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ASOP is a proposed methodforfuture medical record
notation. This permutation of the original POMR-
SOAP method is necessary to provide the standard-
ized workflow and medical nomenclature which will
be essential for automated medical record systems
and forms-based encounter recording. The develop-
ment ofan ASOP system is dependent on tools to map
assessments to appropriate terninology within a uni-
versal medical dictionary and generate intelligent
queries across the World-Wide-Web. In this study we
intend to demonstrate the need for change in the
POMR system and highlight some of the current tools
in development to make the ASOP method the medical
record notation system ofchoice.

INTRODUCTION

Weed first published the problem oriented medical
record in 19681. Weed's intention was to develop a
paper based system as a model for the computerized
implementation of that same system. "If we accept the
limits of discipline and form as we keep data in the
medical records the physician's task will be better
defined, the role of paramedical personnel and the
computer will be clarified, and the art of medicine will
gain freedom at the level of interpretation and be
released from the constraints that disorder and confu-
sion impose."

Weed's statement still holds true today. Physicians
and medical personnel need tools that will better
record their data and plans while providing them the
freedom to master the art of caring in a high quality,
low cost setting. As a result of Weed's Problem Ori-
ented Medical Record (POMR) came the develop-
ment of the "SOAP" note (Subjective-Objective-
Assessment-Plan)2.

The POMR and SOAP have been revered, refuted,
enhanced, desecrated, and reborn many times in the
past 27 years3-8. The basic intent of the process has
somehow changed over time. Initially, there was a
single SOAP note associated with each problem.
Now, we find the problems listed as individual items

under the assessment of the patient's condition. We
need to review the philosophy behind the develop-
ment of this system.

To improve the value of the single note method, we
propose to change the POMR-SOAP system into a
POMR-ASOP system. The placement of the assess-
ment at the beginning of an encounter or initiation of
data entry would then allow for the generation of
guideline specific elements of data collection, suggest
possible treatment protocols and trigger the appropri-
ate plans on a problem by problem basis.

An assessment is described as ANY symptom, find-
ing, diagnosis, or pathophysiologic process. In this
method, it is replacing the problem list as a separate
entity and embedding it within the initial write-up and
each follow up note. Each assessment is then respon-
sible for determining a set of subjective and objective
data to be recorded. Development of an ASOP-ori-
ented patient record is the subject of this paper.

BACKGROUND

The everyday practice of efficient, compassionate and
high quality medical care is often lost in the develop-
ment of better and faster tools for the practice of med-
icine. Of equal concern, the external forces of
managed care and capitation are requiring physicians
to see more patients while maintaining a more thor-
ough medical record. While our goal as informaticists
is to develop these tools, we need to examine closely
those areas where a new tool would best be used to
aid in the everyday practice of medicine. The devel-
opment of better tools is paramount for cost-effective,
high quality medical care.

Perspective
The typical office visit in our clinics is a fifteen
minute return visit. At our present efficiency, our phy-
sicians tend to run between 30 and 60 minutes late for
a half day clinic of 16-20 patients. When residents are
involved, the total patients seen by an attending may
reach 35. If only 10 minutes are spent with the patient
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in history and physical examination, that leaves 5
minutes for case discussions, nursing instruction, and
thorough documentation of all events.

Problems
In this setting, two problems arise. First, many people
interacting with a single system will generate varia-
tions in style in diagnostic terminology, data collec-
tion and plan development. Second, there is no time to
access the medical knowledgebases for the most up-
to-date diagnostic algorithms, industry-generated
practice guidelines, and insurance-approved treatment
protocols.

The greatest problem that currently exists in these sit-
uations is the clinician's inability to use a standard
vocabulary to represent his/her findings9. The diagno-
sis of diabetic cardiomyopathy and its associated
complications may in fact be represented by any of
the following assessments: congestive heart failure,
CHF, pulmonary edema or pulmonary congestion.

Since Weed's first writings, we have successfully
increased the size and complexity of our diagnostic
and terminology databases yet have done little to
improve the accuracy of recording our assessments.
Policy statements can be generated at the clinic or
institutional level in attempt to combat these differ-
ences, but there is always a greater scope in which a
clinic or institution only represents one of many orga-
nizational members.

When we are unable to represent our patient assess-
ments accurately, the second problem, which natu-
rally follows, is increased in complexity: The
translation of these assessments into a terminology
which can then be used to generate intelligent search
strategies to answer our intellectual queries.

CiminolO demonstrated a useful solution to this sec-
ond problem with the "MEDLINE Button." He was
able to generate intelligent MEDLINE queries based
on the information in each note. No differences in
vocabulary were accounted for. The MEDLINE data-
base may be the definitive database for the published
medical literature; but by no means is this now the
most useful (or accessible) source of medical infor-
mation.

THE ASOP MODEL AT WORK

Transition to a POMR-ASOP method of information
recording could solve both problems described. With
the exception of the new patient visit, most clinic

patients have a fixed list of problems that change
infrequently. These problems and diagnoses or
"assessments" are then used to drive the subjective
and objective information gathered with each visit.

Assessment
Medical assessments, when appropriately specific,
can provide an excellent index of a patient encounter.
Each assessment item can have defined fields which
will need to be completed during the subjective and
objective components of the workflow. The appropri-
ate fields, tied to each assessment, could be user, divi-
sion, department, or nationally specified. The more
global the specification the more likely that all health
care providers will be collecting consistent medical
information. If the information is consistent, then
analyses across a wide number of sites can be more
easily completed.

A single assessment would generate a limited list of
information to be collected. Each additional assess-
ment would then generate a new list with reconcilia-
tion of overlap information. Very specific assessments
will generate specific lists while vague assessment
will generate highly complex lists.

Once the workflow list is defined, the information can
be recorded. A method of encounter representation
similar to the PEN-Ivory methodll would allow for
rapid, consistent, and thorough representation of the
information to be recorded.

Subjective
Subjective data can be recorded by the patient and
other appropriate medical personnel before the patient
is ever brought back to the room to interact with the
physician. New problems or concerns can be recorded
by the nursing staff in the assessment section (e.g.
shortness of breath, cough, fatigue) which wouild then
generate the workflow of necessary clinical data to be
captured. Generating predetermined forms assures a
consistent medical vocabulary between patients. The
majority of subjective information (history) will be
predefined by the assessments. There is always the
opportunity for addition information, as discovered in
the interview, to be appended to the form. These addi-
tions can then be addressed as needed, and the appro-
priate vocabulary amended.

Objective
Objective data will be recorded by the nursing staff
and physician. Again, the content of the forms will be
defined by the assessments and amended subjective
information. Findings from previous visits can be
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used to populate each of the content fields or be left
blank if not previously evaluated. Since physical
exam findings do not change frequently in a stable
out-patient environment, this might result in little or
no change in the content of the objective form.
Changes which need to be made may only take a few
seconds to record with the use of a gestural controller.
The end result is that the physician does not have to
spend much time reviewing the chart or taking notes.
Her time can be directed at the patient completely.

Plan
At the completion of the encounter, the physician has
the opportunity to add or refine assessments. Any
additions at this point may change subjective and
objective form elements, but the physician is still with
the patient, the most appropriate place to make any
further additions. The physician can continue to move
through amendments to the A-S-O forms until they
are complete. At this point, the three forms can be
committed and a plan generated.

The plan form is a logical conclusion to the encounter.
Data collected from the assessment, subjective, and
objective forms can be compared against predefined
guidelines to generate the plan. This would include
laboratory tests to be performed, health maintenance
procedures, and the suggestion of therapeutic inter-
ventions. The plan form will serve several purposes. It
can represent a patient handout advising them of the
next steps for their health care, instructions for nurs-
ing personnel, prescription generation to be forwarded
to the pharmacy, and procedure scheduling. The plan
page can also act as a checklist for nursing personnel
to be sure that all of the planned procedures are com-
pleted prior to the next clinic visit.

ASOP and the WWW
The workflow represented by the ASOP model pro-
posed here could be supported by a hypertext system
such as that found in the World-Wide Web (WWW).
Tools such as Trellis12 could be incorporated into the
common gateway interface of a WWW server, provid-
ing the necessary dynamic control over the process of
workflow in the clinical environment. A significant
advantage of using a system like WWW in the presen-
tation of the ASOP model is that it further allows the
clinician to gain access to other resources through a
common user interface. WWW services in the medi-
cal domain have proliferated exponentially in the last
year. Tools can be developed with the ability to intelli-
gently "review" these new services on-line and report
the results back to the clinician, all within a single
WWW user interface. Although WWW's hypertext

markup language (HTML) is currently insufficient to
provide the necessary layout commands for display of
clinical information, developments in HTML occur
rapidly, and specialized support for new features spe-
cific to the needs of the medical record is a further
possibility. These features may be provided through
visual objects supported by interpreters such as Tk or
JAVA that can be embedded in a WWW client13-14.
Increasing sophistication of WWW servers can be
expected to lead to adequate support for security and
privacy as well.

While there is some suggestion that these interroga-
tives of remote resources would be going on in real
time at the site of care, a more realistic interpretation
would be for these results to be available to the clini-
cian when he is in the relative solitude of her office
after clinic hours are over. However, the ability to
instruct the agent to do rapid superficial search for
results to be reported in the clinic would be an excel-
lent enhancement.

For the ASOP model to reach full effectiveness as a
recording system, standardization of the medical
vocabulary is essential. We propose a series of tools to
maximize the effectiveness of this system.

ASOP SUPPORT TOOLS

The HTML used to drive the ASOP workflow would
be served by the Ambulatory Services Architecture
(ASA) server1516, which would easily allow access to
tools such as the Distributed Medical Dictionary and
Medibots:

Distributed Medical Dictionary
The problem of vocabulary standardization and term
relationships makes it necessary to develop a single
data dictionary for use by ALL medical domains, both
clinical and basic science or a tool to browse those
multiple dictionaries currently available17.

The advantage of a distributed architecture for a med-
ical vocabulary resource lies in the ability to extract
general information from the central resource services
and more specific information from local, specialized
resources. The Distributed Medical Dictionary
(DMD)18 has an architecture that provides several
advantages both to development and deployment,
including simple recursive search structures, smaller
local resources, uniform vocabulary, reduced demand
for hardware, and involvement of more domain spe-
cialists in the expansion of electronic medical vocabu-
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lanies.

Medibots
"Medibot" is our name for query engines designed to
traverse the Internet applying semantic knowledge
acquired from the UMLS and other knowledge
resources, including, potentially, the DMD, to the task
of information discovery in the medical domain. Our
first Medibot categorizes medical literature on the
WWW19. Medibots are an application of
Amanuensis20, which supports naming and typing of
data in local and remote information sources and
computations, thus facilitating both human and auto-
matic search and retrieval in hypertext, and integrat-
ing diverse electronic resources into the same user
interface. Amanuensis "query engines" are servers
that provide interfaces to diverse information
resources, such as MEDLINE, the UMLS Metathe-
saurus, and the SNOMED nomenclature. An interface
to Amanuensis was developed to support WWW
browsers as a user interface.

By constructing dynamic queries against medical
information resources such as the ones supported by
Amanuensis, Medibots can become agents that will
function as the next generation of Cimino's MED-
LINE button. These Medibots will be able to interpret
problems, map terms to dictionaries beyond the insti-
tution, and generate an intelligent search to provide
clinicians with either rapid and shallow or slow and
thorough responses to their questions.

SCENARIO

Let us take the case of a patient returning to the office
for follow-up of his diabetic care. The patient is seen
by a different doctor. The patient indicates that he has
a new problem, shortness of breath. This new problem
will now generate a new series of content items to be
included on the subjective and objective forms. The
content of these forms will be generated from the
assessment "shortness of breath" based on appropriate
predetermined guidelines.

When the encounter is complete, the physician will
then update the assessment form prior to leaving the
patient room. These new assessments, Pulmonary
Edema, S3 Gallop, and Dyspnea, will be confirmed
for vocabulary consistency against the DMD when
the form is committed. The new assessments may
then trigger new subjective and objective content
items. Once the form is committed, a Medibot can be
invoked to combine semantic and procedural knowl-
edge in the DMD with patient data from the ASOP

chart to map any new assessments back to a least
common ancestor in the patient chart. The Medibot
will first search any assessments that are already iden-
tified in this patient. If a single ancestor can not be
found then it will try to map the assessments individu-
ally. Again, comparison will first involve previously
defined assessments for this patient. The Medibot
should map these assessments back to the single
assessment: Congestive Heart Failure.

A distributed medical vocabulary like the DMD is the
critical component for success of the ASOP model.
The system efficiency is predicated on the use of com-
mon medical nomenclature to drive the workflow sys-
tem necessary to generate each successive form.
When the mapping is complete, a plan can be gener-
ated from guidelines and treatment protocols taken
from the appropriate elements of the DMD hierarchy.
Suggested interventions can be made and treatment
plans edited.

A second role of the Medibot is to perform search
strategies identified on the fly during clinic visits.
Using knowledge derived from the DMD and the
refined assessments, intelligent and complete queries
may be generated. Superficial queries can yield results
delivered directly to the clinic in real time, while more
in-depth strategies can be employed with results
returned later in the day for a more detailed review
after conclusion of the visit. These Medibots should
be self generating similar to the MEDLINE Button"
yet have a much wider search domain.

CONCLUSIONS

We propose the change from a traditional Problem
Oriented Medical Record with multiple Subjective-
Objective-Assessment-Plan components to a single
encounter note in the form of Assessment-Subjective-
Objective-Plan. The change will abbreviate the
amount of original information required to be
recorded at each encounter by generating workflow
documents from previously recorded assessments.
This will yield more efficient and cost effective
patient care.

New assessments can be generated at any time prior
to or during an encounter to assure that the appropri-
ate supporting data is collected prior to the patient
leaving the clinic. The success of such a change is
predicated on a consistent medical vocabulary which
uses the concept of a distributed medical dictionary to
map all terminology back to the appropriate databases
(local, UMLS, SNOMED, etc.).

145



The discussion of the computer-physician interactions
of the patient encounter in the SCENARIO should not
give the impression that any of these problems, the
development of workflow support for ASOP, the con-
struction of distributed medical knowledgebases, or
the design and development of intelligent medical
agents, is trivial to solve. The application of intelli-
gence to workflow technology is only now becoming
feasible; the drive to consensus on the form and con-
tent of medical vocabulary is gaining impetus, but
consensus and development are far from what is nec-
essary to support real applications; and the use of
agents in distributed information discovery and
retrieval is in its infancy.

Adherence to a unified medical language is para-
mount for the success of future medical record keep-
ing. As longitudinal patient records and centralized
medical record databases become more common-
place, adherence to a unified language will be
required to ensure successful data retrieval for out-
comes, quality, and utilization research.

The ability to adhere to unified nomenclature will also
significantly aid in the ability to do real-time and
exhaustive searches of the World-Wide-Web for med-
ical reference materials. It is inevitable that increasing
amounts of the most timely medical information will
be posted on the WWW (or its logical successor in
electronic publication, whatever that may be). As
more data comes on-line, more efficient and intelli-
gent searching tools must be available to aid the clini-
cian in her everyday work.
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