
Vol.:(0123456789)

Applied Health Economics and Health Policy (2018) 16:889–899 
https://doi.org/10.1007/s40258-018-0409-3

ORIGINAL RESEARCH ARTICLE

Economic Implications of Pathogen Reduced and Bacterially Tested 
Platelet Components: A US Hospital Budget Impact Model

Katherine M. Prioli1 · Julie Katz Karp2 · Nina M. Lyons3 · Vera Chrebtow4 · Jay H. Herman2 · Laura T. Pizzi1

Published online: 31 July 2018 
© The Author(s) 2018

Abstract
Background US FDA draft guidance includes pathogen reduction (PR) or secondary rapid bacterial testing (RT) in its rec-
ommendations for mitigating risk of platelet component (PC) bacterial contamination. An interactive budget impact model 
was created for hospitals to use when considering these technologies.
Methods A Microsoft Excel model was built and populated with base-case costs and probabilities identified through literature 
search and a survey of US hospital transfusion service directors. Annual costs of PC acquisition, testing, wastage, dispensing/
transfusion, sepsis, shelf life, and reimbursement for a mid-sized hospital that purchases all of its PCs were compared for 
four scenarios: 100% conventional PCs (C-PC), 100% RT-PC, 100% PR-PC, and 50% RT-PC/50% PR-PC.
Results Annual total costs were US$3.64, US$3.67, and US$3.96 million when all platelets were C-PC, RT-PC, or PR-PC, 
respectively, or US$3.81 million in the 50% RT-PC/50% PR-PC scenario. The annual net cost of PR-PC, obtained by sub-
tracting annual reimbursements from annual total costs, is 6.18% above that of RT-PC. Maximum usable shelf lives for 
C-PC, RT-PC, and PR-PC are 3.0, 5.0, and 3.6 days, respectively; hospitals obtain PR-PC components earliest at 1.37 days.
Conclusion The model predicts minimal cost increase for PR-PC versus RT-PC, including cost offsets such as elimina-
tion of bacterial detection and irradiation, and reimbursement. Additional safety provided by PR, including risk mitigation 
of transfusion-transmission of a broad spectrum of viruses, parasites, and emerging pathogens, may justify this increase. 
Effective PC shelf life may increase with RT, but platelets can be available sooner with PR due to elimination of bacterial 
detection, depending on blood center logistics.
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Key Points for Decision Makers 

Emerging technologies for mitigating the risk of bacte-
rial contamination in platelets, including pathogen reduc-
tion and secondary rapid bacterial testing, must be evalu-
ated by hospital transfusion service decision makers in 
terms of budget impact and shelf life considerations.

An interactive, customizable budget impact model allows 
hospitals to understand the comparative costs of these 
competing technologies.

Although pathogen-reduced platelets have slightly 
greater total annual costs than those tested with second-
ary rapid bacterial testing, they provide additional safety 
benefits and cost offsets not experienced by rapid-tested 
units.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40258-018-0409-3&domain=pdf
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1 Introduction

Blood components and transfusions are critical to ensuring 
successful lifesaving and costly medical treatments and 
procedures, including surgeries, trauma care, chemother-
apy, and stem cell and organ transplants. In the US, blood 
centers collect, process, and supply blood components to 
hospitals. Most hospitals purchase blood products from 
blood center suppliers and often supplement their sup-
ply through in-house collections. In 2013, approximately 
14.2 million units of blood products were collected in 
the US, with 13.2 million transfused [1]. Of these com-
ponents, approximately 2.28 million platelet units were 
transfused [1], predominantly for hematology and oncol-
ogy patients (34%), followed by surgery (18%), general 
medicine (17%), and intensive care units (12%) [2]. Plate-
lets present certain challenges due to their limited shelf 
life (5 days post-collection). They are highly susceptible to 
bacterial contamination due to room temperature storage, 
often resulting in septic reactions when contaminated units 
are transfused [3–8].

Screening for certain blood-borne pathogens has been 
implemented to improve blood safety. However, residual 
infectious risks still threaten patients, largely due to bac-
teria [3–8] and emerging pathogens [9–14]. Bacterial 
contamination is the leading infectious risk associated 
with platelet transfusion, occurring in approximately 1 in 
1500 apheresis platelet components (PCs) [3–8]. Primary 
bacterial culture, a screening method used for almost all 
platelets in the US supply, fails to detect more than half of 
bacterial contaminations [3–8]. Furthermore, because no 
active system for adverse event reporting exists in the US, 
bacterial contamination of platelets and resulting sepsis 
are underrecognized and underreported [15, 16]. Recent 
publications suggest that the rate of transfusion-associated 
(TA) septic reactions determined via active reporting is 
approximately tenfold that identified by passive reporting 
[15]. In a 7-year multicenter study, Hong et al. reported 
a 1:2500 and 1:10,288 risk in bacterially contaminated 
and septic reactions, respectively, with active surveillance, 
when using platelets previously screened and found nega-
tive by bacterial culture [16]. However, despite improve-
ments in detection through active reporting, the linkage 
between a contaminated platelet and sepsis remains dif-
ficult to confirm in clinical settings as patients receiving 
platelets are often medically complex with underlying 
issues that can predispose them to infection [16, 17].

Emerging pathogens, such as Zika, chikungunya, and 
dengue viruses, as well as Babesia, pose another risk to the 
blood supply [9–14]. Challenges to a reactive testing strat-
egy arise during these outbreaks: test development and 
pursuant regulatory approvals may require several years to 

complete, and continual addition of tests becomes increas-
ingly costly for blood centers and hospitals [18]. Even in 
the presence of testing, infectious outbreaks can adversely 
impact blood product availability [18].

The US FDA has historically published formal guidance 
documents to address risks pertaining to transfusion-trans-
mitted infections (TTIs). In March 2016, the FDA published 
a draft guidance on platelet bacterial contamination mitiga-
tion to improve platelet safety through implementation of 
specific measures, including pathogen reduction (PR) and 
secondary rapid bacterial testing (RT) of platelets [3]. In 
addition, the FDA published a separate final guidance in 
August 2016 in response to the Zika virus outbreak, recom-
mending the use of either PR or nucleic acid testing (NAT) 
prior to releasing all three blood components (platelets, red 
blood cells, plasma) for transfusion [9].

The  INTERCEPT® Blood System (Cerus Corporation) is 
currently the only FDA-approved PR system for apheresis 
platelets. Viruses, bacteria, parasites, and white blood cells, 
including T cells, are inactivated during the PR process, 
thus reducing the risk for TTIs, including sepsis and TA 
graft-versus-host disease (TA-GVHD) [19]. PR of platelets 
replaces both primary and secondary bacterial detection, 
cytomegalovirus (CMV) serology testing, irradiation, and 
Zika NAT [3, 9, 19, 20].

Secondary RT is an alternate measure also included in the 
FDA draft guidance. The Pan Genera Detection (PGD) test 
(Verax Biomedical) is FDA-approved as a safety measure 
intended to identify bacterially contaminated platelet units 
within 24 h prior to transfusion, following primary testing 
with a bacterial culture [21]. The PGD test may confer a 
7-day shelf life provided that certain criteria are met, includ-
ing the use of blood bags approved for extended storage, 
and testing and re-labeling conducted by an FDA-registered 
blood product manufacturer (blood center or hospital).

The evolving regulatory landscape, driven by the FDA 
draft guidance, has influenced hospitals to consider interven-
tions such as PR and bacterial testing to mitigate bacterial 
contamination of platelets. As such, the budgetary impact of 
these technologies must be evaluated by healthcare purchas-
ers and providers. The objective of this study was to develop 
a budget impact model allowing hospitals to assess the finan-
cial implications of these bacterial contamination mitigation 
options in the context of the total blood bank budget.

2  Methods

2.1  Model Overview

An interactive model was developed using Visual Basic for 
Applications in Microsoft Excel (Microsoft Corporation, 
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Redmond, WA, USA) to analyze the annual budget impact 
for different platelet types used for transfusion in hospitals.

The model takes the US hospital transfusion service per-
spective with a time horizon of 1 year, and costs evaluated 
in 2017 and 2018 US$. Its framework reflects the person-
nel and variable material costs of the tasks and processes 
involved in platelet management from acquisition through 
transfusion, and septic adverse events. This framework was 
prepopulated with modifiable base-case costs and probabili-
ties identified through a survey administered to 27 hospital 
transfusion service directors [22] (Fig. 1, Table 1), a litera-
ture search, and two hospital transfusion service site visits. 
The literature search served to fill in model assumptions not 
obtained via the survey, and consisted of a series of targeted 
PubMed searches using keywords specific to the model vari-
ables of interest and focused on English-language articles no 
earlier than 2005 (a 10-year look-back period at the time of 
the literature search). Costs and probabilities resulting from 
the literature search were reviewed with transfusion medi-
cine experts (JKK and JHH) to determine their reliability 
based on the experts’ judgment. For those model assump-
tions for which several values were available in the literature, 
a weighted average was taken of those judged as reliable 
by the experts. The model structure and assumptions were 
refined following review by an independent panel of seven 
US transfusion medicine physicians, including all assump-
tions obtained by literature search. 

Because platelet processes vary by institution, the model 
was structured such that initial inputs gathered at the begin-
ning of the model are used to adaptively route the end user 
through the model, ensuring that only those aspects relevant 

to the user’s institution are included (Fig. 2). These initial 
inputs include platelet acquisition source (purchased from 
an external vendor, produced in-house, or a combination) 
and use of RT, with or without extending to a 7-day shelf 
life. If the user’s institution does not produce platelets via 
in-house collection, the user will not be routed through the 
‘Production’ module, and, similarly, if the user’s institution 
does not use RT, the user will not pass through the ‘Sec-
ondary Bacterial Testing’ module, nor will a 7-day shelf 
life be considered. Cost and probability variables in the 
model include platelet acquisition costs, tests performed, 
and associated costs, wastage rates, and whether the hospital 
purchases or produces its own platelets. In this paper, we 
present four model scenarios enabling comparison of annual 
hospital costs of platelet acquisition, testing, wastage, dis-
pensing and transfusion, as well as shelf life and reimburse-
ment impacts, for a facility that purchases all of its platelets. 
The four scenarios are: (1) 100% conventional PCs (C-PC) 
prescreened using bacterial culture that undergo neither RT 
nor PR; (2) 100% platelets screened with RT in addition to 

Fig. 1  Facility types surveyed 
(n = 27), number of hospi-
tals and relative proportion 
(%). Although the number of 
subjects interviewed was 27, 
some had multiple responses as 
there was overlap with regard to 
institution types. VA Veterans’ 
Administration, Gov’t govern-
ment

Table 1  Number of hospital beds and number of platelets dispensed 
per month for the facilities participating in the survey

No. of hospital 
beds [n = 27]

No. of platelet units 
dispensed per month 
[n = 26]

Mean 638.2 489.5
Standard deviation 307.2 535.2
Minimum 196 40
Maximum 1157 2500
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prescreening, with extended shelf life to 7 days (RT-PC); 
(3) 100% pathogen-reduced platelets (PR-PC) without bac-
terial prescreening, with a shelf life of 5 days; and (4) a 
combined inventory of RT-PC and PR-PC (50/50%). These 
scenarios were selected to represent the extreme cases (e.g. 
100% inventory per technology), as supported by the FDA 
draft guidance [3], and a combination thereof to represent 
institutions that decided to implement both technologies.

2.2  Model Assumptions

2.2.1  Personnel Costs

Based on survey results and input from transfusion medicine 
experts (JKK and JHH) and the independent review panel, 
most tasks in the model are assumed to be performed by 
a hospital Blood Bank Technician or Technologist, with a 
base-case wage rate of US$24.91/h [23], based on the mean 
hourly wage rate for a Blood Bank Technician/Technologist 
per the Bureau of Labor Statistics (BLS), and a fringe ben-
efits rate of 34.3% per BLS [24]. Per our prior research [25], 
select transfusion-related tasks are assumed to be performed 
by a nurse (e.g. performing and monitoring transfusion) or 
physician (e.g. placing an order for platelets and consent-
ing the patient), with base-case wage rates of US$34.14 and 
US$95.05, respectively.

2.2.2  Platelet Acquisition

A mid-sized hospital that acquires 5500 apheresis PCs per 
year purchased from an external blood center supplier is 
assessed in each scenario. For both scenario 1 (C-PC) and 
scenario 2 (RT-PC), it is assumed that 60.7% of acquired 
platelets are irradiated and 20% are tested for CMV by the 
blood center supplier, with the remaining undergoing neither 
irradiation nor CMV testing [26]. Hospital acquisition cost 
assumptions are detailed in Table 2. For conventional units, 
the acquisition price is based on the price of a conventional 
platelet as reported in the National Blood Collection and 
Utilization in the United States (NBCUS) report [43]. For 

CMV-negative units, the acquisition price is the NBCUS 
conventional price scaled up by 9.5% to account for the real-
world upcharge for CMV-negative units based on authors’ 
estimates. For irradiated units, the acquisition price is the 
NBCUS conventional price scaled up by 15% to account 
for the upcharge for irradiation based on authors’ estimates. 
Finally, for pathogen-reduced units, the acquisition price 
is based on the NBCUS price for a conventional unit plus 
$115, which is the authors’ estimated upcharge for pathogen-
reduced units. All prices were rounded to the nearest $5 for 
convenience.

2.2.3  Platelet Testing

For RT-PC, it is assumed that primary culture-based testing 
and RT occur at the blood center and hospital, respectively, 
consistent with common practice at hospitals that purchase 
their platelet stock and perform RT. RT starts on day 4, with 
one test performed per unit, per day, for platelets ≥ 4 days 
of age [3]. Platelet units that test positive by RT are retested 
two more times, as instructed in the platelet PGD test pack-
age insert [21]. Per-test material and personnel costs of RT 
are assumed to be US$25 and US$5.57, respectively [23, 
24, 27].

The model assumes that PR, which occurs at the blood 
center supplier, replaces bacterial detection (primary and 
secondary), CMV serology, irradiation, and Zika testing [3, 
9, 19, 20]. For RT-PC, the blood supplier’s cost for Zika 

Fig. 2  Model framework

Table 2  Platelet acquisition costs for different platelet component 
types used in the model

CMV cytomegalovirus

Apheresis platelet component type Acquisition price per 
component (US$)

Conventional (non-pathogen-reduced) 525.00
CMV-negative (serology tested) 570.00
Irradiated 600.00
Pathogen-reduced 640.00
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testing (US$7.50/unit) is passed on to the hospital in the 
purchase price; PR-PC units do not require Zika testing.

2.2.4  Platelet Distribution and Wastage

Since PR-PC are not required to undergo primary bacte-
rial culture, the release timing of PR-PC depends on the 
availability of required NAT results, thus shelf life is gained 
through earlier release to the hospital than RT-PC. In con-
trast, RT-PC still require primary bacterial culture, which, 
as modeled here, entails an initial 24-h hold post-sampling, 
followed by an additional 12-h hold to monitor for bacte-
rial growth prior to release (Fig. 3); thus, release of RT-PC 
occurs on day 2. For both PR-PC and RT-PC, an NAT turn-
around time of 24 h from platelet collection to receipt of 
result is assumed; this is the mean value obtained (range 
12–38 h) per survey results [22]. The upfront increase in 
effective shelf life for PR-PC over RT-PC (12 h) is the dif-
ferential between time saved by avoiding primary bacterial 
culture and assumed NAT result availability.

Wastage is defined as units that must be discarded due to 
the lack of usability. The model assumes that, for C-PC, six 
units are wasted weekly, and that this wastage is attributable 
to unit expiration (68.3%) and unit mishandling (31.7%); 
these values represent the mean values reported in the sur-
vey [22]. Wastage costs include the cost of wasted units (a 
weighted average based on the product mix specified under 
Sect. 2.2.2) and the staff time for documenting and disposing 
of each wasted unit (7.8 min of Blood Bank Technician or 
Technologist time for each wasted unit per survey results).

For PR-PC units, wastage costs are calculated similarly 
to C-PC, but are based on a 100% PR-PC inventory, and the 
wastage due to expiration is adjusted downward by 1.6% 
for every hour of shelf-life gained [27–29]. Since 15 h of 
shelf life are gained with PR-PC, the reduction in wastage 
cost of PR-PC is attributable to time gained upfront due to 
avoidance of primary bacterial culture, and the overall 5-day 
expiry as per currently approved FDA labeling.

The model also assumes that RT-PC require both primary 
bacterial culture and RT, based on the requirements outlined 
in the FDA draft guidance and PGD package insert. Wastage 
calculations are based on the assumptions that RT-PC are not 
released to the hospital until day 2 (i.e. after primary culture 
testing), thus yielding an effective shelf life of 5 days. The 
reduction of wastage cost in RT-PC is attributable to the 
48 h of shelf life that are gained with RT-PC compared with 
C-PC. Wastage costs for RT-PC are calculated similarly to 
C-PC, but wastage due to expiration is adjusted downward 
by 1.6% for each hour of shelf-life gained, and the material 
and personnel costs of RT are included. Platelet wastage 
due to false positive RT results is also considered. Published 
false positive rates of 0.91 and 0.51% for initial and repeat 
false positive rates, respectively, are used in the calculation 
[21].

2.2.5  Platelet Dispensing for Transfusion

This model assumes all tasks for the dispensation of plate-
lets for transfusion are performed by a hospital Blood Bank 
Technician/Technologist, with the exception of platelet 
ordering (performed by the floor physician) and delivery of 
platelets to the floor (via pneumatic tube) [25].

Fig. 3  Comparative shelf life of PR-PC versus RT-PC. Time to 
release to the hospital (blue shading) is determined by NAT turna-
round time and initial culture time. PR-PC have a 24-h time to 
release, all due to NAT turnaround time, whereas RT-PC have a 36-h 
turnaround time due to both NAT (24  h) and initial bacterial test-
ing and associated hold time (additional 12 h). PR-PC have an over-

all 5-day shelf life, and RT-PC are extended to a 7-day shelf life in 
this model, and require four secondary rapid bacterial tests (one per 
day of shelf life starting on day 4, represented by symbols along the 
dashed line). NAT nucleic acid testing, PR-PC pathogen-reduced 
platelet component, RT-PC rapid-tested platelet component
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2.2.6  Sepsis Transfusion Reaction Rate and Associated 
Costs

The continued risks for septic transfusion reactions with 
conventional platelets have been demonstrated in a recently 
published multicenter study [16]. For C-PC and RT-PC, 
our model assumes a sepsis probability of 0.0000972 per 
Hong et al., who found that 1 in 10,288 platelet units were 
retrospectively implicated in septic transfusion reactions, 
but missed via passive surveillance. For PR-PC, our model 
assumes that the probability of sepsis is zero based on data 
collected via national hemovigilance programs that track 
routine use of pathogen-reduced platelets [31–33].

Treatment costs, number of units transfused, and the 
probability of sepsis are considered when calculating annual 
sepsis costs. The mean treatment cost assumed by the model 
is US$13,714 per non-fatal sepsis case, as derived from the 
Healthcare Cost and Utilization Project (HCUP) 2014 data-
base for the International Classification of Diseases, Ninth 
Revision (ICD-9) code 995.91, corresponding to sepsis with-
out organ dysfunction [30], and inflated to 2015 US$ using 
the Consumer Price Index for medical cost inflation. Costs 
and legal settlements for severe, septic shock, and fatal sep-
sis cases were not included in this model.

2.2.7  Reimbursement

The model incorporates payment rates for RT-PC and PR-PC 
per the Centers for Medicare and Medicaid Services (CMS) 
Healthcare Common Procedure Coding System (HCPCS) 
Level II codeset, which is used by hospitals for billing prod-
ucts transfused in the outpatient setting (Table 3) [34]. In the 
model, for platelet units undergoing RT, the reimbursement 
amount is only counted once, regardless of the number of RTs 
a given unit may have undergone. For all units, reimbursement 
only applies to those platelet units transfused in the outpatient 
setting; units transfused in the inpatient setting are not reim-
bursed separately from the DRG-based payment rates. In the 
scenarios analyzed, 26% of transfusions were assumed to be 

performed in the outpatient setting [26], and that all platelets 
transfused in the outpatient setting, regardless of payer, are 
reimbursed at the CMS payment rate for CY2018.

3  Results

3.1  Annual Costs and Outpatient Reimbursement

For this example hospital, the annual total cost of plate-
let products and their use was US$3.64, US$3.67, and 
US$3.96 million when all platelets are C-PC, RT-PC, or 
PR-PC, respectively. A hospital that has an evenly mixed 
inventory of RT-PC and PR-PC would have an annual cost of 
US$3.81 million (Table 4). When accounting for outpatient 
reimbursement, net annual costs are US$2.75, US$2.75, and 
US$2.92 million for 100% C-PC, 100% RT-PC, and 100% 
PR-PC, respectively; there is a small annual net cost increase 
of 6.18% when comparing PR-PC with RT-PC.

Differences in annual costs are largely driven by plate-
let acquisition, wastage due to expiration, and RT- and 
sepsis-related costs. Acquisition costs were slightly greater 
for PR-PC due to a higher purchase price (an additional 
US$61 per PR-PC unit) versus the blended acquisition 
cost for 60% of RT-PC that undergo irradiation, 20% of 
RT-PC that undergo CMV testing, and the remainder of 
RT-PC without irradiation or CMV testing. [Blended 
cost of RT-PC is US$579 ([US$600 × 0.6] + [US$570 × 
0.2] + [US$525 × 0.20]), thus PR-PC upcharge becomes 
US$640 − US$579 = US$61]. This upcharge is partially 
offset by costs avoided with PR-PC, including RT, irradia-
tion, CMV serology testing, and Zika testing. The cost of 
wastage due to expiration was US$81,079 greater for PR-PC 
versus RT-PC, which reflects the differential in allowable 
platelet shelf life for each platelet type (5- and 7-day, respec-
tively). Conversely, RT and sepsis-related costs are greater 
for RT-PC than for PR-PC. RT costs totaled US$121,890, 
including the costs of false positive results. Estimated 
RT-PC sepsis treatment costs were US$7289. Both RT and 

Table 3  CMS outpatient reimbursement rates for platelet components

HCPCS Healthcare Common Procedure Coding System, CMS Centers for Medicare and Medicaid Services, OPPS Outpatient Prospective Pay-
ment System, CMV cytomegalovirus

HCPCS code Platelet type CMS OPPS per unit 
payment rate (2018 
US$)

P9035 Platelets, pheresis, leukocytes reduced, each unit 476.96
P9055 Platelets, leukocytes reduced, CMV-negative, apheresis/pheresis, each unit 339.93
P9037 Platelets, pheresis, leukocytes reduced, irradiated, each unit 624.61
P9053 Platelets, pheresis, leukocytes reduced, CMV-negative, irradiated, each unit 539.80
P9073 Platelets, pheresis, pathogen-reduced, each unit 624.61
P9100 Pathogen(s) test for platelets 25.50
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sepsis-related costs, which total US$129,179, are avoided 
with the use of PR-PC.

3.2  Platelet Shelf Life and Expiry

Maximum usable platelet shelf life is calculated as the differ-
ence between the maximum approved shelf life and the mean 
age when PCs are placed into inventory. The maximum 
usable shelf life for RT-PC is 120 h (5 days), assuming that 
the hospital receives such components on day 2 (Table 4). 
Conversely, C-PC and PR-PC currently have an overall 5-day 
expiration. Maximum usable shelf life is calculated at 75 h 
(3 days) and 87.2 h (3.63 days) for C-PC and PR-PC, respec-
tively; hospitals obtain PR-PC earlier than C-PC and RT-PC 
at 1.37 days (Table 4). For PR-PC, early release of the plate-
let unit is driven by elimination of primary bacterial culture 
at the blood center supplier; thus, the turnaround time for 
NAT results, rather than the PR process, is the limiting factor 
to platelet release.

4  Discussion

We present an economic model to aid in hospital transfu-
sion service decision making when evaluating new technolo-
gies for platelet preparation and/or new testing regimens. 
The recent introduction of new products such as pathogen-
reduced platelets has provided the opportunity for hospi-
tal blood banks to assess the clinical and financial impact 
of such innovative advances. Our findings are particularly 
timely given the anticipated release of final FDA guidance 
on platelet contaminant mitigation.

The model demonstrates a small net annual cost 
increase (6.18%) for PR-PC compared with RT-PC. The 
primary factors driving this cost differential are the acqui-
sition prices of the different PCs, their effective shelf lives, 
and related platelet wastage rates.

We assumed a greater acquisition price for PR-PC than 
RT-PC. The higher acquisition price may be justified by 
clinical benefits from inactivation of bacteria, viruses, 
protozoa, and T cells [19]. Costs that may accrue due to 
complications of viral and/or protozoan TTIs and TA-
GVHD are not included in this model. Nonetheless, such 
clinical implications and their potential cost impact should 
be considered in the context of overall blood safety when 
evaluating different technologies.

As examined in the model, shelf life is an important 
concept, both in terms of hospital supply management and 
cost impact. The PGD test is currently the only secondary 
rapid bacterial test approved as a safety measure by the 
FDA and may be used to extend platelet dating to 7 days 
for platelets suspended in 100% plasma. However, certain 
criteria must be met to extend shelf life, including the use 
of FDA-cleared 7-day platelet storage containers, poten-
tial modification of contractual agreements with outside 
suppliers to assure platelets are supplied with cleared stor-
age containers, a new or updated FDA registration and 
blood product listing, new standard operating procedures 
to accommodate platelet testing, and relabeling every 24 h 
[35]. This model did not include these overhead costs that 
a hospital may accrue when implementing 7-day plate-
lets with secondary testing; however, it did estimate the 
extended shelf life and associated savings due to reduced 
wastage with 7-day RT-PC.

Table 4  Annual platelet costs, reimbursement, and shelf life

a Assumes an annual blood budget of US$130 million, including platelet, plasma, and red blood cell components
C-PC conventional platelet component, RT-PC rapid-tested platelet component, PR-PC pathogen-reduced platelet component, RT rapid testing, 
MODs multiple organ dysfunction syndrome, PC platelet component, NA not applicable

100% C-PC (US$) 100% RT-PC (US$) 100% PR-PC (US$) 50% 
RT-PC/50% 
PR-PC (US$)

Acquisition 3,192,540 3,192,540 3,527,680 3,360,110
RT costs 0 121,890 0 60,945
Wastage 182,067 86,565 167,644 127,104
Dispensing/transfusion 260,721 260,721 260,721 260,721
Sepsis (excludes septic shock cases that result 

in MODs/mortality/morbidity)
7289 7289 0 3645

Total annual cost 3,642,617 3,669,005 3,956,045 3,812,525
Outpatient reimbursement 895,238 922,347 1,037,508 979,927
Total hospital cost (less reimbursement) 2,747,379 2,746,658 2,918,537 2,832,598
Percentage of blood  budgeta 2.11 2.11 2.24 2.18
PC age when placed in inventory (h) 48 48 33 NA
Maximum usable shelf life (h) 72 120 87 NA
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In contrast, pathogen-reduced platelets are approved 
for a 5-day shelf life, with no further testing or processing 
required by the hospital. Shelf life can be gained at the front 
end, allowing hospitals to receive younger platelets, depend-
ing on the turnaround time for the blood center supplier’s 
NAT; NAT is required despite implementation of PR, such 
as for HIV and HCV for which an FDA mandate exists. If 
NAT results are available within 12 h of collection, blood 
center suppliers can release units within the first or second 
day of platelet collection, preserving approximately 3–4 days 
of effective shelf life. This model assumes a conservative 
turnaround time estimate of 24 h for NAT results, with a 
5-day shelf life for pathogen-reduced units.

In addition to acquisition and wastage costs, RT and sep-
sis-related costs were evaluated. RT costs include material 
and personnel costs of all routine secondary rapid bacterial 
tests, as well as those performed due to false positive results 
(per PGD package insert, two additional confirmatory tests 
are required for every positive result). In addition, PGD test 
results are valid for no more than 24 h prior to transfusion. 
In order to minimize costs but comply with this labeling, 
some hospital transfusion services may opt to quarantine 
platelets and not test until such time that a transfusion is 
required. However, other hospitals may prefer to avoid the 
risks involved in releasing an untested quarantined unit for 
transfusion, or encountering an emergency situation with 
no tested product available for immediate transfusion. For 
example, Level 1 trauma centers generally require imme-
diate availability of platelets and would therefore likely 
need to have units with valid PGD test results readily avail-
able (tested ≤ 24 h prior to transfusion), which will likely 
increase the need for retesting [36].

In another recent economic analysis [37], the cost of 
implementing PGD is estimated to be approximately 
US$738 per unit, or US$3.69 million per year for 5000 
units, which is comparable to the annual costs estimated 
by our model. In the same study, PR-PC cost estimates are 
much higher than ours, largely driven by the assumption 
that patients receiving pathogen-reduced platelets require 
more frequent transfusions. However, increased utilization 
of pathogen-reduced platelets is not observed in routine use. 
Amato et al. report no increase in platelet or red blood cell 
utilization when comparing conventional versus pathogen-
reduced platelets after the implementation of PR [38]. Multi-
year hemovigilance programs with routine transfusions of 
over 400,000 pathogen-reduced PCs have also demonstrated 
no increase in platelet utilization [31, 32, 39]. The same 
experience has been reported in the US by Mendez et al. 
[40], demonstrating that utilization of the platelet and red 
cell components is comparable between C-PC and PR-PC.

Finally, sepsis cost assumptions in the model are quite 
conservative. The cost to treat non-lethal sepsis ranges 
widely in published reports, largely due to varying sepsis 

definitions and treatment protocols, and the fact that sepsis 
is often accompanied by comorbidities such as pneumonia. 
As such, there is no widely accepted approach to assess-
ing sepsis costs [41]. In this model, we queried the HCUP 
database for ICD-9 code 995.91 to obtain the mean cost 
per sepsis case of US$13,714 (per US$2014) [30]. This 
cost is considerably lower than those reported for more 
severe stages of sepsis in which greater length of stay and 
treatment is required. For example, mean costs based on 
hospital reimbursement have been reported at US$39,736 
and US$51,307 for severe sepsis and septic shock, respec-
tively [42]. Although difficult to quantify, there have been 
cases where deaths implicated with sepsis have led to legal 
disputes and settlements costing millions of dollars [43]. 
Overall, while acquisition and wastage costs were lower for 
RT-PC than for PR-PC, RT- and sepsis-associated costs are 
avoided for PR-PC.

The landscape of transfusion safety and bacterial contam-
ination mitigation continues to evolve. In November 2017, 
the FDA’s Blood Products Advisory Committee (BPAC) 
discussed additional safety options and recommended that 
these options be added to a future revised FDA draft guid-
ance [44]. In addition to PR-PC and RT-PC options already 
included in the FDA draft guidance, the BPAC recom-
mended two options that entail the use of large-volume bac-
terial culture. Similar to RT, such methods would only miti-
gate risk due to bacteria (not viruses, protozoa, or T cells). 
As with RT-PC, the use of secondary or delayed culture may 
enable centers to extend shelf life to 7 days; however, due to 
extensive upfront product hold time requirements, the maxi-
mum effective shelf life may only be approximately 4 days.

In summary, our model anticipates a small increase 
in cost with the adoption of PR-PC when compared with 
RT-PC. This can be partially offset by outpatient reim-
bursement. Assuming an overall total annual hospital blood 
budget of US$130 million that includes platelet (5500 per 
year), plasma (15,000 per year), and red cell components 
(40,000 per year), and the associated costs of transfusion, 
the use of PR-PC represents a 0.13% increase in the overall 
annual blood products budget when compared with the use 
of RT-PC. The increase may be justified by the mitigation 
of TTIs due to viruses, protozoans (as well as bacteria), TA-
GVHD, and the avoidance of implementing new tests that 
require process changes and staff training.

5  Limitations

Our findings are limited by the scenarios we chose to model. 
First, we assumed the hospital purchases all of its plate-
lets for transfusion, and did not examine a ‘self-collector’ 
case in which the hospital collects and manufactures plate-
lets on site. Costs will vary in the self-collection case as 
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self-collectors tend to perform procedures such as irradiation 
in-house and therefore may not pay a premium for irradiated 
PC. Furthermore, only apheresis platelets, which comprise 
approximately 90% of platelet transfusions in the US [45], 
are assumed in this model; whole blood-derived platelets 
are not considered.

Costs not considered for RT include costs of the dura-
ble equipment required to perform the test; only regular 
operating costs are considered. Other costs not included are 
potential FDA registration costs, as well as those attributed 
to the potential complexity in labeling and relabeling units 
to extend platelet dating to 7 days. Costs associated with 
recall, disposal of split units, and notification of the blood 
center for units that test positive via RT were also not con-
sidered. For pathogen-reduced components, all processing 
occurs at the supplier site; the hospital receives the finished 
transfusion-ready platelet product, thus incurring no capital 
equipment costs.

Lastly, costs that may accrue due to complications of viral 
and/or protozoan TTIs, TA-GVHD, and severe and/or lethal 
sepsis cases are not included in this model. Nonetheless, 
hospitals may wish to consider such clinical implications 
and potential cost impact in the context of overall blood 
safety when evaluating different technologies.

6  Conclusions

This model predicts a small (6.18%) cost increase for PR-PC 
compared with RT-PC, which includes cost offsets such 
as elimination of bacterial detection and irradiation, and 
reimbursement. In an annual overall hospital blood budget, 
PR-PC only represents a 0.13% increase in budget versus 
RT-PC. This minimal increase may be justified by additional 
safety provided by PR, which helps mitigate transfusion-
transmission of viruses, parasites and emerging pathogens, 
and potentially TA-GVHD. PR also provides the benefit of 
not having to perform additional testing within the hospital. 
The effective PC shelf life is potentially increased with RT, 
but platelets may be available to the hospital sooner with 
PR due to the elimination of bacterial detection. Overall, 
given the evolving FDA guidance, such models are needed 
to inform hospital decision makers about the budgetary and 
process impacts of adopting these technologies to ensure the 
safety of the blood supply.
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