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Fig 1 The teleradiology network.
b

Both CT and MRI scans were sent to a DICOM server
via 100 Base-Tx Ethernet networks. The DICOM server
was equipped with a DVD-RAM changer that could.
hold 100 disks (4.7 GByte per disk) (enough storage for

-

a typical two-year case-load). Two PCs with 2. GHz = ...

Pentium processors, 512 MByte RAM, 40 GByte hard ~
disks and cathode ray tube (CRT) monitor displays with
a resolution of 1200 x 1600 pixels (maximum
resolution 2048 x 1536 pixels) were used as client
computers in the system. The system had video-
conferencing equipment consisting of a speaker,

microphone and a video-camera which was mounted

beside the client computer and was used to obtain a
room view (Fig 2).

System software

The software was M-View, version 7.5 (M-Vision,
Sendat, Japan), which was a modified version of View

Send Medical (KLT Telecofn Inc., VA, USAY. It-allowed -+ .
~ DICOM images on the dlsplay monitor to be viewed

by all participants in a videoconference. Image
manipulation, such as chénging the window level
(brightness) and window width (contrast), was
synchronized and shown on each display monitor in
realtime. The cursor pointer on the display monitor of
each participant was also shown on the display
monitors of other participants in order, for example,
for participants to highlight the location and distri--
bution of pathclogical lesions.

The images from the video-cameras were displayed in
a small window on the display (see Fig 2b) and each
participant could change the crientation and
magnification of these by operating a control panel on
the display monitor. Video-images were transmitted at.

L .
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Fig 2 The client computer terminal (a) and ts user mterface (b)
a resolution of 360 x 240 pixels and a frame rate of
15 frames/s. The transmission speed for voice (audio)
communication was 24 kbit/s. However, the audio
transmission was one way only.
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Evaluation of the system

Five diagnostic radiologists in the three hospitals
completed a questionnaire on 32 features of the
teleradiology system (see Table 1)”. The desirability of
each feature was rated using the following scoring
system: O=not necessary; 1=desirable; 2=required;
and 3 =essential. The degree of completion of each
feature (within the system setup tested) was rated using
the following scoring system: O=not completed yet;
1=needs improvement; and 2=completed. The overall
performance (P) of the teleradiology system was then
calculated as follows:

= (Z[n x Cf])/!'

where ris desirability, ¢ is the degree of completion and
the summation is over all i features (here i=32).

Each radiologist filled out the questionnaire in April
2002, when the system was first introduced (baseline).
In September 2003 each radiclogist again filled out the
questionnaire. This time the desirability ratings were
assumed to be the same as before but the degree of
completion was re-evaluated.

Results

------------------ T T T T L L L T LT YT Y X T Y]

About 50-60 videoconferences and teleconsultatiohs
were held per month between the SGH and either the
NCCH or the NUH. Weekly videoconferences were.
held on Fridays between the SGH and the NCCH. Three
representative cases are described below.

Case 1

A 69-year-old man complained of shortness of breath
and was admitted to the SGH from the emergency
department. A chest radiograph disclosed massive
pleural effusion in his left thoracic cavity. A chest CT.
scan with contrast enhancement revealed a mass on
the thoracic wall. After the videoconferences, he was
diagnosed as suffering from malignant pleural
mesothelioma. Since the SGH has no respiratory
surgeons, the patient was immediately referred to the
NCCH for treatment.

Case 2

Hypertension was detected In this 52-year-old man. A
detailed examination revealed a high plasma leve! of
renin, which suggested renovascular hypertension.
Magnetic resonance angiography showed stenosis of
the left renal artery and atrophy of the left kidney. The
attending doctors at the SGH discussed the strategy for
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treatment in a videoconference with intefventional -
radiologists at the NUH. The patient was referred to.the
NUH and was treated with catheter-based vascular
dilatation therapy.

Case 3

This 28-year-old woman presented with a low platelet
count and had a huge haemangicma on her right
thigh. MRI revealed a metastatic bone tumour of the
right pelvis. Subsequent CT examination §howed a
uterine tumour with an additional metastasis in the
right pelvic lymph nodes. The indications for radiation
therapy for the patient were discussed in a video-
conference with radiation oncologists at the NUH. The
patient was transferred to the NUH for radiotherapy
because radiotherapy was not available at the SGH.

Evaluation of the system by radiologists

When the teleradiology system was established in April
2002, there were many problems. The radiclogists gave
the system a critical evaluation and the performance
ratings.given by the radiologists were very low (mean
score 1.38) (Table 1). In response to the setious
criticisms, a request was made to the software manu-
facturer to improve the system. After 1mprpvements
had been made, the performance improved to 2.86 in
September 2003 (Fig 3). However, the system is still
being developed and some desirable features are still

not available. i

..... B —

The introduction of a teleradiology system between the
SGH on Sado Island and hospitals in Niigafa City was
beneficial for both the diagnostic rad1ologist at the
SGH and patients on the island, as has been found in
other studies of telemedicine systems for 1§lands“°
The teleradiology system enables a prompt
consultation with specialists in Niigata City. Without
this system, the radiologist at the SGH would have had
to leave the island for consultation or woudd have had
to send films to specialists by mail. The island is about
40 km from Niigata City, and it takes about 9 h to get
there and back for a consultation. The introduction of
the teleradiology system also improved the quality of
patient care. It enabled emergency diagnosis of life-
threatening diseases and direct consultation about a
patient’s treatment with specialists in Niigita
immediately after imaging studies had beenr done (as in
case 1), Appropriate therapies could be selected on the
basis of discussions via the teleradiology system If the

Discussion

Journal of Telemedicine and Telecare Volume 10 'Number 4 2004



M Kaidu et al. Teleradiology and videoconferencing system

.

Table T Mean performance i'afjngsal of the five radiologists

Feature April 2002 September 2003

Ability to change window width and window level by dragging the mouse 0.0 5.2

Ability to preset window width and ‘window level by pressing a function key 0.0 .. .. 48

Automatic calculation of CT number in a region of interest set by using the mouse 0.0 4.4

Ability to change images by scrolling with the mouse 4.8 4.8

Ability to change two sets of images simultaneously by scrolling with the mouse 2.0 3.6

High quality of CT images 3.6 3.6

Ease of measuring distance between two points ) 2.0 2.0

Automatic arrangement of image windows by time series 0.0 0.0

Fast retrieval of images from the DICOM server (within 5 min) 2.0 2.0

Ability to open previous image files easily 2.0 20

Ability to change window widths and levels of several images simultaneously 0.0 3.6

Ability to display patient information ' 0.0 3.6

No interruption in voice transmission 28 28

No perceptible voice delay . 2.4 2.4

Satisfactory performance of the microphone 2.0 2.0

Automnatic deletion of unnecessary |[nages from disks L 0.0 4.4 i 7 -
Ability to display videc-camera images continuously fra e e T perose e B2 e e 2 T e e s s e
Ability to display the same images on the monitors of all participants 0.0 5.2

Ability to display large images 0.0 0.0

Ability to obtain images directly from a C.T or MRl system - : 4.0 4.0

No interruption during videaconferancing R O L I 238 L armavs
High-speed transmission of images over the network e 0.0 4.8 T
Interactive movement of the cursor pointer 4.4 4.4

Interactive synchronization of image windows 4.8 4.8

Ability to keep up with third-party monitors and cameras 28 28

Ability to connect three participants 0.0 0.0

Ability to view Image windows of ar:lother participant T ' 0.0 - 00

Stability of the software : o ' 0.0 S0

Ability to construct database of images and reports T ) 0.0 co

Ability to videoconference using software for presentation . . 3.6 . 3.6

Ability to sort image database by name, date, source, etc. 0.0 - 36

Priority of data transmission over other works ‘ 1.6 0.0

Mean i 1.38 2.86

*Performance ratings on a scale from O =unsatisfactory to 6=excallent, calculated as the product of ratmgs of desirability (scored 0-3) and degree of completion (scored 0-2)
within the system setup tested on each occaslon

6+ : — radiological data over open networks such as the

TSR Initernet always involves risk!. Although the securityof =~~~ =
5 g open networks can be increased!+%, a closed network
i -%-E or a separate physical network is inherently more
' L R AIthough the capi’tal[cost of the system was relatlveiy"' R
g 3 low (excluding the costs of client computers), its
é running costs were relatively high, The rental fee for
5] the fibre optic cables is about US$5500 per month
(US$1 is €0.8), whereas the payment for diagnosis using
. the teleradiology system is only about US$46 per case.
. Therefore, the teleradiology system is uneconomic at
o i L present and the system has had to be financially
April 2002 3 Septamber 2003. . . supported {mostly by qrganlzatlons within the Nugata
5 .. Prefecture). .

Fig 3 Mean performance ratings (see Table 1) made by f:ve o

radiologists (A-E) in April 2002 and in September 2003. In spite Of the modlfications to the M'Vlew SYStem

' _”the software still had many problems (see Table 1). The o
; _ major problem was intgrruption and delay in voice '
selected treatments could not be performed at the SGH,  transmission, which sometimes prevented the

the patient could be immediately transferred to the . . = continuation of a videgconference. There was also
NCCH or the NUH (as in all the cases described). substantial disturbance when medical image files were
The use of fibre optic cables provides superior transferred during videpconferences. Another problem

security to that of the Internet!*2, The transmission of ~ was that only one person could speak at a time. To
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make videoconferencing morte practical, bidirectional
audio transmission would be necessary.

The software was originally developed for American
clients by a software developer in the US, and was then
customized by a Japanese agency. There are significant
differences between Japan and the US in the operation
and maintenance of software, but we were not aware of
these differences when we selected the software. Our
experience shows that a thorough evaluation is
necessary before the introduction of a system that is
developed in a foreign country. Moreover, we could
not change to more appropriate software without
permission from the organizations that supported the
project financially.

Another problem was that it was difficult to transmit
large image flles using the system because the
maximum speed for data transmission was 1.7 Mbit/s
{0.2 Mbytes per second). Since high-resolution imaging
modalities are mandatory in diagnostic radiology, the
image files are very large. Thus, any teleradiology
system needs to be able to transmit large volumes of .
data.

Due to the rapid development of computer
technology, it can be expected that the teleradiology
system will become more convenient to use. However,
many problems with the current system remain to be
resolved.
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BACKGROUND: In Japan, there have been few reports about drug compliance, which is an important determinant
of effectiveness, in the management of bronchial asthma patients. To clarify drug compliance and its relationship
with various aspects of asthma management, a questionnaire survey was perforrned on asthmatic patients and their
pharmacists. ' '

METHODS: This survey was carried out, from October to November in 2001. The subjects were limited to the
regular inhaled corticosteroid (ICS} users, and were restricted to patients whose medication had not been changed for
at least 6 months before the survey. The questionnaires inquired about asthma status, various factors that bave been
reported to be associated with drug compiiance and asthma management. Patients’ pharmacists were asked about
prescribed medications and drug compliance based on the pharmaceutical records.

RESULTS: Completed questionnaires were received from 610 patients. ICS compliance was nrot lower than that of
anti-allergic drug but lower than that of oral sustained-released theophylline (OSRT). Multiple regression analysis re-
vealed a significant correlation between ICS and OSRT compliance.

CONCLUSION: These results might suggest that OSRT could improve patient’s compliance to drug therapy
through its bronchodilatory effect, thus resulting in better compliance to ICS. If this were the case, OSRT would
play an important role in asthma management.
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rug compliance plays an important role in drug
effectiveness' and can be affected by a wide
D range of factors, including the patient-physician
relationship, the simplicity of the treatment regimen and

patients’ perception of disease severity’.
The management of bronchial asthma has changed

much because the disease has recently been considered.

a type of chronic airway inflammation caused by in-
flammatory cells, mainly eosinophils and lympho-
cytes™. Guidelines for bronchial asthma in many coun-
tries®” recommend anti-inflammatory treatment with in-
haled corticosteroids (ICSs) as primary therapy. Three
major factors influence the effectiveness of ICS*: inha-
lation technique, the time that ICSs remain in the bron-
chi after inhalation and drug compliance. The latter fac-
tor, drug compliance in asthmatic patients treated with
inhaled medicines, including ICS, was examined in
early 1990 s when beclomethasone dipropionate (BDP)
alone was available in ICS regimen’. Although, as men-
tioned above, a new strategy for asthma management
was established and modified in 2000 s, drug compli-
ance with ICS and other medicines has not been ade-
quately studied recently in patients with asthma who re-
ceive ICSs. '

We performed a questionnaire survey of paiients with
adult bronchial asthma who regularty used ICSs and of
their pharmacists to clarify drug compliance and its re-
lationship with various aspects of asthma management.

PATIENTS AND METHOD

This survey was performed from October through
November in 2001. Sixty dispensing pharmacies in Nii-
gata Prefecture, Japan, took part in this survey. All the
patients over 15 years of age who reported their phar-
macists at the participating pharmacies that they had
asthma, and were on regular treatment with ICSs dis-
pensed there, were surveyed. None of the subjects had
had any changes in their prescription for at least 6
months before responding to the questionnaire. Com-
pleted questionnaires were received from 610 patients.

To the written questionnaire, patients answered their
age, gender, duration of asthma and the presence of
asthmatic attacks during the previous 2 weeks, and also
answered their self assessment on their asthma status
during the previous 2 weeks using a visual analog scale
(VAS)". The patients also answered satisfaction with
daily life and about their oral and inhaled drug use. To
clarify the effects of various factors on drug compli-
ance®®, the following variables were assessed using a

VAS: self-rated understanding of drug usage, self-rated
understanding of the difference between controllers and
relievers for asthma, desire to cure their disease, sim-
plicity of the treatment regimen, and patient-physician
relationship.

The patients’ pharmacists responded to the question-
naire concerning drug compliance, which was calcu-
lated on the basis of the estimated total quantity of
medicines prescribed during the past 6 months (QE)
and the quantity of medicines actually taken back home
by the patient during the same period (QA). Drug com-
pliance was then expressed as a ratio, calculated by the
following formula: QA/QEX 10 (score from 0 to 10).
Drug compliance was separately calculated for ICSs,
oral sustained-released theophylline (OSRT), and oral
anti-allergic agents. Any compliance scores of greater
than 10 were expressed as 10. '

The results were expressed as arithmetic means {%
SD) for continuous variables. A Wilcoxon signed rank
test was used to compare the scores for drug compli-
ance. The differences between dichotormous variables
were analyzed by chi-square test. A Mann-Whitney U
test was used to test the equality of distributions of
continuous variables. Furthermore, a multiple regression
analysis was used to identify the variables influencing
the scores for drug comptliance. For all statistical analy-
sis, a P value of less than 0.05 was considered statisti-
cally significant.

RESULTS

Patient background

- The demographic characteristics of 610 patients who
responded to the questidnnaire are summarized in Ta-
ble 1. Age, sex ratio, and disease duration were 57.5 %
17.1 years, 305 males/300 females (sex unknown for 5
patients), and 134 * 129 years, respectively. Forty
percent of the patients were non-mokers, 33.4% ex-
smokers, and 15.4% current smokers.

VAS scale in questionnaires

The results of the patients’ self-assessment according
to VAS scale are shown in Table 2. The simplicity of
the regimen and the self-assessment of drug use did not
differ significantly between oral and inhaled prepara-
tions. Exclusion of inhaled preparations yielded similar
results (data not shown).

Drug compliance
ICS, OSRT and anti-allergic drug compliance are



shown in Table 3. Although the compliance scores
were about 8, OSRT compliance was higher than ICS
and anti-allergics compliance (P<0.05). However, the
difference between ICS and anti-allergic drugs was not
significant. To clarify which factors influence drug
compliance in patients who were treated for asthma,
multiple regression analysis was performed. ICS, OSRT
or anti-allergics compliance was used as a dependent
variable, and other factors were used as independent
variables. The results are shown in Table 4. ICS com-
pliance was significantly related to OSRT compliance
(Table 4-a) only. OSRT compliance was also signifi-
cantly related to ICS compliance (Table 4-b). No fac-
tors were significantly related to anti-allergic drug com-
pliance (Table 4-c). These results indicated a positive
correlation between ICS and OSRT compliance.

DISCUSSION

Because drug compliance has a major role in drug
effectiveness', it is important to improve compliance in
clinical practice. Physicians must always consider drug
compliance, regardless of the .type of disease being

treated. This of course also applies to the management

of asthma. Drug compliance can be affected by various
factors, including patients’ characteristics, environrent
and drug characteristics’. In this study, we examined
“how various- factors were related to drug compliance in
patients with bronchial asthma.

ICS compliance was mainly assessed in this study
because ICS play a central role in asthma management.
We also studied OSRT compliance and anti-allergic
drug compliance, including leukotriene receptor antago-
nists and histamine receptor 1 antagonists.

A pharmaceutical record-based evaluation of drug
compliance as we used in this study has not been ap-
plied frequently. In several previous studies, ICS com-
pliance was directly evaluated by counting the number
of inhalations by means of a mechanical counter at-
tached to inhalation devices'" or compliance was cal-
culated on the basis of unused medicines returned by
patients'®, However, such methods can introduce bias
because many patients are aware that their drug use is
being monitored during the study, which can influence
their compliance. With the use of our method, such bias
can be avoided, although our study design was retro-
spective and has not been validated. Moreover, the
study period for assessing compliance was long term (6
months), and the questionnaire survey was performed
independently by the patients’ pharmacists, thereby re-
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Table 1 Patient background

numbers of patients 610

age (means + SD, years) 57.5+/-17.1
sex (male/female) 305/300
asthma duration (means + SD, years) 13.4+./-129

PA (%) 19.7
smoking {non / ex / current, %) 40.0/334 /154

PA : presence of asthma attacks during the two weeks prior to an-
swering the questionnaire

Table 2 Results of questionnaires in VAS scale

simplicity of the regimen {inhaled) 8.18 +/-2.26
simplicity of the regimen {oral) 7.99+ /~2.27
SA of patient asthma condition 7.39+/-2.57
satifaction in daily life 6.89 +/-2.60
USD between 9.39+/-1.97
CT and RL for asthma '
desire to cure disease 9.55+/-1.13
relationship between patients and.their 8.17+/-2.33
physicians

SU of inhaled medicine use 8.85+/-2.12
SU of oral medicine use B.70+ /277

VAS : visual analog scale, SA : self-assessment, CT : controller,
RL : reliever, SU : self-rated understanding, SUD : self-rated under-
standing of the difference

Table 3 Each drug compliance

8.11+ ,/-2.36(N=486)
OSRT compliance 8.50+ /~2.15°, #{N=293)
anti-allergic drug compliance  7.99+./-2.23 (N=188)

ICS : inhaled corticosteroid, OSRT : oral sustained-released theo-

phylline,

* : P<0.05 vs. ICS compliance,

#: P<0.05 vs. anti-allergic drug compliance

ICS compliance

ducing bias caused by physicians requesting their pa-
tients to respond to the questionnaire. Furthermore, our
method is similar to the method in a previous report’ al-
though medical system is different each other. These
facts support the validity of our methods. However, our
method of evaluation for compliance of inhaled drugs
might be problematic. Because it is usual that some in-
haled drugs contain more than expressed doses, the ac-
tua! compliance will be underestimated.

ICS compliance in this study was somewhat higher
than that of previous reports™'"*, However, our resulis
seem to be valid, because our indicator for compliance
was an index derived by dividing the actual quantity of
medicines brought back home by the patient by the es-
timated total quantity of medicines prescribed. It was
reasonable that OSRT compliance was higher than ICS
compliance, because the previous report, in which drug
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Table 4-a  [CS compliance vs. 9 autonomous variables

RC SE SRC t value p value
intercept -2.973 4,003 2973 -743 4603
simplicity of the regimen (inhaled) .148 L9 .130 1.245 2176
SU of inhaled medicine usage 040 128 033 313 7556
OSRT compg‘d“ce Kance - 711 142 531 4.997 <.0001

i o We compilis

;ﬁbagzi\ﬁ:enlc?l' andPRL for asthrma 009 -104 009 086 9318
SA of patient asthma condition 129 126 —.101 -1.021 3107
satisfaction in daily life —-.056 112 =055 —498 6202
desire to cure disease .028 .1035 030 265 7915
Pt/physician relationship 323 334 096 967 3370

.128 107 123 1.190 2383

ICS : inhaled corticosteroid, SU : self-rated understanding, OSRT : oral sustained-released theophyltine, SUD : self-rated understanding of the
difference, CT : controller, RL : reliever, SA : self-assessment, Pt : patient, RC : regression coefficient, SE : standard error, SRC : standardized
regression coefficient

Table 4-b OSRT compliance vs. 9 autonomous variables

RC SE SRC t value _p value
intercept . : 4,142 2.838 4.142 1460 1491
simplicity of the regimen (oral) ‘ 289 .150 191 1.923 - 0587
SRof oral medicine usage . 020 081 025 247 8058 -
IC? :ﬁ;“l’,‘fg‘;:g compliance 402 069 568 5.796 <0001
anti-allergi
SUD between CT and RL for asthma 089 074 117 1.205 2324
SA of patient asthma condition 148 087 163 1.702 0934
satisfaction in daily life 14 075 . .158 1.515 1344
desire to cure disease -032 - 072 —.049 —437 6633
Pt/physician relationship ‘ ' Co s =331 231 ~.138 -1.435 1561

-101 077 -.137 -1.309 .1950

OSRT : oral sustained-released theophylline, ICS ; inhaled corticosteroid,SU : self-rated understanding, SUD : self-rated understanding of the
difference, CT : controller, RL : reliever, SA : self-assessment, Pt ; patient, RC : regression coefficient, SE : standard error, SRC : standardized
regression coefficient :

Table 4-¢  Anti-allergic drug compliance vs. 9 autonomous variables

RC SE SRC t value p value
intercept ‘ 6.965 . 4.635 6.965 1.503 1376
simplicity of the regimen (inhaled) ~-.247 250 =124 -.986 3279
SU of oral medicine usage 047 132 044 353 7251
ICS compliance : ~.036 139 —039 —261 7947
“OSRT compliance ‘ - : : : -
SUD between CT and RL for asthma 238 198 181 1.205 2324
SA of patient asthma condition 003 145 003 023 813
satisfaction in daily life -~ 181 .123 —190 | 1471 - 1460
desire to cure disease 028 119 033 236 8138 .
Pt/physician relationship 128 382 040 335 71350

179 126 183 1414 .1620

ICS : inhaled corticosteroid, SU : self-rated understanding, OSRT : oral sustained-released theophylling SUD : self-rated understanding of the
difference, CT : controller, RL : reliever, SA : self-assessment, Pt : patient, RC : regression coefficient, SE : standard error, SRC : standardized
regression coefficient

compliance was evaluated according to pharmaceutical  were included in anti-allergic drug and could not be
record °, revealed same result as this study. In contrast,  differentiated, other anti-allergic drugs reveal no bron-
anti-allergic drug compliance was lower than OSRT  chodilatory effects. Considering those results, our re-
compliance and did not differ from ICS compliance. In  sults suggest that drug compliance in asthma patients
this study, although leukotriene receptor antagonists partly depends on the main pharmacological effect of



the drug used, i.e., bronchodilatation. A recent report,
in which inhaled long-acting beta 2-agonists were found
to promote ICS compliance”, confirmed our assump-
tion. It is thought that the bronchodilatory effect of
various types of drugs used for asthma should be
brought to the attention in an analysis of diug compli-
ance in asthma management.

The variables assessed on the VAS scale have been
reported to be related to drug compliance and asthma
control’. However, multivariate analysis showed that
none of the study variables except ICS and OSRT com-
pliance were significantly related to drug compliance.
This may be because the subjects of this study regularly
attended the outpatient clinic and received unchanged
medication, including ICS, for at least for 6 months. It
can be assumed that had: moderate to severe, but well
managed asthma. Moreover, compliance in regularly re-
turning to the outpatient clinic was very good. There
was no difference in the self-rated understanding of oral
drugs usage and that of inhaled drugs usage, consistent
with the findings of Bosley et al®. However, further in-
vestigations are required before these results can be ex-
trapolated to all types of asthma patients, because our
subjects were limited to users of ICSs.

In summary, our results might suggest that OSRT
could improve patient's compliance to drug therapy
through its bronchodilatory effect, thus resulting in bet-
ter compliance to ICS. If this were the case, OSRT
would play an important role in asthma management.
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