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Abstract We aimed to evaluate the feasibility of an
iPhone-based remote control system as a real-time re-
mote computed tomography (CT) reading tool for
suspected appendicitis using a third-generation (3G) net-
work under suboptimal illumination. One hundred twen-
ty abdominal CT scans were selected; 60 had no signs
of appendicitis, whereas the remaining 60 had signs of
appendicitis. The 16 raters reviewed the images using
the liquid crystal display (LCD) monitor of a picture
archiving and communication system (PACS) worksta-
tion, as well as using an iPhone connected to the PACS
workstation via a remote control system. We graded the
probability of the presence of acute appendicitis for
each examination using a five-point Likert scale. The
overall sensitivity and specificity for the diagnosis of
suspected appendicitis using the iPhone and the LCD
monitor were high, and they were not significantly dif-
ferent (sensitivity P=1.00, specificity P=0.14). The av-
erage areas under the receiver operating characteristic
curves for all CT readings with the iPhone and LCD
monitor were 0.978 (confidence interval 0.965-0.991)
and 0.974 (0.960-0.988), respectively, and the two de-
vices did not have significantly different diagnostic per-
formances (P=0.55). The inter-rater agreement for both
devices was very good; the kappa value for the iPhone
was 0.809 (0.793-0.826), and that for the LCD monitor
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was 0.817 (0.801-0.834). Each rater had moderate-to-
very good intra-observer agreement between the two
devices. We verified the feasibility of an iPhone-based
remote control system as a real-time remote CT reading
tool for identifying suspected appendicitis using a 3G
network and suboptimal illumination.
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Introduction

Computed tomography (CT) examination for suspected acute
appendicitis is commonly performed in the emergency depart-
ment (ED). The accuracy for diagnosis of appendicitis on
abdominal CT has been reported to be relatively high in sev-
eral previous studies (sensitivity and specificity range from 93
to 100 and 93 to 99 %, respectively) [1-4]. However, on-site,
real-time radiologic image interpretation by an expert (senior
radiologist or senior emergency physician) is not readily avail-
able 24 h per day. Therefore, some patients’ treatments were
decided based on the residents’ preliminary interpreta-
tions, which may result in false diagnosis (sensitivity of
80 % and specificity of 91 %) [5]. To compensate for
this limitation, several teleradiology studies have been
conducted. We have previously reported that the web-
based mobile teleradiology system using an ultra-mobile
PC (UMPC) with a wireless network was feasible for
reading abdominal CTs to diagnose acute appendicitis
[6]. However, considering that the smartphone is cur-
rently a worldwide, handheld display technology and
that the third-generation (3G) mobile network is more
accessible compared with wireless fidelity (Wi-Fi) or
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long-term evolution (LTE) in most countries, an exami-
nation of the feasibility of remote CT reading using a
smartphone with 3G is necessary. Although a previously
published study demonstrated the feasibility of the
iPhone as a remote CT reading tool for acute appendi-
citis [7], it did not consider real-time remote image
transmission with a wireless network or suboptimal illu-
mination similar to the emergency room clinical setting.
Furthermore, given the preliminary nature of that study
because of the insufficient number of reviewers and ra-
diologic images, the findings had weak power for
generalization.

In this study, we aimed to evaluate the feasibility of a
smartphone-based remote control system as a real-time remote
CT reading tool for suspected appendicitis using a 3G network
and suboptimal illumination.

Methods
Study Design and Settings

This study, which was conducted from April to May 2014,
was approved by the Institutional Review Board of our insti-
tution. The design and settings of this study were based on our
previous studies [6, 8]. The numbers of sample cases and
readers were estimated with the multi- and single-reader sam-
ple size program for diagnostic studies (version 1.0) [9]. We
obtained pilot data from the preliminary study with three
readers and 100 cases; 50 cases had acute appendicitis, and
the remaining 50 cases had normal appendix characteristics.
Various combinations of readers and cases resulted in 0.80
power for the detection of a 0.025 difference in the area under
the curve (AUC). These combinations were 7 readers and 181
cases, 12 readers and 132 cases, and 16 readers and 116 cases
(unpublished data). We recruited 16 readers and collected 120
cases in this study [10].

Selection of Images

Abdominal CT images were obtained using a 16-channel mul-
tidetector row CT scanner (Somatom Sensation 16, Siemens,
Germany) during the portal venous phase in an urban tertiary
care teaching hospital.

An independent and blinded researcher, who was not an
author in this study, searched the adult patients with suspected
appendicitis who underwent CT scans in the ED from January
to December 2013. The requirement of informed consent for
using patient CT images was waived. The following search
criteria were applied:

» Patient age: >18 years
* Department: emergency medicine
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Predesignated search codes:

—  Chief complaint codes: right lower quadrant (RLQ)
pain/tenderness, abdominal pain/tenderness/rigidity, ab-
dominal discomfort, umbilical pain, pelvic pain, and
acute abdomen

or
— Diagnostic codes: disease of the appendix (K35-38) [11]

+ Type of CT Examination: abdomen CT with contrast
enhancement

» Search period: January to December 2013

» Exclusion criteria

Cases with other diseases diagnosed by the CT scan
—  Cases without clinical follow-up

Based on the search results, we selected 60 consecutive
patients with acute appendicitis confirmed by the pathology
report from December 2013 in a retrograde order. An addi-
tional 60 patients without acute appendicitis were verified by
clinical follow-up and were also selected in the same manner.
Each case was randomly assigned a number from one to 120,
regardless of the presence or absence of acute appendicitis. To
download the CT examination of each case, a new folder was
created on the PACS workstation, which functioned as a serv-
er computer in this study. Using a digital imaging and com-
munications in medicine (DICOM) viewer, the 120 cases were
downloaded from the central PACS server to this folder. The
examinations were placed in order of the assigned number,
and the patients’ identifying information was deleted. There-
fore, the raters easily and rapidly opened and closed the CT
examinations without revealing the patients’ identification
through the DICOM viewer during rating.

Teleradiology System
Remote Viewer: Smartphone

The iPhone 58S (iPhone 5S, Apple Inc., USA), which is one of
the most widely used handheld smartphones, was chosen as
the remote viewing displayer. It is smaller and weighs less
than the devices used in previous studies [6, 8] (dimensions
of 123.8x58.6 x7.4 mm, with a weight of 112 g); it also has a
small screen with a diagonal dimension of 10.2 cm. The spec-
ifications of the iPhone display are shown in Table 1 [12]. The
maximum luminance of the iPhone is 556 cd/m*. Although a
luminance of 400 cd/m? could satisfy the needs of most radi-
ologists in a dimly lit office environment such as a radiology
reading room [13], the brightness in this study was set to
maximum. Furthermore, the auto-brightness feature was dis-
abled because the CT image review using an iPhone was per-
formed in a bright ED, which is similar to emergency clinical



J Digit Imaging (2015) 28:399-406

401

Table 1  The specifications of the two displays used in this study
iPhone 5S Clinical LCD

monitor

Type of display LED-backlit IPS Color LCD

LCD (Retina)

Screen shape 16:9 4:3

Number of pixels 1136x640 (326 PPI) 1600x1200

Luminance (max) (cd/m?) 556 300

Luminance used (cd/m?) 556 170*

Display size, diagonal (cm) 10.2 54

Contrast ratio 800:1 1000:1

DICOM calibration None Calibrated

#The provided luminance of the DICOM calibration mode was fixed at
170 cd/m?

DICOM digital imaging and communications in medicine, LCD liquid
crystal display, LED light-emitting diode

settings. Screen protectors were not applied because they may
obscure the image data.

PACS Workstation with High-Resolution LCD Monitor
in the ED

A desktop computer (DB405T2A, SAMSUNG, Korea) with
an LCD monitor (MX210, EIZO, Japan), which had previous-
ly been used to view radiologic images in the ED, was used as
a server to remotely transmit the CT images to the iPhone.
Windows 7 and a DICOM viewer (PiViewerSTAR, Infinitt
Healthcare, Korea) were installed on this computer.

The high-resolution LCD monitor, with 1600 x 1200 pixels
and a diagonal size of 54 cm, was used to view the CT exam-
ination during rating. The detailed specifications are shown in
Table 1. This monitor was calibrated with DICOM Grayscale
Standard Display Function and quality control software
(RadiCS, EIZO) and an External Sensor (UX1 Sensor, EIZO)
[14]. The luminance of the DICOM mode of this clinical
monitor was set to 170 cd/m* by the manufacturer, which
the American College of Radiology (ACR) has recommended
as the minimum level of luminance for a clinical monitor.

Remote Accessing System

The free remote control program (TeamViewer 9, TeamViewer
GmbH, Germany) was installed on the server side computer
[15], and the application of the TeamViewer Remote Control
for the iPhone was downloaded onto the iPhone [16], which
enabled the iPhone to remotely link with the PACS workstation
of the ED via the TeamViewer relay server. Therefore, out-of-
ED physicians could remotely control the PACS workstation
and observe the CT images transmitted from the PACS work-
station using their own handheld iPhones. The image data from
the server to the iPhone were protected by supporting the coded

network communication [17]. All DICOM viewer functions
such as windowing, zooming, panning, and using calipers were
available on the iPhone. In this study, we used the 3G mobile
network for remote connection.

Review of Abdominal CT Images

Sixteen board-certified emergency physicians with more than
5 years of experience with CT reading for acute appendicitis
(maximum experience of 9 years) were recruited as raters and
asked to review the 120 preselected CT examinations. The
raters were randomly divided into two groups. At their first
visit, the raters in group one reviewed the CT examinations
numbered from 1 to 60 using an LCD monitor; after a man-
datory 20 min of rest, they reviewed the remaining CT exam-
inations numbered from 61 to 120 using an iPhone with
TeamViewer. The other group first reviewed the CT scans
numbered from 1 to 60 using an iPhone with TeamViewer
and subsequently reviewed scans 61 to 120 using the LCD
monitor. There was no time limit for the rating examination.
The raters visited two times within an interval of 4 weeks and
reviewed the CT scans using the reverse devices at each
session.

With the exception of sex, age, and their chief complaint,
the patients’ clinical information was not disclosed. The raters
were instructed to rate the likelihood of the presence or ab-
sence of appendicitis in each case using a five-point Likert
scale (1=absence of appendicitis, 2=probable absence of ap-
pendicitis, 3=inconclusive, 4=probable presence of appendi-
citis, and S=presence of appendicitis).

All raters viewed both displays directly perpendicular to
the surface of the display because the LCD could not display
auniform gradient of the intensity values on the viewing angle
[18]. The distance between the display and the reviewer’s eyes
was set to more than 25 cm, which is considered the minimum
viewing distance wherein the screen is perfectly sharp for the
eyes of an individual with 20/20 vision [12]. The screen of the
iPhone was wiped using a lens cloth prior to and during use, if
necessary, because the touch screen is susceptible to dirt, in-
cluding oil, which would obscure the image and reduce the
contrast. The PACS workstation (server side computer) and
the LCD monitor were located in the ED under suboptimal
illumination (300 1x), which was measured with photometry.
The remote review using an iPhone was conducted in the
office, which had similar illumination as the ED. The down-
load rate of the 3G network was evaluated with the
smartphone application BENCHBEE at the beginning and
end of the CT review [16].

Data Analysis

The descriptive data are expressed as the mean and 95 %
confidence interval (CI). McNemar’s test was used to compare
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the sensitivity and specificity between the iPhone display and
the LCD monitor of the desktop PC [19]. The sensitivity and
specificity for detecting the appendix were calculated; ratings
of three or fewer were negative, and the gold standard was the
pathology report. The areas under the receiver operating char-
acteristic (ROC) curves for each display device for all re-
viewers and the differences in each reviewer’s performance
between the two devices were calculated according to the
Dorfman-Berbaum-Metz method (DBM), using
Obuchowski-Rockette and Dorfman-Berbaum-Metz multi-
reader, multi-case (OR-DBM-MRMC) software (version
2.4) [9]. The inter- and intra-rater agreements between the
two devices were analyzed using the kappa coefficient. The
kappa value was regarded as follows: poor (<0.20), fair (0.21—
0.40), moderate (0.41-0.60), good (0.61-0.80), and very good
(0.81-1.00).

Results

The characteristics of the selected cases are shown in Table 2.
The age range of the 120 patients was 19-81 years (mean age
37.8, CI 35.3-40.3). The mean download rate of the 3G net-
work was 5.3 Mbps (CI 4.8-5.8, minimum 3.1 Mbps, and
maximum 7.8 Mbps). The mean durations of single session
reviews (60 exams) with the iPhone and LCD monitor were
79.3 min (CI 73.7-85.0) and 62.4 min (CI 57.1-67.6),
respectively.

The accuracy of diagnosing suspected appendicitis using
the iPhone display and LCD monitor was high, and they were
not significantly different. The overall sensitivity of the
iPhone and LCD monitor for the diagnosis of appendicitis
was exactly identical (0.91, CI 0.89-0.93), and the overall
specificities of each device were 0.95 (CI 0.93-0.96) and
0.96 (0.94-0.97), respectively (Table 3).

Table 2  The characteristics of the selected cases

Cases with Cases without
appendicitis appendicitis
Sex, male, n (%) 32(53.3) 28 (46.7)
Age, year, mean (CI) 38.7 (34.7-42.7) 36.9 (33.9-40.0)
Diagnosis, n (%)
Acute appendicitis 60 (100) 0(0)
Nonspecific 46 (76.7)
(nonremarkable finding)
Diverticulitis 4(6.7)
Enterocolitis 5(8.3)
Mesenteric lymphadenitis 2(3.3)
Gynecologic problem 3(5

CI 95 % confidence interval
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The average areas under the ROC curve for all readers’ CT
readings with the iPhone and LCD monitor were 0.978 and
0.974, respectively; there was no significant difference in the
diagnostic performance between the two devices (P=0.55).
Each reader also demonstrated a similar diagnostic perfor-
mance between the two devices (Table 4).

The inter-rater agreement for each device was very good;
the kappa value was 0.809 (CI 0.793-0.826) for the
smartphone and 0.817 (CI 0.801-0.834) for the LCD monitor.
Each rater had moderate-to-very good intra-observer agree-
ment between the two devices (Table 5).

Discussion

In this study, we verified the feasibility of a smartphone-based
remote control system as a real-time remote CT reading tool
for suspected appendicitis. Several previous reports have dem-
onstrated that there is no difference in the diagnostic accuracy
for CT readings between smartphones and typical PACS
workstations in various diseases [7, 18, 20-22]. However, to
the best of our knowledge, this is the first study to demonstrate
the diagnostic “performance” of remote CT reading for acute
appendicitis using a smartphone, which has good concordance
with the performance of the PACS workstation LCD monitor
under bright ambient lighting in a “realistic ED setting” and
using “real-time data transmission” with a 3G network. Other
remote viewing systems used in previous studies have been
predominately designed as a “thin client,” which should
download all applications and data from the server. Therefore,
smartphones that use their own versions of the programming
language require specific programs to use the DICOM server,
indicating that there are additional costs. Furthermore, the
downloading process is time-consuming, which would restrict
the active use of this system in an emergency situation. How-
ever, the televiewing based on the free remote control system
used in this study does not require extra costs and enables
access to the DICOM viewer in real time.

In this study, the areas under the ROC curves for the
raters were high for both the iPhone with the mobile
network and the LCD monitor of the PACS workstation;
the differences between the two devices were not sig-
nificant. The diagnostic performance of all raters using
both devices was similar, which may also indicate that
all cases included were very easily diagnosed. There-
fore, an evaluation of the differences might be difficult.
However, we selected 120 consecutive cases during the
study period, and it is almost certain that equivocal
cases were included. The raters encountered challenging
cases during the rating examination, which is similar to
the real ED situation.

At first, the raters faced difficulties controlling the DICOM
viewer through the iPhone, especially in the process of
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Table 4  Comparison of the diagnostic performances of the iPhone and LCD monitor

Raters Area under the ROC curve Difference between areas p value 95 % CI
iPhone 5 LCD

1 0.956 0.976 —0.020 0.475 —0.074, 0.035
2 0.955 0.983 —0.027 0.143 —0.064, 0.009
3 0.962 0.983 —0.021 0.150 —0.051, 0.008
4 0.987 0.964 0.024 0.473 —0.041, 0.088
5 0.949 0.957 —0.009 0.726 —0.057, 0.040
6 0.989 0.986 0.003 0.475 —0.006, 0.012
7 0.989 0.954 0.035 0.081 —0.004, 0.075
8 0.981 0.987 —0.006 0.541 —0.026, 0.014
9 0.985 0.993 —0.008 0.326 —0.025, 0.008
10 0.992 0.978 0.014 0.573 —0.036, 0.064
11 0.992 0.993 —0.001 0.746 —0.008, 0.006
12 0.960 0.921 0.039 0.403 —0.053, 0.130
13 0.997 0.988 0.009 0.344 —-0.010, 0.027
14 0.981 0.950 0.031 0.479 —0.055, 0.117
15 0.985 0.993 —0.008 0.326 —0.025, 0.008
16 0.992 0.982 0.009 0.668 —0.034, 0.052
Overall, mean (CI) 0.978 (0.965, 0.991) 0.974 (0.960, 0.988) 0.004 0.552 —0.009, 0.017

ROC receiver operating characteristics, LCD liquid crystal display, C7 95 % confidence interval

measuring the diameter of the appendix with calipers and
scrolling the screen. However, they easily became accustomed
to this procedure within 10 min of practice prior to the rating
examination, and they did not encounter any major difficulties

Table 5 Intra-rater agreement for the 16 participants
Raters Weighted kappa iPhone p value 95 % CI
with LCD

1 0.883 <0.001 0.799, 0.967
2 0.683 <0.001 0.553,0.814
3 0.833 <0.001 0.734, 0.931
4 0.883 <0.001 0.799, 0.967
5 0.764 <0.001 0.649, 0.880
6 1.000 <0.001 1.000, 1.000
7 0.800 <0.001 0.694, 0.907
8 0.767 <0.001 0.652, 0.882
9 0.867 <0.001 0.778, 0.956
10 0.950 <0.001 0.894, 1.000
11 0.883 <0.001 0.799, 0.967
12 0.831 <0.001 0.731, 0.931
13 0.933 <0.001 0.869, 0.998
14 0.817 <0.001 0.714, 0.920
15 0.867 <0.001 0.778, 0.956
16 0.950 <0.001 0.894, 1.000

LCD liquid crystal display, CI confidence interval
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in controlling the DICOM viewer with the iPhone during rat-
ing. However, the mean time for one session (rating 60 exam-
inations) with the iPhone was significantly longer compared
with the PACS workstation (79.3 vs. 62.4 min, respectively,
P<0.001), which could be problematic in a real clinical situ-
ation if the experts outside of the ED who are requested to
review the remote CT readings are not familiar with the
iPhone-based DICOM viewer control.

There are several considerations with remotely viewing the
radiologic images using a smartphone outside of the hospital.
First, the patients’ information should be protected. The re-
mote viewing system used by TeamViewer as a remote control
system in this study has high security standards. The connec-
tions between the server side computer and the remote view-
ing display are established by fully encrypted data channels
that use a 2048-bit RSA key exchange (which is one of the
first executable public cryptosystems described by Ron
Rivest, Adi Shamir, and Leonard Adleman) and a 256-bit
Advanced Encryption Standard (AES) session, with encoding
established by the US National Institute of Standards and
Technology. The two-factor authentication adds an additional
security layer to protect the account against unauthorized ac-
cess [17]. Furthermore, this remote control system does not
require storage of the patients’ medical records, including ra-
diologic images, in the remote viewing display; therefore, pa-
tient information can be protected from leakage via the remote
viewing display outside of the ED.
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Second, the remote viewer can be used behind firewalls,
blocked ports or network address translation (NAT) routing
because most hospitals utilize these systems. The remote con-
trol system, including TeamViewer, can always find a route
between the server and the remote display [17].

Third, the available mobile Internet network should be sup-
ported. The average mobile Internet speed that we used for the
rating examination (5.32 Mbps) was slower compared with
the South Korean average in the first quarter of 2014 reported
by Akamai (14.7 Mbps); this lower speed occurred because
we only used the 3G network, which has the lowest connec-
tion speed in Korea [23]. Of the 56 countries included in the
Akamai report, 21 countries had an average connection speed
higher than 4 Mbps, which was regarded as the “broadband”
level mobile connectivity. We expect that the same good con-
cordance with the results of this study could be observed in
these countries. However, the remaining 35 countries had an
average connection speed under 4 Mbps, and even in South
Korea, with the highest average connection speed in the
world, 25 % of all connections had a connection speed under
4 Mbps. Therefore, further studies at this low mobile internet
speed are needed. In this study, three raters conducted the
examinations at a speed slower than 4 Mbps (3.1, 3.3, and
3.7 Mbps), and their results had good concordance with the
final results of this study.

Fourth, this smartphone-based remote viewing system
should be used under a very wide range of ambient light-
ing conditions that are frequently much brighter than
medical monitors. The ACR recommends that conven-
tional CT reading must be performed under dim ambient
lighting (2040 1x) in the case of PACS workstation
reviewing because bright ambient lighting can signifi-
cantly reduce the display contrast, thereby reducing the
viewer’s ability to perceive subtle image details [24].
However, in real clinical situations, emergency physi-
cians frequently perform the CT reading under the gen-
eral residential indoor lighting; thus, the smartphone-
based televiewing should also be performed under bright
ambient lighting. Therefore, this study was designed to
investigate whether emergency physicians could have
similar diagnostic performance and accuracy for detect-
ing the presence of appendicitis on a smartphone under
general residential indoor lighting (i.e., 100-500 1x) com-
pared to those using the high-resolution LCD monitor of
the PACS workstation under similar lighting. In this
study, the illumination was set to 300 Ix for both loca-
tions, including the examination location for tele-
interpretation using the smartphone and the location of
the PACS workstation in the ED. This study demonstrat-
ed the feasibility of the smartphone-based real-time re-
mote CT reading under general residential indoor light-
ing. However, further studies regarding the feasibility of
this practice under brighter ambient lighting that exceeds

300 Ix are required because smartphones can be used
under this brighter lighting.

Finally, the images transmitted to the smartphone
through the real-time mobile network must have suffi-
cient quality to be interpreted against the images on the
LCD monitor. The iPhone 5 provides a similar image
viewing quality compared to the clinical LCD monitor
[7, 18, 20-22]. The iPhone 5 has sufficient pixel pitch
to support the radiology images at their original size and
sufficient brightness and contrast to meet the ACR
guideline recommendations for medical monitors [24].
The difference in the image quality between the radiolo-
gy images transmitted to the iPhone under the low-speed
3G network in real time and the original images of the
high-resolution LCD monitor was not significant, given
that there was no significant difference in the interpreta-
tive performance in the CT reading for acute appendici-
tis, which requires the perception of complicated, subtle,
and detailed findings.

Maluccio et al. reported that the predictive ability of CT for
acute appendicitis depends on the interpreters’ level of inter-
pretative skill. The authors suggested that the initial CT inter-
pretation by the resident did not correlate with the pathology
result [5, 19]. Even residents with a low level of experience
can easily diagnose appendicitis in cases in which patients
exhibit typical signs, but they often face challenging patients
with equivocal CT signs of appendicitis. Residents are likely
to miss the diagnosis in these patients. Many Korean EDs do
not have sufficiently skilled CT interpreters available 24 h/
day; this may be similar worldwide. Therefore, some patients
are likely to be evaluated on the basis of the preliminary in-
terpretation of the residents. In fact, the final interpretation of
these patients is often changed by the experts’ interpretations
the subsequent morning [19]. Some patients may undergo
unnecessary surgery, whereas other patients may fail to be
diagnosed with appendicitis. If these remote viewing systems
are available, the number of missed patients would decrease.
Because CT reading for acute appendicitis requires the per-
ception of complicated, subtle, and detailed findings including
mesenteric infiltration and wall thickening, the feasibility of
iPhone-based CT reading for acute appendicitis supports the
potential use of this teleradiology system for other diseases.

There are several limitations in this study. Although the
overall diagnostic accuracy and performance of iPhone-
based CT reading was concordant with the conventional CT
reading with an LCD monitor, some raters had difficulty in
reviewing the CT image using the iPhone. Furthermore, the
cases included in this study were only acute appendicitis
cases. Therefore, this study could not confirm that the iPhone
would be generally applicable as a remote CT reading tool in
every clinical situation. This study also could not show that
the diagnostic accuracy and performance of the iPhone for
abdominal CT reading are similar to the 3-megapixel
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diagnostic monitor (high specification) that is usually used in
radiology room because we only used the clinical monitor
with a medium level of specification in this study. However,
the diagnostic accuracy and performance of the iPhone were
very high; thus, the difference between the diagnostic monitor
and the iPhone would not be significant.

Conclusion

The diagnostic accuracy and performance regarding the diag-
nosis of acute appendicitis using remote- and real-time-
transmitted CT images on a smartphone and original CT im-
ages on a high-resolution LCD monitor, which were examined
under residential indoor lighting, were not significantly differ-
ent. These findings may be particularly helpful in many clin-
ical settings where on call experts are not always available to
access the PACS workstation.
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