
Received: 2018.12.28
Accepted: 2019.02.28

Published: 2019.07.09

 2689   4   1   27

Intra-Articular Injection of Tranexamic 
Acid on Perioperative Blood Loss During 
Unicompartmental Knee Arthroplasty

 ABCDEFG 1,2 Jutai Wu*
 ABCDEF 2 Shuo Feng*
 ABCDEF 2 Xiangyang Chen
 ABCDEF 2 Zexiang Lv
 ABCDEF 2 Zhe Qu
 ABCDEFG 2 Hongliang Chen
 ABCDEF 3 Chao Xue
 ABCDEF 3 Min Zhu
 ABCDEFG 1,2 Kai-Jin Guo
 ABCDEFG 3 Peng Wu

  * Jutai Wu and Shuo Feng contributed equally to this study
 Corresponding Authors: Kai-Jin Guo, e-mail: xzgkj@sina.com, Peng Wu, e-mail: 1353263@tongji.edu.cn
 Source of support: The study was funded by the Key Program of Science and Technique Development Foundation in Jiangsu Province (BE2015627), 

the Research Project of Jiangsu Provincial Health Department (H201528), the Social Development Project of Xuzhou Municipal 
Science and Technology Bureau (KC15SH033, KC17197), the China Postdoctoral Science Foundation funded project (2017M621826), 
the National Natural Science Foundation of China (No. 81401851) and the Fundamental Research Funds for the Central Universities 
(No. 10247201756)

 Background: Tranexamic acid (TXA) is safe and effective in total knee arthroplasty (TKA) for the prevention of bleeding. 
However, the role of TXA during unicompartmental knee arthroplasty (UKA) remains unclear. This study aimed 
to compare operative blood loss in patients undergoing UKA treated with an intra-articular injection of TXA 
with controls undergoing UKA without TXA.

 Material/Methods: The prospective study included 101 patients who underwent UKA between January 2014 to March 2018. All pa-
tients completed a preoperative routine examination and were randomized to the study group (n=54) and the 
control group (n-47). The study group was given an articular injection of TXA (1.5 g in 50 ml normal saline) af-
ter the fascia was closed; the control group was injected with the same volume of normal saline. Blood vol-
umes were measured from the drainage tube of the two groups during 48 hours. Total blood loss, postoperative 
drainage, hidden blood loss, blood transfusion rates, postoperative hemoglobin values, indicators of coagula-
tion function, and the rates of wound complications were recorded.

 Results: Total blood loss in the study group was 745.6±105.1 ml, total drainage volume was 353.9±79.5 ml, and the hid-
den blood loss was 391.7±80.5 ml, which were all significantly lower when compared with the control group 
(P<0.05). None of the patients in the two groups suffered complications of surgery.

 Conclusions: Intra-articular injection of TXA significantly reduced the total blood loss in patients who underwent UKA and 
did not increase the rate of complications.
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Background

Tranexamic acid (TXA) is an antifibrinolytic agent that promotes 
the formation of stable hemostasis and is effective in reduc-
ing blood loss during total knee arthroplasty (TKA) and total 
hip arthroplasty (THA) [1–3]. TXA has been successfully used 
in orthopedic surgery to reduce perioperative bleeding [4–6]. 
The routes of administration of TXA include intra-articular or 
intravenous treatment or a combination of both. Currently, 
the use of TXA in TKA is recommended as it has been shown 
to reduce hemorrhage during TKA effectively and to reduce 
the need for postoperative blood transfusion.

Compared with TKA, unicompartmental knee arthroplasty 
(UKA) is less invasive and is usually associated with reduced 
postoperative hemorrhage [7,8]. However, some patients un-
dergoing UKA still require a blood transfusion, and it has been 
reported that the blood transfusion rate in minimally invasive 
UKA surgery can be as high as 7.4% [9]. Blood transfusion can 
be associated with complications that include a febrile reac-
tion, transmission of viral infection, hemolysis and allergic re-
actions, which can increase postoperative morbidity [10,11]. 
Hemorrhage associated with surgery can cause delayed post-
operative rehabilitation and mobility and delays improvement 
in the function of the knee.

Currently, there have been few studies to evaluate the effect of 
TXA on postoperative hemorrhage in UKA. In 2016, the findings 
from a retrospective study showed that the degree of postop-
erative hemorrhage was not affected by intravenous adminis-
tration of TXA in minimally invasive UKA surgery [12]. However, 
the effect of intra-articular injection of TXA on postoperative 
hemorrhage in UKA surgery remains unclear

Therefore, this prospective study aimed to compare operative 
blood loss in patients undergoing UKA treated with intra-articu-
lar injection of TXA with controls undergoing UKA without TXA.

Material and Methods

Study	design

A prospective controlled study included investigators who 
analyzed patient data who were trained in the study meth-
ods but were unaware of the patient groups. The study was 
performed in orthopedic departments of two major orthope-
dic departments between January 2014 to March 2018. This 
study was approved by the hospital Ethics Committees and 
the study design was in accordance with the Regulations for 
the Management of Medical Institutions.

Inclusion and exclusion criteria

The study inclusion criteria were patients with osteoarthritis 
of the knee who were scheduled to undergo elective UKA sur-
gery in two hospitals from January 2014 to March 2018, who 
could tolerate surgery and cooperate with postoperative func-
tional exercises. Patients included in the study were informed 
of the treatment plan and the risks of surgery and signed in-
formed consent.

The study exclusion criteria were patients with infectious ar-
thritis, flexure contracture >15 degrees, the preoperative range 
of motion (ROM) <90 degrees, varus deformity >10 degrees or 
valgus deformity >5 degrees. Patients were excluded if they 
had severe destruction of cartilage in the contralateral com-
partment with an associated anterior cruciate ligament (ACL) 
and subchondral bone exposure of the patella, patients with 
osteonecrosis and severe varus deformity, a history of prior 
knee surgery, and any contraindication for treatment with 
tranexamic acid (TXA) [13].

Patient randomization

The study included 101patients, 36 men and 65 women, an 
age range of 44–83 years (average, 65.86 years). Routine pre-
operative examinations were performed, including routine 
blood tests, coagulation tests, and color Doppler ultrasound 
examination of the lower limbs. All patients were consecu-
tively numbered from 1–101, sequentially on hospital admis-
sion, and randomly divided into the study group (n=54) and 
the control group (n-47) using random allocation software for 
parallel group randomized. The process of selecting the two 
groups of patients is shown in Figure 1.

Surgery	and	anesthesia

All patients received general anesthesia. Before surgery, a lower 
extremity inflatable tourniquet was applied and the pressure 
was initially adjusted to 60 kPa to ensure intraoperative he-
mostasis. Using the medial patella approach, a 7–10 cm inci-
sion was made. Proximal tibia and distal femoral osteotomies 
were performed using standard methods. The appropriate type 
of UKA prosthesis and meniscus pad (Zimmer Biomet, Warsaw, 
IN, USA) were selected and installed. None of the patients re-
ceived patella replacement or trimming. A drainage tube was 
placed in the knee joint cavity attached to an ordinary drain-
age bag. The incision was sutured in layers and a pressure 
dressing was applied using an elastic bandage.

Local administration of TXA

The surgeons were unaware of the patient groups and treatment 
regimens as each patient was assigned a uniquely numbered 
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treatment pack, which contained four ampoules of either TXA 
500 mg or placebo, which was one 100 mL bag of 0.9% saline 
(for use with the loading dose), a syringe and needle. Ampoules 
of TXA (Zibo Shuanghe Chemical Technolgy Co., Ltd., Beijing 
China) and placebo (Dazhong Minerals Products Co., Ltd., Tianjin, 
China) were indistinguishable. The treatment packs were pre-
pared by an independent clinical trial supply company. The so-
lutions were prepared by an independent surgical nurse.

In the study group, following UKA and closure of the fascial 
layer, a 50 ml saline solution containing 1.5 g of TXA was in-
jected intraarticularly without loosening the tourniquet. After 
the injection, the tourniquet was released. The control group 
received the same amount of normal saline. The drainage tubes 
of both groups were clamped for four hours.

Postoperative management

Postoperative hip and knee flexion were maintained at 30 de-
grees. The drainage tube was unclamped after four hours and 
removed at 48 hours after surgery. At 24 hours after surgery, 
isometric contraction of the quadriceps, and ankle joint flex-
ion and extension exercises commenced. After removal of the 
drainage tube, passive exercise was performed and the de-
gree of joint motion was increased by 10–20 degrees each day. 

On postoperative day 3, a walking aid was used to enable 
weight-bearing walking. If the patient did not have complica-
tions requiring intervention, they were discharged 3–4 days 
after the operation. All patients, whether or not they partici-
pated in this study, used the same postoperative rehabilita-
tion regime after UKA surgery. The patients without complica-
tions and who could walk with a walking aid on postoperative 
day 3 were discharged home.

Performance during postoperative rehabilitation and the blood 
test results of the patients during and after surgery were used 
to determine whether a blood transfusion was needed. If the 
patients had signs of anemia or the hemoglobin was <70 g/L, 
they were given a blood transfusion. In accordance with the 
2009 Guidelines for Prevention Of Venous Thromboembolism 
In Chinese Orthopedic Surgery [14], subcutaneous injection of 
low molecular weight heparin, 4000 IU once per day, was com-
menced at 12 h after surgery, and oral rivaroxaban (5 mg/day) 
was continued after hospital discharge. To prevent deep venous 
thrombosis of the lower extremities, the anticoagulation ther-
apy was continued for a minimum of two weeks. Patients un-
derwent routine Doppler color ultrasonography of both lower 
limbs at postoperative day 7 and day 14. The stitches were 
removed at postoperative day 14.

Preoperative and postoperative parameters

In addition to height and weight of all patients, the preopera-
tive hemoglobin, hematocrit (Hct), partial thromboplastin time 
(PTT), prothrombin time (PT), and International Normalised 
Ratio (INR) were recorded. The operation time, postoperative 
complications, the total volume of blood loss, postoperative 
drainage volume, hidden hemorrhage, the requirement for 
blood transfusion, postoperative hemoglobin values, PTT, PT, 
INR, postoperative rates of deep vein thrombosis (DVT), and 
pulmonary embolism (PE) and the incidence of wound com-
plications were recorded.

The degree of hemorrhage was calculated as:

total hemorrhage=preoperative blood volume×(preoperative he-
matocrit–postoperative hematocrit)+blood transfusion volume

Preoperative blood volume was calculated using the Nadler 
equation [15–17]:

Male (L)=height (m3)×0.3669+weight (kg)×0.03219+0.6041.
Female (L)=height (m3)×0. 3561+weight (kg)×0.03308+0.1833.

The amount of hidden hemorrhage was calculated according 
to the Gross equation [18]: Hidden hemorrhage=total hem-
orrhage–revealed hemorrhage+allogeneic blood transfusion 
volume+return volume of autologous blood or drained blood.

Assessed for eligibility
(n=107)

Randomized

Enrollment

Excluded (n=6)
• Not meeting inclusion (n=2)
• Declined participate (n=4)
•  Other reasons (n=0)

Allocated to intervention (n=54)
• Received allocated intervention(n=54)
• Did not receive allocated intervention
   (give reasons) (n=0)

Allocated to intervention (n=47)
• Received allocated intervention(n=47)
• Did not receive allocated intervention
   (give reasons) (n=0)

Lost to follow-up (give reasons) (n=0)
Discontinued intervention
(give reasons) (n=0)

Lost to follow-up (give reasons) (n=0)
Discontinued intervention
(give reasons) (n=0)

Allocation

Follow-up

Analysed (n=54)
• Excluded from analysis (give reasons)
   (n=0)

Analysed (n=47)
• Excluded from analysis (give reasons)
   (n=0)

Analysis

Figure 1.  Flowchart of selection of cases in the study group 
(n=54) and cases in the control group (n=47) 
undergoing elective unicompartmental knee 
arthroplasty (UKA) with and without intra-articular 
injection of tranexamic acid (TXA).
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The method of examination of deep venous thrombosis included 
vascular ultrasonography of the lower extremities that was per-
formed on one or two days before surgery and on postoper-
ative day 7 and 14. The examinations were performed by the 
same person using color Doppler ultrasound.

Statistical	analysis

Data were analyzed using SPSS version 13.0 statistical soft-
ware. Data were expressed as the mean ± standard deviation 
(SD). Comparison between two sets of data was performed 
using a group design t-test. The count data were analyzed us-
ing the chi-squared (c2) test. The dual a value was set as 0.05. 
A P-value <0.05 was considered to be statistically significant.

Results

Preoperative and intraoperative data (Table 1)

A total of 101 patients were included in the study and none 
were lost to follow-up. There was no statistical difference in 
gender, age, body mass index (BMI), comorbidity, preopera-
tive hemoglobin, hematocrit, coagulation function, preopera-
tive mechanical axis, and physical activity between the study 
group and the control group (P>0.05) (Table 1).

Postoperative data

There was no significant difference in the operation time, inci-
sion length, or length of hospital stay between the study group 
and the control group (P >0.05) (Table 2). The hemoglobin level 
was significantly greater in patients undergoing unicompart-
mental knee arthroplasty (UKA) treated with tranexamic acid 
(TXA) compared with the control group on postoperative days 
1, 3, and 7 (P<0.05) (Table 2). In the study group, there were 
two cases that required a blood transfusion, while in the con-
trol group there were six patients who received a blood trans-
fusion, but there was no significant difference between the two 
groups (c2=1.723; P>0.05) (Table 2). There were no postopera-
tive complications such as deep venous thrombosis (DVT), pul-
monary embolism (PE), or surgical site infection in the study 
group or control group.

Comparison of postoperative blood loss between the study 
group and the control group

The total blood loss in the study group and the control group 
was 745.6±105.1 ml and 921.4±106.2 ml, respectively, with 
a significant difference between the two groups (t=8.345; 
P=0.001) (Table 3). Compared with the control group, hidden 
blood loss in the study group (391.7±80.5 ml) was significantly 
lower compared with the control group (509.1±85.7ml) (t=7.097; 
P=0. 001) (Table 3). In the study group, the postoperative drain-
age volume at 0–8 h and 8–24 h was significantly lower than 
in the control group but there was no significant difference in 
drainage volume after 24 hours between the study group and 

 Experiment group (n=54) Control group (n=47) P value

Gender (Female/Male) 35/19 30/17 0.918

Age (year)  64.8±9.6  67.1±7.4 0.178

BMI (kg/m2)  26.5±2.7  27.4±4.5 0.196

Comorbidity

 DM (n, %) (6, 11.1%) (4, 8.5%) 0.190

 HT (n, %) (34, 63%) (32, 68%) 0.589

Hemoglobin (g/dl)  13.1±1.5  13.0±1.3 0.963

Hematocrit (Hct)  41.4±3.1  42.5±3.5 0.104

PT-INR  0.96±0.03  0.95±0.04 0.712

APTT-INR  0.93±0.01  0.93±0.1 0.507

Mechanical axis 5.1° Varus 4.9° Varus 0.070

Activity  113.0±22.7  111.4±18.8 0.708

Table 1. General information of patients.

n – number; DM :– diabetes mellitus; HT – hypertension; PT-INR – international normalized ratio of prothrombin time; 
APTT-INR – international normalized ratio of activated partial thrombin time; BMI – body mass index=Weight (kg)/Height (m)2. 
There was no statistical difference in gender, age, body mass index (BMI), comorbidity, preoperative hemoglobin, hematocrit, 
coagulation function, preoperative mechanical axis, and activity between the two groups (P>0.05).
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 Experiment group (n=54) Control group (n=47) P value

Operation time (min)  71.4±11.2  71.7±12.7 0.916

Incision length (cm)  8.2±1.0  8.4±1.2 0.387

Hospital stay time (day)  4.1±1.6  4.2±1.2 0.568

Hemoglobin (g/dl)

 Postoperaton (1 d)  11.8±0.8  11.2±1.8 0.027

 Postoperaton (3 d)  9.3±0.6  8.9±0.8 0.004

 Postoperaton (7 d)  8.5±0.3  8.3±0.4 0.003

Blood transfusion (n) 2 6 0.189

DVT (n) 0 0

Table 2. Postoperative patient data.

n – number; min – minute; DVT – depth venous thrombosis. There was no significant difference in the operation time, incision length, 
or length of hospital stay between the two groups (P>0.05). Hemoglobin was significantly higher in patients treated with TXA than 
those in the control group on day 1, 3, and 7 after surgery. (P<0.05).

 Experiment group (n=54) Control group (n=47) P value

Drainage (ml)

 0–8 h  156.3±56.2  197.8±61.9 0.001

 8–24 h  105.9±29.3  127.1±39.0 0.002

 >24 h  91.6±48.0  87.4±34.1 0.615

Total drainage (ml)  353.9±79.5  412.3±80.9 0.001

Hidden blood loss (ml)  391.7±80.5  509.1±85.7 0.001

Total blood loss (ml)  745.6±105.1  921.4±106.2 0.001

Table 3. postoperative drainage and total blood loss.

n – number. The total blood loss in the experiment and control groups was 745.6±105.1 ml and 921.4±106.2 ml, respectively, with 
a statistically significant difference between the two groups (t=8.345, P=0.001, Table 3). Compared with the control group, hidden 
blood loss of the experimental group (391.7±80.5 ml) was significantly lower than the control group (509.1±85.7ml) (t=7.097, 
P=0. 001, Table 3). In the experimental group, the drainage volume at 0–8 h and 8–24 h after operation was lower than that of the 
control group. The difference was statistically significant, but there was no significant difference in drainage volume after 24 hour 
between the experiment group and the control group.

 Experiment group (n=54) Control group (n=47) P value

ROM

 Preoperaton  112.6±4.4  113.6±5.1 0.302

 Postoperaton (1y)  124.7±5.0  126.0±5.2 0.277

HSS

 Preoperaton  58.3±4.5  57.8±4.2 0.607

 Postoperaton (1y)  84.9±3.5  85.0±3.2 0.846

Table 4. Range of motion(ROM) and HSS score.

n – number; y – year. There was no significant difference in range of motion(ROM) and HSS score between the two groups (P>0.05). 
The two groups had shown a very good functional outcome.
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the control group (t=0.504; P=0.615) (Table 3). There was no 
significant difference in the range of motion (ROM) and the 
Hospital for Special Surgery (HSS) knee score between the two 
groups (P>0.05) (Table 4).

Discussion

The most suitable surgical procedure for the treatment of iso-
lated medial compartment arthritis remains controversial, but 
unicompartmental knee arthroplasty (UKA) can be used for 
patients with limited activity, who are non-obese and older 
than 60 years [19]. However, UKA surgery can be associated 
with 7.4% blood transfusion rates, which may result in com-
plications associated with blood transfusion. Tranexamic acid 
(TXA) has been reported to significantly reduce perioperative 
blood loss and blood transfusion rates in orthopedic surgery 
and has been shown to be relatively safe, but there are few 
reports of its use in UKA [20,21]. The aim of this retrospective 
study was to compare operative blood loss in patients under-
going UKA treated with an intra-articular injection of TXA with 
controls undergoing UKA without TXA. The findings showed 
that the total blood loss of the study group and the control 
group was found to be 745.6±105.1 ml and 921.4±106.2 ml, 
respectively. The difference between the two groups was sta-
tistically significant (P<0.05), indicating that local application 
of TXA reduced total blood loss after UKA.

TXA is a synthetic derivative of lysine and is a potent anti-fi-
brinolytic agent that competes to saturate the lysine binding 
site of plasminogen, which inhibits binding of plasmin and 
plasminogen to fibrin to effectively inhibit fibrinolysis [22]. 
The TXA molecule injected into the knee joint can control the 
active bleeding point, increase the stability of fibrin clot, and 
effectively reduce blood loss on the damaged tissue surface. 
In 2013, Blanié et al. reported that the fibrinolytic effect of 
TXA reached a peak at around six hours after arthroplasty [23]. 
Therefore, the best time to administer TXA is from the begin-
ning of surgery to six hours after surgery to minimize blood 
loss. In the present study, the drainage tube was clamped for 
four hours after the injection of TXA into the joint to main-
tain the local drug concentration in the intra-articular cavity, 
so that TXA had sufficient time to exert its effect.

In this study, the drainage volume of the study group in the 
first eight hours (156.3±56.2 ml) was significantly lower than 
that in the control group (197.8±61.9 ml) (P<0.05). This find-
ing supported that the local use of TXA could significantly re-
duce the drainage volume in the first eight hours after UKA. 
The drainage volume in the first eight hours after surgery in 
both the study group and the control group was significantly 
greater than the drainage volume between 8–24 h, indicat-
ing that the peak of hemorrhage after UKA surgery occurred 

within the first eight hours after surgery. Hemorrhage may be 
related to release of the tourniquet and activation of plasmin-
ogen, which promotes fibrinolytic reactions and increases the 
amount of bleeding, or due to active hemorrhage into the joint 
due to insufficient hemostasis. After 24 hours, there was no 
statistical difference in the drainage volume between the study 
group and the control group (P=0.615). This finding may be re-
lated to a reduced concentration of the TXA in the tissues due 
to the metabolism of the compound. Pharmacological studies 
have shown that the half-life of TXA in the knee joint is three 
hours [24]. In the current study, the amount of hidden blood 
loss in the study group was 391.7±80.5 ml, which was signif-
icantly lower than that in the control group (509.1±85.7 ml). 
Local administration of TXA reduced the intraoperative hid-
den blood loss. However, the mechanism of hidden blood loss 
remains unclear, which usually manifests as an effusion into 
the joint and extravasation of blood into the interstitial space. 
Also, an increased postoperative intraarticular dose of TXA af-
ter surgery, results in a greater hemostatic effect, indicating 
a dose-dependent effect [25]. However, Liu et al. studied the 
use of low-dose TXA in TKA and showed that low-dose TXA 
used during the perioperative period was an effective strategy 
to prevent blood loss after TKA [26]. However, the relationship 
between the dose of TXA and blood loss was not evaluated in 
the present study and so whether or not TXA had a dose-de-
pendent effect in TKA requires further study.

All the procedures used in this study were performed using stan-
dard surgical methods. Six patients in the control group required 
a blood transfusion, while two patients in the study group re-
quired a blood transfusion. This difference was not statistically 
significant. However, Schwab et al. reported that the transfusion 
rate during minimally invasive surgery with UKA could be as 
high as 7.4% [9]. In a prospective study, Yang et al. [27] found 
that the average hemoglobin level after UKA was 11.5 g/dl [27]. 
In the present study, the average hemoglobin level UKA 8.7 g/dl 
in the control group and 10.5 g/dl in the study group on post-
operative day 7. The surgical procedures, the small surgical in-
cision required, and the reduced soft tissue injury of minimally 
invasive surgery will reduce the amount of blood loss and lead 
to less reduction in the hemoglobin level.

This study had several limitations. The number of patients in-
cluded in this study was relatively small, as the study was con-
ducted in two orthopedic centers. The relationship between 
different doses of TXA and blood loss was not analyzed in 
this study. Also, the correlation between blood loss and injec-
tion time, the need for drainage tube clamping, and the time 
between clamping were not analyzed in this study. Although 
there were some limitations, this study demonstrated that 
intra-articular injection of TXA could significantly reduce the 
total blood loss after UKA surgery. The local injection of TXA 
into the articular cavity is simple to perform, rapid, and has 
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no complications such as postoperative venous thrombosis of 
the lower extremity, and has a good effect with the potential 
for future clinical use.

Conclusions

The findings of this prospective clinical study showed that for 
patients undergoing elective unicompartmental knee arthro-
plasty (UKA), intra-articular injection of tranexamic acid (TXA) 
significantly reduced the total blood loss and hidden blood loss, 
did not increase the rate of complications, and was associated 
with functional recovery.
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