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Objective: To review the published evidence and to
determine if radiological diagnostic accuracy is compro-
mised when images are displayed on a tablet computer
and thereby inform practice on using tablet computers
for radiological interpretation by on-call radiologists.
Methods: We searched the PubMed and EMBASE data-
bases for studies on the diagnostic accuracy or diagnos-
tic reliability of images interpreted on tablet computers.
Studies were screened for inclusion based on pre-
determined inclusion and exclusion criteria. Studies were
assessed for quality and risk of bias using Quality
Appraisal of Diagnostic Reliability Studies or the revised
Quality Assessment of Diagnostic Accuracy Studies tool.
Treatment of studies was reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).

Results: 11 studies met the inclusion criteria. 10 of these
studies tested the Apple iPad® (Apple, Cupertino, CA).

Consumer tablet computers can be used to access and
display digital radiographic images for the purpose of ra-
diological interpretation. Because tablet computers are
portable, they have a potential role in remote, emergency
diagnostic radiology services. There has been limited ac-
ceptance of smartphones for radiological interpretation
because of their small screen size and limited display res-
olution." Tablet computers offer similar portability to a
smartphone but with high-resolution displays and a larger
viewing size.” Hence, a tablet computer may be a more
suitable display device for on-call radiologists.

The luminance and contrast properties of computer displays
can vary considerably causing inconsistent display of images
between devices. The accepted process for achieving consis-
tent display of medical images is by calibration of the display
device to the digital imaging and communication in medicine
(DICOM) greyscale display function (GSDF).”> Conformance
to the GSDF has been shown to improve diagnostic accu-
racy.>” A primary display is a dedicated medical display device

The included studies reported high sensitivity (84-98%),
specificity (74-100%) and accuracy rates (98-100%) for
radiological diagnosis. There was no statistically signifi-
cant difference in accuracy between a tablet computer
and a digital imaging and communication in medicine-
calibrated control display. There was a near complete
consensus from authors on the non-inferiority of di-
agnostic accuracy of images displayed on a tablet
computer. All of the included studies were judged to be
at risk of bias.

Conclusion: Our findings suggest that the diagnostic
accuracy of radiological interpretation is not compro-
mised by using a tablet computer. This result is only
relevant to the Apple iPad and to the modalities of CT,
MRI and plain radiography.

Advances in knowledge: The iPad may be appropri-
ate for an on-call radiologist to use for radiological
interpretation.

and is used by radiologists for primary diagnosis. Whereas,
a secondary display is often a commercial-off-the-shelf com-
puter display. Established guidelines recommend confor-
mance to the GSDF should be better than 10% and 20% for
primary and secondary displays, respectively.® Whilst both
primary and secondary liquid crystal display (LCD) devices
can be calibrated to the GSDE, it is not possible to calibrate
a tablet computer, which may potentially compromise accu-
racy.” Despite the inability to calibrate the display, high levels
of diagnostic accuracy have been reported when using tablet
computers.*'® Hence, there is contradictory information to
inform practice on the use of tablet computers for radiological
interpretation.

To date, there has been no attempt to synthesize the existing
research evidence pertaining to diagnostic accuracy or di-
agnostic reliability of using tablet computers for radiological
interpretation. The aim of this study was to systematically
review the published literature to determine if diagnostic
accuracy is compromised when images are displayed on
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a tablet computer, which would in turn inform practice on the
appropriateness of an on-call radiologist using a tablet computer
for radiological interpretation.

METHODS AND MATERIALS

Search strategy

We searched the PubMed and EMBASE databases using a com-
bination of keywords, Medical Subject Headings (MeSH) and
Emtree terms for radiology, teleradiology and tablet computers
(Table 1). The MeSH and Emtree terms for tablet computers are
handheld computer and microcomputer, respectively. The results
were constrained to the articles published in the past 10 years.
Searches were conducted in January 2015.

Inclusion and exclusion criteria

We included studies published in peer-reviewed journals that ex-
amined either the diagnostic accuracy or the diagnostic reliability of
radiological interpretation of images displayed on a tablet com-
puter. Diagnostic reliability refers to the agreement between two or
more observations of the same entity and is often reported as
interrater or intrarater reliability.'' Whereas, diagnostic accuracy is
the likelihood of the interpretation being correct when compared
with an independent standard.'* For the purpose of this review, we
defined a tablet computer as a hand-held or portable computer
with a screen size of 7-inches or more. This criterion excluded
studies of images displayed on smartphones, personal digital
assistants and the Apple iPod® (Apple, Cupertino, CA). The mo-
dalities of diagnostic radiology, namely, plain film radiography, CT,
ultrasonography, nuclear imaging or MRI were included. Dental
imaging was excluded as it was not considered likely to be reported
by an on-call radiologist. Studies that tested imaging that was
performed on patients were included. Studies where the imaging
was on phantoms or synthesized were excluded. Studies that were
reported in languages other than English, conference proceedings,
commentary and letters to the editor were also excluded.

Selection process

Two reviewers screened the title and abstract of studies to
determine eligibility for inclusion. Screening the full text of
articles was performed if the abstract did not provide suffi-
cient information to judge eligibility. Uncertainty of inclusion
was resolved by consensus discussion.

Data extraction and quality assessment

The full text of studies that met the inclusion criteria was
obtained and data extracted. Data were extracted on study
characteristics (year, country where the study was conducted,
methodology, case metrics, reader selection and reporting
instrument), outcome measures, technology (intervention
display device and reference standard display device), results
summary and secondary observations on the use of tablet
computers for radiological diagnosis.

To evaluate the included studies for quality and risk of bias, we
used two methods. The Quality Appraisal of Reliability Studies
(QAREL)"" was used to assess diagnostic reliability studies, and
the revised Quality Assessment of Diagnostic Accuracy Studies
tool (QUADAS-2)"® was used to assess diagnostic accuracy
studies. Two tools were necessary because studies of diagnostic
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reliability contain unique design features that are not repre-
sented on tools that assess the quality of studies investigating
diagnostic accuracy.'* The QUADAS-2 tool must be tailored to
each review by adding or removing signalling questions."
Table 2 lists the signalling questions that have been added or
removed during tailoring of the QUADAS-2 tool to our review.

One reviewer independently performed data extraction, and
quality and risk of bias assessment. A second reviewer validated
the recorded information.

Analysis

For multireader, multicase (MRMC) receiver operating charac-
teristic (ROC) studies, we calculated the 95% confidence interval
(when not reported by the study’s author) to aid comparability
of area under the ROC curve measures. Similarly, the 95%
confidence interval for sensitivity and specificity was calculated.
Synthesis of results was performed narratively. Reporting of the
findings of this review followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement.

RESULTS

We identified 11 studies that met our inclusion criteria. The
results for each stage of our search and screening processes
are shown in the PRISMA flow diagram (Figure 1).

Table 1. Query syntax

Database Syntax

(
(
(“radiology”[MeSH Terms] OR “radiology”[All
Fields]) OR
(“radiography”[MeSH Terms] OR
“radiography”[All Fields]) OR
(“teleradiology”[MeSH Terms] OR
“teleradiology”[All Fields])
)
AND
PubMed (
(“computers, handheld”[MeSH Terms] OR
“computers, handheld”[All Fields]) OR
“handheld device”[All Fields] OR
“mobile device”[All Fields] OR
“tablet computer”[All Fields] OR
ipad[All Fields]
)
AND
“last 10 years”[PDat]
)

(
(
(“radiology”/exp OR radiology) OR
(“teleradiology”/exp OR teleradiology)
)
AND
(“microcomputer”/exp OR “microcomputer”)
AND
[2005-2015]/py
)

Embase
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Table 2. Review-specific modifications to the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool

Signalling questions Modification to QUADAS-2 tool”

Domain 1: case selection
Was a consecutive or random sample of cases selected? NC
Was a case—control design avoided? NC
Did the study avoid inappropriate exclusions? NC
Was a spectrum of disease severity included in the case selection? +
Was a sample size of 50 or more cases used in the study?

Domain 2: index test
Were the index test results interpreted without knowledge of the results of NC
reference test?
If a threshold was used, was it pre-specified -
Was an entire rating scale rather than a binary scale used to record index 4
text diagnosis?
Was the instrument used to record their diagnosis calibrated with the 4
instrument used by the gold standard readers?
Was the study reader selection for the index test representative of
a radiologist population (in terms of number of readers and range of +
experience)?
Was the study reader for the index test given the same referral n
information and previous imaging as the reference test reader?
Was the index test diagnosis not limited to a type(s) of pathology? +
Was the index test read with comparable monitor luminance and ambient n
lighting to the reference test?
Was the case order randomized? +
Were all index test outcomes reported?

Domain 3: reference test
Is the reference standard likely to correctly classify the target condition? -
Were the reference standard results interpreted without the knowledge of NC
the results of the index test?
Did all cases have a reference test? NC
Was the gold standard diagnosis validated—for example, by consensus of .
multiple radiologists or review of clinical notes?

Domain 4: flow and timing
Was there an appropriate interval between index test and reference B
standard?
Was there an appropriate interval between index test reading and N
reference test reading to address retained information?
Did all cases receive a reference standard? NC
Was the same reference test used for all cases? NC
Were all cases included in the analysis? NC

7+, signalling question added; —, signalling question removed; NC, no change from default tool.

Study characteristics

The Apple iPad (Apple) was the intervention display in
10 studies. These studies were published between 2011 and
2013. One study evaluated an iPad with a retina display (screen
matrix of 2048 X 1536 pixels)."> The resolution of the iPads in
the other nine studies was 1024 X 768 pixels. The only other

tablet computer tested was a Hewlett-Packard® TC1000
(Hewlett-Packard, Palo Alto, CA) tablet with a resolution of
1024 X 768 pixels.'® This study was published in 2005.

Studies originated from eight countries (United States, Ireland,
Germany, Singapore, India, Taiwan, Republic of Korea and
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.
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Japan). Two of the included studies evaluated large matrix plain
film radiographs while the remaining studies evaluated small
matrix (CT and MRI) images (Table 3). Radiologists were the
readers in all but one study. Emergency department physicians
were used in the remaining study (Table 4).® Half of the studies
compared the interpretation of images displayed on a tablet
computer with the interpretation of images displayed on a pri-
mary picture archiving and communication system display. The
remaining studies used a secondary LCD as the reference stan-
dard display (Table 5). The ambient lighting was controlled in
six of the studies,”'”'>'”!* whereas other authors intentionally
used conventional lighting conditions to imitate conditions
under which the tablet computer would be used.”® The
remaining studies did not state lighting conditions.

Diagnostic accuracy and diagnostic reliability

Eight of the included studies were diagnostic accuracy studies
and three were diagnostic reliability studies. Different method-
ologies were used to test diagnostic accuracy. The diagnostic
accuracy was assessed using MRMC ROC curve in four of the
included studies.>>'®'" In these studies, the diagnosis from
images displayed on a tablet computer was compared with the
gold standard diagnosis (Table 4). The difference in area under
the binormal ROC curve (AUROC) was used to test significance

(Figure 2). No difference of statistical significance was found in
five of the six studies (Table 6). Yoshimura et al'® did find the
AUROC was significantly smaller for an iPad than for a gamma
2.2-calibrated LCD. The same author found no statistical dif-
ference between an iPad and DICOM GSDF-calibrated LCD. Lee
et al'® found that the tablet computer performed better than the
control display when assessing abdominal radiographs for ure-
teral calculi, whereas the control display (a GSDF-calibrated
cathode ray tube monitor) was superior to the tablet for di-
agnosis of the renal calculi.

The included studies reported high sensitivity and specificity for
tablet computers with values ranging from 84% to 98% and
from 74% to 100%, respectively (Figure 3)."'*'® Two of the
studies that measured sensitivity and specificity also performed
significance testing. No significant difference in sensitivity and
specificity between a tablet computer and control display was
found.®'® Johnson et al'® reported the same accuracy rate (98%)
for interpretation of CT scans for pulmonary emboli performed
on an iPad and on a primary display. Panughpath et al'®
reported an accuracy rate of 99.86% and 99.92% for the iPad
and a secondary display, respectively, for the detection of in-
tracranial haemorrhage on CT. In the studies performed by
John et al* and McLaughlin et al,' the study readers produced
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Table 3. Case selection summary
. Case selection Case sample Patholo Patholo
Study Examination Pathology . samp o O8Y 1008y
rationale size positive (%) negative (%)
Random selection
Abboud of CXR from
0, 0
ot all? CXR TB a pool of 500 TB 240 40 (17%) 200 (83%)
screening cases
Arbitrarily
. selected cases
Four possible
athologies— from actual
P . & emergency MRI
spinal cord .
. for spinal trauma.
McNul MRI Tumbar compression, Selection designed
Y spine; MRI spinal cord . § 31 13 (42%) 18 (58%)
et al . . to include
cervical spine oedema, cauda
. pathology from
equina syndrome,
emergency

spinal cord
haemorrhage

presentations plus
normal control
cases

Tewes et al'®

CT head; CTPA

Cerebral
infarction;
segmental or
subsegmental PE

Arbitrarily
selected cases
designed to
emulate typical
ED cases and
pathologies. Cases
were actual cases
performed as
out-of-hours
emergency
imaging and
included both
positive and
negative cases

40 CT head; 40
CTPA

20 (50%) CT
head; 20 (50%)
CTPA

20 (50%) CT
head; 20 (50%)
CTPA

Panughpath

et al'®

CT head

ICH

Random selection
from an
emergency
radiology imaging
database

100

27 (27%)

73 (73%)

Johnson
et al'®

CTPA

Pulmonary
embolism

Existing set of 50
cases of imaging
for suspected PE
originally
compiled for QA
program. The
selection included
both positive and
negative. Positive
cases ranged in
subtleness of
pathology from
easy (main
pulmonary
artery) to difficult
(subsegmental
thrombi)

50

25 (50%)

25 (50%)

Yoshimura
et al'

CT head

Cerebral
infraction

Arbitrarily
selected cases after
searching
reporting database
and electronic
medical record for

97

47 (48%)

50 (52%)

(Continued)
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Study

Examination

Pathology

Case selection
rationale

Case sample
size

Pathology
positive (%)

Pathology
negative (%)

cases of suspected
cerebral
infarction.
Selection included
both positive and
negative cases

Park et al®

CT head

Intracranial
haemorrhage

Arbitrarily
selected cases
from actual CT
head performed
in ED for trauma
or headache.
Cases had subtle
radiological signs
of ICH. Subtle
meant st or 2nd
year ED resident
had missed the
ICH. 10 cases
were paediatric to
reflect real
practice of
emergency
radiology

100

50 (50%)

50 (50%)

John et al?

CT and MRI

Common ED
pathologies

Arbitrarily
selected cases of
common
after-hours
pathology that
had been clinically
interpreted after
hours by one
particular senior
radiologist. The
interpretation of
this radiologist
was used as the
gold standard
diagnosis

88 (79 CT, 9
MRI)

64 (73%)

24 (27%)

McLaughlin
et al'

CT head

Various

100 consecutive
CT brain studies
referred from the
ED

100

57 (57%)

43 (43%)

Bhatia et al*®

CTBA; MR spine
cervical; MR spine
thoracic; MRI
spine lumbar;
MRI brain

Acute ischaemic
event

Arbitrarily
selected cases
from patients that
undergone ED
imaging for an
acute central
nervous system
event

50 CTBA; 50
MRI brain; 50
MRI spine

26 (52%) CTBA;
not stated MRI
brain; not stated
MRI spine

24 (48%) CTBA;
not stated MRI
brain; not stated
MRI spine

Lee et al’®

Urolithiasis

Consecutive cases
for patients
referred for
intravenous

urography

160 renal
systems (80
AXR)

28 (18%) renal
stone; 24 (15%)
ureteric stone

132 (82%) kidney;
136 (85%) ureters

AXR, abdominal radiograph; CTBA, CT brain angiography; CTPA, CT pulmonary angiogram; CXR, chest radiograph; ED, emergency department;
ICH, intracranial haemorrhage; PE, pulmonary embolism; TB, tuberculosis; QA, quality assurance.
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Table 4. Reader metrics
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AXR) and clinical
records

Number of
Index test
Reference reference Index test Index test
Study readers and . .
standard standard rofession reader attributes instrument
readers P
Two chest fellowship, . .
Al . . . . . B
bb?;l d NA NA Five radiologists two fellowship trainees wary (positive/
et al . negative)
and one resident
12 board-certified
neuroradiology
Mcl\iulty Radiologist working in Two 13 radiologists experts, 1 . . Six-point confidence
et al consensus board-certified spinal scale
and musculoskeletal
expert
Three radiologists with Five-point confidence
Tewes et al'® NA NA Three radiologists 3, 4 and 6years’ “« alep
experience, respectively
Binary (positive/
Discordant studies S:i:::e)spleugs type
Panughpath d b o s
etaralﬁ% pa Efleslslzsvsvzhipytraine 4 Two Two radiologists Not reported extradural, subdural,
o hnoid,
neuroradiologist .subarac noid
intraparenchymal or
intraventribular
Johnson C?S?S Tep orte.d. o Tl.lr.ee (One.mmfﬂ T Two fellowship trained Binary (positive/
18 clinically positive were clinical radiologist plus Two radiologists . L :
et al . o but junior radiologists negative)
further reviewed two additional)
Radiologist king i . L
aC1010gISIs WOTKing In Six general radiologists
. consensus plus .
Yoshimura . S and three Continuous confidence
19 accuracy of report Two Nine radiologists L .
et al neuroradiologists with scale
confirmed by MRI and 3-17 years’ experience
clinical records a
Five emergency . . .
S Three att Five-point confi
Park et al® Neuroradiologist One department ree @ endln.g and ive-point confidence
.. two senior residents scale
physicians
Descriptive report.
Clinical report of Three attending with at Non-study radiologist
John et al® non-study senior One Three radiologists least 10 years’ classified discrepant
radiologist experience each diagnosis as major or
minor
Descriptive report.
S . Discrepancies classified
McLaughlin Clinical report of - Two radlolog’lsts with's according to American
1 L One Two radiologists and 16 years S
et al radiologist experience College of Radiologist’s
P RadPeer classification
system
. Bi iti
One board-certified n;nzltri}:/e()p Oslillvf/ .
neuroradiologist, three caigoriesp eg giic
Bhatia et al*® NA NA Five radiologists f:;g;z;ez;;ajﬁogy herniation and/or
second-year radiolo reason category, €.
resi denty 24 gradient echo signal
abnormality
Results of IVU study
d to plai Lo Five-point confidi
Lee et al'® (as opposed to plain One Two radiologists Not reported {ve-point conhidence

scale

AXR, abdominal radiograph; IVU, intravenous urography; NA, not applicable.
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Figure 2. Comparison between mean binormal area under the receiver operating characteristic (ROC) curves for tablet and control
display (error bars are 95% confidence intervals). GSDF, greyscale display function; LCD, liquid crystal display.
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a descriptive diagnosis that was compared with the formal
clinical report. Discrepancies between the reader’s diagnosis and
clinical diagnosis were classified by a non-study reader. John
et al® reported 3.4% major (finding would affect immediate
clinical management) discrepancy rate and a 5.6% minor
(would not affect immediate clinical management) discrepancy
rate when using a tablet computer. McLaughlin et al' categorized
discrepancies according to the American College of Radiologist’s
RadPeer classification system. There were 12 errors (3 clinically
significant and 9 not clinically significant) when using the
control display and 7 errors (3 clinically significant and 4 not
clinically significant) when using a tablet computer. Interrater
reliability was almost identical between index and reference
standard for the studies by Abboud et al'” and Tewes et al"
(Table 5).

Quality and risk of bias

The eight diagnostic accuracy studies were assessed
with the QUADAS-2 tool for quality and risk of bias. All eight
studies were judged high or unclear in at least one domain.
Proportions of studies for each of the risk of bias classifications
are shown in Figure 4. A large proportion of these studies (88%)
were judged to have a high risk of bias for the index test domain.
This was owing to a number of reasons, including the index test
readers not having sufficient number or range of experience to
represent a radiologist population; the index test readers not
having the same referral information and access to previous
imaging as the reference test readers; the index test reader’s
diagnosis being limited to known type of pathology; and the
monitor luminance and ambient lighting of the index test not
being comparable to the reference test.

1,2,8-10,15,18,19

All studies in the reference standard domain and most studies
(88%) in both the index test and case selection domain were
judged to be applicable to the review question for all QUADAS-2
domains (Figure 5).

The three diagnostic reliability studies'™'”*" were assessed using

the QAREL tool. All studies had at least one item judged to
indicate a poor quality in the study. The reasons for poor quality
included readers not being representative of the review’s pop-
ulation, blinding of referral and clinical information, non-
randomization of reading order and the use of binary scales by
study readers.

Synthesis

The results of studies included in this review could not be sta-
tistically combined. This was owing to the heterogeneity of study
designs (accuracy and reliability studies), methodologies, display
characteristics of intervention tablet computer and reference
standard display device, profession of readers, lighting con-
ditions and radiographic modality (large matrix and small ma-
trix) all being evaluated.

DISCUSSION

This review revealed a near complete consensus from the study
authors on the non-inferiority of diagnostic accuracy of images
displayed on a tablet computer. The included studies reported
high sensitivity (84-98%), specificity (74-100%) and accuracy
rates (98—100%) when using a tablet computer for radiological
diagnosis. There was no statistically significant difference in
accuracy between tablet computers and GSDF-calibrated control
displays. All of the included studies were judged to be at risk of
bias. The included studies were judged to have high applicability
to the review question.

The MRMC ROC method has been used in four of the included
studies.>>'®"” All authors of MRMC ROC studies have used an
entire rating scale rather than a binary scale that conforms with
best practice recommendations.”’ A number of studies have
validated the gold standard diagnosis by using multiple readers
or reviewing clinical notes (Table 4). The use of multiple readers
has been shown to increase the reliability of radiological
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Table 6. Significance test summary
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. Significance .
Study Significance test & level p-value Author’s conclusions
p(random readers and case)
= 0.6696; . .
9 DBM MRMC difference in mean p(fixed readers random case) NSD diagnostic accuracy
McNulty et al 5% between tablet and secondary
AUC =0.5961; displa
p(random readers fixed cases) play
= 0.6696
Wilcoxon (U) rank-sum test for
Likert scale evaluations; t-test () p(U) > 0.05; NSD between the tablet and
Tewes et al' for difference in mean correlation 5% p(t;) > 0.05; primary display for both CT
coefficient and ¢-test (t,) for p(t) >0.05 head and CTPA
difference in mean kappa score
NSD between the table and
Pami%hpath Fisher’s exact test NR p(F) <1.00 secon@ary dléplay for t he
etal detection of intracranial
haemorrhage
p(se) = 1.0; NSD in sensitivity, specificity
Johnson et al'® Difference in se, sp and ac NR p(sp) = 1.0; and accuracy between a tablet
plac) = 1.0 and primary display
DBM MRMC difference in mean NSD between tablet and GSDF
AUC (tablet vs GSDF-calibrated p(tablet vs GSDF-calibrated primary display; AUC was
Yoshimura primary display); primary display) > 0.05; statistically smaller for the tablet
ot al'® DBM MRMC difference in mean 5% p(tablet vs gamma-calibrated when compared with
AUC (tablet vs gamma-calibrated primary display) < 0.05; gamma-calibrated primary
primary display; Pp(ANOVA) = 0.06 display; ANOVA showed NSD
ANOVA between all three displays
McNemar’s test for difference in se p(se) = 1.00; NSD between iPad® and
Park et al® and sp NR p(sp) = 0.885; calibrated secondary liquid
DBM MRMC difference mean AUC p(AUC) =0.183 crystal display
NSD between tablet and
Lee et al'® Difference in AUC 5% NR primary CRT for the detection
of urolithiasis

ac, accuracy; ANOVA, analysis of variance; AUC, area under receiver operating characteristic curve; CRT, cathode ray tube; CTPA, CT
pulmonary angiogram; DBM, Dorfman-Berbaum-Metz; GSDF, greyscale display function; MRMC, multireader multicase; NR, not reported; NSD,

no significant difference; se, sensitivity; sp, specificity.
iPad in the table refers to the Apple iPad (Apple, Cupertino, CA).

diagnosis.*” Park et al® found the interpretation on the iPad had
greater diagnostic accuracy than did a GSDF-calibrated secondary
LCD. However, in this study, the luminance of the reference test
LCD was set to 170 cdm ™ > compared with the 400 cd m™~ on the

iPad. Furthermore, the reading was performed under conven-
tional lighting. Hence, it would be reasonable to expect inferior
performance from a low luminance monitor in high ambient
lighting. Yoshimura et al'’ concluded that the diagnostic

Figure 3. Sensitivity and specificity of interpretation on tablet display [error bars are 95% confidence intervals (Cls)].

Johnson et al' 0.98 (0.93 - 1.00) = 0.98 (0.93 - 1.00) -
Panughpath et al’® 0.96 (0.89 - 1.00) = 1.00 (0.98 - 1.00) -
McNulty et al® 0.84 (0.64 -1.00) 8 0.74 (0.54 - 0.94) —
8
Park et al 0.85 (0.75 - 0.95) & 0.79 (0.68 - 0.90) .
010 0j2 D‘.d 0‘6 OjB Wjﬂ O‘D 0?2 Ojnt 0‘5 0?8 1j0

Sensitivity (95% CI)

Specificity (95% ClI)
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Figure 4. Summary of Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) assessments for risk of bias.

Flow and timing

Reference standard

Index test

QUADAS-2 Domain

Case selection

20

o

N Low
[ High
B Unclear

accuracy of images displayed on an iPad was significantly less
than when displayed on a Gamma 2.2-calibrated LCD, but not
significantly less than when displayed on a GSDF-calibrated
monitor. DICOM GSDF is the most widely used calibration
technique used in radiology today.”> There appears to be some
limitation in the methods used by McLaughlin et al' who clas-
sified discrepancies. The limitation has been caused by the index
test and reference test instrument not being calibrated. This lack
of calibration has resulted in inconsistency when grading dis-
crepancies for incidental findings, e.g. mucosal thickening. This
inconsistency obscures whether discrepancies are attributable to
the display or a difference in radiologist’s reporting style. Most
authors used arbitrarily selected cases, which may not be a true
representation of positive-to-negative case ratios. The use of

T T T 1

40 60 80 100

Proportion of studies with low, high, or unclear risk of bias, %

only subtle pathology in one study may have resulted in under
reporting of the accuracy rate.® In many of the studies, the
reader was blinded to clinical details of the referral and did not
have access to prior imaging. In other studies, the readers were
aware of a limited type of pathology in which the studies needed
to be reported. Both scenarios may affect interpretative perfor-
mance. The reader population was not representative of a radi-
ologist population in a number of studies—for example,
McNulty et al’ used 13 subspecialists as the study readers;
whereas, only two readers were used in other studies. >1%16:18
The use of a subspecialist may result in overreporting of di-
agnostic accuracy. The authors of nearly all studies have mini-
mized bias of retained information by including a time delay
between readings. To further reduce bias from the retained

Figure 5. Summary of the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) assessment for applicability.
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QUADAS-2 Domain
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N Low
[ High
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information, some authors have randomized the reading order
(tablet vs control) and randomized the case order.!”

Many authors identified the likely application of a tablet com-
puter was for remote on-call interpretation of emergency im-
aging and chose cases and pathology relevant to this
situation,>*1*1>1820 Hence, the included studies were judged
to have a high applicability to the review question. The excep-
tions were the study by Abboud et al,'"” which tested the re-
liability of TB screening; the use of emergency department
physicians as the study readers by Park et al;® and the accuracy of
diagnosing urolithiasis from the abdominal radiographs'®
(which has in a large part been replaced by CT imaging®*).

The studies were undertaken in eight countries indicating the
international interest in the use of tablet computers for di-
agnostic radiology. The US Food and Drug Administration have
cleared the use of the Apple iPad for primary radiological di-
agnosis. However, the clearance is limited to use with a Mobile
MIM (MIM Software, Cleveland, OH) software application,
small-matrix images and situations where there is no access to
a primary diagnostic display.”> To the best of our knowledge,
there is no similar approval in any other country. In the UK and
Germany, regulatory guidelines prevent tablet computers being
used for primary diagnosis owing to screen size.'>*°

Secondary observations on the use of tablet computers were
elicited in many of the studies. The various software applications
were criticised by a number of authors for the difficulty in
scrolling and touch movements, cumbersome user interface
(especially when trying to compare previous imaging), the lack
of post-processing tools and instability (especially for large
studies).”>® Limitations in network coverage and speed, po-
tential effect of ambient lighting on diagnosis were also
noted.*'>*° The inability to access clinical systems for referral

LJ Caffery et al

information and prior studies' and the increased time to per-
form a read compared with primary workstation'® were other
limitations of using tablet computers. The portability and fast
boot time were seen as the major advantage of tablet
computers.*'>*

This review has a number of limitations. There were only a small
number of heterogeneous studies, which made consolidation of
results difficult. The small sample size and the large number of
studies judged to be at risk of bias may reduce confidence in the
findings of this review. The iPad was assessed in 10 out of 11
studies. Hence, the findings are only applicable to this device.
There is currently no evidence in favour of, or against, the use of
any other makes or models of tablet computer. Similarly, the
findings are only applicable to modalities tested in the included
studies, namely CT, MRI and plain radiography.

CONCLUSION

In conclusion, the findings of this review suggest that the di-
agnostic accuracy of radiological interpretation was not com-
promised by using a tablet computer to interpret CT, MRI or
plain radiography. This conclusion is only applicable to the
Apple iPad and indicates this device is suitable for an on-call
radiologist to display images for interpretation. The conclusions
were based on studies that were judged to be at risk of bias.
There were low concerns regarding the applicability of the in-
cluded studies to the review question. The use of tablet com-
puters for a primary diagnosis may be subject to local regulatory
guidelines. When considering the usage of a tablet computer for
on-call radiology, the user also needs to assess the software
functionality—for example, access to referral information and
previous imaging; software stability and network performance.
These have all been identified by the authors of included studies
as potential impediments in using a tablet computer for radio-
logical interpretation.
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