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IMPORTANCE Intravenous (IV) contrast medium is sometimes withheld due to risk of
complication or lack of availability in patients undergoing computed tomography (CT) for
abdominal pain. The risk from withholding contrast medium is understudied.

OBJECTIVE To determine the diagnostic accuracy of unenhanced abdominopelvic CT using
contemporaneous contrast-enhanced CT as the reference standard in emergency
department (ED) patients with acute abdominal pain.

DESIGN, SETTING, AND PARTICIPANTS This was an institutional review board–approved,
multicenter retrospective diagnostic accuracy study of 201 consecutive adult ED patients
who underwent dual-energy contrast-enhanced CT for the evaluation of acute abdominal
pain from April 1, 2017, through April 22, 2017. Three blinded radiologists interpreted these
scans to establish the reference standard by majority rule. IV and oral contrast media were
then digitally subtracted using dual-energy techniques. Six different blinded radiologists from
3 institutions (3 specialist faculty and 3 residents) interpreted the resulting unenhanced CT
examinations. Participants included a consecutive sample of ED patients with abdominal pain
who underwent dual-energy CT.

EXPOSURE Contrast-enhanced and virtual unenhanced CT derived from dual-energy CT.

MAIN OUTCOME Diagnostic accuracy of unenhanced CT for primary (ie, principal cause[s] of
pain) and actionable secondary (ie, incidental findings requiring management) diagnoses. The
Gwet interrater agreement coefficient was calculated.

RESULTS There were 201 included patients (female, 108; male, 93) with a mean age of 50.1
(SD, 20.9) years and mean BMI of 25.5 (SD, 5.4). Overall accuracy of unenhanced CT was 70%
(faculty, 68% to 74%; residents, 69% to 70%). Faculty had higher accuracy than residents for
primary diagnoses (82% vs 76%; adjusted odds ratio [OR], 1.83; 95% CI, 1.26-2.67; P = .002)
but lower accuracy for actionable secondary diagnoses (87% vs 90%; OR, 0.57; 95% CI,
0.35-0.93; P < .001). This was because faculty made fewer false-negative primary diagnoses
(38% vs 62%; OR, 0.23; 95% CI, 0.13-0.41; P < .001) but more false-positive actionable
secondary diagnoses (63% vs 37%; OR, 2.11, 95% CI, 1.26-3.54; P = .01). False-negative (19%)
and false-positive (14%) results were common. Interrater agreement for overall accuracy was
moderate (Gwet agreement coefficient, 0.58).

CONCLUSION Unenhanced CT was approximately 30% less accurate than contrast-enhanced
CT for evaluating abdominal pain in the ED. This should be balanced with the risk of
administering contrast material to patients with risk factors for kidney injury or
hypersensitivity reaction.
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C ontrast-enhanced computed tomography (CT) of the ab-
domen and pelvis is the most common and most ap-
propriate imaging test for the evaluation of acute ab-

dominal pain in adult nonpregnant patients in the emergency
department (ED).1-3 Intravenous (IV) contrast medium is used
in this setting to improve diagnostic accuracy. For some diag-
noses, contrast medium is essential for diagnosis (eg, active
bleeding), for others it is helpful (eg, liver mass), and for oth-
ers it is not required (eg, ureteral stone).1-4 However, at the time
of imaging, the diagnosis often is uncertain and so unless cer-
tain diagnoses that do not require contrast medium are strongly
favored (eg, urolithiasis), contrast medium is generally admin-
istered to cover the range of possible pathologies that might
be identified.1-4 Due to ethical considerations, randomized
trials comparing the diagnostic accuracy of contrast-
enhanced CT and unenhanced CT do not exist for the general
population of patients with acute abdominal pain in the ED.

Contrast medium sometimes is withheld due to risk of com-
plication (eg, prior hypersensitivity reaction to iodinated contrast
medium, severe kidney disease) or lack of availability (eg, the
2022 acute shortage arising from Shanghai, China).5-7 When con-
trast medium is withheld, it is not always clear what loss of di-
agnostic accuracy is imparted, due in part to an insufficient evi-
dence base but also to the wide range of diagnoses detectable at
abdominopelvic CT. Diagnoses can include the principal cause
(s) of pain (eg, bowel ischemia, abscess), as well as clinically im-
portant incidental findings (eg, kidney cancer, new liver metas-
tasis). False-negative results at unenhanced CT may occur due
to misdiagnosis or underdiagnosis and false-positive results may
occur from impaired radiologist confidence. These errors can
harm patients, delay care, and result in additional unneeded test-
ing and intervention.8 It is important to know the risk of diagnos-
tic error caused by withholding contrast medium to better inform
the risk-benefit analysis in patients for whom contrast medium
may be withheld.

Existing studies that have attempted to answer this question
in general have focused either on a narrow set of diagnoses
(eg, appendicitis, diverticulitis) or lacked a robust reference
standard.9-12 In the present work, we used dual-energy tech-
niques to digitally subtract IV contrast medium from a consecu-
tive cohort of patients undergoing contrast-enhanced CT for
evaluation of abdominal pain in the ED. We then evaluated the
diagnostic accuracy of unenhanced CT with respect to the prin-
cipal cause(s) of pain (ie, primary diagnoses) and incidental find-
ings likely to require additional imaging or clinical management
(ie, actionable secondary diagnoses). This study design has the
potential to minimize selection, longitudinal, and verification
bias that might result in cohorts without a simultaneous refer-
ence standard. The purpose of our study was to determine the
diagnostic accuracy of unenhanced abdominopelvic CT in ED pa-
tients with acute abdominal pain using contemporaneous
contrast-enhanced CT as the reference standard.

Methods
This Health Insurance Portability and Accountability Act-
compliant (HIPAA) multicenter retrospective diagnostic

accuracy study of single-center CT data was approved by the
institutional review boards of the 3 participating institutions
(institutions A, B, and C). Standards for Reporting of Diagnos-
tic Accuracy (STARD) reporting guidelines were used in the
conduct and reporting of this study. Patient informed consent
was determined to be not required by the institutional review
boards due to the retrospective nature of this investigation and
anonymity of the data set.

Study Population
The study population was initially composed of 202 consecu-
tive ED patients who underwent dual-energy contrast-
enhanced CT at institution A from April 1, 2017 through April
22, 2017, for the evaluation of acute abdominal pain. Each of
the 3 institutions involved in this study was a quaternary care
academic institution with a resident training program. Insti-
tution A provided the imaging data, and institutions A, B, and
C provided radiology residents and specialist faculty radiolo-
gists to interpret those data. Inclusion criteria were (1) adult
(18 years of age or older) ED patient, (2) contrast-enhanced dual-
energy CT performed at institution A with institutional stan-
dard portal venous phase technique, (3) CT performed to evalu-
ate acute abdominal pain, and (4) virtual unenhanced CT data
set could be derived from the contrast-enhanced data set using
dual energy techniques. All imaging studies were acquired from
institution A to ensure a consistent imaging protocol and to
minimize risk of selection bias; dual-energy contrast-
enhanced CT was initiated before the study period at institu-
tion A (instead of single-energy CT) for routine evaluation of
acute abdominal pain. Exclusion criterion was missing imaging
or clinical data (N = 1). The final study population was com-
posed of 201 patients (eFigure in Supplement 1).

A Priori Sample Size Calculation
Prior to study initiation, a pilot sample of 30 consecutive adult
patients who underwent contrast-enhanced CT with institu-
tional standard portal venous phase dual-energy technique for
acute abdominal pain at institution A were identified. Two
fellowship-trained subspecialist abdominal radiologists who
provide clinical care for ED patients independently reviewed
the images and in consensus determined the prevalence of pri-
mary diagnoses and actionable secondary diagnoses to in-
form a power analysis. Based on that observed prevalence

Key Points
Question What is the diagnostic accuracy of unenhanced
computed tomography (CT) in patients admitted to an emergency
department with abdominal pain?

Findings In this multicenter diagnostic accuracy study,
unenhanced CT was approximately 30 percentage points less
accurate than contrast-enhanced CT for diagnosing the cause of
pain and identifying actionable secondary diagnoses.

Meaning In a general population of emergency department
patients with abdominal pain, using unenhanced CT to avoid risks
of intravenous contrast medium administration was associated
with a large diagnostic penalty.

Research Original Investigation Diagnostic Accuracy of Unenhanced CT for Evaluation of Acute Abdominal Pain in the Emergency Department

E2 JAMA Surgery Published online May 3, 2023 (Reprinted) jamasurgery.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ Poria Medical Center by Eran Or on 05/16/2023

http://www.equator-network.org/reporting-guidelines/stard/
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2023.1112?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.1112
http://www.jamasurgery.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2023.1112


(40%), we performed a power analysis with the following as-
sumptions: α = .05, prevalence of actionable findings of 40%,
width of CI of 15%, assumed sensitivity of 90%, and assumed
specificity of 80%. This resulted in a target sample size of 202.
The patients in the pilot sample were not included in the study
cohort.

Dual-Energy CT Technique and Creation
of Unenhanced Imaging Data
All CT imaging examinations were performed on a dual-
source dual-energy CT scanner (Force; Siemens Health-
ineers) following the IV administration of 0.68 mL × (patient
weight in pounds) (maximum, 150 mL) iopamidol, 300 mgI/mL
at 3 mL/s. Iodine-containing oral contrast medium (Gastro-
grafin, diatrizoate meglumine) was administered. Imaging was
performed in the portal venous phase approximately 80 sec-
onds after contrast material administration. Scan parameters
were 90 kV peak, variable milliamperes, and field of view to
include diaphragm to symphysis pubis. Virtual unenhanced
CT data were derived by removing iodine from the images using
established dual-energy techniques.13 The resulting unen-
hanced CT data formed the study cohort and had neither IV
nor oral contrast media. The unaltered contrast-enhanced CT
data formed the reference standard.

Reference Standard
The reference standard was derived from 3 independent re-
views of the contrast-enhanced CT examinations: 2 retrospec-
tive reviews by members of the study team (J.R. and C.H.) and
the prospective read rendered as part of clinical care. The ref-
erence standard was composed of a list of primary and action-
able secondary diagnoses and related recommendation(s) for
each contrast-enhanced CT, like a list of impressions in a typi-
cal radiology report. The primary diagnoses responsible for ab-
dominal pain were identified (if present) in addition to any ac-
tionable secondary findings (ie, incidental findings requiring
additional imaging or clinical management). At least 2 of 3 of
the independent reviews were required to independently agree
on the presence of an actionable finding or recommendation
for it to be included in the reference standard. Primary diag-
nosis was defined as the diagnoses most likely to explain the
patient’s abdominal pain. Actionable secondary diagnosis was
defined as an incidental finding not necessarily connected to
the abdominal pain but that was likely to affect patient man-
agement, such as imaging or clinical follow-up or medical or
surgical intervention.

The reference standard was chosen to minimize the risks
of selection, longitudinal, and verification bias that might have
resulted had we included patients who received unenhanced
and contrast-enhanced CT at separate times. All patients in our
consecutive cohort had available contemporaneous unen-
hanced and contrast-enhanced CT data. Prospective study de-
signs requiring back-to-back acquisitions with and without con-
trast medium would be ethically challenging to implement due
to additional radiation exposure without clear patient ben-
efit. Alternative retrospective study designs restricted to pa-
tients who happened to undergo both unenhanced CT and
contrast-enhanced CT as part of clinical care would be biased

by the clinical situations requiring such scanning, as well as
any clinical events that may have occurred between scans sepa-
rated in time. We used contrast-enhanced CT as the reference
standard rather than a composite clinical outcome (recogniz-
ing that contrast-enhanced CT does not have perfect accu-
racy) because unenhanced CT was being tested as a potential
replacement for contrast-enhanced CT, the current standard
of care.

Blinded Review of Unenhanced CT Data
Six different radiologists from 3 institutions (1 fellowship-
trained subspecialist abdominal radiologist who provides clini-
cal care for ED patients and with 20 [institution A], 7 [institu-
tion B], or 12 years’ [institution C] experience, and 1 senior
diagnostic radiology resident from each institution) who knew
the clinical indication for the CT examination (ie, acute ab-
dominal pain), but were blinded to other clinical and imaging
data, reviewed the unenhanced CT scans and recorded find-
ings and recommendations. The primary diagnoses respon-
sible for abdominal pain were identified (if present) in addi-
tion to any actionable secondary findings.

Primary and Secondary Outcomes
The primary outcome was the diagnostic accuracy of unen-
hanced CT for the primary cause(s) of abdominal pain (ie, pri-
mary diagnoses), using contrast-enhanced CT as the refer-
ence standard. The diagnostic accuracy of unenhanced CT for
important incidental findings (ie, actionable secondary diag-
noses) was evaluated as a secondary outcome.

Data Collection and Analysis
Demographic data (age, gender, BMI) are expressed as counts
and percentages and mean SDs. Diagnostic accuracy of unen-
hanced CT was assessed in 2 ways and reported by radiologist
with ranges where appropriate. Simple diagnostic accuracy was
calculated by evaluating sensitivity, specificity, negative pre-
dictive value, and positive predictive value at the level of the
examination by asking if any primary or actionable second-
ary diagnosis was correctly identified. For simple diagnostic
accuracy calculations, if any correct primary or actionable sec-
ondary diagnosis was identified in a patient with more than
one such diagnosis, it was considered a true positive. De-
tailed diagnostic accuracy was calculated by evaluating over-
all accuracy, false-positive rate, and false-negative rate at the
level of diagnosis, considering all primary and actionable sec-
ondary diagnoses. Given that each CT could have multiple di-
agnoses (both in the reference standard and in the unen-
hanced CT interpretations), it was possible for an unenhanced
CT to simultaneously be a false positive and a false negative.
For example, if the reference standard and unenhanced CT had
different primary diagnoses, it would result in both a false posi-
tive (ie, diagnosis assigned at unenhanced CT was not in ref-
erence standard) and a false negative (ie, primary diagnosis in
reference standard was not identified). Hence, overall accu-
racy was defined as the proportion of CT interpretations from
a given rater in which all primary and actionable secondary di-
agnoses were correctly identified and no other diagnoses were
made. False-positive rate was defined as the proportion of CT
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interpretations with at least 1 false-positive primary diagno-
sis or false-positive actionable secondary diagnosis. Simi-
larly, false-negative rate was defined as the proportion of CT
interpretations in which at least 1 primary diagnosis or action-
able secondary diagnosis was not identified by the rater. Re-
sults for primary diagnoses and actionable secondary diagno-
ses are presented in combination and separately. 95% CIs were
calculated. Additional details are provided in the eMethods and
eResults in Supplement 1.

Multivariable generalized linear mixed models were per-
formed to determine whether the likelihood of a diagnostic er-
ror at unenhanced CT changes with radiologist experience, pa-
tient BMI, patient age, or patient gender. P value adjustment
was performed to correct for multiple comparisons (false dis-
covery rate–adjusted P values).14,15 BMI was incorporated be-
cause smaller patients have less intraperitoneal and retroperi-
toneal fat and therefore less intrinsic image contrast. Sankey
diagrams were drawn comparing the diagnoses in the refer-
ence standard with the diagnoses made by the radiologists. The
Gwet interrater agreement coefficient (AC) was calculated. Sta-
tistical analyses were performed using SAS software version
9.4 (SAS Institute).

Results
Study Population and Reference Standard
There were 201 included patients (female, 108; male, 93) with
a mean age of 50.1 (SD, 20.9) years and mean BMI of 25.5 (SD,
5.4) (Table 1). Most patients did not have a specific location of
abdominal pain (103 of 201 [51%]) or a suggested diagnosis
stated on the CT order (152 of 201 [76%]). Five percent of pa-
tients had an abdominal operation in the last 30 days (10 of
201). There were 104 primary diagnoses in 98 patients (49%
of patients; 6 patients had 2 primary diagnoses) and 17 sec-
ondary diagnoses in 17 patients (8% of patients). Ninety-two
patients had no primary or actionable secondary diagnosis
(46%). Figures 1 and 2 illustrate reference standard diagnoses
at contrast-enhanced CT and assigned diagnoses at unen-
hanced CT for all radiologists. There were more than 30 pri-
mary and secondary diagnoses in the reference standard.

Simple Diagnostic Accuracy (by Examination)
Simple diagnostic accuracy by radiologist at the level of the CT
examination (ie, multiple diagnoses in a single patient are dis-
regarded) (eTable in Supplement 1) was calculated as sensi-
tivity (faculty, 78% to 89%; residents, 67% to 87%), specific-
ity (faculty, 73% to 86%; residents, 75% to 92%), positive
predictive value (faculty, 79% to 88%; residents, 81% to 92%),
and negative predictive value (faculty, 77% to 87%; resi-
dents, 70% to 83%). These diagnostic accuracy data are higher
than the detailed diagnostic accuracy due to treating the test
result as a binary outcome.

Detailed Diagnostic Accuracy (by Diagnosis)
Unenhanced CT was approximately 30 percentage points less
accurate than contrast-enhanced CT for identification of all pri-
mary and actionable secondary diagnoses (Table 2). The

reduction in diagnostic accuracy was similar for faculty and
residents (overall accuracy for primary and secondary diag-
noses was 70% [pooled], 69% to 74% [faculty], and 69% to 70%
[residents]) (Table 2). However, overall accuracy was higher
for faculty when only primary diagnoses were considered (fac-
ulty, 85% to 90%; residents, 76% to 79%) and higher for resi-
dents when only secondary diagnoses were considered (fac-
ulty, 81% to 89%, residents, 88% to 92%) (Table 2). In general,

Table 1. Study Population Characteristicsa

Patient characteristic Data
No. 201

Sex, No. (%)

Female 108 (54)

Male 93 (46)

Age, y, mean (SD) 50.1 (20.9)

BMI,b mean (SD) 25.5 (5.4)

Actionable diagnosis at CT, No. (%) 109 (54%)

Primary diagnosis 104 in 98 Patients (49)

Actionable secondary diagnosis 17 in 17 Patients (8)

No primary or actionable secondary diagnosis 92 (46)

Abdominal pain location, No. (%)

Diffuse 3 (1)

Epigastric 5 (2)

Left lower quadrant 20 (10)

Left upper quadrant 2 (1)

Left abdomen 1 (0.5)

Lower abdomen 8 (4)

Periumbilical 2 (1)

Right lower quadrant 50 (25)

Right upper quadrant 4 (2)

Right abdomen 3 (1)

Pain location not specified 103 (51)

Operation within last 30 d, No. (%) 10 (5)

Suspected diagnosis by ordering health care
professional, No. (%)

Abscess 3 (1)

Appendicitis 9 (4)

Colitis 1 (0.5)

Crohn disease 4 (2)

Diverticulitis 9 (4)

Hemorrhage 1 (0.5)

Ischemic colitis 1 (0.5)

Neoplasm 2 (1)

Obstruction 10 (5)

Pancreatitis 3 (1)

Perforation 3 (1)

Pyelonephritis 1 (0.5)

Sepsis 1 (0.5)

Trauma 1 (0.5)

No suspected diagnosis provided 152 (76)

Abbreviation: CT, computed tomography
a Patients presented to the emergency department with abdominal pain. Listed

clinical information represents clinical history provided on the CT requisition in
addition to abdominal pain.

b Calculated as weight in kilograms divided by height in meters squared.
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faculty were less likely to miss a finding and more likely to iden-
tify a false positive (Table 2 and Table 3). The false-negative
rates were 13% to 19% (faculty) and 15% to 27% (residents), and
the false-positive rates were 10% to 21% (faculty) and 8% to
19% (residents).

Multivariable Regression
Faculty radiologists had higher overall diagnostic accuracy than
radiology residents for identifying primary diagnoses (82% vs
76%; adjusted odds ratio [OR] 1.83; 95% CI, 1.26-2.67; P = .002),
but lower overall diagnostic accuracy for identifying second-
ary diagnoses (87% vs 90%; adjusted OR, 0.57; 95% CI, 0.35-
0.93; P = .02) (Table 3). This was because faculty had a lower
false-negative rate for primary diagnoses (38% vs 62%; ad-
justed OR, 0.23; 95% CI, 0.13-0.41; P < .001) and a higher false-
positive rate for secondary diagnoses (63% vs 37%; adjusted
OR, 2.11; 95% CI, 1.26-3.54; P = .01).

Older age was associated with a minor reduction in over-
all diagnostic accuracy due to mild increases in the false-
positive and false-negative rates for actionable secondary di-
agnoses in older patients (Table 3). Neither patient BMI nor
patient gender predicted diagnostic error, either indepen-
dently or as a statistical interaction with radiologist experi-
ence (data not shown but available upon request) (Table 3).

Interrater Agreement
Interrater agreement for overall accuracy was moderate (Gwet
AC, 0.58). Agreement was higher when there was no primary
diagnosis (Gwet AC, 0.67) compared with when there was a pri-
mary diagnosis (Gwet AC, 0.49). Sixteen of 201 examinations
were misinterpreted by all 6 radiologists (8%) and 74 of 201 ex-
aminations were diagnosed correctly by all 6 radiologists (37%).
Of the 16 examinations that no radiologist correctly inter-
preted, 94% had a primary diagnosis and 38% had a secondary

Figure 1. Diagnostic Accuracy of Unenhanced Computed Tomography (CT) for the Primary Cause(s) of Pain

Reference standard diagnosis
(contrast-enhanced CT)

Assigned diagnosis
(unenhanced CT)

Abscess or collection Abscess or collection

Appendicitis

Biliary obstruction

No primary diagnosis

Appendicitis

Colitis

Enteritis

Gastric mass or inflammation

Biliary obstruction

Bowel perforation Bowel perforation

Cholecystitis
Cholecystitis

Colitis
Ileus

Colonic obstruction

Colonic obstruction

Disseminated malignancy

Disseminated malignancy

Diverticulitis
Diverticulitis

Enteritis

Epiploic appendagitis

Epiploic appendagitis

Esophageal mass or inflammation

Esophageal mass or inflammation

Pancreatitis

Hemoperitoneum

Hemoperitoneum
Pelvic inflammatory disease

Small bowel obstruction

Ileus

Lower urinary tract infection

Lower urinary tract infection

No primary diagnosis

Cellulitis
Ingested foreign body

Pyelonephritis

Urinary tract obstruction

Pancreatitis

Pelvic inflammatory disease

Possible postoperative infection

Possible postoperative infection

Pyelonephritis

Small bowel obstruction

Splenic infarct

Thrombus or dissection

Thrombus or dissection

Urinary tract obstruction

Sankey diagram illustrating the reference standard diagnosis (on left, contrast-enhanced CT) and the assigned diagnoses (on right, unenhanced CT) for the primary
diagnosis (ie, primary cause(s) of acute abdominal pain).
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diagnosis. Of the 74 examinations that all radiologists cor-
rectly interpreted, only 31% had a primary diagnosis and only
1% had a secondary diagnosis.

Discussion
Contrast-enhanced abdominopelvic CT is the most common
and most accurate test for the evaluation of acute abdomi-
nal pain in adult nonpregnant ED patients. However, con-
trast medium is sometimes withheld in this setting due to
risk of complication or lack of availability. It is important to
understand the risk of withholding contrast medium so
informed risk-benefit analyses can be made. In this con-
secutive cohort of ED patients presenting with abdominal
pain, unenhanced CT was consistently approximately 30
percentage points less accurate than contrast-enhanced CT
for primary and secondary actionable findings (overall accu-
racy, faculty, 68% to 74%; residents, 69% to 70%). Faculty
had higher accuracy than residents for primary diagnoses
(OR, 1.83; 95% CI, 1.26-2.67) but lower accuracy for action-
able secondary diagnoses (OR, 0.57; 95% CI, 0.35-0.93).

This was because faculty made fewer false-negative primary
diagnoses (OR, 0.23; 95% CI, 0.13-0.41) and more false-
positive actionable secondary diagnoses (false-positive OR,
2.11; 95% CI, 1.26-3.54). Prior studies have reported higher
diagnostic accuracy of unenhanced CT for the evaluation of
acute abdominal pain, but in general have either focused on
a limited number of diagnoses or lacked a robust reference
standard.9-12,16-18

False-negative (faculty, 13% to 19%; residents, 15% to 27%)
and false-positive (faculty, 10% to 21%; residents, 8% to 19%)
results were common at unenhanced CT for all radiologists.
This likely was because reduced image contrast reduces ac-
curacy and radiologist confidence. Example false-positive re-
sults included pancreatitis, bowel perforation, diverticulitis,
pyelonephritis, and neoplasm. Example false-negative re-
sults included vascular dissection, hemoperitoneum, infec-
tion, and neoplasm. The commonality of both false-positive
and false-negative results challenges efforts to adjust reading
style to reduce error. In other words, the diagnostic penalty
resulting from the elimination of contrast medium is not eas-
ily fixable by simply raising or lowering the threshold to
report a diagnosis.

Figure 2. Diagnostic Accuracy of Unenhanced Computed Tomography (CT) for Actionable Secondary Diagnoses

Abdominal aortic aneurysm Abdominal aortic aneurysm

No secondary findings

Adnexal mass

Adnexal mass

Cirrhosis and portal hypertension Cirrhosis and portal hypertension

Indeterminate adrenal nodule

Indeterminate adrenal nodule

Indeterminate bone lesions

Indeterminate bone lesions

Indeterminate pancreatic lesion

Indeterminate pancreatic lesion
Indeterminate renal mass
Possible prostate cancer

Indeterminate renal mass

Indeterminate hepatic lesions
Lymphocele or seroma

Lymphocele or seroma

No secondary findings

Indeterminate uterine mass
Lymphadenopathy
Malpositioned intrauterine device
Pancreatic duct dilation
Possible bladder cancer
Possible colonic mass
Splenic artery aneurysm
Splenomegaly

Reference standard diagnosis
(contrast-enhanced CT)

Assigned diagnosis
(unenhanced CT)

Sankey diagram illustrating the reference standard diagnosis (on left, contrast-enhanced CT) and the assigned diagnoses (on right, unenhanced CT) for actionable
secondary diagnoses.
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The diagnostic risk of withholding contrast medium should
be part of an informed risk-benefit analysis. For example, pa-
tients without acute kidney injury (AKI) or an estimated glo-
merular filtration rate of 30 mL/min or more per 1.73 m2 have
a risk of contrast-induced AKI close to 0%.6 Similarly, pa-
tients who have had a prior mild hypersensitivity reaction to
iodinated contrast medium are at very low risk (less than 1%)

of a life-threatening reaction on repeat administration, espe-
cially using standard-of-care risk-mitigation strategies.5,19-21

Therefore, accepting a 30-percentage–point decrement in di-
agnostic accuracy in these settings likely causes harm. Pa-
tients who do have AKI or an estimated glomerular filtration
rate less than 30 mL/min per 1.73 m2 not receiving mainte-
nance dialysis have a more uncertain risk of contrast-

Table 2. Detailed Diagnostic Accuracy of Unenhanced Computed Tomography at the Findings Level in Emergency Department Patients
With Abdominal Pain, Using Contrast-Enhanced Computed Tomography as Reference Standarda

Diagnostic accuracy
methods

Radiologist

Faculty A Faculty B Faculty C Resident A Resident B Resident C
Overall accuracy, No. (%) [95% CI]

Primary and secondary
diagnoses

139/201 (69)
[62-75]

146/201 (73)
[66-79]

148/201 (74)
[67-80]

141/201 (70)
[63-76]

139/201 (69)
[62-75]

138/201 (69)
[62-75]

Primary diagnoses only 163/201 (81)
[75-86]

165/201 (82)
[76-87]

169/201 (84)
[78-89]

158/201 (79)
[72-84]

151/201 (75)
[69-81]

152/201 (76)
[69-81]

Secondary diagnoses only 170/201 (85)
[79-89]

180/201 (90)
[84-93]

(173/201) (86)
[80-91]

177/201 (88)
[83-92]

184/201 (92)
[87-95]

181/201 (90)
[85-94]

False-positive rate, No. (%) [95% CI]

Primary and secondary
diagnoses

43/201 (21)
[16-28]

20/201 (10)
[6-15]

33/201 (16)
[11-22]

38/201 (19)
[14-25]

17/201 (8)
[5-13]

22/201 (11)
[7-16]

Primary diagnoses only 20/201 (10)
[6-15]

10/201 (5)
[2-9]

16/201 (8)
[5-13]

24/201 (12)
[8-17]

12/201 (6)
[3-10]

12/201 (6)
[3-10]

Secondary diagnoses only 24/201 (12)
[8-17]

11/201 (5)
[3-10]

20/201 (10)
[6-15]

16/201 (8)
[5-13]

5/201 (2)
[1-6]

11/201 (5)
[3-10]

False-negative rate, No. (%) [95% CI]

Primary and secondary
diagnoses

27/201 (13)
[9-19]

38/201 (19)
[14-25]

28/201 (14)
[9-20]

30/201 (15)
[10-21]

52/201 (26)
[20-33]

54/201 (27)
[21-34]

Primary diagnoses only 21/201 (10)
[7-16]

27/201 (13)
[9-19]

19/201 (9)
[6-14]

22/201 (11)
[7-16]

43/201 (21)
[16-28]

46/201 (23)
[17-29]

Secondary diagnoses only 7/201 (3) [1-7] 12/201 (6) [3-10] 10/201 (5) [2-9] 8/201 (4) [2-8] 12/201 (6) [3-10] 11/201 (5) [3-10]
a Overall accuracy is (true positive with false negative) divided by (true positive

with true negative with false positive with false negative). To be considered
accurate, all true-positive diagnoses had to be identified without any false
positives. False-positive rate is false positive divided by (true positive with true

negative with false positive with false negative). Any false positive in an
examination qualifies. False-negative rate is false negative divided by (true
positive with true negative with false positive with false negative). Any false
negative in an examination qualifies.

Table 3. Multivariable Generalized Linear Mixed Models (Binary Logit) of Diagnostic Accuracy With Random Effects for Case

Diagnostic accuracy
methods Faculty vs resident P value BMIa of patient P value Age, y P value

Female vs male
patient P value

Overall accuracy, OR (95% CI)b

Primary and secondary
diagnoses

1.19 (0.86-1.65) .29 1.02 (0.96-1.08) .54 0.97 (0.96-0.99)c <.001 0.62 (0.31-1.25) .18

Primary diagnoses only 1.83 (1.26-2.67)c .002 1.05 (0.98-1.14) .19 0.99 (0.97-1.01) .34 0.78 (0.34-1.79) .56

Secondary diagnoses
only

0.57 (0.35-0.93)c .02 0.98 (0.90-1.06) .56 0.93 (0.91-0.96)c <.001 0.61 (0.23-1.65) .33

False-positive rate, OR (95% CI)

Primary and secondary
diagnoses

1.37 (0.96-1.97) .08 1.03 (0.99-1.08) .16 1.02 (1.01-1.03)c .001 1.73 (1.00-2.99) .05

Primary diagnoses only 0.94 (0.59-1.51) .81 1.03 (0.96-1.10) .42 1.01 (0.99-1.02) .53 1.28 (0.60-2.76) .52

Secondary diagnoses
only

2.11 (1.26-3.54)c .005 1.04 (0.98-1.11) .20 1.04 (1.02-1.06)c <.001 2.29 (1.04-5.03) .04

False-negative rate, OR (95% CI)

Primary and secondary
diagnoses

0.31 (0.19-0.51)c <.001 0.88 (0.76-1.00) .06 1.05 (1.02-1.09)c .002 1.04 (0.26-4.20) .95

Primary diagnoses only 0.23 (0.13-0.41)c <.001 0.88 (0.76-1.01) .08 1.02 (0.99-1.06) .23 1.76 (0.37-8.52) .48

Secondary diagnoses
only

0.76 (0.27-2.13) .60 0.77 (0.51-1.17) .23 1.28 (1.09-1.50)c .002 0.12 (0.00-10.88) .36

Abbreviation: OR, odds ratio.
a Calculated as weight in kilograms divided by height in meters squared.
b For overall accuracy, ORs more than 1 indicate higher accuracy and ORs less

than 1 indicate lower accuracy. For false positive rate and false negative rate,

ORs more than 1 indicate greater odds of false positives (or false negatives)
and ORs less than 1 indicate lower odds of false positives (or false negatives).

c These data are statistically significant after adjustment for multiple
comparisons (false discovery rate–adjusted P values14,15).
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induced AKI (0% to 17%).6 Patients with a prior moderate or
severe hypersensitivity reaction to iodinated contrast me-
dium have an unclear risk that is complicated to mitigate.5,19-21

Therefore, the risk benefit-analysis in these settings is more
complicated and probably depends on the pretest suspected
diagnoses.

We observed some interesting secondary results. A priori,
we predicted that diagnostic error would be more common in
smaller patients because patients with less body fat have less
intrinsic tissue contrast. However, BMI was not predictive of
diagnostic error in our study. This may have been because the
study was not powered to detect that association or because
BMI is not an accurate surrogate for visceral adiposity.22 Di-
agnostic error was slightly more common in older patients. That
is likely because older patients are more likely to have pri-
mary and actionable secondary diagnoses, and diagnostic er-
ror was more common in patients with those findings.

Limitations
Our study has limitations. It was retrospective and suscep-
tible to related biases. We minimized the risk of selection bias,
longitudinal bias, and verification bias by using a consecutive
cohort at an institution in which dual-energy CT was rou-
tinely used to image patients with abdominal pain and through
use of a contemporaneous reference standard that is the cur-
rent standard of care. We minimized risk of reader bias by blind-
ing our radiologists to the reference standard and clinical data
outside the CT order, and by using radiologists with a range
of experience at 3 separate institutions. We intentionally

sampled a general population of ED patients with abdominal
pain because dozens of diagnoses are commonly made with
contrast-enhanced CT in that setting. Restricting the cohort to
a specific diagnosis would have inflated the diagnostic accu-
racy. We subtracted oral, as well as IV, contrast medium from
the reference standard to generate the unenhanced CT data.
Diagnostic accuracy might have been higher had oral con-
trast medium been visible, or different had a single-energy
unenhanced CT been used.

Conclusion
In summary, unenhanced CT was approximately 30 percent-
age points less accurate than contrast-enhanced CT for the evalu-
ation of abdominal pain in the ED. Prior studies evaluating
unenhanced CT in this population likely have overstated its ac-
curacy due to focus on 1 or few diagnoses or lack of a robust ref-
erence standard. The consistent results we observed across 3
centers suggest that the substantial diagnostic penalty we ob-
served is likely to be related to the removal of contrast me-
dium rather than to radiologist idiosyncrasy. For patients with
risk factors for receiving iodinated contrast medium (eg, prior
hypersensitivity reaction, severe kidney disease) or for pa-
tients receiving care in locations where contrast media is in short
supply, the diagnostic risk of withholding contrast medium
should be considered in the risk-benefit analysis. In many pa-
tients, the risk of withholding iodinated contrast medium may
be higher than the risk of administering it.
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