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Abstract
Background Tranexamic acid (TXA), delivered intravenously or topically, has been shown to reduce blood loss, the need
for transfusion, and relevant healthcare costs when administered in primary standard total hip arthroplasty (THA).
Whether the same is true of oral TXA is unclear, the purpose of this study was to determine if oral tranexamic acid
is equivalent to intravenous TXA in the case of patients undergoing THA via the direct anterior approach.
Methods In this prospective randomized controlled trial, 120 patients undergoing primary THA by the direct anterior
approach were randomized to receive oral TXA (two doses of 20 mg/kg), intravenous TXA (two doses of 15 mg/kg), or
no TXA. Primary outcomes were haemoglobin drop, haematocrit levels, total blood loss, intra-operative blood loss, need
for transfusion, and volume transfused. Secondary outcomes included thromboembolic events, wound complications, the
length of post-operative hospital stay, and 30-day readmission.
Results Demographic characteristics were similar among the three patient groups (p > 0.05, n = 40 per group).
Haemoglobin drop, haematocrit levels, total blood loss, and intra-operative blood loss were similar in the oral and
intravenous groups (p > 0.05), and significantly smaller than in the control group (p < 0.05). Transfusions were given
to significantly fewer patients in the oral group (3%) and intravenous group (6%) than in the control group (27%, p =
0.01). Costs of TXA and transfusions were significantly lower in the oral group than the intravenous group (p < 0.05).
The three groups were similar in thromboembolic events, wound complications, the length of post-operative hospital
stay, and 30-day readmission (p > 0.05).
Conclusion Oral TXA shows similar efficacy and safety as intravenous TXA for reducing haemoglobin drop, haematocrit levels, total
blood loss, and transfusion rate following THA by the direct anterior approach. Therefore, the much less-expensive oral formulation
may be superior to the intravenous form.
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Introduction

Total hip arthroplasty (THA) is quite effective for relieving pain
and promoting functional recovery of patients with hip arthrosis
[1]. The number of hip replacements has risen in recent decades
because of lengthening life expectancies [2, 3]. Blood loss fol-
lowing THA is a substantial problem and is known to interfere
with patient rehabilitation. Total blood loss can range from 700 to
2000 mL, and 16–37% of patients may require transfusions
[4–6]. Post-operative anaemia and blood transfusion have been
associated with side effects as increased morbidity and cost, im-
munologic reactions, transmission of disease, and infection [7,
8]. Several measures are widely used to reduce blood loss and
decrease the risk of transfusion, including controlled hypotensive
anaesthesia, minimally invasive THA, and tranexamic acid
(TXA) [8–12].

TXA, a synthetic amino acid derivative, is an effective
antifibrinolytic agent that competitively inhibits the conversion
of plasminogen to plasmin, thereby stabilizing clots [13]. The
literature clearly demonstrates the ability of TXA to reduce
post-operative blood loss and transfusion rates after TKAwith-
out increasing risk of thromboembolic complications [14–17],
and this appears to be equally valid for TXA administered
topically or intravenously [18]. Oral TXA formulations cost
substantially less than topical or intravenous formulations,
and oral TXA may perform as well as intravenous TXA in
patients undergoing total hip or knee replacement [19, 20].
This literature suggests that oral TXA may be the most cost-
effective formulation for patients undergoing standard THA.

What is unclear is whether this is true for patients undergo-
ing THA involving a direct anterior approach, which some
studies suggest can lead to less blood loss, less pain, shorter
hospital stay, and faster rehabilitation than the standard proce-
dure [21, 22]. In the muscle-sparing, internervous direct ante-
rior approach, the prosthetic component is inserted along an
intermuscular plane, resulting in less soft tissue damage and
potentially improving functional recovery and post-operative
quality of life [22]. On the other hand, a study from our group
has shown that the direct anterior approach can prolong oper-
ating time and lead to greater blood loss than the standard
procedure [23], making TXA even more necessary to reduce
the need for transfusion and the associated costs [24, 25]. This
highlights the need for research into whether oral TXA offers
similar efficacy and safety at lower cost than intravenous TXA
for patients undergoing THA by the direct anterior approach.

To address this question for the first time in a prospective
randomized controlled trial, we compared the efficacy and
safety of oral and intravenous TXA in patients undergoing
primary THA involving the direct anterior approach as well
as enhanced-recovery management. We hypothesized that the
two formulations would decrease peri-operative blood loss
and transfusion rates to similar extents and be associated with
similar risk of post-operative complications. This would make

oral TXA, because of its much lower cost, superior to intra-
venous TXA.

Material and methods

Study design and patients

The study protocol was approved by the Ethics Committee of
West China Hospital of Sichuan University, and the study was
registered in the Chinese Clinical Trial Registry (ChiCTR-INR-
17013110). Written informed consent was obtained from all
participants. Consecutive patients who underwent elective uni-
lateral primary THA by the direct anterior approach between
September 2016 and June 2017 were assessed for potential
enrollment in this study. All patients had been diagnosed with
hip osteoarthritis or femoral head necrosis (Ficat III or IV).
Exclusion criteria were as follows: body weight index (BMI)
> 30 kg/m2; Crowe type 3 or 4 dysplasia; previous hardware;
prior hip surgery; and an inability to tolerate general anesthesia.
Patients meeting the above inclusions are being operated via
the direct anterior approach for THA. In addition, patients were
excluded if they had bilateral arthroplasty, allergy to TXA, or
history of renal failure, kidney transplant, a recent arterial
thromboembolic event such as myocardial infarction or stroke,
hypercoagulation, hemophilia, deep vein thrombosis, or pul-
monary embolism. Patients were also excluded if they declined
to participate or to receive blood products.

Patients recruited into the study were randomized into three
groups using a computer-generated randomization table at an
allocation ratio of 1:1:1 with a maximum number of 40 per
each group. Patients and researchers who prospectively collect-
ed all clinical information were blinded to patient allocation
until the final data analysis (see next section).

TXA administration

TXA in the intravenous group was administered at a dose of
15 mg/kg at ten minutes before skin incision and again at three
hours after THA. In order to support the double-blind nature of
the study, patients in this group also received four tablets of
ascorbic acid (250 mg, so 1000 mg total) at two hours before
and three hours after THA. TXA in the oral group was admin-
istered at a dose of 20 mg/kg at two hours before and three
hours after THA. In order to support the double-blind nature of
the study, patients in this group also received intravenous in-
jections of saline ten minutes before skin incision and again
three hours after THA. Patients in the control group received
ascorbic acid tablets and intravenous injections of saline as in
the other groups, but no TXA. All drugs were administered by
a nurse and anesthetist who were not involved in the surgeries,
care, or assessment of outcomes. All study participants,
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surgeons, and clinical staff participating in treatment were
blinded to patient allocation throughout the study period.

Surgery and peri-operative management

All surgical procedures were performed via direct anterior ap-
proach to the hip by surgeons who had completed fellowships
in reconstructive surgery on adult patients. All patients received
general anesthesia, intravenous prophylactic antibiotics for
24 hours, and thromboembolic prophylaxis consisting of a half
dose of low molecular weight heparin (0.2 mL 2000 IU;
Clexane, Sanofi-Aventis, France) that began on post-operative
day zero after the operation and continued at 24hour intervals,
with a full dose (0.4 mL, 4000 IU) applied on post-operative
days three. After discharge, all patients were prescribed oral
rivaroxaban (Xarelto; Bayer, Cologne, Germany) at 10 mg
once a day for ten days. Patients were discharged when stable
surgical wounds, hip flexion of 100°, hip abduction of 40°, and
adequate mobility for daily activities were achieved.

No drain was applied to any patient following THA. Patients
were examined daily in the hospital for clinical symptoms of
venous thromboembolism. A Doppler ultrasound examination
of both lower limbs was performed on all patients by senior
ultrasound physicians at two weeks after the operation.
Perioperative blood transfusions were given based on guide-
lines of the Chinese Ministry of Health, which indicate trans-
fusions when hemoglobin concentration < 70 g/L or when
symptoms of anemia are present, such as altered mental state
or palpitation (regardless of haemoglobin concentration).

Outcome measures

Data were collected on patient demographic characteristics (age,
sex, weight, height, and body mass index (BMI)), American
Society of Anesthesiologists (ASA) score, and pre-operative lab-
oratory results, including haemoglobin (HB), haematocrit
(HCT), prothrombin time (PT), activated partial thromboplastin
time (APTT), international normalized ratio (INR), fibrinogen
(FIB), and platelet count. HB and HCT levels were also mea-
sured at each time point post-operative days one, two and three.

The primary outcomes of the study were reduction in
haemoglobin concentration (defined as pre-operative
haemoglobin minus lowest post-operative haemoglobin), total
blood loss, intra-operative blood loss, transfusion rates, and num-
ber of blood units transfused. The total blood volume was calcu-
lated according to the modification of the Gross formula, as
follows: the total blood volume = (k1 × height3 (m)) + (k2 ×
weight (kg)) + k3, where k1 = 0.3669, k2 = 0.03219, and k3 =
0.6041 for men; k1 = 0.3561, k2 = 0.03308, and k3 = 0.1833 for
women.And then total blood losswas calculated as follows: total
blood loss = total blood volume × (change in haemoglobin level /
mean haemoglobin) [26, 27]. If blood transfusion was performed
before the lowest hemoglobin level was obtained, the total blood

loss was taken to be the loss calculated from the change in the
hemoglobin plus the volume of blood transfused [28]. Intr-
aoperative blood loss was defined as the amount of blood col-
lected in the suction canister and in saturated surgical sponges.

Secondary outcomes were thromboembolic events and
wound complications. The oral TXA dosage cost 6.83
RMB per dose. The cost of 1 g of IV TXA was 76.30
RMB, the cost of oral form of TXA is cheaper than the
intravenous form, and beside its relatively low cost, the
advantage of oral TXA is simple application avoiding IV
access, which is requirement for expensive nursing care for
IV application. The transfusion cost per two U red blood
cells was estimated to be 930 RMB at our hospital.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 (SPSS
Inc., Chicago, IL, USA). Quantitative data were reported
as mean ± SD; qualitative data, as frequencies and percent-
ages. Differences in continuous data between groups were
assessed for significance using one-way ANOVA, while
differences in categorical data were assessed using the
chi-squared test. A p value of < 0.05 was considered
significant.

Results

During the period of study enrollment from September
2016 to June 2017, 143 patients were scheduled for prima-
ry THA using the direct anterior approach at our hospital.
Of these, 23 were excluded based on inclusion and exclu-
sion criteria. The remaining 120 were enrolled in the study
and divided randomly into groups treated with no TXA or
with oral or intravenous TXA (n = 40 per group) (Fig. 1).
Patients had been diagnosed either with hip osteoarthritis
(oral group, 18; intravenous, 16; control, 19) or with fem-
oral head necrosis (oral group, 22; intravenous, 24; control,
21). The three groups were similar in terms of demographic
characteristics and preoperative laboratory values, includ-
ing HB, HCT, PT, APTT, INR, FIB, and platelet count
(Table 1). The three groups were similar in terms of oper-
ating time (p > 0.05; Table 2).

Primary outcomes

The oral and intravenous groups had significantly higher
post-operative haemoglobin and haematocrit levels than
the control group (Figs. 2 and 3), and the haemoglobin
drop was smaller in the oral group and intravenous group
than in the control group (p = 0.001); no significant differ-
ences were observed between the oral group and the
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intravenous group (p = 1.00; Fig. 4; Table 2). Total blood
loss, intra-operative blood loss, and total units of trans-
fused blood were significantly higher in the control group
than in the two TXA groups (p < 0.05; Fig. 5; Table 2).
Eight patients (27%) in the control group required blood
transfusions, compared with only one patient (3%) in the
oral group and two patients (6%) in the intravenous group
(p = 0.01; Table 2).

Secondary outcomes

No patients in the study experienced thromboembolic events.
One patient in the control group experienced wound

discharge, but the wound healed fully by post-operative day
ten (Table 3). In all three groups, no patients required re-
operation or readmission to the orthopaedics department with-
in 30 days of surgery because of wound complications. The
length of post-operative hospital stay was similar in the oral
group, intravenous group, and control group (p = 0.15;
Table 3).

The cost associated with oral TXA (546 RMB total pa-
tients) was significantly lower than that of intravenous TXA
(4573.2 RMB total patients; p = 0.001; Table 2). Similarly, the
cost of transfusion was significantly lower in the oral group
(929.65 RMB total transfusion) than in the intravenous group
(1859.3 RMB total transfusion) and control group (8366.8
RMB, total transfusion; p = 0.004; Table 2).
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Assessed for eligibility (n=143)

Patients excluded for ineligibility (n=23)

n =5 Bilateral THA

n=8 Anticoagulant therapy

n=6 History of deep-vein thrombosis

n=4 Declined to participate

Patients randomized into 3 groups: n=120

Oral TXA group
n=40

Intravenous TXA group

n=40

Control group
n=40

No use of TXAIntravenous TXAOral TXA

Lost to follow-up

(n=0)

Lost to follow-up

(n=0)

Lost to follow-up

(n=0)

Analyzed (n=40) Analyzed (n=40) Analyzed (n=40)

Fig. 1 Flow diagram showing
patient selection and
randomization. THA, total hip
arthroplasty; TXA, tranexamic
acid



Discussion

Patients undergoing THA are at high risk of post-operative
anaemia and blood transfusions, which have been associated
with complications including rigor, fever, dyspnea, morbidity,
and higher healthcare costs [7, 8]. TXA, administered intrave-
nously, topically or orally, is widely used to reduce peri-
operative blood loss and allogeneic blood transfusion [29,
30]. Oral TXA appears to be associated with similar
haemoglobin drop, total blood loss, and blood transfusion as
intravenous TXA in patients undergoing conventional total
hip or knee arthroplasty, yet the oral formulation is more con-
venient and much cheaper [31, 32]. Therefore, we wanted to
examine whether this is true for patients undergoing THA by
the direct anterior approach with enhanced recovery. Our

results in this prospective, double-blind randomized con-
trolled trial suggest that oral and intravenous TXA are associ-
ated with similar haemoglobin drop, total blood loss, transfu-
sion rate, and adverse outcomes, while the oral formulation is
associated with much lower costs.

Most blood loss in THA occurs during acetabular prepara-
tion, broach preparation of the femoral canal, and wound sur-
face haemorrhage. The direct anterior approach to THA, al-
though muscle sparing and preferable in many respects to the
conventional posterolateral approach, can prolong operating
time and lead to greater blood loss [23]. Therefore, our finding
that less-expensive oral TXA can achieve similar blood-
sparing efficacy as intravenous TXA in the direct anterior
procedure may substantially improve outcomes and make
the procedure an appropriate choice for a greater number of

Table 1 Pre-operative characteristics of patients

Variable Oral TXA group (n = 40) Intravenous TXA group (n = 40) Control group (n = 40) p value

Age (year) 60.47 ± 10.35 59.50 ± 11.42 59.86 ± 10.68 0.93

Females (n (%)) 18 (60) 17 (57) 15 (50) 0.73

BMI (kg/m2) 22.24 ± 1.91 22.46 ± 1.89 22.52 ± 2.74 0.87

ASA classification 1.60 ± 0.72 1.53 ± 0.73 1.50 ± 0.67 0.39

Class 1 (n) 16 18 19

Class 2 (n) 10 8 9

Class 3 (n) 4 4 2

Class 4 (n) 0 0 0

Pre-operative HB (g/dL) 13.2 ± 1.1 13.5 ± 1.8 13.9 ± 1.5 0.27

Pre-operative HCT (%) 40.3 ± 3.0 41.0 ± 4.5 43.0 ± 4.9 0.43

Pre-operative PT 11.21 ± 0.85 11.31 ± 0.88 11.08 ± 0.74 0.84

Pre-operative APTT 28.95 ± 5.02 28.13 ± 4.12 34.06 ± 5.63 0.54

Pre-operative INR 1.31 ± 1.96 0.95 ± 0.07 1.00 ± 0.26 0.42

Pre-operative FIB 2.93 ± 0.65 2.81 ± 0.80 3.19 ± 0.98 0.21

Pre-operative platelet count 183.76 ± 78.61 179.86 ± 65.31 184.93 ± 68.32 0.20

Values are n (%) or mean ± SD. Categorical data were compared among groups using the chi-squared test

APTT, activated partial thromboplastin time; ASA, American Society of Anesthesiologists; BMI, body mass index; FIB, fibrinogen; HB, hemoglobin;
HCT, hematocrit; INR, international normalized ratio; PT, prothrombin time; TXA, tranexamic acid

Table 2 Comparison of primary outcomes related to blood loss among the three groups

Variable Oral TXA group (n = 40) Intravenous TXA group (n = 40) Control group (n = 40) p value

Drop in haemoglobin level (g/dL) 2.75 ± 0.6 2.69 ± 0.6 3.52 ± 1.2 0.001

Total blood loss (mL) 694.1 ± 142.3 692.7 ± 172.7 948.5 ± 193.4 0.00

Intra-operative blood loss (mL) 134.8 ± 24.15 132.5 ± 17.7 156.3 ± 35.9 0.001

Transfusion (n (%)) 1 (3%) 2 (6%) 8 (27%) 0.01

Transfusion units (IU) 2 2 18 0.004

Transfusion cost, RMB 929.65 1859.3 8366.85 0.004

TXA cost, RMB 546 4573.2 0 0.001

Operating time (min) 64.9 ± 13.4 62.1 ± 9.1 66.3 ± 6.2 0.26

Values are n (%) or mean ± SD

TXA, tranexamic acid
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patients. Our findings of similar efficacy between the two
formulations are consistent with previous studies involving
total knee [32] or hip arthroplasty [20].

The outcomes of the study demonstrated that oral TXAwas
as effective as the intravenous TXA in terms of the
haemoglobin drop, haematocrit levels, and total blood loss.
Furthermore, our results also showed that there were no sig-
nificant differences in blood transfusion and complications
between oral and intravenous TXA. However, the optimal
dosage time for oral TXA administration to reducing blood
loss in THA remains controversial. Pilbrant et al. reported that
the oral bioavailability of TXA was 34% of the dose and
elimination in blood occurred within eight hours. Oral TXA
achieves peak levels two or three hours after administration,
and peak plasma concentration was attained immediately after
the application of intravenous TXA. The half-life of equipo-
tential doses for two forms is similar. The study also showed

that a dose of 2 g of oral form produced higher plasma con-
centration than 1 g of intravenous form at six hours [33].
Zohar et al. compared the effective of oral TXA with the
intravenous form in primary total knee arthroplasty, in his
study used that a regime of 1 g of oral TXA two hours before
the surgery and then used every six hours for 18 hours after
surgery [34]. The dose prescribed by Zohar seems to be inad-
equate drug plasma concentration. From the perspective of
balancing risks and benefits, the present study used a regime
of 2 g of oral TXA two hours before incision and then one
dose at three hours post-operatively. The dosing of the oral
regimen was deemed appropriate on the basis of the above-
mentioned study. In our study, all patients received 10 mg
intravenous dexamethasone immediately after operation to
manage post-operative nausea and vomiting. Although our
study had a similar outcome of comparing oral and intrave-
nous TXA as the previous studies [20, 32], we only focused
on primary total hip arthroplasty via the direct anterior ap-
proach with enhanced recovery.

Our results suggest that oral TXA, at 6.83 RMB per dose,
may be much more cost-effective than intravenous TXA, at
76.30 RMBper dose, for achieving similar efficacy and safety.
This provides cost savings above what TXA already provides,
regardless of administration route [35]: the increase in phar-
macy costs associated with routine use of TXA is more than
offset by cost savings in operating room use, blood transfu-
sion, laboratory analyses, and room and board [36]. In our
study, the cost-transfused blood was much lower with oral

Fig. 3 Pre-operative and post-operative HCT levels. HCT, haematocrit;
pre, pre-operative; iv, intravenous; POD, post-operative day. Asterisk,
significantly different from the control group

Fig. 2 Pre-operative and post-operative HB levels. HB, haemoglobin;
pre, pre-operative; iv, intravenous; POD, post-operative day. Asterisk,
significantly different from the control group

Fig. 4 Post-operative HB drop levels. HB, haemoglobin; iv, intravenous

Fig. 5 Post-operative total blood loss. iv, intravenous



TXA (929.65 RMB total patients) than with intravenous TXA
(1859.30 RMB total patients) or no TXA at all (8366.85 RMB
total patients). Our findings are similar to a double-blind ran-
domized trial in which the cost oral TXA treatment (1936.60
RMB) was much lower than the cost intravenous TXA treat-
ment (6048.00 RMB) or cost topical TXA treatment (6062.40
RMB) [32]. Using oral TXA with patients undergoing total
joint arthroplasty may allow hospitals to cut costs substantial-
ly without sacrificing efficacy or safety.

The results of the present study should be considered with
caution in light of several limitations. First, minimum sample
size was calculated based on total blood loss as the outcome,
so the sample may not have been large enough to detect sig-
nificant differences in thromboembolic events or wound com-
plications. Future studies with larger populations should ver-
ify our findings of similar safety between oral and intravenous
routes of TXA administration. Our hospital applies anti-
coagulation therapy relatively early, which may help explain
why none of the patients in our study developed deep vein
thrombosis or pulmonary embolism. Our TXA-dosing re-
gime, although based on previous work [37], may need to be
optimized; further studies should systematically examine the
influence of different doses and frequencies of doses on effi-
cacy and safety. We calculated blood loss based on the lowest
post-operative haemoglobin value, which means our results
are vulnerable to effects from post-operative haemodilution.
However, we do not believe that hemodilution significantly
affected our results, since the oral and intravenous groups
showed similar length of post-operative hospital stay and rates
of 30-day readmission.

Conclusion

Oral TXA offers similar efficacy as intravenous TXA in re-
ducing post-operative bleeding and transfusion rate in patients
undergoing primary THAvia the direct anterior approach. The
much lower cost and greater convenience of the oral formula-
tion make it an attractive alternative for patients and hospitals.

Funding This research did not receive financial support from funding
agencies in the public, commercial, or not-for-profit sectors.
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