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Abstract
We used decision analysis to assess the cost profile
associated with preoperative use of tranexamic acid
(TXA) to prevent major bleeding complications associ-
ated with hip and knee arthroplasty surgery. We defined
major bleeding complications as blood loss sufficient to
require transfusion or surgical evacuation of a postop-
erative hematoma.

In the absence of a reduction in revision rates, using
current cost data, TXA use is not cost-saving for institu-

rthroplasty procedures are common, and their use is

projected to increase rapidly over the next 25 years.

According to Kurtz and colleagues,' approximately
658,000 primary joint replacements were performed in the
United States in 2005. With this number projected to rise to
approximately 4 million by 2030, the associated costs must
be reduced in order to preserve access to and

tions with baseline blood transfusion rates under 25%.
For centers with baseline transfusion rates above 25%,
however, TXA becomes increasingly cost-saving as the
reduction in transfusion rates seen with use of the drug
increases, but a minimum 12% reduction in transfusion
rates is needed, even if the expected baseline transfu-
sion rate is 100%. Nevertheless, TXA use is much more
likely to be cost-saving, regardless of transfusion rates,
if it leads to a reduction in need for revision surgery.

blood loss after joint replacement surgery.”'* These studies have
demonstrated that TXA decreases transfusion rates, and many
have adopted its use, but a reduction in revision rates has not
been demonstrated.

We conducted a study to analyze the cost profile of routine
use of TXA in order to determine the specific conditions (trans-

adequate funding for these procedures. Blood
transfusion is needed relatively often after total
knee arthroplasties. Transfusion rates vary sig-
nificantly in the literature and in practice, with
rates as high as 70% and as low as 1% reported.**
Blood transfusion is associated with a number
of potentially negative outcomes, including al-
lergic reactions and immune-modulating effects

Figure 1. Markov model used to model patients with end-stage knee arthritis
treated with total knee arthroplasty using either perioperative tranexamic acid
(TXA) or no TXA. Each patient undergoes total knee arthroplasty and, if required,
receives transfusion. Each group undergoes revision or does not, according to
model probabilities (reviewed in Materials and Methods section).

Revision

Abbreviations: TJA, total joint arthroplasty; TXA, tranexamic acid.

that can increase infection rates; increased pain; Transfusion

and decreased range of motion. Transfusions

also add significant cost to the overall episode DA Revision
of care.*” In addition, excessive bleeding can No Transfusion
require surgical evacuation, which can result No Revision
in significant morbidity and substantial cost.? TJA Revisi
evision
Efforts to reduce blood loss and the need for )
) o Transfusion

transfusion or revision have been undertaken No Revision
to improve patient outcomes and save costs. No TXA

Revision

Tranexamic acid (TXA) is an antifibrinolytic
agent that prevents dissolution of blood clots.
Despite significant heterogeneity, numerous
studies have explored use of TXA to reduce

No Transfusion

< No Revision
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Figure 2. Two-way sensitivity analysis results. Baseline transfu-
sion rate without use of tranexamic acid (TXA) is shown on x-axis;
relative transfusion rate with TXA use is shown on y-axis. Blue
areas indicate profiles for which routine TXA use is cost-saving;
green areas indicate profiles for which routine TXA use is not
cost-saving.

fusion rates) under which it would be cost-saving.

Materials and Methods

We constructed a Markov decision model” to evaluate the im-
pact of any effect of TXA use on blood transfusion rates on the
cost of hip and knee arthroplasty procedures. The impact of any
secondary effect on revisions on the cost was also assessed with
the model. The decision model depicting the pathway taken
by patients in the screening program is shown in Figure 1.
Patients transition along the appropriate arm of the decision
tree according to the likelihood of each event (determined by
the probability of each event in the literature). In addition, cost
is assigned to every treatment within the model.

The cost of TXA treatment and blood transfusion was taken
from charge data at our institution. We use a protocol of two
1-g intravenous doses, the first given before incision and the
second at start of closure. Using these charge data, we set the
cost of TXA at $64 per case. The cost of blood transfusion was
set at $380 based on literature-reported costs in the model.'®
The cost of a revision for evacuation of a postoperative hema-
toma was estimated to be $25,000, slightly lower than the es-
timated resource use for an aseptic revision, given its likeliness
of occurring within the index admission and the possibility
of avoiding any hardware changes.?

After constructing the model, we used the total tabulated
costs to ascertain the impact on overall cost with use of TXA
to prevent the need for blood transfusion. Sensitivity analysis,
a test of the stability of conclusions, is performed by varying
a variable or variables over a stated range and evaluating the
effect of this variation on the outcome—in this study, the total
cost of a patient’s treatment.'* Two-way sensitivity analysis was
performed to examine the relationship between the impact
on blood transfusion rates and the transfusion rate reduction
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Figure 3. Two-way sensitivity analysis results. Baseline revision
rate for evacuation of hematoma is shown on x-axis; relative revi-
sion rate with use of tranexamic acid (TXA) is shown on y-axis.
Blue areas indicate profiles for which routine TXA use is cost-
saving; green areas indicate profiles for which routine TXA use is
not cost-saving. Higher reduction or lower relative revision rates
with TXA translate into cost savings.

needed to make the program cost-saving and to examine the
impact of any secondary effect on revisions on cost. The model
was constructed using TreeAge Pro 2007 (TreeAge Software,
Williamstown, Massachusetts) decision analysis software.

Results
The relationship between baseline transfusion rates and cost
savings for hip and knee replacements is depicted in Figure 2,
which illustrates the results of a 2-way sensitivity analysis in
which the relative impact on transfusion rates with TXA use
is varied on the y-axis and the baseline transfusion rate with-
out TXA use is varied on the x-axis, under the condition that
no revisions are prevented with TXA use. Blue areas indicate
where it would be cost-saving to use TXA before hip and knee
replacement, and green areas indicate where TXA use would
not be cost-saving. For example, if the baseline transfusion rate
with hip and knee replacement is 30%, and TXA useresultsina
relative transfusion rate of 40% or better of the baseline (> 60%
reduction), then it is cost-saving to use the drug (blue area).
However, the same baseline transfusion rate combined with
a relative reduction in transfusion of less than 60% (relative
transfusion rate, > 40%) would not make TXA use cost-saving
(green area). The results demonstrate that, if the baseline trans-
fusion rate is less than 25%, then routine use of TXA to reduce
blood transfusion will not be cost-saving unless it reduces the
revision rate, even if it eliminates all blood transfusions com-
pletely (100% reduction, or relative transfusion rate of 0%).
The second issue studied with the model is how the revi-
sion rates and the impact of TXA use on revision rates impact
the potential cost savings of TXA for the procedure (Figure 3).
Different potential probabilities for revision for hematoma,
varying from a low of 0.0% to a high of 0.5%, are modeled
on the x-axis. A relative reduction in revisions—expressed as
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a percentage of the baseline rate so that a relative revision rate
of 0.9% represents a 10% reduction in the revision rate with
TXA use—is modeled on the y-axis. Combinations in which
TXA use would be cost-saving are in blue. The results show
that even a modest reduction in revision rates will make rou-
tine TXA use cost-saving, with risk for revision for hematoma
between 0.0% and 0.5%.

Discussion

The cost associated with hip and knee arthroplasty is a major
focus of interest among health care payers. In today’s health
care environment, in which resources are increasingly limited,
the incremental cost benefit of any procedure or medication
must be established. This is important from the point of view
of both society and payer (overall support for these services is
limited). Ensuring access for all who need these procedures,
which improve quality of life, depends on the ability to deliver
them at the minimum possible total cost—without having
any detrimental effect on quality or outcome—and mandates
careful consideration of any protocol change, regardless of
how inexpensive it may seem. In addition, the care episode is
important from the point of view of the hospital, which faces
new payment structures in which the hospital is responsible for
all care before surgery and for all care for 30 to 90 days after
surgery.” In this scenario, the more cost-effective the care,
the higher the profit margin associated with these procedures.

Decreased bleeding may lead to lower rates of hematoma
formation, which can impact therapy, range of motion, and
wound healing and reduce the need for potential surgical
evacuation.® The need to reduce revision surgery, which may
result in significant morbidity and which adds substantial cost
to the care episode, is self-evident. Furthermore, a reduction
in blood transfusion rates can also benefit patient outcomes
by limiting adverse transfusion reactions, which can have a
significant clinical impact, and by limiting potential immune-
modulating effects, which may increase infection rates.’ In ad-
dition, blood transfusion is associated with significant costs.'"®

Even if it had no impact on blood transfusion or revision
rates, TXA use could lead to improved outcomes by decreas-
ing pain and improving postoperative therapy. However,
long-term patient-reported outcome data would be needed to
evaluate whether TXA use could positively affect outcomes—
patients who received TXA and those who did not would have
to be compared—and our model did not do this. In addition,
TXA use may lead to less blood loss without affecting trans-
fusion rates, and this may also benefit patient recovery. Con-
sequently, routine TXA use potentially can be considered for
many reasons, but its impact on cost is an important variable
to be evaluated in today’s health care environment.

The antifibrinolytic properties of TXA used perioperatively
have been shown to decrease blood transfusion rates without
increasing thrombotic events. However, the impact on cost and
revision rates and other clinical outcomes remains to be clearly
defined."'"" There are numerous other potential strategies, such
as transfusion algorithms, that have been successfully used to
reduce blood transfusion rates.* Therefore, a simple demon-
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stration that TXA use can reduce the rate of blood transfusion
is not sufficient evidence that it is the best or most cost-effective
way to address the issue of blood transfusion after total joint
replacement, or that it is cost-saving. However, the evidence
that perioperative TXA use reduces blood transfusion rates
warrants careful consideration and cost analysis given the
potential benefits of decreasing blood loss and transfusion
rates after hip and knee replacement. In addition, there may
be other benefits that make the cost investment worthwhile.
More important, if clear evidence that it reduces revision rates
can be demonstrated, it is much more likely to be cost-saving.

This study demonstrates the potential cost savings associ-
ated with use of TXA to reduce bleeding in association with
elective hip and knee arthroplasty. As expected, the larger the
impact of TXA on transfusion or revision rates, the more likely
its use is cost-saving. Even if it cannot be demonstrated to
reduce revisions for hematoma evacuation, it can still be cost-
saving under the right conditions. Furthermore, the impact
needed to make it cost-saving decreases as the baseline transfu-
sion rates without TXA use increase. The higher the baseline
rate, the lower the impact TXA needs to have in order for it
to be cost-saving. Specifically, if the baseline transfusion rate
is 30%, then a 60% reduction is needed (relative transfusion
rate, 0.4) for routine TXA use to be cost-saving (Figure 2). This
decreases to 12% (relative transfusion rate, 0.88) if the baseline
rate is 100%. If the baseline transfusion rate is less than 25%,
then routine TXA use will not be cost-saving.

The findings of this analysis illustrate several important
points of consideration that are often lacking in clinical studies.
Although a positive finding, such as a relative risk reduction
for a complication, associated with a new or variable interven-
tion, is certainly important, it does not alone provide sufficient
evidence that the intervention should be universally adopted
or that it will be cost-saving. This determination depends on
the magnitude of the problem being addressed both in terms
of volume and clinical significance to the patient. In this case,
if no clear evidence is found for reduced revisions or improved
clinical parameters other than blood transfusion, TXA will be
cost-saving only if it reduces transfusions and the baseline rate
of blood transfusion is larger than 25%. This demonstrates that
the baseline value of a problem needs to be carefully consid-
ered when evaluating a new or variable intervention for a clini-
cal problem from a cost perspective. However, if any decrease
in revisions for evacuation of hematoma is found, then TXA
use is much more likely to be cost-saving (Figure 3). To date,
this has not been shown, but centers may still consider its use
alone or as part of a multimodal approach if superior clinical
outcomes, such as decreased postoperative pain or improved
range of motion, can be demonstrated. Studies showing clear
improvement in these parameters or revision surgery with
TXA use are still needed. Therefore, until clear evidence of
that becomes available, centers considering routine TXA use
should consider their baseline transfusion rate carefully and
monitor the impact of its use on transfusion rates and other
patient outcomes to determine the impact on cost in their
specific clinical environment.
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There are limitations to this analysis. We included only
direct costs of the treatment interventions in the analyses. This
underestimates the true cost to patients and society in terms
of lost earnings and further care needed outside the acute-
care setting. Further, we estimated the cost of treatment using
charges, and the true cost of these treatments may vary. In ad-
dition, blood transfusion or revision may significantly impact
patient outcomes, and further study measuring these outcomes
is needed to further evaluate the potential cost-effectiveness
of this treatment.

Conclusion

The decision analysis model demonstrates that use of TXA to
reduce blood transfusion needs with hip and knee arthroplasty
may be cost-saving but not in all circumstances. The impact
on major bleeding leading to revision or transfusion and the
baseline blood transfusion rate are important parameters to
understand when evaluating the potential cost savings of rou-
tine TXA use. Even a modest reduction in revision rates will
make TXA very likely to be cost-saving, but cost savings from
areduction in transfusion rates will occur only if the baseline
transfusion rates are above threshold levels for the reduction
found. TXA is likely to be used as part of a multimodal ap-
proach to reducing blood loss, and careful study of long-term
patient outcome data is needed to determine if it leads to im-
provement of other patient outcomes that would make it more
cost-effective regardless of impact on transfusion rates. Studies
designed to evaluate this are needed.
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