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Adverse Drug Reactions

A Critical Review

Fred E. Karch, MD, Louis Lasagna, MD

e The data on adverse drug reactions (ADRs) are incomplete, unrepre-
sentative, uncontrolled, and lacking in operational criteria for identifying
ADRs. No quantitative conclusions can be drawn from the reported data in
regard to morbidity, mortality, or the underlying causes of ADRs, and at-
tempts to extrapolate the available data to the general population would be

invalid and perhaps. misleading.

To evaluate the impact as well.as the causes of ADRs, representative pop-
ulations, including general hospital and ambulatory patients of all medical
specialties, must be studied, and operationally defined criteria must be used

to establish the presence of an ADR in a prospective study that incorporates -

appropriate control populations. Similar studies on the benefits of drug use
are needed to provide perspective on the risk-benefit aspects of drug ther-
apy. Until such studies are performed, estimates of the nature and scope of:

the ADR problem can be only guesses.

(JAMA 234:1236-1241, 1975)

MUCH attention has been foeused on -

the morbidity and mortality attrib-
uted to the use of presecription medi-
cations. It has been widely claimed
that reactions to drugs have become a
major cause of hospitalization, pro-
longed hospital stays, and even death,
with projections of up to 140,000
deaths annually in the United States
from adverse reactions to drugs.
Clearly, if these projections are valid,
adverse drug reactions (ADRs) con-
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stitute a major medical problem, It is
the purpose of this article to analyze
the available data on the scope and
nature of ADRs, the statistical valid-
ity of making projections from the

For editorial comment see p 1257.

available-information, and to suggest
approaches for evaluating and resolv-
ing the problem.

What Is an ADR?

In its broadest sense, an adverse
drug reaction is any undesirable ef-
fect produced by a drug. However,
such a definition would include the ef-
fects of intentional overdoses and
drug abuse, which are not germane to
an analysis of the risks associated
with the medicinal use of drugs. The
World Health Organization (WHO)
has suggested that an ADR is any re-
sponse to a drug “which is noxious
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and unintended and which oecurs at
doses used in man -for prophylaxis,
diagnosis, or therapy.” This would
not include intentional or aceidental
poisoning, or drug abuse..

The WHO definition, however, could
be interpreted to include therapeutic
failures as examples of ADRs. Al-
though it is important to identify the
magnitude and impact of therapeutic
failures, they should not be lumped
together with adverse reactions
caused by drugs. The failure of a drug
to produce a desired effect is qual-
itatively distinct from the production
of an undesirable effect.

A  more appropriate definition
would be the following: An adverse
drug reaction is any response to a
drug that is noxious and unintended

and that occurs at doses used in man -

for prophylaxis, diagnosis, or therapy,
excluding failure to accomplish the
intended purpose.

Although these criteria for eval-
uating ADRs seem clear, there are
major difficulties in  discerning
whether a particular event in a given
patient is the result of a specific med-
ication or part of the patient’s under-
lying illness. The problem is further
complicated by the fact that most pa-
tients who experience drug reactions
often have been receiving many med-
ications and frequently have several
underlying illnesses that might ac-
count for the particular symptom or
laboratory result attributed to the
drug. Also, many of the symptomatic
complaints often attributed to drugs
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—headache, nausea, and dizziness, for
example—are totally subjective. Fur-
thermore, many individuals have
symptoms of this sort in the absence
of drug ingestion. In one study, 81%
of presumably healthy individuals not
receiving medications had sympto-
matic complaints (in the 72 hours be-
fore questioning) of a type that
might be considered to represent ad-
verse reactions to drugs.? Similarly,
Green* reported symptomatic com-
plaints in 18% of patients and 58% of
healthy volunteers taking placebos.
These studies stress the importance
of proper controls in any attempt to
evaluate adverse reactions to drugs,
and underscore the difficulties in re-
lating specific untoward events to

drugs.

Evaluation of deaths from adverse
reactions to drugs is difficult, espe-
cially if the patient is suffering from
a life-threatening disease. Patients
with advanced cancer are usually
treated with highly toxic drugs in a
last-ditch effort to prolong their lives.
Inclusion of such patients in an epi-
demiological evaluation of adverse
drug reactions serves primarily to re-
mind us of the lack of effective drugs
for treatment of such diseases as can-
cer, and adds little to the evaluation
of drug toxicity in the less critically
ill patient. Nevertheless, since one
does not want to ignore adverse re-
actions in terminally ill patients,
perhaps one could inelude events in
patients suffering from terminal ill-
nesses in a separate category.

Cause-Effect Relationship

The fundamental problem in as-
sessing an individual clinical situ-
ation for an ADR is establishing a
clear cause-effect relationship be-
tween the drug and the reaction. This
is often difficult or impossible. The in-
terpretation involves complex clinical
judgments, usually based on limited
data and without the benefit of stan-
dardized mechanisms for identifying
adverse drug reactions.’

In the absence of standardized pro-
cedures, one must try to define the
firmness of the link between the sus-
pected drug and the specific patient
response. Terms like, “definite” or
“probable” can be operationally de-
fined, as was done by the Registry of

JAMA, Dec 22, 1975—Vol 234, No 12

Tissue Reactions to Drugs.® The fol-
lowing general definitions seem rea-
sonable:

Definite.—A reaction that follows a
reasonable temporal sequence from
administration of the drug or in
which the drug level has been estab-
lished in body fluids or tissues; that
follows a known response pattern to
the suspeected drug; and that is con-
firmed by improvement on stopping
the drug (dechallenge), and reappear-
ance of the reaction on repeated ex-
posure (rechallenge).

Probable.—A reaction that follows a
reasonable temporal sequence from
administration of the drug; that fol-
lows a known response pattern to the
suspected drug; that is confirmed by
dechallenge; and that could not be
reasonably explained by the known
characteristics of the patient’s clini-
cal state.

Possible.—A reaction that follows a
reasonable temporal sequence from
administration of the drug; that fol-
lows a known response pattern to the
suspected drug; but that could have
been produced by the patient’s clini-
cal state or other modes of therapy

administered to the patient.

Conditional.—A reaction that fol-
lows a reasonable temporal sequence
from administration of the drug; that
does not follow a known response pat-
tern to the suspected drug; but that
could not be reasonably explained by
the known characteristics of the pa-
tient’s clinical state. The function of
this category is to retain temporarily
those cases that may be manifesting
a yet undescribed ADR, and to allow
later reclassification of the case when
more information bhecomes available.
This category would prevent the loss
of previously unsuspected drug reac-
tions, and help identify new ADRs.

Doubtful.—Any reaction that does
not meet the criteria above.

Evaluation of ADRs based on “def-
inite” and “probable” reactions tends
to underestimate the true incidence
of adverse reactions, while data that
include “possible” reactions tend to
overestimate the incidence.

Pitfalls in Interpretation

Populations.—Almost all surveys on
the incidence of adverse drug reac-
tions’*° have limited their attention

to hospitalized patients on acute med-
ical wards. Such patients represent
only a portion of the total hospital
population, and the characteristics of
this group may differ considerably
from those of the whole hospital pop-
ulation. Two studies expanded the
hospital patient survey to include
other services,” * but only one re-
port> has included data from all in-
patient services of a general hospital
group.

The available data are also, unfor-
tunately, limited to hospitalized pa-
tients. There has been no systematic
attempt to assess adverse drug reac-
tions in outpatient populations; yet
this latter group accounts for the bulk
of medicinal use in the United States.
One report of ADRs in England and
Wales? included outpatient data, but
the data are fragmentary.

Link Between Drug and Reaction.—
In this most difficult step in the anal-
ysis of ADRs, there are no standard-
ized guidelines, and the decision rests
on the clinical judgment of different
physicians in different clinical envi-
ronments—a situation guaranteed to
produce differences of opinien. Con-
sider the example of a young woman
who sustained a fractured pelvis in an
automobile accident and was essen-
tially confined to bed for the next
month. During this period she contin-
ued to take her presecribed oral con-
traceptive pills; one month after the
accident she was hospitalized for an
acute pulmonary embolus. There was
no evidence of thrombophlebitis. Pel-
vie fractures and the use of oral con-
traceptive pills have each been asso-
ciated with pulmonary emboli, but
ascribing the embolus specifically to
either the fracture or the medication
is clearly impossible in this example,
a not atypical case.

Another obstacle in determining
the link between a drug and an
adverse reaction is the frequent ad-
ministration of several drugs simul-
taneously to a given patient. Identi-
fying the specific drug responsible for
an adverse reaction from several pos-
sible candidates is often very diffi-
cult. “Challenge” and “dechallenge”
experiments are not always feasible
or defensible, and do not always
work.

The ADR literature demonstrates
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Table 1.—Ad\)erse Drug Reactions (ADRs) in Hospitalized Patients
Appropriate Definition of Reported
Definition Patient Link: Drug Case Controlled Incidence
Source of ADR Population Reaction: Reports -+ Study of ADRs, % Interpretation
Seidl et alt0 S Medical + = 13.6 Upper limit estimate
Smith et allv’ = Medical =+ . 10.8 Upper limit estimate
Hoddinott et ali2 + Medical - = 15 Upper limit estimate
Ogilvie and Ruedy3,14 — Medical — — 18 Not interpretable
Borda et alZ7 w Medical — £ 35 Notiinterpretable
Levy et allé = Medical - = 27 Not interpretable
Milleri7 == Medical — —= 28 Not interpretable
Gray et al20 + Medical - - 23 Extreme upper limit
estimate

Gardner and Watson1? = Medical + e 10.5 Moderate estimate
Hurwitz and Wade2! == Medical + = 13.5 Upper limit estimate-

Surgical 29

Psychiatric 2.0
Wang and Terry24* + Medical-surgical = = 1.5 Not interpretable
Smidt and McQueen2s = Medical - = o 6.4 Lower limit estimate

Surgical 2.0

Obstetrical-newbarn 1.6

Pediatric 1.1

Gynecologic 1.3

Psychiatric 6.3

*99% male population.

variable concern with the solidity of
the drug-reaction link. For example,
one report” includes reactions that
are “documented” or “probable,”
while another' includes reactions de-
scribed as “definite,” “probable,” *un-
known,” and “doubtful.” Further, in
several studies'®'"* these descriptive
terms are not clearly defined, and in
many reports™®11827 ng information
is provided on the certainty of the
correlation between drug and reac-
tion,

Surveillance  Techniques.—Surveil-
lance systems that rely on voluntary
physician reporting or retrospective
analyses of records will fail to iden-
tify many adverse reactions to
drugs.® Comprehensive prospective
surveillance programs have been de-
veloped,® 12" but intensive prospec-
tive monitoring has been utilized only
in hospitals, where drug exposures
are limited to the pharmaceutical
preparations available at that institu-
tion. Interpretation of such data
should be limited to the specific envi-
ronment of the study.

Controlled Studies.—There have not
been any. Healthy individuals and pa-
tients frequently report symptoms
that could be interpreted as ADRs if
the person were taking a drug.** Yet
the use of controls for this' phenom-
enon has been virtually ignored by
articles attempting to evaluate the
scope of the ADR problem.

Analysis of Literature

ADRs in Hospital Patients.—The in-
cidence of adverse drug reactions has
been variously reported to be be-
tween 1.5%** and 356%*" in hospitalized
patients, and the differences between
these observed incidences reflect dif-
ferences in sample populations, crite-
ria for evaluating adverse reactions,
and surveillance techniques. Table 1
presents a summary analysis of the
published reports.

Most of the literature on adverse
drug reactions in hospitalized . pa-
tients has been limited to acute-care
medical wards. The incidence of
ADRs in hospitalized medical pa-
tients ranged from 6% to 15% in those
reports that approached the criteria
established in this article, but none of
these are controlled studies. The lim-
ited data available on other hospital
services suggest a much lower inci-
dence of ADRs than that observed in
medical wards: surgery, 2% to 3%;
psychiatry, 2% to 6%; and gynecology,
obstetrics and newborn, and pedi-
atries, 1% to 2% each. The only useful
data on the incidence of drug reac-
tions for total hospital populations
came from New Zealand, where the
overall figure was 3%.

Hospital Admissions Due to ADRs.—
Most of the data on hospital admis-
sions due to adverse drug reactions
came from the same reports analyzed
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in Table 1, and the guidelines estab-
lished in the previous section for cau-
tious interpretation of data apply to
this section as well. These reports
suggest that approximately 3% of
acute-care medical ward admis-
sions”*'-*** and 0.3% of general hospi-
tal admissions® are due to ADRs.

Fatal ADRs.—The literature on fa-
tal adverse drug reactions suffers
from the same methodological ‘incon-
sistencies as other aspects of the
ADR problem, but some of the con-
founding elements are more apparent
in this area. For example, some re-
ports include suicidal poisonings,™
and others include reactions to exper-
imental drugs.'** In many of the cage
reports it is impossible to distinguish
an alleged drug-induced effect from
the symptoms of the patient’s under-
lying illness,’'*'* and therapeutic
failures are included as drug reac-
tions by several groups.o.1e1s

One is struck by the extreme vari-
ability reported at different times
from the same institutions. At one
hospital the incidence of fatal ADRs
was first reported as 1.5% of acute-
care medical ward patients*® and later
as 0.2%."* Another group reported 27
fatal ADRs in the first 6,199 moni-
tored patients (0.44%), but only six
fatal ADRs in the next 7,630 (0.08%).""

Combining the data within each of
these groups, plus the data from other
reports, but excluding cases not ful-
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Table 2.—Adverse Drug Reactions (ADRs) (%) in Hospitalized Patients

- Digitalis Hypnotics Tranquilizers
Anti- and and and Anti- Antihyper-
Source biotics - Quinidine Sedatives depressants *Insulin tensives Analgesics Diuretics

Seidl et al10* 21.2 21.2 13.0 aiain 8.9 8.2 Grne 6.2
Smith al et 10.0 13.3 o 23.4 3.9 5.6 6.7 7.8
Ogilvie and Ruedy4* 16.1 22.3 <4 <4 “16.1 <4 <4 5.7
Hurwitz and Wade2'f 9.3 30.0 5.4 o 6.9

. Smidt and McQueen?5t 41.5 6.2 15.7 7.6

*Medical patients only.

1tMedical, surgical, and psychiatric patients.

iGeneral hospital population.

filling the criteria presented previ- interactions.

ously in this article for definite or
probable ADRg, the reported range of
incidence of fatal drug reactions is 0%
to 0.31% of medical ward patients.
Since all these data are from univer-
sity teaching hospital medical ser-
vices, they give no clue to the rates
for hospital services other than the
medical wards, or to the rates for

nonuniversity hospitals.

Which Drugs Cause ADRs?-The
data on this question are deficient in
that most studies have been limited
to medical wards, and one would an-
ticipate a different pattern of drug
use and drug reactions on different
hospital services. The available data
are summarized in Table 2.

On the medical services, digital-
is was the most frequent cause of
reported ADRs, while antibiotics
caused 41.5% of all reported drug re-
actions in the general hospital popu-
lation. No other groups of agents
were consistently implicated as caus-
ing more than 10% of ADRs in the
hospital groups studied, but diuretics,
antihypertensives, analgesics, and
tranquilizers were frequently impli-
cated.

A slightly different spectrum of
agents was commonly implicated in
analyzing ADRs as a cause of hospi-
talization on medical wards. These
data are summarized in Table 3. Digi-
talis and antibiotics were again
prominent, but aspirin, steroids, and
warfarin also were responsible for a
considerable number of drug-related
hospital admissions.

The available reports of fatal
ADRs that approached our criteria
for a definite or probable adverse re-
action to a drug were analyzed to de-
termine which drugs had been re-
sponsible. Twenty-seven cases were
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Table 3.—Drugs Implicated as a
Cause of Hospitalization on
Medical Wards

Reported ADR
Admissions, %

. Caranasos
Agent :Millers et al’
Antibiotics 4.2 18.6
Digitalis 17.7 15.2
Aspirin 1129 14.1
Steroids 5.8 5T
Warfarin 5.4 6.8
Diuretics 3.1 13.5
Antihypertensives 6.2 6.2
Tranquilizers and
antidepressants 3.1 8.5

analyzed from four studies.™o4®
Digitalis, insulin, morphine, and po-
tassium chloride were implicated in
three cases each, and aspirin, 5% dex-
trose in water, and heparin each con-
tributed two cases. No other drugs
were implicated in more than one
case, and a total of 24 different drugs
were implicated as contributors to the
fatal outcome of these 27 cases. In
more than 75% of the fatal cases, the
implicated drugs had been available
in medical practice for more than 30
years, and all of the reported fatal re-
actions were well-established risks of
therapy. Three of the cases involved
over-the-counter medications—aspirin
and phenolphthalein. '
ADRs Due to Drug Interactions.—
There is little information on the
overall incidence of drug interactions
causing adverse drug reactions. In
the only hospital inpatient studies,
Ogilvie and Ruedy" suspected drug
interaction in two ADRs in 731 acute-
care medical ward patients (0.27%),
and the Boston Collaborative Drug
Surveillance Program?® reported that
934 adverse reactions in 9,900 moni-
tored patients (2.4%) were attributed
by the attending physicians to drug

Effect of ADRs on Hospitalization.—
Many studies!®*2' have reported
that patients experiencing adverse
drug reactions are hospitalized, on
the average, for longer periods than
patients without drug reactions; but
this does not mean that the hospital-
ization was prolonged as a result of
the ADR. Certainly, longer hospital-
ization allows for more exposure to
more drugs.

Only three studies have attempted
to evaluate the impact of a drug reac-
tion on the length of hospitalization.
None describes the criteria for deter-
mining that hospitalization had been
prolonged. In two reports from the
Boston Collaborative Drug Surveil-
lance Program,*” an ADR was
thought to have prolonged the hospi-
tal stay of about 1.5% of medical ser-
vice patients. In contrast, the experi-
ence at the Shands Teaching Hospital
of the University of Florida'® sug-
gested that the hospital stay was pro-
longed in 11% of acute medical ward
patients because of ADRs.

None. of the studies determined
how long hospitalization was pro-
longed. The essential data for assess-
ing the impact of the drug reaction on
the hospitalization are missing; a pri-
ori, it would seem extremely difficult
to estimate when, and for how long,
hospitalization is prolonged by an
ADR.

Preventable ADRs.—None of the
published studies of the adverse drug
reaction problem have addressed the
question of what drug reactions are
preventable. Since case reports have
not been presented for the majority
of ADRs, the data cannot be eval-
uated to determine if the reported re-
actions were preventable.

Symptoms and Severity of ADRs.—
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Minor functional gastrointestinal dis-
turbances are the most frequently re-
ported reactions in all studies that
describe the observed drug-related
symptoms® 67?1, together with rash,
itching, drowsiness, insomnia, weak-
ness, headache, tremulousness, mus-
cle twitching, and fever, they account
for 60% to 71% of ADRs. Inter-
pretation of these data is impossible
because of the lack of control groups
in the study populations, especially
since one or more of these symptoms
are frequently experienced by the
majority of healthy individuals tak-
ing no medications at all.®* Similarly,
Green****+! hag shown the ability of
placebo administration to elicit and
intensify symptoms “to a degree
where they become regarded as ‘side
effects’ of the medication being
given.” Thus, many of the described
ADRs may be merely manifestations
of underlying conditions or placebo
effects.

Implications of ADR Data

Estimates of the morbidity, mortal-
ity, and cost of adverse drug reac-
tions abound in the medical litera-
turet2#3 and the lay press (Von
Hoffman N: Deadly prescriptions.
New York Post, May 28, 1974, p 33). In
the United States the annual cost of
ADRs has been estimated at more
than $4.5 billion for hospital rooms
alone,” and 30,000 to 140,000 patients
have been estimated to suffer fatal
drug reactions.’* The claim has been
made that the length of hospitaliza-
tion is doubled as a consequence of

drug reactions,” and that to a great

extent these: ADRs are avoidable.® In
contrast, estimates of 160,000 hospi-
talizations and 2,000 to 3,000 deaths

annually have been -claimed in other:
reports.” What portion of the claims.

represents fact, and what portion is
conjecture?

Estimates of the number of deaths
due to ADRs have generally pro-
ceeded as follows. The gross estimate
of fatal adverse reactions in one re-
port was 0.44% of medical patients.
Since there are approximately 32 mil-

lion hospital admissions annually in.
the United States, the total number .

of deaths (0.44% x32 million) would
be 141,000. This reasoning is clearly
unacceptable. Our analysis suggests

that 0.44% exceeds -the upper limit of
the range of reported mortalities
from drug reactions. Also, the data
were obtained from medical wards of
university medical centers and can-
not be extrapolated to the general
hospital population, which includes
75% to 80% nonmedical patients. It is
indeed questionable whether such
data can validly be applied beyond
the institutions where they were ob-
tained.

Hospital costs from ADRs have
been estimated along similar lines. At
least 18% of hospitalized patients
have been said to have a drug reac-
tion, and the hospital stay is alleged
to be doubled as. a consequence.’* If
there are 80 million hospitalizations
annually in the United States, and
the average hospital stay is ten days
at $90/day, then the total additional
cost would be $4.8 billion. Neither the
18% estimate for drug reactions nor

the alleged doubling of hospital stay

has been substantiated by our analy-
sis of the literature. The reported in-
cidence of adverse drug reactions on
medical wards ranged from 6% to
15%, and 10% seems to be a reason-
able approximation. However, the
only available data on the incidence
of ADRs in a general hospital popu-
lation suggest an incidence of 3%. We
were unable to document the dou-
bling of the period of hospitalization
as a consequence of ADRs. There was
some evidence that hospital stays are
prolonged by a drug reaction in 1% to
11% of cases but no data on how much
the hospitalization was prolonged.

Similarly, the claim that the major-
ity of drug reactions are avoidable is
not substantiated by the available lit-
erature.

Conclusions and Recommendations

Our analysis of the ADR literature
suggests the following:

1. Estimates of the magnitude of
the problem of adverse drug reactions
are characterized by a data base that
is incomplete, arbitrary, unrepre-
sentative, and uncontrolled, and by
cost estimates whose accuracy is
questionable.

2. Most reported drug reactions,
whether minor or serious, seem to be
due to older, standard, and relatively
unpromoted drugs.
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3. It is not clear how much of the
problem results from inept pre-
seribing by physicians, and how much

is preventable by decreasing such

prescribing or by educating doctors
and patients about drug-drug inter-
actions, drug-disease interactions,
and scrupulous adherence to direc-
tions..

4. Most drug reactions are difficult
to categorize unequivocally as to
cause, except in the case of gross
overdosage, accidental or intentional.
This is due to the nonunique char-
acter of the reactions, the taking
of multiple drugs, and the failure or
inability to perform definitive cause-
effect tests. Although there are cer-
tainly drug reactions that are unsus-
pected and unreported, there is also
assuredly a percentage of “drug reac-
tions” that are unrelated to drugs or
blamed on the wrong drug.

These problems require a great
deal more information than has been
presented in the literature, and we
recommend a moratorium on reckless
statements and estimates until such

information is available. Specifically, -

we need in-depth analysis of the fol-
lowing:

1. The operational identification of
drug reactions.

2. A method for assigning a reac-’

tion causally to a specific drug. No
one has described a logical system for
assigning blame to a drug for an un-
toward event. What is needed is a
systematic approach—perhaps an al-
gorithm that would analyze each case

in an accurate and reproducible fash--

ion—to assure agreement on. what
constitutes a- valid drug reaction.
Such a system will not be easy to de-
vise, since it would require precise
knowledge not only about the drugs
but about the diseases they are pre-
scribed for and about the patients
who take them. It would also need
constant modification. Until such a
system is devised, the identification
of ADRs will remain arbitrary.

3. The problems involved in eval-
uating the causes of' drug-reactions.

4. The extent to which adverse re-
actions are a reflection of inherently
imperfect drugs rather than of im-
proper use.

5. The need for data on control

groups for estimates of the “back--
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ground noise” that should be sub-
tracted from the observed incidence.

6. Stratification of populations,
since the nature of the drugs, the
risk-benefit situations, ete, will differ
greatly (eg, a cancer hospital is ob-
viously different from an obstetrical
hospital).
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On the basis of the data gathered
from such studies, comprehensive
educational programs could be
launched. The data presently avail-
able are grievously inadequate. With-
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