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Abstract 

Objective  To assess the features of panel members involved in the writing of the ACR-AC and identify alignment 
with research output and topic-specific research publications.

Methods  A cross-sectional analysis was performed on the research output of panel members of 34 ACR-AC docu-
ments published in 2021. For each author, we searched Medline to record total number of papers (P), total number of 
ACR-AC papers (C) and total number of previously published papers that are relevant to the ACR-AC topic (R).

Results  Three hundred eighty-three different panel members constituted 602 panel positions for creating 34 ACR-AC 
in 2021 with a median panel size of 17 members. Sixty-eight (17.5%) of experts had been part of ≥10 previously pub-
lished ACR-AC papers and 154 (40%) were members in ≥ 5 published ACR-AC papers. The median number of previ-
ously published papers relevant to the ACR-AC topic was 1 (IQR: 0–5). 44% of the panel members had no previously 
published paper relevant to the ACR-AC topic. The proportion of ACR-AC papers (C/P) was higher for authors with ≥ 5 
ACR-AC papers (0.21) than authors with < 5 ACR-AC papers (0.11, p < 0.0001); however, proportion of relevant papers 
per topic (R/P) was higher for authors with < 5 ACR-AC papers (0.10) than authors with ≥ 5 ACR-AC papers (0.07).

Conclusion  The composition of the ACR Appropriateness Criteria panels reflects many members with little or no 
previously published literature on the topic of consideration. Similar pool of experts exists on multiple expert panels 
formulating imaging appropriateness guidelines.

Key Points  •	 There were 68 (17.5%) panel experts on ≥ 10 ACR-AC panels.
•	 Nearly 45% of the panel experts had zero median number of relevant papers.
•	 Fifteen panels (44%) had > 50% of members having zero relevant papers.
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Introduction
The use of imaging studies in medicine has dramati-
cally increased over the past two decades [1]. As patients 
receive medical care in multiple settings and hospitals, 
there is increased concern over ordering of imaging stud-
ies for indications that may not meet evidence-based 
guidelines [2]. Previous studies have shown that 20–50% 
of all the advanced imaging studies performed do not 
make a significant difference in patient care [3]. Clinical 
practice guidelines and education have been shown to be 
key factors in reducing low-value imaging [4]. In 2016, 
the Centers for Medicare & Medicaid Services (CMS) 
recognized ACR as a “qualified Provider-Led Entity” 
(qPLE), approving the American College of Radiology 
Appropriateness Criteria® (ACR-AC) as the Medicare 
Appropriate Use Criteria (AUC) [5]. Through this provi-
sion, providers are required to make a documented AUC 
consult using a CMS qualified clinical decision support 
system (CDSS) prior to ordering advanced imaging inves-
tigations like CT, MRI, PET scan, etc., to fulfill the Pro-
tecting Access to Medicare Act (PAMA) requirements 
for reimbursement of these studies by Medicare [6]. The 
ACR-AC are currently the most comprehensive national 
guidelines that aim to guide providers to use imaging 
modalities in the most appropriate and judicious manner 
and avoid inappropriate utilization of radiological imag-
ing [7]. The European Society of Radiology (ESR) also 
adapted the ACR criteria for use in the European clinical 
decision support (CDS) platform ESR iGuide [7, 8].

The ACR-AC are developed and reviewed by “expert 
panels with leaders in radiology and other specialties” 
[7]. The methodology relies on combination of evidence, 
and when the data from scientific and technology assess-
ment studies are insufficient, “expert consensus” [7]. As 
per the ACR, the methodology for evidence is based on 
the Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) approach along with 
the National Institute of Medicine’s publication “Clinical 
Practice Guidelines We Can Trust” [7, 9]. The GRADE 
approach emphasizes grading the quality (or certainty) 
of evidence and strength of recommendations [10, 11]. 
GRADE recommends assessing the certainty in evidence 
for each important outcome using categories, and evi-
dence summaries should be the basis for judgements 
about certainty in evidence and strength of recommen-
dations [10, 11]. The ACR-AC provides recommenda-
tions in terms of appropriateness of imaging but does not 
provide the certainty in evidence for the readers. Lack of 
transparency about strength of evidence raises concern 
for dependence on the degree of “expert” opinion and 
consensus on the formulation of criteria.

Given the importance of ACR-AC in regulatory com-
pliance and clinical decision-making, the aim of this 

study was to assess the scholarly expertise of panel 
members involved in the formation of the ACR-AC by 
looking at their past research productivity and topic-
specific publications. We focused on the ACR-AC pub-
lished in 2021, during which a total of 18 new and 13 
revised topics were added to the ACR-AC.

Materials and methods
We conducted a cross-sectional analysis of all the ACR-
AC published in 2021. For each ACR-AC document, 
we extracted the name of the paper, author name(s), 
and their institutional affiliation(s). Once the informa-
tion from the ACR-AC document was extracted, we 
searched the PubMed database to record the total num-
ber of papers (P), the total number of ACR-AC papers 
(C), the total number of first and non-first author 
papers relevant to the ACR-AC topic (R) for each listed 
author in the ACR-AC document. To search the previ-
ously published papers relevant to the ACR-AC topic, 
keywords were systematically selected by including the 
keywords from the ACR-AC document as well as from 
all the clinical variants described in the respective AC 
paper. The search was conducted in March 2022 by 
two independent authors (S.B., T.G.) with 20% overlap 
(reviewed independently by both) and any conflict-
ing information in the data was resolved after discus-
sion with the senior author (A.M.). In May 2022, a third 
author (M.K.) independently extracted the data for 7 
out of 34 panels for cross-verification. The data were 
collected in Microsoft Excel (Redmond, WA) and ana-
lyzed using STATA/ BE Version 17 (StataCorp, College 
Station, TX).

Statistical analysis
Summary statistics were used to analyze the results 
of this study. Categorical measures were summarized 
using rates and/or counts. Number of papers was ana-
lyzed using median and interquartile range because the 
data were not normally distributed as determined by the 
Shapiro–Wilk Normality test. The proportions were cal-
culated by dividing the total number of ACR-AC papers 
and relevant papers to the total number of papers found 
on PubMed database for each author. Logistic regression 
was used to calculate the normal 95% confidence inter-
vals for each demographic group. Differences between 
the two groups (≥ 5 ACR-AC papers, < 5 ACR AC papers) 
were evaluated using the Student’s t test. Univariate fol-
lowed by multivariate linear regression models were 
used to identify and confirm correlations and predictive 
factors for the total number of ACR-AC papers by each 
unique author.
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Results
A total of 34 ACR-AC published in 2021 were included 
in the study with a total panel size of 602 members that 
included 383 discrete panel members. Of the 602 panel 
positions, 468 (77.7%) positions were filled by radiology 
and 134 (22.3%) by experts from other specialties. The 
panel size ranged from 12 to 22 members with a median 
size of 17 members per panel. 68 out of 383 (17.5%) panel 
members had ≥ 10 previously published ACR-AC papers 
and 154 (40%) had ≥ 5 published ACR-AC papers (Fig. 1). 
The median total number of PubMed indexed publica-
tions for each author in the cohort was found to be 45 
(IQR: 24–97, range: 3–359) and median total number 
of ACR-AC papers was 4 (IQR: 2–9, range: 1–27). The 
median number of previously published papers relevant 
to the ACR-AC topic was 1 (IQR: 0–5, range: 0–96). 
The relevant papers (R) were further stratified into first 
author papers (median: 0, IQR: 0–5, range: 0–96) and 
non-first author papers (median: 1, IQR: 0–4, range: 
0–88). The panel members were the first authors on 
25% of the relevant papers. 44.7% (269/602) of the panel 

members had no previously published paper relevant to 
the ACR-AC topic.

When compared to authors with < 5 ACR AC papers 
(229/374, 60%), authors with ≥ 5 ACR-AC papers 
(154/374, 40%) had a higher number of total PubMed 
publications (68, IQR: 36–138, vs. 31 IQR: 17–61.5), and 
higher number of relevant papers per assigned panel 
topic (1, IQR: 0–6 vs. 0, IQR: 1–2) (Fig. 2). The ratio of 
total ACR-AC papers by each author to the total num-
ber of papers by the author (C/P) was 0.16 (95% CI 
0.15–0.18) and the proportion of relevant papers by the 
author to the total number of papers (R/P) was 0.08 (95% 
CI 0.07–0.10). Ten authors had ACR AC paper constitute 
≥ 75% of all their publications (C/P ratio), 24 authors had 
≥ 50%, 35 had ≥ 40%, 50 had ≥ 30%, and for 86 authors 
this was ≥ 20%. The proportion of the ACR-AC papers 
(C/P) was higher for authors with ≥ 5 ACR-AC papers 
(0.21, CI 0.18–0.24) than for authors with < 5 ACR-AC 
papers (0.11, CI 0.08–0.13, p < 0.0001); however, the pro-
portion of relevant papers per topic (R/P) was higher for 
authors with < 5 ACR-AC papers (0.10, CI 0.08–0.12) 
than authors with ≥ 5 ACR-AC papers (0.07, CI 0.06–
0.09), although this difference was not statistically sig-
nificant (p = 0.08) (Fig.  3). While the univariate analysis 
showed a significant association of the total number of 
previously published papers (p = 0.0001) and the number 
of relevant papers (p = 0.011) with the total number of 
ACR-AC papers, on multivariate linear regression, only 
the total number of previously published papers had a 
significant and independent association (p = 0.0001).

Fifteen panels out of 34 (44%) had a median num-
ber of zero relevant papers per author and eight panels 
(23.5%) had a median of ≥ 5 relevant papers per author. 
Two panels (6%) had ≥ 10 median number of relevant 
papers per author (Fig.  4). Both the panels having ≥ 10 

Fig. 1  Distribution of authors based on number of previously 
published ACR-AC papers

Fig. 2  Box plot graphs demonstrating comparative analysis of the entire cohort of authors with subgroups having ≥ 5 ACR-AC papers and < 5 
ACR-AC papers in terms of: a Total number of PubMed papers, and (b) Total number of relevant papers per ACR-AC topic per author
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median number of relevant papers were in breast radi-
ology—Breast Cancer Screening and Imaging of the 
Axilla. Fifteen panels (44%) had > 50% of members hav-
ing zero relevant papers. Ten panels (29.4%) had < 10% 
of members having ≥ 5 relevant papers and five (14.7%) 
had zero members having ≥ 5 relevant papers. Only nine 
panels (26.5%) had > 50% of members having ≥ 5 relevant 
papers. A higher proportion of non-radiology experts 
were found to have a greater number of relevant papers 
with 40% (53/134) having ≥ 5 relevant papers per author 
per panel topic when compared to the radiology experts 
(22%, 103/468). Radiology experts constituted 81.8% of 
the authors having < 5 relevant papers (365/446) while for 
the authors with ≥ 5 relevant papers, radiology experts 
constituted 66% (103/156) of the positions (Fig.  5). Of 
the 103 radiology experts having ≥ 5 relevant papers, 
28% (29/103) were authors on the three panels of breast 
radiology.

Discussion
The ACR adopted the characteristics for developing 
acceptable medical practice guidelines developed by the 
Institute of Medicine (now, National Academy of Medi-
cine) and used by the Agency for Healthcare Research 
and Quality (AHRQ) which emphasizes the maximal 
possible use of scientific evidence, while also recognizing 
that the expert panel consensus is needed in scenarios 
where sufficient literature is not available [12]. The meth-
odology for creating the ACR-AC is based on the RAND/
UCLA guidelines that involve rating the appropriateness 
of the use of imaging in predefined clinical variants using 
modified Delphi rounds to reach a consensus recom-
mendation [12]. RAND-UCLA manual recommends that 
the main selection criteria to be considered are acknowl-
edged leadership in the panel’s member specialty. The 
importance of having diverse panels with members hav-
ing specific expertise in different aspects of the assigned 

Fig. 3  Box plot graph demonstrating comparison of C/P and R/P 
ratios of authors having ≥ 5 ACR-AC papers with those having < 5 
ACR-AC papers

Fig. 4  Distribution of panels based on the median number of 
relevant papers per author

Fig. 5  Distribution of authors based on specialty and number of relevant papers
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topic is emphasized [7, 13]. While the ACR methodology 
subcommittee has described the process of developing 
ACR-AC in detail, no previous study has evaluated the 
expert panel structure and composition to our knowl-
edge. This study assessed the panel members involved in 
the development of the ACR-AC by performing a biblio-
metric analysis of their prior literature contributions.

Our study included 34 ACR-AC papers that were 
released in 2021. Six hundred two panel positions com-
prised 383 experts with a median panel strength of 17. 
The panel members had a median of 45 prior publica-
tions, however, the median number of relevant papers 
previously published by the panel members was only 
1, with nearly 44% of the authors not having any prior 
publications on the topic of their assigned panel. Nearly 
half (16/34, 47%) of the panels had zero median number 
of relevant papers. 44% (15/34) of the panels had > 50% 
of members having zero relevant papers. Additionally, 
17.5% of the experts were members of more than ten 
panels and 40% were members of more than five pan-
els with the panel members being on a median number 
of four panels. These results show that a similar pool of 
experts is serving on multiple panels which may be a 
potential source of bias in the development of the AC. 
For experts serving on multiple panels, their work on 
the respective topics assigned to different panels was 
less compared to the experts who were on less than five 
panels. Additionally, the ACR-AC documents constitute 
16% of the experts’ total publications while the relevant 
publications accounted for only 8% of their prior research 
output. These results are further potentially compro-
mised with the experts on more than five panels having a 
higher proportion of ACR-AC publications (21% vs. 11%, 
p < 0.001) but a lower proportion of relevant papers (7% 
vs. 10%, p = 0.08) than their counterparts on less than five 
panels.

Concerns about influential professional society guide-
lines written by insiders have been previously expressed 
[14]. Joining these guidance panels is a means to advance 
visibility and career within the specific medical specialty 
[14]. Practice guidelines tend to be frequently cited, and 
practice guidelines are particularly helpful in promot-
ing careers of specialists as well as impact factors of spe-
cialty journals [14]. Concerns about the utility of practice 
guidelines to improve medicine, versus homogenizing 
biased, collective and organized ignorance have been 
recently raised [14].

While we believe that the years of experience and lead-
ership qualities of some of the experts can potentially add 
value to multiple panels, it is important to recognize that 
the ACR-AC are created using a consensus method based 
on the experts’ clinical expertise. The presence of the 
same providers on different panels can limit the scope of 

inclusivity of different opinions and judgments, thereby 
leading to potential bias. It can also undermine the rig-
orous scrutiny of the recruitment process of the panel 
members.

Well-balanced multidisciplinary expert panels from a 
diversity of practice settings are supposed to be critical 
selection criteria for the RAND-UCLA Delphi method 
used by the ACR for defining ACR-AC [13]. However, we 
found that nearly all of the panel members in the 2021 
ACR-AC are radiologists working in academic, teaching 
hospitals (detailed data available on request). 22.3% of 
panel positions were filled by experts from other special-
ties and had significantly higher relevant papers to the 
topic relative to radiologists overall. Multidisciplinary 
collaborations with other societies and the inclusion of 
established experts on relevant topics lends to greater 
credibility and likely acceptance of ACR-AC.

In addition to selecting radiology panel members based 
on their society affiliations or administrative positions, it 
may be prudent for ACR to consider prior contributions 
to the specific topic assigned to the panels. The expertise 
of the panel members may be especially relevant if the 
quality of the evidence is low on a specific topic. It has 
previously been shown that when there is little evidence 
from well-conducted clinical trials, the reliability of the 
panel process is likely to be low [13].

Although the ACR-AC Methodology describes the 
strength of evidence assessment in their manual, this 
information is not publicly available to the readers as rec-
ommended by GRADE [10, 11]. The literature reviews for 
appropriateness studies are typically less strict in their 
inclusion criteria compared to Cochrane reviews [13]. 
Although RAND-UCLA criteria recommend that the 
search strategy used should be documented in the final 
report to help the reader judge if the literature review is 
based on adequate body of evidence, this information is 
generally not included in the ACR-AC. The questionnaire 
used for the Delphi method iterative process is also rec-
ommended to be made public but is currently not avail-
able. We find that a significant proportion of studies used 
as evidence are from cohort studies or case series. High-
quality systematic reviews, if available, are recognized to 
constitute a substantial contribution to the available evi-
dence. Although a detailed analysis of the included ACR-
AC for this was outside the scope of the current study, 
the authors recognize that at least some ACR-AC did 
not include these even when available in the last 5 years 
[15–17].

Comparison to other society guidelines would be help-
ful in understanding their process, and ways to improve 
radiology guidelines. The American Heart Association/ 
American Stroke Association (AHA/ASA) also issues 
guidelines relevant to the specialty [18]. These guidelines 
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present the Level (Quality) of Evidence from Level A 
(based on randomized trials) to Level C (Expert Opin-
ion). AHA/ASA guidelines also routinely present the 
Class (Strength) of Recommendation as Class I (Strong), 
Class IIa (Moderate), Class IIb (Weak), Class III (No Ben-
efit or Harm). Comparative Effectiveness studies consti-
tute an important basis for these recommendations. In 
contrast, much of radiology guidelines focus on imaging 
efficacy (imaging acquisition and diagnostic accuracy) 
and not on effectiveness (patient outcomes and qual-
ity of life). Although beyond the scope of this study, we 
found that ACR-AC often have not even considered or 
mentioned studies focusing on eventual health outcomes 
or ultimate societal benefit [15, 16, 19, 20]. There is an 
increased focus on establishing the role of radiology in 
value-based health care [21]. Including a discussion on 
effectiveness relevant to the topic would provide readers 
a greater sense of evidence in current literature on effec-
tiveness forming the basis for the recommendations, as 
well as highlight the areas that need more research. Cor-
relating the imaging guidelines with the clinical practice 
guidelines would also be critical to remove inconsisten-
cies and needs further study.

A review of 139 clinical practice guidelines in 2018 also 
found low percentages of guidelines reporting impor-
tant aspects of authorship, panel selection process/
criteria and characteristics of individual authors [22]. 
External review and quality assurance, as recommended 
by RIGHT (Reporting Items for Practice Guidelines in 
Healthcare) Working Group are also lacking [23].

The methodology for the ACR Appropriateness criteria 
is the basis for the work of ESR Referral Guideline Sub-
committee (RGSC) and is adhered to as far as possible. 
However, additional guidance principles have been estab-
lished emphasizing that any changes or additional guide-
lines should be evidence-based to the extent possible and 
expert opinion should only function as a supplement 
when necessary.

Our study has several limitations. While prior research 
output is one way to evaluate a member’s expertise, it 
is also important to consider that members with years 
of clinical experience without significant research out-
put can add value and diversify the scope of the panels. 
Secondly, as per ACR-AC methodology, the expert pan-
els may include research authors, who may be members 
in training including radiology residents and fellows as 
well as attending physicians. The stated goal is to pro-
vide them with mentoring and early exposure to the pro-
cess of creating evidence-based guidelines. However, it 
is unclear how this is consistent with the RAND-UCLA 
Appropriateness method or with the stated objective of 
having “expert” panel members. Lastly, we did not clas-
sify the previous relevant papers into Scientific papers, 

review articles, case reports or commentary/opinions 
and included all types of PubMed publications based on 
the keywords.

In conclusion, the ACR-AC are intended to be a help-
ful aid for physicians to optimize the use of imaging in 
different clinical scenarios. The importance of ACR-AC 
cannot be overstated given their national implementation 
under the medical appropriateness use criteria program. 
Our study provides the basis to reconsider staffing deci-
sions when forming expert panels that will ultimately 
influence the healthcare delivery for millions of Ameri-
cans every year.
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