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Reduction of Blood Loss by Intra-articular Injection
of Tranexamic Acid Combined with Knee and Hip

Flexion at 45� During Primary Total Knee
Arthroplasty: A Randomized Controlled Trial
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Objective: To explore the hemostatic effect of intra-articular administration of tranexamic acid (TXA) combined with
knee flexion in total knee arthroplasty (TKA).

Methods: This randomized controlled trial was conducted at the Third Affiliated Hospital of Southern Medical Univer-
sity (Guangzhou, China) from January 2017 to February 2018. The patients were randomized 1:1 to the TXA group
(TXA 500 mg into the joint after closure, knee, and hip flexed at 45� for 4 h) or the control group (physiological saline,
with limb fully extended). The primary endpoint was postoperative hemoglobin reduction. The postoperative levels of
hemoglobin were measured at four time points: 6 h after operation, and on the first, second, and third postoperative
days. Calculated blood loss (CBL) at 3 days, transfusion rate, range of motion (ROM), VAS pain score, and knee cir-
cumference increment were the secondary endpoints. Ninety-four (47/group) patients were analyzed.

Results: Postoperatively, there were statistically significant differences between the TXA and control groups in CBL
(791 � 212 mL vs 1175 � 273 mL, P < 0.05). Hemoglobin reduction was significantly lower in the TXA group (2.0
� 0.9 g/dL vs 4.5 � 0.7 g/dL, P < 0.05). Based on the transfusion criteria, 3 out of 47 (6.4%) patients in the TXA
group and 13 out of 47 (27.6%) patients in the control group received blood transfusions (P = 0.006). ROM (90.8�

� 6.2� vs 87.6� � 6.4�, P = 0.004), VAS pain score (4.1 � 1.1 vs 4.8 � 1.3, P = 0.004), and KCI (2.4 � 0.9 cm vs
3.2 � 1.0 cm, P = 0.01) were better in the TXA group compared with thecontrols. There was no deep venous thrombo-
sis (DVT), wound infection or other adverse events in either group. In the control group, 2 patients had a fever after
blood transfusion.

Conclusion: Intra-articular injection of TXA combined with knee and hip flexion at 45� can effectively attenuate CBL
and hemoglobin reduction during primary TKA, without an additional adverse event.
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Introduction

Osteoarthritis (OA) of the knee is characterized by articu-
lar cartilage loss, bone remodeling, and periarticular

muscle weakness, resulting in knee joint pain, swelling,

deformity, and instability1. The estimated global prevalence
of knee OA in 2010 was 3.8%2. The Osteoarthritis Research
Society International (OARSI) states that patients with knee
osteoarthritis (OA) not achieving adequate pain relief and
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functional improvement from both non-pharmacologic and
pharmacologic treatment should be considered for joint
replacement surgery3. Total knee arthroplasty (TKA),
followed by nonsurgical treatment, improves pain, symp-
toms, and quality of life, but serious adverse events are more
common with TKA than with conservative treatments3.

Although there has been tremendous progress in surgi-
cal techniques in recent decades, unexpected and excessive
blood loss during TKA remains an issue. Indeed, the total
blood loss can reach 1426 mL on average after TKA4, leading
to the need for blood transfusion in 53.5% of patients5 and
posing the risk of blood transfusion-related complications in
the perioperative period6, including disease transmission,
hemolytic reaction, fluid overload, impaired hemodynamics,
acute lung injury, coagulation diseases, allergic reactions, and
febrile reactions. These complications can result in poor
patient outcomes, such as longer hospitalization, higher
costs, and even death7–10. The allogeneic transfusion is asso-
ciated with decreased immunity and increased risk of pros-
thetic infection11, 12. Many methods have been proposed to
avoid excessive blood loss and transfusion-related complica-
tions, including autologous blood transfusion5, 13, cryother-
apy14, hypotensive anesthesia, and pressure bandaging, with
some success. Nevertheless, efficacy is limited, and some of
these methods, such as autologous blood transfusion, are
expensive. Therefore, there is still a clinical need for simple,
safe, and effective ways to reduce blood loss for patients
undergoing primary TKA. The aims of blood conservation
strategies are to avoid allogeneic transfusion and to maxi-
mize hemoglobin levels in the postoperative period, leading
to better outcomes and lower costs7. The strategies should be
individualized7, 15, 16. The preoperative strategies include
correction of anemia, maximization of the red blood cell
mass, stopping anticoagulants, and antiplatelet drugs (but
this has to be carefully weighed with the risk of cardiovascu-
lar events), and preoperative autologous blood donations7.
The intraoperative strategies include careful planning and
surgical techniques, normovolemic hemodilution, periopera-
tive red cell salvage, and the use of topical fibrin sealants7.
The postoperative strategies include reinfusion drains and
the use of antifibrinolytic agents7. The various strategies
available can be inconvenient in terms of preparation, costs,
and risks of complications. Nevertheless, among them, the
postoperative use of antifibrinolytic agents is promising7.

Tranexamic acid (TXA) is a synthetic derivative of
lysine that exerts an antifibrinolytic effect. Since it was first
used in 1995 to enhance hemostasis and to reduce blood loss
during TKA17, the administration of TXA during TKA has
received extensive attention in the management of blood loss
during orthopaedic surgeries. The most popular routes of
administration of TXA include intravenous administration and
injection into the local joint cavity. TXA administration18–20

and limb positioning21–23 are simple methods that have been
widely used to control blood loss in TKA. The results are gen-
erally positive, but the results among some individual studies
are conflicting24–26.

Even if the hemostatic effects of TXA and limb posi-
tioning are specific, pursuing a better hemostatic effect is
necessary to avoid adverse consequences during TKA and to
provide patients a faster recovery. To our knowledge, only a
few studies have reported the combined effect of these two
methods. Therefore, the aims of the present study were:
(i) to examine the effects of the combination of TXA admin-
istration and joint flexion for hemostasis on blood loss and
transfusion requirements in patients undergoing TKA; (ii) to
examine the range of motion (ROM), the visual analog scale
(VAS) pain score, and the knee circumference increment
(KCI); and (iii) to examine the occurrence of complications.

Methods

Inclusion and Exclusion Criteria
The inclusion criteria were: (i) diagnosis of moderate or
severe knee OA (grade 3 or 4, based on the degree of ero-
sion);27 and (ii) ineffective conservative treatment before
undergoing primary TKA.

The exclusion criteria were: (i) <55 years of age;
(ii) any hemorrhagic blood disease; (iii) hemoglobin levels
<10 g/dL; (iv) history of thromboembolic disease; (v) rheu-
matoid arthritis; (vi) traumatic arthritis; (vii) any disorder of
the hips; (viii) preoperative use of anticoagulants; or
(ix) TXA contraindications.

Study
This randomized controlled trial was conducted at the
Department of Orthopedics of the Third Affiliated Hospital
of Southern Medical University (Guangzhou, China) from
January 2017 to February 2018. This trial was approved by
the ethics committee of the Third Affiliated Hospital of
Southern Medical University. Written informed consent was
provided by all participants. Trial registration: ChiCTR-INR-
16010287, registered at chictr.org.cn.

Randomization
The patients were randomized 1:1 to the TXA and control
groups equally by a third-party junior doctor who opened
sequentially numbered sealed opaque envelopes that were
initially prepared by an independent statistician.

Blinding
Because of the nature of the intervention, the patients, inves-
tigators, and nurses could not be blinded to grouping. The
postoperative assessments were performed by a surgeon who
was blinded to grouping.

Surgical Procedure
Any drug affecting coagulation was terminated 7 days before
surgery. All operations were performed under spinal anesthe-
sia through the medial parapatellar approach by the same
surgical team specialized in TKA (10 years of experience
working altogether), and the primary surgeon was one of the
authors (D.C.). Synovial capsular and patellar tendon fat
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pads were excised. Osteophyte excision and soft tissue release
were performed when necessary. A Press Fit Condyle
(DePuy, Warsaw, USA) cemented prosthesis was used. The
patella was reshaped to better match the shape of the femoral
component trochlea in all cases. During the operation, a
pneumatic tourniquet was applied at the proximal thigh with
a pressure of 350 mmHg. Soft tissue balancing was
achieved. The axial deformity was corrected in all cases. In
each knee, one drainage tube was used, and it was con-
nected to a high-vacuum drain bottle (−600 mmHg, MEDI-
NORM GmbH, Spiesen-Elversberg, Germany), which was
clamped for 4 h after the operation. In the TXA group,
500 mg of TXA mixed with 50 mL of physiological saline
was injected into the knee joint before tourniquet release
and after the closure of surgical wounds. Then, the affected
knee and hip were flexed at 45� using a folding hospital bed
after transporting the patients to the recovery ward; the
position was retained for 4 h (Fig. 1). The patients in the
control group had the same volume of physiological saline
injected as a placebo, and the affected limb was fully
extended. A high-elasticity bandage was applied to com-
press the wound in all patients.

Postoperative Management
The drainage tubes were removed at 24 h after the operation.
The volume of postoperative blood loss in the vacuum drain
bottle was recorded by the nurses. The patients performed
ankle pumping exercises under the supervision of a physical
therapist as soon as possible. Active isometric quadriceps
exercises, extension–flexion motion, and initiative straight-
leg raising were encouraged after the operation. Patients
could initiate ambulation with a walker after a satisfactory
long-leg radiograph examination confirmed a successful
operation. All patients were given pharmacological throm-
boprophylaxis of low-molecular-weight heparin combined
with mechanical thromboprophylaxis by ankle pumping, as

mentioned above. Allogeneic transfusion was performed
when hemoglobin levels were <7.0 g/dL or when hemoglobin
was 7.0–9.0 g/dL combined with a poor mental status, palpi-
tation, or pallor. No blood transfusion was performed for
patients with hemoglobin levels >9.0 g/dL.

Outcome Measures

Postoperative Hemoglobin and Hematocrit
The postoperative levels of hemoglobin were measured at
four time points: 6 h after operation, and on the first, second,
and third postoperative days. The hematocrit (Hct) values
used in the following formula were measured preoperatively
and at 24 h postoperatively. The calculated blood loss (CBL)
was obtained using the formula reported by Nadler et al.28

and Gross29 as CBL = PBV × (hematocritbaseline −
hematocritday 3)/hematocritaverage. Higher hemoglobin levels
indicate a higher capacity for oxygen transport and better
postoperative outcomes7, 30. The changes in hemoglobin
levels were the primary study endpoint.

Blood Loss
Wound drainage was the volume of blood drained over 24 h
postoperatively minus the 50 mL injected with TXA. Hidden
blood loss (HBL) was calculated by subtracting the visible
blood loss (VBL) from the CBL at 24 h after the operation.
Allogeneic blood transfusion was performed according to the
blood transfusion protocol and calculated transfusion rate.
Larger blood loss is associated with poorer postoperative out-
comes7, 30. Patients who receive allogeneic blood transfusion
are at risk of complications7.

Knee Circumference
Knee circumference (KC) indicates edema, and the changes
in KC over time indicate swelling and its resolution. KC at
the level of the superior patellar pole was measured at 6 days

A B

Fig. 1 The position adopted in all patients in the tranexamic acid (TXA) group. The knee and hip were flexed at 45� in the TXA group
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postoperatively, and the KCI was compared with the preop-
erative measurement. The KCI was measured using a mea-
suring tape in the supine position, with the leg at 0�, at the
level of the crease line.

Range of Motion
The ROM was assessed in the sitting position at 6 days post-
operatively. KC represents edema and fluids trapped in the
joint, while ROM indicates the presence of adhesions and
inflammation, preventing the correct motion of the joint.

Pain and Adverse Events
The postoperative VAS pain score and adverse events
(wound infection, pulmonary embolism, and deep vein
thrombosis [DVT]) were recorded and analyzed.

Sample Size
Power analysis and sample size estimation were performed
using G*Power 3.1.7 (Franz Faul, Uni Kiel, Germany)31, 32,
assuming: α (two-tailed) = 0.05; level of β = 0.1 (90% power);
and effect size = 1.1, which was determined based on the
results of our preliminary experiment. This estimation
resulted in a sample size of 40 patients per group, for a total
of 80 patients. We added a 20% dropout rate for improper
data collection. Thus, a sample size of 48 patients in each
group was considered sufficient.

Statistical Analysis
Data were analyzed using SPSS 19.0 (IBM, Armonk, NY,
USA). Continuous variables, such as age, CBL, and Hb
reduction, were tested for normal distribution using the
Kolmogorov–Smirnov test. Normally distributed continuous
data are expressed as means � standard deviation and were
analyzed using the Student’s t-test (intergroup comparisons)
and repeated measure analysis of variance with the least sig-
nificant difference post hoc test (intragroup comparisons). If
the numerical variable had non-normal distribution or
unequal variance, the Wilcoxon Mann–Whitney U-test was
used. Categorical variables, such as gender and transfusion,
are presented as frequencies and were analyzed using the χ2-
test or Fisher’s exact test, as appropriate. P-values <0.05 were
considered statistically significant.

Results

Characteristics of the Patients
After screening based on the eligibility criteria, 128 patients
were deemed eligible. Nineteen patients did not provide
informed consent, and the remaining 96 patients participated
in this randomized clinical trial. The primary diagnosis was
osteoarthritis in all cases. One patient in the TXA group had
a car accident 1 week after discharge. One patient in the con-
trol group emigrated to another city after leaving the hospital
(Fig. 2).

The 94 remaining patients consisted of 24 men and
70 women. Patient ages ranged from 56 to 79 years (average,

64.8 years). A complete follow-up was available for all
patients. There were no significant differences in sex, age,
affected side, body mass index, preoperative VAS pain score,
preoperative hemoglobin, preoperative Hct, preoperative KC,
and preoperative ROM (Table 1).

Postoperative Hemoglobin and Hematocrit
Postoperative characteristics are presented in Table 2. Post-
operatively, hemoglobin levels were significantly higher in
the TXA group (P < 0.05) at 6 h, 1 day, 2 days, and 3 days
(Fig. 3). Hemoglobin reduction was significantly smaller, by
56%, in the TXA group (2.0 � 0.9 vs 4.5 � 0.7 g/dL,
P < 0.05). The hematocrit reduction in the TXA group was
significantly smaller than in the control group (P < 0.05).

Blood Loss
The CBL was smaller by 33% in the TXA group compared
with the control group (791 � 212 mL vs 1175 � 273 mL,
P < 0.001).

The mean visible blood loss in the TXA group was sig-
nificantly less than in the control group (382 � 95 mL vs
533 � 111 mL, P < 0.001).

The hidden blood loss after TKA was significantly dif-
ferent between the two groups (409 � 125 mL vs 642 � 178
mL, P < 0.001). There was more hidden blood loss in the
control group (Table 2).

Based on the transfusion criteria, 3 out of 47 (6.4%)
patients in the TXA group and 13 out of 47 (27.6%) patients
in the control group received blood transfusions (P = 0.006).
One transfused patient had a hemoglobin level <8.5 g/dL
that was associated with significantly declined mental status
and pallor in the control group, and the other 15 transfused
patients had hemoglobin <7.0 g/L.

Knee Circumference
At 6 days after TKA, the KCI was smaller by 25% in the
TXA group than in the control group (2.4 � 0.9 cm vs 3.2
� 1.0 cm, P = 0.012).

Range of Motion
At 6 days after the operation, the ROM was significantly
larger by 3� in the TXA group compared with controls
(90.8� � 6.2� vs 87.6� � 6.4�, P = 0.004).

Pain
The VAS pain scores were lower by 15% in the TXA group
compared with controls (P = 0.004).

Adverse Events
There was no deep venous thrombosis (DVT), wound infec-
tion, or other adverse event in either group. In the control
group, 2 patients had a fever after blood transfusion.

Discussion

Because of extensive soft tissue release and bone cutting,
excessive blood loss is still a problem during TKA.

1838
ORTHOPAEDIC SURGERY

VOLUME 12 • NUMBER 6 • DECEMBER, 2020
TRANEXAMIC ACID FOR BLOOD LOSS DURING TKA



Blood transfusion, which can lead to a great burden to both the
patients’ families and society, is the main method to deal with
this problem at present. In addition, there are several risks asso-
ciated with transfusion, including transfusion reactions, intra-
vascular hemolysis, infection, renal failure, and fluid overload13,
33, 34. This study examined TXA administration and joint flex-
ion for hemostasis in patients undergoing TKA. The results
suggest that the intra-articular injection of TXA combined with
knee and hip flexion at 45� can effectively attenuate CBL by
32.7% and hemoglobin reduction by 55.6% during primary
TKA, without an additional adverse event.

Over the past few decades, different methods of limb
positioning after TKA have been proposed to reduce blood

loss caused by TKA and to prevent the need for blood
transfusion21–23, 35–37. The extent of knee flexion ranges from
30� to 120�, and hip flexion ranges from 30� to 90�. It has
been hypothesized that knee flexion can increase local mus-
cle tension around the knee and decrease venous return to
the knee joint cavity, thus reducing VBL26. In addition, pop-
liteal vein entrapment can be relieved, and the affected limb’s
venous blood backflow to the heart can be accelerated, thus
reducing HBL and reducing swelling more quickly23, 38.
Because maintaining knee flexion after TKA is painful, 45�

of flexion was selected in the present study. This method was
also used by Liu et al.22, and the results showed that 45� of
flexion at the knee and hip was an effective and simple

Fig. 2 CONSORT patient flowchart. After

screening based on the eligibility criteria,

128 patients were deemed eligible.

Nineteen patients did not provide

informed consent, and the remaining

96 patients participated in this

randomized clinical trial. One patient in

the tranexamic acid (TXA) group had a car

accident 1 week after discharge. One

patient in the control group emigrated to

another city after leaving the hospital.

TABLE 1 Characteristics of the patients

Variable TXA group (n = 47) Control group (n = 47) P-value

Gender (male : female) 11:36 13:34 0.636
Age (years) 65.2 � 6.2 64.4 � 5.8 0.527
Affected side (left : right) 21:26 24:23 0.536
Body mass index (kg/m2) 26.0 � 4.1 26.7 � 3.9 0.421
Preoperative VAS score 7.2 � 1.3 7.0 � 1.2 0.668
Preoperative hemoglobin (g/dL) 13.1 � 1.0 13.2 � 1.1 0.621
Preoperative hematocrit (%) 39.1 � 2.6 40.2 � 3.1 0.077
Preoperative knee circumference (cm) 35.7 � 3.4 36.0 � 3.0 0.368
Preoperative range of motion (�) 93.8 � 14.9 92.7 � 11.3 0.680

TXA, tranexamic acid; VAS, visual analog scale.
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method to reduce blood loss by 16.8%, supporting the results
of the present study.

Intravenous TXA can reduce blood loss by nearly 30%
and the need for a blood transfusion by 53%4, 39. Roy et al.40

reported that intra-articular administration of 500 mg of
TXA could reduce drain output by 52% at 48 h after the oper-
ation and decrease hemoglobin levels by 36%. Even so, the
effect of TXA in reducing blood loss and transfusion in patients
undergoing a TKA operation remains controversial41, 42. In
the present study, we referred to and improved the methods
described by Roy et al.40 Although the TXA dose injected
into the knee joint was the same, the VBL (382 mL in the

TXA group and 533 mL in the control group) was lower
than that reported by Roy et al.40 (401 mL in the TXA group
and 870 mL in the control group). Probable reasons for this
discrepancy include the following. First, the volume of saline
that we injected into the knee joint was 50 mL and not 5 mL,
which means that the mixed preparations occupied more
space in the knee joint cavity, probably distributing the TXA
more evenly. Then, a relatively small amount of bleeding can
lead to a full joint cavity after the operation, which can
enhance the hematoma filling effect. Second, the drainage
clamp time in the present study was 4 h and not 1 h, as in
Roy et al.40 The prolonged clamping time of the drainage
tubes resulted in a longer tissue contact time, which could
enhance the effect of TXA and result in more effective control
of postoperative blood loss. Finally, when the knee is flexed,
the angulation of popliteal vessels and the relaxation of mus-
cles slow down venous blood flow, which can provide appro-
priate conditions for blood clotting response. In the present
study, a significant difference in hemoglobin reduction
(2.0 g/dL in the TXA group and 4.5 g/dL in the control
group) was observed between the two groups. As for the
transfusion rate, the proportion of patients in the TXA group
who needed a transfusion was lower (6.4%) than that in a ret-
rospective cohort study of 872,416 patients who received TXA
in the United States in 2014 (7.7%)43. This endpoint may be a
result of the combined techniques resulting in a superimposed
hemostasis effect of TXA application and knee flexion.

Previous reports demonstrated a dose-dependent effect
of TXA on decreasing blood loss44, but an excessive dose of
TXA may result in potential adverse drug reactions.
Alshryda et al.45 compared the blood loss following TKA
between the TXA 1000 mg group and the control group and
found that 1000 mg of TXA intra-articularly can reduce total
blood loss by 18.4% and attenuate hemoglobin reduction by
10%45. In the present study, the 500 mg of TXA

TABLE 2 Blood loss

Variable TXA group (n = 47) Control group (n = 47) P-value

Hemoglobin (g/dL)
6 h postoperation 11.9 � 0.9 9.7 � 0.8 <0.001
1 day postoperation 11.1 � 1.2 8.7 � 1.0 <0.001
2 days postoperation 10.3 � 1.4 8.3 � 0.9 <0.001
3 days postoperation 9.7 � 0.9 8.1 � 0.8 <0.001
Hemoglobin reduction (g/dL) 2.0 � 0.9 4.5 � 0.7 <0.001
Hematocrit reduction (%) 6.61 � 3.69 8.13 � 3.9 <0.001
Calculated blood loss (mL) 791 � 212 1175 � 273 <0.001
Visible blood loss (mL) 382 � 95 533 � 111 <0.001
Hidden blood loss (mL) 409 � 125 642 � 178 <0.001
Transfusion 3 (6.4%) 13 (27.6%) 0.006
Postoperative visual analog scale score 4.1 � 1.1 4.8 � 1.3 0.004
Knee circumference increment (cm) 2.4 � 0.9 3.2 � 1.0 0.012
Range of motion 6 days postoperation (�) 90.8 � 6.2 87.6 � 6.4 0.004

TXA, tranexamic acid.

Fig. 3 The trend of hemoglobin change during the perioperative period

after total knee arthroplasty (TKA) in the tranexamic acid (TXA) and

control groups. Hemoglobin levels were significantly higher in the TXA

group (P < 0.05) at 6 h, 1 day, 2 days, and 3 days.
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administered intra-articularly combined with limb flexion
and clamped drainage for 4 h showed a better effect on
hemoglobin reduction (2.0 g/dL) than did the 1000 mg of
TXA administered intra-articularly (3.07 g/dL)45, without
increasing the risk of an adverse event.

Hidden blood loss is the primary cause of soft tissue
swelling around the knee joint after TKA46, 47. In the present
study, HBL was lower in the TXA group than in the control
group (409 mL vs 642 mL), resulting in decreased limb swell-
ing (KCI, 2.4 cm vs 3.2 cm, respectively, P < 0.05) and a bet-
ter functional endpoint (ROM 6 days postoperative, 90.8� vs
87.6�) in the early postoperative period.

The transfusion rate is a general parameter for evaluat-
ing the hemostatic effect that has been used in previous liter-
ature, but it is an unreasonable parameter because it is
affected by preoperative hemoglobin levels and the local
blood transfusion protocol30.

A possible limitation of this study is the lack of compar-
ison with patients who only had limb flexion and who only
received TXA administration. Therefore, we cannot clarify

how much of the positive contribution to the hemostatic effect
was made by limb flexion and how much was by intra-
articular TXA administration. More studies using possible
combinations of different blood-saving techniques are needed
in the future to provide better blood loss management.
Despite this limitation, the patients enrolled in our study all
had knee OA, not rheumatoid arthritis or traumatic arthritis,
and identical knee prostheses were used in the operations.
These parameters should reduce experimental error.

In conclusion, the intra-articular administration of
500 mg of TXA combined with knee and hip flexion at 45�

is an effective method for reducing postoperative blood loss,
by 32.7%, and hemoglobin reduction, by 55.6%, in primary
TKA, without increasing operation-related adverse event.
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