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force these benefits. The aim of this study was to evaluate the cost-effectivenesses of
competing strategies for the diagnosis of bloodstream infection alone or combined with
an ASP. To this effect, we constructed a decision-analytic model comparing 12 strategies
for the diagnosis of bloodstream infection. The main arms compared the use of mRDT
and conventional laboratory methods with or without an ASP. The baseline strategy
used as the standard was the use of conventional laboratory methods without an ASP,
and our decision-analytic model assessed the cost-effectivenesses of 5 principal strate-
gies: mRDT (with and without an ASP), mRDT with an ASP, mRDT without an ASP, con-
ventional laboratory methods with an ASP, and conventional laboratory methods with-
out an ASP. Furthermore, based on the availability of data in the literature, we assessed
the cost-effectivenesses of 7 mRDT subcategories, as follows: PCR with an ASP, matrix-
assisted laser desorption ionization-time of flight (MALDI-TOF) analysis with an ASP,
peptide nucleic acid fluorescent in situ hybridization (PNA-FISH) with an ASP, a blood
culture nanotechnology microarray system for Gram-negative bacteria (BC-GP) with an
ASP, a blood culture nanotechnology microarray system for Gram-positive bacteria (BC-
GN) with an ASP, PCR without an ASP, and PNA-FISH without an ASP. Our patient popu-
lation consisted of adult inpatients in U.S. hospitals with suspected bloodstream infec-
tion. The time horizon of the model was the projected life expectancy of the patients. In
a base-case analysis, cost-effectiveness was determined by calculating the numbers of
bloodstream infection deaths averted, the numbers of quality-adjusted life years gained,
and incremental cost-effectiveness ratios (ICERs). In a probabilistic analysis, uncertainty
was addressed by plotting cost-effectiveness planes and acceptability curves for various
willingness-to-pay thresholds. In the base-case analysis, MALDI-TOF analysis with an ASP
was the most cost-effective strategy, resulting in savings of $29,205 per quality-adjusted
life year and preventing 1 death per 14 patients with suspected bloodstream infection
tested compared to conventional laboratory methods without an ASP (ICER, —$29,205/
quality-adjusted life year). BC-GN with an ASP (ICER, —$23,587/quality-adjusted life year),
PCR with an ASP (ICER, —$19,833/quality-adjusted life year), and PCR without an ASP
(ICER, —$21,039/quality-adjusted life year) were other cost-effective options. In the prob-
abilistic analysis, mRDT was dominant and cost-effective in 85.1% of simulations. Impor-
tantly, mRDT with an ASP had an 80.0% chance of being cost-effective, while mRDT
without an ASP had only a 41.1% chance. In conclusion, our findings suggest that
mRDTs are cost-effective for the diagnosis of patients with suspected bloodstream infec-
tion and can reduce health care expenditures. Notably, the combination of mRDT and
an ASP can result in substantial health care savings.

KEYWORDS bloodstream infections, cost-effectiveness, diagnostics, rapid tests

INTRODUCTION

loodstream infections are the leading cause of mortality due to infection in the

United States (1) and have been associated with prolonged hospital lengths of stay
(2) and increased health care expenditures (3). There are over 60,000 bloodstream
infection episodes in the United States per year (1), and each bloodstream infection is
associated with a cost of at least $10,000 to $20,000 per patient (3), in addition to the
general costs of hospitalization. In addition, there has been an increase in the number
of bloodstream infections caused by antibiotic-resistant organisms (4).

The timely administration of appropriate antimicrobial therapy can reduce morbid-
ity and mortality in patients with bloodstream infections (5-7) as well as prevent the
development of antibiotic resistance (8). However, reliance on blood cultures and
conventional laboratory methods for bacterial identification can result in a delay in the
timely administration of effective therapy, as these methods require up to 5 days for
diagnostic results (9). The rapid identification of microbial pathogens can allow a
prompt switch from broad-spectrum antimicrobial agents to targeted therapy, poten-
tially reducing drug toxicity, antimicrobial drug resistance, and health care costs (10).

The replacement of conventional laboratory methods with molecular rapid diag-
nostic tests (MRDTs) that require =24 h for organism identification can reduce the time
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to effective therapy and improve outcomes among patients with bloodstream infec-
tions, benefits which may be reinforced by the concurrent implementation of antimi-
crobial stewardship programs (ASPs) (11). The expert guidance of an ASP allows the
effective incorporation of mRDT results in clinical practice, improving patient outcomes
and conserving health care resources (12).

The Infectious Diseases Society of America (IDSA) supports the use of mRDTs and
ASPs as a means of optimizing antimicrobial therapy (13). In spite of these recommen-
dations, mRDTs have yet to be widely implemented, due to high initial costs (14) and
uncertainty with respect to the magnitude of the long-term savings that may result
from the use of mRDT (15). As the establishment of novel diagnostic methods neces-
sitates evidence of both clinical effectiveness and economic efficiency, it is essential to
identify cost-effective strategies for the diagnosis of bloodstream infections. The cur-
rent emphasis of clinical decision-makers and of the Department of Health and Human
Services on achieving high-value, affordable care and implementing value-based pol-
icies by linking fee-for-service payments to the quality of an intervention (16) further
underlines the need for information on the cost-effectivenesses of different diagnostic
strategies.

Data from several single-center studies suggest that the use of mRDT is associated
with significant health care cost savings and improved outcomes (17-25). However, a
policy paper by the IDSA (14) along with recently reported reviews (10, 12, 15) have
underlined the lack of studies on the cost-effectiveness of mRDT (10). In addition, those
reports underlined the need for cost-effectiveness studies that take into consideration
the length of stay and the effect of mRDTs on mortality. The aim of this study is to
address this gap by determining the cost-effectiveness of mRDT alone or combined
with an ASP, according to the recommendations provided by the Second Panel on
Cost-Effectiveness Analysis (26).

COST-EFFECTIVENESS GUIDELINES AND MODEL STRUCTURE

The cost-effectiveness guidelines reported in 2017 by the Second Panel on Cost-
Effectiveness Analysis, which served as an update to the guidelines provided by the
First Panel on Cost-Effectiveness, were followed in conducting this study (26).

Model Structure and Inputs

Model structure. A decision-analytic model was constructed to compare the cost-
effectivenesses of different strategies used for the identification of bacterial organisms
and/or the presence of antibiotic resistance among patients with a suspected blood-
stream infection. To retrieve pertinent data for our model, we searched the published
literature for full-length studies and conference abstracts. The source of each piece of
data is noted below. Most of the data for the model were obtained from recent reviews
(27-29) and a meta-analysis (11) that compared the rates of survival of patients with
bloodstream infections who underwent bacterial species identification with either
mRDT or conventional laboratory methods, with or without a concurrent ASP.

The analysis was performed from the perspective of a U.S.-based hospital. An impact
inventory, presented in Table 1, was used to identify the health and economic conse-
quences to be quantified in the model. Consequently, we incorporated information
from studies conducted in the United States and relied on U.S. sources to assign
diagnostic and treatment costs (30-32). Outcomes and costs were calculated from the
time when a blood culture was ordered for a suspected bloodstream infection to
patient discharge or death and information on mortality for the first 30 days after
patient admission. Quality-adjusted life years (QALYs) were calculated for the lifetime of
a patient. The patient population consisted of adult, hospital inpatients with suspected
bacteremia for whom blood cultures were ordered. The analytical model was devel-
oped by using TreeAge Pro 2017 modeling software (TreeAge, Williamstown, MA).

(i) Diagnostic strategies. mRDT was defined as any molecular method capable of
providing a diagnosis in =24 h (11) after a positive blood culture. Specifically, our mRDT
definition included methods such as PCR, matrix-assisted laser desorption ionization—
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TABLE 1 Impact inventory

Included in this analysis from the perspective
Sector and type(s) of impact of the health care sector? Note on sources of evidence
Formal health care sector
Health
Health outcomes (effects)

Longevity effects (yr) 4 See “Model Structure and Inputs”
Health-related quality-of-life effects (QALYs) v See “Model Structure and Inputs”
Mortality for 30 days after admission v See “Model Structure and Inputs”

Medical costs
Paid for by third-party payers v
Paid for by patients out of pocket (4
Future related medical costs (payers and patients X No data available
Future unrelated medical costs (payers and patients) X No data available

Informal healthcare sector
Health

Patient time costs X

Unpaid caregiver time costs X

Transportation costs X

time of flight (MALDI-TOF) analysis, peptide nucleic acid fluorescent in situ hybridization
(PNA-FISH), a blood culture nanotechnology microarray system for Gram-negative
bacteria (BC-GN), and a blood culture nanotechnology microarray system for Gram-
positive bacteria (BC-GP). On the other hand, conventional laboratory methods were
defined as methods that rely on biochemical reactions and organism-specific charac-
teristics, such as growth, pH changes, enzymatic reactions, and metabolic activity, to
provide organism identification (33). In this study, we also took into consideration
whether the diagnostic technique was combined with an ASP.

Our decision-analytic model (Fig. 1) assessed the cost-effectivenesses of the follow-
ing 5 principal strategies: an mRDT (with or without an ASP), an mRDT with an ASP
(strategy A), an mRDT without an ASP (strategy B), conventional laboratory methods
with an ASP (strategy C), and conventional laboratory methods without an ASP
(strategy D). Furthermore, we also assessed the cost-effectivenesses of 7 mRDT sub-
categories with or without an ASP depending on the availability of relevant data, as
follows: PCR with an ASP (strategy A1), MALDI-TOF analysis with an ASP (strategy A2),
PNA-FISH with an ASP (strategy A3), BC-GP with an ASP (strategy A4), BC-GN with an
ASP (strategy A5), PCR without an ASP (strategy B1), and PNA-FISH without an ASP
(strategy B2). BC-GN without an ASP, BC-GP without an ASP, MALDI-TOF analysis
without an ASP, and diagnostic tests that do not rely on blood cultures were not
included in our analysis, as there is a paucity of data on clinical outcomes.

(i) Model inputs. Model inputs, including mortality probabilities, length-of-stay
estimates, and costs, were obtained from the published literature. Previous reviews
have summarized studies assessing the use of mRDTSs for the diagnosis of bloodstream
infections (11, 27-29). A recently published meta-analysis (11) was used to identify
studies estimating clinical outcomes among patients who underwent a diagnosis of
bloodstream infection with either mRDT or conventional laboratory methods (11). The
effectiveness of each diagnostic strategy was assessed in terms of mortality risk. In turn,
mortality was defined as either all-cause 30-day mortality (17, 23, 34-42) or in-hospital
mortality (9, 18, 22, 24, 25, 43).

All studies that provided available mortality data (9, 17-25, 34, 36-45) were included
in our analysis, while studies conducted outside the United States (46-51) or studies
that included pediatric patients (35) were excluded. Overall mortality estimates, which
were then used to yield probabilities of survival, were obtained by pooling the mortality
rates of the included studies with the use of a random-effects meta-analysis (Der
Simonian and Laird) (52, 53).

Furthermore, the Freeman-Tukey double-arcsine transformation (54) was performed
to facilitate the statistical weighting of extreme mortality values (close to zero or unity).
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PCR (A1)
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with ASP (A) PNA-FISH (A3)
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BC-GP (A4)
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PCR (B1)
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Death
PNA-FISH (B2)
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Survival
CLM
Death
without ASP (D
Survival

FIG 1 Decision tree model. Shown is a summary of the 5 principal and 7 specific mRDT strategies used
for the diagnosis of bloodstream infection. Squares indicate decision nodes, circles indicate chance
nodes, and triangles indicate endpoints. CLM, conventional laboratory methods.

A random-effects meta-analysis was also used to estimate the average length of stay
associated with each strategy by pooling the respective results of individual studies
(17-19, 22, 23, 34, 37, 38, 40, 55). This method, as opposed to a fixed-effect model, was
chosen as it accounts for the considerable interstudy differences and heterogeneity
among the data from the included studies by using a simple noniterative method to
estimate the interstudy effect variance (53).

To estimate QALYs for the population of our study, we assumed a cohort population
with characteristics similar to those of the average for our included studies. Specifically,
using the median values across data from the included studies in the analysis, we
assumed a population with a size of 195 patients (sample index) and a median age of
58 years that is composed of 53% males and 47% females. The pertinent life expectancy
data were obtained from U.S. life expectancy tables (56). We extracted the quality of life
for the general U.S. population from the European Quality of Life-5 Dimensions (EQ-5D)
index population norm data (57). The EQ-5D index was chosen as it is recommended
by guidelines (58, 59). For the first 5 years after the initial bloodstream infection
episode, patients were expected to accumulate QALYs poorly, as suggested by data in
the literature (60-62), and were assigned a quality-of-life utility score of 0.68 (61). This
was obtained from a study by Cuthbertson et al. that estimated the EQ-5D score 5 years
after a severe sepsis episode. The quality-of-life value was discounted by 3.0% per year,
as suggested by guidelines (26). The mean discounted QALY value that we obtained
and that was used as the basis of our analysis was 13.47 (standard deviation, 1.49).

All costs obtained from the literature were adjusted to 2016 dollars by using the
personal health care (PHC) expenditure deflator from the Agency of Healthcare Re-
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search and Quality (63) and then adjusted to 2017 dollars (fourth quarter) by using the
personal consumption expenditure (PCE) price index (64), as recommended by guide-
lines (59). The gold standard of bloodstream infection diagnosis is the collection of
blood cultures. For our study, the estimated base cost of a single blood culture was set
at $118 ($178.05 adjusted) and was obtained from data reported by Shapiro et al. (65).
This baseline cost was multiplied by 3 for each patient, to better reflect the widely
accepted approach that 2 to 3 blood cultures should be ordered in cases of suspected
bacteremia (66). Subsequently, the costs of different methods used for pathogen
identification and antimicrobial susceptibility testing, after a positive blood culture,
were also estimated (29).

In particular, semiautomated systems, such as Phoenix (Becton, Dickinson), Vitek 2
(bioMérieux), and MicroScan WalkAway (Siemens), are conventionally used for this
purpose (67) and fall under our definition of conventional laboratory methods. None-
theless, the average costs of conventional laboratory methods per pathogen identified
vary widely, depending on hospital identification protocols and the specific sequence
of reactions needed to identify each organism. As such, we approximated the average
adjusted cost for conventional laboratory methods to be $3.97 ($5.09 adjusted) per
patient, by employing data from a study by Tan et al. (conducted at The Johns Hopkins
Hospital, Baltimore, MD) that reported the overall cost for the identification of the 55
most common pathogens causing bloodstream infections over a 1-year period (30). The
cost of mRDT was similarly obtained from data in the literature. The base-case cost
values used were $45 ($67.90 adjusted), $80 ($99.61 adjusted), $99 ($105.89 adjusted),
$82.72 ($139.05 adjusted), and $43 ($45.99 adjusted) for PCR (68), BC-GP (69), BC-GN
(42), PNA-FISH (70), and MALDI-TOF analysis (71), respectively. For the cost of ASPs, we
used the cost estimate provided by Scheetz et al., namely, $125 ($179.29 adjusted) per
patient (31).

The patient hospitalization cost for each strategy was estimated by multiplying the
average pooled length of stay for that strategy by the cost of hospitalization per day for
general-medicine patients. Specifically, we used the most recent estimate (2015) of
hospitalization costs in Rhode Island, provided by the Kaiser Family Foundation, which
is $2,759 ($3,080.80 adjusted) per day (32). This value was chosen both because it lies
in the middle of the hospitalization cost range for various U.S. states and because
Rhode Island is the geographic base of our group. Notably, this estimate accounts for
all inpatient expenses, including the cost of antimicrobial agents (32). Model inputs,
including probability values, length-of-stay estimates, and costs, are summarized in
Table 2. In the text, costs, probabilities, and QALYs have been rounded to two decimals,
and incremental cost-effectiveness ratio (ICER) values have been rounded to zero
decimals.

Outcome measure and analysis. The outcome for the base-case analysis was the
ICER, defined as the excess cost of a strategy over the cost of the baseline strategy
(conventional laboratory methods without an ASP) divided by the incremental differ-
ence in effectivenesses between the strategy in question and the baseline strategy. In
turn, the incremental difference in effectivenesses was defined in terms of both the
number of QALYs gained and the number of deaths averted. Incremental costs were
determined by calculating the differences in the attributed costs of each strategy.
Cost-effectiveness was estimated for various cost-effectiveness thresholds.

To account for random variation in the included cost and outcome variables and to
evaluate the robustness of our results, we used both deterministic (one-way sensitivity
analysis) and probabilistic (Monte Carlo analysis) methods. The deterministic one-way
sensitivity analysis (72) was performed for all cost and outcome variables, which
allowed each variable to vary within a range of values, as summarized in Table 2. Beta
distributions were used to account for variations in the probabilities of patient death/
survival, and gamma distributions were used for costs, as recommended by guidelines
(73). Furthermore, length of stay was also modeled by using a gamma distribution to
reflect the skewed distribution of this parameter (74).

For variables without an available range, a range of possible values was approxi-
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TABLE 2 Model inputs and baseline estimates for probabilities, lengths of stay, and costs

Mean base-case value

Type of distribution

Input (range) (range or mean [SD]) Reference(s)
Mortality probabilities
mRDT 0.11 (0.08-0.14) Uniform (0.08-0.14) 9, 17-25, 34, 36-45

Conventional laboratory methods
mRDT with ASP (A)

mRDT without ASP (B)
Conventional laboratory methods with ASP (C)

0.16 (0.12-0.19)
0.11 (0.08-0.15)

0.10 (0.07-0.14)
0.16 (0.12-0.20)

Uniform (0.12-0.19)
Uniform (0.08-0.15)

Uniform (0.07-0.14)
Uniform (0.12-0.20)

9, 17-25, 34, 36-45

9, 17-23, 25, 34, 36, 37, 39-42,

44, 45
24, 38, 43

9, 17-23, 25, 34, 36, 37, 39-42,

44, 45
Conventional laboratory methods without ASP (D) 0.15 (0.11-0.19) Uniform (0.11-0.19) 24, 38, 43
PCR with ASP (A1) 0.12 (0.05-0.22) Uniform (0.05-0.22) 9, 18, 25, 44
MALDI-TOF analysis with ASP (A2) 0.08 (0.04-0.12) Uniform (0.04-0.12) 17, 23, 37, 39
PNA-FISH with ASP (A3) 0.15 (0.03-0.33) Uniform (0.03-0.33) 20-22, 36
BC-GP with ASP (A4) 0.16 (0.04-0.33) Uniform (0.04-0.33) 19, 40, 45
BC-GN with ASP (A5) 0.08 (0.04-0.12) Uniform (0.04-0.12) 34, 41, 42
PCR without ASP (B1) 0.12 (0.07-0.18) Uniform (0.07-0.18) 38, 43
PNA-FISH without ASP (B2) 0.08 (0.03-0.15) Uniform (0.03-0.15) 24

Length of stay (days)

mRDT 11.58 (9.44-13.72) Gamma (11.58 [0.71]) 17-19, 22, 23, 34, 37, 38, 40, 55
Conventional laboratory methods 14.02 (11.23-16.80) Gamma (14.02 [0.93]) 17-19, 22, 23, 34, 37, 38, 40, 55
mRDT with ASP (A) 9.89 (8.04-11.74) Gamma (9.89 [0.62]) 17-19, 22, 23, 34, 37, 40
mRDT without ASP (B) 18.37 (13.79-22.97) Gamma (18.37 [1.53]) 38, 55
Conventional laboratory methods with ASP (C) 13.31 (10.42-16.19) Gamma (13.31 [0.96]) 17-19, 22, 23, 34, 37, 40
Conventional laboratory methods without ASP (D) 17.98 (8.99-35.96) Gamma (17.89 [4.50]) 38, 55
PCR with ASP (A1) 15.30 (12.25-18.35) Gamma (15.30 [1.02]) 18
MALDI-TOF analysis with ASP (A2) 8.97 (5.84-12.09) Gamma (8.97 [1.04]) 23, 28, 37
PNA-FISH with ASP (A3) 17.00 (9.86-24.14) Gamma (17.00 [2.38]) 22
BC-GP with ASP (A4) 7.82 (6.90-8.75) Gamma (7.82 [0.31]) 19, 40
BC-GN with ASP (A5) 10.67 (7.46-13.88) Gamma (10.67 [1.07]) 34
PCR without ASP (B) 15.20 (8.83-21.57) Gamma (15.20 [2.12]) 38
PNA-FISH without ASP (B2) 18.70 (15.47-21.93) Gamma (18.70 [1.0]) 55
Costs (USS)
Blood culture 178.05 (89.03-356.10) Gamma (178.05 [44.51]) 65
PCR 67.90 (33.95-135.80) Gamma (67.90 [16.98]) 68
BC-GP 99.61 (49.81-199.22) Gamma (99.61 [24.90]) 69
BC-GN 105.89 (52.95-211.78) Gamma (105.89 [26.47]) 42
PNA-FISH 139.05 (69.53-278.10) 70
MALDI-TOF analysis 45.99 (23.00-91.98) Gamma (45.99 [11.50]) 71

Conventional laboratory methods 5.09 (2.55-10.18)

mRDT 91.69 (45.85-183.38) Gamma (91.69 [22.92]) 42, 68-71

ASP per patient 179.29 (89.65-358.58) Gamma (179.29 [44.82]) 31

In-patient hospitalization per day for Rhode 3,080.80 (1,540.40-6,161.60) Gamma (3,080.80 [770.20]) 32
Island, 2015

(
(
(
(

Gamma (139.05 [34.76])
(

Gamma (5.09 [1.27]) 30
(
(
(

mated by allowing the variable to vary between 50% below the base-case value and
200% above the base-case value (75). This approximation was also used to determine
the range for the length of stay with conventional laboratory methods without an ASP,
as there were only two studies available (38, 55). In cases where the standard deviation
was not available, the standard deviation was approximated with the aid of an
appropriate estimation formula (76), according to which sample variance for data that
are not normally distributed can be estimated by dividing the range by 6.

As noted above, we also performed a probabilistic Monte Carlo sensitivity analysis
(77) using 10,000 simulations (75). The model was run 10,000 times, and each time, a
value, from the predetermined distributions (Table 2), was randomly selected for each
variable. Subsequently, the results of each simulation were plotted on a cost-
effectiveness plane (x, y), with x representing incremental effectiveness and y repre-
senting incremental cost. Points (x, y) that were located within the southeast (domi-
nant) quadrant of the resulting cost-effectiveness plane graph were considered to be
cost-effective (78). The percentage of simulations falling within this quadrant was
estimated. Furthermore, the outputs obtained from the probabilistic analysis were used
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in order to obtain cost-effectiveness acceptability curves (79). These curves evaluate the
cost-effectiveness of a particular strategy compared to the baseline strategy for a range
of different cost-effectiveness thresholds.

CONVENTIONAL LABORATORY METHODS
Conventional Laboratory Methods without an ASP

Conventional laboratory methods without an ASP served as our baseline diagnostic
strategy. All other strategies were compared against this standard with respect to the
dual outcomes of clinical effectiveness (measured in terms of the probability of survival)
and cost. This baseline strategy provided the reference cost and reference effectiveness
values used in ICER calculations. In the base-case analysis, the cost of conventional
laboratory methods without an ASP was determined to be $55,932.02 per patient after
accounting for the cost of blood culture (65), the cost of conventional laboratory
methods (30), the length of stay (38, 55), and the cost of hospitalization (32). In turn, the
mean effectiveness, measured as the pooled probability of survival that was provided
by the data from the included studies (24, 38, 43), was estimated to be 0.85. The mean
number of calculated QALYs was 11.45. The calculations for the base-case analysis can
be found in the appendix. In the probabilistic analysis, after running the model for
10,000 simulations to estimate the effect of variability, the mean cost was estimated to
be $56,095.83 (95% confidence interval [Cl], $55,707.78 to $56,483.88), while the mean
number of QALYs was estimated to be 11.44 (95% Cl, 11.42 to 11.47).

Conventional Laboratory Methods with an ASP

In the base-case analysis, the cost of conventional laboratory methods with an ASP,
which accounted for the cost of blood culture (65), the cost of conventional laboratory
methods (30), the length of stay (17-19, 22, 23, 34, 37, 40), the cost of hospitalization
(32), and the cost of an ASP (31), was calculated to be $41,723.98 (see the appendix).
Similarly, the probability of survival was estimated to be 0.84 (9, 17-23, 25, 34, 36, 37,
39-42, 44, 45). The mean calculated number of QALYs was 11.31. Even though the use
of conventional laboratory methods with an ASP was less costly than the baseline
strategy ($41,723.98 [17-19, 22, 23, 31, 32, 34, 37, 40, 65] versus $55,932.02 [30, 32, 38,
55, 65]), it was also marginally less effective (probability of survival of 0.84 [9, 17-23, 25,
34, 36, 37, 39-42, 44, 45] versus 0.85 [24, 38, 43]), rendering it a suboptimal, non-cost-
effective alternative to the baseline strategy.

However, based on the results from the sensitivity analysis, which allows us to vary
each model variable within the limits specified in Table 2, conventional laboratory
methods with an ASP become cost-effective when the probability of mortality for
conventional laboratory methods with an ASP is <0.15 or when the probability of
mortality with the baseline strategy is >0.16. Given that these threshold values are very
close to the base-case values, the cost-effectiveness outcomes are very sensitive to
changes in the mortality values. In the probabilistic analysis, the mean cost for
conventional laboratory methods with an ASP was $41,707.71 (95% Cl, $41,498.99 to
$41,916.44), which is in agreement with the cost obtained from the base-case analysis.
The mean number of QALYs was 11.30 (95% Cl, 11.27 to 11.32).

RAPID DIAGNOSTIC TESTING

Overall, mRDT (when all mRDT strategies with or without an ASP are combined) was
associated with an average cost of $36,301.50 (see the appendix) when accounting for
the cost of blood culture (65), the average cost of mRDT (42, 68-71), and the cost of
hospitalization (17-19, 22, 23, 32, 34, 37, 38, 40, 55). In turn, the mean probability of
survival was estimated to be 0.89 (9, 17-25, 34, 36-45). The difference in effectivenesses
between overall mRDT and the baseline strategy, measured as the probability of
survival (0.89 for overall mRDT [9, 17-25, 34, 36-45] versus 0.85 for the baseline strategy
[24, 38, 43]), was 0.04. In turn, the base-case ICER value, determined as the ratio of the
incremental cost (—$19,630.52) (see the appendix) over the incremental difference in
the numbers of QALYs (0.54) between mRDT with an ASP and the baseline strategy, was
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FIG 2 Cost-effectiveness acceptability curves and cost-effectiveness acceptability frontier (CEAF). The

cost-effectiveness acceptability curves show the probability that a strategy is cost-effective compared to
the baseline strategy for a range of different cost-effectiveness thresholds.

—$36,434/QALY gained (ICER, —$36,434/QALY gained) (see the appendix), rendering
this strategy a cost-effective option.

In the sensitivity analysis, no thresholds were identified within the ranges specified
in Table 2, suggesting that our findings were robust with respect to this strategy. In the
probabilistic analysis, which uses the output information from the Monte Carlo simu-
lation to estimate variability, the mean cost for mRDT was $36,397.47 (95% Cl,
$36,217.71 to $36,577.23), while the mean number of QALYs was 11.99 (95% Cl, 11.96
to 12.01). With respect to the cost-effectiveness planes, the strategy was localized in the
cost-effective quadrant in 85.1% of simulations, and as can be seen from the cost-
effectiveness acceptability curves (Fig. 2), it was cost-effective in 93.9% to 96.33% of
simulations, for a cost-effectiveness threshold ranging between $0 and $100,000.

Rapid Diagnostic Testing without an ASP

mRDT without an ASP was associated with an average cost of $57,220.14 (see the
appendix), after accounting for the cost of blood culture (65), the average cost of mRDT
(42, 68-71), and the cost of hospitalization (23, 28, 37, 38, 55). Despite the fact that
mRDT without an ASP was associated with a higher probability of survival than the
baseline strategy (probability of 0.90 [24, 38, 43] versus 0.85 [24, 38, 43] and 12.12
QALYs versus 11.45 QALYs), it was also more costly ($57,220.14 [38, 55, 65] versus
$55,932.02 [30, 32, 38, 55, 65]). Importantly, with an additional cost of $1,913 per QALY
gained (ICER, $1,913/QALY gained) (see the appendix), mRDT without an ASP was not
shown to be a cost-effective strategy.

In the sensitivity analysis, mRDT without an ASP becomes cost-effective when the
length of stay for mRDT without an ASP is less than 18.0 days or when the length of stay
for the baseline strategy is more than 18.4 days. This suggests that our finding is not
robust with respect to the length of stay and that for patients with a length of stay
of <18.0 days, even mRDT without an ASP is cost-effective. In the probabilistic analysis,
which aims to further incorporate uncertainty into the analysis, the mean cost for mRDT
without an ASP was $57,313.74 (95% Cl, $57,018.24 to $57,609.24), while the mean
number of QALYs was 12.05 (95% Cl, 12.03 to 12.08). Below, we examine specific
strategies that fall within the category of mRDT without an ASP (based on available
data).

PNA-FISH without an ASP. The average cost for PNA-FISH without an ASP, including
the cost of blood culture (65), the cost of PNA-FISH (70), and the cost of hospitalization
(32, 55), was $58,284.16 (see the appendix), while the mean effectiveness was 0.92 (24,
38, 43). The mean number of QALYs was 12.39. PNA-FISH without an ASP was associ-
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ated with a higher effectiveness than the baseline strategy (probability of survival of
0.92 [24] versus 0.85 [24, 38, 43]). However, higher effectiveness came at the expense
of a higher cost ($58,284.16 [32, 55, 65, 70] versus $55,932.02 [30, 32, 38, 55, 65]) (ICER,
$2,495/QALY gained) (see the appendix). As a result, PNA-FISH was not a cost-effective
alternative, as it resulted in additional costs per QALY gained. This could be due to the
fact that PNA-FISH is labor-intensive, requires skilled technicians to interpret the results,
and currently provides a limited panel for pathogen detection (24, 29, 80).

In the one-way sensitivity analysis, PNA-FISH without an ASP becomes cost-effective
when the length of stay for PNA-FISH without an ASP is less than 18.0 days or when the
length of stay for the baseline strategy is more than 18.7 days, suggesting that small
variations in hospitalization costs might render this strategy cost-effective. In the
probabilistic analysis, the mean cost for PNA-FISH without an ASP was $58,396.27 (95%
Cl, $58,104.83 to $58,687.72), while the mean number of QALYs was 12.29 (95% Cl,
12.26 to 12.31).

PCR without an ASP. The mean cost of PCR without an ASP, which included the cost
of blood culture (65), the cost of PCR (68), and the cost of hospitalization (32, 38), was
$47,430.21 (see the appendix), while the mean probability of survival was 0.88. PCR
without an ASP was a cost-effective strategy that resulted in savings of $21,039 per
QALY gained (ICER, —$21,039/QALY gained) (see the appendix). This finding could
potentially be due to the high sensitivity and specificity of PCR (29).

In the sensitivity analysis, PCR without an ASP is no longer cost-effective when the
probability of mortality for PCR without an ASP is more than 0.15, when the probability
of mortality for the baseline strategy is less than 0.12, when the length of stay for PCR
without an ASP is more than 18.0 days, or when the length of stay for the baseline
strategy is less than 15 days. This suggests that the cost-effectiveness of this strategy
is valid only for values very close to the base-case estimates that we used. In cases
where the probability of mortality associated with the use of PCR without an ASP is
>0.15 or the length of stay is >18.0 days, PCR without an ASP might not be a
cost-effective option.

In the probabilistic analysis, which aimed to further address uncertainty, the mean
cost for PCR without an ASP was $47,292.62 (95% Cl, $47,027.26 to $47,557.98), which
is in agreement with the cost that we obtained in the base-case analysis. The mean
number of QALYs was 11.79 (95% Cl, 11.76 to 11.81). With respect to the cost-
effectiveness planes, this strategy was localized in the cost-effective quadrant in 50.4%
of simulations, and as can be seen from the cost-effectiveness acceptability curves (Fig.
2), it was cost-effective in 70.3% to 76.2% of simulations, for a cost-effectiveness
threshold ranging between $0 and $100,000.

Rapid Diagnostic Testing with an ASP

The cost of mRDT with an ASP accounted for the cost of blood culture (65), the cost
of an ASP (31), the average cost of mRDT (42, 68-71), and the cost of hospitalization
(17-19, 22, 23, 32, 34, 37, 40). When comparing mRDT with an ASP to conventional
laboratory methods without an ASP, the difference in total costs per patient between
the two strategies was $24,657.78 ($31,274.24 for mRDT with an ASP versus $55,932.02
for the baseline strategy [30, 32, 38, 55, 65]) (see the appendix). The difference in
effectivenesses between the two strategies measured as the probability of survival (0.89
for mRDT with an ASP [9, 17-23, 25, 34, 36, 37, 39-42, 44, 45] versus 0.85 for the baseline
strategy [24, 38, 43]) was 0.04. In turn, the base-case ICER value, calculated as the ratio
of the incremental cost (—$24,657.78) over the incremental effectiveness in QALYs
(0.54) of mRDT with an ASP versus the baseline strategy was —$45,764/QALY gained
(ICER, —$45,764/QALY gained) (see the appendix).

Overall, mRDT with an ASP prevented 1 death per 25 patients tested compared to
the baseline strategy and was the most cost-effective strategy compared to the
baseline strategy (Table 2). As mRDT with an ASP is both less costly ($31,274.24 [17-19,
22,23,31, 34,37, 38, 40, 55, 65] versus $55,932.02 [30, 32, 38, 55, 65]) and more effective
(probability of survival of 0.89 [17-19, 22, 23, 34, 37, 40] versus 0.85 [24, 38, 43]) than
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the baseline strategy, it is a cost-effective alternative for the diagnosis of bloodstream
infections.

Sensitivity analysis revealed that when the probability of mortality for mRDT with an
ASP is 0.15, the ICER becomes zero, and when the length of stay for the baseline
strategy is <10 days, mRDT with an ASP is no longer a cost-effective strategy. The
mortality threshold for mRDT with an ASP coincides with the upper limit of the range
that we used for the sensitivity analysis (Table 2), which means that mRDT with an ASP
would be cost-effective for most clinical settings. The threshold with respect to the
length of stay suggests that the strategy is not cost-effective for large lengths of stay
(such as those in long-term-care facilities and other subacute settings). In the proba-
bilistic analysis, the mean cost was $31,513.02 (95% Cl, $31,272.20 to $31,753.85), while
the mean number of QALYs was 11.91 (95% Cl, 11.89 to 11.94). With respect to the
cost-effectiveness planes (see Fig. S1 in the supplemental material), the strategy was
localized in the cost-effective quadrant in 80.0% of simulations, and as can be seen from
cost-effectiveness acceptability curves (Fig. 2), mRDT with an ASP was cost-effective in
93.7% to 93.9% of simulations, for a cost-effectiveness threshold ranging between $0
and $100,000.

PCR with an ASP. When including the cost of blood culture (65), the cost of an ASP
(31), the average cost of PCR (68), and the cost of hospitalization (18, 32), the average
calculated cost for PCR with an ASP was $47,917.58 (18, 31, 68) (see the appendix),
while the mean probability of survival was 0.88 (9, 18, 25, 44). The calculated ICER value
suggested that PCR with an ASP resulted in savings of $19,833 per QALY gained (ICER,
—$19,833/QALY gained) (see the appendix), suggesting that PCR with an ASP was a
cost-effective strategy.

Results from the sensitivity analysis indicate that PCR with an ASP is no longer
cost-effective when the probability of mortality with PCR with an ASP is >0.15, when
the probability of mortality with the baseline strategy is <0.12, when the length of stay
for PCR with ASP is >17.9 days, or when the length of stay for the baseline strategy is
<15.4 days. These findings suggest that PCR with an ASP would not be cost-effective
for settings that approach the outer limits of the ranges specified in Table 2 but would
be cost-effective for most other cases.

In the probabilistic analysis, the mean cost, as determined by Monte Carlo analysis,
was $47,950.72 (95% Cl, $47,710.99 to $48,190.44), while the mean number of QALYs
was 11.67 (95% Cl, 11.65 to 11.70). With respect to cost-effectiveness planes, the
strategy was in the cost-effective quadrant in 40.9% of simulations, and as can be seen
from cost-effectiveness acceptability curves (Fig. 2), PCR with an ASP was cost-effective
in 70.4% to 62.2% of simulations, for a cost-effectiveness threshold ranging between $0
and $100,000.

MALDI-TOF analysis with an ASP. When comparing MALDI-TOF analysis with an
ASP with conventional laboratory methods without an ASP, the difference in costs
between the two strategies was $27,537.81 ($28,394.21 for MALDI-TOF analysis [23, 28,
32, 37, 38, 55] with an ASP versus $55,932.02 [30, 32, 38, 55, 65] for the baseline
strategy) (see the appendix). The cost of MALDI-TOF analysis with an ASP accounted for
the cost of blood culture (65), the cost of an ASP (31), the cost of MALDI-TOF analysis
(71), and the cost of hospitalization (23, 28, 32, 37).

The difference in effectivenesses between the two strategies, measured as the
probability of survival (0.92 for MALDI-TOF analysis [17, 23, 37, 39] versus 0.85 for the
baseline strategy [24, 38, 43]), was 0.07. The difference in the number of QALYs was 0.94
(12.39 QALYs versus 11.45 QALYs). In turn, the base-case ICER value, determined as the
ratio of the incremental cost ($27,537.81) over the incremental difference in the
number of QALYs (0.94) between MALDI-TOF analysis with an ASP and the baseline
strategy, was —$29,205/QALY gained (ICER, —$29,205/QALY gained) (see the appen-
dix). MALDI-TOF analysis with an ASP prevented 1 death per 14 patients tested compared
to the baseline strategy and was the most cost-effective strategy. In fact, our results
suggest that among individual strategies, MALDI-TOF analysis with an ASP was asso-
ciated with the highest savings per QALY gained (Fig. 3 and 4). This could be due to the
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fact that MALDI-TOF analysis has a quick turnaround time and can detect a very broad
range of pathogens (27).

In the sensitivity analysis, no thresholds were identified, suggesting that our findings
are robust for this strategy. In the probabilistic analysis, the mean cost was $28,358.74
(95% Cl, $28,209.9 to $28,507.58), and the mean number of QALYs was 12.39 (95% Cl,
12.36 to 12.41). With respect to the cost-effectiveness planes, the strategy was in the
cost-effective quadrant in 97.8% of simulations, and as can be seen from cost-
effectiveness acceptability curves (Fig. 2), it was cost-effective in 98.6% to 99.9% of
simulations, for a cost-effectiveness threshold ranging between $0 and $100,000.

PNA-FISH with an ASP. The mean cost for PNA-FISH with an ASP, which included
the cost of blood culture (65), the cost of an ASP (31), the cost of PNA-FISH (70), and
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FIG 4 ICER per strategy. mRDT with an ASP resulted in the highest savings per death averted. mRDT (combines all individual
mRDT strategies with and without an ASP), MALDI-TOF analysis with an ASP, BC-GN with an ASP, PCR without an ASP, and PCR
with an ASP were other cost-effective strategies. mRDT without an ASP and PNA-FISH without an ASP were not cost-effective.
PNA-FISH was equivalent to the baseline strategy. BC-GP with an ASP and conventional laboratory methods with an ASP were

not included in the graph, as they were of suboptimal effectiveness.
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the cost of hospitalization (22, 32), was $53,226.09 (see the appendix), while the mean
effectiveness was 0.85 (20-22, 36), and the mean number of QALYs was 11.45. As
PNA-FISH with an ASP had the same effectiveness as the baseline strategy (probability
of survival of 0.85 [20-22, 36] versus 0.85 [24, 38, 43]) and a similar cost ($53,226.09 [22,
31,32, 65, 70] versus $55,932.02 [30, 32, 38, 55, 65]), it resulted in no net savings or extra
costs per death averted.

In the one-way sensitivity analysis, PNA-FISH with an ASP becomes cost-effective
when the probability of mortality for the baseline strategy is >0.15 or when the
probability of mortality for PNA-FISH with an ASP is <0.15. This finding, along with the
large range of the probabilities of mortality for PNA-FISH with an ASP, suggests that
small variations in mortality would be decisive in determining whether this strategy is
cost-effective or not. In the probabilistic analysis, the mean cost for PNA-FISH with an
ASP was $52,987.4 (95% Cl, $52,692.31 to $53,282.49), while the mean number of QALYs
was 11.03 (95% Cl, 11 to 11.07).

BC-GP with an ASP. BC-GP with an ASP was associated with an average cost of
$24,904.91 when accounting for the cost of blood culture (65), the cost of an ASP (31),
the cost of BC-GP (69), and the cost of hospitalization (19, 32, 40), which accounted for
inpatient costs only. More specifically, the use of BC-GP with an ASP was associated
with lower costs than with the baseline strategy ($24,904.91 [19, 31, 40, 65, 69] versus
$55,932.02 [30, 32, 38, 55, 65]) (see the appendix) but at the expense of decreased
effectiveness (probability of survival of 0.84 [19, 40, 45] versus 0.85 [24, 38, 43]; 11.31
QALYs). This decreased effectiveness could be due to the fact that Gram-positive
bacteria are associated with a higher percentage of sepsis hospital admissions (81) and
a higher rate of mortality than Gram-negative bacteria (82). BC-GP with an ASP was not
a cost-effective alternative compared to the baseline strategy, as its use resulted in
additional costs per death averted.

In the sensitivity analysis, BC-GP with an ASP becomes cost-effective when the
probability of mortality for the baseline strategy is above 0.16 or when the probability
of mortality for BC-GP with an ASP is below 0.15. These values are close to the base-case
estimates, suggesting that even small variations in mortality could alter the cost-
effectiveness findings. In the probabilistic analysis, after running 10,000 Monte Carlo
simulations, the mean cost for BC-GP with an ASP was $24,934.62 (95% Cl, $24,812.99
to $25,056.25), while the mean number of QALYs was 10.94 (95% Cl, 10.91 to 10.97).

BC-GN with an ASP. The calculated cost for BC-GN, which accounted for the cost of
blood culture (65), the cost of an ASP (31), the cost of BC-GN (42), and the cost of
hospitalization (32, 34), was $33,691.47 (see the appendix), and the respective survival
probability was 0.92 (34, 41, 42). The estimated number of QALYs was 12.39. The
calculated ICER value suggested that BC-GN with an ASP results in savings of $23,587
per QALY gained (ICER, —$23,587/QALY gained) (see the appendix), suggesting that
BC-GN with an ASP is a cost-effective strategy. This finding is probably explained by the
fact that BC-GN reduces the time needed for the detection of bacteremia due to
Gram-negative bacteria, which is extremely costly with conventional methods (42, 83).

In the sensitivity analysis, no thresholds were identified, indicating that our findings
on the cost-effectiveness of BC-GN with an ASP are robust within the ranges specified
in Table 2. In the probabilistic analysis, the mean cost for BC-GN with an ASP was
$33,609.38 (95% Cl, $33,436.75 to $33,782.02), while the mean number of QALYs was
12.4 (95% Cl, 12.38 to 12.43). With respect to the cost-effectiveness planes, the strategy
was in the cost-effective quadrant in 95.1% of simulations, and as can be seen from the
cost-effectiveness acceptability curves (Fig. 2), it was cost-effective in 95.7% to 99.9% of
simulations, for a cost-effectiveness threshold ranging between $0 and $100,000.

VALUE OF ASPs

The usefulness of MRDT without an ASP has been questioned, as significant reduc-
tions in mortality have been observed only when mRDT is used in combination with an
ASP (11). Indeed, one of the main findings of our analysis was that mRDT with an ASP
has a much higher probability of being cost-effective and dominant than mRDT without
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TABLE 3 Base-case analysis results for competing strategies

Clinical Microbiology Reviews

Base-case estimate

Effect ICER

Probability QALY $/death $/QALY
Strategy Cost ($) of survival value averted gained
mRDT (with and without ASP) 36,301.50 0.89 11.9883 —490,763 —36,434
mRDT with ASP (A) 31,274.24 0.89 11.9883 —616,445 —45,764
mRDT without ASP (B) 57,220.14 0.90 12.1230 25,762 1,913
PCR with ASP (A1) 47,917.58 0.88 11.8536 —267,148 —19,833
MALDI-TOF analysis with ASP (A2) 28,394.21 0.92 12.3924 —393,397 —29,205
PNA-FISH with ASP (A3) 53,226.09 0.85 11.4495 0 0
BC-GP with ASP (A4) 24,904.91 0.84 11.3148 Dominated Dominated
BC-GN with ASP (A5) 33,691.47 0.92 12.3924 —317,722 —23,587
PCR without ASP (B1) 47,430.21 0.88 11.8536 —283,394 —21,039
PNA-FISH without ASP (B2) 58,284.16 0.92 12.3924 33,602 2,495
Conventional laboratory methods with ASP (C) 41,723.98 0.84 11.3148 Dominated Dominated
Conventional laboratory methods without ASP (D) 55,932.02 0.85 11.4495 Baseline Baseline

an ASP (80.0% versus 41.1%). This finding highlights the superiority of using mRDT with
an ASP as a strategy for the diagnosis of bloodstream infection. It underlines how that
the addition of an ASP to mRDT results in not only improved patient outcomes but also
considerable health care savings.

Interestingly, among the individual strategies, PCR was the only one that resulted in
savings that were similar irrespective of whether it was combined with an ASP or not,
potentially due to the lack of uniformity between the different PCR assays and kits used
(9, 18, 25, 38, 43, 44) and the de facto linkage of “homemade” PCR assays with clinical
teams.

The findings on the cost-effectiveness of ASPs are in line with data from previous
studies that associated the implementation of ASPs with both improved outcomes and
significant cost reductions (84). More precisely, the combination of mRDT with an active
ASP improves outcomes, as the expert guidance offered by specialists, combined with
the earlier availability of results, allows the early administration of effective treatment
(28). Moreover, as the number of new diagnostic methods increases, it becomes
increasingly complex for laboratories to determine the most appropriate mRDT for each
patient (12, 85).

INFLUENCE OF MODEL VARIABLES

The results of the probabilistic analysis were in agreement with the results of the
base-case analysis (summarized in Fig. 3 and 4 and Table 3), underlining the consistency
of our findings. In addition, single-center studies have reported reductions in costs
associated with the use of specific mRDTs, which are consistent with the estimates that
we obtained (9, 18, 19, 21, 22, 25, 45). For instance, we estimated that the use of
MALDI-TOF analysis with an ASP is associated with an average cost of $28,394.21 per
patient with suspected bacteremia tested. This is similar to the mean cost value
estimated by Perez et al., who reported that the use of MALDI-TOF analysis decreased
hospital costs from $45,709 to $26,162 per patient (17). Likewise, in our study, the
estimated mean cost for the use of PCR with an ASP was $47,917.58, which is in
agreement with the cost of $48,350 per patient reported by Bauer et al. in a study that
compared rapid PCR (rPCR) for methicillin-resistant Staphylococcus aureus (MRSA) with
conventional blood culture (18).

Nevertheless, the analysis suggests that the total cost of hospitalization (see the
appendix) was the decisive factor in determining the cost-effectiveness outcomes.
Tornado diagrams (see Fig. S2 in the supplemental material), which are a graphical
depiction of how variations in each model variable affect the cost-effectiveness output,
show that among the parameters that influence cost, the cost of hospitalization per day
and the length of stay are the most influential variables in determining the cost-
effectiveness results. This is even more evident in Fig. 5, which is a three-dimensional
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FIG 5 Three-dimensional plane showing the relationship between length of stay (x axis) (ranging from
6 to 18 days), total cost per patient (y axis) (ranging from $22,322.04 to $58,167.84), and cost per test per
patient (z axis) (ranging from $43 to $2,000).

plane surface that shows how the total cost per patient varies as a function of the
length of stay and the cost per test. Figure 5 shows that small decreases in the length
of hospital stay result in large decreases in the total cost per patient. As such, a
hypothetical new diagnostic test that considerably decreases the length of stay would
be cost-effective even if the cost for the diagnostic test itself was high.

LIMITATIONS

The present cost-effectiveness analysis is a comprehensive synthesis of data from
the relevant literature, but certain limitations should nonetheless be considered when
evaluating these findings. First, our findings are more representative of the clinical and
epidemiologic reality of a U.S. hospital. Cost values may differ from the ones that we
have used due to interstate and interinstitutional differences. Also, to obtain estimates
for mortality and length of stay for the competing strategies, we pooled data from
available studies. As such, MALDI-TOF analysis without an ASP and BC-GN without an
ASP were not included in our study due to a lack of pertinent data, and the results for
other strategies with limited clinical information, such as PCR without an ASP and
PNA-FISH without an ASP, should be interpreted with caution. Our data have not been
stratified by age and other comorbidities. In addition, our model includes outcomes
only for 30 days after the blood cultures were ordered, and we have not accounted for
readmission costs or the costs associated with antibiotic discontinuation, as such data
were not available. Importantly, we did not account for the initial cost of acquiring the
mRDT devices, as hospital pricing may reflect acquisition costs. Despite these limita-
tions, our results were robust in the probabilistic and sensitivity analyses that aimed to
address uncertainty regarding our assumptions. Of note is that even though the
available data do not allow us to account for antibiotic-related adverse events, they are
partly reflected in the length-of-stay estimates, and fully accounting for them would
result in even further savings. Finally, it should be noted that we did not perform an
analysis from the perspective of the society, due to the lack of relevant data. As such,
our findings are of interest primarily to the health care industry, which is the principal
driver of investment in diagnostic technologies in the United States. While the com-
bination of improved survival and reduced hospitalization costs in a primarily working-
age population (the average age of the study population was 58 years, compared to an
average retirement age of 66 years in the United States for 2016 [86]) might be
expected to yield wider benefits for society as well, prospective, long-term follow-up
studies of these patients are needed to confirm these hypotheses and assess the
potential for “hidden” societal costs (e.g., reduced hospitalization may be associated
with a need for more unpaid care by family members) that could not be considered in
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the present study. When these data become available, revisiting our results from a
societal perspective will likely prove worthwhile.

CONCLUSIONS

In recent years, health care improvement efforts in the United States have
focused on achieving high-quality value-based care (87, 88), which has been closely
tied with efforts to widely establish the use of value-based payments (16). In turn,
cost-effectiveness studies, which integrate information about health outcomes and
health care expenditures, are tools commonly employed for assessing the value of
clinical interventions (26, 89) and can help inform value-based clinical decision-making
(90, 91).

mRDTs that provide quick results, allowing the timely administration of appropriate
therapy (9) and reducing mortality and the length of hospital stay (5-7), could help
achieve economic efficiency in the clinical setting. Our study, which aimed to evaluate
the cost-effectivenesses of competing strategies for the diagnosis of bloodstream
infections among patients with suspected bacteremia, found that the use of mRDTs was
a cost-effective strategy that was associated with high therapeutic effectiveness and
health care cost savings.

In cost-effectiveness planes, mRDT had an 85.1% chance of being cost-effective
compared to conventional laboratory methods without an ASP. Importantly, the use of
mRDTs constitutes a cost-effective alternative to conventional laboratory methods for
the diagnosis of bloodstream infections, whether it is used in combination with an ASP
or not. The probabilities of cost-effectiveness in cost-effectiveness planes were 80.0%
for mRDT with an ASP and 41.1% for mRDT without an ASP. Interestingly, even though
mRDT-based strategies appear to be less cost-effective in the absence of an ASP, they
still remain more cost-effective than conventional laboratory methods without an ASP.
It should be noted that in our study, we did not distinguish between various ASP
strategies, such as prospective audit and feedback, real-time decision support, or
electronic decision support, due to a paucity of data on such outcomes (92, 93). Future
cost-effectiveness modeling studies could distinguish between different types of ASPs,
with the aim of determining whether a particular ASP strategy is more cost-effective
than others.

Our model structure allowed us to combine strategies in one decision tree, thus
facilitating comparisons between strategies. More precisely, under baseline assump-
tions, the most cost-effective strategy was MALDI-TOF analysis with an ASP (ICER,
—$29,205/QALY gained), while BC-GN with an ASP (ICER, —$23,587/QALY gained), PCR
with an ASP (ICER, —$19,833/QALY gained), and PCR without an ASP (ICER, —$21,039/
QALY gained) were other cost-effective options. Nonetheless, as noted above, the
results of these comparisons should be interpreted with caution due to limited data.

In the future, cost-effectiveness studies incorporating more strategy-specific data, as
they become available, could help us distinguish whether there are differences within
each of the 7 mRDT subcategories that we have examined. For example, our data on
the effectiveness of MALDI-TOF analysis were derived from both studies that performed
MALDI-TOF analysis directly on broth from positive blood culture bottles (17, 23) and
studies that performed MALDI-TOF analysis on the growth found on a solid culture
medium plate following inoculation from a positive blood culture bottle (37, 39). It
would be interesting to examine whether this difference would affect cost-effectiveness
outcomes. In addition, it should be noted that even though we evaluated mRDTs as
separate entities in our study, microbiology laboratories often employ combinations of
the individual mRDTs based on specific circumstances. Nevertheless, our results on the
use of individual strategies, such as the finding that BC-GN with an ASP results in
considerable health care savings, could assist laboratories in identifying situations in
which processing of samples could be more cost-effective.

In summary, our results on the cost-effectivenesses of both the combined and the
individual testing strategies provide data that can be used to inform cost-efficient
clinical decision-making. Given that decisions about the appropriateness of a test
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should be based on both the test’'s performance for various targets and economic
considerations (12), our findings could be used to better inform the selection of
diagnostic methods. The ASP team can play a critical role in this respect and may be
instrumental in increasing diagnostic accuracy and treatment efficacy while reducing
costs. Specifically, the ASP team is particularly well placed to ensure that diagnostic
tests are tailored to the clinical problem at hand, mRDT results are interpreted correctly,
and antimicrobial agents are prescribed appropriately, thus limiting the use of unnec-
essary empirical therapy (12).

APPENDIX
The calculations that were performed in the base-case analysis, in order to obtain
the average cost and ICER associated with the use of each strategy, are as follows.

Conventional Laboratory Methods without an ASP (Baseline)

Total cost = [3 X cost of blood culture (65)] + cost of conventional laboratory
methods (30) + [cost of hospitalization per day (32) X length of stay for conventional
laboratory methods without ASP (38, 55)].

Conventional Laboratory Methods with an ASP
Total cost = [3 X cost of blood culture (65)] + cost of ASP (31) + cost of
conventional laboratory methods (30) + [cost of hospitalization per day (32) X length
of stay for conventional laboratory methods with ASP (17-19, 22, 23, 34, 37, 40)].
ICER = (total cost of conventional laboratory methods with ASP — total cost of
baseline)/(QALY value for conventional laboratory methods with ASP — QALY value for
baseline strategy).

mRDT
Total cost = [3 X cost of blood culture (65)] + cost of mRDT (42, 68-71) + [cost of
hospitalization per day (32) X length of stay for mRDT (17-19, 22, 23, 34, 37, 38, 40, 55)].
ICER = (total cost of mRDT — total cost of baseline strategy)/(QALY value with
mRDT — QALY value for baseline strategy).

mRDT without an ASP

Total cost = [3 X cost of blood culture (65)] + cost of mRDT (42, 68-71) + [cost of
hospitalization per day (32) X length of stay for mRDT without ASP (38, 55)].

ICER = (total cost of mRDT without ASP — total cost of baseline strategy)/(number
of QALYs for mRDT without ASP — QALY value for baseline strategy).

PCR without an ASP

Total cost = [3 X cost of blood culture (65)] + cost of PCR (68) + [cost of
hospitalization per day (32) X length of stay for PCR without ASP (38)].

ICER = (total cost of PCR without ASP — total cost of baseline strategy)/(QALY value
for PCR without ASP — QALY value for baseline strategy).

PNA-FISH without an ASP

Total cost = [3 X cost of blood culture (65)] + cost of PNA-FISH (70) + [cost of
hospitalization per day (32) X length of stay for PNA-FISH without ASP (55)].

ICER = (total cost of PNA-FISH without ASP — total cost of baseline strategy)/
(number of QALYs for PNA-FISH without ASP — QALY value for baseline strategy).

mRDT with an ASP

Total cost = [3 X cost of blood culture (65)] + cost of ASP (31) + cost of mRDT (42,
68-71) + [cost of hospitalization per day (32) X length of stay for mRDT with ASP
(17-19, 22, 23, 34, 37, 40)].

ICER = (total cost of mRDT with ASP — total cost of baseline strategy)/(QALY value
for mRDT with ASP — QALY value for baseline strategy).
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Total cost = [3 X cost of blood culture (65)] + cost of ASP (31) + cost of PCR

(68) + [cost of hospitalization per day (32) X length of stay for PCR with ASP (18)].
ICER = (total cost of PCR with ASP — total cost of baseline strategy)/(QALY value for
PCR with ASP — QALY value for baseline strategy).

MALDI-TOF Analysis with an ASP

Total cost = [3 X cost of blood culture (65)] + cost of ASP (31) + cost of MALDI-TOF

analysis (71) + [cost of hospitalization per day (32) X length of stay for MALDI-TOF
analysis with ASP (23, 28, 37)].
ICER = (total cost of MALDI-TOF analysis with ASP — total cost of baseline strategy)/
(QALY value for MALDI-TOF analysis with ASP — QALY value for baseline strategy).

PNA-FISH with an ASP

Total cost = [3 X cost of blood culture (65)] + cost of ASP (31) + cost of PNA-FISH

(70) + [cost of hospitalization per day (32) X length of stay for PNA-FISH with ASP (22)].
ICER = (total cost of PNA-FISH with ASP — total cost of baseline strategy)/(QALY

value for PNA-FISH with ASP — QALY value for baseline strategy).

BC-GP with an ASP

Total cost = [3 X cost of blood culture (65)] + cost of ASP (31) + cost of BC-GP

(69) + [cost of hospitalization per day (32) X length of stay for BC-GP with ASP (19, 40)].
ICER = (total cost of BC-GP with ASP — total cost of baseline strategy)/(QALY value
for BC-GP with ASP — QALY value for baseline strategy).

BC-GN with an ASP

Total cost = [3 X cost of blood culture (65)] + cost of ASP (31) + cost of BC-GN

(42) + [cost of hospitalization per day (32) X length of stay for BC-GN with ASP (34)].
ICER = (total cost of BC-GP with ASP — total cost of baseline strategy)/(QALY value
for BC-GP with ASP — QALY value for baseline strategy).
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