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Abstract Blood loss remains a significant source of morbidity and mortality in orthopaedic
surgery, with transfusions associated with an increased risk of infection, length of stay,
delayed rehabilitation, and significantly increased hospitalization costs. The purpose of
this study was to assess whether the use of tranexamic acid (TXA) is effective in
reducing postoperative blood loss in patients undergoing distal femoral osteotomy
(DFO). A retrospective review was performed of all patients undergoing DFO by a single
surgeon from 2010 to 2017, with a change in protocol occurring in 2014, after which all
patients received TXA. Patients in the TXA group (n ¼ 24) received 1-g TXA immedi-
ately prior to incision followed by a second dose of 1-g TXA 4 hours after the
administration of the first dose. Patients in the control group (n ¼ 28) did not receive
TXA. Drainage was recorded through a subfascial drain that remained for 24 hours
postoperatively. Postoperative hemoglobin, hematocrit, and transfusions, as well as
demographic factors, including age, gender, body mass index (BMI), medical comor-
bidities, and ASA (American Society of Anesthesiologists) class, were recorded. Multi-
variate regression analysis adjusting for potential confounding variables was
performed. With the exception of gender, the two groups did not differ significantly
in baseline characteristics, including age, BMI, and ASA class. There was a significant
difference in postoperative blood loss, with those receiving TXA having a mean drain
output of 184.2 versus 242.1mL for the control group (p ¼ 0.02), which persisted after
regression analysis (p < 0.005). Blood loss differed between patients who received one
(250 mL) dose and those who received two (162.2 mL) doses of TXA, although this
difference was insignificant (p ¼ 0.489). There were no differences in postoperative
hemoglobin and hematocrit levels. One patient (control group) required blood
transfusion postoperatively. There were no complications related toTXA. In conclusion,
TXA results in less postoperative blood loss in DFO, with the most pronounced effect in
those who receive two doses. Future research should involve a larger, prospective study
to assess for differences in postoperative hemoglobin/hematocrit levels and transfu-
sion rates.
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Blood loss remains a significant source of morbidity and
mortality in orthopaedic surgery,with transfusions associated
with an increased risk of bacterial infection, length of stay,
delayed rehabilitation, and significantly increased hospitaliza-
tion costs.1–9 In the trauma setting, blood transfusions are also
associated with decreased survival and increased risk of
mortality > 90 days after hip fracture surgery.10 In the past,
blood transfusions have been quite common postoperatively,
with transfusions required in11 to67%ofarthroplasties,11,122
to 36% of spine surgery,4,13,14 20 to 60% of hip fractures, and
100% of patients requiring intramedullary nailing for two or
more long bone fractures.15–17 Transfusion requirement in
limb realignment at the distal femur is notwell documented in
the literature, although one study noted a transfusion rate of
31% associated with distal femur fractures in the elderly.18

While many strategies have been trialed to reduce blood
loss in orthopaedic surgery, tranexamic acid (TXA) has
emerged as an inexpensive and effective way to prevent
transfusions in a variety of settings. Surgical bleeding is
thought to be enhanced by the activation of local fibrinolysis
factors, particularly in the setting of a pneumatic tourniquet.19

TXA, a synthetic lysine analogue, reversibly binds plasmino-
gen, preventing its conversion to plasmin and thus the pro-
teolytic action of degrading fibrin.20 The benefit of TXA has
been acknowledged across multiple surgical disciplines and is
used in cardiac surgery, gynecological surgery, and neurosur-
gery, amongothers. In orthopaedics, TXAhasbeenmost tested
in arthroplasty, with numerous studies demonstrating its
benefit in total knee arthroplasty (TKA)21–26 and total hip
arthroplasty (THA).27–30 In the trauma setting, early studies
suggest that TXA is safe and effective. In the CRASH-2 (Clinical
Randomization of an Antifibrinolytic in Significant Hemor-
rhage 2) study,more than 20,000 patientswere randomized to
TXA or placebo, with patients receiving TXA having reduced
all-cause mortality and risk of death due to bleeding.31,32 A
recent systematic review reported on TXA use in hip fracture
surgery, reporting that intravenous (IV) TXA significantly
reduced theblood transfusion requirement without increased
risk of thromboembolic (TE) events.33

While TXA has demonstrated efficacy in these contexts,
we know of no prior study assessing its utility in limb
deformity. The purpose of this study is to evaluate the benefit
of TXA in distal femoral osteotomy (DFO). We hypothesize
that patients receiving TXA will have lower postoperative
blood loss compared with controls. Establishing the efficacy
of TXA in DFO for limb realignment will benefit patients,
surgeons, hospitals, and payers alike.

Methods

Institutional Review Board approval was obtained prior to
initiation of the study. A retrospective review was performed
onall patientsundergoingDFObya single author (S. R. R.) from
2010 to 2017. For each case, the same protocolwas followed. A
tourniquetwas inflatedprior to incisionanddeflatedafter skin
closure. A deep, subfascial drainwas left in place and removed
24 hours postoperatively, and postoperative drainage was
recorded. For the senior author, a change in protocol occurred

in April 2014, when patients began to receive one dose of 1-g
TXA immediately prior to incision (� a seconddose of 1-g TXA
4 hours following administration of the first dose).

A total of 28 patients underwent DFO without TXA
between 2010 and 2014 and were included in the control
group. A total of 24 patients underwent DFO with TXA
between 2014 and 2017 andwere included in the TXA group
(6 patients received one dose, 18 patients received two
doses). Demographic factors including age, gender, body
mass index (BMI),medical comorbidities, andASA (American
Society of Anesthesiologists) class were recorded. The pri-
mary outcome measure included total postoperative blood
loss as indicated by drain output. Secondary outcomes
included postoperative hemoglobin and hematocrit values
and postoperative transfusion rate.

Statistical Analysis
Demographic variableswere compared using Student’s t-test
and chi-square test. A generalized linear regression model
was used to compare the blood loss between the two groups,
controlling for potential confounding factors including age,
BMI, gender, and ASA class. All analyses were performed
using SAS statistical software (SAS Institute Inc., Cary, NC).

Results

Atotal of 52patientsmet inclusion criteria andwere included in
the study. Demographic details of the included patients are
shown in ►Table 1. Mean age for the control and TXA groups
were 40.4 and 41.7 years, respectively. The two groups did not
differ significantly inbaselinecharacteristics includingage,BMI,
and ASA class. The gender distribution did differ significantly,
with5malesand23females in thecontrolgroupcomparedwith
12 males and 12 females in the TXA group (p ¼ 0.0138).

Postoperative blood loss, and pre- and postoperative hemo-
globin and hematocrit levels were assessed and are shown
in►Fig. 1A–C. There was a significant difference in postopera-
tiveblood loss,with thosereceivingTXA(onedoseor twodoses)
having a mean drain output of 184.2 mL (range: 0–500 mL)
compared with 242.1 mL (range: 50–530 mL) for the control
group (p ¼ 0.02). This significant difference persisted after
regression analysis (p < 0.005). There were no significant dif-
ferences in postoperative hemoglobin and hematocrit levels
between patients receiving TXA and the controls.

Table 1 Patient demographics

Control
(n ¼ 28)

TXA (n ¼ 24) p-Value

Age (years) 40.36 � 16.35 41.71 � 17.18 0.7729

BMI (kg/m2) 29.12 � 5.96 26.76 � 4.97 0.1318

Sex
(male:female)

5:23 12:12 0.0138

ASA class
(I/II/III)

7/18/3 4/19/1 0.5295

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body
mass index; TXA, tranexamic acid.
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When stratified by dosing regimen, those receiving two
doses of TXA had a significant decrease in postoperative
blood loss (162.2 mL) comparedwith the controls (242.1 mL;
p ¼ 0.014), although this difference was not present for
patients who received only one dose of TXA (250 mL). No
differences were found in hemoglobin or hematocrit levels
when stratified by dosing regimen. One patient in the control
group required blood transfusion postoperatively, whereas
no patients in the TXA group required transfusion. There
were no complications, including deep venous thrombosis,
related to the use of TXA.

Discussion

The results of our study demonstrate that the administration
of TXA decreases postoperative blood loss in the setting of
DFO. Specifically, patients receiving TXA had a mean post-
operative blood loss approximately 25% less than patients
who did not receive TXA. When stratified by dosing, we
found that patients who received two doses of TXA had
significantly less blood loss than those in the control group,
whereas patients who received only one dose of TXA intrao-
peratively showed no such difference.

TXA has been studied extensively, consistently demon-
strating efficacy in the hip and knee arthroplasty literature.
In a meta-analysis of randomized controlled trials (RCTs) in
primary TKA, Yang et al reported a decrease in blood loss of
504mL and reduction in transfusion by 1.43 units per patient
associated with the use of IV TXA.26 Similarly, in their meta-
analysis of RCTs studying TXAuse in THA, Sukeik et al noted a
reduction in total blood loss of 289 mL and a significant
reduction in transfusion rate for patients receiving TXA.34

Reducing the transfusion rate has had a transformational
effect in arthroplasty. Prior to the popularization of TXA in
arthroplasty, allogeneic transfusions were quite common,
with transfusion rates of 11 to 67%,11,12 whereas a recent
studyon IVand topical TXA inTKA reported transfusion rates
of 0.6 and 1.6%, respectively.35

The appropriate dose of TXA in DFO remains to be seen.
According to the results of our study, patients who received
two doses of TXA had significantly lower blood loss than those
in the control group, whereas those who received only one
dosedidnot. Several othershavestudiedTXAdosing, generally
reporting increased effect with higher doses of TXA. Alshryda
et al36performedameta-analysis of RCTs inprimary TKA,with
subgroup analysis demonstrating that high-dose (>4 g) TXA
may be significantly associatedwith reduction in blood trans-
fusion (risk ratio: 5.33). Similarly, Tanaka et al found that TXA
had the greatest effect in reducing blood loss andmaintaining
greater postoperative hemoglobin in TKA when it was given
preoperatively and again on deflation of the tourniquet com-
pared with a single dose of TXA,25 andManiar et al found that
adjuvant doses (either preoperatively, or preoperatively and
postoperatively) resulted in significantly reduced drain loss
compared with controls, whereas one dose (10 mg/kg) given
intraoperatively was ineffective.37 Interestingly, when analyz-
ing total blood loss, these authors found that patientswhohad
an additional dose of TXA preoperatively had a reduction in
total blood loss compared with controls, whereas those with
an additional dose postoperatively did not, suggesting that
preoperative TXA administration has advantages over post-
operative administration. Others, however, have found no
benefit to additional TXA doses. Lin et al, for example, found
no difference in total blood loss or transfusion rate between
two doses (preoperative and intraoperative) comparedwith a
single intraoperative dose in minimally invasive TKA.38 Ker et
al performed a meta-analysis of TXA use across multiple
disciplines and found a poor dose–response relationship
between TXA dose and blood loss, noting that a total dose of
1 g was sufficient for most adults.39 While we did detect a

Fig. 1 (A) Mean postoperative blood loss: there was a significant
difference in postoperative blood loss, with those receiving tranexa-
mic acid (TXA; one dose or two doses) having a mean drain output of
184.2 mL compared with 242.1 mL for those in the control group
(p ¼ 0.02). (B) Mean preoperative and postoperative hemoglobin: no
significant difference was found in preoperative or postoperative
hemoglobin values between controls and those who received TXA
(one dose or two doses). (C) Mean preoperative and postoperative
hematocrit: no significant difference was found in preoperative or
postoperative hematocrit values between controls and those who
received TXA (one dose or two doses).
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significant decrease in blood loss for thepatientswho received
only one dose, this group was very small, comprising only six
patients. Therefore, we feel that we were unable to draw
conclusions about the effect of one dose of TXA based on these
results and that this should be a topic of further research.

Not only has TXA shown efficacy broadly, but experience to
datehas also demonstrated its favorable safety profile. The risk
of TE disease is the primary concern for patients who receive
TXA, which was assessed in a recent study.40 Madsen et al
performed a retrospective review of more 3,000 patients
undergoing THA or TKA, of which the majority (87.6%)
received TXA preoperatively, and found a 1% risk of TE event,
with no difference between patients who received TXA and
those who did not. Within the TXA group, the authors found
that higher age (odds ratio [OR]: 1.06) and particularly cardi-
ovascular disease (OR: 4.78)were significantly correlatedwith
the likelihood of having a TE event. Yang et al reported similar
findings in a meta-analysis of RCTs in primary TKA, noting no
difference in prothrombin time, activated partial thrombo-
plastin time, deep vein thrombosis, or pulmonary embolus
between TXA and placebo.26 Similarly, another group per-
formed a meta-analysis on RCTs of TXA use in TKA and THA,
reporting no increased risk for VTE associated with TXA.41

Finally, in their large retrospective cohort study of more than
800,000 hip and knee arthroplasty patients, TXA was asso-
ciated with no increased risk of VTE.42 We had no such
complications in our cohort, which is consistent with prior
literature demonstrating the favorable safety profile of TXA.

Our study has several limitations. First, this was not a
prospective study but a retrospective review and therefore is
limited by potential bias conferred by this type of study.
There was a difference in the baseline gender composition
between the two groups that we do not expect would bias
the results in either direction; otherwise, no significant
baseline differences were identified. Furthermore, while
this was a retrospective study, the difference in treatment
represented a protocol shift in the management of these
patients, where all patients after a certain date received TXA,
perhaps limiting the bias of the study’s retrospective nature.
Second, there are limitations associated with the use of
postoperative drain output as a proxy for postoperative
blood loss, including small variations in how much blood
collects in the drains or precise times the drains were
removed, as well as the potential for the drains to clot off.
Finally, we are limited by the small sample size of our cohort,
specifically regarding drawing conclusions about differences
in TXA dosing. A larger, prospective, randomized study
would help to elucidate these differences and limit the
drawbacks of our study design.

Conclusions

While TXA has been studied extensively in the arthroplasty
literature, to our knowledge, this is the first study to report
on the efficacyof TXA in the settingofdistal femur osteotomy
for limb realignment. As hypothesized, we found that TXA
use is effective in reducing postoperative blood loss without
associated complications. Given the small nature of our

study, conclusions cannot be drawn regarding the optimal
dosing in this setting, which should be studied in a larger,
randomized, prospective study in the setting of DFO.
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paedic Surgery, Hospital for Special Surgery, New York, NY.
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