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a b s t r a c t
The objective of this study was to determine if tranexamic acid (TXA) applied topically reduced postoperative
bleeding and transfusion rates after primary total hip arthroplasty (THA) and primary total knee arthroplasty
(TKA). Two hundred and ninety consecutive patients from a single surgeon were enrolled. In TKA, TXA
solution was injected into the knee after closure of the arthrotomy. In THA, the joint was bathed in TXA
solution at three points during the procedure. In both THA and TKA the TXA solution was at a concentration of
3 g TXA per 100 mL saline. The mean blood loss was signiﬁcantly higher in the non-TXA patients in both TKA
and THA groups. Postoperative transfusions decreased dramatically with TXA, dropping from 10% to 0%, and
from 15% to 1%, in the TKA and THA groups, respectively. Topical application of TXA signiﬁcantly reduces
postoperative blood loss and transfusion risk in TKA and THA.
© 2013 Elsevier Inc. All rights reserved.

Total joint replacement surgery is associated with large amounts of
perioperative blood loss and signiﬁcant rates of transfusions. Patients
undergoing total knee arthroplasty (TKA) are transfused at rates of
11–21%, and patients undergoing total hip arthroplasty (THA) are
transfused at rates of 16–37% [1]. Antiﬁbrinolytics have been used in
orthopedic surgery via an intravenous (IV) route, resulting in a 50%
reduction in the rate of transfusions [2–4]. However, there have been
isolated case reports of thrombus formation, which has generated
concerns over the risk of thromboembolic complications in a patient
population already at high risk for deep vein thrombosis and
pulmonary embolism. This has prevented the widespread acceptance
of the use of IV antiﬁbrinolytics in total joint replacement surgery
[5,6]. Topical application of antiﬁbrinolytics may produce the same
efﬁcacy, but with much lower systemic absorption and thus much
lower risk for thromboembolic complications. Prior studies have
suggested that topical tranexamic acid (TXA), an antiﬁbrinolytic, is
safe and effective at reducing postoperative bleeding in orthopedic
procedures [7,8]. These studies were small and limited to screw
ﬁxation of the lumbar spine and total knee arthroplasty (TKA). The
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objective of this prospective comparative study was to determine if
topical tranexamic acid (TXA) reduced postoperative bleeding and
transfusion rates after primary total hip arthroplasty (THA) and
primary TKA.
Methods
Following approval of the University of Pittsburgh Medical
Center's institutional review board, all patients undergoing primary
THA and TKA over an eighteen month period by a single surgeon at a
single institution were enrolled. This study evaluated a process
change within our blood management program. The TXA group
consists of all patients for one year after introducing a topical TXA
protocol, and the control group consists of all the patients in the six
months prior to implementing a topical TXA protocol. The rest of the
blood management protocol was consistent throughout all 18
months of the study period. All patients underwent preoperative
anemia screening and were referred to their primary care physician
for hemoglobin (Hgb) optimization if the Hgb level was less than 10.
All patients undergoing THA or TKA in the TXA group were given
topical TXA. Only patients undergoing primary THA or primary TKA
were included in the analysis. The only exclusion criteria were allergy
to TXA and revision surgery. Patient demographic data (age, sex) as
well as general health (BMI, ASA physical status score) were
collected. Preoperative Hgb data and daily postoperative Hgb data
were collected. All transfusions were noted. Patients were managed
with a standard blood management program, which included a strict
transfusion Hgb trigger of 8.0 and the use of 500 mL hetastarch
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volume expansion for postoperative hypotension, dizziness, or
lightheadedness prior to consideration of a transfusion. No changes
to the surgical or postoperative treatment protocols were implemented during the study period that may have affected blood loss. All
procedures were performed under spinal anesthesia.
All total hip arthroplasties were performed with a posterior
approach. Major bleeders were identiﬁed and cauterized in a standard
fashion. After acetabular preparation the acetabulum was bathed with
20 mL of the TXA solution at a concentration of 3 g TXA per 100 mL
saline, as was found effective in a prior study [8]. An uncemented
acetabular component was then impacted. Adjunctive screw ﬁxation
was used in all cases with placement of one to two screws in the safe
posterior superior quadrant. After femoral canal broach preparation,
20 mL of the TXA solution was placed within the femoral canal. The
uncemented femoral stem was then impacted into place. After reduction
of the ﬁnal hip components, the remaining 60 mL of TXA ﬂuid was
poured into the wound. The TXA solution was left within the wound. The
external rotators and capsule were repaired through drill holes in the
trochanter in all cases. Deep fascia, subcutaneous, and skin closure were
performed in a standard fashion in all cases. A drain was not used.
All total knee arthroplasties were performed through a standard
medial parapatellar approach under tourniquet control. A posterior
stabilized design was used and the patella resurfaced in all cases. After
cementation of all components and placement of ﬁnal polyethylene,
the tourniquet was released. Hemostasis was then achieved followed
by placement of a deep drain and closure of the arthrotomy.
After clamping of the drain the knee was injected with 100 mL of
the TXA solution (3 g TXA/100 mL saline). The remainder of the
wound was then closed in standard fashion. The drain was clamped
for one hour and then released. All drains were removed on the day
following the surgery.
The primary outcomes were hospital length of stay (LOS), the
nadir postoperative Hgb, maximum Hgb drop from preoperative
levels, transfusion rates, and blood loss. Blood loss was calculated
using equations described by Good et al [9] and Nadler et al [10]. Total
blood loss is calculated from total hemoglobin loss (Hgbloss), which in
turn is calculated from the difference between preoperative Hgb and
the minimum hemoglobin during the hospital stay:
Blood loss ðin mLÞ ¼ 100 mL=dL  Hgbloss =Hgbi
Hgbloss ¼ BV  ðHgbi –Hgbe Þ  10 dL=L þ Hgbt
BV ¼ Estimated total body blood volume in liters
3
¼ 0:3669  H þ 0:03219  W þ 0:6041 ðfor menÞ; and
¼ 0:3561  H3 þ 0:03308  W þ 0:1833 ðfor womenÞ
H = Height in meters
W = Body mass in kg
Hgbi = Hgb concentration prior to surgery (g/dL)
Hgbe = Hgb concentration nadir during hospital stay (g/dL)
Hgbt = Total amount of allogeneic Hgb transfused (g). No patients
had a nadir hemoglobin after they were transfused so this
variable was dropped from the equation.
All data were reported using summary statistics including
means and standard deviations for quantitative data, and frequencies and percentages for qualitative data. The groups of continuous
variables were compared using the unpaired two-tailed Student's
T-test. P values of b0.05 were considered signiﬁcant. A Fisher's
Exact test was used for comparison of categorical variables.
Results
From September 2010 until March 2011 all patients undergoing
total joint arthroplasty did not receive any TXA. During this time 40

patients underwent primary unilateral THA, and 29 patients underwent primary unilateral TKA. All of these patients were included in
the study. From March 2011 onwards, TXA was used in all cases.
Between March 2011 and March 2012, 93 patients underwent
primary unilateral THA, and 130 patients underwent primary
unilateral TKA. All but two of these patients were included in the
study. The two excluded patients had complications during surgery
(an intraoperative fracture, and a subtrochanteric osteotomy).
There were no differences in age, body mass index (BMI),
American Society of Anesthesiologists (ASA) status, or preoperative
hemoglobin levels between the groups of patients that did and did not
receive TXA (Table 1).
Primary outcomes are listed in Table 2. The mean blood loss was
signiﬁcantly more in the patients that did not receive TXA in both
the TKA and THA surgeries. In the THA patients, the blood loss was
345 mL less when TXA was used, and in the TKA patients the blood
loss was 231 mL less when TXA was used. The maximum in-hospital
Hgb drop was also signiﬁcantly lower in the TXA patients in both
groups. The percentage of patients that required a transfusion
postoperatively decreased dramatically in both TKA and THA groups,
dropping from 10% to 0% in the TKA group when TXA was used
(3 transfused out of 29 patients, as compared with 0 transfused out of
130, respectively), and dropping from 15% to 1% in the THA group
when TXA was used (6 transfused out of 40 patients, as compared
with 1 transfused out of 91, respectively). We used a ﬁrm
postoperative transfusion threshold of Hgb b8.0 g/dL, and all patients
that received a transfusion fell below this level (range 6.8–7.9 g/dL).
Hospital length of stay was also signiﬁcantly shorter in patients in
both surgical groups when TXA was used, dropping by 0.6 days in
THA patients, and dropping by 0.4 days in TKA patients. No patients
required an intraoperative blood transfusion. No patients had
thromboembolic complications.
Discussion
Topical administration of TXA at the end of TKA and THA
signiﬁcantly reduced postoperative bleeding and risk for transfusion.
The blood loss was 20 and 25% higher, respectively, in TKA and THA
when TXA was not used. The drop in Hgb was 20 and 27% higher,
respectively, in TKA and THA when TXA was not used. This translated
into a much lower risk of requiring a blood transfusion in both the TKA
and THA patients in which TXA was used. None of the TKA patients
with TXA required a transfusion whereas 10% of them did when TXA
was not used. Only 1% of THA patients with TXA required a transfusion
as compared with 15% that required one when TXA was not used.
The same transfusion criteria were used during both phases of
Table 1
Baseline Demographic and Clinical Characteristics.
Primary Hips

Gender (M/F)
Age
BMI
ASA
Preop Hgb

No TXA (n = 40)

With TXA (n = 91)

P Value

17/23
59 ± 13
33 ± 10
2.7 ± 0.6
14.0 ± 1.3

45/46
60 ± 14
32 ± 8
2.6 ± 0.6
13.9 ± 1.3

.57
.86
.51
.33
.58

No TXA (n = 29)

With TXA (n = 130)

P Value

Primary Knees

Gender (M/F)
Age
BMI
ASA
Preop Hgb

10/19
61 ± 10
34 ± 8
2.8 ± 0.5
13.8 ± 1.5

51/79
61 ± 10
36 ± 9
2.7 ± 0.5
13.7 ± 1.2

.83
.75
.37
.33
.57

Data reported as mean ± SD. P values are for unpaired two-tailed Student's T-test,
except for gender, which is for Fisher's Exact test.
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Table 2
Primary Outcomes for TKA and THA Patients.
Primary Hips

Length of stay (days)
Discharge Hgb (g/dL)
Nadir in-hospital Hgb(g/dL)
Hgb drop (g/dL)
Blood loss (mL)
Transfused (%)

No TXA (n = 40)

With TXA (n = 91)

P Value

3.3 ± 2.0
9.5 ± 1.4
9.4 ± 1.3
4.7 ± 1.2
1729 ± 552
15%

2.7 ± 0.7
10.5 ± 1.4
10.2 ± 1.3
3.7 ± 1.2
1384 ± 456
1%

.02
b.01
b.01
b.01
b.01
b.01

Primary Knees

Length of stay (days)
Discharge Hgb (g/dL)
Nadir in-hospital
Hgb(g/dL)
Hgb drop (g/dL)
Blood loss (mL)
Transfused (%)

No TXA (n = 29)

With TXA (n = 130)

3.1 ± 0.9
10.5 ± 1.8
10.2 ± 1.8

2.7 ± 0.7
11.1 ± 1.4
10.7 ± 1.3

P Value
.01
.05
.08

3.6 ± 1.0
1397 ± 473
10%

3.0 ± 0.9
1166 ± 390
0%

b.01
.01
b.01

Data reported as mean ± SD. P values are for unpaired two-tailed Student's T-test,
except for transfused % which is for Fischer's Exact test.

the study which was a Hgb trigger of 8.0 g/dL. No patients had
thromboembolic complications.
Antiﬁbrinolytics are a class of drugs that have been in use since the
1960s [2]. TXA is an analog of the amino acid lysine. It competitively
inhibits plasminogen activation and plasmin binding to ﬁbrin, thus
inhibiting ﬁbrin degradation [5]. Since it works by reducing
breakdown of ﬁbrin once formed, it is not procoagulant per se, but
rather supportive of coagulation already in progress. This makes it
potentially well suited for use in reducing postoperative bleeding,
where surgical hemostasis has been achieved and ﬁbrinolytic activity
needs to be suppressed to help maintain hemostasis without
promoting venous thrombus formation.
Tranexamic acid has been shown to reduce the risk of receiving
transfusions by a third in a meta-analysis of all surgeries [11]. It has
been used successfully in orthopedic surgery via an intravenous
route, with several studies showing signiﬁcant reductions in
bleeding and risk of transfusion after TKA and THA [12–20].
However, concerns remain over the risk of thromboembolic
complications after systemic administration [5,6]. Topical application
leads to 70% lower systemic absorption, and may therefore be a safer
alternative to giving it systemically [8]. Akizuki et al [21] ﬁrst
reported topical use of TXA in orthopedic surgery in 1997, reporting
no postoperative blood transfusions in 42 simultaneous bilateral
cementless TKA patients and 64 unilateral cementless TKA patients.
The technique did not appeal to many surgeons, or they were not
aware of it, because it was not until 2010 when another group
reported on the use of topical TXA in TKA. Wong et al [8] performed
a study with 124 patients and reported signiﬁcantly reduced
postoperative bleeding after TKA when TXA was applied topically
to the wound before closure. Two more small studies were published
in 2011, also showing reduced postoperative bleeding, but again not
commenting on changes in rates of transfusions [22,23]. Another
study in 2012 was performed by Mutsuzaki et al [24] in which they
showed that total blood loss, total drainage, mean transfusion
volume, and transfusion rates were all lower when TXA was injected
through the drain after TKA and the drain then clamped, as
compared with not injecting TXA. A problem with the interpretation
of their data, however, is that they routinely used autotransfusion
from preoperative autologous donation. The frequency of autotransfusion varied considerably among the groups, which could have
inﬂuenced the results. The same year Seo et al [25] reported a
comparison between intravenous TXA, topical TXA, and placebo in
TKA. They showed signiﬁcantly decreased blood loss and transfusion
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requirements in both TXA groups, with larger decreases seen with
intraarticular TXA as compared with intravenous. Two limitations to
this study were that it was done using extramedullary minimally
invasive surgical techniques, which are difﬁcult to compare to
conventional TKA, and that their transfusion rates for all groups were
much higher than what is usually reported in the literature (34% for
IV TXA, 20% for topical TXA, and 94% for placebo). It is harder to
compare their results with other studies since their baseline
transfusion rates are so high.
Our study is the ﬁrst to report the changes in transfusion rates with
a single surgeon for both TKA and THA before and after a topical TXA
protocol was introduced. Blood transfusion rates dropped signiﬁcantly in both TKA and THA cases, with no patients requiring transfusion
after TKA and only 1% of patients requiring transfusion after THA. The
results are reported as a consecutive series of cases from a single
surgeon, therefore eliminating inter-surgeon variability. The results
from this small study are promising, and suggest that topical
application of TXA may be a way to signiﬁcantly reduce the risk of
exposure in total joint arthroplasty patients to allogeneic blood.
Further studies, including randomized controlled trials, are warranted
to validate these initial ﬁndings.
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