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Introduction

A member of the St. Joseph Health System of Orange, California, Covenant Health System
(CHS) of Lubbock, Texas is the largest health care system in West Texas and Eastern New Mexico
region. It consists of three main hospitals, Covenant Medical Center, Covenant Medical Center —
Lakeside and Covenant Children’s Hospital. These three facilities have a combined capacity of
1,338 beds. CHS is staffed by over 6,000 employees and has over 600 admitting physicians. CHS
also has a number of affiliated and managed hospitals and clinics within the West Texas and
Eastern New Mexico region. Last year, the administration of Covenant Health System decided to
implement a picture archiving and communications system (PACS) at their main facilities. PACS is
a computer hardware and software system that is designed to acquire, store and transmit and present
digital radiographic images for interpretation and review. It is, in effect, ‘filmless radiology’. All
radiographic images, except mammograms, are acquired as digital data (virtual images), stored on a
central server and made available on demand for viewing at computer workstations. At the
workstations the images can be digitally manipulated in a number of ways in order to enhance their
diagnostic value or to facilitate their viewing by the radiologist, clinician or nurse.

The hospital administration initiated the plan to acquire a PACS and chose Fuji (FUJIFILM
Medical Systems, Stamford, CT) as the vendor of choice. A PACS Committee was formed and
consisted of the Vice President in charge of Radiology, the two chief radiological technologists,
hospital information systems (IS) personnel and four radiologists. The mission of the PACS
Committee is to oversee the PACS installation, make recommendations to best serve the needs of
the hospital and the clinicians and to educate the end users of the PACS. The end users consist of
the radiologists, the admitting and staff physicians, the nurses, the radiology technical staff and the
hospital ancillary staff who may need to use the system. The evolution (revolution?) from film
based radiology to a filmless system involves a paradigm shift for everyone who uses radiographic
images. For PACS to be successful, it is of paramount importance to have as smooth a transition as
possible. To this end, the education of the end user is critical. | am a member of the PACS
Committee and one of my duties is to be the point of contact for PACS education of physicians and
nurses. Of the twenty-five radiologists on staff at CHS, only myself and one other have had

experience using PACS in an actual work environment. To the best of my knowledge, only a few of



the over six hundred admitting physicians on staff have had personal experience with PACS and |
would assume the same is true of the nursing staff.

The hospital ran an article about PACS in the recent issue of the Medical Staff Newsletter.
This publication is distributed to the admitting physicians of the hospital. The hospital also ran a
special PACS edition of the Covenant Connection, the newsletter that is distributed to the
employees of the hospital. These articles announced the hospital’s decision to implement PACS this
fall and described the advantages of PACS over hard copy film radiology. The articles were
primarily public relations type news pieces, important for making the physicians and staff aware of
the hospital’s decision to implement PACS. They do not go into detail about how PACS will
function, the changes that we will have to make in how we view radiographic images, and they
don’t address questions that the end users might have about PACS. In meetings with clinicians |
learned that there is a wide range of opinion about the transition to PACS. Some groups (e.g., the
emergency room physicians) are very enthusiastic about the change. Most of them are computer
literate and they look forward to the efficiencies that PACS promises, studies performed more
rapidly, more rapid interpretation of radiographic images, more rapid reporting of radiographic
findings, electronic communication with the radiologists via PACS, all resulting in faster diagnosis
and treatment of patients in the emergency room. On the other hand, some groups that | spoke with
are more divided in their opinions. The orthopaedic surgeons had views of PACS that ranged from
highly enthusiastic to hostile. Many of them admitted to being computer illiterate and they were
very resistant to having to learn how to operate a workstation in order to view their *films’. The
hospital Vice President in charge of radiology plans to meet one on one with physicians in their
offices to explain PACS, but this will be a time consuming and inefficient method of educating the
clinicians. It also doesn’t address the needs of the other end users such as the nursing staff. Clearly,
an educational module is needed that can be used to address large audiences of end users. To this
end | have undertaken the task of developing a PACS education module using PowerPoint. | chose
PowerPoint because it is a well recognized application for education, it is transportable, it is
compatible with various operating systems (it is cross-platform), it permits modification of the
content of the presentation with relative ease as new information becomes available, and can be
tailored to meet the needs of various audiences. My presentation is designed to be presented in
formal or semi-formal settings. In it, I will review the history of PACS, its advantages and
disadvantages and the necessity of changing the way we work with radiographic images. I will



address the questions and issues of members of the audience and will provide them with a method
(phone number and email address) by which they can have any other questions answered.

In the two weeks prior to PACS implementation Fuji will be conducting small group
training sessions in the use of the PACS workstation for the benefit of the end users. My
educational program will be presented to larger groups of end users prior to this and will bridge the

gap between the public relations announcements about PACS and the small group training sessions.

The Presentation

The PowerPoint presentation that | have produced consists of six modules: (1) an
introduction, (2) a discussion of the history of PACS, (3) a clinician module which includes a
discussion of the advantages and disadvantages of PACS and the functions of the PACS
workstation, (4) a workstation module that describes the functions of the workstation, (5) a
radiological technologist module that discusses PACS for the point of view of the technologist, and
(6) a technical module that discusses the technical considerations of PACS. There is some overlap
in several of the discussions and because of this some slides are used in more than one module. The
modules are designed to be used as stand alone presentations depending on the needs of the target
audience. Each module, except the short introduction module, includes my name and email address
as the final slide and audience members will be encouraged to contact me with if they have any
guestions or suggestions about the material.

The clinician module and the workstation module include an introduction to the workstation
functions. These functions include magnification, zooming, changing contrast, rotating or flipping
the image, annotating the image and sending messages electronically. They also discuss the way the
user can define his or her preference for the way in which the images are oriented on the screen
(hanging preferences). This will segue well into the vendor’s small group training session where the
workstation functions will be demonstrated and the end users will have the opportunity to call up

and manipulate images on actual workstations.

Lessons learned
PACS is a hardware and software package that is being purchased by the hospital. It
involves making and approving the decision at the highest level of hospital administration. It

involves cost / benefit analysis, vendor selection, and massive changes in the infrastructure of the



hospital. This includes extensive site preparation, including making sure that the equipment in the
department (fluoroscopic units, plain film units, ultrasound, computerized tomography (CT) units
and MRI units) are capable of handling digital imaging and interfacing with the PACS server and
workstations. Equipment that is not able to perform these tasks must be upgraded or replaced by
suitable equipment. High bandwidth cables must be run throughout the facility in order to effect
image transmission from the PACS server to the remote workstations. A large amount of computer
hardware must be installed. For these tasks hospital employee manpower and budgets must be
brought to bear. Therefore, a large part of the transition to PACS is controlled by the hospital.

Being primarily a clinical tool for image acquisition, storage, transmission, interpretation
and review, a large part of the daily use of PACS is clinical. The radiologists, who will be using the
PACS throughout their workday, must be able to advise the hospital on details that affect them.
They must also communicate with the clinicians and other end users to get their input and to help
the hospital to address their needs. The input of the end users is critical to the acceptance and
success of PACS. The conversion to PACS must be a combined effort of both the hospital
administration and the end users. Neither group alone can effect the change, and the needs of both
groups must be acknowledged and addressed.

It is important to consider the timing of the announcement regarding the transition to PACS
and the timing of the educational programs for the end users. If the transition is announced and the
training takes place too early, say six months to one year before the transition is scheduled to occur,
there may be a loss of interest among the end users and the training may be forgotten before the
installation of the system. If the announcement is made too late, say one to two months before the
installation, the end users may feel that they were left out of the decision making process and regard
the implementation with hostility. It would seem that a two to three month lead time would be
proper for the announcement of the change. This allows enough time for questions to be asked and
issues to be addressed, and leaves enough time for minor changes to be made if necessary. The
general educational programs can begin within a week or two of the announcement. The small
group training sessions should be left till just before the ‘go live’ date so that the details of how the
workstations function will still be fresh in the minds of the end users.

There is a lot of material to consider when discussing PACS. Different audiences have
different needs. Rather than develop one presentation which would be too superficial and not
address the specific needs of my anticipated target audiences, | came to the realization that the best



way to prepare this material was to create several presentations that can be used individually or
combined, as needed, depending on the needs of the target audience.



Capstone Project
Rob Posteraro, M.D.

References

1. Reiner BI, Siegel EL, Carrino JA, Goldburgh MM. SCAR Radiologic Technologist Survey:
analysis of the impact of digital technologies on productivity. J Digit Imaging. 2002 Sep;15(3):132-
40.

2. Redfern RO, Langlotz CP, Abbuhl SB, Polansky M, Horii SC, Kundel HL. The effect of PACS on
the time required for technologists to produce radiographic images in the emergency department
radiology suite. J Digit Imaging. 2002 Sep;15(3):153-60. Erratum in: J Digit Imaging. 2002
Sep;15(3):191.

3. Protopapas Z, Siegel EL, Reiner Bl, Pomerantz SM, Pickar ER, Wilson M, Hooper FJ. Picture
archiving and communication system training for physicians: lessons learned at the Baltimore VA
Medical Center. J Digit Imaging. 1996 Aug;9(3):131-6.

4. Honea R. How many people does it take to operate a picture archiving and communication
system? J Digit Imaging. 2001 Jun;14(2 Suppl 1):40-3.

5. Hayt DB, Alexander S. The pros and cons of implementing PACS and speech recognition systems.
J Digit Imaging. 2001 Sep;14(3):149-57.

6. Andriole KP, Luth DM, Gould RG. Workflow assessment of digital versus computed radiography
and screen-film in the outpatient environment. J Digit Imaging. 2002;15 Suppl 1:124-6.

7. Chan L, Trambert M, Kywi A, Hartzman S. PACS in private practice--effect on profits and
productivity. J Digit Imaging. 2002;15 Suppl 1:131-6.

8. Cook K. Medicolegal considerations in the implementation of a PACS web application. J Digit
Imaging. 2002;15 Suppl 1:240-1.

9. Vazquez-Naya J, Loureiro J, Calle J, Vidal J, Sierra A. Necessary security mechanisms in a PACS
DICOM access system with web technology. J Digit Imaging. 2002;15 Suppl 1:107-11.

10. Chang PJ. Challenges and opportunities for radiology in the next millennium: re-engineering the
radiology practice in an electronic world. Radiographics. 2001 Jul-Aug;21(4):1013-4.

11. Mildenberger P, Eichelberg M, Martin E. Introduction to the DICOM standard. Eur Radiol. 2002
Apr;12(4):920-7.

12. Pathi R, Langlois S. Evaluation of the effectiveness of digital radiography in emergency
situations. Australas Radiol. 2002 Jun;46(2):167-9.



13. Law MY, Zhou Z. New direction in PACS education and training. Comput Med Imaging Graph.
2003;27(2-3):147-56.

14. D'Asseler Y, Koole M, Van Laere K, Vandenberghe S, Bouwens L, Van de Walle R, Van de
Wiele C, Lemabhieu I, Dierckx RA. PACS and multimodality in medical imaging. Technol Health
Care. 2000;8(1):35-52.

15. Mast CG, Caruso MA, Gadd CS, Lowe HJ. Evaluation of a filmless radiology pilot--a
preliminary report. Proc AMIA Symp. 2001;443-7.

16. Cox B, Dawe N. Evaluation of the impact of a PACS system on an intensive care unit. J Manag
Med. 2002;16(2-3):199-205.

17. Worthy S, Rounds KC, Soloway CB. Strengthening your ties to referring physicians through
RIS/PACS integration. Radiol Manage. 2003 Mar-Apr;25(2):18-22.

18. Swaton N. Learn from experience: insights of 200+ PACS customers. Radiol Manage. 2002 Jan-
Feb;24(1):22-7.

19. Strickland NH. Review article: some cost-benefit considerations for PACS: a radiological
perspective. BrJ Radiol. 1996 Dec;69(828):1089-98.

20. Bellon E, Wauters J, Fernandez-Bayo J, Feron M, Verstreken K, Van Cleynenbreugel J, Van den
Bosch B, Desmaret M, Marchal G, Suetens P. Using WWW and JAVA for image access and
interactive viewing in an integrated PACS. Med Inform (Lond). 1997 Oct-Dec;22(4):291-300.

21. Pilling JR. Lessons learned from a whole hospital PACS installation. Picture Archiving and
Communication System. Clin Radiol. 2002 Sep;57(9):784-8.

22. Sack D. Increased productivity of a digital imaging system: one hospital's experience. Radiol
Manage. 2001 Nov-Dec;23(6):14-8.

23. Avrin DE, Arenson RL. Avoiding unread images with PACS. Acad Radiol. 2002
Nov;9(11):1331-2.

24. Evers RW, Yousem DM, Deluca T, Beauchamp NJ Jr, Smith S. PACS and unread images. Acad
Radiol. 2002 Nov;9(11):1326-30.

25. Bennett WF, Vaswani KK, Mendiola JA, Spigos DG. PACS monitors: an evolution of
radiologist's viewing techniques. J Digit Imaging. 2002;15 Suppl 1:171-4.

26. Gurney JW. DICOM to print, 35-mm slides, web, and video projector: tutorial using Adobe
Photoshop. J Thorac Imaging. 2002 Oct;17(4):285-90.

27. Reed G, Smith EM. Planning for a multi-imaging center picture archiving and communications
system. J Digit Imaging. 2001 Jun;14(2 Suppl 1):9-11.



28. York G, Wortmann J, Atanasiu R. Enterprise-class Digital Imaging and Communications in
Medicine (DICOM) image infrastructure. J Digit Imaging. 2001 Jun;14(2 Suppl 1):63-5.

29. Bauman RA, Gell G. The reality of picture archiving and communication systems (PACS): a
survey. J Digit Imaging. 2000 Nov;13(4):157-69.

30. Mehta A, Dreyer K, Thrall J. Enhancing availability of the electronic image record for patients
and caregivers during follow-up care. J Digit Imaging. 1999 May;12(2 Suppl 1):78-80.

31. Siegel EL. Economic and clinical impact of filmless operation in a multifacility environment.
J Digit Imaging. 1998 Nov;11(4 Suppl 2):42-7.

32. Arenson RL, Andriole KP, Avrin DE, Gould RG. Computers in imaging and health care: now and
in the future. J Digit Imaging. 2000 Nov;13(4):145-56.

33. Horii S, Redfern R, Feingold E, Kundel H, Nodine C, Arnold D, Abbuhl S, Lowe R, Brikman_I.
An automated results notification system for PACS. J Digit Imaging. 2001 Dec;14(4):192-8.

34. Ralston MD, Coleman R. Sharing of a single picture archiving and communications system
among disparate institutions: barriers to success. J Digit Imaging. 2002;15 Suppl 1:3-6.

35. Reiner B, Siegel E, Protopapas Z, Hooper F, Ghebrekidan H, Scanlon M. Impact of filmless
radiology on frequency of clinician consultations with radiologists. AJR Am J Roentgenol. 1999
Nov;173(5):1169-72.

36. Reiner BI, Siegel EL, Hooper FJ, Pomerantz S, Dahlke A, Rallis D. Radiologists' productivity in
the interpretation of CT scans: a comparison of PACS with conventional film. AJR Am J Roentgenol.
2001 Apr;176(4):861-4.

37. Siegel E, Reiner B. Work flow redesign: the key to success when using PACS. AJR AmJ
Roentgenol. 2002 Mar;178(3):563-6.

38. Johnson CD. Hard- versus soft-copy interpretation. Radiology. 2003 Jun;227(3):629-30.

39. Reiner B, Siegel EL, Hooper FJ. Accuracy of interpretation of CT scans: comparing PACS
monitor displays and hard-copy images. AJR Am J Roentgenol. 2002 Dec;179(6):1407-10.

40. Kundel HL, Polansky M, Dalinka MK, Choplin RH, Gefter WB, Kneelend JB, Miller WT Sr,
Miller WT Jr. Reliability of soft-copy versus hard-copy interpretation of emergency department
radiographs: a prototype study. AJR Am J Roentgenol. 2001 Sep;177(3):525-8.

41. EngJ. Computer network security for the radiology enterprise. Radiology. 2001
Aug;220(2):303-9.



