical trial. Saudi J Anaesth
2012;6:41-5.

Chen YA, Rivera-Serrano CM, Chen C, Chen
YR. Pre-surgical regional blocks in orthog-
nathic surgery: prospective study evaluating
their influence on the intraoperative use of
anaesthetics and blood pressure control. Int
J Oral Maxillofac Surg 2016;45:783-6.

Kim NY, Yoo YC, Chun DH, Lee HM, Jung
YS, Bai SJ. The effects of oral atenolol or
enalapril premedication on blood loss and
hypotensive anesthesia in orthognathic sur-
gery. Yonsei Med J 2015;56:1114-21.
Wakasugi Y, Matsuura N, Ichinohe T. Intra-
operative blood loss during orthognathic
surgery: a comparison of remifentanil-based
anesthesia with sevoflurane or isoflurane. J
Oral Maxillofac Surg 2015;73:2294-9.
Mulder HD, Augustijn QJ, van Woensel JB,
Bos AP, Juffermans NP, Wosten-van Aspe-
ren RM. Incidence, risk factors, and outcome
of transfusion-related acute lung injury in
critically ill children: a retrospective study. J
Crit Care 2015;30:55-9.

29.

30.

31

32.

33.

34.

35.

Liang J, Liu H, Huang X, Xiong W, Zhao H,
Chua S, et al. Using tranexamic acid soaked
absorbable gelatin sponge following com-
plex posterior lumbar spine surgery: a ran-
domized control trial. Clin  Neurol
Neurosurg 2016;147:110-4.

McHugh SM, Kolarczyk L, Lang RS, Wei
LM, Jose M, Subramaniam K. A comparison
of high-dose and low-dose tranexamic acid
antifibrinolytic protocols for primary coro-
nary artery bypass surgery. Indian J Anaesth
2016;60:94-101.

Drosos GI, Ververidis A, Valkanis C, Trip-
sianis G, Stavroulakis E, Vogiatzaki T, et al.
A randomized comparative study of topical
versus intravenous tranexamic acid adminis-
tration in enhanced recovery after surgery
(ERAS) total knee replacement. J Orthop
2016;13:127-31.

Drakos A, Raoulis V, Karatzios K, Doxar-
iotis N, Kontogeorgakos V, Malizos K, et al.
Efficacy of Local Administration of Tra-
nexamic Acid for Blood Salvage in Patients
Undergoing Intertrochanteric Fracture Sur-
gery. J Orthop Trauma 2016;30:409-14.
Zellin G, Rasmusson L, Palsson J, Kahnberg
KE. Evaluation of hemorrhage depressors on
blood loss during orthognathic surgery: a
retrospective study. J Oral Maxillofac Surg
2004;62:662—6.

Khalil PN, Ismail M, Kalmar P, von Kno-
belsdorff G, Marx G. Activation of fibrino-
lysis in the pericardial cavity after
cardiopulmonary bypass. Thromb Haemost
2004;92:568-74.

Senghore N, Harris M. The effect of tranexa-
mic acid (cyclokapron) on blood loss after
third molar extraction under a day case
general  anaesthetic. ~ Br  Dent J
1999;186:634—6.

36.

37.

38.

39.

40.

41.

Song G, Yang P, Hu J, Zhu S, Li Y, Wang Q.
The effect of tranexamic acid on blood loss
in orthognathic surgery: a meta-analysis of
randomized controlled trials. Oral Surg Oral
Med  Oral  Pathol ~ Oral  Radiol
2013;115:595-600.

Olsen J1J, Skov J, Ingerslev J, Thorn JJ,
Pinholt EM. Prevention of bleeding in
orthognathic surgery—a systematic review
and meta-analysis of randomized con-
trolled trials. J Oral Maxillofac Surg
2016;74:139-50.

Gluud LL, Klingenberg SL, Langholz E.
Tranexamic acid for upper gastrointestinal
bleeding. Cochrane Database Syst Rev
2012;1:CD006640.

Alimian M, Mohseni M. The effect of intra-
venous tranexamic acid on blood loss and
surgical field quality during endoscopic si-
nus surgery: a placebo-controlled clinical
trial. J Clin Anesth 2011;23:611-5.
Verstraete M. Clinical application of
inhibitors of  fibrinolysis.
1985;29:236-61.

Wong J, Abrishami A, El Beheiry H,
Mahomed NN, Roderick Davey J, Gandhi
R, et al. Topical application of tranexamic
acid reduces postoperative blood loss in
total knee arthroplasty: a randomized, con-
trolled trial. J Bone Joint Surg Am
2010;92:2503-13.

Drugs

Address:

Lin Qiu

Youyi Road

Yuzhong District
Chongqing 400016

PR China

Tel /fax: +86 02389012534
E-mail: qiulinl 18@126.com


http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0110
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0115
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0120
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0125
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0125
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0125
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0125
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0125
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0125
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0130
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0135
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0140
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0145
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0150
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0155
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0160
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0165
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0170
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0175
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0175
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0175
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0175
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0175
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0180
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0185
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0190
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0195
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0200
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0205
http://refhub.elsevier.com/S0901-5027(18)30340-0/sbref0205
mailto:qiulin118@126.com

	The efficacy of tranexamic acid for orthognathic surgery: a meta-analysis of randomized controlled trials
	Materials and methods
	Search strategy and study selection
	Data extraction and outcome measures
	Quality assessment in individual studies
	Statistical analysis

	Results
	Literature search, study characteristics and quality assessment
	Primary outcome: blood loss
	Sensitivity analysis
	Secondary outcomes

	Discussion
	Funding
	Competing interests
	Ethical approval
	Patient consent
	References


