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An Administrative Data-based Surrogate 
Definition Identifies Children Evaluated Beyond 
Physical Examination for Suspected Appendicitis
Eric W. Glissmeyer, MD*†; Sydney Ryan, MD*; Nanette C. Dudley, MD*; Jeff E. Schunk, MD*†;  
Jeremy Nielsen, JD†; Cindy Weng, MS, MPH‡; David E. Skarda, MD§  

INTRODUCTION
Appendicitis is the most common surgical 
emergency in children,1 but relatively little 
is known about resource utilization during 
the evaluation of patients suspected of 
having appendicitis. Various identifiers 
have been used to retrospectively search 
for patients evaluated for appendicitis, 

including diagnostic imaging tests,2–4 hospital 
admission,5 or the use of diagnostic algo-

rithms6,7 in the electronic health record 
(EHR). However, not all patients evalu-
ated for suspected appendicitis beyond 
physical examination by a physician can 
be retrospectively identified with high 
specificity by chief complaints, diagnoses, 

laboratory tests, or imaging tests highly 
specific for appendicitis (like a focused diag-

nostic ultrasound of the vermiform appendix). 
Therefore, a retrospective method for identify-

ing patients who underwent evaluation for appendicitis 
beyond physical examination is necessary to enable the 
study of health care resource utilization in this population.

Others have used prospective study methods with 
research assistants in the emergency department (ED) to 
identify patients evaluated for suspected appendicitis.8,9 
While powerful, these efforts require significant human 
effort and real-time surveying of busy clinical caregivers 
to understand intent. However, prospective studies cap-
ture clinical data (such as history and examination find-
ings) not easily queried retrospectively from databases. 
Using only chief complaints of abdominal pain to define 
a population of patients evaluated for suspected appendi-
citis requires manual chart review.10 Manual chart review 
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also requires a significant time commitment from staff 
with adequate clinical expertise. Over time, this com-
mitment must be repeated each time utilization review, 
research, or quality improvement efforts are conducted 
on different patients.

Hospital administrative data are collected during rou-
tine hospital operations. With near-universal use of an 
EHR, these data are readily available. Natural language 
analytics are increasingly utilized to identify patients with 
specific characteristics from free-text documentation.11 A 
retrospective method using available administrative data 
and EHR capabilities could provide a reusable tool for 
retrospective insight into physicians’ practice patterns 
evaluating patients for suspected appendicitis.

Our objectives were to develop an administrative 
data-based surrogate definition to identify patients who 
received diagnostic evaluation beyond physical examina-
tion for suspected appendicitis for quality improvement 
efforts and health care resource utilization review. We 
also describe the performance characteristics of this sur-
rogate definition’s ability to identify these patients com-
pared with manual chart review retrospectively.

METHODS
The institutional review boards of the University of 
Utah and Intermountain Healthcare (Salt Lake City, UT) 
approved this study and granted a waiver of informed 
consent. The study was conceived and carried out at 
Primary Children’s Hospital, a level 1 trauma and regional 
referral center managed by Intermountain Healthcare 
with an ED staffed by pediatric emergency medicine 
faculty of the University of Utah. The authors met with 
general surgery, radiology, and pediatric emergency med-
icine colleagues. They used a modified Delphi-method to 
develop a surrogate definition for suspected appendici-
tis based on chief complaint, laboratory study, diagnos-
tic right lower quadrant ultrasound, and free-text data 
available in the Intermountain Healthcare electronic data 
warehouse administrative database. The output of this 
initial effort was an administrative data-based surrogate 
definition for suspected appendicitis shown in Figure 1. 
Appendicitis was “suspected” if the patient underwent 
an ultrasound of the appendix or had a chief complaint 
of abdominal pain with both complete blood count with 
differential performed and the word “appendicitis” in 
the ED provider note. The surrogate definition identifies 
patients as not suspected if an appendectomy procedure 
was performed previously, as identified in our case-mix 
diagnoses table by surgical procedure codes (ICD-9 
47.01, 47.09, 47.11, 47.19). The database query was per-
formed in the Intermountain Healthcare electronic data 
warehouse using SQL v2016 and queried for ED chief 
complaint, complete blood count lab test codes, focused 
appendix ultrasound studies performed, and search for 
the word “appendicitis” in ED physician notes at Primary 
Children’s Hospital (Fig. 1). Limiting the query to data 

from Primary Children’s Hospital was consistent with the 
single-institution focus at that time of quality-improve-
ment and resource utilization efforts.

Testing of Surrogate Definition
To determine the surrogate definition’s performance char-
acteristics, 1 of the study authors (S.R.) performed an ini-
tial detailed retrospective review of 498 encounters out of a 
total of all 3,313 ED encounters at our facility in June 2014. 
This review was validated by the senior author (EG) per-
forming a detailed review of 96 of the 498, among which no 
disagreement was identified. The authors (S.R. and E.W.G.) 
classified these patients as “evaluated for suspected appen-
dicitis” beyond physical examination and “not evaluated 
for suspected appendicitis” beyond physical examination 
based upon the diagnostic workup performed, documented 
physical exam findings, and documented assessments in 
medical decision making portions of the ED note.

Inclusion Criteria
The authors selected these 498 encounters for manual 
review because their chief complaints and disposition 
diagnoses indicated that the treating physician could have 
evaluated the patient for appendicitis, beyond physical 
examination. Table  1 displays the chief complaints and 
principal disposition diagnoses of these 498 patients. The 
authors then applied the surrogate definition for suspected 
appendicitis to these 498. The authors did not exclude 
patients with chronic diseases like inflammatory bowel 
disease, as these patients may also have acute appendici-
tis. Nor did the authors exclude patients of young age (ie, 

Fig. 1. Design of surrogate definition for identifying patients 
evaluated for appendicitis beyond physical examination in the 
emergency department.
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<4 years) in whom appendicitis diagnosis is challenging 
and less frequently identified compared with older chil-
dren because the surrogate definition would be intended 
to be applied to these patients as well.

Exclusion Criteria
The authors excluded from the chart review 2 subjects 
with a history of a previous appendectomy. These cases 
would be likewise excluded by the physician perform-
ing a real-time evaluation for acute abdominal pain. The 
surrogate definition also is designed to exclude these 
patients.

Analysis of column and row totals determined the 
extent of the surrogate definition’s agreement with chart 
review of whether patients were evaluated for suspected 
appendicitis beyond physical examination.

RESULTS
Manual chart review of 498 unique ED encounters iden-
tified 94 children with abdominal pain evaluated for sus-
pected appendicitis beyond the physical exam, and 404 
children not evaluated for suspected appendicitis. Of 
the 94 patients evaluated for suspected appendicitis, 37 
(39%) underwent appendectomy. The surrogate defini-
tion retrospectively applied to these 498 encounters cor-
rectly identified 75 of 94 patients evaluated for suspected 
appendicitis (sensitivity 79.8%) and correctly identified 
389 of 404 patients not evaluated for suspected appen-
dicitis (specificity 96.3%). The surrogate definition’s 
positive predictive value was 83.3%, and the negative 

predictive value was 95.3% (Table 2). Of the 90 identified 
positively by the surrogate definition, 50 were identified 
by the ultrasound arm (Fig. 1) and 40 by the clinical arm.

DISCUSSION
Health systems can retrospectively identify patients eval-
uated beyond physical examination for appendicitis using 
a surrogate definition, discrete administrative data, and a 
word search of clinical notes. This approach may enable 
quality improvement efforts and health care resource uti-
lization review for the diagnosis of appendicitis beyond 
physical examination.

We believe the sensitivity of our surrogate definition 
at 79.8% does not detract from its usability in resource 
utilization and quality improvement efforts. In these 
efforts generally, the need for a dataset with high spec-
ificity (96.3%) outweighs the desire for optimal sensi-
tivity. Furthermore, many of the cases the surrogate 
definition failed to identify were transferred, thus not 
the population of most significant interest when study-
ing resource utilization in evaluation for suspected 
appendicitis at one’s facility. Our facility is a referral 
center that receives many of our patients from trans-
ferring EDs. The majority (12 of 19) of the patients 
evaluated for suspected appendicitis not identified by 
the surrogate definition were transferred from outside 
facilities. The surrogate definition did not identify them 
(false-negatives in the sensitivity analysis) because it 
included laboratory tests and appendix ultrasound tests 
ordered only from our facility. In our practice, we do not 
routinely repeat studies performed from outside facili-
ties, especially if found to be conclusive and consistent 
with the patient’s physical exam and presentation at our 
facility. If one wanted to evaluate a multi-hospital health 
system’s care of patients evaluated for suspected appen-
dicitis, a surrogate definition could identify a popula-
tion with improved sensitivity if it were to be applied 
to administrative data from the transferring hospitals as 
well. This approach may be difficult for any hospital like 
ours, which receives transfers from hospitals both part 
of Intermountain Healthcare using our same EHR and 
from other hospitals not part of our system that use var-
ious other EHRs.

Table 1. Chief Complaints and Principal Disposition 
Diagnoses of 498 Emergency Department Encounters 
From June 2014

Chief complaint Frequency, n (%)
 Abdominal pain 257 (51.6)
 Vomiting 203 (40.8)
 Fever 21 (4.2)
 Other (dehydration, anorexia, crying,  

diarrhea, flank pain, back pain)
17 (3.4)

Principal disposition diagnosis Frequency, n (%)

 Abdominal pain 129 (25.9)
 Vomiting 96 (19.3)
 Gastroenteritis 63 (12.6)
 Other* 42 (8.5)
 Dehydration 37 (7.5)
 Acute appendicitis 32 (6.4)
 Fever 28 (5.6)
 Constipation 22 (4.4)
 Diarrhea 14 (2.8)
 Viral syndrome 8 (1.6)
 UTI 6 (1.2)
 Intussusception 5 (1.0)
 Bowel obstruction 4 (0.8)
 Gastritis 4 (0.8)
 Hydrocephalus 4 (0.8)
 Pyloric Stenosis 4 (0.8)

*Other: strep pharyngitis, dyspepsia, flank pain, otitis media, pneumonia, 
pyelonephritis, chronic abdominal pain, bowel perforation, shunt malfunction, 
pneumoperitoneum, ureteral calculus, new-onset diabetes, meningitis, altered 
mental status, mesenteric hematoma, hepatitis, splenic laceration, postoperative 
complications.

Table 2. Performance Characteristics of the Surrogate 
Definition to Identify Patients as Evaluated Beyond 
Physical Examination for Suspected Appendicitis

Evaluated  
for Suspected  
Appendicitis

Not Evaluated  
for Suspected  
Appendicitis

Surrogate definition positive 75 15
Surrogate definition negative 19 389
Statistic Value (%) 95% Confidence Interval
Sensitivity 79.8 0.72–0.88
Specificity 96.3 0.94–0.98
Positive predictive value 83.3 0.76–0.91
Negative predictive value 95.3 0.93–0.97
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The surrogate definition included both a clinical arm and 
an ultrasound arm for multiple reasons. Not all patients 
at our institution receive an ultrasound of the appendix. 
Some patients receive imaging tests before being transferred, 
and some patients with PAS scores ≥8 are taken to surgery 
based on physical examination and laboratory testing alone. 
However, the ultrasound arm is crucial because, in our sys-
tem, a focused ultrasound of the appendix is increasing in 
use as the only diagnostic test in evaluating patients for sus-
pected appendicitis.12 Local practice patterns (such as the 
use of a primary imaging modality for suspected appendi-
citis other than ultrasound) or changing patterns over time 
(if another imaging modality13 were to become commonly 
used to diagnose appendicitis) would dictate the need for 
nuanced alteration of the surrogate definition. As for the 
patients in this study, 50 of the 90 identified by the surro-
gate definition were evaluated for suspected appendicitis 
beyond physical examination and received an ultrasound at 
our institution. In the development of the surrogate defini-
tion clinical arm (Fig. 1), the authors questioned the need to 
include the criterion of the word “appendicitis” appearing 
in the ED physician note. However, removing this criterion 
results in an increase of false-positive results and a resultant 
drop in specificity from 96% to 75%. Therefore, the surro-
gate definition retains this chart text data criterion. We did 
not search for variations on the word “appendicitis” because 
medical transcriptionists exclusively transcribed our clinical 
notes, and typed variations or errors in recognition software 
did not apply. Including this criterion in our data, today 
would require a more expansive search terminology.

This study’s strengths include a manual chart review to 
establish the reference population of patients evaluated and 
not evaluated for appendicitis beyond the physical exam. 
During the study period, provider staffing (attending physi-
cian, fellow, and nurse practitioner) was consistent. Also, no 
changes occurred during this study period in the availabil-
ity of factors that may influence the evaluation of suspected 
appendicitis, including 24 hours per day appendix ultrasound 
and in-house surgical consultation. Limitations include those 
inherent in administrative database research and retrospec-
tive chart review in determining whether patients were evalu-
ated beyond physical examination for suspected appendicitis. 
However, these limitations were minimized by the consistent 
laboratory, chief complaint, and ultrasound codes during the 
study period. Chief complaints of abdominal pain alone are 
nonspecific and not highly sensitive14 for whether a patient 
was evaluated for suspected appendicitis (Table 1).

Nonetheless, chief complaints are among the few com-
monly available administrative data that can be used to 
identify populations of patients suspected of having a dis-
ease when no specific and universally utilized test exists. 
In a hospital or system that utilizes CT primarily as the 
initial diagnostic test for appendicitis, the surrogate defi-
nition may need to include that in addition to, or in place 
of the ultrasound arm.

The use of simple word search methods for the word 
“appendicitis” in the clinical notes does not discern 

meaning. A further improvement could be utilizing nat-
ural language processing methodology (ie, appendicitis 
was suspected versus was not suspected). We did not go 
this additional step because, with specificity 96.3%, the 
gains of a natural language processing approach were 
assessed to be minimal.

CONCLUDING SUMMARY
Children with abdominal pain who receive an evaluation 
for suspected appendicitis beyond physical examination 
in the ED can be retrospectively identified with high spec-
ificity using an administrative data-based surrogate defi-
nition. This method may empower research and quality 
improvement efforts measuring health care utilization in 
these patients, such as trends in imaging study use and 
hospital admission after application of diagnostic algo-
rithms for children with acute abdominal pain.
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