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Workload of diagnostic radiologists 
in the foreseeable future based on recent 
scientific advances: growth expectations 
and role of artificial intelligence
Thomas C. Kwee1*  and Robert M. Kwee2 

Abstract 

Objective: To determine the anticipated contribution of recently published medical imaging literature, including 
artificial intelligence (AI), on the workload of diagnostic radiologists.

Methods: This study included a random sample of 440 medical imaging studies published in 2019. The direct contri-
bution of each study to patient care and its effect on the workload of diagnostic radiologists (i.e., number of examina-
tions performed per time unit) was assessed. Separate analyses were done for an academic tertiary care center and a 
non-academic general teaching hospital.

Results: In the academic tertiary care center setting, 65.0% (286/440) of studies could directly contribute to patient 
care, of which 48.3% (138/286) would increase workload, 46.2% (132/286) would not change workload, 4.5% (13/286) 
would decrease workload, and 1.0% (3/286) had an unclear effect on workload. In the non-academic general teaching 
hospital setting, 63.0% (277/240) of studies could directly contribute to patient care, of which 48.7% (135/277) would 
increase workload, 46.2% (128/277) would not change workload, 4.3% (12/277) would decrease workload, and 0.7% 
(2/277) had an unclear effect on workload. Studies with AI as primary research area were significantly associated with 
an increased workload (p < 0.001), with an odds ratio (OR) of 10.64 (95% confidence interval (CI) 3.25–34.80) in the 
academic tertiary care center setting and an OR of 10.45 (95% CI 3.19–34.21) in the non-academic general teaching 
hospital setting.

Conclusions: Recently published medical imaging studies often add value to radiological patient care. However, 
they likely increase the overall workload of diagnostic radiologists, and this particularly applies to AI studies.

Keywords: Artificial intelligence, Radiology, Radiologists, Research, Workload

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Key points

• In an academic tertiary care center, 65.0% of recently 
published medical imaging studies could directly 
contribute to patient care, of which 48.3% would 
increase and 4.5% would decrease workload.

• In a non-academic general teaching hospital, 63.0% 
of recently published medical imaging studies could 
directly contribute to patient care, of which 48.7% 
would increase and 4.3% would decrease workload.
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• Recently published medical imaging studies with AI 
as primary research area are significantly associated 
with an increased workload.

Introduction
The workload of radiologists (i.e., the  product of 
the  number and complexity  of examinations performed 
per time unit) has increased considerably over the past 
decades. This is largely due to the growth in the number 
of cross-sectional imaging examinations (particularly CT 
and MRI), increased complexity of image interpretation 
because of the acquisition of larger datasets, and declin-
ing imaging reimbursements [1–4]. The latter forces 
radiology practices to increase productivity to maintain 
income levels, while limiting their financial possibilities 
to employ new staff. Consequently, the overall work-
load per radiologist has considerably increased over the 
past years. Not surprisingly, burnout is recognized as an 
increasingly important problem among radiologists [5, 
6]. Work overload may also compromise the quality and 
safety of patient care that can be provided by radiologists 
[7–9].

There are many factors that influence the utilization 
of medical imaging [10]. Scientific evidence can be con-
sidered as perhaps the most important driver, because 
research-based advances shape the way how radiology 
practice is performed in the future. Currently, however, 
it is unclear how recently published literature contributes 
to the workload in the field of radiology. This informa-
tion would be important to radiologists and other stake-
holders (including healthcare systems and governmental 
bodies) who aim to maintain a radiology workforce that 
is sufficiently large to meet clinical demands at high 
standards.

Meanwhile, there are also voices that speculate that 
artificial intelligence (AI) is expected to speed up scan 
time, make more accurate diagnoses, and ease the work-
load of radiologists [11]. Although the speculation that 
AI will decrease workload has not yet been supported 
by evidence, it can already have an important impact on 
political and strategic decisions. Based on this specula-
tion, policy makers may already decide not to increase or 
even to limit the number of residents that can be enrolled 
into radiology training programs, may limit financial 
resources to employ (new) radiologists, and may further 
cut reimbursements for imaging procedures. This may 
have detrimental effects that cannot be rapidly reversed 
when the workload of radiologists actually proves to keep 
on increasing. Interestingly, in a recent survey among 
European Society of Radiology (ESR) members, 74.7% 
(504/675) expected an impact of AI on total report-
ing workload, with 50.8% (256/504) of them expecting a 

reduced reporting workload and 49.2% (248/504) expect-
ing the opposite scenario [12]. Since the effect of AI on 
future workload remains unclear, and associated practical 
consequences are very relevant, it is crucial to fill in this 
knowledge gap. It is hypothesized that most recent sci-
entific evidence increases workload in radiology practice, 
while there is no net effect of AI on radiologists’ work-
load based on the recent ESR survey results [12].

The purpose of this study was therefore to determine 
the anticipated contribution of recently published medi-
cal imaging literature on the workload of diagnostic 
radiologists.

Materials and methods
Study design
This study used literature data and did not require ethi-
cal review board approval or patient consent. Studies that 
were published in any of the 20 highly ranked clinical 
imaging journals and 20 highly ranked general medicine 
and clinical specialty journals (according to impact fac-
tor in the Journal Citation reports [13], that are listed in 
Table  1, were considered for inclusion in this study. All 
studies that were published in these 40 clinical journals 
in 2019 were retrieved from PubMed/Medline using the 
search term that is displayed in Additional file 1: Appen-
dix 1. Using the random number generator in Microsoft 
Excel (Microsoft Corporation), a random sample of 1,000 
studies was drawn from the studies that were retrieved by 
the PubMed/Medline search. These 1,000 studies were 
reviewed for eligibility by consensus of two radiologists 
(T.C.K. & R.M.K.). Studies were included if they con-
cerned diagnostic imaging studies. Only original studies, 
systematic reviews and meta-analyses, were included. 
Case reports, conference proceedings, editorials, errata, 
guidelines/society statements, studies dealing with inter-
ventional radiology, letters to the editor, meeting sum-
maries, non-systematic reviews, and studies clearly not 
related to medical imaging, were excluded. Studies deal-
ing with imaging procedures that are not performed by 
radiologists in the authors’ institutions, such as cardiac 
ultrasonography or endoscopic ultrasonography, were 
also excluded. Studies were excluded if clearly ineligible 
based on title and abstract; otherwise, the full text ver-
sion was evaluated.

Study analysis
One radiologist affiliated to an academic tertiary care 
center in the north of the Netherlands (T.C.K., radiologist 
1), and another radiologist affiliated to a non-academic 
general teaching hospital in the south of the Nether-
lands (R.M.K., radiologist 2), independently reviewed 
the full text of each included study. Radiologist 1 had 
5  years of post-residency clinical radiology experience 
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and radiologist 2 had 6  years of post-residency clinical 
radiology experience, and both radiologists had 15 years 
of experience in critically appraising scientific literature 
in radiology. The radiology departments in both institu-
tions, which are among the largest in The Netherlands, 
are regularly audited by the Radiological Society of the 
Netherlands to fulfill quality standards of radiological 
care [14]. Both radiologists assessed whether the results 
of each individual study could directly contribute to 
patient care in their radiology practice (i.e., whether the 
results may be directly implemented in practice for the 
purpose of enhancing patient care). If this was the case, 
this contribution was then categorized as concerning:

(1) a completely new imaging application in their radi-
ology practice.

(2) another type of imaging as an alternative for an 
existing imaging application in their radiology prac-
tice.

(3) an elaboration of on an existing imaging application 
in their radiology practice.

For contributions in category (2), it was qualitatively 
determined if the acquisition, post-processing, and inter-
pretation times of the alternative type of imaging would 
be shorter than, as long as, or longer than that of the 
existing imaging application, or whether this remained 

unclear. Similarly, for contributions in category (3), it 
was qualitatively determined if the acquisition, post-
processing, and interpretation times of the existing imag-
ing application would decrease, remain stable, increase, 
or whether this remained unclear. Note that acquisition 
time refers to the time required to obtain images of the 
human body with a certain imaging modality, post-pro-
cessing time refers to the time required for the manipu-
lation of medical images to derive additional qualitative 
or quantitative data [15], and interpretation time refers to 
the time required to analyze and interpret the acquired 
and post-processed imaging data. All studies in cate-
gory (1) and any study in categories (2) or (3) with a net 
increase in acquisition, post-processing, and/or inter-
pretation time were considered to increase workload. 
Any study in categories (2) or (3) with a net decrease in 
acquisition, post-processing, and/or interpretation time 
was considered to decrease workload. Any study in cat-
egories (2) or (3) without a net change in acquisition, 
post-processing, and/or interpretation time was consid-
ered to have no effect on workload. All other studies were 
considered to have an unclear impact on workload. Study 
examples are shown in Tables 2 and 3 [16–26].

Statistical analysis
Separate analyses were done for the previously men-
tioned academic tertiary care center and non-academic 

Table 1 Overview of 20 clinical imaging journals and 20 general medicine and clinical specialty journals whose studies were 
potentially eligible for inclusion

Imaging journals General medicine and clinical specialty journals

JACC: Cardiovascular Imaging New England Journal of Medicine

Radiology Lancet

Journal of Nuclear Medicine Journal of the American Medical Association

European Journal of Nuclear Medicine and Molecular Imaging Lancet Oncology

Clinical Nuclear Medicine Journal of Clinical Oncology

Journal of Cardiovascular Magnetic Resonance BMJ

Investigative Radiology Lancet Neurology

European Heart Journal—Cardiovascular Imaging Lancet Diabetes & Endocrinology

Journal of the American College of Radiology Lancet Respiratory Medicine

European Radiology JAMA Oncology

Journal of Magnetic Resonance Imaging Lancet Infectious Diseases

Insights into Imaging Circulation

American Journal of Neuroradiology European Heart Journal

Journal of Nuclear Cardiology Annals of Internal Medicine

Quantitative Imaging in Medicine and Surgery Journal of the American College of Cardiology

Clinical Neuroradiology Gut

Korean Journal of Radiology European Urology

Journal of Vascular and Interventional Radiology JAMA Internal Medicine

American Journal of Roentgenology Annals of Oncology

European Journal of Radiology Blood



Page 4 of 12Kwee and Kwee  Insights Imaging           (2021) 12:88 

Ta
bl

e 
2 

Ex
am

pl
es

 o
f s

tu
di

es
 w

ith
 a

 d
ire

ct
 c

on
tr

ib
ut

io
n 

to
 p

at
ie

nt
  c

ar
ea,

b

Re
fe

re
nc

es
Pr

im
ar

y 
re

se
ar

ch
 a

re
a

D
es

cr
ip

tio
n 

st
ud

y
Ca

te
go

ry
W

or
kl

oa
d

[1
6]

N
eu

ro
ra

di
ol

og
y

St
ud

y 
pu

rp
os

e:
“T

o 
as

se
ss

 d
ia

gn
os

tic
 a

cc
ur

ac
y 

of
 M

R 
ne

ur
og

ra
ph

y 
in

 
th

e 
di

ffe
re

nt
ia

l d
ia

gn
os

is
 o

f a
m

yo
tr

op
hi

c 
la

te
ra

l s
cl

e-
ro

si
s 

(A
LS

) a
nd

 m
ul

tif
oc

al
 m

ot
or

 n
eu

ro
pa

th
y 

(M
M

N
)”

St
ud

y 
co

nc
lu

sio
n:

“M
R 

ne
ur

og
ra

ph
y 

is
 a

n 
ac

cu
ra

te
 m

et
ho

d 
fo

r a
ss

is
tin

g 
in

 th
e 

di
ffe

re
nt

ia
l d

ia
gn

os
is

 o
f A

LS
 a

nd
 M

M
N

”

Co
m

pl
et

el
y 

ne
w

 im
ag

in
g 

ap
pl

ic
at

io
n

In
cr

ea
se

s 
(n

ew
 im

ag
in

g 
ap

pl
ic

at
io

n)

[1
7]

C
he

st
St

ud
y 

pu
rp

os
e:

“T
hi

s 
st

ud
y 

an
al

yz
ed

 p
ha

nt
om

 a
nd

 h
um

an
 c

hr
on

ic
 

ob
st

ru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e 
(C

O
PD

) d
at

a 
to

 te
st

 
th

e 
hy

po
th

es
is

 th
at

 u
ltr

a-
hi

gh
-r

es
ol

ut
io

n 
co

m
pu

te
d 

to
m

og
ra

ph
y 

(U
-H

RC
T)

 c
an

 a
cc

ur
at

el
y 

m
ea

su
re

 
pe

rip
he

ra
l a

irw
ay

s 
th

at
 a

re
 d

iffi
cu

lt 
to

 m
ea

su
re

 w
ith

 
co

nv
en

tio
na

l C
T”

St
ud

y 
co

nc
lu

sio
n:

“U
-H

RC
T 

en
ab

le
s 

ac
cu

ra
te

 a
nd

 d
ire

ct
 e

va
lu

at
io

n 
of

 
pe

rip
he

ra
l a

irw
ay

s 
1–

2 
m

m
 in

 d
ia

m
et

er
. T

he
 6

th
 

ge
ne

ra
tio

n 
ai

rw
ay

s 
ar

e 
co

m
m

on
ly

 <
 2

 m
m

 in
 d

ia
m

-
et

er
, a

nd
 th

e 
su

m
-L

A
 c

an
 b

e 
a 

us
ef

ul
 C

T 
bi

om
ar

ke
r 

th
at

 re
fle

ct
s 

ai
rfl

ow
 li

m
ita

tio
n 

in
 C

O
PD

”

A
no

th
er

 ty
pe

 o
f i

m
ag

in
g 

as
 a

n 
al

te
rn

at
iv

e 
fo

r 
an

 e
xi

st
in

g 
im

ag
in

g 
ap

pl
ic

at
io

n
In

cr
ea

se
s 

(lo
ng

er
 in

te
rp

re
ta

tio
n 

tim
e 

th
an

 c
on

ve
nt

io
na

l 
H

RC
T)

[1
8]

N
uc

le
ar

 m
ed

ic
in

e
St

ud
y 

pu
rp

os
e:

“T
he

 a
im

 o
f t

hi
s 

st
ud

y 
w

as
 to

 in
ve

st
ig

at
e 

th
e 

di
ag

no
s-

tic
 p

er
fo

rm
an

ce
 o

f w
ho

le
-b

od
y 

[C
]a

ce
ta

te
 P

ET
/C

T 
in

 
le

ss
 a

gg
re

ss
iv

e 
or

 in
do

le
nt

 ly
m

ph
om

as
, w

he
re

in
 [F

]
FD

G
 P

ET
/C

T 
w

ou
ld

 e
xh

ib
it 

lim
ite

d 
se

ns
iti

vi
ty

”
St

ud
y 

co
nc

lu
sio

n:
 “[

C
]a

ce
ta

te
 P

ET
/C

T 
ex

hi
bi

te
d 

gr
ea

te
r 

se
ns

iti
vi

ty
 th

an
 [F

]F
D

G
 P

ET
/C

T 
fo

r l
es

io
n 

de
te

ct
io

n 
in

 
pa

tie
nt

s 
w

ith
 le

ss
 a

gg
re

ss
iv

e 
or

 in
do

le
nt

 ly
m

ph
o-

m
as

, t
hu

s 
pr

om
is

in
g 

ap
pl

ic
ab

ili
ty

 a
s 

a 
ph

ys
io

lo
gi

ca
l 

tr
ac

er
 in

 th
e 

st
ud

y 
of

 s
uc

h 
le

si
on

s”

A
no

th
er

 ty
pe

 o
f i

m
ag

in
g 

as
 a

n 
al

te
rn

at
iv

e 
fo

r 
an

 e
xi

st
in

g 
im

ag
in

g 
ap

pl
ic

at
io

n
N

o 
ch

an
ge

[1
9]

A
I

St
ud

y 
pu

rp
os

e:
“F

oc
al

 p
at

te
rn

 in
 m

ul
tip

le
 m

ye
lo

m
a 

(M
M

) s
ee

m
s 

to
 

be
 re

la
te

d 
to

 p
oo

re
r s

ur
vi

va
l a

nd
 d

iff
er

en
tia

tio
n 

fro
m

 d
iff

us
e 

to
 fo

ca
l p

at
te

rn
 o

n 
C

T 
ha

s 
in

te
r-

re
ad

er
 

va
ria

bi
lit

y.
 W

e 
po

st
ul

at
ed

 th
at

 a
 ra

di
om

ic
 a

pp
ro

ac
h 

co
ul

d 
he

lp
 ra

di
ol

og
is

ts
 in

 d
iff

er
en

tia
tin

g 
di

ffu
se

 fr
om

 
fo

ca
l p

at
te

rn
s 

on
 C

T”
St

ud
y 

co
nc

lu
sio

n:
“A

 ra
di

om
ic

s 
ap

pr
oa

ch
 im

pr
ov

es
 ra

di
ol

og
ic

al
 e

va
lu

a-
tio

n 
of

 fo
ca

l a
nd

 d
iff

us
e 

pa
tt

er
n 

of
 M

M
 o

n 
C

T”

El
ab

or
at

io
n 

of
 a

n 
ex

is
tin

g 
im

ag
in

g 
ap

pl
ic

at
io

n
In

cr
ea

se
s 

(lo
ng

er
 p

os
t-

pr
oc

es
si

ng
 a

nd
 in

te
rp

re
ta

tio
n 

tim
e)



Page 5 of 12Kwee and Kwee  Insights Imaging           (2021) 12:88  

a  B
as

ed
 o

n 
th

e 
ap

pl
ic

ab
ili

ty
 o

f t
he

 m
et

ho
ds

, r
es

ul
ts

, i
nt

er
pr

et
at

io
ns

, a
nd

 c
on

cl
us

io
ns

, a
s 

de
sc

rib
ed

 in
 e

ac
h 

st
ud

y,
 to

 th
e 

pa
tie

nt
 s

pe
ct

ru
m

 a
nd

 ra
di

ol
og

y 
pr

ac
tic

e 
in

 th
e 

in
st

itu
tio

ns
 o

f e
ac

h 
of

 th
e 

tw
o 

ob
se

rv
er

s. 
St

ud
y 

qu
al

ity
 w

as
 n

ot
 a

 fa
ct

or
 th

at
 in

flu
en

ce
d 

th
is

 d
ec

is
io

n
b  T

he
 e

xa
m

pl
es

 s
ho

w
n 

in
 th

is
 ta

bl
e 

st
ud

y 
co

ul
d 

di
re

ct
ly

 c
on

tr
ib

ut
e 

to
 p

at
ie

nt
 c

ar
e 

in
 th

e 
ra

di
ol

og
y 

pr
ac

tic
es

 o
f b

ot
h 

ob
se

rv
er

s 
1 

an
d 

2

Ta
bl

e 
2 

(c
on

tin
ue

d)

Re
fe

re
nc

es
Pr

im
ar

y 
re

se
ar

ch
 a

re
a

D
es

cr
ip

tio
n 

st
ud

y
Ca

te
go

ry
W

or
kl

oa
d

[2
0]

M
us

cu
lo

sk
el

et
al

St
ud

y 
pu

rp
os

e:
“T

o 
as

se
ss

 h
ow

 m
an

y 
an

d 
w

hi
ch

 C
T 

re
fo

rm
at

s 
of

 
lo

ng
 b

on
e 

no
n-

un
io

ns
 s

ho
ul

d 
be

 a
na

ly
ze

d 
to

 b
es

t 
ap

pr
ox

im
at

e 
th

e 
an

al
ys

is
 o

f a
 la

rg
er

 n
um

be
r o

f C
T 

re
fo

rm
at

s 
ob

ta
in

ed
 in

 th
e 

th
re

e 
or

th
og

on
al

 p
la

ne
s”

St
ud

y 
co

nc
lu

sio
n:

“S
em

i-q
ua

nt
ita

tiv
e 

an
al

ys
is

 o
f t

he
 tw

o 
pa

ra
m

ed
ia

n 
sa

gi
tt

al
 a

nd
 c

or
on

al
 C

T 
re

fo
rm

at
s 

is
 a

n 
ac

ce
pt

-
ab

le
 a

lte
rn

at
iv

e 
to

 th
e 

an
al

ys
is

 o
f m

or
e 

nu
m

er
ou

s 
re

fo
rm

at
s”

El
ab

or
at

io
n 

of
 a

n 
ex

is
tin

g 
im

ag
in

g 
ap

pl
ic

at
io

n
D

ec
re

as
es

 (s
ho

rt
er

 in
te

rp
re

ta
tio

n 
tim

e)

[2
1]

Ca
rd

ia
c

St
ud

y 
pu

rp
os

e:
“T

o 
in

ve
st

ig
at

e 
th

e 
cl

in
ic

al
 u

til
ity

 o
f o

ur
 n

ew
ly

 
de

ve
lo

pe
d 

co
nt

ra
st

 e
nh

an
ce

m
en

t o
pt

im
iz

er
 (C

EO
) 

so
ft

w
ar

e 
fo

r c
or

on
ar

y 
C

T 
an

gi
og

ra
ph

y 
(C

C
TA

)”
St

ud
y 

co
nc

lu
sio

n:
“T

he
 u

se
 o

f o
ur

 C
EO

 fo
r C

C
TA

 s
tu

di
es

 y
ie

ld
ed

 o
pt

im
al

 
ao

rt
ic

 c
on

tr
as

t e
nh

an
ce

m
en

t i
n 

si
gn

ifi
ca

nt
ly

 m
or

e 
pa

tie
nt

s 
th

an
 th

e 
st

an
da

rd
 p

ro
to

co
l b

as
ed

 o
n 

th
e 

bo
dy

 w
ei

gh
t”

El
ab

or
at

io
n 

of
 a

n 
ex

is
tin

g 
im

ag
in

g 
ap

pl
ic

at
io

n
N

o 
ch

an
ge



Page 6 of 12Kwee and Kwee  Insights Imaging           (2021) 12:88 

general teaching hospital settings. The proportions of 
studies that could directly contribute to patient care, and 
those concerning (1) a completely new imaging applica-
tion, (2) another type of imaging as an alternative for an 
existing imaging application, and (3) an elaboration of on 
an existing imaging application were calculated. Subse-
quently, the proportions of studies that would increase 
workload, decrease workload, have no effect on work-
load, and with an unclear impact on workload were cal-
culated. Logistic regression analyses were performed to 
determine the association of increased workload with a 
study’s primary research area (AI, breast, cardiac, chest, 
computed tomography, contrast media, emergency, 
experimental, gastrointestinal–abdominal, head–neck, 
magnetic resonance, multisystem, musculoskeletal, neu-
roradiology, nuclear medicine, oncology, pediatric, ultra-
sonography, urogenital, or vascular) and impact factor of 
the journal in which the study was published (according 

to the 2019 Journal Citation reports (13)). Studies that 
would increase workload were coded as “1” and studies 
that would not change or decrease workload were cal-
culated as “0” for this purpose. The largest category was 
used as reference for the variable “study’s research area.” 
p values less than 0.05 were considered statistically signif-
icant. Statistical analyses were executed using MedCalc 
version 17.2 Software (MedCalc).

Results
Eligible studies
Of the 1000 studies that were evaluated, 560 studies were 
excluded (Fig. 1). Finally, 440 studies remained for inclu-
sion (Additional file 1: Appendix 2).

Academic tertiary care center setting
65.9% (286/440) of studies could directly contribute to 
patient care, of which 84.6% (242/286) concerned an 

Table 3 Examples of studies without a direct contribution to patient  carea,b

a Based on the applicability of the methods, results, interpretations, and conclusions, as described in each study, to the patient spectrum and radiology practice in the 
institutions of each of the two observers. Study quality was not a factor that influenced this decision
b The examples shown in this table study could not directly contribute to patient care in the radiology practices of both observers 1 and 2

References Primary research area Description study

[22] Nuclear medicine Study purpose:
“The aim of this study is to measure acute changes in NaF uptake in human bone due to exercise-induced 

loading”
Study conclusion:
“Bone loading induces an acute response in bone physiology as quantified by [18F]NaF PET kinetics. 

Dynamic imaging after bone loading using [18F]NaF PET is a promising diagnostic tool in bone physiol-
ogy and imaging of biomechanics”

[23] Magnetic resonance Study purpose:
“To qualitatively and quantitatively compare the image quality between single-shot echo-planar (SS-EPI) 

and multi-shot echo-planar (IMS-EPI) diffusion-weighted imaging (DWI) in female pelvis”
Study conclusion:
“IMS-EPI showed better image quality with lower geometric distortion without affecting the quantification 

of apparent diffusion coefficient, though the signal-to-noise ratio and contrast-to-noise ratio decreased 
due to post-processing limitations”

[24] Breast Study purpose:
“To develop a fast three-dimensional method for simultaneous T1 and T2 quantification for breast imaging 

by using MR fingerprinting”
Study conclusion:
“A method was developed for breast imaging by using the MR fingerprinting technique, which allows 

simultaneous and volumetric quantification of T1 and T2 relaxation times for breast tissues”

[25] Gastrointestinal–abdominal Study purpose:
“To compare patient acceptability and burden of magnetic resonance enterography (MRE) and ultrasound 

(US) to each other, and to other enteric investigations, particularly colonoscopy.”
Study conclusion:
“MRE and US are well tolerated. Although MRE generates greater burden, longer recovery and is less 

preferred than US, it is more acceptable than colonoscopy. Patients, however, place greater emphasis on 
diagnostic accuracy than burden”

[26] Urogenital Study purpose:
“The objectives of this study were to assess whether the accuracy of urologists in identifying the presence 

of clinically significant cancer based on a standardized multiparametric MRI set could be improved by 
completion of a 2-d training course”

Study conclusion:
“Whilst we require expert radiologists to report prostate MRI, this study has demonstrated that identifica-

tion of clinically significant cancer on prostate MRI by urologists is improved following exposure to a 2-d 
teaching course. These results would support efforts to integrate prostate MRI teaching courses into the 
training of urologists managing patients with prostate cancer”
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elaboration of an existing imaging application, 11.2% 
(32/286) concerned a new imaging application, and 
4.2% (12/286) concerned another type of imaging as an 
alternative for an existing imaging application. Of the 
286 studies that could directly contribute to patient 
care, 48.3% (138/286) would increase workload, 46.2% 
(132/286) would not change workload, 4.5% (13/286) 
would decrease workload, and 1.0% (3/286) had an 
unclear effect on workload. Causes of increased work-
load are detailed in Fig. 2. The main cause of increased 
workload was an increase in interpretation time of an 
existing imaging application (74.6%, 103/138), often 
combined with an increase in post-processing time and 
acquisition time. The second main cause of increased 
workload was the introduction of a completely new 
imaging application (23.2%, 32/138).

On univariate analysis, both AI as research area 
and a lower impact factor of the journal in which the 
study was published were significantly associated 
with an increased workload (Table 4). On multivariate 
analysis, only AI as primary research area remained 
significantly associated with an increased workload 
(p < 0.001), with an odds ratio (OR) of 10.64 (95% con-
fidence interval (CI) 3.25–34.80) (Table  4). Of 38 AI 
studies with a potential direct contribution to patient 
care, 33 (86.5%) would increase workload (of which 32 
due to increased post-processing and interpretation 
time and 1 due to increased post-processing time), 3 
(7.9%) would decrease workload, 1 (2.6%) would not 
change workload, and 1 (2.6%) had an unclear effect on 
workload.

Fig. 1 Flow diagram of the study selection process. Notes:*in the authors’ institutions
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Non‑academic general teaching hospital setting
63.0% (277/440) of studies could directly contribute 
to patient care, of which 84.8% (235/277) concerned 
an elaboration of on an existing imaging application, 
10.8% (30/277) concerned a new imaging application, 
and 4.3% (12/277) concerned another type of imaging 
as an alternative for an existing imaging application. Of 
the 277 studies that could directly contribute to patient 
care, 48.7% (135/277) would increase workload, 46.2% 
(128/277) would not change workload, 4.3% (12/277) 
would decrease workload, and for 0.7% (2/277) the effect 
on workload was unclear. Causes of increased workload 
are detailed in Fig. 3. The main cause of increased work-
load was an increase in interpretation time of an existing 
imaging application (74.1%, 100/135), often combined 

with an increase in post-processing time and acquisition 
time. The second main cause of increased workload was 
the introduction of a completely new imaging application 
(22.2%, 30/135).

On both univariate and multivariate analyses, only AI 
as primary research area was significantly associated with 
an increased workload (p < 0.001), with a multivariate OR 
of 10.45 (95% CI 3.19–34.21) (Table  5). Of 37 AI stud-
ies with a potential direct contribution to patient care, 
32 (86.8%) would increase workload (of which 29 due to 
increased post-processing and interpretation time, 2 due 
to increased post-processing time, and 1 due to increased 
interpretation time), 3 (8.1%) would decrease workload, 
1 (2.7%) would not change workload, and for 1 (2.7%) the 
effect on workload was unclear.
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Fig. 2 Causes of increased workload in an academic tertiary care center
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Discussion
The results of this study show that > 60% of recent scien-
tific evidence in the medical imaging field may be directly 
implemented in diagnostic radiology practice for the pur-
pose of enhancing patient care. However, nearly 50% of 
these studies would increase workload, while less than 5% 
would decrease workload. Therefore, the projected over-
all workload of diagnostic radiologists is expected to rise. 
Increased workload was due to an increase in interpreta-
tion time of an existing imaging application in nearly 75% 
(often combined with an increase in post-processing time 
and acquisition time) and due to the introduction of a 
completely new imaging application in 20–25%. Interest-
ingly, studies with AI as primary research area were sig-
nificantly associated with an increased workload; > 86% of 
AI studies increased workload, of which the far majority 
due to an increase in both post-processing and interpre-
tation time.

Over the past decades, the workload of radiologists 
has already risen considerably [1–4], with a concomi-
tant increase in the number of studies reporting high 
rates of burnout among radiology staff [5, 6, 27]. Imple-
menting recent scientific innovations and advances in 
knowledge in diagnostic radiology practice may benefit 
patient care, but, as demonstrated by the present study, 
further increases workload. Maintaining the same radiol-
ogy workforce while increasing the intensity of work (i.e., 
number of procedures per time unit) and/or extending 
working hours has been a common phenomenon among 
radiology practices in the past years [28–30]. However, 
this strategy is not a sustainable solution considering the 
fact that medical imaging keeps on evolving at a rapid 
pace, which continuously adds to the net workload of 
radiologists. Without any intervention, the continuous 

addition of workload that aims to improve patient care 
will eventually turn into work overload that may jeop-
ardize the quality and safety of patient care [7–9]. AI is 
regarded as a potential solution to increase efficiency and 
ease the workload of radiologists [11, 31]. However, the 
present study suggests that most current AI applications 
in medical imaging have the opposite effect, because they 
commonly require additional post-processing and inter-
pretation time rather than being seamlessly integrated 
in the workflow and taking over tasks of the diagnostic 
radiologist. Therefore, we believe that there is currently 
no scientific basis for policy makers to use AI as a reason 
to refrain from expanding the radiology workforce or to 
cut reimbursements for imaging procedures. To reverse 
the (looming) shortage of radiologists [32, 33], it may be 
necessary to enroll more residents into radiology training 
programs, train and employ radiologist assistants [34], 
and/or increase financial resources to employ (new) radi-
ology staff.

The present study had some limitations. First, the 
results only apply to the scientific literature published 
in 2019. Given the lack of previous studies on this 
topic, the current findings can be considered as a base-
line measurement to which future developments can 
be compared. Second, because of the lack of quantita-
tive data on workload in almost all studies that were 
included in our analysis, only a qualitative analysis 
could be done. Third, only the direct impact of each 
study on workload was assessed. However, scientific 
innovations and advances in knowledge may allow for 
more reliable and accurate diagnoses, which may the-
oretically decrease additional imaging examinations 
and associated workload. Fourth, besides interpreta-
tion time, acquisition and post-processing time were 

Table 4 Logistic regression analyses on the association of increased workload with a study’s research area and impact factor of the 
journal in which the study was published, for an academic tertiary care center

CI: confidence interval, OR: odds ratio
a Based on 286 studies with the following primary research areas: artificial intelligence (n = 38), breast (n = 16), cardiac (n = 32), chest (n = 20), computed tomography 
(n = 4), emergency (n = 1), gastrointestinal–abdominal (n = 21), head–neck (n = 6), magnetic resonance (n = 3), multisystem (n = 1), musculoskeletal (n = 18), 
neuroradiology (n = 46), nuclear medicine (n = 51), oncology (n = 2), pediatric (n = 2), ultrasonography (n = 2), urogenital (n = 17), and vascular (n = 6)
b Studies with artificial intelligence as research area were significantly associated with increased workload
c Based on 26 individual journals with a median impact factor of 5.061 (range: 2.687–33.752)
d Per unit increase in impact factor

Variable Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

Study’s research 
 areaa

11.79b 3.64–38.28b  < 0.001b 10.64b 3.25–34.80b  < 0.001b

Impact factor of 
the journal in 
which the study 
was  publishedc

0.93d 0.86–1.00d 0.020 0.93d 0.85–1.02d 0.110
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also regarded to have a potential impact on workload, 
although it can be argued that they may not be the pri-
mary tasks of a radiologist. However, the radiologist 
bears the final responsibility for these processes, and 
they contribute to the overall workload of a radiology 
practice. Fifth, the implementation of the findings of 
the studies that were included in our analysis was based 
on a theoretical scenario. Whether or not the find-
ings of these studies will eventually be incorporated in 
guidelines and experience widespread clinical imple-
mentation remains unclear. Nevertheless, the results 
of the present study indicate that there is no reason to 
assume that workload for radiologists will stabilize let 
alone decrease. Sixth, our findings apply to both an aca-
demic tertiary care center and a non-academic general 

teaching hospital in the Netherlands, as independently 
assessed by two radiologists. The quality of healthcare 
in the Netherlands ranks among the best in Europe 
[35]. Therefore, the results of this study are likely also 
applicable to modern radiology departments in other 
developed countries. However, further research by 
more radiologists, in other institutions, and in other 
countries, is necessary to confirm the generalizability of 
our results.

Conclusions
In conclusion, recently published medical imaging stud-
ies often add value to radiological patient care. However, 
they likely increase the overall workload of diagnostic 
radiologists, and this particularly applies to AI studies.
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Fig. 3 Causes of increased workload in a non-academic general teaching hospital
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Abbreviation
AI: Artificial intelligence; ESR: European Society of Radiology; OR: Odds ratio.
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