Initial Data-Element Selection for the Evaluation of Picture
Archiving and Communication System Performance

Hiroshi Kondoh, Junpei lkezoe, Kiyonari Inamura, Chikazumi Kuroda, and Takahiro Kozuka

The completely new, hospital-wide picture archiving
and communication system (PACS) now being imple-
mented at Osaka University Hospital is described
elsewhere in this issue.” This paper lists the many
studies of the department and hospital that were
performed before the PACS for the purpose of identify-
ing data elements for use in evaluating a PACS system.
A second purpose of the initiai data-element collection
was to assist in the overall Osaka University PACS
design. Selected studies from this work are presented
here.
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HE PRE-PACS MANUAL system was
quantitatively measured. Definitions of
variables, parameters, formulas, and methods
of measurement were selected to be the same,
or nearly so, for comparison of the same mea-
surements obtained before and after the use of
the PACS.! These definitions were carefully
selected with the purpose of adapting this
methodology of PACS technology assessment at
other hospitals. The final target of the technol-
ogy assessment is the measurement of clinical
effectiveness, rather than the measurement of
hardware and software in terms of speed, capac-
ity, and the resolution of images.>® Such a
method of PACS evaluation appears to be the
most easily understandable approach to estab-
lishing the effectiveness of PACS. On the other
hand, to optimize the system design of PACS,
careful selection of data elements and methods
of measurement are also necessary.

Table 1 lists the initial data elements and the
studies that were performed over a 2-year
period. Selection of these elements for evalua-
tion of PACS performance and/or optimization
of PACS design is also tabulated. The results of
some of these studies are presented in this
paper as marked in Table 1.

DISTRIBUTION OF IMAGING-STUDY USAGE

A detailed study of the image usage on each
ward and in each clinic in the hospital was
undertaken (Table 1). The number of cach type
of radiologic study ordered for the patients
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from each location was tabulated according to
modality and the number of radiographs. In
addition, the division of routine versus urgent
studies was also recorded. Ratios of urgent to
nonurgent cases for each exam type were deter-
mined.

A number of these studies loaned to each
care location were also tabulated by modality
and by the number of radiographs loaned for
each exam.

The number of view boxes (14- x 17-in dis-
play panels) were counted in every clinic and
ward in the hospital. These numbers are shown
in the top half of Fig 1. The bottom half of Fig 1
shows the number of imaging studies ordered
for various locations expressed as the number of
radiographs taken.

An important ratio was defined from the data
of Fig 1 to measure the volume and intensity of
light-box usage in each area. The number of
radiographs taken in an area divided by the
number of view boxes present was the intensity
measure. These ratios validate the workload
and utility of the view boxes in the various
locations. The comparison shows only a loose
correlation between volume and number of
view boxes. Departments with a large number of
radiographs on hand did not necessarily have a
large number of view boxes and vice versa.

This type of data was used in the system
design for the PACS to determine the correct
distribution and to estimate the correct perfor-
mance of display workstations. Given the cost of
these workstations, the data was useful to allow
planning for a minimal number of workstations
to be deployed where they would be most
needed. Matching the distribution to usage of
workstations is important because the high cost
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Table 1. Initial Data-Element Selection and its Contribution to Evaluating PACS and/or PACS Design

Contribution Contribution Figure
Classification Oata ltem to Evaluation to Design Number

Distribution of imaging study usage  Number of radiologic orders * *

Number of radiographs taken * * 1

Division of routine versus urgent * *

Number of image loan * *

Number of view boxes * * 1

Number of outside radiographs * * 2,3
Flow study Flow studies on patients, images, orders, requisi- * * 4

tions, reports, etc.

Time study Time required for order collection * *

Time required for image delivery * *

Time for imaging process * * 5

Time until entry of film count and interpretation * * 6

Time around time from order entry until report/ra- * 7

diographs return

Distributian of number of imaging studies in a day * * 8,10

Distribution of number of cases interpreted in a day * 9,10
Reporting analysis Number of letters in a report * * 1

Time spent in generating report *

Time for writing letters in reporting *

Change in the composition of cost of image diag- * 12

Cost analysis
nosis

Change in cost for films, contrast medias, and
radiopharmaceuticals

*Denotes a contribution to evaluation or design of PACS.
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Fig 1. Light-box screens in each department {A) and the

number of radiographs taken per year by each department (B).

of these stations determines that the number
available for display would be substantially less
than the number of view boxes now present.

QUTSIDE RADIOGRAPHS

Osaka University Hospital is an important
tertiary-care center that receives referrals from
many other hospitals. In addition, a substantial .
portion of the hospital beds are for longer-term
care. These two factors result in a large number
of outside radiographs coming with patients to
the hospital.

The number of such outside radiographs for
inpatients and outpatients was counted over a
5-day period. The results for sample care areas
are shown in Fig 2, broken down into those
stored for continuing use and those returned to
the originating-care facility. The distribution of
the volume of such outside radiographs and the
volume of Osaka University radiographs was
determined and is shown in Fig 3A. The distri-
bution and the fluctuations of the number of
outside radiographs received by modality and
day of week during the 5-day-workweek study
period, as well as for the total of all 5 days, is
shown in the graph in Fig 3B. This data was also
directly useful in planning the PACS configura-
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tion. It permitted good estimation of the num-
ber and distribution of film digitizers that should
be planned for the PACS to handle these outpa-
tient radiographs.

SYSTEM ANALYSIS

Several process flows and patient flows were
analyzed and documented by detailed flow dia-
grams. These flow studies included inpatient
and outpatient movements, the ordering of
studies, the movement of the radiology requisi-
tion, radiology scheduling, performance of the
imaging studies for each modality, and the
radiology reporting process. These were studied
for inpatients and outpatients. A very simplified
flow diagram of the ordering, imaging, and
reporting of x-ray studies is shown in Fig 4. This
figure was extracted from the detailed flow
charts that were observed in pre-PACS situa-
tions in the old Osaka University Hospital,

Timing studies of numerous intervals were
performed. Data involved sampling from nine
clinics and four wards of the twenty clinics and
sixteen wards. Intervals studied included timing
required for order collecting, timme tequired for
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image delivery, time required for imaging pro-
cess (Fig 5), time until entry of film count and
interpretation (Fig 6), the turn-around time
from a request for a study until the report was
received in the care area (Fig 7), time spent by
the radiologist in creating or generating the
radiology report, time for writing letters in a
reporting.

It is clear that most of the imaging process is
in time within 5 minutes and 70% of them are in
10 minutes, even in pre-PACS environment.
Also, Fig 6 tells that 76% of the radiographs are
entered into the systemn within 8 hours after the
imaging process is over with their interpretation
and the film count. However, the turn-around
time distributes to 39 hours with the peak at 29
hours as shown in Fig 7. Even if we take the case
of 16 hours in Fig 7, it is much longer than 10
minutes plus 8 hours as shown in Figs 5 and 6.
This evidence clearly tells that the time re-
quired for order collecting and the time re-
quired for image delivery are very long, extend-
ing from 8 hours to 31 hours. We measured
them, and the data exactly verified above fig-
ures. These figures suggest that only joint opera-
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Fig 3. (A) The distribution of the volume of outside radio-
graphs and the volume of inside radiographs taken at Osaka
University Hospital in 5 days {Monday, February 3 to Friday,
February 7, 1992). (B) The number of outside radiographs
stored in the hospital in terms of modalities and days during
the week,

tion of PACS with HIS and RIS will be effective
in shortening the turn-around time.

The distribution of imaging studies done
(counted as the number of radiographs) during
the working day was tabulated. The results are
shown in Fig 8. Several different peak periods at
various hours of the day are clearly identifiable.

The number of cases interpreted by hour of
day were also obtained. Figure 9 shows this data
expressed as the number of radiographs read
for both new studies and comparison studies.
Figure 10 shows these data superimposed with
the curve of when the imaging studies were
done. An =30-minute delay in the interpreta-
tion of cases was identified in the morning. In
the afternoon, the delay became ~ 60 minutes.
The maximum volume of interpretations oc-
curred between 3 and 4 pMm. The identification of
peaks and the quantification of the number of
studies handled were directly useful in planning
for peak network traffic and system work loads.

In both ordering and reporting for radiologic
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examinations, Japanese physicians use a combi-
nation of text and schematics. The number of
words and characters and schematics was
counted in randomly extracted samples of radio-
logic requisitions and reports. Figure {1 shows
the number of the letters counted in a report.
This data was taken for the purpose of observ-
ing the data even in a post-PACS environment
and of maintaining the number of words and
quality of reports.

COST ANALYSIS

The total cost of operation of Osaka Univer-
sity Hospital from the period 1982 to 1991 was
compared with certain supply costs for radio-
logic imaging during the same time period.
These costs included radio pharmaceuticals,
films, and contrast media. The ratio of the
radiology supply cost to the total was calculated
and is shown for inpatients and outpatients and
all patients in Fig 12. Although the decreasing
trend in radiology costs is real, it has been
affected by such things as revisions of the cost
tables used by various health-insurance systems.
Despite this, it is anticipated that a positive
impact of PACS will further decrease the cost of
radiologic supplies in the future.
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Fig 4. Outline of the result of flow study of images, orders,
and reports in Osaka University Hospital.
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Fig 8. Number of images taken in terms of time of day as

the average over 5 days.
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Fig9. Number of images read out in terms of time of day as
the average over 5 days. (M), read-out images that were taken
on that day; (OJ), referred images that were taken on previous

days.
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Fig 10. Comparison of number of images read out (—) with

number of images taken {(—) in terms of time of day. The
delays of peaks between two curves are shown.
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Fig 11. Number of letters in a report.

DISCUSSION

Table 1 sums up the studies that were per-
formed in our pre-PACS environment. Aster-
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Fig 12. Change in the composition of cost of image diagno-
sis in Osaka University Hospital from 1982 to 1991.

isks in the column “Contribution to Evaluation”
show that these items must be again measured
in our post-PACS environment and can be
adopted in other hospitals to evaluate PACS by
pre-post-PACS measurement. Asterisks in the
column “Contribution to Design” indicate that
these studies contributed to our PACS design
and will contribute to PACS in other hospitals.
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