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ABSTRACT

Background and Purpose: The display resolution of the Apple iPad® is 1024 x 768 pixels, which is greater than that
required for generating the typical CT or MRI images. The purpose of this study is to determine if specific CT and MR
sequences can be interpreted accurately on mobile device/PACS software platforms when compared to a traditional
stationary high resolution monitor/PACS radiological workstation. If so, this allows radiologists to provide comparable
interpretation as if they were onsite at an imaging center or hospital. Materials and Methods: This study is an investi-
gator initiated, single site, retrospective, nonrandomized, IRB approved study. Five radiologists were included in this
study. Each independently interpreted specific CT and MR sequences on traditional high-resolution LCD monitors via
eFilm® software as well as an iPad® mobile device using Osirix® software program. Repeat interpretations were per-
formed, with 4 weeks minimum interval between interpretations of each patient. This investigation included: 50 patients
with CTA perfusion imaging, 50 patients with MRI of the brain, and 50 patients with MRI of the spine, which were
image study orders generated through emergency room requests. Subsequently, interpretive results of each radiologist
for each patient were statistically compared to evaluate for intra-observer and inter-observer reliability. Results: The
parameters set within the CTA perfusion brain studies demonstrated excellent intra-observer variability. All of the pa-
rameters within the MRI brain studies demonstrated excellent intra-observer variability with a Cohen’s kappa value >
0.75. The Cohen’s kappa values for the board certified neuroradiologist demonstrated excellent variability for all pa-
rameters; the resident radiologists had good variability, with a majority of kappa values near 0.75. Conclusions: The
data and statistical analysis demonstrated that portable mobile devices such as the Apple iPad® can display adequate
resolution of CT and MRI sequences to accurately diagnose acute central nervous system injuries and other non-acute
pathology.
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1. Introduction Previous studies have shown the potential for evaluat-
ing emergent imaging findings with mobile devices [6-9].
Early studies evaluated personal computers for diagnos-
ing imaging findings before mobile devices were tech-
nologically sufficient to view radiological images [10].
Wrist fractures on digital radiographs were evaluated on
a personal computer linked 17-inch color monitors, with
a display of 1024 x 768 pixels [10]. The traditional
workstation measured 21 inches with a display of 1728 x
2304 lines, demonstrating no difference in accuracy
among observers [10]. Another more recent study evalu-
ated orthopedic injuries and intracranial hemorrhage on a
personal digital assistant and Apple iPod Touch versus
"Corresponding author. non-standard workstation monitors showing the potential

Mobile devices with their many applications have made
it possible to view radiological images on mobile tablet
devices such as the Apple iPad® [1,2]. One of the com-
monly used applications includes the recently FDA ap-
proved mobile application, Mobile MIM® [3]. Mobile
tablet/PACS viewer systems, may be used in a cloud
environment on Windows® based personal computers
and Apple platforms [4]. The first comprehensive mobile
medical imaging picture archiving and communication
system (PACS) freeware application, Osirix® (Figure 1),
can be used on the iPad® and iPhone® [1,2,4,5].
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for reading emergent studies on handheld devices [11].
Nonemergent findings such as pulmonary nodules have
been compared on the iPad versus the LCD standard dis-
play demonstrating no significant difference in diagnos-
tic variability [12]. A study interrogating the utility of
analyzing emergent CT brain studies was performed us-
ing the Apple iPad as a mobile tablet viewing device
with promising results suggesting further evaluation [13].
These studies support the use of the mobile viewer as an
accurate, reliable tool for viewing acute and non-acute
medical images in various clinical settings.

If specific CT and MR sequences can be interpreted
accurately on mobile device/PACS software platforms
when compared to a traditional stationary high resolution
monitor/PACS workstation, then a radiologist can pro-
vide the same turnaround time as if onsite at an imaging
center or hospital [14]. This improved interpretation time
will result in more timely evaluation and treatment, even
when the radiologist is off site [15-17]. This will improve
treatment times at a significant number of institutions as
many rely on off-site interpretation during non-business
hours. A diagnostically accurate mobile medical viewer
application is useful for additional primary and secon-
dary interpretations by radiologists, for surgeons who
wish to see images in the operating room, for physician
discussions with patients and other consulting physicians,
for academic presentations, for research, and to facilitate
teleradiology/telemedicine endeavors [6,17].

We hypothesize the iPad and other similar mobile de-
vice display resolutions are adequate to make critical
findings in acute CNS events, in which a delay in diag-
nosis can prolong necessary intervention and treatment
[18]. Recent work supports our hypothesis that mobile
tablet and smart phones indeed provide more than ade-
quate resolution required for diagnostic purposes while
maintaining expected accuracy [19].

2. Methods

This study is an investigator initiated, single site, retro-
spective, nonrandomized, IRB approved study. Radiolo-
gists included 5 observers consisting of: one American
College of Radiology Board Certified Diagnostic & Cer-
tificate of Added Qualification-Neuroradiologist, three
4™ Year radiology residents (2 entering neuroradiology
fellowships), and one 2™ year radiology resident. Each
radiologist independently interpreted specific CT and
MR sequences on traditional high-resolution LCD moni-
tors via eFilm software as well as on an iPad using Osirix
mobile software [1,4,20,21]. The study included ano-
nymized patient images obtained from July 2007 through
October 2010. The images consisted of: 50 patients with
MRI of the spine, 50 patients with MRI of the brain, and
50 patients with CTA perfusion imaging. The MRI of the
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spines included cervical, thoracic and lumbar spines.
There were patients that had two studies; two different
patients had two MRIs of the spine, a lumbar and tho-
racic spine. One patient had two MRI of the spines in-
cluding a lumbar and cervical spine. There was a patient,
which had two CTA stroke evaluations on successive
days included in our study. The CT perfusion study in-
cluded a plain brain with a brain and bone window; in
addition two CT perfusion slabs were included. The MRI
of the spine included 3 mm slice thickness sequences: T2
sagittal 3 mm TE 102/TR 4300, T1 sagittal TE 12/TR
500, STIR sagittal TE 49/TR 4360 and T2 axial. MRI of
the brain included 5 mm slice thickness sequences: T2
flair axial TE 102/TR 8500, gradient axial TE 26/TR 444,
T1 axial TE 10/TR 555, DWI axial with correlating ADC
axial maps. Orders were generated through the emer-
gency department for an acute CNS event requiring acute
imaging. Each observer reviewed the studies independ-
ently on both platforms. Repeat interpretations were per-
formed, with an interval of at least 4 weeks, on each re-
spective software and workstation vs. tablet platform.
The blinded interpreting radiologist physicians received
access to file folders containing 50 anonymized patient
image studies each; organized 1 - 50 for emergent CTA
Brain perfusion, 1 - 50 for emergent MRI Brain, and 1 -
50 for emergent MRI Spine. The physicians were spe-
cifically blinded to the patient’s medical history simulat-
ing how many acute central nervous system events arrive
to the emergency room with little, incomplete, or no his-
tory. Our institution is a certified comprehensive stroke
center. Thus, CTA brain perfusion studies generated
through the emergency room are performed to assess for
acute ischemic events, and thus this history would be
assumed.

Computed tomography angiogram (CTA) brain perfu-
sion study sequences utilized CT brain, CTA maximum
intensity projection 30 mm slab reconstructions, as well
as colorized and post-processed CTA perfusion blood
flow, blood volume, and mean transit time (MTT) ren-
derings [22-25]. Image viewing analysis for parameters
of magnification, window panel number, contrast, bright-
ness, and same study comparison were not hindered by
software independent default settings, allowing the inter-
preter free reign to evaluate images he/she would during
a standard interpretive session [26-28]. MRI sequences
for the brain included DWI, ADC, T2, and gradient. MRI
sequences for the spine consisted of T2 sagittal, T1 sag-
ittal, STIR sagittal, and T2 axial. The MRI brain and
spine studies in our emergency room may be ordered in
any emergency situation deemed clinically appropriate
such as trauma, infection, tumor, or acute neurological
deficit for common etiologies such infarction, disk herni-
ation and compressed nerve roots [29-33].

The contrast and brightness of the two platforms were

OJRad



A.BHATIA ET AL 93

compared. They were found to use different algorithms
when applied to the selected series as many proprietary
viewers have pre-determined their preferred default set-
tings for rendering image display [26,27]. The Osirix®
system locates the middle image of each series, calcu-
lates the best W/L for that image, and applies those set-
tings to the entire series [26,34]. The eFilm® image
viewer as used on the standard workstation calculates the
best W/L for each image, and applies it to that specific
image only [26,35]. When comparing images on both
systems, no qualitative visual difference was appreciated
or reported and there was no fixed default setting. Spe-
cifically, interpreting radiologists were encouraged to
change window level brightness and contrast variables on
both the Osirix and eFilm PACS viewers as would typi-
cally be done during interpretation.

We chose the iPad mobile device as our tablet due to
its compatibility with the globally popular Osirix® free-
ware viewer application for the Mac operating system
[36]. OsiriX® mobile is an application used as a DICOM
viewer for the iPad® and iPhone® allowing for medical
study image viewing [4,37]. All personal identifiers were
removed from the data spreadsheets such that there were
no links between the study sequence folders and the in-
dividual patients as shown in Figure 1.

Figure 1. (Osirix® User Interface). Legend: User interface
of Osirix® application on the Apple iPad® displaying a list
of studies on the left of the screen and preview of series on
the right.
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Each radiologist documented his results into positive
or negative restricted diffusion for infarction via analysis
of restricted DWI & ADC mapping, blooming artifact
seen on gradient sequencing, perfusion deficit as deter-
mined by analysis of cerebral blood flow, cerebral blood
volume, and mean transit time [38-43]. In addition, other
CNS pathologic etiologies were assayed including: in-
tracranial hemorrhage, spinal cord compression, fracture,
spinal canal stenosis, neural foraminal stenoses, disk her-
niation, and annular fissuring [24,44-47].

Subsequently, the results of each radiologist for each
patient were compared to evaluate for intra-observer and
inter-observer reliability [48]. The gold standard use for
comparison of accuracy of results was based on the find-
ings viewed by the board certified neuroradiologist on
the high resolution LCD monitors/eFilm PACS work-
station. Results were plotted for the board certified neu-
roradiologist individually due to wide difference in ex-
perience between reviewers, and then for all resident
radiologists as a group including the neuroradiologist.
The statistical method according to Cohen’s kappa test
was employed [49-54]. Cohen’s kappa score range is —1
to 1 [55]. Fleiss’s arbitrary guidelines characterize Kappa’s
values > 0.75 as excellent, Kappa’s values = 0.40 to 0.75
as fair to good, and Kappa’s values < 0.40 as poor
[55-58].

Kappa =0-E/1-E

O = Proportion of ratings where scores are in agree-
ment

E = Proportion of agreements expected “by chance” if
scored randomly

The iPad’s display resolution provides an acceptable
display to make critical findings in acute CNS events as
shown in Table 1.

3. Results

Statistical evaluation of intra-observer variation with
Cohen’s kappa test demonstrated excellent correlation in
a majority of the parameters evaluated, as demonstrated

Table 1. (Viewer resolution). Legend: Comparison of reso-
lution in pixels/inch for various mobile devices and high
resolution monitor.

Device/Sequence Resolution/Pixels Per Inch

iPad 1024 x 768 (132)
iPhone 4 960 x 640 (326)
High Resolution Monitor 1200 x 1600
MRI Brain 512 x 512
MRI Spine 512 x 512
CTA Brain 512 x512
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with a kappa value > 0.75 in CTA Brain, MRI Brain, and
MRI Spine evaluations.

The CTA brain perfusion analysis parameters evalu-
ated included: Intracranial hemorrhage, bright MCA sign,
hypo-density sign (</>1/3 MCA infarction zone, PCA,
ACA, and posterior fossa arterial distributions) and per-
fusion measurements (cerebral blood flow, cerebral
blood volume, and mean transit time). 24 of the 50 CTA
perfusion studies demonstrated no findings and were
considered negative. Parameters within the CTA brain
studies demonstrated excellent intra-observer variability
for evaluation of the middle cerebral artery infarction
zones as shown in Figure 2. Statistical comparison of the
anterior and posterior circulation ischemia was limited to
low incidence. For example, the anterior cerebral artery
(ACA) territory remote infarct/ischemic change com-
parison demonstrated a Cohen’s kappa of 0.66 with a
small remote ischemic region seen on post analysis, but
the statistical evaluation was limited due to the low n=1
obtained in this research study. CT perfusion analysis, as
frequently seen at our certified comprehensive stroke
center, was considered to be highly reliable for compari-
son between image viewer system platforms. Notice the
conspicuous color delineation seen in the mobile tablet
research arm; as is depicted on the iPad® screen shot in a
normal case as shown in Figure 3.

MRI brain analysis parameters included: acute,
subacute, and chronic features of hemorrhage, restricted
diffusion positivity, T2/T2 flair hyperintense lesions, and
gradient blooming artifact as shown in Figure 4. All of
the parameters within the MRI brain studies demon

Neg |

Bright MCA |
<1/3 Infarct |
>1/3 Infarct |
MCA }
pCcA | M Neuro Radiologist
ACA | : . All Radiologists
Post Fossa |
Flow |
BV |
MTT | : . .
0 0.25 0.5 0.75 1

Figure 2. (CT brain Cohen’s Kappa Analysis). Legend:
Graph displaying CTA perfusion kappa values for neuro-
radiologist and all radiologists. Cohen’s kappa values > 0.75
are considered criteria for excellent intra-observer variabil-
ity. Bright MCA = Bright MCA sign; <1/3 infarct = Infarct
< 1/3 Vascular Region; > 1/3 infarct = Infarct > 1/3 Vascu-
lar Region; MCA = Infarct in vascular distribution of Mid-
dle Cerebral Artery; PCA = Infarct in vascular distribution
of Posterior Cerebral Artery; ACA = Infarct in vascular
distribution of Anterior Cerebral Artery; Post Fossa = In-
farct in posterior fossa; Flow = Blood Flow decreased; BV =
Blood Volume decreased; MTT = Mean Transit Time In-
creased.

Copyright © 2013 SciRes.
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Figure 3. (CTA brain perfusion). Legend: Three separate
normal CTA perfusion images at the same level viewed on
Osirix® application on the Apple iPad®.
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Figure 4. (MRI brain Cohen’s Kappa analysis). Legend:
Graph displaying MRI brain kappa values for neurora-
diologist and all radiologists. DWI = Restricted diffusion;
T2 flair = T2 weighted fluid attenuation inversion recovery;
GRE = Gradient Echo Signal Abnormality.

strated excellent intra-observer variability with a kappa
value > 0.75. Focal infarcts were visualized on the iPad
with good intra-observer reliability. Diffusion restriction
showing acute infarctions were readily observed, as were
vascular thromboses, which were seen conspicuously on
gradient sequencing; Figure 5.

MRI spine analysis parameters included: fracture </>
50% vertebral body height loss, anterior/mid/posterior
column fracture involvement, spinal cord integrity, mod-
erate stenosis, severe stenosis, annular fissuring, and disk
herniation; Figure 6. The Cohen’s kappa values for the
neuroradiologist demonstrated excellent variability for all
parameters >0.75; the resident radiologists had good
variability, Cohen’s kappa values between 0.4 and 0.75,
and with a majority of Cohen’s kappa values close to
0.75. Spinal cord lesions were seen on the iPad® by all
radiologists with excellent reliability. Disk extrusions
and annular fissures were easily discernible on both the
standard viewing workstation and the mobile viewer
platform as shown on iPad® screen shots Figure 7.

4. Discussion

The parameters set within the CTA perfusion brain stud-
ies demonstrated excellent intra-observer variability.
CTA brain perfusion analysis demonstrated high reliabil-
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(a) Gradient

(b) AD (c) Diffusion

Figure 5. (MRI brain acute infarction). Legend: Three
separate MRI brain images at the same level demonstrating
acute infarction in the right MCA territory as viewed on the
Apple iPad® with Osirix® Mobile software.
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Figure 6. (MRI spine Cohen’s Kappa analysis). Legend: FX
> 50% = Fracture >50 vertebral body height, FX < 50% =
Fracture < 50 vertebral body height; ANT = Anterior Spi-
nal Column Abnormality, MID = Middle Spinal Column
Abnormality, Post = Posterior Spinal Column Abnormality,
SC = Spinal Cord Abnormality, Sten Mod = Moderate Spi-
nal Canal Stenosis, Sten Sev = Severe Spinal Canal Stenosis,
NF = Moderate/Severe Neuroforaminal Stenosis, Ann Fiss =
Annular Fissure; Herniation = Intervetebral Disc Herni-
ation.

a) Annular Fissure

b) Extrusion

Figure 7. (MRI spine annular fissuring & disk extrusion).
Legend: Two sagittal T2 weighted MRI spine images dem-
onstrating findings of annular fissure a) and disk extrusion
b) as seen on the Apple iPad® via Osirix® Mobile software.

Copyright © 2013 SciRes.

ity for intra-observer and inter-observer analysis of cere-
bral blood flow, blood volume, and mean transit time.
Statistical evaluation of the MRI brain study research
arm demonstrated excellent variability in all parameters
for the neuroradiologist and resident radiologists com-
bined. MRI of the spine studies demonstrated the widest
variability for the group of resident radiologists; however
the neuroradiologist showed excellent variability. This is
likely due to relative inexperience of residents and sub-
sequent inconsistency in reading studies. The highest
kappa values can be contributed to findings that are more
evident to examiners due to relatively conspicuous find-
ings such as greater than 1/3 infarct, DWI positivity, and
vertebral body fracture greater than 50%. One limitation
of the study is that only one American Board of Radiol-
ogy board certified with certificate of added qualification
(CAQ) Neuroradiologist was included in the comparison
analysis. Our institution only employs one such radiolo-
gist on the faculty. Future studies may expand the IRB to
include multiple centers. HIPAA and image transfer fea-
sibility considerations will need to be addressed at that
time. A follow-up study across multiple academic centers
would be beneficial to further support our findings.

Another limitation of the study was the range of ex-
perience in examiners reading the various studies. How-
ever, even with the lack of experience in residents read-
ing complex cases, such as the MRI spine and CT perfu-
sion sequences, the majority of parameters demonstrated
excellent intra-observer variability according to Cohen’s
kappa score as a key metric of this study.

These results indicate that the iPad and other suitable
mobile viewing/PACS platforms can be used by radiolo-
gists for diagnostic interpretation. Future studies will
focus on application to real world situations, such as on
call cases. Items for study include the feasibility for
wireless upload of studies to Osirix® (or other software
platform), forwarding images to internet mobile software
applications via DICOM push/pull algorithms, and sub-
sequent downloading onto mobile viewers for diagnosis.
Bandwidth cost and wireless coverage will need to be
investigated to determine the practicality of this concept.

Advances continue to be made in the mobile interpre-
tation arena. The MIM® viewer system was recently
approved by the Food and Drug Administration (FDA) as
a mobile application suitable for interpretation. Other
mobile PACS/viewer applications are also under devel-
opment and FDA approval.

Future studies may be employed to corroborate if
similar variability is obtained using other standard work-
station monitor systems and divergent PACS software.

5. Conclusion

The data and statistical analysis from our study demon-
strate that the Apple iPad®/Osirix® PACS mobile view-

OJRad



96 A.BHATIA ET AL

er platform displays more than adequate resolution for
typical standard CT and MRI images. This validation
allows the interpreting radiologist to confidently interpret
and accurately diagnose acute central nervous system
injuries and other pathology in a remote setting to deter-
mine if acute, subacute, and or non-acute management is
necessary. This research supports referring physicians
who wish to view critical medical images themselves,
surgeons and other interventionalists who need to view
images in their operating suites that might not otherwise
be available, advances teaching and research options,
allows for expansion of telemedicine initiatives, and pro-
vides physicians the ability to display and discuss medi-
cal images with their patients around the world.
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