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Predictive Value of Noncontrast Head CT with Negative
Findings in the Emergency Department Setting

A.L. Callen, D.S. Chow, Y.A. Chen, H.R. Richelle, J. Pao, M. Bardis, B.D. Weinberg, C.P. Hess, and L.P. Sugrue

ABSTRACT

BACKGROUND AND PURPOSE: Noncontrast head CTs are routinely acquired for patients with neurologic symptoms in the emer-
gency department setting. Anecdotally, noncontrast head CTs performed in patients with prior negative findings with the same
clinical indication are of low diagnostic yield. We hypothesized that the rate of acute findings in noncontrast head CTs performed
in patients with a preceding study with negative findings would be lower compared with patients being imaged for the first time.

MATERIALS AND METHODS:We retrospectively evaluated patients in the emergency department setting who underwent noncon-
trast head CTs at our institution during a 4-year period, recording whether the patient had undergone a prior noncontrast head
CT, the clinical indication for the examination, and the examination outcome. Positive findings on examinations were defined as
those that showed any intracranial abnormality that would necessitate a change in acute management, such as acute hemorrhage,
hydrocephalus, herniation, or interval worsening of a prior finding.

RESULTS: During the study period, 8160 patients in the emergency department setting underwent a total of 9593 noncontrast head
CTs; 88.2% (7198/8160) had a single examination, and 11.8% (962/8160) had at least 1 repeat examination. The baseline positive rate
of the “nonrepeat” group was 4.3% (308/7198). The 911 patients in the “repeat” group with negative findings on a baseline/first CT
had a total of 1359 repeat noncontrast head CTs during the study period. The rate of positive findings for these repeat examina-
tions was 1.8% (25/1359), significantly lower than the 4.3% baseline rate (P, .001). Of the repeat examinations that had positive
findings, 80% (20/25) had a study indication that was discordant with that of the prior examination, compared with only 44%
(593/1334) of the repeat examinations that had negative findings (P , .001).

CONCLUSIONS: In a retrospective observational study based on approximately 10,000 examinations, we found that serial noncon-
trast head CT examinations in patients with prior negative findings with the same study indication are less likely to have positive
findings compared with first-time examinations or examinations with a new indication. This finding suggests a negative predictive
value of a prior noncontrast head CT examination with negative findings with the same clinical indication.

ABBREVIATIONS: ED 4 emergency department; NCHCT 4 noncontrast head CT

Use of CT in the emergency department (ED) has grown dra-
matically in recent years.1-5 Factors contributing to this

growth include greater availability of CT and an increased reli-
ance on imaging for initial patient triage and evaluation.1,2 In

patients presenting to the ED with neurologic symptoms, non-
contrast head CT (NCHCT) is the diagnostic tool of choice to
exclude acute intracranial pathology and its use has grown apace
with other CT imaging.1-3

In the absence of focal neurologic deficits, however, the diag-
nostic yield of NCHCT in the emergency setting is relatively low.
For example, in patients presenting with syncope or dizziness,
positive findings on NCHCT range from 2% to 7%.6,7 In addi-
tion, anecdotally, many neuroradiologists will attest that the yield
is even lower in patients who have had a recent study with
negative findings for a similar indication. This perception is
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undoubtedly shaped by experience with a subset of patients,
so-called “frequent flyers,” who present repeatedly to the ED
with similar symptoms and undergo head CTs on each pre-
sentation.8-10

Concerns about repeat imaging are not limited to these
extreme cases. For example, a recent single-institution study
found that up to one-third of ED CT examinations ordered were
for patients who had a recent, potentially redundant, CT exami-
nation.11 Data from the Center for Information Technology
Leadership estimates that approximately 14% of imaging studies,
reflecting up to $20 billion in annual health care expenditure,
may reflect unnecessary duplicate imaging.8 Beyond financial
considerations, there is increasing recognition that repeat CT
imaging may tangibly increase cancer risk, especially in younger
patients,1,8,12 with estimates that up to 1.5%–2% of cancers in
the United States may be caused by health care–related exposure
to ionizing radiation.12,13 In addition, excessive diagnostic test-
ing may lead to incidental findings, which may initiate costly
and, at times, unnecessary work-ups.

Prior work evaluating the use of chest CTs to rule out an acute
pulmonary embolism demonstrated that repeat examinations
performed within 90days have a much lower rate of positive
findings.14 However, little-to-no quantitative data are available
regarding the relative diagnostic value of repeat head CT imaging
in the emergency setting.

The goal of this study was to quantify the predictive value of a
prior negative head CT in the ED. We hypothesized that there
would be a lower rate of acute findings for NCHCTs performed
in patients who had a recent study with negative findings com-
pared with patients who were being imaged for the first time or
with a new clinical indication.

MATERIALS AND METHODS
Patient Selection
After institutional review board approval of this Health Insur-
ance Portability and Accountability Act–compliant study, we
conducted a retrospective query of the Radiology Information
Systems data base at The University of California, San
Francisco from January 2013 to December 2016. Informed con-
sent was not required, and no financial support was received in
this study. We included all noncontrast head CTs ordered by our
emergency department that were identified by the Current
Procedural Terminology (CPT) code 70450 “CT of the head
without contrast.” Noncontrast head CTs performed as part of
Code Stroke studies that included CT angiography and/or perfu-
sion were not included. Our analysis was limited to adult
patients, defined as 18 of age or older. We conducted a retro-
spective review of medical records to determine patient demo-
graphic information, including sex and age. We divided patients
who underwent a single CT examination or multiple examina-
tions during the study period into “nonrepeat” and “repeat”
groups, respectively. For patients in the repeat group, we
recorded the time interval between the first (baseline) and repeat
examinations. Study indications included in the clinical history
by the ordering provider were recorded for each examination. If
the study indication for the repeat examination was discordant

with the baseline examination, this discordance was recorded as
well.

Imaging Techniques
All imaging was performed on a 64-section CT imaging system
(Discovery CT750 HD; GE Healthcare, Milwaukee, Wisconsin)
with an effective axial section thickness of 0.625mm, reformatted
in bone and soft-tissue windows in sagittal and coronal planes. All
studies were interpreted by members of the neuroradiology faculty
as part of the normal daily clinical workflow. The “Impression”
section of the generated study reports served as the basis for cate-
gorizing a study as having positive or negative findings as further
detailed below.

Definition of Examinations with Positive and Negative
Findings
Given the large number of cases, we used an automated classifica-
tion workflow to identify examinations with negative findings.
Specifically, the “Impression” section of each report was searched
for the following keywords: “No acute,” “No significant,” “No
interval,” “No new,” “No hemorrhage, hydrocephalus, hernia-
tion,” and so forth. These examinations were categorized as nega-
tive. Reports that could not be classified automatically were
manually reviewed by a board-certified neuroradiologist (D.S.C.,
L.P.S., Y.A.C.) to determine whether they should be categorized
as negative or positive. Positive was defined as any intracranial
abnormality that would necessitate a change in acute manage-
ment, including hemorrhage (both extra-axial and parenchymal),
hydrocephalus, herniation, mass effect, or interval worsening of a
prior finding. Finally, all “Impressions” were manually compared
with their category to ensure the accuracy of classification.

Study Indication
History or study indication or both were provided in the form of
free text by the ordering clinician. At the time of analysis, we
reviewed the history/indication provided for each study and used
it to classify study indications according to a set of categories that
covered the range of indications encountered in the data. This set
of indications included the following: altered mental status,
trauma, cancer, headache, seizure, vertigo, nausea, fever, syncope,
psychosis, numbness, altered speech, weakness, facial droop, vis-
ual abnormalities, substance use, hydrocephalus, hypertension,
and intracranial pressure/hemorrhage. A single study could be
assigned $1 indication. When repeat studies were performed on
the same patient, the clinical indications were compared between
baseline and repeat examinations. Examination indications were
considered concordant if the same study indication categories
were used. Indications were considered discordant if different or
additional categories were used. For example, if 2 studies had
indications of “trauma, headache” and “headache” alone, the
study indications were considered discordant.

Data Collection and Validation
The rates of positive findings were compared for the nonrepeat
and repeat groups, defined above. For the repeat group, we spe-
cifically examined the rate of positive findings for the first (base-
line) examination and the rate of positive findings for subsequent
repeat examinations in patients whose findings on the first/

214 Callen Feb 2020 www.ajnr.org



baseline examination were negative. We recorded both the exam-
ination indication and findings for all examinations with positive
findings in both the nonrepeat and repeat groups.

Statistical Tests
The 2-sample test for proportions and the x 2 assessment were
performed using MedCalc for Windows, Version 12.2.1 (MedCalc
Software, Mariakerke, Belgium). A P value, .05 was considered
statistically significant.

RESULTS
Demographic Data
In total, 9593 CT examinations were identified among 8160
unique patients who met the inclusion and exclusion criteria dur-
ing the study period (Table 1). Of unique patients, 88.2% (7198/
8160) had a single examination and 11.8% (962/8160) had at least
1 repeat examination. The mean age of patients in the repeat
group was significantly higher compared with patients in the
nonrepeat group (64.1 versus 57.9 years, P, .001). There was no
significant difference in sex between the 2 groups (P4.97).

Positive Rate of Initial CT Examinations
A positive finding was identified in 4.4% (384/8160) of all first/
baseline head CT examinations. There was no significant differ-
ence in the positive rate between patients in the nonrepeat group
and the first examination of patients in the repeat group (4.3%
[308/7198] versus 5.3% [51/962], P 4.16). Among baseline stud-
ies with positive findings from the nonrepeat and repeat groups,
there was no significant difference in either patient age (P 4.99)
or sex (P4.83) (Table 1).

The most common indications for positive findings on base-
line CT examinations in the nonrepeat group were altered mental
status (37.0%, 114/308), headache (17.2%, 53/308), trauma
(17.2%, 53/308), and miscellaneous categories (28.6%, 88/308).
For the repeat group, the most common indications for positive
findings on baseline CT examinations were altered mental status
(31.4%, 16/51), trauma (39.2%, 20/51), and headache (19.6%,
10/51). Among baseline studies with positive findings, there was
no significant difference in the proportion of examinations with

altered mental status or headache as the indication between the
nonrepeat and repeat groups (P 4.442 and P 4.677, respec-
tively). However, there was a significantly higher proportion of
baseline examinations with positive findings with trauma as the
indication in the repeat group (P4.003).

Assessment of Patients with Repeat Examinations
As described above, 962 patients underwent repeat head CT
examinations during the study period; of these, 94.7% (911/962)
had negative findings on the first (baseline) examination. A total
of 1359 follow-up or repeat CTs were performed in these 911
patients. The average number of repeat examinations acquired
per patient was 1.49 examinations, and the mean follow-up
interval was 6.5months. The proportions of patients with 1, 2, 3,
and .3 repeat head CTs were, respectively, 73.7% (671/911),
15.8% (144/911), 6.2% (56/911), and 1.2% (40/911) (Fig 1). Of
note, 3 patients had .10 studies with a maximum of 17. There
was no significant difference in the rate of positivity in patients
who had only 1 repeat compared with patients who had .1
repeat examination (20/671 [3%] versus 5/240 [2%], P4.45).

A positive finding was identified in 1.8% (25/1359) of all
repeat head CTs that followed a first examination with negative
findings, significantly different from the 4.3% positive rate in the
nonrepeat group (P, .001) and the 5.3% positive rate for the first
examination in the repeat group (P, .001) (Fig 2). Of patients in
the repeat group who converted from negative to positive, the
proportions who converted on the first, second, or third repeat
examination were 80% (20/25), 16% (4/25), and 4% (1/25),
respectively. Across the time scales relevant to this study, the
interval between the first examination with negative findings and
the follow-up did not substantially impact the probability of the
repeat examination findings being positive: The proportions of
repeat examinations with positive findings obtained within
30 days, 60 days, and 90 days of an initial negative head CT were
1.5% (5/344), 1.8% (8/491), and 1.7% (9/605), respectively (Table
2). For each interval, the proportion of examinations with posi-
tive findings was significantly lower than the 4.3% baseline posi-
tive rate. The 5 cases with positive findings obtained within
30 days of an initial head CT with negative findings included an
acute on chronic subdural hemorrhage in a patient with altered
mental status, new hemorrhagic metastasis in a patient with
known metastatic lung cancer, new hydrocephalus in a patient
with known leptomeningeal carcinomatosis, new subdural hem-
orrhage following a fall in an elderly patient, and new parenchy-
mal hematoma in a patient on anticoagulation.

Across the 1359 repeat examinations, the proportion of
examinations with positive findings varied by indication as fol-
lows (note that a given examination could have .1 indication):
altered mental status 3% (8/300), trauma 2% (12/716), cancer 2%
(1/44), headache 4% (2/252), seizure 0% (0/117), vertigo 2%
(1/53), nausea 0% (0/32), fever 0% (0/8), syncope 2% (1/42), psy-
chosis 0% (0/8), numbness 0% (0/21), altered speech 0% (0/22),
weakness 5% (3/65), facial droop 0% (0/13), visual abnormalities
17% (1/6), substance use 0% (0/5), hydrocephalus 0% (0/6),
hypertension 0% (0/1), and intracranial pressure/hemorrhage 0%
(0/1).

Table 1: Patient demographics and outcomes/indications for
first examination in patients undergoing a single (nonrepeat) or
serial (repeat) NCHCT examinations

Nonrepeat
(n 4 7198)

Repeat
(n 4 962) P

Demographic information
Proportion of men 0.478 0.486 .973
Age (yr) 57.9 64.1 ,.001

Rate of positive findings on
the first examination
(%) (No.)

4.3 (308) 5.3 (51) .16

Proportion of men 0.522 0.529 .995
Age (yr) 63.5 64.2 .832

Indications for positive first
examination (%) (No.)

Altered mental status 37.0 (114) 31.4 (16) .442
Headache 17.2 (53) 19.6 (10) .677
Trauma 17.2 (53) 39.2 (20) ,.001
Other 28.6 (88) 9.8 (5) .005
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On a per-patient basis, 2.7% (25/
911) of patients in the serially imaged
group with negative findings on a first
head CT ultimately went on to have at
least 1 follow-up head CT with posi-
tive findings. Because it may include
multiple follow-up examinations, this
per-patient rate is higher than the pos-
itive rate for a single follow-up study;
nevertheless, it is still significantly
lower than the positive rate for the
nonrepeat group (P 4 .02) and for
the first examination in the serially
imaged group (P4 .004).

Comparison of Clinical
Indications between Study
Groups
Across all studies (baseline plus re-
peats), the most common indications
for both positive and negative find-
ings on CT examinations were simi-
lar. For positive findings, the most
common indications were altered men-
tal status (36%, 130/359), trauma (20%,
73/359), and headache (18%, 63/359).
For negative findings, the most com-
mon indications were trauma (3341/

FIG 1. Histogram showing the number of patients in the repeat group who had 1, 2, 3, and .3 repeat NCHCT examinations during the study
period.

FIG 2. Rate of positive findings in first/baseline-versus-subsequent examinations. Repeat
NCHCT examinations that followed a prior examination with negative findings had a much
lower rate of positive findings (1.8%) than examinations in the nonrepeat group (4.3%) or the
first examination of patients in the repeat group (5.3%). There was no significant difference
between the rate of positive findings in the nonrepeat group and the first/baseline examina-
tion in the repeat group.
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9234, 36%), headache (1932/9234, 21%), and altered mental status
(1686/9234, 18%).

Of the 911 patients who had negative findings on the base-
line examination, there were 1359 total repeat examinations. Of
the total 1359 repeat examinations, 613 (45%) had indications
discordant with their baseline examination, and 746 (55%) had
indications concordant with their baseline examination. The
discordant repeat examinations had a significantly greater pro-
portion of positive findings than in the concordant group, with
20/613 (3%) having positive findings, compared with only 5/746
(0.7%) in the concordant group (P, .001). It follows that repeat
examinations with positive findings tended to have a clinical in-
dication discordant with the baseline examination. Specifically,
of the follow-up examinations that had positive findings, 20/25
(80%) had indications discordant with the baseline examina-
tion. Of the follow-up examinations that had negative findings,
593/1334 (44%) had an indication discordant with the baseline
examination (P, . 001).

DISCUSSION
NCHCT examinations performed in the emergency department
setting with the same study indication were significantly less
likely to have positive findings if the patient had a recent prior
NCHCT with negative findings. Among nearly 10,000 examina-
tions performed during a 4-year period at a single academic med-
ical center, we found that NCHCTs had positive findings in only
1.8% of patients who had a recent prior NCHCT with negative
findings, compared with 4.3% in first-time (baseline) examina-
tions, and they had positive findings in only 0.7% in patients for
whom the indications for the baseline and repeat examinations
were the same. This result corroborates prior work suggesting
that NCHCT examinations performed in the emergency setting
in patients without focal neurologic deficits largely have negative
findings,6,7 while extending the result to suggest that at a statisti-
cal level, there is a negative predictive value for a recent examina-
tion with negative findings with the same clinical indication.

We hypothesized that a repeat study that had the same clinical
indication as its prior baseline examination would be associated
with a lower rate of positive findings than a repeat study with a
different indication. This hypothesis was confirmed by the data,
with 80% of repeat examinations with positive findings having a

different clinical indication compared with the baseline examina-
tion, while only 44% of repeat examinations with negative find-
ings had a different clinical indication.

We also hypothesized that the negative predictive effect of a
prior study with negative findings might decline and the rate of
positive findings might return to that of first-time examinations
as the interval between a negative baseline and follow-up exami-
nation increased. At ,30 days of follow-up, the positive rate was
1.5%, significantly lower than the first-time examination rate of
4.3%. Somewhat surprising, positive rates for follow-up examina-
tions remained low (,2%, and significantly lower than that of
first-time examinations) even as the time since the baseline study
with negative findings increased up to 12months. This finding
suggests that the negative predictive effect of a NCHCT with neg-
ative findings is long-lasting, at least for the month-to-year time
scale evaluated in this study.

The current study did not explore why a prior NCHCT with
negative findings performed for the same indication has a nega-
tive predictive value. We speculate that for some patients pre-
senting with vague neurologic symptoms, there may be no
underlying anatomic/imaging correlate for their presenting
symptom. For others, an anatomic correlate may exist, but CT
may not be sensitive enough to detect it, meaning that the yield
for repeat CT imaging for the same indication will remain low.
These latter patients might benefit from a more sensitive diag-
nostic evaluation with MR imaging as has been shown to be the
case in patients who present with dizziness.7 Developing crite-
ria to reliably discriminate between these 2 groups will be an
important goal for future work.

During the past decade, many factors have contributed to the
increased use of CT examinations in the emergency department
setting. These include increased availability of CT; technologic
advances that have reduced scan time, radiation dose, and cost;
system-based cost-saving and outcome-focused initiatives that
have emphasized earlier and more accurate diagnosis; as well as a
general fear on the part of providers of missing something in an
era of increasing malpractice litigation.2,15,16 At a population
level, CT scans undoubtedly help ED physicians arrive at earlier
and more accurate diagnoses. Similarly, at a population level,
increased CT imaging has a measurable cost, both in exposure
to ionizing radiation and its associated cancer risk and in
increased health care dollars spent on studies with limited diag-
nostic yield.

While crucially important from a public health and medical
economics perspective, the cost-benefit of CT imaging at the pop-
ulation level does not necessarily help the practicing emergency
department physician or radiologist determine the relative cost/
benefit of a CT examination in any given patient. Our current
results suggest that information easily available from the elec-
tronic medical record, such as the outcome and indications of
prior imaging, has potential value in stratifying patients with
respect to the appropriateness of NCHCT imaging. Such infor-
mation, combined with decision-support systems, could be
used to facilitate more personalized and effective imaging deci-
sions.17-19 Indeed, a prior retrospective study of ED CT use sug-
gested that simply alerting ED physicians to the existence of
prior relevant CT imaging could alter ordering practice.11

Table 2: Outcome of repeat examination by interval since the
examination with negative findingsa

Interval
between

CTs
No. of Positive
Examinations

Total Repeat
Examinations

%
Positive

P
Valueb

,30 days 5 344 1.5 .011
,60 days 8 491 1.8 .007
,90 days 9 605 1.7 .002
,120 days 10 690 1.6 ,.001
,180 days 11 804 1.5 ,.001
.180 days 25 1359 1.8 ,.001

a Outcome of repeat NCHCT examinations as a function of the interval (in days)
since the prior examination with negative findings. The proportion of repeat
examinations with positive findings remained between 1.5% and 1.8% (and signifi-
cantly lower than the 4.3% positive rate of first/baseline examinations) for the
durations (up to 1 year) considered in this study.
b The P value was taken against the 4.3% rate of first/baseline examinations.
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Our study has at least 2 important limitations. First, as a sin-
gle-institution retrospective study, our results may not reflect the
ordering practices or patient demographics of other centers and
did not consider examinations that our patients may have under-
gone at other institutions during the study period. Second, our
results suggest that the examination indication impacts the prior
probability that a repeat examination will have positive findings.
However, even though our study included �10,000 patients, the
low overall rate of CT examinations with positive findings pre-
cluded an analysis of the relationship between specific indications
and positive findings on baseline and repeat examinations. Going
forward, our goal is to conduct a larger multicenter study to vali-
date these results across institutions and provide sufficient power
to answer these more nuanced questions.

CONCLUSIONS
We investigated the rate of positive findings in repeat noncon-
trast head CTs performed on patients presenting to the ED who
had prior negative findings on NCHCT with the same or differ-
ent indications and compared it with the rate of positive findings
in patients being imaged for the first time. In this retrospective
observational study based on approximately 10,000 eligible
examinations, we found that, overall, serial NCHCT examina-
tions in patients with a prior study with negative findings are
much less likely to be positive compared with first-time examina-
tions. Most important, this difference depends on whether the
prior study had the same clinical indication. This finding suggests
that when a patient returns to the emergency department with
the same neurologic symptom, a repeat NCHCT may be of lim-
ited diagnostic benefit.

Disclosures: Leo P. Sugrue—UNRELATED: Board Membership: Research Radiology,
Inc; Stock/Stock Options: Research Radiology, Inc.
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