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Abstract

Background & Study Aims: Consensus is lacking regarding the optimal route and dose of
administration of Tranexamic acid (TXA) so this study was conducted to compare the efficacy
and safety of topical, oral and intravenous routes (iv) of TXA with routine hemostasis alone in
patients undergoing primary total knee arthroplasty (TKA).

Materials and methods: A prospective randomized trial was conducted in patients undergoing
primary TKA. Patients were divided into four groups of 50 each; group 1 received intraarticular
TXA, group 2 received oral TXA three hours before surgery, group 3 received IV TXA just before
tourniquet release and group 4 did not receive TXA. Post-operative drain volume (PODV), fall in

haemoglobin (Hb) level and the required amount of blood transfusion were evaluated.

Results: PODV and drop in Hb level respectively were (15890 ml and 1£0.5 g/dl) in group 1,
(328*149 ml and 1707 g/dl) in group 2, (311 =151 ml and 2.1+1 g/dl) in group 3 and (589115
mland 3.2+1.2 g/dl) in group 4. The difference in drain volume between all groups was statistically
significant except between groups 2 and 3. Transfusion requirements were significantly greater in
group 4 (p< 0001).

Conclusions: Intra-articular, oral and IV TXA were observed to be safe strategies and more
effective than tamponade effect alone to reduce drain volume and transfusion requirements after
TKA. Additionally, intra-articular TXA was better than oral or IV TXA with respect to drain
volume and post-op drop in Hb.
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Introduction

Total knee arthroplasty (TKA) is one of
the most commonly performed elective
orthopaedic procedures. Wherever indicated,
it provides significant pain relief and
improvement in the quality of life. Leg
swelling, post-operative pain and blood loss are
some of the frequent problems following TKA

which may compromise the rehabilitation
process. Considerable blood loss after TKA is
most problematic, requiring significant post-
op blood transfusion (BT) which carries a
substantial risk of both immunologic reaction
and transmission of diseases. Per-operative
blood loss is largely restricted during the
procedure by the use of a tourniquet. Post-op
blood loss accounts for a major component of
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total blood loss and most of it occurs during
the initial post-op period (24 hours).! While
the risks of non-transfusion offset those of
transfusion-related complications; associated
costs, shortage of matched blood products and
ineffectiveness of shed autologous blood re-
transfusion justify investigating efforts to find
new blood conserving methods.>3

Although tranexamic acid (TXA) has been
used for over 20 years in surgical practice as
an agent to control blood loss on account of
its fibrin clot stabilizing property; surgeons
have hesitated to use it routinely due to
insufficient evidence of its efficacy versus the
unresolved issue of possible thromboembolic
eventsh® It has also been shown to have anti-
inflammatory properties that might help in
early rehabilitation® The best mode of TXA
administration for patients undergoing TKA
is not clear” Due to safety concerns with
systemic administration of TXA, there has
been a growing interest in the intra-articular/
topical use of TXA for curtailing blood
loss in orthopaedics. Since intra-articular
instillation of TXA can directly target the
source of bleeding, it can be considered to be
a safer method of delivery while decreasing
potential systemic effects, even in hemophilic

patients.

Other drugs like carbazochrome
sodium sulfonate have been used alone or in

conjunction with TXA to good effect.”

The current study was conducted to determine
the best possible route of administration of
TXA in patients undergoing TKA to minimize
post-op blood loss.

Materials and methods

This study was carried out in our department
on two hundred patients after approval from
the institutional ethics committee [IEC/Th/17/
Ortho2 (Dated 20/3/17)]. Written informed
consent was taken from every patient before

surgery. The inclusion criteria were primary
osteoarthritis of the knee, no previous surgery
in that limb and age group of between 40 to
80 years while the exclusion criteria included
bleeding disorder, previous history of adverse
drug reaction or allergy to TXA, hepatic,
cardio-respiratory or renal insufficiency
(serum creatinine >15 mg/dl) and recent

history of thromboembolic episode.

The patients were divided into four groups of
50 each. Group 1 received 15 g intra-articular
TXA, Group 2 received 1.95 g of TXA (3 tablets
of 650 mg each) with a sip of water three hours
before incision, group 3 received 1.5 g IV TXA
just before tourniquet release while group 4
did not receive any TXA.

All  preoperative medications containing
salicylates and NSAID were stopped a week
precedingsurgery. Pre-operative haematological
investigations like Haemoglobin (Hb) and

coagulation profile were carried out in all cases.

All surgeries were done under combined
spinal-epidural anaesthesia and pneumatic
tourniquet. After thorough cleaning and
draping, exsanguination of the affected limb
was done through elevation for two minutes.

Tourniquet cuff pressure was set to 300 mmHg.

A standard medial parapatellar approach with
anterior midline incision was used in all the
cases. A posterior stabilized cemented knee
prosthesis (Stryker, USA) was used in all the
patients. No patellar resurfacing was done
in any case but was managed by osteophyte
removal and cauterization of margins all
around the patella. After achieving hemostasis,
the wound was closed in layers over a negative
suction drain. Tourniquet was deflated after
the application of pressure bandage.

In group 1, 15 g of TXA diluted in normal
saline (NS) to make 50 ml was instilled
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Group 1 (n=50) | Group2 (n=50) | Group3 (n=50) | Group 4 (n= 50)
Age 592 7 60.7 = 8.5 59.1 +£9.2 614 + 8.5
Female 40 (80%) 40 (80%) 36 (72%) 47 (94%)
Male 10 20%) 10 (20%) 14 (28%) 3 (6%)
Bilateral 2 (4%) 4 (8%) 0 0
Left 22 (44%) 28 (56%) 26 (52%) 22 (44%)
Right 26 (52%) 18 (36%) 24 (48%) 28 (56%)

Table 1. Age, Sex and Side descriptive

through the drain tube while in groups 2, 3
and 4, only 50 ml of NS without TXA was
used and the drain was clamped for two hours
postoperatively in all patients. The drain was
removed after 48 hours of surgery or stoppage
of the drain column whichever was later and
drain volume was noted. The Hb level at 3rd,
4th and 5th day after surgery was checked and
the least of the three values were taken into
consideration. Final drain volume and blood
transfusions were noted. BT was considered
if post-op Hb reduced to < 85 g% or drain
collection of = 500 ml (possible ongoing loss)
in the first 8-10 hours or pre to post-op Hb
drop of > 4 g%

Standard  post-op care was  provided.
Quadriceps strengthening exercises and ankle
pumps were started on the same evening.

The limb was kept elevated on a pillow. Knee

bending exercises were started as and when the
patient was comfortable. No chemoprophylaxis

for deep vein thrombosis was used.

Post-op assessment was done at 1, 2, 3 and
6 months as per the modified Hospital for
Special Surgery Knee Scoring System (HSS) !
All the patients completed the study period
and were finally evaluated at 6 months follow
up. Any adverse effect from patient admission
to final follow up was noted.

Microsoft  Excel (2019) spreadsheet and
R software for Windows (version 3.6.1) were
used. Quantitative data were presented

as mean and standard deviation whereas
qualitative data were presented as ratio and
ANOVA test was
detecting the difference between continuous

proportions. used for

variables that were normally distributed.

Group 1 Group 2

Group 3

Group 4 *p-value

Drain volume

(ml) 158 = 90

328 £ 149

311 £ 151

p <0.001
589 = 115| (All comparison significant,

except group 2 vs 3)

Table 2. Drain volume (*Kruskal Wallis Test)

53]

ORIGINAL ARTICLES



ORIGINAL ARTICLES

Biomechanica Hungarica XII. évfolyam, 1. szdm

Group 1 Group 2 Group 3 Group 4
Pre-op Hb (g%) 11.9 £ 1.2 11.7 £ 1.2 12913 125+ 0.9
Post-op Hb (g%) 10.9 = 1.1 10 £1 10.8 = 1.1 93+15
Decrease in Hb (g%) 1+05 1.7+ 0.7 21=x1 32+1.2

p <0.001 (All comparisons significant except group 2 vs 3) (ANOVA test)

Table 3. Pre-op, post-op and fall in Hb

Kruskal Wallis Test was used to analyze the
drain  volume. A chi-square test was used
to check the association between qualitative
variables. The point of statistically significant
difference was considered when p < 0.05.

Results

All the four groups were comparable in
terms of age, gender distribution, body mass
index, laterality, other demographic and
clinical variables, tourniquet time and
duration of surgery (p > 0.2). Most of the

patients were female. (Table 1)

The 48
significantly lesser in all the TXA groups as

hours drain  volume  was
compared to the control group (p < 0.001).
The decrease in drain volume was more
significant in group 1 as compared to groups
2 and 3 (p < 0001). (Table 2)

The mean fall in Hb was maximum in group
4 and least in group 1. The difference was also

significant between group 1 and groups 2 and
3 (p < 0.001). (Table 3)

The incidence of post-op BT was maximum
in group 4. Sixty-two patients required BT
of which 45 (73%) patients were from group
4 while 5 patients were from group 1 and 6
patients each from groups 2 and 3 (Table IV).
There was no statistical difference between the
TXA groups.

The pre-operative functional outcome scores
were comparable among all the four groups;
however, the post-op functional outcome
scores were significant between groups 1, 2 and
3 vs group 4 at Ist and 2nd-month follow-ups.
(Table 5)

While there was a significant improvement in
HSS scores at 1st and 2nd month follow up
(p < 0005), it was better in TXA groups as
compared to the control group. However, at the
time of final evaluation at 6 months, the HSS
score was comparable in all the groups.

No. of Blood units Group 1 Group 2 Group 3 Group 4
transfused (n= 50) (n= 50) (n=50) (n=50)

0 45 (90%) 44 (88%) 44 (88%) 5 (10%)

1 4 (8%) 6 (12%) 6 (12%) 28 (56%)

2 1 (2%) 0 0 17 (34%)

Chi-square, p < 0001, All comparisons significant (<0.001) except group 1 vs 2, 1 vs 3,2 vs 3 (p > 0.1)

Table 4. Requirement of blood transfusion

56



Biomechanica Hungarica XII. évfolyam, 1. szdm

ModiijziHSS Group 1 Group 2 Group 3 Group 4
Pre-op 194 +4.7 202 %5 18.7 £ 9.3 17.3 £ 4.6
1 month 50.2 £ 1.6 48.8 £ 0.7 51.6 = 6.8 45+3
2 months 62.0 £2.9 62.2 £35 66.7 = 8.7 54+3.5
3 months 79.7 £ 4 794+ 6 81.6 =58 76.6 +5.6
6 months 90.2 £ 3.5 91,5+ 33 92.7 £47 91624

Table 5. Modified HSS knee score (ANOVA)

All the patients were followed up for 2 years to
ensure they did not develop complications. Three,
five, two and six patients respectively in groups 1,
2,3 & 4 were lost to followup (all after 7 months).

Discussion

Blood loss is a significant factor in peri-
op morbidity following TKA. Reducing it,
therefore, is an important objective. A variety of
measures have been advocated to minimize the
peri-op blood loss like the use of tourniquet,
intra-op hemostasis, post-op pressure bandage
and various medications.

TXA is widely used in many situations,
including trauma, to reduce blood loss and
prevent consequent morbidity and mortality.
In the recent past, TXA has also been a
subject matter of research for reducing blood
loss in joint replacement surgeries, especially
involving hip and knee. As an antifibrinolytic
drug, it counteracts the marked local
fibrinolysis associated with the release of the
tourniquet which is believed to be the reason
for reduced blood loss. There is no consensus
as yet on a universally acceptable route of
administration (intra-articular, oral or IV),

dosage or administration schedule.

Therefore, the present study on 200 patients
was conducted to identify the most effective
regimen of TXA by comparing drain loss,

post-op fall in Hb and requirement of blood
transfusion (BT) among the three mentioned
methods of administration of TXA with a
control group (no TXA). To ensure all patients
were comparable with respect to drain volume,
in group 1, 1.5 g TXA diluted in NS to make (a
volume of) 50 ml, was instilled into the knee
through the drain while 50 ml NS was instilled
in rest of the groups (oral, IV and control) to
equate the tamponade effect.

Final drain volume was 158 + 90 ml, 328 +
149 ml, 311 = 151 ml and 589 * 115 ml in
groups 1, 2, 3 and 4 respectively. The difference
was significant between all TXA groups and
the control group (p < 0001). Moreover,
intra-articular TXA was observed to have an
advantage over oral and IV TXA routes (p
< 0001) in this regard. Similar studies using
intra-articular TXA conducted by Aggarwal et
al, Ishida et al, Paphon et al, Camerasa et al
and Jansen et al observed a mean drain volume
of 168 ml, 210 ml, 309 ml, 787 ml and 678 ml
respectively”~ 1 The difference in values of
Ishida et al and Paphon et al study can be
attributed to reduced dosage strength and
volume of intra-articular TXA used (200 mg/20
ml NS and 250 mg/20 ml NS respectively as
compared to the present study where a dose of

15 g/50 ml N'S was used).B-1

In a similarly sized study, Zhang et al observed
that patients injected with intra-articular TXA
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as well as peri-articular TXA had a median
drain volume of 57 ml. This could be due to
the dual injection and longer contact period in
their study of 4 hours as well as drain removal
after just one day.”

Maniar et al reported a larger drain volume of
385 ml in their study on intra-articular TXA,
even though TXA was used in a higher dose (3
¢/ 100 ml NS) than our study (158 ml, 1.5 g & 50
ml respectively). This may be however due to
lesser contact period of the drug in their study
(applied locally on the wound surface after
cementing the implant and before tourniquet
release for a contact period of only 5 minutes).!8

Schat et al in their study observed that
following TKA only the final drain volume
(measured visible blood loss) is usually known
and this underestimates the true total loss, as
some loss is hidden.” To account for hidden
blood loss besides what was apparent in drain
volume, post-op fall in Hb was also taken
into consideration in the present study. It was
presumed that blood volume would reach pre-
op level by 3rd post-op day, even then, least
of post-op Hb level on 3rd, 4th and 5th day
was taken to further eliminate any chance of
error. The fall in Hb was maximum in group
4 while among TXA groups it was higher in
group 2 and 3 as compared to group 1 [32 =
1.2 g%, 17 = 07 g¢%,2 = 1 g% and 1 £ 05 g%
respectively| (p < 0001). As a result, there was
a minimal requirement in post-op BT in the
TXA groups following TKA. While most of the
patients in the control group met the criteria

for transfusion trigger thereby resulting in one
or more units of BT (45 out of 50 patients), the
requirement in TXA groups was negligible (17
out of 150 patients). Out of these few patients
requiring post-op BT in TXA groups, almost
all of them were on account of either one or
two-stage bilateral TKA, or due to the patient
having a pre-op Hb of 10 g%. There were no
adverse effects in any of the patients despite not
giving any DVT chemoprophylaxis.

While there was a significant improvement
in HSS scores at follow up (p < 0005), it was
better in TXA groups in the initial months as
compared to the control group, similar to the
findings of Hirose et al, probably due to its

anti-inflammatory action %2

The limitations of our study included a
relatively small sample size and no double-
blinding in the study. A further possibility
of some of the intra-articular TXA getting
absorbed into the systemic circulation cannot
be ruled out.

Conclusion

The present study confirms the effectiveness
of TXA administration by any route (intra-
articular/ oral/ IV) in the reduction of
postoperative blood loss following primary
TKA without any adverse effects. Further, it
also indicates that intra-articular TXA in the
dosage prescribed is the most effective route
of administration as compared to oral or IV
administration.

REFERENCES

I. Magill P Cunningham EL, Hill JC, Beverland
DE. Identifying the period of greatest blood loss
after lower limb arthroplasty. Arthroplasty To-
day. 2018;4: 499-504. doi:10.1016/j.artd.2018.09002

2. Bolton-Maggs PHB, Cohen H. Serious Hazards of
Transtusion (SHOT) haemovigilance and prog-
ress is improving transfusion safety. Br ] Haema-

tol. 2013;163: 303—314. doi:10.1111/bjh.12547

58



Biomechanica Hungarica XII. évfolyam, 1. szdm

10.

11.

Miao Y, Guo W, An L, Fang W, Liu Y, Wang X,
et al. Postoperative shed autologous blood rein-
fusion does not decrease the need for allogene-
ic blood transfusion in unilateral and bilateral
total knee arthroplasty. PLoS ONE. 2019;14.
doi:10.1371/journal.pone.0219406

Panteli M, Papakostidis C, Dahabreh Z, Giannou-
dis PV, Topical tranexamic acid in total knee re-
placement: a systematic review and meta-anal-
ysis. The Knee. 2013;20: 300-309. doi:10.1016/;.
knee.2013.05014

Krivokuca I, Lammers J-W]. Recurrent pulmo-
nary embolism associated with a hemostatic
drug: tranexamic acid. Clin Appl Thromb Off
J Int Acad Clin Appl Thromb. 2011;17: 106-107.
doi:10.1177/1076029609340902

Wu K-T, Siu K-K, Ko J-Y, Chou W-Y, Kuo
S-J, Hsu Y-H. Tranexamic Acid Reduces To-
tal Blood Loss and Inflammatory Response
in Computer-Assisted Navigation Total Knee
Arthroplasty. BioMed Res Int. 2019;2019
doi:101155/2019/5207517

Larson A, Hoitsma S, Metzger |, Ochlke K, Be-
bensee S. Impact of Tranexamic Acid on Blood
Loss and Need for Blood Transfusions in Total
Knee and Total Hip Arthroplasty. Fed Pract.
2017;34: 14-19.

Huang ZY, Huang O, Zeng HJ, Ma ], Shen B,
Zhou ZK, et al. Tranexamic acid may benefit
patients undergoing total hip/knee arthroplasty
because of haemophilia. BMC Musculoskelet
Disord. 2019;20. doi:10.1186/512891-019-2767-x
Luo Y, Zhao X, Releken Y, Yang Z, Pei E Kang
P Hemostatic and Anti-Inflammatory Eftects
of Carbazochrome Sodium Sulfonate in Pa-
tients Undergoing Total Knee Arthroplasty: A
Randomized Controlled Trial. ] Arthroplasty.
2020;35: 61-68. doi:10.1016/4.arth.201907045
Nudler SB, Hidalgo JH, Bloch T. Prediction of
blood volume in normal human adults. Surgery.
1962;51: 224-232.

Rosso E Cottino U, Dettoni E Bruzzone M, Bona-
sia DE, Rossi R. Revision total knee arthroplas-
ty (TKA): mid-term outcomes and bone loss/

12.

13.

14.

15.

quality evaluation and treatment. ] Orthop Surg.
2019;14. doi:10.1186/s13018-019-1328-1

Aggarwal AK, Singh N, Sudesh P Topical vs In-
travenous Tranexamic Acid in Reducing Blood
Loss After Bilateral Total Knee Arthroplasty: A
Prospective Study. ] Arthroplasty. 2016;31: 1442—
1448. doi:10.1016/j.arth.2015.12.033

Ishida K, Tsumura N, Kitagawa A, Hamamu-
ra S, Fukuda K, Dogaki Y, et al. Intra-articular
injection of tranexamic acid reduces not only
blood loss but also knee joint swelling after total
knee arthroplasty. Int Orthop. 2011;35: 1639—1645.
doi:101007/500264-010-1205-3

Sa-ngasoongsong E Channoom T, Kawinwonggow-
1t V Woratanarat B Chanplakorn B Wibulpolprasert
B, et al. Postoperative blood loss reduction in com-
puter-assisted surgery total knee replacement by
low dose intra-articular tranexamic acid injection
together with 2-hour clamp drain: a prospective
triple-blinded randomized controlled trial. Or-
thop Rev. 2011;3. doi:104081/0r.2011.¢12

Camarasa MA, Ollé G, Serra-Prat M, Martin A,
Sdnchez M, Ricds E et al. Efficacy of aminocapro-
ic, tranexamic acids in the control of bleeding
during total knee replacement: a randomized
clinical trial. Br J Anaesth. 2006;96: 576-582.
doi:10.1093/bja/ael057

16. Jansen AJ, Andreica S, Claeys M, D’Haese ], Camu

17

18.

19

E Jochmans K. Use of tranexamic acid for an
cffective blood conservation strategy after total
knee arthroplasty. Br ] Anaesth. 1999;83: 596—
601. doi:10.1093/bja/834.596

Zhang S, Wang C, Shi L, Xue Q. Multi-route ap-
plications of tranexamic acid to reduce blood
loss after total knee arthroplasty: a randomized
controlled trial. Medicine (Baltimore). 2019;98.
doi:101097/MD0000000000016570

Maniar RN, Kumar G, Singhi T, Nayak RM, Man-
1ar PR. Most effective regimen of tranexamic acid
in knee arthroplasty: a prospective randomized
controlled study in 240 patients. Clin Orthop.
2012;470: 2605-2612. doi:10.1007/s11999-012-2310-y
Sehat KR, Evans RL, Newman JH. Hidden blood
loss following hip and knee arthroplasty. Correct

59

ORIGINAL ARTICLES



ORIGINAL ARTICLES

Biomechanica Hungarica XII. évfolyam, 1. szdm

management of blood loss should take hidden loss
into account. ] Bone Joint Surg Br. 2004;86: 561-565.
20. Hirose H, Ogawa H, Matsumoto K, Akiyama

H. Periarticular injection of tranexamic acid

promotes carly recovery of the range of knee
motion after total knee arthroplasty. J Orthop
Surg Hong Kong. 2019;27: 2309499019864693.
doi:10.1177/2309499019864693

Pradyumna K. Majumdar
17/11], PGIMS Campus
Rohtak, Haryana — 124001
Tel: +91-79881-53640

60



