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Abstract

Rationale: Bronchoscopy is commonly used for the diagnosis of
suspicious pulmonarynodules discovered on computed tomographic
(CT) imaging of the chest. Procedural CT imaging for bronchoscopy
planning is often completed weeks to months before the date of a
scheduled bronchoscopy, which may not allow discovery of a
decrease in nodule size or resolution before the bronchoscopic
procedure.

Objectives: To determine whether same-day CT imaging of the
chest discovers partial or total resolution of some lung nodules and
thereby reduces unnecessary bronchoscopic procedures.

Methods:We performed a prospective case series study of patients
undergoing navigational bronchoscopy using a new technology
requiring same-day preprocedural CT imaging at one university
teaching hospital. Patients scheduled to undergo bronchoscopy who
were found to have partial or complete resolution of their lesion on

the same-day CT exam leading to the cancellation of their procedure
were identified and further characterized.

Measurements and Main Results: From January 2015 to June
2016, 116 patients were scheduled for navigational bronchoscopy for
the diagnosis of a pulmonary lesion. Of the 116 patients scheduled, 8
(6.9%) had a decrease in size or resolution of their lesion, leading to
the cancellation of their procedure. The number needed to screen to
prevent one unnecessary procedure was 15. For cancelled cases, the
average time from initial CT prompting referral for bronchoscopy
to the day of procedure scan was 53 days.

Conclusions: Time from initial imaging to day of procedure is
variable, occasionally allowing enough time for lesions to resolve,
thereby obviating the need for biopsy. Same-day imaging may
decrease unnecessary procedural risk.
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The National Lung Screening Trial found a
20% reduction in lung cancer–related deaths
in patients screened with annual low-dose
computed tomographic (CT) chest
scanning (1). This trial subsequently led to
the endorsement of lung cancer screening
by the United States Preventive Services
Task Force as well as Medicare coverage for

low-dose CT scans (2). A total of 10 million
CT scans of the chest are performed in the
United States annually, with this number
predicted to increase due to the recent
National Lung Screening Trial findings (3).
Due to this increased vigilance for lung
cancer screening, an increase in diagnostic
procedures is likely to follow.

The percentage of all lung nodules
resolving on interval imaging at 1–3 years
has been studied, with a resolution rate
cited anywhere from 40 to 80% in the
radiology literature (4–6). These studies
examined all nodules, including low-risk
cases (small size, rounded non–irregular/
spiculated borders, no smoking history, no
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prior malignancy) being managed
conservatively with serial imaging, likely
accounting for the high percentage of
nodule resolution. Current American
College of Chest Physician guidelines on
nodule management recommend that
patients with nodules that fall into an
intermediate- to higher-risk category who
are surgical candidates may undergo
definitive testing before surgical resection
(7). In addition, the guidelines also state
that, in patients with peripheral lung lesions
difficult to reach with conventional
bronchoscopy, electromagnetic navigation
bronchoscopy (ENB) is recommended if
the equipment and the expertise are
available (7) or a CT-guided transthoracic
biopsy if ENB is unavailable.

ENB uses a three-dimensional bronchial
tree constructed from a prior CT scan of the
chest to map an endobronchial route to
the target lesion (8). An electromagnetic
field is then paired to the virtual bronchial
tree, allowing intraoperative navigational
assistance. The earlier-generation ENB
technologies (Superdimension, Minneapolis,
MN) used previous scans completed at the
time of diagnosis. However, these scans were
often performed weeks to months before the
patient was referred to a specialist and
scheduled for their procedure.

A newer ENB platform (Veran Medical
Technologies, St. Louis, MO) allowing
both ENB and electromagnetic-guided
transthoracic needle aspiration has
attempted to decrease diagnostic error by
obtaining a repeat CT scan on the same day
as the procedure. The rationale for the
same-day procedural CT scan is to use the
ENB platform technology to pair both an
expiratory and inspiratory CT scan to allow
the software to build a virtual airway
model, which localizes the nodule and
compensates for respiratory variation
(Figure 1) (9). Prior CT studies have shown
that there is significant nodule movement
between inspiration and expiration (Figure 2),
which may adversely affect diagnostic
yields (10).

Intermediate- to high-risk pulmonary
nodules that have been referred for a
bronchoscopic tissue diagnosis have a rate of
resolution that is not well described in the
literature. In a study by Zhao and colleagues
(11), 750 patients underwent CT surveillance
for pulmonary nodules. A total of 964
nodules with at least one noncalcified, solid,
indeterminate, intraparenchymal nodule at
baseline were included and were re-examined

at a 3-month follow-up CT examination,
revealing a 7.7% nodule resolution rate.

In addition to nodule resolution on
same-day imaging, there is also a potential to
identify disease progression that may alter the
diagnostic plan of care. We theorized that
repeat imaging on the day of a bronchoscopic
procedure may uncover a previously
unreported percentage of intermediate- to
high-risk nodules that have decreased in size
or resolved. These nodules would no longer
need a biopsy, thereby preventing unnecessary
procedures and improving patient safety.

Methods

This was a prospective case series, with all
consecutive patients scheduled for ENB
bronchoscopy at the Johns Hopkins
Hospital (Baltimore, MD) from January
2015 to June 2016 included in the study.
Included patients were scheduled for an
ENB with or without mediastinal staging
using endobronchial ultrasound–guided
transbronchial needle aspiration. All ENBs
performed used the Veran navigational
platform (Veran Medical Technologies),

which requires an inspiratory and expiratory
CT scan on the day of the procedure. If the
lesion decreased in size or resolved, leading
to the cancellation of the procedure, the
patient was then included in the case series.
If the procedure was cancelled due to any
other reason, the patient was not included.
The study was approved by the Institutional
Review Board at the Johns Hopkins Hospital
(NA_00084376).

Patients included in the study had
demographic information collected, including
age, sex, smoking history, prior medical
history, and prior malignancies. The dates of
the scans were recorded, and images of their
lesions from the initial diagnostic CT scan, as
well as the day-of-procedure scan, were
obtained for comparison. A number needed to
screen analysis was performed using a
theoretical comparison group, where no
same-day imaging was performed and 100% of
patients underwent their scheduled procedure.

Results

During the 18-month study period, 116
patients were scheduled for ENB

Figure 1. Computed tomographic (CT) reconstruction of a right lower lobe pulmonary nodule
(arrows) revealing 32 mm of movement between inspiration (blue arrow) and expiration (white arrow).
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bronchoscopy at the Johns Hopkins
Hospital for the diagnosis of a pulmonary
nodule or mass. Of the 116 patients
scheduled during the study period, 8
patients (6.9%) had a decrease in the size of
their lesion, leading to the cancellation of the
scheduled procedure. Compared with a
theoretical group, where 100% of patients
received their bronchoscopy, the cohort in
this series, where 93.4% of patients
underwent the procedure, an absolute risk
reduction of 6.9% was calculated, with a
number needed to screen of 15.

There were four females and four males
with an average age of 49.6 years. The average
time from initial CT prompting referral for
bronchoscopy to the day of procedure scan for
those cancelled was 53 days. The average time
from initial CT prompting referral for
bronchoscopy to the day of procedure scan
for those who underwent a bronchoscopy was
50 days. The patient demographics, medical
history, and imaging for seven of the patients
who had their cases cancelled due to a
decrease in the size of their lesion are
summarized in Figure 3.

Of note, two other cases were cancelled
during this time period due to reasons
unrelated to findings from a same-day CT
scan. One patient presented to the
endoscopy suite with hypotension and
was subsequently found to have a

hemodynamically significant pericardial
effusion on bedside point-of-care
ultrasound. The patient was admitted
and taken for pericardiocentesis, with
cytopathology revealing a malignant
effusion. The second patient’s case was
cancelled and rescheduled due to logistics
with transportation after anesthesia. As
neither patient underwent a day-of-
procedure CT, with their cases being
cancelled due to circumstances unrelated
to findings on a CT scan, they were not
included in the analysis.

Discussion

With the introduction of ENB, there has
been an increase in the use of bronchoscopy
for the diagnosis of pulmonary nodules (8).
ENB technologies require a CT scan of the
chest completed before the procedure to
construct a virtual airway and route to the
lesion. The time gap between initial CT
imaging and a diagnostic procedure for
pulmonary lesions has not been studied.
A prior study showed a 7.7% nodule
resolution rate in patients undergoing
screening (11), but there has been no
published literature to date specifically
investigating the impact of interval CT
imaging during procedural planning. In our

experience, this time can vary significantly,
sometimes spanning several months.
The reasons for this delay are likely
multifactorial, including referral times to a
specialist, scheduling of the procedure, as
well as patient compliance and availability.

The eight patients included in this case
series went almost 2 months (53 d) on
average between their initial CT scan and
the day of their diagnostic procedure. There
was no significant difference between the
group that underwent a bronchoscopy (50 d)
and those cancelled (53 d). As the time from
the CT scan to the actual procedure date
may vary, it is reasonable to consider that
these lesions may decrease in size enough to
warrant a change in management.

The possibility of discovering a
percentage of shrinking lesions allowing
cancellation of a biopsymust be weighedwith
the need for repeat CT imaging, radiation
exposure, cost, and patient convenience.
Besides cancellation of biopsies due to
resolution/improvement, same-day CT
imagingmay also reveal a small percentage of
patients with disease progression warranting
a different and more appropriate biopsy to
appropriately stage their disease. Examples
of this include discovery of a new pleural
effusion or hepatic lesion on a same-day CT,
which would likely change the diagnostic
plan from a bronchoscopy to a thoracentesis
or liver biopsy, respectively, to diagnose and
stage simultaneously.

The Veran ENB system recommends use
of a chest CT obtained the morning of
bronchoscopy to optimize virtual planning
and nodule targeting by compensating for
nodule movement, as discussed previously
here. This approach allowed us to investigate
the number of patients needed to screen to
prevent one unnecessary procedure without
unwarranted CT exposure to patients. Our
case series shows a procedural cancellation
rate of 6.9%, with a number needed to screen
of 15 patients.

The most obvious risk associated with
repeat CT imaging is the increased radiation
exposure to the patient. An average low-
dose screening CT scan of the chest exposes
a patient to 1.5 mSv of radiation, whereas a
high-resolution noncontrast CT of the chest
exposes the patient to 10 mSv (12). Patients
in our study who received inspiratory and
expiratory CT scans, which require an extra
series and average a higher dose, had a
mean exposure of 9.485 mSv. These doses
are not negligible, but one-time doses at
this range are generally considered to be

Figure 2. Average nodule movement per lobe. LLL = left lower lobe; LUL = left upper lobe;
RLL = right lower lobe; RUL = right upper lobe. Reprinted by permission from Reference 10.

BRIEF COMMUNICATION

Semaan, Lee, Feller-Kopman, et al.: Day of Bronchoscopy CT Imaging 2225



Figure 3. Demographics, clinical summary, and imaging for cancelled bronchoscopic cases. Definition of abbreviations: CT = computed tomography;
ED = emergency department; LLL = left lower lobe; LUL = left upper lobe; RUL = right upper lobe; RLL = right lower lobe.
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Figure 3. (Continued).
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low risk for contributing to the future
development of a malignancy. However,
patients receiving serial imaging with a
higher cumulative dose of radiation are at a
higher life-long risk of developing radiation
exposure–related malignancies (13, 14).
These cumulative risks may currently be
underestimated, as the rate of CT scans in
the United States has tripled since the
1990s, and the estimated rate of medical
radiation–related malignancy is predicted
to rise due to this increase in CT use (3).
However, one point to consider is that
most of the published data described here is
in children with longer life expectancies,
who will then have a higher life-long
cumulative risk of medical radiation–
induced malignancy. The population in our
study was generally older, with a shorter life
expectancy, possibly negating the higher
life-long imaging-related cancer risk.

Other drawbacks of obtaining
same-day CT imaging include increased

healthcare expense, as a noncontrast CT
scan of the chest costs approximately $300
(15). However, this slight increase in cost
may be negligible if the repeat CT scan
leads to cancelation of an unnecessary
procedure with its associated risks, including
procedural and anesthetic complications. An
additional benefit is the potential for
improved cost effectiveness, but this is
beyond the scope of this case series.

This case series highlights an important
point for patients having invasive diagnostic
testing after findings from an imaging study.
If there is a significant delay from the initial
imaging, practitioners should consider
repeat studies before proceeding with the
scheduled procedure. The optimal time that
should be allowed to pass is difficult to
ascertain, and is a limitation of this small
case series. However, future, larger studies
may be able to answer this interesting
question, allowing physicians to determine
when repeat imaging to provide optimal

diagnostic precision is necessary, taking into
account the effects of increased radiation
exposure.

Conclusions
We report the first case series of resolving
pulmonary lesions seen on chest CT exams
obtained on the day of the procedure
resulting in cancellation of the scheduled
bronchoscopy. Overall, the decision to
obtain same-day imaging should be an
individualized process based on the biopsy
technique used, patient risk factors, life
expectancy, characteristics of the lesion, and
duration of time that has passed since initial
imaging. Larger studies are needed before
further recommendations on timing of
CT scans before procedural interventions
can be made. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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