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Abstract
We conducted a study to compare the
cost, efficacy, and safety of intravenous
(IV) tranexamic acid (TXA) and topical
TXA in primary total hip arthroplasty
(THA) and total knee arthroplasty (TKA).
We retrospectively reviewed the cases of
291 patients who received either IVTXA
or topical TXA before and after surgery.
Significant differences favored topi-
cal TXA in reducing the postoperative
decrease in hemoglobin levels inTHA (P
=.031) and TKA (P =.015) and calculated
blood loss inTKA (P =.019). The groups
did not differ in transfusion requirements
for eitherTHA or TKA. Topical TXA cost sig-
nificantly more than IVTXA (P <.0001).
The benefits of using topical TXA to re-
duce the perioperative decrease in hemo-
globin levels come with increased cost.

arthroplasty (TKA) can be associated with

significant blood loss that in some cases
requires transfusion. The incidence of transfusion
ranges from 16% to 37% in patients who under-
go THA and from 11% to 21% in patients who
undergo TKA."® Allogeneic blood transfusions
have been associated with several risks (transfu-
sion-related acute lung injury, hemolytic reactions,
immunologic reactions, fluid overload, renal
failure, infections), increased cost, and longer hos-
pital length of stay (LOS).*” With improved patient
outcomes the ultimate goal, blood-conserving

T otal hip arthroplasty (THA) and total knee

strategies designed to decrease blood loss and
transfusions have been adopted as a standard in
successful joint replacement programs.

Tranexamic acid (TXA), an antifibrinolytic agent,
has become a major component of blood conser
vation management after THA and TKA. TXA stabi-
lizes clots at the surgical site by inhibiting plasmin-
ogen activation and thereby blocking fibrinolysis.®
The literature supports intravenous (IV) TXA as
effective in significantly reducing blood loss and
transfusion rates in elective THA and TKA.®1© How-
ever, data on increased risk of thrombotic events
with IVTXA in both THA and TKA are conflicting.” "
Topical TXA is thought to have an advantage over
IVTXA in that it provides a higher concentration of
drug at the surgical site and is associated with little
systemic absorption.>™

Recent prospective randomized studies have
compared the efficacy and safety of IV and topical
TXA in THA and TKA %™ However, controversy
remains because relatively few studies have
compared these 2 routes of administration. In
addition, healthcare—associated costs have come
under increased scrutiny, and the cost of these
treatments should be considered. More research
is needed to determine which application is most
efficacious and cost-conscious and poses the least
risk to patients. Therefore, we conducted a study
to compare the cost, efficacy, and safety of IV and
topical TXA in primary THA and TKA.

Materials and Methods

Our Institutional Review Board approved this
study. Patients who were age 18 years or older,
underwent primary THA or TKA, and received IV or
topical TXA between August 2013 and September
2014 were considered eligible for the study. For
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Table 1. Patient Demographics for Primary Total Hip and Knee Arthroplasty

both groups, exclusion criteria were trauma service
admission, TXA hypersensitivity, pregnancy, and
concomitant use of IV and topical TXA.

We collected demographic data (age, sex,
weight, height, body mass index), noted all trans-
fusions of packed red blood cells, and recorded
preoperative and postoperative hemoglobin (Hgb)
levels and surgical drain outputs. We also recorded
any complications that occurred within 90 days
after surgery: deep vein thrombosis (DVT), pulmo-
nary embolism (PE), cardiac events, cerebrovascu-
lar events, and wound drainage. VWWound drainage
was defined as readmission to hospital or return
to operating room for wound drainage caused by
infection or hematoma. Postoperative care (dispo-
sition, LOS, follow-up) was documented. Average
cost of both IV and topical TXA administration was
calculated using average wholesale price.

Use of IVTXA and use of topical TXA were com-
pared in both THA and TKA. Patients in the [VTXA
group received TXA in two 10-mg/kg doses with a
maximum of 1 g per dose. The first IV dose was
given before the incision, and the second was given
3 hours after the first. Patients in the topical TXA
group underwent direct irrigation with 3 g of TXA
in 100 mL of normal saline at the surgical site after
closure of the deep fascia in THA and after closure
of the knee arthrotomy in TKA. The drain remained
occluded for 30 minutes after surgery. The wound
was irrigated with topical TXA before wound closure
in the THA group and before tourniquet release in

the TKA group. TXA dosing was based on institution-
al formulary dosing restrictions and was consistent
with best practices and current literature 39141

Primary outcomes measured for each cohort
and treatment arm were Hgb levels (difference
between preoperative levels and lowest postop-
erative levels 24 hours after surgery), blood loss,
transfusion rates, and cost. Secondary outcomes
were LOS and complications that occurred within
90 days after surgery (DVT, PE, cardiac events,
cerebrovascular events, wound drainage).

Calculated blood loss was determined with
equations described by Konig and colleagues,®
Good and colleagues,'®and Nadler and col-
leagues."” Total calculated blood loss was based on
the difference in Hgb levels before surgery and the
lowest Hgb levels 24 hours after surgery:

Blood loss (mL) = 100 mL/dL x Hgbi.ss/Hgb,

Hgbiess = BV x (Hgbi — Hgbe) x 10 dL/L + Hgb,

= 0.3669 x Height® (m) + 0.03219 x Weight (kg)

+ 0.6041 (for men)

=0.3561 x Height® (m) + 0.03308 x Weight (kg)

+ 0.1833 (for women)
where Hgb;is the Hgb concentration (g/dL) before
surgery, Hgb. is the lowest Hgb concentration (g/
dL) 24 hours after surgery, Hgb is the total amount
(g) of allogeneic Hgb transfused, and BV is the
estimated total body blood volume (L)." As Hgb
concentrations after blood transfusions were com-
pared in this study, the Hgb, variable was removed
from the equation. Based on Hgb decrease data in
a study that compared |V and topical TXA
in TKA,™ we determined that a sample
size of least 140 patients (70 in each

THA IV TXA (n = 108) Topical TXA (n = 48) P cohort) was needed in order to have 80%
power to detect a difference in Hgb de-
S e e 044 . crease of 0.36 g/dL in IV and topical TXA.
Mean (SD) All data were reported with descriptive
Age, y 59 (12.9) 63 (14.4) 086 statistics. Frequencies and percentages
Height, m 1.67 (0.092) 170 (0.107) 068 were reported for categorical variables.
Weight, kg 87.4 (23.1) 88.3 (24.8) 823 Means and standard deviations were
BMI, kg/m? 31.2(7.2) 30.4 (7.5) 534 reported for continuous variables. The
groups of continuous data were com-
TKA IVTXA (n =83) Topical TXA (n = 52) P pared with unpaired Student ¢ tests and
Sex, M/F 32/51 23/29 577 1-way analysis of variance. Comparisons
......................................................................................................... among groups of categorical data were
Mean (SD) analyzed with Fisher exact tests. Statisti-
Age, y 62 (10.6) 63 (9. 35) 418 cal significance was set at P < .05.
Height, m 1.67 (0.114) 1.69 (0.121) .370
Weight, kg 98 (20.9) 100 (27.1) 621
BMI, kg/m? 35.3 (7.46) 34.8 (7.78) 736 Results

Data were collected on 291 patients (156

Abbreviations: BMI, body mass index; IV, intravenous; THA, total hip arthroplasty; TKA, total knee arthroplasty;

TXA, tranexamic acid.
sSignificant difference.
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THA, 135 TKA). There was a significant (P
= .044) sex difference in the THA group:
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more men in the topical TXA subgroup and more
women in the IV TXA subgroup. Other patient de-
mographics were similarly matched with respect
to age, height, weight, and body mass index

(Table 1). The primary outcomes (differ
ences in cost, Hgb decrease, estimated
blood loss, calculated blood loss, and
transfusions) are listed in Table 2. In the
THA group, mean (SD) Hgb change was
significantly (P = .031) higher with IVTXA,
3.33 (1.02) g/dL, than with topical TXA,
2.89 (1.44) g/dL, and the cost of topical
TXA ($2100) was significantly (P <.0001)
higher than the cost of IVTXA ($1161).
There were no differences in calculated
blood loss, estimated blood loss, or trans-
fusion rates. In the TKA group, calculated
blood loss was significantly (P = .019)
higher with IVTXA (1084.2 mL) than with
topical TXA (859.6 mL), mean (SD) Hgb
change was significantly (P = .015) higher
with IVTXA, 2.35 (0.99) g/dL, than with
topical TXA, 1.93 (0.90) g/dL, and the cost
of topical TXA ($2100) was significantly
(P <.0001) higher than the cost of IVTXA
($1271). There were no differences in esti-
mated blood loss or transfusion rates.

The secondary outcomes (differences
in complications and LOS) are listed in
Table 3. In the THA group, postoperative
cardiac events occurred in 3 (6%) of the
48 patients in the topical TXA subgroup
and in none of the patients in the IVTXA
subgroup (P = .007). There were no dif-
ferences in other complications (DVT, PE,
cerebrovascular events, wound drainage)
or LOS. In the TKA group, there were no
differences in postoperative complications
or LOS between the IV and topical TXA
subgroups.

Discussion

TXA, an analog of the amino acid lysine,
is an antifibrinolytic agent that has been
used for many years to inhibit fibrin
degradation.®"TXA works by compet-
itively inhibiting tissue plasminogen
activation, which is elevated by the trauma
of surgery, and blocking plasmin binding
to fibrin.®"®The mechanism of action is
not procoagulant, as TXA prevents fibrin
breakdown and supports coagulation
that is underway rather than increasing
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clot formation. These characteristics make the
drug attractive for orthopedic joint surgery—TXA
reduces postoperative blood loss in patients who

need fibrinolysis suppressed in order to maintain

Table 2. Primary Outcomes for Primary Total Hip and Knee Arthroplasty

THA IV TXA (n =108) Topical TXA (n =48) P
Mean (SD)
Preoperative Hgb, g/dL 13.8 (1.31) 13.7 (1.40) .625
Postoperative Hgb, g/dL 10.5 (1.63) 10.8 (1.65) 134
Hgb decrease, g/dL® 3.33(1.02) 2.89 (1.44) .031
Estimated blood loss, mL 509.3 (25.8) 557.3 (38.6) .303
Calculated blood loss, mL 1287.3 (41.5) 1226 (62.2) 418
Transfusions, n (%) 8 (7%) 5 (10%) .538
Cost, $° 1161 2100 <.0001
TKA IV TXA (n = 83) Topical TXA (n =52) P
Mean (SD)
Preoperative Hgb, g/dL 13.8(1.27) 13.8 (1.23) .861
Postoperative Hgb, g/dL 11.5 (1.43) 11.8 (1.13) 107
Hgb decrease, g/dL? 2.35(0.988) 1.93 (0.900) .015
Estimated blood loss, mL 101.1 (89.4) 102.6 (105.1) .93
Calculated blood loss, mL? 1084.2 (605.4) 8659.6 (386.6) .019
Transfusions, n (%) 2 (2%) 1(2%) .26
Cost, $° 1271 2100 <.0001

Abbreviations: Hgb, hemoglobin; IV, intravenous; THA, total hip arthroplasty; TKA, total knee arthroplasty; TXA,

tranexamic acid.
Significant difference.

Table 3. Secondary Outcomes for Primary Total Hip and Knee Arthroplasty

THA IVTXA(n=108) Topical TXA(n=48) P
Complication, n (%)
Wound drainage 8 (7%) 1(2%) 151
Deep vein thrombosis 0 1(2%) 124
Pulmonary embolism 0 0 —
Cardiac event? 0 3 (6%) .007
Cerebrovascular event 0 1(2%) 124
Mean (SD) length of stay, d 2.7 (1.59) 2.6 (1.67) .889
TKA IV TXA (n =83) Topical TXA (n=52) P
Complication, n (%)
Wound drainage 7 (8%) 2 (4%) .281
Deep vein thrombosis 3 (4%) 0 .085
Pulmonary embolism 0 1(2%) .166
Cardiac event 0 1(2%) 166
Cerebrovascular event 1(2%) 0 .322
Mean (SD) length of stay, d 2.3(1.23) 3.2 (6.42) .248

Abbreviations: 1V, intravenous; THA, total hip arthroplasty; TKA, total knee arthroplasty; TXA, tranexamic acid.

Significant difference.
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homeostasis without increasing the risk of venous
thromboembolism. IV TXA has been well studied,
which supports its efficacy profile for reducing
blood loss and transfusions; there are no reports
of increased risk of thromboembolic events.?0?
Despite these studies, the risk of adverse events

is still a major concern, especially in patients

with medical conditions that predispose them to
venothrombotic events. Topical TXA has become

a viable option, especially in high-risk patients, as
studies have shown 70% lower systemic absorp-
tion relative to IV TXA plasma concentration.?® Still,
too few studies have compared the efficacy, safety,
and cost of IV and topical TXA in both THA and TKA.

Topical TXA costs an average of $2100 per case,
primarily because standard dosing is 3 g per case.
Despite repeat dosing for IVTXA (first dose at inci-
sion, second dose 3 hours after first), [V TXA costs
were much lower on average: $939 less for THA and
$829 less for TKA. As numerous studies have out-
lined results similar to ours, cost-effectiveness should
be considered in decisions about treatment options.

Patel and colleagues™ reported that the efficacy
of topical TXA was similar to that of IV TXA and that
there were no significant differences in Hgb de-
crease, wound drainage, or need for transfusions
after TKA. Their report conflicts with our finding
significant differences favoring topical TXA for Hgb
change (P = .015) and reduced calculated blood
loss (P =.019) in TKA. A potential reason for these
differing results is that the topical TXA doses were
different (2 g in the study by Patel and colleagues,™
3 g in our study). Martin and colleagues? com-
pared the effects of topical TXA and placebo and
found a nonsignificant difference in reduced blood
loss and postoperative transfusions when the drug
was dosed at 2 g. Konig and colleagues® found
that topical TXA dosed at 3 g (vs placebo) could
reduce blood loss and transfusions after THA and
TKA. These studies support our 3-g dose protocol
for topical TXA rather than the 2-g protocol used in
the study by Patel and colleagues.™ Our results are
congruent with those of Seo and colleagues,? who
found topical TXA superior in decreasing blood loss
in TKA. Furthermore, our study is unigue in that it
compared costs and found topical TXA to be more
expensive by almost $1000 on average.

Wei and Wei° concluded that IVTXA 3 g and
topical TXA 3 g were equally effective in reducing
total blood loss, change in hematocrit, and need
for transfusion after THA. In contrast, we found
a significant (P = .031) difference favoring topical
TXA for Hgb change. The 2 studies differed in their
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dosing protocols: Wei and Wei® infused a 3-g dose,
whereas we gave a maximum of two 1-g IV doses.
The higher IV dose used by Wei and Wei® could ex-
plain why they found no difference between IV and
topical TXA, whereas we did find a difference. Our
study was unique in that it measured Hgb change,
blood loss, and cost.

Our study included an in-depth analysis of blood
loss: estimated blood loss, drain outputs, calculat-
ed blood loss, and Hgb change. The equation we
used for calculated blood loss is well established
and has been used in multiple studies.®'%"To thor
oughly assess the safety of TXA, we reviewed and
documented complications that occurred within
90 days after surgery and that could be attributed
to TXA. This study was adequately powered and
exceeded the required sample size to detect a dif-
ference in one primary outcome measure, periop-
erative Hgb change, as calculated by the prestudy
statistical power analysis.

Our study had several limitations. First, it was a
retrospective chart review; documentation could
have been incomplete or missing. Second, the
study was not randomized and thus subject to drug
selection bias. Third, patients were selected for
topical TXA on the basis of perceived risk factors,
such as prior or family history of DVT, PE, cardiac
events, or cerebrovascular events. It was thought
that, given the decrease in systemic absorption
with topical TXA, these high-risk patients would be
less likely to have a thromboembolic event. Their
complex past medical histories may explain why
the topical TXA group had more cardiac events.
Furthermore, 1 orthopedic surgeon used topical
TXA exclusively, and the other 3 used it selec-
tively, according to risk factors. In addition, unlike
TKA patients, not all THA patients received drains.
This study was powered to measure a difference
in perioperative Hgb change but may not have
been powered to detect the statistically signifi-
cant difference favoring topical TXA for calculated
blood loss in TKA. In the THA group, a statistically
significant difference was found for reduced Hgb
decrease but not for estimated or calculated blood
loss. This finding reinforces some of the disparities
in measurements of the effects of blood conserva-
tion strategies. The study also lacked a placebo or
control group. However, several other studies have
found that both IV TXA and topical TXA are superior
to placebo in decreasing blood loss, Hgb change,
and transfusion requirements.%122022 |n gddition,
the effects of TXA are based on estimates of blood
conservation and are not without their disparities.
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Conclusion

The present study found that both IVTXA and
topical TXA were effective in decreasing blood
loss, Hgb levels, and need for transfusion after
THA and TKA. Topical TXA appears to be more
effective than IVTXA in preventing Hgb decrease
during THA and TKA and calculated blood loss
during TKA. This increased efficacy comes with a
higher cost. Thromboembolic complications were
similar between groups. More studies are need-
ed to compare the efficacy and safety profiles of
topical TXA against the routine standard of IV TXA,
especially in patients with perceived contraindica-
tions to IVTXA.
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