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Abstract

Background:
We investigate the synergistic effect of the use of tranexamic acid and navigation in reducing the need
for blood transfusion after total knee arthroplasty (TKA). Secondly, we compare the effects of navigation
and tranexamic acid on blood transfusion reduction after TKA.

Methods:
Patients were divided into 3 groups and compared. Those who had manual TKA with the use of
tranexamic acid were group 1 (N = 30), those who had navigated TKA without tranexamic acid were group
2 (N = 30), and those who had navigated TKA with tranexamic acid were group 3 (N = 30). Group 1 was
studied prospectively, while group 2 and 3 were studied retrospectively. All operation was held by one
operator. We measured the frequency of transfusion after the operation within the admission period. To
compare the postoperative bleeding, drainage volume during two days after surgery was compared and
analyzed.

Results:
Group 1 (Manual TKA with tranexamic acid) had 2 cases of transfusion (6.7%), while there were 9 cases
in group 2 (Navigated TKA with no tranexamic acid) (30%), and 3 cases in group 3 (Navigated TKA with
tranexamic acid) (10%). In Chi-square test, this difference was statistically significant. Average of 525.50 
± 194.91 ml of drainage was drained in two days after surgery in group 1 (Manual TKA with tranexamic
acid), 611.60 ± 263.20 ml in group 2 (Navigated TKA with no tranexamic acid) and 411.42 ± 188.21 ml in
group 3 (Navigated TKA with tranexamic acid). This difference was analyzed in one-way ANOVA which
showed significantly different. The need for transfusion in group 2 (Navigated TKA with no tranexamic
acid) was 5.86 times higher than that in group 1 (Manual TKA with tranexamic acid). The necessity of
transfusion in the group 3 (Navigated TKA with tranexamic acid) was 0.199 times higher than that of the
group 2 (Navigated TKA with no tranexamic acid).

Conclusion:
The combined use of navigation and tranexamic acid has no synergistic effect in reducing post TKA
bleeding and the need for blood transfusion compared to tranexamic acid alone. And, use of tranexamic
acid is more effective than navigation in reducing blood transfusions and blood loss after TKA.

Backgroud
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Transfusion of blood after total knee arthroplasty (TKA) has widely been known as one of the main
causes of postoperative infection[1]. To prevent transfusion, operators use tourniquets or inject
tranexamic acid or etc[1–4]. Use of tranexamic acid has been proved to decrease the necessity of
transfusion after TKA. Using navigation is an alternative way to reduce transfusion[5–7]. In using
navigation, operators can conduct femur side bone cutting without damaging the femoral medulla, which
leads to less bleeding because it prevents intra-medulla hemorrhage[8]. We intend to investigate the
synergistic effect of the use of tranexamic acid and navigation in reducing the need for blood transfusion
after TKA. In addition, we will compare the results of manual TKA with tranexamic acid and navigated
TKA without tranexamic acid to compare the effects of navigation and tranexamic acid on blood
transfusion reduction after TKA. To the best of the authors' knowledge, this would be the first study for
synergic effect of navigation and tranexamic acid in reduction transfusion and blood loss after total knee
arthroplasty. This study has been conducted after the approval of IRB.

Method
Patient Group

Patients were divided into 3 groups and compared. Those who had manual TKA with the use of
tranexamic acid were group 1, those who had navigated TKA without tranexamic acid were group 2, and
those who had navigated TKA with tranexamic acid were group 3. Group 1 was studied prospectively,
while group 2 and 3 were studied retrospectively by analyzing data from 2016 to 2018. All operation was
held by one operator. Those who had ant-thrombotic medication were excluded due to risk of additional
bleeding. Patients who had both TKA during one admission, 2nd operation was excluded because it has
more risk of transfusion.

Group 1

Prospective study was conducted on 45 consecutive cases of TKA which held since January 2019 by one
operator. In 45 cases, 10 cases which used antithrombotic agents and 5 cases of 2nd operations of TKA
during one admission were excluded. All cases were manual (non-navigated), and 5ml of tranexamic acid
was injected into knee joint. Closed drainage was clamped for 3 hours and released after the injection.

Group 2

Retrospective study was conducted on 30 consecutive cases of TKA which held between January 2016
and June 2016 by one operator. All cases were navigated but tranexamic acid was not used. Closed
drainage was clamped for 3 hours and released after surgery.

Group 3

Retrospective study was conducted on 30 consecutive cases of TKA which held between January 2017
and June 2017 by one operator. All cases were navigated and 5ml of tranexamic acid was injected into
knee joint. Closed drainage was clamped for 3 hours after injection and released.
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Surgical technique

Tourniquets were applied in all operations. The Imageless Navigation System version 2.6 (BrainLAB,
Feldkirchen, Germany) was used in all navigation cases. Measured gap technique was used in bone
resections. Posterior cruciate-substituting type of implant was used in all TKA. In manual TKA surgeries,
measured gap technique was also used in bone resections. All patients had PS type implants. To
decrease the amount of bleeding in the femoral medulla, resected auto bone was used to block the
opening of medulla[9]. All patients had a closed drainage catheter which was removed in two or three
days after surgery depending on the amount of excretion.

Transfusion analysis

We measured the frequency of transfusion after the operation within the admission period (2weeks).
Transfusion was done if the patient had Hemoglobin level less than 8g/dL according to American Blood
Bank guideline, and the clinical symptoms of patient was also considered[10].

Analysis on postoperative bleeding

To compare the postoperative bleeding, the amount of drainage during two days after TKA was
compared and analyzed[11,12].

Statistics

Chi-square tests and one-way ANOVA were used to identify the differences in the patient distributions
among the three groups. A chi-square test was used to identify the difference in allogeneic transfusions
in the three groups, and one-way ANOVA was used to determine the difference in drainage volume for the
two days after surgery. We used multiple variables logistic regression analysis to determine the difference
in allogeneic transfusion and postoperative drainage between the three groups.

Results
Patient distribution of 3 groups

There were no differences in Gender, Body mass index, age, preoperative hemoglobin level, preoperative
hematocrit level and preoperative mechanical femoral tibial angle among 3 groups (Table 1).

Transfusion in 3 groups

Group 1 had 2 cases of transfusion (6.7%), while there were 9 cases in group 2 (30%), and 3 cases in
group 3 (10%). In Chi-square test, this difference was statistically significant (Table 2).

Analysis of bleeding by comparing 2days of drainage after operation among groups
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Average of 525.50 ± 194.91ml of drainage was drained in two days after surgery in group 1, 611.60 ±
263.20ml in group 2 and 411.42 ± 188.21ml in group 3. This difference was analyzed in one-way ANOVA
which showed significantly different (p<0.01). In post hoc analysis, group 3 had significantly less
drainage than group 2 (p<0.01).

Logistic regression analysis in difference in transfusion and drainage among 3 groups

As a result of multiple variables logistic regression analysis, which analyzed the difference in transfusion
and postoperative drainage of the three groups, the necessity of transfusion in group 2 was 5.66 times
higher than that of group 1 (P = 0.04). The drainage of group 3 was 0.997 times higher than that of group
1 (P = 0.04). After adjusting the patient's age, gender, and body mass index, the need for transfusion in
group 2 was 5.86 times higher than that in group 1 (P = 0.05). The necessity of transfusion in the group 3
was 0.199 times higher than that of the group 2 (P = 0.05) (Table 3).

Discussion
Two important things have been known in this study. First of all, in group which navigation and
tranexamic acid were both used and in group which tranexamic was only used had statistically lower rate
of transfusion after surgery compare to the group which navigation was only used. In other words, use of
tranexamic acid effectively lowers rate of transfusion after surgery. However, using both navigation and
tranexamic acid did not lower the rate of transfusion compare to using only tranexamic acid statistically.
Secondly, comparing drainage during 2 days after operation which indirectly represents postoperative
bleeding[11,12], group 3 showed significantly less drainage than group 2. However, group 3 and group1
showed no difference statistically. That is, using tranexamic acid decreased postoperative bleeding
statistically. However, there was no difference in postoperative bleeding between the group which
tranexamic acid and navigation were both used and the group with tranexamic acid was used only.

Tranexamic acid is widely used to decrease postoperative transfusion and bleeding. The efficacy is well
proved by various studies already[1,2,4]. Use of navigation is also known to decrease the transfusion and
bleeding, but the efficacy has been controversial among physicians[5,7]. According to Han’s Meta
analysis[8], use of navigation did not decrease postoperative transfusion, but did decrease the
postoperative bleeding. In this study, the drainage (411.42 ± 188.21ml) of the group using tranexamic
acid and navigation was lower than the group using tranexamic acid alone (525.50 ± 194.91ml). But, this
statistical analysis did not have significant results

Already it is published that the use of anti-platelet agents increases bleeding after TKA[13]. Also, in one
common admission period, having both knees operated sequentially over a period of two weeks
increases the rate of transfusion because the hemoglobin level didn’t recover properly within in 2 weeks.
Therefore, in this study, those who had anti-thrombotic agents and both knees operated sequentially in
one common admission period were excluded. Using navigation is known to reduce bleeding compare to
conventional method by resecting the bone without harm to medulla which prevents intramedullary
hemorrhage[8]. However, a pin has to be placed in the lower femur for navigation. This could cause extra



Page 6/11

hemorrhage. Also, most patients had their medulla packed with auto bone to prevent intramedullary
hemorrhage. Because of these reasons, researchers assumed that there was no synergic effect of using
both navigation and tranexamic acid compare to using only tranexamic acid. There are some restrictions
in the study.

Since there are only 30 cases in each group, it is hard to generalize the results. Also, to prove the effect of
navigation only, a group of non-navigated TKA with no tranexamic acid is needed to compare the results.
However, the surgeon did not have cases. And, we checked two days of drainage after operation to
evaluate post operation bleeding loss. But, this parameter underestimates total bleeding by not including
hidden blood loss[14].

Conclusion
The combined use of navigation and tranexamic acid has no synergistic effect in reducing post TKA
bleeding and the need for blood transfusion compared to tranexamic acid alone. And, use of tranexamic
acid is more effective than navigation in reducing blood transfusions and blood loss after TKA.
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TKA: total knee arthroplasty

Declarations
Acknowledgements

We would like to thank for Jae Hyuk Lee for data collection

Authors’ contributions

All authors made significant contributions to this study and manuscript in general. Specific contributions
are listed below: Conception and design of the study: WKC. Drafting manuscript: WKC. Data collection
and preparation of datasets: SKS and SBC. Statistical analysis: SKS and SP. Interpretation of results:
WKC and HCK.

Funding

No funding.

Availability of data and materials

These data are not publicly available. However, the data would be available upon reasonable request and
with permission.

Ethics approval and consent to participate



Page 7/11

Institutional Review Board of Daegu catholic university hospital(CR-19-075)

Consent for publication

It does not require consent for publication.

Competing interests

The authors declare no conflict of interest or have no financial disclosures concerning the materials and
methods utilized in this research or the findings of this article.

References
1. .1. Lee QJ, Ching WY, Wong YC: Blood Sparing Efficacy of Oral Tranexamic Acid in Primary Total

Knee Arthroplasty: A Randomized Controlled Trial. Knee surgery & related research 2017, 29(1):57–
62.

2. Alshryda S, Sukeik M, Sarda P, Blenkinsopp J, Haddad FS, Mason JM. A systematic review and meta-
analysis of the topical administration of tranexamic acid in total hip and knee replacement. The
bone joint journal. 2014;96-B(8):1005–15.

3. Maniar RN, Pradhan P, Bhatnagar N, Maniar A, Bidwai R, Bindal P. Role of Suction Drain after Knee
Arthroplasty in the Tranexamic Acid Era: A Randomized Controlled Study. Clinics in orthopedic
surgery. 2019;11(1):73–81.

4. Yang ZG, Chen WP, Wu LD. Effectiveness and safety of tranexamic acid in reducing blood loss in
total knee arthroplasty: a meta-analysis. The Journal of bone joint surgery American volume.
2012;94(13):1153–9.

5. Chang CW, Wu PT, Yang CY. Blood loss after minimally invasive total knee arthroplasty: effects of
imageless navigation. Kaohsiung J Med Sci. 2010;26(5):237–43.

6. McConnell J, Dillon J, Kinninmonth A, Sarungi M, Picard F. Blood loss following total knee
replacement is reduced when using computer-assisted versus standard methods. Acta orthopaedica
Belgica. 2012;78(1):75–9.

7. Browne JA, Cook C, Hofmann AA, Bolognesi MP. Postoperative morbidity and mortality following
total knee arthroplasty with computer navigation. Knee. 2010;17(2):152–6.

8. Han SB, Kim HJ, Kim TK, In Y, Oh KJ, Koh IJ, Lee DH: Computer navigation is effective in reducing
blood loss but has no effect on transfusion requirement following primary total knee arthroplasty: a
meta-analysis. Knee surgery, sports traumatology, arthroscopy: official journal of the ESSKA 2016,
24(11):3474–3481.

9. Kumar N, Saleh J, Gardiner E, Devadoss VG, Howell FR. Plugging the intramedullary canal of the
femur in total knee arthroplasty: reduction in postoperative blood loss. J Arthroplast.
2000;15(7):947–9.



Page 8/11

10. American Society of Anesthesiologists Task Force on Perioperative. Blood T, Adjuvant T. Practice
guidelines for perioperative blood transfusion and adjuvant therapies: an updated report by the
American Society of Anesthesiologists Task Force on Perioperative Blood Transfusion and Adjuvant
Therapies. Anesthesiology 2006, 105(1):198–208.

11. Kalairajah Y, Simpson D, Cossey AJ, Verrall GM, Spriggins AJ. Blood loss after total knee
replacement: effects of computer-assisted surgery. The Journal of bone joint surgery British volume.
2005;87(11):1480–2.

12. Hinarejos P, Corrales M, Matamalas A, Bisbe E, Caceres E: Computer-assisted surgery can reduce
blood loss after total knee arthroplasty. Knee surgery, sports traumatology, arthroscopy: official
journal of the ESSKA 2009, 17(4):356–360.

13. Myung-Rae Cho MD, Young Sik Lee MD, Jae Bum Kwon MD, Jae Hyuk Lee MDand Won-Kee Choi:
Does a Preoperative Temporary Discontinuation of Antiplatelet Medication before Surgery Increase
the Allogenic Transfusion Rate and Blood Loss after Total Knee Arthroplasty? J Korean Orthop Assoc
2019, 54(2):127–132.

14. Miao K, Ni S, Zhou X, Xu N, Sun R, Zhuang C, Wang Y. Hidden blood loss and its influential factors
after total hip arthroplasty. J Orthop Surg Res. 2015;10:36.

Tables
Table 1. Epidemiology of all participants.
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Variable Group 1

(N= 30)

Group 2

(N=30)

Group 3

(N=30)

P value

Age(years) 68.70 ± 8.65 71.07 ± 7.73 68.60 ± 5.74 0.35

Body Mass Index (m/kg2) 25.09 ± 2.92 25.01 ± 3.39 24.70 ± 3.17 0.87

Pre operation

Hemoglobin

12.81 ± 1.24 12.45 ± 1.51 12.51 ± 1.26 0.53

Pre operation

Hematocrit

38.24 ± 3.82 37.62 ± 4.65 37.72 ± 3.93 0.82

Pre operation

MFTA( varus(-))

-8.22 ± 4.71 -7.85 ± 6.32 -11.38 ± 7.51 0.06

Gender(F/M) (19/11) (22/8) (25/5) 0.21

Abbreviation: N=number, MFTA= mechanical femoral tibial angle, F= female, M= male.

Group 1: manual method + tranexamic acid
Group 2: navigation method 

Group 3: navigation method + tranexamic acid

 
 

Table 2. A chi-square test to identify the difference in transfusions in the three groups
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  Group 1 Group 2 Group 3 Total P value

Transfusion

Yes

2 (2.2%) 9 (10.0%) 3 (3.3%) 14 (15.6%) 0.03

Transfusion

No

28 (31.1%) 21 (23.3%) 27 (30.0%) 76 (84.4%)

Total 30 (33.3%) 30 (33.3%) 30 (33.3%) 90 (100.0%)  

 

Group 1: manual method + tranexamic acid
Group 2: navigation method 

Group 3: navigation method + tranexamic acid

 
 

 

 
 

 

 
 

 

Table 3. multiple variables logistic regression analysis, which analyzed the difference in transfusion and
postoperative drainage of the three groups.
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Group Variable Crude Adjusted†

OR 95% CI for OR P value OR 95% CI for OR P

value

G3

vs
G2

Transfusion

Yes

0.257 0.054/1.220 0.09 0.199 0.038/1.039 0.05*

Drain 0.996 0.993/0.998 0.01* 0.996 0.993/0.999 0.01*

G2

vs
G1

Transfusion

Yes

5.665 1.086/29.540 0.04* 5.864 1.031/33.352 0.05*

Drain 1.001 0.999/1.004 0.24 1.001 0.999/1.004 0.27

G3

vs
G1

Transfusion

Yes

1.456 0.215/0.983 0.70 1.165 0.163/8.333 0.88

Drain 0.997 0.994/1.000 0.04* 0.997 0.995/1.000 0.09

Abbreviation: 

OR= odds ratio, CI= confidence interval, G1= group 1, G= group 2, G3= group 3
Group 1: manual method + tranexamic acid

Group 2: navigation method 

Group 3: navigation method + tranexamic acid
†Adjusted by age, gender and body mass index.


