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ORIGINAL ARTICLE

Symptomatic knee osteoarthritis is common among 
old people. Total knee arthroplasty (TKA) is regarded 
as the most effective treatment in relieving pain and 
restoring range of motion for patients with end stage 
osteoarthritis of the knee.[1] Despite the advances in 
surgical techniques, one of the issues that worries 
the surgeons is the blood loss after TKA operation.[2]

Various techniques are introduced to reduce 
postoperative blood loss in patients undergoing 
TKA.[3] One of them is antifibrinolytic treatment. 
Tranexamic acid (TXA) is a synthetic derivative 
of amino acid lysine which inhibits fibrinolysis 
by reversible blockade of lysine binding sites on 
plasminogen. It also inhibits the activation of 
plasminogen by plasmin activator.[3] As a result 
of lower plasmin levels, fibrinolytic activity is 
diminished, fibrin is not broken down, and thereby 
bleeding is decreased. The drug has no effect on 
other blood coagulation parameters such as platelet 
count, activated partial thromboplastin time, and 
prothrombin time.[4,5] 

Objectives: This study aims to investigate if tranexamic acid 
(TXA) reduces both visible and hidden blood loss in patients 
undergoing total knee arthroplasty (TKA).
Patients and methods: A total of 128 female patients (mean age 
68.9±5.8 years; range, 55 to 80 years) who underwent TKA and were 
admitted between January 2010 and January 2020 were included in 
this retrospective study. Only patients who had primary unilateral 
knee arthroplasty with a cemented posterior cruciate ligament 
substituting implant were included. Patients were divided into 
two groups according to TXA administration in the perioperative 
period. Group 1 consisted of patients who did not receive TXA 
(n=69), while Group 2 consisted of patients who received TXA 
(n=59). The effect of TXA on visible and hidden blood loss, amount 
of erythrocyte suspension transfusions, postoperative early wound 
complications, and the relationship between the volume of hidden 
blood loss and drainage volume were detected.
Results: There was no statistically significant difference 
between the groups in terms of age, body mass index, operation 
side, preoperative hematocrit (HCT) values, and total blood 
volume. Postoperative HCT values were statistically higher in 
Group 2. Fifty-four units of erythrocyte suspension transfusion 
were required in Group 1, while six units were required in 
Group 2 (p<0.001). Early wound complication was determined 
in 10 patients in Group 1 and only in one patient in Group 2 
(p=0.011). Intraoperative blood loss, postoperative drainage 
volume, hidden blood loss, and total blood loss values were 
significantly lower in Group 2 (p=0.001). In all patients, 
there was a significant positive correlation between the 
postoperative drainage volume and the hidden blood loss 
volume (r=0.532, p=0.001).
Conclusion: The use of TXA in patients undergoing TKA reduces 
postoperative bleeding (visible and hidden blood loss), blood 
transfusion needs, and early wound complications. In addition, 
drainage volume in postoperative 24 hours can be used to estimate 
the amount of hidden blood loss in early postoperative period.
Keywords: Hidden blood loss, total knee arthroplasty, tranexamic 
acid.

ABSTRACT

Is tranexamic acid effective on hidden blood loss in 
patients during total knee arthroplasty?
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Total blood loss (TBL) due to TKA is the sum of 
visible and hidden loss. Visible loss is composed of 
intraoperative blood loss and blood volume collected 
in the suction drains (drainage volume). Hidden blood 
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loss is the volume of blood that diffuses into tissues, 
residual blood in the knee joint cavity.[5,6]

In the literature, although various studies have 
determined the reducing effect of TXA on the visible 
blood loss, there is some controversy about the effect 
of TXA on hidden blood loss.[5,7-9] In some studies, 
the use of TXA in knee replacement patients has 
been reported to decrease external blood loss but 
not hidden blood loss.[7,8] The administration route, 
timing, and optimal dose of TXA in TKA are still 
controversial issues. Clinical variables may affect 
the efficiency of the drug. In this study, we aimed to 
investigate if TXA reduces both visible and hidden 
blood loss in patients undergoing TKA.

PATIENTS AND METHODS

All TKA patients admitted between January 2010 
and January 2020 at Ankara Numune Training 
and Research Hospital and Ankara City Hospital, 
Department of Orthopaedics and Traumatology were 

evaluated retrospectively. Inclusion and exclusion 
criteria were given in Figure 1. The study protocol 
was approved by the Ankara City Hospital Ethics 
Committee (No: E1-20-925, Date: July 16, 2020). A 
written informed consent was obtained from each 
patient. The study was conducted in accordance with 
the principles of the Declaration of Helsinki.

Tranexamic acid was not used due to clinical 
consensus in patients operated between January 2010 
and September 2015; however, after September 2015, 
TXA was used in all TKA patients with a standard 
protocol.

Medical records of 207 patients were available 
for the study. Seventy-nine patients were excluded 
because they did not meet the inclusion criteria. A 
total of 128 patients (mean age 68.9±5.8 years; range, 
55 to 80 years) were included. Patients were divided 
into two groups according to the use of TXA in the 
perioperative period. Group 1 consisted of patients 
who did not receive TXA (n=69), while Group 2 

FIGURE 1. Flowchart showing study selection process.
TKA: Total knee arthroplasty; TXA: Tranexamic acid.

Population
Total knee arthroplasty patients who admitted 

between January 2010 and January 2020 (n=207)

Inclusion criteria:
•	 Advanced	knee	osteoarthritis
•	 Primary	TKA
•	 Tranexamic	acid	use	in	the	perioperative	

period	or	did	not	receive	any	antifibrinolytic	
treatment

•	 Female	sex
•	 55	to	80	years	of	age	range
•	 Cemented	posterior	cruciate	ligament	

substituting	implant

Excluded for the following (n=79):
•	 Hemorrhagic	disease
•	 Undergoing	anticoagulaiton	therapy
•	 Preoperative	hemoglobin	lower	than	10	g/dL
•	 History	of	traumatic	osteoarthritis	and	

inflammatory	arthritis
•	 History	of	malignancy,	peripheral	vascular	

disease,	or	thrombosis
•	 Comorbidity	unacceptable	for	TXA	

administration	including	renal	insufficiency,	
hepatic	insefficiency,	coagulopathy,	history	of	
venous	thromboembolism,	or	history	of	stroke

•	 Male	sex

Study group (n=128)

Group 1
Patients who did not receive TXA 

(n=69)

Group 2
Patients who had TXA to reduce 

blood loss (n=59)
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consisted of patients who received TXA to reduce 
blood loss (n=59).

All surgical procedures were performed by the 
same author team or one of the authors. In all 
patients, the following standard surgical technique 
was used:

First generation cephalosporin was used for 
prophylaxis which was administered intravenously 
30 minute before inflation of the tourniquet and 
continued for 24 hours (1 g in every 8 hours). The 
operation was performed under spinal/epidural 
anesthesia. A tourniquet was used in all cases. 
The tourniquet was inflated 100 mmHg above the 
systolic blood pressure of the patients. Anterior 
midline skin incision and medial parapatellar 
arthrotomy were performed. Cemented posterior 
cruciate ligament substituting implant was used in 
all cases (Vanguard® complete knee system, Biomet 
Orthopaedics Inc., Warsaw, IN, USA). Patella was 
not changed but peripatellar osteophytes were 
removed and denervation was performed. The 
hole in the femur for intramedullary guide was 
occluded with an intramedullary bone plug to 
reduce bleeding from intramedullary canal after 
wound closure. The tourniquet was deflated after 
the prosthetic components were implanted and 
meticulous hemostasis was performed. A number 
10-gauge drain was placed intraarticularly and 
connected to the drainage bottle. Intraoperative 
blood loss was measured by weighing the wet 
surgical gauzes. After wound closure, a compressive 
Robert Jones bandage was applied.[10] The drain was 
clamped for three hours after operation to provide 
hemostasis. After three hours, clamp was released 
and drainage started. Drains were removed 24 
hours after the operation and the volume of blood 
collected in the drainage bottle was measured and 
recorded.

Tranexamic acid was administered 10 mg/kg 
intravenously before tourniquet deflation and then 
a second dose of 10 mg/kg was administered three 
hours after the operation.

For thrombosis prophylaxis, low molecular weight 
heparin 4000 IU was subcutaneously administered 
on operation evening and continued 4000 IU daily. 
Ambulation with partial weight bearing was 
permitted in the second postoperative day.

Age, operation side, early postoperative wound 
complications, amount of transfusion and body mass 
index (BMI) (kg/m2), preoperative, postoperative 
Day 1, Day 2, and Day 3 hematocrit (HCT) values, 
intraoperative blood loss, and postoperative drainage 

volume of the patients were collected from medical 
records retrospectively.

Total blood volume (TBV) was calculated by the 
Nadler[11] method as follows:

TBV=k1xH3+k2xW+k3

For females, k1=0.3561, k2=0.03308, and k3=0.1833; 
H=height (m) and W=weight (kg).

Total blood loss was calculated by Gross formula[6] 
method as follows:

TBL=TBVx(Preoperative HCT-Postoperative 3-day 
HCT)/Mean HCT

The volume of erythrocyte suspension (each one 
200 mL) given to the patient was added to TBL 
separately.[6] Total hidden blood loss volume was 
calculated by subtracting visible blood loss volume 
from TBL volume.

Statistical analysis

Statistical analysis was carried out using the 
IBM SPSS for Windows 22.0 software (IBM Corp., 
Armonk, NY, USA). Descriptive statistics for 
numerical variables were expressed as mean and 
standard deviation. Parametric test procedures were 
used in the Kolmogorov-Smirnov test on normal 
distribution. Independent two-sample t-tests were 
used to determine the relationships between 
parameters. Chi-square analysis was also used to 
determine the relationship between categorical data. 
Mann-Whitney U test was used to evaluate the 
relationship between drainage volume and volume of 
hidden blood loss in patients using TXA. Correlation 
analysis between the volume of hidden blood loss 
and postoperative drainage volume was evaluated 
with Pearson correlation coefficient. The results were 
evaluated within the 95% confidence interval and 
p<0.05 was considered as statistically significant.

RESULTS

The demographic data of the patients included in the 
study were shown in Table I. There was no statistically 
significant difference between the groups in terms of 
age, BMI, operation side, preoperative HCT and TBV 
(Table I).

Postoperative first day, second day, and third 
day HCT values were statistically higher in Group 2 
(p=0.001, p=0.001, p=0.001, respectively) (Table II). 
Sixteen patients had one unit and 19 patients had 
two units of erythrocyte suspension transfusions in 
Group 1. However, in Group 2, four patients had one 
unit and one patient had two units of erythrocyte 
suspension transfusion. There was a statistically 
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significant difference in transfusion amount between 
the study groups (p<0.001) (Table II). Early wound 
complication (edema, hematoma, serous drainage, 
and skin edge inflammation) was determined in 
10 patients in Group 1 whereas only in one patient in 
Group 2 (p=0.011) (Table II).

When the groups were compared in terms of 
intraoperative blood loss, postoperative drainage 

volume, hidden blood loss, and TBL, the values of 
Group 2 were significantly lower (p=0.001) (Table III). 

Correlation analysis between postoperative 
drainage volume and the volume of hidden blood loss 
of all patients included in the study was evaluated. 
There was a significant positive correlation between 
the postoperative drainage volume and the hidden 
blood loss volume (r=0.532, p=0.001).

TAbLE I
Demographic data of study patients

Group 1 (n=69) Group 2 (n=59)

n Mean±SD n Mean±SD p

Age (year) 68.7±5.9 69.3±5.6 0.544

Body mass index (kg/m2) 32.4± 3.9 31.9±3.8 0.457

Side

Right

Left

34

35

30

29

Preoperative hematocrit 40.0±2.9 38.8±3.6 0.05

Total blood volume (mL) 3,938.0±311.5 3,821.8±367.7 0.055

SD: Standard deviation.

TAbLE II
Comparison of groups according to hematocrit values, transfusion amount, and early 

complications

Group 1 (n=69) Group 2 (n=59)

n Mean±SD n Mean±SD p*

Postoperative 1st Day HCT 29.2±3.2 31.8±4.0 0.001*

Postoperative 2nd Day HCT 26.7±2.8 30.0±3.6 0.001*

Postoperative 3rd Day HCT 26.7±2.4 29.7±2.8 0.001*

Transfusion

1 unit

2 unit

16

19

4

1

<0.001*

Early complication 10 1 0.011*

HCT: Hematocrit; * p<0.05: statically significant difference.

TAbLE III
Comparison of groups in terms of bleeding related parameters

Group 1 (n=69) Group 2 (n=59)

Bleeding parameters Mean±SD Mean±SD p*

Intraoperative blood loss (mL) 222.9±87.4 132.6±41.6 0.001*

Postoperative drainage volume (mL) 632.0±166.3 405.3±102.1 0.001*

Hidden blood loss (mL 617.8±150.9 345.1±101.3 0.001*

Total blood loss (mL) 1472.7±237.2 883.0±207.3 0.001*

* p<0.05: statically significant difference.



Jt Dis Relat Surg492

DISCUSSION

The primary outcome of this study is that the 
use of TXA significantly reduces both visible and 
hidden blood loss in TKA patients. The transfusion 
amount and early wound complications were less in 
patients treated with TXA. The secondary outcome 
of the study is that the drainage volume in the 
first 24 hours after the operation has a statistically 
significant relationship with the volume of hidden 
blood loss.

Total blood loss for patients with osteoarthritis 
undergoing primary TKA ranges in between 1,300 
to 1,500 mL.[6,7,12] Most of the patients are in old age 
with several co-morbidities. Their cardiovascular 
system may not tolerate such amount of blood loss 
and complications may arise.[6] Blood loss can be 
replaced by allogenic blood transfusions while 
this method has risks such as longer hospital 
stay, infection disease transmission, immunologic 
reaction, hemolytic and anaphylactic reactions, and 
increased mortality.[12]

In TKA, TBL is composed of visual loss and 
hidden loss. Visual loss is the intraoperative blood 
loss and the volume of drained blood. Hidden loss 
is the residual blood in the joint and the blood 
diffused into tissues. Sehat et al.[6] reported that 
the mean TBL in TKA patients was 1,474 mL. The 
mean visible loss was 739 mL, and mean hidden loss 
was 735 mL. Thus, the hidden loss was 50% of the 
TBL.[6] In their study which included 78 patients with 
primary osteoarthritis undergoing TKA, Iwai et al.[13] 
reported that the mean estimated TBL volume was 
1,538 mL and the mean volume of hidden blood loss 
was 548 mL. Hu et al.[12] included 304 osteoarthritis 
patients undergoing unilateral primary TKA in 
their prospective study and indicated that TBL was 
1,346±671 mL and hidden blood loss was 465±358 
mL. As hidden blood loss is 35 to 50% of TBL, it 
has clinical importance and the volume of hidden 
blood loss needs to be estimated and strategies 
reducing hidden blood loss volume are required for 
postoperative blood management.

In major orthopedic surgical procedures, TXA is 
frequently used to reduce the amount of bleeding 
and the need for transfusion.[14-16] Authors have 
contrary opinions about the effect of the drug on 
hidden blood loss.[7,9,11] Good et al.[7] reported that 
51 patients with osteoarthrosis who had unilateral 
cemented TKA received either placebo (n=24) or TXA 
10 mg/kg (n=27) intravenously just before tourniquet 
release and three hours later. They reported that 
TXA decreased TBL by nearly 30% and drainage 

volume by 50%, while hidden blood loss was only 
marginally influenced and was at least as much as 
the drainage volume. In this case, TXA decreased 
external blood loss but not hidden blood loss in total 
knee replacement. Meta-analyses and prospective 
studies concluded that TXA significantly reduces 
hidden blood loss. Chen et al.[9] accomplished a meta-
analysis including seven studies and 530 patients and 
concluded that TXA statistically significantly reduced 
hidden blood loss compared with the control group 
(patients without TXA). Furthermore, Huang et al.[14] 
included 108 patients who underwent TKA in their 
study. The patients were divided into two groups. 
In the experimental group, 15 mg/kg of TXA mixed 
in 100 mL normal saline was administered, while 
TXA was not used in control group. They concluded 
that both the measured and hidden blood losses 
were reduced in the experimental group compared 
with the control group (p<0.001). In the current 
study, mean TBL, visible blood loss, and hidden 
blood loss volume in patients without TXA (Group 1) 
were 1,472 mL, 854 mL, and 617 mL, respectively. 
However, mean TBL, visible blood loss, and hidden 
blood loss volume in patients with TXA (Group 2) 
were 883 mL, 537 mL, and 345 mL, respectively. The 
difference between the groups were statistically 
significant. Therefore, the use of TXA significantly 
reduced both visible and hidden blood loss in TKA 
patients. Hidden blood loss constitutes 41.91% of the 
TBL in patients without TXA and 39.07% in patients 
with TXA.

It has been reported that TXA reduces bleeding 
and the need for blood transfusion after TKA.[16,17] 
In addition, Liu et al.[17] reported that TXA improves 
recovery of knee function after TKA. Tranexamic 
acid is applied effectively and safely in topical, 
intravenous, and combined routes.[18] Although some 
studies have reported that there is no difference 
between methods in terms of safety and efficacy, 
some studies reported that the combined use is more 
effective.[18-20] In the current study, treatment with two 
doses of intravenous TXA provided decreased TBL, 
transfusion requirements, and early postoperative 
wound complications in patients with unilateral 
cemented knee arthroplasty. The results of the current 
study were compatible with the results published in 
the literature.[5,8,9,12]

Although visible blood loss in TKA patients 
can be easily detected clinically, there is no useful 
and easy method to predict hidden blood loss 
volume clinically in the literature. There are various 
methods for calculating hidden blood loss volume 
using postoperative third day HCT or Hb values. 
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However, postoperative first 24 hours is very 
important for the follow-up of TKA patients in 
terms of early postoperative bleeding. Hidden blood 
loss calculation made according to the blood values 
in the postoperative third day is not sufficient for 
early bleeding follow-up. Since hidden blood loss 
constitutes 39 to 42% of TBL, it is important to 
follow-up hidden blood loss postoperatively. For this 
reason, in this study, we evaluated the relationship 
between postoperative drainage volume and hidden 
blood loss and a positive correlation was found 
between postoperative drainage volume and hidden 
blood loss.

According to the significant positive correlation 
between the postoperative drainage volume and the 
hidden blood loss, drainage volume in postoperative 
24 hours may be evaluated as a predictor of hidden 
blood loss volume. So, orthopedic surgeons may 
estimate the hidden blood loss volume and perform 
the postoperative blood management earlier.

The limitations of this study were its retrospective 
study design and being performed in a single center. 
However, early prediction of the amount of hidden 
blood loss in postoperative period may be a significant 
advantage. In addition, the standardization of patient 
sex and surgical method increases the strength of this 
study.

In conclusion, the use of TXA in patients with 
TKA reduces postoperative bleeding (visible and 
hidden blood loss), blood transfusion needs, and early 
wound complications. In addition, the amount of 
postoperative drain output in postoperative 24 hours 
can be used to estimate the amount of hidden blood 
loss in early postoperative period.
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