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The cost-effectiveness of platelet additive solution to prevent
allergic transfusion reactions

Seema Kacker, Paul M. Ness, William ]. Savage, Kevin D. Frick, Jeffrey McCullough, Karen E. King,
and Aaron A.R. Tobian

BACKGROUND: Allergic transfusion reactions (ATRs)
are among the most common complications of transfu-
sion. Storage in platelet additive solution (PAS) has
been shown to reduce ATRs from apheresis platelets
(APs). This study evaluated the cost-effectiveness of
using PAS storage as an alternative method to reduce
ATRs.

STUDY DESIGN AND METHODS: A Markov-based
decision tree was constructed to compare ATR rates
and associated costs expected from current practice
and from alternative strategies of using APs stored in
PAS. The potential use of pretransfusion medication
was also incorporated. Using a hospital perspective and
including direct medical expenses only (US$2012),
Monte Carlo microsimulations were run to evaluate out-
comes under a base-case analysis. One-way and
probabilistic sensitivity analyses were used to assess
outcome uncertainty.

RESULTS: Under base-case variables, using APs
stored in PAS for all patients as an initial transfusion
protocol is expected to avert ATRs and associated
costs, compared to current practice. Using PAS for all
patients along with pretransfusion medication would be
cost-saving only when the additional cost of PAS is
below $9.14. If PAS storage could eliminate pretransfu-
sion medication use, it is expected to result in cost
savings when the additional unit cost of PAS is under
$11.90. At a PAS cost of $15, averting one ATR would
cost $701.95. Using PAS storage only in response to
recurring mild ATRs is associated with cost savings
under all costs of PAS evaluated.

CONCLUSIONS: Using PAS storage for all AP transfu-
sions to prevent ATRs may be financially and clinically
beneficial, compared to current practice.

llergic transfusion reactions (ATRs) are the most
common complications of blood transfusion,
with estimates of ATR rates among platelet
(PLT) transfusions ranging from 1% to 3%.'®
ATRs range from relatively minor urticaria with or without
pruritis to severe anaphylactic reactions that produce sys-
temic symptoms of dyspnea, wheezing, hypotension,
tachycardia, loss of consciousness, shock, and in rare
cases, death.®
In addition to morbidity and mortality from potential
adverse clinical effects, ATRs lead to increased health care
expenditure by prolonging the time required by physi-
cians, nursing staff, and technologists for the transfusion
procedure and the evaluation of ATRs, as well as by requir-
ing additional resources to address the ATRs directly.* Mild
ATRs typically require treatment with antihistamines, and
severe ATRs can lead to costly hospitalization for outpa-
tients or prolonged hospital stays for inpatients. Methods
to prevent ATRs are still in development. Although pre-
transfusion medication is often administered in an
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additive solution(s); PLT(s) = platelet(s).
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attempt to prevent ATRs,’ observational studies and clini-
cal trials have shown that current use of diphenhydramine
pretransfusion medication is not effective.® Clinical expe-
rience has suggested, however, that ATRs may be avoided
by reducing the volume of plasma in transfused PLT
products; it has recently been demonstrated that concen-
trating PLTs, washing PLTs, and washing red blood cells
(RBCs) reduces the risk of ATRs.” Unfortunately, the
manipulation of PLTs by concentrating or washing is time-
consuming for medical technologists, increasing labor
costs associated with each unit transfused. Previous
studies have also demonstrated that PLT manipulation
may reduce the corrected count increment (CCI).2 Storing
PLTs in PLT additive solution (PAS) has been proposed as
an alternative to concentrating or washing PLTs and has
been shown to have a similar impact on reducing ATRs as
these manipulation methods.%

A cost-effectiveness analysis of using PAS storage for
apheresis PLTs (APs) to reduce ATRs has not been con-
ducted, but would be useful in facilitating efficient
transfusion-related policies.

MATERIALS AND METHODS

A Markov-based"'* decision tree model was constructed
using TreeAge Pro Suite 2012 (TreeAge Pro, Williamstown,
MA) to compare expected health and financial outcomes
between potential strategies of preventing mild and severe
ATRs resulting from AP transfusions. Markov-based
models have been used frequently for cost-effectiveness
evaluations involving health-related processes that evolve
over time. Monte Carlo microsimulations were run to
follow a cohort of hypothetical patients as they experi-
enced AP transfusion therapy and faced risks from poten-
tial ATRs. All reactions were assumed to be clinically
diagnosed and classified by severity in a manner consis-
tent with the AABB’s Technical Manual and hemovigilance
guidelines from the National Healthcare Safety Net-
work.>"® Mild reactions were defined by urticaria or hives,
while severe reactions were defined by presentation with
systemic symptoms of dyspnea, wheezing, hypotension,
tachycardia, loss of consciousness, shock, or death.*>!® For
each patient microsimulation, transfusion procedures,
ATRs, and resulting AP manipulation were tracked, along
with the costs associated with these transfusion-related
events. A hospital perspective was adopted, including
direct medical costs only and adjusting all costs to
US$2012, using the medical care component of the Con-
sumer Price Index.

Model structure

Seven Markov states, shown in Fig. 1A, were used to model
stages of a 1-year period of transfusion therapy: “Start
Transfusion Therapy,” “Start Unit,” “Initial Protocol,”
“Modified Protocol 1,” “Modified Protocol 2,” “Complete/

2 TRANSFUSION Volume **, ** **

Terminate Unit,” and “Stop Transfusion Therapy.” During
each microsimulation, simulated patients traversed the
Markov process, facing strategy-dependent risks from
ATRs and accumulating costs associated with the transfu-
sion, potential ATRs, and transfusion protocol modifica-
tions. All patients began the simulation in the “Start
Transfusion Therapy” state, and transitioned to the “Start
Unit” state, corresponding to beginning transfusion of a
new AP unit. Units were transfused using one of three
protocols: “Initial Protocol,” “Modified Protocol 1,” or
“Modified Protocol 2.” All patients were assumed to have
no history of prior ATRs and began transfusion therapy
under the “Initial Protocol,” but could undergo modified
protocols after developing ATRs. After passing through
either of the three protocol states, patients transitioned to
the “Complete/Terminate Unit” state. If further transfu-
sions were required, the patient returned to the “Start
Unit” state for an additional unit. Otherwise, the patient
transitioned to the “Stop Transfusion Therapy.”
Transition probabilities between states were defined
by ATR incidence rates' and efficacy of AP manipulation’
or PAS storage’ to reduce ATRs. The three Markov states
describing possible transfusion protocols were associated
with costs, including expenses associated with the trans-
fusion procedure and any procedure modifications
(washing, concentrating, or using PAS storage). Transi-
tions between Markov states were also associated with
costs to account for expenses incurred as a result of ATRs.
Each transfused unit could result in one of four
outcomes: no ATR, an isolated mild ATR, a repeat mild
ATR (occurring among patients who have previously expe-
rienced one or more mild ATRs to prior units), or a severe
ATR (Fig. 1B). Those patients who experienced mild or
severe ATRs would receive drug treatment for the ATRs.
Mild ATRs were treated with 25 mg diphenhydramine,
20 mg famotidine, 50 mg hydroxyzine, or 125 mg methyl-
prednisolone, where patients had an equal chance of
receiving each medication. Severe reactions were treated
with epinephrine (0.3 mg IM). After this treatment, these
patients would be placed on modified transfusion proto-
cols for further units. However, because many physicians
may not implement transfusion protocol modifications in
response to isolated mild ATRs, 90% of those patients who
experienced an isolated mild ATR but had no prior ATR
history would continue to be transfused with the initial
unit under the same “Initial Protocol,” once the ATR had
been treated. In the remaining 10% of such patients, the
unit would be terminated and after treating the ATR,
transfusion would commence with a new unit under
“Modified Protocol 1.” In the event that a patient experi-
enced a repeat mild ATR in response to a unit transfused
under the “Initial Protocol,” he or she would also be placed
on “Modified Protocol 1”7 after treatment of the ATR.
Finally, patients who experienced a severe ATR from the
initial transfusion protocol would receive a more rigorous
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Strategy Initial Protocol Modified Protocol 1 | Modified Protocol 2

1: Baseline ol e Concentrated APs Washed APs
—— Donor APs

2: Use PAS as a Modified Protocol Asiloreduced Single; PAS Washed APs
Donor APs

3: Use PAS as Initial Protocol PAS Concentrated APs Washed APs
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Fig. 1. Markov bubble diagram and strategy definitions. (A) The transfusion procedure was modeled as a Markov process, where all
patients began in the “Start Transfusion Therapy” state and transitioned in the next cycle to the “Start Unit” state to correspond to
beginning a new AP unit. Three additional Markov states defined the specific protocol used for transfusing the unit, and all patients
proceeded to the “Complete/Terminate Unit” state. If an ATR occurred or another unit was needed, the patient transitioned to the
“Start Unit” state, and if no other units were required and no ATRs occurred, the patient transitioned to the “Stop Transfusion
Therapy” terminal state. ATR history was tracked, such that patients previously experiencing ATRs were placed immediately on the
appropriate modified protocol when being transfused with a new unit. (B) Four strategies, differing by the protocols used initially
and in response to ATRs, were evaluated. Under each strategy, if multiple mild ATRs occurred in response to the “Initial Protocol,”
patients were placed on “Modified Protocol 1.” In 10% of cases with isolated mild ATRs, patients were also placed on “Modified Pro-
tocol 1.” I, instead, a severe ATR occurred in response to the “Initial Protocol,” patients were placed on “Modified Protocol 2.” No
changes in the transfusion procedure occurred if there was no ATR. If ATRs continued after being placed on “Modified Protocol 1,”
patients were placed on “Modified Protocol 2.” Patients who were placed on modified protocols were maintained on those proto-
cols for further AP transfusions.
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“Modified Protocol 2,” after treatment of the ATR. Patients
who had been placed on “Modified Protocol 1,” but con-
tinued to experience ATRs would also be placed on “Modi-
fied Protocol 2.” Patients transfused using modified
protocols would continue therapy using these modified
methods for additional AP units received.

Transfusion protocols evaluated

Four strategies of addressing ATRs to AP transfusions were
evaluated (Fig. 1B), with each strategy characterizing dif-
ferent specifications of each protocol (“Initial Protocol,”
“Modified Protocol 1,” and “Modified Protocol 2”). Strat-
egy 1 was defined as the baseline and characterized
current practice at major US hospitals. Under this strategy,
the “Initial Protocol” involved leukoreduced APs, with 67%
of patients also receiving 25 mg diphenhydramine as pre-
transfusion medication.>”'%1” “Modified Protocol 1” (for
use among 10% of patients who experienced an isolated
mild ATR or multiple mild ATRs in response to the “Initial
Protocol”) involved transfusion with another unit of APs
that had been concentrated using a standard cell washer
to remove approximately 67% of plasma, while retaining
at least 100 mL for resuspension. “Modified Protocol 2”
involved transfusion with APs that had been washed with
1 L normal saline.

Strategy 2 describes a similar approach, but APs
stored in PAS were used instead of concentrated APs as
“Modified Protocol 1.” Other components of the strategy,
including the portion of patients being placed on a modi-
fied protocol after experiencing an isolated mild ATR,
would be the same as under Strategy 1. Under Strategy 3,
all patients would be initially placed on leukoreduced APs
stored in PAS (“Initial Protocol”). Subsequent ATRs would
be addressed using the same modifications’ as under
Strategy 1. Strategy 4 characterized an identical procedure
as Strategy 3, but since pretransfusion medication has
been shown to be ineffective,® it assumed the elimination
of premedication use before transfusion of APs.

Under all strategies, ATR history of patients was
tracked to inform future transfusion procedures. Patients
who experienced repeated mild ATRs from the “Initial Pro-
tocol” but were transfused without ATRs after being
placed on “Modified Protocol 1” would remain on “Modi-
fied Protocol 1” for additional AP transfusions. Those
patients who continued to experience ATRs after being
placed on “Modified Protocol 1” and were subsequently
placed on “Modified Protocol 2” would remain on “Modi-
fied Protocol 2” for future AP transfusions. Similarly, those
patients who had been placed on “Modified Protocol 2”
after experiencing severe ATRs remained on this modified
method for further transfusions.

By comparing outcomes under Strategies 2 or 3 to
outcomes under Strategy 1, the impact of incorporating
PAS storage as a modified or initial protocol was assessed.
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Comparing outcomes between Strategies 3 and 4 provided
an estimate of the incremental impact of eliminating pre-
transfusion medication usage.

Input variables

Each of the transfusion strategies evaluated was associ-
ated with different transition probabilities. Input vari-
ables, with base-case values and ranges used in
probabilistic sensitivity analysis, are provided in Table 1.
Costs associated with each leukoreduced AP unit trans-
fused included blood product acquisition cost, based on
reimbursement data from the Centers for Medicare and
Medicaid Services,'® nonproduct costs of labor in the
blood bank and during patient care,'” and product and
labor costs of pretransfusion medication. Costs associated
with AP manipulation were estimated from existing litera-
ture, and product loss expected from AP manipulation by
concentrating or washing was incorporated by inflating
the manipulated AP unit cost by 20%.8 AP product wastage
associated with units that were terminated early due to an
ATR was also incorporated, assuming that 10% of transfu-
sions resulting in an ATR would be associated with
product wastage, where 50% of the product would be
unused. Because consistent costs have not been estab-
lished for the additional cost of storage in PAS, a base-case
value of $15 was assumed and the model was reanalyzed
using a range of plausible values ($5, $10, $15, $25, and
$50).

ATR cost variables incorporated the published
average wholesale price for treatment medication®* and
the nonproduct costs of ATR-specific medical care. The
costs of care associated with severe ATRs were assumed to
be similar to the direct costs associated with inpatient
treatment for food allergies and food-induced anaphy-
laxis.?? The nonproduct costs associated with a mild ATR
were drawn from previous literature.*

Variables describing the risk of mild or severe ATRs
and the efficacy of AP manipulation in reducing these
risks were drawn from previously reported estimates from
studies of patients in major US hospitals.>"?! Efficacy esti-
mates for the reduction in ATR risk from storage of APs in
PAS were drawn from previous published literature.’!!

Analysis

Under the base-case scenario, strategies were analyzed
under each potential cost value for PAS storage, using
100,000 individual trials for each simulation run. Expected
ATRs and costs were reported under each strategy per unit
of APs transfused, assuming that the number of total units
per patient was characterized by a triangular distribution
(mode = 10, min = 1, max = 20). Although the underlying
distribution characterizing this variable was unknown, a
triangular distribution, which allowed for the specifica-
tion of a minimum, maximum, and most common value,
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TABLE 2. Base-case analysis: cost and ATR risk per AP unit transfused under evaluated strategies
Cost to prevent one ATR ($)
Cost of PAS ($) Strategy 1 Strategy 2 Strategy 3 Strategy 4 Strategy 3* Strategy 4t
5
Total cost ($)t 641.16 639.13 637.59 634.86
Cost of transfusion ($)§ 631.64 629.57 633.25 630.52
Cost of ATRs ($)II 9.52 9.56 4.34 4.34
Change in total cost ($)1] 0.00 -2.03 -3.57 -6.30
10
Total cost ($)t 641.52 639.51 642.37 639.63 98.38
Cost of transfusion ($)§ 631.76 629.74 638.14 635.40
Cost of ATRs ($)Il 9.76 9.77 4.23 4.23
Change in total cost ($)1] 0.00 -2.01 0.85 -1.89
15
Total cost ($)t 641.44 639.44 647.49 644.76 701.95 384.86
Cost of transfusion ($)§ 631.75 629.72 643.21 640.47
Cost of ATRs ($)II 9.69 9.72 4.28 4.28
Change in total cost ($)1] 0.00 —-2.00 6.05 3.32
25
Total cost ($)+ 641.10 639.21 657.13 654.39 1882.45 1561.17
Cost of transfusion ($)§ 631.67 629.77 653.00 650.26
Cost of ATRs ($)II 9.43 9.44 413 4.13
Change in total cost ($)1] 0.00 -1.89 16.03 13.30
50
Total cost ($)+ 641.52 639.88 682.23 679.49 4747.36 4428.24
Cost of transfusion ($)§ 631.83 630.17 677.91 675.17
Cost of ATRs ($)Il 9.70 9.71 4.32 4.32
Change in total cost ($)1] 0.00 -1.65 40.70 37.97
Average across PAS costs evaluated
ATR risk (%)** 1.54 1.55 0.69 0.69
Change in ATR risk (%) 0.20 -55.42 -55.42
* Cost to avert one ATR calculated by comparing the costs and rate of ATRs between Strategy 1 and Strategy 3. Strategy 3 is cost-saving
compared to Strategy 1 when PAS costs $5.
1 Cost to avert one ATR calculated by comparing the costs and rate of ATRs between Strategy 1 and Strategy 4. Strategy 4 is cost-saving
compared to Strategy 1 when PAS costs $5 or $10.
1 Total cost per AP unit transfused includes direct medical expenses associated with the transfusion, any ATRs, and any AP manipulations.
§ Cost of transfusion includes any direct medical expenses associated with the initial procedure, any AP manipulation, and any modified
transfusion procedure.
Il Cost of ATRs includes any direct medical expenses associated with diagnosis, treatment, and monitoring of a mild or severe ATR.
9 Change in total cost calculated using Strategy 1 total cost as the baseline. Negative values represent cost savings.
** ATR risk calculated as an average across evaluated costs of PAS ($5, $10, $15, $25, $50).

was used as a simplifying assumption. Under strategies
which involved the use of PAS storage (Strategies 2-4), the
additional cost per averted ATR was also calculated when
the strategy was not cost-saving compared to the current
practice defined by Strategy 1. One-way sensitivity analy-
sis was used to evaluate the impact of variation in the cost
of PAS. Probabilistic sensitivity analysis, using 10,000
samples of 10,000 trials each was conducted to evaluate
the impact of uncertainty in sample-level input variables.
Costs were varied by 25% in either direction using an
adjustment factor sampled from a triangular distribution
(mode =1, min = 0.75, max = 1.25). Efficacy estimates and
incidence rates were drawn from beta distributions, using
the 95% confidence interval (CI) reported by the original
data source.

RESULTS

Under the base-case scenario, for the entire range of PAS
storage costs evaluated ($5-$50), use of APs stored in PAS
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as a modified protocol in response to mild ATRs (Strategy
2) was cost-saving compared to the current practice of
using concentrated APs after a mild ATR (Strategy 1), as
shown in Table 2. Net cost per AP unit transfused, includ-
ing costs from the transfusion and any costs associated
with ATRs, would be $1.65 to $2.03 lower under Strategy 2
than Strategy 1, depending on the additional cost of PAS
storage. Strategies 3 and 4, characterized by the use of APs
stored in PAS as an initial transfusion protocol for all
patients, were also cost-saving compared to Strategy 1
when the additional cost of PAS storage was low. Under a
scenario where the cost of PAS storage was $5, total costs
per AP unit transfused were $3.57 less under Strategy 3
than Strategy 1. At this cost of PAS, Strategy 4, character-
ized by the use of PAS as an initial protocol for all patients
and the elimination of pretransfusion medication use, was
associated with an additional cost savings of $2.73,
equivalent to a total cost savings of $6.30 per unit trans-
fused compared to Strategy 1. Compared to Strategy 1,
Strategy 2 was not associated with reduced ATRs, while



COST-EFFECTIVENESS OF PAS

__ 648 the cost of PAS storage while holding all
" e Strategy 1: Current Protocol . . .

§ 646 1 eeeees Strategy 3: Use PAS Initially w/ pretransfusion medication = """ "% Other lnput Vanables constant at thelr
3 644 | = Stiategy 4: Use PAS Iitlly wo pretransfusion medication | .e*"" """ base-case values demonstrated that
g | —~— Strategy 3 would be cost-saving com-
= 642 \/\ $9.14 /5 = pared to Strategy 1 while the cost of PAS
§ B0 T N~ e / - $1190x storage was less than $9.14, and that
Lag e 4 ' Strategy 4 would be cost-saving com-
:?’ s L T = = - pared to Strategy 1 while the cost of PAS
S - storage was less than $11.90. The differ-
3 634 ence in these cost threshold values
g 632 was attributable to the cost of pretrans-
* 630 fusion medication associated with

5 6 7 8 9 10 11 12 14 15 Strategy 3.

Cost of PAS Storage ($)

Fig. 2. One-way sensitivity analysis varying the cost of PAS storage. Strategy 1, defin-
ing current practice at major US hospitals, is compared to Strategies 3 and 4, defin-
ing the use of APs stored in PAS as an initial protocol for transfusion patients.
Strategy 4 is distinguished from Strategy 3 in that pretransfusion medication use is

Probabilistic  sensitivity analysis
results, shown in Table 3, suggest that
cost savings associated with fewer ATRs
when using APs stored in PAS persist
after considering uncertainty in input
variables.

eliminated. Using one-way sensitivity analysis, all other input variables were held

constant at their base-case values while the cost of PAS storage was varied. When PAS

storage costs less than $11.90, Strategy 4 is cost-saving compared to Strategy 1.

This threshold cost for Strategy 3 is $9.14.

Strategies 3 and 4 were associated with a 55.42% reduction
in ATR risk. Because pretransfusion medication has not
been shown to reduce ATR risk, the clinical benefits of
Strategies 3 and 4 were identical, and thus Strategy 4 was
dominant to Strategy 3.

Cost savings associated with Strategy 2 were attribut-
able to decreased expenses from transfusion, as the addi-
tional cost of AP storage in PAS was less than the
additional cost of AP concentration. However, because the
efficacy of PAS storage® in decreasing the risk of ATRs was
assumed to be slightly less than the efficacy of concen-
trated APs,” the estimated prevalence of ATRs was slightly
greater under Strategy 2 than Strategy 1. Since the majority
of patients experiencing an isolated mild ATR were not
placed on a modified transfusion protocol, any increase in
transfusion costs associated with increased ATRs under
Strategy 2 was minor.

The total cost (including transfusion-related and
ATR-related expenses) to prevent one ATR using PAS
storage increased from $701.95 when the cost of PAS
storage was $15 to $4747.36 when the cost of PAS storage
was $50 (Table 2).

Cost savings associated with Strategies 3 and 4 (PAS
storage as the initial protocol, with or without pretransfu-
sion medication) were driven by reduction in ATRs and
resulting costs. As the variable describing the cost of PAS
increased, however, the increased costs associated with
transfusion under Strategies 3 and 4 overwhelmed savings
associated with reduced ATRs, resulting in these alterna-
tives no longer being cost-saving compared to Strategy 1.
As shown in Fig. 2, one-way sensitivity analysis varying

DISCUSSION

ATRs are among the most common
problems faced by many transfusion
services. Despite pretransfusion medication, many
patients continue to experience severe urticarial reac-
tions.® It has been shown that similar to concentrating
and washing APs,” storage of APs in PAS can reduce
ATRS.9'11'23
This model assessed the financial and health implica-
tions of transfusing patients with APs stored in PAS to
prevent ATRs. Direct medical expenses and ATR rates
expected from a strategy defined by current practice of
using AP manipulation (concentrating or washing) to
respond to ATRs were compared to outcomes expected
from alternative strategies of using PAS storage as an
initial or modified transfusion protocol. The three strate-
gies incorporating PAS storage included one using APs
stored in PAS as a modified protocol in response to
repeated mild ATRs (Strategy 2), another using PAS storage
as an initial protocol for all AP transfusion patients (Strat-
egy 3), and a third using PAS storage along with the elimi-
nation of premedication use as an initial protocol
(Strategy 4). Results suggest that using APs stored in PAS
instead of APs stored in plasma for all transfusion patients
as an initial protocol would result in fewer ATRs. Using
PAS as an initial protocol along with pretransfusion medi-
cation is cost-saving when the additional cost of PAS
storage is less than $9.14, and using PAS storage without
premedication is expected to be cost-saving while the
additional cost of PAS storage is less than $11.90. Despite
its use in many major US hospitals, there does not appear
to be any clinical or financial benefit to using pretransfu-
sion medication.® A strategy of using APs stored in PAS
instead of concentrated APs as a modified protocol in
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response to recurrent mild ATRs was cost-saving under all
evaluated values of the cost of PAS storage.

This study has several limitations and likely underes-
timates the true cost savings associated with PAS storage.
The precise efficacy of PAS storage to prevent ATRs is
unknown, but may be similar to the preventative efficacy
of concentrating APs (73%).” This analysis incorporated a
conservative estimate of PAS storage efficacy, using a pre-
viously published estimate of 56%.° Cost variables incor-
porated direct medical expenses only, ignoring direct
nonmedical costs, patient or caregiver time, and lost pro-
ductivity, which may add to the financial burden associ-
ated with ATRs.?> Thus, potential savings from averted
ATRs may actually be greater than suggested by these
results. Furthermore, storage of APs in PAS will result in
additional available plasma for use in other transfusions
or for fractionation, as well as cost savings associated with
this additional blood resource.

Although this model focused on the reduction of ATRs
associated with PAS-stored APs, other advantages of using
PAS may exist, including reduced risk of transfusion-
related acute lung injury (TRALI) and reduced risk of ABO-
mismatched hemolysis.!” Any cost savings associated with
these additional advantages were not incorporated in this
analysis.

AP manipulation through concentration or washing
substantially reduces the number of ATRs,” but prelimi-
nary studies indicate that this manipulation decreases the
number of PLTs and the PLTs may not be as functional ®*
Although expected product loss from washing or concen-
trating APs was accounted for in this model, decreased
CCI with washed APs, resulting in more frequent transfu-
sions to maintain PLT counts, was not incorporated. The
impact of PAS of CCI is not well documented. Thus, these
influences were not included in the model.

The costs of transfusion incorporated in this model
did not include expected expenses associated with HLA
matching, irradiation, or other AP product testing or
manipulation, since these are not likely to affect ATR risk'®
and would not be affected by washing, concentrating, or
PAS storage. These additional costs would likely be con-
sistent across strategies evaluated and thus would not
affect outcomes. It is also important to note that differ-
ences in cost are considered in universal terms and are not
apportioned among costs for product acquisition, blood
bank services, or clinical services. Such apportionment
may be critical for incentivizing changes in transfusion
practices.

While this analysis suggests that Strategies 3 and 4 are
expected to yield cost savings under threshold values of
the cost of PAS and result in decreased ATRs, these strat-
egies may require additional expenditure from hospitals
for AP product acquisition. If those individuals at higher
risk of experiencing an ATR could be identified before
transfusion, an alternative strategy of only using PAS

COST-EFFECTIVENESS OF PAS

storage among higher-risk patients could be imple-
mented. This approach would avoid additional unneces-
sary costs for those patients who are at low risk of having
an ATR and would not benefit from the PAS. However, it is
often difficult to predict which patients would be at
increased ATR risk.

Because the safety of blood transfusions is highly pri-
oritized, transfusion-related interventions that are not
cost-saving may still be widely encouraged. Although
cost-saving programs that also provide clinical benefit are
clearly advantageous, programs associated with a wide
range of additional costs are still considered reasonable if
they provide sufficient clinical benefit. For example, sub-
stantial risk reduction in TRALI and hemolytic transfusion
reactions is obtained using patient bar coding, online
databases, and exclusion of high-risk donors, at an addi-
tional cost of just $14 to $28 per unit.*® A more expensive
intervention, human immunodeficiency virus nucleic
acid amplification testing, has been shown to have a mar-
ginal cost-effectiveness of $2 million per additional
quality-adjusted life-year gained.? Thus, the potential to
reduce ATRs using PAS storage may be acceptable even if
the additional cost of PAS is higher than the threshold
values reported.

Although the pathophysiology of ATRs has not been
fully elucidated, it is clear that the plasma component of
APs and RBCs plays an essential role in etiology. Biogenic
amines, eosinophil and neutrophil chemotactic factors,
enzymes, leukotrienes, prostaglandins, PLT-activating
factor, and numerous cytokines have all been found in the
plasma and been implicated in ATRs.'*?” Understanding
how to prevent ATRs by limiting plasma exposure could
provide the basis of new preventative techniques. This
analysis suggests that using APs stored in PAS as an initial
transfusion product for AP transfusion patients may be a
financially and clinically appealing strategy to prevent
ATRs.
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