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U.S. Military Medicine:
P ACS, Telemedicine, & Personal Digital Assistant Devices
Fred Goeringer, MBA, MSCE and Robert Leckie, MD

The U.S. Military through the Medical Diagnostic Imaging Support (MDIS)
System and the Telemedicine (T-Med) Project are accessing, testing, and deploying various
technologies for military medicine. MDIS and T-Med are actively involved in large scale Picture
Archival and Communications Systems (pACS), teleradiology, telemedicine, speech recognition
for dictation of medical reports, and personal digital devices for physicians on the wards and in
the clinics. MDIS and T-Med are Military Tri-Service projects run out of a project management
office on Fort Detrick in Frederick, Maryland. The project management office is compiled of a
composite team of physicians (Emergency Medicine and Radiology), physicists, engineers,
hospital administrators, technologists, and specialists in computer systems, communications,
-and logistics. End users of the technology (usually physicians) at clinical sites drive the
development of the various programs. In general, a rapid prototyping approach is utilized. This
approach is indicated in advanced development situations where more traditional research and
development approaches are not able to keep pace with the tempo of rapidly evolving technology
such as high bandwidth telecommunications and digital imaging. Under the rapid prototyping
approach, a technology must possess some immediate, practical, operational value in its
deployment, and in addition possess elements that "push the envelope'· to rapidly assess both
new technology and new operating concepts .
In this presentation, three projects under the MDIS/T-Med umbrella will be
briefly reviewed: 1] MDIS PACS, 2] Operation Prime time (telemedicine for Macedonia and
Croatia), and 3] ProjectProMED (a personal digital assistant device for physicians on the wards
and clinics).

MDISPACS:
The MDIS PACS contract was awarded to a joint venture between Loral and Siemens in
late 1991. Presently, Madigan Army Medical Center, Brooke Army Medical Center, and WrightPatterson Air Force Medical Center are undergoing phased implementation of this system.
Additional sites are planned for 1995. Madigan, which was the first site to begin clinical
operations (March 1992) will be emphasized.
Madigan, a 416 bed hospital, is located in Tacoma, Washington. Four hundred
physicians support more than one million outpatient visits per year. Nearly 160,000 radiolOgical
procedures were completed in 1993 in a radiology department staffed with 14 Board certified
radiologists and 20 radiology residents.
PACS equipment at Madigan presently includes computed radiography (CR) for
all plain radiographs except mammography, a 40 Gbyte Working Storage Unit (WSU), a 100
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platter (l1byte) Optical Disk Jukebox (001), and 25 workstations. CR images are processed by 2
Siemens Digiscan 10005 and 3 Fuji ACt plus readers. Third and fourth generation Fuji imaging
plates with lead backing are used.
The heart of the MOIS system is the Working Storage Unit (WSU) which
functions as the local and short-term storage device. Originally developed and utilized for U.S.
military reconnaissance, but now modified for medical applications, the WSU uses a redundant
array of inexpensive disks (RAID, level 2 architecture) with 40 disks operating in parallel; 32
disks for a 32 bit word, 7 disks for error correction, and one disk acting as a "hot spare" (single
disk failure detected and corrected without loss of operation). Presently all images obtained
within the last 10-12 days are available on the WSU. Images are stored in the WSU with
approximately 2.5 : 1 lossless compression giving an effective storage of 80-90 Gbytes of data
(greater than 10,000 CR images ). Image retrieval bandwidth is greater than 400 CR image
equivalents per minute. The WSU is connected to the workstations by a fiber optic network in a
modified star topology.
Image data moves with FOOl-like speeds (100 Mbits/ sec). Images are transferred at the earliest
opportunity from the WSU to the ODJ. The ODJ holds 100 (10.2 Gbyte) 14" WORM optical disks.
CR images are stored with 10:1 lossy compression (modified JPEG format). The final phase calls
for two OOJs which will be able to store 4-5 years of images on line [1-2] .
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Figure 1: The basic MDIS PACS configuration.
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The system utilizes two types of imaging workstations,"diagnostic" and "clinical".
The diagnostic workstation is a high volume unit for primary diagnosis; the clinical workstation
is a lower volume unit for ~view of images. Diagnostic units can have either 2K (A type) or lK
(B type) resolution portrait monitors. Clinical units have only lK (C type) resolution landscape
monitors. In the radiology primary reading areas, diagnostic workstations use four 2K
monitors. In general, the wards and clinics have two lK clinical workstations, but the entire 2K
data set is available by magnifying the image. All workstations have the same image
manipulation functions. Presently there are 25 workstations throughout the hospital, but later in
1994 the number of workstations will increase to 116 .
The Macintosh-based interface, being extremely user friendly, is one of the reasons for
broad acceptance since many of our physicians are computer illiterate. Ease of initial training and
retention of training are due to mouse-driven pull-down menus. "Quick keys" are available for
the commonly used functions so an experienced user can move through the functions more
rapidly.
Presently CR, cr, and Fluoroscopy are on the system with an integrated Radiology
Information System (RIS). Many other image modalities are expected to come on-line in 1994
including MRI, Aegis (Acuson) ultrasound miniPACS, Nuclear Medicine, Angiography, and
CHCS (the Department of Defense's Hospital Information System) .
At Madigan, greater than 500,000 digital images are available on-line to physicians. The
system reliability has been 96-99%, and image accountability on the PACS has been from 95-990/0
(with <0.6% truly lost images). Image display time from the WSU is 4-5 seconds. Clinician
acceptance is high with greater than 98% stating that the PACS significantly improves patient
care [2]. Emphasis in 1994 will be on converting the hospital into a truly filmless environment,
connecting the remaining image modalities into the system, and integrating the PACS with our
hospital information system.
Operation Primetime (Telemedicine) :
Operation Primetime provides Telemedicine support to the 364 US soldiers
remotely deployed in Macedonia as part of the overall United Nations (UN) deployment within
the former Republic of Yugoslavia. Prime time also provides Telemedicine support for patients at
the Air Transportable Hospital. The intent of the operation is to deploy, establish and operate the
Primetime Te1emedicine Network (Figure 2) for an extended period of time-anticipated to be at
least 120 to 270 days.
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Five major validation questions for operation of this telemedicine project are being evaluated:
1) Can a multi-node Te1emedicine network be successfully designed, deployed, and operated in
support of remote military medical operations. Can such a network be operated over an extended
period of time with a high degree of uptime and technical reliability?
2) What are the clinical benefits and drawbacks of such a system based upon its actual use over
an extended period and what are the economic benefits and costs in using deployed Telemedicine
networks?
3) Does a multi-media approach to Telemedidne using real time patient video, high-resolution
still imagery, as well as data, facsimile, and voice communications provide the expected
operational usefulness? What technologies make sense for incorPoration into a multimedia-based
Telemedicine system? Can such a system be successfully integrated as a open system that stresses
the major properties of inter~perability, sc8Ie ability, and upgrade ability over time?
4) Is it possible to establish an image-capable multi-media patient database for a contingency
operation and have it serve as a "medical flight recorder" of the clinical activity of the operation
for retrospective analysis and epidemiological medical research?
5) Is it possible to build a system of seamless medical support in which tertiary care expert
military medical capability can be aggressively teleprojected into a remote medical setting
through the use of Telemedicine techniques?
The enabling technologies are listed in figure 3.
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Each site possesses a distinct relationship for both receiving and providing support to
other elements of the telemedicine network (see figure 4). The network operates under two
integrating principles. All telemedicine support is demand activated by the end user at the hont
line and all requests for telemedicine support follow the typical path of patient evacuation. The
end user retains control of the technology and uses it when needed in a practical situation as
opposed to a project designer trying to force a new technology into situations which may not
benefit the healthcare provider and his patient

5

r

T-MedNode

lfannedby-

T-Med Capability

T-Med Clinical Activity ""'
Consultations w FAS & MASPatient Video Soap Notes
Patient Data & Fax
•.

~

~.

..

~r

' •.

~:-.:..

,..... -

4' ..~'~".":-)..

",,"

Support for Outposts-Consufts
with MAS, Patient Video Soap
Notes '.~::....:~"...."'::. .. :'). ..-~....;.".

\.
~

.I

• Main AId Station
(MAS)Skopje Rear

Gen, Mad Officer
(GUO). PM tech
Vet tech. & aidmen

Inmarsat A. Patient
video, still image. data
voice & fax
~.~~7%~~r..~:!:~ ~~. ~~~~-~~. ~~~'1~ ~_ ..;~?~.~~~t~~?~~ ..~-?~:~.
• 48th AirTraris,",,!· GMO'~ general "
Inmarsat A, Patient .
Hosp (ATH) '/.; ~ surgeons. & some": video. still image, data
··~;;:2agreb r~~':':';:;>:-·.
specially physicians. voice & fax ".. '.....:~. :

Consults with FAS & Outposts,
Evac Consults with ATH,
Gmd Rnds-LARMC & WRAMC
Consults with MAS
Evac Consults with LARMC
Gmd Rnds-LARMC & WRAMC

T-Med host for all operations
Testiary Care Medical Terrestrial 56, Patient
• Landstuhl Army
Regional Med Ctr suppod
video, still image, data in Zagreb & Macedonia
,_ (k'.~~q~~~e~"l '.i:~~'~"~".~":.".~"'-",7.~~.,; : voic.e.& fax,lnm!1rsat.~. ...
........
-.
'-"

• Walter Reed Army Teltiary caia. -: ':~"-.~' Terrestrial 56, Patient
video, still image, data
Med Ctr(WRAMC) Consultant-level, &
.;;; .Wash, DC" ..
GME medical support voIce & fax· ....•.• __.....
• T-Med Project
Office
" Ft Detrick, Md

Project Operational
Support

Terrestrial 56, Patient
video, still image, data
voice & fax

T·Med host for atl operations
In Zagreb & Macedonia
Backup for LARMC
Operational Tech support
Multimedia Medical Flight
Recorder Database

Figure 4

Project ProMED
Frequently, the time period between a physician 'deciding to take an action on a
patient (obtain a chest x-ray or write a prescription) until that action is completed is lengthy. For
example, during early morning ward rounc1s a physician decides to order a medication on one of
. his patients. The order is written iometime after the entire rounds are completed ( 1 hr.). Then a
nurse takes orders oft of the patient's chart ( 3-6 times/day). A "runner" takes the requests to the
pharmacy (every hour). Later that day the patient actually receives the prescn"bed medication.
We see an opportunity to improve the physicians productivity and better serve
patients by improving the information pathway. Recently Personal Digital Devices (PDAs) such
as the Apple Newton have become available. These hand- held (4 inches by 7 inches) devices are
··like small personal computers with built-in communication functions ( pager, fax, infrared
wireless communication), and some first generation hand writing recognition capability.
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With a PDA, a physician can write orders for his patients as he does ward
rounds. The order is immediately passed via wireless infrared communications to the proper
location i.e. prescriptions are send directly to the pharmacy. This can significantly decrease the
turn-around time from when an order is requested until it is completed. Also, cost comparisons
of alternative drugs to prescribe can be stored and presented to the physician for consideration.
Automatic drug interaction warnings can alert the physician of possible problems.
The U.S military in a cooperative research program with Apple Computers have
set up 3 test sites to evaluate the Newton for use in medicine. Walter Reed Army Medical Center
in Washington, D.C., Wright-Patterson Air Force Medical Center in Dayton, Ohio and Brooke
Army Medical Center in San Antonio, Texas are presently evaluating the technology initially with
a Smart-Rx (pharmacy order system) and a form generator for patient history and physicals and
nursing notes.
Conclusion
Technology is exploding, yet at the same time resources within medicine are
shrinking. The rapid prototyping format utilized by the project office helps to convert newly
developing technologies into the medical field in a timely manner.
Supported by a diverse group of experts from various fields, physicians (as the end users) drive
the requirements to keep the technology integrated useful and practical. The goal is to apply
developing technologies into the medical field in an attempt to improve patient access and
~prove patient care, but at the same time decrease healthcare costs.
References:
1) D.V. Smith, S. Smith, F. Sauls, M.A. Cawthon, and R.I. Telepak, "Design Strategy and Implementation

of the Medical Diagnostic Image Support System at Two Large Military Medical Centers," SPIE
proceedings on Medical Imaging, Vol. 1654, pp. 148-157, 1992.
2) R.O. Leckie, D.V.Smith, C.A.Meyer, E.Siegel, F.Goeringer, Y.Kim; The MDIS Workstation - An
Update of Perfonnance After Nearly Two Years of Clinical Use; SPIE, Medical Imaging 94, February
1994.
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Soft Copy Interpretation
of Emergency Department Examinations 1
Michael A. Cawthon, 0.0.2
Greg T. Mogel, M.D.2
Morgan P. Williamson, M.D.3

Abstract:
The ability of the Radiology Department to fully support twenty-four hour Emergency services
is becoming increasingly critical In the modern healthcare environment. However, physical
separation of departments and the unique requirements of the Emergency Department can limit
the quality of the resulting services provided by Radiology with both unreported studies and an
undesirable delay in interpretation. The Introduction of a PACS system with diagnostic quality
workstations has allowed the initiation of full time soft copy image interpretation for services
rendered to the ED. Soft copy interpretation with PACS archiving has reduced the number of
unreported exams, shortened the time to interpretation and markedly improved the
accountability for examinations performed for the ED.

Introduction
Departments of Emergency Medicine are inherently focused centers of radiographic
activity. In this setting, a wide variety of radiographic exams are performed, and there is an
increasing awareness of the need for 24 hour real-time support. Picture archiving and
communication systems (PACS) may represent an approach to meeting these unique
requirements. Gold, et al. (1), presented a sum"'!ary of the imaging problems associated with a
trauma center in terms of image management and presented a proposed solution to these
problems utilizing a PACS system.
Brooke Army Medical Center (San Antonio, Texas) is a 450 bed teaching hospital with a
Level 1 equivalent trauma center and ED, which, along with two other similar trauma centers,
provides the trauma support for a population exceeding 1.2 million. The medical center is
composed of two hospitals located approximately one mile apart, and the Radiology Department
.
is located in a total of 6 different buildings.
The initial components of the Department of Defense PACS system, the Medical Diagnostic
Imaging Support System (MDIS--Lorel Western Development Laboratories, San Jose, CAl (2)
were installed and operative by July 1993. This was done with the expectation that many of the
difficulties created by the physical plan of the Medical Center could be overcome and improved
service to the Emergency Department (ED) would be a result.
The current study reports on the findings following introduction of PACS and soft copy
interpretation into such an environment. We sought to determine the impact of our new PACS on
delayed and missed diagnoses.

Materials and Methods
The basic architecture of the MolS system is presented in Figure 1. The interfaced
modalities principally supporting the ED are one computed radiography (CR) ~nit, one CT
scanner, ultrasound (via video framegrabber) and one angiographic suite located at the second
hospital approximately one mile distant from the ED. Image storage is accomplished initially
1Presented at 6th Annual Meeting of the American Society of Emergency Radiology 25-29 March 1995,
Scottsdale, AZ
2Department of Radiology, Brooke Army Medical Center, San Antoinio, Texas
3U.S. Army Medical Advanced Technologies Office, Fort Detrick, Maryland

upon magnetic media with a 2+:1 loss less compression algorithm applied. Long term
permanent archive is performed on optical disk utilizing a 10: 1 level of image compression
with a modified JPEG compression algorithm (3). Image display for soft copy interpretation by
the radiologist is performed on 2 or 4 monitor workstations with 1536 x 2048 matrix CRT
displays (4).
Surveys were performed before and after initiation of soft copy image interpretation for
.the ED examinations. We have compared the quantity and modality of exams performed both
before and after Initiation of soft copy Interpretation, as well as the time from examination to
dictation. Finally, the number of examinations going unreported was studied both before and
after PACS Implementation.•
These comparisons were carried out using data from a historic survey performed in
1990 and three periods since initiation of soft-copy reading: immediately after full
..implementation in October 1994 and at 4 and 5 months of experience, February and March
1995, respectively.

Results
The SAMC ED has an average of 3286 patient visits per month with 77 (2.3%) of visits
representing severe medical or trauma emergencies. Of these severe cases, 62 (80.50/0)
represent traumatic emergencies and 15 (19.5%) represent medical emergencies.
Emergency Radiology studies performed typically for ED patients still in out-patient
status or in the shockltrauma room Involve examinations utilizing computed radiography, CT or
ultrasound. The 24 hour distribution of CR examination performance for the ED indicates
hourly maximum numbers of examinations ranging from 5 to 13 with a definitive skew of
higher volume towards late afternoon and early evening hours. Implementation of PACS and
soft-copy interpretation has had no impact on quantity, modality or temporal distribution of
studies requested by the ED.
Historic data (1990) revealed that 17.90/0 of film-based studies requested by the ED
were never interpreted by a radiologist. These data were consistent with the overall unreported
rate of 18% for all Department of Radiology examinations performed during that review. Of the
reported ED exams, .only 44.5% were dictated within 24 hours of performance (Fig. 2) and
,6.8% of examinations were interpreted .and dictated greater than one week following their
performance.
Data collected 1, 4, and 5 months following initiation of PACS workstation based soft
copy Interpretation reveal that unreported (undictated) computed radiography examinations
,'decreased to 6.2°k, 12.1 % and 9.6% of the total examinations performed, respectively (Fig. 2).
The initial survey after initiation of soft-copy reading found that 64.1 % of examinations were
dictated within 24 hours (or 68% of the examinations that were eventually dictated). The
second and third surveys found that 97.9% and 90.4% of the exams performed were dictated
within 24 hours of performance (or 1000/0 of the examinations that were eventually reported
were reported in the first 24 hours).

Discussion
The role of the radiologist in delivery of emergency medical services is under
Increasing scrutiny. Twenty-four hour support of the ED Is rapidly becoming a necessity for
many departments of radiology and yet problems can arise in the provision of real-time or near
real-time radiologic interpretation services for the ED. Examples of these could be lack of
availability of radiologists physically being present in the ED or problems with film
accountability when these studies are handed directly to ED physicians by the technologists.
These situations can lead to delayed diagnoses or problems in follow-up with referring
physicians or the patients themselves. A close working interrelationship must exist between
the ED physician and the radiologist in the provision of radiological services for the role of the
radiologist to remain relevant in the patient care algorithm.
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The introduction of workstation soft copy interpretation on a PACS system provides a
mechanism to improve radiologic services to the ED. This implementation allows for the
radiologist and clinician to accurately account for all examinations being performed. It also
provides for more effICient and effective access of radiologic interpretative services by the ED
on a twenty-four hour basis. This has been achieved without a change in radiology personnel or
staffing requirements.
Our Initial finding of 18% of examinations performed in the ED going unreported is the
same as seen in earlier literature (1). This was in part due to the two step process of
examination handling with 100% of the exams being initially given to the ED physicians unless
the radiology resident or staff had been summoned directly to the ED to interpret the exams
'Wet- as they came from the processor. Additionally, many exams went unreported as they were
·'ost- when handed out by the ED physicians to other services upon admission of a patient to a
hospital leu or ward. Examinations may also be kept by an intermediate consultant and not be
made available to an leu for the health care team in that unit to see, thus requiring a repeat
study. This problem has been reviewed (5) and the introduction of the PACS system with
presence of workstations in the clinical area has eliminated this problem. too, making available
any image at any time to any authorized user of the system. Following implementation, we
quickly were able to measure a significant decrement In unreported exams.
We did, however. still find examinations not being reported in this study after
implementation of soft copy reading. This is of much concem and required further
investigation. A portion of these unreported exams were ·found" in alternate locations within
the database, a problem that is alleviated with closer attention to accuracy of information
entered into the database and continuing improvements in software. Much of this problem stems
from the necessity of staff overreading of resident reviewed studies prior to recognizing them
as ·reported". Improved coordination of this process will markedly improve the situation.
The time to dictation of examinations has also been markedly improved following
Initiation of workstation based soft copy interpretation. In the prior film based environment.
only 54% of the examinations being reported were actually interpreted within 24 hours of
their performance. This has quickly risen to 100% and remained there. Further analysis of
our data has revealed that 80.3% of reported examinations are dictated within 6 hours of
performance. Efforts continue to improve in this arena but with recognition that some delay
may persist especially for exams obtained after. midnight until 7 AM the next morning. An
important factor contributing to the perSisting delay is that the radiologist cannot identify a
study as completed and requiring interpretation until technologist quality control has been
carried out. Better education of the technologist as to hislher key role in helping the radiologist
to stay current with his work has improved this situation.
Another key benefit realized with transition to soft copy interpretation has been the
availability of older, comparison examinations along side the newer exam at the interpretation
and review sessions. This has been achieved through a pre-fetch algorithm that automatically
initiates a de-archive of an older similar exam upon entering the request for the new exam Into
the system. The electronic optical archive is available 24 hours per day rather than during the
previously limited hours of file room staffing. Final reports of the new exam with comparison
to the older exam or other exams from other modalities can now be issued on a 24 hour basis to
the ED physicians.
Almost complete at this time, current initiatives involve the final transition of the ED
physicians themselves from film-based to soft copy image review. This will allow for
elimination of the majority of ED film costs, processing and management. Equipment has been
. placed in the ED for soft copy viewing, training is underway and initial experience with soft
copy viewing is being attained by this group of phYSicians.
Conclusions
The introduction of the PACS system at BAMC coupled with the recent implementation of
soft copy reading on a 24 hour basis has improved the radiological services provided to patients
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and physicians in the ED. The number of unreported examinations has fallen. the time from
performance of the examination until radiologist interpretation has markedly improved and the
ultimate accountability and permanent availability of new and older examinations has improved.
Further areas for improvement have been identified in work flow design to facilitate
achievement of the goal of near real-time diagnostic and consultation service for these
frequently acutely and critically ill patients.
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Figures:
Figure 1. PACS Architecture. Image acquisition modalities send images to a central magnetic
storage unit from which they can be displayed on workstations. archived permanently on optical
disk or printed on film.
Figure 2. Time to dictation of examinations before and after initiation of soft copy
jnterpretation practice. Fewer unreported examinations and more rapid dictation is
demonstrated.
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Personnel Training
During PACS Implementation
Michael A. Cawthon, D.O.
Brooke Anny Medical Center
San Antonio, Texas

Introducing a new approach to Radiology operations into a functioning
hospital is an immense enterprise, especially when the entire system is based upon
automation. A tremendous range of experience in computer literacy may be found
within the varied personnel in a large hospital Radiology department and amongst
the users of the automation equipment outside of the Department. However, most
personnel have some experience with automation equipment. But, this might not
apply to all job descriptions within a department. Thus, the scope of the education
and training issue can be seen in perspective.
Training Plan Development

A training plan was developed around a model known as instructional system
development. 1 The core element of this model is the analysis of the jobs which
various personnel will perform when interacting with a PACS system. This involves
~ot only

finding out what an individual does but also in what order he does his tasks,

the conditions under which he operates and the level of perfonnance of the tasks
which is considered adequate for the job. The task list thus developed for each
category of user then becomes the framework for the training. These learning tasks
for each user group of personnel also comprise the list of terminalleaming
objectives. Plans of insbUction are then d:eveloped to train the individual tasks for
each user group to accomplish each of these terminal learning objectives. Some
tasks are dependent upon learning other tasks and thus, these must be grouped

together and ordered in a proper learning sequence (hierarchy) to allow for this
progressive training to be accomplished.
The personnel to receive training were divided into several basic user groups.
These included receptionists/schedulers, technologists, supervisors, file clerks,
1ranscriptionists, radiologists and radiology residents and referring physicians. The
tasks perl'ormed or to be perl'ormed by each user group were then enumerated. Not

all functions of the system need to be trained to all users. One function may need to
be trained in much greater depth to one group and only briefly or minimally to
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other groups. Thus, not only is there the need for the listing of tasks to be performed
and trained to a given user group, but also the depth or quality of training required
needs assessment This is usually assessed by determining the level of performance
required for an individual task.

A measurement of performance or testing of the trainees was also included in
the Training Plan. This usually took the form of both a written test and a practical
; examination to assess the level of understanding of the tasks which the trainee had
" attained. All significant features taught to the trainee were covered in either the
written or practical examination. These tests were also considered a method of
feedback to the instnlctor(s) on their ability to teach individual concepts and tasks.
If satisfactory results were not obtained for an individual, then retraining in that

particular area or function was performed, followed by retesting. This was repeated
until a satisfactory performance level was obtained.
implementation

The instructional setting was typically two phased. Initially, system overview
and then individual tasks were taught in a classroom in lecture format. Explanation
of each individual system function as well as how a particular function related to
other functions was given. Discussion and question-and-answer periods were
included. After the didactic period, the classes were broken into smaller groups and
.the tasks were performed by the trainee at the terminal, workstation or other
applicable component under the observation of the instructor.
Instructional material included overhead slides and 35mm slides. Handbooks
and small reference cards with key commands were given to the trainee for his
personal use after training. These proved quite useful for reference on how to
perform specific tasks, particularly if the task was not commonly performed by the
user.
A PACS system is comprised of many individual software applications and
; 'hardware components. The software applications to be trained were divided into
,. various functional modules and these were trained to the specific target user groups
to which they were applicable. For example, patient registration and exam ordering

were trained to the fullest depth to the receptionists and the technologists who would
be performing this function either exclusively or at high frequency. Only the basic

elements of this function were trained to the transcriptionist, the file clerk (who
may use this when digitizing a film) and to the radiology resident (may use when
assisting at night time or when digitizing a film for the Teaching File). this function

15

was not taught to the Staff Radiologist or the referring clinicians. The major task
groupings (modules) trained were patient registration, exam ordering, report
processing (transcription, editing, approval and printing), film·folder tracking, the
workstation software (different levels of training for radiologists versus referring
physicians) and specific training modules for individual pieces of equipment
(computed radiography, laser printer/processor, video acquisition for ultrasound
and the direct digital acquisition of crt MR, Nuclear Medicine, and digital fluoroscopy
devices).
Student selection was generally whomever was already occupying a specific
position/function within the Hospital before the arrival of the PACS system.
Fortunately, essentially all personnel had prior basic computer skills because of the
pre-existence of the older RIS within the Radiology Department Minimal computer
skills were a prerequisite prior to proceeding with further training on specific
applications. Self-paced tutorials were available for those without specific prior
familiarization with the particular platfonns utilized in this PACS system. Basic
tomputer literacy is becoming more prevalent in the working population but has not
been a basic entrance requirement for some user groups to date, but this must be

considered in the future, particularly with further advancements in automation
becoming standard in the Radiology environment.
A training schedule was developed after identifying which training modules
Rt'ould be taught to which user groups, how many individuals were in each user
-group, training time required fro each group of learning objectives, and the
availability of classrooms and insttuctors. Two instructors and two classrooms were
used. The larger classroom, a conference room was used for large group didactic
training, usually groups of 12-18 individuals. This classroom also had six RIS
terminals set up in it to accomplish training of R1S applications to be taught to
several user groups. Only one trainee per tenninal was pennitted for hands-on
training on the R1S terminals. The other classroom had 3 workstations set up. Two
trainees were trained at a time on each workstation in this classroom. The
workstations were immediately adjacent to one another in this room so that the
instructor could easily observe all students and immediately assist with any
difficulties. The two students at each workstation observed each other performing
each task as well as each perfonned all functions being taught.
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Conclusions

The entire staff of a large Radiology Department can be trained for their
.specific role in operation 'of a PACS system. Overall, this training plan development

,,-

and implementation progressed smoothly.
Additionally, the commitment of clinicians from outside Radi<110gy to undergo
. organized training on the workstations demonstrates their awareness of the
.' 'powerful potential clinical tool which a PACS system represents. Indeed, beyond the
actual development of the training course material, the most difficult challenge
eluring training Jay in scheduling physicians from outside the Department for their
workstation familiarization/training sessions which lasted for 1.S hours after a 30
minute system overview lecture. This interrupted clinic and patient schedules to
varying degrees and could have been felt as a negative impact in these areas where
the clinical functions were impacted. Interestingly, the number of clinical users
continued to actively grow after training of the first 120 clinicians, indicating that
self-instruction or grief word of mouth instruction was proceeding successfully.
Adequate classroom (principally hands-on) equipment must be provided. This
will usually involve the actual pieces of equipment installed for use and not separate
training equipment. Physical space around this equipment for students and the
impact n clinical schedules during training sessions must be included in the overall
Training Plan.
Finally, feedback from the trainees is vital to the instructors and training
developers so that assurance can be held that the instructional materials and methods
are being employed in such a manner as to adequately train the student to the
accepted level of competence in all his major tasks. This will result in the earliest
clinical acceptance and utilization of the powerful clinical tool which a PACS system
represents.
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The Military's Real Time Answer For PACS
At times, the United States military health care system suffers
greatly from the sluggish delivery of radiologi~al health care. Delays
in interpretation of roentgenographic exams and delays in
transcription and report approval lead to delays in diagnosis with
subsequent delayed or inap~ropriate treatment _and resultant
,increased costs. In this paper we will describe the problems of the
-past and discuss how real time radiology through the enabling
technologies of picture _archiving and communications systems
(PACS), on line standard reports, and voice recognition technology
will result in timely radiological diagnosis and communication with
referring physicians leading to quicker and more appropriate care
with reduced costs.
Many factors contribute to delays in diagnosis. Principal among
these are a batch reading process/ mentality necessitated by a filmbased system. 1 Images are obtained of a patient and then either sent
with the patient to the referring clinic or sent to the file room to be
matched with any old films. After the search for old films, the new
images and any old images are either sent for a wet reading, when
Jequested, or sorted by organ system or modality for batch reading
which may occur after a delay of several hours up to several days
over a long weekend. When batch reading finally occurs, some
images are returned to the file room by radiologists in order to
initiate a further search for essential lost films which did not appear
during the initial search thus further delaying the diagnosis. Many of
the images sent out with the patient for preliminary reading by the
referring physician never return or return only after a prolonged
time again extending the time to diagnosis. These practices continue
despite regulations and file room personnel to counter them. File
room personnel, however, are often difficult to hire in the military
due to hiring freezes and limitations on pay in various locales.
Another component of delayed diagnosis is the length of time
from dictation to transcription. The limiting factor in the military is a
shortage of transcriptionists available at the offered wages. Hiring
freezes again contribute to transcription delays. Transcription delays
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vary from site to site and from month to month. In a recent survey
of several large military medical centers transcription delays varied
from several hours to more than 30 days. An attempted solution is
the temporary hiring of special contract transcriptionists at high per
line rates when transcription backlogs begin to exceed several weeks.
After several weeks, the backlog is eliminated and the contract
transcriptionists are released. Over the course of the next several
months the backlog reaccumulates, and eventually authority is
granted to again hire temporary transcription help. One large medical
treatment facility avoids long backlogs only through outside
transcription which averages over $300,000 per year in an
institution doing roughly 150,000 examinations per year.
After a report is transcribed, it must be approved by the
interpreting radiologist and routed for delivery to the patient record
and the requesting physician. These two processes can take up to a
day or longer in a paper-based system under ideal conditions. In
m~ny instances radiologists take longer to approve their reports.
With this delay in diagnosis referring physicians lose
productivity looking for films and reports. An exam without a report
could be in one of four stages: waiting for an initial reading in a batch
pile; interpreted and dictated but awaiting transcription; transcribed
but awaiting final report; and taken from the radiology department
prior to interpretation. Several time-consuming options exist when
searching for a lost exam. The first of these is to call radiology and
search for the film andl or the radiologist responsible for reading
that film. When the radiologist gets involved physician time loss is
doubled. A second option of the requesting physician is to spend time
listening to a voice dictation system for a dictated preliminary
.report, if the radiology department has a voice dictation system .
. Even if a preliminary voice report is present, the physician still may
-want to see the images prompting a search, consuming his time, file
room time, and possibly the radiologist's time if one gets involved. If
a voice report is not present, then the requesting physician can
continue searching by talking with the radiologist or file room and
having a wet reading done if the images can be found. In many cases
a physician will order a repeat exam when the initial study cannot be
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found. Another option is to delay treatment decisions until the
images emerge from the "black hole" of radiology. Needless to say,
the referring physicians become di~gruntled with radiology through
this process.
The patient suffers from delayed or inappropriate diagnosis as
a result. A delayed diagnosis results from the delays caused by batch
~"reading. This may also necessitate a second visit to the hospital
where the patient shows up one day for an imaging study and then
," schedules a followup visit several days to weeks afterward with the
requesting physician in order to plan treatment based on the imaging
study. This not only delays the patient's diagnosis, but also
necessitates a second patient visit costing the patient time and
money and the hospital money in terms of infrastructure costs like
parking structures and waiting rooms to support the second visit.
This burden increases if the patient spends time waiting for films at
the file room, or if the patient returns for a repeat exam which also
cos"ts an additional radiation exposure. During this process the patient
becomes disgruntled like the referring physician. This
disgruntlement will become important as the military health care
system competes with civilian medical. care for dependant patients.
Delays in diagnosis or undiagnosed maladies resulting from lost
or misplaced films can also lead to economic loss on the part of the
patient, physician, and medical care system. Lawsuits may result
from these problems. The patient loses time and money as he or she
may suffer permanent disability or miss time from work. The
hospital or military loses mopey through lawsuits and the generated
ill will. The physician, referring or radiologist, may lose money or
standing from a lawsuit resulting from delayed diagnosis.
In the future, real time radiology in the military will result in a
very rapid report generated in response to an exam. The enabling
technology for this consists of the Medical Diagnostic Imaging
Support (MDIS) system which is the military's PACS, the hospital
information system in the military known as the Composite Health
Care System (CHCS), as well as voice recognition technology.
The MDIS system consists of a central on line storage unit
known as the working storage unit which serves workstations
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throughout the hospital on a fiberoptic network. Any image present
in the working storage unit can be displayed within several seconds
at any workstation in the hospital. Worklists or reading lists are
present which are site defined. These reading lists can be broken
. down by modality, organ system, ward, outpatient clinic, patient age,
and virtually any other item available in the hospital database. When
reading from a reading list a radiologist needs only to make one
keystroke to close the exam that has been dictated and bring up the
next exam in the reading list with any pertinent old exams. Standard
reports are available in a pull down menu on the system. Additional
old patient exams are readily available if they have not been
displayed, as well as on line access to all old reports. Images are
archived on an optical disc in a large optical disc jukebox capable of
storing one trillion bytes of data before discs are removed and stored
on a shelf. This is equal to one million chest xray images compressed
at 10:1.2
The hospital information system and the MDIS system provide
much-needed capability in terms of report approval, archival, and
distribution. On the MDIS system, reports can be approved and
completed with a keystroke at the time of interpretation if a
standard report is used or if a report is typed in by the radiologist.
This is already happening at several sites as the military moves
toward real time radiology. In the future, the use of speech
recognition technology native to the system will allow real time
transcription of nonstandard reports. If the radiologist approves
reports in batch fashion after transcription this can be done in a
manner similar to the reading list previously described with a single
keystroke bringing up the next exam. If a radiologist does not
remember the images associated with a report awaiting approval,
then a simple double click brings up the image in question for
immediate correlation of images with the report awaiting approval.
Upon approval and even before, the report is available throughout
the hospital along with the image.
At locations where the hospital information system is present
and linked with the MDIS system information presently flows only
from the hospital information system to the MDIS system due to a
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one way interface. Work- is underway to create a two way interface
allowing transfer of completed reports from the MDIS system into
the hospital informat~on system. With the hospital information
system reports can be typed by the transcriptionist or the
radiologist, and standard reports are also available. Alert or result
codes are present which generate an automatic warning message
about an abnormal exam which appears in the requesting physician's
electronic mail. Report approval is done using the word processing
l feature of the hospital information system. Upon approval of the
report by the radiologist, reports are distributed electronically to the
patient's ward, record, and requesting physician shortening the
approval process.
Voice recognition technology will play a key role in the move
toward real time radiology. Most voice recognition systems presently
available rely heavily on triggered standard text. Free speech
~ recognition requires discrete pauses between each word or short
phrase and are limited to 60 to 90 words per minute. Future
advances in software and central processing units will allow accurate
recognition of fast continuous speech typical of most radiologists'
dictations. This will decrease the training burden. In the near future
current systems can relieve the transcription burden for specialties
. with shorter reports. Radiologists in specialties that commonly have
longer reports like angiography, magnetic resonance imaging, and
computed tomography will have difficulty accepting voice
recognition technology until it recognizes continuous speech.
Incorporation of present technology in the modalities with shorter
reports should free remaining transcriptionists for rapid real time
transcription in other modalities.
As a result of these enabling technologies the military is
moving toward real time radiology. One example of the trend is seen
in the emergency room at a large military teaching center. Before the
institution of soft copy diagnosis only 58% of films were interpreted
within two days of examination with 17% of films not dictated and
8 % of all studies dictated one month or more after patient exposure.
In the earliest stages of soft copy reading these figures decreased to
6% lost or unread after one week with 83% of films read within 48
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hours. The time to diagnosis and number of films dictated greater
than one week should decrease to zero as radiologist familiarity with
the system increase. With MDIS unread exams are readily
" interpreted by searching the data base, displaying the examinations,
. and then dictating them.
.
Physician acceptance of the concept of PACS and real time
. radiology has been excellent. Overall, lost films have been reduced
from 20% to 1% at Madigan Army Medical Center. A physician survey
showed strong acceptance of the PACS system with many reporting
time savings of 30 minutes to an hour a day particularly in image
intensive practices such as orthopedic surgery. 98% of physicians
surveyed stated that the system significantly improved patient care
and 100% stated that the workstation saved them time. 3 The
principal complaint has been a slow speed of implementation with
more workstations desired. Radiologist acceptance has been mixed
with early software stages. About one third favor the system, one
third are ambivalent toward it, and one third are opposed. The
principal complaints of radiologists have been speed of the system,
complexity of the system for a' radiologist, problems with automated
retrieval of old exams, and difficulties with incorporation and display
.. of certain modalities such as MR. These issues are being addressed
"through new software releases which will significantly increase the
speed of the system. All modalities with the exception of
," mammography will be connected in the near future to include
Buclear medicine and magnetic resonance imaging. Display protocols
are being addressed through new software releases. Despite these
complaints the system is faster as a radiologist hanging his own
films. Comparison with a correctly prehung alternator shows the
alternator to be about 27% faster than MDIS.4 These comparisons do
not include time spent listening to gripes about lost films, directing
searches for lost films, calling the file room to find additional old
films, and moving an alternator 25 panels to show a clinician his
patient's images. This time can be quite significant. Future software
releases should meet or exceed the speed of the radiologist on the
prehung alternator. Another issue is recaptured workload., Presently
15- 20% of images in the film based system are lost or never
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interpreted. Soft copy interpretation of images captures these
previously unread exams as additional workload.
As a result of real time radiology the military should see
increased access, quality, and decreased or stable costs. Access will
increase as fewer images are repeated due to lost or uninterpreted
films. Physicians will have more time for patient access to the system
as they no longer spend time searching for lost images. Additional
access is created through unburdening the physician from the need
to interpret and manipulate an undiagnosed film in the presence of a
real time final report. Additional radiology access may be gained by
the referring physician by decentralizing the radiology department
and placing radiologists in the departments or outlying clinics which
require frequent consultations. Clinicians can walk around the corner
to a reading room to obtain a consultation on any examination while
the radiologist reads a full workload of images from any modality
through the networking provided by PACS. An alternative to this is
simultaneous display of images, telephonic consultation, and
interactive annotation and image manipulation. Access to
subspecialist diagnosis increases through PACS. At one institution
this has gone as far as the emergency room and primary care clinic
where pediatric images are automatically routed to the pediatric
radiologist for real time diagnosis and reporting. Quality of care
improves in real time radiology through rapid diagnosis and
reporting, subspecialist interpretation of images, and fewer lost
images. Costs will decrease as patients are diagn_9sed and treated
sooner with shorter hospital stays. Lawsuits due to delayed diagnosis
will decrease and further reduce the cost of care.
Real time radiology offers solutions for many of the problems
facing military and civilian radiology today. The enabling
technologies of PACS with on line standard reports and voice
recognition will be instrumental in the proliferation of real time
radiology to an extent not previously possible in a film-based
system.
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Teleradiology in the Department of Defense
David K. Lyche, Fred Goeringer, John C.Weiser, Morgan Williamson, John Romlein, Charles Suitor
MATMO, MDIS Project Office, Ft. Detrick, Frederick, MD 21702

Abstract
The U.S. military through the Medical Diagnostic Imaging Support (MDIS) system is
installing Picture Archival Communications Systems (PACS) and teleradiology at multiple
medical treatment facilities throughout the US and abroad. The goals are to improve patient
care, maximize limited resources, and realize cost savings. This presentation is an update of
"PACS and Tele"ailiology in the Department of Defeense" from the IEEE ComuputerBased Medical Systems Proceedings of Jun 1995 and will discuss early experience with
clinical use of the MDIS teleradiology configurations. Emphasis is on lessons learned in the
areas of image quality, speed of image transmission, communication between sites, and the
advantages of the MDIS two-way teleradiology configuration. The data is accumulated
from the combined experience ofthe authors at multiple sites within the continental US and
Korea.

1. Introduction
The technology for teleradiology has been under development for many years, but implementation in
the clinical environment has been a slow process. Advances in computer technology, display technology,
digital storage media, and network technology, have made P ACS and teleradiology both more affordable
an~more clinically useful. Cost and system performance are still the limiting factors, but these can be
expected to improve over the next several years.
As teleradiology sites become operational, the DoD is developing a better understanding of the
capabilities as well as the limitations and economic constraints of technology and communications. I 1.21 All
MDIS PACS sites are also capable of functioning as teleradiology hubs. Presently, Madigan Army
Medical Center (MAMC).at Fort Lewis in Washington, Brooke Army Medical Center (BAMC) at Fort
Sam Houston in Texas, Eisenhower Army Medical Center (EAMC) at Fort Gordon Georgia, WrightPatterson Air Force Medical Center (WPMC) in Ohio, and David Grant Air Force Medical Center (DGMC)
in California, are undergoing phased implementation of this system. Operational teleradiology installations
began in Korea in the summer of 1993 and in the United States in the summer of 1994. A "Hub" and four
"Spokes" are currently operational in Korea. In addition to the four PACS sites, spokes at Ft Detrick MD,
Fort McPherson GA, Holloman AFB NM, Vance AFB OK, and Onizuka AFB CA, are operational in the
United States. Teleradiology sites in progress include: Cannon Air Force Base in New Mexico, Wilford
Hall Medical Center (WHMC) Lackland AFB and Dyess Air Force Base in Texas, Fairchild AFB in
Washington, Mountain Home Air Force Base in Idaho.

2. System Objectives
The ultimate success of teleradiology depends on acceptance by the end users, the physicians, and the
end product, quality patient care. A viable digital imaging system needs high image quality, a userfriendly interface, qualified radiologists interpreting images, close communications between the clinician,
radiology technologist and radiologist, and images which are rapidly accessible to the clinician with a
dictated report tied to the image. Medical Treatment Facilities (MTF's) require a highly reliable system
with the latitude to shift workloads as necessary both intra-facility and inter-facility coupled with a large
database of images for education and research purposes. Included in the formula for success is the
minimization of facility modifications and installation expenses; otherwise costs will be prohibitive and an
economic pay-back will become impossible.

2.1. Hub Objectives
Physicians are relying more and more on diagnostic imaging for clinical practice which results in an
increased volume and demand for these images. Management of this infonnation using a traditional film-
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based system bas become a significant cost driver in both image acquisition and in image storage space.
The rece~t budget c~t-ba~ks in military funding ~ave resulted in an immediate need to find new ways to
accompbsh cost savIngs In order to reduce medIcal expenses. The target areas for cost savings can be
grouped into two general categories: direct cost savings related to a dysfunctional film-based management
system and indirect cost savings related to qUality of care provided. Direct costs include such things as
fil~ chemicals, space, personnel, overhead, disposal of processor \\'aste, and lost films which necessitate
repeat examinations. Indirect costs are related to system inefficiencies such as misfiled old exams, films
kept by physicians for reference and training, and unavailable exams taken at other MTFs; all of which
lead to delays in diagnosis, prolongation of hospital stay, and inefficient use of physician time.
A Hub solution must address these issues in a timely and cost effective manner. It must provide rapid
access to diagnostic quality images to both radiologists and clinicians. Finally, it must provide a reliable
RIS and a robust image management and archive for long tenn access to patient exams.

2.2. Spoke Objectives
In many rural areas in the continental United States and in remote areas of the world such as Korea,
American military clinicians had no practical way to have images reviewed by a radiologist in a timely
manner. Clinicians are forced to make treatment plan decisions based on their own interpretation of a
radiographic finding. It is not uncommon for a routine radiographic interpretation, with a completed
report, to take as long as two weeks to be returned. This inefficient practice sometimes results in patients
being flown, via expensive military air evacuation, to distant medical centers because of radiographic
findings that are actually only variants of nonnal. Assignment of a radiologist to these remote locations
usually results in an under-utilization of manpower and job dissatisfaction due to the fact that a radiologist
assigned to any of these remote areas has very limited access to current clinical cases to stay abreast of new
developments in any of the specialized fields as well as no inunediate access to consultative assistance.
Any teleradiology solution must also address these issues in a timely and cost effective manner. It
must provide rapid access of diagnostic quality images to radiologists and clinicians at both the hub and
spoke sites. It must also provide an integrated RIS functionality and image management between the hub
and spoke sites. Teleradiology includes the added cost burden of communications churges Cost effective
communications must be acquired for any successful teleradiology implementation.

3. System Configuration
The MDIS Hub and Spoke configurations provide a successful implementation to meet the system
objectives.l3.4] Full image data sets can be acquired at both hub and teleradiology sites with computed
radiography (CR) images, digitized film, nlagnetic resonance (MRll and computed tomography (Cf)
iniages. In the case of the spokes, the exams are transmitted from the spoke, archived on an Optical Disk
Jukebox, and then viewed on high resolution (2k X 1.5k Pixels) monitors at the hub site. A radiology
information system (RIS) is integrated into the process so that every image is tied to the patient's
demographic information, clinical history, and radiological report. The implementation of two-way
teleradiology between sites enables workload sharing, peer review, research, and education.

3.1. Image Acquisition
Plain radiography images (chest, bone, abdominal series) can be acquired electronically either by
laser digitization of radiographic film (2k resolution, 10 bit gray scale) or by use of CR (2k resolution, 10
bit gray scale contrast). The CR system acquires digital x-ray images directly without film by utilizing
reusable photo-stimulable phosphor plate technology. Exposed plates are scanned electro-optically to
extract images in digital fonnat. The network can also support the transfer of images directly from existing
digital imaging modalities such as cr, magnetic resonance inlaging (MRI), and ultrasound (US).

3.2. Display Workstations
The display stations utilized by the MDIS system come in two general categories: standardized and
optimized. The soft-copy image displays (SeID) with a suffix indicates the type of workstation utilized.
A SCID-S is the standardized radiologist workstation with an "A" class monitor with a 2048 x 1536 pixel
matrix. A SCID-O is the clinicians optimized workstation with a "C" class monitor with a 1152 x 882
pixel matrix. Workstations generally have two or four displays. Regardless of the workstation selected,
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the full image data set is available. The main difference between the two is the through-put time. The
Scm-O workstations require use of electronic magnification tools in order to access the full image data set
whereas the SCID-S workstations are capable of displaying the full data set of Inost i Inages upon initial
presentation.

3.3. RIS-HIS Interface and Database Management
The Composite Health Care System (CHCS) is a Hospital Information System (HIS) which was
chosen for dissemination throughout the military. The MDIS system has an independent Radiology
.Information System (RIS) for order entry, dictation, approval and display of reports. This RIS still exists,
but a one-way interface from CHCS has been developed where exanlination orders and transcribed reports
are entered into CHCS and electronically shipped to the MDIS RIS. This allows the MTF to utilize a
single lUS for all areas. In the future, the MOIS RIS will become a back-up system, with all infonnation
being exchanged through a two-way interface with the CHCS InS.

3.4. Image Engine
The image engine of the MDIS system is the Working Storage Unit (WSU). The WSU functions as
the local and short-term storage for images. Loral corporation developed the WSU as a redundant array of
inexpensive disks (RAID) device with 40 disks (magnetic media) operating in parallel; 32 disks for a 32 bit
word, 7 disks for error correction, and one disk acting as a "hot spare" (single disk failure detected and
corrected without loss of operation). The WSU is designed to hold inpatients examinations for the average
length of a hospital stay, all outpatients examinations for 48 hours, all exams not yet interpreted, and
pertinent historical images.

3.S. Exam Archival
Optical Disk Jukebox: Each Kodak 001 holds either 50 or 100 (10 GigaByte) WORM 14" optical
disks, depending on the workload requirement for the central archive. Computed radiography images are
stored with 10:1 lossy compression (modified JPEG format). At 10:1 compression, the 100 platter 001
can store about one million CR images (the original interpretation of an image by the radiologist is always
made on the original data from the WSU before compression is applied).

3.6. Teleradiology Communications
Teleradiology communication requirements for small and large spokes typically require that between
approximately 800MBytes/day and 2400MBytesiday of image data be transmitted from the spoke to the
Hub. The current commercial charges for inter-state high bandwidth communications, with Government
and high volume discounts, are about 12 cents/min for each 64kbitlsec channel for daytime usage and 6
cents/min for each 64kbitlsec channel at the night-time rates. The effective bandwidth on each channel is
about 56kbitlsec. Without data compression, this equates to a charge of between $114/day and $3421day
at the night-time rates. For a 240 day work year this yields between $27,360 and $82,080 per year.
The MDIS contract currently requires that any compression used be bit preserving. The best that a
lossless compression algorithm can accomplish on a typical radiographic image is about a 2: 1 ratio. Using
a data compression rate of 2: 1, the communic~tions cost for a small spoke are reduced to an annual charge
of between $13,680 and $41,040 respectively. In order to reduce communication costs significantly, the
main issue that needs to be resolved is the clinical significance of using non-bit preserving data
compression algorithms. Significant improvements in the data compression level used will help to defray
communication costs and improve the costlbenefit ratio's for all future teleradiology.

4. System Architecture
4.1. Hub Architecture
The hub shown in figure 1 is a "pure" hub and does not contain any image acquisition devices; it is
used for reads and archiving for remote teleradiology sites only. However, with the addition of the
desired image acquisition components as shown in figure 2, it may be built up and utilized as a full PACS
site.
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The Hub provides the permanent legal record archive of all images sent to it from the spokes. A
radiologist at a spoke will "call-in" to the hub to retrieve old exams for comparison with current exams.
The exams will be retrieved from the hub's ODJ and sent out via the 1.54 Mbitlsec T -1 line. The hub and
spoke can also connect to each other via VAX modems for remote access for software upgrades and
database maintenance.
4.2. Teleradiology Architecture
The MDIS teleradiology sites are currently available as either small or large. The small spoke is
designed to support a medical clinic with an image load of up to 100 images per day. The small spoke is
structured for a clinic which has no radiologist assigned and clinicians rely on their own "wet" read
followed by a radiologist's interpretation at a later time. This radiology interpretation is typically done by a
contract radiologist who comes in once or twice a week for plain film interpretation and special procedures
such as fluoroscopy, ultrasound, and mammography studies. The small spoke architecture is limited to a
single SCID-O which is multi-tasked and conducts its support activities serially; each service must
complete before the next support activity can start. The large spoke is designed for a medical facility with
an image load of up to 350 images per day. The large spoke architecture is structured for a medical facility
which mayor may not have a full time radiologist assigned. The architecture supports "fiImless" operation
at the site with both radiology soft-copy interpretation workstations and clinician workstations. Figure 3
shows the basic architecture of a large spoke. It is configured with two workstations, a SCID-S which
serves as the radiologists workstation and a SCID-O workstation which is mUlti-purposed serving as the
TRS and the Quality Control (QC) station. The RIS has been incorporated for parallel radiology reception!
administration activities and exam acquisition.

Figure 1. Hub: Reading/Archive Location
Commercial

T-l Line

SCID·O
WSU

scm·S

ODJ

Archive
Controller
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4.3. Operational Flow
The flow of a radiology exam at the small and large spokes follows:
- Patient enters radiology reception, Local Database Query: Is Patient Known?
- - Yes: Order Scheduled I Patient "Arrived",
- - No: Patient entered, demographic data entered, order scheduled
- Local Database is Updated with Patient Information, Exam is Scheduled/Ordered
Upon Arrival, Bar code is printed or Acquisition Worklist Updated, Exam Initiated
- Verify Patient Data and Exam Priority (STAT, Wet, Routine)
- Read CR Plate
- Image Stored to local disk
-ConductQC
- Image, Patient, and Exam data transmitted to designated reading location, via the
TRS, in either Automatic Batch mode or STAT mode or Manual push to location
- Exams pushed from spoke stored on and read from local disk at Hub
- Report transcribed to database and available for view via query from spoke
- Automatic Transmission of Report back to spoke

s.

Lessons Learned

5.1. Training
An interesting lesson learned during MDIS teleradiology implementation is one of training. Although
the MOIS workstations are user friendly, software upgrades which have more functionality, but increased
complexity also require additional training. If the end users do not feel completely comfortable with the
acquisition modalities and workstation features, they will be misused and under-utilized. Teleradiology
site personnel experience extreme anxiety when training is deficient since they have to rely on "remote It
assistance for radiological support. .Unfortunately, training for physicians is often difficult to schedule
and complete. Video tele-conferencing and scheduled weekly training sessions are a few solutions to get
all users trained and comfortable.
5.1. Image Quality
Bringing a new technology into a MTF will always be a challenge. Quality control, training,
comprehensive product reliability testing, good communications between design engineers and end users,
and digital integration of different modalities are all critical issues. Switching a MTF over. to a filmless
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digital environment requires comprehensive methods for quality control. With quality control, every link
in the imaging chain must be analyzed. The image acquisition devices must be checked daily for
calibration. The workstation monitors must be checked on at least a monthly basis for brightness,
variation across a screen, contrast resolution, and the level of noise. The database integrity must be
monitored daily to ensure that all exams are available and accessible. The users must be queried on a
regular basis to ensure that necessary changes and system upgrades are planned and implemented.
Several areas of the MTF can readily operate in the filmless mode. However, significant changes must
be made for "all" sections of an MTF to become filmless. Teleradiology sites are especially susceptible to
quality control problems. The spoke architecture is composed of "one-each" workstation and modality
which makes comparison testing impossible. They typically do not have all required test equipment,
limited spares, and a limited number of fully trained personnel on site. Improved logistics support and
training are needed to improve filmless operation for the teleradiology sites.
-The general practitioners and clinicians tend to truly appreciate the access to radiological exams in a
timely and efficient manner. Most of them claim to save up to an hour per day of time because they are no
lo~ger waiting for films to be found or waiting in line for films to be fetched from a file room. The quality
of~softcopy imagery acquired on CR modalities has been proven adequate and is no longer a clinical
diagnostic issue; however, radiologists believe that PACS is useful, but workload is not reduced and
softcopy throughput is Dot yet up to the speed of reading pre-hung films(s1. Significant workstation
speed-up improvements have been requested and are due in the late 1995 timeframe. These improvements
include things such as intelligent pre-fetching of historical exams, default display protocols, faster
workstation hardware, and a restructuring of the database software.
Fi~urc
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5.3. Communications
When teleradiology is the sole mode to support imaging for a medical treatment facility, the reliability
of the system is critical in that it directly affects patient care. If the communications link goes down, the
system must be able to still function; storing images and then sending them later when the communications
are restored. This need developed into the requirement for all MDIS sites to have removable media, in our
case the magneto-optic drives. If communications are out for an extended period of time, local softcopy
archive is now possible. If necessary, the M.O. disks can be mailed to the hub at a later date for
pennanent archival onto the OD1.
To ensure the viability of teleradiology, clinically acceptable variable data compression rates for
teleradiology or alternative lower cost communication links must be developed in order to reduce annual
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,. communication charges. Multiple communication links and redundant archives must be considered to
prevent accidental loss of irreplaceable patient exams.

5.4. Two-Way Teleradiology
Shared contractor/Government maintenance programs need to be developed to maintain the up-time of
equipment in remote areas. Comprehensive operator procedures and manuals must be developed,
documented, and maintained for proper operation and maintenance of the technologies employed at both
PACS and teleradiology sites. To operate in a remote filmless environment, fail-safe procedures and
back-up systems must be considered and planned for every step of the way. Concepts and operational
procedures must be refined for workload sharing between sites, radiological consultations, and educational
programs. Costlbenefit analysis must be done carefully to ensure that economic payback is feasible and
achievable.

6•. Summary
Teleradiology provides immediate qualified radiology support both in house and to remote sites that
would normally wait days for diagnostic interpretations of their images. The support of clinical
consultations allows the "experts" to be shared by all. Employing the MDIS system, an integrated RIS,
and two-way transmission of images for teleradiology, a virtual radiology department has been developed
that is truly time and distant independent. Given that improvements are possible in the areas of quality
control, training, and data compression, teleradiology can be both operationally and economically viable.
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Medical Diagnostic Imaging Support
Quality Control Program Requirements

1. Introduction. nus document provides the basis for implementation of a
quality control program in the MOIS digital radiology department. Quality
control is an Integral part of the radiology deparbnent's quality assurance
program. Radiological quality assurance addresses the optimization of
performance of all aspects of the radiology d~partment, including bothe
equipment and personnel. Quality control deals spedfically with the evaluation
of the performance of equipment. A properly designed quality control program
enables the radiology department to detect and correct deterioration of
.equipment performance before a loss of image information becomes clinically
evident.

1.1 Definition. Quality Control is defined in NCRP Report No. 99 as a
series of distinct technical procedures designed to detect deviation of equipment
from optimal performance.1 The technical procedures used for quality control
must have suffident sensitivity and be performed with suffident frequency to
detect slowly evolving changes before significant deterioration of image quality
or eqUipment breakdown occurs.

1.2 Scope. The quality control program detailed in this document does
not deal with x-ray, CT, ultrasound, nuclear medicine or MRI equipment.
Quality mntrol for these Image acquisition devices which are interfaced to MOIS
is necessary for the successful implementation of the MOIS Quality Control
Program, and must be implemented in accordance with TB MED 521, AFR 16138, and applicable manufacturer's recommenda tions. The MDIS Quality Control
Program addresses all components provided as part of the MDIS contract,
including the interfaces to existing imaging modalities.

2. General Requlfements.
2.L Test and Measurement EquipmenL

2.1.1. Radiation Exposure.
Proper analysis of computed
radiography system performance requires the exposure of the imaging plates to a
known and reproducible amount of radiation. A calibrated ionization chamber
lNCRP Report No. 99, Quality A"urAD", In Djamosti" RadipJQD" National CoundJ on
Radiation Protection and Measurement, Bethesda, Me (1988).
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and electrometer is needed to measure this exposure. The instrument must be
capable of measuring integrated radiation exposure <roentgens or
coulombs/kilogram) at the exposure rates and energies commonly encountered
in diagnostic radiology.
2.L2. Radiation Quality. Analysis of the oomputed radiography
system also requires knowledge of the quality of the x-ray beam used to expose
the imaging plate. Radiation quality Is specified by the energy (kilovolts peak)
and filtration (millimeters of aluminum) of the beam. Kilovolts peak (kVp) is
normally measured with. noninvasive kVp meter. Filtration is measured
Indirectly by detennlning the half-value layer of the beam. A set of Type 1100
aluminum alloy plates of known thicknesses (tenth millimeter increments) is
required for this measurement.

2.1.3 Pilm Optical Density. The MOIS network laser imager and
the direct-conned/docked laser Imagers provided with the medium and high
perfonnance CR devices produce test films for which the optical density must be
measured and recorded. A densitometer with an RS-232 interlace can be
connected directly to the ne'twork laser imager to avoid manual entry of
, calibration data. A densitometer is also required for verification of the optical .
densities of test objects used for quality control analysis of the MOlS film
digitizers.
2.1.4. Monitor Luminance. Evaluation of monitor performance
requires the routine measurement of monitor luminance. A calibrated
luminance meter, which reads in units of foot-Lamberts (fL) or candela per meter
squared (cd/m2) is required for these measurements. The field of view of this
meter should be narrow enough to measure the luminance from a 1 em
diameter circular region of interest at a distance of 24 inches. Luminance heads
which have very short foeallengths and attach to the monitor with suction cups
can be useful for eliminating variability In measurements which are caused by
ambient room lighting conditions.

2.LS Test lmap Generation.

2.1.5.1. Dlptal Tell PaHems. In order to evaluate the
performance of the soft copy Image display workstations, monitors, and network
laser printers, standard digital image test pattern flies are required. The test
pattern developed by the Sodety of Motion Picture and Television Engineers
(SMPTE) for medical applications, Is used for general quality control
measurements.2 Test patterns for other specific appUcations are also required.
These test Image files should be retained In the PACS archive with recoverable
2Sodety of Motion Picture and TeJMsion EngIneers, 'SMPI'E recommended p;radice, RP 1331986, Specifications for Medical Diagnostic bnlging Test Pattern for Television Monitors and
Hard-COpy Recording Cameras,· SMPTE J. 693-696 (1986)
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compression, and should be available for display on the workstations in their
normal operating mode. A set of test patterns should be available in all imaging
pixel mabices which are acquired and displaed by the PACS.
2.1.5.2. Radiographic Phantom. Quality control monitoring
of computed radiography performance requires the use of a radiographic test
object, or phantom. This phantom Is placed in front of a computed radiography
Imaging plate and cassette and Is exposed to a known quantity and quality of
radiation. This standardized exposure can then be used to evaluate the
performance of the Imaging plate, plate scanning apparatus, and Image
processing algorithms. As a minimum, the phantom should provide an image ._
which can be used to evaluate high contrast spatial resolution, low contrast
sensitivity, and signal to noise properties of the computed radiography device.
This phantom may also be used to produce a standard image on conventional
film, for evaluation of the performance of the fUm digitizer. The MOIS Program
Management Office is currently evaluating a series radiographic test objects
spedfica11y developed for evaluating CR perfonnance.3
.
2.1.5.3. Reference Hudcopy film. In order to calibrate the
MDIS film digitizer, a standard film image must be used for digitization. This
film should have an incremental gray scale pattern which encompasses the
useful optical density range of the digitizer. While it is convenient to use a test
film generated by the networ~ laser imager, this practice is not recommended.
The scan lines on the laser printed film can Interfere with the scan lines of the
digitizer and cause interference patterns on the digitized image. In order to
avoid this problem, the reference hardcopy film should be produced by direct
light exposure of a conventional film.

2.1.5.4. Video Test PaHem Generator. Imaging devices
which produce a video signal, such as ultrasound, are interfaced to MDIS
. through a Video Acquisition Workstation (VAW). A video test pattern generator
will be required in order to evaluate the performance of the VAW. These test
pattern generators are also useful for isolating the video portion of the image
display chain when troubleshooting worksbltion display problems and for
esta1?lishing baseline performance during acceptance testing.

.

.

2.2 Documentation. Adequate documentation Is (nidal to a IUecessful
quality control program. The information required for the quality control.
program should be mnsolidated into. single location, and kept auTent.

JroR{Clt), roDRCCR), and 10.16, FAXIL. Dept. or Medical Physics, Uni~ty or Leeds, Leeds
1S1 3EX, UK.
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2.2.1. Technical Data. Manufacturer's specifications and other
technical infonnation must be available for all components of the MDIS system.
This information includes maintenance manuals, operation manuals, application
manuals, acceptance test reports, and baseline perfonnance data.

2.2.2. Evaluation Procedures. Detailed procedures for obtaining
quality control data are the basis of the quality control program. Since QC data
ls used for trend analysis, It is imperative that the measurements be made in a
consistent and reprodua"le manner. These procedures wiD be consolidated into
a single document which deals ~th individual MOIS components and with their
relationship to other components in the system. A collection of manufacturer's
recommendations for quality control of the Individual components is not
acceptable because It does not address the interdependence of the components.
The evaluation procedures and Intervals will be subject to refinement as more
data is accumulated on equipment perfonnance.
2.2.3. Maintenance Actions and Modifications. The individual in
charge of the quality control program must maintain close coordination with
maintenance personnel. All scheduled and unscheduled maintenance must be
thoroughly documented, and copies of the documentation forwarded to the QC ..
Supervisor. Undocumented maintenance actions can cause abrupt shilts in QC
data, and invalidate subsequent trend analysis. Hardware and software changes
to sytems interfaced to the PACS, such as CT and MRI, must be carefully
monitored and evaluated to ensure they do not impact on the integrity of the
interface.
.,

2.3 Program Management Database. A computer database/spreadsheet
program Is essemtial for recording data, analyzing trends, and producing
manage~entreporb.

2.3.L General Description. A digital radiology department is well
suited for computerized tracking and analysis of quality control data. In an
integrated PACS, such as MOIS, additional effi~ency can be gained by
maintaining a central database which can be accessed, with appropriate
authorization, from PACS workstations throughout the hospital. With such a
configuration, QC data can be entered directly into the database at the time It is
obtained, using the terminal serving each Individual MDIS component.
2.3.2 Test PIOce4wa and Results. A list of the required tests and
desaiption of the test procedures for each mmponent can be included as part of
the database. Test results can then be ~put into the database in a "fill in the
blanks" format. In this way, mnsistency of method can be maintained.
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2.3.3 Evaluation and Reports. The computer program can be used
to perform calculations on the data, analyze trends, and print selected
management reports. Results of trend analysis will be used to further refine QC
test procedures and intervals. Scheduled maintenance intervals can also be
adjusted, based on QC trend analysis.

)"
.~.

3. S\Ul\II\uy of Quality Control Requirements for MDIS Components. This
section eontains a listing and some brief desaiptions of quality control tests for
MDIS components. Detailed quality control procedures will be listed in the
MDIS Quality Control Procedures Manual. This is not an aU-inclusive list. It is
antldpated that other tests will be added as technical documentation of MOlS
components Is made avaDable.
3.1 MOIS Imase Acquisition Devices.
3.1.1. Computed Radiography.
3.1.1.1. Laser Imaser film Density Check. A test pattern
image with 16 (AC-l) or 11 (Digiscan) gray scale steps is generated at the CR
control panel and printed on a film. The optical densi ty of each of these steps is
measured with a densitometer and recorded. This procedure should be
perfonned weekly.
3.L1.2. CR Phantom Test Image. A standardized exposure
of the CR phantoms should be obtained monthly for each type of CR plate in use.
High contrast spatial resolution, low contrast sensitivity I image noise
characteristics, system exposure sensitivity, and laser beam function will be
evaluated for both laser printed film and soft copy display images. Possible
designs and test procedures for an MOIS CR phantom are currently being
evaluated.
3.L2. FUm Digitizer.

1.1.2.1. Optical DeuUy. CalIbration. A Itandudlzed
calibration film Is used to check the calibration of the digitizer response and
make I\ecessary adjusbnents. The frequency of tbls calibration Is In accordance
with manufacturer's recommendations. 'lbe MDIS Program Management Office
Is currently evaluating a standardized cal1bration film provided by the disltizer
manufac:turer.4
1.L2.2. Workstation Evaluation of DIgitizer Performance.
This test Is performed monthly. A standard test film Is produced by obtaining an
image of the CR test phantom on a high resolution mnventional fllm-screen

tLumisys Inc., Sunnyvale, CA..
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system. The film is digitized and the image file brought up on an }+.iDIS
workstation. The workstation pixel tool is used to evaluate the phantom image
using the same procedures as the CR evaluation.
3.2 Other Image Acquisition Devices.

3.2.L DIgital Interfaces. Most digitallmaging devices have the
capabUity to generate a test pattern Image. At monthly intervals, this image
should be generated at the bnaging device and sent aaoss the ACR/NEMA or
other digitallnterface to the MDIS system. Gray scale characteristics and pixel
dropout can be evaluated. Phantom images used for quality contTol of the.
Imaging modality should also be evaluated on the MDIS workstation and
compared to evaluations performed on the imaging modality console. These
evaluations Include tests of image noise, l<?w contrast sensitivity, and high
contrast spatial resolution.
3.2.2 Video Acquisition Interfaces. A video test pattern generator
will be used to generate a standard image at the input of the frame grabber
device. This Image will be transferred to the MDIS network and evaluated on a
workstation. Phantom images used to measure the perfonnance of the device .
may also be evaluated on the MDIS workstation.

3.3 Image Output Devices.
3.S.L Soft Copy Image Display. The output luminance of all
workstation monitors will be evaluated on a weekly basis. A standard test
pattern image will be used to generate a series of gray $cale levels, and the
luminance of each level will be recorded. Additional test requirements for soft
copy image display devices are CWTently under evaluation.
3.3.2. Network Laser Plinter.

3.3.2.L Film Density Chedc." After calibration, a gray scale
test pattern image Is generated at the imager control panel and printed on a film.
The optical density of each of these steps Is measured with • densitometer and
recorded. 'I'his procedure should be performed weekly.
.

- . ,.
'1.3"" Workstation Comparison. A test pattern Image win
be sent to the network laser printer from an MDIS workstation. The optical ..... .
density of the hardcopy film wUI be compared to the equivalent optical density
measured from the workstation display. The method described by Lo, et a1 can
be used to determine the equivalent optical density of the monitor.s
5Lo SB, ~ D, Freedman M, and Mun 51<, 'Display characteristics and display
transformation in film and ar monitor,· Proc. 2nd Int. Coni. on Image Management and
Communication, pp. 342-347, IEEE Computer Society Press, 1991.
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1.0

Abstract

The initial installation phase of Large Scale PACS has been completed at three
military medical centers. As part of the MDIS Project, these PACS have common
design characteristics, but differ in implementation.
and the results of the test are discussed.

The acceptance test procedure

Acceptance testing included evaluation of

system and component availability over a thirty day period, component and systemwide features and functions, aa well as aspects of system integration. Tests were
performed using the input and output functions of the PACS.

Calibrated signals were

injected at various points and system outputs were measured. Differences in
component and system performance have been recorded in a database for tracking of
status and corrective actions as well as comparison of one system to another.
Variation in the performance of a PACS is both observable and measurable.
Components such as diagnostic workstations, high performance film digitizers and
modality interfaces were tested.
discussed.

Several minor deficiencies were found and are

The variance in component and system performance is traced primarily

to the quality of configuration and calibration practices.

2.0.

INTRODUCTION

The Medical Diagnostic Imaging Support (MDIS) system is a large Picture Archiving
And Communication Systems (PACS) and Teleradiology project for US Military medical
treatment facilities.

The first phase of

MDIS installation at Madigan Army Medical

Center, Tacoma, Washington, Wright Patterson Air Force Base Medica} Center, Dayton,
Ohio and Brooke Army Medical Center, San Antonio Texas
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was

completed during 1992 and 1993. 1

The Medical Diagnostic Imaging Support (MDIS)

Acceptance Test (AT) serves as an evaluation of MDIS phase/system performance and
availability, both at the device and at the integrated system level.

2.1.

MDIS

Contract

Each of the test requirements in the ATs was derived

from and referenced to a

specific section of the contract. The formats of the AT protocol and the Test Modules
(TM) are derived from the MDIS benchmark tests protocol and the benchmark
evaluators grading book formats. With the

MDIS PACS sites being installed in phases,

acceptance testing will be performed in conjunction with deliveries of each
individual MDIS phase. This report will only discuss Phase 1

AT of each of the three

sites.

3.0. TEST STRUCTURE
Each

acceptance test was

took place over a period of

composed of three separate evaluation processes and

at least thirty consecutive days.

The Component

Performance Test (CPT) and System Integration Test (SIT) are intended to be
completed in

the first ten days of a 30 day test period but can be prolonged due to

corrective actions that may be required.

All three parts of the acceptance test can be

conducted concurrently. All three parts of the acceptance test can be extended in the
case of a failure or to evaluate corrective action.

3.1.

Test Results and Corrective Action

Test results were classified and reported as major or minor deficiencies. Any
item of noncompliance with contract specifications which compromjses accepted
standards of medical practice was be reported as a Major

Deficiency.

Unresolved

Major Deficiencies impacted on Phase/System acceptance. Any item of
noncompliance with contract specifications which did not compromise accepted
standards of medical practice was reported as a Minor

Deficiency.

Minor Deficiencies were identified at time of acceptance and are
under warranty.

Unresolved

being corrected

Equipment with major deficiencies were either corrected on the

spot or removed from the system.
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3.2.

System/Component Availability

Test

(SCA T)

The MDIS contract requires that each system be operational

99% of a 30 day
test period and that each component be operational 95% of the same 30 day period. 2
These operational performance criteria are measured by the System/Component
Availability Test.
The 99% systems availability was

considered to be satisfied as long as "mission

critical" quantities of all components as defined in Table 1 were

operational and

available for use 99% of the time during the 30 days of the System! Component
Availability Test period.

The 95% component availability was satisfied as long as each

of the component delivered is individually operational and available for use 95% of
the time during the

same 30 day acceptance period. Each day of the 30 day period is

calculated on a 16 hour day t leaving the 3rd shift for the vendor to perform routine
maintenance operations and system services with no penalty of downtime
assessment.

Table 1. Mission Critical Quantities
Critical
Quantity
Madigan

Quantit~

Wright

Critical
Quantity
Brooke

CRSystem

40f5

20f2

10f2

FUm Digitizer

Oofl

10f2

10f2

DSI Modality Gateway

20f3

20f3

N/A

Laser Imager/Camera Server

10fl

1 of 1

10f2

LAN System, Cabletron

10fl

10fl

1 of 1

SCID-S

20f3

10f2

40f5

SCIl).()

50f6

40f5

12 of 14

MRI Modality Gateway

N/A

10fl

N/A

CT Modality Gateway

10fl

N/A

10fl

Optical Disk Jukebox

10fl

10fl

10fl

20/40 GB WSU

10fl

10fl

10fl

Bar Code Printer/Server

40f5

30f4

40f5

Central Host Cluster

10fl

10fl

lofl

RIS Terminal

22 of 25

13 of 16

27 of 33

FluoroVAW

N/A

N/A

20f3

USVAW

N/A

N/A

10f2

Component
Name

Critical
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atterson

4.1.

SCAT Downtime Reporting
In order to maintain accurate records on this test a

defined system of

trouble

calls, service reports and . availability test logs was used to receive and document the
requirements and actions relating to down time of components and the systems.

4.2.

Reporting proc~dures
The vendor maintained a log of all trouble calls.

The vendor representative

who answers the pager immediately records the problem in the Availability Test Log.
He also immediately logged the time of receipt of the trouble call, the name of the
reporting individual and his own name.
each trouble call.

A unique control number was assigned to

All actions are recorded on a service report.

The reports have

control numbers which match the control numbers of their respective trouble calls
on the Availability Test Log. A

brief description of the resolution of the problem was

entered on the service report along

with the time of resolution, and signed by the

originating individual and the designated vendor representative. Upon completion, a
brief summary of the service report and the time of resolution was· transferred to the
Availability Test Log.

Daily reviews of the service reports and the logs were

performed jointly between a government representative and the vendor to verify
and reconcile the information on both the service reports and the logs. Table 2 shows
a sample of the System I Component Availability

Test Log from the Wright Patterson

Medical Center AT.

4.2.

User errors
Down time which is attributed to the fault of a government user will not be

counted as a failure of the system or component. The service report were acted upon
fully and the equipment was be

r~paired
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without delay.

4.3.

Up/Down Criteria for Major MDIS Components
Descriptions of the criteria which determine whether a major

MDIS

patient

treatment component is up or down for the purpose of the SCAT are included in the
~st

protocol. Each major component's required functionality is briefly listed. Criteria

for all components listed in Table 1 are included.

4.4
~

Results of tbe System / Component Availability Test
The three medical centers were tested for system and component availability

in accordance with the procedures described above. Madigan was tested in

February

1993, Wright Patterson was tested in April 1993 and Brooke was tested in July 1993.

4.4.1 Madigan Medical Center Results.
The PACS at Madigan Army Medical Center failed the first attempt at the 30
day SCAT. The failure occurred on day 21 of the test and was caused by an operational
error on the part of the vendor's on-site database manager. A crash of the database
took Madigan's PACS down for 1905 minutes, thus a system availability of 93.99%.
After the restart of the 30 day SCAT the system ran nearly flawlessly and had an
availability rate of 99.85%. Component availability was above 99.

4.4.2

Wright Patterson
Medical Center Test Results
The PACS at Wright Patterson Medical Center passed the SCAT in the first 30
days. The system availability was 99.16 %.
Component availability was above 99% for
all components· except the MRI interface, which was removed from the Wright
Patterson Fail-safe Phase 1 delivery due to problems with image corruption upon dearchive.

4.4.3

Brooke Medical Center Test Results
The PACS at Brooke Medical Center failed the first SCAT due to a problem with
the CT interface not being configured properly, which prevented the CT images from
passing through to MDIS. The first AT ran for two days before the restart was
directed. The test was restarted after the Modality Interface Unit was properly

configured and passed with an availability rate of 99.84%.

All components passed the

availability test with availability above 99% except for those removed from the AT as
described in section 5.
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System' Component Availability Test LOI

Table 2,
Wriaht
Device

DATE

Patterson

AF

Downtime

SYSTEM
BCP035

CR UNIT B

CR UNIT A
SCD042
VAX 4000

3/30/93
4/6193

0/0 up time
Component

1

99.990/0

1
60

2
6

5
6

5
12

12

23

23

4/19/93

5

5

99.980/0

1 3

99.95%
99.68%

4/1/93
4/2/93
4/12/93
4/27/93

RIS028

4/8/93
4/13/93
4/14/93
4/27/93

FDW036

4/13/93

EKTASCAN

4/16/93
4/28/93

SYSTEM

Downtime
COMPONENT

60

4/7/93

AIS050

Center

3/30/93
4/16/93
4/18/93
4/19/93
4/20/93
4/21/93

ERT047

FDW060

Medical

99.62%

5

13

13

45

45

33

33

3

3

99.99

3

99.99

3
3
2

99.97%

3

75
30
2

4/20/93

242

30
2

99.89%

1

99.99%
99.16%

Note: Devices listed in Tabls 2 required services that were reportable under the
terms of the acceptance test protocol. Devices not listed herein had no downtime and
therefore 100% availability. User downtime is not reflected in this table.
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5.0 Component Performance Test (CPT)
During the CPT period the MDIS component devices were evaluated for basic
functionality and performance. Specific thrust questions, contract references, and
measurements for CPT evaluation are included in the test modules which pertain to
the CPT.

5.1.

CPT evaluation requirements
The functionality and performance described in the MDIS contract and the

vendor proposal are followed in evaluating MDIS component performance.
Additionally, all original equipment manufacturer's (OEM) specifications and
acceptance test procedures are subject to inspection at this time.

All devices and

functionality included in the installation phase are subject to testing.

Functionality

and performance that were tested in any previous acceptance tests may be retested to
verify that system upgrades have not degraded system performance in other areas.

5.2.

CPT test module assessments
The government evaluation teams focus on thrust questions for the following

Test Modules (TM's) in the CPT.

The thrust questions, specific measurements, and

solicitation references associated with each component are listed in the body of the
Test Modules. Test are taken from OEM service manuals as well.

5.3.

Results for the Component Performance Test.
The following are a sample of the deficiencies noted during the acceptance

tests at the three medical centers. The results are categorized

by the name of the

device and are not further broken down by site except in cases where extreme
differences were observed.

5.3.1. Deficiencies noted on the SCID·O Workstations.
-The Monitors were not calibrated prior to the acceptance test, luminance was
out of range and low on

all

monitors in the test.

-There was no Quality Assurance Plan delivered for the SCID-Os.
-There was

no calibration schedule or procedure delivered.
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5.3.2. Deficiencies noted on tbe SCID·S Workstations.
-The Monitors were Dot calibrated prior to the acceptance test, luminance was
out of range and low on all the monitors in the test.
-There was no Quality Assurance Plan delivered for the SCID-S.
-There was no calibration schedule or procedure deli vered.
-Video

5.3.3.

noise was noticed on

Deficiencies' noted

-2.5 Ip/mm could

against

not be resolved

all of the A type monitors at all workstations.

the

Higb

Performance

when viewed

Film

Digitizer.

on a SCID monitor.

-Film digitizers were not calibrated prior to the acceptance test.
-There was no QC plan for the film digitizers.
-There was no calibration and PM schedule or procedures delivered.
-Throughout was 53 plates per hour instead of 60.
-A mismatch of hardware and software prevented the latest hardware from
being usable with the film digitizers that were delivered. The mismatch created
severe interference patterns in the images that were digitized.
-The automatic spot size adjust feature of the film ~igitizers was not functional.

5.3.4.

Deficiencies noted against the Medium

performance CR.

-Less than 2.5 Ip/mm and 5.0 Ip/mm could be resolved and presented on a SCID
monitor for images

of spatial resolution phantoms.

Maximum resolution

demonstrated was 2.0 and 4,0 lp/mm for standard and high resolution plates
respecti vely.
-CRs were not calibrated prior to the acceptance test.
-There was no QC plan for the CRs.
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-There was no calibration and PM schedule or procedures delivered.
-Throughout was 32 and 38 plates per hour with film printing turned off and on
respectively, (specifications require 40 plates/hr.).
-Service software will not run on the CRs after the 1.4 software upgrade.

5.3.5.

Deficiencies noted against the High

performance

CR.

2.S Jp/mm and S.O Ip/mm could not be resolved and presented on a SCID monitor for
images of spatial resolution phantoms.

Maximum resolution demonstrated was 2.0 and

4,0 Ip/mm for standard and high resolution plates respecti vely.
-CRs were not calibrated prior to the acceptance test.
-There was no QC plan for the CRs.
-There was no calibration and PM schedule or procedures delivered.
-OEM Service software will not run on the CRs after the 1.4 software upgrade.

5.3.6 Deficiencies

noted

against the 35 mm

camera

interface.

-The camera will not work as designed by the OEM in capturing images from a
SCIDO-2C. Images are Green instead of Gray.

Note: This device was removed from the Brooke Phase 1 deli very and is to be
offered for acceptance at a later date.

5.3.7

Denciencles

Doted

against

tbe

Fluoro

VA W

Interfaces

-The installation was ergonomically unacceptable. The radiologist would have
to leave the patient to operate the mouse while in a procedure. The VAW was
installed in a location that was remote from the existing f1uoro monitor
location. The radiologist operating the VAW had to look away from the fIuoro
monitor to make recordings on the VAW.
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-The

images offered to the clinician

for viewing and transfer to MDIS were

low resolution low dose fluoro images that were seen on the Fluoro monitor.
The spot film quality

images are required.

-The installation was unsightly, with cables running across walls and ceilings.

Note: These devices were not accepted with the Brooke Phase 1 delivery. They
will be offered to the government after redesign.
5.3.8. Deficiencies

noted

against

the

MRI

interfaces.

-MRI intedaces at Both Wright Patterson and Madigan Medical Centers have
tV

not been accepted due to unreliable
lockups

5.3.9. Digital

transfer of images and exams. Frequent

occur and examinations are transferred sporadically.

Fluoro interface

at Wright Patterson

-The Modality Gateways interfacing the three digital fluoro units has not been
accepted due to erratic operation.

The units halt while transferring exams due

to incompatability of the interface with the latest DSI software.

Note. These devices were not accepted with the Wright Patterson Phase I
system. They will be offered to the government after redesign.
6.0

Systems Integration Test (SIT).

In the SIT, the overall PACS system is evaluated for basic system functionality,

throughput speed, compliance with codes and regulations, and deliverable
documentation. Test modules which measure features relating to these characteristic
areas were segregated into three testing cycles. These testing cycles allow the test
teams to evaluate the system from a perspective different from simple compliance
with hardware functions as was done in the Component Pedormance Test.

so

6.1.

Clinical Cycle #1 • Basic System Functionality
This cycle assessed functional system performance with special focus on basic

".system operations. Actual patient exams and test exams, were used. The governmentselected inputs for this cycle were:
8.

New Plain Films.

b. Newly Arrived Old Films & Reports.
e. New Digital Studies.
d. New CR Studies.
e. Exam Reports.
f. Other Inputs as required.

6.2.

SIT evaluation results
The MDIS system was found to have the capability to follow the fundamental

operating functionality

of the diagnostic imaging work flow as described in Figure 1

with the exception that we are still mostly a film based operation. Figure 1 does not
show the capability of the MDIS PACS to print film at each CR device and from a
network laser Imager.

All aspects of the installation Phase were subject to testing

including the film printing functions. Full implementation of the archived image
retrieval was

not completed by the tme of these inspections. This feature has been

turned off at the present due to the lack of a prioritized queue management system.
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Figure 1:

Basic

MDIS Diagnostic Imaging Work Flow

(filmless

operation)
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Table 3;

Test Modules appUcable to the System Inteeratjon Test
Clinical Cycle J.

Phase J
STATUS

Technical Requirement

Folder Concept Implementation

6.3.

N/A

Interim RIS Interface

Minor Deficiencies

Image Supplements
Interim RIS Information Integrity
Image Database &. Storage Opns.

Pass
Minor Deficiencies

Purging Images &. Exam Work lists

Minor Deficiencies
PASS

Short Term Storage

PASS

Loaded Network Performance

Minor Deficiencies

Long Term Archive

Minor Deficiencies

Image Transfer to Network

Minor Deficiencies

Use of Compression
Hard Copy Image Production

Minor Deficiencies
PASS

Exam Queries

Minor Deficiencies

Network Response Ability (un-timed)

Minor Deficiencies

Exam Security

Minor Deficiencies

Network Reliability After Failure

Minor Deficiencies

Comments on results.
While the status column shows "Minor Deficiecies" these deficiencies can be

corrected during warranty.

During the acceptance Tests deficiencies were noted for

features that will be delivered in later software releases. The level of compliance
with Clinical Cycle 1 requirements was found to be acceptable with provision that the
noted deficiencies are to be corrected by the vendor during the warranty period.
Phase 2 and later acceptance tests will require the resolution of all minor
deficiencies to have been completed.
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6.4.
,.timing.

Clinical Cycle #2 • System Throughputs
This cycle assesses basic system performance with special emphasis on system
Physical measurements are made of the time taken to perform system

operations under loaded and unloaded conditions.

6.5.

Cycle #2 Inputs
All preloaded images and patient information available in clinical cycle #1

must be available at the start of this cycle. For network throughput testing, four preloaded image sets are utilized with the parameters shown in Table 4.

Table 4:

Standard Image Sets for Image Throughput Testing

Image Type

Data Set per Image

Compression Type

New Chest

2K x 2.SK x 10 bits

bit preserving

2

10:1

4

bit preserving

50

bit preserving

50

Previous Chest Image
NewCT Study
Previous CT Study

6.6.

Cycle #2
The

•
512 x 512 x 12 bits

•

Images/Study

Assessments

government evaluation team focuses on system performance

measurements and evaluates it using the Test Modules in Table S.

These

measurements are performed at both low and high system loading periods. Maximum
'degradation of performance due to system loading is specified and tested for
compliance.

ss

Table S;

Tests for the System Inteeration Test. Clinical Cycle 2
Technical

Reqpjrement

Status

Image Transfer from Acq. Devices

Pass

Display Speed from STS to SCID-O

Pass

Throughput Time
Display Speed from LIA to SCID-O

Pass

Display Speed at SCID-S

Deficient·
Pass

Display Speed at SCID-O

Pass

Display Speed from LTA to SCID-S

Defieient •
Pass

Display Speed from SIS to SCID-S

• The fetching of exams from the Long Term Archive was satisfactory when the
fetch Queue was empty.
When prefetch was turned on, however

t

the ad hoc fetches took an average of 20

minutes which is clearly unacceptable for clinical operations.

This is expected to

improve greatly with the prioritization of the fetch queue operations that will be
included in a future software release.
6.7.

Administrative

The

Cycle

Assessments

government evaluation tests of the non-clinical aspects of the system

performed during the SIT Administrative Cycle.

are

Many of the items inspected are

referenced in the contract as Contract Data Requirement List (CDRL) items.

6.7.1

Criticality

While these

of . Non-clinical

Deliverables

CDRL items are considered to be non-clinical, some have a major

impact upon the clinical performance of the PACS systems. The delivery of operator
training, quality control plans and operations and maintenance data are central to
the proper set up, and operation of clinical systems. With the MDIS PACS installations
the delay in delivery of quality control plan and complete O&M data are seen as major
contributing factors to the numbers of deficiencies listed in these test results.

S6
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Table 6;

Test Modules for the System Integration Test.
Administrative Cycle

Technical

Requirement

Status

",

Facilities/Installation
Installation

Compliance

Pass

Plan

Pass

Operator Training

Pass

Quality Control Plan

Not Delivered

As Built Drawings

Pass

Software Tutorial

Not Delivered

Special Tools And TMDE

Deficient

Training

Pass

Plan

Master parts List

Deficient

List of Supplies

Deficient

List Of Spare Parts

Deficient

CDR~

Deficient

delivery Schedule

O&MData

Deficient

Security Plan

Deficient

7.0
The performance

Discussion

variations of the" three PACS sites to date seem to have

hinged upon the improper configuration of software and hardware after phase
installations or upgrades.

Occurrences of poor operation of the interfaces for the

CTs, for example, have been tracked to the configuration of software in the Modality
Interface Units (MIU). The severe artifact found at Brooke on its digitizers was again
due to the installation of mismatched hardware and software at that one site. Stricter
control of site configuration by the PACS vendor will alleviate these problems.
Performance of individual components
CRs and

such as Film Digitizers, Laser Imagers,

scm monitors in terms of image quality is inconsistant and due" to the

variability in software configuration and calibration dependent parameters. These
will improve when the quality control, configuration control and calibration
programs are more firmly established.
Performance of input and outut devices, in terms of throughput, shows a fixed
reduction in operating speed due to network overhead. Speed related issues, such as,
the time taken to present a physician with a listing of patients exams when a
The most common cause of
database query is performed and slowness was observed.
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these slowdowns has been the

use of the longest listings

(All Exams) in the database

Increased training of hospital users on the

to perform the searches and sorts on.

best methods of operating the systems. coupled with optimizeed workHst
configuration will tune these PACS systems to their respective hospitals

and reduce

the occurrence of database slowdowns.
Slowness in the transcription area is coupled to two factors. the same workHst
difficulties as described above and keyboard speed on the RIS terminal used for
transcription. The keyboard speed is under

in~estigation

and believed to be due to

memory management in the terminal and the timing of refresh cycles for the
tr.anscriptionist

software application.

There are marked differences in the systems' performance time to fetch
exams from the
time between

long term archive.

At Wright Patterson the fetch time increases as

the resetting of the Archive Controller increases. The time of a fetch

can vary from S8 sec. shortly after the reset of the controller to over five minutes
just 24 hours later.

This is seen as a bug in the software or hardware of the archive

controller and is only persistent at Wright Patterson.
sites

Fetch times at the two other

appears stable and close to the predicted times listed in the Performance

Improvement Plan. Furthermore. the prefetch function was turned off at all sites
due to the lack of an intelligent prefetch algorithm to control the volume of
examinations being fetched.
archive.

The impact of this varied directly with the size of the

Wright Patterson, with the smallest archive, saw the least impact Madigan

saw the most.

For example; At Brooke. during the acceptance test,

to complete an ad hoc

exam fetch, with

pr~fetch

the average.time

turned on was 20 minutes.

It is

obvious from this that the ability of the physicians to access archived exams is also
dependent upon the prioritization of ad hoc fetch requests above all prefetch
requests.

This will be

further reported on in future papers as these features are

installed into the PACS.
The impact of different PACS sizes and configurations has not yet been
evaluated other that the impact of prefetch queue length. With the relatively small
number of users on these systems, no significalnt loading was noticed.

Additional

. loading of the systems is expected to present changes in system performance in the
areas of fetches from the archive, display times for images on the workstations and
database services.

8.0. Conclusions
Three Large scale PACS systems have been installed to the Phase 1 level. The
performance of the systems has been satisfactory to the degree that all PACS were
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performing at or near to the
deficiencies were

expected Phase 1

categorized as "Minor".

perfonnance levels

and that

There were several devices that were

offerred for acceptance but w.ere excluded from the accepted systems due to
. performance. configuration. calibration, reliability, and image quality issues. These
bicluded the Film digitizers, 35mm camera interface and the fluoroscopic VAW s

at

'.

Brooke Medical Center; The MRI interface and the
Wright

Patterson Medical Center.

3 digital spot fluoro interfaces at

To date the MRI interface at Madigan Medical

Center has not functioned reliably enough to be accepted.
This acceptance

tests process focused on the system in terms of reliability,

component performance, functionality, throughput, support services and
deliverable documentation and services.

The differences observed in the accepted

portions of the systems thus far is mostly attributed to variation in configuration,
level of training of 'the hospital staff and in -house service personnel. and the
differences in
These

equipment calibration.
Phase 1 acceptance tests

performed on the MDIS

are

the first of many

acceptance tests to be

PACS systems as they go through a series of hardware

deliveries and software upgrades.

The methods of the acceptance tests require

further refinement if we are to resolve the

details of

the more subtle PACS features

and performance issues that will be presented in future deliveries and upgrades to
these PACS sites.

9.0.
1 D.V.
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SPIE proceedings on Medical

Third Wave Medicine: Telemedicine's Potential and Challenges for Reengineerinl
By Jess Edwards, MS, SeDior Consultant, Sisten orMercy Health SysfeD1l
As work shifted out oCtbe &Ids aDd the home, children had to be prepared lor uctory liCe.
The early mine, miD, aDd fact.ory ~ ofiDdustria1i2iDg England disamRd. as Andre Ure
_otc in 113S. that it was "Dearly impossible to c:onvcrt penon! past the age of puberty,

whether drawnliom nnI or &omllaDdicraft professions into uscrul Ca~ hands."
Alvin Tomer, The Third Wavc~ 1980

, The United States military Connally Iauncbe4 a coordinated program in December 1995 when
Assistant SecretaI)' ofDeCcnse Stephen 1oseph, MD established the Department otDefense
Te1emedidne Test Bed. The ultimate purpose of the Test Bed is to investigate clinically relevant
applications oCrapidly anergins technology in an effort to provide time and distance independent
medicine. The Yision was perhaps articulated best by Lieutenant Galeral Alcide LaNoue. MD.
the US Army Surgeon General. when be said -relemedicinc is a holistic system wherein each
individual and relevant provider has total access to inConnatioD, knowledge and wisdom - enabling
enlightened self'-care or expert intervention, anytime. anywhere.
. Consider four trends:
• The establishment oCheaIth care·s need to improve acccss~ reduce cost and improve quality
as national goals.
• The decentralization orhca1th care services from hospitals to clinics to home health care.

• Exponential improvements in the PenonnnncelPrice capability of Information Technology.
enabling a new and exciting array ofmultimcdia applications.
• Free market movement towards risk sbiftin& Qpitation, and integrated health care delivery.

The confluence oftbcse trends will either push health care organizations towards a fundamental
and complete overhaul of its tbjnld!JIud its institutions or leave them behind, beached because of
their over reliance on old approaches and techniques. At the Sisters of Mercy Health System, we
try to (onow the iuigbtfiJI advice riasiq out from our past through the words or Catherine
," McAuley~ aawe shouJd often review the mannCl' in which we perform our actioDS."
Mu~h oCthe health care culture resides physicaJty or philosopbically OD the foundations

built from
the 1950's through the mid 1980's. Dwing this period. fcc-far-service third party payments and
an explosion of new medical teehnololY and procedures built large. centralized institutions. In
ToBler terms, *massificationn took pJace in health care as it had in other industries. Like siant
aircraft carriers, the culture wD1 be slow to tum even when confronted by the mine fields of
managed care and the implications oCthe anywher~ ~ time property ofinformatioD.
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The cntcnainmcnt industry historical evolution and forecastable future holds solne clues for health
care's fate. Movie theaters burst onto the 5(iCIlC with the advent of moving pictures during the
1920's and 1930's.· Much oCtile important D~WS delivered to the American peopJe was delivered
through tlie use otnews elips during World War a romantic example of mass broadcasting
approaches through the years. In the 1970', theaters gained market sbare througb increased
investment ill smaller theaters offering more varied services by opening "Twin" and "Quad"
:~ theaters. 1 can imagine a thea!er's Total Quality Management (TQM) team coming up with this
" successful tactic. Technology raised it's threatening head in the Jate 70's and 80's as video tape
. emerged as a "Q)mpetit~ to the mo~e making and theater industry. Federal legislation was
proposed in the lite 10's by the entertainment induSby to legislate profit sharing arresement!
. ~ -between the new distributors and the established knowledge-ware movie making segment.
. Ultimately. the legislation failed to pass and the movle.malcers quietly dropped the issue once they
realized the profits were enonnous trom a media that enabled them to distribute their intellectual
property in markets previously untouchable. EVCD existing segments oftbe entertainment indusUy
became more lucrative because ofinaeascd consumption. What was loosened was the degree of
tight cooperatioD previously exhibited between HoDywood and the theater owners. Theater
ownership weDt through a period of merger and acquWdon to regain the purchasing clout they
once bad during a more collegial, albeit monopolistic, time when they dominated film distnoution.
Mom and Pop theaters are now Dearly extinct in urban and suburban environs. Merger and
acquisition Is another tactic that I can imagine a theater TQM team reconunendins.

n.

What will the fUture bold? Wbat will be the impact on theaters?
The political scramble in Washington DC over the past two years on various TelecommunicatioDS
bills have been about one segment ortbe Telecommunications indusuy tIying 10 gain legislative
advantage over another. The stakes are cnormous for the cable companies who already had their
book value decimated in 1993 by rate regulation. Tel, one or the largest cable carriers in the
countly, is ttying to ensure they are allowed to compete with the Baby BeUs and other ··phone"
companies. Meanwhile. they are pursuing a two-pronged approach to improve their iuUutructure
and 10 develop a "content" division with new products.

Infi'astnlcture changes are enabling relatively high bandwidth two-way communications through
.their system into homes. schools. and other institutions. Approximately 20-30 projects are taking
place around the ~untry to demonstrate the Cea5loility o(the approach. For examplel the Kansas
Southeast Region SSU and the Sisters of Mercy are aurcntly coUaborating on projects with Tel
and Mennigcr to deliver mental health services in Kansu.
AdditionaDy. TCI is rcpreseD1ative of a vend by telecommunications c:;ompanies to develop a
content position. intqratcd with their distnDution channels. A key focus is entertainment but
there will be others. TCI limR to aUow home users to select videos on demand and enable
doWDloaciing to the home. aDowing eonsumers to view the movie at their convenience. ..At their
coDvemencc". will DO longer mean that a viewer caD stop the tape and So to the kitchen on a
whim. It will mean that access to videos will be caabled while eliminating travel. Statements such
u, -<>11. and by the way, we have 10 million titles to choose &om- will accompany their
advertising. What Blockbuster and other video rental stores did to the movie theaters.
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tclccommuni~tions companies Vt'iD

do to them. Movie theaters add value by having huge
screens. quiet duk rooms with comfortable seats, by giving people an excuse to get O\Jt and
mingle with the ~ses. to let a babysitter and spend time with a significant other, and by selling
, you your choice ofpopcom made with coconut or unsaturated vegetable on. Blockbuster Deeds
to assess how they add value in a -mgital Free Market".
TCI wants to help meet the specialized educational needs of our youth whether they live in urban
, or rural America. They are developing the capability that would conceivably allow them to
provide reat-time a~ to videos teaching Taiwanese. Astrophysics, and Marine Bacteriology,
.' aloug with interawve video with remote instructors so that school children in Nebraska have the
opportunity to leam how to rarm the OCeAn floor in the South Cmna Sea..
Nicholas Imparato and Oren Harari in their book "Jumping the Curve: Innovation and Strategic
Choice in an Ase otTransition" make reference to the need for businesses to deal with upheavals
brought about by tecbnotogy. They maw analogy between theories or 10nas Salk. the major
figure in eradicating the nightmare oCpolio and Richard Foster otMcKinsey " Co.• Inc. Dr. Salk
used an S-auve as a way to "reOect a Jaw ofnature that governs growth in learning systems••• and
reflects the transformational character or change in our times." Mr. Foster adapted it as shown
below:
Variation of the S-Curve
DI. co ntlnulty

•

Effort

This chart indicates thal organizations can move along the left curve. investing increasing levels of
effort which initially yield profitable increases in performance. At some point in time, the
organization is con&oDted with rapidly diminishing performance returns on increasing levels of
efl'ort. The TQM approach brings workers together to explicitly find ways to improve existing
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processes. Propedy conducted TQM can dominate movement along this curve. buying an
organbatiun some time. Reengineering entire enterprises bAsed on Dew technologies and
approaches is the work oCknowledge ~eru and engineers in the affected industry. The
ree,.meering effort, or the ':jumping the curve" effort. does Dot come without effort and is
UD1ikely to Immediately improve perf"ollDIDCC. lIowevcc. th~ curve must be jumped rOt an
OrpDizatioD to obtain the potential for fUture penonnanee Pfns.

~

This clifF-facing reality is driving the military's interest in Telemedicine. It is also driving the
, 'Mayo Clinics· investments in Pictmc Archiving and Communications Systems (pACS), an
," electronic radiotogy image acquisition, storage. retrieval and display system that offers the
. promise oftilmJess diagnostic radiotog. The Mayo ClInic arguably has one oCthe most effective
, radiology departments in the wodd. It's a department that acquires over 200,000 studies a year
with almost no lost films and is capable oCrendering and delivering a report to the ordering.
clinician in tess than an hour. routinely. The Mayo CUnic; has invested heaVl1y in proeess
ensineerin& policy development and enforcement. and have staffed the fUnction in a relatively
lavish manner with approximately 100 technicians and film librarians. The Mayo Clinic has
recognized tho inherent systems limitation or Ji1m.based radiology. They are now adopting new
"technology, Dot (or the iMmediate improvement in performance or a reduction in effort, but to
achieve the potential of a new health care delivery subsystem capable of outped'ormin& film-based
systems over tbe next few ycars.
New teebnology improvements are Dot limited to radiology. The Menniger Clinic was named the
Best Psychiatric Hospital in America by US News and World Report in July 1995. This high
compliment has Dot ade them immune to the pressures O£maDased care. Over the past two
years, they have gone i'om over 1250 employees to 1050 with a goal 0(900 by the end of 1996.
BeaJizjng the need to reach new markets through the development of new products and services,
MenDiger is working with the Kansas Southeast llegion SSU to investigate the feasibility of
,providing 24 hour, 7 day a week access to a psychiatrist for the provision of erisis intervention
diagnosis and treatment. Additionally, an eight week backlog in adult psy<:biatric; (X)unseling and
a four week backlog in c1u1d and adolescent counseling exists in the Independence. Kansas area
which could conceivably be reduced to a week or less by following Telemedicine care models
estabDshed by other mental health care providers such u those developed by the Oregon Health
ScieDCeS University aDd the Oregon RodeoNet.

MennJger Is a key partner with TeI. nley arc worJeina together to determine the feasibility of
proYidiq a subset ofwrap-around service. to chroDicaDy memaUy ill patients tbroua" the use of
multimedia platforms in the comCort and coDvenience ofthe patient's home. MeDniserts
leadership is apparently heeding the warning ofPolarotd fOUDder Edwin Landis advice, UVou.
rather than your competitor. should be the ODe to obsolete your product." and said slishtly
differently by a Japanese executive who said. -rile quicker we can abandon a successfUl product.
the stronger and more profitable we'll be."
A look at the inevitability of elegant multimedia platf'onns in the home intercoDDected to
institutions offering bigh quality products and services in a digital format should cause health care
leaders to ponder the core competencie2i or our health care organizations. Where is value-added
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by a health care organization competing in a digital &ee market? A look at the trends in

entertainment suggest that the most value is added by those who provide the intellectual property
that created a service and not by those who control the physical infrastructure.
The Third Edition orThe American Medical Association P'amny Medical Guide was published in
1994. The book is fb11y Wustrated with over 1400 photographs. drawings. and charts. bas aD
updated first-aid algorithm-based section and also provides a fUlI-eotor section on preventive
medicine. It's a great book (or the literate and the curious. The AMA recently released their first
version on a CD which nwginaJIy broadens the 'accessability and usabDity orthe material. What
would happen if'the AMA partnered with Disney) Sega, and Tel to do something really special
with this content in terms segmenting the Consumer market beyond the highly literate andlor
, computer savvy? Stick around, we·U find out within five years because they will either do it or
somcone consortium will take a similar product into most of the homes in America.

or

Once the cleetronic home health care beachhead bas been established, wave after wave of new
oB'erings will follow. Many. if'DOlmost or nearly aD, products and health care services
traditionally delivered in health care facilities by speci81ty trained people will need to transform or
whither on the vine. Nie~olas Negroponte in his book, being digital, says it in this way:
MIfbe inf'ormadon superhighway is about the global lJ\OVement or wei&htles.s bits at the
speed of light. As one iDcfustly after anothec looks at itselr in the mirrOr and asks about its
filture in a dilital world, that future is driVCD almost 100 peto=t by the ability of that
company's product or services to be: rendered in digital rona"

Ifa health care organization accepts this view oCthe future, what is it to do? Clinical medicine is
, dominated by a weU established culture. the technology is currently inconsistently able to provide
for the delivel')' or routine car~ and rapid advances in technology have sIgnificant
perfonnance/pricc implications. More simply. we are left to wonder when providers will accept a
technology that can successfuUy provide DeW clinical delivery approaches while simultaneously
ensuring the organization is DOt locked into either obsolete technology or technology that in
hindsight was too expensive.
I summarize the cballenges as I sec them. These are roughly ordered to translate into the degree
difBcu1ty to be faced by health care leaders in pursuit or this unfolding fitture:

or

CHALLENGES
1.

Achi~1 Vssion ~ Amoo,1 Critical Mass orStntcgie Stakcholdcn

2. Supportlag and Eocoura&iDI Chqe ill the CIiDica1 Culture
3. Determining the UDique Ability
GivCD HcaJlh Cate Or&4DizatiOll to Add Value
to the Customtz
.

or.

4. S)'Dchroaizm, CliDiCDl ReenpaeeriDa wlProvCD TemMJogy Bef'ore the CompetitiOll
and Dom, it When it is EcoDomieany Viable
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5. Developing Appropriate Leveraging Strategies for.
-Vendors

-MllkctiDg
-lnfI:nW Health System Relationships
- B\I)' 'VCI'SUS Build Decisioas

6. Organizing to Achieve the VJSion
7. Devc10piq Taetica1 Objectives
I. MaintaIning Omtrol Over ReveDUeS and Infi'astrudure in a Massively Deceo.ttaJi7.cd
EaviromDcat
9. Obso1diD1: Products aDd Stnices Berore the Compctitioll by Staying Nimble,
mtcUipt. ameS WilliDI to Act
10. Eosuring 'IhAt the OrgDDizatioo Remains DifI'CI'CIlt. Unique. aDd Special in Lhc Future

After the achievement or strategic consensus about the future of medicine within a health care
oraanization, the ncxt most challenging hurcDe will supportiDg change in the clinical culture. With
wise management and luck, health care leaders making the transition into the Third Wave may
escape some ofthe diftic:u1ty encountered by some when the industrial age (Second Wave)
clashed with an agrarian society (First Wave). The following is relayed by way of Alvin Tomer's
book. Tho Third Wave:
"lbe carly period orlhc Scccmd Wave also saw attempts to block DeW tcthnology. M early
as 1663, London workers tore down the new mechanical sawmills that threatened their

livelihood. In 1676 ribbon workers smnshed their mnchincs. In 1710 rioters protested the
newly introduced stockiDl &ames. Later, John Kay, inventor otthe flying shuttle used in
textile mi1Js. saw his home WICCkcd by an infuriated mob and ultimately fled England
altoaclhcr. The most publicized example came in 1111 wbm machine wreckers calling
themselves Ludctir.es de:stTO)'ed their textile machines in Nottingham."
The best way to deal with this type of potentiaJ conf1iet will be to find out what real clinical
problems exist and bave physician and other pro\'ider leadership support an appropriate
technology solution. Clinical problems may be defined to the Infbnnation Technologist in terms
as simple as findiDg clinical oppoJtunjties in which there are un.derserved~ expensive to serve, or
.. difficult to serve situatioDS. Technology solutions can be generalized to the provider in equally

. simple temlS. Technology can. in some cases and over time increasingly, improve aeeess. reduce
costs, aDd/or improve quality. The provider and technologist will need to rorm a multidiscipliIwy team to include subject tpatter experts in
which include, but are Dot limited to,
communications. integratiOD, financial p1anniog and analysis. legal, and marketing. A rormer boss
and mentor ofmine. Matbis Fri;k. MD IBid it best in my opinion when he told me tl;aat .... all Feal
sains in knowledge occur at the iutafacc bctwccD disciplines.- [paraphrased] Collegial
coDaboratioD respectiDa the divergence of knowledge Deeded to achieve the vision will need to be
the order of the day.

areas
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The Economics of PACS
Jess Edwards, MSCS, MSSM
Instructor, Georgetown University
What better place to start an economic discourse than with the
bottom line? Currently, the economic viability of Picture Archiving
and Communications Systems (PACS) relies on how an organization
values and acts upon PACS ability to dramatically improve clinical
productivity. In the straight forward language of many hospital CEOs
and CFOs, even if it is accepted that an Orthopedic Surgeon or a
Pediatrician can save approximately an hour a day by using PACS 1,
so what? The decision to buy PACS will most often turn on the
method used to reapply clinical productivity gains to increase clinical
workload or to reduce clinical staff. Organizations unable to drive
either of these two results will need to rely on significant discounting
from vendors in order to internally justify the purchase of PACS.
A few short years ago, it was sufficient to justify the purchase of
medical equipment based upon the equipment's capability of
improving the quality of care, as long as the investment met
relatively generous economic constraints. Financial constraints have
forced many health care organizations to evaluate equipment
investments using rigorous business case analysis. Positron Emission
Tomography (PET) and PACS are two primary radiology examples of
· this phen.omenon.
As a consequence, health care organizations, such as the Army
Medical Department, are making greater use of business planning to
belp the total organization focus on the overa.ll health care deli very
process and rationale approaches to making it more efficient. This
process has drawn out several interesting points.
First, a reiteration of my main point, hundreds of hours of analysis
can go into building a business case for PACS and ultimately the
decision is likely to turn on how the organization reapplies clinical
productivity gains. In most hospitals, the hospital capital budget
finances equipment purchases while the physicians and patients
share in the benefit from the investment. In markets dominated by
fee-for-service practice, hospital CEOs and CFOs are going to need to
have a commitment from the practice plan to either increase clinical
1 Sherikon Economic Analysis of Madigan Army Medical Center, July, 1994.
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workload thereby increasing technical revenues or the practice plan
will need to contribute to the capital pool used to purchase PACS.
Capitated structures, with strong organizational relationships with
the physician providers, will be more able to reengineer the health
care delivery process to maximize the PACS return on investment.
Much research is needed to justify the economics of PACS. A survey
of PACS research by Becker and Arenson2 indicates that uniform,
well-defined criteria for calculating the cost and benefits of PACS are
needed. In my opinion, until this research has been done, PACS
pioneers with strong partner relationships will be the ones to lead
continued implementations.
Secondly, it seems to me that managers are conversant in the
differences between direct and indirect costs and benefits but tend
to be less aware of more subtle and, perhaps more significant, long
term benefits of 9rganization altering systems such as PACS. In
other words, financial managers easily focus on the need to capture
the cost savings of reduced reliance on film, file space, and file clerks
in a fully implemented PACS environment and will typically allow
that there are indirect savings accruing through increased
productivity of clinicians. It gets to be more difficult to determine
the business case for long term changes for which we have no direct
experience. For example, PACS allows for the digital capture and
sharing of a complete radiographic data set as opposed to an analog
capture of a portion of the data set. As a result, more information is
available for diagnosis. Theoretically, this should improve the
quality of diagnosis, and in turn treatment should begin earlier and
be more appropriate, more often. Earlier and better care should be
much less expensive. How do you forecast this potential savings and
quality improvement in a business plan due in four weeks?
Malone and Rockart3 refer to this type of benefit as being second
order, increased use. From my experience justifying the economics
of PACS, managers understand the first order benefits, those benefits
achieved through substitution of one approach for another, in this
case, film-based radiology versus PACS. Focus at this level is on
questions such as how many fewer film file clerks are needed and
Shawn H. Becker, Ronald L. Arenson, MD, Costs and Benefits of Picture
Archiving and Communication Systems, Journal of the American Medical
Informatics Association, Volume 1, ·Number 5, Sep/Oct 1994.
3 Thomas W. Malone and John F. Rockart. Computers, Networks and the
Corporation, Scientific American, September 1991.
2
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how many more system administrators needed to be added? Malone
and Rockart use transportation changes over the past century to
make their point; people began to ride in trains and cars rather than
relying on horses. Second order transportation benefits from
increased use enabled people to travel more increasing awareness of
other peoples and communities. Greater use of the full radiology
data set is one example of a second order benefit. Another would be
the greater reliance on previous radiographic studies as diagnosis is
rendered. Again, evaluating the economic impact of this trend is
problematic.
Malone and Rockart also refer to third order benefits resulting from
new structures. In their analogy, transportation-intensive social and
economic structures such as suburbs, shopping malls, and Disneyland.
PACS can enable the development of radiology-oriented Disneylands
that can feature items such as computer-aided diagnostic tools and
intensive sub specialization. For example, Mammography or
Neurology Centers of Excellence can be enabled in ways not currently
~. possible. An organization such as military medicine and large HMO
corporations can peer into the future at these constructs in ways in
which individual hospitals cannot. These large, future oriented
organizations are more likely to build a business case for PACS.
In closing, capitated structures which are willing to accept the
potential of PACS without complete economic justification are the
~: most likely organizations to implement PACS. PACS will best serve
as an enabling tool for the reengineering of the health care delivery
system. Simply implementing PACS without a comprehensive clinical
plan outside the Department of Radiology will not enable the
organization to maximize the organization's return of investment.
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Reengineering Radiology in Military Medicine
Realtime Radiology
.".
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Abstract
Professor Roentgen first utilized x-rays for medical purposes
100 years ago, yet the display and storage of radiographic images
have changed little. Chronic problems exist with image .
accountability, prompt radiographic reporting, radiologist
accessibility, and radiographic misinterpretation. A Reengineering of
radiology is required to solve the chronic problems and improve
services to clinicians and patients. New technologies including
filmless imaging within a hospital, tele-imaging between distant sites,
speech recognition programs and computer aided diagnosis
algoritluns can significantly improve radiographic services.
Using these tecMologies together with altering radiologists'
work habits, two major changes in radiology can occur. The first is
the practice of "realtime radiology" which the patient is imaged,
the study is reviewed by the radiologist, and the final report
immediately generated before the patient leaves the department
thereby improving radiological services to patients and clinicians.
Because the new technologies allow for the time and distance
independence from the imaging acquisition areas, the second change
involves moving some radiologists out of the main radiology
deparbnent and into clinical areas within the hospital in close
proximity to the primary care physiCians. This improves access of the
radiologist to clinicians, allows the radiologist to better serve as a
consultant and hopefully gives the radiologist a better understanding
of the practical clinical issues.
Practicing Realtime radiology and moving closer to the
clinicians decreases patient evaluation time and hospital stay thereby
improving patient care and decreasing inpatient costs. By improving
service to patients and clinicians, radiologists improve their standing
as an integral part of the health care team. The move to digital
filmless imaging not only improves services today, but allows for

m
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numerous future developments and enhancements otherwise not
possible in the traditional film based environment.

r'

Discussion
Although good clinicians are aware of the importance of
radiological imaging in improving their diagnostic accuracy, many
are dissatisfied with radiological services. They can not find the films
they are looking for, can not find the radiologist after hours to consult
on a complicated case, and have to wait prolonged periods of time for
.
the official radiological report.
With the continued increased utilization of radiological
services, the management of all the images has become increasingly
difficult. Military medical centers produce 130,000 to 220,000
studies/year per institution. Clinicians at these centers state 30-45
minutes / day is wasted looking for images or reports. At some
institutions up to 20% of radiological images are not read by
radiologists. images can not be located in 20-38% of cases. The time
for the final radiologists report to show up on the patient's chart can
be delayed from days to weeks. In some medical facilities, there are
no radiologists on site. hnages are initially read by clinicians and then
hopefully reviewed later by radiologists. This leads to an increase in
initial misinterpretation rate yet the clinician can not be faulted
because he frequently needs to make medical decisions on his
patients immediately and can not wait for the overread by the
radiologist. Although a radiologist has a higher correct interpretation
rate than a clinician, even the radiologists misinterpretation rate is
alarming. Up to 300/0 of true pathology is missed on the first imaging
interpretation in one study. Finally, with ne~ MRI, color flow
Doppler ultrasound, and angiographic/interventional techniques,
radiological iJriaging is becoming increasingly complex.
Subspedalists can interpret their area of expertise more accurately
and quickly than a general radiolOgist.
Unfortunately these subspecialists are only available at limited
locations and then are frequently underutilized at their specific
location due to the limited number of subspecialty cases at any single
.
Some of these weaknesse~ can be solved by changing our work
habits. For example within a large medical center with a residency
program, 24 hour in-hospital staffing for radiological services and
consultation is possible. Yet it is not practical in the conventional
~titutioo.
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environment to have 24 hour in hospital consultation in a small
community hospital with only 1 or 2 radiologists. Technology allows
us to not only solve some of our classic problems of film accessibility
but also to reengineer the way radiologists provide services to
patients and clinicians.
The development of Picture Archival and Communications
Systems (PACS) allows for viewing of radiological imaging filmlessly
:;.; on monitors. Instead of having a single analog film/screen image of a
patient, the information is digital. Since the information is digital, it
. an be printed as a hardcopy piece of film, viewed simultaneously by
multiple healthcare providers around the hospital, or sent via
communications lines to a distant site anywhere around the world.
The image is stored on a database tied to the patient's radiographic
report. The image can then be accessed within seconds to
minutes.This technology solves the chronic problem of lost images
and poor accessibility to images. The clinicians and radiologists do
not have to compete for access to the image. Clinicians save time by
not having to track down old studies. Medical students can use their
time to learn medicine instead of acting as cheap labor to gather
images. The healthcare provider can view the image at any
workstation.' Teleradiology allows images to be read in a time and
distant independent fashion.
This technology sets up one of the first paradigm shifts for
radiologists. No longer is the radiologist tied to the main radiology
department where the images are produced. Now some radiologists
can be moved to the clinical areas. A radiologist can read images on a
workstation in the orthopedic clinic, another can read images in the
Intensive Care Unit. Normally not enough images are produced in
each of these areas to keep a radiologist busy, but imagery from other
parts of the hospital can also be sent to this radiologist. The
radiologist is in close proximity to the clinician, ready to review
imagery as needed, consult on further studies that could be done, and
can get better clinical history from the healthcare team.
Since robust teleradiology systems can both send and receive
imagery and patient demographic data, this same concept can work
for outlying clinics using high bandwidth communications lines. In
the past, film/screen images may have been sent from a smaIl clinic
at the end of the day and reviewed at the main hospital. Clinicians
would have already made their interpretation of the image and
treated the patient. Now a radiologist could be stationed ,at this small
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clinic. Additional studies for interpretation could be sent from the
main hospital to keep him busy. Radiologist expertise would be
available for consultation immediately at both the small clinic and the
main hospital.
With multiple clinics, specific types of studies could be sent to
specific locations that specialized in a particular area creating
"imaging centers of excellence" such as a body CT reading center or a
neuroradiology reading center. Alternatively, imagery could be sent
to any site as needed to best match the radiology assets to the
radiology workload and maximize efficiency.·
With increasing complexity in the imaging management
system, integrated radiology reports and communications become
increasingly important. The radiological image must be tied to the
radiographic report. Also integrated teleconferencing is needed to
allow clinicians to rapidly access a specific radiologist especially if the
radiologist is located at a distant site.
If the imagery is immediately available but the radiologist's
report is not the advantages are limited. The next paradigm shift
involves practicing "realtime radiology". With the traditional film
screen system a delay occurs while old comparison films are
retrieved from the file room. Often studies are read several hours
after the imaging study was done. At some sites images are read the
next day to give adequate time to match up the old studies. With
filmless imagery and electronic archiving, the old study is
automatically fetched from the archive and the new study reviewed
~~diately after the patient is imaged. With the use of pull down
pretjrped normal reports and speech recognition programs, the
radiologist can interpret, dictate, and send out the final report before'
the patient leaves the imaging area. The patien~ leaves the
department with the final report in hand helping to decrease anxiety
in many cases or speed the rest of the diagnostic work up in other
situations. nus helps to decrease the delay in the patient hospital .
stay by giving more rapid information to the clinician. Also since of
the official radiologist's report is immediately available, the patient's
physician can make clinical decisions bases on the radiologist's
interpretation instead of his own preliminary interpretation. This
helps to improve patient care.
Since the imagery is digital, future enhancements will be
possible. References on specific findings can be placed on a database
on the workstation. Images of known pathology can be stored for
72

comparison to help improve the radiologist's differential diagnosis on
a specific finding. Advances have been made in the area of computed
aided diagnosis. A radiologist could review a chest radiograph then
have the computer do a search for pulmonary nodules to ensure
nothing was missed. When the imagery is already being viewed
,~ digitally on a workstation this would be relatively easy to add. Also
imagery can be digitally enhanced which may be useful in increasing
the conspicuity of some pathology
Conclusion
In recent years rapid advances in our ability to acquire,
transmit, display and store imagery has occurred. We are only now
beginning to harness this ability in the medical field. In order to
maximize ,the benefits of these technological developments, we need
to change the way we practice radiology to improve radiology
services to patient's and clinicians. With the use of filmless imaging,
high bandwidth communications, speech recognition programs,
. practicing realtime radiology and computer aided diagnosis
radiologists can significantly improve radiological services to patients
and clinicians.
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The MDIS Workstation - an Update of Performance After Nearly Two Years of Clinical Use
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Abstract
The Medical Diagnostic Imaging Support (MDIS) workstation has been in clinical use at selected
. military medical centers since March 1992. The workstation is a critical component in Picture Archiving
.~ and Communications Systems (pACS) representing the interface between the system and the end user. The
workstation has undergone several software changes over the last year based on feedback from end users.
The present performance of the workstation in terms of image manipulation and navigation, response time,
database, and reliability will be emphasized. Discussion will include clinical acceptance, lessons learned,
and future enhancements.

Introduction
The Medical Diagnostic Imaging Support (MDIS) System is a large PACS and
teleradiology project for the u.S. military. The contract was awarded to a joint venture
between Loral and Siemens in late 1991. Presently, Madigan Army Medical Center,
Brooke Army Medical Center, and Wright-Patterson Air Force Medical Center are
undergoing phased implementation of this system. Several other sites are planned for
1994, including facilities in the continental U.S., Hawaii, and Korea. The various sites
are at different levels of development, this paper emphasizes Madigan's experience
which began clinical ~perations in March 1992 [1-4]. Madigan, a 416 bed hospital, is
located in Tacoma, Washington. Four hundred physicians support more than one
million outpatient visits per year. Nearly 160,000 radiological procedures were
completed in 1993 in a radiology department staffed with 14 Board certified radiologists
and 20 radiology residents.
System Overview
The present phased installation of MDIS at Madigan includes computed
radiography (CR) for all plain radiographs except mammography, a 40 Gbyte Working
Storage Unit (WSU), a 100 platter (1 Tbyte) Optical Disk Jukebox (ODJ) , and 25
workstations [see figure 1]. CR images are processed by 2 Siemens Digiscan 7000s and 3
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.Fuji AC1 plus readers. Third and fourth generation Fuji imaging plates with lead
.
backing are used.
.
The heart of the MDIS system is the Working Storage Unit (WSU) which
functions as the local and short-term storage devic~. Originally developed and utilized
for U.S. military reconnaissance, but now modified for medical applications, the WSU
·uses a redundant array of inexpensive disks (RAID, level 2 architecture) with 40 disks
:pperating in parallel; 32 disks for a 32 bit word, 7 disks for error correction, and one
(disk acting as a tlhot spare" (single disk failure detected and corrected without loss of
operation). Presently all images obtained within the last 10-12 days are available on the
;.WSU. Images are stored in the WSU with approximately 2.5 : 1 lossless
~·compression giving an effectiye storage of 80-90 Gbytes of data (greater than 10,000 CR
images ). Image retrieval bandwidth is greater than 400 CR image equivalents per
minute. The WSU is connected to the workstations by a fiber optic network in a
modified star topology.

• MOIS Subsystems
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Image Display
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Base.u~
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• Image Storage
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VMS JIIainfram~ ... ...
~

Work Stora tfUnlt

Laser Imager

e Image Acquisition Subsystem
- - • Ethernet Backbone
- - Fiber Optic Backbone
Figure 1: The basic MDIS PACS configuration.
Image data moves with FDDl- like speeds (100 Mbits/sec). Images are transferred at the
earliest opportunity from the WSU to the ODJ. The ODJ holds 100 (10.2 Gbyte) 14"
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WORM optical disks. CR images are stored with 10:1 lossy compression (modified JPEG
format). The final phase calls for two ODJs which will be able to store 4-5 years of
images on line [5].
The system utilizes two types of imaging workstations,"diagnostic" and
"clinical". The diagnostic workstation is a high volume unit for primary diagnosis; the
clinical workstation is a lower volume unit for review of images. Diagnostic units can
have either 2I< (A type) or lK (B type) resolution portrait monitors. Clinical units have
only lK (C type) resolution landscape monitors [see figure 2 for monitor specifications].
In the radiology primary reading areas, diagnostic workstations use four 2K monitors.
In general, the wards and clinics have two 1K clinical workstations, but the entire 2K
data set is available by magnifying the image. All workstations have the same image
manipulation functions.
The basic platform for t~e workstation is the Apple Macintosh computer with 8
MB RAM and 80 MB internal disk drive. Loral and Siemens then insert special image
processing boards. The Macintosh-based interface, being extremely user friendly, is one
of the reasons for broad acceptance since many of our physicians are computer illiterate.
Ease of initial training and retention of training are due to mouse-driven pull-down
menus. "Quick keys" are available for the commonly used functions so an experienced
user can move through the functions more rapidly .
PAFWIETEA
AfPIPIC
SPATIAL RESOLUTION ""536X2OU
B-102.X121O
17 TO 23 i\
VEWABLE RASTeR
DIAGONAL

BRIGHTNESS

~fI-L

A TYPEIION.

8 TYPE liON.

153UZ048

1024 X 1280

1e in (".OX10.5 in)

21 In

~50fI-L

Uft-L

~"-l

MONITOR
CALIBRAT10H

70.5 Hz. NON.
INTERLACED
MATCH MONITORS TO MATCH MONITORS TO
WmIlNS%OF
WITH-' S% OF
BRIGHTNESS AND
BRIGHTNESS ANt)
CONTRAST
CONTRAST

72 Hz. NONM'ERLACED
MATCH MONITORS TO
WITHIN S% OF
BRIGHTNESS AND
COHTRAST

BAIGKTMESS

c1~

c1ht

LINEAR DISTOA11ON

eft,

4%.35 IS.;""

c10% OF SCR!EN
CENTER
Vc2%

SPOT VARIATION
VPABLEGRAY
SCALE DISPlAY
MIX. OUTPUT fOR
SLAVE UONrroRS

c5ft

REFRESH RATE

FLICKER FREE

UNIFORMITY

IRIOHTNESSI
CONrRAST

DAFT

I

45%

arTS

YES

I

arTS

Heft.
c3O'Wo
I arTS

YES. VIA EXT'ERHAL

YES. VIA EXTERNAL
CONNECTlON
<5% OVER 3 MONTHS
(AYE. SCENE
(AYE-SCENE
BRIGHTNESS c • F1L) BRIGHTNESS c . F1L)

CONNEC11ON
~OVERJ UON1MS cS% OVER S t.tONTHS

Figure 2: Technical specifications of monitors
A key feature is the connection between the workstation, database, and WSU.
The workstation queries the database via an Ethernet line. The database provides the
workstation with the necessary information and access rights to retrieve image data
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from the WSU. The WSU transmits images to the workstation via a direct fiber optic
link to the special processing board (64 or 32 Mbytes of memory for diagnostic or
clinical workstations respectively). Once full, the system automatically pages images in
from the WSU [6].
A total of 25 workstations are now in seryice [see figure 3]. In the Spring!
Summer of 1994, 93 additional workstations will be placed throughout the clinics and
. wards of the hospital. Following installation of additional workstations and expected
upgraded software, Madigan will begin to go almost entirely filmless .
.Services available on the workstation at Madigan include an integrated
.Radiology Information System (RIS), all CR images, Digital Spot Imaging (051),
. Computed Tomography (CT), and teleradiology imaging from distant sites. The
interface for Magnetic Resonance Imaging (MRI) is still problematic; therefore, these
images are only occasionally available on the system. At other sites, ultrasound images
are also available on the system. In 1994, Madigan plans to integrate: Aegis (Acuson)
ultrasound miniPACS, Nuclear Medicine, Angiography, CHCS (the Department of
Defense's Hospital Information System), and hopefully a speech recognition system for
dictation of reports directly onto the workstation.
February 1993

February 1994

ICU
ER
Orthopedics
Radiology (6)

ICU
ER (4)
Orthopedics (7)
Radiology (6)
Pulmonaryl Surgery
Pediatrics
Family Practice'
Internal Medicine
Surgery ward
Medical ward
Neonatal Intensive care

Total

9

Total

By End of 1994
Additional clinics
and wards

Total 118

25

Figure 3: Workstation number and locations at Madigan
Workstation Functionality
There have been 5 major software releases within the last year. Madigan and
Brooke hospitals have different software releases. Brooke has the most recent software
which potentially provides a significant increase in functional.ity, but presently is
problematic and being "debugged". The basic MDIS workstation functionality at
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Madigan has been reviewed previously (6); emphasis will be on changes over the last
year in the software at Madigan.
The radiology information system (RIS) is an integral part of the MDIS
workstation. Once the user selects a patient's study within a work list, the radiological
request and dictated report (if completed) automatically sho~ up on the bottom of the
screen. Therefore, the patient's clinical history, radiological images, and dictated
report are together on the workstation monitor. Usually the radiologist dictates a
report to a transcriptionist, but if he desires, he can type in the report himself.
Standardized reports are available on pull-down menus.
Two formats are available to view images, the "traditional" mode in which
images are side-by-side, and the "cine" mode in which all images are stacked one
behind the other. In the traditional mode, multiple formats are available from 1 to 90
images per screen. The following image manipulation tools are available on the
system: window /level, magnify, pan, region of interest signal measurement, distance
and area measurement, annotate, flip/rotate, equalization function, the"magic glass,"
and inverted gray scale. The window/level can be changed simultaneously with the
mouse or the user can set his own preselected window/level values. A special function
called the magic glass is extremely useful. This gives the user a window in which either
magnification of the image by a factor of two, inversion of the gray scale, or
. equalization of the image within the window can be done without changing the rest of
the image. The user can rapidly scan the study by moving the window around the
image. Other than the window /level, the "magic glass" is the most frequently used
tool.
New functionality has been added to the workstation. An improved format to
display old comparison images is available. A default display protocol exists to
automatically arrange a group of images in an acceptable format. Physicians can
. multiselect exams to display from the WSU. A macro function allows a radiologist to
open a worklist of unread patients, display the present and comparison images (on the
WSU), and close the exam while annotating the exam has been dictated. A single key
stroke then closes these exams and opens the next patient's images. Combining
multiple repetitive tasks speeds up the time to revi~w cases on the workstation. We
would like to have this feature for all exam worklists, and be able to automatically
annotate the cases as dictated or .not.
Other improvements in the functionality include an increase in the WSU
storage capacity from 20 Gbytes to apprOximately 80-90 Gbytes (all images for the last 12
days on-line instead of just the last 3 day), and a list that shows the cases being fetched
from the long term storage.
Objective Evaluation Workstation Performance
Image accountability
The failure of a conventional film-based system on image accountability is one
of the primary reasons to convert to a PACS environment. During summer of 1992, we
reviewed 150 studies done at Madigan after moving into the new hospital. Hardcopy
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laser printed images could not be found in 200/0 of the cases. A study of over 4000 cases
softcopy in a randomly selected week in early November of 1992 demons~rated that an
image could be located in its exact heading or similar title (e.g., toe under foot heading)
in greater than 98% of cases. In some cases, the image was under the wrong heading .
.This was most common when multiple studies were done on a patient in an
.' emergency situation- the radiology technologist only made up a single barcode and put
:all the images under the same heading. Including these cases, image accountability was
99% [6].
In the Summer of 1993, two additional studies were done comparing
,faccountability of images hardcopy verses softcopy. The first, involving 120 chest
radiographs, demonstrated a non accountability rate of ~3% for hardcopy and 5 % for
softcopy images. The second, involving 100 barium enema cases, demonstrated a non
accountability rate of 38°k for hardcopy and 4 % for softcopy images (see figure 4).
Investigating the cause of non accountability of softcopy images revealed the vast
majority were initially obtained during a software upgrade when the system was down.
During this time, Madigan is in fail-over mode and continues to use CR, but produces
2 hard copies of each image. One copy is for the clinician and the other stays within
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radiology to be digitized back into MDIS once functioning. Digitizing large numbers of
exams back into the system manually is tedious. In reality, some of these cases never
got digitized back into MDIS. In the future, when in the fail over mode, a mechanism
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to digitally spool CR data locally then transfer the data to MOIS once functional is
desirable..;;
System reliability

A high level of reliability is critical to the success of a PACS. Our contract calls
for 980/0, system up time. Any down time of the VAX, WSU or ODJ can affect the user
at the workstation.
.
In the initial 10 months, the MOIS system uptime was 98.80/0. The major cause of
down time was related to the hospital-wide air conditioning system. The equipment
in the computer room generates a signif~cant amount of heat. The central hospital air
conditioner failed several times, in each case the MOIS system had to be brought down
due to the danger of overheating. Excluding air conditioning related problems, the
system had been operational 99.7°k of the time. A back up cooling system was installed
in the computer room to resolve this problem.
For 1993, the system uptime was 96%. The OOJ was the major cause of the
downtime (>3%). When the ODJ was down, physicians could still access recent exams
and old comparison reports, but not the old films., The rate of 96% does not include
scheduled downtime for 5 software upgrades. These upgrades would have accounted
for 50/0 downtime. With maturity of the software, upgrades will be less frequent, but
presently this has been a significant issue and reiterates the importance of a fail safe
mode of operation. More extensive product testing of the software at the factory should
decrease the time required to install each new software package. It is useful to have a
contractual agreement that new software implementation will be scheduled on offhours and once started continue 24 hours a day until completed.
Image display speed
If accessing a CR image from the WSU, it consistently takes 4-5 seconds (see
figure 5). In 1992 the time was 5-6 seconds. The vendor hopes to have display time
down to 2 seconds by the end of 1994. Image retrieval from the OOJ (fetching) to the
workstation is more variable. If the number of images being fetched is small, the
average time is about 2 minutes. If a large number of images are being fetched at the
same time, the average time rises drastically to 20 minutes (see Figure, 6-7). For a
clinician, 2 minutes is excellent and 20 minutes is still better than going to the file
room. For a radiologist, this is too slow. Intelligent prefetch algorithms are needed and
our vendor is actively developing such protocols.

time

to display an entire CT study can be lengthy. The first image presents in
The
4 seconds, the second full screen is complete in about 10 seconds, but it takes about 3040 seconds before the user regains control of image manipulation tools (see figures 7).
The RIS is an integral part of the PACS. Radiologists review their reports on the
system. Presently, the average time between displaying reports after verifying and
sending the report to be printed is 7.5 seconds (see figure 8). This is too slow; less than 2
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seconds between displaying reports is desired. All the times listed above should
significantly improve in software releases expected in 1994/1995.
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Radiologist Image Review Times
Without being filmless PACS is difficult to cost justify. Traditionally for a
radiologist, reviewing images hardcopy from film has been faster than softcopy from a
monitor. Developing software to make filmless reviewing competitive has been the
greatest area of concentration over the last year and is expected to continue be the area
.. of concentrated effort in 1994. Newly developed programs to review old comparison
images, multiselect exams, and group repetitive functions into a single key stroke have
helped to markedly improve the softcopy image review times .
In February 1993, in a study comparing reading times of chest radiographs

without old comparison images, hardcopy review was 23% faster than softcopy. In
February 1994, in a study comparing review times of chest radiographs with old
comparison images (comparison images on the WSU), review softcopy was 80/0 faster
than review with hardcopy. The hardcopy films were in radiographic folders (not
prehung on large alternator boards).
A study of chest radiographs on patients in the Intensive Care Unit (hardcopy
images were prehung on large alternator boards) demonstrated hardcopy was 27% faster
than softcopy (see figure 10). A factor which typically slows the radiologist in the
hardcopy environment is not accounted for in this study. Presently, when a clinician
comes to the radiology alternator board, the radiologist must stop working to allow the
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clinician to review a film. Once softcopy, the clinician will be able to access the desired
image on .another workstation.
Several software changes are required for complete conversion to softcopy. An
intelligent prefetchof old images from the aDJ to the WSU is needed. When a patient
gets a chest radiograph, the system should automatically in background fetch an old
chest radiograph for comparison. For emergency cases, the radiologist needs an ad hoc
fetch which has priority over prefetches and other clinicians' ad hoc fetches. In general,
faster display times are needed, especially for CT and MRI images. A stable interface to
an HIS is very useful, allows the radiologist to be paperless when reviewing the case,
and eliminates duplicated order entry. Many key strokes are repetitive; therefore, macro
functions allowing single key strokes to do series such as open, review, dictate, and
proceed to the next case on a worklist are extremely helpful. This function is available
on a limited basis already, but expansion to cover all worklists and slight variations are
required. These software changes are expected over the next year and will significantly
improve the softcopy reading times.
Image Review Speed
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Clinical Acceptability and Results
The acceptability of the system by referring physicians remains extremely high.
In a survey of 58 clinicians in the winter of 1992/93 , 98% stated the workstation
significantly improves patient care and 100% stated the workstation saves them time
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[6]. The major complaint by clinicians is some do not yet have a workstation in their
area. A survey done in the Fall of 1993, showed clinicians believe that significant
improvement in image quality and image accessibility has occurred since installing
:. the first phase of PACS. Clinicians state they are saving 30 minutes to 11/2 hours a day.
·The various residency programs within Madigan are more successful at recruiting top
prospects into their programs because of MDIS. At the "morning reports" of various
departments, all pertinent images from recent admissions can be reviewed. Planning
;- and teaching conferences are enhanced. Physicians asked to consult on a patient on a
. different service can quickly and easily review all significant images before seeing the
~ patient. This has led to a faster tum-around time for consultations within the hospital.
An emergency room physician can consult the orthopedic surgeon about a patient's
fracture without the surgeon leaving his busy clinic.
The first 3 areas to get workstations were the emergency room (ER), orthopedic
clinic, and the ICU. In a review of 5008 radiological exams done in the Madigan ER
using hardcopy film, only 45.3 % of exams were returned within 24 hours to radiology
for an official reading. Now, the ER is softcopy during the day. Images are reviewed by
a radiologist on a workstation; nearly all exams are reviewed and dictated within 24
hours.
Orthopedic surgeons were initially opposed to CR and PACS. Now, they are
strpngly supportive with 6 of 6 orthopedic surgeons interviewed preferring MOIS to the
conventional film screen system. They believe the overall image quality has
improved. Each surgeon in the clinic saves 1-2 hours per day because old images and
reports are always available and the repeat rate due to poor image quality has decreased.
In the past, patients without old films were reimaged; this is no longer required thus
saving time, money, and unnecessary radiation to patients. CR allows better
visualization of bony structures through casts than film screen systems. In some cases
using CR, radiation exposure has been markedly reduced (follow up scoliosis series).
Measuring angles is faster and more exact on the workstation than on hardcopy film.
In the ICU, the repeat rate due to unacceptable optical density has gone to nearly
zero. Images on any given patient tend to have the same optical density regardless of
radiation exposure. Changes in optical density reflect new pathology. Tubes and lines
are better visualized. In the middle of the night, the ICU phYSician can review critical
images on a workstation in his area instead of going to radiology to review the film.
In general, Radiologists within Madigan believe PACS is useful, but their
workload is not reduced. Workstations are still too slow for high volume softcopy
reading in many cases. Still, in some areas, filmless imaging is superior to hardcopy
film. Gastro-Intestinal (GI) radiology is completely filmless. In 1991, GI radiology was
analog using a conventional film screen system. A total of 1986 exams were done with
the assistance of 7 radiology technologists; in 1993 using digital fluoroscopy and CR in
the filmless mode, 5 technologists assisted in doing 3333 examinations. This is an
excellent example of "doing more ,with less" through the use of improved technology.
Because studies were reviewed on the workstation and pull down standard reports can
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be utilized, approximately 400/0 of final reports were available on the RIS immediately
after reviewing the images.
For education and research, MDIS has been quite helpful. Residents and staff
radiologists are building a softcopy archive of interesting teaching cases. Research is
greatly simplified and improved since im"ages and reports can now be rapidly accessed
from the system.
Lessons Learned
Bringing a new technology into a system is always a challenge. Quality control,
training, comprehensive product reliability testing prior to site delivery, good
communications between design engineers and end users, and digital integration of
different modalities are all critical issues. With quality control, every link in the
imaging chain must be analyzed. The workstation monitors should be checked on a
regular basis for such parameters as brightness, variation across a screen, contrast
resolution, and the level of noise.
Although the MDIS workstation is user friendly, concise hands-on training for
all users is important. Training is needed when ever major software upgrades are
implemented. If the end users do not feel completely comfortable with the workstation,
it will not be utilized. The initial training program provided by the vendor has been
successful. Recently new software was installed at Brooke hospital which had more
functionality, but increased complexity. Unfortunately, training for physicians was sub
optimal. Unfamiliarity with new software and unexpected software "bugs" led to a
decrease in utilization of the workstation. Follow-up training is now being planned to
rectify the problem.
Irregularities in new versions of software are expected, but cases in which
software directly effects patient care are much less well tolerated. When a new
software version is being installed, the MDIS system usually is run in fail-over mode.
During this time engineers should work in "shifts .around the clock until installed.
Software bugs can slow down the implementation process; therefore, good product
reliability testing in the lab is important.
Integration of "different modalities into a PACS continues to be a challange.
DICOM (Digital Imaging and Communications in Medicine) is the next generation of
the ACR-NEMA 2.0 (American College of Radiology - National Electrical Manufactures
Association) standard designed to improve connectivity between imaging devices.
This version has removed many of the ambiguities and is more complete. However,
different digital formats within the DICOM standard can still be selected. Equipment
vendors need to specify the digital format that their devices support to be truly
compatible. This can be done through a User Conformance Profile [7-9]. The MDIS
project strongly encourages commercial vendors to adopt the DICOM standard.
Future Direction
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The practice of "real time" radiology is now technically possible. By reviewing
.. present images on a workstation and having the system automatically fetch old
comparison exams, the radiologist can make an immediate interpretation. With an
integrated speech recognition system, or pull doWn standard reports , the final report
can be immediately available. The key for us over the next year will be to institute this
··change in the basic way radiology is practiced. Real-time radiology improves patient
.~ care by improving the support provided to the primary physician. Integration with
other sources of information and medical imagery within the hospital is the next
logical step. Computer aided diagnosis is an anticipated advantage to having digital
.' imagery on the workstation. On line references is another expected future
enhancement.
Conclusions
The MDIS PACS is a user friendly, reliable system which enjoys a strong, broad
based level of support from clinicians. Since PACS is most beneficial to clinicians, it is
most effective in hospital-wide implementation. Improvements in image navigation
have now made softcopy reading as fast as conventional film in some cases. Still,
further development is needed for 1000/0 daily softcopy reading in a high throughput
environment. Truly integrated hospital-wide PACS will radically change the way
medicine is practiced. Like many previous major technological advances, we do not yet
realize all of the secondary and tertiary advantages that will probably occur. The use of
~ospital wide PACS in the day to day practice of medicine is now possible.
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Appendix A: Graphic Overview of Military MOIS Program
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457,738 Archived Reports

0
0

< 3.5 sec image display

0

94%AVG System Uptime

0

86% better CT/MR display time

0

HIS Interface

< 90 sec dearchive (90%)

Enabling Technologies

o Optical Disk Jukebox (ODJ)
() MAMC 1.3 M images
() BAMe 1.2 M images

o WPAFMC 760k images

o

121 Gen. 70k images

M DIS
ImagIng Ellcellence for Military MedIcine
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60/hr: 1 year ago

MDIS Data Flow
and Performance

60/hr: Toda

ODJ - Long
Term Storage

90/hr: 1 year
out

<5 min

Display Device

.

.....I

Acquisition Device

<1.5 min

I <5 sec
I <3.5 sec

~.' "

I

'.

I

<60 sec

• ..,L
r __

<2.5 seOVVSU - Short
Term Storage
Migration to ISU

5 times bigger!!!
MDIS
ImagIng Excellence for Military Medicine

Categories ofCR in Operation
Type

Area

Use

Fuji 9000

Main Radiology

High Volume

Fuji 7000

Main Radiology

High Volume

Fuji AC1

Main, Ortho, Urology

Medium Volume

Fuji AC3

Main, Ortho, Urology

Medium Volume

Kodak KESPR*

Operating Room

Medium Volume

Under Evaluation
AGFAADC
Fuji 9000

Kodak KESPR wI plate stacker
*without plate stacker

Kodak KESPR
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Soft Copy Interpretation and Filmless Status (July '94)
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July 1994
Filmless Opns

9

8
7

o Soft Copy
•

6
5

4
3
2

1

MAMC

BAMC

WPAFH

% FilrftlaC!b

Archived Reports and Images (Combined Total)

3.5M
3M

1

l;;
II Images

2.SM

2M
1.SM
1M
.5M

Oct-93

Oct-94

Nov-95

Minutes
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