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Abstract

In this article, we proposed a multifunctional telemedicine system supporting both telediagnosis and teleconsulta-
tion services. We attempted not only to insure that the implementation of this system satisfied most requirements, but
also to evaluate the impact of the system. With regard to system architecture, we designed a unified multimedia
database to store all types of data and used two kinds of network (ATM and ISDN) for different possible
applications. As for data transmission, the REFRESH and PREFETCH mechanisms were implemented to enhance
data transfer efficiency. A total of 1107 consultations employing the telemedicine system were performed during the
past 3 years. This technology was used most frequently for radiology consultation (32.7%, n = 362) and ultrasonic
examination (19.5%, n = 216). An evaluation of the impact on diagnosis (507 valid cases) indicated that the diagnosis
in 80 cases (15.78%) were altered on the basis of second opinions from a medical center; and the number of patients
transferred to the medical center was reduced from 24 (4.7%) to eight cases. Most of the rural-site physicians (97%)
thought that they did benefit from specialists’ experience and knowledge via the telemedicine system. Based on 431
valid questionnaires, the number of the patients with confidence in the telemedicine system at their local healthcare
center increased from 72.6% to 87.5%. Overall, more than 90% of patients and physicians believed that the system was
valuable and provided satisfactory services. © 2001 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction telemedicine can support two types of health-
care services. One is off-line telediagnosis and

Telemedicine can be defined as a system the other is real-time teleconsultation. Teledi-
that provides medical services over long dis- agnosis can be performed asynchronously.
tances. Depending on the mode of operation, That is, the specialist can make the diagnosis

at his convenience and then forward the re-

—_— sults to a physician at a remote site. High-
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teleconsultation, the physicians at a remote
site and the specialist in a medical center
discuss the patient’s records interactively. A
real-time videoconferencing system and a
document-sharing mechanism are the most
essential elements of the teleconsultation
mode [1].

The most frequent clinical application of
telemedicine is in radiology. Telediagnostic
services in radiology are now termed teleradi-
ology. Teleradiology has been practiced in
the Nordic countries since 1991 [2,3]. Medical
information and images formerly were trans-
mitted through a 64-kbps telephone line from
a rural health center to a medical center.
Thanks to recent improvements in network
technology, a large amount of medical infor-
mation can currently be transferred back and
forth at a higher transmission rate [4-6].
Apart from teleradiology, clinical applica-
tions of telemedicine also include telecardiol-
ogy, telepathology, teleneurology and
telepsychiatry [1,7]. In these teleconsultation
modes, real-time discussion between physi-
cians in remote areas and specialists at a
medical center is a very important aspect.
Thus, the system must be capable of transfer-
ring audio and video signals, as well as diag-
nostic images and bio-signals, both
simultaneously and synchronously.

The National Taiwan University Hospital
(NTUH) has been developing a telemedicine
system since 1995 for the purpose of improv-
ing healthcare in rural areas [8]. Compared
with the systems described in previous stud-
ies, the NTUH telemedicine system is con-
structed to serve multiple functions and to
support both telediagnosis and teleconsulta-
tion. The departments involved include radi-
ology, internal medicine, surgery,
dermatology, family medicine, gynecology
and psychiatry. Our project attempts not
only to insure that this system satisfies most
requirements in the many applications, but

also to evaluate the influence and impact of
telemedicine. This paper is a retrospective
evaluation of the performance of this system
in terms of both patient’s and doctor’s satis-
faction, stability of system and clinic benefits.

2. Methods and materials

2.1. The Infrastructure of the NTUH
telemedicine project

Hampered by mountain and island geogra-
phy, medical resources are poorly distributed
in rural areas of Taiwan. Some physicians are
reluctant to serve in rural areas because of
the feeling of isolation and the lack of oppor-
tunities for continuing medical education
(CME). People living in rural areas thus of-
ten receive relatively inadequate healthcare.
We have therefore built the NTUH
telemedicine system in order to alleviate these
problems. Its specific goals are: (1) to im-
prove medical service in rural areas; (2) to
reduce the frequency of referrals; (3) to
provide CME opportunities to the physicians
in rural areas; and (4) to share advanced
knowledge and expertise from the medical
center. Using this channel of communication,
physicians at a rural site can receive diagnos-
tic opinions through telemedicine and obtain
advanced medical knowledge from specialists
at the medical center. Better healthcare and
reduced transportation costs for patients are
also expected benefits.

The  architecture of the NTUH
telemedicine system is shown in Fig. 1. The
system includes remote sites (e.g. Chinshan
Health Station and National Chung Kung
University Hospital), an information center
and teleconsultation/telediagnosis rooms. At
a remote site, the data acquisition and tele-
conferencing systems are the most important
means of providing patients’ electronic infor-
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mation to the referred medical center. The
NTUH information center is equipped with a
multimedia database management system re-
sponsible for maintenance and backup of
medical information from rural healthcare
centers. The teleconsultation rooms (I),
equipped with a dual-monitor viewing station
and a teleconferencing system, supports the
transmission of medical data from Chinshan
Health Station. The main task of the teleradi-
ology room (II) is to make asynchronous
telediagnosis. Thus, only a dual-monitor
viewing station is needed here, not a telecon-
ferencing system. Since the teleconsultation
room (IIT) must provide multi-point commu-
nications for case discussions, networking is
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the primary concern. In addition, the viewing
station is equipped with only a standard PC
with a single monitor.

2.2. Image acquisition

Digitization of medical images obtained
via various modalities is the most compli-
cated aspect of preparing multimedia medical
information. Depending on the presentation
method, medical images can be divided into
two categories. One category consists of still
images (e.g. CT, MR, and X-ray), and the
other consists of dynamic images (e.g. ultra-
sound, cardioangiography, and endoscope)
[9-12]. In order to standardize still images,
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Fig. 1. The architecture of the NTUH telemedicine system.
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Fig. 2. The workflow of image acquisition.

all images are converted to the DICOM 3.0
format before storage (shown in Fig. 2),
which, thanks to homogeneous display type,
can greatly reduce system development effort
[13]. Although the standardization of dy-
namic images was not discussed in previous
studies as much as that of still images, it is at
least equally important in such clinical prac-
tices such as cardiology. In the previous stud-
ies [14], the dynamic images were reported as
recorded on tape or digitized with an image
grabber on a frame-by-frame basis. Lack of
unified management could make it difficult to
share images simultaneously. In our system,
dynamic images are digitized with an MPEG
encoder and stored in multimedia databases
with data of other types.

2.3. Unified database and patient information
package

The database must meet five requirements
to satisfy telemedicine standards. First, the
most concise data fields are used to keep
patients’ medical records on track. This data

should support both the patient-oriented and
clinical problem-oriented query strategies.
Secondly, the database should be designed
for multiple applications. The data fields
must be easily adaptable to fit a variety of
requirements for different departments or
units. Thirdly, the database information (i.e.
text, images, and video data fields) should be
easily manipulated and accessible with high
efficiency. Fourthly, the database should
provide a uniform programming interface to
reduce development and maintenance effort.
Finally, the database should be powerful
enough to permit multiple users to access
multimedia data concurrently.

In order to manage and search patients’
information more efficiently, we define a Pa-
tient Information Package (PIP) as a concise
data set that records a patient’s medical in-
formation for each visit [15]. A PIP data set
is represented by the tuple (I,N,P,S,L) —
where I is for PIP identification; N is for the
patient’s chart number of the order form; P is
a specific number related to the clinical prob-
lem; S is for tracing the effect of therapies;
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and L is for a link to the previous PIP. From
the point of implementation, each PIP relates
to a whole set of subjective and objective,
assessment and planning objects created ac-
cording to specific clinical diagnosis or ther-
apy (an ER diagram is shown in Fig. 3).
Once a medical service (i.e. radiological ex-
amination) is carried out, Subjective, Objec-
tive, Assessment and
procedures are performed and used to create
the corresponding medical information [16].
This information is then filled into a specific
PIP. A PIP is thereupon created and stored
into the database with linkage to other PIPs
by the unique numbering system. That is, a
database designed for telemedicine can be
constructed with a fully object-oriented struc-
ture. A PIP, on one hand, can be adapted to
a variety of medical services or clinical exam-
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Plan (SOAP)

inations without any difficulty. On the other
hand, it can be linked to other PIPs to inte-
grate a specific patient’s medical history or
long-term case. Thus, a group of PIPs can be
used to record the diagnostic and therapeutic
history of a patient (patient-oriented) or to
collect cases for a specific disease (problem-
oriented). This is how the database is able to
satisfy the diversity and flexibility required of
a telemedicine system.

Lastly, we use an Object-Relational Data-
base Management System (ORDBMS) to
manage all types of data. This system pro-
vides an extensible field capable of handling
large objects directly through standard struc-
tural query language (SQL), which can not
only simplify database system maintenance,
but also improve consistency by providing a
unified accessing mechanism for all types of
data.
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Fig. 3. Entity-relation (ER) diagram of PIP-based medical database
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2.4. Networking

To guarantee the bandwidth and service
quality, telemedicine systems most frequency
employ switch-based networking with a wide
area network (WAN) architecture. Among a
variety of switch-based networks, ATM and
ISDN are the main choices for telemedicine.
ATM networking provides bandwidth with a
range from 1.54 Mbps (DS1) to 2.4 Gbps
(OC-48), which is wide enough to transfer
most patient information real-time through
one channel, but a relatively high expense is
inevitable. On the other hand, ISDN provides
bandwidth with a range from 64 Kbps (BRI)
to 1.54 Mbps (PRI). The advantages of
ISDN are it’s low cost and more hardware
and software support. However, ISDN does
provide less bandwidth than ATM. There-
fore, the optimal networking configuration
for telemedicine must be determined accord-
ing to the specific situation, and should at-
tempt to provide maximal communication
flexibility. For communicating with a fixed
site or providing teleradiology services in
asynchronous mode (i.e. Chinshan Health
Station as shown in Fig. 1), an ATM-TI
leased line connection is used to provide
higher bandwidth for image data transmis-
sion. For communicating with a mobile site
or providing multi-point teleconferencing (i.e.
National Chung Kung University Hospital as
shown in Fig. 1), ISDN networking is used
when necessary.

2.5. Data transmission

It takes more than 10 Mbytes memory and
approximately 100 s to transfer an uncom-
pressed X-ray film image via a T1 channel [6].
Thus, how to provide high-efficiency image
transmission is an important issue in imple-
mentation of telemedicine systems. To insure
a high level of efficiency, both the rural oper-

ating console and the viewing station at the
NTUH medical center have set up a local
database, and also bear responsibility for
REFRESH and PREFETCH (Fig. 4a) tasks.
REFRESH is a data forwarding mechanism
that validates and stores a patient’s data
records in the local database of the operating
console when a patient is registering for a
new visit (shown in Fig. 4b). When patient
data records are transferred through the
WAN, REFRESH will book the data fields
that are successfully transferred to and stored
in the main database in the medical center.
Once the network has been disconnected, not
all data records must be sent later, only those
records that have failed to be transferred
according to the look-up-table of RE-
FRESH. This can save a substantial amount
of data transmission time. For presenting a
patient’s data to specialists as soon as possi-
ble, a PREFETCH mechanism is imple-
mented in the viewing station at the medical
center. For teleconsultation, the PREFETCH
mechanism precedes the consultation. It ac-
cesses the medical records according to a
schedule. In telediagnosis, multimedia medi-
cal records may also be prefetched when the
diagnostic report has not yet been completed.
This allows the presented data records be
accessed directly from the local database at
the viewing station, and certainly improve the
efficiency of data  processing and
representation.

2.6. Data presentation

Acceptance of a system depends mainly on
the quality of the interface to the users
[16,17]. In the design of telemedicine systems,
user interfaces should achieve high-quality
data presentation and transmission. To sat-
isfy the requirement of image display for
clinical diagnosis, a dual-monitor viewing sta-
tion is installed. One monitor has high-reso-
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Fig. 5. (a) The information center of NTUH in Fig. 1. (b) The Teleconsultation room (I) is equipped with
dual-monitor viewing station and an ATM-DS1 broadband communication channel. (c)The telediagnosis room (II)
is equipped with only a dual-monitor viewing station. (d) The teleconsultation room (III) is equipped with a PC and
it can support multi-point teleconferencing based on ISDN networking.

lution and high-illumination features to facili-
tate the display of medical images. The maxi-
mal spatial resolution of the displayed image
exceeds 2048 x 2487 and 12 bits per pixel.
The other monitor is an SVGA monitor used
to display the MPEG video and text data.
The two-monitor viewing station can now
support the display of dynamic images en-
coded in MPEG format, still images such as
X-ray, CT, and MR images, and text editing
fields. In addition to image display, the
telemedicine system must provide basic tools
for image manipulation. For example, zoom-
ing image in and out, flipping image verti-

cally and horizontally, rotating image 90,
180, or 270°, and adjusting window and level
of images are all essential features.

3. Results

The NTUH telemedicine system (shown in
Fig. 5) started its operation since February
1996 [18-21]. The system worked normally
and smoothly in most of cases (97.2% n=
688, 708 valid cases). The system downtime
of 2.5% (n=18) cases were less than 5 min.
There were only two cases when data and
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video signal transmission was lost for more
than 10 min, and both cases occurred during
the first year of implementation. At that time,
the main reason for signal loss was unstable
channels for broadband WAN networking.
To evaluate the quality of dynamic ultrasonic
images transmitted through the communica-
tion channels, the video signals at both sites
(Chinshan Health Station and NTUH Medi-
cal Center) were recorded in real-time using
high quality SVHS video tape recorders [22].
The two tapes were played off-line at the
same time. The quality of the video signals
was then evaluated subjectively by a special-
ist. Based on 34 studies, although the video
quality was degraded by the CODEC during
transmission at the NTUH site, this did not
affect the diagnostic accuracy. The result

Table 1

showed that ultrasonic diagnosis through
telemedicine system is feasible. The only pit-
fall was that the examination time was longer
than in conventional examinations.

Table 1 shows the gender, age and depart-
ment of patients included in the telemedicine
study during the past 3 years. The total of
1107 cases consisted of 46.98% female and
53.02% male cases. 33.6% of the patients
were more than 65 years old, showing that
seniors benefited the most from telemedicine.
Table 1 also shows that the most frequent
applications of telemedicine were for teleradi-
ology (32.7%, n = 362) and ultrasonic exami-
nation (19.5%, n = 216).

Based on the results of 431 valid question-
naires from the patients (results shown in
Table 2), more than 87% of the patients

The statistics of patients’ gender, age and visit department in three years

First year
Feb.—Dec 1996
Number (%)

Second year
Jan. 1997-D
Number (%)

Third year Total
Jan.—July 1998

Number (%)

ec. 1998
Number (%)

Gender
Male 266 (42.83%)
Female 355 (57.17%)

Age (vears)

159 (49.7%)
161 (50.3%)

1-17 49 (8.5%) 33 (10.5%)
18-24 28 (4.8%) 10 (3.2%)
25-39 100 (17.3%) 48 (15.2%)
40-50 67 (11.6%) 46 (14.6%)
51-64 144 (24.9%) 76 (24.1%)
65+ 191 (33%) 102 (32.4%)
Department
X-Ray 189 (31.4%) 123 (38.4%)
Ultrasound 110 (18.3%) 59 (18.4%)
Internal medicine 0 2 (0.6%)
Surgery 7 (1.2%) 9 (2.8%)
Gynecology 3 (0.5%) 24 (7.5%)
Family medicine 254 (42.2%) 0
Dermatology 17 (2.8%) 21 (6.6%)
Rehabilitation 8 (1.3%) 49 (15.3%)
Psychiatry 0 16 (5%)
Teaching clinics 14 (2.3%) 17 (5.3%)

94 (50.8%)
91 (49.2%)

519 (46.98%)
587 (53.02%)

10 (5.4%)
6 (3.2%)
22 (11.9%)
26 (14.1%)
51 (27.6%)
70 (37.8%)

92 (8.5%)
44 (4.1%)
170 (15.8%)
139 (12.88%)
271 (25.12%)
363 (33.6%)

50 (27%)
47 (25.4%)

362 (32.7%)
216 (19.5%)

19 (10.3%) 21 (1.9%)
1 (0.5%) 17 (1.5%)
3 (1.6%) 30 (2.7%)
0 254 (22.9%)

14 (7.6%) 52 (4.7%)

46 (24.9%) 103 (9.3%)
4 (2.2%) 20 (1.8%)
1 (0.5%) 32 (2.9%)




Table 2

Results of patient questionnaire on telemedicine system?®

Very much  Yes Neutral or No Totally not Positive rate  Effect of
comment no acquaintance
(Z value of
Mann—Whitney)
(D 2 3) “4) &) (DH+Q2)
Q1: Accept the service of telemedicine?  26.9% 60.6%  9.0% 3.0% 0.5% 87.5% —2.2470*
Q2: Can ‘see’ the specialist clearly? 50.6% 44.8%  0.9% 3.2% 0.5% 95.4% —1.0817—
Q3: Can ‘hear’ specialist’s voice clearly? 61.4% 34.1%  0.5% 32% 0.5% 95.5% —0.8143—
Q4: Feel easy to talk to the specialist? 38.1% 52.0%  3.9% 6.0% 0.0% 90.1% —2.1269*
Q5: Communicate with specialist well? 36.0% 52.9%  5.3% 5.3% 0.5% 88.9% —2.3084*
Q6: Believe the diagnosis result? 26.2% 66.6%  6.0% 1.2%  0.0% 92.8% —2.7894**
Q7: Will visit again ‘without’ specialist?  10.0% 62.6% 11.1% 15.3% 0.9% 72.6% —1.2183~
Q8: Will visit again ‘with’ specialist? 32.7% 54.8%  8.8% 3.2% 0.5% 87.5% —0.7064—
Q9: Satisfy the service of telemedicine?  30.2% 63.8% 4.4% 1.6% 0.0% 94.0% —2.0912*

a

-, P>0.05, *, P<0.05, **, P<0.01.
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accepted medical service through the
telemedicine system. More than 95% of
them stated that they could ‘see’ or ‘hear’
the doctor in the monitor clearly. Ninety
percent of the patients said they were not
afraid to describe their problems to the spe-
cialist in the monitor. The number of pa-
tients who were willing to receive care in
the local healthcare center increased from
72.6% (Q7) to 87.5% (Q8). Ninety-four per-
cent of the patients expressed overall satis-
faction with the telemedicine system. This
showed that most patients accepted such a
diagnostic modality. In the questionnaire,
we also evaluated whether the results were
altered by the patient’s acquaintance with
the referred specialist in the medical center
(shown in the last column of Table 2). The
results showed that patients with less ac-
quaintance with the referred specialist felt
more hesitant to describe their illness and
had difficulty in communicating with the re-
ferred specialist (Q4 and Q5). On the other
hand, patients who were acquainted with
the referred doctor had more confidence in
the diagnosis result, as displayed in QI, Q6
and Q9 of Table 2. Thus, telemedicine is
more suitable for the long-term follow-ups
and for chronic patients in special clinics.
Based on 507 valid returned question-
naires, most rural-site physicians (95.3%,
n =483) needed specialists’ advice to help
with the diagnosis. The remaining 4.7%
(n=24) wished to transfer their patients to
NTUH for further diagnosis or treatment.
As for the results of diagnosis, 15.78% (n =
80) of the cases were altered in accordance
with advice from the medical center. The
number of patients transferred to the medi-
cal center was reduced from 24 to 8§ cases.
The remaining 83% (n=419) were either
unchanged or left to await further investiga-
tion and examinations. Most of the rural-
site physicians (97%) thought that they did

benefit from advanced medical experience
and knowledge from specialists available
through the telemedicine system. These re-
sults showed that a telemedicine system
could help rural doctors by providing sug-
gestions and diagnostic advice from experts.
The system also provided additional infor-
mation for the rural-site physicians in order
to help them decide if their patients needed
to be transferred. A high percentage (98.4%,
n =501) of the rural-site physicians were sa-
tisfied with the judgements concerning
transferring their patients derived through
the telemedicine system. The above results
showed the feasibility of telemedicine sys-
tems to improve the quality of medical ser-
vices in rural areas.

Based on the 705 valid questionnaires on
teleconsultation from the referred specialists
at the medical center, 92.8% felt satisfied
with their communication with doctors at
rural sites. The error rate caused by misun-
derstandings during this communication was
only 0.9% (n=6), which shows that doctors
at both sites could communicate effectively
through the system. Finally, general satis-
faction with the results of telemedicine sys-
tem was assessed. Most (91.6%, n=644) of
the specialists were satisfied with the results
of telemedicine. According to these findings,
dissatisfaction occurred mostly in cases of
child psychiatry and dermatology, when
specialists were not satisfied with quality of
the CCD camera. As a means of solving
this problem, child psychiatry specialists
suggested adding more cameras during tele-
consultation [23]. This could expand the
field of view as wide as possible, and cover
all the areas the children could reach. In
the case of dermatology diagnosis, the doc-
tors proposed using high-quality wireless
cameras to improve image quality at any
given position and angle.
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4. Conclusion

The NTUH telemedicine system can not
only provide teleconsultation services for
multiple departments, but also fulfil the re-
quirements of second-generation teleradiol-
ogy, since it is capable of DICOM services,
image displaying and manipulation, and
database management for patients’ medical
records [24]. The number of telemedicine
cases has exceeded 1100 during the last 3
years. More than 90% of patients and doctors
felt that the system was valuable and pro-
vided satisfactory services. In the future, the
system will continue to provide extended
medical services to rural areas. Furthermore,
an effort will be made to continue the devel-
opment of web-based telemedicine so as to
extend the system to an even broader range
of applications.
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