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Tranexamic Acid for Reduction of Blood Loss
During Total Hip Arthroplasty

Norio Imai, MD,* Yoichiro Dohmae, PhD,* Ken Suda, MD,y Dai Miyasaka, MD,y
Tomoyuki Ito, PhD,y and Naoto Endo, PhDy
Abstract: In this study, we evaluated the hemostatic effects of tranexamic acid (TNA), an
antifibrinolytic drug, by examining the timing of its administration during total hip
arthroplasty. One hundred seven patients being treated for osteoarthritis of the hip joint
were randomly divided into 5 groups based on the timing of TNA administration. The
intraoperative blood loss, postoperative blood loss, and hemoglobin of these patients who
received TNA at different times during the procedure were monitored. We found that the
intraoperative blood loss in the preoperative TNA administration groups was significantly lower
than both control and postoperative TNA administration groups. Furthermore, 1 g TNA 10
minutes before surgery and 6 hours after the first administration was most effective for the
reduction of blood loss during total hip arthroplasty. Keywords: tranexamic acid, total hip
arthroplasty, blood loss.
© 2012 Elsevier Inc. All rights reserved.
Total hip arthroplasty (THA) is often accompanied by
considerable blood loss, which is commonly corrected by
allogenic blood transfusion. However, such transfusions
are associated with a risk of microbial infection, viral
transmission, fluid overload, and high cost [1]. A variety
of blood-conserving techniques have been developed to
reduce blood loss and postoperative transfusion rates,
including controlled hypotension, regional anesthesia,
autologous blood transfusion, intraoperative blood
salvage, and the use of erythropoietin and antifibrino-
lytic agents [2,3].
In recent years, there have been several studies on the

effectiveness of tranexamic acid (TNA), a fibrinolytic
inhibitor, for reducing intraoperative and postoperative
blood loss in THA [4-7]. Tranexamic acid is a synthetic
derivative of the amino acid lysine that inhibits
fibrinolysis by blocking the lysine-binding sites on
plasminogen [8]. The coagulation and fibrinolytic
systems remain in a state of dynamic balance, which
maintains an intact vascular system [9]. However, the
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antifibrinolytic effect of this medication may lead to an
increase in venous thromboembolic events [10].
Numerous studies have argued the effectiveness of

TNA in THA [4,5,7,11], but none of them have
considered the importance of timing of TNA adminis-
tration. Most of these studies report single preoperative
administration of TNA. Several studies [5,11] have
reported that 1 g of TNA administered intravenously
maintains a therapeutic concentration for approximately
6 hours in THA. Moreover, Tanaka et al [12] have
reported the effectiveness of the timing of TNA admin-
istration in patients undergoing total knee arthroplasty .
Because the timing of TNA administration during THA

has not been studied so far, we chose to evaluate the
hemostatic effects of TNA by varying the timing of
administration in 5 groups of THA patients, namely,
control group (no TNA administration), single adminis-
tration (either preoperative or postoperative phase), and
double administration (preoperative or postoperative
and 6 hours after the first administration). The preop-
erative and postoperative blood loss and hemoglobin
(Hb) levels were measured in all the 5 groups of patients.
Statistical analysis was carried out to compare the
effectiveness of TNA in reducing blood loss in each of
the 5 groups. In addition, safety from venous thrombo-
embolic events in patients undergoing THA was taken
into consideration during the study.
Our data show that a double administration of 1 g of

TNA (10 minutes before surgery and 6 hours after the
first dose) was most effective in reducing the blood loss
during THA.
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Materials and Methods
Participants in the study had undergone primary

THA for the treatment of osteoarthritis of the hip joint
at Shibata Prefectural Hospital between September 1,
2009, and June 31, 2011, and none of them had
received a hip operation previously. Patients with a
history of ischemic heart disease, severe chronic heart
failure, hepatic dysfunction, chronic renal failure on
hemodialysis, cerebral infarction, or bleeding disorder
as well as those who were currently receiving
anticoagulant therapy were excluded from this
study. After exclusion, 117 patients were enrolled.
The local hospital ethics committee approved the
present study, and informed consent was obtained
from each patient. The baseline level of Hb, hemat-
ocrit, bleeding time, prothrombin percentage activity
(PT), active partial thromboplastin time (APTT), and
platelet count were measured in all participants 4
weeks before the arthroplasty.
The patients in this single-blind study were randomly

divided into 5 groups (Table 1), namely, (1) untreated
control group (no drug was administered), (2) 1 g of
TNA administered 10 minutes before skin closure to
avoid fibrinolytic inhibition during the phase of opera-
tion and to exploit the effect of TNA maximally in the
postoperative phase (T1 group), (3) 1 g of TNA
administered 10 minutes before skin closure and again
at 6 hours after thefirst administration (T2 group), (4) 1 g
of TNA administered 10 minutes before surgery (T3
group), and (5) 1 g of TNA administered 10 minutes
before surgery and again at 6 hours after the first
administration (T4 group).
The same surgeon performed all arthroplasties

through an anterolateral approach, with the patient in
a supine position under combined general and epidural
anesthesia. Cementless stems and cups (BiCONTACT
Hip System, AESCLUP, Tuttlingen, Germany) were used
for all arthroplasties. Low-pressure vacuum drains (CBC
II, Stryker Japan, Tokyo, Japan) were routinely used at a
pressure of 20 mm Hg until the next morning.
Prophylactic antibiotic therapy consisted of intravenous
administration of 2 g of piperacillin immediately before
the operation, followed by 2 g every 12 hours for 2 days.
All patients wore compressive stockings on both legs for
2 days postoperatively. Enoxaparin (20 mg) was first
Table 1. Detail of the Patients in 5 Groups

Control (n = 22) T1 group (n = 24)

Age (y) 60.2 (54-72) 64.4 (49-74)
Gender (M:F) 5:17 4:20
Body weight (kg) 56.3 (47-80) 55.9 (44-86)
Body mass index (kg/m2) 23.5 (17.6-30.4) 23.4 (17.9-29.7)
Operating time (min) 77.0 (60-115) 77.4 (57-120)

The data are presented asmean (range). No significant differencewas obs
minutes before skin closure; T2, 1 g of TNA, 10 minutes before skin closu
before surgery; and T4, 1 g of TNA, 10 minutes before surgery followed b
administered 24 hours postoperation and was subse-
quently given subcutaneously for venous thromboem-
bolism (VTE) prophylaxis twice daily for 10 days after
the operation.
The patients were permitted to leave their beds,

bearing their full body weight, on the second postoper-
ative day.
We determined the intraoperative blood loss by adding

the total volume of blood removed by suction during the
procedure and the change in the weight of the used
surgical sponges. Postoperative blood loss was deter-
mined by measuring the suction volumes at the time of
removal. The actual blood loss (ABL) was calculated
using the formula of Gross [13] as follows:

estimated ABL mLð Þ = 70 × weight kgð Þ
× hematocrit reductionð Þ
× mean hematocritð Þ−1;

where the reduction in hematocrit was the difference
between the preoperative and the lowest postoperative
hematocrit values. The Hb level and the hematocrit were
recorded preoperatively and on the first, seventh, and
fourteenth postoperative days.
As a routine screening for deep vein thrombosis or

pulmonary embolization (VTE), all patients underwent
whole-body enhanced computed tomography (CT) on
the seventh postoperative day, and the results were
diagnosed by radiologists.
SPSS statistical software (SPSS, Inc, Chicago, Ill) was

used for the statistical analysis. χ2 analysis was used to
compare the number of male with that of female
patients and the incidence of VTE in all the patients
who enrolled for the study. Unpaired Student t test was
used to analyze the other data. P b .05 was considered
statistically significant.

Results
The characteristics of the patient groups are presented

in Table 1. The 5 groups were comparable in age, gender,
body weight, body mass index, and operating time
(Table 1). There were no significant differences between
the preoperative levels of Hb, hematocrit, bleeding time,
PT, APTT, or platelet counts between the groups
(Table 2).
T2 group (n = 20) T3 group (n = 25) T4 group (n = 26)

62.2 (50-85) 63.3 (47-80) 63.3 (48-81)
4:16 4:21 4:22
54.1 (40-76) 54.1 (41-70) 53.8 (44-73)
23.0 (16.6-29.2) 22.8 (19.8-26.3) 22.5 (18.1-28.6)
76.0 (57-110) 73.4 (50-90) 74.7 (53-118)

erved between the groups. C, No TNA administration; T1, 1 g of TNA, 10
re followed by another dose 6 hours later; T3, 1 g of TNA, 10 minutes
y another dose 6 hours later.



Table 2. The Results of Hematologic Investigation

Group Control (n = 22) T1 (n = 24) T2 (n = 20) T3 (n = 25) T4 (n = 26)

Bleeding time (min) 1.39 (0.59) 1.42 (0.64) 1.43 (0.65) 1.45 (0.62) 1.47 (0.63)
Platelet count (×104/μL) 22.3 (3.64) 23.1 (4.13) 22.6 (7.14) 22.7 (4.80) 24.2 (3.99)
PT (%) 107.4 (10.48) 106.2 (10.42) 111.0 (14.22) 113.8 (12.71) 105.1 (10.35)
APTT (s) 26.7 (1.79) 27.4 (2.81) 27.2 (1.90) 27.0 (2.92) 27.0 (2.42)
PT-INR 0.98 (0.06) 0.98 (0.05) 0.96 (0.05) 0.95 (0.05) 0.99 (0.05)

The data are presented as the mean (SD). No significant difference was observed between the groups. C, No TNA administration; T1, 1 g of TNA,
10 minutes before skin closure; T2, 1 g of TNA, 10 minutes before skin closure followed by another dose 6 hours later; T3, 1 g of TNA, 10 minutes
before surgery; and T4, 1 g of TNA, 10minutes before surgery followed by another dose 6 hours later; PT, prothrombin percentage activity; PT-INR,
prothrombin percentage activity–international normalized ratio.
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The intraoperative blood loss in the T3 (the group that
was given 1 g of TNA 10 minutes before surgery) and T4
(the group that received an additional dose of 1 g of TNA
6 hours after the first administration) groups was
significantly lower than that in the control, T1, and T2
groups (P b .01) (Fig. 1). The postoperative blood loss
collected by suction drainage in groups T1 to T4 was
significantly lower than that in the untreated control
group (P b .01), and blood loss in groups T3 and T4 was
significantly lower than that in T1 (P b .01) (Fig. 2). On
postoperative day 1, the Hb reduction and maximum Hb
reduction in groups T1 to T4 were significantly lower
than that in the control group, and the T3 and T4 groups
had significantly lower Hb reduction than that in the T1
group (all P b .01) (Figs. 3 and 4). The ABL values in
groups T1 to T4 were significantly lower than in the
control group (P b .01), and the T3 and T4 groups had
values significantly lower than T1 (P b .01) (Fig. 5).
The values of ABL minus intraoperative blood loss,

which translates to values of postoperative blood loss,
were also significantly different between any of the T1 to
T4 groups vs control group (P b .01). Among all the
treated groups T1 to T4, T4 showed lower blood loss
compared with T2 (P b .05) (Fig. 6). No patient required
allogenic blood transfusion after any arthroplasty.
Fig. 1. A box plot depicting intraoperative blood loss during
THA in all the 5 groups of patients (*P b .01).
The incidences of VTE were not statistically different
between the 5 groups. The number of participants
showing VTE was 3 (13.7%) of 22 patients in the control
group, 3 (12.5%) of 24 patients in the T1 group, 2
(10.0%) of 20 patients in the T2 group, 2 (8.0%) of 25
patients in the T3 group, and 3 (11.5%) of 26 patients in
the T4 group (Table 3).
One case of symptomatic pulmonary embolism oc-

curred in the T4 group. However, no evidence of this by
enhanced CT had been found by the seventh postoper-
ative day.

Discussion
In an attempt to reduce bleeding and the need for

allogenic blood transfusion, antifibrinolytic drugs such
as TNA have been administrated in association with a
variety of surgical procedures [13-18]. Several clinical
studies have investigated the effect of TNA on intrao-
perative and postoperative blood loss in patients
undergoing THA [14-18].
Numerous studies have reported that preoperative

administration of TNA reduced postoperative blood loss
but did not reduce intraoperative blood loss [3,6]. In
contrast, Benoni et al [16] showed that the administra-
tion of TNA at the end of hip arthroplasty operations did
Fig. 2. A box plot depicting postoperative blood loss, which
was estimated by collecting the suction drainage in all the 5
groups of patients (*P b .01).

image of Fig.�2


Fig. 3. A box plot depicting the reduction in Hb on day 1
postsurgery in all the 5 groups (*P b .01).

Fig. 6. A box plot depicting the postoperative blood loss
calculated as a difference between ABL and the intraoperative
blood loss in all the 5 patient groups (*P b .01; **P b .05).

Fig. 5. A box plot depicting the ABL during the process of THA
in patients belonging to all the 5 groups (*P b .01).
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not reduce postoperative blood loss, and this was
attributed to an inadequate timing of the drug admin-
istration. Sukeik et al [19] concluded from a meta-
analysis that the preoperative use of TNA reduced
intraoperative blood loss by a mean of 104 mL,
postoperative blood loss by a mean of 172 mL, and
total blood loss by a mean of 289 mL. In our study,
preoperative administration of TNA significantly re-
duced both intraoperative and postoperative blood loss,
which is consistent with the report of Sukeik et al [19].
However, in this study, postoperative blood loss was

only measured by drainage volume. Measurement of a
fall in Hb level and calculation with preoperative and
postoperative hematocrit values may be a more accurate
method than directly measuring drainage volume
because hidden blood losses, such as postoperative
hematomas, can occur [3,20,11]. Such losses can be
difficult to measure.
Fig. 4. A box plot depicting the maximum Hb reduction
between postoperative day 1, 7, and 14 compared with
preoperative Hb reduction in all the 5 groups (*P b .01).
Several investigators have reported that administra-
tion of TNA reduces the requirement of allogenic blood
transfusion [3,19,21]. However, in this current study,
Table 3. The Incidence of Thromboembolic Events

Group
Control
(n = 22)

T1
(n = 24)

T2
(n = 20)

T3
(n = 25)

T4
(n = 26)

Deep vein
thrombosis

3 (13.7) 3 (12.5) 2 (10.0) 2 (8.0) 3 (11.5)

Pulmonary
embolism

0 0 0 0 1 (3.8)

The data are presented as number (percentage). No significant
difference was observed between the groups. C, No TNA administra-
tion; T1, 1 g of TNA, 10 minutes before skin closure; T2, 1 g of TNA, 10
minutes before skin closure followed by another dose 6 hours later; T3,
1 g of TNA, 10 minutes before surgery; and T4, 1 g of TNA, 10 minutes
before surgery followed by another dose 6 hours later.
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the administration of TNA, although reduced the blood
loss as shown by Niskanen and Korkala [18], did not
reduce the requirement of allogenic blood transfusion.
Furthermore, in our study, not all the participants
received allogenic blood transfusion. Because the ad-
ministration of TNA reduced the blood loss, a possibility
of reducing the requirement of allogenic blood transfu-
sion is considered. We speculate that the indication of
allogenic blood transfusion was different from other
investigators and the blood loss was lower than others;
therefore, all of the participants in this study did not
need allogenic blood transfusion.
The major concern with antifibrinolytic agents is that

their use may increase the risk of thrombosis [21,22]. In
our study, whole-body enhanced CT was undertaken
postoperatively to detect not only deep vein thrombosis
but also pulmonary embolization. We found that TNA
administration did not increase the incidence of either
deep vein thrombosis or pulmonary embolization, as
reported by other studies [3,6,19]. Tranexamic acid,
being a potent antifibrinolytic drug, stabilizes a clot that
has already formed and prevents further clot formation
[23,24]. A weakness of this study was that it was not
blinded, but rather, it was a randomized, controlled
trial. We consider that the strength of this study,
although the sample numbers were relatively modest,
lies in the uniformity of the entire procedure, which
includes the diagnosis and the surgical operations being
carried out at the same institution and by the same
surgeon using the same surgical protocols (such as
anesthesia, operative position, cementless implants,
etc). All the patients who underwent THA in this
study were diagnosed with osteoarthritis of the hip.
Several other studies on the role of TNA in hip
arthroplasties have used both cemented and cementless
implants [3,19,21,17,20] and different methods of
anesthesia [3,13,16,17,19] or assessment of VTE. In
addition, some of these studies include patients with a
wide range of complications, for example, osteoarthri-
tis, osteonecrosis of femoral head, and rheumatoid
arthritis, for their study [3,6,13,16-19]. In conclusion,
our study has shown that preoperative administration
of TNA can reduce intraoperative blood loss and it
reduces the early phase of postoperative blood loss in
comparison with TNA administration postoperation.
Moreover, an additional dose of TNA, 6 hours after the
first administration, could be responsible for maintain-
ing the therapeutic plasma concentration and further
reducing the postoperative blood loss.
Consequently, we recommend the use of 1 g of TNA as

a standardized intravenous administration 10 minutes
before surgery and again 6 hours after the first
administration. We found this to be most effective in
reducing blood loss during primary THA, which was
conducted for the treatment of osteoarthritis, with no
apparent additional risk of VTE.
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