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BACKGROUND: Increasing use of testing among hospital-
ized patients has resulted in an increase in radiologic inciden-
tal findings (IFs), which challenge the provision of high-value
care in the hospital setting.

OBJECTIVE: To understand impact of radiologic incidental
findings on resource utilization in patients hospitalized with
chest pain.

DESIGN: Retrospective observational cross sectional study.
SETTING: Academic medical center.

PARTICIPANTS: Adult patients hospitalized with principal
diagnosis of chest pain.

MEASUREMENTS: Demographic, imaging, and length of
stay (LOS) data were abstracted from the medical charts. We
used multiple logistic regression to evaluate factors asso-
ciated with radiologic IFs and negative binomial regression
to evaluate the association between radiologic IFs and LOS.

RESULTS: 1811 consecutive admissions with chest pain
were analyzed retrospectively over a period of 24 months;
376 patients were included in the study after exclusion cri-
teria were applied and readmissions removed. Of these, 197
patients (52%) had 364 new radiologic IFs on imaging; most
IFs were of minor (50%) or moderate clinical significance
(42%), with only 7% of major significance. Odds of finding
radiologic IFs increased with age (adjusted odds ratio, 1.04;
95% confidence interval [CI], 1.01-1.06) and was associated
with a 26% increase in LOS (adjusted incidence rate ratio,
1.26; 95% ClI, 1.07-1.49).

CONCLUSION: Radiologic IFs were very common among
patients hospitalized with chest pain of suspected cardi-
ac origin and independently associated with an increase
in the LOS. Interventions to address radiologic IFs may re-
duce LOS and, thereby, support high-value care. Journal
of Hospital Medicine 2017;12:323-328. © 2017 Society of
Hospital Medicine

Diagnostic imaging is an integral part of patient evaluation
in acute care settings. The use of imaging for presenting com-
plaints of chest pain, abdominal pain, and injuries has in-
creased in emergency departments across the United States
without an increase in detection of acute pathologic condi-
tions."? An unintended consequence of this increase in di-
agnostic imaging is the discovery of incidental findings (IFs).

Incidental findings are unexpected findings (eg, nodules)
noted on diagnostic imaging that are not related to the pre-
senting complaint.’ The increasing use of diagnostic imaging
and increased sensitivity of these tests have led to a higher
burden of radiologic [Fs.* In a tertiary level hospital, Lum-
breras et al.’ found that the overall incidence of IFs for all
radiologic imaging for inpatients and outpatients was 15%,
while Orme et al.® found that the incidence in imaging re-
search was 39.8%. The existing evidence base suggests that
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the identification of radiologic IFs has financial,>’ clinical,’
ethical, and legal implications.® Also, IFs increase workload
for healthcare professionals, including that related to fol-
low-up and surveillance.’

In the field of radiology, the burden of radiologic IFs is
a well-accepted fact and various white papers have been
published by the American College of Radiology on how to
address them.*” Hospitalized patients are a population that
undergoes a substantial number of diagnostic tests. In the
era of accountable care organizations'® with an emphasis on
population health and high-value care, radiologic IFs pose a
particular challenge to healthcare providers.

Chest pain is one of the most common reasons for emer-
gency department visits in the United States.!! In this study,
we report on radiologic IFs and factors associated with
these among patients hospitalized for chest pain of suspect-
ed cardiac origin, and we evaluate the hypothesis that ra-
diologic IFs are associated with an increase in LOS in this
population.

METHODS

We conducted a secondary analysis of data from the Chest
Pain and Cocaine Study (CPAC). The CPAC study is a cross
sectional study of all patients hospitalized with chest pain to
our urban academic medical center. Medical records were
reviewed to generate a database of all such patients during
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FIG. Flow chart of patient selection.

Patients with multiple admissions and at least 1 admission having radiologic IFs. Only the first admission with new radiologic IFs was included.

“Patients with multiple admissions and no radiologic IFs. Only the first admission was included.

NOTE: Abbreviations: IF, incidental findings; MI, myocardial infarction.

the study period. The main focus of CPAC was to look at
healthcare disparities and resource utilization in patients
with or without a concomitant diagnosis of cocaine use.!?

Study Population

The Figure shows the selection of the study sample for this
analysis. The CPaC Study identified 1811 consecutive ad-
missions for chest pain/angina pectoris (based on admitting
diagnosis ICD-9-CM codes: 411.x; 413.x, 414.x; and 786.5x)
over 24 months. Per the CPaC Study protocol, patients old-
er than 65 years were excluded (n=567 admissions). After
chart review, all admissions diagnosed with acute myocar-
dial infarction (n=97) or noncardiac chest pain (n=655)
were excluded. For this analysis, we excluded 39 additional
admissions of patients who had known prior radiologic IFs,
leading to a sample size of 453 admissions. Three hundred
and seventy six patients had accounted for 453 admissions
during the study period, and we includedl of these admis-
sions in the analysis using the following process: If a patient
had a radiologic IF on any admission during the study period,
that patient was included in the “IF” group for the analysis,
and data from the first admission with an IF were used for the
analysis. If a patient had no radiologic IFs on any admission

during the study period, that patient was included in the “no
[F” group, and the data from the first admission in the data-
base were used for analysis.

Measurements

Data collection was completed retrospectively by medical
record review using a standardized CPaC Study protocol.
The database was created and maintained using REDCap
(Research Electronic Data Capture; Vanderbilt University,
Knoxville, Tennessee) electronic data capture tool hosted
at Johns Hopkins University.” All data were manually ab-
stracted into REDCap from electronic medical records. All
missing values and inconsistent data were reviewed by mul-
tiple physicians to ensure data integrity.

We defined all diagnostic (noninterventional; nonlab-
oratory) testing done during a patient’s hospitalization as
“diagnostic” tests, except cardiac stress testing and echo-
cardiogram. We defined diagnostic tests as “primary” tests
if they were done in response to patients’ presenting com-
plaint. We defined diagnostic tests as “secondary” tests if
they were done by providers due to [Fs. Cardiac computed
tomography was included in diagnostic tests. Cardiac test-
ing (echocardiogram, cardiac stress testing, cardiac catheter-
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ization and pacemaker placement) was considered separate
from the “diagnostic tests” since these were focused cardiac
imaging that are interventional in nature with low yield on
extra-cardiac radiologic IFs.

Incidental findings were defined as any unexpected find-
ings on diagnostic imaging unrelated to the reason for ad-
mission, and were classified based on organ systems and their
clinical significance as major, moderate, or minor using a
classification previously published by Lumbreras et al.'* All
radiologic [Fs data underwent sequential dual review by in-
vestigators for accuracy of documentation. Individuals with
multiple radiologic IFs belonging to more than one category
of clinical significance were categorized with the IFs group
of highest clinical significance. Ten percent of the patients
with no [Fs were reviewed again, and no errors found.

Demographic variables at the time of admission included
age, sex, race, level of education, employment status, insur-
ance status, body mass index (BMI), and smoking status.
Comorbid conditions at the time of admission consisted of
the following: hypertension, diabetes mellitus, chronic kid-
ney disease (CKD), chronic obstructive pulmonary disease
(COPD), history of myocardial infarction, cerebrovascular
accident (CVA), congestive heart failure (CHF), drug use
and malignancy or history of it. Initial laboratory values
were extracted from electronic medical records and includ-
ed hemoglobin, creatinine, blood urea nitrogen (BUN),
aspartate transaminase, alanine transaminase, and alkaline
phosphatase. We calculated the estimated glomerular filtra-
tion rate (eGFR) using the MDRD (Maodification of Diet
in Renal Disease) equation.”” Admission and discharge in-
formation as well as whether the patient had a primary care
provider, were obtained from medical records. The length of
hospital stay was calculated by subtracting date of admission
from date of discharge.

Statistical Analysis

We conducted 2 main analyses: 1) a descriptive analysis of
the association between patient characteristics (indepen-
dent variables) and identification of IFs during admission
(primary outcome) and 2) an analysis of the association be-
tween identification of incidental findings during admission
(independent variable) and LOS (primary outcome).

For the descriptive analysis of radiologic IFs, we compared
the characteristics of patients with and without radiologic
[Fs during admission using a t-test (for normally distributed
continuous variables) or Mann-Whitney test (for nonnor-
mally distributed continuous variables) and a chi-square or
Fisher exact test for categorical variables based on the num-
ber of observations. We included variables significantly asso-
ciated with the occurrence of radiologic IFs (P < 0.05) in a
multiple logistic regression model to identify characteristics
independently associated with presence of radiologic IFs.

Length of stay was right-skewed even after natural loga-
rithm transformation and, therefore, we used negative bino-
mial regression for the analysis of the association between the
identification of radiologic IFs during admission and LOS.
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We included potential confounding variables in the multiple
negative binomial regression model based on plausibility of
confounding and association with both the exposure (iden-
tification of radiologic IFs during admission) and outcome
(LOS) at a level of P < 0.3. Age, education level, history
of drug use, history of CHE history of CKD, lower eGFR,
higher serum creatinine/BUN, hemoglobin, occurrence of
cardiac catheterization, stress testing, and multiple admis-
sions during the study period were identified as confound-
ers. For correlated variables (eg, hemoglobin and hemato-
crit), the variable with the strongest statistical association
(lowest P value) was included in the model. In sensitivity
analysis, we dropped patients with extreme LOS (longer
than 10 days). All analyses were performed using STATA 13
(Stata Statistical Software: Release 13; StataCorp., College
Station, Texas).

RESULTS

Table 1 shows the characteristics of the 376 patients includ-
ed in this study. Overall mean age was 50.5 years, 40% were
females, 62% were Caucasian, 66% were unemployed, 84%
identified a primary care provider upon admission, and 68%
were cared for by a hospitalist. Overall median LOS was 2
days (interquartile range [IQR] = 2). Of the 376 patients
in the study, 197 (52%) had new radiologic IFs. Comparing
the patients with radiologic IFs and no IFs, it was evident
that more radiological tests were performed in the IF group
(2.2 tests per patient) in comparison with the no IF group
(1.26 tests per patient). Looking at patient characteristics,
patients with radiologic 1Fs were older (52 years vs. 48.8
years; P < 0.001), reported a lower education level and lower
hemoglobin levels on admission (12.0 gm/dL vs. 13.4 gm/dL;
P =0.029), but were more likely to be unemployed (72% vs.
59%; P = 0.009), have COPD (19% vs. 10%; P = 0.007), and
a history of malignancy (7% vs. 2%, P = 0.04). In addition,
patients in the radiologic IF group had lower rates of cardiac
catheterization (18% vs. 28%; P = 0.02), were more likely to
be readmitted more than once during the study period (17%
vs. 7%; P = 0.02) and be discharged by hospitalists (75% vs.
60%; P = 0.003; Supplemental Table 1).

Overall, 658 diagnostic tests were performed in the study
population; of these, 268 (40.7%) tests revealed 364 new
radiologic IFs (Supplement Table 2). Of these radiologic IFs,
27 (7.4%) were of major clinical significance, 154 (42%)
were of moderate clinical significance, and 183 (50%) were
of minor clinical significance (Supplement Table 3). Com-
puted tomography (CT) scans yielded more IFs compared to
any other imaging modalities. Of the radiologic IFs of major
clinical significance, 3 malignant/premalignant lesions were
found. While pulmonary nodules were the most common
moderate clinically significant findings, atelectasis and spi-
nal degenerative changes were the most common radiologic
[Fs of minor clinical significance (Supplement Table 4).

Results of the logistic regression models testing the asso-
ciation between patient characteristics and radiologic [Fs
are displayed in Table 2. Only age and repeat admissions
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TABLE 1. Characteristics of Study Population

Patient Characteristics Total Study Population,

N=376 (%)

Age,y 50.5+9.3
Female 151 (40)
Race

White 234 (62)

Black 123 (33)

Other (Asian, Hispanic) 19 (5)
Unemployed 2438 (66)
Insurance

Medicare 79 (21)

Medicaid 73(19)

Private insurance 187 (50)

Self-pay 37(10)
Education level

Not completed high school 76 (20)

Completed high school 222 (59)

Completed college 78 (21)
BMI, kg/m? 31.5+8.1
Hemoglobin level, gm/dL 13.2+£19
€GFR on admission, mL/min/1.73m? 81.8+35.4
ALT on admission, units/liter 40.8+40
Tobacco use

Never smoker 133 (36)

Past smoker 69 (18)

Active smoker 174 (46)
Hypertension 262 (70)
Diabetes mellitus 136 (36)
CKD 66 (18)
Prior MI 82 (22)
COPD 55 (15)
CHF 50 (13)
CVA 46 (12)
Prior diagnosis of malignancy 17 .(5)
Drug use 76 (20)
PCP present on admission 317 (84)
Cardiac catheterization during current admission 85 (23)
Stress test during current admission 163 (43)
Echocardiogram during current admission 89 (24)
Discharging provider

House staff 112 (30)

NP/PA 902

Hospitalist 255 (68)
LOS (d)? 22
Discharge location

Home 345 (92)

Other (nursing home, rehabilitation facility, or shelter) 318
Patients with multiple admissions during study period 45 (12)

#Data is median interquartile range.

NOTE: Data displayed as mean= standard deviation for continuous variables, and n (%) for categorical variables.
Abbreviations: ALT, alanine transaminase; BMI, body mass index; CHF, congestive heart failure; CVA, cerebro-
vascular accident; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; IF,
incidental findings; LOS, length of stay; MI, myocardial infarction; NP, nurse practitioner; PA, physician assistant;
PCP, primary care provider.

remained significantly associated with radiologic IFs in the
fully adjusted model (adjusted odds ratio [OR], 1.04; 95%
confidence interval [CI], 1.01-1.06 and 2.68; 95% ClI, 1.60-
4.44, respectively).

Median LOS was 2 days (IQR=1) for patients with no
IFs and 2 days (IQR=2) for patient with radiologic IFs (P
= 0.08). Unadjusted negative binomial regression analysis
revealed that identification of any radiologic IFs during ad-
mission (vs. none) was associated with an increased LOS
by 24% (unadjusted IRR, 1.24; 95% CI, 1.06-1.45). After
adjustment for confounders, identification of any radiologic
[Fs during admission remained significantly associated with
a longer LOS (adjusted IRR, 1.26; 95% CI, 1.07-1.49). Re-
sults remained significant on a sensitivity analysis excluding
admissions lasting longer than 10 days (adjusted IRR, 1.21;
95% CI, 1.03-1.42; Supplement Table 5).

Incidental findings of minor and moderate clinical sig-
nificance were associated with increase in LOS on multiple
negative binomial regression (adjusted IRR, 1.27; 95% CI,
1.03-1.57 and 1.24; 95% CI, 1.02-1.52, respectively; Table
3); however, upon dropping length of hospitalization outli-
ers, only radiologic IFs with major clinical significance were
associated with increase in length of hospitalization (adjust-
ed IRR, 1.39; 95% ClI, 1.04-1.87; Table 3).

Supplemental chart review revealed that 26 patients ac-
counted for the 27 radiologic IFs of major clinical signifi-
cance. This group had 54% women, median LOS remained
2 days (IQR 2) and, on average, had about 3 diagnostic tests
performed per patient. Cardiac testing was performed less on
these patients compared to others (Supplement Table S6).
Review also revealed that, of the 26 patients, 2 had abnor-
mal labs, 2 had drug abuse/psychiatric issues, and another 2
had radiologic IFs that warranted further consultations, im-
aging, and longer LOS.

DISCUSSION

Radiologic IFs in patients admitted with chest pain of sus-
pected cardiac origin are a common occurrence as shown in
our study. Similar to prior studies, 41% of all radiologic tests
done in our study population revealed IFs.® The majority of
the IFs were of minor to moderate clinical significance and,
as reported in the literature, were more common with older
age and CT imaging.!*!¢ In addition, an IF diagnosed during
admission for chest pain was associated with a 26% increase
in length of hospital stay.

To our knowledge, we present the first study on the impact
of identification of radiologic IFs in hospitalized patients on
length of hospital stay and specifically in patients hospital-
ized with chest pain of suspected cardiac origin. Trends over
the past decade have shown a decrease in LOS and hospi-
talizations but with an increase in health resource utiliza-
tion.!”!® Association of radiologic IFs with increase in LOS
is significant as this potentially increases hospital-acquired
conditions such as infections and resource utilization lead-
ing to increase in costs of hospitalizations."” This in return is
a concern for patient safety.
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TABLE 2. Logistic Regression Analysis of Factors Associated with IFs

Univariate Regression

Multivariate Regression

Adjusted

Variable Unadjusted OR Cl P value OR Cl P value
Age (v) 1.04 1.01-1.06 0.001 1.04 1.01-1.06 0.002
Unemployment 0.56 0.36-0.86 0.009 0.88 0.54-1.44 0.626
Education:

Not completed high school (1.0) ref (1.0) ref

Completed high school 0.61 0.35-1.03 0.06 0.65 0.36-1.18 0.161

Completed college 0.38 0.19-0.73 0.004 0.48 0.23-0.98 0.046
Multiple admissions during study period 2.68 1.64-4.35 <0.001 2.68 1.60-4.44 <0.001
COPD 2.28 1.23-4.20 0.08 14 0.71-2.76 0.33
Prior diagnosis of malignancy 3.09 0.99-9.66 0.05 1.66 0.46-6.07 0.435
Cardiac catheterization 0.56 0.34-0.91 0.019 0.65 0.36-1.16 0.146
Hemoglobin level, gm/dL 0.88 0.79-0.99 0.019 0.92 0.82-1.04 0.183
Discharging provider

House staff (1.0) ref (1.0) ref

NP/PA 0.39 0.08-1.98 0.26 0.32 0.05-1.77 0.192

Hospitalist 1.91 1.22-3.00 0.005 1.62 0.97-2.72 0.065

NOTE: Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; IF, incidental finding; NP, nurse practitioner; OR, odds ratio; PA, physician assistant; ref, referent.

The positive association between LOS and radiologic IFs,
interestingly, continued to exist despite sensitivity analysis.
Incidental findings of major clinical significance were associ-
ated with longer LOS in the sensitivity analysis. Supplemen-
tal chart review of patients with major clinical findings sug-
gested more extra-cardiac workup compared to patients with
minor/moderate radiologic IFs. This could indicate that the
presence of clinically significant radiologic IFs could have led
to further inpatient work-up and consultations. The down-
stream healthcare expenditure associated with workup of [Fs
in individual radiologic tests is well established.” In case of
cardiac CT, Goehler et al.?! found that the healthcare expen-
diture was high following incidentally detected pulmonary
nodules with an overall small reduction in lung cancer mor-
tality. Incidental findings also increase the burden of report-
ing and concern for medico-legal issues for providers.* These
concerns are likely valid for hospitalized patients as well.

The socioeconomic trends in the study population were
consistent with data from the Bureau of Labor Statistics
in that low education is associated with higher unemploy-
ment.”2 Although, overall, gender, race and insurance mix
were similar in both groups, we did see trends of socioeco-
nomic differences in the patients with radiologic IFs of ma-
jor clinical significance that might not have been statisti-
cally significant owing to the small sample size. Despite the
population being relatively of younger age (given our cut off
age was 65 years) there was still a positive association with
age and presence of radiologic IFs. The higher number of pa-
tients with COPD or history of malignancy in the radiologic
IF group suggests that an association with IFs could exist for
these disease cohorts; however, after adjustment for multi-
ple covariates, such an association did not transpire. Inter-
estingly, patients with no radiologic IFs underwent cardiac
catheterization or stress testing more often than patients

TABLE 3. Multivariate Negative Binomial Regression
of LOS by IF Clinical Significance

Clinical Significance IRR2(LOS) Cl P value
No IF (1.0) ref

Minor 1.27 1.03-1.57 0.023
Moderate 1.24 1.02-1.52 0.031
Major 1.33 0.98-1.82 0.071
Drop LOS >10d

No IF (1.0) ref

Minor 1.16 0.94-1.42 0.15
Moderate 1.20 0.99-1.46 0.057
Major 1.39 1.04-1.87 0.027

Adjusted for age, history of drug abuse, history of congestive heart failure, history of cerebrovascular accident/
transient ischemic attack, body mass index, multiple admissions during study period, and cardiac catheterization/
cardiac stress test during admission, creatinine, education level, and hemoglobin.

NOTE: Abbreviations: Cl, confidence interval; IF, incidental finding; IRR, incident rate ratio; LOS, length of stay;

ref, referent.

with discovered IFs. This speaks of 2 possibilities; first, that
both tests probably do not yield many extra-cardiac IFs, or,
secondly, that these patients did not require further workup.
More patients in the IF group had more than 1 admission
during the study period, and this was associated with in-
creased odds of detecting radiologic IFs. We hypothesize that
this might have occurred because of the diagnostic dilemma
in these patients who have multiple admissions for the same
reason leading to wider array of diagnostic workup. Indeed,
we did not note upon chart review alternative diagnoses in
these patients but only more IFs. There are several study lim-
itations to consider. First, the fact that this is a single center
study sets limitations to interpretation and generalizability
of the data. Second, we cannot exclude the possibility of
residual confounding. Third, the small number of patients
included in this study precludes definitive identification of
more factors potentially associated with IFs. However, this
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study sheds light on a yet unidentified problem within the
realm of inpatient management especially for the internists
and hospitalists. We tried to limit bias to the extent possible
by including only 1 presenting complaint and age-restricting
the population.

CONCLUSION
Incidental findings are both clinical and financial challenges
to the medical field. This study attempted to shed light on
impact of radiologic IFs on care and resource utilization in
patients admitted with chest pain of suspected cardiac origin.
The positive association between radiologic IFs and length
of hospital stay implies that the presence of IFs is associat-
ed with increase in LOS and indirectly a likely increase in
overall healthcare expenditure. Given the high incidence of
radiologic IFs, assuming that these will be present on radio-
logic tests, should be more a norm than an exception. Pro-
viders should know that radiologic testing, especially CT, is
associated with detection of IFs.!® By avoiding inappropriate
ordering of imaging, the issue of IFs could be mitigated.
While radiologists have recommendations about neces-
sary follow-up for some IFs,” no clear follow-up guidelines
exist for most IFs arising in hospitalized patients. Further
prospective and cost analysis studies are needed to assess the
overall impact of IFs on other hospitalized patient popula-
tions and on the healthcare system in general.

Disclosure: The authors report no conflicts of interest.
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