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CLINICAL PRACTICE

Comparison of computer-aided and human review
of general practitioners’ management of

hypertension
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Computer programs that automatically review
decisions can help physicians provide better patient
care. In the Netherlands, the ELIAS computer
information system has replaced paper medical
records in some general practices. We have written
a computer program called ’HyperCritic’ that audits
general practitioners’ management of patients with
essential hypertension by taking patient-specific
data from the ELIAS system. We investigated
whether the computer-based medical records
contain sufficient information to generate critiques,
and compared the limitations of audit by hypercritic
with those of review by a panel of eight physicians.

Hypercritic and the physicians independently
reviewed the medical records of 20 randomly
selected patients with hypertension and
commented on the decisions made at each of 243

patient visits. Of 468 comments on patient
management, 260 were judged correct by six or
more of the physicians; hypercritic also made 118 of
these 260 comments. The main reasons why the
program did not produce the other 142 comments
were: insufficient data in the computer-based
medical record; absence of sufficient medical

consensus; and omissions in the database of

hypercritic. Calculation of an "index of merit"

([sensitivity + specificity] - 1) for individual
reviewers showed that hypercritic performed better
(index of merit 0&middot;62) in its limited domain than did
physician reviewers (0&middot;3-0&middot;56).
At least in hypertension management, automated

review of computer-based medical records

compares favourably with review by physicians.
Further development of computer-aided clinical
audit requires the introduction of computer-based
medical records that capture the reasoning of

physicians, and of widely accepted practice
guidelines.

Introduction

The storing of medical records on computer allows
systematic analysis of past clinical experience, thus
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providing guidelines for future practice and policies.’ 1

Programs to support clinical decision makingZ have been
developed in parallel with computer-stored medical records.
However, despite early optimism about the future of

computer-assisted decision making,3,4 these programs have
not come into widespread use. Miller and Masaries argue
that one of the fundamental causes of this lack of success is
the so-called "Greek oracle" model for decision support
incorporated in early systems. In this model, the physician,
unable to resolve a given medical problem, submits all
relevant patient information to the system. The physician is
then a passive observer who waits for the oracle to solve the
problem.
An alternative to the Greek oracle model is the

"critiquing" model. Here, the physician, in addition to
submitting patient-specific data, lets the system know the
decisions he intends to make. The system evaluates these
decisions and expresses agreement or suggests alternatives.6

Programs based on the critiquing model for computer-aided
decision support can be integrated with computer-based
medical records. Physicians enter data into a computer and,
behind the scenes, the medical-records system forwards

patient data to a critiquing program. The critiquing
program evaluates the decisions of physicians and, if

inappropriate, suggests reasoned alternatives.
In the Netherlands, the ELIAS program is used by

general practitioners (GPs) to replace paper-based medical
records with computer-based records.7 We used data taken
from these computer-based medical records on GPs’
decisions about management of patients with hypertension
to compare the performance of human reviewers with that of
a critiquing program called ’HyperCritic’. 8

Patients and methods

Medical records program

In the Netherlands, the ELIAS program is used at over 300 sites
by more than 500 GPs (10% of all Dutch GPs). The GP enters
patient data into ELIAS via a video-display unit and keyboard in
the consulting room. At some sites, ELIAS is electronically
connected to computers at hospitals and laboratories in the region.
Thus, laboratory reports, for example, can be sent directly from
remote computers. Laboratory data, measurements obtained

during physical examination, and prescription information are
always entered in a machine-interpretable format, but not all data in
ELIAS are coded in this way. One of two diagnosis-coding schemes
can be used by ELIAS.9no

Critiquing program
We have developed the hypercritic program, which audits a

physician’s treatment of hypertensive patients.8 Hypercritic takes as
input the electronic ELIAS medical record for a single patient; it
will not request any data other than those available in this medical
record. The output of hypercritic is in the form of text. Hypercritic
does not reside on the same computer as ELIAS, but the two
programs are electronically linked. The program has not yet been
released for routine use.

Hypercritic offers comments on drug therapy and laboratory
tests given to patients with benign essential hypertension.
Hypercritic does not attempt to use data supplied by ELIAS to
assign the diagnosis of hypertension; rather, the program audits a
physician’s therapy of hypertension only after the physician has
made that diagnosis. Furthermore, hypercritic does not judge any
diagnostic investigation as inappropriate based solely on the absence
of an apparent indication. The system will, however, report when a
test that is apparently indicated is not done.

Hypercritic generates comments in two stages. First, the program
interprets the medical record to discover the actions of the GP at a

TABLE I-PART OF THE ELIAS MEDICAL RECORD OF ONE

PATIENT

Data that were not coded (Ie, free text) are shown in Italics ’Capoten’ (Squibb) is

captopnl ’Moduretlc’ (Merck Sharp & Dohme) is a preparation containing
hydrochlorothiazide and amilonde

given patient visit (eg, starting a new drug, continuing treatment
with a drug, or replacing one drug with another). Second, to review
each action, the program: (1) searches the medical record for
conditions that contraindicate the action (eg, contraindications to
specific drugs); (2) determines whether preparatory procedures
required before the action have been done (eg, the evaluation of
kidney function before starting treatment with an angiotensin-
converting-enzyme inhibitor); (3) determines whether the GP has
done the routine monitoring required by the action (eg, monitoring
potassium when continuing treatment with thiazides); and (4)
searches for any undesirable consequences of the action (eg, drug
side-effects). Reviewing computer-stored medical record requires
specific medical knowledge; therefore, hypercritic contains drug
information (eg, normal doses, contraindications, side-effects,
interactions), diagnostic workup requirements for hypertensive
patients, and criteria for judging the efficacy of the treatment. The
program has been described in detail elsewhere.8

Patients

For this study, we selected the two oldest ELIAS installations
(installed in 1985 and 1986) as a source of patient data. The systems
are used in two group practices by eight GPs who provide primary
care for about 13 000 patients. The practices no longer maintain
paper medical records, since GPs enter clinical data directly into the
computer at the time of each consultation.

Patients met the following eligibility criteria: (1) hypertension
had been diagnosed by the GP; (2) ELIAS was in use when
hypertension was first diagnosed; (3) the patient had not been seen
by a hospital-based physician for evaluation of hypertension; and (4)
the patient was not pregnant. During the year after the introduction
of ELIAS, 83 patients who met the eligibility criteria were seen at
the study clinics. We randomly selected 20 of the patients, and
collected data on the patients recorded by ELIAS from its
introduction until 1989. The medical records of the 20 patients
during this period described 243 visits covering 44 patient-years of
hypertension management. The patients made between 4 and 26
visits (median 11) to their GPs during the study period. Patients
were aged 21 to 80 (median 61) years; 8 patients were female and 12
male.
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TABLE II-COMMENTS GENERATED BY REVIEW OF MEDICAL RECORD SHOWN IN TABLE I

Review of patients’records
Printouts of each patient’s medical records were submitted to

eight physicians for review. Two of the eight (physicians I and II)
were experienced cardiovascular physicians who worked in

university hospitals in different parts of the Netherlands. Three
(physicians III-V) were GPs working in university institutes

for primary care who had an interest in the treatment of
cardiovascular diseases in primary care. These five physicians
nominated practising GPs who had no medical school position,
from whom we randomly selected three GPs (physicians
VI-VIII).
We randomised the order in which each physician reviewed the

patients’ records. Table I shows part of one of the medical records
that was reviewed. Working independently, reviewers indicated on
a questionnaire whether each examination or therapeutic action was
appropriate or inappropriate, and whether any tests or interventions
were missing from a patient’s record. When the reviewers deemed
an item to be inappropriate or missing, they justified their
assessment. Reviewers also made written comments on each patient
visit.
For each visit, we compiled a list of reviewers’ comments. We

considered a comment to be an individual remark about a specific
action (or absence of an action) described in the medical record. For
example, "I would not treat this patient with this drug; if you insist
on treating the patient with this drug, then the dosage is too high" is
two comments.

Patients’ records were reviewed also by the hypercritic program.
We matched the comments of the computer system to the
comments of the eight reviewing physicians. Three independent
referees verified this matching. Not all hypercritic’s comments
matched those of reviewing physicians; these extra comments were
added to the physicians’ comments.

In a subsequent "Delphi-type" round," we gave the reviewing
physicians the list of comments for each visit that had been

generated by the reviewers and hypercritic, and asked them to state
whether they believed each comment to be correct. Table 11 shows
the comments based on the ELIAS medical record shown in table i.

Analysis
We used two different peer-review standards for judging

performance. First, we compared the output of hypercritic with the
combined opinion of the reviewing physicians. A comment judged
to be correct by six or more of the eight reviewing physicians was
accepted; we assumed that such a comment was both valid and
clinically relevant. For each accepted comment not made by
hypercritic, we established the reason for the omission. Comments
outside the predefined domain of the program were labelled
"outside domain". A comment inside the program’s domain which
required the interpretation of free text (ie, uncoded data), was
labelled "free-text dependent". When the comment was inside the
program’s domain and did not require interpretation of free text, we

determined whether the program had considered the comment but
had not made it because a threshold in the program had not been

passed. Such comments were labelled "considered", and we
identified the threshold that, if changed, would cause hypercritic to
produce that comment. Finally, comments that did not fall into any
of the above categories were labelled "omission", and we identified
the knowledge required by hypercritic to generate the comments.
Thus, whereas "outside domain" represents our deliberate decision
to limit the scope of the program, "omission" represents our failure
to include in the program information that should have been

present.
The second assessment method compared individual sources of

comments (individual reviewers and hypercritic) with each other.
Outside-domain and free-text-dependent comments were removed
from the total set of comments. For the remaining comments, we
assumed that the failure of hypercritic to generate a given comment
was equivalent to a reviewing physician judging that comment
incorrect. With this assumption, kappa statistics12 were used to
assess agreement among all reviewers, including hypercritic.
Although a kappa value provides a measure of the degree of
agreement among reviewers, the nature of any disagreement is not
clarified. We therefore assumed that the majority opinion (ie, five or
more) of the reviewers (hypercritic included) correctly determined
in each case whether a given comment was appropriate. With this
additional assumption, various indices of efficacy could be
estimated. The sensitivity of a given reviewer was defined as the
fraction of comments judged correct by the majority of reviewers
that the individual reviewer also judged to be correct, and the
specificity was defined as the fraction of incorrect comments that the
individual reviewer also judged to be incorrect. The predictive value
of a positive judgment was the fraction of comments that the
individual reviewer judged to be correct that the majority of
reviewers also judged to be correct, and the predictive value of a
negative judgment was the fraction of comments that the individual

TABLE III-COMMENTS ACCEPTED BY PHYSICIANS BUT NOT

REPRODUCED BY HYPERCRITIC
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TABLE IV-PERFORMANCE OF REVIEWERS

reviewer judged to be incorrect that the majority of reviewers also
judged to be incorrect. Index of merit was defined as

(sensitivity + specificity) -1; thus, this index ranges from
- lto+1.

Results

468 comments were made, a mean of 1 9 per patient visit.
The number of comments per patient record ranged from 7
to 70 (median 19). Of the 468 comments, 169 were also made
by hypercritic.

260 of the 468 comments were judged correct by six to
eight physicians. Of these 260 accepted comments,

hypercritic failed to reproduce 142 (table ill). 2 comments
on diagnosis were not made because of omissions in the
database: in both cases, the program failed to detect a

possible primary cause of the hypertension. 7 of the accepted
comments on selection of therapy that hypercritic failed to
reproduce were classified as considered: 5 were about the
role of angiotensin-converting-enzyme inhibitors as a drug
of first choice, and 2 about whether blood pressure was
sufficiently high to warrant drug treatment. Hypercritic’s 1
omission in the selection-of-therapy category was when it
failed to recommend stopping oral contraceptives in a
patient with hypertension. Of the 69 accepted comments on
execution of therapy, the program failed to reproduce 18. In
1 case, hypercritic failed to detect a drug side-effect

(depression caused by a beta-blocker) because the patient’s
symptoms were recorded only in free text; if the GP had
coded the data, hypercritic would have noted the possible
side-effect. Another 9 comments were considered by
hypercritic: 8 of these dealt with reducing the dose of
antihypertensive drugs once the blood pressure had fallen;
the peer reviewers advised an earlier reduction in drug
dosage than the program would have recommended. The
program failed to make 8 comments because of omissions in
its database: in 7 cases, the cause was omission of criteria

specifying how blood pressure should be monitored after
drug treatment has been discontinued, and in the remaining
case hypercritic failed to recognise a side-effect because it
was not part of the program’s database.

Before further analysis, comments classified as outside the
domain of hypercritic or free-text-dependent were removed
from the total set of comments, leaving 298. Kappa values
for pairs of physician reviewers ranged from 0 09 to

0-45, and for the pairing of any physician reviewer
with hypercritic from 0 08 to 0-46. Physician I had the
highest sensitivity (true-positive rate), but the lowest

specificity (true-negative rate). Hypercritic had the highest
specificity, and the highest predictive value of a critique
(table IV). The physicians’ index of merit was between
03 and 056, whereas hypercritic had an index of merit
of 0-62.

Discussion

The barriers to widespread adoption of computer-aided
decision support in medicine are substantial.13 One of the
most important barriers is the inability of present computer
programs to acquire clinically relevant data automatically
from hospital and office information systems. 14 The
hypercritic program was written in an attempt to overcome
this difficulty. This study was designed to investigate
whether the data available from the ELIAS computer
records were sufficient to generate clinically useful

comments, and to validate the hypercritic program as a
reviewer of GPs’ decision making. Although we did not
examine whether physicians change their behaviour in
response to the program’s comments, other researchers have
shown important effects of computer-generated advice on
physicians’ actions.15,16
The ELIAS medical records contained sufficient

information for human reviewers and for hypercritic to
generate substantial critiques. The number of comments
generated suggests deficiencies in the management of

hypertensive patients, and that human reviewers and

hypercritic can provide comments that are useful to

physicians.
Hypercritic has difficulty in determining the diagnostic

and treatment goals of the physician. Knowledge of those
goals is essential for assessment of the physician’s actions.
Medical records contain data describing the patient’s state
(eg, the results of laboratory tests) and the objectives of the
treating physician (eg, a list of treatment goals). But the
medical record mainly records what was done rather than
why. Moreover, physicians do not record all actions taken or
all decisions made. One of the goals of the problem-oriented
medical record17 is to facilitate mutual understanding among
physicians by introducing the notion of a "problem" as one
of the axes along which to structure the medical data. By
assignment of the entries in the medical record to the
problems that the physician has identified, some of the
ambiguities in those entries can be clarified.
Data in the computer-based medical record that describe

the reasoning of the physician are typically in the form of free
text and cannot be linked to other data in the record. The
absence of coded data that might allow the computer to
ascertain the intentions of the treating physician is a

fundamental obstacle to computer-based audit. Hypercritic
does not judge a diagnostic investigation to be inappropriate
based solely on the absence of an apparent indication. Since
hypercritic has knowledge limited to hypertension
management and access only to coded data in the computer
medical record, it is unable to make the overall assessment of
the patient necessary for such a judgment-the program
reviews only bits and pieces of the care that a patient
receives.

The success of computer-based audit is also limited by the
availability of medical knowledge. The low kappa values
between different physician reviewers emphasises the fact
that many decisions made by physicians are arbitrarily
variable, and that this arbitrariness represents, for at least
some patients, suboptimum care.18 In much of medicine,
there is no consensus that defines proper therapy. Yet audit
requires a set of criteria. The development of an auditing
program that uses the critiquing model forces the explicit
definition of those criteria. McDonald et al19 reported that
computer-based review had a significant effect on care only
when physicians agreed beforehand the ideal approach to a
problem.



1508

In the absence of an absolute standard of care, hypercritic
embodies just one set of opinions from a range of possible
choices. The system thus contains one set of criteria for

reaching particular conclusions, whereas some reviewing
physicians apparently used other sets of criteria. In our
study, hypercritic tended to be more lenient (that is, less
critical) than the reviewing physicians. The low sensitivity
of hypercritic (table iv) shows its leniency.

Hypercritic provides decision support as a byproduct
of routine data-management; the physician does not

specifically ask for advice. Therefore, in writing the

program, we had to avoid generating excessive numbers of
unwanted comments. The critiques produced by
hypercritic, and similar programs, must have high
predictive value. However, increasing the sensitivity of the
computer system will probably reduce its predictive value
by causing the generation of more false-positive comments.

Pressure from legislative bodies, insurers, peer-review
organisations, hospitals, and physicians and patients may
lead to increasing use of automated review of medical
records. As such technology is put into place, we must
remember that computer systems are based on models, and
that the models are limited in what they contain. There is no
evidence that the capabilities of computers will ever

approach those of human beings in dealing with unexpected
circumstances, in understanding patients in their social

context, in integrating the often complex and confounding
presentation of a disease into a coherent pattern, or in
dealing with ethical issues.2&deg; Program writers may choose
not to model certain aspects of medical care, and to inform
users of these limitations in the programs. Before any
computer-based decision-support program is released, a
formal evaluation with real patient data must be done so that
the limitations of the system will be discovered.
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participated in this study. The study was supported by the Netherlands Heart
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HYPOTHESIS

Achlorhydria and gastric
carcinogenesis
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The association between achlorhydria and gastric
carcinogenesis can be explained by a simple
hypothesis based on the known cytological
properties of neoplastic cells and the physiology of
the stomach. Normal gastric secretions might ensure
the rapid elimination of carcinomatous cells.

Achlorhydria could be an important permissive factor
in the development of gastric carcinoma.

The association between achlorhydria and gastric
carcinoma is well known. Prospective studies have shown a
four to six fold rise in the relative risk for gastric carcinoma in
achlorhydric patients.! Furthermore, over 60% of patients
with gastric cancer have achlorhydria compared with an
incidence of only 20% in normal individuals of a similar
age.2

Achlorhydria may predispose to the proliferation of
bacteria in the stomach; these bacteria convert nitrites to
nitrosamines and nitrosamides.3 Many such N-nitroso
compounds are powerful carcinogens and are thought to act
on the gastric epithelium. Recent studies have shown that
certain bacterial isolates can lead to formation of N-nitroso

compounds, but the low rates of reaction make their clinical
relevance doubtfu1.4 Moreover, the rate of acid-catalysed
N-nitroso compound formation decreases with increasing
pH.5 Whether increased bacterial synthesis of nitrosamines
and nitrosamides can compensate for this fall remains open
to question.’ The role of increased N-nitroso compound
concentrations in linking achlorhydria with gastric
carcinogenesis is, therefore, unproven. Achlorhydria might
render the gastric mucosa more susceptible to the action of
other carcinogenic agents.


