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Background:

I serve as a member of the DICOM Standards Committee representing the American College of Radiology.  I have been involved in the development of the DICOM Standards since early 1984 when the standard had two sponsors; the American College of Radiology and the National Electrical Manufacturers Association.  At the time, the Standard was known as the ACR-NEMA Standard.  The present DICOM Standards Committee has membership from multiple biomedical organizations, most medical imaging equipment manufacturers, and standards organizations from Europe and Asia.  An overall principle that the DICOM Standards Committee adheres to is one of avoiding duplicative or conflicting standards through the referencing of applicable open standards whenever possible.  Because of the importance of the Health Level 7 (HL7) Standard to the DICOM efforts, both standards organizations have established a joint Working Group.  The most recent effort of the DICOM Standards Committee towards developing integrated applications for electronic patient medical records and the infrastructure to support them is the Integrating the Healthcare Enterprise (IHE) effort.  This work is jointly sponsored by the DICOM Standards Committee, the Radiological Society of North America (RSNA), and the Healthcare Information Management Systems Society (HIMSS).

I am also a practicing radiologist and have had ample opportunity to use the DICOM standard and, in some instances, install equipment that supports it.  My responses to the issues list reflects both perspectives.

Appended is a current list of DICOM Standards Committee Working Groups, their Chairs (and Co-Chairs), secretariats, and scopes.

More information on DICOM, including the full standard in electronic form, is available from the NEMA Web site:  http://www.nema.org.  Navigate to the “Medical” section and “DICOM” under those pages.

1. Do the PMRI message format standards on the attached list address your highest priorities for exchanging PMRI electronically?

As radiology departments have changed from analog imaging (which is largely film-based) to digital techniques, they have started to move, display, and store digital medical images using computer-based systems.  These are generally known as picture archiving and communications systems (PACS).  The primary role of the DICOM Standard has been to make it simpler, less costly, and more reliable to connect equipment to PACS.  More recently, DICOM has started to address the problem of how consistency of image displays will be maintained across diverse display systems.  The high priority of PACS is to support the imaging needs of a medical facility, and DICOM has served well in its role as the communication standard employed in PACS.

2. What is the name of the specific standard and version that your comments will address in response to questions 3 through 6?

DICOM 3.0 – 2000 is the current version of DICOM to which the following comments apply.  In some instances, implementations cited were of earlier versions of DICOM (DICOM 3.0 – 1995 through DICOM 3.0 – 1999).  Newer versions of DICOM are generally supersets of earlier versions.

3.
What functions or characteristics caused you to select this standard for implementation?

The major factor influencing our use of DICOM is its wide availability from multiple manufacturers.  DICOM is the standard we specified for our PACS implementation and all imaging equipment we specify for purchase is required to conform to the DICOM standard.  It is routinely specified by us (and by most other radiology departments and practices) in equipment purchase contracts.

Secondly, DICOM implementations by manufacturers support the functions we need for clinical operations.  That is, to get images from imaging equipment (CT, MRI, ultrasound, nuclear medicine and other scanners, phosphor plate and direct capture digital radiographic systems, etc.) from those devices to diagnostic and review workstations, and to short- and long-term storage systems.  More recently, DICOM has allowed us to support automated movement of patient information from our radiology information system (RIS) to imaging equipment, reducing the amount of manual work that technologists have to do (and also reducing the errors of incorrectly typed patient information).

4.
What was your experience implementing this standard?

a. What aspect of implementing this standard exceeded your expectations?

In some instances, installing new equipment that conforms to DICOM was a very nearly plug-and-play experience.  In our Ultrasound Section, we have installed several machines and a printer that required about a half an hour to install.  I personally installed two of these pieces of equipment; it involved following manufacturer instructions for entering network addresses and equipment name information and starting up the machine.

b. How long did it take your organization to implement this standard?

It is a bit difficult to determine an implementation time.  We started specifying DICOM as a requirement for new imaging equipment in the mid-1990s.  By then, DICOM was available either included or as an option on most image generating equipment.   Aside from the pleasant surprise of very short installation time described above (4a), most of our installations of equipment that supports DICOM has been far more dominated by the usual installation time for the hardware, and not the connection of the equipment to the PACS network.

c. What was the total implementation cost?

Many manufacturers now include DICOM as a standard feature on their equipment.  In the early days of DICOM implementation (mid-1990s), DICOM interface boxes for “legacy” equipment and a DICOM option in equipment in which it was not standard cost between US $10,000 – 25,000.

This cost has to be examined in comparison with the alternative – a custom interface for the equipment.  The hardware and software development cost is easily the equivalent of what used to be charged for a DICOM interface.   A major saving of cost has been in support and the impact of changes on a custom-developed interface.  Support of a custom interface is usually based on local personnel rather than the manufacturer.  Also, changes in the software used by the vendor would usually require rewriting the software used in the custom interface; another expense borne by the user and not the manufacturer.

d. After you completed the implementation of this standard, did it prove to be easy to use?

For the most part, once initial connection of DICOM conformant equipment is completed, it is a very low-maintenance implementation.  DICOM relies on off-the-shelf communications hardware (an instance of using existing standards; TCP/IP and IEEE 802.3) and software which, because of wide use in the information technology sector, is very reliable and inexpensive.  We have seen occasional problems when initially connecting new equipment.  DICOM provides for a number of options and this flexibility makes it possible for two implementations to be incompatible.  However, a feature of DICOM is that manufacturers must provide a conformance statement.  These conformance statements are uniformly constructed and must follow a prescription specified in DICOM itself.  This allows a reasonably knowledgeable user to determine, in advance, when two implementations are incompatible.  Users have also started to be more specific in purchase contracts, sometimes requiring that manufacturers either adhere to a specific set of DICOM options or that they resolve any conflicts or problems at no cost to the user.  In rare instances (one, in our experience) we have seen a DICOM conformant device fail to communicate with our PACS because of a manufacturer’s error in implementing the standard.  In our case, the manufacturer failed to include an attribute that is mandatory.  Troubleshooting this was itself fairly quick, though it required both manufacturers (the PACS vendor and the imaging equipment manufacturer) to examine the DICOM data stream in detail.  The problem was found within half an hour and was remedied by the imaging equipment vendor within a week.  Failures of equipment that uses DICOM after it has been successfully connected are rare, but other institutions have reported that such failures typically occur when one manufacturer updates software that purposely, or inadvertently, alters the parameters used in their DICOM implementation.

5. What are the major weaknesses or limitations of this standard?

One weakness of DICOM is a function of its voluntary nature.  There is no enforcement mechanism for DICOM.  Other than market forces, there is no way to enforce conformance to DICOM.  The Standard has a mechanism for manufacturers to include proprietary information in a DICOM message.  While not a violation of DICOM to do so, some manufactures have (in the past) provided features or functions that depended on proprietary information to be present.  This practice certainly violates the spirit of DICOM, one goal of which was to promote vendor-independent operation.  This “weakness” has another side, however, in that DICOM avoids the bureaucracy that may be engendered by a de jure standard.  There is no authorizing or approving body required and this has helped streamline DICOM development.

A second weakness has to do with the absence of a database query standard in DICOM.  The DICOM standard has a “query” and “retrieve” mechanism in it, but it is particular to the standard.  The problem with this is that DICOM implementations cannot take advantage of standard database query mechanisms (such as SQL).  As a result, while it is possible to connect image display workstations from different vendors to a PACS, provided they are DICOM conformant, the image navigation and patient search tools provided in such workstations may not work properly.  Because DICOM does not include a database standard, many manufacturers have developed proprietary tools to search DICOM archives and storage systems.  This makes their workstation products incompatible at the user application level.  While this tends to be viewed as a weakness by users, most manufacturers do not see it as such.

A third weakness is also not universally thought to be so.  As noted previously, DICOM specifies well-known and widely used communications standards.  However, some users and manufacturers would argue that the value of DICOM is in its information models and structure and that this should constitute the standard.  This would allow any communications “layers” to be used, including newer, more efficient, protocols.  Those who disagree note that the communications layers chosen (TCP/IP and CSMA/CD) have kept up with speed demands (gigabit Ethernet being a typical example) because of the “commodity” nature of the protocols and hardware.  In fact, we have upgraded our core PACS network to include a mixture of gigabit Ethernet, 100BaseT Ethernet, and 10BaseT Ethernet where appropriate and we run DICOM devices over these links with no problems.

a. What could, or should, be done to strengthen this standard?

There is a specific Working Group (WG 10, Strategic Advisory) whose task is to examine what is happening with other standardization efforts in healthcare and what technology advancements might benefit DICOM.  Incorporation of security mechanisms in DICOM is one example where the Strategic Advisory WG has made a number of recommendations.  Improving the database aspects of the Standard is one area in which long-term planning may help to alleviate the weakness noted above and result in a more robust and interoperable standard.

6. Have you evaluated any more current version(s) of the standards you are using?

a. If so, what is your evaluation of them?

Since implementation is heavily manufacturer-dependent, we rely on our vendors to supply us with current, updated, versions of DICOM implementation.  However, we do update our purchase contracts and RFPs to include the most current DICOM publications.

Most recently, we have started also specifying functionality that derives from “profiles” defined for the IHE efforts.  Two years of profiles have been defined with a third to be deployed in November of this year.  The IHE work does NOT generate standards, but rather develops scenarios and selects particular implementation options from DICOM.  For example, in a recent PACS RFP that we developed, we specified the functionality required of the interoperation of the PACS and our RIS by requiring vendors to conform to the “IHE Year 2” profiles.

This is further discussed in the answer to the next question.

7.
Are there any other standards that support exchange of patient medical record information that NCVHS should be considering?

An important aspect of patient records is how they allow for interoperation across information systems.  In nearly twenty years of PACS development and implementation, one thing that almost all PACS adopters would agree on is that integration of a PACS with an RIS is essential if the efficiencies that are made possible with electronic systems are to be realized.  With separate systems, analyses that we have done show that, without integrated systems, the typical cycle of a request of an imaging examination to the report finally reaching the chart requires some 30-40 steps, many of them manual ones.  Integrated electronic systems have the potential to cut this in half.

The work of the Integrating the Healthcare Enterprise (IHE) Committee is to take existing standards (DICOM and HL7 primarily) and construct profiles using those standards to address particular clinical problems.  The current Year 3 framework consists of seven profiles:

· Scheduled workflow – allows for automation of patient demographic and schedule information movement between systems

· Patient information reconciliation – supports changes of patient name, status, etc.

· Consistent presentation of images – provides for device-independent, consistent appearance of images and the ability to recall images as viewed by the radiologist

· Access to radiology information

· Key image notes – allows for radiologists, referring physicians, technologists, and other healthcare professionals to annotate images with questions, markers, et cetera.

· Simple image and numeric reports – supports DICOM Structured Reporting in its simplest form

· Presentation of grouped procedures – solves the problem created by newer imaging devices (helical and multidetector CT machines and MR machines) when multiple areas of the patient’s body are imaged, but are to be interpreted by different specialists.

I believe that a review of the IHE work by the NCVHS would be useful.  It would provide examples of how electronic PMRI could be used across systems.  More information is available at:


http://www.rsna.org/IHE
Summary:

DICOM has become the predominant standard for radiological imaging and is rapidly being adopted by other specialties that generate digital images (cardiology, ophthalmology, endoscopy, dermatology, et cetera).  While not ideal, its wide adoption and implementation are testament to how well it works.  At the introduction of DICOM during the 1992 RSNA meeting, there were some twenty-five vendors demonstrating the Standard.  Currently, among the hundreds of vendors who exhibit at the RSNA, it is rare to find an imaging equipment vendor that does not support DICOM.  

The work of DICOM is done by volunteers from industry, medical professions, and standards organizations.  It is an excellent example of how a standard can be built through cooperative and collaborative efforts.
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