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Abstract

Background: Diagnostic stewardship is the effort to optimize diagnostic testing to
reduce errors while avoiding overtesting and overtreatment. Abdominal pain and
appendicitis in children are essential use cases. Delayed diagnosis of appendicitis can
be dangerous and even life-threatening, but overtesting is harmful.

Methods: We conducted a retrospective cohort study of children aged 5-17 years
presenting with abdominal pain to 26 EDs within the Michigan Emergency Department
Improvement Collaborative (MEDIC) from May 1, 2016, to February 29, 2024. We
defined two outcome measures summarized by ED. First, we describe the cross-
sectional imaging:appendicitis visits ratio, defined as the count of ED visits resulting
in any cross-sectional imaging (CT or MRI) divided by the count of ED visits with a
diagnosis of appendicitis. Second, we describe the delayed diagnosis rate, defined by
an ED visit for abdominal pain resulting in a discharge and subsequent return visit with
a diagnosis of appendicitis within 7 days.

Results: The sample included 120,112 pediatric visits for abdominal pain at 26 EDs;
4967 (4.1%) were diagnosed with appendicitis. The cross-sectional imaging:appendicitis
visits ratio varied by site, from as low as 0.2 (95% confidence interval [CI] 0.1-0.2) at
a pediatric site to as high as 7.9 (95% Cl 4.8-16.4) at an urban ED. The proportion of
pediatric ED visits for abdominal pain that resulted in an identified delayed diagnosis
of appendicitis was 0.1% (141/120,112). All but four sites had fewer than 10 cases of
delayed diagnosis across the study period.

Conclusions: In this retrospective cohort study of 120,000+ ED visits for pediatric
abdominal pain, we found that the ratio of visits with cross-sectional imaging to
diagnosed cases of appendicitis varied widely across EDs. Delayed diagnosis of

appendicitis was uncommon. Adherence to best practices and improved imaging
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310 DIAGNOSTIC STEWARDSHIP IN PEDIATRIC ABDOMINAL PAIN
quality may hold promise to improve diagnostic stewardship for children with
abdominal pain across EDs.

INTRODUCTION translation to practice change, and knowledge generation and dis-

Diagnostic stewardship is the effort to optimize diagnostic testing
to reduce errors while avoiding overtesting and overtreatment.!
Originally developed with application to infectious disease, the con-
cept is broadly applicable in emergency medicine where clinicians
must balance the harms of overtesting with the dangers of missed
diagnoses. Abdominal pain and appendicitis in children are canonical
examples. Abdominal pain is among the most common reasons chil-
dren present to the emergency department (ED), and appendicitis is
the most common surgical cause.?™* Delayed diagnosis of appendi-
citis in children with abdominal pain can be dangerous and even life-
threatening,” but overtesting is wasteful and sometimes harmful.®”

The diagnosis of appendicitis is generally confirmed by abdom-
inal imaging. Ultrasound is the safest and most cost-effective ini-
tial imaging modality in the evaluation of children with suspected
appendicitis8 and is recommended by most guidelines.9 Ultrasound
avoids exposure to ionizing radiation, which is particularly harmful to
children.® However, ultrasound is not always available around the
clock across ED settings and is operator dependent, so nondiagnos-
tic scans are common.*? Cross-sectional imaging (computed tomog-
raphy [CT] or, less commonly, magnetic resonance imaging [MRI])
is typically obtained if appendicitis is suspected and ultrasound is
either unavailable or nondiagnostic.®® Clinicians in emergency med-
icine rely on their expertise and experience as well as diagnostic
tools like ultrasound and blood tests. In some cases, ED clinicians
may have access to onsite surgical consultation or be able to observe
such patients for serial abdominal examinations. These resources
help clinicians to reduce cross-sectional imaging overtesting while
guarding against potentially dangerous delayed diagnosis of appen-
dicitis. Using a statewide quality collaborative of diverse community,
academic, urban, and rural EDs, our objectives were (1) to describe
current practice patterns in use of imaging in the ED evaluation of
nontraumatic pediatric abdominal pain and (2) to assess the associ-

ated rate of delayed diagnosis of appendicitis among those patients.

METHODS
Design, setting, and population

We conducted a retrospective cohort study of children aged
5-17years presenting to 26 EDs within the Michigan Emergency
Department Improvement Collaborative (MEDIC) from May 1, 2016,
February 29, 2024. MEDIC is a quality improvement network with
a clinical data registry supporting >40 hospital members across
Michigan to enhance ED quality improvement through techniques
such as audit and feedback measurement and reporting, evidence

semination.** There were 26 included MEDIC sites caring for pediat-
ric patients with ongoing participation in the collaborative as of July
2024 that were included in the study. The University of Michigan
Institutional Review Board approved this study, informed consent
was waived, and we followed the Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) guidelines.'®

The MEDIC data registry includes electronic health record-ex-
tracted data elements for all ED visits among participating sites. We
identified children with a chief complaint and/or a triage note indi-
cating the presence of abdominal pain using a bidirectional encoder
representations from transformers (BERT) language model previ-
ously developed specifically for application in emergency care®
The BERT language model is a natural language processing tool that
allows for the rapid identification of abdominal pain within millions
of records with unique free-text chief complaints and triage notes.
Table A1 depicts characteristic examples of free-text complaints and
their associated labels for abdominal pain and cough.

Children with a diagnosis of trauma, pregnancy, inflammatory
bowel disease, systemic lupus erythematosus, sickle cell disease,
and malignancy were excluded from the analytic sample because of
unique clinical considerations within these populations. In addition,
a prior diagnosis of appendicitis within the MEDIC registry associ-
ated with the patient record was similarly excluded from the sample.
Finally, patients with a first-time diagnosis of appendicitis but without
associated diagnostic imaging were also excluded as the majority of
these visits were identified as cases of ED transfers from referral hos-

pitals likely after the diagnosis of appendicitis had been established.

Variables

Variables were obtained from the MEDIC data registry and
included visit site, visit date, patient age, sex, race and ethnicity,
insurance, presence of a complex chronic condition (CCC)'” among
ED diagnosis codes, and abdominal imaging (ultrasound, CT, MRI).
Visit diagnosis codes (International Classification of Diseases, 10th
Edition, Clinical Modification [ICD-10]) were also collected. The
CCCs are a taxonomy of conditions designed to capture medical
conditions expected to last at least 12months and to involve one
or more organ systems requiring specialty pediatric care. Race and
ethnicity data are variably reported across sites in the MEDIC data
registry but are typically structured data fields or free-text drawn
from site electronic health record systems. We categorized and
reported on race and ethnicity fields according to guidance from
the Michigan Social Health Interventions to Eliminate Disparities
(MSHIELD) collaborative quality initiative.’® Sites were classified
as either pediatric, urban, or rural. Pediatric sites were identified



JANKE ET AL.

311

as major academic tertiary pediatric specialty centers participating
in MEDIC. Rurality was identified by county based on rural-urban

commuting area (RUCA) codes consistent with prior research.'?

Outcomes

To measure and compare variation in imaging practices, we cre-
ated two diagnostic stewardship outcome metrics for children
presenting to the ED with nontraumatic abdominal pain. First, we
defined a cross-sectional imaging:appendicitis visits ratio as the
ratio of the count of ED visits with at least one cross-sectional
imaging study performed divided by the total number of ED visits
resulting in a diagnosis of appendicitis. We chose this approach
to avoid a potential pitfall of a diagnostic yield measure in this
case and to gauge the extent to which sites rely on cross-sectional
imaging as an evaluation tool relative to the amount of appendici-
tis diagnosed. Because cross-sectional imaging may optimally be
reserved for equivocal cases, or instances where ultrasound imag-
ing is unavailable, a higher yield (positivity rate) of cross-sectional
imaging may not necessarily reflect a lower reliance on cross-
sectional imaging overall. As a corollary, for descriptive reporting
only, we also report a similar ultrasound:appendicitis visits ratio.
Second, the prevalence of delayed diagnosis was defined as the
percentage of children who presented with abdominal pain at an
index ED visit and were subsequently evaluated, discharged, and
returned to the ED with a diagnosis of appendicitis within 7 days.
Patients seen in one ED, discharged, and later returning to another
ED in the same health system can be identified. This definition
of delayed diagnosis of appendicitis is relatively specific and has
limitations, as it relies on patients having presented with a chief
complaint or triage note indicating specifically abdominal pain at
the first visit and may not capture all delayed diagnoses including
those crossing between health systems within MEDIC or between
MEDIC and non-MEDIC sites.

Statistical analysis

To ensure that this approach captured a cohort where appendicitis
was a relevant diagnostic consideration, we described rates of imag-
ing and appendicitis diagnoses within the defined abdominal pain
cohort compared to all other pediatric visits within ages 5-17. We
reported imaging use, the cross-sectional imaging:appendicitis visits
ratio, and the delayed diagnosis rate by site as well as pooled across
all ED visits and sites in the analysis. For each site cross-sectional
imaging:appendicitis visits ratio, we calculated bootstrapped 95%
confidence intervals (Cls). For each ED, we performed 1000 boot-
strap resamples with replacement from the original visit data, calcu-
lating the ratio of visits with cross-sectional imaging to appendicitis
diagnoses for each sample. The 95% Cls for these ratios were then
determined using the empirical quantiles from the bootstrap distri-
butions. To assess for an association between the cross-sectional

imaging:appendicitis visits ratio and delayed diagnosis rates at the
site level, we constructed a scatterplot and reported a Spearman
correlation. We compare available sociodemographic characteris-
tics of appendicitis cases with and without delayed diagnoses. We
use independent-sample t-tests and chi-square tests of independ-
ence to evaluate for differences in means and proportions as ap-
propriate. As our cohort included some patients seen at multiple ED
visits for abdominal pain, we also performed a sensitivity analysis
where we included only first-time abdominal pain visits as con-
tained within the MEDIC registry, and we report imaging utilization
and cross-sectional imaging:appendicitis visits ratio at those visits
alone. All analyses were performed using R (R Project for Statistical
Computing Version 4.2.1).

RESULTS

After exclusions, there were a total of 120,112 ED visits for ab-
dominal pain for 94,409 unique patients ages 5-17 and 26 EDs in
the analytic sample (Figure 1). Appendicitis was diagnosed in 4967
(4.1%) visits presenting with abdominal pain. Three pediatric cent-
ers accounted for 59.9% of visits in the sample. Seventeen urban
EDs accounted for 33.9% of the visits, and the remaining 6.2% of
visits occurred at the six rural EDs included in this study. Overall, the
sample was 59.3% female and 53.3% non-Hispanic White and had a
mean age of 11years. Table 1 depicts visit-level sociodemographic
characteristics of the study population. Visits for abdominal pain
as identified by our natural language processing tool captured the
majority of abdominal imaging (95.5%) and appendicitis diagnoses
(96.1%) among all pediatric ED visits ages 5-17 (Table A2).

Among all children identified with abdominal pain, 37,396
(31.1%) underwent abdominal imaging (Figure 2). Ultrasound was
obtained in 27.2% (32,676) of visits, while 6.4% (7726) had a CT and
1.9% (2243) had a MRI. Sites varied in their propensity to image,
from 12.2% to 50.3% of abdominal pain visits. Across the full study
sample, the cross-sectional imaging:appendicitis visits ratio was 2.0
(9914 ED visits with cross-sectional imaging divided by 4967 appen-
dicitis cases). The ratio varied by site, from as low as 0.2 (95% ClI
0.1-0.2) at a pediatric site to as high as 7.9 (95% Cl 4.8-16.4) at an
urban ED (Figure 3). Figure A1 similarly depicts this ratio but for ul-
trasound:appendicitis visits and finds similar marked variation. We
report on a sensitivity analysis, where we only include first-time ED
visits across patients, in Table A3.

Across all sites and the full study period, there were 141 delayed
diagnoses (2.8% of the 4967 total appendicitis cases) following an
index ED visit for abdominal pain with appendicitis diagnosed at a
second ED visit within 7 days. Figure A2 depicts raw imaging rates
against delayed diagnosis rates, by site. Imaging rates were not gen-
erally statistically significantly associated with delayed diagnosis
rates. Table A4 depicts characteristics of missed diagnosis cases
compared to all other appendicitis cases. Females made up a larger
proportion of delayed diagnoses compared to other appendicitis
cases (48.2 vs. 39.9%, p=0.047) as did Hispanic patients (19.1 vs.



312

DIAGNOSTIC STEWARDSHIP IN PEDIATRIC ABDOMINAL PAIN

209,164 total pediatric visits in the MEDIC
data registry with a chief complaint or triage

note for abdominal pain

132,565 are
ages 5-17

v

131,190 are patients not been
diagnosed with appendicitis in
MEDIC registry before

1,375 visits are for patients with
a prior appendicitis diagnosis

FIGURE 1 Study cohort. Analytic
sample constructed for pediatric
abdominal pain where appendicitis is likely
a relevant diagnostic consideration.

76,599 visits for

ages <5

1,134 are visits where
appendicitis was diagnosed
without imaging at that ED visit
(all transfers in)

130,056 total ED visits
(100,939 total patients)

9,944 visits excluded for

trauma, pregnancy, IBD,

malignancy, sickle cell
anemia, and lupus

120,112 ED visits (94,409
patients) in the analytic
sample

12.4%, p=0.018) and self-pay patients (5.7 vs. 0.8%, p<0.001). The
overall proportion of pediatric ED visits for abdominal pain that re-
sulted in an identified delayed diagnosis of appendicitis was 0.1%
(141/120,112). All but four sites had fewer than 10 cases of delayed
diagnosis across the study period. Figure 4 depicts cross-sectional
imaging:appendicitis visits ratio against delayed diagnosis rates at
the site level. The Spearman correlation coefficient for the associ-
ation of these two measures as in Figure 4 was -0.065 (p=0.75),
indicating no statistically significant relationship. Figure A2 depicts
the association of raw imaging use by type with delayed diagnosis
rates. Table A5 shows visit counts, imaging frequency, and appendi-
citis diagnoses by site.

DISCUSSION

In this cohort study of over 120,000 pediatric visits for abdominal
pain at 26 geographically and structurally diverse EDs, we found that

over 30% of children had at least one form of imaging. Over 4% of
children had appendicitis, similar to previously described epidemi-
ology of acute pediatric abdominal pain within EDs.>?° Consistent

521 yltrasound was the most frequently employed

with guidelines,
imaging modality followed by CT and then MRI. Sites varied widely
in both their propensity to image and the number of cross-sectional
imaging visits compared to number of visits resulting in a diagnosis of
appendicitis. For the three pediatric EDs and for one urban ED, the
cross-sectional imaging:appendicitis visits ratio was <2. That is, for
every case of appendicitis diagnosed at those EDs, fewer than two
cross-sectional studies are performed. For the remainder of sites,
this cross-sectional imaging:appendicitis visits ratio varied from 2.5
to nearly 8. Identified delayed diagnoses were uncommon among
the cohort who presented with abdominal pain at an index ED visit
in the prior 7 days, representing 2.8% of total cases of pediatric ap-
pendicitis in the sample.

Pediatric EDs exhibit both relatively low cross-sectional imag-
ing:appendicitis visits ratio and low delayed diagnosis rates, markers
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TABLE 1 Visitlevel characteristics by type of ED.

Urban Rural
Pediatric EDs EDs Overall
(n=3) (n=17) (n=6) (n=26)
Age (years)
Mean 10.6 11.8 11.7 11.0
SD 3.9 4.0 4.0 4.0
Female 41,384 25,265 4594 71,243
(57.5) (62) (62) (59.3)
Race/Ethnicity
Asian 928(1.3) 588 (1.4) 19 (0.3) 1535(1.3)
Black 20,927 6083 123(1.7) 27,133
(29.1) (14.9) (22.6)
Hispanic 8788 5392 518 (7) 14,698
(12.2) (13.2) (12.2)
Indigenous 203 (0.3) 265 (0.7) 108 (1.5) 576 (0.5)
MENA 1587 (2.2) <10 <10 1587 (1.3)
Multiple 5602 (7.8) 199 (0.5) 84(1.1) 5885 (4.9)
NHPI 69 (0.1) 91(0.2) 14 (0.2) 174 (0.1)
White 31,605 25,963 6424 63,992
(43.9) (63.7) (86.8) (53.3)
Payer
Private 52,411 18,913 5984 77,308
(72.8) (46.4) (80.8) (64.4)
Public 16,531 17,844 761 35,136
(23) (43.8) (10.3) (29.3)
Self-pay 2535 (3.5) 252 (0.6) 76 (1) 2863 (2.4)
CCC 4547 (6.3) 728 (1.8) 184 (2.5) 5459 (4.5)
Total visits 71,965 40,742 7405 120,112

Note: Data are reported as n (%).

Abbreviations: CCC, complex chronic condition (at least one); MENA,
Middle Eastern/North African; NHPI, Native Hawaiian/Pacific
Islander.*®

of diagnostic stewardship along potentially competing dimensions.
The low cross-sectional imaging:appendicitis visits ratios and de-
layed diagnosis rates are consistent with current literature and likely
reflects the relatively greater use and higher diagnostic yield of ultra-
sonography in diagnosing appendicitis at pediatric sites compared to
general EDs. Pediatric EDs typically employ pediatric sonographers
and pediatric radiologists who are highly experienced in obtaining
and interpreting abdominal ultrasounds obtained on children. Prior
studies have demonstrated that nondiagnostic ultrasounds are less
common at pediatric EDs compared to community EDs.??>2 For one
site in our data with a cross-sectional imaging:appendicitis visits
ratio of just 0.2, clinical leaders indicated after the present analyses
were completed that surgical consultation and observation for serial
abdominal examinations are commonly employed in lieu of cross-
sectional imaging.

Variability in imaging between sites suggests an opportunity
to improve. Overtesting raises several concerns, including expo-
sure to ionizing radiation, increasing cost of care, and prolonging
the ED visit.”?*72% Previous work has established that, at least in

pediatric EDs, the increasing use of ultrasound in diagnosing pedi-
atric appendicitis has resulted in a decline in CT imaging without
a subsequent increase in appendiceal perforation or ED revis-
its.?” Other studies have also described the significant variabil-
ity in ED imaging strategies for suspected appendicitis, though
the majority of such studies have focused exclusively on practice
variability within pediatric EDs, limiting their generalizability.?8-3°
Benchmarking practice patterns in choice of imaging for pediatric
abdominal pain presentations (including the cross-sectional im-
aging:appendicitis visits ratio) has not been previously described.
Given the inherent differences in available resources among EDs,
establishing a universal and fair benchmark target may prove
challenging. However, as more than 80% of children requiring
emergency care are evaluated in general EDs,*! standardizing the
diagnostic process, including enhancing the capacity to obtain
high-quality ultrasound images and accurately interpret results in
children and identifying ways to improve pediatric outcomes in
these settings, is especially critical.

Despite the challenges, there are opportunities to improve on the
problems of overtesting and delayed diagnosis particularly in general
EDs with limited resources. Incorporating bloodwork, especially the
serum white blood cell (WBC) count, into the diagnostic evaluation
has been shown to reduce CT imaging and delayed diagnoses.3?33
Further, validated clinical decision tools can help identify children at
very low risk of appendicitis who do not require imaging.3*=%¢ The
pediatric Appendicitis Risk Calculator (pARC) is a newer tool that
uses clinical data and the WBC count to stratify children with sus-
pected appendicitis into risk categories, and it has been validated for
use in the community ED setting.3¢*” Use of pARC was projected to
reduce delayed diagnoses by about 50% in one study.>® One of the
tool's limitations is in its application to children with a nondiagnostic
ultrasound, but a recent study by Bravo et al.>? quantified the risk of
appendicitis in children with a nondiagnostic ultrasound and a low-
risk pARC score and demonstrated that cross-sectional imaging can
safely be deferred in these cases. While the study by Bravo et al.
requires further testing and validation in general EDs, its premise
is promising in enhancing risk stratification tools to guide pediatric
imaging and reduce overtesting.

In addition to clinical decision support, a recent joint pol-
icy statement from the American Academy of Pediatrics, the
American College of Emergency Physicians, and the American
College of Radiology identified two additional strategies to reduce
overimaging in suspected pediatric appendicitis.?* First, for pa-
tients with high likelihood of appendicitis who will require transfer
regardless of the CT results (for appendectomy or further man-
agement of non-surgical abdominal pain), it was recommended
that imaging should be deferred to the pediatric specialty center.?!
Second, when ultrasound is equivocal or unavailable, ED clinicians
are encouraged to use shared decision making to explain the avail-
able diagnostic options and allow the family to make an informed
choice, from watchful waiting at home with close follow-up, ED/
inpatient setting observation, and immediate CT imaging to trans-
fer to a pediatric center for further management. Ultimately, for
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FIGURE 2 Abdominal imaging practices by ED. The proportion of pediatric abdominal pain visits for children ages 5-17 years
undergoing abdominal imaging by type in the MEDIC registry. Advanced imaging is inclusive of any one of ultrasound, CT, or MRI. Cross-
sectional imaging is inclusive of any one of CT or MRI. The sample includes 26 unique ED sites. MEDIC, Michigan Emergency Department

Improvement Collaborative.
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FIGURE 3 Cross-sectional Imaging:appendicitis visits ratio by ED. Cross-sectional imaging:appendicitis visits ratio by ED site in the
sample. The cross-sectional imaging:appendicitis visits ratio is defined by the ratio of ED visits with at least one cross-sectional imaging
study performed divided by the number of appendicitis cases diagnosed. Bootstrapped 95% Cls are provided.

every child with abdominal pain, an ED clinician must use clinical

judgment to balance the risks of diagnostic imaging with the po-

tential harms of delayed diagnosis. Future studies should include a

cost-effectiveness analysis to compare these options based on an

EDs available resources.

LIMITATIONS

Our study has several limitations. We used the application of a natu-

ral language processing tool to identify abdominal pain in the chief

complaint or triage note and define the cohort, which may have
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FIGURE 4 Cross-sectional imaging
use and delayed diagnosis by ED.
Estimates of diagnostic stewardship in
pediatric abdominal pain across sites in
the Michigan Emergency Department
Improvement Collaborative. The cross-
sectional imaging:appendicitis visits

ratio is defined by the number of ED
visits with at least one cross-sectional
imaging study (CT and/or MRI) performed
divided by the number of appendicitis
cases diagnosed. Delayed diagnosis of
appendicitis is reported as a percentage of
overall appendicitis cases and is defined
as an ED visit for abdominal pain resulting
in discharge and return within 7 days

with a new diagnosis of appendicitis.

The Spearman correlation coefficient is
-0.065 (p=0.75).
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missed some children presenting without classic symptoms of ap-
pendicitis. However, we took additional steps to ensure the validity
of our cohort and ensure the majority of appendicitis diagnoses in
the sample were captured (Table A2). Additionally, defining poten-
tial delays in appendicitis diagnosis as a 7-day return visit misses pa-
tients who presented to EDs outside of the MEDIC data registry for
their second visit, and therefore our estimate of delayed diagnosis
can be expected to underestimate the true rate (and is indeed lower
than other recent U.S.-based estimates).*® This bias would tend to
underestimate delay rates at general EDs compared with pediatric
EDs, as patients at these EDs may be more likely to go to a differ-
ent ED at the second visit.** Further, the majority of appendicitis
cases were evaluated in pediatric EDs, which is another source of
bias when calculating the rate of delayed diagnosis. Finally, while
we quantified delayed diagnosis of pediatric appendicitis, we did
not assess whether this delay resulted in patient harm or morbidity,
including appendiceal perforation, sepsis, bowel resection, or ab-
dominal abscess drainage.42 It is likely that some cases of diagnostic
delay reflect scenarios where shared decision making was utilized
and watchful waiting was initially selected over immediate imag-
ing; however, our data set does not contain information about the
decision-making process, the locally available resources, or labora-
tory testing. Finally, there are other indications for cross-sectional
imaging in the evaluation of pediatric patients with abdominal pain—
including renal stones or bowel obstruction—that may account for

greater reliance on these studies in certain populations and for
which we did not fully assess in this analysis.

CONCLUSIONS

In this retrospective cohort study of 120,000+ ED visits for
pediatric abdominal pain, we found that the cross-sectional
imaging:appendicitis visits ratio varied widely across EDs. In our
sample, delayed diagnosis of appendicitis was uncommon. Pediatric
EDs had both the lowest imaging and the lowest delayed diagnosis
rates, likely partially reflective of the quality of pediatric ultrasound
at those sites. Adherence to best practices, improved imaging avail-
ability and quality, and strengthened coordination of care across
centers may hold promise to improve diagnostic stewardship in the

evaluation of children with abdominal pain across EDs.
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APPENDIX A

TABLE A1 Examples of free text chief complaint labels.

Abdominal pain

“belly pain, nausea, vomiting”

“x2days abd pain, -v”

“ptn presents with mom with n/v and abdominal pain after eating”
Cough

“cough, nasal congestion”

“x3days cough, not eating, siblings sick”

“cough, nasal congestion, COVID+ at home”

Note: Examples of free text chief complaints according to their labels.
We used a previously developed bidirectional encoder representations
from transformers (BERT) language model,'® which accepts as

input free text for chief complaints and triage notes, and outputs a
standardized chief complaint ‘label.

TABLE A2 Advanced abdominal imaging and appendicitis
diagnoses among pediatric ED visits with and without abdominal
pain.

Abdominal

No abdominal pain pain
Total visits 701,837 132,565
Total patients 403,462 102,071
Imaging, US 1.1% 26.2%
Imaging, CT 0.6% 6.6%
Imaging, MRI 0.004% 1.8%
Imaging, any advanced 1.6% 30.3%
Appendicitis primary 0.026% 4.3%
Appendicitis any 0.053% 4.8%

Note: Counts of children with and without a chief complaint or triage note
for abdominal pain as identified by the applied language model, and the rate
of advanced abdominal imaging and appendicitis diagnoses in those groups.
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FIGURE A1 Ultrasound: appendicitis visits ratio by ED.
Ultrasound: Appendicitis visits ratio by ED site in the sample. The
ultrasound:Appendicitis visits ratio is defined by the ratio of ED
visits with at least one ultrasound imaging study performed divided
by the number of appendicitis cases diagnosed. Bootstrapped 95%
confidence intervals are provided.
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TABLE A3 Sensitivity analysis for imaging use and cross-
sectional imaging:appendicitis visits ratio, including only patients'
first time abdominal pain ED visits in data.

Pooled Site median [IQR]
Ultrasound 26,643 23.7 [14.3%-30.0%]
(28.2%)
CT 5924 (6.3%) 11.2 [8.2%-14.5%]
MRI 1877 (2.0%) 0 [0%-0%]
CSl:appendicitis ratio 1.72 3.10[2.24-4.44]

Note: In a sensitivity analysis where first-time abdominal pain visits
(excluding subsequent ED visits for the same patient in the data), the
sample size is N=94,409.

Abbreviation: CSl:appendicitis ratio, cross-sectional
imaging:appendicitis visits ratio.

TABLE A4 Sociodemographics of appendicitis cases by delayed
versus not delayed diagnosis.

Delayed Not delayed
(N=141) (N =4826) p-value
Age (mean) 111 11.6 0.172
Female (%) 48.2 39.9 0.047
Race/Ethnicity (%)
Asian <10 1.4% N/A
Black 12.1% 9.6% 0.322
Hispanic 19.1% 12.4% 0.018
Indigenous <10 0.5% N/A
MENA <10 1.8% N/A
Multiple <10 2.8% N/A
NHPI <10 0.2% N/A
White 57.4% 64.8% 0.070
Payer (%)
Private 74.5% 75.1% 0.871
Public 14.9% 21.1% 0.080
Self-Pay 5.7% 0.8% <0.001
CCC (%) <10 2.9% N/A

Note: Sociodemographics and complex chronic conditions among
appendicitis cases that were identified as delayed (N=141) and those
not identified as delayed diagnoses (N=4826). p-values are reported
for pairwise difference in mean (independent sample T-tests) and
difference in proportion (chi-squared tests).
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FIGURE A2 Association of imaging use to delayed diagnosis
rate by site. Site-level association between the imaging rate
(proportion of pediatric abdominal pain visits undergoing imaging,
by type) against the delayed diagnosis rate (proportion of ED
visits for appendicitis identified as delayed diagnoses). Advanced
imaging refers to any of ultrasound, CT, or MRI. Line of best fit is
depicted with 95% confidence intervals. Raw associations are not
statistically significant throughout.
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TABLE A5 Site-level characteristics and event rates.

-
o

NN NN NN R B B B R Rl ) s
a M W N P O 0V © N O WON -, O

26

Type

Major Pediatric
Major Pediatric
Major Pediatric
Urban

Urban

Urban

Urban

Urban

Urban

Rural

Urban

Urban

Urban

Rural

Urban

Rural

Urban

Urban

Rural

Rural

Urban

Urban

Urban

Rural

Urban

Urban

Abdominal pain
visits
31,282
20,184
20,499
6247
6937
2715
4663
837
4450
1551
4030
1616
1687
2798
1322
1194
1714
1184
714
753
462
1065
706
395
487
620

Any imaging
7655
6101
8858
2192
1754
635
1492
162
1689
522
721
310
643
1370
337
356
582
408
185
190
96
410
238
48
131
312

24.5%
30.2%
43.2%
35.1%
25.3%
23.4%
32.0%
19.4%
38.0%
33.7%
17.9%
19.2%
38.1%
49.0%
25.5%
29.8%
34.0%
34.5%
25.9%
25.2%
20.8%
38.5%
33.7%
12.2%
26.9%
50.3%

Cross-sectional imaging

192
1263
2378
995
338
358
846
87
556
172
341
131
204
636
186
189
224
131
74
121
38
138
112
40
65
99

0.6%

6.3%

11.6%
15.9%
4.9%

13.2%
18.1%
10.4%
12.5%
11.1%
8.5%

8.1%

12.1%
22.7%
14.1%
15.8%
13.1%
11.1%
10.4%
16.1%
8.2%

13.0%
15.9%
10.1%
13.3%
16.0%

Appendicitis
1127
942
1200
196
181
53
159
11
195
65
129
42
55
242
38
34
88
43
20
23
15
29
24
15
14
27

3.6%
4.7%
5.9%
3.1%
2.6%
2.0%
3.4%
1.3%
4.4%
4.2%
3.2%
2.6%
3.3%
8.6%
2.9%
2.8%
5.1%
3.6%
2.8%
3.1%
3.2%
2.7%
3.4%
3.8%
2.9%
4.4%

Note: Site-level visit counts for the primary analysis. Percentanges are given where the denominator is total abdominal pain visits, except for delayed
diagnoses, which are reported as a percentage of appendicitis cases. Cumulative delayed diagnoses for appendicitis by site to protect privacy of sites
and in accordance with existing data use agreements. Cumulative delayed diagnosis counts for appendicitis observed were 77 (2.4%), 51 (3.9%), and

13 (3.3%) for major pediatric, urban, and rural sites, respectively.
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