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By Dr John-Paul  J. Yu

workflow dichotomization 
and the radiologist’s workflow 
environment

Workflow disruptions are ubiquitous within cog-
nitively demanding and complex work environ-

ments and are associated with errors, workflow inef-
ficiency, and task prolongation. The healthcare work 
environment is one such example of an intrinsically 
complex work environment that often finds individuals 
engaging in rapid task switching and task shortening 
with concomitant deleterious effects on patient safety, 
workflow efficiency, and other quality outcomes [1]. 
Not surprisingly, these phenomena have garnered sig-
nificant interest throughout clinical medicine where 
the implications of workplace interruptions can include 
physical, emotional, economic harm, and even loss of 
life. By virtue of a dynamic and complex work environ-
ment and the myriad of responsibilities incumbent on 
radiologists, the radiology work environment is par-
ticularly susceptible to the effects of workplace disrup-
tions [2] with radiologists often experiencing significant 
strain in maintaining a streamlined, efficient workflow 
[3, 4]. 

The complexity of the radiologist’s workflow environ-
ment is largely a consequence of the multiple roles 
the modern radiologist balances as an imaging expert 
and diagnostician, physician consultant, educator, and 
interventionalist. While these responsibilities concep-
tually span a wide-range of clinical activities, they can 

be broadly categorized into image-interpretive (IITs) 
and non-image interpretive tasks (NITs). In a prospec-
tive, randomized, observational investigation at our 
institution, we observed that individuals spent nearly 
40% of their total time throughout the day performing 
NITs including answering phone calls, returning pages, 
providing in-room consultative services for referring 
clinicians, technologists, and other radiologists, exam 
protocoling, and teaching [5]. Moreover, previous work 
at our institution demonstrated that the reading room 
work environment is highly fragmented with an average 
of 14.9 task-switching events (TSEs) per hour, yielding 
a rate of approximately one interruption every four 
minutes. The significant time and effort commitment 
to NITs – in addition to the inherent disruptive nature 
of these tasks – spurred efforts to better organize and 
handle these NITs in both an efficient and thoughtful 
manner. 

ThE IMPAcT of rAdIoloGIST workflow  
dIchoToMIzATIoN

Imaging interpretation is one of many components that 
constitute the full scope of responsibilities in a modern 
radiology practice. Even as image interpretation remains 
our most tangible clinical deliverable, it reflects one 
of many links in the imaging value chain. Additional 
links in the imaging value chain include consultative 
services provided to our referring clinical colleagues, 
exam protocoling, patient scanning, and other activities 
previously identified as NITs; however, in spite of the 
disruptive nature of NITs, they are an essential com-
ponent of providing value in today’s clinical environ-
ment. The intrinsic value and importance of NITs belies 
the frustration encountered with NITs throughout the 
workday where NITs – with their stochastic and disrup-
tive nature – often occur as unanticipated interruptions 
to the radiologist’s primary duty of high-quality image 
interpretation. At our institution (and anecdotally at 
numerous other academic institutions), the sheer num-
ber of NITs and frequency of associated task switching 
served as an impetus for a more thoughtful approach 
to reading room workflows, with the goal of a more 
efficient, streamlined practice that leverages existing 
opportunities for imaging value chain optimization. 
Towards these ends, we separated our reading room 
tasks into two discrete workflows — IIT and NIT — to 
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“... the radiology work environment is 
particularly susceptible to the effects of 

workplace disruptions...”
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facilitate the division of responsibility 
for these tasks [6]. 

After the implementation of IIT and 
NIT workflows in our reading room, 
an evaluation of our results clearly 
demonstrate that workflow dichoto-
mization yields successful outcomes 
along multiple dimensions of analysis. 
Implementing discrete IIT and NIT 
workflows resulted in a precipitous 
decrease in time spent on NITs by our 
image interpreting radiologists, falling 
to less than 25% of pre-intervention 
level furthermore and moreover, repre-
senting less than 5% of the radiologists 
overall time in the post-intervention 
period. Perhaps more importantly, the 
decrease in time spent on NITs was 
nearly equally matched with a concom-
itant increase in time spent on image 
interpretation (up to a total of 73.2% 
post-intervention from 53.8% pre-
intervention) suggesting a nearly-com-
plete direct transfer of NIT-time to IIT-
time. The delineation of a discrete NIT 
workflow also resulted in a 40% reduc-
tion in TSEs experienced by the pri-
mary radiologist. The marked reduc-
tion in TSEs is particularly important 
and encouraging as numerous previ-
ous studies have demonstrated the 
deleterious effects of interruption on 
the quality of image interpretation [7]. 
The reduction in TSEs and increase in 
image interpretive time was reflected 
throughout our data with the mean 
time between TSEs more than dou-
bling from 05:44 to 11:01. With average 
head CT interpretations times reported 

in the range of 3.2-4.7 minutes [8], 
workflow dichotomization would now 
conceivably and comfortably allow 
for the interpretation of a standard 
head CT without interruption and by 
extension, would reduce the number 
of interruptions our radiologists could 
expect when interpreting more time-
intensive, complex imaging.

workflow dIchoToMIzATIoN 
IMProvES workPlAcE SATISfAcTIoN
Beyond the aforementioned posi-
tive quantitative impact of workflow 
dichotomization, there are less tangible 
but no less important perceptive ben-
efits derived from separating reading 
room tasks into IIT and NIT work-
flows. As with other medical special-
ties, radiology has experienced dimin-
ishing levels of professional satisfaction 
over time and excessive workload is 
among the most commonly reported 
reasons for provider dissatisfaction [9]. 
The intrinsic and extrinsic risk factors 
associated with career-related burn-
out specifically amongst radiologists is 
summarized in a recent report released 
by the American College of Radiol-
ogy (ACR) Commission on Human 

Resources [10]. Identified risk factors 
for burnout often manifest as descrip-
tions of job dissatisfaction that include 
work overload, difficult shifts, lack of 
control, and severe time constraints for 
work output (e.g, exam turn-around 
times). We postulate that a highly dis-
rupted radiology work environment is 
a key culprit underpinning many of 
these sources of job dissatisfaction, 
which may in turn lead to radiolo-
gist burnout. Workflow optimization 
efforts, such work dichotomization, 
to improve reading room efficiencies 
may also have the added benefit of 
decreased mental burden, workload, 
related improved provider career satis-
faction. The analysis of and subsequent 
improvements to the radiologist’s 
workflow environment also requires 
a careful analysis of individual work-
loads and the impact individual work-
loads have on the overall efficiency of a 
workflow process. These examinations 
also afford a more nuanced exploration 
of the impact workflow design has on 
individual operators. Whereas work-
flow represents the sequence of pro-
cesses through which a piece of work 
passes from start to finish, workload 
represents the actual amount of work 
to be done. Workload, on the individ-
ual level, is not an absolute quantity 
and is variably dependent on numer-
ous intrinsic factors (such as individ-
ual experience and skill) and extrin-
sic factors (such as interruptions and 
system failures), which all contribute 
to the overall perception of individual 
workload.

Table 1. Interruptions

“... Radiology has experi-
enced diminishing  levels 

of professional satisfaction 
over time  and excessive 

workload is among the most 
commonly reported reasons 
for provider dissatisfaction 

...”
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EvAlUATIoN of ThE IMPAcT of 
workflow  dIchoMoTIzATIoN

To evaluate the impact of workflow 
dichotomization on perceptions of 
workload, workplace interruptions, 
and workplace satisfaction, survey data 
were collected before and after work-
flow dichotomization at our institution; 
data are summarized in Tables 1-3 [11].   
Following implementation of separate 
dedicated image-interpretive and non-

image interpretive workflows, our work 
demonstrated a measurable uniform 
improvement in workplace satisfaction 
with a concomitant decrease in percep-
tions of the workplace disruptions and 
effort required to complete workplace 
tasks. Beyond the quantitative impact 
of workflow dichotomization, these 
data reflect the perceptive changes 
that occur in the workplace and cap-
ture important benchmarks that might 
otherwise go unnoticed in quantitative 

measurements (and improvements) in 
workflow dichotomization. 
As clinical imaging volumes continue 
to increase, an understanding of work-
place disruptions and their impact of 
radiologist productivity and global 
measures of radiologist workload and 
workplace satisfaction have become 
increasingly salient. Implementation 
of separate dedicated image-interpre-
tive and non-image interpretive work-

flows resulted in improved radiologist 
perceptions of workplace disruptors 
and mental effort with a concomitant 
improvement in overall workplace 
satisfaction. These and other similar 
efforts highlight the importance of 
workflow design not only on workplace 
efficiencies but also in the positive sec-
ondary gains observed in individual 
workload levels and offers a potential 
practice model that offers outstand-
ing patient care while also providing 

radiologists an opportunity to engage 
in a rewarding clinical practice. 
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Table 2. Workload 

Table 3. Satisfaction 

“....Implementing discrete Image Interprteive Tasks (IIT) and 
Non-Image Interpretive Tasks (NIT) workflows resulted in a pre-
cipitous decrease in time spent on NITs by our image interpret-

ing radiologists, 
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