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Do Telephone Call Interruptions
Have an Impact on Radiology
Resident Diagnostic Accuracy?

Brad J. Balint, BS, Scott D. Steenburg, MD, Hongbu Lin, MS, Changyu Shen, PhD,
Jennifer L. Steele, MS, Richard B. Gunderman, MD, PhD

Rationale and Objectives: The purpose of this study was to measure the effect of distractions, in the form of telephone call interrup-
tions, on radiology resident diagnostic accuracy.

Materials and Methods: Radiology resident discrepancy reports and reading room telephone logs at an academic tertiary care
pediatric hospital were collected over a 13-month period. Phone call times and durations were recorded. Major discrepancy shifts
(defined as a call shift where at least one major discrepancy was discovered the following morning by the attending radiologist be-
tween the resident preliminary and attending final reports), and dictation time stamps for each discrepant preliminary dictation
were also recorded. Telephone call volume and preliminary report time stamps were compared between “discrepancy shifts” and
“no discrepancy shifts.”

Results: Each call shift spanned 14 hours, during which one radiology resident was responsible for the generation of preliminary
interpretations. Review of the discrepancy log data revealed 51 major discrepancies in 41 shifts, of which 39 discrepancies had docu-
mented error details and resident preliminary report time stamps. The average number of telephone calls for the “discrepancy shifts”
was slightly greater than the “no discrepancy shifts” (48.59 vs. 44.02) but was not statistically significant (P = .0575). However, there
was a statistically significant increase in the average number of phone calls in the 1 hour preceding the generation of a discrepant
preliminary report versus the “no discrepancy shifts” (4.23 vs. 3.24 calls, P = .027). One additional phone call during the hour preceding
the generation of a discrepant preliminary report resulted in a 12% increased likelihood of a resident error (P = .017).

Conclusions: Distractions in the form of telephone call interruptions may negatively impact on-call radiology resident diagnostic

accuracy. Efforts should be made to limit distractions in the reading room.
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t many academic institutions, diagnostic radiology
residents are often the sole practitioner responsible
for after-hour radiology coverage, generating prelim-
inary interpretations of examinations that are later reviewed
and finalized by the attending radiologist. Radiology resident
on-call responsibilities often require the ability to multitask,
toggling between medical functions (interpreting examina-
tions, interacting with consulting physicians and technolo-
gists, and consenting patients) and nonmedical functions
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(answering telephone calls and returning pages). The shifting
of focus between multiple tasks has the potential to alter the
resident’s mind-set with the potential for the introduction of
medical errors.

Research and experience in complex “knowledge-intensive
service environments” have shown that interruptions in work-
flow create inefficiencies, introduce barriers to productivity,
and can contribute to errors (1). This is also true of the medical
environment, a highly complex, cognitive-rich, service environ-
ment, with a great deal of attention and effort directed toward pa-
tient safety initiatives and health care system accountability (2—-6).
Prior research has linked interruptions with errors in the
laboratory setting (7,8) and clinical setting and the effect of
interruptions on patient safety and workplace stress (3—6,9—14).

Yu et al. (15) recently described their institutional experi-
ence with on-call radiologist workflow disruptions in the
form of telephone call interruptions. Their results clearly
demonstrated a high rate of significant workflow interrup-
tions and, thus, the introduction of a potential root cause
for medical errors. However, the effect of these interruptions
on diagnostic performance could not be determined because
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of the relative lack of major discrepancies by their attending
radiologists. To our knowledge, there have been no prior
studies investigating the effect of interruptions on radiologist
diagnostic accuracy, let alone radiology resident performance.
Therefore, the purpose of this study was to measure the effect
of distractions, in the form of telephone call interruptions, on
radiology resident diagnostic accuracy.

MATERIALS AND METHODS

This study protocol was reviewed and approved by our insti-
tutional review board and waived requirement for informed
consent.

Data Collection

During the study period, there was a single on-call resident on
duty from 6 pm to 8 aM. The faculty radiologist was absent but
available for consultation during this period. All residents were
in their third or fourth year of radiology residency training.

The telephone log metadata from nine unique telephone
extensions in a pediatric radiology reading room at a tertiary
care pediatric hospital, spanning a total of 393 days (April 2,
2012, to April 29, 2013), were collected from the hospital
telecommunications center. Telephone call data from 6 pm
to 8 aM the following morning were recorded; however, the
data spanning from 8 AM to 6 pPM were not collected as there
was a faculty pediatric radiologist in house during that time.
Telephone call start time, end time, and call duration for
both incoming and outgoing telephone calls were collected.
No telephone call content or recordings were collected.

On-call radiology resident preliminary reports were generated
using a voice recognition system (PowerScribe; Nuance Com-
munications Inc, Burlington, MA). Resident preliminary inter-
pretation discrepancy logs were maintained for internal quality
control and educational purposes. Each morning, major discrep-
ancies, defined as a change in resident preliminary interpretation
requiring direct communication to the ordering physician to
document the change in final diagnosis, were entered into the
discrepancy log. Minor discrepancies, defined as resident prelim-
inary results that were not felt to alter patient management and
were not communicated to the ordering physician, were not
included in the discrepancy log. Data entered into the discrep-
ancy log included date of the examination, type of examination,
patient medical record number (MRN), and a brief description
of the nature of the discrepancy. If there were no major discrep-
ancies encountered during that shift, then the attending radiolo-
gist indicated so in the discrepancy log. The examination date
and patient MR N were then used to identify the resident prelim-
inary report and dictation time stamp in the picture archiving and
communications system (PACS).

Data Analysis

The total number of calls during the study period, the total
number of phone calls per shift, the|total humber of calls for
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each 1-hour block of time, and the total number of calls in
the 1 hour preceding each discrepancy were recorded. The
total number of calls during “discrepancy shifts” (defined as
a call shift where at least one major discrepancy was discovered
by the attending radiologist the following morning) was
compared to the total number of calls during the “no discrep-
ancy shifts” using the two-sample ¢ test. A linear mixed-eftects
model was also used to compare the number of calls in the
60 minutes preceding the generation of a discrepant report
with the number of calls during the 60-minute periods pre-
ceding the hour without discrepancy with each resident
treated as a random eftect. For these 1-hour “no discrepancy”
periods, we used each 1-hour period during shifts when no
discrepancies were reported (eg, 6—7 PMm, 7-8 PM, and so forth).
In summary, we fitted a generalized linear mixed-effects
model with each resident treated as a random effect.

RESULTS

Discrepancy log entries were available for 338 shifts of the
total 393 study periods (86% of shifts); the remaining
55 days had no entries in the discrepancy log and were there-
fore excluded from our study. There were a total of 15,504
resident preliminary reports (average of 45.9 preliminary
reports per shift) resulting in 51 major discrepancies (discrep-
ancy rate of 0.33%) during 41 total shifts (12.1% of shifts or
one major discrepancy every 8.24 shifts). However, the
details describing 12 of the 51 discrepancies (including a
description of the error and/or the resident preliminary
report time stamp) were not available and were therefore
excluded from analysis. The resulting 39 major discrepancies
during 33 shifts included 28 radiographs (Fig 1), eight
computed tomography scans (Fig 2), and three ultrasound
examinations. There were no MRI discrepancies as these ex-
aminations are primarily of the central nervous system,
which are previewed by the resident but then contempora-
neously reviewed and finalized by the on-call neuroradiolo-
gist. A breakdown of the total number of discrepancies by
imaging modality and body region can be seen in Table 1.
The most frequently encountered discrepancies were ex-
tremity fractures (N = 8), chest infection (N = 5), and pneu-
mothorax (N = 5). Most discrepancies (N = 21 or 53.8%)
occurred during the first half of the call shift (7 pm—12 am)
and an additional 10 discrepancies (25.6%) occurred during
the last few hours of the shift (4—7 Am) as seen in Figure 3.

During the study period and on-call time, there were a total
of 14,950 phone calls, with an average of 44.2 phone calls per
shift or 3.16 calls per hour. The average telephone call length
was 114.9 seconds (range, 1-2949 seconds). A total of 7875
(54.0%) phone calls were =1 minute, 10,867 (74.6%) phone
calls were =2 minutes, and 13,360 (91.7%) phone calls were
=5 minutes. Only 452 phone calls (3.1%) were =10 minutes.

The total number of calls for shifts with known disc-
repancies (n = 41) versus the number of calls for shifts
without discrepancies (n = 297) were then compared. There
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Figure 2. A 6-year-old girl’s status after motor vehicle collision.
There is a small right medial pneumothorax (white arrow) adjacent
to the distal esophagus that was not prospectively identified by the
radiology resident.

were on average 48.59 calls per shift (standard deviation [SD]
14.3 calls/shift or 3.47 calls/hr) during the “discrepancy
shifts” versus an average of 44.02 calls per shift (SD 15.2
calls/shift or 3.14 calls/hr) on “no discrepancy shifts” or a
difterencegofy4:57ycallspperpl4phoursponyeall shift (Fig 4).
Although the “discrepancy shifts” appeared to have more
telephone calls, it was not statistically significant (P = .0575).

Figure 1. An 11-year-old boy with hand
trauma and suspected fracture. There is a
subtle cortical buckle of the proximal meta-
physis of the proximal third phalanx (a, white
arrow), seen best on the magnified image of
the same study (magnified at the worksta-
tion [b, white arrow]) consistent with a
Salter-Harris type Il fracture. This fracture
was not prospectively identified by the radi-
ology resident.

There was an average of 4.23 calls (standard error = 0.46)
in the 1 hour preceding each documented discrepancy
(based on the 39 discrepancies with known error details
and preliminary report time stamps) compared to an average
of 3.24 (standard error = 0.13) calls in the 1 hour preceding
the hour without discrepancy or a difference of 0.99 calls per
hour (Fig 5). Despite the overlap in phone call volume
range, this difference was statistically significant (P = .027).
In the 1 hour preceding the generation of a discrepant resi-
dent preliminary report, a single additional phone call above
the average baseline increased the odds of a major discrep-
ancy by 12% (P = .017).

DISCUSSION

The patient safety movement has shed light on the significance
of medical errors and their contribution to negative patient
outcomes, with medical errors thought to contribute to an
estimated 98,000 deaths and over 1 million injuries (2,3). As
a result, patient safety initiatives and national safety goals
have become a health care industry priority (2—6). Medical
imaging remains a staple of health care, with imaging
expanding over the past decade,
particularly in the hospital inpatient and emergency
department settings (16). There is emerging evidence that
increasing workplace demands can contribute to increased
levels of burnout and physician dissatisfaction (17,18), with

utilization

rapidly

many of the fatiguing factors unrelated to the practice of
medicine (19). In a recent study published in the Journal of
the American College of Radiology, radiologists only spent
36.4% of their time on image interpretation, and the propor-
tion of time spent on noninterpretive tasks was 43.8%, some
of which could be handled by a nonphysician (20). These
noninterpretive responsibilities contribute to a significant
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TABLE 1. Discrepancies by Imaging Modality and Body Region

Imaging Modality Chest Abdomen Extremity Genitourinary Tract Spine Pelvis Total
Film 13 7 7 0 1 0 28
Computed tomography 3 2 1 0 1 1 8
Ultrasound 0 0 0 3 0 0 3
Total 16 9 8 3 2 1 39
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Figure 3. Timing of major discrepancies. o |
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Figure 5. Average telephone calls per hour: discrepancy versus no
55 discrepancy shifts (+/— 2 standard error; P = 0.027).
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resident to provide after-hour preliminary “wet reads” that
40 1 are then reviewed and finalized by the staffing radiologist
35 - the next morning. There have been several prior studies
30 - investigating the discordance of resident preliminary inter-
75 pretation with attending radiology final reads, most indicating
a discrepancy rate of 1%—-3% (21-28). At our institution, any
20 1 major discrepancy resulting in a change in diagnosis requiring
15 1 direct communication to the ordering provider is logged for
10 - internal quality control and educational purposes. The
5 | radiology resident overall discrepancy rate in our study was
o 0.33%. We suspect that our discrepancy rate is lower than

Discrepancy Shift
(48.59, standard error = 2.23)

No Discrepancy Shift
(44.02, standard error = 0.88)

Figure 4. Average telephone calls per shift: discrepancy versus no
discrepancy shifts (+/— 2 standard error; P = .0575).

proportion of a radiologist’s workflow, with radiology trainees
not immune to these realities.

Despite the more recent trend of in-house 24/7 radiology
faculty coverage, some hospitals still rely on radiology
residents to provide preliminary interpretation, primarily for
high-acuity inpatient and emergency department imaging ex-
aminations. The typical workflow using this model is for the
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reported as only major discrepancies with the potential
for changing patient management requiring direct
communication to the ordering provider were recorded.
Other minor discrepancies not felt to negatively impact
patient management were not recorded.

There have been several prior studies investigating potential
factors associated with resident discrepancies, including imag-
ing volume, imaging modalities, and on-call resident training
level (21-28), but to our knowledge, there have been no
studies directly measuring telephone calls as a root cause for
diagnostic errors. Telephone call interruptions are one of
the most frequent radiologist workflow interrupters (15),
and thus, we focused on telephone calls as a potential root
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cause for radiology resident diagnostic errors. In our study, a
single additional telephone call above the average baseline
phone call volume within 1 hour of the generation of a
resident preliminary report raised the probability of the resi-
dent generating a report containing a significant error by
12% (P = .017). To the best of our knowledge, our research
is the first to link distractions to errors in radiologic image
interpretation. The conclusions of our research suggest by
inference that limiting distractions could result in increased
radiology resident diagnostic accuracy, although future
research will be needed to address this assumption.

Although the radiology residents’ primary responsibility is
to render preliminary reports on imaging examinations,
there are many other associated critical functions that are
interwoven into the process of image interpretation, including
in-person consultations, interacting with technologists to
prescribe imaging protocols, answering incoming telephone
calls, and returning pages. These functions are often
performed simultaneously with the resident forced to toggle
between tasks, frequently before the completion of the previ-
ous task. These workflow disruptions are generally not sche-
duled, forcing the radiologist to disengage from the current
task without completing it and “forgetting” not only the
specific task they were once doing but also the focused
mind-set that existed before the interruption. When this
type of “forgetting” occurs because of any interruption,
such as receiving or initiating a telephone call, the worker
must invest additional time and effort (“relearning”) to return
to the same mind-set and level of focus required for the task to
be completed correctly (1,29). These distractions and
interruptions in workflow have the potential to distract
from the resident’s primary function of image interpretation
and insert the potential for medical error.

A recent article by Froehle and White (1) describes how
increased use of technologies that were intended to make
streamlined
knowledge-intensive service areas, such as cell phones and

communication more in professional and
e-mail, has actually resulted in more interruptions and
reduced productivity as a whole (1). The radiology reading
room is fraught with these potential distractions and workflow
inefficiencies.

Our study was not without limitations. Of the 393 days of
the study period, only 338 days (86.0%) had entries in the
discrepancy log. It is impossible to know if there were or
were not any discrepancies on the days when no entry was
made, so we did not include the phone log data from those
days. Although 100% log entry completion would have
been ideal and resulted in more data points, we do not feel
that these omissions affect our conclusions. In addition,
although the resident preliminary report discrepancy log
identified 51 discrepancies during 41 shifts, the details of
only 39 of the 51 (76.5%) were available. Another limitation
of our study is our focus was on only one form of a workflow
distraction:stelephonercallrinterruptionsssWe were unable to
account for other types of interruptions that may have aftected
the focus of the residents, such as face-to—face consultations,

responding to text messages or e-mails, and so forth. Because
we were unable to study the effects of these other types of dis-
tractions, it is uncertain whether telephone calls were the
leading cause of error-provoking distractions, although in
our experience and the experience of others (15), telephone
calls are the primary reading room workflow distraction.
Further research with controlled distraction variables will be
required to determine if other variables are linked with an
increased risk of diagnostic errors.

Another limitation was our relatively low number of
discrepancy data points. There was only a 0.33% discrepancy
rate in our data, although much of the literature indicates a
1%—-3% error rate between radiology residents and attending
radiologist final read (21-28). Multivariate analysis was
hindered by this paucity of data points and was therefore
unable to determine if errors are more likely to occur at
certain times during the shift. There were also not enough
data points to determine which imaging modality is more
prone to interruption-induced errors.

Ultimately, one must ask: what can be done to minimize
interruptions in the radiology reading room? The solutions
to this question are beyond the scope of this article; however,
potential options include the use of reading room assistants to
handle nonmedical tasks (such as answering the telephone),
designating a “consultation” radiologist or resident to handle
radiologist-specific medical tasks, or instituting an “interrup-
tion-free zone” or “sterile cockpit zone,” the likes of which
have been instituted in other industries and medical fields
(30). However, one must be mindful that time-sensitive
consultations frequently arise and the need for radiologist
interruption may outweigh the cost of temporarily decreasing
overall productivity (1). In an article addressing the interac-
tions of clinicians with the radiology department, only one
factor had a significant association with overall satisfaction:
the approachability of the radiology service (31). This must
be taken into account when instituting policies that might
limit clinician accessibility to radiologists. Ultimately, a
compromise must be made that balances radiologist accessi-
bility by consulting health care practitioners and at the same
time minimizes unnecessary interruptions.

In conclusion, we have shown that distractions in the form
of telephone call interruptions may negatively impact on-call
radiology resident diagnostic accuracy. Efforts should be made
to minimize distractions in the reading room.
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