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With the increased utilization of 
medical imaging over the past several 
decades, efforts to optimize patient 
care through improving diagnostic 
imaging accuracy are more relevant 
than ever.  
More than 85 million CT examinations 
were performed in the United States 
in 2011 alone [1], meaning that even 
a 0.01% improvement in diagnostic 
accuracy could affect 8500 patients.  
The diagnostic radiologist is thus faced 
with not only the challenge of inter-
preting increased numbers of imaging 
exams per hour and per day but also 
of meeting the demand for coverage 
24 hours a day,  seven days a week.  
The reality is that increased inter-
pretive volumes per radiologist are 
needed [2,3] as well as variable 
schedules and shift lengths.  
This article summarizes the results of 
a recent study of the effect of exam 
volumes, shift length and schedule on 
radiologist performance and diagnostic  
accuracy. 

Studies evaluating the effect of interpretive volume on 
diagnostic accuracy of residents and attending physicians 

have shown a relationship between diagnostic errors and 
increased volume. In one such study by Fitzgerald [4] 
there were increased errors in CT interpretation when 
more than 20 were read per day. Increased speed of inter-
pretation was also linked to a 26.6% increase in errors in 
80% of radiologists [5].  Shift length has previously been 
shown to affect diagnostic errors toward the end of a shift. 
For example, Ruutiainen et al.  [6] showed a relationship 
between resident diagnostic errors in the last 2 hours of 
an overnight shift. Studies of interns, residents and nurses 
have demonstrated a relationship between errors and shift 
schedule, with increased errors associated with overnight 
shifts [7], and with shifts longer than 12-12.5 hours [8,9]. 
Most prior work to examine these factors in radiology 
was compiled through resident data [10]. However, data 
regarding the prevalence of diagnostic errors by attend-
ing-level radiologists in general is limited. Notable excep-
tions include the American College of Radiology (ACR) 
RADPEER program launched in 2002 which reports 
important diagnostic errors in 0.39% of exams interpreted 
by participating radiologists through 2007 [11]. 

DeSign AnD MetHoDoLogY
The major goal of our retrospective study was to deter-
mine whether there was an association between attend-
ing level radiologist performance and effects of volume, 
shift length and schedule in a large teleradiology prac-
tice, Virtual Radiologic Professionals, LLC (vRad) [12] 
At the time of the study (calendar year 2015), there were 
370 ABR-certified radiologists in the practice providing 
interpretations 24 hours a day/7 days a week.  Teleradiolo-
gists provided preliminary interpretations. A second radi-
ologist, from a client practice, subsequently rendered a 
final interpretation. Through a rigorous quality assurance 
process between the client and teleradiology practices, 
4294 major discrepancies out of a total pool of 2,922,377 
imaging exams were identified.  Major discrepancies are 
defined as a significant diagnostic interpretive error with 
implication or possible implication on patient care. Each 
major discrepancy was vetted through a formal vRad 
QA Committee and the severity of the discrepancy was 
determined. Examinations with major discrepancies were 
categorized as acute or chronic with an urgency descrip-
tion.  Data collection included shift start and end time 
and date of shift, shift type (regularly scheduled, holiday, 
weekend, extra, backup) and shift volume.  Extra shifts 
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“ ... the most errors occurred in the last 

10% of the shift...”
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were defined as shifts of variable lengths 
worked before or after a regular shift or 
at times on days when a regular shift 
was not scheduled. A backup shift was 
defined as a shift for which the radiolo-
gist was scheduled to  interpret a vari-
able number of exams only if needed 
during the shift period,.

reSuLtS
Overall Error Rate: 
The overall rate of major diagnos-
tic errors was 0.15%. Out of a total of 
2,922,377 examinations interpreted, there 
were 4294 major diagnostic discrepan-
cies were identified (0.15%).  Given the 
differences in study and practice mix, this 
0.15% error rate is comparable to the 
reported RADPEER rate of 0.39%. CT 
examinations made up 79.9% of these 
exams and had the highest number of 
discrepancies (86.6%).  

Effects of Shift Length on Error Rate: 
The mean length of a radiologist shift 
where a major discrepancy occurred 
was 8.97 +/-2.28 hours, and on average, 
errors occurred 9 hours into a shift, with 
the peak incidence between 10-12 hours. 
Significantly more errors occurred late 
in shifts than occurred early (P<.0001). 
When shifts were divided into tenths, the 
fewest errors occurred in the first 10% of 
the shift, and the most errors occurred in 
the last 10% of the shift. 

Effect of Diagnostic Volume on Error 
Rate: 
The mean volume of studies was higher 
in those shifts with major discrepancies 
then those without major discrepancies 
(P <0001). The mean study volume for 
all shifts for the year was 67.60 +/- 60.20, 
with a mean studies per hour of 10.95+/-
6.81.  The mean study volume for shifts 
in which major discrepancies occurred 
was 118.96 +/- 66.89 exams, with a mean 
studies per hour of 13.06 +/-6.10.  More-
over, the mean number of studies per 
hour significantly differed for shifts with 
a major discrepancy compared with the 
mean per-hour read rate for the year 
(P<.0001), and the incidence of multiple 
errors in given shift increased with study 
volume in those shifts where an error 
occurred (P<.001). 

Effect of Number of Days Worked and 
Shift Type:
The mean number of prior consecu-
tive days in which a radiologist worked 
was 3.38 days +/-3.23 days (range 0-14 
days). The number of errors did not 
differ as a function of the number of 
days worked consecutively (P<.0893), 
however, there was a significant dif-
ference in error rate as a function of 
shift type, with more errors occurring 
during regular shifts (which were often 
longer than the other types of shifts). 
For shifts with at least one error, there 
was no significant difference in errors 
as a function of modality, whether the 
discrepancy was acute or chronic or had 
a critical finding. Regarding urgency 
description, exams with trauma proto-
cols resulted in more multi-error shifts 
than other types of studies.

LiMitAtionS
The practice setting for our study intro-
duced some limitations. Because the 
data was from a teleradiology practice, 
there was an over-representation of night 
shifts compared with conventional prac-
tices impacting the modality mix (fewer 
x-rays and MRIs at night). An increase 
in the acuteness of the exam may also be 
more prevalent at night, altering the dis-
tribution and types of interpreted pathol-
ogies. Fewer distractions from phone 
calls, consultations and lack of perfor-
mance of procedures likely increased the 
concentrated reading time and increased 
volumes read by the teleradiologist.  The 
nature of the preliminary interpretation 
versus a final interpretation may also be 
a limitation of this study, as the second 
radiologist generating the final read had 
access to but may or may not have ref-
erenced the preliminary interpretation 
which could lead to decreased discrep-
ancy rates because of alliterative cogni-
tive bias.  Other potential contributing 
factors include more clinical data avail-
able to the second radiologist and the 
benefit of time.

StuDY iMPLicAtionS
Interpretive errors are a rare but real 
occurrence in diagnostic radiology. As 
radiologists we are continuously seek-
ing ways to improve performance. This 

study gives us some tools to optimize 
shift, schedule, and volume parameters 
in our own practices:
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PrActicAL ADvice 
•  Read slower: closer to 11 studies 

an hour then 13 (particularly when 
there is a high proportion of CT 
and trauma protocols) and closer to 
70 studies a shift then 120. 

•  Shorten shifts: diagnostic errors peak 
between 10-12 hours into a shift. 

•  Be vigilant late in shifts: the last 10% 
of the shift had more errors then 
any other 10% shift period.  

•  Take a break: although not statis-
tically significant, the study shows 
that consecutive days work trended 
toward worsening interpretive 
performance.


