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A geriatric medication algorithm designed to reduce inappropriate
prescribing was tested in a resident outpatient clinic. The medications
of patients over 65 years old taking more than three medications (7
= 41) were compared pre- and post-algorithm using the paired t-test.
Pre-algorithm, the average number of drugs was 5.8 per patient (SD
1.62). Fifteen medications (6.4% ) were discontinued, seven were sub-
stituted for a less toxic medication, and five were added. Post-algo-
rithm, the average number of drugs was 5.6 (SD 1.69 ), mean difference
0.3 (8D 0.67), p < 0.025. Drugs discontinued were more likely to be
high risk compared with drugs used at baseline; drugs added were
less likely to be high risk. In this pilot study, the authors conclude
that the algorithm helps resident physicians reduce inappropriate pre-
scribing. Key words: elderly; polypharmacy; algorithm; prescribing
patterns.
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POLYPHARMACY in elderly patients has been associated
with adverse drug reactions,' 2 reduced compliance,* *
increased health care costs,” and increased hospital ad-
mission.® 7 While the extensive literature is generally
discouraging,® three recent controlled randomized trials
have shown that medication number and appropriate-
ness can be modestly improved in the elderly. Two stud-
ies evaluated expert review of medications by a
pharmacist® or physician,'® followed by suggestions to
the primary care provider. The third study involved ex-
tensive education in psychotropic medication in a nurs-
ing home setting.'' While these studies are encouraging,
they involve time-intensive and expensive interventions
that are not generally available to the practicing physi-
cian. Unfortunately, less time-intensive interventions, such
as requesting physicians to reduce medications!? and
providing drug lists,'> ** are generally ineffective.

In this study a geriatric medication evaluation al-
gorithm designed to educate physicians in reducing in-
appropriate prescribing was developed and tested. The
goal was to make this algorithm an effective and feasible
tool in the primary care setting.

METHODS

The development of the algorithm was a several-
step process. To understand the logic used by geriatric
specialists, two certified geriatric internists discussed
the medications of four elderly patients, and a board-
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certified internist recorded their implicit rules. Based
on this information a pilot algorithm was developed and
tested with five academic internists. These internists
thought the algorithm required knowledge of high-risk
drugs, dosing, and relative drug toxicities beyond the
fund of knowledge of many internists. This information
was added to the final algorithm (Figs. 1 and 2). A drug
was considered high risk if it had been assoctated with
exacerbating common problems in the elderly or caus-
ing excessive side effects.!! 1?7183

The final algorithm was tested in the resident out-
patient clinic of a community teaching hospital between
March and June 1992. All the residents received a 45-
minute lecture on pharmacokinetic changes, high-risk
drugs, drug interactions, and the logic of choosing the
most appropriate drug for an elderly patient. They were
instructed in the use of the algorithm. The study was
explained and they were encouraged to participate.

A research assistant reviewed all the clinic charts
and placed the algorithm and an evaluation form inside
the charts of all patients over 65 years old who were
taking four or more chronic medications. Drugs in-
tended for short-term usage were excluded. The nurse
recorded the patient’s age, gender, and orthostatic blood
pressure. Based on the lecture, the residents knew to
evaluate the medication regimen using the algorithm
and then record present medications and dosages and
changes in therapy, including medications discontinued,
substituted, and added and dosages changed. They in-
dicated the reason for the change on a checklist. Resi-
dent participation was voluntary.

Eligible patients were evaluated one time in a pre—
post intervention design. The numbers of medications
before and after the algorithm were compared by paired
t-test. Medication appropriateness was evaluated by
changes in the high-risk medications listed on the al-
gorithm. The proportion of all drugs that were in the
high-risk category was calculated at baseline. The ob-
served proportion of high-risk drugs discontinued or
added was compared with the expected or baseline pro-
portion by chi-square analysis.

RESULTS

Eighteen residents had 47 patients eligible for the
study. Forty-one patients (87% ) had complete evalua-
tions. The average age was 70.4 years; there were 15
men and 26 women. These 41 patients were taking a
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total of 236 medications, with a mean of 5.8 (SD 1.62)
per patient. During the study period, 15 medications
(6.4% ) were discontinued due to no indication (4), side
effect (4), high risk (5), or drug regimen simplification
(2). Seven medications (3% ) were substituted with less
toxic medications. Five medications (2.1% ) were added
for a new indication. Post-algorithm, the average number
of drugs was 5.6 (SD 1.69) per patient. Paired t-test
showed a mean difference of 0.3 (SD 0.67) (p < 0.025).

The dosages of eight medications (3.4% ) were de-
creased due to side effect (4), high risk (1), or higher
dose not necessary ( 3). Four medication dosages (1.7% )
were increased. Of the 41 study patients, 16 (39% ) had
a medication discontinued or substituted and eight (19% )
had a dosage decreased.

Forty-nine (21% ) of the baseline 236 medications
met the criteria for high-risk medications. Of the 22
drugs discontinued, nine (41% ) were high risk com-

pared with the baseline of 21% (p < 0.001). Of the
drugs added, 8% were high risk compared with the base-
line of 21% (p < 0.001). The high-risk drugs discontin-
ued were ibuprofen, naproxen, temazepam, diphenhy-
dramine, diazepam, chloral hydrate, clonidine,
amitriptyline, and metoprolol.

DISCUSSION

This study reports the pilot testing of a geriatric
medication evaluation algorithm. It suggests that this
intervention has a modest but significant effect on
polypharmacy in the elderly. Use of the algorithm also
led to a reduction in the use of high-risk medications.

This modest reduction of polypharmacy is similar
to the effects of more intensive interventions. A ran-
domized controlied trial using expert physician review
showed that eight medications (3.5% ) were stopped and
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RISK ASSESSMENT

HIGH RISK DRUGS

NSAIDs Antidepressants
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FIGURE 2. The drug information that accompanies
the algorithm. NSAIDs = nonsteroidal anti-inflammatory
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eight (3.5% ) were substituted.'® These numbers are
strikingly similar to the percentages of medications
stopped (6.4% ) and substituted (3% ) in this study. While
this algorithm may produce only modest changes in
polypharmacy, even small changes in high-risk drugs
associated with falls, confusion, and incontinence could
potentially enhance the care of the elderly. Reduction
in these expensive and functionally incapacitating ad-
verse reactions through improved prescribing would be
likely to enbance geriatric care.

It is debatable whether interventions using physi-
cian time are efficient. However, medication monitoring
is the responsibility of the physician and is traditionally
part of the outpatient visit. An algorithm may serve to
educate, remind, and focus the approach of a physician.
Previous studies have shown that physician education
reinforced by educational materials, systematic re-
minders, and specific protocols is effective in influencing
prescribing behavior.®'%'? The fact that 87% of the
evaluations in this study were voluntarily completed
suggests that this intervention was not perceived as a
burden and was plausible in a resident clinic.

There are several limitations to this pilot study. Fea-
sibility and physician time were not directly studied.
The trial was not controlled and other factors in the
study, such as subtle changes in supervision, the re-
minder to evaluate drugs, and asking the resident to

make a medication list, could conceivably have influ-
enced the outcome. Because patient outcomes were not
measured, predictions of potential overall effect of this
algorithm are conjecture.

We conclude from this pilot study that this algo-
rithm has the potential of educating and focusing phy-
sicians to improve medication prescribing for their el-
derly patients. The degree of voluntary compliance
suggests feasibility in the office setting. Controlled trials
aimed at documenting the effect, feasibility, and out-
comes of this algorithm should be considered.
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Methods of Preparing for the Certifying Examination in
Internal Medicine and Their Efficacy

SUSAN C. DAY, MD, LOUIS J. GROSSO, MEd, JOHN J. NORCINI, PhD

Candidates for the 1991 Certifying Examination were asked how they
prepared for the examination. There were 2,780 respondents (32%
of the cligible candidates). The responding candidates used a mean
of 5.2 study methods and gave higher educational value ratings to
methods used most frequently. Regression analyses showed no inde-
pendent contribution of study method or effort to explaining the
variance in score for first-time takers, and a 2% contribution for repeat
takers. Program director ratings were the most important predictors
of score for first-time takers and previous examination score for repeat
takers. Intensive study is likely to produce at most a small improvement
in performance. Key words: certification; evaluation; written exami-
nation; self-assessment.
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CANDIDATES preparing for the Certifying Examination in
internal medicine often wonder about how best to study.
Research on other standardized tests has demonstrated
that while small improvements can be achieved with a
variety of coaching interventions, prior educational ex-
perience and other demographic factors have a greater
effect on performance than does test preparation
method.'~* Previous studies of factors predictive of per-
formance on the Certifying Examination have shown the
importance of performance on other examinations, as
well as features of medical school and residency train-
s 6—9

ing
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This study collected information about which meth-
ods of preparation are used by candidates for certifica-
tion in internal medicine and examined the relationship
of study method and effort to examination performance.

METHODS

Candidates for the 1991 Certifying Examination in
internal medicine were surveyed two and one-half weeks
prior to the test date to determine which commonly
recommended strategies they used to study, the extent
to which they used each method, and each method’s
perceived educational value. Candidates were also asked
when they had begun to study and how many hours per
week (outside of conferences or lectures) they had spent
preparing. For each candidate, a study methods score
was derived by summing the scores for all methods and
dividing by the total number of methods. A study effort
score was computed by multiplying the code for hours
per week spent preparing by the code for how long ago
preparation had begun.

Background information about training program,
prior attempts to pass the examination, program director
ratings of clinical competence, current activities, and
score on the non-core component of the Certifying Ex-
amination were available for all subjects. Correlations
between background variables, study methods and effort
scores, and examination performance were calculated.
Multiple regression analyses were conducted to deter-
mine the relative contributions of study methods and
effort in predicting examination performance.



