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Does Topical Tranexamic Acid Make Bilaterally Total Knee Arthroplasty Safer
and Effect Early Functional Outcomes?
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Abstract. The aim of this study was to show the effects of intra-articular topical tranexamic acid administration on the
postoperative bleeding and early postoperative functional outcomes in the simultaneous bilateral total knee arthroplasty.
To determine its effectiveness in reducing the need for blood transfusion, the number of the complications and
morbidity rate. Material and Method. 40 patients who underwent simultaneous bilateral total knee arthroplasty between
January 2015 and September 2018 were included in the study. The patients were divided into two groups: patients
receiving tranexamic acid (group 1) or patients not receiving (group 2). Tranexamic acid was prepared as 1 g in 100cc
sf and administered intra-articular through the hemovac drain following the closure of the surgical wound.
Retrospectively, the amount of bleeding from the hemovac drain, blood transfusion needs, postoperative complication
rates recorded. Early postoperative functional outcomes including range of motion (ROM) of the knee and the cadence
were evaluated. Results. There was no statistical difference between the two groups in terms of demographics and
preoperative hemoglobin, platelet counts. In Group 1, the mean amount of hematoma from the hemovac drain was
592.5 cc on the 1% day; 291.25 cc on ond day and total blood loss was 881.25 cc, whereas, in Group 2, it was 1360 on the
1* day, 412.50 on the 2" day and 1770 cc in total, respectively. An average of 1.5 (0-4) units of blood transfusions was
performed in Group 1 and 4 (2-5) units in Group 2. There were no differences between two groups in terms of ROM
and cadence. Complications such as infection or pulmonary embolism were not defined in the two groups. Discussion.
Intra-articular usage of tranexamic acid makes bilateral simultaneous knee arthroplasty safer reducing bleeding. But It
has no impact on early postoperative functional outcomes. It does not increase the risk of complications as well.
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Introduction

The reliability of simultaneous bilateral total knee arthroplasty (TKA) surgery has been still controversial in
the literature. The advantages of simultaneous bilateral TKA include that patients experience anesthesia and
surgical stress only once and duration of rehabilitation is reduced (1). Some studies suggest no difference in
complication rates between unilateral and bilateral TKA in terms of morbidity and mortality (2-4) while
some of the studies reported completely the opposite findings. The meta-analysis by Restrepo et al. reported
that cardiac and pulmonary complications were higher in bilateral simultaneous TKA than unilateral TKA
(5). Odum et al. reported that minor and major hospital complications and mortality rate were higher in
bilateral simultaneous TKA (6). Fu et al. determined that the need for perioperative blood transfusion and the
risk of embolism were more frequent in bilateral simultaneous TKA (7). As it can be seen, the discussions on
bilateral simultaneous TKA and unilateral TKA are mostly focused on complication rates. It is well-known
that bilateral TKA leads to more blood loss, and therefore the patient requires more blood transfusion
compared to unilateral TKA (8-9). The excess amount of blood transfusion due to the amount of bleeding is
a predisposing factor for possible complications. Reducing the amount of postoperative blood loss and
therefore the need for blood transfusion may reduce the complication rates and improve the early functional
outcomes. Accordingly, the aim of this study was to investigate whether intra-articular topical tranexamic
acid administration at the end of the surgery can reduce the bleeding, need for blood transfusion, morbidity
rate and improve functional outcomes by this way.

Material and method
Between January 2015 and September 2018, the medical history files of the patients who underwent
simultaneous bilateral TKA by the same surgeon were reviewed retrospectively and 40 patients who
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sequential bilateral TKA were included in the study. Patients who had bilateral primary knee osteoarthritis,
patients who diagnosed with secondary osteoarthritis (Rheumatoid Arthritis, posttraumatic osteoarthritis) and
patients with a history of deep vein thrombosis and pulmonary embolism were excluded from the study. The
groups were created based on demographic data (age, gender). The patients were divided into two groups:
treated with tranexamic acid (group 1) and untreated (group 2). 5 patients (3 in Group 1 and 2 in Group 2)
who underwent TKA due to secondary osteoarthritis were excluded from the study. All patients underwent
simultaneous sequential surgery. Patient who had high complaints firstly underwent the surgery. The
tourniquet was inflated before the surgery and tranexamic acid was administered from the topical drain tip in
Group 1 after the surgical wound was closed, the tourniquet was opened and the drain was held for 30
minutes before opening. In the meantime, the other knee joint surgery was started. The tourniquet was
inflated on the other extremity. After the surgery, the medicine was administered from the drain following
the closing of the surgical wound. The tourniquet and the drain were opened after 30 minutes. In the group
treated with tranexamic acid, the solution was prepared to contain 4 ampules (1 g) tranexamic acid in 100cc
saline. It was administered into the each joint from the hemovac drain after surgical wound closure for
topical administration. In the group without tranexamic acid administration, the tourniquet and the hemovac
drain were opened after the routine closure of the surgical wound. Both groups received 40 mg enoxaparin
for 10 days for pulmonary embolism prophylaxis. In both groups, the daily amount of bleeding from the
drains until postoperative 2™ day, the total amount of bleeding and the amount of blood transfusions on the
3™ day until being discharged from the hospital were measured. A blood transfusion administration criterion
was considered as hemoglobin levels lower than 10g/dl. Postoperative complications were examined
retrospectively from the file data and then from the data during follow-ups.

In order to evaluate the functional outcomes, amount of knee range of motions and walking cadence were
measured. Amount of flexion range of motion was measured three times: post-operative second day, 15th,
and 90th day for each group. The measurement of range of motion was done manually with the help of the
goniometer. To evaluate the cadence for ambulation, , the number of steps taken in 1 minute was recorded
for both groups on postoperative 2™ and 3" day in a safe hospital corridor under supervision of a physical
therapist.

The study was approved by the SANKO University Ethics Committee for Clinical Research Trials and was
conducted in accordance with the principles in the Declaration of Helsinki. All participants gave their written
informed consent before their participation in the study and were free to withdraw from the study at any
time.

Statistical analysis. The statistical package SPSS 21.00 for Windows (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. All continuous variables were evaluated for normality using Kolmogorov—
Smirnov test. Descriptive statistics for continuous data including mean and standard deviation (mean+SD)
or median and minimum-maximum (min-max) values were calculated. Independent samples t-test was used
to compare the two groups if the continuous data showed normal distribution, if not the Mann-Whitney U
test was used. Fisher's exact chi-square test was used to compare the qualitative data. The level of
significance was set at p<0.05.

Results

40 patients with bilateral sequential TKA were included in the study. Twenty patients were administered
with topical tranexamic acid after the surgery while the other 20 patients were not. There was no statistically
significant difference between the two groups in terms of age, sex,

hemoglobin ratio, and platelet count (Table I). In Group 1, the mean amount of hematoma from the hemovac
drain was 592.5 (250-900) cc on the 1% day; 291.25 (250-900) cc on 2™ day and total blood loss was 881.25
(400-1350) cc; In Group 2, the mean amount of hematoma was 1360 (1200-1600) cc on the 1™ day, 412.50
(300-650) cc on the 2™ day and 1770 (1450-2200) cc in total. An average of 1.5 (0-4) units of blood was
transferred in Group 1 while Group 2 received 4 (2-5) units. There was a statistically significant difference
between the two groups in terms of the mean amount of hematoma on the 1* day, the 2™ day and the total
amount of bleeding (Table II). There was a significant difference between the two groups in terms of mean
blood transfusion (p<0.001) (Table III). No infection or pulmonary embolism complication occurred in either

group.
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In the group I, the median walking cadence was 38 (36-41) on the 2nd day, was 57 (55-60) on the 3th day
whereas it was 35 (33-39) on the 2nd day, 56 (53-60) on the 3th day in Group II. In the group I, the mean
range of motion (ROM) of both knee flexion was 86 + 22,7 on the 2nd day, was 115 + 22,7 on the 15" day,
was 130,25 + 14,1 on 90th day.

Table 1. Comparison of two groups according to age, gender and preoperative hemoglobin levels and platelet counts

Group Age (yrs) Gender (M/F) Preop. Hb (g/dL) Preop. Plt (x103/uL)
1 64,35+6,9 4/16 12,02+1,54 249,17+64,88
2 65,25+7,6 5/15 12,22+1,52 238,894+66,97

Preop.: Preoperative; Hb: Hemoglobin level; Plt: Platelet Count

For the patients in group II, the mean range of motion (ROM) of both knee flexion was 87 + 23,4 on the 2™
day, was 114 + 21,4 on the 15™ day, and was 128,3 + 10,4 on 90th day.

There were no significant differences in terms of walking cadence and ROM of knee flexion between the two
groups (p>0.05) (Table IV). The total erythrocyte suspension requirement in group 2 was higher than that of
Group I and this difference was statistically significant (p <0.001).

Table II. Comparison of two groups according to drainage volume

Group DV(mm3), Day 1 DV(mm3), Day 2 Total
1 592,50+200,18 291,25+145,83 881,25+288,24
2 1360,00+124,18 412,50+97,16 1770,00+183,81
p value <0,001 =0,004 <0,001

DV: Drainage Volume

Table III. Comparison of two groups according to erythrocyte suspension requirement

Group median minimum maximum
1 1,5 0 4
2 4,0 2 5

Table IV. Comparison of two groups according to cadence and range of motion

Variables Group 1 Group 2
(n=20) (n=20)
Mean + SD Mean + SD P
Right Knee Left Knee Right Knee Left Knee
Amount of flexion Second day 86 +22.7 86 +22.7 87 +23.4 87 +23.4
(degree) 15th day 115+£227 115£22,7 114 £21,4 114 +214
90th day 130,25 £ 14,1 130,25 £ 14,1 128,3 £ 10,4 128,3 £ 10,4 0.05
Cadance Second day 38+2 35+1
(step/min) Third day 572 5642

Discussion

Tranexamic acid is known to reduce postoperative bleeding with oral, intravenous or topical use (10-12).
Several studies showed that tranexamic acid is effective to reduce bleeding after TKA, total hip replacement
and fracture (10-14). The use of tranexamic acid in unilateral TKA was also reported (10-12). Some studies
reported that the sequential bilateral TKA surgery is safe and its clinical outcomes are good. However, it is a
well-known that single-session bilateral TKA surgery causes an increased bleeding and morbidity. In the
literature, the mean bleeding rate after unilateral TKA has been reported in the range of 761-1784 cc (15-19).
In the bilateral single-session TKA, theoretically, bleeding would be 2 times the average, meaning serious
blood loss. The reported rate of blood loss for unilateral TKA is a tolerable bleeding for the patient, while
bleeding in the bilateral TKA surgery is hard to tolerate. In this case, the need for blood transfusion increases
with increasing other risks for patients. Reducing bleeding decreases the need for blood transfusion, thereby
reducing also complication and morbidity rate. In our study, the mean blood loss was found to be
significantly lower in the group treated with tranexamic acid group and therefore, the blood transfusion was
limited in this group.
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Hedge et al. used oral, intravenous, and intra-articular tranexamic acid in patients who underwent
simultaneous bilateral TKA, and compared their effects on blood loss and need for blood transfusion. They
found that intra-articular administration was more effective (20). In our study, the use of intra-articular
tranexamic acid was also found to be an effective method for reducing bleeding.

In another study, Kim et al. investigated the effect of topical tranexamic acid on transfusion rate and reported
that the use of topical tranexamic acid decreased the need for transfusion. In aforementioned study, they
prepared a solution using 2 g of tranexamic acid in 30 cc saline. They stated that they made the final wash
with this solution before the tourniquet was opened, sucked in the fluid with an aspirator, and they closed the
surgical wound. The mean loss of hemoglobine was determined as 4.1 g/dl in the patients administered with
tranexamic acid and the mean hemoglobine loss was found as 6.2 g/dl (p=<0.001) in the patients not
receiving it (21). In the study of Safeer Ahmad et al., they evaluated the rate of blood loss between the use of
intravenous and intra-articular topical tranexamic acid in patients treated with unilateral TKA and concluded
that topical use was more effective. In the study, 1.5 g of tranexamic acid was prepared in 100 cc saline (22).
In their study, Yamaguchi et al. (23) studied the dose optimization of topical tranexamic acid use to reduce
bleeding in total hip arthroplasty. They reported no difference between 1 and 2 g tranexamic acid in terms of
effectiveness (23). In our study, the intra-articular solution was prepared through mixing 1 g of tranexamic
acid with 100 cc saline and the surgical wound was closed without opening the tourniquet. The prepared
solution was administered to the joint from the end of the drain and then the tourniquet was opened.
However, the drain was not operated. After half an hour, the drain was taken to negative pressure and
operated. Mean blood loss was found to be 881 in group 1 and 1770 in group 2. With such administration
way, we achieved the same effect using 1 g tranexamic acid.

Tengborn et al. reported that the use of topical tranexamic acid was contraindicated in patients with a history
of pulmonary embolism and deep vein thrombosis due to possible risk of embolism (24). However, there are
also several studies suggesting that topical tranexamic acid administration does not increase the risk of
complications of deep vein thrombus or pulmonary embolism (25,26). In our study, patients with a history of
pulmonary embolism and deep vein thrombus were not included. No complications of pulmonary embolism
or deep vein thrombus were therefore observed in either of the study groups.

Limited studies reporting on the effect of tranexamic acid on functional results have been available in the
literature. Meteo et al and Wang’s et al showed that functional scores improved in postoperative 1-2 months
but there was no difference in ROM with tranexamic acid (27,28). In the study of Grosso et al, postoperative
functional outcomes were improved with tranexamic acid but there was no difference on ROM and visual
analogue scores (VAS) between the two groups (29). In our study, we did not find any difference on
functional results and ROM on the bilateral TKA patients between the patients receiving tranexamic acid and
patients not receiving.

Given the fact that one of the disadvantage of bilateral simultaneous TKA is the increased bleeding and need
for blood transfusion, bilateral TKA surgery can be performed safer in a single session with reducing the
number of the complications and morbidity rate through the use of topical tranexamic acid. Tranexamic acid
doesn’t improve functional outcomes on bilateral simultaneous TKA.

References

1. Patil N, Wakankar H (2008). Morbidity and mortality of simultaneous bilateral total knee arthroplasty.
Orthopedics; 31:780-9.

2. Alemparte J, Johnson GV, Worland RL, Jessup DE, Keenan J (2002). Results of simultaneous bilateral total knee
replacement: a study of 1208 knees in 604 patients. J South Orthop Assoc;11: 153-6.

3. Cohen RG, Forrest CJ, Benjamin JB (1997). Safety and efficacy of bilateral total knee arthroplasty. J Arthroplasty;
12: 497-502.

4. Hooper GJ, Hooper NM, Rothwell AG, Hobbs T (2009). Bilateral total joint arthroplasty: the early results from the
New Zealand National Joint Registry. J Arthroplasty; 24: 1174-7.

5. Restrepo C, Parvizi J, Dietrich T, Einhorn TA (2007). Safety of simultaneous bilateral total knee arthroplasty. A
meta-analysis. J Bone Joint Surg Am; 89:1220-6.

6. Odum SM, Springer BD (2014). In-hospital complication rates and associated factors after simultaneous bilateral
versus unilateral total knee arthroplasty. J Bone Joint Surg Am; 96: 1058-65.

7. Fu D, Li G, Chen K, Zeng H, Zhang X, Cai Z (2013). Comparison of clinical outcome between simultaneous-
bilateral and staged-bilateral total knee arthroplasty: a systematic review of retrospective studies. J Arthroplasty;
28:1141-7.

Medicina Sportiva



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Medicina Sportiva (2019), vol. XV, no 2, 3144-3148
Journal of the Romanian Sports Medicine Society

3148

Adili A, Bhandari M, Petruccelli D (2001). Sequential bilateral total knee arthroplasty under 1 anesthetic in
patients>75 years old: complications and functional outcomes. J Arthroplasty; 16: 271-8.

Bullock DP, Sporer SM, Shirreffs TG Jr (2003). Comparison of simultaneous bilateral with unilateral total knee
arthroplasty in terms of perioperative complications. J Bone Joint Surg Am; 85-A: 1981-6.

Li H, Bai L, Li Y, Fang Z (2018). Oral tranexamic acid reduces blood loss in total-knee arthroplasty: A meta-
analysis. Medicine (Baltimore); 97(45):e12924.

Arslan A, Gormeli G (2018). Using intra-articular tranexamic acid in total knee replacement surgery with and
without bleeding control: a prospective randomized double blind study. Eur Rev Med Pharmacol Sci; 22(18):6127-
6132.

Ahmed S, Ahmed A, Ahmad S; Atig-uz-Zaman; Javed S, Aziz A (2018). Blood loss after intra-articular and
intravenous tranexamic acid in total knee arthroplasty. J Pak Med Assoc; 68(10):1434-1437.

Yoon BH, Kim TY, Ko YS, Lee YK, Ha YC, Koo KH (2018). Optimal use of tranexamic acid for total hip
arthroplasty: A network meta-analysis. PLoS One. 2018; 31:13(10).

Zhang P, Bai J, He J, Liang Y, Chen P, Wang JA. Systematic review of tranexamic acid usage in patients
undergoing femoral fracture surgery. Clin Interv Aging; 13:1579-91.

Hiippala S, Strid L, Wennerstrand M, Arvela V, Mintyld S, Ylinen J, et al (1995). Tranexamic acid (Cyklokapron)
reduces perioperative blood loss associated with total knee arthroplasty. Br J Anaesth; 74: 534-7.

Benoni G, Fredin H (1996). Fibrinolytic inhibition with tranexamic acid reduces blood loss and blood transfusion
after knee arthroplasty. J Bone Joint Surg Br; 78:434-40.

Jansen AJ, Andreica S, Claeys M, D’Haese J, Camu F, Jochmans K (1999). Use of tranexamic acid for an effective
blood conservation strategy after total knee arthroplasty. Br J Anaesth; 83: 596-601.

Tanaka N, Sakahashi H, Sato E, Hirose K, Ishima T, Ishii S (2001). Timing of the administration of tranexamic
acid for maximum reduction in blood loss in arthroplasty of the knee. J Bone Joint Surg Br; 83:702-5.

Veien M, Sorensen JV, Madsen F, Juelsgaard P (2002). Tranexamic acid given intraoperatively reduces blood loss
after total knee replacement: A randomized controlled study. Acta Anaesthesiol Scand; 46:1206—11.

Hegde C, Wasnik S, Kulkarni S, Pradhan S, Shetty V (2013). Simultaneous bilateral computer assisted total knee
arthroplasty: the effect of intravenous or intra-articular tranexamic acid. J Arthroplasty; 28:1888-91.

Kim C, Park SS, Dhotar HS, Perruccio AV, Zywiel MG, et al (2017). Topical tranexamic acid reduces transfusion
rates in simultaneous bilateral total knee arthroplasty: a retrospective case series. Can J Surg; 5:311-15.

Ahmed S, Ahmed A, Ahmad S, Zaman A, Javed S, Aziz A (2018). Blood after intra-articular and intravenous
tranexamic acid in total knee arthroplasty. J Pak Med Assoc; 10:1434-37.

Yamaguchi A, Goto K, Kawai T, Kuroda Y (2018). Dose optimization of topical tranexamic acid for primary total
hip arthroplasty: A prospective cohort study. J Orthop Sci; 18: 30249-5.

Tengborn L, Blombick M, Berntorp E (2015). Tranexamic acid-an old drug still going strong and making a revival.
Thromb Res; 135:231-42.

Alshryda S, Mason J, Vaghela M, Sarda P, Nargol A, Maheswaran S (2013). Topical (intra-articular) tranexamic
acid reduces blood loss and transfusion rates following total knee replacement: a randomized controlled trial . J
Bone Joint Surg Am; 95: 1961-8.

Wong J, Abrishami A, El Beheiry H, Mahomed NN, Roderick Davey J, Gandhi R, et al (2010). Topical application
of tranexamic acid reduces postoperative blood loss in total knee arthroplasty: a randomized, controlled trial. J
Bone Joint Surg Am; 92:2503-13.

Serrano Metao L, Gouardz Mehdikhani K, Caceres L, Lee Y, Gonzales Della Valle A (2016). Topical tranexamicx
acid may improve early functional outcomes of primary total knee arthroplasty. J Arthroplasty; 31:1449.

Wang C, Sun Z, Liu J, Cao J, Li Z (2015). Safety and efficiacy of intra-articular tranexamic acid injection without
drainage on blood loss in total knee arthroplasty: a randomized clinical trial. Int J Surg; 20:1.

Grosso M.J., Trofa D.P., Danoff J.R., Hickernell T.R., Murtaugh T.,Lakra A., Geller J.A (2017). Tranexamic acid
increases early perioperative functional outcomes after total knee arthroplasty. Arthroplast Today.;4(1):74-77;

Corresponding author

Gokhan Biilent Sever

SANKO University, Faculty of Health Sciences, Department of Physiotherapy and Rehabilitation, Gaziantep
E-mail address: gokhanbsever@yahoo.com

Received: July 04, 2019 Accepted: October 01, 2019

Medicina Sportiva


https://www.ncbi.nlm.nih.gov/pubmed/30407285
https://www.ncbi.nlm.nih.gov/pubmed/30407285
https://www.ncbi.nlm.nih.gov/pubmed/30280800
https://www.ncbi.nlm.nih.gov/pubmed/30280800
https://www.ncbi.nlm.nih.gov/pubmed/30317337
https://www.ncbi.nlm.nih.gov/pubmed/30317337
https://www.ncbi.nlm.nih.gov/pubmed/30379905
https://www.ncbi.nlm.nih.gov/pubmed/30379905
https://www.ncbi.nlm.nih.gov/pubmed/30233155
https://www.ncbi.nlm.nih.gov/pubmed/30233155
https://www.ncbi.nlm.nih.gov/pubmed/29560399

	Corresponding author
	Gökhan Bülent Sever

