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Abstract

Background: Given the wide usage of Emergency point-of-care ultrasound (EUS) among
emergency physicians (EPs), rigorous study surrounding its accuracy is essential. The Standards
for Reporting of Diagnostic Accuracy (STARD) criteria were established to ensure robust
reporting methodology for diagnostic studies. Adherence to the STARD criteria among EUS
diagnostic studies has yet to be reported.

Objectives: Our objective was to evaluate a body of EUS literature shortly after STARD
publication for its baseline adherence to the STARD criteria.

Methods: EUS studies in 5 emergency medicine journals from 2005-2010 were evaluated for
their adherence to the STARD criteria. Manuscripts were selected for inclusion if they reported
original research and described the use of one of ten diagnostic ultrasound modalities designated
as “core emergency ultrasound applications” in the 2008 ACEP Ultrasound Guidelines. Literature
search identified 307 studies; of these, 45 met inclusion criteria for review.

Results: The median STARD score was 15 (IQR: 12 — 17), representing 60% of the 25 total
STARD criteria. The median STARD score among articles that reported diagnostic accuracy was
significantly higher than those that did not report accuracy [17 IQR: 15 - 19) vs. 11 (IQR: 9 — 13),
respectively; p < 0.0001]. Seventy one percent of articles met at least 50% of the STARD criteria
(56%—-84%) and 4% met greater than 80% of the STARD criteria.

Conclusions: Significant opportunities exist to improve methodological reporting of EUS
research. Increased adherence to the STARD criteria among diagnostic EUS studies will improve
reporting and ability to compare outcomes.
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INTRODUCTION

Emergency point-of-care ultrasound (EUS) is widely used in emergency departments (EDs)
(ACEP, 2008). Multiple studies have shown a significant utility of EUS as a diagnostic tool,
and its use in clinical care is expanding. As with any diagnostic tool, demonstration of
diagnostic accuracy prior to its widespread implementation is important. Unfortunately,
methodological flaws in study design and execution may result in biased estimates of
accuracy, thus limiting the applicability of such modalities in clinical care settings!-2.
Moreover, poor diagnostic accuracy may result in inappropriate utilization of diagnostic tests
by physicians.

In 2003, the Standards for Reporting of Diagnostic Accuracy (STARD) criteria were
published with a goal of improving scientific reporting of studies that evaluate diagnostic
tests. Using prior guidelines and expert opinion, STARD consists of 25 items that are largely
considered requisite when publishing study results® (Table 1).

It remains unclear how well published EUS research adheres to STARD criteria. Thus, our
objective was to evaluate a representative body of EUS literature with a hypothesis that
significant variability and poor adherence with STARD criteria would exist. Thus, our
objective was to evaluate a body of EUS literature and its adherance to the STARD criteria.

METHODS

This project included only aggregate hon-human subjects data from previously published
work. As such, no institutional review board approval was necessary.

Study Design

We performed a systematic review of emergency medicine EUS literature.

Search Strategy

We targeted five peer-reviewed, emergency medicine journals based on impact factor and
readership: Annals of Emergency Medicine, Academic Emergency Medicine, American
Journal of Emergency Medicine, Emergency Medicine Journal, and Journal of Emergency
Medicine. A manual search of all of the issues for each of these journals from January 1,
2005 through December 31, 2010 was conducted by the primary author to identify any
articles related to EUS. This search consisted of a review of the table of contents to identify
any article with title or keywords pertaining to EUS. When the use of EUS was unclear
based on the title or keywords, the abstract and article were reviewed. This manual search
was then supplemented by a subsequent electronic search of the same journals over the same
time period using PubMed. The search terms “emergency” and “ultrasound” or “echo” or
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“sono” were used, and then filtered by each journal queried. No additional articles were
found.

Article Selection

Manuscripts were selected by the primary author for inclusion if they reported original
research and described the use of one of the ten ultrasound modalities designated as “core
emergency ultrasound applications” in the 2008 ACEP Ultrasound Guidelines for diagnostic
purposes in the ED. The ten core EUS applications included: trauma, intrauterine pregnancy
(1UP), abdominal aortic aneurysm (AAA), cardiac, biliary, urinary tract, deep venous
thrombosis (DVT), soft-tissue/musculoskeletal (ST/MSK), thoracic, and ocular®. Articles
specific to procedural guidance were excluded, as these are not amenable to analysis via the
STARD criteria. We also excluded publications that dealt with new or novel ultrasound
applications not listed in the core applications, applications that did not use EUS as a
diagnostic tool, or educational studies and case reports.

Data Abstraction

Once a complete list of articles was identified, the articles were blinded for review based on
the journal in which the article was published and the study site and authorship group of the
study. Each article was copied and pasted into a word processing program (Microsoft Word,
Microsoft Corporation, Redmond, WA), with identical font and subheadings, and with tables
and figures included at the end of the document. This process was used to eliminate
formatting standards, which would make the journal of publication identifiable to the
reviewers. Any information that would identify the authors or study location was also
removed from the text. Articles were randomly sorted and assigned a unique study
identification number for use through the remainder of the review process. Two authors with
formal research methodology training independently reviewed each article using a structured
data collection instrument that followed the STARD checklist (Table 1). Each item was
answered as “yes”, “no”, or “NA,” (not applicable) with opportunity to include comments. If
it was thought that a STARD item was not clearly described in the manuscript, “no” was
indicated. Disagreements between the two reviewers were adjudicated by a third author, also
with formal research methodology training, who was blinded to initial STARD responses. A
total STARD score was calculated for each article by summing the total number of STARD
criteria satisfied, ranging from 0 to 25.

Data Analysis

All data were manually entered into an electronic spreadsheet (Microsoft Excel; Microsoft,
Redmond, WA) and transferred into native SAS format. All analyses were performed with
SAS Enterprise Guide Version 5.1 (SAS Institute, Inc., Cary, NC). Descriptive statistics are
reported for all variables. Categorical data are reported as percentages with 95% confidence
intervals (95% ClIs) and continuous data as medians with interquartile ranges (IQRs).
Interrater reliability is reported as median raw agreement and kappa statistics with range and
IQR. Bivariate comparisons were performed using Fisher’s exact test for categorical data
and Wilcoxon rank sum test for continuous data. A p-value < 0.05 was considered
statistically significant. No a priori sample size calculation was made.
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A total of 307 EUS studies were identified, and of these, 45 met criteria for inclusion (Figure
1). Of the 45 articles, only 29 (64%) evaluated the diagnostic accuracy of EUS with
calculations of sensitivity and specificity. The remaining articles evaluated EUS as a
diagnostic tool, but did not include diagnostic accuracy results.

The median STARD score across all articles was 15 (IQR: 12-17), representing 60% of the
all STARD criteria. The median STARD score among articles that reported diagnostic
accuracy was significantly higher than those that reported EUS as a diagnostic tool but did
not report accuracy (17, IQR: 15-19 vs. 11, IQR: 9-13, respectively; p < 0.0001). Of the 45
articles, 32 (50%, 95% CI: 56%-84%) met at least 50% of the STARD criteria, and only 2
(4%, 95% CI: 1%—-15%) met greater than 80% of the STARD criteria.

The total number of articles meeting each of the STARD criteria is outlined in Table 2. This
table also compares the number of STARD criteria met by the studies that reported
diagnostic accuracy information compared to those that did not. The percentage of articles
reporting diagnostic accuracy that met each individual STARD criteria is depicted in Figure
2, and of those that did not report diagnostic accuracy is depicted in Figure 3.

Among the articles included in the study, certain STARD criteria were reported the majority
of the time. The highest adherence to the STARD criteria, reported 80% or more of the time,
was found in STARD criteria 2, 3, 6, 8, 9, 14 and 25 (Table 3). Reporting of some criteria
was exceptionally low, reporting 20% or less of the time, in STARD criteria 13, 17, 20 and
24, noting that STARD criteria 20 was met in only a single article (Table 4).

The median observed agreement between the two reviewers across the 25 STARD criteria
and 45 reviewed articles was 0.71 (IQR: 0.64-0.80). Kappa was 0.45 (95% CI 0.41-0.50)
and the Prevalence Adjusted and Bias Adjusted Kappa was 0.43 (95% CI: 0.34-0.60).
Interrater reliability information for each individual criterion is shown in Table 5.

DISCUSSION

An initial study of diagnostic accuracy studies across major medical journals from 1978-
1993 demonstrated average methodological quality at best, with publications missing
information on how studies were designed, conducted and analyzed®. Since the adoption of
the STARD criteria, multiple specialties have assessed how well their published studies of
diagnostic tests perform with respect to these standards®-12, reporting overall poor
adherence to the STARD guidelines. A more recent study of emergency medicine studies
showed variable adherence, ranging from 9-100% of the STARD criteria being met on any
given study3. There has been just a single study of EUS and STARD, which evaluated the
Focused Assessment with Sonography in Trauma (FAST). In this study, a median of 13
methodological criteria (of 27 criteria pooled from STARD and QUADAS) were met, and
when methodological standards were missing, investigators significantly overestimated
pooled sensitivity of the FAST4,
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Of the studies that dealt with the core EUS applications and the use of ultrasound as a
diagnostic tool, we were surprised to find that such a low percentage evaluated diagnostic
accuracy and presented sensitivity and specificity information. EUS diagnostic accuracy
studies that report findings using the STARD criteria provide the reader the opportunity to
confirm and apply the findings of the published study in their specific population. Ideally, all
research studies that describe the use of EUS as a diagnostic modality would report
diagnostic accuracy data.

Of the articles that we reviewed, a majority reported more than 50% of the STARD criteria,
but very few reported more than 80% of the criteria. The median STARD score across all
articles was 15, which is 60% of the STARD criteria. Articles that reported diagnostic
accuracy information performed slightly better, meeting 17/24, or 68% of the STARD
criteria. While this outperforms the reporting of STARD adherence across the
literature”1215  jt is lower than that of general emergency medicine studies.

In this investigation, we found the reporting of five specific criteria was high. Stating the
research aims (STARD 1) and discussing clinical applicability of the test (STARD 25) were
included in 100% of the articles. Describing the study population (STARD 3), the
technological specifications of the materials and methods (STARD 8) and the process of data
collection (STARD 6) were all reported more than 80% of the time. That said, when
compared to general emergency medicine diagnostic studies, in which there were 7
categories that were met 100% of the time, and 14 categories that were met >80% of the
time, there lies significant room for improvement?3.

The lowest reporting was seen in the reporting of adverse events (STARD 20), reporting the
time interval between the index and the reference test (STARD 17), reporting estimates of
test reproducibility (STARD 24) and a description of the methods for the calculation of test
reproducibility (STARD 13) were all reported less than 20% of the time. These numbers fall
well below the lowest percent reporting in these categories in general emergency medicine
literature, in which the lowest reported adherence for a single category was 26.1% (Gallo
2017). When the time interval between the index test and the standard is not reported, the
reader is unable to determine if there was possibility that the patient’s status may have
changed or if any treatment was administered between the tests®. Reporting test
reproducibility and the methods by which this was calculated as variation in this regard can
affect diagnostic accuracy. There are often multiple opportunities for variation in
reproducibility in interpreting a diagnostic study; as such it is essential that this be reported
in order to accurately report diagnostic accuracys.

The STARD criteria were initially published to improve the quality of reporting of essential
elements of diagnostic accuracy studies to facilitate the critical evaluation of published
investigations and enhance the reproducibility of these studies1®. Certainly, there are likely
multiple studies describing diagnostic accuracy in EUS in which the above criteria were met,
but not reported!3. However, when the STARD criteria are not fully reported, readers and
colleagues have an incomplete picture of the nature of the study. When readers are unable to
evaluate potential adverse events of a new modality, patients are left vulnerable to harm if a
study is repeated externally. This review demonstrates that there is significant opportunity
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for improvement in the reporting of STARD criteria, particularly with respect to reporting of
diagnostic accuracy.

This review was carried out shortly after the publication of the initial STARD initiative. As
the STARD criteria were initially published in 2003, this investigation was designed to be a
baseline study to determine adherence to the STARD criteria immediately following its
widespread publication. We hope that in publishing this study we can make EUS
investigators more aware of the STARD initiative and enhance adherence, which will result
in overall higher quality research. In the future we would like to repeat the review on more
recent publications to evaluate for improvement, as well as survey EUS experts on their
familiarity and utilization of the STARD criteria. Additionally, the revised STARD criteria
were published in 2015 and this study was conducted well ahead of this release. Further
evaluation of the most recent EUS literature based on these new criteria is warranted.

LIMITATIONS

This study has a few limitations. The interrater reliability of the initial review showed
moderate agreement. We believe this is because we allowed the reviewers to choose “No” or
“not applicable” for each article, and the reviewers may have used these differently. While
“not applicable” may have applied to some categories in the studies that did not report
diagnostic accuracy information, the reviewers may have reported this as “No,” meaning not
reported, rather than not applicable. This likely resulted from the significant number of
articles reviewed (35%) that did not report diagnostic accuracy information and therefore
many of the STARD criteria related to reporting of diagnostic accuracy may have been
confusing to classify. Given our initial modest agreement, we did adjudicate all
discrepancies with a third reviewer in order to minimize bias of these reviews.

It is possible that some of these studies met some STARD criteria but did not report them all
in their paper, or that the intrinsic nature of point of care ultrasound makes it difficult to
report certain criteria because of the variability from one user to the next. While we
attempted to evaluate all criteria and adjudicate with multiple reviewers, there is the
possibility that some criteria could not be evaluated for these reasons.

While we used internet-based search engines and performed a manual search of the table of
contents of each major journal, we may have inadvertently omitted diagnostic accuracy
articles from the study. To help mitigate this possibility, we used a stepwise approach to
identification of articles for inclusion and also conducted a PubMed search to help identify
any additional articles meeting study criteria.

Finally, articles included in our study ranged from 2005 — 2010 and methodological rigor of
EUS literature may have improved since 2010.

CONCLUSIONS

Significant opportunities exist to improve methodological reporting of EUS research.
Increased adherence to the STARD criteria among diagnostic EUS studies is necessary to
improve reporting and ability to compare outcomes.
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1. Why is this topic important?

2. What does this study attempt to show?

3. What are the key findings?

4, How is patient care impacted?

Article Summary:

a. Emergency point-of-care ultrasound is widely used as a diagnostic
tool in emergency departments to guide clinical decision making.
Given this, rigorous study surrounding its accuracy is essential.

a. This study attempts to demonstrate how publications describing EUS
diagnostic studies adhered to the STARD criteria after their initial
widespread distribution.

a. The median STARD score was 15 (IQR: 12 — 17), which is 60% of
the 25 total STARD criteria. The median STARD score among
articles that reported diagnostic accuracy was significantly higher
than those that did not report diagnostic accuracy [17 IQR: 15 — 19)
vs. 11 (IQR: 9 — 13), respectively; p < 0.0001]. Seventy one percent
of articles met at least 50% of the STARD criteria (56%-84%) and
4% met greater than 80% of the STARD criteria.

a. We aim to advance the quality of emergency ultrasound diagnostic
studies, which in turn will advance the science and clinical practice
of emergency medicine, and therefore individual patient care.
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N = 306
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Met exclusion criteria
(n=261)

Case reports (130)
US for procedural guidance (76)
Non-core US applications (20)
Reviews (11)
Editorial or correspondence (9)
Other EUS studies (9)
Educational studies (2)
Prehospital EUS (3)
Book review (1)

Met inclusion criteria
n=45

A4

Studies of diagnostic accuracy
n=29

n=16

Studies using EUS as
diagnostic tool

Figure 1.
Flow diagram of selected articles.
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STARD criteria for articles that reported diagnostic accuracy.
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STARD Criteria for articles that did not report diagnostic accuracy.
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Table 1.

STARD checklist for the reporting of studies of diagnostic accuracy (first official version, January 2003)

Section and Topic Item #
TITLE/ASTRACT/ . : . n
KEWORDS 1 Is the article a study of diagnostic accuracy?
State the research questions or aims, such as estimating diagnostic accuracy or comparing accuracy
INTRODUCTION 2 between tests or across participant groups
METHODS
- Describe the study population: the inclusion and exclusion criteria and the settings and locations where
Participants 8 the data were collected
4 Describe participant recruitment: was this based on presenting symptoms, results from previous tests, or
the fact that the participants had received the index tests or the reference standard?
5 Describe participant sampling: was this a consecutive series of participants defined by selection criteria in
the previous 2 items? If not, specify how participants were further selected
6 Describe data collection: was data collection planned before the index tests and reference standard were
performed (prospective study) or after (retrospective study)?
Test Method's 7 Describe the reference standard and its rationale
8 Describe technical specifications of material and methods involved, including how and when
measurements were taken, or cite references for index tests or reference standard, or both
9 Describe definition of and rationale for the units, cutoff points, or categories of the results of the index
tests and the reference standard
10 Describe the number, training, and expertise of the persons executing and reading the index tests and the
reference standard
11 Were the readers of the index tests and the reference standard blind (masked) to the results of the other
test? Describe any other clinical information available to the readers.
- Describe methods for calculating or comparing measures of diagnostic accuracy and the statistical
Statistical Methods 12 methods used to quantify uncertainty (eg 95% confidence intervals)
13 Describe methods for calculating test reproducibility, if done
RESULTS
Participants 14 Report when study was done, including beginning and ending dates of recruitment
15 Report clinical and demographic characteristics (e.g., age, sex, spectrum of presenting symptoms,
comorbidity, current treatments, and recruitment center)
Report how many participants satisfying the criteria for inclusion did or did not undergo the index tests or
16 the reference standard, or both; describe why participants failed to receive either test (a flow diagram is
strongly recommended)
Test Results 17 Report time interval from index tests to reference standard, and any treatment administered between
18 Report distribution of severity of disease (define criteria) in those with the target condition and other
diagnoses in participants without the target condition
Report a cross tabulation of the results of the index tests (including indeterminate and missing results) by
19 the results of the reference standard; for continuous results, report the distribution of the test results by the
results of the reference standard
20 Report any adverse events from performing the index test or the reference standard
Estimates 21 Report estimates of diagnostic accuracy and measures of statistical uncertainty (e.g. 95% confidence
intervals)
22 Report how indeterminate results, missing responses, and outliers of index tests were handled
23 Report estimates of variability of diagnostic accuracy between readers, centers, or subgroups of
participants, if done
24 Report estimates of test reproducibility, if done
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Section and Topic

Item #

DISCUSSION

25 Discuss the clinical applicability of the study findings
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Inter-Rater Reliability

Table 5:

Inter-Rater Reliability

IRR STARD Questions

© 0 N o O b~ W N P

NN NN NN B P PR R R R R PP
g M W N P O © 0 N OO 00 W N B O

Observed Agreement

0.71

0.80
0.96
0.76
0.71
0.29
0.71
0.53
0.49
0.51
0.56
0.71
0.69
0.82
0.89
0.67
0.64
0.78
0.71
0.69
0.93
0.80
0.62
0.76
0.80
1.00

Cohen’s Kappa (95% CI)
0.45 (0.41-0.50)

0.59 (0.36-0.82)
0.00 (0-0)
0.25 (~0.03 t0 0.53)
0.32 (0.09-0.55)
0.05 (~0.01 t0 0.10)
0.06 (~0.15 t0 0.27)
0.23 (0.08-0.38)
0.10 (~0.01 t0 0.21)
0.13 (0.0-0.26)
0.21 (0.20-0.39)
0.41 <0.15-0.67)
0.39 (0.14-0.64)
0.39 (0.05-0.74)
0.71 (0.47-0.95)
0.36 (0.16-0.56)
0.28 (0.06-0.50)
0.26 (~0.06 t0 0.58)
0.43 (0.20-0.67)
0.36 (0.09-0.64)
~0.03 (-0.07 t0 0.01)
0.61 (0.39-0.83)
0.23 (0.05-0.42)
0.35 (0.08-0.63)
0.30 (~0.04 t0 0.63)
1.00 (1-1)

Prevalence Adjusted Bias Adjusted Kappa
0.43

0.60
0.91
0.51
0.42
-0.42
0.42
0.07
-0.02
0.02
0.11
0.42
0.38
0.64
0.78
0.33
0.29
0.56
0.42
0.38
0.87
0.60
0.24
0.51
0.60
1.00
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