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Abstract

Objectives: To review methodologies and outcomes reporting among these studies and to develop a conceptual framework of outcomes to
assist in guiding studies and production of clinical metrics.

Data sources: PubMed and Embase from January 1, 2012, thru December 1, 2021.

Study eligibility criteria: Studies evaluating highly multiplex molecular respiratory diagnostics and their impact on either clinical or economic
outcomes.

Methods: A systematic literature review (SLR) of methodologies and outcomes reporting was performed. A qualitative synthesis of identified
SLRs and associated primary studies was conducted to develop conceptual framework for outcomes.

Results: Ultimately, 4 systemic literature reviews and their 12 associated primary studies were selected for review. Most primary studies
included patient outcomes focusing on antimicrobial exposure changes such as antibiotic (80%) and antiviral use (50%) or occupancy changes
such as hospital length of stay (60%). Economic outcomes were infrequently reported, and societal outcomes, such as antibiotic resistance
impact, were absent from the reviewed literature. Qualitative evidence synthesis of reported outcomes yielded a conceptual framework of
outcomes to include operational, patient, economic, and societal domains.

Conclusions: Our review highlights the significant heterogeneity in outcomes reporting among clinical impact studies for highly multiplex
molecular respiratory diagnostics. Furthermore, we developed a conceptual framework of outcomes domains that may act as a guide to
improve considerations in outcomes selection and reporting when evaluating clinical impact of these tests. These improvements may be
important in synthesizing the evidence for informing clinical decision making, guidelines, and financial reimbursement.

(Received 2 September 2022; accepted 26 November 2022)

The burden of antimicrobial resistance (AMR) is a public
health threat that cannot be overstated. The World Health
Organization (WHO) has classified AMR as one of the top 10
global public health threats.! Current reports estimate that AMR
causes 1 death every 15 minutes in the United States. Mortality
may reach 10 million deaths per year worldwide by 2050, exceeding
the mortality rates of cancer.>* Antibiotic use is the primary driver
of AMR, and inappropriate antibiotic use is well established in 50%
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of respiratory cases.* The need for antimicrobial stewardship
solutions to combat AMR is clear.

Innovative diagnostic tools combat AMR by improving stew-
ardship programs and thus the appropriate use of antimicro-
bials.>”” Reporting of outcomes among diagnostic studies is
generally heterogenous, which is a barrier to summarizing the lit-
erature in respiratory diagnostics.® Often studies focus only on per-
formance of the assay but not consistently or comprehensively
measuring downstream impact on patient management (eg,
therapy changes), related health outcomes (eg, mortality), eco-
nomic costs (eg, payer or patient perspective), or more broadly,
societal impact through AMR and population-level economic mea-
surements.>®® Opportunities appear to exist in improving out-
comes selection and reporting among studies that evaluate the
value brought by highly multiplex respiratory diagnostic solutions.
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Improved approaches toward the measurement of outcomes is
important for informing use, summarizing evidence for guidelines,
decisions, recommendations, and determining the entire value for
reimbursement.” Given the diversity in outcomes reporting among
studies, a comprehensive analysis of currently reported outcomes
for these innovative technologies is needed along with the applica-
tion of a valuation framework to aid in the identification of gaps
and facilitate future outcomes selection and reporting. Achieving
this goal may be accomplished through the development of a con-
ceptual framework or a network of interlinked concepts that pro-
vide a comprehensive understanding of a phenomenon (eg,
test-treatment—outcome pathway), which may be informed by
the literature.’

Our ultimate objective is to develop a conceptual framework for
clinical and economic value outcomes for infectious diseases multi-
plex respiratory diagnostics. We performed an umbrella review (ie,
areview of systematic reviews) to determine the current state of the
literature for outcomes reporting among highly multiplex molecu-
lar respiratory diagnostics studies and to inform framework
development.

Methods
Literature search

Systematic literature reviews were obtained from PubMed and
Embase between January 1, 2012, and December 1, 2021. Studies
from 2012 onward were selected due to the availability of commer-
cial rapid multiplex testing at this time.® The following search strat-
egy was employed: [(systematic review OR meta-analysis) AND
(point of care OR rapid OR bedside OR real time OR near patient)
AND (test OR assay OR PCR OR molecular OR diagnostic)] and
[(virus AND respiratory infection OR pneumonia OR bronchitis
OR CAP OR acute respiratory illness OR ARI OR chronic obstruc-
tive pulmonary disease OR COPD OR Asthma OR Influenza-Like
Illness OR ILI OR non-pneumonic lower respiratory tract infection
OR LRTTI OR sepsis)]. Search results were imported into a citation
manager for review (EndNote 20, Thomson Reuters, New York).

Study selection

Systematic literature review (SLR) articles were included if they
evaluated a highly multiplex molecular diagnostic test that
included at least 1 clinical or economic outcome. Highly multiplex
diagnostic tests were defined as tests with 6 or more respiratory
targets to align with cutoffs determined by the billing and coding
for the Centers of Medicaid and Medicare Services. To focus on
real-world evidence for patient outcomes, SLRs that only reported
diagnostic test accuracy or economic modeling papers were
excluded from the review. Additionally, abstracts from conference
proceedings were excluded, and 2 investigators (T.B.W.and ].B.D.)
screened the titles and abstracts for inclusion. Selected SLRs were
then assessed by a full text review. Any discrepancies were resolved
through consensus with a third author (T.T.T.). Primary studies
from the selected SLRs were then reviewed for inclusion if they
evaluated a highly multiplex molecular diagnostic test that included
atleast 1 clinical or economic outcome. The selected primary studies
were then reviewed for study characteristics, quality assessments,
and outcome evaluations to inform the conceptual framework of
outcomes. Descriptive data were only reported for comparative
effectiveness outcomes of diagnostics studies. Additionally, studies
describing noncomparative effectiveness of diagnostics outcomes
were utilized for conceptual framework evidence synthesis. These
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types of diagnostic outcomes help identify additional relevant char-
acteristics such as effect modifiers and effect mediator variables.
Data extraction was completed by 2 investigators (T.B.W. and
].B.D.). Authors were not contacted for missing data.

Quality assessments

Quality assessments on the selected primary studies were
completed by 2 investigators (T.B.W. and ].B.D.) using the
Cochrane tools of ‘Risk Of Bias In Non-randomized Studies of
Interventions’ (ROBINS-I) for all included observational
studies and ‘Risk of Bias 2’ (ROB 2) for randomized trials.!%!!
Differences in quality assessments between reviewers were resolved
through consensus. ROBINS-I appraises bias potential in 7
domains including bias related to confounding, patient selection,
classification of the interventions, deviations from intended inter-
ventions, missing data, measurement of outcomes, and selection of
the reported results. ROB 2 appraises 5 domains of bias in random-
ized trials including bias arising from randomization process and
selection of the reported result.

Synthesis of outcomes

The conceptual framework development involved an iterative
process that included identifying relevant literature and extracting
relevant concepts from the chosen publications. The concepts were
then categorized and mapped to fully understand the complex rela-
tionship of diagnostics and value outcomes.’

Each selected study by was analyzed and cross validated by
2 reviewers (T.B.W. and J.B.D.) to achieve consensus regarding
key concepts and their contribution to the overall framework.’
Each reviewer read the selected studies to identify key concepts
related to diagnostic outcomes. These concepts were categorized
into a matrixed concept table. The concepts then were furthered
analyzed to clarify definitions; to reduce redundancy; and to
understand the roles, assumptions, and connections among the
various concepts. Lastly, concepts were further organized into dis-
crete domains that were used to develop the conceptual frame-
work. Face-to-face meetings (in person or video conferencing)
were held to build consensus and resolve discrepancies. An itera-
tive process was used to account for negative cases, to account for
ambiguity or variation, and to describe key concepts found within
existing literature.

Results

The literature search criteria resulted in 808 publications meeting
the search criteria; of these, 79 were duplicates (Fig. 1). In total, 704
publications were excluded by titles and abstracts review related to
characteristics including nonrespiratory PCR, performance only,
lack of clinical or economic outcomes, nonsystematic literature
review, or conference proceedings resulting in 25 SLRs for full
review. Upon full-text review of these articles, 21 additional SLRs
were removed leaving 4 SLRs for inclusion.®'?~1¢ These SLRs were
reviewed for the primary studies with highly multiplex molecular
diagnostics that produced 12 primary studies of 7,639 patients for
analysis.!”-28

Characteristics of the included primary studies are shown in
Table 1. Most primary studies were cohort studies without a con-
trol group. Randomized controlled trials comprised the minority of
primary studies (33%). More primary studies included adult par-
ticipants than pediatric patients (58% and 33%), and only 2 studies
included both adult and pediatric populations. Eligibility criteria
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808 Records identified through
database search

Table 1. Primary Study Characteristics

- o
SR Erbac Study Characteristics No. (%)
490 Pubmed Study design
Randomized controlled trial 4 (33)
——— P 79 Duplicate studies removed Quasi-experimental 3 (25)
Cohort study without a control group 5 (42)
\ 4 Cohort study with a control group 0 (0)
729 Titles and abstracts reviewed Setting
704 Studies excluded Inpatient 6 (50)
Eam—— 650 Non-respiratory PCR .
30 Performance only Outpatient 0 (0)
13 No clinical/economic outcomes
10 Non-SLR article Both 6 {50)
\ 4 1 Conference proceeding Inpatient and ED encounters 4 (66.7)
25 Studies for full text review Inpatient, ED, and clinic encounters 2 (33.3)
21 Studies excluded Patient population
—> 9 Non-respiratory PCR
3 Performance only Pediatric 4(33)
8 No clinical/economic outcomes
2 Non-SLR article
* 1 Conference proceeding Adult 7(58)
Al 1
4 SLRs meeting inclusion l (®)
Not reported 0 (0)
Eligible patients
ILI 2
12 Individual Studies Extracted from SLRs 3(25)
URTI 1(8)
Fig. 1. Study selection flow diagram. Other 11 (92)
Cointerventions
H a
varied greatly with patients who had a confirmed positive respira- EHoTES G 2
tory test as the most common enrollment. In contrast, test setting ASP 1(8)
was nearly uniform; inpatient and/or emergency departments was Local guidelines 0 (0)
the most common setting. Respiratory diagnostic cointerventions o 000
er

(eg, biomarkers, antimicrobial stewardship prospective audit and
feedback, local clinical guidelines, etc) were not commonly
reported. Finally, using the ROB 2 and ROBINS-I quality assess-
ments (Supplementary Tables S1 and S2), most primary studies
(90%) had at least a moderate risk of bias, often related to con-
founding among observational studies.

The conceptual framework of the impact of highly multiplex
molecular diagnostic testing affecting clinical outcomes is shown
in Figure 2. From the evidence synthesis (Supplementary
Table S3, concept matrix), 4 overall overarching domains emerged
from the outcomes reported in the literature: operational, patient,
economic, and societal. A description of domains and summary of
examples are provided in Supplementary Table S4 (online). The
operation domain encompasses the technical specifications of
diagnostics tools (eg, sensitivity, specificity, turnaround time,
etc) as well as operational resources and contextual factors at study
sites (eg, education-level of staff, presence or absence of antimicro-
bial stewardship programs, local/seasonal pathogen epidemiol-
ogy). These operational factors influence a clinician’s ability to
receive and interpret results, which in turn affects the clinical deci-
sions made in the diagnosis and treatment of patients. These deci-
sions have both direct and indirect influences on the remaining 3
interconnected domains: patient (eg, mortality, length of stay, anti-
microbial exposure), economic (eg, laboratory costs, ancillary test-
ing, the use of isolation rooms), and societal (eg, antimicrobial
resistance).

Clinical outcomes reported for primary studies were quite var-
iable (Fig. 3). In the context of the conceptual framework,
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Note. ED, emergency department; ILI, influenza-like illness; URTI, upper respiratory tract
infection; ASP, antimicrobial stewardship program.

2Biomarkers included 3 procalcitonin studies as cointerventions. An additional 2 studies had
C-reactive protein without being a specific intervention.

outcomes were more adequately reported in randomized con-
trolled trials. In contrast, implementation and cohort studies
reported limited outcomes. Economic measures were infrequent
regardless of study type. Societal outcomes (eg, AMR) were absent
in the reviewed literature.

Although our study focuses on clinical outcomes in the posta-
nalytical phase, most (80%) of the included studies notably
reported operational domain elements, specifically analytical turn-
around time, as an outcome. Outcomes from this category also
included diagnostic yield (100%) and performance (20%).
Opverall, outcomes within the patient domain were well represented.
The duration of therapy was reported in 90% of studies, and antibiotic
and antiviral prescriptions were reported at 80% and 50%, respec-
tively. Although the length of stay (LOS) was reported in 60% of stud-
ies reviewed, only 30% reported hospital admission rates. Mortality
outcomes were reported in 40% of studies. With respect to the eco-
nomic domain, the use of isolation rooms was most commonly
reported (20%), followed by use in ancillary testing (20%) and labo-
ratory costs (20%). Notably, the operational definitions of outcomes
were often heterogenous when reported (eg, LOS defined by total hos-
pital stay vs time from culture).
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Fig. 2. Conceptual framework of outcome measures.

Discussion

In our current review, we report on 4 systematic reviews with 12
primary highly multiplex molecular respiratory diagnostic studies
evaluating clinical impact. Although operational and patient out-
comes were consistently reported, economic outcomes were rarely
reported and societal outcomes never reported. Our review high-
lights the heterogeneity in outcomes selection and reporting
for studies evaluating the clinical impact of highly multiplex
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molecular respiratory diagnostics. Furthermore, our conceptual
framework of outcomes (operational, patient, economic, and soci-
etal domains) provides a basis as a planning tool to improve the
selection and reporting strategy toward the design, analysis, and
communication of evidence in evaluations of highly multiplex
molecular respiratory diagnostics. We believe that a more stand-
ardized reporting of outcomes is an opportunity to more precisely
measure population-level effects of diagnostics (eg, AMR). The
potential of measuring the population-level impact of diagnostics
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and their public health impact was recently described by the ASM
Clinical and Public Health Microbiology Committee and ASM
Corporate Council.* They noted that these benefits (ie, improve-
ments of antibiotic use and decreases of community-acquired
resistance) would be possible through collaborative ventures and
robust implementation strategies (ie, antimicrobial stewardship
and operational strategy). Current single-center studies are per-
haps unlikely to report AMR because these effects are small and
such studies are underpowered to measure the outcome.

Our conceptual model has several implications. Application of
conceptual framework may facilitate greater consistency in con-
duct and reporting of outcomes to inform both researchers and cli-
nicians. The framework communicates the intricacy of connected
factors along the test-treatment-outcome pathway in the patient
encounter.>* For clinicians, it elucidates where to target metric
recording for internal reporting by laboratories and antimicrobial
stewardship teams to internal stakeholders. This method may help
support the sustained use of the diagnostic along with identifica-
tion of opportunities for improved use within individual
institutions. Moreover, many of these metrics in the conceptual
framework are routinely measured by ASPs (eg, occupancy, anti-
microbial exposure, and morbidity and mortality), which should
facilitate streamlined assessments of diagnostics using the metrics.
However, some measures (eg, technical specifications, infection
control measures, ancillary tests, laboratory costs) may require col-
laborations with infection prevention and control in addition to
microbiology to enable sharing of data for comprehensive metric
consolidation.’! Similarly, for researchers, the framework demon-
strates the cascading outcomes and importance of standardizing
measurement along the pathway for consistent communication
of value. Beyond clinicians and researchers, improved selection
and reporting of outcomes may enable health authorities and pri-
vate payers to better assess the value of diagnostics. Finally, the
framework may have potential in generalizing or adaptation to
other infectious diseases diagnostics and related syndromes.

The use of the conceptual model gives considerations on impor-
tant domains of outcome selection and reporting. In our review of
the literature, clinical management changes were most often
measured. This is intuitive given the hierarchical efficacy of the
test—treatment-outcome pathway (ie, testing accuracy and timeli-
ness increases treatment effectiveness which increases clinical

Outcomes reported per study type

m Operational m Patient ® Economic
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Fig. 3. Frequency of outcomes reported per
study type. *Frequencies based on presence of
domain metrics (eg, length of stay) within indi-
vidual studies.

5
3
0
Cohort

outcome effectiveness). Changes in clinical management are the
most proximal and easily measured impact of diagnostics.®
However, changes in decision making and differential diagnoses
are more proximal to the diagnostic result impact yet are resource
intensive and logistically challenging to measure. Although pre-
and postanalytical implementation strategies were reported in
our review, they were very infrequent. These cointerventions, such
as education of staff and diagnostic algorithms (eg, clinical decision
support systems and biomarkers such as procalcitonin), have dem-
onstrated favorable impacts on the clinical effectiveness of highly
multiplex molecular respiratory diagnostics on patient outcomes.
For other molecular diagnostics, cointerventions such as antimi-
crobial stewardship, have proven essential.”*>> Greater consis-
tency in selection and reporting of pre- and postanalytical
implementation strategies, along with increased use thereof, has
significant potential to improve both the effectiveness of highly
multiplex molecular respiratory diagnostics within institutions
and the understanding and breadth of evidence in the literature.**
When using the conceptual framework, researchers must be con-
scientious in the selection of individual outcomes. For example,
with the patient outcome domain, in some countries the propor-
tion and time to neuraminidase inhibitor use for influenza patients
may be an appropriate outcome to be measured, and in other coun-
tries, neuraminidase inhibitor use is significantly limited.*®
Therefore, local clinical practice, standards, and resource limita-
tions must be kept in mind when selecting certain individual out-
comes. Conversely, efforts to decrease antibiotic use in viral
respiratory presentations are nearly consistent across settings to
and thus are universally applicable. Although individual outcomes
may not be applicable across all settings, the overall outcome
domain categories presented are likely generalizable from this pre-
dominantly inpatient literature to decentralized settings.
Notably, the quality of most studies suggested at least a mod-
erate risk of bias within our SLR. In fact, we only noted 4 random-
ized controlled trials, which serve as the gold standard in evidence-
based medicine clinical outcomes studies due to their uncon-
founded results. Additionally, in examining the quality assess-
ments, only a small minority (17%) of real-world evidence
studies adjusted for confounding when evaluating outcomes, thus
leaving the majority subject to potential bias in estimates of effec-
tive that could be due to imbalances in baseline patient
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characteristics. Beyond the production of more randomized con-
trolled trials, real-world evidence studies would greatly benefit in
adjusting for confounding with causal modeling to reduce poten-
tial for these biases.’® Similarly, sample size justifications were
rarely reported; therefore, most studies were unclearly powered.
Generally, clinical assessment trials on outcomes of diagnostic tests
need to be larger than trials of therapeutic treatments; thus, it is
strongly desirable for future studies to provide these sample size
justifications.*® Finally, opportunities were present in the selection
and reporting of operational definitions of outcomes. For instance,
the measure of time-dependent outcomes (eg, antibiotic use, LOS,
etc) were often derived for the total patient encounter whereas the
diagnostic test can only impact post result outcomes and thus
biased estimates of effect are often reported.’”-*

This study had several limitations. Our review’s main focus was
on the framework for outcomes to ensure the effectiveness of
highly multiplex molecular respiratory diagnostics is improved
in selection and reporting of outcomes, yet preanalytical factors
(eg, timing of test in management of encounter) and postanalytical
factors (eg, adjustment to microbiology results presentation and
communication) are known to impact the clinical efficacy of diag-
nostics.’***4" However, we believe that greater consistency in
selection and reporting of study clinical outcomes are vital while
pre- and postanalytical implementation strategies, though essential
to report, may be more heterogenous based on local needs. Broad
conceptual framework mappings of the full test-treatment—
outcome pathway have been described elsewhere.***! Similarly,
our data are predominantly from the inpatient setting and emer-
gency departments. As respiratory diagnostic testing moves to the
outpatient setting of urgent-care clinics, medical offices, and retail
clinics, reassessment should be performed because information
needed to inform outcome selection is limited.*? Finally, safety out-
comes were lacking in the reviewed literature and were not evalu-
ated for the framework. These outcomes may be particularly
important as highly multiplex molecular respiratory diagnostics
expand into outpatient settings as substantial opportunity in pre-
scription avoidance exists.

In conclusion, based on the current literature, there is signifi-
cant heterogeneity in the selection and reporting of general
domains and individual clinical outcomes in the test-treatment—
outcome pathway. We developed a conceptual framework of out-
comes to improve future research studies and clinical metric eval-
uations including operational, patient, economic, and societal
domains. The use of the conceptual framework may facilitate
improvements in the state of the literature for molecular respira-
tory diagnostics and may improve their use as well as clinical
guideline development and financial reimbursement.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ash.2022.362
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