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SUMMARY Clinical medicine has embraced the use of evidence for patient treatment 
decisions; however, the evaluation strategy for evidence in laboratory medicine practices 
has lagged. It was not until the end of the 20th century that the Institute of Medicine 
(IOM), now the National Academy of Medicine, and the Centers for Disease Control 
and Prevention, Division of Laboratory Systems (CDC DLS), focused on laboratory tests 
and how testing processes can be designed to benefit patient care. In collaboration 
with CDC DLS, the American Society for Microbiology (ASM) used an evidence review 
method developed by the CDC DLS to develop a program for creating laboratory testing 
guidelines and practices. The CDC DLS method is called the Laboratory Medicine Best 
Practices (LMBP) initiative and uses the A-6 cycle method. Adaptations made by ASM are 
called Evidence-based Laboratory Medicine Practice Guidelines (EBLMPG). This review 
details how the ASM Systematic Review (SR) Processes were developed and executed 
collaboratively with CDC’s DLS. The review also describes the ASM transition from LMBP 
to the organization’s current EBLMPG, maintaining a commitment to working with 
agencies in the U.S. Department of Health and Human Services and other partners to 
ensure that EBLMPG evidence is readily understood and consistently used.

KEYWORDS systematic review, meta-analysis, outcomes, evidence-based medicine

INTRODUCTION

T his review describes the history of Centers for Disease Control and Prevention, 
Division of Laboratory Systems (CDC’s LMBP) initiatives and integration with the 

American Society for Microbiology (ASM), specifically the “ASM 7,” a group of clinical 
microbiologists with diverse backgrounds and interests but a shared belief in the 
value of clinical microbiology to patient care. The ASM7 met in February 2011 at ASM 
headquarters in Washington, D.C., and allied with the CDC’s vision to promote evidence-
based laboratory medicine practices in clinical microbiology. The alliance resulted in 
the publication of two Systematic Review (SR) manuscripts, one on rapid detection 
of bloodstream infections and one on urine pre-analytics (1, 2). These manuscripts 
represent the first microbiology-focused questions examined by ASM using the CDC 
DLS LMBP A-6 cycle SR methods (3). After a few adaptations to the A-6 cycle, ASM 
published a third manuscript focused on Clostridioides difficile diagnostic methods (4). 
Over time, many microbiologists, stakeholders, biostatisticians, medical librarians, and 
subject matter experts joined the original “ASM 7” team, providing context to the 
iterations that followed to create ASMs Evidence-based Laboratory Medicine’s Practice 
Guidelines for Clinical Microbiology’s EBLMPG. Currently, ASM is updating two previous 
CDC DLS Systematic Reviews, one on blood culture contamination (5) and one on rapid 
identification of bloodstream infections (1). This review is based on the history of ASM’s 
adoption and adaptation of the CDC’s LMBP A-6 cycle method.
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WHAT IS AN ASM EVIDENCE-BASED LABORATORY MEDICINE PRACTICE 
GUIDELINE?

Evidence-based practice (EBP), like evidence-based medicine (EBM), has historical roots 
going back centuries, but the modern era of popularity dates only to the mid-1990s 
(6). Its strength lies in “the conscientious and judicious use of current best evidence 
derived from clinical care research in managing individual patients” (7). The use of 
EBP is intended to optimize decision-making through the availability of EBP guide­
lines derived from rigorous analysis of the evidence from well-designed and properly 
conducted clinical research. This evidence analysis approach is called a SR process; it 
informs individual medical and scientific decisions with valid summary findings obtained 
through a systematic search of the available evidence, followed by critique and synthesis.

Coupled with a clinician’s expertise, proficiency, and judgment, important medical 
decisions, diagnoses, and therapeutic choices (6–8) are made based on the patient’s 
needs and EBP. A leader in EBP and EBM, the Agency for Healthcare Research and Quality 
(AHRQ), states that the evidence-based decision-making process involves the following 
steps (9):

• Converting information needs into focused questions.
• Efficiently identify the best evidence to answer the question and synthesize the 

evidence.
• Critically appraising the evidence for validity and clinical usefulness.
• Applying the results in clinical practice.
• Evaluating the performance of the evidence in clinical application.

Adding laboratory practices to EBM was a logical step. Importantly, medical decisions 
include those based on laboratory medicine test results, which comprise approximately 
70% of electronic health records (10). In alignment with AHRQ, by 2011, the A-6 method 
(Fig. 1) was validated by CDC DLS (3) and adopted by ASM. The CDC DLS LMBP A-6 cycle 

FIG 1 The original LMBP A-6 cycle.
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is a method to derive evidence-based laboratory medicine practice guidelines (EBLMPG). 
EBLMPG emphasizes and utilizes EBP principles and processes to provide best-practice 
guidelines for clinical laboratories, with linkage to healthcare quality aims and patient 
outcomes.

In contrast to SR performed in clinical medicine, which focuses primarily on patient-
associated outcomes, clinical research in laboratory medicine generally focuses on 
diagnostic tests’ accuracy, precision, value, and outcomes. Such laboratory evidence 
often repudiates previously accepted diagnostic tests and replaces them with more 
robust ones that may better support patient outcomes more efficiently and economi­
cally.

What makes "evidence-based" practice different from consensus-based 
expert opinion?

When problem-solving is performed by a consensus of expert opinion, the focus 
is on persons with extensive knowledge and expertise in a given field. Consensus 
opinion includes the input of several experts in a group whose views are heard and 
understood. Consensus is neither an absolute agreement between the expert discus­
sion nor the majority’s preference. Instead, the consensus process includes collabora­
tive, cooperative, egalitarian, inclusive, and participatory decision-making; the resulting 
outcome reflects the best interest of the whole, achievable at the time, and supported 
by all. As expected, any group of experts has varied experience levels and different 
perspectives, which influence their input to the overall discussion and their practice 

TABLE 1 Laboratory guideline attribute by organizationa

Attribute and example organizations CLSI CAPb IDSA CDC-LMBPc

ASM-Cumitech 
and CPG ASM-EBLMPG

Consensus opinion after routine literature review 
expert opinion

Yes Sometimes Sometimes No Yes No

Consensus based on evidence from a systematic 
literature review

No Yes Yes Yes No Yes

Consensus based on evidence from a systematic 
literature review with meta-analysis

No No No Yes No Yes

Multidisciplinary panels are convened from major 
stakeholders

Yes Yes Yes Yes No Yes

Training provided for the multidisciplinary panelists No Unknown Unknown Yes No Yes
Librarian included No Unknown Unknown Yes No Yes
Methodologist included No Yes No Yes No Yes
Biostatistician included No No Optional Yes No Yes
Patient advocates included No Sometimes Unknown Yes No No
Documented requirements for guideline creation Yes Yes Yes Yes Yes Yes
Uses GRADE criteria for guidelines No No No Yes No Yes
IOM compliance or posted to AHRQ or former NGC 

(de-funded)
No No Yes Yes No Yes

Includes information about worldwide regulatory 
agencies and compliance

Yes No No No No No

May included industry or government representation 
with COI disclosure

Yes Optional Optional Yes Yes Optional

Includes unpublished grey literature or data No Yes No Yes Maybe No
Includes possible harm assessment No Yes No Yes No Yes
Includes bias assessment No No No Yes No No
Includes cost assessment No Yes Optional Sometimes No Sometimes
aClinical Laboratory Standards Institute, CLSI; College of American Pathologists, CAP; Infectious Disease Society of America, IDSA; CDC Laboratory Medicine Best Practices, 
CDC-LMBP; ASM Practical Guidance for Clinical Microbiology (PGCM) or Cumitech, ASM-CPG; ASM Evidence-based Laboratory Medicine Practice Guidelines, ASM-EBLMPG.
bThey also consider the benefits/harms, value, and cost of each guideline and include open comment period feedback from stakeholders and experts.
cPublished to AHRQ.
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recommendations. Proposals are generated collaboratively, unsatisfied concerns are 
addressed, and the recommendations are modified to maximize general agreement. 
Through such cooperative decision-making, the discussers consent overall to progress 
in settling the issue or question at hand, even if there is disagreement on select topics. 
Thus, the final solution creates a consensus opinion, often defined as an “acceptable 
solution” in which participants mutually agree on the solution, essentially representing 
the collective opinion of each discussion group member.

There are many examples of consensus-driven guidelines based on expert opinion 
and published by scientific organizations in their area of expertise and overlapping 
topics. Within clinical microbiology, the organizations providing most of the guidelines 
include the American Society for Microbiology (ASM), the Clinical and Laboratory 
Standards Institute (CLSI), the Infectious Diseases Society of America (IDSA), and the 
College of American Pathologists (CAP). Each organization has its own, albeit often 
similar, approach to publishing consensus guidelines, which are summarized in Table 
1. In 2010, ASM aimed to replace the Cumitechs with Practical Guidance for Clini­
cal Microbiology (PGCM) documents, now published in Clinical Microbiology Reviews 
(CMR), ASM Press. CMR editors prioritize previous Cumitech subjects and new subjects, 
assembling a group of experts with different expertise to work on the topic being 
reviewed. The group used evidence-based literature, expertise, and the team’s consen­
sus to develop documents that provide general guidance for clinical microbiologists, 
emphasizing current diagnostic methods and their appropriate implementation. These 
PGCM documents link microbiologic practice to current clinical and scientific issues.

In contrast to the consensus process, the main focus of EBP is on the critical evalua­
tion and synthesis of evidence derived from empirical research gathered by a SR process. 
Analysis of SR data is then combined with the expertise of clinicians, scientists, and 
patient advocates in making the final decisions about the care of individual patients (4). 
The goal of EBP is to benefit patient outcomes and achieve healthcare quality aims. EBP 
exposes limitations and research gaps in the existing evidence base while emphasizing 
the most efficient and effective patient care processes and practices. To align with EPB, 
LMBP uses the best available, systematically evaluated evidence combined with clinical 
acumen, scientific expertise, and knowledge of patient-centric healthcare and laboratory 
operations. All aspects are used to weigh any evidence-based laboratory guideline for its 
use in patient care with decisions based on SR with metanalysis. An SR need not include 
a meta-analysis (especially when studies are both limited and highly heterogeneous), 
and when this is the case, a narrative synthesis without statistical assessment may be 
more appropriate. However, combining a SR with a meta-analysis (Fig. 3) is optimal (11, 
12).

What is a systematic review with meta-analysis?

A Systematic Review (SR) is a literature review designed to answer a defined research 
question by collecting, summarizing, and critically analyzing all empirical evidence (e.g., 
multiple research studies or manuscripts) that fits pre-specified eligibility criteria. The 
hallmarks of an SR leading to an EBP guideline are 3-fold: first, the literature search 
is extensive, systematic, and transparent; second, the risk of bias (RoB) is assessed for 
all included studies; and third, the strength of the synthesized evidence is graded in 
a standardized fashion. The SR is then followed by a meta-analysis that uses statistical 
methods to summarize the results of selected studies from the SR (3).

For individual treatment questions, SRs of extensive collections of randomized clinical 
trials (RCT) are the ideal evidence base but do not necessarily include recommendations. 
EBP is not restricted to RCTs but can draw on other studies, published or unpublished 
(e.g., gray literature) that meet pre-established quality criteria and contain relevant 
information for the project questions(s) (13). Importantly, questions for laboratory 
practice extend beyond individual treatment questions to include laboratory process 
improvement questions, where the focus is on diagnostic accuracy questions or the 
implementation of procedures or interventions within organizations that could improve 
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the health of individual patients. For questions like these, other study designs are more 
appropriate (14).

Limitations of systematic reviews

Systematic Reviews, by their very nature, generally seek to answer a narrow and specific 
question—they typically do not cover a wide breadth of related topics. Also, conducting 
a meta-analysis does not guarantee that there will be no bias in the individual studies 
that contribute to the synthesis. Thus, methodological flaws in individual study design 
may also contribute to bias. One set of authors cautions users of SRs to carefully consider 
the quality of the product and adhere to the dictum “caveat emptor” (buyer beware) (15).

These limitations and other issues led to the request by the U.S. Congress that a set 
of standards be created, which could be used to develop trustworthy clinical practice 
guidelines. The standards encompass issues like transparency, conflicts of interest, 
guideline development, group composition, external review, strength of recommenda­
tions, and guideline updates. At the request of the U. S. Congress, the Institute of 
Medicine (IOM) developed a set of standards for developing rigorous, trustworthy 
clinical practice guidelines (https://nap.nationalacademies.org/resource/9728/To-Err-is-
Human-1999--report-brief.pdf). The IOM Report that resulted was called “Clinical Practice 
Guidelines We Can Trust” and was published in 2011 (16). Since that report, different 
tools have been developed to help both SR authors and readers evaluate the RoB in SRs 
(13, 17, 18).

HISTORY OF EVIDENCE-BASED GUIDELINES IN LABORATORY MEDICINE AND 
CLINICAL MICROBIOLOGY

The Cochrane Consumer Network

The Cochrane Consumer Network (https://consumers.cochrane.org/) is the original 
clinical medicine group performing SRs to generate clinical evidence. It is an interna­
tional network headquartered in the United Kingdom and is home to over 7,500 SRs. The 
CDC DLS LMBP includes the A-6 cycle method for SRs and was the first evidence-based 
method dedicated to quality issues in laboratory medicine. The CDC DLS commissioned 
the development of a report, which was published in May 2008, called Laboratory 
Medicine: A National Status Report (19). The report’s content was developed based 
on the input of a committee composed of technical experts and numerous diverse 
stakeholders involved with laboratory medicine. The report aimed to lay the groundwork 
for transforming laboratory medicine over the following decade. The LMBP initiative was 
conceived, in part, to address the evaluation gap identified between laboratory medicine 
practices and their impact on national healthcare quality aims and patient outcomes. 
The plan was to develop methods for systematically reviewing and evaluating laboratory 
quality improvement studies to identify effective laboratory medicine practices linked 
to national healthcare quality aims and improved patient outcomes. The result was 
the development of the robust CDC DLS LMBP A-6 SR method, based on validated 
evidence-based SR methods used in clinical medicine. Since most errors occur in the 
pre-analytical and post-analytical testing phases, laboratory practices in these areas are 
the focus of LMBP efforts (19). The inclusion criteria are outlined in the IOM Report 
(16) and were adopted by the now-defunded National Guideline Clearinghouse (NGC) 
in 2013 All published LMBP Systematic Reviews, and the first two ASM guidelines were 
accepted and posted by NGC before it was discontinued.

The American Association for Clinical Chemistry (AACC) was the first clinical 
laboratory society to publish laboratory practice guidelines. The National Academy of 
Clinical Biochemistry (NACB) initially published guidelines for point-of-care testing (20), 
developed like consensus guidelines. Since then, CAP started publishing evidence-based 
guidelines for laboratory medicine, which qualify for and are placed in the NGC (21). The 
ASM also started producing evidence-based guidelines that address clinical microbiol­
ogy laboratory issues. The following sections address ASM’s approach to EBLMPG, which 
is based on the CDC DLS LMBP A-6 cycle methods.
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The CDC DLS LMBP A-6 cycle method

The CDC DLS LMBP A-6 cycle method is summarized in Table 2 and is compared with SR 
steps common to all evidence-based guideline approaches. Steps A1-A6 of the CDC DLS 
LMBP A-6 cycle guide the LMBP SRs. LMBP data collection and analysis are distinct but 
interrelated processes, followed by a meta-analysis (3). A team of individuals with specific 
functions conducts the SR. These team members work in a highly coordinated manner to 
conduct the SR and meta-analysis to develop an EBP guideline.

The A-6 cycle consists of six steps described in the section, “How are Systematic 
Reviews Performed Using the CDC DLS LMBP A-6 Cycle Method?” To promote transpar­
ency, the A-6 process is open to all relevant stakeholders, including the public (3). The 
“A’s” definitions (Ask, Acquire, Appraise, Analyze, Apply, and Assess) assure reproducibil­
ity and minimize bias while facilitating guideline development and updates. It is an 
expectation that if an A-6 cycle SR were repeated by a different team using the same 
method and criteria, they should achieve the same findings. One of the differences in 
the LMBP A-6 cycle method is the inclusion of unpublished data, recommended by The 
Cochrane Collaboration to mitigate publication bias (1, 2, 22). Grey data can originate 
from laboratories conducting Quality Improvement (QI) projects or cost-benefit business 
data that could be included in the review to benefit patient care.

In 2010, Dr. Robert Kolter, the ASM President, convened 10 clinical microbiology 
leaders at ASM to review current products and services, brainstorm new ideas, and 
plan for the future. The intent was to make sure that the clinical microbiology commun­
ity viewed ASM as responsive to their concerns. One important new initiative was to 
establish the ASM Professional Practice Committee. The Professional Practice Committee 
established the EBLMPG Subcommittee to ensure clinical microbiologists addressed 
laboratory knowledge gaps through an SR process and ultimately improved health 
outcomes by developing and disseminating evidence-based guidance to laboratorians, 
patients, clinicians, and other decision-makers. The anticipated guidance would describe 
laboratory interventions that are most effective for patients under specific circumstances. 
In addition, it was clear that the Centers for Medicare and Medicaid Services (CMS) was 
critically evaluating practices that would be reimbursed based on determinations that 
payment was not appropriate for services for which evidence to support the approach 
was not available (i.e., not “medically necessary”). Other payers generally follow CMS 
payment rules, and loss of reimbursement would be detrimental to the clinical labora­
tory; therefore, evidence to support best practices was deemed imperative.

TABLE 2 Steps in performing a systematic review and the relationship to the Laboratory Medicine Best Practice A-6 method

Step Description A-6 step

Step 1 Formulate a question for review. Once the question is agreed upon, it should not be changed. ASK-A-1
Step 2 Identify all relevant studies. American Society for Microbiology (ASM) works with a medical librarian who has been specially 

trained in performing literature searches for Systematic Reviews. The Centers for Disease Control and Prevention (CDC) 
librarian is one of the individuals who worked with ASM. The librarian and the rest of the team drill down to keywords or 
strings of words that should be used to retrieve the available literature.

ACQUIRE-A-2

Step 3 Assess the quality of the studies. There are several ways to do this. Originally, clinical medicine studies were performed 
using the “Cochrane” method. This method was part of the original British method for Systematic Reviews and uses the 
QUADAS method for assessing bias and quality

APPRAISE-A-3

Step 4 Summarize the evidence from the total body of evidence. Data analysis consists of using statistical analyses to understand 
similarities and differences between studies using meta-analysis.

ANALYZE-A-4

Step 5 Interpret the findings. At this point, the Systematic Review (SR) question should be answered based on the findings and 
conclusions drawn from the total body of evidence.

ANALYZE-A-4

Post SR Apply the findings to actual clinical practice.
Assess the impact of the practice

APPLY-A-5
ASSESS-A-6
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Collaboration between CDC DLS and ASM

The CDC DLS had developed and validated the methodology that became the LMBP 
“A-6 Cycle” method (3) and was interested in piloting the project with external clinical 
laboratory partners. In 2010, with the collaboration of CDC DLS and ASM, Dr. Peter 
Gilligan, Dr. Alice S. Weissfeld, and Peggy McNult worked collaboratively to expand 
the use of the LMBP A-6 cycle in clinical microbiology and invited seven members 
to participate. There were several reasons ASM decided to adopt and adapt the CDC 
DLSLMBP A-6 cycle method for Systematic Reviews. First, the LMBP A-6 cycle method 
focuses on identifying evidence-based practices that support the six healthcare quality 
aims of the Institute of Medicine (IOM), now renamed the National Academy of Medicine. 
These aims are to provide healthcare that is patient-centered, safe, timely, effective, 
efficient, and equitable (23).

CDC DLS trained the ASM EBLMPG committee members on the LMBP A-6 cycle 
method in 2011. Each of the seven committee members selected a topic, developed a 
question, and performed a prequalification literature search under the guidance of the 
CDC DLS team. Topics were presented at a weekend meeting, and the ASM members 
selected the top three to investigate. All guidelines are freely accessible upon publica­
tion, aligning with CDC and NGC recommendations so that all clinical laboratories have 
access and can utilize the best practice recommendations therein.

ASM shadowed the CDC DLS team as they researched the first topic: "What practices 
are effective at increasing timeliness for providing targeted therapy for those patients 
who are admitted for or are found to have bloodstream infections (e.g., positive blood 
cultures) to improve clinical outcomes (reductions in length of stay, antibiotic costs, 
morbidity, and mortality)?" (1). In 2013, ASM and CDC DLS signed a Memorandum of 
Understanding to solidify their relationship. They embarked on developing a second 
guideline, also chosen by ASM committee members: "Does optimizing the collection, 
preservation, and transport of urine for microbiological culture improve the diagnosis 
and management of patients with urinary tract infection?" (2). Testing for C. difficile was 
the third guideline topic: some questions it answered were as follows: “How effective 
are NAAT testing practices for diagnosing patients suspected of Clostridioides difficile 
infection?” “What is the diagnostic accuracy of Nucleic Acid Amplification Tests (NAAT) 
versus either toxigenic culture or cell cytotoxicity neutralization assay?” and “What is 
the diagnostic accuracy of a glutamate dehydrogenase (GDH)-positive EIA followed by 
NAAT versus either toxigenic culture or Columbia colistin naladixic acid agar (CCNA)?” (4). 
Pre-surveys for the urine pre-analytic and the C. difficile testing guidelines were launched 
in early 2016 and were the last pre-surveys performed.

Finally, ASM entered into a 5-year cooperative agreement with CDC DLS designed 
to address issues with the final steps of the LMBP A-6 process (A-5, APPLY, and A-6, 
ASSESS). The agreement intended to establish metrics to measure EBLMPG’s dissemi­
nation and promotion, awareness, familiarity, adoption, and implementation (24, 25). 
The agreement was designed to help organizations develop lasting and sustainable 
institutional knowledge with qualitative or quantitative methods using free or relatively 
inexpensive approaches. The survey instruments for all the activities mentioned above 
were reviewed and approved by the Office of Management and Budget (OMB Control 
Number 0920–1096; Expiration Date 01/31/2019). The surveys were intended to be 
completed by stakeholders pre- and post-publication of guidelines to assess guideline 
impact on laboratory practice.

ASM members on the LMBP committee

Three groups are integral to ASM’s use of the LMBP A-6 cycle method: (i) the “Review 
Team” (aka the Core Team), comprised of up to 10 individuals; (ii) the Expert Panel 
of five individuals; and (iii) the LMBP Workgroup (15–20 individuals depending on the 
focused questions selected for the project) (3). All original and revised roles are listed 
in Table 3. The Review Team is led by the Review Coordinator, who works with the 
Medical Librarian and assigns articles to the Expert Panel consisting of subject matter 
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experts on the topic being investigated; the panel members perform the data abstrac­
tions. The Review Coordinator ultimately develops the manuscript detailing the SR 
process and its conclusions. The Review Team also includes the Technical Lead, a clinical 
microbiologist with unique expertise regarding the topic under review. Other members 
include the CDC Liaison, a member of the LMBP team, and the ASM Liaison, the Chair 
of the Subcommittee on Evidence-based Medicine for ASM. Finally, the Biostatistician 
(more specifically, a Meta-biostatistician) serves as a member of the Review Team and 
participates in all discussions leading up to the actual data abstraction, audits, and 
consensus of the abstractors. The Meta-biostatistician also coordinates the statistical 
review of the findings, including the meta-analysis upon which recommendations are 
made and graded. The LMBP Workgroup, a group of multidisciplinary stakeholders 
convened by CDC DLS, provides an independent external review of the SR activities 
to identify conflicts of interest, issues with the SR protocol and execution, and bias 
(financial, unconscious, and intellectual) that may have been inadvertently introduced.

ADAPTING LMBP TO ASM’S CURRENT EBLMPG PROCESS

Since 2011, several notable changes occurred when ASM further adapted the EBLMPG 
process. In 2016, the QUADAS-2 was added to the EPLMPB, at that time for the assess­
ment of diagnostic accuracy for the C. difficile guideline (4). QUADAS stands for Quality 
Assessment of Diagnostic Accuracy Studies, and the tool was originally developed in 
2003 specifically for meta-analysis of diagnostic accuracy studies (26). QUADAS and 
QUADAS-2 were specifically developed to facilitate the comparison of studies with 
heterogeneous study designs (27). These instruments include questions to assess bias, 
sources of variation, and reporting quality. QUADAS-2 is recommended by the AHRQ, 
the Cochrane Collaboration, and the United Kingdom National Institute for Health and 
Clinical Excellence.

By 2019, CDC DLS MUA and the cooperative agreement ended, and Dr. Colleen Kraft 
assumed the leadership of the ASM EBLMPG from Dr. Alice S. Weissfeld. In 2021, ASM 
discontinued collaboration with the CDC DLS and named Rutgers University, Newark, NJ, 
as a new collaborator under the direction of Dr. J. Scott Parrott, and Dr. Esther Babady 
became the new EBLMPG leader.

Table 3 provides an overview of ASM’s adaptation of roles from the CDC DLS LMBP 
SR process from 2010 to 2023. To speed and streamline ASM’s EBLMPG process, in 2019, 
grey data were excluded from the ASM EBLMPG process based on the limited number of 
abstract data that met the quality criteria and the requirement for IRB review. Addition­
ally, Rayyan web-based software (28) was used to drive the title and abstract review and 

TABLE 3 Team members in the LMBP A-6 process

Title Roles in CDC/ASM teams Role in current ASM EBLMPG

Review coordinator Process oversight Yes
Technical/Scientific lead Scientific oversight Yes
ASM Liaison ASM/CDC liaison Yes
CDC Liaison ASM/CDC liaison No
LMBP workgroup (CDC) Independent advisory and review group convened by CDC Yesa

Expert Panel Reviewers for inclusion/exclusion criteria, performing extractions and adding scientific 
subject-matter expertise

Yes

External Extraction Team Not applicable Yesb

Technical assessment Team Appraisers of final recommendations No
Technical review team Reviewers for final document pre-publication No
Medical librarian Support for data procurement and management Yes
Meta-Biostatistician Support for data analysis including meta-analysis Yes
Stakeholders Reviewers for final document post-publication No
aThe role differs with ASM. CDC no longer assigns the roles and the workgroup performs only bias assessment, not the full extraction. The full extraction and scoping reviews 
for ASM are now performed by the Rutgers External Extraction Team.
bA new team added by ASM for initial extraction and scoping reviews.
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document consensus among the experts for inclusion and exclusion. Before, Rayyan, the 
Core Review team used spreadsheets to document the review process. Finally, in 2019, 
ASM adopted the use of artificial intelligence (AI)-enhanced title and abstract screening 
resource (29), the SR Data Repository Plus web-based software (SRDR+), which is now 
the method of choice for documenting the process of moving the full literature review 
to the publication list that meets the criteria of the research question before the data 
abstractions.

In 2021, the process further diverged from the classic LMBP process. Since then, there 
is no longer a CDC Liaison on the Core Review Team. In addition, the Expert Panel no 
longer solely performs the discrete data abstractions. Recognizing the differences in 
content versus statistical expertise, the Expert panel co-extracts data from the included 
articles along with specially trained students and faculty at Rutgers University into the 
AHRQ Systematic Review Data Repository (30). The Expert panel also performs bias 
assessment of all publications and harmonizes results. Finally, the LMBP Workgroup no 
longer exists as part of the EBLMPG process.

One of the most important issues for any SR is for all participants to use the 
same extraction template (31). The SRDR electronic platform is maintained by Brown 
University (Providence, RI) at the behest of AHRQ. In this format, scoping reviews are 
completed in conjunction with Rutgers faculty and the Core Review Team before the 
full systematic reviews to determine which research questions are most likely to have 
sufficient evidence to answer the question. An example scoping review was published by 
Rubenstein et al., describing rapid diagnostic practices for positive blood cultures (32).

HOW ARE ASM SYSTEMATIC REVIEWS PERFORMED USING THE CDC DLS LMBP 
A-6 CYCLE METHOD?

ASM’s experience with ask step – A-l

The initial LMBP topics were selected by the clinical microbiologists dubbed “ASM 7.” 
The development of focused questions was guided by the PICO framework (Population, 
Indicator/intervention/test, Comparator/control, and Outcome). The focused question 
reflected the problem, including (i) population involved, (ii) practices/intervention used, 
(iii) intermediate outcomes (e.g., laboratory parameters, impact on workload, and 
turn-around-times), and (iv) health/healthcare outcomes (e.g., morbidity and mortality). 
The latter may also include economic impact information. Analytic frameworks were 
established for these focused questions to depict how implementing selected interven­
tions/practices can lead to targeted quality aims and outcomes.

ASM’s experience in developing analytic frameworks

Systematic Reviews using the CDC DLS A-6 cycle method begin with the preparation 
of an analytic framework, a collaborative effort between the SR team, the expert panel, 
the meta-biostatistician, and others as required for the particular project (librarians, 
evaluators, etc.). The analytic framework visually outlines the question(s) being asked 

TABLE 4 Steps in the LMBP A-6 process for input from the meta-statistician

LMBP A-6 step Input of meta-statistician

ASK
(A-1)

Consultation on question formulation, methodological criteria for specifying inclusion and exclusion criteria, creation of the logic 
model or analytic framework

APPRAISE
(A-3)

Input on the structure of data extraction fields tailored to the particular project (to facilitate meta-analyses)
Available for technical data extraction questions
Consultation on effect size

ANALYZE
(A-4)

Help with statistical measure conversions to facilitate meta-analysis
Recommendations for dealing with missing data
Methods for conducting indirect comparisons and more complex mixed treatment methods.
Sensitivity analyses
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and identifies the bodies of evidence to be included. Furthermore, analytic frameworks 
define and clarify the scope of the topic to be investigated by promoting a “structured” 
methodological approach and promoting transparency, consistency, and compatibility 
of results in external review. Analytic frameworks are a common method for organizing 
and linking the separate evidence analysis questions and are a type of logic model (33, 
34), whereas an analytic framework may serve as a major outcome of a SR (e.g., by 
organizing a complex process into a coherent “map” or model) (35). At the very least, an 
analytic framework provides a crucial planning template for the evidence analysis project 
that accomplishes the following tasks:

Formulate answerable questions

Questions that link “near neighbor” items in the model are often more feasible than 
questions that try to link early processes to “downstream” outcomes. For example, a 
question focusing on pre-analytical processes (e.g., appropriate test or test algorithm 
selection) may connect easily with a question about diagnostic test accuracy. In contrast, 
a question that seeks to link pre-analytical processes to downstream patient health 
outcomes may be unanswerable by the current evidence except through inference 
and consideration of other bodies of evidence (e.g., the availability of proven patient 
management strategies triggered by test results).

Prioritize among questions

When several different review questions are asked about a laboratory medicine process, 
an analytic framework can help the SR team prioritize questions and focus the search and 
analysis efforts.

Prepare for analysis

The question being asked will determine not just the data to be extracted from the 
individual studies but will also shape the structure of the data extraction tool and the 
type of synthesis (e.g., meta-analysis or narrative synthesis) that can be performed. 
Capturing the correct data is crucial for successful quantitative analysis later in the 
process.

FIG 2 Analytic framework. Adapetd from LaRocco et al. (2). Review question: Are there pre-analytic practices related to the collection, storage, preservation, and 

transport of urine for microbiological culture that improve the diagnosis and management of patients with urinary tract infection?
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LaRocco and colleagues provide a simplified example (Fig. 2) of an analytic framework 
(2). Several aspects of the LaRocco analytic model are worth noting: (i) The single model 
gave rise to eight different practice (evidence analysis) questions. (ii) The model links 
the eight questions into a coherent framework to build the evidence base, piece by 
piece, within the larger process of interest. (iii) The model suggests many more review 
questions that could have been asked and may need to be asked in future research. (iv) 
The model could easily be elaborated and will likely have to be for future projects that 
seek to integrate the findings in LaRocco work into the complexities of the patient care 
process (36).

In this framework, the Review Question was defined first, “Are there preanalytical 
practices related to the collection, storage, preservation, and transport of urine for 
microbiological culture that improve the diagnosis and management of patients with 
urinary tract infections?” The quality issue/problem was articulated based on the 15% 
to 42% false-positive urine culture rates defined by CAP using quality metrics (2). 
Interventions and practices to answer the review question and address the problem 
were then listed and, in this case, included the following practices: (i) the use of urine 
collection teams, (ii) how the clean catch compared with a catheterized collection, (iii) 
the time limitations from collection to plating, and (iv) whether chemical preservation or 
refrigeration was necessary. Intermediate outcomes to indicate a successful intervention 
would be a lowering of the contamination rate, a decrease in the number of identifica-
tions and antimicrobial susceptibilities performed, and a reduction in transport time. 
Harms to the patient also needed to be considered, i.e., the possibility of no treatment 
because of a false negative result or the wrong therapy because of a false positive result, 
as well as the potential for unnecessary placement of an indwelling urinary catheter 
or incorrect categorization of a CAUTI (catheter-associated urinary tract infection) for 
quality reporting purposes. Finally, general healthcare outcomes were considered. These 
are related to specific clinical and financial outcomes that should be avoided, including: 
(i) incorrect diagnosis, (ii) unnecessary antibiotic use, (iii) repeat urine cultures if the 
physician questions the result, and (iv) the possibility of healthcare-acquired infections 
and additional healthcare costs.

ASM’s experience with meta-biostatistician assistance in creating the analytic 
framework

Comprehensive SR with meta-analysis projects may include questions that encompass 
the entire laboratory medicine process: from the comparison of pre-analytical practices, 
intra-analytical practices (including test use based on diagnostic accuracy), and post-
analytic practices (including the effect of diagnostic tests on patient management), as 
well as longer-term individual health and organizational outcomes (19). It was learned 
through ASM’s collaborative efforts with CDC DLS that it is vital for the SR Team and 
Expert Panel to have a clear picture of how these different components inter-relate in 
preparation for the analysis (A-4) step, including quantitative meta-analysis. Meta-analy­
ses can be carried out only when the review question(s) has been clearly and narrowly 
specified. This approach can sometimes be confusing in a larger and more comprehen­
sive evidence analysis project. Thus, the meta-biostatistician is critical when working with 
and advising the SR Team and Expert Panel to create the analytic framework.

ASM’s experience planning for study designs during the preparation of the 
analytic framework

As clinical laboratories and the entire healthcare system continuously evolve, increas­
ing focus is placed on improving the value of services, including patient and organi­
zational outcomes. As laboratory interventions and diagnostic interventions become 
more data-driven, outcome-oriented, and evidence-based, laboratory professionals will 
need to become well-versed in aspects of experimental design, biostatistics, epidemiol­
ogy, quality improvement science, implementation science, and evaluation science. For 
instance, understanding the conditions necessary for a high-quality experimental study 
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design, assessment of study bias, and review of confounding experimental variables are 
critical aspects of well-constructed quality improvement studies. Knowledge of these 
concepts will allow laboratory scientists to generate data that can be more suitable 
for inclusion in clinical outcome studies derived from quality improvement projects, 
comparative analytics studies, or impact studies of new testing methods.

“In vitro diagnostic” (IVD) clinical research studies that utilize “de-identified” human 
tissues or fluids, which cannot be linked long-term to a living individual, are commonly 
performed in collaboration with clinical laboratories that perform research. This type 
of clinical research differs from what is defined as “patient-oriented research,” which is 
commonly interventional, also described as “research conducted with human subjects,” 
and may occur in collaboration with clinical laboratories or outside of the laboratory. 
To review the various types of experimental designs, formulation of a sound and 
reasonable hypothesis is always the starting point, followed by appropriate and ethical 
study design, choice of relevant endpoints, assessment of study bias and confounding 
variables, statistical analysis, feasibility, and hypothesis testing—for details about the 
various aspects of research, the reader can refer to several references (19, 36–43).

Given an evolving healthcare system, emerging technology, and expanding 
competencies required for laboratory professionals, the LMBP Initiative was created 
to develop a standardized process by which laboratories can identify and evaluate 
quality improvement practices that effectively improve healthcare quality and patient 
outcomes. These efforts mainly focus on pre-analytical and post-analytical phases 
of laboratory testing, where errors occur (19). LMBP created a variation of existing 
qualitative and quantitative synthesis approaches in Systematic Reviews (41–43) but with 
the same goal of making laboratory guidelines and study conclusions stronger than any 
single study’s analysis alone.

The ideal approach to synthesis is generally quantitative. Meta-analysis lends itself 
to the numerical synthesis of the combined studies' effect sizes and requires knowl­
edge of advanced statistical techniques and study populations' heterogeneity. Although 
meta-analysis is the study type with the highest rigor (Fig. 3) for answering questions, 
there can still be variation in the confidence of meta-analytic results since there are 
distinct levels of evidence that provide the basis for the meta-analysis. As noted above, 
a meta-analysis of high-rigor RCTs would provide the highest level of confidence for 

FIG 3 Ranking in terms of scientific rigor, with meta-analysis representing the highest form of scientific rigor.
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individual treatment questions, whereas a meta-analysis of cross-sectional diagnostic 
accuracy studies would provide the highest level of confidence regarding test accuracy 
(44, 45). For laboratory process improvement questions, where results are sensitive to 
highly localized contexts, other types of study designs may be optimal (14).

ASM’s experience with acquire step – A-2, Keywords and strings

ASM’s use of step A-2 involved the development of a SR search strategy aimed at finding 
all relevant literature on the topic. Through the ASM-CDC DLS collaboration, it was 
learned that search strategy development is most successful when there is the involve­
ment of a Medical Librarian, the Expert Panel, and a Meta-biostatistician (descriptions of 
each of their roles appear in later subsections). It was found that search strategies should 
be designed with high sensitivity for maximum retrieval of relevant literature. A highly 
sensitive strategy incorporates an appropriate combination of subject headings and 
text words. Subject headings are standardized terms used in a bibliographic database’s 
indexing scheme or controlled vocabulary. MeSH (Medical Subject Heading) terms are 
assigned to MEDLINE/PubMed records to describe the content and enhance access, as 
Emtree terms are to Embase records (46). Other bibliographic databases use different 
schemes to facilitate information retrieval. The searcher can identify and map subject 
headings using the database’s online thesaurus. ASM additionally discovered that relying 
entirely on subject headings for SR literature searching is not recommended, as quality 
and depth of indexing varies across bibliographic records. Subject headings provide a 
solid foundation on which to build a search strategy and account for indexing shortfalls, 
text words are added to boost its retrieval potential. Only a few of the earliest LMBP 
Initiatives (1, 8) sought grey data to avoid publication bias (22). In those studies, library 
databases that included grey data were used, along with direct calls for data with or 
without pre-conceived data gathering templates. Since then, ASM excluded grey data; 
therefore, some publication bias will be a limitation in EBLMPGs published in or after 
2019.

During ASM’s adoption of the A-6 cycle method, key concepts were derived from 
review questions, and analytic frameworks were used to identify terms formed into 
search strings. It was learned that review questions structured in a standard format, 
such as PICO components, can quickly be broken down into searchable concepts. 
Not all concepts are included in the strategy, as certain concepts are challenging to 
define as search terms. For instance, concepts that refer to specific populations, settings, 
or outcomes may not lend themselves to searching because they are inadequately 
described in titles and abstracts and poorly defined in controlled vocabulary (47). It was 
learned that attempts to capture concepts could inflate or limit the results of a search 
in undesirable ways. Other concepts, like the type of study, are common to SRs and 
validated strategies are made available for typical use. These validated strategies are 
called filters or hedges and are incorporated into a strategy to increase sensitivity. Filters 
designed for specific databases should be used accordingly. For example, the Cochrane 
Occupational Safety and Health Review Group has developed three randomized control 
trial (RCT) filters: one for PubMed, one for Embase.com, and one for PsycINFO ProQuest. 
Each filter accounts for its own controlled vocabulary, field identifiers, and syntax specific 
to the database and platform.

A final search strategy evaluation was developed iteratively across targeted literature 
databases. For example, a broad initial sweep of the literature was launched to find 
a sample set of relevant citations, from which additional terms and subject headings 
were harvested for inclusion in the search strategy. Once a draft text of the strategy 
had been scripted, the searcher tested the usefulness of additional search elements like 
alternate spellings, truncation characters, adjacency operators, and field restrictions. The 
search strategy, typically developed for the database, given the highest priority, was 
modified for subsequent databases to account for variations in database capabilities, 
structure, and search syntax. The strategy evolved through several iterations, as it was 
reviewed, tested, revised, and finally approved by the team. The ultimate search strategy 
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treads a delicate balance between being reasonably specific (i.e., minimizing inclusion of 
irrelevant citations in the search results) and highly sensitive (i.e., maximizing inclusion of 
relevant citations in the search results).

It was learned that mistakes in the strategy can result in a biased or incomplete 
evidence base, negatively impacting the quality of the SR (48). For example, some 
of the most common errors in search strategies include missed MeSH terms, irrele­
vant terms and subject headings, missed spelling variants, and inappropriate use of 
logical operators (49). It was also learned that searchers may submit their strategies to 
colleagues for peer review. A formal peer review process for electronic search strategies 
has yet to be established; however, a tool called the PRESS Instrument, developed by 
the Canadian Agency for Drugs and Technology in Health (CADTH) and the Cochrane 
Information Retrieval Methods Work Group, has demonstrated value in facilitating 
strategy evaluation (50). This tool identifies the elements of the search strategy most 
likely to impact the accuracy and completeness of the evidence base (49).

ASM’s experience with the role of the medical librarian

IOM standards for Systematic Reviews underscore the need to employ a librarian or 
information management professional with expertise in searching (51). Medical librarians 
have unique expertise in managing information related to clinical and biomedical 
literature sources and are highly educated professionals with a unique set of applicable 
skills that contribute measurably to a SR overall integrity and credibility. They are studied 
and practiced in collecting, indexing, storing, and retrieving bibliographic information. 
They understand the mechanics of searching and the logic of search strings, and they 
can design complex strategies to achieve search objectives. Furthermore, they are aware 
of hundreds of databases and information resources that can be used for evidence 
gathering. They also possess training in numerous database systems and software 
applications for storing and managing large amounts of information. They maintain 
professional connections with thousands of knowledgeable librarians with whom they 
can consult. A medical librarian with specific training in performing SR searches is 
recommended, as the search methods employed have a different strategy than routine 
searches. There are librarians who not only have had additional training in the SR process 
but also have had prior experience working on projects.

Developing rigorous, appropriate, and complete search strategies is a skill honed by 
experience and practiced daily by librarians, as is detailed record keeping. The quality 
of searching and reporting is significantly improved when a trained librarian is engaged 
in the SR process (52). Librarians should be introduced to the SR project in the initial 
planning phases. Meeting with the team early in the process will help the librarian 
understand the rationale for the project, the questions being investigated, and the 
protocol being used. The information gathered at this point can be synthesized to draft 
a preliminary search strategy with which a pilot search can be launched. The results 
of this search can conclusively establish the need for a SR and identify any previous 
reviews published on the topic. The findings can help the team refine or refocus the 
study questions and protocol.

Experienced SR searchers understand the importance of maintaining reporting 
standards. The SR methods must be transparent, replicable, and updatable. The search 
process, strategy, and results must be meticulously documented and fully reported. A 
failure to accurately record and report on these elements degrades the value of the SR. 
During the search phase, the librarian keeps track of all reportable elements. At the end 
of the search phase, the team receives a complete library of retrieved references with all 
pertinent bibliographic information and the final search report.

To best meet Preferred Reporting Items for SRs and Meta-Analyses (PRISMA) 
guidelines, the librarian’s final report should include the following: the complete search 
strategy as it was executed in each database searched; database information for each 
database searched, including time coverage and platform information; a record of the 
number of citations retrieved per database; and the date the search was executed (53). 
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These items will then be reported in the methods section of, or an attached appendix to, 
the final manuscript. Without this information, the SR is neither replicable nor updatable. 
Copies of search reports must be maintained as a component of the SR process.

If a significant amount of time lapses between the date of the initial search and 
the date the manuscript is submitted for publication, a search refresh is required. The 
review team will again employ the librarian to run the update, who will document 
the update process and report on the necessary elements. With this information, any 
librarian can perform an update or a refresh of the literature lists. If the complete original 
search strategies and database information are unavailable, performing the update is 
impossible.

Databases for literature searches

Databases were selected based on subject content, date coverage, and scope. Appropri­
ate database choices will account for the subject in question, the population under 
study, and the likelihood of finding relevant publications (51). Searchers considered 
what journals the database indexes and how often it’s updated with new information. 
It was learned that when making database decisions, secondary factors such as cost, 
accessibility, and usability may come into play. Though time and money can influence 
decisions, selection is “ideally based on the potential contribution of each database to 
the project or on the potential for bias if a database is excluded, as supported by research 
evidence” (54). In addition to vetted databases, hundreds of information resources 
are publicly available on association, agency, and government websites. These will 
provide access to published articles, unpublished papers, technical reports, conference 
proceedings, grey literature, and government documents. Once electronic resources are 
exhausted, supplemental hand-searching of subject bibliographies, reference lists, and 
select journals identifies studies that may have been overlooked.

Based on guidance provided by the CDC Librarian, who has special training in SR 
processes, it was learned that a minimum of three bibliographic databases should 
be used to gather the evidence (55). The three most important databases for clinical 
trials, per Cochrane guidelines, are MEDLINE/PubMed, Embase, and Cochrane Central 
Register of Controlled Trials (46). MEDLINE and Embase together provide good coverage 
of the biomedical literature. ASM has also used SCOPUS and CINAHL. For questions 
that were interdisciplinary in nature, additional searching in subject-specific databases 
is warranted. Subject-specific and regional databases were searched when the core 
databases were deemed unlikely to yield a complete evidence base (51), such as 
PsycINFO, commonly searched to access mental health or behavioral science literature, 
and CINAHL, used for nursing and allied health. Regional databases were also introduced 
to capture literature targeting specific populations or settings. Two good examples of 
regional databases are LILACS, which provides comprehensive coverage of Caribbean 
and Latin American literature, and African Index Medicus, for literature published in and 
about Africa.

ASM’s experience with the role of the expert panel

The primary role of the Expert Panel in the Acquire Step (A-2) is to provide feedback and 
input to the SR team for a Laboratory Medicine Best Practices SR. The panel may also 
contribute to the final manuscript. The panel members should be knowledgeable about 
the topic to be reviewed and understand evidence review methods and data manage­
ment. Potential panelists are evaluated and selected based on their publication record 
and their level of involvement and leadership in relevant organizations and initiatives 
(19). The Expert Panel composition should be selected before the start of the SR.

ASM’s experience with the role of the meta-biostatistician

It is vital to capture (i.e., “Acquire”) the correct information in the right way to conduct 
the proper analysis. Readers new to the SR/metanalysis process may not be aware that 
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even when considering the same diagnostic test, the information captured (and, hence, 
data structure) can be very different depending on whether the question is about the 
accuracy of the test relative to a reference test (i.e., a diagnostic test accuracy question) 
versus questions about the test’s use and timing in the patient care process as they 
relate to patient health outcomes (i.e., practice intervention or even prognosis question) 
(56). For example, if the question is specifically about diagnostic test accuracy, true/false 
positives, and true/false negatives must be extracted from the individual studies. In 
contrast, for practice intervention/improvement or prognosis questions, data extraction 
would include group means, measures of dispersion, odds ratios, hazard ratios, etc. From 
the perspective of quantitative analysis, not only do these two types of data have very 
different data structures but very different meta-analytic methods as well (57).

Before data extraction, the Expert Panel and Review Team (with the input of the 
meta-biostatistician) should identify whether the questions of interest relate to a practice 
intervention (i.e., comparison of implemented quality improvement practices, protocols, 
procedures, etc.) or (from an in vitro diagnostic perspective) relate to analytic validity, 
clinical validity, or clinical utility (58, 59). Appropriate study designs for inclusion, the 
structure of the data collection tool, the methods of analysis, and, ultimately, the 
conclusions that can be drawn all vary depending on which of the above questions 
are being asked. These must be specified ahead of time for the project to be successful.

The meta-biostatistician is not merely an expert in computation but should be 
an expert in the methodological procedures and principles of creating SRs and meta-
analyses of reviewed studies at many steps along the process. While the statistical 
methods involved in most non-diagnostic accuracy meta-analyses are less complica­
ted; therefore, the development of several resources (59, 60) and (Review Manager 
software RevMan version 5.3; http://community.cochrane.org/tools/review-production-
tools/revman-5) allow non-statisticians to quickly and easily compute pooled effect 
sizes and measures of heterogeneity as well as create forest and funnel plots; there 
are hazards with these types of meta-analyses, which are easily avoided with periodic 
consultation with a meta-biostatistician. In contrast, the challenges with diagnostic 
accuracy meta-analyses are far more complex and require more intensive involvement of 
the meta-biostatistician. In either case, the participation of a meta-biostatistician versed 
in the methods of the more extensive evidence analysis process is essential. For either 
diagnostic accuracy or practice intervention/improvement questions, consultation with 
a meta-biostatistician is critical regarding issues of confounding, model veracity, and 
publication bias.

Though a meta-biostatistician should be included in the evidence analysis team, there 
is no definitive guide for when and how the meta-biostatistician should be included in 
the evidence analysis process. The issue of when to involve the meta-biostatistician in 
the more extensive evidence analysis process is important (61). Indeed, the LMBP is an 
integrated process where activities that occur in any one part of the process are carried 
out with thoughtful reference to other steps in the LMBP A-6 cycle (19). For instance, 
formulating practice-relevant evidence analysis questions has direct implications for 
not only the types of data to be extracted from research studies but also the best (or 
possible) analyses that can be carried out on these data as well as the limitations of what 
can be inferred from the evidence. Not having the correct data in the proper format can 
hinder or even preclude the possibility of analyses of interest for stakeholders.

The role depends as much on the other team members’ experience as the 
meta-biostatistician’s experiences. In general, however, the involvement of the meta-
biostatistician should not be limited only to the ANALYZE step. An experienced meta-
biostatistician should be able to offer valuable input at several points in the process (see 
Table 1). There are at least three key analysis challenges in which meta-biostatistician 
input is crucial, and these will be discussed in the context of the A-6 step in which they 
are encountered (Table 4). These challenges include the following:
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1. Creating the analytic framework (ASK)
2. Identifying the right information and right structure before analysis (ASK)
3. Addressing the challenges of diagnostic test accuracy meta-analyses (ANALYZE)

Collecting and storing SR data

The review team developed a data management plan for data collection, manage­
ment, and storage. A SR literature search’s final publication data set typically contains 
thousands of citations. The plan established a reference management software program 
designed to handle the large volume of citations characteristic of SRs. Commonly used 
software programs include Endnote, RefWorks, Reference Manager, and others (62). ASM 
learned that it was important that all members of the team needed to be working 
in the same software program and that a central repository of publications be kept. 
Modifications to the reference library and records should be visible and shared with the 
whole team. Operating in multiple programs and funneling results from one system to 
another could result in lost data, complicating reference tracking and counts.

The commercial bibliographic databases employed in evidence retrieval commonly 
include a feature to facilitate the exportation of hundreds of bibliographic citations at 
a time. These databases often allow for the direct export of citations into a reference 
software program and provide options to download information in importable file 
formats. For proprietary reasons, the database vendor limits the number of citations 
that can be exported simultaneously. If the results exceed these limits, citations must 
be downloaded in batches. Keeping careful track of the numbers during exporting and 
importing is essential. The smaller information sources may not have citation exportation 
as an option. Relevant citations identified in these sources are manually entered into the 
citation library as new records. ASM used RefWorks, but is currently using EndNote.

ASM’s experience with appraise Step – A-3

Step A-3 involves screening evidence obtained during step A-2 for inclusion or exclusion, 
generally by a straightforward title or abstract review by at least two team members 
who agree upon inclusion. Inclusion and exclusion criteria are well-defined, and careful 
records of title disposition are maintained. For studies deemed acceptable for inclu­
sion, this step is followed by abstracting information from the included evidence into 
standardized data extraction templates, (formerly called abstraction forms by CDC DLS) 
with determinations of RoB ratings and effect size measures for individual studies.

Translational laboratory medicine studies (diagnostic accuracy)

In clinical laboratory settings, a translational step is to adapt and deploy findings from 
patient-oriented research or clinical trials into daily clinical practice. These transfer-of-
practice studies are typically called Method Comparisons or Diagnostic Accuracy Studies. 
As an example of how diagnostic clinical trial data may enhance our understanding 
of infections, multiplex molecular panel testing identified an increased frequency of 
co-infections that spawned investigations to detail the clinical impact of co-infections 
on disease severity. For more detail on reporting the results of such diagnostic tests, 
refer to the current document, “Statistical Guidance on Reporting Results from Studies 
Evaluating Diagnostic Tests; Guidance for Industry and FDA Reviewers” (40).

Incorporating large-scale clinical trials

Most large-scale clinical trials are randomized (RCT) in the pharmaceutical industry but 
are uncommon in the clinical laboratory (37). Clinical trials are always hypothesis-driven 
and need to be adequately powered, i.e., large enough to ensure that a negative result 
is not the result of insufficient samples or patients but an actual biological result or 
diagnostic condition. For non-RCT, clinical outcomes may not be defined; however, the 
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study size and general study design would be amenable to the LMBP A-6 process if the 
study answers any of the LMBP questions posed for a particular project.

Incorporating other meta-analysis

A “meta-analysis” is the process by which the results of multiple individual studies are 
statistically combined (41, 42). Meta-analysis is a component of the SR process. It is a 
method for systematically combining pertinent qualitative and quantitative study data 
from several selected studies to develop a single conclusion that has greater statistical 
power. This conclusion is statistically more robust than the analysis of any single study 
due to increased numbers of subjects, greater diversity among subjects, or accumulated 
effects and results.

Bias in meta-analysis

Because of the complex and time-consuming nature of the SR process, meta-anal­
ysis should include mitigation of certain pitfalls. Human literature review and grad­
ing processes are inherently subjective, and if not carefully designed and executed, 
appropriate studies may accidentally be discarded. The infrastructure supporting 
multiple human raters for each publication reviewed, third-party tie breakers, and strict 
guidelines for data abstraction help mitigate the biases that could occur. Bias can also 
occur if the studies pooled for SR are a mixture of different experimental design types 
(e.g., observational studies mixed with RCT). When mitigating bias, the pooled study 
types should be similar (i.e., all randomized controlled trials or all observational studies).

Publication bias (also called small study bias) is another type of bias in which studies 
with positive results have a better chance of being published, are published earlier, 
and are published in journals with higher impact factors. In addition, studies tend 
to be published only when there are positive results; therefore, studies with negative 
results are excluded from the published literature, and conclusions based exclusively 
on published studies can be misleading. In another example, publication bias could 
occur because some healthcare settings are not as likely to publish their results (e.g., 
community hospitals vs. academic medical centers). Publication bias is common in the 
healthcare literature and may cause readers to understand a problem differently than if 
they had information about a broader group of healthcare organizations. It is optimal 
when publication bias is assessed and documented (63), preferable with the help of a 
meta-biostatistician.

Confounding variables in study design

When reviewing primary literature, subject matter experts must identify RoB and use 
their subject matter expertise to create plausible scenarios to describe how or why 
the interventions work in a healthcare or laboratory setting to assess the generaliza­
bility of the final results. To do that, reviewers must understand the relationship of 
variables in the context of the quality question, identifying confounding variables in 
order to control for them. For instance, a confounding variable (a confounding factor 
or confounder) is an extraneous variable in a statistical model that correlates (posi­
tively or negatively) with both the dependent and independent variables, distorting 
the perceived relationship between variables. Confounding variables can occur in a 
primary clinical study of infection when an infectious exposure (independent variable) 
and an outcome like mortality (dependent variable) are both strongly associated with 
a third (possibly random and unrelated) variable (like end-stage cardiac disease). In 
contrast, moderator variables are those for which the effect of the predictor on the 
outcome varies; they specify conditions under which the relationship changes direction. 
For example, a moderating variable could provide insight into how the intervention 
may work differently in different circumstances (e.g., Emergency Department versus 
Critical Care versus general inpatient units). Finally, mediator variables are intermediate 
variables in a causal chain between two other variables. Within the context of SRs and 
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meta-analysis, in addition to subject matter expertise, confounding variables to detect 
bias occur via subgroup analyses for studies that do and do not adjust for known 
confounders (64) and subgroup analysis by diagnostic testing method or device.

It is essential to control for confounding effects and assess the impact of the variables 
of interest. For any research study, it is crucial to determine whether the designed study 
will answer the question raised in the hypothesis. In clinical laboratory-based research, 
the control of confounders may be more easily achieved as the investigator can match 
samples for many baseline characteristics (e.g., disease states) and have control over the 
environment during the study. Considering subject age, gender, race, and co-morbidities 
can help the investigator match subjects in a control and an intervention group. It should 
be considered during the experimental design phases of a study.

In clinical research, controlling for confounders is often more challenging. For 
example, the laboratory may have little control over the type of patients who enter an 
emergency department with sepsis, but the laboratory can record information describ­
ing the subjects being tested and compare characteristics between two cohorts after the 
study period ends. When the effects of confounders are not controlled for, they are often 
dealt with through statistical adjustment, i.e., the use of regression analyses. However, 
assessing the impact of confounders by these techniques on study outcomes may still be 
inadequate (65–67).

Specific challenges for bias in diagnostic studies

Many factors impact the reporting of diagnostic accuracy studies. For example, the true 
gold or reference standard may be defined differently in different studies, depending on 
the methodology used and the purpose of the study. In many situations in evaluating 
a diagnostic laboratory test or product, there is either no gold standard or its use is 
impractical, which can introduce variability in study rankings and potential for bias. In 
these instances, the ideal would be to calibrate the new test to the known performance 
of an accepted reference standard; however, this is not always done or possible. Without 
such calibration, the indiscriminate use of terms such as sensitivity and specificity could 
be misleading. In such cases, positive and negative agreement are the preferred terms. In 
agreement studies, the focus is on evaluating a diagnostic test by assessing its agree­
ment in performance with some other well-understood but imperfect test(s).

In diagnostic test evaluation, there are also situations in which the truth may be 
known but only for a subset of subjects or specimens. These situations can lead to 
verification bias. In such cases, adjustment for verification bias is imperative because 
establishing the truth of the patient’s condition depends inherently on the test or tests 
applied to a small and possibly not representative group of patients. An example of 
introducing bias would be the use of “discrepant testing,” a resolution of discrepancy 
in which discordant results between the two methods receive further testing. Although 
commonly reported, this practice introduces a bias toward confirmation of the new test 
and is discouraged (68).

In another example, the laboratory investigator often needs to establish the limit 
of detection (LOD), for which a nonparametric statistical approach can be used. This 
method is commonly used in statistics to model and analyze ordinal or nominal data 
with small sample sizes (69). Different ways of determining LOD exist. For example, some 
use 19 positives out of 20 to define the LOD, whereas some use probit analysis. Due 
to the inherent differences in determining LOD, the RoB must be considered to ensure 
diagnostic accuracy. To control for diagnostic study bias, the use of the STARD criteria 
“Statistical Guidance on Reporting Results from Studies Evaluating Diagnostic Tests; 
Guidance for Industry and FDA Reviewers” (40) or the GRADE (Grading of Recommenda­
tions, Assessment, Development, and Evaluation) tools can be helpful.
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Abstraction training and performance, the role of an expert panel, and meta-
biostatistician

Individuals who volunteered for the Expert Panel underwent structured training sessions 
using the database designed to enter the abstractions. Each member of the Expert 
Panel independently abstracted a selected publication, after which a conference call was 
convened to compare the results of the individual quality ratings. This training helped 
ensure consistency among team members performing abstractions.

Using the LMBP method, two separate abstractors reviewed each paper. If they 
disagreed with each other’s assessment, a third person was asked to adjudicate the 
differences. By the time, this phase was finished, at least 2 of 3 abstractors had agreed 
on the essence of the evidence summary and placed results in an Evidence Summary 
Table (EST). The agreement between at least two abstractors was usually honored but, 
if necessary, was discussed further with other Expert Panel/Review Team members, 
including the Meta-biostatistician, to audit the process and confirm consensus. ASM 
recruited 10 to 12 subject matter experts (SMEs) or more, as necessary, who served as 
the abstractors/Expert Panel and Core Team. The final recommendations were presented 
to the LMBP Workgroup convened by CDC DLS, which independently assessed the data 
acquisition, analysis process, and the resultant practice recommendations (15).

ASM’s experience with the analyze step – A-4

The Analyze step involves aggregating the body of evidence to derive summary findings, 
including practice recommendations based on a practice’s effect as observed in the 
evidence base and the quality of evidence, as described in Christenson et al. 2011 (3).

Role of the expert panel

Utilizing the LMBP process, the SR team works with the Expert Panel and the meta-bio­
statistician to assess the strength of evidence for the practice(s) being evaluated and 
translates the evidence into draft evidence-based recommendations, which are then 
submitted to the LMBP Workgroup for independent external review (16). After the data 
are abstracted and analyzed by the meta-biostatistician and reviewed and discussed by 
the Core Team Members, further discussion ensues about whether recommendations 
regarding the initial questions can be answered and what potential harms or limitations 
exist. Then, the Technical Assessment Team, the Technical Review Team, and if availa­
ble, the outside Stakeholders weigh in. Finally, these recommendations are presented 
to the LMBP Workgroup by the Review Coordinator and/or Technical Lead and the 
Meta-biostatistician. Translating summary findings into draft evidence-based practice 
recommendations includes direct input on recommendation categorizations and the 
degree of confidence that the practice will do more good than harm, in light of the 
evidence on both effectiveness and aspects of implementation.

Role of the meta-biostatistician

Meta-analytic methods for questions of intervention, etiology, or prognosis are well 
established. Readers familiar with standard statistical procedures used in primary 
research (original collection and analysis of data not collected before; secondary research 
involves examination of data collected and reported in previous studies) should find the 
computation and interpretation of most non-diagnostic accuracy meta-analytic statistics 
reasonably straightforward. They are simply extensions of the statistical procedures 
found in primary research. More recent methods to allow for indirect comparisons (70, 
71) and manage heterogeneity (72) have been developed but are not yet widely used 
and will not be discussed here. Special statistical considerations arise with diagnostic test 
accuracy (DTA) questions. Four are particularly important:
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Paired outcome measures

In non-DTA questions (e.g., therapy or prognosis questions), there is typically only one 
measure of overall effect (e.g., the pooled mean or odds ratio). In DTA questions, two 
related values are typically reported: sensitivity and specificity, positive and negative 
predictive value, or positive and negative likelihood ratio. It is recommended that 
meta-analyses be carried out on all three of these measures (73). While single-value 
summary statistics are available (e.g., diagnostic odds ratio [DOR]), they may not be 
clinically useful (74).

Outcome measures are related

Because sensitivity and specificity are related (e.g., one typically increases as the other 
decreases) at different index test threshold levels, their pooled estimates should not 
be computed separately (65). This dependence means that special statistical modeling 
procedures are warranted (57).

Threshold values

Since a diagnostic test aims to differentiate people with the disease or condition from 
those who do not, the outcome is binary. Therefore, the index test’s threshold (or cutoff) 
level is used to “sort” subjects into those with the condition or disease from those 
without. Changing the threshold level changes the results. Primary DTA studies often 
evaluate different index test threshold levels, which poses a challenge when combining 
summary statistics across studies. Sensitivity and specificity values from two primary 
studies that used very different threshold levels are not easily comparable.

Reference test error

When a “gold standard” aka “reference standard” test exists (i.e., where we can be 
relatively confident that the subject did or did not have the disease or condition), then 
the ability to determine whether the index test accurately sorts subjects into positive 
and negative disease (or condition) categories is straightforward (74). However, when 
the reference test is known to be imperfect or the new or index test is believed to be 
better than the reference test, then estimates of diagnostic accuracy statistics will not be 
trustworthy (74).

In summary, unlike treatment, etiology, or prognosis questions, diagnostic test 
accuracy questions typically have two primary statistics of interest: sensitivity and 
specificity (along with related positive and negative likelihood ratios). Since sensitivity 
and specificity are related, standard meta-analysis methods are not warranted, and 
more complex statistical models must be used to complete the meta-analysis (57, 66). 
Finally, when the reference test is known to be inaccurate, additional adjustments in 
the meta-analytic strategy may be warranted (73). All of these considerations speak to 
the importance of the involvement of the meta-biostatistician in the evidence analysis 
project. Additionally, because the statistical approach will depend heavily on substantive 
theoretical and clinical considerations (67), continuing dialog between the meta-biosta­
tistician and the rest of the team is vital throughout the analysis process.

Presentation and interpretation of meta-analysis, basic points

In the following sections, a brief overview is provided of (i) common methods of 
presenting pooled effect estimates in meta-analyses, (ii) cautions for interpreting these 
effects, and (iii) a brief description of heterogeneity in meta-analyses.

What is a summary or pooled effect?

The heart and soul of a typical meta-analysis is the “summary” (19) or “pooled” measure 
of effect (75), for example, the estimates of both sensitivity and specificity are obtained 
when the sensitivity and specificity across all studies in the meta-analysis are combined. 
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The summary measures from each study are weighted to account for differences within 
the studies. Studies with lower within-study variances are given greater weight than 
studies with higher within-study variances, and then, these weighted measures are 
combined. Again, this pooled effect is, ideally, a measure of the “true” effect in the 
population of interest. Readers interested in more detail about specific pooled effects 
commonly used in diagnostic accuracy meta-analyses are encouraged to consult the 
Cochrane Handbook for SRs (76) and other sources (58, 77–79).

Summary effects are typically reported in one of two ways: graphically or as statistical 
point estimates. As we pointed out above, because of the paired nature of diagnostic 
accuracy measures (e.g., sensitivity and specificity) and because the tradeoff between 
these paired measures depends on threshold levels (which may vary both within and 
between studies), the recommended method of estimating pooled effects in diagnostic 
accuracy studies (57, 79) is to use hierarchical modeling procedures [either the Bivariate 
model (79), or HSROC]. HSROC stands for Hierarchical Summary Receiver Operating 
Characteristic Curve, which calculates diagnostic accuracy models (79). Subsequently, 
the statistical and graphical reporting of the results for diagnostic accuracy studies 
(where a gold standard reference test is available) will differ somewhat from clini­
cal laboratory-related meta-analyses that examine more typical outcome measures 
(like mean differences or odds ratios). Examples of non-diagnostic test accuracy (e.g., 
pre-analytic practices and diagnostic test accuracy meta-analytic results) are provided in 
the following section.

Brief example of non-diagnostic accuracy summary statistics

Typically, in non-diagnostic test accuracy meta-analyses, measures of effect (e.g., mean 
difference, odds ratios, Cohen’s d, etc.) are combined across studies in a relatively 
straightforward manner. Each study contributes to the pooled or summary effect based 
on a weighting scheme (typically, the inverse of the within-study variance). These pooled 
effects are then reported, and results are generally presented in a forest plot (see Fig. 4 

FIG 4 Example of forest plot format, adapted from LaRocco et al. (2). In the figure, each row in the table represents the summary of statistics from each 

study. Typically, these are organized into comparison groups (arms). The diamond indicates the location of the pooled effect, and the vertical line is the line of 

equivalence between groups; if the diamond touches the line of equivalence, then the groups are not statistically different. (i) Pooled statistics (the pooled odds 

ratio) are found at the bottom of the table or below a group of studies if the studies are subgrouped by characteristic. (ii) Heterogeneity (variation between 

studies not due to chance) statistics are also at the bottom of the figure. (iii) The forest plot (on the right side) is a visual representation of the values on the 

left portion of the figure. Each study is represented by a box where the size of the box represents the study’s weight, and the whiskers to each side of the 

box represent within-study error. (iv) The diamond represents the value of the pooled effect size. The width of the diamond indicates the error in the pooled 

effect measure. (v) Typically, a line of equivalence will be placed down the middle of the forest plot. This line represents the value at which the comparison 

arms are perfectly equivalent (1 in odds ratios, 0 in comparison of arm means). (vi) When the comparison groups differ on the outcome measure, the pooled 

effect diamond will fall to one side or the other of the line. (vii) If the pooled effect diamond does not touch the line of equivalence, then the effects in the 

two comparison groups (arms) are significantly different. The references in the figure are Blake & Doherty (84), Bradbury (85), Holliday (86), Schlager (87), and 

Schneeberger (88).
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for example). Importantly, heterogeneity statistics (variation between studies not due to 
chance) are listed at the bottom of the figure. Both tau2 and Higgins I2 (80) statistics are 
generally reported along with the significance of the measure of heterogeneity. Higgins 
I2 is commonly reported as it has a straightforward interpretation as the proportion of 
total variance due to between-study variation. There are limitations with the I2 statistic, 
however, and careful interpretation is needed (81). There are several free platforms to 
carry out non-diagnostic accuracy meta-analyses (82, 83). The formatting options will 
differ slightly for forest plots, but the same basic components and layout described 
above will be present.

Examples of common diagnostic accuracy summary statistics

Below, we illustrate the results of meta-analyses by drawing on the analyses reported in 
LaRocco et al 2016 (2) and based on sample data available from the Cochrane Handbook 
for DTA reviews (available at http://dta.cochrane.org/handbook-dta-reviews) (47) and 
published initially in Nishimura (89). STATA 14 was used for the meta-analyses (90). 
In the examples below, we assume the reader understands the statistical measures of 
diagnostic accuracy.

Diagnostic sensitivity and specificity

Sensitivity and specificity for separate studies may be presented graphically (See Fig. 
5), as illustrated in the excerpt from LaRocco et al. (2). Figure 5 shows a meta-analysis 
of the relative diagnostic accuracy of midstream clean-catch (MSCC) versus supra-pubic 
aspiration (SPA) for the diagnosis of urinary tract infections in children. As with all forest 
plots, each row represents data from separate studies. Raw data on true/false positives 
(TP, FP) and true/false negatives (TN, FN) are presented, followed by sensitivity and 
specificity estimates from each study. On the far right are the forest plots indicating the 
point estimates of sensitivity and specificity for each study (the blue boxes) and the error 
bands (the lines to either side of the boxes). A value of 1.0 (as seen in the Morton study) 
indicates perfect sensitivity or specificity. Notice that there is no line of equivalence.

Of note for the previously described forest plots depicting sensitivity and specificity, 
pooled effect measures of these two accuracy statistics are not included. These must be 
computed using the hierarchical models mentioned above. Hence, the purpose of forest 
plots of sensitivity and specificity is primarily to give the reader a graphical sense of the 
findings of the different studies included in the analysis, not to provide pooled effect 
sizes.

Because summary measures of paired statistic pooled effect sizes are computed using 
hierarchical models, these are typically reported in narrative or tabular format. For a 
graphic representation of these summary estimates (across different threshold levels), a 
hierarchical summary ROC curve (HSROC) rather than a forest plot is used (see Fig. 5). 
Figure 5 is an example table of the pooled effect size estimates from data reported in 
a review (89) of anticyclic citrullinated peptide antibody (antiCCP) compared with the 
reference standard for rheumatoid arthritis. We use the Nishimura data rather than the 
data reported in LaRocco for illustration since the hierarchical models failed to converge 

FIG 5 Diagnostic accuracy of midstream clean-catch (MSCC) versus suprapubic aspiration (SPA) for the diagnosis of urinary tract infections in children. Adapted 

from LaRocco et al. (2). The references in the figure are Hardy (91), Aronson (92), Pylkkanen (93), Ramage (94), and Morton (95).
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(i.e., find a solution) because of the small number of studies in LaRocco (2)—a common 
limitation when using these more complex models.

We can see from Fig. 5 that the pooled specificity (.96, 95% CI 0.94–o.97) is higher 
than sensitivity (.66, 95% CI 0.60–0.71) when using anti-CCP to diagnose rheumatoid 
arthritis compared with the reference standard. The pooled diagnostic odds ratio (DOR) 
of 43.05 (95% CI.32.00–57.93) is an unpaired measure of test effectiveness, indicating 
that a subject with the disease is 43.05 times more likely to test positive on the anti-CCP 
test than a subject without the disease is to test positive on the anti-CCP test (89). The 
positive and negative likelihood ratios (LR+ and LR−, respectively) indicate how much 
more likely (LR+) a patient who has a positive diagnosis according to the anti-CCP test 
is to be a True Positive than a False Positive (15.39 times more likely) and how much 
more likely (1/LR−) a patient who has a negative diagnosis according to the anti-CCP test 
is to be a True Negative than a False Negative (2.8 times more likely). A diagnostic test 
should have an LR+ and a 1/LR− of at least 10 to be considered clinically useful to rule in 

FIG 6 HSROC curve for diagnosis of rheumatoid arthritis using anti‐cyclic citrullinated peptide antibody (anti‐CCP) 

compared with the reference standard (created using metandi command in STATA 14) (data from reference 89).
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and rule out (respectively) diagnoses (96). All of the above estimates pool values across 
studies, ignoring heterogeneity (80, 97).

HSROC curves

As noted above, threshold (cutoff) values for the index test typically vary across studies 
and often within studies. Because the sensitivity and specificity values will vary by 
threshold level, one could create a series of forest plots specific to each threshold level. 
If threshold values vary significantly across studies, then the number of studies for each 
forest plot may be dramatically reduced. A hierarchical summary ROC curve (HSROC) is 
an alternative to multiple forest plots. This graphical summary shows the relationship 
between sensitivity and specificity across a range of threshold values (See Fig. 6).

Figure 6 presents an HSROC graph created using STATA 14 (default metandi command 
settings). The HSROC curve graph plots sensitivity on the Y-axis against specificity on the 
X-axis. Note that the X-axis runs from 1 (perfect specificity) at the origin to 0 (perfectly 
inaccurate for specificity) at the right end of the X-axis. This structure places the location 
of a perfect index test (the same results as the reference test) at the upper left corner 
of the graph (i.e., sensitivity = 1 and specificity = 1). Thus, studies closest to the figure’s 
upper left corner report results that maximize sensitivity and specificity. We describe 
each of the components of the graph and their utility:

Study estimate

Each study included in the meta-analysis is presented as a circle on the graph. The size 
of the circle corresponds to the weight of the study (different programs will repre­
sent weight or relative errors of the within-study sensitivity and specificity in different 
formats; authors should describe the meaning within the narrative of the meta-analysis). 
Notice that while most studies cluster closely to the HSROC curve, there are two outliers: 
one with both low sensitivity and specificity (toward the center of the graph) and one 
with perfect sensitivity and specificity (located at the upper left corner of the figure). This 
separation visually separates studies with very different results.

HSROC curve

As diagnostic threshold values change, the green solid curve demonstrates the trade-off 
between sensitivity and specificity. As is typical with ROC curves, specificity begins 
to decrease as sensitivity increases. At a certain threshold point, specificity decrea­
ses dramatically as the proportion of false positives rapidly increases. The summary 
estimates (Fig. 6) indicate that the anti-CCP test had higher specificity, and this is 
reflected in the clustering of study estimates (circles) at the left end of the specificity axis 
(near the origin of the X-axis). In contrast, the sensitivity estimates are more dispersed 
along the Y-axis, reflecting the lower pooled sensitivity estimate in Fig. 6.

95% prediction region

The region within the dotted blue lines indicates the region within which we can be 
95% confident that a future study’s true sensitivity and specificity will be located. This 
region is a good measure of heterogeneity among studies. A small region indicates 
low heterogeneity among studies. A large region (like that pictured in Fig. 6) suggests 
that differences in sensitivity and specificity across studies are likely due to differences 
between studies (e.g., variation in threshold levels, study design, sample characteristics, 
implementation methods, etc.). When heterogeneity is high, the model can be further 
modified to identify potential sources of heterogeneity.

Summary point

The red square indicates an average threshold level. As such, it is not clinically meaning­
ful since the optimal threshold level would be the point on the HSROC curve closest to 
the upper left corner (holding constant the different risks associated with false positive 
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or false negative diagnoses). This point would typically be omitted from HSROC curves, 
and we include it here only for illustration.

95% confidence region

This is the 95% confidence region around the summary point (average threshold level). 
As with the summary point, this is a statistical product of the meta-analysis but is not 
clinically relevant, especially if there is a large variation in threshold levels examined 
across studies.

Thus, what the HSROC curve adds to the pooled diagnostic effect measures is (i) 
a picture of the tradeoff between sensitivity and specificity at different diagnostic 
threshold levels, (ii) a visual way to identify individual studies with very different findings, 
and (iii) a way of assessing the amount of heterogeneity in the pooled estimates.

Cautions for interpreting summary effects

There are two fundamental limitations on computing and interpreting a pooled effect 
size in a meta-analysis: the measures from different studies must be (i) clinically/theoret­
ically comparable and (ii) the same in terms of the measurement statistic. To address 
the first limitation, before attempting a meta-analysis, it is incumbent upon the content 
specialists to decide whether the differences between the populations from which study 
samples are drawn and the pre-analytic procedures, study designs, etc., are sufficiently 
similar that a summary measure would even make theoretical and clinical sense. For 
instance, the same diagnostic test may be used differently in adults versus children or 
may be differentially effective in genetically dissimilar populations (74). This may signal 
that a single pooled effect size is less meaningful than separate summary effect sizes 
for these different populations. Changes in pre-analytic practices may also affect the 
diagnostic accuracy of a test, perhaps indicating separate pooled effects for different 
pre-analytic practices (98, 99). For intervention studies, the interventions themselves 
must be sufficiently similar across studies so that quantitatively combining them makes 
sense. For observational studies, typically used for etiology or prognosis questions, 
deciding whether measures are similar enough to be combined quantitatively may be 
challenging. Studies will likely adjust for different confounding variables in these cases, 
dramatically changing the effect estimate.

To address the second limitation, only outcome measures that are the same across 
studies can be combined quantitatively to create a pooled effect. In cases where authors 
do not report the same measures, common measures can be computed or estimated 
from results reported by the authors. While this may be a less pressing issue in meta-
analyses of diagnostic accuracy variables (all derivable from true/false positive and true/
false negative values), this becomes a severe limitation in observational studies where 
very different multivariable models are used and are more common when there is no 
clear reference test or the reference test is known to be inaccurate (47).

In the above two situations, pooled effect sizes must be interpreted carefully 
(if pooled effects are calculated at all). Even when pooled effect sizes are calcu­
lated, meta-analysis may reveal that differences in estimates between studies are 
due substantially to systematic differences in study or sample characteristics, that 
is, heterogeneity. Heterogeneity among studies does not indicate a flaw in the meta-
analysis but rather indicates a need for further analysis to identify potential sources 
of heterogeneity. These analyses are particularly important because the sources of 
heterogeneity may be of clinical and theoretical importance.

Measures of heterogeneity

Readers may be familiar with standard measures of dispersion (e.g., standard deviation, 
standard error, and confidence intervals) in primary research studies. These measures 
capture the variation of individual subjects or samples around the study outcome (e.g., 
mean, odds ratio, sensitivity/specificity, etc.). In meta-analyses, there is an additional 
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source of variation around the pooled effect size due to differences in study, test method, 
and sample characteristics among studies. Hence, in meta-analyses, the dispersion 
around the pooled effect has two components: within-study (individual level) variation 
and between-study variation. Measures of heterogeneity in meta-analyses are attempts 
to quantify the between-study variation.

For instance, no two studies of the same diagnostic test are entirely identical. Study 
samples, clinical contexts, disease spectrum, study design, patient subgroups, etc., will all 
vary to some degree between studies. These differences affect pooled effect measures 
(100). Hence, when attempting to interpret the accuracy of a pooled effect size (in other 
words, how confident we can be that the pooled effect is an estimate of the “true” 
population effect), the reader should have some sense of how much of the variance 
is due to random differences between individuals and how much is due to differences 
between studies. Producers of meta-analyses should help their readers interpret the 
heterogeneity measures and continue analyses (where possible) to identify potential 
sources of heterogeneity.

The last point is an important one. Detection of a high level of heterogeneity 
does not necessarily signal a problem but often indicates that further analyses are 
needed to detect the source of that heterogeneity. Differences between sub-popula­
tions, procedures, etc., might be evident only from subgroup analysis or meta-regression 
in non-diagnostic accuracy meta-analyses and from adding covariates to the hierarchi­
cal models with diagnostic accuracy studies. These posterior analytic approaches have 
become very common, but there are some cautions:

• When possible, the evidence analysis team should formulate an a priori hypothesis 
about the effects of potential sources. Performing a series of posterior analyses 
hunting for possible relationships is not recommended as this increases the 
likelihood of a type 1 error. When posterior tests are used without an a priori 
hypothesis, the results should be considered only exploratory (58).

• For diagnostic accuracy studies, the evidence analysis team should decide ahead 
of time, to the extent possible, whether pooled effects or HSROC curves are more 
appropriate. While the hierarchical bivariate and the HSROC models produce the 
same results when there are no covariates, they produce different results when 
covariates are added. Typically, when a common cutoff (threshold) for diagnosis 
is used, estimates of the pooled sensitivity and specificity are most helpful (hence 
the bivariate model). When diagnostic cutoff values vary substantially between 
studies, HSROC curves, and HSROC models are more appropriate (hence the 
HSROC model) (101).

• A common limitation of heterogeneity analyses is a small number of studies. This 
limitation is a problem with diagnostic accuracy studies where a small number of 
studies will result in a situation where the more complex models cannot produce a 
reliable result, as in Macaskill et al. (57). If heterogeneity analysis is not feasible, the 
authors should discuss the reasons for this in the narrative.

ASM’s experience with the apply step – A-5

Publication of manuscript

An evidence-based review aims to promote and influence the application of best 
practices to targeted key stakeholders. Reporting and disseminating evidence-based 
recommendations through peer-reviewed publications is one avenue for reaching key 
stakeholders such as laboratory practitioners, laboratory professional organizations, 
clinicians, administrators, government regulatory agencies, payers, accreditation groups, 
and policy-makers.
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Dissemination of information

Healthcare decisions based on scientific evidence have been lacking for many years. In 
the last 20 years in the United States, significant incentives, or, in some cases, disincen­
tives, have been developed to change the way physicians and other caregivers treat their 
patients. In all aspects of healthcare, process changes are often challenging to imple­
ment. For instance, in hospital epidemiology, compliance with hand washing ranges 
between 20% and 35% nationally (102). The goal of 90% care based upon evidence by 
2020 is discussed in a round table on improved quality of patient care (103).

When a process change is determined to be of benefit, either reducing cost while 
increasing quality or, in the case of healthcare, improving patient outcomes, the 
dissemination of the information, and, ultimately, the implementation of the change 
is often slow to be accepted (104). Many ways of “getting the word out” have been 
attempted, and the intent of ASM is to disseminate EMLMPG to clinicians, the laboratory, 
and other stakeholders in an attempt to speed implementation and, thus, improve 
patient outcomes.

The existence of laboratory guidelines is critical, but if healthcare providers do not 
know about them, they cannot follow them—and they are of little use. In a survey 
instituted by Grol et al. 1998 (104), family physicians in the Netherlands had a 67% 
return of questionnaires representing greater than 1,500 physicians. The dissemination 
of information and knowledge of the changes were studied; the most reliable method 
was published in family practice journals at 80%. The next most reliable method was 
discussing the topic in local physician groups at 53%, and the least reliable method 
was continuing medical education at 33%. Other forms of dissemination of information 
include publishing in a journal not specific to the specialty, contact with colleagues, 
CME course content, and pharmaceutical company information. Other studies (105, 106) 
include consideration of other groups that may disseminate information on changes in 
healthcare, such as consumers, healthcare professionals, local administrators, national 
policy-makers, regulatory bodies, industry, research funders, and researchers (104–106); 
however, none provide a panacea. More research is required to identify which methods 
work best to engage physicians for compliance with laboratory guidelines.

Dissemination of information on new technologies and implementing practice 
guidelines is no easy task. An excellent review of barriers, guidelines, and dissemination 
strategies can be found in Disseminating Practice Guidelines to Physicians, Quebec, 
Institut National de Santé Publique du Quebec (https://www.inspq.qc.ca/en/publica­
tions/48). Per CDC, all guidelines should be reviewed at least every 5 years and updated 
to ensure the care provision aligns with current literature.

Identifying barriers, such as time to read and implement changes, has also been 
discussed (105). Using the single most effective means of information dissemination 
was compared with multifaceted means of information sharing in several reviews (106, 
107) but provides no clear-cut answer on the most effective means of dissemination of 
information. A major drawback is that only a few included statistical analyses.

Knowledge translation of research findings related to accredited laboratories

The long-term goal of ASM is to incorporate EBLMPG guidelines into laboratory best 
practices and, in some cases, clinical laboratory accreditation checklists to increase 
compliance with guidelines. The approach is similar to the way that other professio­
nal laboratory organizations use revised accreditations standards from deemed status 
accrediting organizations to justify changes in laboratory medicine practice. Deemed 
status organizations work as agents for CLIA accreditation inspections to meet compli­
ance requirements for CMS. National organizations with CMS-deemed status include 
The Joint Commission (TJC), the Commission on Office Laboratory Accreditation (COLA), 
and the College of American Pathologists (CAP). For example, during inspections by 
TJC, using patient safety goals to monitor patient outcomes, there is a belief that 
improved outcomes will result from improved practices—true in some cases (108, 109). 
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The CAP accreditation checklists are a compilation developed over 50 years with input 
from pathologists and laboratory professionals (110). The checklists contain over 2,000 
standards across all laboratory subspecialties, updated yearly. CAP quality programs have 
improved blood culture methods and other laboratory practices by making them part of 
their accreditation checklists (111–113).

Likewise, a requirement for a particular best practice in a related regulation or 
government policy should ensure compliance. Incorporation of best practices into 
payment policies is yet another mechanism to ensure adoption. ASM supports the 
view that the publication of high-quality SRs with metanalysis and graded recommen­
dations for practices is a prerequisite to developing and incorporating laboratory best 
practices into accreditation standards and policy. Without inclusion into accreditation or 
regulation, guidelines can be ignored or forgotten.

For instance, two practice guidelines published by the National Academy for Clinical 
Biochemistry on point-of-care testing cover many areas of laboratory testing, including 
microbiology (20, 114). The guidelines were published in the National Guideline Clearing 
House and the Library of Congress; it included a listing of the professional societies that 
contributed to its development. Sadly, one of the documents is now archived due to 
failure to post any updates in the last 10 years. Since ASM members were involved in this 
endeavor (20, 114), it became evident that creating a guideline is only the first step. The 
substantial efforts for guideline creation are optimally followed by efforts to disseminate 
it and to succeed in changing practices.

Although research is unclear on whether disseminating information is best achieved 
by choosing one or numerous methods, the evidence-based guidelines from ASM are 
being distributed via as many avenues as possible. The guidelines are published in 
clinical microbiology journals, presented at national and local microbiology meetings, 
and, most importantly, sent to stakeholders from other specialties such as infectious 
diseases, nursing, and other professional societies.

An overarching goal of the EBLMPG committee of the ASM is the formation 
and continuation of multidisciplinary teams to develop and disseminate evidence in 
partnership with governmental agencies such as the CDC, AHRQ, and the National 
Quality Forum, as well as accrediting agencies, in collaboration with other healthcare 
professional organizations, such as the American Society for Clinical Pathology (ASCP) 
and the American Public Health Laboratories (APHL). Other healthcare team members 
must be included, including physicians, nurses, pharmacists, and other healthcare 
specialists and their respective professional organizations. The intent is to facilitate the 
best use of newer guidelines based on evidence in the literature to improve patient 
outcomes.

ASM’s experience with the assess step – A-6

Moving available research evidence to the forefront of clinical practice demands a 
collaborative and systematic approach. It requires exhaustive searches for research 
information, with appraisal, synthesis, and distillation of the identified/acquired research 
and its data. The data must then be collected from each study or report and synthesized 
into organized findings and evidence-based guidelines, often contingent on clinicians’ 
and scientists’ expertise and experience (Center for Evidence-Based Medicine, https://
www.cebm.net/). These guidelines are then disseminated for uptake into clinical practice 
and standards of care.

The contributions began with the efforts of Professional Laboratory Organizations. 
The American Association for Clinical Chemistry (AACC) was the first clinical laboratory 
society to publish laboratory practice guidelines. Initially, the National Academy of 
Clinical Biochemistry (NACB) published guidelines for point-of-care testing (14), which 
were developed in a manner similar to consensus guidelines. Since then, CAP has started 
publishing evidence-based guidelines for laboratory medicine that qualify for and are 
placed in the NGC. The guidelines that have been produced so far focus on anatomic 
pathology issues (20). The ASM has also started producing evidence-based guidelines 
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that address clinical microbiology laboratory issues. The following sections address the 
ASM approach to evidence-based guideline production through adoption of the CDC 
DLS LMBP A-6 cycle methods.

In the fall of 2014, an ASM ad hoc Committee on Evidence-Based Microbiology 
Laboratory Guidelines Assessment (EBMLGA) was formed to provide feedback to the 
EBLMPG Committee about guidelines prepared under the CDC Cooperative Agree­
ment. The EBLMPG was charged with independently assessing evidence-based practice 
guidelines in Clinical Microbiology using the Appraisal of Guidelines for Research and 
Evaluation (AGREE) assessment tool (115), now in its second revision (AGREE II) (115). 
AGREE was initially released in 2003 and was developed through an international 
collaboration of guideline developers and researchers as a standardized method to 
assess practice guideline variability. As described by Brouwers et al. (115), the AGREE 
II assessment instrument can be used by a variety of groups, including healthcare 
providers, guideline developers, policymakers, and educators, to develop guidelines 
following a highly structured methodology that evaluates the rigor of existing guide­
lines, aids in decision-making for adopting guidelines, and develops a skill for writing 
rigorous guidelines. The work of the ASM ad hoc committee is documented in a recently 
published paper (116).

Briefly, the AGREE II instrument covers questions in six different domains (115, 117, 
118). These are part of Appraisal of Guidelines 2013 and include (i) scope and purpose 
(three questions), (ii) stakeholder involvement (three questions), (iii) rigor of develop­
ment (eight questions), (iv) clarity of presentation (three questions), (v) applicability 
(four questions), and (vi) editorial independence (two questions). Domain 1 focuses 
on the guideline’s overall aims, the health questions specifically being addressed, and 
the targeted population for the guideline. Domain 2 assesses the stakeholders and 
intended users involved with guideline development. Domain 3 addresses the process 
and methods used for guideline development. Domain 4 focuses on how well the 
guideline is written. Domain 5 focuses on implementation issues for the guideline and 
resources needed for applying the guideline. Domain 6 addresses editorial independ­
ence and potential bias. Finally, there is an overall assessment by the reviewer(s) on the 
quality of the guideline (lowest to highest quality) and recommendations (yes, yes with 
modifications, and no) for using the guideline by the intended audience/population.

Two guidelines were initially chosen for review by the EBMLGA ad hoc committee. The 
first guideline was on the effectiveness of practices to reduce blood culture contamina­
tion, developed under contract with the CDC (5). For comparison, a second guideline 
developed by the Emergency Nurses Association (ENA) on preventing blood culture 
contamination was also reviewed by the EBMLGA committee (119). Both guidelines 
were selected because they were listed on the National Guideline Clearinghouse (NGC) 
website (which was discontinued in 2018). Guidelines published on the NGC website 
had to meet specific criteria for inclusion and must have been published within the past 
5 years. Before reviewing these guidelines, the committee underwent AGREE II training 
using an online training module in the resource center at the AGREE website (3).

As previously listed, the first guideline the committee reviewed was on practices to 
reduce blood culture contamination (4, 19). Each ad hoc committee member reviewed 
the guideline independently, and then, scores were collated. The second guideline from 
the ENA (119) examined 10 different pre-analytical variables involved in the blood 
collection process with some overlap with the Snyder et al. review (5). When comparing 
the domain scores for both guidelines by the ad hoc committee, it was clear that there 
were gaps in both guidelines and some differences in conclusions. The existence of 
two guidelines on a similar subject, prepared by two different organizations with similar 
but potentially conflicting recommendations, is not uncommon, and approaches to 
using several guidelines have been published (120). Of note was that none of the ad 
hoc committee members were familiar with either of the guidelines before joining the 
committee. Even though both guidelines and their recommendations might directly 
impact clinical microbiology laboratories, phlebotomy teams that collect blood cultures, 
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or other key stakeholders involved in the process, it was unclear how the results from 
the two groups were disseminated following their publication to key stakeholders. There 
are many aspects of guideline implementation; these are too complex to be discussed in 
this section. As Shekelle et al. (121) pointed out, how guidelines are disseminated is quite 
variable, and there is often a disconnect between the guideline developers and those 
responsible for implementing guidelines.

Weaknesses were found in one or both guidelines based on the AGREE II review. 
We found that some of the AGREE II questions were sometimes difficult to assess 
or were not applicable to our assessments. One key assessment criterion is that the 
development group includes individuals from all relevant professional groups. The ENA 
guideline appeared to nly be developed by emergency nurses without the involvement 
of microbiologists, phlebotomists, or physicians. Another area where both guidelines 
could improve is an attempt to obtain a patient viewpoint. Discussions of financial and 
resource implications were not detailed sufficiently in either guideline. Also, the lack of 
details about developing audit metrics and ongoing monitoring were weaknesses of 
both guidelines.

As part of the initial guideline assessment, the committee chair reached out to the 
ENA leadership to determine whether they would be interested in hearing about our 
review and consider a mechanism(s) to harmonize some of the findings in future updates 
of the guidelines. Fortunately, ENA leadership involved with guideline development 
was very interested in discussing the reviews and hearing more about our process. A 
conference call with ENA guideline leadership was conducted a few months after the 
initial review, and ASM shared a summary of our AGREE II findings and proposed that 
we continue discussions near the time when the ENA guideline update is scheduled. 
ASM is hopeful that a strong collaboration with other stakeholders, such as ENA, will be 
established as we move forward with evidence-based practice guidelines for a coming 
update of the blood culture collection document and will lead to more widespread 
adoption of guidelines in the future.

Following a 10-month period after the initial assessments, the ad hoc committee 
re-convened to review two newly published best practices reviews (1, 2). These were 
two best practices SRs with meta-analysis on the effectiveness of practices to increase 
timeliness of providing targeted therapy for inpatients with bloodstream infections 
(1) and the effectiveness of preanalytical practices on contamination and diagnostic 
accuracy of urine cultures (2). Both guidelines were of high quality, and the commit­
tee noted some gaps for improvement in subsequent updates. The lack of a patient 
stakeholder (on the Expert Panel or Workgroup) is one gap.

EXAMPLES OF SYSTEMATIC REVIEWS

Table 5 is a summary of the published SRs with ASM participation. Links to the publica­
tions are included in the table. A summary of CDC Systematic Evidence Reviews is found 
at (3).

FUTURE CHALLENGES

As with any iterative quality or evidence-based process, there are outstanding challenges 
for the future of EBLMPG. At the minimum, there remains a lack of outcome-based 
studies to inform the SRs and meta-analysis for other pressing quality questions. 
Most importantly, although often unfunded, quality improvement activities need to be 
published more often, since grey data are now eliminated from the process, and patient 
advocates no longer participate (Fig. 7). There is a large risk for publication bias for 
quality projects if this change does not occur. A key barrier to the publication challenge 
is that simple, but important quality reports do not always fit with journal criteria for 
publication; therefore, it will be prudent for ASM and other professional laboratory 
organizations to create a space for publishing quality improvement reports or creating a 
list of journals that accept quality reports and socializing lists with their constituency.
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A second barrier to publishing quality improvement studies is the need for more 
education delivered to the professional laboratory community to ensure that publica­
tions comply with current writing standards. The lack of quality publication hinders and 
slows the EBLMPG process and is critical to future success, for instance, the STARD criteria 
for diagnostic accuracy and SQUIRE criteria for process improvement studies. Clinical 
laboratory journals could improve by creating a category for STARD criteria and SQUIRE 
criteria, thus expanding awareness of these and other publication guidelines so that 
publications are more likely to achieve the quality ratings required by SRs. For creators 
of SRs, authors are encouraged to adhere to AMSTAR 2 and PRISMA writing guidelines. 
With more laboratorians aware of and publishing in these categories, the ability of ASM 
to speed the guidelines will improve.

ASM made several iterations of LMBP to speed the microbiology process, as details in 
this review; however, the automation and specialization introduced will not fix the speed 
problem unless there are more high-quality publications from the laboratory community, 
which can be collected for SRs to answer questions in the fast-moving space of clinical 
microbiology and laboratory medicine. Aligning with other professional organizations 
on this topic for seminars in biostatistics and experimental design for quality projects 
may help fill this gap. Socializing educational opportunities connected to the US-based 
Cochrane Reviews and the UK’s Center for Evidence-based Guidelines (CEBM) will be 
helpful. Finally, improving guidelines for submission of professional meeting abstracts to 
include GRADE and STARD criteria would help improve abstract quality, which could lead 
to an easier translation of abstracts to high-quality publication.

TABLE 5 LMBP activity summarya

Topic (method) Publications 

screened

(date range)

Number that 

met quality 

criteria

Findings Related statistics Reference Revision in 

progress?

Point of care testing

(A-6 method)

unknown unknown (20) No

Blood culture 

contamination (A-6 

Method)

456 26 1. using venipuncture over intravenous 
catheter collection

2. using phlebotomy teams to collect blood 
cultures over the use of non-laboratory 
staff drawing blood

mean odds ratio of 2.69; 

95% CI: 2.03–3.57

mean odds ratio of 2.58; 

95% CI: 2.07–3.20

(5) Yes

Rapid Diagnostics blood 

cultures

(A-6 Method)

1827

(1990–2011)

16 No recommendation is made for or against the 

use of the three assessed practices of this 

review due to insufficient evidence.

Main results. Rapid molecular testing with 

direct communication significantly improves 

timeliness compared to standard testing. 

Rapid phenotypic techniques with direct 

communication likely improve the timeliness 

of targeted therapy. Studies show a 

significant and homogeneous reduction in 

mortality associated with rapid molecular 

testing combined with direct communication.

NA (1) Yes

Urine

culture, pre-analytic 

factors

(A-6 method)

5,092 35 Practice efficacy and effectiveness were 

measured by two parameters: reduction of 

urine culture contamination and increased 

accuracy of patient diagnosis of urinary tract 

infection.

(2) No

C. difficile

(A-6 adapted to QUADAS 

tool)

11,222 72 (4)

aA-6 Method = four study quality dimensions equal 10 points and result in three quality ratings, i.e., good, fair, or poor. Cdifficile EBLMPG switched to an adapted QUADAS 
tool to assess risk of bias in diagnostic accuracy studies within the systematic review.
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While all professional organizations struggle to refresh their practice guidelines, the 
new EBLMPG practices should make it easier to mitigate the challenge of refreshing 
the guidelines, with software and automation to speed the review process for the ASM 
volunteers and the Rutgers staff. Still, the need for rapid reviews, such as those that 
would have been helpful during the COVID-19 pandemic, is an opportunity for ASM. 
More pandemics are in the laboratory’s future; therefore, further iterations to rapidly 
gather publications related to pandemic questions by the librarian, and emergency 
review process with assessment as early as possible in the pandemic would be optimal. 
The use of the need for rapid reviews, such as those which would have been helpful 
during the COVID-19 pandemic, is an opportunity for ASM. More pandemics are in the 
laboratory’s future; therefore, further iterations to rapidly gather publications related to 
pandemic questions by the librarian, and emergency review process with assessment as 
early as possible in the pandemic would be optimal. The use of artificial intelligence with 
some human assessment in an emergency setting might be used to cull the literature to 
only the question at hand for a first draft and then refreshed after the pandemic.

Creatively planning this process for future pandemics when the bandwidth of all 
clinical microbiologists is limited will be a true challenge but would be extremely 
valuable. Additionally, incorporation of software programs that track quality metrics 
and pre-prescribed data visualizations that map to clinical and laboratory quality data 
might be useful. Examples might be Premier or Vizient, among others. However, formal 
collaborations would need to be established with ASM and those vendors.

Finally, without the collaboration with CDC, ASM’s ability to communicate practice 
guidelines is limited to their membership and that of other professional collaborators. 
This approach would likely miss many hospital systems whose leaders do not subscribe 
to clinical microbiology publications. Perhaps, an opt-in approach to free email lists 
housed by ASM and an active social presence of the option weblinks for updates would 
be helpful in circulating the information and recording the uptake of guidelines. Also, 

FIG 7 A-6 method adaptations by ASM.
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working with organizations like CLSI, TJC, and CAP to place guidelines compliance into 
their checklists would improve adoption.

INTERESTED IN PARTICIPATING?

The review aims to document the history of EBLMPG, educate laboratory stakeholders 
about the biostatistics used in laboratory publications and metanalyses, and pique 
interest in participating in one of ASM’s evidence-based projects. Reading the recent 
ASM publications in Clinical Microbiology Reviews (1, 2, 4) is a place to begin. More 
information on the process is available at (3). All volunteers are trained to extract 
data before participating in any specific project. As the future of laboratory medicine, 
including clinical microbiology and value-based care, will ultimately be evidence-based, 
laboratorians and stakeholders are invited to participate. Several roles exist for those who 
adopt the published guidelines or publish data for a future SR refresh, including trainee, 
expert panelists, or study site participants.
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