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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 (n 
= 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 (SD 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. Kev words: elderly; polypharmacy; algorithm; prescribing 
patterns. 
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POLYPHARMACY in elderly pat ients  has b e e n  associated 
wi th  adverse drug react ions,  t' 2 r educed  compliance,  ~" ~ 
increased health care costs, ~ and increased hospital  ad- 
mission.6.7 While  the ex tens ive  l i terature is general ly 
discouraging, 8 three  r ecen t  con t ro l led  r andomized  trials 

have shown that medica t ion  n u m b e r  and appropriate- 
ness can be modes t ly  improved  in the elderly. Two stud- 
ies e v a l u a t e d  e x p e r t  r e v i e w  of  m e d i c a t i o n s  by  a 
pharmacist  9 or physician,  m fol lowed by suggest ions to 

the pr imary  care provider .  The third s tudy involved ex- 
tensive educa t ion  in psychot rop ic  medica t ion  in a nurs- 
ing home  setting. ~ ~ While  these studies are encouraging,  
they involve t ime- in tens ive  and  expens ive  in te rven t ions  
that are no t  general ly  available to the prac t ic ing  physi- 
cian. Unfortunately, less t ime-intensive interventions, such 
as reques t ing  physicians  to reduce  medica t ions  ~2 and 
providing drug  lists, t 3. ~ 4 are general ly  ineffective. 

In this s tudy a geriatric medica t ion  evaluat ion al- 
gor i thm des igned to educa te  physicians in r educ ing  in- 
appropriate prescr ib ing  was deve loped  and tested. The 
goal was to make this a lgor i thm an effective and feasible 

tool in the pr imary  care setting. 

METHODS 

The d e v e l o p m e n t  of the algori thm was a several- 
step process. To unde r s t and  the logic used by geriatric 
specialists, two certified geriatric internis ts  discussed 

the medica t ions  of four e lder ly  patients,  and a board- 
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certified in ternis t  r ecorded  their  implici t  rules. Based 
on  this informat ion  a pilot a lgori thm was deve loped  and 
tested wi th  five academic internists.  These internists  
thought  the algori thm requ i red  knowledge  of high-risk 
drugs, dosing, and relative drug  toxicit ics b e y o n d  the 
fund of knowledge  of many  internists.  This informat ion 
was added to the final algori thm (Figs. 1 and 2). A drug 

was cons idered  high risk if it had been  associated wi th  
exacerbat ing c o m m o n  p rob lems  in the elderly or caus- 
ing excessive side effects. ~ L ~ ~- ~s 

The final algori thm was tes ted in the res ident  out- 
pat ient  cl inic of a c o m m u n i t y  teaching hospital b e t w e e n  

March and June  1992. All the residents  received a 45- 
minu te  lec ture  on  pharmacokine t ic  changes, high-risk 
drugs, drug interact ions,  and the logic of choos ing  the 
most  appropria te  drug for an elderly patient.  They were  
ins t ructed in the use of the algorithm. The study was 
explained and they were  encouraged  to participate. 

A research assistant r ev iewed  all the clinic charts 
and placed the algori thm and an evaluat ion fi~rm inside 
the charts of all pat ients  over  65 years old who  were  
taking four or more  chron ic  medicat ions.  Drugs in- 
t ended  for short - term usage were  excluded.  The nurse  
recorded the pat ient ' s  age, gender ,  and orthostat ic  b lood  
pressure. Based on  the lecture,  the residents  knew to 
evaluate the medica t ion  r eg imen  using the algorithm 
and then record  p resen t  medica t ions  and dosages and 
changes in therapy, inc lud ing  medica t ions  d iscont inued,  

substi tuted,  and  added and dosages changed.  They in- 
dicated the reason for the change  on  a checklist. Resi- 
den t  par t ic ipat ion was voluntary.  

Eligible pat ients  were  evaluated one  t ime in a p r e -  
post  in t e rven t ion  design. The n u m b e r s  of medica t ions  
before and after the algori thm w e r e  compared  by paired 
t-test. Medicat ion appropr ia teness  was evaluated by 
changes in the high-risk medica t ions  listed on  the al- 
gorithm. The p ropor t ion  of all drugs that we re  in the 
high-risk category was calculated at baseline. The ob- 

served p ropor t ion  of high-risk drugs d i scon t inued  or 
added was c o m p a r e d  wi th  the expec ted  or  basel ine pro- 
por t ion  by chi-square analysis. 

RESULTS 

Eighteen residents  had 47 pat ients  eligible for the 
study. Forty-one pat ients  ( 8 7 % )  had comple te  evalua- 
tions. The average age was 70.4 years; there  were  15 
me n  and 26 women .  These 41 pat ients  we re  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  substi tuted with less 
toxic medications. Five medications (2.1% ) w e r e  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 % ) w e r e  de- 
creased due to side effect (4),  high risk (1),  or higher 
dose not necessary (3). Four medicat ion 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 ( 4 1 % ) w e r e  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- 
d r a m i n e ,  d i a z e p a m ,  c h l o r a l  h y d r a t e ,  c l o n i d i n e ,  
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 reduct ion in the use of high-risk medications. 

This modest  reduct ion of polypharmacy is similar 
to the effects of more  intensive interventions. A ran- 
domized controlled trial using exper t  physician review 
showed that eight medications (3.5 % ) were  s topped and 

FIGURE 1. The geriatric medication 
evaluation algorithm. 
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1. Obtain complete medication list from patient 
2. Obtain orthostatic blood pressure 
Evaluate each drug 

INDICATIONS I... ~ 
1. Is there a specific indication 

for this drug? 

YES 

RISKS 

1. Is this a high risk drug? 

2. Could this drug be aggravating 
underlying conditions or be 
causing subtle atypical 
side effects? YES 

3.. Does this patient have orthostatic 
hypotension? 

4. Is there a less toxic drug? 

DOSAGE 

1. Should the dosage be decreased? 

III. Evaluate Entire Drug Regimen 

I 
12 re there drug interactions or 

additive side effects? 

• Could the drug regimen be 
simplified? 

IV. Evaluate Compliance 

about the medication regimen? 

• Does the patient need a [ 
compliance aid? I 
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to discontinue 
drug to 
evaluate 
efficacy and 
hidden side 
effect? 
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possible dose 
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Make priorities and change 
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schedules, or preparations 

YES 
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Education 
Written Instructions 
Medication Dispenser 
Home Health Evaluation 
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RISK A S S E S S M E N T  

HIGH RISK DRUGS 

NSAIDs 
Benzodiazepines 
Neuroleptics 
Central Acting Antihypertensives 
Drugs Causing Orthostatic Hypotension 

Antidepressants 
Anticholinergics 
Warfarin 
Steroids 
Barbiturate Sedative Hypnotics 

DRUGS WITH LESS TOXIC ALTERNATIVES: 
SUBSTITUTE LESS TOXIC DRUG 

Nifedipine 
Propranolol 
Chlorpropamide 
Diazepam, Chlordiazepoxide, Flurazepam 

Amitriptyline, Imipramine 
Clonidine, Methyldopa, Prazosin 
Mepeddine, Pentazocine, Methadone 

FIGURE 2. The drug information that accompanies 
the algorithm. NSAIDs = nonsteroidal anti-inflammatory 
drugs. 

DRUGS REQUIRING D O S A G E  REDUCTION 

ANTIBIOTICS PSYCHOACTIVE CARDIAC MISCELLANEOUS 
Fluoroquinolones Benzodiazepines Digoxin H 2 blockers 

Tdcyclic Antidepressants Udocaine Phenytoin 
Fluoxetine Procainamide Theophylline 
Neuroleptics Quinidine Warfarin 
Lithium ,B-blockers Quinine 
Narcotics Nitrates 

eight ( 3 . 5 % ) w e r e  subst i tuted.  '`) These n u m b e r s  are 
strikingly similar to the percen tages  of medica t ions  
stopped (6 .4%) and substituted ( 3 % )  in this study. While 
this algori thm may p roduce  only  modes t  changes in 
polypharmacy,  even  small changes  in high-risk drugs 
associated wi th  falls, confusion,  and i n c o n t i n e n c e  could  
potent ia l ly  enhance  the care of the elderly. Reduct ion  
in these expens ive  and funct ional ly  incapaci ta t ing ad- 

verse react ions  th rough improved  presc r ib ing  wou l d  be 
likely to e n h a n c e  geriatric care. 

It is debatable  whe the r  in t e rven t ions  using physi- 
cian t ime are efficient. However,  medica t ion  mon i to r ing  
is the responsibi l i ty  of the physic ian  and is t radit ionally 
part  of the ou tpa t i en t  visit. An algori thm may serve to 
educate,  remind,  and  focus the approach of a physician.  
Previous studies have shown  that physic ian educa t ion  
r e i n f o r c e d  by e d u c a t i o n a l  ma te r i a l s ,  s y s t e m a t i c  re- 
minders ,  and specific pro tocols  is effective in in f luenc ing  
prescr ib ing  behavior,  a, ~2, 19 The fact that 87% of the 

evaluations in this s tudy w e r e  voluntar i ly  comple ted  
suggests that this i n t e rven t ion  was no t  perce ived  as a 
b u r d e n  and was plausible  in a res iden t  clinic. 

There  are several l imitat ions to this pilot  study. Fea- 
sibility and physic ian t ime were  no t  direct ly studied. 
The trial was no t  con t ro l led  and  o ther  factors in the 
study, such as subt le  changes  in supervision,  the re- 
minde r  to evaluate drugs, and asking the res ident  to 

make a medica t ion  list, could  conce ivably  have influ- 
enced  the outcome.  Because pa t ient  ou tcomes  were  no t  
measured,  predic t ions  of potent ia l  overall  effect of this 
algori thm are conjec ture .  

We conc lude  from this pilot s tudy that this algo- 
r i thm has the potent ia l  of educa t ing  and focusing phy- 
sicians to improve  med ica t ion  presc r ib ing  for their  el- 
derly patients. The degree  of vo lun ta ry  compl iance  
suggests feasibility in the office setting. Contro l led  trials 
a imed at d o c u m e n t i n g  the effect, feasibility, and out- 
comes  of this a lgori thm 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 d. GROSSO, MEd, JOHN d. NORCINI, PhD 

Candidates for the 1991 Certif3'ing Examination were asked how they 
prepared for the examination. There were 2,780 respondents (32% 
of the eligible 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; serf-assessment. 
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CANDIDATES p r e p a r i n g  f o r  t h e  C e r t i f y i n g  E x a m i n a t i o n  in  

i n t e r n a l  m e d i c i n e  o f t e n  w o n d e r  a b o u t  h o w  b e s t  t o  s t u d y .  

R e s e a r c h  o n  o t h e r  s t a n d a r d i z e d  t e s t s  h a s  d e m o n s t r a t e d  

t h a t  w h i l e  s m a l l  i m p r o v e m e n t s  c a n  b e  a c h i e v e d  w i t h  a 

v a r i e t y  o f  c o a c h i n g  i n t e r v e n t i o n s ,  p r i o r  e d u c a t i o n a l  ex -  

p e r i e n c e  a n d  o t h e r  d e m o g r a p h i c  f a c t o r s  h a v e  a g r e a t e r  

e f f e c t  o n  p e r f o r m a n c e  t h a n  d o e s  t e s t  p r e p a r a t i o n  

m e t h o d ,  t -  ~ P r e v i o u s  s t u d i e s  o f  f a c t o r s  p r e d i c t i v e  o f  p e r -  

f o r m a n c e  o n  t h e  C e r t i f y i n g  E x a m i n a t i o n  h a v e  s h o w n  t h e  

i m p o r t a n c e  o f  p e r f o r m a n c e  o n  o t h e r  e x a m i n a t i o n s ,  as 

w e l l  as f e a t u r e s  o f  m e d i c a l  s c h o o l  a n d  r e s i d e n c y  t r a in -  
ing. 6-9 
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T h i s  s t u d y  c o l l e c t e d  i n f o r m a t i o n  a b o u t  w h i c h  m e t h -  

o d s  o f  p r e p a r a t i o n  a r e  u s e d  b y  c a n d i d a t e s  fo r  ce r t i f i ca -  

t i o n  in  i n t e r n a l  m e d i c i n e  a n d  e x a m i n e d  t h e  r e l a t i o n s h i p  

o f  s t u d y  m e t h o d  a n d  e f f o r t  t o  e x a m i n a t i o n  p e r f o r m a n c e .  

METHODS 

C a n d i d a t e s  f o r  t h e  1 9 9 1  C e r t i f y i n g  E x a m i n a t i o n  in  

i n t e rna l  m e d i c i n e  w e r e  s u r v e y e d  t w o  a n d  o n e - h a l f  w e e k s  

p r i o r  to  t h e  t e s t  d a t e  t o  d e t e r m i n e  w h i c h  c o m m o n l y  

r e c o m m e n d e d  s t r a t e g i e s  t h e y  u s e d  t o  s t u d y ,  t h e  e x t e n t  

to  w h i c h  t h e y  u s e d  e a c h  m e t h o d ,  a n d  e a c h  m e t h o d ' s  

p e r c e i v e d  e d u c a t i o n a l  va lue .  C a n d i d a t e s  w e r e  a l so  a s k e d  

w h e n  t h e y  h a d  b e g u n  t o  s t u d y  a n d  h o w  m a n y  h o u r s  p e r  

w e e k  ( o u t s i d e  o f  c o n f e r e n c e s  o r  l e c t u r e s )  t h e y  h a d  s p e n t  

p r e p a r i n g .  F o r  e a c h  c a n d i d a t e ,  a s t u d y  m e t h o d s  s c o r e  

w a s  d e r i v e d  b y  s u m m i n g  t h e  s c o r e s  f o r  all m e t h o d s  a n d  

d i v i d i n g  b y  t h e  t o t a l  n u m b e r  o f  m e t h o d s .  A s t u d y  e f fo r t  

s c o r e  w a s  c o m p u t e d  b y  m u l t i p l y i n g  t h e  c o d e  fo r  h o u r s  

p e r  w e e k  s p e n t  p r e p a r i n g  b y  t h e  c o d e  fo r  h o w  l o n g  a g o  

p r e p a r a t i o n  h a d  b e g u n .  

B a c k g r o u n d  i n f o r m a t i o n  a b o u t  t r a i n i n g  p r o g r a m ,  

p r i o r  a t t e m p t s  to  p a s s  t h e  e x a m i n a t i o n ,  p r o g r a m  d i r e c t o r  

r a t i n g s  o f  c l i n i c a l  c o m p e t e n c e ,  c u r r e n t  ac t i v i t i e s ,  a n d  

s c o r e  o n  t h e  n o n - c o r e  c o m p o n e n t  o f  t h e  C e r t i f y i n g  Ex- 

a m i n a t i o n  w e r e  a v a i l a b l e  f o r  all  s u b j e c t s .  C o r r e l a t i o n s  

b e t w e e n  b a c k g r o u n d  v a r i a b l e s ,  s t u d y  m e t h o d s  a n d  e f fo r t  

s c o r e s ,  a n d  e x a m i n a t i o n  p e r f o r m a n c e  w e r e  c a l c u l a t e d .  

M u l t i p l e  r e g r e s s i o n  a n a l y s e s  w e r e  c o n d u c t e d  t o  d e t e r -  

m i n e  t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  s t u d y  m e t h o d s  a n d  

e f fo r t  i n  p r e d i c t i n g  e x a m i n a t i o n  p e r f o r m a n c e .  


