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Preface

PACS, especially full-hospital PACS, touches many parts of a hospital's operation.  Such systems are difficult to implement in the best of situations, but evidence is growing that the benefits are significant.  This paper is one man's view of how a hospital can optimize its chances for success in a PACS program.  

While I try very hard to present a balanced view of PACS, this is inevitably an opinionated work.  My bias comes from a background in industry.  Over a period of about 23 years, I served three companies in the medical imaging industry as an engineer, engineering manager, division manager, or company president.  I spent the last 10 of those years as head of the PACS division of Siemens in Chicago, developing, marketing, and manufacturing small and large PACS.  In partnership with Loral, we developed and supplied the MDIS system.  With Rick Freeman, Bob Glicksman, Scott Keller, Dr. Fred Prior, Ken Shastri, and Dr. Dennis Wilson, I was one of the technical architects of that system.  And with Mike Sullivan and Sue Ware, I was one of the architects of the MDIS business proposal.  After the acquisition by Loral of the Siemens PACS division in Chicago, I am no longer involved with either company.

I believe in the potential for benefit from PACS technology, but PACS projects have often failed to meet their proponents' expectations.  Often, customers could do a better job of analyzing and documenting their needs and communicating them to potential suppliers.  And often, in the intense pressure to work within a customer's cost constraints, suppliers make assumptions the consequences of which they fail to communicate properly to the customer, leading to dissatisfaction after all sides are committed.  I hope that this paper will provide a framework for analysis and communication which will make a difference.

Introduction

The best vehicle for formal communication of requirements from a customer to a PACS supplier is a clear specification.  The best time to start that communication is at the time of the RFP, or even the RFI, if there is one.  In this paper, I will use the terms "specification" and "RFP" interchangeably although the former is really a subset of the latter.  Unambiguous technical communication between the customer and the supplier before both sides are committed to the project is critical to its success.  Wherever an RFP leaves the customer's requirements incomplete or undefined, there is a trap for both the customer and the supplier.  Incomplete or undefined requirements signal inadequate preparation and analysis.  This paper consists primarily of a template RFP for a PACS procurement, with a liberal dose of commentary identifying issues, applications, and technologies which should be considered during the analysis leading up to the procurement and describing how to communicate the resulting requirements to a supplier effectively.  This is really what I always hoped to see when I reviewed an RFP.

This paper is not a tutorial on PACS, nor is it advice on which components or systems to buy or even which hospital problems to solve.  It does not attempt to justify, financially or otherwise, PACS in any of its forms, and it provides no framework for developing such a justification.  This is also not a history of PACS.  Many people have contributed to its evolution, and I could not hope to credit them all here.  Where individuals are named in this paper, it is primarily to identify highly qualified people with whom you may wish to discuss specific issues further.

This paper assumes a substantial knowledge of PACS on part of the reader, including knowledge of its alphabet soup of abbreviations and acronyms.  For convenience, I have included my definitions of the most important terms in a glossary in Section 13.

In this paper, numbered sections are intended to parallel those in an RFP.  Within each such section, suggestions are included on the issues to be considered, the analysis to be done, and how to write the contents.  In some cases, specific requirements are actually defined, but there are far more questions in this paper than answers.  The questions are the ones which I believe to be important; the answers will depend on the project and on the customer.

The Definition of PACS

PACS (or IMACS, or whatever other acronym you like) has been used to refer to any of a wide variety of radiology image management systems.  In this paper, I consider PACS to be any combination of four image management applications:



full-hospital PACS, supporting all the imaging activities in the hospital and integrating modalities, image storage and distribution, softcopy viewing for primary diagnosis and consultation, archiving, and external information systems;



departmental PACS, providing productivity improvements to specific modalities;



intra-hospital image distribution, providing image access to radiology's client departments, particularly ICUs and ERs, and



teleradiology, providing transmission of images for remote viewing.

The paper focuses on the requirements of full-hospital PACS, but where there are significant differences in requirements for different applications, they are indicated.

I distinguish teleradiology from telemedicine, the latter often including the former as well as real-time teleconferencing and integration of non-radiologic devices (electronic stethoscopes, otoscopes, ECGs, etc.).  This paper does not discuss the special requirements of telemedicine.

Some Early Defining RFPs in PACS

The biggest single contribution to the commercial definition of PACS was the RFP issued by the MDIS Program Office under Colonel Fred Goeringer of the U.S. Army.  In 1990, the MDIS program team published a specification which for the first time defined customer requirements for a PACS in a digital hospital.  In part based on this work, and with significant original contributions, a team at the Baltimore VA Medical Center led by Dr. Eliot Siegel and a team at the Hammersmith Hospital in London led by Prof. David Allison independently published RFPs in 1991.  They provided further clarification of the vision of an all-digital hospital imaging environment.  Together, these three RFPs represented the leading edge of thinking about how hospitals of the future would handle images, but at the time, no large-scale PACS existed in the performance range which was envisioned, so there was no way to test the assumptions.  As one might expect, the systems produced to meet these specifications required modifications to satisfy operational requirements which were either incompletely defined in or not at all envisioned by the RFPs.  Nevertheless, these RFPs were springboards for projects which added dramatically to the state of the PACS art.

Approaches to Procuring a PACS

There are three ways to get a PACS.  You can buy one; you can integrate third-party components (workstations, servers, networks, etc.) yourself, or you can roll your own.  If you want a large PACS (or if you want your PACS to grow to a large PACS), then buy one.  No price that anyone will charge for a full-hospital PACS will come close to what it will cost to develop a successful one from scratch.  Development of a large-scale PACS requires very specialized technical knowledge and leadership which are rarely found in a group outside industry.  The option of integrating third-party components, while seemingly attractive, has almost the same risks as building a PACS from scratch.  The problem is not in building individual components; it is in making the components into a system.

If you have primarily academic objectives, then you might consider doing some or all of the work yourself.  In that case, you should talk to Professors Bernie Huang at UCSF, Gil Jost at Mallinckrodt, and Sam Dwyer at the University of Virginia, and you might skip the rest of this paper.

If you want to buy a PACS, I think you should analyze your problem, shop around to see what is out there, write an RFP, and work with the suppliers who respond to get to the best solution.  One way to shop around is to do some of the specification work and then write an RFI.  The responses can then help shape the final specification.  An example of a good RFI is the one published in 1994 by Yale-New Haven Hospital, authored by Dr. Pradeep Mutalik.

To coordinate a PACS project, you need a consortium of the Administration, Radiology, and MIS departments.  The RFP is crucial to both the customer and the supplier.  The supplier needs to know unambiguously what the customer wants.  The customer needs be confident that the project will meet its goals.  This requires detail.  The customer must be aware that what is left unsaid in the RFP represents freedom to the supplier.  This is not all bad for the customer; the process of development of a detailed specification serves to focus and discipline the internal analysis.  It requires the involvement of all the potential users at an early stage in the project, yielding significant political benefits during implementation.

I hope I have made the point that no amount of effort put into an RFP is wasted.  (It can even be said that no amount of effort is enough.)

I'd like to expand on the need to involve users in the definition of the requirements for a PACS.  PACS is not a spectator sport; it demands total involvement.  Since PACS fundamentally affects how people do their jobs, people inevitably have strong opinions about what they need.  The MDIS program team from the Army and the Air Force did a good job of involving staff from all their hospitals in the RFP definition, but as it happened, they left out the receptionists and transcriptionists.  When the first MDIS system was installed, the patient registration and transcription functions, though compliant with the RFP, were rejected by the users.  The MDIS program team and the suppliers immediately met with the users, redefined the requirements, and implemented corrections in a crash program which lasted several weeks.  The root cause of the problem was that the RFP inadequately specified the requirements because in this one case the end users were not fully involved.  The response to the problem and the cooperation on all sides during its solution were exemplary, and after the new software was in place, the commitment of the users changed dramatically.  I think there is a clear lesson here: when you write your RFP, get everybody on the team.  The group at the Hammersmith, for example, raised user involvement to a fine art, with committees involved in planning almost every facet of their operation.

Although I strongly believe in the value of a specification at the beginning of the project, I have to warn you that until you work with the system in your institution, you will not really know what is critical and what is not.  For that reason, the specification should be totally focused on clinical requirements (clinical workflow, workload distribution, etc.) rather than on system design.

Selecting a Supplier

Given that you are buying a PACS, you need to decide whom to consider as potential suppliers.  For smaller systems without the requirement to grow large, there are quite a few choices, and it is hard to make a fatal error (although it can be done).  At the high end, however, there are only a couple of choices.  As it happens, both choices are good, but they can be clearly distinguished not only technically but also in their views of the PACS market.  

Because a full-hospital PACS is a fundamental part of the information system in a hospital, the commitment to a specific vendor is a significant act, even aside from the product's initial price.  You will have a long-term dependence on that vendor as much as you will on your HIS or RIS vendors or your modality vendors.  You need confidence in the commitment of your PACS vendor.  

In that context, one thing we can say unambiguously from the events of the first 12 years of PACS evolution is that company partnerships have not lasted.  At least three pairs of major companies have formed with great fanfare and then either split to compete separately in the arena or dissolved quietly.

Writing a Specification

The IEEE has defined a whole methodology for writing specifications.  In this methodology, which is highly simplified here, the term "normative statement" is used to describe a requirement which must be met by the system.  Some rules are:

1.
Paragraphs shall be separately identified.  This may be accomplished by individually numbering the paragraphs.

2.
A paragraph shall contain one normative statement.

3.
A normative statement shall define one requirement.

4.
A normative statement shall contain the word "shall". 

5.
A paragraph shall contain as much clarifying language as desired.

6.
Clarifying language shall not be considered normative.

Defining requirements in normative statements helps tremendously in the analysis of a specification.  "Shall language" separates normative statements from clarifying language, sometimes called "authorized engineering information", which is not binding but which may be helpful in interpreting the normative statement.  For example, in 1, the second sentence is AEI.

Note that statements using "must", "will", and "should" are not normative.  Thus, you don't write, "The cabinet should be green;" you write, "The cabinet shall be green."  If this seems stilted and confining, remember that the objective is to communicate the requirements unambiguously, not to write Moby PACS; so the customer and supplier have to agree on a clear set of conventions.

When a supplier writes a proposal in response to an RFP, he will (if he is worth considering as a supplier) create a Requirements Traceability Matrix in which every requirement from the RFP is identified and correlated with a statement or statements in the proposal.  The separation of the requirements into individually identified normative statements simplifies creation of the matrix.  Such a matrix is necessary to assure the supplier that he has responded to every requirement.  By having each normative statement contain only one requirement, it is easy to determine whether the requirement has been included completely.

When writing any specification, it is important to distinguish between requirements and design.  In the case of an RFP, the customer's objective should be to assure that the PACS will solve his problem, not to engineer the details of the solution.  Anything left unsaid in the specification is freedom which the supplier may need to adapt his product to the problem at hand.  Thus, if you need it to be green, say, "It shall be green," but if you don't care what color it is, say nothing; this may be just the freedom the supplier needs to respond at all.  I have seen many specifications which define in great detail items of the user interface or the file structure or the internal system communication protocols which could be done other ways without negatively affecting the customer.  The key is to focus on the operational requirements from the user's perspective and to avoid being distracted by implementation details.

Finally, in defining the specification, beware of the dangers of creeping elegance.  It is tempting to embellish the specification continually until it describes the Mona Lisa of systems.  If you really need such a system, then require it, but remember that elegance costs time and money.  Similarly, be careful not to require more functionality than you really need.  Functionality interacts with itself.  A Swiss Army Knife has lots of functions, but it's not very good at any of them, and it's expensive as well.

1
Project Overview

1.1
Summary

The first part of an RFP should provide description of the project.  The idea is to write a summary so that a supplier can quickly grasp the scale of the investment and the opportunity.  I like to start with a description of the hospital, including:



the size of the campus



the names and locations of the buildings



the number of floors in each building



the locations of the key departments



the size of the radiology department (number of rooms, key equipment, etc.)



the total number of beds



the number of procedures per year



plans for expansion of the facilities or procedure volume

You will need to create a procedure volume analysis to replace the template in Appendix I, which was taken from the Yale-New Haven Hospital RFI.

Next, I like to describe the problem to be solved.  This should be a high-level summary identifying the objectives.  From the description, the reader should be able to tell the rough scale of the system, whether it is a full-hospital PACS or it is focused on a specific departmental productivity issue or intra-hospital image distribution, and whether it has a substantial teleradiology component.  The description should also make clear the operational gains to be realized from the project.

Finally, you need to describe the time scale of the project.  The vendor needs to know if it is an immediate procurement or a future project.  If you envision implementing the project in several phases over a period of time, you should describe the sequence.

Philip Crosby, the author of Quality is Free, used to talk about having an "elevator speech" ready at all times to describe a project's objectives in the length of time you can trap a senior executive in an elevator.  I think it is good discipline to distill the key issues on which the project hinges and be prepared to present them succinctly.  This is more important than you might think; it really keeps you focused throughout a project.  This kind of summary belongs here in this section.

1.2
Clinical Operations

In any project, there are times when a question arises which is not addressed by the normative requirements.  In such circumstances, it is very helpful to have a detailed, non-normative description of the customer's vision of how the system would work in clinical operation.  This gives the vendor a framework within which to resolve such questions when they arise during proposal preparation.  It also tells the vendor what to emphasize in the proposal. 

I personally think that it is perfectly acceptable to make any design assumptions which are convenient in a description of clinical operations, as long as it is clear that the statement is non-normative and the assumptions are only for the purpose of clarity.  Not everyone agrees with me, however, so I think a reasonable approach is to segregate this kind of description here, away from the normative requirements in later sections.  When writing this section, you should be aware that vendors are very sensitive to the appearance of what is called a "lock-out spec," which implies that the procurement is not fair.  Assembling a full-hospital PACS proposal costs a lot of money, and if a vendor thinks the customer is already committed to another company's solution, he will be loath to make a serious effort.  Thus, you should stay focused on clinical operations and avoid technical details which indicate a preference for one manufacturer's product (unless you have such a preference; remember, honesty is its own reward).

Clinical scenarios require system analysis on your part to visualize how the hospital operation would handle specific tasks.  You should not try to figure out all the internal details of a PACS; you should instead try to figure out how the hospital can best use its capabilities.  You should recognize that to gain the maximum advantage, the hospital may want to change some of its procedures.  Here are some topics for which you might write individual clinical scenarios, along with some illustrative ideas for contents.  The focus of each scenario should be on how you envision the hospital working in the PACS environment, but you should include a brief description of how the hospital works today as a baseline. 



Portable Exams:  Describe the process by which portable exams would be ordered, the way the techs would acquire the exams (film, CR, both, etc.), the way the techs would identify the patients and keep the cassettes straight, and the way the images would be inserted into the system.



Conventional Exams:  Describe the process by which exams would be ordered, the way the techs would acquire the exams (film, CR, both, etc.), the way the techs would identify the patients and keep the cassettes straight, and the way the images would be inserted into the system.



CT & MR Exams:  Describe the process by which exams would be ordered, the way the techs would identify the patients, and the way the images would be transmitted into the system.



Special Procedures:  Describe the process by which exams would be ordered, the way the techs would identify the patients, the way the images would be transmitted into the system, and any diagnostic interpretation to be done on the modality.  See Section 2.6.1 for some ideas about DSA.



Stat Exams:  Describe the process by which stat exams would be ordered, the way the techs would be notified to acquire the exams, and the way the system would identify the exams for attention by diagnostic personnel.



Quality Control:  Describe how you want the quality control process to work.  If you have QC techs who review films before they are posted, describe how you envision that process working in a softcopy environment.  If you envision exams being automatically accepted for display, describe that process.



Film File Room Operations:  Describe how exams acquired on film would be inserted into the system, including how file room staff would be notified to digitize an archived film folder.



ICU:  Describe how the ICU would use the system, including how exams would be ordered (possibly automatically in some cases), how exams would be identified (possibly by bed number, in addition to other methods), and how and when exams would be viewed.



Film Printing:  If you expect to print films from the system, describe how an exam would be selected for printing, how films would be identified and distributed, and what controls, if any, would be imposed to limit the production of film and charge client departments for its use.



Diagnostic Reporting:  Describe how exams would be reported, including the division of work within the department, the key image presentation functions to be used, and how the report transcription and approval functions would be used.



Clinical Exam Review:  Describe how exams and reports would be used for review and the key image functions needed.



External Exam Processing:  Describe how the external components like radiotherapy planning systems would find and obtain exams for processing.



Archived Exam Retrieval:  Describe the situations in which exams would be retrieved from the archive, including how the user would identify the exam and the constraints, if any, imposed on certain classes of users.



Interaction with the HIS/RIS:  Describe what systems are in place and how the PACS and HIS/RIS would interact, including order entry requisitions, patient identification, report transfer, report approval, and exam billing. 



Teleradiology Operations:  Describe how exams would be acquired and transmitted, how reports would be handled, and how exams would be viewed via a telecommunication link.  Focus on needs, including exam volumes, not on technology.

Many of the processes above will be described in normative text in later sections.  The idea here is not to rewrite the normative text in prose but rather to describe concrete examples of the system working in the clinical environment.  Normative text, being focused on operational requirements only, cannot (and should not) describe a specific vision very well.  This section provides the glue which gives life to the normative text.

1.3
Revision History

Every document needs a history of when revisions were made, by whom, and why.

Rev
Date
Author(s)
Description

1
2/3/95
J. Perry
Template






2
System Components

This section defines the requirements for each of the subsystems (network, database, storage systems, workstations, etc.) which make up the PACS.  While a top-down approach would start with system requirements and proceed to those of the components, I prefer the reverse in this case because the component requirements provide a kind of vocabulary for defining the system-level requirements.

PACS Architectures

Architecture has been an important distinguishing characteristic of PACS products.  Today, it is less important, and as technology currently in the lab reaches the field, the distinctions between architectural approaches will fade. 

PACS architectures have generally been classified into two configurations based on how and when they route images.  In a shared file system PACS, all the images are stored centrally.  Each workstation looks at the central store when viewing images, which are transmitted to the workstation display at the time they are selected for viewing by the user.  With this scheme, every user has access to every image 
 "any image, any time, anywhere."  This architecture, however, requires very high-speed transmission of image data since the transmission happens after the user has selected the image for viewing.

In a distributed file system PACS, the images may be distributed across one or more storage systems.  In addition, each workstation has its own cache of local image storage from which images are viewed.  So-called autorouting algorithms are used to transmit images from the storage systems to the workstations at which they will be needed in advance of the viewing request.  With this approach, lower speed networks are required because the images are transmitted to the workstation before the user arrives.   One consequence of this scheme, however, is that when the autorouting algorithm fails to provide the images in advance, the user must wait while they are transmitted.  

I see these two architectures growing together in the future.  In a shared file system today, two communication links are used, one for local area networking and one for moving bulk image data.  The latter has to be fast (100Mbps or so of actual data throughput), but the former can be, and often is, the same kind of network used in a distributed file system.  Now imagine that local area network technology advances to the point where over 100Mbps can be provided to any connected node.  At that point, a shared file system can get along with only one communication link, just like a distributed file system.  And a distributed file system can move images quickly, just like a shared file system, allowing it to evolve toward viewing images directly from the central stores, saving the cost of large disk storage at each workstation.  If all that were to happen, it would be hard to tell the systems apart.  Some people think the advent of ATM will bring all this about.  I think it will too, but I am wary, since I remember that once FDDI was to be the answer to all problems.  For now, I recommend against being distracted by issues of internal architecture.  Focus instead on defining clear operational requirements and let the architectures fall where they may.

Open Systems

You should also be aware of the "open systems" issue.  "Open systems" generally refers to systems based on industry-standard components, operating systems, and communication protocols.  The basic problem with industry standards is that there are so many from which to choose.  Dr. Seong Ki Mun correctly observed that the operational definition of an open system for most people is the system they have now.  

The objective of open systems is to support interconnection of components from multiple vendors.  I see two categories of components: those internal to the operation of the PACS (workstations, storage systems, etc.) and those external to the PACS but with which the PACS must communicate in order to solve the customer's problem.  In the latter category are some of the modalities, external HIS and RIS, RTP systems, external image processing (3D) systems, etc.  I recommend that you insert requirements for connectivity with each external system necessary and leave the internal structure of the system to the supplier.

2.1
Network

Every PACS needs an industry-standard network for communication.  Even in a shared file system with a separate high-speed image distribution capability, the network must serve as the channel for database queries and other command and control functions.  The network also supports acquisition from some modalities and communication with external systems.  Most implementations employ Ethernet and/or FDDI for this purpose.  As noted above, ATM may be significant in the near future, but today, its application to PACS is just beginning.

As with the internal architecture of the PACS, don't be distracted by technical network details; concentrate instead on defining clear operational requirements and let the supplier tend to the details.  In fact, in most cases I think there will be no need to write any requirements at all for the network.

If you have a cable plant already installed in your facility, and if you think the PACS vendor could use it, be sure to provide details of the installation in the RFP, but I recommend against absolutely requiring vendors to use it.  If a vendor can use it to save cost or time, he will do so, but he may have another, cheaper solution.  If you are using your existing cable plant for data traffic, be very careful about allowing the PACS vendor to use it; PACS traffic can be substantial.

Generally, an HIS or RIS connects to a PACS through a local area network.  I very strongly recommend that any connections between the PACS LAN and any other hospital LAN isolate the internal traffic on each system's network from the other network.  This is generally done with a bridge, but the implementation will depend on the specific situation.

Parenthetically, never try to calculate any performance parameter of a PACS using the "speed" of its network.  Speed is usually specified as the signaling rate, which does not take into account the inefficiencies of the communication protocols and the speeds of the processors and I/O devices at each end of the transmission.  For Ethernet and FDDI, even with fast workstations, the best throughput obtained is about 40% of the signaling rate, and some systems achieve far less.

2.2
Database

A full-hospital PACS database is a very sophisticated component (and very, very expensive to develop).  In a sense, any PACS database models the imaging operation of that part of the hospital which it serves. 

To provide an idea of the scope of a PACS database, the following paragraphs describe some of the internal concepts in one particular implementation.  This is not the only way it can be done, however, so be careful when writing requirements not to presume a specific design.

The basic object which most systems manage is the exam.  Exams contain images and, in some implementations, diagnostic reports.  They also have statuses and a host of other parameters which, for example, group them into meaningful categories or describe how they are to be displayed.  

Perhaps more than any other element, the status models the imaging operation.  For example, a newly acquired exam might have the status ACQUIRED.  If you require that an exam be QC verified before it is available for general viewing, a qualified person might view the exam on a workstation and take an action which changes the status to VERIFIED.  When a radiologist reads the case and dictates the report, the system might change the status to DICTATED.  After transcription, when the radiologist (or maybe two, if you have a two-phase approval system) approves the report, the status might change to APPROVED.  At any point in the flow, a particular query might see, or not see, the exam depending on its status.  The specific set of statuses and the events which cause status changes will vary from hospital to hospital, but the underlying mechanisms are general.

Queries can be used to find lists of exams for which the user must take some action.  These are sometimes called worklists.  A few examples of worklists are:



all MR exams with the status NOT ACQUIRED: the "MR worklist"



all CR exams with the status ACQUIRED: the "QC worklist"



all CT exams with the status VERIFIED: the "CT unread worklist"



all exams with the status DICTATED: the "transcription worklist"



all exams acquired in the last 24 hours with the status STAT: the "stat worklist"

Other queries might simply provide a list of exams as a starting point for a search.  For example:



all exams



all exams acquired in the last 120 hours: the recent exams



all exams with the status OFFLINE: the contents of the archive

Most systems also group exams into folders which are defined in many different ways, with an exam possibly appearing in multiple folders.  Examples of folders are:



all exams for a specific patient: the patient's "master jacket"



all CT exams for a specific patient: the patient's "CT folder"



selected exams for a specific patient: the patient's "clinical folder," in which exams may be inserted manually or automatically according to selection rules



manually selected exams for a specific clinical conference

The Hammersmith RFP contained one of the most detailed definitions of folder structure ever written.  If you are concerned about cost, I would suggest that you look at products now on the market to see how you could use them before defining new structures of your own.

As may be evident, folders can be implemented as queries of the database.  Some systems allow the user to impose ad hoc constraints on standard queries as a way of giving the user additional flexibility.  This can be a useful way to find exams.

Worklists and queries are visible to the user through the workstation's navigation interface.  You should include the kinds of queries, etc. that you need in Section 2.7.

Another kind of information typically stored in the database is the list of users and their privileges.  Particularly in systems for primary diagnosis, it is very important to identify the user working at a specific workstation so that, for example, reports are dictated or approved only by radiologists or exams are verified only by QC techs.  Again, the specific privileges depend on the way the hospital operates, but the concepts of identifying users and privileging certain operations are general.  I recommend defining the categories of users and privileges here and then writing a requirement that the system support them. 

The performance of the database in query operations is very important in giving a sense of interactivity to the user.  Query performance is covered in Section 2.7 on workstations because that is where you would operationally see and measure the speed.

Because the database ends up storing data on every exam, it can be used to produce statistical reports such as those required by hospital administration.  Some systems give the user the ability to generate certain kinds of usage reports automatically.  If you need statistical reports from the PACS database, I recommend including copies of the reports desired in an appendix and referencing them in requirements written here.

In a full-hospital PACS with reports stored in the database, the database will grow about 1GB per year without bound.  This has, in addition to the obvious storage impact, the possibility of impacting database performance.  Any full-hospital PACS must have an answer to be credible.  Some years ago, Kamal Nabigee and Dr. Fred Prior presented an SPIE paper on the solution to this "infinite database problem."  At that time, the only solution was some form of database archiving.  Today, with the tremendous growth of disk capacity, it is reasonable simply to continue to add disk drives to the database engine.  I suggest that you discuss this problem with any potential PACS vendor to assure yourself that the supplier has a reasonable solution and that the initial performance of the system will be maintained over the years.

The internal mechanisms used by the PACS components to query the database are best left to the supplier.  I recommend, however, requiring that the database system include a DICOM Query/Retrieve SCP to support access by third-party components like modalities and specialty workstations.  This is probably the best way to plan for adding new external components to the system in the future.  The requirements might read:

2.2.1
The database system shall include a DICOM Query/Retrieve SCP.

2.2.2
The supplier shall provide with the proposal a Conformance Statement for the DICOM Query/Retrieve SCP of 2.2.1.

This is a generic requirement to handle connections to devices which will be obtained in the future; specific systems which will be connected at the time of the purchase should be handled in their own sections as indicated below.

The Conformance Statement is very important.  DICOM by itself does not guarantee interconnectability; both ends of the link must have a common implementation of the standard.  The Conformance Statement describes a product's implementation.  If you want to define the Conformance Statement yourself rather than accept one from the PACS vendor, you could look at the one the MDIS program uses.  Unless you are a knowledgeable DICOM wizard, however, I suggest that you not try to write your own.

Integrated RIS Functions

Some of the functions often required of a full-hospital PACS overlap with basic RIS functions.  In fact, the MDIS RFP required that a minimal RIS be integrated into the PACS itself.  The key advantage of such close coupling is that the PACS can operate independently without loss of functionality in case the external system is down for maintenance.  The practical problem with that arrangement is that the RIS functions built into PACS by PACS vendors generally do not meet all the hospital's requirements for a stand-alone RIS.  

One possibility is that in the future, systems will open their databases and allow PACS to query the RIS database directly, eliminating the current arms-length interfaces and effectively integrating the various information systems in the hospital.  In the meantime, however, you may still want to support modalities through acquisition worklists, transcribe some reports using predefined text, and see and approve reports on PACS workstations.  These features require support in the PACS database and workstations as well as a good interface to the external RIS.  Section 2.5 provides a place for specification of those requirements.

2.3
Storage System

Most PACS have a two levels of storage systems: an on-line, relatively rapid access storage system and a large but generally slower archive.  This section covers the former.

Storage Capacity

You have to decide how many images you want to be able to access on-line (that is, quickly).  This is best thought of in terms of time-depth.  One approach is to require that images remain on-line for the average length of an in-patient stay.  There are complications with requiring that each specific image be guaranteed to remain on-line for a specified period.  A better approach is to require that the storage system be large enough to hold the volume of images which would cover the time desired.  This gives the customer what he needs while providing the designer the flexibility to handle load transients (as might happen in a natural disaster) gracefully.  The requirement might read:

2.3.1
The system shall include sufficient on-line storage to provide access to 10 days' image production as defined in Appendix I plus one dearchived exam per two newly acquired exams.

Dr. Eliot Siegel would tell you that you want more time-depth, lots more.  I recommend that you think carefully about what you need, specify that, and negotiate with your vendor for more when you get down to talking about price.

Performance

The performance of a PACS is dependent on the image request load placed on the storage system and the network.  While dependent on the architecture, the request rate is roughly the image production rate multiplied by the number of times each image is accessed in its lifetime.   

In large systems, the sizing of the image storage component is especially important.  Prof. Sam Dwyer and his collaborators have published measured request rates for images as a function of time since original acquisition.  This data, combined with internal usage dictated by the system architecture, can be used to determine the total load on the storage system and the network, a key factor in determining whether performance requirements will be met.  If you have data on your hospital's image request rates, then update the information in Appendix II; otherwise, Prof. Dwyer's data is a reasonable start.  Note that Prof. Dwyer's data is for seriously ill patients.  In principle, that provides a cushion of conservatism, but nobody has published data to show how image access rates are affected by the easy availability of images afforded by PACS.  It is quite reasonable to expect that access rates will increase significantly.

To account for the variation in activity which occurs naturally over a 24-hour period, Dr. Don Wilson defined the concept of the "n busy-hour day", in which the full day's activity is compressed into n hours' steady-state activity.  Combining all this together, the requirement might read:

2.3.2
The system shall meet all performance requirements in this specification with the database storing two year's examinations, the storage system filled to its normal steady-state maximum, under an image request load defined by the daily image production as defined in Appendix I, multiplied by the number of accesses per image defined in Appendix II, delivered over a five-hour period.

There is nothing magic about five hours, but I wouldn't allow myself to be talked into anything over six.  In the MDIS analysis, four was used initially.  Another approach is to actually figure out what the peak load will be by observing the hospital's operation, but since a PACS changes the way a hospital operates, measurements on a film-based operation may not be any better than the rule of thumb above.

Compression

In physics, compression generates heat before it generates light, and the same is true in medical imaging.  There are two fundamental kinds of compression: reversible or bit-preserving or loss-less compression is guaranteed to give you back exactly what you put in; non-reversible or lossy compression is not.  The apparent price paid in the latter case buys higher compression ratios.  As a customer, you don't have to care what kind of reversible algorithm the supplier uses, as long as it really is reversible.  The most common reversible algorithm is DPCM with Huffman coding.

There are numerous non-reversible compression algorithms.  A popular one is DCT, but the name alone is not enough to tell you everything about a specific implementation.  The DCT algorithm, for instance, achieves compression by throwing away some of the high frequencies in an image.  The more frequencies thrown away, the more compression achieved.  Among other algorithms used for high-rate compression are wavelet and fractal.  In principle, non-reversible compression, particularly at high compression ratios, could have a visible effect on an image.  For this reason, some people elect to require that non-reversible compression not be performed on an image before primary diagnosis has been completed.  This is, however, probably not the best way to state the requirement.  Most storage systems have some kind of automatic cleanup process which keeps a little empty space in the system for new images.  You invite serious problems if you allow that process ever to stall, that is, to try to make space and fail, because new images will then not be acquirable until somebody does something manually to allow the process to succeed.  A better approach is to require that new images be stored in the storage system reversibly compressed and that they be given priority over dearchived images when space is being made.  Here are some template requirements:

2.3.3
The system shall not store any image in the on-line storage system with non-reversible compression.

2.3.4
The system shall not automatically delete from the on-line storage system any exam until space for new exams is required.  "Is required" can be interpreted to mean "is expected to be required in the near future".

2.3.5
The system shall select exams for automatic deletion from the on-line storage system in order of priority as follows:

1.
dearchived exams not associated with other exams

2.
dearchived exams associated with exams for which the primary diagnosis is complete

3.
archived exams for which the primary diagnosis is complete

4.
dearchived exams associated with exams for which the primary diagnosis is not complete

5.
archived exams for which the primary diagnosis is not complete

6.
exams which have not been archived

This scheme keeps images on-line for primary diagnosis until they absolutely must be removed.  Requirement 2.3.3 is a bit extreme, though, because it does not even allow dearchived images to be stored with non-reversible compression in the on-line storage system.  This is just one scheme, however, and you should discuss the options with possible vendors to see if there are other approaches to achieving your objectives.

If you want to use non-reversibly compressed images for primary diagnosis, you should find the latest published ROC studies to satisfy any legal requirement for due diligence.  Two people who have experience with this topic are Dr. Eliot Siegel of the Baltimore VA and Prof. Sam Dwyer of the University of Virginia.  An ROC study was initiated at the University of Washington by the MDIS Program Office, but I don't know its status.  If you decide you don't care what kind of compression is used on images before primary diagnosis is complete, you could forget 2.3.3 and keep 2.3.4 and 2.3.5.

My personal view is that disk space is cheaper than non-reversible decompression time, and I am afraid of lawyers and regulators, so I like 2.3.3.

External Interfaces

The key external interface of the PACS is the one to the modalities.  

Since there is not yet a single universal industry standard for modality interfaces, a PACS must support the external interfaces of the customer's specific modalities.  Most systems employ gateway computers to translate third party modality communication protocols into the internal standards of the PACS.  These requirements are covered in the sections on image acquisition systems.

Since DICOM is growing in importance, I recommend requiring that the storage system include DICOM Storage and Query/Retrieve SCPs.  This will provide a reasonably standard interface for external systems like RTP systems or specialty workstations to access images.  The requirements might read:

2.3.6
The storage system shall include a DICOM Storage SCP.

2.3.7
The supplier shall provide with the proposal a Conformance Statement for the DICOM Storage SCP of 2.3.6.

2.3.8
The storage system shall include a DICOM Query/Retrieve SCP.

2.3.9
The supplier shall provide with the proposal a Conformance Statement for the DICOM Query/Retrieve SCP of 2.3.8.

If you have, for example, specific external systems to which you require access, I recommend obtaining the Conformance Statements for the Storage and Query/Retrieve classes from the external system vendors, including them in appendices, and adding a pair of requirements for each external system (in addition to 2.3.6 through 2.3.9):

2.3.10
The storage system shall include a DICOM Storage SCP which complies with the Conformance Statement in Appendix ___.

2.3.11
The storage system shall include a DICOM Query/Retrieve SCP which complies with the Conformance Statement in Appendix ___.

A word of caution: if a supplier does not have a Conformance Statement for his DICOM interface, the product is probably not mature.  It would be worthwhile discussing any proposal language you receive on DICOM with a member of the ACR-NEMA Committee.  One such person, especially knowledgeable and unaligned with industry, is Dr. Fred Prior of Penn State University.

Technology

The most common high-speed storage technology used in PACS is RAID.  RAID was originally defined by a paper from Berkeley in 1988 as a set of six configurations of conventional disk drives arranged in different ways to increase speed and reliability.  The configurations, named RAID-0 through RAID-5, have different characteristics, and the optimum configuration depends on the problem to be solved.  Three configurations have been used in PACS.



RAID-2 is very fast when handling large data objects like images.  Because it is difficult to make an inexpensive RAID-2 array, it has not been a commercial success.  RAID-2 was used in the first really large PACS because a RAID-2 component was available before more inexpensive configurations were commercialized, but RAID-2 will almost certainly not be part of future PACS products.



RAID-3 is the commercial success story for handling large data objects.  All the new systems use RAID-3 for image storage.



RAID-5 is optimized for storing small objects like the items in databases.  Commercial RAID controllers usually allow the system designer to configure either RAID-3 or RAID-5.  Until somebody invents something radically different, these things are the future.

For the PACS customer, the technology used (RAID or something else) is not important, as long as the operational requirements are met.  I personally feel that the performance issue is covered in 2.3.2.  You might, however, want to add requirements for data integrity, reliability, and serviceability:

2.3.12
The storage system shall tolerate the failure of a single disk drive without loss of data.

2.3.13
The storage system shall remain operational in the event of the failure of a single disk drive.

2.3.14
The storage system shall remain operational during the service required to correct a failed disk drive.

This does not guarantee that the storage system will never cause a system outage, but it does protect the system from the most frequent failure.  Really good systems also provide protection against failed disk system power supplies and fans, two other particularly obnoxious components.  Notice that I did not write a blanket requirement like:

x.y.z
The PACS shall remain operational without loss of data in the event of any failure in the storage system.

This is a difficult requirement to verify, and it is very expensive to meet.  Infrequent failures which take down the storage system are more cost-effectively handled by the planned failover strategies covered in Section 3.3.

2.4
Archive System

The idea of an archive is to store images for as long as they might be needed.  Generally, this is much longer than can be cost-effectively supported by the technologies used in the on-line storage system.

Storage Capacity

One solution to the archive problem is to store images on film.  This is a reasonable approach, for example, in an IHID system where the objective is to distribute images rapidly to client departments while performing primary diagnosis using the original films.

If you want your PACS to provide digital archival, you have to decide how many images you want to be able to access.  Since any archive system will in principle overflow in time, most systems provide for an on-line and an off-line archive.  In terms of an optical disk jukebox, on-line platters are those located in the jukebox, and off-line platters are those located on a shelf in a storeroom, ready to be manually inserted in the jukebox on request.  Some people use the term "on-line" to refer to platters actually mounted in a drive and "near-line" to refer to platters in the jukebox but not in a drive.

Again, the on-line archive storage capacity is best thought of in terms of time-depth.  Studies have shown that less than 10% of images are accessed ever again after the first year.  The requirements might read:

2.4.1
The system shall include sufficient on-line archive storage to provide access to at least two years' image production as defined in Appendix I without manual intervention by a human operator.

2.4.2
Images older than the limit in 2.4.1 shall be accessible.  Accessibility can be satisfied by requiring a human operator to insert storage media into the system.

2.4.3
If a human operator is required to intervene as in 2.4.2, the archive system shall automatically provide instructions, identifying the location of the media involved and the action to be performed.

Performance

PACS archives handle three kinds of requests.  Ad hoc dearchive requests can be made by any user with the necessary privileges.  Archive requests are made by the process which queues new images for archiving, providing a backup copy of the image even while it is still in the storage system.  Dearchive requests can also be made by a prefetch process which responds to the ordering of new exams by fetching, according to a predefined algorithm, old studies from the archive, placing them in the storage system for rapid access as comparison studies for the new study.  

These are the key requirements as I see them:

2.4.4
The archive system shall automatically archive images when they are received into the storage system.  This requirement can be interpreted to mean that images are entered into a queue for archiving as soon as all the images for the examination have been received and, if required by the implementation, the exam has been verified, provided that in normal operation, the queue is always actively being served.

2.4.5
In response to the ordering of a new exam, the archive system shall automatically dearchive related exams according to a prefetching algorithm.

2.4.6
The vendor shall include in the proposal a detailed description of the prefetching algorithm.

2.4.7
The archive system shall dearchive exams in response to ad hoc requests from users at workstations.

2.4.8
The archive system shall service ad hoc dearchive requests ahead of any other requests.

You may want to expand on the concept of 2.4.8 to define classes of users, some of whom have high priority in ad hoc dearchive requests while others do not.

2.4.9
The archive system shall dearchive a standard exam within 60 seconds.  Dearchival time is measured from the time the archive system begins servicing a dearchive request for an exam which is located in the on-line archive until the exam is completely stored in the storage system.  A standard exam is any one of the following:



two images of 2K x 2.5K x 2bytes



20 images of 512 x 512 x 2bytes



80 images of 256 x 256 x 2bytes


The images are to have been stored with whatever compression is proposed for the system.

2.4.10
The archive system shall be able to service a request archive/dearchive load defined by the daily image production as defined in Appendix I, multiplied by the number of dearchivals plus one, as defined in Appendix II, within a 16-hour period.

Early experience with full-hospital PACS showed prefetching to be very important if efficient primary diagnosis is to be done.  Dr. Don Smith of Madigan Army Medical Center can speak very persuasively on this topic.  The perfect prefetching algorithm, if there is one, has not yet been discovered.  Some suggest fetching all previous studies for the patient.  This has significant negative consequences for both the storage and archive systems.  Another approach is to fetch only the most recent exam of the same modality plus the first plain film for the current illness.  The best approach may be to support a different algorithm for each modality.  You might discuss with vendors the option of allowing the customer to configure the algorithm (within bounds) during operation.  Among the knowledgeable users are Dr. Smith, Dr. Siegel, and Prof. Allison.

Compression

The same compression algorithms described under the storage system are applicable to archiving.  One approach to archival compression is to allow the customer to configure the system to select which algorithm to apply to an image depending on the modality.  A reasonable configuration might be to use non-reversible compression on CR images and digitized films and reversible compression on the rest.  The requirements might read:

2.4.11
The system shall provide a reversible compression algorithm for use during archiving.

2.4.12
The system shall provide a non-reversible compression algorithm for use during archiving.

2.4.13
The non-reversible compression algorithm shall have one or more configurable parameters which affect the degree of compression.

2.4.14
The system shall allow the user to designate, for each modality, the compression algorithm and any configurable parameters to be used in archiving exams for that modality.

Note that 2.4.14 does not require that the user be allowed to select the algorithm on an exam-by-exam basis.  The intent is for the customer to make a single set of choices which are applied on a system-wide basis.  This was found to work in a production clinical environment.  If you are interested in academic experimentation, you may need to rework this extensively.

You should be prepared to test the supplier's non-reversible compression algorithm with a large number of your own clinical images before making a purchase commitment.

External Interfaces

If you have external systems like RTP for which you want to provide access to the archive, then I suggest adding requirements similar to 2.3.6 through 2.3.11 for the storage system.

Technology

The most common archive system is based on optical disk drives, usually packaged in a robotic server (jukebox).  Other technologies which have been proposed and, in some cases, implemented are optical tape and various kinds of magnetic tape.  There are pros and cons to all the technologies; I happen to prefer optical disk for its longevity and random access.  In a specification, however, you don't necessarily want to force the design choice; you only want to be certain that your operational requirements are met.  I don't think random access is important to the user, as long as the performance requirements in 2.4.9 and 2.4.10 are met.  The only additional requirements which I would add are:

2.4.15
The archive system shall store images for seven years without loss of data.  This requirement is not intended to imply "with reversible compression," only that the images, in whatever form they are archived, remain accessible for seven years.

2.4.16
The supplier shall include with the proposal the results of studies demonstrating the stability of the storage media and descriptions of any procedures required to assure that 2.4.15 is met.

You may want to consider a different time horizon, for example 10 or 21 years or even forever.  

Note that none of the archive requirements say anything about a jukebox.  Some have even suggested recently that with magnetic disk capacities increasing and costs decreasing, it will soon be possible to build a 1TB or 2TB on-line storage system.  Such a system, with compression, would store one or two years' exams on-line, possibly reducing the archive system to a simple pair of manually-fed optical disk drives.

The past few years have seen accelerating progress in large storage systems, and there is no reason to think it will slow down.  Thus, any archive system you buy today will probably be outmoded before it is full.  This leads to a concern about how to handle old data during an upgrade.  My view is that by the time you need to add storage, it will probably be cheaper to replace the entire archive system, copying the whole old archive into a small part of the new one, rather than to try to maintain a hybrid system.  For that reason, the minimum horizon which meets your legal requirements is probably quite safe.

2.5
External Information System Interfaces

The external information systems to which a PACS is usually interfaced are the HIS and RIS.  From the perspective of the PACS supplier, the preference is to interface only to the system which handles order entry requisitions and reports and to have that system handle communication with the other one.  

I think the best possible interface would be direct queries of each other's databases by the two systems.  Today, however, the interface is generally implemented as a series of messages passed between processes in the PACS and the external system.  The precise definition of the interface requires interaction between the PACS and HIS suppliers.  There are two communication protocols of which you should be aware.  DICOM defines a standard for communication between a PACS and an HIS, but few if any HIS vendors support it directly, most favoring HL7 instead.  Several people have implemented HL7-DICOM translators.

The messages passed between the two systems depend on the functionality which you require in the PACS database.  Here are a few examples:



If you want to implement automatic prefetching in the archive, then the PACS must know when an exam has been ordered so that the prefetch process can have time to get the old exams from the archive before the radiologist starts to work on the new one.  Generally, this is accomplished by passing an "order entry requisition" message from the HIS to the PACS.  



Some external information systems can also supply pull lists of exams for dearchiving.  These are supported through an "exam pull" message.



If you want to support acquisition worklists, allowing modality operators to acquire exams without entering patient demographic data, then the PACS must know that an exam has been ordered.  The "order entry requisition" message satisfies this requirement.



To keep information on patients and exams in sync between the two systems, there can be a collection of messages for changing the patient's demographic data or ADT status, merging two patients, or changing the examination (exam code, scheduled time, etc.).  If either side can initiate the update, then some of the messages will have to go both ways.



If you want to access reports from a PACS workstation, and the PACS keeps a copy of the report in its database, a "report transfer" message is necessary.  If you want the PACS user to be able to update the report and/or approve it from the PACS workstation, this message, or another one like it, has to go both ways.



If you want the PACS to notify the HIS that an exam has been finished, a handy way to automate what is often a manual process, you need an "exam complete" message.

This gives a flavor for the kinds of interactions which you might want.  The messages are only examples of what might be required, and the exact form of the interface cannot be defined by the customer, only the functionality desired.  You need to talk to your HIS vendor and to prospective PACS vendors to determine what requirements to write in the RFP.

2.6
Image Acquisition Systems

You want to be sure that all the modalities you need will work with the new PACS.  It is usually difficult for the PACS supplier to estimate the cost of connecting third-party modalities to a PACS because the customer is frequently not exactly sure what he has.  In this section, you should include one subsection for each individual modality you want to connect to the system, whether you are buying it from the PACS vendor or not.  For each modality not to be supplied by the PACS vendor, include at least the following:



manufacturer



model



software version(s) installed



network interface, if present



communication protocols supported, if any



DICOM interface, if present



laser camera interface, if present



other options

The work you do to gather the information for each subsection will help the supplier make a more accurate proposal and reduce the probability of later surprises.

DICOM is the preferred interface, especially for modalities which make small images (1K x 1K or less).  For modalities which do not support DICOM, a common solution is the use of third-party interface boxes from companies like DeJarnette Research and Merge Technologies.  In some cases, even if the modality does not support a network interface, the PACS supplier can interface to it through a laser camera port or a magnetic tape controller.  In the worst case, the PACS supplier can provide a video digitizer, but this is decidedly inferior to pure digital approaches.

The most important requirement for connection of any modality to the PACS is that the connection not decrease the patient throughput of the modality.

One of the potential advantages of coupling a modality to PACS is the possibility of having the modality acquire patient demographic data directly from the database, decreasing the technologist's workload and increasing throughput.  There are several approaches to accomplishing this goal:

 

The modality can query the database directly for a list of exams to perform and allow the technologist to choose an exam from the list.  This has been demonstrated to work very well, but it requires a close coupling of the modality with the PACS.



The PACS can print barcode labels which the modality, or the modality interface device, can read and either query the database directly for the patient and exam information or pass the barcode ID number to the PACS for updating by the storage system.  This has also been demonstrated to work well.



The technologist can enter enough information at the modality for the PACS to make the connection with a pre-ordered exam automatically.  This is not foolproof, and it requires a method for handling the exceptions, but it can work with almost any modality.



The modality can perform a DICOM query of the database's Query/Retrieve SCP, although the operator will still have to enter enough information to set up the query.  I don't think there are any modalities yet which offer this option, but I think this, or something like it, is the way of the future.

The following subsections contain comments and suggestions for interfacing several specific classes of modalities.  You need to think about how modalities should operate in the environment you envision, consider the comments above, talk to your modality and PACS vendors, and write the requirements.  In each section, I would include requirements like:

2.6.x.1
The system shall connect to the modality / manufacturer / model / software version / interface / protocol.

If the modality supports DICOM, obtain Conformance Statements from the modality manufacturer for the Storage and Query/Retrieve classes, include them in appendices, and add the requirements:

2.6.x.2
The storage system shall include a DICOM Storage SCP which complies with the Conformance Statement in Appendix ___.

2.6.x.3
The storage system shall include a DICOM Query/Retrieve SCP which complies with the Conformance Statement in Appendix ___.

To ensure that the PACS does not limit the image quality on acquisition from digital modalities, add a requirement like:

2.6.x.4
The system shall accept the full, original image dataset transmitted from the modality.

If you can be more specific about the image sizes and bit depths above, do so.  In any case, for any modality which transfers its images digitally, add a requirement like:

2.6.x.5
The system shall receive images at the full speed available from the modality.

If you have a modality which can use patient demographic and exam data from the PACS, add a requirement like:  

2.6.x.6
The system shall supply patient demographic and exam data in accordance with ... protocol.

If the modality retrieves demographic data using DICOM, then 2.6.x.6 is unnecessary, since it is covered by 2.6.x.2.

2.6.1
CT / MR / DSA

The standard digital modalities usually connect to PACS through optional Ethernet interfaces.  Few today support DICOM, but there is a trend in that direction, at least verbally.  You need to find out what your modality can provide and require that the PACS supplier support it.  

The group at UCLA led by Dr. Bernie Huang implemented a very interesting approach to acquiring images from the standard digital modalities.  To minimize the workload for their modality technologists, they implemented components which poll the modalities for new exams and automatically transfer the data to the PACS.  I am not aware of any commercial implementations with this feature, and it may be overtaken by future developments by modality manufacturers, but it is a great idea.

DSA deserves special mention because of the tremendous volume of data which it produces in a single exam.  Most people decide to perform the primary diagnosis on the DSA console and select representative images for transmission to the PACS.  This is what Prof. Arch Templeton and Prof. Sam Dwyer used to call "clinical data compression."

2.6.2
CR

CR is the modality most closely associated with PACS.  It provides a way to acquire the bulk of image production in digital format, and it offers significant image quality and convenience benefits in portable exams.

Modalities which acquire large images, CR and FD, are sometimes configured specially to improve the performance of the PACS.  Shared file systems generally connect these modalities directly to the storage system through the same high-speed data links used to support workstations.  Distributed file systems generally connect CR directly to special workstations where the primary diagnosis is performed, allowing work to proceed there while the images are transmitted to the storage system in the background.

In a PACS intended to support primary diagnosis, CR acquisition worklists or their equivalent are very important to productivity because the CR procedure volume is usually so high.  This should be discussed with each prospective PACS vendor and appropriate requirements included.  Another item which some people feel helps productivity is a preview monitor which allows the tech to verify quickly that the patient was correctly positioned.  Most CR models have such an option.

If you already have CR equipment, be sure to make that clear in the requirements.

Some PACS vendors are moving away from supplying CR themselves, but not all.  If you want to buy a CR from the PACS vendor, be aware that there are not many choices of CR.  In this case, I think you are better off specifying one or two acceptable CR systems by manufacturer and model rather than trying to specify the performance and functionality you want.  This is not a paper on how to select a CR modality; nevertheless, when you are shopping for CR, be sure to think about (in addition to image quality):



throughput 
 typically measured in plates per hour.



the various plate sizes you need 
 some older RF equipment has 9x9 cassettes, and I don't know of any CR systems which support that size.



stacker capacity 
 an issue if throughput is important.



expected plate life 
 plates are expensive; they wear out mechanically,  and some CR models treat their plates more gently than others.

A directly-connected laser camera with the CR system is a good backup for the PACS, but it's a two-edged sword.  With PACS, you won't use the printer very much, and unless you keep its film processor clean, it may not be there when you need it.

You should be aware that many CR systems are configured to print their images on laser film after internal image processing is performed by the plate reader.  Some systems do not output the processed image digitally to the PACS.  This isn't necessarily bad, but you should understand how your system will work before you order it.  Discussions with experienced CR-PACS users will help a lot.  One of the best is Dr. Matthew Freedman at Georgetown University Medical Center.

2.6.3
FD

If you don't already have a film digitizer, I recommend that you buy one from the PACS vendor as part of the PACS.  There are two basic kinds of film digitizers, those using a laser and photodiode to read the film and those using a lamp and CCD.  I have never worked with a CCD system, so I can't offer any guidance.  Here are a few suggested requirements on the film digitizer:

2.6.3.1
The FD shall accept the following radiographic film sizes:



14 x 17



14 x 14



10 x 12



8 x 10

2.6.3.2
The FD shall have a sensitive area (spot size) no larger than 175
m for each pixel.

If you want to digitize mammography images or just get more resolution on smaller films, you will want an optional high-resolution mode.  Here is a possible requirement:

2.6.3.3
The FD shall offer a selectable high-resolution mode with a sensitive area (spot size) no larger than 100
m for use on 8 x 10 films.

In 2.6.3.2 and 2.6.3.3, I'm trying to limit the image matrix to around 2K across the short dimension of the film.  Almost any PACS can handle this size.  If you ask for 4K x 5K images, you are asking for problems and cost in almost every part of the system.

I strongly believe in bit-depth in film digitizers.  An 8-bit digitizer just is inadequate for clinical use.  You may get away with 10 bits, but 12 is definitely better.  With 12 bits, you can use the window width and level functions of the workstation to get information which is simply not visible in an 8-bit image.

2.6.3.4
The FD shall digitize to 12 bits per pixel, with all bits being used, across a range from 0 to 3.5 OD.

2.6.3.5
The FD shall be linear within 0.02 OD across its full dynamic range.

2.6.3.6
The FD shall produce less than 0.01 OD noise at 2.5 OD.

Some digitizers have a problem where they produce strange patterns in the digitized image at one end of the density range or the other.  You might want to add a requirement like this:

2.6.3.7
The FD shall produce no visible noise pattern in the digitized image of a homogeneous region of a film anywhere in the density range required in 2.6.3.4.

Speed is important, even if the system will be infrequently used.

2.6.3.8
The FD shall process one exam consisting of one film of each size required in 2.6.3.1 in less than five minutes.  The time will be measured from the beginning of any required operator interaction with the digitizer (entering exam or patient information, adjusting the digitizer, inserting the films, etc.) until the last film has been digitized.

If you want to digitize any substantial number of films on a routine basis, you want an automatic film feeder.  

2.6.3.9
The FD shall have a film feeder capable of holding 25 films of a mixture of the sizes required in 2.6.3.1.

In the best of all possible worlds, the film digitizer would find in the digitized image enough information to match the acquisition with an exam in the PACS database.  It would be possible to stuff a pile of films in the hopper and go play golf with the confidence that everything would be sorted out correctly in the PACS.  I don't know of any systems which have this feature.  The closest anyone has come is to handle a batch of films for one exam, allowing the operator to select the exam from a worklist or read the exam ID from a barcode.  Requiring the operator to enter information manually to be used to connect the acquisition with an exam is the road to madness.  Thus, as was the case in the CR section, acquisition worklists or their equivalent are very important to productivity.  

2.6.3.10
The FD shall allow the operator to acquire the exam and patient identification information necessary for digitizing one exam with a simple action.  Such an action may be a keystroke, mouse click, barcode acquisition or the equivalent.

2.6.3.11
The FD shall automatically associate the exam and patient identification information with all the acquired images for the exam.

2.6.3.12
The FD shall also provide an option for the operator to enter exam and patient identification information manually for unscheduled exams.

2.6.4
Video

Some companies have video acquisition components to handle situations where the modality cannot be interfaced digitally.  If you know that some modality will have to interfaced in this way, you might write requirements for it in the section covering that modality; otherwise, let the PACS supplier offer this approach and describe how it would work.  The requirements might include the appropriate ones from Section 2.6, ones similar to 2.6.3.10 through 2.6.3.12, and:

2.6.4.1
The video acquisition component shall acquire video in the (NTSC, PAL, SECAM, or specify another) standard.

If you think you absolutely need true color acquisition, you should talk to vendors before writing such a requirement.  It could restrict your PACS vendor choices and increase cost in other parts of the system (like workstations).  You might find that the vendors have ways to get around the requirement.

Video acquisition systems are usually operated while the technologists are doing other tasks as well.  Ease of acquisition is obviously important.  Also, if your modality outputs live action video, you want to require that the acquisition system handle it.

2.6.4.2
The video acquisition component shall allow the operator to acquire a single video image with a simple action.  Such an action may be a keystroke, mouse click, or footswitch click.

2.6.4.3
The video acquisition component shall allow acquisition of images in cine mode at up to ___ frames per second.

2.6.4.4
The frame rate for cine acquisition shall be adjustable by the operator.

2.6.5
Modality Clusters

Several companies offer products which cluster groups of modalities into a small PACS.  Some of these products are optimized for ultrasound or nuclear medicine modalities  All the ones I have examined have, or will have, DICOM interfaces.  If you have such a system, then you need to decide how closely you want the systems to be coupled.  A simple approach is to treat the cluster like a single modality and have it transfer images to the PACS, but you may want more functionality (bi-directional transfers, etc.).  There may be limitations both in the cluster and in potential suppliers' PACS products which impose constraints on what you can have.  For starters, I suggest that you handle the requirements as in 2.6: obtain DICOM Conformance Statements from the cluster manufacturer, include them in appendices, and add requirements like 2.6.x.2 and 2.6.x.3.

2.7
Image Display Workstations

There are two basic applications for image display workstations: primary diagnosis and clinical review.  The physical requirements (for example, the number and size of the monitors) are different for the two applications.  There is a school of thought which says that the user interfaces and the basic functionality must also differ.  I am not convinced, but I am also not a radiologist or clinician.  As an engineer, I want to believe that modern user interface technology can be used to make the workstations so straight-forward to use that one application fits all, but alas, the goal has not yet been met.

Depending on your application, you may not need a diagnostic workstation.  For example, in an IHID system which uses workstations only out in the ICUs, you might only want review workstations.  

Dr. Don Smith at Madigan holds the current land speed record for softcopy primary diagnosis at over 117 exams in one day.  He can tell you as much as anyone about what works and what doesn't in that environment.

The rest of this section consists of notes on key issues with respect to workstations.  I suggest that you decide what issues are important to you and write very general requirements around them.  This is another place where the user can go too far in specifying requirements, only to find out that he has ruled out vendors who have products which cleverly solve the underlying problems but which don't meet the letter of the RFP.

Configuration

In all modern workstations, the user interface spreads over the surface area of all the monitors.  Because it is difficult to read an image which is displayed across the boundary between two monitors, most workstation applications recognize the monitor boundaries and avoid such conditions.  To fit images of various sizes on monitors which may be smaller or larger than the images, most workstations provide various mapping schemes.  One clever way this is done is to use the metaphor of the multi-format film camera, allowing the user to define a monitor to have one of several formats (called by some companies the "up count") defining a number of areas on the monitor into which an image may be mapped.  

The practical reality is that there are basically 1K monitors and 2K monitors.  There are benefits and drawbacks to each, but most people have settled on using 1K monitors for review workstations and 2K monitors for primary diagnostic workstations.  To allow users to see all the detail in an image too large to fit on a given monitor, workstations usually provide a zoom function which always goes back to the original image when repainting the screen, thus providing increased resolution as the zoom increases (up to the limit of the original data).

For primary diagnosis, most people want four monitors in order to hold the current exam and a previous one for comparison.  I believe that this is an area which is wide open for improvement through new user interface functions, but industry has just begun to explore this area.  Some people use two monitors in situations where a diagnostic workstation is required in a certain location, the workstation will not be used frequently, and cost must be conserved.

For clinical review, most workstations have either one or two monitors, primarily because of space and cost constraints rather than because people want to see fewer images at once.

Performance

I think the most important issue you have to decide is whether you want rapid access to every image at every workstation.  And naturally, you have to decide what "rapid" means.  The answers to these questions may determine what kind of architecture the supplier proposes.  This is so important, it deserves a clear requirement:

2.7.1
The workstation shall display the first image of any exam in the on-line storage system within two seconds, 90% of the time.  Display time is measured from the time the user completes selection of the exam to be displayed until the last pixel of the first image is visible on the monitor.

or:

2.7.2
The workstation shall display the first image of any exam in the local workstation storage within two seconds, 90% of the time.  The display time will be measured from the time the user completes selection of the exam to be displayed until the last pixel of the first image is visible on the monitor.

The 90% loophole is necessary because the instantaneous load on a PACS is subject to statistical variations.  The number 90% is not magic, however.  It could just as well be 95%, but I don't think that would mean anything to the user's perception of the system.

Specification of the display speed might be done like this:

2.7.3
The workstation shall display one 2K x 2.5K x 2byte image filling one monitor in two seconds.

2.7.4
The workstation shall display all the 512 x 512 x 2byte images at original resolution to fill a monitor in two seconds.

2.7.5
The workstation shall meet 2.7.3 and 2.7.4 for each monitor in an exam filling several monitors.

If I were a PACS vendor, I would ask for a little leeway on the two-second number (say 25%), but you have to decide what you need.  Display speed is very important in making the workstation feel interactive.  My experience is that five seconds per monitor is too slow and two seconds is good.  Care should be taken in making the measurements during the acceptance test; it is possible to warp the user interface to get better numbers.

A related issue is the speed with which you can access the database to see what exams are available.  This is important because you will query the database either manually or automatically before viewing every exam.  The query usually results in a list of exams from which one or more may be selected for viewing.  These may be presented in various ways, for example, as a list or as a set of tokens.  Here are template requirements addressing the key issues:

2.7.6
The workstation shall display the first 20 results of any query of the system database within two seconds.  The display time will be measured from the time the user completes selection of the query until the 20th result is visible on the monitor.

2.7.7
If the workstation separately stores images in its local storage, it shall display the first 20 results of any query of its local database or directory within two seconds.  The display time will be measured from the time the user completes selection of the query until the 20th result is visible on the monitor.

In some systems, 2.7.7 will not be relevant, but 2.7.6 is relevant in all systems.  

Remember that the fundamental issue is diagnostic throughput by the radiologist.  For this reason, it is important to describe in Section 1 the typical diagnostic session, with the approximate number of exams handled and the way the radiologist decides which exam is next.  Some systems have special features to automate that process, speeding up the cycle time per exam.

Another important performance issue has to do with the monitor's refresh rate, brightness, and spot size.  

Refresh rate is easy.  The object is to avoid flicker, which is distracting and fatiguing.  Flicker is perceived in the periphery at a lower frequency than in the center of the field of vision.  This makes refresh rate more important in a multi-monitor workstation, where there will be lots of images in the periphery, than it is in a commercial television set.  Every individual has a different flicker frequency.  Commercial television paints 60 fields per second on the screen.  (Two interlaced fields make up a frame 
 one complete image


but for flicker perception, it's the field rate that matters.)  Workstations paint whole images rather than interlaced fields, and they refresh at anywhere from 60 frames per second on up.  Generally, the higher the monitor resolution, the slower the refresh rate, because of the larger number of pixels which make up one frame.  My recommendation is that you specify at least 66 Hz for diagnostic workstations and at least 72 Hz for clinical workstations.

Brightness is a bit more subtle.  Conventional viewboxes put out 300 foot-Lamberts.  A very few, very expensive monitors are in that range.  The best of the rest are between 50 and 80.  You need to decide what you want.  The only way to know is to look at multiple monitors under clinical lighting conditions.  The subtle part of the problem is that monitors fade over time.  This occurs continuously during the life of the monitor and reaches a significant level well before the average monitor fails for other reasons.  Usually, monitors are designed to meet a brightness requirement with some brightness adjustment still available (called "headroom" by monitor manufacturers).  When the monitor ages enough, the adjustment is all used up, and the monitor starts dimming.  After some experience with this issue, I came to feel that the fair way to deal with this is as a warranty and maintenance issue.  I have therefore made a suggestion in Section 9.

Finally, spot size refers to the size of a single pixel as painted on the screen.  This varies across the face of a monitor, generally getting fuzzier in the corners.  Good monitors adjust the focus of the electron beam dynamically to compensate.  Spot size is hard to measure well.  One way to specify it is:

2.7.8
The spot size shall vary less than 20% from the center to any corner of a rectangle 1/2" inside the perimeter of the monitor.

2.7.9
The vendor shall supply a test image for use in measuring  the spot size as in 2.7.8

Functionality

The list of functions offered by most workstations is very long.  Here are comments on the key ones:



User Interface Devices

Just about every workstation has a keyboard and a pointing device (mouse, trackball, light pen, graphics tablet, etc.), but not all do.  For diagnostic workstations, enough functions are required to necessitate a fairly general interface, but for review workstations, a restricted function set makes the operation of the workstation easier.  This is especially true for workstations used in an ICU.


One key requirement is that it be easy to select images for subsequent operations.  Most RFPs say something about having the cursor move smoothly over all the monitors, although there is an implied design in such a requirement.



Navigation

An important part of the user interface is the presentation of the contents of the database so the user can find what he needs.  There are several possible ways the user may wish to access exams, for example:



by patient name,



by exam date,



by modality,



by exam status,



by relation to another exam (e.g., as an exam for comparison to a new exam),


or as a combination of the above.  The workstation must provide a rapid and easy way to select the presentation, which must be clear.  Don't overlook the importance of connecting new exams to older ones for comparison; since comparison is done during most primary diagnostic work, anything which slows down finding the comparison exam decreases throughput.



Pictorial Image Directory

Some commercial teleradiology and IHID PACS vendors provide a directory of exams where each exam is represented by an icon which is a small version of one of the exam's images.  I know of no implementation of this concept for all the exams in a full-hospital PACS database, because there are performance and storage consequences of supporting this requirement.  If you want to include it, I recommend that you allow alternative approaches as well, or you may significantly restrict the number of suppliers who respond to the RFP. 


Some workstations support a pictorial image directory function just for the exams which the workstation is currently displaying.  In this case, all the images for the exam are minified for display, allowing all the images in the exam to be shown at once.  The user is usually provided a simple way to select a minified image (sometimes called a token image) and restore it to full size.  This function is relatively easy to implement, presents no load on other components of the PACS, and is appreciated by users.



Reports

Access to the report for a comparison exam is at least as important as access to its images.  You have to decide whether you want to require that the PACS present the report as part of the user interface.  As noted in Sections 2.2 and 2.5, this has an affect on the system database and the external information system interface.  An alternative is to provide report access via an HIS or RIS workstation in the same area as the PACS workstation, but this is decidedly second best.


If you want to see reports on the PACS workstation, you have to decide whether reports should be seen by all classes of users before they are approved.



Reporting

If you want the PACS to handle reports, you may also want the workstation to support report entry.  In that case, you will definitely want an easy way to select predefined text reports for normal cases.  


If you have a voice recognition system, think about whether you want it to be interfaced to the workstation.  The MDIS Program Office has experience with such an approach.


If there will be an interface to an external information system, report entry at the workstation implies that the interface support uploading reports from the PACS as in section 2.5.


Reporting can also include report approval, which also places requirements on the interface to the external information system.  Report approval must conform to the mechanisms used in your hospital; therefore, if you require two approvals (for example, resident plus staff), require that the PACS support a two-phase approval cycle.



Interactive Grayscale Operations (Window Width and Level)


The tool used most often on an image is the window width and level operation.  There are many approaches to implementing such tools, including knobs, buttons, switches, trackballs, and mice (mouses?).  Since this is a frequently used operation, the key requirement is that it be easy to use.  I happen to prefer the mouse for its speed and, for me, natural interface, but everybody has his own opinion.  Another requirement is that it be possible to use the tool only on selected images.



Preset Windows

Another grayscale operation is the preset window function.  This is frequently used on selected images to jump between, for example, bone windows and soft tissue windows in CT.  At the very least, you want five or ten user-defined windows which are quickly selectable.  I like function keys for this purpose because the user can toggle back and forth easily, but other implementations might do as well.



Automatic Window Selection

If an image is received from a modality which supplies a window width and level for viewing, it should be used for the initial display on the PACS workstation.  If an image is displayed for which no window width and level is available, the workstation should pick a set of values which at least make the image visible, as a starting point for subsequent manual changes.  If the exam has been saved (see below), the workstation should use the display parameters from the save operation when displaying the exam.



Grayscale Inversion

Grayscale inversion, also called inverse video, is another grayscale operation which is frequently used to make certain structures more conspicuous.  The key requirement is that it be easily applied to individually selectable images.



Display Protocols

For productivity during primary diagnosis, perhaps the most important function is a set of display protocols which automatically arrange images on the screens in the patterns appropriate for the types of exams displayed.  The display protocol is determined by local practice, and it depends on the modality of the current exam and those of any exams to be displayed concurrently for comparison.  


Not all vendors offer automatic display protocols.  There is little doubt, however, that such protocols have a significant effect on productivity.  I recommend that you think about this carefully and consider requiring it even if your favorite vendors don't offer it.  This is one area where I think you should use all your leverage as the customer to get what you need.  One person who has done a lot of work in defining display protocols is Dr. Nicola Strickland at the Hammersmith Hospital.



Image Rearrangement

Manual rearrangement of the images on the display is sometimes necessary for comparison, even if the display protocol has arranged the images well.  The main requirement is that it be easy to do.



Image Comparison

This describes what I believe to be a fertile field for development of softcopy methods for comparing images by, for example, overlaying two images and providing a simple user interface for transitioning between them.  Dr. Steve Horii of the University of Pennsylvania has done excellent work in this area.  I am unaware of any commercial systems which include such features, but it is worth surveying vendors as the field evolves.



Image Orientation

This function is not used frequently, but it is a necessary tool, not only for flipping and rotating images which may have been acquired in the wrong orientation but also for reorienting images as necessary for comparisons.



Next Exam

To minimize the time necessary to transition from one exam to the next during primary diagnosis, a next exam function is desirable.  The alternative is to require the user to redisplay the worklist and select the next exam.  Productivity functions like this only save a few seconds per exam, but are significant because the number of exams is large.



Zoom

To allow inspection of all parts of an image in detail, the workstation should have a zoom function.  When displaying images which have more pixels than their displays, the workstation should also have a minification function which subsamples the image so that the entire image appears to fit on the display.  


Two different methods have been used to provide the zoom function: zooming only using the pixels on the display and zooming by redisplaying from the original image.  The latter is far better, and I recommend that you require it. 


Two different methods have been used to display the zoomed image: pixel replication and interpolation.  Most people think interpolation is better, but I am not convinced it makes a significant difference, particularly for small zoom factors on high resolution monitors where individual pixels are nearly invisible.  If you don't have an opinion now, you might want to ask vendors for demonstrations.


I recommend requiring continuous zoom rather than accepting only powers of two.



Roam

Roam, sometimes called pan, goes hand-in-hand with zoom, and it should be easy to switch quickly between them.



Magnifying Glass

Most workstations offer a magnifying glass function in addition to zoom.  This can be a very powerful tool, especially when it includes the options of variable magnification, resizability, internal window width and level, and grayscale inversion.  Dr. Don Smith of Madigan has demonstrated a very effective use of such a tool for primary diagnosis on 1K monitors, although I think he still believes that 2K monitors are better in that role.



Cine and Stack Display 


One useful way to manipulate groups of related images is to order them in some way (for example, by time or position) and display them sequentially.  Cine displays with variable frame rate are common.  Another useful display approach is to couple the selection of the image from the group to the movement of the mouse.  This allows the user to move forward and backward through the images, stopping to focus on anything of interest.



Distance and Angle Measurement

Distance and angle measurements are important, especially for orthopedists.  Almost all workstations have this function.



ROI

The ability to obtain statistics on the pixels within an area outlined on an image can be useful both in diagnosis and in calibrating radiographic equipment.  The key statistics are area, mean, and standard deviation, and number of pixels.  To avoid confusion, the statistics function should convert the pixel values to the native units of the modality (for example, Hounsfield units for CT).  A similar useful function is the ability to print the pixel values within the ROI.  (I have always wanted additional functions to perform PSF, LSF, and MTF calculations automatically, too, but I've never seen such a built-in feature in a commercial PACS workstation, probably because there is no real demand.)



Annotation

Textual and graphical annotation is useful in combination with film printing or the ability to save the annotations for future viewers.  I haven't seen it used a lot.



Image Identification

The workstation must display enough information with each image on the screen for the user to identify it quickly.  Examples are, depending on the modality, patient name and ID, kVp and mAs, pulse sequence, slice position, etc.  A function to remove the identification from the screen is useful for controlling clutter.


Most modalities pass far more information in their image headers than workstations display on the screen with each image.  Another useful function is one which displays the entire header of a selected on command, usually as a series of DICOM elements in a text window.



Image Printing

If there is a requirement to print images on film, the workstation should provide the option to print a selected exam in any of the formats allowed by the camera.  Because of the cost of film, you may want to require that the print function be specially privileged.  


In a networked laser camera, it is necessary to be able to determine who printed the film so the copies are properly routed.  One way to do it is for the camera to print the user's name on the edge of the film.  


Some workstations provide a very convenient WYSIWYG user interface to allow the user to place each image on the screen where it will appear on the film before committing to print the full sheet of film.


When CR or FD images are printed on laser film, they are usually slightly minified because most laser film printers leave a small border around the edge of the film.  Some systems provide a "life size" format which prints such images slightly enlarged to compensate for the minification.  Dr. Mike Cawthon of Brooke Army Medical Center was one of the early proponents of this feature.


Other requirements you should think about are that the workstation display the status of the selected film printer (what job is printing, out-of-film indication, etc.), that the printer print not only the images but also any overlays (ROIs, annotations, measurements, etc.), that the workstation allow multiple copies up to a fixed limit, and that the printing not interfere with the use of the workstation for viewing and diagnostic work.


In addition to laser film printers, some systems support 35mm slide cameras.  Some systems make the 35mm camera a network resource while others attach it to a single workstation.  The key is to have the right presentation software on the workstation (for example, Photoshop and PowerPoint).  The requirements for professional-looking slides are beyond what any PACS company would be able to invest, so this function should be met with third-party applications running either on PACS workstations or on a specialty workstation connected to the PACS.  Dr. Eliot Siegel at the Baltimore VA connected the workstation used by the Medical Media Department to the VA PACS and achieved excellent results.



Image Enhancement Functions

[Reminder: I warned you that this is an opinionated paper.]


Users often request, sometimes in great detail, all sorts of image processing functions, including histogram equalization (global and adaptive) and other non-linear presentation operations as well as various filtering tools for edge enhancement and smoothing.  These toys are rarely used.  After the initial excitement wears off, the user's interest returns to productivity, and image processing falls by the wayside because it takes a lot of time.  More importantly, people learn quickly that the interactive grayscale operations are incredibly powerful; if the answer is in the image, the user can find it with window width and level.



Undo

Many workstations support an Undo command.  This makes the workstation less intimidating, especially for the novice user, who quickly learns that there is not much danger in experimenting.



Cancel

Whenever an operation takes a long time, the workstation should indicate that the system is working and provide a way to cancel.  This includes especially tedious queries, computationally intense image processing functions, and loading very large exams, although as much as possible, the last two should be hidden from the user by doing them in the background.



Save

This function provides the ability to save the display state of an exam, including the image arrangement and each individual image's window width and level values, orientation, zoom value and roam position, and any annotations.  This data is usually saved in the database so it is available to any user who redisplays the exam after it has been saved.



Screen Saver

A screen saver is mandatory.  The monitors are very expensive, limited lifetime components and should be protected wherever possible.



Specialty Functions

I have heard people talk of requiring 3D surface rendering, radiotherapy planning, and stereotaxis functions in PACS workstations, but I think that such operations are better done by companies which specialize in them.  My recommendation, therefore, is to require the PACS vendor to provide connectivity to external systems for these functions. 

2.8
Film Printers

First of all, in some applications, you don't need a printer.

For applications which do, most PACS suppliers offer laser film printers connected to the network through interfaces sometimes called camera servers or spoolers.  There are several high-quality laser camera vendors whose products vary in functionality, convenience, and size.  I don't think you get much choice of camera manufacturer from a given PACS vendor.  Among the things to consider in writing your requirements are:



Decide what multi-format options you need.  I like the n:1 terminology; that is, the number of images which can be printed on one sheet of film.  Everyone needs 1:1.  Most systems support 2:1, 4:1, 6:1, 9:1, and 12:1.  There are sometimes other options as well, like 15:1 and 25:1.  


Some people have talked about using 25:1 (or another, similar format) to create slides.  I recommend investing in a real 35mm camera if you need slides; you get so much more when you can use color, etc., (not to mention that 35mm slide cameras have more resolution), that it's worth the money.



Decide what film sizes you need.  Obviously, you need 14x17.  You may want 8x10, 10x12, 11x14, or 14x14 as well.  Just don't ask for what you don't really need.



I recommend requiring a daylight bulk load system with loading magazines for each film size.



I also recommend requiring that the film printer be connected to a processor.



Decide what throughput rate you need.  Most systems can print more than 30 films per hour; some can print 75.



I don't recommend specifying the bit depth of the interface.  Some RFPs have specified 12 bits; others allow 8 or more.  The most common laser cameras only have 8-bit interfaces, and I don't know whether there is any evidence that there is a clinical difference.



If you specify a laser camera, you probably don't have to specify the printing resolution, but you should expect 4K x 5K on a 14x17 film.



Look into interpolation with the various PACS vendors.  Since laser cameras are such high-resolution devices, they have to zoom small images to fit them to the multi-format space they are assigned.  Interpolative zoom, preferably cubic spline, is desirable. 



Ask for a test image which can be kept in the storage system and printed to test the printer.

See the comments on 35mm slide printers in section 2.7.  The key requirement on the hardware is that the PACS vendor supply a commercial slide printer.  There are a number available, and all the ones which I have seen were at least reasonable.

2.9
Telecommunications

There are numerous teleradiology applications, some of which are:



providing central reading in the hospital of exams acquired in community clinics;



providing radiologist coverage for off-hours operation of emergency rooms in satellite hospitals;



providing better service to referring physicians, presumably increasing referrals;



establishing the electronic equivalent of the circuit rider, linking rural hospitals to a central reading site for faster service, and



linking an on-call radiologist's home to the radiology department to provide faster response for calls in the middle of the night.

Communication performance requirements vary widely with the application.  Where speed is important and volume is substantial, the communication costs can be quite high, so careful attention must be paid to the usage of the link and to compression of the image data.  As an example, the MDIS program includes links to numerous military clinics and hospitals around the world.  The requirement for non-reversible compression for transmission, which yields about 3:1 at best, was found to result in unacceptable costs, even though the system used the link efficiently, shutting it down when it was not required.  This prompted the previously mentioned studies of the effects of other compression algorithms on diagnostic accuracy.

There are all sorts of physical telecommunication links, among which are:



dial-up telephone, providing about 15,000 bits per second (15Kbps) bandwidth between devices connected to the public telephone system



switched 56, providing a dial-up 56Kbps link between devices which have the service 



N x 56, providing user-selectable bandwidth from 1 to 24 times 56Kbps in parallel for dial-up connection to devices which have the service



T1, a 1.544Mbps service which is hard-wired (sometimes called "nailed-up") between two fixed ends



N x T1, a nailed-up, higher bandwidth service up to 28 times T1 between two fixed ends



T3 or DS3, a nailed-up 45Mbps service between two fixed ends

Look carefully at the amount of data being transferred and the pattern of usage, and talk to communication vendors about the costs.  Be aware that for some services there are both fixed monthly connection fees and fees which vary depending on usage.  Sprint is especially committed to servicing the medical imaging market and would be a good source for information.  I assume, but do not know, that other vendors have similar products.

If, after this investigation, you have a cost-effective application, you should write requirements for data volume and speed.  

Before writing any other operational requirements, you need to think about under what circumstances the remote user should initiate the transfer and under what circumstances the central site should do so.  Here are some considerations:



If you are planning a teleradiology image distribution system where the images are acquired in the central PACS, one approach is to have the remote workstations connect to the system and act like local workstations, pulling the images from the system.  This might work well for the referring physician case, where the physician might not care to see the images for all the cases he referred.



Another approach to the distribution system is to have the central PACS push the images to the remote workstation without intervention at the remote end.  This might be better for the on-call radiologist case.  Dr. Steve Horii of the University of Pennsylvania has quite a bit of experience with this problem.



If you are transmitting images from the acquisition location to a central PACS for interpretation, a reasonable approach is to require the remote site to push the images to the central PACS.  A subsidiary issue is whether the action must be automatically initiated, and if so, what would be the trigger.  You may find that the volume from any remote site would be low enough to allow manual initiation.

Another consideration when connecting two sites is that there is a risk of double-counting exams if statistics on the remote site are combined with statistics from the central site's PACS database.  If both ends have an HIS or RIS, it may be desirable to connect them to make it easy to transfer the order entry requisition and avoid the problem.

3
System Integration

This section defines requirements at the system level.

3.1
Operations

If you have written operational scenarios in Section 1.2, you may want to abstract certain specific requirements from them and include them here.  Again, try to frame the requirements as operational issues, not as design definitions.  

I recommend requiring the vendor to include in his proposal a complete description of the proposed system's operation.  This should include descriptions of any of the key internal processes like image distribution, automatic image routing, database access, handshaking with external information systems, etc.  You may also want to require that the vendor specifically include descriptions of the system's operation for some or all of the scenarios in Section 1.2.

Finally, you should require a description of the staff required to operate the system, their necessary qualifications, and the tasks the staff will perform. 

3.2
Performance

System performance requirements were defined in several places in Section 2.  One problem you may face during the proposal evaluation phase, however, is that you may not be able to make performance measurements on a system exactly like yours, loaded the way yours will be, so you may have to make a decision without all the data you would like.  One possibility is to require a full system simulation to demonstrate that the performance requirements will be met.  This was the tack taken by the MDIS program.  I believe the program benefited from the analysis which this requirement necessitated.  As it turned out, however, although we invested heavily in the simulation effort, the final system did not perform as the simulation had predicted, and we had to do a lot more engineering to achieve the committed performance.  I therefore think the value of a simulation result as a discriminator is low, and I know that its cost is high, so I recommend against requiring it.

3.3
Reliability

A full-hospital PACS total system failure is an unpleasant experience in the best of times.  Even component failures which don't take out the entire system can be painful.  I recommend requiring that the vendor provide reliability history for each key component in the system and a reliability analysis of the system as a whole.

Even more important, you should require that the vendor describe the failover strategies to be employed when each system component fails, including interfaces to external information systems.  A failover strategy cannot be one-sentence fluff; it should be a reasoned, detailed description of:



how the failure will be detected



how much of the system will remain operational during the failure



how the function of the failed component will be performed during the failure



how the system will be restored after the failure has been corrected

The last point is especially important after a total system failure or an external information system failure because the hospital continues to operate during the outage and the various systems have to resynchronize with the hospital and with each other afterward.

4
Purchased Components

The subsections of this section are where you define the specific configuration you are buying.  To minimize the possibility of introducing self-contradictions in the RFP on such an important issue, you should not include normative statements which define the purchased configuration anywhere else in the RFP.

4.1
Configuration

One of the first things a vendor must do in costing a proposal is to make a spreadsheet listing each component required by the RFP, along with its planned location.  It is better for everyone concerned if you do this job yourself and make that spreadsheet the normative configuration definition.  Appendix III is an example of such a spreadsheet.  To make the spreadsheet more readable, Appendix III defines a set of generic names for components as well as a location nomenclature.  Here are some suggestions:

4.1.1
The vendor shall supply and install the equipment listed in Appendix III at the indicated locations.

Usually, hospitals want the vendor to supply workstation desks or other furniture only for certain locations.  For that reason, I suggest adding requirements to Section 2 defining optional furniture for the relevant components and using a column in Appendix III to indicate the locations where furniture is required.  

4.1.2
The vendor shall supply the furniture listed in Appendix III.

Since the network is not specifically listed in Appendix III, it should be separately required for completeness.  Similarly, any telecommunication links should also be specified here.

4.1.3
The vendor shall supply and install a communication network as required to support the equipment listed in Appendix III.

4.1.4
The vendor shall supply and install a telecommunication link between the Main Hospital and the Satellite Clinic as required to support the equipment listed in Appendix III.

4.2
Startup Kits and Supplies

To be certain that there is no confusion over who supplies expendable materials necessary for system startup, I recommend that you define specific requirements for them.  Here are some template requirements:

4.2.1
The vendor shall supply all necessary media to completely fill the on-line portion of the archive system.

4.2.2
Following successful completion of the acceptance test, the vendor shall supply 200 sheets of 14 x 17 film for each laser printer listed in Appendix III.

4.2.3
Following successful completion of the acceptance test, the vendor shall refresh the chemicals in all film processors attached to the laser printers in Appendix III.

4.2.4
The vendor shall supply the following CR cassettes and plates:
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If you are asking for multiple kinds of CRs and they do not have compatible plates and cassettes, make sure you write multiple requirements like 4.2.4 to cover each kind.

5
Shipping

5.1
Shipping Requirements

If you have special constraints on shipping, you should define the requirements here.  As an example, some procurements require shipment by a specific carrier; some require a specific nationality of carrier.

5.2
Delivery Schedule

I recommend defining all delivery schedule requirements here and nowhere else.  As in Section 4, the idea is to avoid any self-contradictions in the RFP which could lead to project delays.  If you plan on phased deliveries, be sure to define the delivery schedule for each of the phases and reference the contents of each phase as defined in Appendix III.

6
Installation

This is where you specify who does what during the installation phase of the project.  You need to think it through carefully and write it down to avoid as many unplanned expenses as possible.  The subsections here are intended as reminders of the kinds of issues to confront.

6.1
Customer-Furnished Equipment and Services

If you plan to supply certain components of the PACS, you should make that clear in this subsection.  I don't see these written as normative requirements statements, but you should nevertheless be precise.

In a large PACS installation, I favor having the core system components (database, storage system, archive, teleradiology communication equipment, etc.) in a central computer room.  If you have an MIS department, you might want to give them the responsibility for the system management and place the core system components in the MIS computer room.  This works particularly well if they have around-the-clock operator support which could service requests for mounting off-line archival media.  

If you plan to supply the computer room, you may also decide to supply any additional air-conditioning required.  If so, make that clear.

The advantages and disadvantages of supplying network components were discussed briefly in Section 2.1.  Again, if you have a network backbone which is not currently in use, perhaps dark fiber which was pulled in anticipation of a PACS at the same time fiber was installed for another purpose, then offer it, but do not require its use.  I recommend against adding PACS traffic to a network which is used for another purpose.

If the project requires bridging the HIS network to the PACS network and you plan to supply the bridge, say so.

If you plan to contract with a telecommunications vendor directly for links to satellite teleradiology locations, state the vendor and the service you intend to provide.  Unless you already have a link in place, I recommend letting the vendor do the work.  It isn't much less work for the vendor to use what you already have; sometimes it's more.

If you have operational constraints against having other groups modify your building, then you should plan to do that work yourself and so state here.

6.2
Supplier-Furnished Equipment and Services

Section 4.1 covers the specific components and communication equipment required, but there are often other services required in the installation of a PACS.

If you want the vendor to renovate space for a computer room or expand your current room, write the requirements in this subsection.  Some considerations for the computer room are:



The vendor is responsible for any required additional air-conditioning and ventilation.



The vendor is responsible for any required additional power.



The vendor is responsible for any required fire suppression system.



The vendor is responsible for any required plumbing.



The vendor is responsible for any required raised flooring.



If you already have a plenum floor in the space you plan to use for a computer room and there are constraints about running cables under the floor, make that clear.



If you cannot allow the installation of a raised floor in the space you plan to use for a computer room, make that clear. 



If you have aesthetic requirements, state them.

If you want the vendor to perform any other site modifications, for example, installing plumbing, exhaust, and power for film processors, write the requirements here.

If you are supplying part of the network, you should define the installation and test tasks for which you want the vendor to be responsible.  This is another reason why I favor letting the vendor decide what components to use; then there is no question that he is responsible for everything.  Note that 4.1.3 is written as if the vendor does it all, including pulling the cables.

The comments in the previous paragraph apply to any required telecommunication links as well.

Interfacing to modalities is traditionally a painful task.  If the vendor has trouble dealing with one of your modality vendors, you may have to help by professionally and politely casting a threatening eye toward the modality vendor to get him to cooperate.  Beyond that, this should be the PACS vendor's problem.  Given that you included all the information noted in Section 2.6 for each modality, I believe that nothing else is required in this section.

The external information system interface could be a modality-like problem as well.  You may have to get more involved in this case, but I again recommend leaving the integration as the complete responsibility of the PACS vendor.

Another key service which you may want the PACS vendor to provide is operation of the system during the warranty period.  If so, specify the kind of personnel and the coverage you want.  For example, you might want an in-house trainer, a CR specialist, and a system administrator, all with coverage during the normal workday, in addition to any service personnel who would be part of the warranty support.  If you think you only need a system administrator for a few weeks or months while your internal specialist learns the system, make that clear.

6.3
Environmental Requirements

For your planning, I recommend requiring the vendor to specify the space, structural, and utility requirements for the proposed system.  The requirement might be:

6.3.1
The vendor shall supply as part of the proposal a table specifying for each component in Appendix III the following utility requirements:



physical dimensions



physical space required for operation



weight



building structural requirements



power requirements



air-conditioning requirements



exhaust requirements



water requirements



chemical requirements

6.4
Installation Facilities

During the system installation, the vendor will require space to store material and to prepare components for installation.  Vendors will work with you to use whatever space you can supply, sometimes contracting for local warehouse space when necessary, but you should know what the vendor wants.  The requirement might be:

6.4.1
The vendor shall include in the proposal a list of the facilities required for installation support, including:



loading dock



material storage



workshop space



office space



communications (telephone, fax, etc.)



shipping and receiving department support



anything else

Another approach is to specify what you have available and require the vendor to obtain any other facilities he needs externally.  

If you have constraints on the use of hospital facilities like the loading dock during packing and unpacking of equipment, include the requirements in this section.

7
System Acceptance

In the early days of full-hospital PACS, when nobody really knew what to expect, the acceptance of a system was an excruciating process.  I hope that now, with quite a few large systems operating from multiple manufacturers, both the vendor and the customer can now expect a more benign experience.  The key to a successful acceptance process lies in ensuring that the vendor's product and the customer's expectations are consonant.  If your expectations are accurately represented in the RFP and if you carefully weed out those vendors who did not take the RFP seriously and if you test the proposed system before committing to the vendor, then everything will be fine (famous last words).  I can't emphasize this enough; the time to avoid acceptance problems is before the contract is awarded.

There are two parts to the acceptance of a PACS.  You have to make sure you got all your stuff, and you have to make sure it all works the way you specified.

To formalize this process, I recommend defining requirements like these:

7.0.1
Acceptance of the system shall consist of verifying that all required equipment and services have been provided and that the equipment and services meet the RFP requirements.

7.0.2
Verification that the required goods and services have been provided shall be accomplished by comparing the vendor's performance to the Equipment and Services Punchlist.

7.0.3
Verification that the required equipment and services meet the RFP requirements shall be accomplished through an Acceptance Test.

7.1
Equipment and Services Punchlist

The combination of Sections 4, 6, and 8 defines the set of equipment and services to be delivered before the beginning of the acceptance procedure.  Most of the equipment is itemized in Appendix III, which is referenced in Section 4.  As long as the requirements are written clearly, checking that everything has been received is pretty hard to get wrong.  I suggest a simple requirement like this:

7.1.1
The Equipment and Services Punchlist shall consist of the normative requirements of Sections 4, 6, and 8.

7.2
Acceptance Test Procedure

The meat of the acceptance process is the acceptance test.  The acceptance test consists of a series of validation steps for each normative statement.  The steps should specify:



normative requirement identification



materials to be used 
 films, exams from modalities, etc.



system population 
 the number of patients and exams, etc., in the database, the fraction of the storage system in use, the number of exams in the archive, the amount of local storage in use, the number of messages queued from the external information system, etc.



system load 
 the number of active workstations and what they are doing, the number of requests queued for the archive, etc.



measurement technique 
 what to do to perform the test, how to make the measurement, the start and end points for timing measurements, etc.



expected results

There are two basic kinds of requirements: functionality and performance.  Generally, functionality can be tested independent of system load.  Performance, however, must be tested with the system running under its required load as specified in 2.3.2.  This is critical to getting a proper measurement as performance is not a simple function of load in some systems.  Performance tests usually require that you arrange to have personnel operating many workstations in a controlled fashion while the measurements are made.  Sometimes the vendor will have special applications which run autonomously on workstations to provide the load.  If you decide to use them, just be sure you know that the system is loaded as in 2.3.2.

Note that when testing the performance of the archive, 2.4.9 and 2.4.10 do not specify the fraction of the archive which is full.  This intentional omission is because the cost of archival media is such as to make a test on a nearly full archive very expensive.  The vendor may be able to supply pre-loaded media for the test, or you may simply agree to verify the media changer speed with a test program, measure the archive time in a simple case, and analytically verify that the requirements in 2.4.9 and 2.4.10 will be met when the archive is nearly full.

The question arises as to how to write the acceptance test.  At the time of the RFP, you can't really specify the acceptance test in detail because you don't know the structure of the system which will be proposed.  My personal opinion is that the vendor should be required to supply a draft acceptance test with the proposal.  

7.2.1
The vendor shall submit with the proposal a complete draft acceptance test addressing every normative requirement in the RFP.  The customer and the vendor will negotiate a final version of the acceptance test before the contract is awarded.

If the proposed test does not professionally address every normative statement (with whatever exceptions are noted in Section 11.2), I recommend dropping the vendor from consideration.  I feel very strongly about this; to be credible, a full-hospital PACS vendor must know how his system performs.  If he doesn't, he isn't worth the risk, no matter how attractive the price.  And if he doesn't know how to test his system, he doesn't know how it performs.

I also believe strongly that you must reach agreement on the acceptance test before contract award.  That is the time when both you and the vendor have leverage, so it is a fair negotiation.  You can disqualify the vendor, and the vendor can withdraw, in both cases with minimal organizational fall-out.  Do not think that there is any advantage to either side in deferring the definition.  The only thing you will be doing is committing both you and the vendor to acrimonious debates when neither side has many options left.

Frequently, customers want some kind of unstructured or random test included in the acceptance test procedure.  I understand the rationale, but I think it is a bad idea during acceptance testing because it makes the test indeterminate.  Remember, the acceptance test is not a contest; both sides want the customer to be happy, and I believe that there is no advantage to concealing any part of the acceptance test.  If you cannot accept my argument, then a fair compromise would be to formally bound the length of time for unstructured testing, say two or three days in a large system, and define the categories of findings which will constitute failure, say system or component crashes or false results like incorrectly assigned data or incorrect workstation output.

Don't get me wrong.  In the verification and validation setting, random testing is extremely valuable.  In most systems, sadly, it will find bugs.  The best random test is clinical operation, and if bugs are ever found, you should have an agreement with the vendor on getting them fixed.  If I seem hard over on the issue of random testing within the acceptance test, it is because in a large system, a typical vendor's V&V test for a product release will take about three man-years, and I do not think that a random test by the customer will add much value, but the delays in the acceptance and subsequent financial transfers detract a lot, and you, the customer, will pay for that delay.

8
Training

Every system should come with manuals, but most people don't learn to use a PACS from manuals.  For a full-hospital PACS, you will want training courses from the vendor to teach a core of the hospital's staff.  After that, experience shows that most new users learn from experienced users.  The following paragraphs describe some of the training issues for which you should write requirements.

Manuals

Decide how many manuals you want.  You might want one manual to be kept with each component, or you might want only one for each area.  In any case, require a few complete sets for the library and one for the system administrator.  In addition to manuals for the obvious components, be sure you require a system administrator's manual.

Whether it is included in each manual or whether it is a separate manual covering all components, you need documented QC procedures for each component.  For things like workstations, the procedure might be simple, for example:



clean the monitor screens with XYZ Screen Cleaner



vacuum all dust off the keyboard, monitors, and processor



clean the mouse ball



verify all cable connections are tight



verify that all cabinet ventilation ducts are clear



clean all filters



measure the monitor brightness with Test Image ABC and Photometer DEF according to procedure...



measure the monitor focus with Test Image GHI according to procedure...

For things like film digitizers, CR systems, laser cameras, and film processors, the procedures can be more complex.  Be sure that the vendor is required to supply all the necessary test materials (test images, etc.) as well as the test equipment (photometers, etc.).

If you are planning to do any of the maintenance on the system yourself, be sure to write requirements for all the necessary service manuals.

Training Courses

There are numerous categories of users.  Some examples are:



department administrator



system administrator



receptionist



transcriptionist



radiologist



clinician



referring physician



radiologic technician



nurse



ER staff



ICU staff



physicist



equipment service staff

You should require that the proposal contain a training plan which covers all the categories relevant to your project.  Be sure to identify in the RFP the number of students in each category.  I recommend also requiring at least two sets of course training materials for your library, as well.  

Training classes are very frustrating for PACS vendors.  Usually, only a fraction of the assigned students show up for the classes, and the vendor is caught between meeting his commitment (and budget) to teach a certain number of classes and his desire to be sure that all the necessary people are trained.  Inadequate training is as much a failure of the customer's project manager as it is a failure of the vendor.  Remember that you have to involve all the users in the project from nearly the beginning.  If you do, the users will want the training, and they will show up for it.

Sometimes, vendors will have computer-based training materials.  If you think it would be helpful, ask for it, but I personally think that its value is not high enough to disqualify a vendor who cannot supply it.

Finally, if you plan to do any of the maintenance, be sure to include requirements for service training.

9
System Warranty and Maintenance

This is where you outline the kind of warranty and maintenance service you want, including the degree to which you will do the work and the spare parts guarantees you expect.  In the subsections, you should write normative requirements which tell the vendor exactly what is required.

There are two kinds of service required on a PACS: failure correction and scheduled maintenance.  Failure correction consists of doing whatever is necessary to fix a broken component.  In general, its schedule cannot be predicted, but you will want to specify a response time.  For large systems, RFPs sometimes require that the vendor's service staff and spare parts depot be on-site.

Scheduled preventative or operational maintenance consists of doing the normal system management tasks like database backups, initialization and insertion of new archive media, installation of new software releases, etc., and performing the QC procedures to assure that the equipment is operating correctly.  Sometimes, customers want the vendor to provide such operational maintenance during the warranty period and even under the maintenance contract as well.  If so, many RFPs specify that scheduled maintenance be done during off-hours.  That is not a bad approach, but the real requirement is that the system remain available when you need it.  If the vendor can keep the system up (and meeting its performance and functionality requirements) while doing scheduled maintenance work during the day, then to me, that's fine.

The warranty period is typically one year.  Many RFPs include a requirement that the warranty period be extended whenever the system fails to meet its required performance or functionality during a specified interval.  Some RFPs require that if downtime hours in a month exceed a specified number, the warranty period is extended by one month.  This leads to a need to define downtime.  This is, for me, a complicated problem because different components affect the availability of the system differently and availability at some times during the week is more critical than at others.  At the risk or going way overboard, I offer the following suggestion:

1.
Define system downtime to be a period when images cannot be acquired from CR or FD or viewed on any workstation.  Define component downtime to be a period when an individual component is unavailable for any reason.

2.
Divide the weekday into periods, for example, 0500-1800, 1800-2200, and 2200-0500.  Do something similar for weekend days, for example, 2400-1800 and 1800-2400.

3.
Assign a percentage to each period, indicating the relative importance of system availability in that period.  For example, the weekday values might be 100%, 70%, and 20%.

4.
Identify the components in Appendix III the failure of any one of which will constitute complete system failure.  Examples might be the database, storage system, and the network.

5.
For each component in Appendix III which is not system-critical, assign a percentage for each period, indicating the relative importance of component availability during that period.  Since these components do not take the entire system down, their percentages will be lower than those in 2.  For a diagnostic workstation in a location where there are several other workstations, the weekday percentages might be 2%, 0%, and 0%.  For a CR system, the percentages might be higher, say 5%, 3%, and 1%.

6.
At the end of each month, count the downtime hours in each period for each component, multiply them by the corresponding percentages, and sum the products.  (Whenever the system is completely down, no other components contribute, only the system-down value in 3.)

7.
If the value in 6 is higher than an agreed threshold, extend the warranty for one month.

I also suggest that you include some kind of lemon-replacement requirement.

One special concern during warranty and maintenance is the video monitors.  As noted in Section 2.7, monitors degrade over time.  You could decide to buy monitors directly from the original manufacturer when failures occur.  Most people want the PACS supplier to maintain these components, however, since they are physically part of the workstation.  Unfortunately, it is difficult (or maybe even impossible) to write a definitive specification of when to replace a monitor with which everyone will feel comfortable.  I therefore have a (modest) suggestion:


Make the assumption that the average monitor will last three (or n) years before its headroom is used up, its phosphor is burned, its high voltage power supply is noisy, or its radiologist just doesn't like to look at it anymore.


Write a requirement that, in addition to the vendor's replacing any hard failure, the customer can direct the vendor to replace up to one-third (or one-nth) of the monitors for any reason in any year.


If you want to get fancy, you could invent a scheme for saving up unused replacements for a rainy day, but I personally think this is more complication than necessary.  You should just have a scheduled replacement plan and always take out the worst offenders each year.

This suggestion will control the maintenance cost risk for a key item and keep the vendor from having to build a cushion into the maintenance contract price to reduce his exposure.

You could handle CR plates the same way, but I believe it is more cost-effective, and no more risky, to deal the original plate manufacturer.

For both the warranty and maintenance sections, you should require the vendor to identify the space and communication facilities which the hospital will have to supply.

9.1
Warranty 

This subsection covers only the warranty period.  Here are some template requirements:

9.1.1
The warranty period shall be deemed to start on the earlier of successful completion of the acceptance test or first clinical use of the system by the customer.

9.1.2
The warranty period shall last 12 months.

9.1.3
The warranty period shall be extended by one month whenever [pick your poison].

9.1.4
The warranty shall cover parts and labor.

9.1.5
During the warranty period, the customer shall have the option of requiring replacement of any component which does not maintain at least 80% availability during the 0500-1800 time period on weekdays for any one-month period.

9.1.6
During the warranty period, the vendor shall provide the following operations support: ...

9.1.7
The vendor shall identify in the proposal the space and other facilities which the hospital will have to make available during the warranty period.

9.2
Maintenance 

This subsection covers only the maintenance contract.  Here are some template requirements:

9.1.1
The vendor shall include in the contract an offer of a one-year maintenance contract, specifying the ordering and payment terms.

9.1.2
The vendor shall include in the contract an offer of a five-year maintenance contract, specifying the ordering and payment terms.

9.1.3
The maintenance contract shall be extended by one month whenever [pick your poison].

9.1.4
The maintenance contract shall cover parts and labor.

9.1.5
During the maintenance period, the customer shall have the option of requiring replacement of any component which does not maintain at least 80% availability during the 0500-1800 time period on weekdays for any one-month period.

9.1.6
During the maintenance period, the customer shall have the option of replacing without cause one-third of the monitors in the system in any one-year interval.

9.1.7
The maintenance contract shall cover the following operations support: ...

9.1.8
The vendor shall identify in the proposal the space and other facilities which the hospital will have to make available during the warranty period.

9.3
System Supplies

9.3.1
The vendor shall provide a list of approved vendors of any required system supplies.  Such supplies include archive media, CR plates and cassettes, laser printer film, and processor chemicals.

9.4
Spare Parts

9.4.1
The vendor shall describe in the proposal the spare parts stocking strategy which he will employ during the warranty period, including on-site spares and any company depots to be maintained.

If you plan to do your own maintenance, you might want a requirement like:

9.4.2
The vendor shall provide a guarantee that the customer will be able to purchase any required spare parts from the vendor for five years.

10
Contract Administration

In this section, you should define any special requirements you have for communication between the companies on contract matters.  

You should define a single administrative point of contact for the entire procurement effort in your organization.  This person must be the final authority on financial and contract issues during the negotiation.  You should also require the vendor to define a single point of contact on his side.

You should specify how communication between the two contract administrators should take place (phone, fax, letter, email, etc.) along with numbers and addresses.  This should be formal enough that there can be no ambiguity over issues of whether a particular change in the requirements (as often happens) has been made or not.

Some customers require that, other than between the two contract administrators, there be no contact between customer and vendor personnel during the time leading up to contract award.  If you have any constraints like these to impose, put them here.

11
Special Contract Requirements

This section is intended to specify any special procurement requirements or other global project requirements.  You will probably have to expand this a lot.

11.1
Proposal Structure

To facilitate the comparison of proposals from multiple vendors, you should define the format you want the proposals to take.  Among the things you might specify are:



the proposal sections.  (One approach is to have the proposal sections parallel the sections in the RFP.)



the inclusion of a requirements traceability matrix.  (The RTM can make verification that all requirements are met much easier.)



the inclusion of manufacturers' data sheets for all OEM components.  (I favor this requirement because it gives you a chance to look at the components more carefully if you have specific concerns.)



the separation of the technical response from the pricing and payment terms (if you want to control the visibility of the project cost).



the provision of the proposal in softcopy as well as hardcopy.  (This will be very helpful during the proposal review process.)



the maximum number of pages allowed in a proposal.  (I do not support this requirement, but some people include it.)

11.2
Exceptions

I recommend allowing for the possibility that a vendor will be unable to meet some of the normative requirements in the RFP.  You are probably better off looking at the vendor's best effort than simply not receiving a proposal at all.  Therefore, I would allow the vendor to list every exception explicitly, along with any reasons he may wish to offer for why the exception should be allowed.  This makes the proposal review process more complex, but it will give you the best chance of getting the best system possible.

11.3
Benchmark Test

There is no way to know for sure what you are buying without seeing it in operation.  If you want to be sure the product is real, then you should require a site visit to a hospital with a clinically operational system.  If your project involves primary diagnosis on softcopy, then I recommend that your visit provide time to work with the local staff as they perform their diagnostic duties.  Nothing else can give you the real feeling.

A site visit will not usually allow you to verify all the technical claims in the proposal.  To deal with this problem, the MDIS program required a benchmark test which turned out to be very helpful in giving their team a clear understanding of our offer.  I recommend that after reviewing the proposals you receive in response to your RFP, you select the two or three best and test them.  In this section, you should write a requirement that vendor agree to such a test.  The MDIS benchmark test lasted three 14-hour days.  The good news is that any single vendor has to do the test only once; the bad news is that you're not the vendor 
 it's a lot of work, but it's worth the effort.

The MDIS program team prepared and organized their test very well.  We were required to have a representative system available for the test, but not a full-scale system.  Although I didn't see their materials, they appeared to have test scripts for all the components and for the system as a whole, and they had assigned individual test responsibilities to their team members, who aggressively pursued their missions.  They also used their own images for the test, including a barium enema series which will live in infamy.  I would like to see a paper on the MDIS evaluation methodology from Colonel Goeringer; I think it would help both customers and vendors.

In my view, the benchmark test is like an acceptance test.  A good way to start writing a test script is to review each normative requirement and decide whether, and if so, how, it should be tested during the benchmark.  Be sure to include image quality tests for every image acquisition and output system (CR, FD, video acquisition, diagnostic workstation, clinical workstation, laser printer).  Also be sure to test the key performance requirements, paying attention to the comments in Section 7.2 about system loading during performance measurements.  Don't forget database queries and external information system message handling operations in the performance measurements.

11.4
Payment Terms and Conditions

You need to state the terms and conditions you want.  Most customers have boilerplate which is inserted here.  Most vendors want some kind of progress payments.  Expect to negotiate this section before contract award.

I can't remember a single project which did not have at least one change between the contract award and system acceptance.  Sometimes, the change was on the customer's side (which modalities to include or which rooms to network or different workstation configurations, etc.).  Sometimes, the change was on our side (an OEM component unexpectedly becoming unavailable or, worse, a schedule delay in our development, etc.).  The two sides have to agree on how to handle the financial consequences of such changes.  This is not an easy problem, but if you want a low-stress life, deal with this issue before contract award.  At the very least, require that the vendor propose a way to handle such changes in his response, and analyze his proposal very carefully.

11.5
Required Insurance

Since the vendor will have equipment and staff in your facility, you will probably want to require him to live by your rules and to maintain insurance which protects you from his problems.  

Since equipment, particularly workstations, can grow legs, be sure to define the responsibility for losses of equipment which occur before installation, before acceptance, etc.

11.6
Licenses, Permits, and Building Codes

In this section, make clear that the vendor has the responsibility for all licenses and permits necessary to fulfill his commitments.  Also make clear that the vendor must meet whatever building codes you require, including any special ones your institution imposes.

12
Project Control

This section is intended to define how the sides will work together on the program after contract award.  Some people would leave this section out of the RFP and jointly define it with the selected vendor during the contract negotiation.  I favor that approach, but I have included it here because I think you should think about these issues as you plan the project, and I didn't have anyplace else to put it.

12.1
Project Management

Sometimes, the contract administrator is not involved with the project on an operational basis.  When this occurs, you need to define a person who has the technical project management authority to make decisions on implementation details.  You should require the vendor to do the same.

12.2
Project Correspondence

Just as in the case of the contract administrator, you should define a formal means of communicating changes between the project management organizations on the two sides.  This is not to imply that only the formal channels can be used, only to say that after informal communication has resulted in an agreement on an issue, it must be formalized or it does not count.

12.3
Change Control

Section 10 suggested that you deal with the financial consequences of the changes which seem inevitably to arise in the implementation phase of system projects.  In this section, you should think about how to agree on the changes themselves.  Changes can occur in anything:



system configuration



building or campus



vendor-supplied services



schedule 



functionality 



performance 

I think the project managers should discuss the problem and agree on a solution which must be ratified by the contract administrators.  In the best of all worlds, the financial consequences of the solution are clearly covered by Section 10.

13
Glossary



ADT: admission, discharge, transfer



AEI: authorized engineering information, clarifying statements to assist in interpreting a normative statement



ATM: asynchronous transfer mode, an emerging technology for high-speed networking, in the 150Mbps range



CCD: charge-coupled device, a kind of electronic light sensor used in some film digitizers



Conformance statement: a document required of any DICOM implementor, describing in a defined format what they have implemented



CR: Computed Radiography, a system using a reusable storage phosphor plate to acquire conventional radiographic images digitally



DCT: discrete cosine transform



DICOM: Digital Imaging and Communication, an industry standard for connection of, and communication among, medical imaging devices



DPCM: differential pulse code modulation



Ethernet: a 10Mbps local area network



FD: film digitizer



FDDI: fiber distributed data interconnect, a 100Mbps local area network



HIS: hospital information system



HL7: Health Level 7, a common protocol for communicating with hospital and radiological information systems



Hz: Hertz, a unit of frequency equal to one occurrence per second



I/O: input/output



IHID: intra-hospital image distribution



IMACS: image management and communication system



ISDN: integrated services digital network, a low-to-medium speed technology for digital telephony, in the 100Kbps range, although higher speeds are possible with broadband equipment



LAN: local area network



MATMO: Medical Advanced Technology Management Office, the current name of the MDIS Program Office



MDIS System: Medical Diagnostic Imaging Support System, the military PACS program



Moore's Law: the observation that in computer technology, computational power doubles and cost halves every 18 months



NFS: network file system, a protocol for accessing storage devices via a local area network



Normative statement: a specification requirement which must be met by the implementation



PACS: picture archiving and communication system



RAID: redundant array of inexpensive disks, any of six arrangements of conventional disk drives to increase speed and reliability



RFI: request for information



RFP: request for proposal



RIS: radiologic information system



ROI: in medical imaging, region of interest; in finance, return on investment



RTM: requirements traceability matrix, a cross-reference between requirements in the RFP and responses in the proposal



RTP: radiotherapy treatment planning



SCP: service class provider, a process which provides a specific DICOM service class to service class users



SCU: service class user, a process which uses a specific DICOM service class



SQL: structured query language, an industry-standard language for querying a database



UNIX: a common operating system for computers



WYSIWYG: what you see is what you get, pronounced "whizzy-wig"

Appendix I
Procedure Volume Analysis
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From the Yale-New Haven Hospital RFI

Appendix II
Image Request Statistics

Requests per image:

Diagnostic requests for seriously ill patients (1):

First 3 days of hospital stay
=
10

Next 6 days of hospital stay
=
4

Rest of first year
=
3   ( = a)

Outpatient studies
=
2   ( = b)

PACS operational load:

Initial acquisition
=
1

QC / exam verification
=
1

Initial archival
=
1

Dearchivals
=
5   ( = a + b)

Total requests per image
=
24

The PACS operational load will depend on the system architecture and on some of the hospital's procedures (like the QC process).  You shouldn't try to specify this portion of the table, but you should require the vendor to include the correct values for his system in the proposal.

(1) Stewart, et. al., IEEE Eng. in Med. & Biol., Mar. 1993

Appendix III
Table of Components and Locations

This appendix serves, with Sections 4, 6, and 8, as the normative definition of the components which are being purchased.  It also serves as part of the punchlist for acceptance of the physical components of the system.  A tabular form will help the vendor prepare the proposal accurately.  The following paragraphs provide a template.  You will probably have to expand on this section, particularly if you specify other kinds of equipment in the procurement or if you divide the project into multiple phases.

III.1  Definition of Component Names

The following component names and definitions are used in III.4:

ARC:
archive system

CR-H:
high performance CR reader

CR-L:
low performance CR reader

CR-M:
medium performance CR reader

CR-P:
dedicated CR laser printer

CW:
clinical workstation

DB:
database computer

DW:
diagnostic workstation

EIS:
external information system interface

FD:
film digitizer

LP:
laser printer

M:
modality interface

STS:
short-term storage system

TRI:
teleradiology interface

Monitor types are defined as:

A:
2560 x 2048, monochrome, portrait mode

B:
1280 x 1024, monochrome, portrait mode

C:
1024 x 1280, monochrome, landscape mode

Workstations are defined by the nomenclature: 

<name> - <number of monitors> <type of monitor>

For example, a diagnostic workstation with four 2.5K x 2K monitors is denoted, DW-4A.

III.2  Definition of Location Codes

The following building names and definitions are used in III.4:

A:
The Main Hospital

B:
The ABC Pavilion

C:
The XYZ Annex

D:
The Satellite Clinic

Locations are identified in III.3 using the nomenclature:

<building> : <floor> . <room>

The approximate locations of network drops within rooms are identified in III.3 by compass point.

III.3  Project Phases

The components are to be delivered in two phases as described in III.4.

III.4  Table of Components and Locations
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Appendix IV
Architectural Plans

You should include a scaled drawing of the campus, identifying all the buildings where the supplier is to work.  For each building, include a set of architectural plans for every space where the supplier is to install components.  This includes:



the computer room



the modality rooms



the workstation locations



telecommunication closets



cable chases

Mark the location of each component on the drawings.  Indicate on which wall the network drop will be placed.  This is a big help in estimating installation costs, and it accelerates the proposal preparation process.

Do the very best job you can, but include a statement like:


The architectural drawings and indicated equipment locations are for the convenience of the vendor in preparing the proposal.  The vendor is offered the opportunity to make site visits as necessary to refine estimates of installation cost.  Appendix III shall take precedence as the normative requirement of purchased equipment and installation locations.
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