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Abstract

Background Tranexamic acid (TXA) has shown safety
and efficacy in reducing blood loss associated with various
surgical procedures. However, to our knowledge there are
no studies evaluating the effect of TXA on blood loss and
transfusion requirements associated with periacetabular
osteotomy (PAO).

Questions/purposes The main purpose of this study is to
determine whether TXA reduces blood loss and transfusion
use in patients undergoing PAO for symptomatic ac-
etabular dysplasia. Our secondary purpose was to compare
the frequency of symptomatic thromboembolic events be-
tween patients undergoing surgery with and without TXA.
Methods A consecutive series of 100 periacetabular os-
teotomies performed by one surgeon was reviewed to
compare the groups immediately before and after
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implementation of routine use of tranexamic acid (two
retrospective cohorts). TXA dosing followed an established
protocol with a standard dose of 1 g infused intravenously
during 10 minutes before skin incision and an additional
1 g intravenously at wound closure. Outcome measures
include total estimated blood loss perioperatively and
transfusion requirements. Total estimated blood loss was
calculated using a formula built from the National Surgical
Quality Improvement Program data regarding surgical
blood loss.

Results  The mean perioperative total estimated blood loss
was less in the patients receiving TXA compared with
blood loss in patients who did not receive TXA (706 mL
versus 1021 mL; p < 0.001; 95% CI, —495 to —134).
Twenty-six (52%) of the 50 patients who did not receive
TXA had postoperative blood transfusions compared with
15 (30%) of 50 who received TXA (odds ratio, 0.395; 95%
CI, 0.174-0.899; p = 0.0414). No symptomatic deep vein
thromboses or symptomatic pulmonary emboli were iden-
tified in either group.

Conclusions TXA reduces estimated blood loss and the
frequency of transfusions in patients undergoing PAO for
treatment of symptomatic acetabular dysplasia. Future
prospective studies should confirm our findings to deter-
mine whether patients undergoing PAO should receive
routine perioperative TXA.

Level of Evidence Level 111, therapeutic study.

Introduction

Antifibrinolytic agents such as tranexamic acid (TXA)
have shown safety and efficacy in reducing blood loss as-
sociated with various surgical procedures [3, 4, 6, 9, 13,
16]. TXA inhibits fibrinolysis by reversibly binding to
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plasminogen and thus blocking the binding of plasminogen
to fibrin. Its effectiveness in reducing postoperative blood
loss and minimizing transfusions has been documented in
various surgical subspecialties including cardiac, gas-
trointestinal, urologic, transplant, and orthopaedic surgery
[3, 4]. The effectiveness of TXA in total joint arthroplasty
was shown in two recent meta-analyses [13, 16].

Compared with total joint arthroplasty, patients under-
going periacetabular osteotomy (PAO) lose more blood
intraoperatively and receive transfusions more frequently
[12]. Minimizing blood loss in young active patients un-
dergoing pelvic osteotomy facilitates recovery and avoids
the risk of complications associated with transfusions.
However, to our knowledge, there are no studies evaluating
the effect of TXA on blood loss and transfusion require-
ments associated with PAO. Multiple approaches including
autologous blood donation and blood salvage have been
used for PAO, but each has associated risks and costs.
Therefore, there is a need for more effective blood man-
agement strategies for patients undergoing PAO.
Pharmacologic agents, including antifibrinolytic drugs, are
a possible solution to minimize blood loss and decrease
transfusion rates and associated risks in this patient
population. A concern associated with antifibrinolytic
agents such as TXA is the possible increased risk of
thrombosis, but reviews and multiple studies on this topic
have identified no increased risk [1, 2, 4, 11]. After PAO,
the incidence of symptomatic venous thromboembolism,
including symptomatic deep vein thrombosis (DVT) and
symptomatic pulmonary embolism (PE), is low [17].

The primary purposes of this study were to determine
whether TXA reduces blood loss and transfusions in pa-
tients undergoing PAO for symptomatic acetabular
dysplasia. Our secondary purpose was to compare the
frequency of symptomatic thromboembolic events between
patients undergoing surgery with and without TXA.

Patients and Methods

An initial query was run for all PAOs performed by one
surgeon (JCC) from March 2011 to January 2013 to iden-
tify a consecutive series of patients immediately before and
after institution of routine use of TXA. The study design
was submitted to the institutional review board and re-
ceived approval. Inclusion criteria were all PAOs
performed at one hospital as an individual procedure
without additional open procedures. Patients undergoing
associated arthroscopy in the same setting were included.
Patients undergoing revision or combination open proce-
dures (including surgical dislocation, proximal femoral
osteotomy) were excluded. A total of 104 procedures were
identified and four were excluded (one revision, three
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combination procedures) to compile a final study group of
100 procedures in patients meeting inclusion criteria with
two prospective longitudinal cohorts of 50 procedures (No
TXA and TXA). In 34 cases, hip arthroscopy was per-
formed in the same surgical setting as the PAO with 11 in
the No TXA group and 23 in the TXA group. Separate
analysis was performed to identify any variations based on
the inclusion of an arthroscopic procedure before the PAO
and no differences were seen for the included outcome
measures. Therefore, all results are reported for two groups
based only on administration of TXA.

All patients underwent PAO for symptomatic acetabular
dysplasia using the Bernese surgical approach with slight
modifications [5]. Briefly, the PAO allows for repositioning
of the acetabulum for improved femoral head coverage and
loading of the acetabular rim [10]. Surgical technique did
not change during the course of this study. All patients
received general anesthesia with a goal mean arterial
pressure of 60 to 70 mmHG and epidural catheters for
postoperative pain management. No changes were made to
anesthetic and pain management protocols during the study
period. Autologous blood recovery was used intraop-
eratively for all patients and was reinfused if greater than
125 mL was able to be prepared.

Outcome measures include perioperative total estimated
blood loss (EBL), and transfusion use (frequency and total
number of units transfused). Preoperative and postop-
erative laboratory values including hemoglobin and
hematocrit were evaluated for both groups. At baseline
there were no differences between groups for hemoglobin
and hematocrit. Perioperative EBL included intraoperative
EBL, visual estimation and documentation by the anes-
thesiologist, and postoperative drain output. The formula
by Wu et al. [14, 15] built from the National Surgical
Quality Improvement Program data regarding surgical
blood loss (EBL in milliliters = [31.265 * preoperative
hematocrit] — [29.83 * postoperative hematocrit] + [269.67
* units of red blood cells transfused]) was used to confirm
the accuracy of EBL (p = 0.503; 95% CI, —128.6 to 63.40),
Preoperative autologous blood donation was offered to all
patients and varied from zero to two units depending on
patient preferences. Clinical records from routine fol-
lowups were available for all patients and checked for
incidence of DVT or PE. Ultrasound evaluation was used
for diagnosis of thromboembolic events if warranted
symptomatically. Routine screening for DVT was not
performed in these patients.

Demographics

Evaluation of demographic data identified no differences
between groups (Table 1). The average age of the patients
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Table 1. Patient demographics

Table 2. Blood loss

Demographic No tranexamic acid Tranexamic acid p value
Age (years; range) 28 (13-49) 27 (17-47) 0.572
BMI (kg/m?) 24 23 0.118
Sex, female/male  41/9 44/6 0.406

for the entire study was 27 years (range, 1449 years) with
no significant difference between groups (28 versus 27
years, p = 0.572). The average BMI for the study was 23
kg/m? (range, 17-33 kg/m?) with no significant difference
between groups (24 versus 23 kg/m?, p = 0.118). The pa-
tient population was predominantly female (85%) with
only 18% male (nine of 50) in the No TXA group and 12%
(six of 50) in the TXA group and no significant difference
between groups (p = 0.406). Among the included patients,
34 underwent arthroscopy during the same surgical setting
(11 in the No TXA group, 23 in the TXA group). No
differences were seen for demographics between patients
who did and did not undergo arthroscopy.

Tranexamic Acid Protocol

One gram of TXA was infused intravenously (IV) during
the 10 minutes before skin incision and an additional 1 g IV
was administered at wound closure. All patients during the
study period met criteria for the low-risk dosing protocol.
Only one patient did not receive any TXA after imple-
mentation of its use and was included in the No TXA group
for data analysis purposes.

Anticoagulation Protocol

All patients before and after the use of TXA were treated
with the same venous thromboembolism prophylaxis pro-
tocol. Patients younger than 18 years do not receive
prophylaxis. All patients older than 18 years receive a
contralateral mobile pneumatic compression device intra-
operatively and bilateral mobile pneumatic compression
devices for 10 days postoperatively. Chemical prophylaxis
includes 325 mg enteric-coated aspirin twice daily for 6
weeks.

Indications for Transfusion

No standardized transfusion protocol was in place during
the study period, but a consistent clinical approach for one
surgeon was used throughout the study. Transfusion was
considered for patients with a hematocrit less than 26% and

Perioperative blood loss ~ No tranexamic Tranexamic p value
acid (mL) acid (mL)

Intraoperative estimated 639 486 < 0.001%*
blood loss

Intraoperative autologous 192 114 0.005%*
blood recovery

Postoperative drain 345 315 0.516
output

First 24 hours 193 124 0.002%*

Total blood loss 1021 706 0.001*

* Significant difference.

symptoms related to anemia. A total of eight (three without
TXA and five with TXA) transfusions were given for
symptomatic patients with a hematocrit of 26% or greater.
Transfusions were given one unit at a time and symptoms
were monitored. Furthermore, evaluation of baseline and
postoperative laboratory values for anemia (hemoglobin
and hamatocrit) allow for direct comparison between
groups and aid in eliminating possible bias related to
transfusion triggers.

Data Analysis

Descriptive statistics were analyzed for demographic data
including average age, BMI, and sex for the study groups.
Student’s t-test was used to compare continuous variable
outcome measures between the two groups. Categorical
data for transfusion frequencies were assessed with Fish-
er’s exact test. Results were considered statistically
significant with a p value less than 0.05.

Results

Perioperative blood loss was lower among patients who
received TXA. The mean intraoperative EBL was lower in
the TXA group (mean, 489 mL vs 639 mL respectively;
p <0.007; 95% CI, —260 to —40.6) (Table 2). Mean intra-
operative autologous blood recovery reinfusion amounts
were greater in the No TXA group than in the TXA group
(192 mL and 114 mL, p = 0.005). The mean total recorded
perioperative blood loss was lower in the TXA group (706
mL versus 1021 mL; 95% CI, —495 to —134; p < 0.001).
The overall transfusion requirements for the study period
was 41% with a significant difference between groups (OR,
0.395; 95% CI, 0.174-0.899; p = 0.0414). Transfusion use
was lower among patients who received TXA. In cases
without administration of TXA, patients had a 52% overall
transfusion rate (26 of 50) with 1.02 units transfused per
patient (range, 0-3 units). With the use of TXA, patients
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had a 30% overall transfusion rate (15 of 50) at 0.28 units
transfused per patient (range, 0-2 units). After exclusion of
autologous transfusion units, a statistically significant dif-
ference remained for allogenic blood transfusion between
groups (48% no TXA group versus 24% THA group; p =
0.021)

No patients had symptomatic postoperative DVT or
symptomatic PE in either group.

Discussion

TXA has been shown to reduce blood loss and transfusion
use in many surgical fields and seems safe to use [3, 4, 6, 9,
13, 16]. To our knowledge, no previous studies have
evaluated the use of TXA in conjunction with PAO. In our
study, patients undergoing PAO appeared to lose less blood
and receive fewer transfusions when treated with TXA
during surgery.

The study is weakened by the inherent limitations as-
sociated with nonrandomized, retrospective studies.
Patients were not randomized to treatment groups for TXA,
but a consecutive series was evaluated and strengthened by
a single-surgeon cohort. No changes were made in clinical
practice or surgical technique during this period and all
patients before and after institution of TXA met low-risk
criteria for TXA dosing based on an established protocol.
Second, calculating blood loss retrospectively has inherent
difficulties and is dependent on anesthesia provider esti-
mation and drain output measurements. While the methods
were not standardized prospectively the data collection
process was similar for both groups. Third, preoperative
autologous blood donation was not analyzed as a con-
tributing factor to perioperative blood loss. Nevertheless,
given the findings in this study we no longer use preop-
erative blood donation for patients undergoing PAO.
Larger future studies are needed to fully clarify noninfe-
riority of outcomes after TXA use with the PAO. Future,
prospective, randomized controlled trials could further
clarify the effectiveness of TXA in patients undergoing
PAO, but our study results provide initial data in a con-
secutive,  single-surgeon  series. No  standardized
transfusion protocol was in place during the study period,
but a consistent clinical approach for a single surgeon was
used throughout the study. Furthermore, evaluation of
baseline and postoperative laboratory values for anemia
(hemoglobin and hematocrit) allow for direct comparison
between groups and aid in eliminating possible bias related
to transfusion triggers. Hemoglobin and hematocrit levels
were higher in the TXA group even with a lower transfu-
sion frequency. A higher percentage of patients without
TXA received blood transfusions and the associated
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increase in hemoglobin and hematocrit values, yet the pa-
tients receiving TXA maintained higher laboratory values.
Finally, larger clinical studies focused on the safety of
TXA use related to symptomatic and subclinical DVT and
PE are warranted to confirm the findings of this study.

Various blood management protocols have been
evaluated and instituted in hopes of decreasing transfusion
rates and the associated risks and costs [8]. Meta-analyses
from the transfusion and intensive care literature [2, 7]
showed reduced blood loss and units transfused after IV
administration of TXA in patients undergoing THA or
TKA. A meta-analysis of 15 randomized controlled trials
of TXA use in patients undergoing TKAs identified less
blood loss and fewer transfusions in patients receiving
TXA [16]. The trials included varied dosing regimens,
study quality, and venous thromboembolism prophylaxis,
but there was no identified increase in symptomatic DVT
or PE [16]. Although different protocols were followed
regarding timing and dosing of TXA, the combined data
show safe and effective use of TXA in patients undergoing
TKA. PAO is a longer procedure with more potential blood
loss than primary joint arthroplasty and similar effective-
ness was seen in this study.

In a series of 108 PAOs, Pulido et al. [12] identified a
20% allogeneic transfusion rate and an overall rate of 94%
when including autologous transfusions and intraoperative
autologous blood recovery. Each patient received an av-
erage of 2.14 units [12]. The allogeneic transfusion rate in
our study was higher before institution of TXA use (48%
versus 20%), but this variation may result from various
factors including preoperative autologous blood donation,
clinical transfusion triggers, and availability of autologous
blood. Thus, comparison of these data with our data is
difficult owing to these potential differences in periop-
erative blood management. Our current allogeneic
transfusion rate is comparable to that of Pulido et al. (24%
versus 20%).

The risk for symptomatic DVT or PE after PAO has
been shown to be low. Specifically, results from a multi-
center database showed four cases of PE and seven cases of
DVT for a crude incidence of 9.4 per 1000 procedures [17].
Across the six centers, various prophylaxis strategies were
used. The data from Zaltz et al. [17] suggest that the risk of
symptomatic DVT is low but proper studies with effective
screening methods are needed to fully evaluate this risk.

Our data indicate the use of IV TXA before skin incision
and at wound closure reduces blood loss and transfusion
use in patients undergoing PAO for treatment of symp-
tomatic acetabular dysplasia. Future randomized controlled
studies should confirm our findings to determine whether
patients undergoing PAO should receive routine periop-
erative TXA.
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