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ABSTRACT

Overuse of prescription antibiotics in American 
hospitals has been of growing concern for several_ years. A 
Medical Care Evaluation Committee was studied to determine 
its effects on prescribing habits of physicians. Analysis 
of 941 patient records revealed no practical significant 
effects. Discovered, however, were weaknesses in the re
porting methods and the use of the ICDA as a recording tool.

Older patients tend to receive more antibiotics, and 
the length of stay for those receiving antibiotics was sig
nificantly greater than for those who did not. The study 
determined that there has been no practical reduction in 
the cost to the patient of drugs prescribed.



CHAPTER 1

INTRODUCTION

Although Alexander Fleming discovered penicillin in 
1928, the "antibiotic era" began after 1940 when Florey and 
his associates demonstrated the therapeutic effectiveness 
of the drug. Once this fact was established, scientists 
immediately began searching for ways to improve on the 
original drug, and to develop other drugs which would 
function as useful antibiotics (Michaels 19 74).

Today there are several major classes of antibiotics 
(Goodman and Gilman 1975). The number of antibiotics mar
keted by major companies increased sharply in the 1960s 
(Schwartzman 1976). Fekety (1976) noted almost 100 useful 
antimicrobials with this number steadily increasing.

Antibiotics have produced a significant reduction in 
the morbidity and mortality of acute rheumatic fever, lobar 
pneumonia, and syphillis (Silverman and Lee 1974). The 
clinical effectiveness of these drugs led both the public 
and physicians to view antibiotics as cure-alls (Burton-and 
Smith 1976, Jackson 1974). Abuse and overuse of these drugs 
is perpetuated by the general availability of antibiotics 
and by advertising practices of their manufacturers (Kunin, 
Tupasi, and Craig 1973). An example of their overuse is



the fact that antibiotics are continuously prescribed for 
treating the common cold despite their demonstrated in
effectiveness for this purpose (Kunin et al. 1973, Silverman 
and Lee 19 74, Simmons and Stolley 1974).

If antibiotics were without toxicity and side 
effects, problems with overuse would be minimal. However, 
problems associated with antibiotic overuse have been 
demonstrated (LeFrock et al.,1976, Caldwell and Cluff 1974). 
A significant problem arose in the 1950s when resistant 
strains of staphylococci appeared in many hospitals and 
subsequently had a devastating effect on patient popula
tions (Simmons and Stolley 1974). This resistance to treat
ment by the staphylococci organisms resulted from an altera
tion in microbial carrier states of patients, personnel, 
and the bacterial environment of the hospital. In addition, 
the use of multiple antibiotics in the treatment of various 
diseases have produced several problems. Organisms have 
developed multiple resistances. Antagonism of antimicrobial 
action has occurred. There have been increases in toxicity 
and drug incompatibilities associated with multiple anti
biotic use (Jackson 1974).

The goal of drug utilization review is better 
patient care (Brodie 1972). Through the use of drug utili
zation review, antibiotic overuse can be reduced (McGowan 
and Finland 1974; Stewart, Cluff, and PhiIp 1977). Drug 
utilization review has a role in influencing the



physician's drug selection for patients by comparing drug 
efficacy and safety with costs (Maronde 1974).

Studies were instituted in several hospitals to 
examine how antibiotics were being used. In one such study, 
the use of antibiotics was decreased 250 per cent by a 
systematic approach to utilization review (Letourneau 1974) . 
Gibbs, Gibson, and Newton in 19 73 compared the antibiotic 
therapy prescribed for pediatric patients with the preferred 
therapy. Preferred antibiotic therapy was defined as that 
recommended by the "Handbook of Antimicrobial Therapy"
(1972) or the indications sections of appropriate anti
biotic package inserts. They found that rational therapy 
was used in only 32.3 per cent of the patients.

Purpose
The purpose of this study was to examine the anti

biotic prescribing habits of community-based physicians 
utilizing the facilities of a 300-bed, short-term, acute 
care community hospital. The study compared antibiotic use 
both before and after the establishment of a Medical Care 
Evaluation Committee to determine if any differences in 
utilization exist. The null hypothesis tested was that the 
medical evaluation review committee did nob make a differ
ence in the use of antibiotics.



Assumptions
Two. assumptions were made for this study: (1) that

the inpatient samples used in this study are representative 
of all patients admitted to the hospital during the speci
fied time period; and (2) that the prescribing habits of 
physicians at the study hospital remained the same through
out the year.

Limitations
This study was limited to the inpatient population 

of a 300-bed, short-term, acute care community hospital.
Only systematic antibiotics were studied and no judgments 
were made as to the rationality of the prescribed anti
biotic therapy in any particular disease.

Definitions
An antibiotic is a chemical substance, derived 

either from a living organism, or made by a semisynthetic 
or synthetic process, which in low concentrations has the 
capacity to inhibitor kill bacteria and/or fungi.

An anti-infective is any chemical compound that can 
inhibit the life processes of infecting organisms. Anti- 
infectives may include antibiotics, but anti-infectives need 
not necessarily be antibiotics (i.e., sulfonamides).

Drug utilization review is the study of the use of 
drugs and their cost. From these studies, prescribing 
patterns and patient usage of drugs can be determined.
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Rational drug therapy is the use of the appropriate 

drug for the right patient, at the right time, for the right 
disease, in the right amounts, with consideration given for 
relative costs.

Nosocomial infection is a hospital-acquired in
fection.



CHAPTER 2

RELATED LITERATURE

Since 1950, the number of prescriptions written by 
physicians has increased in the United States. The number 
of prescriptions rose from 36 3 million in 1950 (Silverman 
and Lee 1974) to 1.4 billion in 1977 (Toffey 1978). During 
the 2 7 years, the number of prescriptions per capita in
creased from 2.6 (McEvilla and Gainor 1972) to 6.5 (Toffey 
1978). Seventy-five million Americans are taking one or 
more drugs on a regular basis today (Long 1977). Simmons 
and Stolley (19 74) reported that about 20 per cent of all 
the prescriptions issued are for antibiotics. The total 
costs to the patients for prescriptions were approximately 
seven million dollars in 1950 (Silverman and Lee 1974) and
7.4 billion dollars in 1977 (Toffey 1978).

Koch-Wiser (1968). said that perhaps the greatest 
deficiency of the average American physician today is his 
lack of knowledge about the proper therapeutic use of 
drugs. Melmon and Morrelli (19 72) stated that one of their 
goals in writing the book Clinical Pharmacology was to 
improve the therapeutic skills of physicians. Rucker (1970, 
p. 654) in supporting drug utilization review stated, "A 
considerable body of evidence indicates that current levels



of physician prescribing and patient drug consumption are 
less than optimum." This point .was supported by analysis 
of physicians' scores on the National Antibiotic Test (Nell 
and Howrey 19 75) , as did a study on the drug prescribing 
patterns found in a rural setting (Miles and Ficken 1975).

Miller (1973a, 1973b, 1974) in a series of articles 
on the prescribing habits of physicians concluded that 
complex and dynamic processes are involved in their 
selection of drugs. Manufacturers are able to influence 
this selection, through their representatives and the 
Physicians Desk Reference to Pharmaceutical Specialties and 
Biologicals (19 77). Miller concluded that the pharmacist is 
the ideal professional to influence physicians' use and 
misuse of drugs by acting as a source of objective informa
tion concerning appropriate drug therapy.

Weikel (1974) stated that drug utilization review 
can improve the quality of pharmacy services. The object 
of drug utilization review is the improvement of patient 
care. This improvement is considered a right by consumers 
and is mandated by government (Burton and Smith 1970).

Public Law 92-603 (1972) requires the establishment 
of Professional Standards Review Organizations (PSROs) 
nationally to evaluate the quality and the necessity of 
medical care delivered in the United States. Although this 
law primarily deals with physician peer review, portions of 
the law provide for input by allied health professionals.



The Director of the Office of PSROs stated that the 
pharmacist is an important component in assuring superior 
health care to the entire population through PSROs (Simmons
1975). The pharmacist, by virtue of both history and law, 
has been given control of, and responsibility for, the 
drugs that are prescribed by the physician. In order to 
promote rational drug selection, or at least to minimize 
irrational prescribing, the pharmacist should extend his 
responsibility through an effective drug utilization program 
(Rucker 1970; "Report of the Task Force on the Pharmacists' 
Clinical Role 19 71; Canada 19 72; Joint Commission on 
Accreditation of Hospitals 1976)•

Silverman and Lee (1974) stated that, before World 
War I, the pharmacist was required to prepare approximately 
90 per cent of all prescriptions. Today, with the advance
ment of pharmaceutical manufacturing technology, the 
pharmacist is required to prepare only 1.0 per cent of all
prescriptions, concluding that better utilization of the

<

pharmacist's education and capabilities is warranted. 
McCarron (1975) stated that in addition to the pharmacist's 
role of drug preparation and distribution in the hospital, 
he has other responsibilities on the health care team.
These responsibilities include all areas related to drug 
therapy, such as information and education. His responsi
bility also lies in prevention of any problems related to 
drug therapy, such as: irrational therapy, irrational



concurrent prescribing, and the prevention of dosage and 
administration errors.

In 1976, in a large Canadian teaching hospital 
(St. Joseph's Hospital, Hamilton, Ontario), the findings of 
an antimicrobial quality of use survey were made known to 
its house staff. A year later, a follow up survey showed an 
increase in rational prescribing by as much as 25 per cent. 
The authors attribute this to the education of the 
physicians by identification of specific problem areas 
(i.e., prophylactic prescribing of antibiotics) (Achong 
et al. 1977) .

Pierapoli, Coarse, and Tilton (1976) state, in 
their conclusions of a study on an institutional model for 
antibiotic use control, that without feedback or an educa
tional component to prescribers, such drug use review is 
meaningless. Greenlaw's (1977) monitoring of antimicrobial 
drug use in a 635—bed, acute-care community hospital 
demonstrated this. Drug utilization review can provide an 
opportunity for both the pharmacist and physician to inter
act and to identify problems involved in drug therapy 
(Lantos and Stewart 1970). The Joint Commission of 
Accreditation of Hospitals' (19 76). Standards requires that 
the Pharmacy and Therapeutics Committee be responsible for 
the development and surveillance of Pharmacy and Therapeutic 
practices; in particular drug utilization review. This is 
to be done in cooperation with the pharmacist. The "Joint
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Statement on the Pharmacy and Therapeutics Committee: ■ 
American Society of Hospital Pharmacists and the American 
Hospital Association (1959) recommended the periodic eval
uation of drug therapy as reported in medical records. As 
a.component of this evaluation, the pharmacy and thera
peutics committee is urged to establish suitable educational 
programs in matters pertinent to drug therapy in the 
hospital.

General concepts, operational definitions, criteria, 
procedures, and models for drug use review and its develop
ment are to be found in the literature (Stolar 1977, 1978; 
Brandon et al. 19 77; Campbell, Johnson, and Christensen
1975). Specific models for use in long-term care facilities 
and skilled nursing facilities have been shown Rabat, 
Marttila, and Stewart 1975; Stewart, Rabat, and Wertheimer
1976).

In addition to rational therapeutics, economics is 
also a factor encouraging drug utilization review (Runin et 
al. 1973; Maronde 1974; Zeman, Pike, and Samet 1974). As 
the government and third party payers become more involved 
in reimbursement for drugs, they become more concerned about 
costs of these drugs. One third party payer. Paid Pre
scriptions, established a peer review group composed of six 
pharmacists and a physician. Through drug utilization 
review, they were able to effect a 79 per cent decrease in 
the number of all drugs prescribed. The net reduction in



cost per patient per year was projected to be approximately 
156 dollars (Yarborough and Laventurier 1974).

Drug utilization studies have been done on both 
outpatient and inpatient groups. In a large university 
hospital 25 drugs were found to account for 50 per cent of 
all outpatient prescriptions, and 166 drugs accounted for 
90 per cent of all prescriptions. Using computers to 
monitor the drug use of outpatients at this hospital, the 
researchers concluded that physicians' prescribing habits 
needed to be changed (Maronde et al. 1969). Another 
hospital, the McCook Division of the University of 
Connecticut Health Center, Hartford, conducted an anti
biotic drug utilization review on outpatients over a three- 
year period. The decrease in use of antibiotics was 6.7 
per cent. This resulted in better utilization of the 
antibiotics without loss of quality of patient care 
(Pierpaoli and Bowman 1972).

Letourneau (1974) conducted an inpatient drug 
utilization review program at a small extended care facility 
in Canada. The review used drug profile cards located in 
the pharmacy to monitor and review each patient's therapy. 
There was a 250 per cent decrease in cost of the antibiotics 
and anti-infectives used during the six month study period 
indicating the more economical use of these drugs due to a 
pharmacists involvement.
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Brodie, Lofholm, and Benson (1977) adapted their 

model for drug utilization review in a 55-bed, skilled 
nursing facility. The number of drugs administered to 
patients dropped from 6.8 to 4.8 with a resultant cost re
duction to the patient of 40 cents per patient day.

Ebel (1972), at a 375-bed community hospital sur
veyed inpatient antibiotic utilization using drug profile 
records. The information obtained was sent both to the 
laboratory where it was used in sensitivity disk selection 
for test cultures, and to the Infection Control Committee 
to determine which agents were currently used in the 
hospital. The' pharmacy used the review as a means for 
formulary management and inventory control.

A 262-bed nonprofit, acute-care, community hospital 
conducted a drug utilization review on antibiotics using 
pharmacy profiles. Three antibiotics (cephalosporins, 
tetracycline, and ampicillin) were used more frequently 
than any others. In 40 per cent of the cases, there was no 
correlation between the admitting diagnosis and the anti
biotic prescribed. Upon discharge, 62 per cent of the 
patients studied had a diagnosis that did not warrant the 
use of antibiotics (Deliganis and Johnson 1973).

Scheekier and Bennett (1970) in a survey of seven 
community hospitals, showed that antibiotics were prescribed 
for approximately 31 per cent of all patients, and that 62 
per cent of these patients receiving antibiotics had no
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evidence of infection. Roberts and Visconti (1972) eval
uated the use of systematic antimicrobial drugs in a 500- 
bed, non-governmental hospital and discovered similar con
clusions. In addition, their study included the evaluation 
of drug therapy by a physician, other than the one pre
scribing drugs. The antimicrobial therapy was rational in 
only 9.2 per cent of the cases reviewed.

Antibiotics should not be used for the treatment of 
insignificant infections, for non-susceptible viral in
fections, or in undiagnosed febrile conditions (Manten 
1968). Antibiotics should only be used against micro
organisms proven to be sensitive to the drug.

Stolley and Lasagna (19 69) found that approximately 
60 per cent of the prescriptions written for patients diag- 
nosed as having the common cold were for antibiotics.

Kunin et al. (1973) cited a production increase of 
antibiotics of 320 per cent in the decade 1960 to 1970, with 
a concomitant rise in cost to the patient of 130 per cent. 
Thus, thousands of patients are unnecessarily exposed to 
the hazards of irrational antibiotic therapy (Simmons and 
Stolley 1974).

McCabe, Kreger, and Johns (1972) showed that gram 
negative bacteremia occurs in approximately on per cent of 
the hospital population resulting in a fatality rate of 
30 to 50 per cent. They attribute this to a change in 
hospital environment due to the overuse of antibiotics.
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Visconti (1974) stated, before a Senate subcommittee, that 
of the 33 per cent of hospital patients receiving anti
biotics, 15 per cent suffer side effects associated with the 
drugs. Seventy-five per cent of the prescriptions for 
antibiotics are either irrational or questionable.

Combination antibiotic therapy continues despite 
relatively few indications for it (Jackson 1974). The 
American Hospital Formulary Service (1962) monograph on 
antibiotic therapy stated that antagonism may develop 
between two active antibiotics. The combination of two 
antibiotics could be less active than either drug alone. 
Moreover, the patient is exposed to the hazards of two drugs 
with no advantage over one alone. Miller et al. (1973) 
showed that patients diagnosed as having a ruptured appendix 
and receiving one antibiotic had an average hospital stay 
of 12.2 days with subsequent infections of 6.4 per cent. 
Patients receiving more antibiotics stayed an average of
16.4 days and 23.5 per cent developed subsequent infections.

An antibiotic utilization review was implemented at 
Long Island Jewish-Hillside Medical Center, a teaching 
hospital, after it was realized that antibiotic drugs made 
up over a.third of the inventory (Zeman et al. 1974). 
Physicians had to show a need for a specific antibiotic to 
be permitted to prescribe it. A committee consisting of 
selected physicians, a pharmacist, a microbiologist, and a 
representative of the hospital's administration conducted
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the review. They achieved a 50 per cent reduction in the 
use of two antibiotics (cephalothin and gentamycin) and a 
70 per cent reduction in another (carbenicillin). This 
review decreased costs to the patient by 60,000 dollars or 
40 cents per patient day for cephalothin alone. Quality of 
care was maintained with no increase in infection rates nor 
undesirable side effects in the patient population.

In summary, programs for reviewing the necessity 
and quality of health care have been established. These 
programs called PSROs, Medical Care Evaluation, or Medical 
Care Utilization Committees have been mandated by law to 
assure and preserve a high quality of health care services 
(Goran et al. 1975, Welch 1975), and to insure the appro
priateness of their use (Goran et al. 19 75). This concept 
is based on the following premises:

1. That peer review is the best way of assuring the 
public of accountability of services provided under 
third party financing.

2. It requires a full time system which encompasses 
all facets of health care delivery.

3. Local community-based organizations are required to 
operate the system effectively.

4. Sponsorship of peer review'organizations must be 
external to the institutions to maintain objec
tivity (Goran et al. 1975).
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Legally, a portion of such programs would be devoted 

to drug therapy, developing guidelines for their safe use, 
and insuring their clinical usefulness (Ebel 1972; Jacinto, 
Kleinmann, and Margolin 1974). As a consequence, where 
such programs exist it is necessary to study the effect of 
such utilization committees to determine their impact on 
drug therapy.



CHAPTER 3

DESIGN OF STUDY 

Introduction
This study, an antibiotic utilization review, was 

performed at a 300-bed, short-term, acute care community 
hospital. On January 24, 1974, the hospital, in accordance 
with the federal government and the Joint Commission on 
Accreditation of Hospitals regulations, organized a Medical 
Care Evaluation Committee. The committee consisted solely 
of physicians. The committee's mission was to review and 
evaluate the care and therapy received by patients in an 
effort to assure quality care to all patients in the 
hospital, and to identify criteria of health care for 
patients with various diseases.

The .purpose of this study was to examine the anti
biotic prescribing habits of community-based physicians who 
utilize the facilities of this hospital; we wanted to com
pare usage six months prior to and six and 18 months after 
establishment of the Medical Care Evaluation Committee.

Me thodology
Three patient groups were used for this study,and 

they consisted of all individuals admitted to the hospital 
as inpatients during the time periods of (1) July 24, 19 73,

17



18
through July 30, 1973 (Period I); (2) July 24, 1974 > through
July 30, 1974 (Period II); and (3) July 24, 1975, through .
July 30, 1975 (Period III). A sampling period of one week
was chosen due to limited time, personnel, and money. The 
dates selected for this study were chosen to minimize 
diseases which might have resulted from seasonal variations.

The consent to conduct the study was obtained from 
the hospital administration (Appendix A). The investigator, 
a full-time staff pharmacist at the hospital, did a retro
spective chart review on all patients admitted to the 
hospital during the study period. Data gathered from the 
review of the charts were recorded on a worksheet (Appendix
B). The drug therapy of all patients admitted to the
hospital during the period of this study was monitored 
until discharge. Data were collected and coded for sub
sequent computerization.

The information recorded for each patient was as
follows:

1. The patient name, and a medical records number,
which was assigned by the Medical Records Unit at 
the study hospital, was recorded. This number was 
used to identify the patient's records to facili
tate quick retrieval of information and to assure 
the patient's anonymity.
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2. Demographic information for each patient including 

sex, age, length of stay, and patient outcome (dis-
.charged, transferred, or expired) was recorded.

3. Each patient's physician was assigned a code number
according to service specialty. The list of physi
cians was obtained from the Medical Records unit. 
Each physician on staff was assigned a four-digit 
number so as- to make his/her specialty easily 
identifiable as well as to allow identification of 
the specific physician. See Appendix C.

4. The patient's admitting and discharge diagnosis
were recorded. Disease states were recorded using 
the encoding system found in the Hospital Adaptation 
of ICDA (1973) (International Classification of 
Diseases, Adapted) Code.and assigned by the Medical 
Records, unit of the study hospital. See Appendix D.

5. Whether or not the patient had a systemic anti
biotic incident in the hospital was recorded.

Patients receiving antibiotics during their stay 
had the following information recorded:

1. Using the American Hospital Formulary Service (1962) 
categorization as a guide, the generic name of each 
antibiotic was recorded. Each antibiotic was 
assigned to a general classification (i.e. , erythro
mycins or penicillins) but broken down to the



specific antibiotic entity (i.e., erythromycin 
estolate and ampicillin, respectively) and recorded. 
See Appendix E.
Each antibiotic received by each patient was re
corded.
Each antibiotic's route of administration (i.e., 
oral, intramuscular, intravenous) was recorded.
The duration of therapy prescribed was identified 
by the number of doses of each antibiotic received 
and recorded.
The total dosage in grams (Gm) of each antibiotic 
was recorded.
Whether or not a culture and/or a sensitivity test 
was performed, was recorded for those patients 
receiving antibiotics. When culture and sensitivity 
tests were performed it was further recorded if the 
antibiotic prescribed agreed with the laboratory 
test results (i.e., the organism[s] cultured by the 
clinical laboratory were sensitive to the pre
scribed antibiotics). The culture and sensitivity 
reports were taken directly from the patient's 
chart. If no record was found, it was assumed that 
the infecting organism was unknown.
The total cost of each antibiotic course was also 
recorded using the pricing system in effect for the 
time Period I. This was done to assure consistency
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and account for any variability in pricing due to 
inflation or deflation.

8. Nosocomial infections as identified by the infection 
control nurse and/or the medical records personnel 
of the study hospital, were taken directly from the 
patient's chart and recorded.

Antibiotics which were not available at the onset of 
the study and antibiotics which were no longer available at 
the conclusion of the study were included.

The data were gathered, tabulated, and specific 
trends of differences among variables were analyzed util
izing appropriate statistical methods from the Statistical 
Package for the Social Sciences (Nie et al., 1975) . One-way 
and two-way analysis of variance (ANOVA) were used to test 
the null hypothesis of no differences among the means of the 
various groups tested. Further analysis of the data using 
the Duncan multiple range test at the 0.05 level was done. 
Pearson Product Moment Coefficient of Correlation was also 
used to analyze the data so correlations among variables 
could be established.



CHAPTER 4

RESULTS

The use of antibiotics .in a community hospital was 
reviewed to determine what effect the establishment of a 
Medical Care Evaluation Committee had on the prescribing 
habits of physicians. The study sample consisted of those 
patients admitted to the hospital during the specified time 
periods. Data were collected on 941 patients. Time Periods 
I, II, and III consisted of 329 (35.0 per cent), 281 (29.9 
per cent), and 331 (35.1 per cent) patients, respectively. 
The number of cases (n) for each variable examined may vary 
from 941, however, as information for each variable was not 
always avaible. Frequencies expressed as per cents were 
adjusted to reflect this.

In the total study sample, 575 patients (61.2 per 
cent) were female, and 365 patients (38.8 per cent) were 
male. The mean age for 'all patients was 38.01 years 
(s.d. = 25.26). The average period of hospitalization for 
these patients was 5.57 days (s.d. = 6.24). During the 
course of the study, fourteen patients (1.5, per cent) died.

For data analysis, the physicians were categorized 
as either being in the Department of Surgery or the 
Department of Medicine. Sub-specialties are listed in

22



Appendix D. Physicians assigned to the Department of 
Medicine admitted 537 patients (57.1 per cent), and those 
assigned to the Department of Surgery admitted 403 patients 
(42.9 per cent). Appendix F shows the breakdown of study 
patients on these characteristics by time period.

The number of patients who were identified as having 
one or more infectious diseases, using the hospital's 
adaptation of the ICDA, was 556 or 59.3 per cent. Incon
sistencies and inaccuracy in documentation accounted for 
data concerning nosocomial infections being available for 
only 256 patients (27.2 per cent). Of this group, six 
patients (2.3 per cent) had a documented nosocomial infec
tion.

The total sample was determined to be homogeneous 
(see Appendix F) on all the above factors except age (F = 
4.33, df = 2, 938, p = .0134). Subjecting this variable 
additionally to the Duncan a posteriori contrast test did 
not show homogeneity for age. The difference lay between 
time Periods I (x = 32.5, s.d. = 24.3) and III (x = 40.9, 
s.d. = 26.0) (possibly due to the age difference of eight 
years) with Period II (x = 37.9, s.d. = 24.9) being homo
geneous for both.

The number of antibiotics prescribed for each 
patient in the total study sample, by group, is shown in 
Table 1. Seventy-four per cent (696) of the patients re
ceived no antibiotics. Of the remaining patients, 26.0
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Table 1. Frequency Distribution of Antibiotics Prescribed 
per Patient in the Total Study Sample by Time 
Period

Number of 
Antibiotics 
Prescribed

Period
CombinedI II III

0 247 205 244 696
(75.0%) (73.0%) (73.7%) (74.0%)

1 59 47 59 165
(17.9%) (16.7%) _(1Z_9%) (17.6%)

2 15 20 . 20 55
(4.6%) (7.1%) (6.0%) (5.8%)

3 5 4 6 15
(1.6%) (1.4%) (1.8%) (1.6%)

4 1 4 2 7
(0.3%) (1.4%) (0.6%) (0.7%)

5 2 1 0 3
(0.6%) (0.4%) (0.0%) (0.3%)

N = 329 • 281 331 941
(35.0%) (29.9%) (35.1%) (100.0%)
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per cent received one or more antibiotics. One hundred 
sixty-five (17.6 per cent) patients received one antibiotic 
during their hospital stay, and 55 patients (5.8 per cent) 
received two antibiotics. The remaining 25 patients repre
senting 2.6 per cent of the total study sample, received 
three or more antibiotics. No patient in the study received 
more than five antibiotics. Subjecting the number of anti
biotics received by time period for the total study sample 
to a one-way analysis of variance, no significant differ
ence among the groups was found (F = 0.1649, p. = ns).

Of the 69 6 patients not receiving antibiotics, 444 
patients (63.7 per cent) had a documented infectious 
disease (Table 2); thus, in 79.5 per cent of the case with 
an infectious disease there was no antibiotic prescribed.
In 33.9 per cent of the patients with no infectious disease 
documented, the patients received antibiotics. When the 
data were subjected to a Chi-square analysis, a significant 
difference was found between those who received antibiotics 
and those that did not (x^ = [d.f = 5] 25.39, p < 0.05). 
Subjecting these data to a one-way analysis of variance, a 
statistically significant difference was shown (p < 0.05). 
The Duncan a posteriori test perceived no differece between 
those that received antibiotics and those that did not.

All patients with nosocomial infections received 
antibiotics. These findings demonstrate that there was no 
assurance that a patient with a documented infectious



Table 2. Crosstabulation and One-Way Analysis of Variance of Infectious Disease 
Encoded by the Number of Antibiotics Prescribed

I Number of Antibiotics
0 1 2 3 4 5 Total

Infectious 444 
Disease (79.5%) 
Present •

79
(14.2%)

20
(3.6%)

8
(1.4%)

5
(.9%)

2
(.4%)

558
(59.3%)

No 254 
Infectious (66.1%) 
Disease

86
(22.6%)

33
(8.7%)

7
(1.8%)

2
(.5%)

1
(.3%)

383
(40.7%)

N = 694 165 53 15 7 3 941
X2 = (df = 5) 24.39; p.= .0001
Mean 1.36 1.52 1.62 1.47 1.29 1.33
(sd) (.48) (.,50) (.49) (.52) (.49) (.58)

Fratio •5'19
Vob. '•0001>



disease would receive antibiotics. Conversely, the patients 
with no infectious disease documented many actually have 
received an antibiotic. Only those patients who were 
identified as having a nosocomial infection were assured of 
being treated with an antibiotic. These results seem to 
question the physicians' ability to prescribe correctly 
after having made a diagnosis. As noted previously, the 
investigator had to exclude from the analysis the informa
tion of admitting diagnosis as there was no relation between 
it and the discharge diagnosis (Methodology). This supports 
the premise that the physicians may not supply enough in
formation on the medical records of the patients and sug
gests limitations of the medical records personnel and the 
ICDA code they use to record such information.

Since the purpose of the study was to examine anti
biotic use, these data were further analyzed to scrutinize 
only those patients receiving antibiotics. Of the original 
941 patients, 245 individuals actually received antibiotics 
and will represent the basis for the remaining data analysis. 
The sample of those who received only antibiotics was deter
mined to be homogeneous on all factors including age 
(Appendix G). Therefore, age of the patients was deemed to 
be of no practical significance in this study.

Table 3 shows the number of antibiotics by time 
period. Of those patients receiving antibiotics, about 67.4 
per cent (165) received only one antibiotic. Fifty-five
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Table 3. Frequency Distribution and One-Way Analysis of

Variance of Mean Number of Antibiotics Prescribed 
Per Patient for Only Those Receiving Antibiotics 
by Time Periods

Number of 
Antibiotics

Periods
CombinedI II III

1 59 47 5 9 165
(72.0%) (61.8%) (67.8%) (67.4%)

2 15 20. 20 55
(18.3%) (26.3%) (23.0%) (22.4%)

3 5 4 6 15
(6.1%) (5.3%) (6.9%) (6.1%)

4 1 4 2 7
(1.2%) (5.3%) (2.3%) (2.9%)

5 2 1 0 3
(2.4%) (1.3%) (1.2%)

N = 82 76 87 245
(33.5%) (31.0%) • (35.5%) (100.0%)

Mean 1.44 1.58 1.44
(sd) (.86) (.91) (.73)
F , . ratio .7511
Fprob ns
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(22.4 per cent) of those patients who received antibiotics 
had two prescribed, and the remaining 25 (10.2 per cent) 
received three or more antibiotics. A one-way analysis of 
variance of the mean number of antibiotics prescribed per 
patient for only those receiving antibiotics by time period 
(Tabe 2) revealed no statistically significant difference 
among the time periods (F = .7511; p = ns).

Females received more antibiotics than_;jnales in the 
study (54.1 per cent versus 45.9 per cent, respectively). 
This may reflect the larger number of women (575) in the 
total study group than men (365), and the ones who received 
only antibiotics (132 females versus 112 males). Those 
patients receiving antibiotics were older, with an average 
age of 42.7 years (s.d. = 26.1); those who did not receive 
antibiotics had an average age of 36.4 years (s.d. = 24.8).

Tables H.l, H.2, and H.3 reveal the results of a 
two-way analysis of variance by the number of antibiotics 
for the following variables: (1) time period and sex, (2)
time period and physician's specialty, and (3) time period 
and infectious disease state. These analyses test only 
those that received antibiotics. The main effects and two- 
way interactions revealed no statistically significant 
differences between the time periods and shows homogeneity 
for the variables analyzed.

Culture and sensitivity testing was performed on 
samples taken from 31.7 per cent (116 of 363) of the



patients receiving antibiotics in the three groups (Table 4). 
This fact suggests that physicians do not use this diag
nostic tool efficiently and often enough to insure quality 
patient care. When the data were subjected to chi square 
analysis, a significant difference was found between the 
time periods (x^ = (df = 2) 21.79; p < 0.05). Culture and 
sensitivity testing occurred with a greater frequency in 
Period III, 4 7.2 per cent of the time, followed by Period I 
(27.9 per cent), and Period II (20.0 per cent). This sug
gests that the Medical Care Evaluation Committee was 
affecting the physicians' use of this tool, and with in
creased frequency of use, antibiotics would be prescribed 
more effectively. As determined by the results of the 
sensitivity testing, an ineffective antibiotic was pre
scribed 31.5 per cent of the time (Table 5). A chi square 
analysis found that there was no significant difference, 
between the time periods when the question of agreement
between the sensitivity testing and the antibiotic actually

2prescribed was tested (x = (df = 2) 2.394; p = ns). Thus, 
culture and sensitivity testing during the course of the 
study was no guarantee that the appropriate antibiotic would 
subsequently be prescribed. The statistical difference 
found because of increased frequency of use of the culture 
and sensitivity testing in Period III was in conflict with 
the application of this diagnostic tool to appropriate 
antibiotic prescribing.
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Table 4. Frequency Distribution of Culture and Sensitivity 

Testing by Period

I
Time Periods 

II III Total
Culture and 33 24 59 116
sensitivity done (27.9) (20.0) (47.2)
(per cent)
Culture and 85 96 66 247
sensitivity not done (72.1) (80.0) (52.8)
(per cent)
n =

X2. (df = 2) = 21.79; p <

118 

0. 05.

120 125 363

Table 5. Frequency Distribution of the Agreement of Culture 
and Sensitivity Testing with Antibiotic Prescribed

Time Periods
I II III Total

Antibiotic agreed 
with culture & 
sensitivity test 
(per cent)

22
(75.9)

17
(58.6)

11
(73.3)

50

Antibiotic did not 
agree with culture & 
sensitivity test 
(per cent)

7
(24.1)

12
(41.4)

4
(26.7)

23

n = 29 29 15 73

X2 (df = 2) = 2.394; p = ns.



When a one-way analysis of variance was performed, 
testing whether or not the class of antibiotic prescribed 
had a bearing on whether a culture and sensitivity test was 
performed, no significant difference was found (F = 2.256; 
df = 4, 360; p = ns). An analysis of variance on whether 
there was agreement between the antibiotic prescribed and 
the sensitivity test found no significant difference between 
the classes of antibiotics (F = .681, df = 3, 70; p = ns).

Two hundred forty-five patients received anti
biotics. Table 6 shows the classes of antibiotics received 
by these patients in the three time periods (Appendix E 
lists the major classes of antibiotics by generic name and 
the subclassification of drugs with each class). The 
cephalosporins were the most frequently prescribed anti
biotics, accounting for 41.2 per cent (134 patients) of all 
antibiotics prescribed. The penicillins were prescribed
29.4 per cent (96 patients) of the time, and the tetra
cyclines 19.3 per cent (63 patients) of the time. The 
erythromycins were prescribed 5.5 per cent (18 patients), 
with lincomycin and clindamycin being prescribed 4.6 per 
cent (15 patients) of the time. The frequency of use of the 
classes of antibiotics for the three time periods was sub
jected to a raw chi square (df = 8) with no statistically 
significant difference found. This suggests that no matter 
during which time period patients were admitted, the
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Table 6. Number of Antibiotics by Class Prescribed for Each 

Time Period

Time Periods
Antibiotic --------------- ----------------

Class I II III Combined

Cephalosporins 
(Per Cent)

51
' (47.2%)

36
(35.0%)

47
(40.9%)

134
(41.2%)

Penicillins 
(Per Cent)

27 
(25.0%)

35
(34.0%)

34
(29.6%)

96
(29.4%)

Tetracyclines 
(Per Cent)

15
(13.9%)

23
(22.3%)

25
(21.7%)

63
(19.3%)

Erythromycin 
(Per Cent)

5
(4.6%)

7
(6.8%)

6
(5.2%)

18
(5.5%)

Lincomycin/ 
Clindamycin 
(Per Cent)

10
(9.3%)

2
(1.9%)

3
(2.6%)

15
(4.6%)

Total 108 103 115 326
(33.1%) (31.6%) (35.3%)

X2 (df = 8) =14.004; p = ns
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frequency of use by antibiotic class was essentially the 
same throughout.

Rational drug therapy as defined gives consideration 
to the relative costs of drugs prescribed. The concept of 
drug utilization review is improved patient care with regard 
to monies spent for drug therapy. Part of this study then 
was to determine the effect the Medical Care Evaluation 
Committee had on antibiotic drug costs to the patient. The 
mean cost of antibiotics for those patients that only re
ceived antibiotics is as follows: Period I was found to be
$35.56 (s.d. = 90.37); Period II, $41.10 (s.d. = 75.24); and 
Period III, $21.08 (s.d. = 37.34). The overall range was 
$0.30 to $759.00. The cost of antibiotic therapy by time 
period was subjected to a one-way analysis of variance.
There was no significant difference between the time periods 
(Appendix H). The committee had no effect on lowering or 
raising the costs of antibiotic drug therapy to the 
patients during the course of the study.

Finally, length of stay was investigated to deter
mine whether or not the Medical Care Evaluation Committee 
had any effect on duration of hospitalization. Table 7 
displays the average length of stay by group for both those 
that received antibiotics and those that did not. Length of 
stay relates not only to outcome of treatment, but is an 
economic consideration, for the longer the stay in the 
hospital the more costly it is to the patient. The average
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Table 7. Mean Lengths of Stay in Days by Time Period and 

Antibiotic Prescription

Antibiotic No Antibiotic
Periods Prescribed Prescribed Total

X
SD
N

7.92 days 
(7.83)
82

4.3 
(3. 90) 
247 329

II X
SD
N

9.61
(12.27)
75

4.56
(3.87)
205 280

III X
SD
N

6 . 76 
(5.5) 
87

5.23
(5.95)
244 331

Mean length 
of stay (days) 
SD 
N

8.03
(1.43)
244

4.70
(.48)
696 940
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length of stay for patients was found to significantly 
differ for those receiving no antibiotics compared to those 
who did (Table 8). A two-way analysis of variance by time 
period, antibiotic, and the effect of the interaction „ 
between time periods and antibiotic on the length of stay 
demonstrated was performed. A statistically significant 
difference due to the effect of antibiotic was found (F =
(df = 1 )  54.16? p = 0.001). Also demonstrated was a
statistically significant difference for time period- 
antibiotic interaction effect (F = (df = 2) 5.167; p = .006). 
Patients who received no antibiotics stayed an average of 
4.7 days. Those patients receiving one antibiotic stayed 
an average of 6.6 days; those receiving two antibiotics 
stayed an average of 8.1 days; and those receiving three or 
more antibiotics stayed an average of 17.2 days. This 
suggests that those who received antibiotics had a more 
complicated disease than did those who did not receive 
antibiotics, requiring longer hospitalization.

A more detailed examination of all the variables 
discussed above was performed using cross-tabulation and 
two-way analysis of variance (Appendix J). In no instance 
did the results of these tests differ in substance from the 
results of the one-way analyses of variances for the same 
time period.
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Table 8. Two-Way Analysis of Variance of Time Period

Effect, Antibiotic Effect, and the Effect of the 
Interaction of Time Period and Antibiotic on 
Length of Stay

Source of 
Variation

Sum of 
Squares DFa Fb

Significance 
of F (p)

Main effects 
Group 64.696 2 .885 ns
Antibiotic 1978.705 1 54.16 .001

Two-way 
interactions 

Group x 
antibiotic 377.549 2 5.167 .006

Residual 34124.636 934

aDF = degrees of freedom, 
kp = F distribution.



CHAPTER 5

SUMMARY AND RECOMMENDATIONS

'Research was conducted to evaluate the effectiveness 
of the Medical Care Evaluation Committee on antibiotic pre
scribing habits of physicians at the study hospital. The 
study was performed on 941 patients who were admitted to the 
hospital during one week study periods of six months prior 
to, and six and eighteen months after the committee's - 
establishment. Each patient was followed until discharge. 
Those patients receiving antibiotics were identified and 
data were gathered and then subjected to various statistical
analyses to determine if any differences existed between the

/
time periods studied. Patients were evenly distributed 
among the three time p e r i o d s .
.....  Analyzing the total sample statistically (Appendix
F) resulted in no significant difference (p £ 0.05) between 
the time periods (I, II, and III) .except for one variable, 
age. Periods I and III had a mean age difference of about 
eight years, with Period II being homogeneous with both. 
Subsequently, the data on only those patients that received 
antibiotics were analyzed (Appendix G). No variable showed 
a statistically significant difference (p 0.05). There
fore, the former finding of a statistical difference of. age

38
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for the entire study group was deemed of no practical sig
nificance.

Of the original 941 patients in the study, 245 (26.0 
per cent) receivediantibiotics. The majority of these, 165 
(17.1 per cent), received only one antibiotic, with no 
patient receiving more than five antibiotics. There was no 
significant difference (p 0.05) found among the time

i

periods for this variable.
In about one-third of the cases of patients re

ceiving antibiotics, there was no infectious disease docu
mented. It was found that having an infectious disease 
state encoded was no guarantee of receiving antibiotics, as 
in 79.5 per cent of these patients no antibiotic was pre
scribed. This may well reflect the fact that physicians 
document very little information in the medical chart of 
each patient. Further supporting this finding, the investi
gator noted wide discrepancies between the admitting, and 
discharge diagnosis causing the investigator to use the 
latter for purpose of this study. Hence, encoding of an 
infectious disease appears to be a major problem and the 
hospital adaptation of the ICDA may be a weak tool in the 
hands of the medical record personnel who are responsible 
for this activity.

The age of patients receiving antibiotics was 
greater than the age of those who did not (45.2 years versus
36.3 years). The number of people who live longer in the
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United States has increased by over eighteen per cent in the 
past decade (U. S. Bureau of the Census 1978) . Because of 
declining mortality, natural morbidity due to the aging 
process increases. The difference found above may reflect 
this trend. Thus, the older patient may be more susceptible 
to infectious disease, or at least when presenting to a 
physician, these patients may be viewed by the physician as 
being more susceptible. Use of antibiotics in the three 
groups supports this premise.

When a patient presents with an infection, the 
accepted medical practice would be to identify the causative 
organism by a culture from the site of the infection and run 
a subsequent sensitivity test to determine the microbial 
susceptibility to a particular antibiotic (The Medical 
Letter 1976). This actually was not performed with any con
sistency by physicians at the study hospital. Only in 31.9 
per cent (116) of the cases where the 363 antibiotics were 
prescribed had a culture and sensitivity test been ordered, 
while the remaining 68.1 per cent (247 patients) had neither. 
The lack of culture and sensitivity testing might lead one 
to believe that physicians treated patients due to some 
presumptive evidence of infection (i.e., fever, elevated 
white blood cell count, or purulent drainage from a 
suspected site of infection).

The time period with the highest incidence of use 
of the culture and sensitivity testing was the one looked
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at eighteen months after the Medical Care Evaluation Com
mittee was established. This period was significantly dif
ferent (p < 0.05) from the other two periods. The in
vestigator feels this is of no practical significance, for 
when a culture and sensitivity test was done, in only 50 of 
the cases (13.8 per cent) was there any agreement with the 
antibiotic prescribed. Similar results were described by 
Fekety (1976). There was no statistically significant dif
ference among the groups. This points more "to the physician 
prescribing habits representing other than accepted medical 
practice.

All the patients with documented nosocomial in
fections received antibiotics. Information concerning 
nosocomial infections showed no significant difference 
between groups (p £ 0.05), but only 256 cases had informa
tion recorded at all. This lack of documentation showed the 
inefficiency of reporting nosocomial infections by the study 
hospital. The nosocomial infection rate for the study 
hospital with this information was 2.3 per cent (six of the 
25 6 patients) compared to the national average reported by 
the Department of Health, Education and Welfare (1977) of 
five to fifteen per cent. The lack of information recorded 
by the infection control nurse and physicians may reflect 
the trend of-practicing defensive medicine.

Physicians assigned to the Department of Surgery 
prescribed more antibiotics than did those in the Department



of Medicine (131 versus 113). This increased frequency of 
use points to the prophylactic use of these drugs by 
surgeons. Guidelines for antimicrobial drug use have been 
established by the Veterans Administration Ad Hoc Inter
disciplinary Advisory Committee on Antimicrobial Drug Usage 
(1977), and could form the basis of the use of antibiotic 
prophylaxis in surgery at the study hospital? thus in
creasing drug safety by not.subjecting patients to un
necessary drugs and increasing concurrently the costs of 
hospitalization.

This study demonstrated that the more antibiotics 
are received, the higher the costs to the individual and 
the longer the length of stay in the hospital.

Though there are no indications of cephalosporins 
being the first drugs of choice'', in any disease (The 
Medica1 Letter 1976), it was found that they ranked as 
number one in frequency prescribed. The costs of cephalo
sporin therapy were found to be double that of other forms 
of antibiotic therapy during the course of this study. This 
shows a lack of concern or knowledge of the indications for 
use by the majority of physicians of antibiotics and their 
costs. Also, this demonstrates the impact of drug companies 
promotion of the newer antibiotics (penicillin versus 
cephalosporin). The potential effect of their findings on 
third party payors are worth consideration. Indications of 
successful drug utilization programs driving down costs have
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been shown, and the Task Force on Prescription Drugs; Final 
Report (1969) has identified this as a primary indication 
for instituting such studies. Results of this study indi
cated, however, that costs have not been reduced. Patients 
should expect the most efficient expenditure of their 
health care dollar. If no impact of such committees or 
groups are seen, their reasons for existence are in question.

Antibiotic therapy can be costly, as seen by the 
range of costs identified during the study (0.30 to 759.00) 
with an overall mean cost of $32.13.

The average length of stay was greater for those 
patients who received antibiotics (8.0 days) than for those 
who did not (4.7 days). This was statistically significant 
(p < 0.05) and suggests a more complicated disease process 
in those patients receiving antibiotics.

In summary, the analysis of data for the variables 
considered within the scope Of the study showed no sig
nificant difference between the time periods and hence we 
failed to reject the null hypothesis. Therefore, it can be 
concluded that the Medical Care Evaluation Committee had 
no influence on the antibiotic prescribing habits of 
physicians.

As a result of the study the following recommenda
tions are made:

1. That an inservice education program be instituted 
in an effort to influence the prescribing habits



of physicians in regard to their use of antibiotics 
and other drugs.
That the Medical Care Evaluation Committee have as 
a member, a pharmacist whose knowledge and exper
tise regarding drug therapy would aid in the 
assurance of the quality of care of all patients. 
That the Committee establish guidelines for the 
rational selection of antibiotics as well as other 
drugs, and that a limited formulary system be 
instituted through the auspices of the Pharmacy and 
Therapeutics Committee.
That culture and sensitivity testing be carried out 
simultaneously on all patients suspected of having 
an infection. These tests should be a requirement 
for justification of prescribing antibiotics, in 
coordination with the Infection Control Committee 
and the Pharmacy and Therapeutics Committee.
That an extensive evaluation of the use of those 
antibiotics and other drugs which are found to be 
the most frequently prescribed, more costly, asso
ciated with more side effects, and higher patient 
risk be undertaken.
That prospective on-going utilization review pro
grams be performed with results made known to the 
medical staff, as a means of education and aiding 
compliance.



That programs to continually evaluate the effective
ness of this committee be instituted.



APPENDIX A

PERMISSION TO DO STUDY

St. Joseph's Hospital
June 10, 1975

TO WHOM IT MAY CONCERN:

This is to notify you that Richard Lynn Smith has per
mission to carry out the studies described in this paper 
in St. Joseph's Hospital.

/s/ Sister Marguerite 
President
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APPENDIX B 

DATA COLLECTION FORM
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Assigned Patient Number   Patient Name . Sex M F Age
Medical Pt._____ Surgical Pt._ Floor Pt. Assigned _____
Pto Length of Stay   days Pt. Discharged? _____  Pt. Die _____
Assigned M.D. Number _____  M.D. Name_______________________ Specialty_______
Diagnosis: Admitting__________ ;_____________ Discharge:________________________
Did Pt. Receive Antibiotics? yes no
Number of Types of Antibiotics Received:____________________
Name of Antibiotic(s) (1)___________ (2)___________ (3)_______.____(4)_________
Route of Administration___________________________ ___________ ________
# of Doses Received  . ___________ __________  ________
Culture or Sensitivity ____________ __________  ___________ ________
Cost1 to Pt. . ___  ______

>fc.
00



APPENDIX C

ENCODED STAFF

01 = Department of Surgery
01 Surgery, General
02 Anesthesiology
03 Neurological Surgery
04 Ophthalmology
05 Urology
09 Oral Surgery and Dentistry
10 Orthopedic Surgery
11 Otolaryngology
12 Plastic Surgery
13 Proctology
14 Thoracic Surgery
02 = Department of General Medicine
06 Internal Medicine 
0 7 Allergies
08 Cardiology
15 Rheumatology
16 Department of Psychiatry
17 Department of Obstetrics and Gynecology
18 Department of Laboratory Medicine
19 Dermatology
20 Endocrinology
21 Gastroenterology
22 Hematology 
,23 Neurology
24 Nuclear Medicine
25 Physical Medicine and Rehabilitation
26 Pulmonary Disease
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APPENDIX D

ENCODED CLASSIFICATION OF INFECTIOUS DISEASES

001.0-136.0 Infective and parasitic disease
289.5 Spleen disease-infection
320.0-324.0 Inflammatory disease of nervous system
360.0-369.9 Inflammatory disease of eye
380.0-389.0 Disease of ear and mastoid process
422.0 Acute and subacute myocarditis
457.0 Lymphatic disease
460.0-465.0 Acute upper respiratory infection
470.0 , Influenza
480.0-486.0 Pneumonia
500.0-508.9 Other disease of upper respiratory, system
510.0-519.9 Other disease of respiratory system
520. 0-529 . 9 Disease of- oral cavity, salivary glands

and j aws
530.0-567.9 Peritonitis
569.5 Proctitis
575.0-575.9 Disease of gall bladder
576.0 Cholangitis
577.0-577.1 Pancreatitis
590.0-591.0 Infection of kidney

From Hospital Adaptation of ICDA (1973).
50
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593.9 Disease of ureter
595.0-595.9 Cystitis
597.0 Urethritis (non-venereal)
599.0 Periuretheral infection
599.5 Urinary tract infection
600.0-607.9 Disease of male genitals
611. 0-611.9 Disease of breast— female/male
616.9 Pelvic infection— female
622.0-622.1 Infectious disease of uterus, vagina,

vulva.
629.4 Unspecified disease of female genitals
635.6 Placentitis
635.9 Other and unspecified.
664.9 Complications--delivery with unspecified
678.1 Breast inflammation
680.0-686.9 Infection of skin and subcutaneous tissue
700. 0-709.9 Other disease of skin and subcutaneous

tissue
710.0-739.0 Disease of muscular/skeletal system
768.2 Omphalitis (newborn)
995.8 Post-trauma wound infection
996.6 Infection complications prosthetic device
997.2 Infec. post-amputation
998.5 Post-op wound.infection
999.3 Infec. or sepsis



APPENDIX E

ENCODED CLASSIFICATION OF ANTIBIOTIC DRUGS 

1. Erythromycins
01 Erythromycin
02 Erythromycin Estolate
03 Erythromycin Ethylsuccinate
04 Erythromycin Gluceptate
05 Erythromycin Lactobionate
06 Erythromycin Stearate
Penicillins
01 Amoxicillin
02 Ampicillin
03 Carbenicillin Disodium
04 Carbenicillin Indanyl Sodium
05 Cloxacillin
06 Dicloxacillin
07 Hetacillin
08 Methicillin
09 Nafcillin
10 Oxacillin
11 Penicillin G Benzathine
12 Penicillin G Potassium/Penicillin G Sodium -
13 Penicillin G Procain
14 Penicillin V
15 Phenethicillin
Tetracyclines
01 Chlortetracycline
02 Demeclacycline >
03 Doxycycline
04 Hethacycline
05 Minocycline
06 Oxytetracycline
07 Tetracycline
Lincornycin Group
01 Clindamycin
02 Lincomycin
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5. Polypeptides
01 Bacitracin
02 Colistimethate/Collistin
0 3 Polymyxin B

6. Cephalosporins
01 Cephalexin
02 Cephaloglycin
03 Cephaloridine
04 Cephalothin
05 Cefazolin
06 Cefaprin
07 Cefradine

7. Antifungals
01 Amphotericin B
02 Flucytosine
0 3 Griseofulvin 
04 Nystatin

8. Other Antibiotics
01 Gentamicin
02 Kanamycin 
0 3 Neomycin 
04 Novobiocin
0 5 Ole andomy c in/Troleandomycin
06 Paromomycin
07 Spectinomycin
08 ' Troleandomycin
09 Vancomycin
10 Viomycin

9. Streptomycins
01 Dihydrostreptomycin
02 Streptomycin

10. Chloramphenicol
01 Chloramphenicol
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Table F.l. One-Way.Analysis of Variance of Sex, Age, Length of Stay, and Outcome 
of Study Patients by Study Period

Period
I II III FRatio 17Prob

Number of Females 
(Per Cent)
Number of Males 
(Per Cent)

199
(60.5%)
130

(39.5%)

174
(62.1%)
106

(37.9%)

202
(61.0%)
. 129 
(39.0%)

.0893 NS

Age (Years) x = 32.5 
(s.d. = 24,3)

x = 37.9 
(2.d. = 24.9)

x = 40. 
(s.d. =

9
26.0)

4.33 . 0134

Length of Stay (Days) x = 5.2 
(s.d. = 5.4)

x ='5.9 
(s.d. = 7,5)

x = 5.6 
(s.d. = 5.9)

1.002 NS

Number of Patients Died 
(Per Cent)

3
(.9%)

7
(2.5%)

4
(1,2%)

1.4374 NS

NS = p > 0.05

Lnin
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Table F.2. One-Way Analysis of Variance of Patients by 

Medical Service Admitted, by Study Period

I
Period

II III F F Ratio Prob
Number of Patients 190 158 189
Attended by Dept, 
of Medicine 
(Per Cent)

(57.8%) (56.4%) (57.1%)

.0539 NS
Number of Patients 139 122 142
Attended by Dept, 
of Surgery 
(Per Cent)

(42.2%) (43.6%) (42.9%)

Table F.3. One-Way Analysis 
Patients with a 
by Study Period

of Variance of the Number of / 
Diagnosis of Infectious Disease

Period
I II III Ratio FProb

Patients with 
Infectious Disease 
State (Per Cent)

190
(57.7%)

162
(58.3%)

204
(61.8%)

.6565 NS

Patients with 
Nosocomial Infec
tion (Per Cent)

2
(2.3%)

1
(1.2%)

3
(3.4%)

.4326 NS
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Table G.l. One-Way Analysis of Variance of Sex, Age, Length of Stay, and Outcome 
of Study Patients Receiving Antibiotics

Period
FRatio FProbI II III

Number of Females 40 42 50
(Per Cent) (42.8%) (56.0%) (57.5%)

.7162 NS
Number of Males 42 . 33 37
(Per Cent) (51.2%) (34,0%) (42.5%)
Age (Years) x = 38.7 x = 45.8 XI 11 w 00 1.586 NS

(s.d. = 25.7) (s.d, = 26.6)i (s,d, = 25.7)
Length of Stay (Days) x = 7,9 x = 9 , 6 x = 6.8 2.1216 NS

(s.d. = 7.8) (s.d. = 12.3)i (s.d, = 5.5)
Number of Patients 2 5 1 2.0803 NS
Who Died (Per Cent) (2,4%) (6.7%) (.1,2%)
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Table G.2. One-Way Analysis of Patients Receiving Anti

biotics by Medical Service Admitted, by Study 
Period

I
Period

II III F . F Ratio Prob
Number of Patients 32 35 46
Attended by General 
Medicine (Per Cent)

(39.0%) (46.7%) (52.9%)
1.6327 NS

Number of Patients 50 40 41
Attended by Surgery 
(Per Cent)

(61.0%) (53.3%) (47.1%)

Table G.3. One-Way Analysis of the Number of Patients 
Receiving Antibiotic(s) with a Diagnosis of 

_ Infectious Disease by Study Period

- Period
I II III Ratio FProb

Patients with an 
Infectious Disease 
State (Per Cent)

31
(37.8%)

36 
(48.0%)

47
(54.7%)

2.4360 NS

Patients with 
Nosocomial Infec
tion (Per Cent)

2
(2.4%)

1
(1.3%)

3
(3.4%)

.3826 NS



APPENDIX H

TWO-WAY ANALYSES OF VARIANCE

Table H.l. Two-Way Analysis of Variance of Time Period
Effect, Sex Effect, and the Effect of the Inter
action of Time Period and Sex on the Number of 
Antibiotics Prescribed

Source of 
Variation

Sum of 
Squares DFa

Mean
Square Fb

Significance 
F (p)

Main effects 
Group . 933 2 .466 . 666 ns
Sex . 206 1 .'206 .294 ns

Two-way 
interactions 

Group x Sex 1.046 2 .523 .746 ns
Residual 166.693 238 .700

& % II degrees of freedom
kp = F distribution.
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Table H.2. Two-Way Analsyis of Variance of Time Period

Effect, Physician's Specialty, and the Effect of 
the Interaction of Time Period and Physician's 
Specialty on the Number of Antibiotics 
Prescribed

Source of 
Variation

Sum of 
Squares DFa

Mean 
Square : Fb

Significance 
of F (p)

Main effects 
Group . 958 2 .479 .681 ns
Physician's 
specialty .172 1 .172 .244 ns

Two-way 
interactions 

Group x 
Physician's 
specialty .426 2 .213 .303 ns

Residual 167.346 238 . 703

aDF = degrees of freedom,
kp = F distribution.
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Table H.3. Two-Way Analysis of Variance of Time Period 

Effect, Infectious Disease Effect, and the 
Effect of the Interaction of Time Period and 
Infectious Disease on the Number of Antibiotics 
Prescribed

Source of 
Variation

Sum of 
Squares DFa

Mean
Square Fb

Significance 
of F (p)

Main effects 
Group 1. 002 2 .501 .717 ns
Infectious
disease .346 1 .346 .496 ns

Two-way 
interactions 

Group x 
Infectious 
disease 1. 864 2 .932 1.335 ns

Residual 165.413 237 .698

aDF = degrees of freedom,
kp = F distribution.



APPENDIX I 

UNIVARIATE ANALYSIS

Table 1.1. One-Way Analysis 
Period

of Variance of Cost by Study

Source of 
Variation

Sum of 
Squares DFa Fb

Significance 
of F (p)

Main effects 17701.31 2 1.78 ns
Residual 1204925.78 242

aDF — degrees of freedom. 
= F distribution.
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APPENDIX J

CROSSTABULATION TABLES

Table J.l. Crosstabulation of Study Period by Sex

Period
Number of 

Males
Per Cent 
of Total

Number of 
Females

Per Cent 
of Total

I
n = 82

42 51.2 40 48.8

II 
n = 75

33 44. 0 42 56. 0

III
n = 87

37 42.5 50 57.5

Totals 112 45.9 132 54.1

= (df = 2) 1.44; p = ns.
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Table J.2. Crosstabulation of Study Period by Disposition 

of Patient

Period
Number of 
Patients 

Discharged
Per Cent 
of Total

Number of 
Patients 
Expired

Per Cent 
Total

I
n = 82

80 97.6 2 2.4

IT 
n = 75

70 93.3 5 6.7

III
n = 87

86 98.9 1 1.1

Total 236 96.7 8 3.3

X2 = (df = 2) 4.14; p = ns.

Table J.3 ; Crosstabulation of Study 
Specialty

Period by Physician's

Period

Number of 
Patients 

Admitted by 
Surgeons

. Per Cent 
of Total

Number of 
Patients 

Admitted by 
Physicians 

General 
Medicine

Per Cent 
of Total

I
n = 82

50 61.0 32 39.0

II 
n = 75

40 53.3 35 46.7

III
n = 87

41 47.1 46 52.9

Total 131 53.7 113 46.3

= (df = 2 )  3.26; p = ns.
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Table J.4. Grosstabulation of Study Period by Infectious 

Disease

Period

Number of 
Patients 
with 

Infectious 
Disease

Per Cent 
of Total

Number of 
Patients 
with no 
Infectious 
Disease

Per Cent 
of Total

I
n = 82

31 37.8 51 62.2

II 
n = 75

36 . 48.0 39 52.0

III
n = 86

47 54.7 39 45.3

Total 114 46. 9 129 53.1

X2 = (df = 2) 4.84; p = ns.

Table J.5 Crosstabulation of Study 
Infection

Period by Nosocomial

Period

Number of 
Patients 
with 

Nosocomial 
Infection

Per Cent 
of Total

Number of 
Patients 
with no 

Nosocomial 
Infection

Per Cent 
of Total

I
n = 82

2 2.4 80 97.6

II 
n = 76

1 1.3 75 98.7

III
n — 87

3 3.4 84 96.6

Total 6 2.4 84 96.6

= (df = 2) .7722; p - ns.



Table J.6. Crosstabulation of Study Period by Number of Antibiotics Received

Number of Antibiotics Received
Group 1 Per Cent 2 Per Cent 3 Per Cent 4 Per Cent 4 Per Cent

H

II 00 N> 59 72.0 15 18.3 5 6.1 1 1.2 2 2.4
II
. n=76 47 61.8 20 26,3 4 5.3 4 5.3 1 1.3
III
n=87 59 67.8 20 23.0 6 6.9 2 2.3 0 0.0

Total 165 67.3 55 . 22.4 15 6.1 7 2.9 3 1.2

= (df = 8) 6.39; p = ns.

<j\
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Table J.7. Crosstabulation of Number of Antibiotics-

Prescribed by Presence of Nosocomial Infection 
by Number of Antibiotics

Number of 
Antibiotics

Nosocomial
Infection
Present

Per Cent 
of Total

No
Nosocomial
Infection

Per Cent 
of Total

1 n=165 4 2.4 161 97.6
2 n=55 1 1.8 54 98.2
3 n=15 1 6.7 14 93.3
4 n=7 0 0.0 7 100.0
5 n=3 0 0.0 3 100.0

Total 6 2.4 239 9 7.6

— (df = 4) 1.46; p = ns.
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Table J.8. Crosstabulation of Number of Antibiotics Pre

scribed by Infectious Disease State

Number of 
Antibiotics• 

Present
Infectious
Disease
Present

Per Cent 
of Total

No
Infectious
Disease
Present

Per Cent 
of Total

1 n=165 79 47.9 86 52.1
2 n=53 20 37.7 33 62.3
3 n=15 8 53.3 7 46.7
4 n=7 5 71. 4 2 28.6
5 n=3 2 66.7 1 33.3

Total 114 46.9 129 53.1

= (df = 4) 4.26; p = ns.



Table J.9. Crosstabulation of Antibiotic Class by Study Period

Periods
. I II . . . Ill

Antibiotic
Class

Actual
Number

Per Cent 
of Total

Actual
Number

Per Cent 
of Total

Actual
Number

Per Cent 
of Total

Cephalosporins
n=134 51 38,1 36 26,9 47 35.1

Penicillins 
n=9 6 27 28,1 35 36.5 34 35.4

Tetracyclines
n=63 15 23.8 23 36.5 25 39.7

Linocomycin/
Clindamycin
n=15 10 66,7 2 13,3 3 20.0

Erythromycins
n=18 5 27.8 7 38.9 6 33.3

Total 108 103 115

= (df = 8) 14.00; p = ns.
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