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Abstract

Background: Open cranial vault reconstruction is the standard technique of craniosynostosis correction that may cause significant
blood loss.
Objectives: The current study aimed at comparing the effect of tranexamic acid (TXA), controlled hypotension, and their combina-
tion on perioperative blood loss and transfusion requirement in craniosynostosis surgery.
Methods: The present randomized, double-blind clinical trial was conducted on 75 infants referred for craniosynostosis surgery
during 2017 - 2018. Ten minutes before the start of surgery, 10 mg/kg of TXA was administered intravenously to patients in the first
group (TXA group). In the second group, patients were subjected to the controlled hypotension anesthesia (CHA) using intravenous
remifentanil 0.1 µ/kg (CHA group). In the third group, the patients underwent CHA similar to that of the second group, along with
intravenous injection of 10 mg/kg of TXA (CHA-TXA group). Then, patients’ mean arterial pressure (MAP), heart rate (HR), total blood
loss, and transfusion volume were evaluated and recorded.
Results: The results of the present study revealed that although the changes in MAP and HR parameters over time (three hours after
surgery) were significant in all three groups, the lowest decrease was observed in the CHA-TXA group (P-value < 0.05). In addition,
the total perioperative blood loss in the CHA-TXA group with the mean of 181.20 ± 82.71 cc was significantly less than the total pe-
rioperative blood loss in the CHA and TXA groups with the means of 262.00 ± 104.04 cc and 212.80 ± 80.75 cc, respectively (P-value
< 0.05). Moreover, the transfusion volume in the CHA-TXA group with the mean of 112.40 ± 53.50 cc was significantly lower than
the transfusion volume in the CHA and TXA groups with the means of 174.00 ± 73.93 cc and 160.63 ± 59.35 cc, respectively (P-value
< 0.05). In contrast, the total blood loss and transfusion volume were not significantly different between the CHA and TXA groups
(P-value > 0.05).
Conclusions: According to the results of the present study, although the administration of TXA alone could effectively prevent
blood loss and was associated with fewer transfusion requirements, the combination of this approach with hypotensive anesthesia
resulted in more reduction in perioperative blood loss and transfusion volume as well as better hemodynamic stability.
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1. Background

Craniosynostosis is defined as premature closure of
one or more skull sutures resulting in abnormal skull
growth and other adverse effects for the brain beneath.
This common disorder occurs approximately in 0.6 per
1,000 births (1). Craniosynostosis, particularly multicul-
tural ones, leads to an intracranial pressure increase,
a cerebral growth impairment, and eventually an im-
paired cognitive performance if left untreated. There-
fore, surgical correction of craniosynostosis should be per-
formed within the first year (2, 3). Total calvarial remod-
eling (TCVR) and frontal orbital advancement remodeling
(FOAR) are among the surgical procedures that can be em-

ployed to correct craniosynostosis. As compared with inva-
sive procedures, TCVR has been indicated to associate with
higher costs, prolonged operative time, higher volumes of
blood loss, and longer length of stay (4-6). The most no-
ticeable point is the considerable volume of blood loss due
to the manipulation of extensive vessels during this surgi-
cal procedure. This substantial blood loss poses a unique
blood transfusion requirement, leading to serious short-
and long-term complications (7).

In addition, higher volumes of blood loss can be re-
garded as a major concern for both anesthetists and sur-
geons. The review of current literature highlights the pa-
tients’ noticeable blood loss, which ranges within 20 -
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500% of their total circulating volume, during this surgery
(5, 8, 9). The mentioned high volume of blood loss leads to
higher blood transfusion requirements, which in turn are
associated with higher wrong transfusions, allergy, and in-
fection risks. Moreover, the risk of transfusion-associated
adverse events is of particular significance in infants < 12
months old (10).

Various strategies have been developed and experi-
mented with in pertinent studies to minimize the blood
transfusion requirement. Normovolemic hemodilution
(11), intraoperative autologous blood transfusion (12), fib-
rin sealants (13, 14), injection of epinephrine containing
anesthetic to the scalp (15), preoperative autologous blood
donation (16), and erythropoietin (17) are among strate-
gies used for reducing the blood transfusion requirement
caused by the craniosynostosis corrective surgery.

The use of antifibrinolytic agents such as tranexamic
acid (TXA) has recently caught great attention. There-
fore, various studies have evaluated the efficacy of this
agent. Many studies reported successful outcomes due
to reduced perioperative blood loss and also diminished
transfusion requirements (18-20). The other approach fa-
vored by numerous anesthesiologists is induced hypoten-
sion during surgeries on the skull and maxillofacial re-
gions. This tendency to control hypotension is because of
the rich blood perfusion of these regions. Studies about hy-
potensive anesthesia for maxillofacial blood loss reported
acceptable outcomes (21, 22), while information on the effi-
cacy of this technique for craniosynostosis surgery is con-
troversial and vague (23, 24).

2. Objectives

The present study was conducted to compare the effect
of TXA, controlled hypotension, and TXA plus controlled
hypotension anesthesia (CHA) on perioperative blood loss
in craniosynostosis surgery.

3. Methods

3.1. Study Design and Participants

The present study was a double-blind, randomized
clinical trial. The study population included all infants that
were candidates for craniosynostosis correction surgery
and were referred to Imam Hossein Hospital affiliated to
Isfahan University of Medical Sciences, from April 2017 to
June 2018. In this study, 75 patients were considered as the
sample according to the sample size formula in between-
groups comparison, at the confidence level of 95%, the test
power of 80%, and considering the results of previous stud-
ies (25) reporting the mean and standard deviation of the

total blood loss in control and TXA plus CHA groups equal
to 1850.83 ± 800.73 ml and 1377.74 ± 423.46 ml, respectively.

Inclusion criteria consisted of patients that were candi-
dates for craniosynostosis correction surgery, were within
the age range of three to twelve months, and had the
American Society of Anesthesiologists (ASA) score I or II.
Moreover, patients with medical cardiac, hepatic, renal,
and pulmonary diseases, a previous history of craniosyn-
ostosis surgery, and any other congenital abnormality
did not meet the criteria. Exclusion criteria comprised
the occurrence of any complications caused by anesthet-
ics (e.g., hemodynamic instability) or surgical procedures
(e.g., dura or cerebral venous sinuses rupture).

It should be noted that in this study, no patient
suffered from the mentioned complications, as a result
of which no decrease was reported in the sample size
(Figure 1). After obtaining the code of ethics from the
Ethics Committee of Isfahan University of Medical Sciences
(approval code: IR.MUI.MED.REC.1396.3.597), the code of
IRCT20190328043128N1 (link: www.irct.ir/ trial/43145) from
Iranian Registry of Clinical Trials, and written consent
from the infants’ parents, 75 eligible infants were ran-
domly selected to enter the study. At the beginning of
the study, patients’ basic information, including their age,
gender, and weight was recorded. Then, the patients were
divided into three groups using a random allocation soft-
ware.

3.2. Intervention

An identical anesthesia protocol was performed for all
infants in such a way that before the injection of anesthetic
agents, two venous lines were taken from the infants.
Blood transfusion was initiated by intravenous injecting 5
mg/kg sodium thiopental, 0.5 mg/kg of Atracurium, and
1 µ/kg fentanyl as anesthetic agents. The anesthesia was
maintained by administering 1.2% MAC of isoflurane with
oxygen and N2O in in equal proportions.

Ten minutes before the start of surgery, 10 mg/kg of TXA
(Caspian Company, Iran) was administered intravenously
to patients in the first group (TXA group). In the second
group, patients were subjected to CHA using intravenous
remifentanil 0.1 µ/kg (CHA group), which was repeated as
needed during the surgical procedure so that the mean ar-
terial pressure (MAP) was regulated at 30% below the MAP
before anesthesia induction and within the range of 50
- 60 mmHg. In the third group, in addition to receiving
10 mg/kg of TXA intravenously (Caspian Company; Iran),
the patients underwent CHA similar to that of the second
group (CHA-TXA group). All studied medicines were ad-
ministered in 20 cc dextrose water 5% serum for 15 minutes
through intravenous infusion.
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Analyzed (n = 25)
- Excluded from analysis (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Excluded (n = 6)
- Not meeting inclusion criteria (n = 4)
- Declined to participate  (n = 2)) 
- Other reasons (n = 0)

Assessed for eligibility (n = 81)

Randomized (n = 75) 

Allocated to intervention (n = 25) (received
m10 mg/kg tranexamic acid) 

Received allocated intervention (n = 25)
Did not receive allocated intervention (n = 0)

Allocation

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Follow- Up

Analyzed (n = 25)
- Excluded from analysis (n = 0)

Analysis

Enrollment

Allocated to intervention (n = 25) (controlled  

hypotension anesthesia)  
Received allocated intervention (n = 25)  

Did not receive allocated intervention (n = 0)

Allocated to intervention (n = 25) (received 

combination approach of 10 mg/kg tranexamic
acid and controlled hypotension anesthesia)

  Received allocated intervention (n = 25)
  

Did not receive allocated intervention (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Analyzed (n = 25)

- Excluded from analysis (n = 0)

Figure 1. Consort flowchart of patients

It is worth mentioning that to comply with blinding
conditions, the anesthesiologist responsible for perform-
ing the interventions was not present in the operating
room during the surgery, and another anesthesiologist,
who had no knowledge of the type of intervention in each
group, evaluated the patients’ condition and provided the
required information.

3.3. Outcome Measures

Total perioperative blood loss is determined by mea-
suring the blood collected in the suction bottle at the end
of surgery and subtracting the volume of saline used for
irrigation during the surgery, transfused blood volume
(Packed red blood cells (PRBCs), and fresh frozen plasma
(FFP)) during the surgery and in the intensive care unit,
extubation time, and recovery time were recorded in the
study checklist. It is necessary to mention that the max-
imum allowable blood loss was utilized to measure the
maximum blood loss that can be considered acceptable for
a patient during a surgical procedure (23). Injections of

PRBCs compensated for this amount. Fresh frozen plasma
was assessed for patients whose transfused blood volume
exceeded 50% of their total blood volume.

The duration of surgery, the length of recovery stay,
and the extubation time were recorded. Consider that
extubation time expressed in terms of minutes was de-
fined as the duration from anesthetic injection cessation to
when the patient was wholly extubated. A Modified Aldrete
Score was used to determine the recovery time (22). In addi-
tion, patients’ hemoglobin and hematocrit were recorded
before and 6 hours after the surgery. Mean arterial pres-
sure and heart rate (HR) were recorded before the surgery
and every 15 minutes to 3 hours after the intervention (dur-
ing and after the surgery).

3.4. Statistical Analysis

The obtained data were entered into SPSS-24 software
(IBM® SPSS® Statistics; Chicago; The United States). De-
scriptive variables were presented as means and percent-
ages. For analytics, one-way ANOVA (to compare the means
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of quantitative variables between groups), Tukey’s post
hoc test (to perform pairwise comparisons between the
means of quantitative variables), chi-squared test (to com-
pare qualitative variables between groups), and repeated
measures ANOVA (to evaluate the changes within one vari-
able over time) were used. In all analyses, a significance
level of less than 0.05 was considered.

4. Results

In the present study, the TXA group consisted of 14
(56%) girls and 11 (44%) boys with a mean age of 6.52 ± 3.00
months. The CHA group included 9 (36%) girls and 16 (64%)
boys with a mean age of 8.00 ± 3.48 years. Moreover, the
CHA-TXA group comprised 10 (40%) girls and 15 (60%) boys
with a mean age of 8.40 ± 3.47 months (P-value > 0.05) (Ta-
ble 1).

Examination of hemodynamic parameters revealed
that the three groups did not have significant differences
in terms of MAP and HR at the beginning of the study (P-
value > 0.05). However, these two parameters were signifi-
cantly higher in the CHA-TXA group compared to the other
two groups in follow-up times (P-value < 0.05). In addition,
the changes in these two parameters over time (3 hours af-
ter surgery) were significant in all three groups; however,
the lowest decrease was observed in the CHA-TXA group (P-
value < 0.05) (Table 2).

Analysis of data related to surgery indicated that the
total perioperative blood loss in the CHA-TXA group with
the mean of 181.20 ± 82.71 cc was significantly less than the
total perioperative blood loss in the CHA and TXA groups
with the means of 262.00 ± 104.04 cc and 212.80 ± 80.75
cc, respectively (P-value < 0.05). Furthermore, the transfu-
sion volume in the CHA-TXA group with the mean of 112.40
± 53.50 cc was significantly lower than the transfusion vol-
ume in the CHA and TXA groups with the means of 174.00
± 73.93 cc and 160.63 ± 59.35 cc, respectively (P-value <
0.05). In contrast, the total blood loss and transfusion vol-
ume were not significantly different between CHA and TXA
groups (P-value > 0.05). In addition, the pairwise compar-
ison of the two groups showed that the patients’ hemat-
ocrit and hemoglobin before and 6 hours after the surgery
had no significant difference with each other (P-value >
0.05). However, over time, the hemoglobin and hematocrit
levels in the CHA group and only the hematocrit level in the
TXA group had a significant decrease within 6 hours after
surgery (P-value < 0.05) (Table 3).

5. Discussion

The study findings showed that the three groups were
similar in terms of age, sex distribution, and body weight.

In addition, the duration of surgery, the length of recovery
stay, and the extubation time were not statistically differ-
ent among the three groups. Therefore, it seems that con-
founding variables did not affect the results of this study.
Total blood loss and transfusion volume were significantly
lower in the CHA-TXA group compared with the other two
groups. Moreover, the means of total blood loss and trans-
fusion volume were significantly lower in the TXA group
compared with the CHA alone group. In addition, Hb and
HCT changes in the CHA-TXA group were lower than Hb and
HCT changes in the other two groups; however, in general,
the three groups did not have significant differences with
each other in terms of the mean of these two factors.

In line with the findings of this study, the results of
Zhang et al.’s study also indicated the effectiveness of the
combination of CHA and TXA in reducing blood loss and
transfusion after the surgery such that the total blood loss
and blood transfusion rates in this approach were approx-
imately 30% and 15%, respectively (25). In addition, they
stated that Hb and HCT levels were better maintained by
administering TXA plus CHA (25). In fact, a faster recov-
ery indicated by the reduced length of hospital stay in the
two CHA groups was experienced after the surgery by im-
proving the HCT and Hb levels. Contrary to the antiplas-
min ability of TXA, hemorrhage was reduced by HA as a
result of changing the regional tissue perfusion during
surgery (26). The literature acknowledges that intraoper-
ative blood loss could be significantly reduced by HA up to
30 - 50% (27, 28). It can be stated that the effects of CHA can
be directly combined with TXA. In addition, as hypotensive
status can be maintained for several hours after recovery
from anesthesia, rebound bleeding can be avoided follow-
ing the fading away of spillover hypotensive effects. More-
over, the muscle and bone surface bleeding constantly re-
duces and, in turn, decreases dominant blood loss follow-
ing the surgery (29).

Moreover, the antifibrinolytic effect of TXA and the in-
hibition of plasmin generation can also be effective in con-
trolling blood loss. In other words, TXA seems to effectively
inhibit fibrinolysis caused by surgical trauma, while CHA is
mainly effective during surgery. The role of CHA in blood
loss has been poorly in previous studies (30, 31).

Many studies have reported the successful use of TXA
to reduce perioperative blood loss and PRBC transfusion
in pediatric surgeries. Although this agent has been effec-
tively used in orthopedic surgeries (32), there was a major
concern about whether TXA can successfully control blood-
related complications of cranial surgeries, especially cran-
iosynostosis (7, 33). In this regard, numerous studies were
performed and are in progress, indicating successful out-
comes of TXA for controlling blood loss during craniosyn-
ostosis surgery (1, 7, 34-36), which is consistent with our

4 Anesth Pain Med. 2023; 13(1):e130462.



Moradi Farsani D et al.

Table 1. Comparison of Infants’ Demographic Characteristics Among Three Groups a

Characteristics TXA Group (n = 25) CHA Group (n = 25) CHA-TXA Group (n = 25) P-Value

Age (mo) 6.52 ± 3.00 8.00 ± 3.48 8.40 ± 3.47 0.112 b

Sex

Girl 14 (56) 9 (36) 10 (40) 0.320 c

Boy 11 (44) 16 (64) 15 (60)

Weight (kg) 6.75 ± 2.14 8.00 ± 3.10 8.26 ± 2.71 0.110 b

Abbreviations: TXA, tranexamic acid; CHA, controlled hypotensive anesthesia.
a Values are expressed as mean ± SD or No. (%).
b The significance level of the ANOVA test comparing the mean of the variables among the three groups.
c The significance level of the chi-squared test comparing the frequent distribution of the variable among the three groups.

findings. Diarrhea, nausea, orthostatic reactions, and hy-
persensitivity are adverse effects of TXA and rarely have
been focused on (37, 38). Thrombotic incidents that can
be attributed to the nature of TXA are the most concerning
complication of this agent and have not been addressed in
the literature (32, 39).

However, the findings of our study indicated that pa-
tients’ MAP and HR were more stable in the CHA-TXA group
compared with the other two groups over 180 minutes.
Moreover, the TXA group was more successful than the CHA
group alone in this respect. Barak et al. addressed the effi-
cacy of hypotensive anesthesia in major maxillofacial surg-
eries and concluded that concise patient selection for hy-
potensive anesthesia and adequate blood loss replacement
are necessary to successfully and safely perform this ap-
proach during major maxillofacial surgeries (22).

In a more recent study, Shaban et al. presented the effi-
cacy of hypotensive anesthesia during maxillofacial surg-
eries though they also presented probable complications
(21). Fearon et al. performed a study assessing hypotensive
anesthesia during CVR for craniosynostosis surgery, com-
pared it with normotensive anesthesia, and reported no
difference (24). They eventually claimed that the lack of a
significant difference between the two groups shows that
hypotensive anesthesia is not worth controlling blood loss
and transfusion during craniosynostosis surgery among
this vulnerable population (24). These outcomes were pre-
sented by Chang et al. in a study on patients that under-
went craniosynostosis surgery from 2013 to 2016 (40). The
findings of another study ascribed the mentioned finding
to the quite mild hemodynamic micro-environment pro-
vided by the hypotension status. This micro-environment
may improve clot formation and stabilization, which in
turn facilitate the effects of TXA (29). However, further
studies are required to shed more light on the issue.

In particular, there has been no study evaluating the ef-
fect of the combination of TXA and CHA on the blood loss
control and perioperative blood transfusion in craniosyn-
ostosis surgery. Therefore, in comparison with other stud-

ies, caution should be given due to the difference in the
type of surgery and the age range of patients. The limita-
tions of this study may include the small sample size, the
non-consideration of blood on the surgical instruments
or blood gases in the calculation of total blood loss, and
the lack of any separate reports regarding the frequency of
using blood products, including PRBC, FFP, and platelets.
However, attention to two conventional methods of blood
loss control in this rare and high-risk surgery can be con-
sidered one of the strengths of this study. Considering the
special conditions of this surgery and the patients’ high-
risk age range (children under one year), it seems neces-
sary to conduct more studies in this regard to achieve more
accurate, reliable, and generalizable results.

5.1. Conclusions

Based on the results of the present study, although
the administration of TXA alone could effectively prevent
blood loss and was associated with fewer transfusion re-
quirements, the combination of this approach with hy-
potensive anesthesia resulted in not only more favorable
results in reducing perioperative blood loss and transfu-
sion volume but also better hemodynamic stability.
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Table 2. Comparison of the Mean Arterial Pressure and Heart Rate Among Three Groups Over Time a

Parameters b TXA Group (n = 25) CHA Group (n = 25) CHA-TXA Group (n = 25) P c P d P e

MAP (mmHg)

T0 66.80 ± 10.03 66.00 ± 5.47 65.46 ± 8.16 0.728 0.606 0.784

T15 62.40 ± 9.85 60.32 ± 5.75 62.17 ± 4.75 0.366 0.916 0.221

T30 58.48 ± 6.09 57.32 ± 5.04 61.50 ± 5.50 0.467 0.072 0.007

T45 57.24 ± 5.57 55.76 ± 4.67 60.88 ± 6.73 0.313 0.042 0.003

T60 55.40 ± 6.06 54.72 ± 3.75 60.42 ± 6.26 0.635 0.006 < 0.001

T75 53.76 ± 5.71 53.04 ± 3.36 60.54 ± 8.97 0.590 0.002 < 0.001

T90 52.36 ± 5.70 52.80 ± 3.62 60.96 ± 10.06 0.746 < 0.001 < 0.001

T105 53.65 ± 4.62 52.38 ± 4.08 61.29 ± 7.61 0.308 < 0.001 < 0.001

T120 52.14 ± 4.79 51.05 ± 2.70 60.42 ± 5.16 0.326 < 0.001 < 0.001

T135 53.12 ± 6.41 51.07 ± 2.70 62.13 ± 5.53 0.147 < 0.001 < 0.001

T150 51.91 ± 3.53 50.13 ± 1.72 61.25 ± 4.97 0.028 < 0.001 < 0.001

T165 51.25 ± 3.77 49.80 ± 1.78 62.00 ± 4.89 0.088 < 0.001 < 0.001

T180 49.50 ± 3.70 52.00 ± 5.65 60.67 ± 5.50 0.070 < 0.001 0.011

P f < 0.001 < 0.001 0.014

HR (bpm)

T0 144.88 ± 16.42 143.08 ± 9.40 137.67 ± 21.22 0.636 0.185 0.249

T15 136.04 ± 19.93 123.48 ± 9.72 134.92 ± 16.37 0.006 0.829 0.005

T30 130.96 ± 17.85 121.48 ± 9.81 134.92 ± 18.34 0.024 0.442 0.003

T45 129.64 ± 20.71 119.56 ± 9.22 135.42 ± 17.90 0.031 0.296 < 0.001

T60 128.92 ± 20.97 119.04 ± 8.72 135.21 ± 16.91 0.034 0.249 < 0.001

T75 123.88 ± 13.16 117.16 ± 9.97 135.33 ± 16.68 0.047 0.009 < 0.001

T90 123.64 ± 14.82 116.64 ± 9.76 135.58 ± 15.84 0.054 0.008 < 0.001

T105 121.43 ± 14.44 114.79 ± 8.35 132.95 ± 13.65 0.052 0.006 < 0.001

T120 121.27 ± 14.99 114.14 ± 8.36 132.21 ± 12.51 0.043 0.007 < 0.001

T135 124.53 ± 14.65 114.71 ± 6.46 133.50 ± 12.87 0.003 0.025 < 0.001

T150 124.27 ± 18.89 113.38 ± 6.25 132.17 ± 10.43 0.008 0.043 < 0.001

T165 133.50 ± 29.85 110.20 ± 4.43 129.50 ± 6.62 < 0.001 0.516 < 0.001

T180 133.50 ± 51.61 106.00 ± 60.00 127.67 ± 2.51 0.088 0.575 0.077

P f < 0.001 < 0.001 0.038

Abbreviations: TXA, tranexamic acid; CHA, controlled hypotensive anesthesia; MAP, mean arterial pressure; HR, heart rate.
a Values are expressed as mean ± SD.
b T0: Baseline, T15: 15 minutes after intervention, T30: 30 minutes after intervention, T45: 45 minutes after intervention, T60: 60 minutes after intervention, T75: 75 min-
utes after intervention, T90: 90 minutes after intervention, T105: 105 minutes after intervention, T: 120 minutes after intervention, T135: 135 minutes after intervention,
T150: 150 minutes after intervention, T165: 165 minutes after intervention, T180: 180 minutes after intervention.
c The significance level obtained from Tukey’s post hoc test to compare the variable mean of tranexamic acid group with that of controlled hypotension anesthesia
group.
d The significance level obtained from Tukey’s post hoc test to compare the variable mean of tranexamic acid group with that of controlled hypotension anesthesia-
tranexamic acid group.
e The significance level obtained from Tukey’s post hoc test to compare the variable mean controlled hypotension anesthesia group with that of controlled hypotension
anesthesia-tranexamic acid group.
f The significance level obtained from the repeated measures ANOVA test to compare the variable mean in each of the groups over time (time effect).
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Table 3. Comparison of Hemoglobin and Hematocrit Levels Before and After Surgery and Other Variables Related to Surgery Among the Three Study Groups a

Variables TXA Group (n = 25) CHA Group (n = 25) CHA-TXA Group (n = 25) P b P c P d

Hemoglobin

Before surgery 11.62 ± 0.86 11.33 ± 1.10 13.15 ± 5.63 0.304 0.185 0.119

6 hours after surgery 11.14 ± 1.41 10.78 ± 0.84 11.20 ± 2.35 0.278 0.913 0.404

P e 0.051 0.004 0.085

Hematocrit

Before surgery 35.05 ± 2.50 34.00 ± 3.30 39.53 ± 16.90 0.211 0.196 0.115

6 hours after surgery 33.24 ± 3.92 32.34 ± 2.52 33.40 ± 6.87 0.339 0.920 0.472

P e 0.006 0.004 0.069

Total blood loss during surgery (cc) 212.80 ± 80.75 262.00 ± 104.04 181.20 ± 82.71 0.067 0.038 0.004

Transfusion volume (cc) 160.63 ± 59.35 174.00 ± 73.93 112.40 ± 53.50 0.484 0.004 0.001

Duration of surgery (min) 136.04 ± 24.49 134.40 ± 25.05 139.60 ± 31.38 0.816 0.657 0.520

Length of recovery stay (min) 72.80 ± 15.88 78.00 ± 12.50 80.20 ± 27.51 0.204 0.249 0.717

Extubation time (min) 18.00 ± 9.89 23.20 ± 8.64 24.79 ± 14.48 0.053 0.051 0.639

Abbreviations: TXA, tranexamic acid; CHA, controlled hypotensive anesthesia.
a Values are expressed as mean ± SD.
b The significance level obtained from Tukey’s post hoc test to compare the variable mean of tranexamic acid group with that of controlled hypotension anesthesia
group.
c The significance level obtained from Tukey’s post hoc test to compare the variable mean of tranexamic acid group with that of controlled hypotension anesthesia-
tranexamic acid group.
d The significance level obtained from Tukey’s post hoc test to compare the variable mean controlled hypotension anesthesia group with that of controlled hypotension
anesthesia-tranexamic acid group.
e The significance level obtained from the repeated measures ANOVA test to compare the variable mean in each of the groups over time (time effect).

Data Reproducibility: The data that support the findings
of this study are available on request from the correspond-
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