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BACKGROUND: Computed tomography pulmonary
angiography (CTPA) detects incidental findings that
require follow-up. In just over 50% of cases, those
incidental findings are pulmonary nodules. Fleischner
guidelines recommend that patients with nodules that
have a high risk of malignancy should undergo CT follow-
up within 3-12 months.

OBJECTIVE: We examined the proportion of patients
with pulmonary nodules requiring follow up who received
repeat imaging within six weeks of the time frame
recommended by the radiologist.

DESIGN: This retrospective cohort study included

all patients who underwent CTPA in the emergency
department and inpatient settings at three teaching
hospitals in Toronto, Canada between September 1,
2014, and August 31, 2015. Natural language processing
software was applied to a linked radiology information
system to identify all CTPAs that contained pulmonary
nodules. Using manual review and prespecified exclusion

omputed tomography pulmonary angiography

(CTPA) is often used in the evaluation of suspect-

ed pulmonary embolism (PE). The detection of inci-

dental findings that require follow-up is common; in
just over 50% of cases, those incidental findings are pulmonary
nodules." Although the majority of these nodules are benign,
Fleischner Society guidelines? recommend that patients with
nodules at high risk for malignancy should undergo follow-up
CT imaging within 3-12 months, with patients who smoke and
have large nodules requiring closer follow up.

The failure to follow-up on abnormal test results is known to
contribute to diagnostic error and can lead to patient harm.?
We sought to determine the proportion of high-risk pulmonary
nodules on CTPA which did not undergo the recommended
follow-up imaging.
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criteria, we generated a cohort with possible new lung
malignancy eligible for follow-up imaging; then we
reviewed available health records to determine whether
follow-up had occurred.

RESULTS: Of the 1,910 CTPAs performed over the study
period, 674 (35.3%) contained pulmonary nodules. Of

the 259 patients with new nodules eligible for follow-up
imaging, 65 received an explicit suggestion for follow-up
by radiology (25.1%). Of these 65 patients, 35 (53.8%)

did not receive repeat imaging within the recommended
time frame. Explicit mention that follow-up was required in
the discharge summary (P = .03), attending an outpatient
follow-up visit (P < .001), and younger age (P = .03) were
associated with receiving timely follow-up imaging.
CONCLUSIONS: Over 50% of patients with new high-

risk pulmonary nodules detected incidentally on CTPA

did not receive timely follow-up imaging. Journal of
Hospital Medicine 2019; 14 349-352. Published online first
February 20, 2019. © 2019 Society of Hospital Medicine

METHODS

Study Setting and Design

This retrospective cohort study included all patients who un-
derwent CTPA in the emergency department (ED) and inpa-
tient settings at three academic health centers (Mount Sinai
Hospital, Toronto General Hospital, and Toronto Western
Hospital) in Toronto, Canada between September 1, 2014, and
August 31, 2015.

We examined the proportion of patients with pulmonary
nodules requiring follow up who received repeat CT imaging
within six weeks of the time frame recommended by the ra-
diologist. Since we were interested in measuring the rate of an
important test result that is missed (rather than accuracy of the
test itself), we defined “requiring follow up” as the inclusion of
explicit recommendations for follow up in the radiology report.

Montage (Philadelphia, Pennsylvania), a natural language
processing software, was applied to a linked radiology infor-
mation system (RIS) to identify all CTPAs that contained pulmo-
nary nodules. We conducted manual chart review to confirm
software accuracy. We initially searched the RIS for all CTPAs
that were completed within the study period, resulting in the
identification of 1932 imaging studies. Following a review of
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FIG. Flowchart of Computed Tomography Pulmonary Angiography (CTPA) Scans Included in the Study Cohort.

these 1,932 studies, we excluded 22 as they were not CTPAs.
We then applied the search term, “nodule-" to 1,910 con-
firmed CTPAs, resulting in the identification of 836 imaging
studies. Following a review of these 836 studies, we excluded
10 as they were duplicate studies. We also excluded 152 stud-
ies where the term “nodule” did not identify a pulmonary nod-
ule but instead referred to a radiologist reporting the absence
of pulmonary nodules (eg “there were no pulmonary nodules
found”) or the presence of non-lung nodules (eg thyroid nod-
ules). This resulted in the identification of 674 CTPAs contain-
ing pulmonary nodules (Figure 1).

Thereafter, we generated a cohort with possible new lung
malignancy eligible for follow-up imaging by reviewing avail-
able health records and applying the following prespecified
exclusion criteria: (1) patients who died, (2) left against med-
ical advice, (3) were critically ill during the follow-up period,
(4) lived outside the hospital catchment area (Greater Toronto
Area), (5) were seen in the outpatient setting, (6) identified as
palliative, (7) had an active malignancy, (8) had nodules that
were already being followed, or (9) had nodules with charac-
teristics suggestive of alternate diagnoses to lung malignan-
cy (such as infection or inflammation) with no follow up rec-
ommended as reported by the radiologist. For patients with
multiple CTPAs, we included only the first study. For each eli-
gible patient, we determined whether follow-up imaging was
completed by manually reviewing the linked RIS. We reviewed
available health records to determine whether the pulmonary
nodule findings had been discussed with the patient and
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whether the patient had attended an outpatient follow-up vis-
it. In patients for whom recommended follow-up imaging was
not confirmed, we notified the ordering physician by e-mail.

Each radiology department followed the same protocol
adherent to the 2005 Fleischner guidelines for identifying
nodules requiring follow up.? Virtually all CTPAs at the three
study institutions are read and reported within 72 hours. The
ordering physician is sometimes called at the discretion of
the reading radiologist when the findings are judged to be
urgent and time-sensitive in nature. For example, the order-
ing physician may be contacted if a CTPA is positive for seg-
mental PE but is not typically called for incidental pulmonary
nodules. It is not common practice for ordering physicians
to be notified of incidental findings above and beyond the
radiology report. Primary care physicians are not typically
copied on radiology reports and usually do not use the same
electronic health record.

Statistical Analysis

We calculated simple descriptive statistics for all results. Mean
values were compared using two-tailed t-tests, categori-
cal groups using chi-square tests, and median values using
Mann-Whitney U tests. We performed all analyses using Mic-
rosoft Excel version 16.14.1 (Redmond, Washington).

Ethics Approval

This study was approved by each institution’s research ethics
board.
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TABLE. Characteristics of Patients with High-Risk Pulmonary Nodules Noted on Computed Tomography Pulmonary

Angiography Requiring Follow Up.

No. (%)
Follow Up Completed Follow Up NOT Completed
All Within the Recommended Time Frame Within the Recommended Time Frame
Characteristic (n=65) (n=30) (n=35) P Value
Sociodemographics
Mean age (Standard Deviation), y 67.2(15.2) 62.8(15.7) 71.0(14.0) .03
Women 33(51) 14 (47) 19 (54) 29
Lung Cancer Risk Factor
Never Smoked
Yes 11(17) 6(20) 5(14) 42
No 36 (55) 18 (60) 18(52)
Unknown 18(28) 6 (20) 12 (34)
Chronic Obstructive Pulmonary Disease
Yes 24.(37) 10(33) 14 (40) .58
No 41 (63) 20 (67) 21 (60)
Imaging
Lung Nodule
Single 12(19) 5(17) 7(20) 73
Multiple 53 (81) 25(83) 28 (80)
Median Recommended Follow-Up (Interquartile Range), months 6(3-12) 6(3-12) 6(3-12) .90
System
Hospital Department
Emergency department 27 (42) 14 (47) 13 (37) .62
Inpatient 38(58) 16 (53) 22 (63)
Follow-Up Instructions Included in the Discharge Summary
Included 36 (55) 21(70) 15 (43) 03
Not included 29 (45) 9(30) 20(57)
Attended Outpatient Follow-Up Visit
Yes 18(28) 16 (53) 2(6) <.001
No 47(72) 14 (47) 33(94)

RESULTS

Follow Up of Incidental High-Risk Pulmonary Nodules
Of the 1910 CTPAs performed over the study period (Figure),
674 (35.3%) contained pulmonary nodules. Of the 259 patients
with new pulmonary nodules eligible for follow-up imaging,
194 (74.9%) did not have an explicit suggestion for follow up by
the radiologist. Ninety-five percent of radiologists (184 out of
194) provided an explanation for not recommending follow up
in the radiology report; the two most common reasons were
small nodule size (often described as “tiny”) and no interval
change compared with the prior imaging study.? Of the 65
patients who did receive an explicit suggestion for follow up
by radiology, 35 (53.8%) did not receive repeat imaging within
the recommended time frame, allowing for a six-week grace
period. Of these 35 patients, 10 eventually went on to receive
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delayed repeat imaging. The median follow-up time for the 30
patients who received timely repeat imaging was four months
(IQR 2-6 months); in contrast, the median follow-up time for
the 10 patients who received delayed repeat imaging was sev-
en months (IQR 6-8 months), P =.01.

Of the 65 patients for whom follow up was recommended,
the medical record showed evidence that there was a discus-
sion between the medical team and the patient regarding pa-
tient preference for or against follow up in 55.4% (36 out of
65) of the patients. Notably, all 36 patients showed interest in
receiving follow up; no patient indicated a preference for no
follow up.

Furthermore, of the 65 patients that had follow up recom-
mended, two patients were eventually diagnosed with lung
cancer (one via lung biopsy, the other via positron emission
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tomography imaging); both patients did not receive timely fol-
low-up imaging. While we did not include nodule size as an
exclusion criterion, not one of the 65 patients included in the
final cohort had nodules larger than 3 cm.

Physician Notification

In circumstances where we could not confirm that followed up
had occurred, we notified the ordering physician by e-mail.
Since 10 of the 35 patients who did not receive timely follow-up
imaging went on to receive delayed repeat imaging, we notified
25 physicians. Of the 25 physicians that we e-mailed, 24 acknowl-
edged receipt of the information. Of these 24 physicians, 14 re-
ported conducting a detailed review of the chart, from which
the following additional information was obtained: one patient
expired, and five physicians notified the corresponding primary
care physicians (two of whom were unaware of the nodule, and
subsequently arranged further follow up with the patient).

Characteristics Associated with Timely Follow Up
Explicit mention that follow up was required in the discharge
summary (P = .03), attending an outpatient follow-up visit (P <
.001), and younger age (P = .03) were associated with receiving
timely follow up; patient sex, smoking history, history of chron-
ic obstructive pulmonary disease, lung nodule count, recom-
mended follow-up time, and hospital department (defined as
the discharging service) were not (Table).

DISCUSSION

In this multicenter cohort study, over 50% of patients with new
high-risk pulmonary nodules detected incidentally on CTPA
did not receive timely follow-up imaging. Including follow-up
recommendations in the discharge summary, attending an
outpatient follow-up visit, and younger age were associated
with timely follow-up imaging.

Few studies have assessed the follow up of incidental nod-
ules identified on CTPA. In a retrospective cohort study of ED
patients in the United States, Blagev et al. found that only 29%
received timely follow up.* Our study contributes to the literature
in several ways. First, our study included all hospitalized patients,
not only those in the ED. Notably, most of our cohort were in-
patients, a group of patients not previously described. Second,
we examined factors associated with timely follow up, which may
help to inform future quality improvement initiatives and inter-
ventions. Third, we included data from three different hospitals,
which may improve generalization. Lastly, our study draws on
contemporary Canadian data. Most of the studies investigating
test result follow up have been conducted in the US* and Eu-
rope,’ with few empirical studies describing this phenomenon
within the Canadian healthcare setting. We believe that our work
contributes to the existing evidence that missed test results occur
across diverse healthcare systems and have yet to be solved.>”

Our study had limitations. First, we defined follow up as re-
peat imaging and did not include office visits or biopsy in this
definition. Second, we may have missed repeat imaging and
outpatient follow-up visits that occurred outside the study hos-
pitals. Although we were able to determine if repeat imaging
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and outpatient follow-up visits (eg, pulmonology or thoracic
surgery clinics) had occurred within the study hospitals, we did
not have access to follow-up encounters that occurred outside
of the study hospitals (eg primary care clinics). We are unaware
of any published regional data on the rate of outpatient follow
up at the index facility following discharge. However, we know
from provincial data of patients discharged from the ED with a
new cardiac diagnosis that just under half are seen by a family
physician, cardiologist, or internist within seven days, with just
under 80% seen within 30 days.® Third, although we attempt-
ed to capture patient preference for or against repeat imaging
using chart review, the absence of documentation of patient
preference did not confirm that a discussion regarding patient
preferences had not occurred. Fourth, while we did exclude
patients that had an active malignancy, we did not exclude
patients who were younger than 35 years or were immuno-
compromised, which may have led to an overestimation of the
percentage of patients who did not receive follow up.

Incidental findings detected on acute diagnostic tests
requiring handoffs for chronic follow up are at risk of falling
through the cracks. The inclusion of follow-up recommenda-
tions in discharge summaries has been shown to increase the
likelihood of follow-up completion.? Our study provides addi-
tional evidence of the urgent need for interventions aimed at
closing the loop on test result follow up.>¢
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