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ABSTRACT

Introduction: Hemostasis is an essential component of surgical
procedures and tranexamic acid (TXA), an antifibrinolytic, is widely
used empirically in orthopedic patients. We hypothesized that TXA
would significantly decrease intraoperative blood loss, the need for
blood transfusion, and would decrease patient length of stay (LOS).

Materials and methods: We performed a retrospective review of
496 primary total joint arthroplasties (TJAs). We recorded clinical
outcomes of those given TXA since the drug was first available at
our hospital in November 2012. As a control group, we reviewed
all total hip arthroscopies (THAs) or total knee arthroscopies
(TKASs) during the 3 months just prior to availability of TXA.

Results: A total of 306 consecutive TKAs and 190 THAs were
included. There were no differences in age or preoperative
hemoglobin between groups. For TKAs, the difference between
the preoperative hemoglobin to the first postoperative day
(POD1) was 2.74 gm/dL for the “No TXA” cohort, compared
with 2.07 gm/dL for the TXA cohort. Total blood loss was 571.1
vs 387.3 mL (p<0.01). For THAS, the difference between the
hemoglobin values from preoperative levels to POD1 was
3.16 gm/dL compared with 2.36 gm/dL. Total blood loss was
greater for the “No TXA” group, 649.4 vs 464.1 mL (p<0.01).
Only the “No TXA” group underwent transfusion, 13.83%. Hos-
pital LOS was longer in the “No TXA” group, 4.24 vs 3.57 days
(p<0.01). More “No TXA” were discharged to a skilled nursing
or rehab compared with “home,” 35.1 vs 13.7% (p<0.01).

Conclusion: Patients with TXA had statistically significant dif-
ferences in intraoperative, postoperative, and total blood loss.
No patient given TXA required a transfusion. The THA patients
given TXA had statistically significant shorter LOS and were
more likely to be discharged to home. Therefore, TXA has the
potential to improve clinical outcomes following TJA and pos-
sibly also reduce cost.
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INTRODUCTION

Total joint arthroplasty is a procedure that continues to
have grown rapidly in popularity in the US." From 1993
to 2005, TKA procedures increased from 200,216 to 497,419
and total hip arthroscopy (THA) procedures from 135,992
to 237,647 Hemostasis is an essential component of any
surgical procedure, especially in the case of total joint
surgical procedures. Hemostasis is achieved through
the steps of vasospasm, platelet adhesion, contact phase,
and then fibrinolysis. Increased fibrinolysis can lead to
increased intraoperative blood loss.? Tourniquets applied
during surgical procedures, such as the ones used during
TKA, have been shown to increase fibrinolysis during
deflation, despite no change in circulating clotting
factors.* Medications that either retard or stop fibrinoly-
sis would potentially decrease the breakdown of a clot
leading to decreased operative blood loss, while not
impacting the risk of systemic thrombosis.’

Tranexamic acid, an antifibrinolytic, is currently Food
and Drug Administration approved as an oral agent for
menorrhagia and intravenously for postdental bleeding in
hemophiliacs. Tranexamic acid is a reversible competitive
inhibitor of plasminogen/plasmin, currently empirically
used widely in orthopedics, cardiothoracic surgery, and
transplantation to reduce blood loss. Tranexamic acid can
be administered by oral, topical, or intravenous routes.
A Cochrane Review in 2011 reported TXA was associ-
ated with a 15% reduction in mortality from bleeding
in trauma patients in one trial of over 20,000 pa’cients.6
A randomized controlled clinical trial of topical admin-
istration of TXA after cementing the implants resulted
in higher postoperative hemoglobin and lower total
blood loss compared with placebo.” Studies comparing
intravenous TXA vs placebo also initially demonstrated
decreased blood loss and fewer transfusions of blood
products. However, there has been concern that there
were too few patients in these studies to have adequate
power to be able to detect if there was any increase in
thromboembolism.®> A meta-analysis of 15 randomized
trials of TXA use in TKA demonstrated an average perio-
perative blood loss of 504 mL less than the placebo group,
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used fewer units of blood, and were about six times less
likely to need transfusion. There were no differences in
the rate of thromboembolic events.’” Similarly, a meta-
analysis of THA indicated that TXA may reduce blood
loss, without increasing complications.'’ There are limited
data regarding its use in patients with THA.
Tranexamic acid became available to the orthopedic
total joints team at the investigating institution in No-
vember of 2012. We sought to determine if in our patient
population TXA (1) will significantly decrease intraop-
erative blood loss, (2) will decrease the need for blood
transfusion postoperatively, and (3) will decrease LOS.

MATERIALS AND METHODS

We performed a retrospective review of 496 patients
undergoing primary TJA. All data collection was per-
formed on a secure network protected by institutional
firewalls. We identified and reviewed the charts from all
primary arthroplasty patients in our institution begin-
ning in July 3, 2012 through February 11, 2014. Primary
total hip or knee surgery was performed as per the stand-
ard of care by a single attending surgeon.

Data were gathered from clinic notes, operative notes,
perioperative progress notes, and discharge summaries.
These included preoperative hemoglobin and hematocrit
values; surgical data (operative time, blood loss based on
surgeon’s estimate as recorded in operative report and
intraoperative complications, such as fracture or nerve in-
jury); and perioperative data (postoperative hemoglobin
and hematocrit, number of transfusions administered,
blood loss collected via drains, in-hospital complications,
adverse clotting events, LOS, and discharge status). Drain
were placed at the discretion of the surgeon, as per the
normal surgical protocol.

We compared data for patients who had received TXA
with patients undergoing the same procedures in the
4 months prior to its availability. During this time period,
no antifibrinolytics were used for TJA prior to November

transfusion and discharge status to a skilled nursing
facility (SNF) or rehabilitation facility.

The Institutional Review Board reviewed the study
proposal and approved it following expedited review
(Protocol 00052773).

RESULTS

In this study, 306 consecutive patients with TKA and
190 consecutive patients with THA were included. Of
these, 10 patients had bilateral TKA (20 operations) and
9 patients had charts that were inaccessible to review.
These were excluded from the sample. The final sample
size was 278 TKA and 189 THA for a total of 467 patients
(Table 1); 229 of these patients received TXA: 134 TKA
and 95 THA.

The average age of the patients with TKA was
61.6 years for the “No TXA” group and 63.9 years for the
TXA group. The average age of the patients with THA
was 61.6 years for the “No TXA” group and 59.9 years
for the TXA group. The difference in these ages was not
statistically significant. Our patients’ preoperative hemo-
globin levels were essentially the same. The preoperative
hemoglobin was 13.85 gm/dL for the “No TXA” group
patients compared with 13.78 gm/dL for TXA patients.
For the THA patients, the preoperative hemoglobin was
13.42 gm/dL for the “No TXA” group as compared with
14.01 for the TXA group (Table 2).

For the TKA patients, the difference between hemo-
globin from preoperative levels to the first POD1 was
2.74 gm/dL for the “No TXA” group compared with
2.07 gm/dL for the TXA group. The difference between
hemoglobin from preoperative levels to POD2 was
3.70 gm/dL for the “No TXA” group and 2.58 gm/dL for the
TXA group (Graph 1). These differences were statistically
significant (p <0.01) (Graph 1). Only 7 TKA patients did not

Table 1: Summary of inclusion and exclusion criteria

2012. Analyses were performed in JMP Pro version 10.0.2 o T)Z\<ATXA o T)Z\IA A
statistical software (SAS Institute, Cary, North Carolina, -

. . Total number of patients 153 153 95 95
USA). We used an independent t-test when conditions o\ (00 oo 4 6 0 0
of equal variances were met. When equal variance  gperations
assumption was not met using a two-sided F-test for = Excluded due to inaccessible 5 3 1 0
unequal variances, a Wilcoxon-Mann-Whitney test was ~ charts
used. Fisher’s exact test-two tail was used for rates of ~_Patients included in the study 144 134 94 95

Table 2: Description of study population’s age and preoperative hemoglobin (gm/dL)
TKA THA
No TXA TXA p-value No TXA TXA p-value

Age (years) 66.4 (n=144)  63.9 (n=131) 0.0316* 616(n=94)  59.9(n=95)  0.4019*
Starting hemoglobin (gm/dL) ~ 13.85 (n=142) 13.78 (n=133)  0.6669*  13.42(n=94) 14.01(n=93)  0.0126*

There was no statistically significant difference between those given TXA and those not given TXA (p<0.01). *Pooled independent

t-test; **Mann—Whitney U test
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Graphs 1A and B: Trend of average hemoglobin (gm/dL) throughout preoperative and postoperative course. TKA (left); THA (right)
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Graphs 2A and B: Total blood loss during hospitalization (mL) for TKA (leff) and THA (right) patients not given TXA vs patients given
TXA. Total blood loss was less in patients given TXA (p<0.01). Means (blue line) and quantiles (red box and whiskers) both represented

have drains placed, while 15 THA patients did not have
drains placed.

The intraoperative blood loss was greater for the “No
TXA” group: 227.7 vs 176.8 mL for the TXA group (p <0.01)
(Graph 2). Total blood loss (which included intraoperative
blood loss and that recorded from postoperative drains)
was also greater for the “No TXA” group: 571.1 vs 387.3
mL (p <0.01). There was also a greater likelihood of trans-
fusion for the “No TXA” group. 5.56% (n = 8) of the “No
TXA” group transfused blood, while none of the TXA
patients were transfused during their hospitalization
(p<0.01) (Graph 3). There was no statistically significant
difference in LOS or discharge to a SNF or rehabilitation
facility between the groups.

For the THA patients, the difference between the
hemoglobin values from preoperative levels to POD1
was 3.16 gm/dL for the “No TXA” group compared with
2.36 gm/dL for the TXA group. The difference in hemo-
globin from preoperative levels to POD2 was 3.47 gm/dL

for the “No TXA” group and 2.63 gm/dL for the TXA
group. Graph 1 shows the change in hemoglobin postop-
eratively for TKA (A) and THA (B) patients. All of these
values were statistically significant (p <0.01). Graph 1
shows the change in hemoglobin postoperatively for TKA
(A) and THA (B) patients..

Intraoperative blood loss was greater for the “No
TXA” group, 436.0 vs 280.9 mL (p <0.01). Total blood loss
was also greater for the “No TXA” group, 649.4 vs 464.1
mL (p<0.01) (Graph 2). A higher percentage of patients
in the “No TXA” group were transfused (13.83% [n = 13]
vs 0%) (p <0.01). Hospital LOS was longer in the “No
TXA” group: 4.24 days compared with 3.57 days for
the TXA group (p<0.001) (Graph 3). More patients
were discharged to a SNF/rehabilitation facility in the
“No TXA” group as compared with TXA, 35.1 vs 13.7%
(p<0.01) (Table 3).

Thromboembolic complications were infrequent in
both groups. Only one thromboembolic complication
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Graphs 3A and B: Length of stay (days) for TKA (left) and THA (right) patients not given TXA vs patients given TXA. Length of stay
was less in THA patients given TXA (p<0.01). Means (blue line) and quantiles (red box and whiskers) both represented

Table 3: Summary of results including p-values

TKA THA

No TXA TXA p-value  No TXA TXA p-value
LOS (days) 3.83 (n=135) 3.70 (n =131) 0.0906* 4.24 (n=94) 3.57 (n =95) <0.0001**
Difference in Hgb pre-op to 2.74 (n=142) 2.07 (n=132) <0.0001* 3.16 (n =94) 2.36 (n=93) <0.0001**
POD1 (gm/dL)
Difference in Hgb pre-op to 3.70 (n =141) 2.58 (n=119) <0.0001* 3.47 (n=91) 2.63 (n=83) <0.0001*
POD2 (gm/dL)
Intraoperative blood loss (mL)  227.69 (n=143) 176.83 (n=134) <0.0001** 435.96 (n=94) 280.90 (n=95) <0.0001**
Total blood loss (mL) 571.18 (n =140) 387.33 (n=131) <.0001** 649.44 (n=87) 464.09 (n=90) <0.0001**
Transfusion % 5.56 (n = 144) 0 (n=135) 0.0073"  13.83 (n = 94) 0 (n=95) <0.00017
Discharge SNF or rehab % 36.84 (n=133) 27.41 (n=135) 0.1165"  35.11 (n = 94) 13.68 (n = 95) 0.0007%

*Pooled independent t test; **Mann—Whitney U test; TFisher’s exact test two-tailed; Hgb: Hemoglobin

occurred in the TXA group (in a TKA patient) and one
occurred in the “No TXA” group (in a THA patient).

DISCUSSION

The majority of studies on TXA in TJA have been limited
by small sample size and have primarily been done in
other countries where TXA is widely used. As adoption of
antifibrinolytics become the standard of care in hospitals
across the US, it is important to consider whether its use
is effective, improves quality of care, and is cost effec-
tive. Two of our three hypotheses were confirmed. TXA
did in fact reduce blood loss following joint replacement
(Graph 2). Intraoperatively, there was more blood loss
in both hip and knee patients including postoperative
blood loss that was measured by drain output. Though
statistically significant, the question becomes whether
this quantity of blood loss is clinically significant. Human
blood volume is estimated to be between 4 and 6 L,
depending on a number of factors. As we age, absolute
blood volume decreases by almost 25% in men, as does
plasma volume, and erythrocyte volume.!! In an elderly
population, a loss of 0.5 to 1 L of blood may be extremely
significant. The need for transfusions due to symptomatic

anemia is an important marker. In our study, no patients
who were given TXA required blood transfusions for
either primary operation.

Blood transfusion is an expensive intervention and
is not benign. As hospitals look to contain costs and
improve quality, reducing transfusions can accomplish
both. Though the risk of serious adverse outcomes is
exceedingly rare, it is not zero and includes allergic reac-
tions, bacterial contamination, viral infections (including
hepatitis C and prion-associated conditions, fever, lung
injury, hemolytic reaction, and graft vs host disease.
One study reported 0.4% of 29,720 patients who received
transfusions suffered adverse events.'>*?

Despite the clinical advantages to using TXA vs
placebo, it is frequently felt to be financially prohibitive.
Tranexamic acid currently costs between $100 and $200
per each intravenous dose. A unit of RBC costs between
$500 and $1,000.4" Transfusion cost is not limited to the
cost of the blood product but also to the overhead labor
costs, leading to the actual total cost of a transfusion
approaching $1,500.!® While it may be argued that the
criteria for transfusion are getting stricter, this study was
performed in a condensed time period. The fact that none
of the over 200 patients who received TXA in this study
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received transfusions is not only statistically significant
but also clinically and economically significant.

Hospital LOS is another economic cost under scru-
tiny. The number of days spent in the hospital for TJA is
trending down and there are aggressive efforts to reduce
them further. Age, sex, marital status, American Society
of Anesthesiologists physical status classification prior to
surgery, and need for transfusion all may be factors in a
patient’s probability of staying in the hospital longer."” In
our review, we found that the LOS for THA patients was
on average shorter by 0.67 day. In NC, the average cost for
ahospital bed day is $1,698."® On average in NC this could
represent $1,137.66 in cost savings. To our knowledge, de-
creased LOS with the use of TXA has not been previously
reported in the literature. This has potential economic im-
plications and warrants further study. In addition, patients
were more likely to be discharged to home, rather than to
a SNF or rehabilitation facility, further reducing costs and
perhaps improving patients’ quality of life.

A final question becomes the safety of TXA, especially
as there is already a risk of thromboembolic complications
in TJA, and adding an agent that potentially inhibits clot
degradation theoretically could increase symptomatic
thromboembolic complications. As with previous studies,
this did not appear to be the case.'’ There were only two
cases of symptomatic deep venous thrombosis or pul-
monary embolism in this chart review in the immediate
postoperative period. One was in the TXA cohort, and one
was in the “No TXA” cohort. Patients are typically quoted
that there is less than a 1% risk of these complications.

As with any retrospective study, our study has limita-
tions. The lack of randomization in a retrospective trial
means that not all factors can be controlled. In addition,
while it can be a strength to only have one surgeon’s data,
minimizing practice differences that may influence out-
comes, this can also be a weakness due to potential lack
of generalizability. The selection of a control group to the
few months before adopting TXA likely minimized any
changes that would have been due to changed operative or
institutional processes. The patients in the “No TXA” cohort
were slightly older than the TXA cohort, although the dif-
ference in age was not statistically. Measurement of blood
loss, both intraoperative and postoperative, is not always
precisely measured and there may be “hidden blood loss.”*

As TXA is more widely accepted in the US and be-
comes the standard of care, it may be beneficial to test dif-
ferent routes of delivery, such as an oral or intra-articular
route compared with intravenous administration. It will
also be interesting to compare TXA to a similar product,
aminocaproic acid (Amicar). Amicar is significantly less
expensive than TXA and has a similar mechanism of
action. There are limited data comparing the clinical effi-
cacy and cost-effectiveness of these two anti-fibrinolytics.

Given the increased potency of TXA, it may be more
efficacious and ultimately more cost-effective than the
more widely used Amicar. Future research should focus
on the clinical efficacy of these agents.

CONCLUSION

In this high-volume retrospective study, primary total
joint patients who were administered TXA experienced
decreased blood loss during and following TJA and
reduced transfusion rates. The TXA may also decrease
LOS as well as impact discharge home, although further
studies are needed to replicate this finding.
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