User Interface of a Teleradiology System for the MR Assessment
of Multiple Sclerosis

G. Luccichenti, F. Cademartiri,2 A. Pichiecchio,® E. Bontempi,* U. Sabatini," and S. Bastianello®

The aim of this study was to assess the image display of
a web-based teleradiology system that uses a common
web browser and has no need of proprietary applets,
plug-ins, or dedicated software for DICOM display. The
teleradiology system (TS) is connected to the Internet by
ADSL and to radiological modalities using the DICOM
standard with TCP/IP. Images were displayed on a PC
through Internet connection with the remote TS using a
common web browser. MS lesion number and volume in
T1- and T2-weighted images (T1w and T2w, respec-
tively) of 30 brain MR studies were quantified using both
the TS and a conventional software. Wilcoxon signed
ranks test and intraclass correlation coefficient (ICC)
were used to assess the variability and concordance
between intra- and inter-observer and TS and conven-
tional DICOM viewer, setting significance at p<0.05. No
significant differences in T1w and T2w volumes
between the TS and the conventional software were
found by either operator. The ICC results showed a high
level of inter-operator agreement in volume estimation in
T1w and T2w images using the two systems. Quanti-
tative assessment of MS lesion volumes in T1w and
T2w images with a user interface of a teleradiology
system that allows the consultation by means of a
common web browser, without the need for proprietary
plug-ins, applets, or dedicated software for DICOM display
showed no significant differences from, and almost
complete agreement with, conventional DICOM viewers.
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INTRODUCTION

M agnetic resonance (MR) imaging is currently
used in patients with multiple sclerosis (MS)
for diagnosis, to assess disease progression and to
depict active lesions. MR examination should be per-
formed possibly by experienced neuroradiologists. In
addition, quantitative assessment of MS lesions, when
possible, may be useful, particularly in multicentric

scientific studies, in which neuroimaging represents a
tool to measure the outcome'”. However, in several
clinical settings a neuroradiologist, is not available and
the quantitative assessment of MR exams cannot be
performed because it is time-expensive, it requires
advanced techniques and trained personnel.

Improvements in information technology have
led to a rapid development of teleradiology, the
electronic transmission of radiological images
from one location to another for a variety of
purposes, mainly interpretation/consultation and
scientific studies’ . Teleradiology may be useful
in the above-mentioned cases in which an experi-
enced neuroradiologist is not available for second
opinion or for centralizing image analysis.

The research in teleradiology is focused mainly
on three objectives. The first objective is to reduce
the amount of memory required for the encoding
of radiological images, preserving information,
through the enhancement of the Digital Images
and Communications in Medicine (DICOM) 3.0
standard®. The second objective is to increase the
transmission rate of the networks. Although there
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is a great distribution of broadband Internet
connections in western countries, the transmission
rates varies in relation to regions and may be
suboptimal in non-western countries’.

The third objective is to improve the display of
DICOM images. Web-based teleradiology systems
use common web browsers that are present in all
personal computers (PCs), although plug-ins, applets,
or more advanced software are needed to display
DICOM images. Allowing all PCs to display images
in an easy, secure, and reliable way is crucial for image
distribution because dedicated workstations are expen-
sive and available only in the radiological departments
with a suitable budget, which is not always the case.

Image compression, Internet connection, and
standard file format may be useful to reach these
objectives. These three concepts have together
been implemented in a low-cost solution for the
remote consultation of images that uses a common
web browser without the need for applets, plug-
ins, or dedicated software for DICOM display.
This solution may be of great interest in non-
western countries, or in remote sites where broad-
band connections are unavailable, for second
opinion, or centralized quantification.

The aim of this study is to quantitatively assess MR
examination of MS patients by using a teleradiology
system. The majority of the previous studies have
focused on specific aspects of teleradiology, such as
image compression algorithms® 2°, transmission rates
and architecture', ergonomics, patient management
and practical/economic/legal aspects *>**, but, to our
knowledge, none of them assessed teleradiology user
interface in MR of MS patients.

This paper focuses on the last of these aspects,
aiming to assess the quantification of multiple
sclerosis (MS) lesions in brain magnetic resonance
(MR) studies using the above-mentioned teleradi-
ology system, in comparison with that of a
professional DICOM viewer.

MATERIALS AND METHODS
Image Display Systems

The teleradiology system (TS; Dilogix, Italy) is
installed in the radiology department and is
connected to radiological modalities (i.e., comput-
ed tomography (CT), magnetic resonance imaging
(MR), digital radiology (DR), ultrasound imaging)
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or a picture archiving and communicating system
(PACS) directly or through the local radiology
network. Images are sent from these modalities to
the TS using the DICOM standard with Transmis-
sion Control Protocol/Internet Protocol (TCP/IP),
the same procedure used for transferring images to
the local PACS. Images are stored in the TS in
non-compressed DICOM format.

TS software is programmed in C language
integrated with Flash Player Adobe®. TS is
connected to the Internet through at least an
asymmetric digital subscriber line (ADSL). Images
can be displayed in a remote PC through Internet
connection with the TS. When a study is accessed,
TS produces a compressed copy of the requested
images using the 8-bit Joint Photographic Expert
Group (JPEG) algorithm®*?°. Compression reduces
memory requirements, thereby allowing rapid visu-
alization even using a normal dial-up connection
(with a speed of under 56 kb/s). In other words,
whereas ADSL connection between TS and Internet
is needed, even a normal dial-up connection is
necessary to connect to TS for image display from
the remote PC. Using a standard 8-bit lossless JPEG
compression with a quality factor of 95% and a
standard 2 Mb/s ADSL connection, 44 MR images
of the brain 256 matrix were visualized in almost
30 s. Images are displayed using a common web
browser without proprietary plug-ins, applets, or
dedicated software for DICOM. Once logged in,
consultants select the patient’s study (Figs. 1, 2, 3)
and series of images are displayed directly in the web
browser. Images are displayed with the same window
settings used by the technologist in the scanner
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Fig 1. Teleradiology system user interface: patient list with
the examination sequences.
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Fig 2. Teleradiology system user interface: display of a T2-weighted MR sequence of a patient with MS.

console. TS allows the operator to adjust brightness
and contrast. When applicable, upon request, new
grayscale window settings can be set; in this case,
DICOM images with new window settings are
compressed and re-displayed in the web browser.
Measurement tools and DICOM information are
available. Previous examinations can be displayed in
a separate window. A box allows the operator to write
reports, which are sent as encrypted e-mails to the
radiology department, with a feedback system ensur-
ing correctness of transmission. Reports are automat-
ically archived and linked to patient’s study. Security
authentication and encryption using 128-bit secure
socket layer (SSL) technology are implemented, and
each access to the system is detected and recorded.

The other systems for DICOM display was JIM
(Xinapse, Northants, U.K.), a radiological image
(DICOM, Analyze, UNC) viewer and analysis tool
written in Java, and designed for MS lesion
quantification.

Assessment of the Software

The assessment of these image display systems
was carried out using a professional workstation in
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Fig 3. Teleradiology system user interface: segmentation of a
MS lesion.
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the analysis laboratory, with an HDSL connection
to Internet (2 Mb/s). The computer monitor was a
high-resolution, 22" CRT (cathode ray tube)
monitor capable of displaying 2,048 x 1,536 pixels
with a dot pitch of 0.24 mm and a refresh rate of
80 Hz. These specifications meet the standards for
primary teleradiology interpretation developed by
the American College of Radiology’. In addition,
the standard quality procedures of the analysis
laboratory included the calibration of the display
systems for DICOM images. In the workstation,
Internet Explorer 6.0 (Microsoft, IL, USA) web
browser was also present.

JIM viewer was installed in the workstation which
was also utilized for image display with the TS.

For the purpose of the current study, the TS was
installed in a radiology department situated 1.1 miles
from the image analysis laboratory. The radiology
department and laboratory both had a 2 Mb/s ADSL
Internet connection. In the assessment with TS,
image display and lesion segmentation were done
with maximum lossless JPEG image quality (>95%).
Due to the lack of absolute signal references, optimal
grayscale values for assessing MS lesions were set
arbitrarily on the MR console, but operators were
free to adjust window settings.

To summarize, the same above-mentioned
workstation was used for the assessment of TS
and JIM. Images were displayed on the PC in two
ways: by means of Internet link-up between the
laboratory and the remote TS; or by the loading of
local DICOM images onto JIM.

MR Studies

Thirty MR studies of patients with MS were
randomly selected from a clinical study database.
This database included brain MR studies performed
on relapsing—remitting MS patients with varying
degrees of neurological impairment and an Expanded
Disability Status Scale (EDSS) score >3°*". This
study was approved by the local ethics committee and
the patients involved gave their informed consent.
From each MR study, two series of 44 images (slice
thickness 3 mm; slice gap 0 mm; FOV, 250 mm;
image matrix, 256 x256), respectively, T1w (TR/TE,
600/15 ms) and T2w (TR/TE, 2,500/87 ms), were
utilized for the present study. MR images were
anonymized, randomized, and stored in the TS hard
disk in the radiology department and in the worksta-
tion in the laboratory.
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Lesion Quantification

Two trained operators, both radiologists with more
than 2 years experience in lesion volume quantifica-
tion (Operator 1, 4 years and Operator 2, 2.5 years),
quantified lesion in T1- and T2-weighted image
series (T1w and T2w, respectively). The lesions were
assessed in number and size.

Lesions in T1w images were identified as hypo-
intense areas (black holes) with respect to normal-
appearing white matter. Lesions in T2w images were
identified as hyperintense areas with respect to
normal-appearing white matter. T1w and T2w lesion
volumes (in cubic millimeters) were obtained
through manual segmentation, defining lesion mar-
gins with the mouse cursor. Operators were allowed
to magnify and scroll images in order to discriminate
lesions from partial volumes of ventricles, and to
adjust window display settings.

To overcome the problem of potential variability
due to the use of different hardware, the operators
used the same workstation to link-up with the TS and
to carry out measurements using JIM.

Statistical Analysis

Statistical analysis was carried out using the SPSS
11.0.0 package (SPSS Inc, Chicago, IL, USA), using
the Wilcoxon signed rank test (U test), two-way
intraclass correlation coefficients (ICCs). Statistical
significance was set at p<0.05 with 95% confidence
interval (CI).

The measurements of lesion number and volume
were obtained in T1w and T2w using two software
by two observers. The following analyses were done:

e Comparison between software: for each ob-
server, the difference and correlation of the
between TS and JIM measurements of T1w
and T2w lesion number and volume.

e Interobserver variability: for each software (TS
and JIM, respectively), the difference and corre-
lation between observers of the measurements of
T1w and T2w lesion number and volume.

RESULTS

No error of transmission occurred in any case.
MS lesions were distributed in the white matter,
mainly paraventricular.
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Table 1. Wilcoxon Signed Rank Test, Intraclass Correlation Coefficients (ICCs) and 95% Confidence Interval (IC) Between Systems

Image weighting Paired samples Wilcoxon test ICC 95% Cl of ICC
Oper.1 T1w JIM;-TS, 0.052 0.978? 0.955; 0.99

T2w JIM,-TS; 0.262 0.986° 0.97; 0.993
Oper. 2 T1w JIM,-TS, 0.046 0.964% 0.925; 0.982

T2w JIM,-TS, 0.894 0.975° 0.949; 0.988

The first column shows the operators and the second column the image weighting of the dataset in which measurements were carried
out. The numbers under the software acronyms indicate the operator who performed the measurements. For each operator and image
weighting, no significant differences were observed between measurements obtained with each system

®The ICC was significant in all cases

The pooled mean of the number of lesions in
Tlw images per patient (obtained from both
observers and with all methods) was 3.16, ranging
from 0 to 21; the mean lesion volume was 265 mm’®
(with a standard deviation of 412.92 mm?®), ranging
from 0 mm® to 1837 mm’.

The pooled mean of the number of lesions in T2w
images per patient (obtained from both observers and
with all methods) was 17.87, ranging from 2 to 43;
the mean lesion volume was 2,277 mm® (with a
standard deviation of 2097.48 mm®), ranging from
232 mm’ to 10936 mm’.

The results are summarized in Tables 1 and 2.

The comparison between software showed, for
each operator, no significant differences in T1w or
T2w volumes were observed between TS and JIM
(»p>0.05).

These results show a high intra-observer agree-
ment in volume estimation of lesions in T1w and
T2w images using the two systems (p<0.05).

The inter-operator analysis showed no signifi-
cant differences in T1 volumes were observed
between the two operators in any case (p>0.05).
Significant differences in lesion volumes in T2w
images were observed between the two operators
in all cases (p<0.05). These results show inter-
operator agreement in volume estimation in T1w
and T2w images using the two systems (p<0.05).

DISCUSSION

The TS transmits JPEG-compressed images.
Compression algorithms are categorized into two
groups according to their capacity to preserve
image information. With “lossless” algorithms,
image compression up to 2/1 or 3/1 can be
obtained without loss of information. Conversely,
with “lossy” algorithms, higher compression ratios
are achieved, but against that, images are irrevers-
ibly altered and there is some loss of information.
Diagnostic accuracy is preserved with compression
ratios ranging from 10/1 to 40/1, depending on the
modality (DR, CT, or MR), organ (lung, liver, or
brain), and lesion composition (for example, high-
contrast structures such as lung nodules and low-
contrast structures such as early brain ischemia on
CT)' O 1L13:15.16.18.20 " However, assessment of im-
age compression algorithms is not the aim of this
article; for this reason images were assessed with
maximum image quality.

No significant differences emerged in the
measurements in Tl and T2 images between
systems or between observers; indeed, there was
almost complete intra-observer agreement. This
means that the TS, with the above-specified
settings, is as detailed and precise as conventional
DICOM viewers. The incomplete inter-observer

Table 2. Wilcoxon Signed Rank Test, Intraclass Correlation Coefficients (ICCs) and 95% Confidence Interval (IC) Between Operators

Image weighting Paired samples Wilcoxon test sig. ICC 95% Cl of ICC
Oper. 1 vs Oper. 2 Tlw JIM;-JIM, 0.361 0.946? 0.888; 0.974
TS,-TS;, 0.876 0.928° 0.856; 0.965
T2w JIM;-JIM, 0.001° 0.908? 0.712; 0.963

TS,-TS;, 0.012° 0.909°7 0.779; 0.96

The first column shows the operators and the second column the image weighting of the dataset in which measurements were carried
out. The numbers under the software acronyms indicate the operator who performed the measurements. No significant differences
emerged between the operators’ results when measurements were performed in T1w images

®The ICC was significant in all cases

bSignificant differences between operators were observed in volume measurements in T2w images
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agreement did not affect the comparison of the
software systems, since each system was in any
case tested in identical conditions. Operator 2
showed higher variability than operator 1, who is
more experienced. It is likely that T2w images
enhanced inter-observer variability because more
lesions are present. Conversely, Tlw images
showed small inter-observer differences due to
fact that MS hypointense lesions are fewer in
number but more evident when present.

No MR studies of healthy individuals were
assessed because the aim of this investigation
was not to assess the software systems’ accuracy
in the diagnosis of MS lesions but rather to
quantify differences in image display between
them. The assessment was performed in patients
with varying degrees of neurological impairment.
Had this study included only early MS, it is likely
that it would have been based on fewer lesions,
and that the lower number of lesions would have
affected the results.

The present study assessed the first and the
third above-mentioned aspect affecting teleradi-
ology: image size and DICOM format. The TS
differs both from conventional DICOM viewers
and from several teleradiology systems in that no
proprietary applets, plug-ins, or dedicated soft-
ware for displaying DICOM images are required
in the remote PC. A common web browser allows
images to be displayed quickly and anywhere,
thereby potentially reducing drastically the costs of
image distribution within and between hospitals.
From this perspective, expensive workstations
would be needed only for image post-processing
and analysis.

The second aspect is the use of the Internet for
transmission: TS allows image display in all PCs,
without the need of dedicated networks, even in
suboptimal broadband connection settings as in
some regions of western countries and in several
non-western countries. For this reason, BB could
be potentially suitable for second opinions and
centralized reading.

In other words, with such image-sharing tech-
nology, the resources of centers where there is a
need for radiological examinations can be opti-
mized at very little cost.

A limitation of this study is that other aspects of
teleradiology were not investigated for this TS;
however, the aim of this study was not to assess
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the whole TS but rather an application to a disease.
An additional limitation is that only MR of MS
patients were assessed for the comparison. How-
ever, MR of MS patients are suitable for quanti-
fication with standard techniques that are widely
accepted. In addition, testing the system with all
the human diseases would be difficult and MS
could represent a suitable model with lesions with
high and low contrast with respect to the surrounding
tissues.

In conclusion, quantitative assessment of MS
lesion volumes in Tlw and T2w images with a
user interface of a teleradiology system that allows
the consultation by means of a common web
browser, without the need for proprietary plug-ins,
applets, or dedicated software for DICOM display
showed no significant differences from, and almost
complete agreement with, conventional DICOM
viewers.
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