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EVALUATION OF A CONTROL PROGRAM RESTRICTING
THE USE OF SECOND GENERATION
CEPHALOSPORINS

INTRODUCTION

During the last decade the cephalosporin group of antibiotics
has become widely used.1

In many hospitals cephalosporins are the

most frequently prescribed antibiotics and account for about 20 percent of pharmacy antibiotic costs.2

This widespread acceptance has

been related to a relatively low incidence of toxicities and a broad
antibacterial spectrum of activity.'

However, much of the use of cephalosporins has been indiscriminate.

3

The misuse of cephalosporins can result in undesirable con-

sequences.

The patient is exposed to a greater risk of toxicities

or adverse drug reactions.

Alteration in antibiotic sensitivity

patterns of bacterial flora may occur, causing the emergence of resistant strains of microorganisms.

Infections by these resistant

organisms may result in a prolonged hospital stay for patients,
thereby contributing to higher health care costs.

4

The Joint Commission on Accreditation of Hospitals, (JCAH), mandated in 1976 that all hospitals review antibiotic use regularly with
the intended goal being improved antibiotic use.

To fulfill this

obligation, a quality assurance method known as Antibiotic Utilization Review has co

into use.

5

The hospital medical staff has the

2

ultimate responsibility for usage reviews.

The pharmacist partici-

pates because this function is frequently delegated to the Pharmacy
and Therapeutics Committee.

The antibiotic utilization review process has been described
in the literature as consisting of three steps:

6

I.

Criteria defining acceptable use of antibiotics are
developed through the work of an interdisciplinary
committee in the institution.
Criteria must be explicit, they should include an "eleMent", a statement
giving the essential evidence that must be found in
the patient's medical record; a "standard", the percentage figure indicating the extent to which the
element has to be fulfilled; an "exception", if
there are specific circumstances that make a variation
acceptable; and "instructions", the directions for
retrieval of the information found in the element.

2.

Quantitative and qualitative data are collected.
The quantitative data provide amounts and costs of
antibiotics used and qualitative data assess the
appropriateness of antibiotics used.

3.

Methods of follow-up are devised to correct audit deficiencies that have been found.
These methods usually fall into one of two categories, educational
programs or control programs.

Neu and Howry

7

have analyzed physicians' responses to a test

of treatment of infectious diseases.

They concluded that physicians

they tested showed insufficient knowledge of the use of antibiotics
and need further education in this area.

An educational program may include newsletters, lectures or individual consultations by Infectious Disease Specialists, staff
conferences or documentation of use.

8

Efforts to examine and correct cephalosporin use have been reported in the literature.

Martucci

9

reported an educational program

3

which combined a pharmacy newsletter, a chart depicting cost of therapy, lectures by the director of infectious diseases at the hospital

medical staff meeting, information from the representatives of pharmaceutical manufacturers, and susceptibility results from the hospital's microbiology laboratory.

This program significantly altered

the prescribing of a parenteral cephalosporin, cefazolin.

inappro-

priate cefazolin dosing was corrected with this program and a substantial cost savings was realized.
tive education program.

Sohn

10

described another effec-

An educational document comparing serum

levels, antimicrobial activity, and cost to patients was distributed

to the medical staff, and this was supplemented by individual explanations by pharmacists during rounds or when orders were received
that differed from the campaign guidelines.
improved and a cost savings was realized.

Cefazolin dosing was
Katz and Schlamowitz,11

however, reported that educational efforts through pharmacist-physician consultation and contact with medical representatives failed
to improve cefazolin dosing until they adopted the different strategy of a control program.

Control programs modify the use of antibiotics by such measures
as requiring written justification, requiring consultation from an
infectious disease specialist, requesting cultures prior to drug
release, or by eliminating the drug from the formulary.

6

Katz and Schlamowitz 11 reported the deletion of cefazolin from
the hospital formulary and recommended the use of cephapirin.

The

substantial result was a 28.8 percent cost savings during the first

4

year.

Britton, Schwinghammer, and Romano12 reported an effective

cost containment program which restricted the use of four parenteral
cephalosporins; cefazolin, cephapirin, cefamandole, and cefoxitin.
Cefazolin was selected as the parenteral cephalosporin of choice.

Cephapirin, cefamandole, and cefoxitin could be used only for specific indications.

All physicians were provided correct cefazolin

dosing and indication guidelines.

Non-compliant physicians were

notified and corrected by clinical pharmacists.

The program produced

a $55,715 or 46.2 percent reduction in parenteral cephalosporin
purchases during the first full year following implementation.

Re-

strictive programs may be difficult to implement because they interfere with the physicians' right to choose.
also Simon et al.

14

But Phelps and Godwin13

reported that programs can be successfully imple-

mented if the decision is made through the Pharmacy and Therapeutics
Committee.

In either of these cases the restrictions imposed were

quite limiting as cefazolin was retained on the hospital formulary
as the only parenteral cephalosporin.
Craig et al.

15

reported a control program which required an

automatic infectious disease consultation for every cephalosporin
ordered.

The recommendations of the infectious disease consultant

were not binding in this program, and the prescribing physician retained final authority.

This program reduced cephalosporin costs

and decreased the total cost of antimicrobial drugs by 72 percent.
Ryan and Francese

16

reported an approach that classified all

antibiotics used into three categories of uncontrolled, monitored,

5

and restricted antibiotics.

The antibiotics in the uncontrolled

category were readily available, the monitored antibiotics required
a special ordering procedure, and restricted antibiotics required
written approval by a member of the Infectious Disease Service.

When

the second generation cephalosporins became available, a review of
all cephalosporins was conducted.

As a result of this review, cepha-

lothin was deleted from the formulary, cephapirin and cefazolin were
placed into the monitored category, and cefazolin was limited to
intramuscular use.

Second generation cephalosporins, cefamandole

and cefoxitin were placed into the restricted category.

A projected

savings of approximately $5,000 was expected within the first year
of restriction.

Ma et al.

17

studied the effects of various levels of

consultations on cefazolin prescribing.

Compared were the effect

of no consultations to that of consultation by the prescribing physician with both an infectious disease specialist and a pharmacist
prior to ordering cefazolin, and consultation by the prescribing
physician with only the infectious disease specialist or a pharmacist
or an attending physician.

Ma et al. concluded that since the per-

centage of appropriate cefazolin dosing was greatest during the
period in which both the infectious disease specialist and pharmacist
were consulted that this was the most effective level of consultation.
In 1977, Recco et al.

18

described a program which combined an

educational program with required infectious disease specialist approval of restricted antibiotic orders.

Recco's findings indicated

that the combined program produced reductions in the use of four

6

parenteral

nafcillin.

antibiotics; cephalothin, cefazolin, carbenicillin, and
Recco concluded that the major factor in the antibiotic

cost reductions was the substitution of less expensive, equally effective antibiotics for cephalosporins.

Most authors stress the quantitative outcomes measured by fewer
doses and lower antibiotic costs in assessing the effectiveness of
a control program.

These outcomes cannot necessarily be equated

with rational cephalosporin therapy.

Qualitative outcomes should

also be evaluated when determining the success of a cephalosporin
control program.

A control program, if too restrictive, could dis-

courage the appropriate selection and use of cephalosporins.

For

example, it would not be beneficial if it resulted in expanded use
of a potentially ototoxic or nephrotoxic aminoglycoside antibiotic
in lieu of an appropriate less toxic second generation cephalosporin.
In 1979, the second generation cephalosporins, cefamandole and
cefoxitin became available.

These agents are more expensive and

have limited indications for use when compared to first generation
cephalosporins. -Therefore, their use should be limited to those
indications for which they present a clear therapeutic advantage.

There are no reports in the literature that evaluate the influence
of a control program on the restriction of second generation cephalosporins.

At the Portland Veterans' Administration Medical Center (VAMC)

a control program was established that restricted the use of second
generation cephalosporins.

The purpose of this program was to control

7

antibiotic costs while maintaining appropriate and effective cephalosporin therapy.

An unusually active Infectious Disease Service,

working through an extremely cost conscious Pharmacy and Therapeutics
Committee, had made it possible to restrict the use of second generation cephalosporins as soon as they became available for general
use.

They were never

available without this control.

Physicians practicing at the VAMC also practice at the Oregon
Health Sciences University (OHSU) hospital and from casual observance
it appeared as if the use of cefamandole and cefoxitin was much greater at the OHSU.

At the OHSU, second generation cephalosporins were

available without restrictions.

It seemed as if physicians who did

not prescribe cefamandole or cefoxitin for their patients at the
VAMC under the control program, proceeded to use these agents for
their patients at the OHSU.

Such a difference could have reflected

the difference in need at the OHSU or the effect of the control program on the use of these agents at the VAMC.

The ideal research design for investigating the effect of the
program would have been a controlled experiment comparing both institutions.

This would have established a causal relationship between

independent and dependent variables.
been the independent variable.

The control program would have

However, in the clinical environment

it is nearly impossible to control all extraneous factors during
such a comparison.

Although physicians practice at both institutions,

the ideal experiment would have called for a homogeneous pool of
physicians from which random assignments to both institutions could

8

have been made.

Although patients are similar at both institutions,

if the obstetric, gynecologic, and pediatric patients are excluded
at the OHSU, the ideal experiment would have called for closely matched
patients presenting an identical therapeutic challenge.

In addition,

there would have been factors such as selection bias and physician
maturation that could not be controlled and would have contributed
significantly to the loss of validity.

Another possibility for assessing the effect would have been to
compare the study data from the VAMC against baseline data collected
prior to the implementation of restrictions.

This option was pre-

cluded because these agents had never been available without restriction at the VAMC.

Therefore, the study to establish a causal relationship between
the control program and the use of second generation cephalosporins
could not be attempted.

It was possible, however, to investigate whether the explanation

for the difference in utilization was that there was a different
need for second generation cephalosporins at the OHSU than at the
VAMC.

This could be done by assessing the appropriateness of use

at both institutions.
need.

Appropriate use would confirm this different

It was further possible to rule out that the difference between

the use of second generation cephalosporins at the two institutions

was not the effect of an excessively restrictive control program
at the VAMC.

This had been the definite concern of the members of

9

the Infectious Disease Service.

The appropriate data for this analy-

sis were available in the clinical isolate results.
Two hypotheses were investigated:
H
1

= appropriate use of second generation cephalosporins
reflects the need for these agents at the OHSU.

H2 = the control program at the VAMC does interfere with
the selection of the most appropriate cephalosporin
The first step in examining these hypotheses was to evaluate the
appropriateness of parenteral cephalosporin use at the OHSU and the
VAMC, and the second step was to evaluate whether the control program

interfered with the selection of the most appropriate parente-

ral cephalosporin at the VAMC.

10

METHODS

For the purpose of this study, data were collected at two large
teaching hospitals in Portland, Oregon; the 480 bed Veterans' Administration Medical Center (VAMC) and the 425 bed Oregon Health Sciences

Housestaff of these institutions rotate to both

University (OHSU).

hospitals for six week assignments on medical and surgical services.

At the VAMC physicians prescribing cefamandole or cefoxitin must
comply with control measures.

At OHSU physicians are not restricted

in prescribing these agents.

The control program at the VAMC requires physicians prescribing
cefamandole or cefoxitin to complete an antimicrobial order form,
(Appendix I) a formulary exception request (Appendix II), and to obtain

( by telephone or in person) approval for use from an infectious disease consultant.

An infectious disease consultant is available for

consultation 24 hours a day.

The requesting physician discusses rea-

sons for selecting a restricted cephalosporin over other antibiotics
with the consultant.

Unless there is a clear reason for withholding

the restricted cephalosporin, the consultant co-signs the antimicrobial order form or authorizes the pharmacy by telephone to fill the
order.

The restricted cephalosporin is then prepared and distributed

to the ward by the Pharmacy Service.
Three aspects of cephalosporin use were analyzed:
1.

A parenteral cephalosporin use review

11

1.

2.

A comparison of quantitative data

3.

An assessment of antimicrobial selection

A Parenteral Cephalosporin Use Review
The objective of this review was to assess the appropriateness

of use of all parenteral cephalosporins prescribed during August
1980 at the VAMC and the OHSU.

The obstetric, gynecologic, and

pediatric patients at the OHSU were excluded to make the sample population more uniform.

This review consisted of the development of

the criteria determining appropriate cephalosporin use and the collection of data.

The criteria determining appropriateness were developed and
approved by an ad hoc committee, consisting of two attending physicians specializing in infectious diseases (one from the VAMC and
the other from the OHSU), two registered record administrators (one
from the VAMC and the other from the OHSU), and two clinical pharmacists from the VAMC.

Five areas of parenteral cephalosporin use

were approved by the committee.
A.

Therapy
1)
2)
3)
4)

B.

These areas were:

Empiric use for suspected infections
Staphylococcal infections
Streptococcal infections
Gram negative infections

Prophylaxis

Each area contains a set of criteria which defines appropriate cephalosporin use in terms of appropriate selection and appropriate dosing
of the cephalosporin.

Each criterion consists of an element, any
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exceptions to the element, and a standard.

Instructions for data

retrieval from the patient's medical record are also included.

The

elements are statements of the indications for use, processing requirements, complications, and outcome measures.

For each area of

cephalosporin use the elements may have included:
A.

Indications for use

1) Clinical site of infection
2) Antimicrobial susceptibilities of bacterial organisms
3) Virulence of bacterial organisms
3.

Processing requirements
I)
2)
3)
4)

Dosage of cephalosporin
Duration of therapy
Frequency of administration
Laboratory tests, i.e. Blood Urea Nitrogen (BUN),
serum creatinine, chest x-ray, sputum characteristics, gram stain results.
5) Other antibiotics administered (name, dosage, frequency, and duration of administration)
6) Allergies to cephalosporins
C

Complications

1) Adjustment of dosage if documented serum creatinine level is greater than 1.2 mg%
2) Documented consideration of alternate antibiotic in
cases of:
a) eosinophilia
b) drug fever
c) rash
d) arthralgia
e) unexplained elevation of BUN level greater
than 20 or serum creatinine level above
1.2 mg% or hematuria
f) anaphylaxis
D.

Outcome measures

1) Cephalosporin administration does not exceed 72
hours in the absence of a documented pathogen
sensitive to cephalosporins

13

The criteria used were those published by Kunin et al.

19

for the

first generation cephalosporins (cephalothin, cerphapirin, and cefazolin).

The physicians and pharmacists of the ad hoc committee de-

veloped new criteria based on optimum medical treatment reported
in the medical literature for the second generation cephalosporins,
cefamandole and cefoxitin20' 21 (Appendix III).

The initial screening process of data collection involved retrospectively reviewing the medical records of patients (excluding the
obstetric, gynecologic and pediatric patients at the OHSU) receiving
a

parenteral cephalosporin during August 1980.

At the VAMC this

was accomplished by a clinical pharmacist reviewing pharmacy intravenous profiles and compiling a list of patient names and their hospital identification numbers.

This list was submitted to the medical

record file room by a registered record administrator for retrieval
of the corresponding medical records.

The clinical pharmacist later

reviewed each of the medical records retrieved.

At the OHSU a different retrieval process was necessary since
not all intravenous medication orders were processed by the Pharmacy
Service.

After August 1, 1980, a registered record administrator

reviewed the daily hospital census sheets for names and the hospital
identification numbers of patients discharged.

The medical records

of these patients were retrieved and then screened for parenteral
cephalosporin orders written during August 1980.

In an attempt to

include all the OHSU parenteral cephalosporin orders written during

the study period, this process was continued for two months after
the study period ended.
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A clinical pharmacist recorded the following medical records
information onto criteria worksheets (Appendix IV).
A.

Patient data:

name, hospital identification number,
admission date, drug allergies, diagnosis, temperature at time of initiation of cephalosporin therapy.

B.

Antibiotic data:

the dosage, frequency, route and duration of administration of parenteral
cephalosporins and other antibiotics
received concomitantly.

C.

Laboratory data:

recorded as required by the criteria.
These may include serum creatinine,
blood urea nitrogen, complete blood
count, results of cultures and antimicrobial susceptibility results.

D.

Patient progress
data:

recorded as required by the criteria.
These may include patient responses
to the cephalosporin therapy, complications, and negative culture reports.

Each criterion that did not meet the standard was marked as a
variation.

All variations were reviewed by the Chief of Infectious

Diseases and a second clinical pharmacist at the VAMC.

The hospital

and patient identities were not revealed to these reviewers.

This

second review process, the "indepth review", determined whether the
criteria variations could be justified.
marked as "O.K." beside the criterion.

A justified variation was
All variations within an area

of use had to be justified before the course of therapy or prophylaxis
was categorized as appropriate use.

Unjustified variations remained

marked as criteria variations and the course of therapy or prophylaxis
was categorized as inappropriate use.

If disagreement in justification

occurred during this process, the Chief of Infectious Diseases made the
final decision.

15

Each course of cephalosporin therapy or prophylaxis was assigned
to a category of appropriate or inappropriate use.

The subcategories

of inappropriate use were modified from those described by Kunin et
al.

22

to further delineate inappropriate cephalosporin use.

The modi-

fications were developed by the clinical pharmacist performing the
study.

The subcategories for inappropriate use under therapy differed

from those under prophylaxis (Appendix V).
listed in descending order of significance.

The subcategories are

Only one subcategory

was assigned for a course of therapy or prophylaxis for the purpose
of statistical analysis.

If several subcategories of inappropriate

use occurred for one course of therapy or prophylaxis the category
with the highest significance was assigned.

The appropriate and

inappropriate use for prophylaxis and therapy at both. hospitals will

be analyzed for differences using the Chi-square test statistic.

2.

A Comparison of Quantitative Data

The objective of this comparison was to assess the actual differences between the number of orders, number of grams, and expenditures of all parenteral cephalosporins used at the VAMC and the OHSU
during August 1980.

Parenteral cephalosporin number of orders, number of grams,

and costs were tabulated with data from the criteria worksheets used
in the cephalosporin use review.

For each order for therapy or pro-

phylaxis, the number of doses were calculated using the interval
and duration of administration recorded on the worksheet.

This number
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was multiplied by the dosage prescribed to calculate the number of
grams used.

The acquisition cost of a single dose of cephalosporin

used, multiplied by the total grams, gave the cost of each cephalosporin course.

At these institutions the acquisition cost for each paren-

teral cephalosporin differed (Appendix VI).

The total number of

orders, number of grams used and expenditure for each parenteral
cephalosporin at each hospital is shown in Tables I-VI.

3.

An Assessment of Antimicrobial Selection
For this portion of the study, antimicrobial use in patients

infected by bacteria reported to be sensitive to cefamandale or cefoxitin and resistant to cephalothin was assessed.
lected at the VAMC by a clinical pharmacist.

The data were col-

The objective was to

assess whether the control program was too restrictive and led to
the selection of an antimicrobial that was more toxic or less desirable.

This assessment consisted of using approved criteria defining

infection and colonization and data collection.

The criteria for classifying bacterial isolates, known as clinical isolates, as infection or colonization were selected from those

criteria published in the Study of the Efficacy of Nosocomial Infection Control (the SENIC project)

23

Selection was made by the Chief

of Infectious Diseases at the VAMC.

Infection was defined by an

explicit set of criteria for each of four sites (urine, blood, sputum,
and wound).

The criteria consisted of an element, any exceptions

to the element, and a standard.

Colonization was defined as clinical

isolates not meeting the criteria for infection (Appendix VII).

17

At the VAMC a physician may order patients' specimens to be
submitted to the Clinical Microbiology Laboratory for workup.

The

identification and the antimicrobial susceptibilities of the clinical

isolates were obtained using a fully automated antimicrobial testing
system, the MS-2.

For August 1980 all clinical isolates reported as sensitive to
cefamandole or cefoxitin and resistant to cephalothin were used as
the study population.

Using the specimen number that corresponded

to the clinical isolate, a list of patient names and hospital identification numbers were obtained from the microbiology log books by
a clinical pharmacist.

A registered record administrator submitted

this list to the medical record file room for retrieval of the patient
medical records.

From these records, the following data were recorded

by the clinical pharmacist.
A.

Patient data:

name, hospital identification number,
diagnosis, and temperature.

B.

Specimen data:

specimen number, site isolated, antimicrobial susceptibilities of bacterial isolate(s).

C.

Antibiotic data:

name, dosage, interval, duration of
administration of one or more concomitantly received antibiotics.

D.

Lab data:

as required by the processing criteria.
These may include: sputum characteristics, drainage from wound
site, progress of patient.

On the basis of the data collected from the patients' medical
records, each clinical isolate was classified according to the criteria as either infection or colonization.

This initial classification
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was performed by the clinical pharmacist.

The Chief of Infectious

Diseases and a second clinical pharmacist at the VAMC, independently
classified each clinical isolate as to infection or colonization
using data collected from the medical records.

The Chief of Infec-

tious Diseases made the final decision if disagreement in classification occurred.

Data of all clinical isolates classified as infection

were independently reviewed by the Chief of Infectious Diseases and
the two clinical pharmacists at the VAMC.

Based on the antimicrobial

susceptibilities, the infectious disease, and the pharmacokinetic
parameters of the antibiotic, the choice of antibiotic was assessed.
If the choice was a parenteral cephalosporin, the appropriateness

of use, including selection and dosing, was evaluated according to
the criteria used for the cephalosporin use review.

If a cephalo-

sporin was not used, the appropriateness of selection was assessed.
It was a concern that a more toxic antibiotic such as an aminoglycoside had been selected rather than a restricted second generation
cephalosporin.

The aminoglycoside antibiotics are considered to

be more toxic than the cephalosporins because they are known to cause
side effects such as nephrotoxicity or ototoxicity.

19

RESULTS AND DISCUSSION

During August 1980, four parenteral cephalosporins cephapirin,
cefazolin, cefamandole, and cefoxitin were used at the OHSU.
eight orders were written for 85 patients.

Eighty-

Seventy-three (82.9%)

orders were for the first generation agents, cephapirin and cefazolin.

The remaining 15 (17.1%) orders were for second generation

agents, cefamandole and cefoxitin.

There were 74 orders for prophy-

laxis and 14 for therapy (Table I).

A total of 1,981 grams of parenteral cephalosporins were used
(Table II).

Cephapirin and cefazolin accounted for 80.3%

total grams used.

of the

Cefamandole and cefoxitin accounted for 19.7% of

the total grams used.

Approximately 61% of the total grams were

used for prophylaxis and 39% were used for therapy.

The average

number of grams for a prophylaxis order was 16.3, while the average
number of grams used for a therapeutic order was 55.1.

The total cephalosporin cost for 85 patients was $5,445.28
(Table III).

The average cost was $47.07 for all first generation

cephalosporin courses and $133.96 for all second generation cephalosporin courses.

The first generation cephalosporins accounted for

63.1% of the total cost, while the second generation cephalosporins
accounted for 36.9% of the total cost.

The average cost for prophy-

laxis was $44.54 and the average cost for therapy was $153.53.
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TABLE I.

Cephalosporin Orders
(OHSU)

CEPHALOSPORIN

THERAPY

cephapirin
cefazolin
cefamandole
cefoxitin

9

61

2

1

3

1

11

12

2

1

3

14

74

88

TABLE II.

PROPHYLAXIS

TOTAL ORDERS
70

Cephalosporin Grams
(OHSU)

CEPHALOSPORIN

cephapirin
cefazolin
cefamandole
cefoxitin

THERAPY

PROPHYLAXIS

594
6

104
68
772

TABLE III.

TOTAL GRAMS

975
16
192

1,569

26

94

1,209,

22

296

1,981

Cephalosporin Cost
(OHSU)

CEPHALOSPORIN

cephapirin
cefazolin
cefamandole
cefoxitin

THERAPY

PROPHYLAXIS

TOTAL COSTS

$1,220.40
33.24
527.28
368.56

$2,094.58
89.64
972.66
140.92

$3,313.98
121.88
1,499.94
509.48

$2,149.48

$3,295.80

$5,445.28
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During August 1980, four parenteral cephalosporins cephapirin,
cefazolin, cefamandole, and cefoxitin were used at the VAMC.

One

hundred twenty-five cephalosporin orders were written for 117 patients.

One hundred twenty-two (97.6%) orders were for the first generation
agents, cephapirin and cefazolin.

The remaining three (2.4%) orders

were for second generation cephalosporins, cefamandole and cefoxitin.
There were 91 orders for prophylaxis and 34 orders for therapy
(Table IV).

A total of 2,116 grams of parenteral cephalosporins were used
(Table V).

Cephapirin and cefazolin accounted for 92.7% of the total

grams used.

Cefamandole and cefoxitin accounted for 7.3% of the total

grams used.

Approximately 50% of the total grams were used for pro-

phylaxis and 50% were used for therapy.

The average number of grams

used for a prophylaxis order was 11.7, while the average number of
grams used for a therapeutic order was 31.

The total cephalosporin cost for 117 patients was $4324.56
(Table VI).

The average cost was $29.72 for all first generation

cephalosporin courses and $232.89 for all second generation cephalosporin courses.

The first generation cephalosporins accounted for

83.8% of the total cost, while the second generation cephalosporins
accounted for 16.2% of the total cost.

The average cost for a pro-

phylaxis order was $21.47 and the average cost of therapy was $69.74.

The results show that at both hospitals, the majority of cephalosporin orders were for cephapirin, a first generation cephalosporin.

Cephapirin was used predominantly in the area of prophylaxis at each
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Cephalosporin Orders

TABLE IV.

(VAMC)

CEPHALOSPORIN

cephapirin
cefazolin
cefamandole
cefoxitin

THERAPY

PROPHYLAXIS

TOTAL ORDERS

31

90

121

0

1

1

1

1

2

0
0

34

91

TABLE V.

2

125

Cephalosporin Grams
(VAMC)

CEPHALOSPORIN

THERAPY

PROPHYLAXIS

TOTAL CRAMS

cephapirin
cefazolin
cefamandole
cefoxitin

900

1,059

1,959

0
72

3

3

82

0
0

72
82

1,054

1,062

2,116

TABLE VI.

Cephalosporin Cost
(VAMC)

CEPHALOSPORIN

cephapirin
cefazolin
cefamandole
cefoxitin

THERAPY

$1,673.10
0

262.44
436.24

$2,371.28

PROPHYLAXIS
$1,943.00
10.00
0
0

$1,953.78

TOTAL COSTS
$3,616.10
10.00
262.44
436.24
$4,324.56

23

hospital but the second generation cephalosporins were ordered for
prophylaxis at the OHSU.

There were no second generation cephalo-

sporins ordered for prophylaxis at the VAMC.

As one would expect,

the number of grams of cephapirin was larger than all other cephalosporins combined.

The data shows that the average number of grams

used for prophylaxis at each hospital was 11.7 at the VAMC and
16.3 at the OHSU.

This is excessive according to the criteria which

specifies that a course of prophylaxis should use an average of 10
grams.

The overall cephalosporin expenditures were approximately

$1,110 higher at the OHSU than at the VAMC.

This occurred despite

a smaller number of orders and fewer grams of cephalosporins used
at the OHSU.

OHSU has higher acquisition costs than the VAMC and

therefore incurs larger expenditures.

OHSU also used more of the

expensive second generation cephalosporins than the VAMC, a factor
which contributed to higher total cephalosporin costs at OHSU.

Figures 1 and 2 show the number of orders, number of grams, and
costs for the first and second generation cephalosporins as percent
of the total cephalosporins used.

The second generation cephalospor-

ins comprised 2.4% of the orders, 7.3% of the grams, and 16.2% of
the total cost at the VAMC.

At the OHSU, these agents comprised 17.1%

of the orders, 19.7% of the grams, and 36.9% of the total cephalosporin cost.

The figures show that for the second generation cepha-

losporin orders, the larger quantity of drug per course and the

higher cost per gram result in disproportionate impact on the overall
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Figure 1.

A comparison of orders, grams, and cost of first and
second generation cephalosporins as percent of total
cephalosporins.
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A comparison of orders, grams, and cost of first and second
generation cephalosporins as percent of total cephalosporins.
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cephalosporin cost.

It is this kind of impact that has focused at-

tention on the second generation cephalosporins.

The high cost of cephalosporin therapy at the OHSU would logically suggest that a control program might be useful.

Such a program

would either confirm appropriate use and the need for such high expenditures, or it would uncover inappropriate use and the opportunity for reducing expenditures.

An estimate of the most favorable impact of a control program
would be to assume that all use of second generation cephalosporins
had been inappropriate and could be corrected by substituting a first
generation cephalosporin.

This. would be reasonable to assume in some

cases of therapy and all cases of prophylaxis observed at the OHSU.

Using the cost of second generation cephalosporins used for prophylaxis at the OHSU as an example, an estimate of the impact of the
control program could anticipate a saving of $1,113.58 which would
be approximately 20% of the cephalosporin expenditures.

Reports in

the literature often state the impact of control programs in this
manner ignoring costs of replacement therapy and any other costs of
operating the program.

However, if these other costs are included

the estimate of the cost impact would be more realistic.

The cost of first generation cephalosporins used as replacement
therapy for the twelve courses of prophylaxis
been $422.36,

at the OHSU would have

Subtracting this amount from $1,113.58 would reduce

the anticipated savings to $691.21, which is only 12.69% of the total
cephalosporin budget.
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Adding the costs of operating the control program such as those
for consultation fees for members of the Infectious Disease Service
would further reduce the overall savings.

This example illustrates the significance of including associated costs when assessing the cost impact of a control program.

The appropriateness of use was determined for first and second
generation cephalosporins ordered during August 1980, at the OHSU
and the VAMC.

According to the criteria, appropriate use was de-

fined on the basis of appropriate selection and dosing of the cephalosporin.

When assessing appropriateness of cephalosporin use it

is important to distinguish between selection and dosing. Appropriate
selection alone does not constitute appropriate use, both conditions
must be met.

Each course of cephalosporin use was categorized as appropriate
or inappropriate use (Appendix V).

The subcategory II-A under

Prophylaxis corresponds with the selection of cephalosporin agents.

The subcategories II-B and II7C under Therapy also correspond with
selection.

All other subcategories refer to cephalosporin dosing.

The appropriateness of selection and dosing was determined for
all parenteral cephalosporins at the OHSU and the VAMC.

Oregon Health Sciences University
Appropriateness of Selection

A total of 15 courses of second generation cephalosporins
were selected for use.

Three courses were for therapy; two were
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cefoxitin and one was cefamandole.
inappropriately selected.

Both courses of cefoxitin were

One patient was treated empirically for

septicemia with only cefoxitin and tobramycin.

Although cefoxitin

provides antibacterial activity against a variety of gram negative
organisms, it does not provide adequate antibacterial activity
against suspected gram positive organisms.

The other course of cefo-

xitin was given to a patient with cellulitis caused by gram positive
organisms.

The selection of cefoxitin was inappropriate because the

organisms were also sensitive to the first generation cephalosporins
which have greater antibacterial activity against gram positive organisms than cefoxitin.
been used.

A first generation cephalosporin should have

The selection of cefamandole was inappropriate for em-

pirically treating a patient for pneumonia.

The physician ordered

cefamandole to "provide coverage against suspected Bacteroides
fragilis and Staphylococcus aureus organisms".

Clindamycin would

have been the appropriate choice for treating both Bacteroides
fragilis and Staphylococcus aureus.

There were 12 courses for which

second generation cephalosporins were selected for prophylaxis;
was cefoxitin and 11 were cefamandole.

one

According to the criteria,

the use of second generation cephalosporins for prophylaxis is inappropriate.

The review showed that all 15 courses of second generation
cephalosporins were inappropriately selected.

(Figure 3)

Seventy-three courses of first generation cephalosporins were
selected for use.

Eleven courses were for therapy.

Ten courses were
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appropriately selected and one was inappropriately selected.

The

inappropriate selection of cephapirin occurred in a patient with a
urinary tract infection caused by E. coli.
been the appropriate selection.

Ampicillin would have

All 62 courses for prophylaxis

were

selected appropriately.

The review showed that 72 courses of first generation cephalosporins at OHSU were appropriately selected and one course was inappropriately selected.

(Figure 3)

Appropriateness of Dosing

The appropriateness of dosing was assessed for all therapeutic and prophylactic courses which had been appropriately
selected.

The second generation cephalosporins were all inappropri-

ately selected and therefore appropriateness of dosing was not considered.

Four of the ten first generation cephalosporin courses appropriately selected for therapy were inappropriately dosed.

Excessive

dosage occurred in three patients with Streptococcal infections.

Excessive duration of administration occurred in one patient with
suspected pneumonia.

A total of 62 first generation cephalosporin

courses were used for prophylaxis.
inappropriately.

Thirty-five of these were dosed

Sixteen courses were inappropriate due to excessive

dose andlor excessive duration of administration.
started later than allowed by the criteria.

Eight courses were

In these eight courses

a dose was not given prior to or during surgery.

The remaining 11
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courses were inappropriate because a cephalosporin was given in combination with another antibiotic.

The review showed a total of 39 courses of first generation
cephalosporins were dosed inappropriately.

The most frequent dosing

problem was excessive dosage and/or duration of administration.

Veterans' Administration Medical Center
Appropriateness of Selection

A total of three courses of second generation cephalosporins
were selected for therapy.
and one was cefamandole.
selected.

Two therapeutic courses were cefoxitin
Both courses of cefoxitin were appropriately

One course was for a patient chronically colonized with

Serratia marcescens.

This organism requires a specific antibiotic pro-

tocol because of its multiple antibiotic resistance at the VAMC.

The

other course of cefoxitin was for a patient with peritonitis.

Cefamandole was inappropriately selected for a patient with a urinary
tract infection caused by E. coli.

This organism was sensitive to

a first generation cephalosporin which would have been the appropriate selection.

The second generation cephalosporins were never

ordered for prophylaxis which is appropriate according to the criteria.
The review showed that a total of two courses of second generation
cephalosporins were appropriately selected and one was inappropriately
selected.

(Figure 4)

One hundred twenty-two courses of first generation cephalosporins
were selected for use.

There were 31 courses of therapy.

Twenty-six
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were selected appropriately and five were selected in appropriately.
One patient with an infected toe caused by Pseudomonas aeruginosa inappropriately received cephapirin when carbenicillin was the appropriate selection.

One patient with cellulitis who had a history of

cephalosporin allergy inappropriately received a course of cephapirin.
Evidence of an allergic reaction to cephapirin (rash and increased
percent of eosinophilis) did not prompt the physician to prescribe an
alternative antibiotic having adequate activity against suspected gram
positive organisms.

One patient with aspiration pneumonia caused by

Staphylococcus aureus inappropriately received cephapirin when a
penicillinase resistant penicillin would have been the appropriate
selection.

One patient inappropriately received cephapirin for

pneumonia caused by Pseudomonas aeruginosa.

The sputum culture and

sensitivity report showed the organism resistant to all cephalosporins
and sensitive to gentamicin which the patient appropriately received.
One patient with bacteremia caused by E. coli inappropriately received cephapirin.

The organism was resistant to cephalosporins and

sensitive to gentamicin which the patient appropriately received.
91 courses of prophylaxis were appropriately selected.

The review showed a total of 117 courses of first generation
cephalosporins were appropriately selected.

(Figure 4)

Appropriateness of Dosing
The appropriateness of dosing was assessed for 119 courses
of appropriately selected cephalospOrins.

One of the two cefoxitin

All
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courses appropriately selected for therapy was inappropriately dosed
in a patient with renal failure.

Eleven of the 26 first generation cephalosporin courses for
therapy were inappropriately dosed.

Excessive dosages occurred in

five patients with Streptococcal infections.
administration occurred in three courses.

Excessive duration of

An additional antibiotic

should have been included in the empiric regimen of three other
courses.

A total of 91 courses of first generation cephalosporins

were used for prophylaxis.
ely.

Fifty of these were dosed inappropriat-

Nineteen courses were inappropriate due to excessive dose and/

or excessive duration of administration.

Twenty-three courses were

started later than allowed by the criteria.

The remaining eight

courses were inappropriate because a cephalosporin was given in combination with another antibiotic.

The review showed that a total of 61 courses of first generation
cephalosporins were dosed inappropriately.

The largest subcategory

of inappropriate dosing was that related to timing of prophylaxis.

Appropriate Use

The overall assessment of appropriateness of first and
second generation cephalosporin use is shown in Tables VII and VIII.

Table VII reports therapy and Table VIII reports prophylaxis for both
hospitals.

At the OHSU, 6 (42.8%) courses were appropriately used

and 8 (57.2%)courses were inappropriately used for therapy.

At the

V4MC, 16 (47.1%) courses were appropriately used and 18 (52.9%)

courses

31

TABLE VII.

Therapeutic Use of Cephalosporins

OHSU
Strep

gr-

Empiric

Total

1

0

2

3

6

42.8

A

0

2

0

0

2

14.3

B

0

1

0

0

1

7.2

C

0

0

2

0

2

14.3

0

0

1

0

2

3

21.4

E

0

0

0

0

0

TOTAL

1

4

4

5

14

I.

II.

of

Staph

0

100.0

VAMC

Strep

gr-

Empiric

Total

2

0

7

7

16

47.1

A

0

5

1

0

6

17.6

3

1

0

0

2

3

3.3

C

1

0

1

0

2

5.9

D

1

0

3

0

4

11.3

E

0

0

0

3

3

8.3

TOTAL

5

5

12

12
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100.0

I.

II.

a
.

Staph

Appropriate Use
II. Inappropriate Use
A.
An additional antibiotic should have been given
B.
A more effective agent should have been used
C.
A less toxic or expensive agent should have been used
D.
Duration of administration unjustified
E.
Excessive dose
I.

*Empiric Use
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TABLE VIII.

Prophylactic Use of Cephalosporins

OHSU
#

%

#

%

27

36.5

41

45.0

A.

1

1.3

3

3.3

B.

12

16.2

9

9.9

C.

3

4.0

7

7.7

D.

8

11.0

23

25.3

E.

11

14.8

8

8.8

F.

12

16.2

0

0

74

100.0

91

I.

II.

VAMC

TOTAL

100.0

Appropriate Use
II. Inappropriate Use
A.
Less expensive cephalosporin should have been used
B.
Used inappropriately in combination with other antibiotics
C.
Started prophylaxis too late
D.
Both excessive dose and duration
E.
Excessive duration
F.
Excessive dose
I.
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were inappropriately used for therapy.

The Chi-square test24 for

independence showed no significant difference in the use of cephalosporins for therapy between the two hospitals (p > .05).

At the OHSU,

27 (36.5%) courses were appropriately used and 47 (63.5%) courses
were inappropriately used for prophylaxis.

At the VAMC, 41 (45.0%)

courses were appropriately used and 50 (55%) courses were inappropriately used for prophylaxis.

The Chi-square test for independence

showed no significant difference in the use of cephalosporins for
prophylaxis between the two hospitals (p > .05).
An analysis of appropriate and inappropriate selection of all
cephalosporins use at the two hospitals was conducted.

The Chi-square

test for independence revealed a significant difference in inappropriate selection of cephalosporins between the two hospitals (p <.005).
The 15 courses of second generation cephalosporins used at the OHSU
accounted for 94% of all inappropriate selection.

Twelve of these

fifteen courses were inappropriately selected for use in prophylaxis.
One second generation cephalosporin course used for therapy at the
VAMC accounted for 17% of all inappropriate selection of cephalosporins and none were inappropriately selected for prophylaxis.

The results show that selection of second generation cephalosporins was predominantly inappropriate at the OHSU.

The data also

indicate that the VAMC control program was generally associated with

appropriate selection, although it did not preclude inappropriate
selection of a second generation cephalosporin for therapy.

An

analysis was conducted which examined appropriate and inappropriate
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dosing at the OHSU and at the VAMC.

The Chi-square test for independ-

ence showed no significant difference between the dosing of cephalosporins at the two hospitals.

Inappropriate dosing of cephalosporins

at the two hospitals is of the same magnitude and the overall incidence
of inappropriate dosing is comparable.

At the OHSU, 54% of the cephalo-

sporins correctly selected were inappropriately dosed.

At the VAMC, 51%

of the cephalosporins correctly selected were inappropriately dosed.

This is similar to the incidence of inappropriate dosing found in other
cephalosporin use reviews reported in the literature.2'4'25

The control program at the VAMC had included criteria for appropriate dosing of second generation cephalosporins.

No attempt had been

made to enforce compliance with dosing criteria for the first generation cephalosporins.

The results show that the control program at the

VAMC was not successful at controlling the dosing of first generation
cephalosporins.

They suggest that the control program be modified and

expanded to manage dosing as well as selection.

This could be accom-

plished by designated pharmacists using an established protocol.
Some additional problems detected during this assessment of appro-

priateness of cephalosporin use were medication errors and missing
documentation.

At the OHSU one patient received a wrong dose and

another patient's dose was ordered but the medication administration
record (MAR) did not indicate that the dose had been given.
Eight documentation and medication errors occurred at the VAMC.
Five doses were not recorded in the patients' MARs, one MAR was mis-

sing from the medical record, one dosing error occurred, and one
temperature was not recorded.
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Although these errors indicate that improvement is needed in
documentation and medication administration, these findings did not
change the results of the cephalosporin use review.
An Assessment of Antimicrobial Selection

At the VAMC, physicians routinely order bacterial susceptibility reports prior to selecting an antibiotic.

Specimens are ob-

tained from the suspected site of infection; urine, sputum, blood,

or wound, and submitted to the VAMC Clinical Microbiology Laboratory
for analysis.

The bacteria isolated are identified and tested for

susceptibilities to a battery of antimicrobial agents.
ties are reported as:

Susceptibili-

S = clinical isolate is sensitive to the anti-

microbial agent, I = clinical isolate is intermediately sensitive

to the antimicrobial agent, and R = clinical isolate is resistant
to the antimicrobial agent.

Prescribers base the selection of the

antibiotic on clinical isolate susceptibility data, type of infectious
disease, and pharmacokinetic parameters of the antibiotic.
Reviewing the clinical isolate susceptibilities and the antibio-

tic selection for treatment would show whether there had been
isolates that would have required second generation cephalosporins
but were treated with another antibiotic.

The absence of such cases

would establish that the restrictiveness of the control program was
not excessive.

A total of 662 clinical isolates was submitted to the VAMC Clinical Microbiology Laboratory for analysis during August, 1980.

Five
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hundred sixty-five of these isolates were tested against cephalothin,
a prototype for all first generation cephalosporins.

One hundred

seventy-seven (31%) of the clinical isolates tested showed resistance
to cephalothin.

Fifty-seven (32%) of these cephalothin resistant

isolates were sensitive to cefamandole and/or cefoxitin.

The patient

medical records corresponding to five clinical isolates were unavailable for review.

The corresponding records of 52 clinical isolates

were retrospectively reviewed.

These 52 clinical isolates had been

obtained from 38 patients.

According to the criteria, these 52 clinical isolates were classified by the clinical pharmacist as colonization or infection.

Three

isolates (6%) could not be classified because one medical record
lacked sufficient progress notes and laboratory reports to make a
classification, and the significance of the antimicrobial susceptibility reports for two clinical isolates could not be established
because of contaminated specimens.

The remaining 49 clinical isolates

were classified as representing colonization 41 (79%) and eight (15%)
as infection.

These data show the importance of making the distinction between
colonization and infection.

A large number of clinical isolates

represented colonization for which antibiotic therapy was unnecessary.

The eight clinical isolates representing infection were obtained
from seven patients.

The antibiotic therapy for these patients was

evaluated for appropriateness of selection.

Appropriateness of use

of first and second generation cephalosporins for patients in the
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clinical isolate study was evaluated in the cephalosporin use review.
Four patients with urinary tract infections appropriately received
less expensive, equally effective antimicrobials rather than second
generation cephalosporins.
patients were

The antimicrobials selected for three

trimethoprim-suifamethoxazole.

for one patient.

Ampicillin was selected

One patient with aspiration pneumonitis appropriat-

ely received penicillin and gentamicin.

One patient with a gangrenous

toe inappropriately received cephapirin, a first generation cephalosporin.

For one patient with peritonitis, cefoxitin was appropriately

selected.

Later this same patient received gentamicin which was an

inappropriate selection for gram negative pneumonia caused by
Enterobacter and Citrobacter.

The appropriate selection for this

patient with renal failure would have been cefamandole.

The use of

an aminoglycoside instead of a second generation cephalosporin introduced the additional hazards of nephrotoxicity and ototoxicity.

Findings of the clinical isolate review are that a second generation cephalosporin was indicated for only two (4.0%) of the 49

clinical isoates.

Antibiotic selection was appropriate for six

clinical isolates and inappropriate for two clinical isolates.

Selection for the patient with the gangrenous toe was inappropriate
because the isolate was resistant to cephapirin.

The isolate was

sensitive to carbenicillin, which would have been the appropriate
selection,

Another inappropriate selection was that of an aminoglycoside
antibiotic instead of the appropriate second generation cephalosporin,
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cefamandole.

This one case could indicate that the control program

prevented the selection of the most appropriate cephalosporin.

The

physician who made this decision stated that at the time he had not
prescribed cefamandole because he had been unaware that cefamandole
had better penetration into the lung tissue than gentamicin and that
cefamandole had excellent antibacterial activity against Enterobacter
at the VAMC.

Since this physician generally used gentamicin for gram

negative pneumonia infections with clinical success, he thought
gentamicin was the appropriate antibiotic choice.

He stated that

his selection of antibiotic therapy was irrespective of the control
program restrictions.

This was supported by his previous order of

cefoxitin for this same patient.

Since it was established that selection of gentamicin was not
related to the restrictiveness of the control program, there is no
evidence that the control program prevented selection of the most
appropriate cephalosporin at the VAMC.

The study presented a unique opportunity to evaluate an aspect
of the control program that has usually not Peen examined.

The cir-

cumstances of the neighboring hospitals with apparently different
cephalosporin need raised the question of restrictiveness at the VAMC.
Excessive restrictiveness was ruled out as a result of this study.

However, the possibility of being too restrictive and actually decreasing rational use with control measures that are designed to
reduce cost and increase rationality should never be excluded.
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CONCLUSIONS AND SUMMARY

Two hypotheses had been proposed as explanations for the different use of second generation cephalosporins at the OHSU and the VAMC.
The first hypothesis stated that appropriate use of second generation
cephalosporins reflects the need for these agents at the OHSU.

Since

there were no cases when second generation cephalosporins were appropriately used at the OHSU, the hypothesis was rejected.

This ruled

out one possible explanation for the difference in use of second
generation cephalosporins at the OHSU and the VAMC.

The second hypothesis stated that the control program at the
VAMC interferes with the selection of the most appropriate cephalosporin.

Clinical isolate data studied at the VAMC demonstrated that

the control program did not prevent selection of the most appropriate cephalosporin.

The hypothesis was rejected.

The results of the study provided the answer to the concern for
the different use of second generation cephalosporins at the two
hospitals.

They also provided suggestions for the evaluation of

control programs in general.

Although success of control programs is most often reported in
terms of reduced antibiotic expenditures, it would be more realistic to report it in terms of the ultimate effect after all costs related to the intervention by the control program have been included
in the calculation.

Our study showed that consideration of all costs
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associated with a control program would give a better measure of the
significance of the program's impact.

The effect which control programs have on cost is often the primary reason for establishing a control program.

Although it is the

most visible effect and often the only reported effect, this quantitative effect of use must be supported by the fact that quality of
use has been achieved.

Cost reduction alone can not be the only out-

come accepted as evidence of the effectiveness of the program.

A

qualitative assessment must give assurance that the control program
is not too restrictive and allows appropriate selection and dosing.

The need for cost reduction must not take priority over the need for
rational use of drugs.

This study showed that a qualitative assess-

ment contributes significant information to the evaluation of a control
program.

An analysis of quantitative and qualitative data on cephalosporin
use proved that the VAMC control program does not prevent the selection
of the most appropriate cephalosporin.
appropr,a

The program is associated

seec-cch of second generai,;on cepha,osporins and

should be continued and expanded to correct inappropriate dosing of
first generation cephalosporins.
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APPENDIX I

ANTIMICROBIAL ORDER FORM
(FOR INPATIENT USE ONLY)

I.

Indication for Antimicrobial use
Infection

Proven - Diagnosis:
- Bacteria:

Suspected - Diagnosis:
- Bacteria:

Preventive - for:
2.

Check list

a) Allergy to penicillin or other antimicrobials?
Yes
No

b) Measurements made for calculation of dosage
(e.g. Aminoglycosides)
Creatinine Weight

-

c) Gram stain andior culture taken?

Yes 0
No

3.

11/...

Antimicrobial order(s) (Please time and date).
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APPENDIX II

UNITED STATES GOVERNMENT

Memorandum
Pharmacy Service (119)

(Please Print; Phone Ext.

)

SPECIAL ORDER REQUEST (Complete all lines).

1.

Drug name (generic preferred) and strength:

2.

Dose:

3.

Treatment duration (days):

4.

This medication is needed in lieu of formulary drnis to accomplish the
following therapeutic 322k

Non-formulary antibiotics require prior approval of Infectious Disease
(503-222-9221, ext. 358 or page number 2-044/2-046).

Note:

5.

Patients Name:
Location (if inpatient):

6.

Signature:

Please allow 72 hours for routine procurement.

PHARMACY USE ONLY

*
A.

Formulary alternative(s):

B.

Comments:

C.

Amount ordered and date:

D.

E.

Justified

71

Outcome and date:

Unjustified
Approved for

I

*

R.Ph.
days.

Disapproved

Buz U.S. Say:up Bon,i'l Regularly on the Payroll Saving! Plan

tj

kf

f

4/9

APPENDIX

I I I

SCREENING CRITERIA FOR: parenteral cephalosporins used in surgical prophylaxis
No.

1

2

Elements

Stuodurd
100V

09,0

Exceptions

No.

X
Prophylaxis'is indicated in
cardiac, perthese surgeries:
ipheral vascular, orthopedic
(including implantation of foreign bodies such.as pins),
head and neck, gastroduodenal,
biliary tract, colorectal, and
urology

lA Patients with impaired

A dose is administered 4-6
hours pre-op.

2A Recent trauma; begin

X

host defenses may require prophylaxis for
some surgeries in which
prophylaxis is not usually indicated

No.

1

Data Retrieval Instructions

Pre-operative notes or operative note for type of surgery,
history, and progress notes
for risk factors

IA Same as 1 and progress notes

must document reason for use
in surgeries not listed in
Element 1
2

antibiotic within 1
hour of admission

Order sheet, medication administration record (MAR),
nursing notes, anesthesia operative record

2A Same as 2
3

A dose is administered during
surgery

X

3A For procedures longer

3

than 2 hours another
dose is given during
surgery

Anesthesia record for duration
of surgery and medication administered during surgery,
order sheet

3B For procedures shorter

3A Same as 3
than 1 hour only a preop dose is required i.e, 3B Same as 3
Transurethral resection
of the prostate (TURP)

4

5

Duration must be 48 hours or
less post-operative

No history of penicillin or
cephalosporin allergy

X

4A "Dirty" surgery (area'

is contaminated i.e.
bowel perforation, ab,:ess drainage) antibitics are continued for
5-10 days
X

5A ,one

4

Order sheet, MAR

4A Progress notes, operative notes

for type of surgery, order
sheet, MAR
5

History, progress notes, anesthesiologist's pre-op note

parenteral cephalosporins used in surgical prophylaxis

SCREENING CRITERIA FOR
No.

Elements

Standard

100,10%

Exceptions

Nu,

No.

Data Retrieval Instructions

6

Adult dosage does not exceed
0.5-1.0gm per dose

X

6A None

6

Order sheet

7

A cephalosporin is the only
antibiotic given for prophy4
laxis

X

7A Patient is receiving

7

Order sheet, MAR, progress
notes

7A

Same.as7

B

Nursing notes, temperature
graph

8

Patient is afebrile prior to
surgery (temperature is less
than 100 F)

antibiotic therapy for
Tuberculosis
X

8A Patient's temperature

is normally 100 F or
greater

8A Same as 8
9

10

Cefamandole is not administered X

Cefoxitin is not administered

X

9A None

10A For procedures invol-

9

Order sheet, MAR

10

Order sheet, MAR

ving the colon
10A Progress notes, operative note,

order sheet, MAR

SCREENING CRITERIA FOR: parenteral cephalosporins used for Staphylococcal infections
Elements

No.

Site of infection is documenled (non-central nervous sys-

slund.fa

imN40%

Exceptions

No.

No.

Data Retrieval Instructions

---1

X

IA None

1

Progress notes, order sheet

tem)
2

Organism (S. aureus or S. epidermidis) has been identified
by culture and shown to be
sensitive to a cephalosporin
and resistant to penicillin

X

2A None

2

C & S microbiology reports

3

Patient is not allergic to
penicillin or cephalosporins

X

3A None

3

History, progress notes

4

Blood urea nitrogen (BUN) and
serum creatinine are done at
least weekly

X

4A None

4

Order sheet, lab reports

5

Adjustment of dosage if pa,.
tient's serum creatinine is
greater than 1.2mg%

X

5A None

5

Lab reports, order sheet, progress notes

6

Treatment with a cephalosporin X
is equal to or greater than

6A None

6

Order sheet, MAR, nursing note:,

14 days
7

No concurrent administration
of penicillin, penicillinase
resistant penicillins, or
aminoglycosides

X

7A None

7

Order sheet, MAR

8

Cefamandole or cefoxitin are
not used

X

8A 4ixed infections po-

8

Order sheet, MAR

tentially involving orjanisms susceptible to
L.efamandole or cefoxit r

and resistant to cephalothin
8A Same as 8

SCREENING CRITERIA FOR: parenteral cephalosporins used for Staphylococcal infections
No.

9

10

Elements

DocumentatiOn of consideration
of alternative antibiotic
therapy in cases of:
a. Eosinophilia
b. Drug fever
c. Rash
d. Arthralgia
e. Unexplained elevation of
BUN, serum creatinine, or
hematuria
f. Anaphylaxis

Standard
CM

MK

No.

Exceptions

No.

X

9A None

9

Dosage range for adults and
X
administration schedule:
a. Cefazolin 0.5 -1.0gm every
6-8 hours
b. Cephalothin 0.5-1.0gm every
4-6 hours
c. Cephapirin 0.5-1.0gm every
4-6 hours

10A None

10

Data Retrieval Instructions

Progress notes and nursing
notes for manifestations of
anaphylaxis, skin rashes, and
drug fever. Lab reports of
eosinophilia (5% on a differential smear), BUN level
greater than 20 or serum
creatinine greater than 1.2mg%.

Order sheet, MAR

SCREENING CRITERIA FOR:, parenteral cephalosporins used for gram negative bacilli
No.

Elements

dord
IStuo
OU% 070

Exceptions

No.

No.

infectionl

Data Retrieval Instructions

X

lA None

1

Order sheet, MAR, progress
notes, C & S microbiology
reports, chest X-ray, urinalysis, temperature, lab reports

2

X
Growth is blood, pus, sputum,
transtracheal ,aSpirate, or
greater than 100,000 bacteria
/ml in urine of E. coli, Klebsiella, Enterobacter, Proteus,
Serratia, Pseudomonas, or Providencia

2A None

2

C & S microbiology reports,
progress notes, order sheet

3

Bacteria isolated are shown to
be sensitive to the cephalo,
sporin the patient is receiving

3A

one

3

C & S microbiology reports
order sheet, MAR

Clinical site of infection is
documented (non-central nervous system). Special consideration required for:
a. Pneumonia due,to gram negative bacilli
1) New or expanding pulmonary infiltrates by chest
X-ray and WBC greater
than or equal to 12,000
OR
2) Fever (temperature greater than 100 F) AND a gran
stain of sputum or trans
tracheal aspirate dbcumenting numerous gram
negative bacilli (4+)
with PMN's (unless WBC
are less than 4000/cumm)
b. Urine infections is patients
with indwelling catheters
are'treated only if the patient has a fever (temperature greater than 100 F)

X

SCREENING CRITERIA FOR:, parenteral cephalosporins used for gram negative bacilli
Elements

No.

4

Organism is shown to be resis-

Standard
soo,v,

o%

Exceptions

No.

No.

infection]

Data Retrieval Instructions

X

4A None

4

C & S microbiology reports

tant to:

a. Ampicillin - all infections
b. Bactrim, nitrofurantoin,
sulfonamides
urine infections only
5

Adjustment in dosage if patient's serum creatinine is
greater than 1.2mg%

X

5A None

5

Lab reports, order sheet, MAR

6

Documentation of consideration
of alternative antibiotic in
cases of:
a. Eosinophilia
b. Drug fever
c. Rash
d. Arthralgia
e. Unexplained elevation of
BUN greater than 20 or
serum creatinine greater
than 1.2mgi or hematuria
f. Anaphylaxis

X

6A None

6

Progress notes and nursing
notes for manifestations of
anaphylaxis, skin rashes, and
drug fever. Lab reports of
eosinophilia (5% on a differential smear), BUN level
greater than 20 or serum
creatinine greater than 1.2mg%

7

Cefamandole or cefoxitin are
not to be used if organism is
sensitive to cephalothin

X

7A Organism is resistant

7

Order sheet, MAR, C & S microbiology reports

8

Length of treatment with cephalosporin is greater than 7
days and not more than 14 days
for:

a. Urine infections
b. Soft tissue infections
treatment is greater than 14
days for:

to cephalothin and sensitive to cefoxitin or
cefamandole
X

BA None

7A Same as 7
8

Order sheet, MAR, Progress
notes

SCREENING CRITERIA FOR.: parenteral cephalosporins used for gram negative bacilli infections

Elements

NO.

Stamford
100h 0%

Nu.

Exceptions

Nu.

Data Retrieval Instructions

X

8A None

8

Order sheet, MAR, progress
notes

Total daily dosage is riot to
exceed 12 grams/day

X

9A None

9

Order sheet, MAR

Adult dosage range and administration schedule:
a. Cfazolin 0.5-1.0gm every
6-8 hours
b. Cephalothin 0.5-2.0gm every
4-6 hours
c. Cephapirin 0.5-2.0(0 every
4-6 hours
d. Cefamandole 0.5-2.0gm every
4-6 hours
e. Cefoxitin 0.5-1.0gm every
4-6 hours

X

10A None

10

Order sheet, MAR

Li

X
Cephalosporins are not given
concurrently with aminoglycosides, ampicillin, tetracycline
nitrofurantoin, sulfonamides,
or trimethoprin/sulfamethoxasole (Bactrim or Septra)

11A None

11

Order sheet, MAR

i2

Patient has no history of
cephalosporin allergy

X

12A None

12

History, progress notes

8

c.
d.
e.
f.

9

0

Abscess
Osteomyelitis
Endocarditis
Hacteremia ( no other site
documented)

parenteral cephalosporins used empirically for sepsis or
SCREENING CRITERIA FOR: bacteremia

.

Standard

Elements

No.

10041

Patient should have two or
more of the following:
a. Hyperthermia (temperature
greater than 100 F)
b. Hypothermia (temperature
less than 97 F)
c. Leukocytosis (WBC greater
than 12,000/cumm
Leukopenia (WBC less than
.

3,000 /cumin)

e. Hypotension (blood pressure
less than 100/70 in the abscence of bleeding, pulmonary embolism, or myocardial
infarction
OR
one of the above combined with:
a. Instrumentation of the
urinary tract
b. Instrumentation of the bowel
c. Suppurative skin lesions
d. Phlebitis
e. Signs of abdominal infection
(peritonitis, or abscess)
f. Compromised host:
1)Granulocytopenia (WBC less
than 1000 neutrophiles,
PMN's, and bands combined
2)high dose corticosteroid
therapy (greater than 30mg
of prednisone/day)
3)Severe malnutrition
4) Immunosuppressive agents
,

X

0%

No.

IA None

Exceptions

No.

1

Data Retrieval Instructions

Temperature, lab reports,
nursing notes, progress notes,
order sheet, MAR

parenteral cephalosporins used empirically for sepsis or

SCREENING CRITERIA FOR bacteremia
No.

,

Elements

4

5

6

7

Nn.

Exceptions

No

Data Retrieval

Instructions

X

2A None

2

Progress notes

Cephalosporin is used in combi- X
nation with aminoglycoside
antibiotics

3A None

3

Order sheet, MAR, nursing notei-

Duration of administration
does not exceed 72 hours in
the absence of documented
organism sensitive to cephalosporins

X

4A None

4

Order sheet, MAR, C & S microbiology report

Dosage does not exceed 12 gram
per day

X

5A None

5

Order sheet, MAR

Adult dosage range and administration schedule:
a. Cefazolin 0.5-1.0gm every
6-8 hours
b. Cephalothin 0.5-2.0gm every
4-6 hours
c. Cephapirin 0.5-2.0gm every
4-6 hours
d. Cefamandole 0.5-2.0gm every
4-6 hours
e. Cefoxitin 0.5-1.0 gm every
4-6 hours

X

6A None

6

Order sheet, MAR

X

7A None

7

History, progress notes

Meningitis is not suspected or
proven

3

Standard
100%, 0%

Patient has no history of
Cephalosporin allergy

parenteral cephalosporins used for Streptococcal and Group A
SCREENING CRITERIA FOR:, Streptococcal infections of the skin, soft tissues, lungs, pharynx
Elements

Nu.

1

History contains specific reference to probable site of
infection (non-central nervous

Standard
100% 0%

Exceptions

No.

No.

Data Retrieval Instructions

X

IA None

1

History, progress notes

system)
2

Documented evidence indicating
suspicion or cultural evidence
of organism (Str. pneumonia,
Str. viridans, or Group A beta
hemolytic Str.)

X

2A None

2

Documented evidence; progress
notes, C & S microbiology reports. Suspicion; progress
notes

3

Sputum, gram stain, culture,
chest X-ray, and transtracheal
aspirate obtained if pneumonia
is suspected

X

3A None

3

Progress notes, order sheet,
sputum, culture, chest X-ray
and transtracheal aspirate
.

Cephalosporins are not given
concurrently with penicillin
or penicillinase resistant
penicillins

4A None

sheet,
heet, MAR, nursing note:,

5

Use is 14 days or less

X

5A None

5

Order sheet, MAR, nursing note:

6

Total daily dosage does not
exceed 3 grams/day

X

6A None

6

Order sheet, MAR, nursing note

7

Documentation of dosage adjust- X
went if BUN exceeds 20 or
serum creatinine exceeds 1.2mg%

7A None

7

Lab reports, order sheet, MAR,
nursing notes, progress notes

8

Patient has no history of cephalosporin allergy

8A None

8

History, progress notes

9

Cefamandole is not administered X

9A Organism is resistant

9

Order sheet, MAR

to penicillin, cephalothin, and sensitive to
cefamandole

9A C & S microbiology reports,

order sheet, MAR

parenteral cephalosporins used for Streptococcal and Group A

SCREENING CRITERIA FOR Streptococcal infections of the skin, soft tissues, lungs, pharynx
No.

10

Elements

Cefoxitin is not administered

Smadurd
0%

i OD%

X

No.

Exceptions

No.

Data Retrieval Instructions

10 Order sheet, MAR
to penicillin, cephalothin, and sensitive to 10A C & S microbiology reports,
order sheet, MAR
'efoxitin

10A )rganism is resistant
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Eep

A

DATA RETRIEVAL FOR EACH PATIE:Z

RPPECENOIR)(DI

IDENTIFICATION DATA
FATE' a

i-.1.C7

Tcp!rx Determine the appropriate

Pecofc1No.:

use of ceohalosoorins in the treat
tent of Saphylbcoccus

Age:

FrrfiCtit,iNiUNIT

[
MD No.:

Sex
Dept/Sent:

Covrofte:
Other

CrametttoeAut.:

UnitsAMmcW

Dote:

AUDIT CRITERIA DATA
N oTEs

an
NO

STD%.

IEMENTS

MEETS

VAR

EXCEFTCNS CA atiTICAL MANAGEMENT

1C0/0

Et

EX

CM

NO

CM

.---.--.

1.

Site of infection is documented (non-CNS)

2.

Organism has been identified by culture and
shown to be sensitive to a cephalosporin
and resistant to penicillin

3.

Patient is not allergic to penicillin or
cephalosporins

4.

Blood urea nitrogen and serum creatinine
are done at least weekly

5.

Adjustment of dosage if patient's serum
creatinine is greater than 1.2m}

6.

Treatment with a cephalosporin is equal to
or greater than 14 days

7.

No concurrent administration of penicillin,
penicillinase resistant penicillins, or
aminoglycosides

8.

Cefamandole or cefoxitin are not used

9.

Documentation of consideration of alternative antibiotic therapy in cases of:
a.
b.
c.
d.
e.
f.

10.

Eosinophilia
Drug fever
Rash
Arthralgia
Unexplained elevation of BUN, serum
creatinine, or hematuria
Anaphylaxis

Dosage range for adults and administration
schedule:

a. Cefazolin 0.5-1.0gm every 6-8 hours
b. Cephalothin 0.5-1.0gm every 4-6 hours
c. Cephapirin 0.5-1.0gm every 4-6 hours

I th rcnvTabor con toe nrows We Cs swat°, craws roots
...grow ce..ften a corrokcatiwt was Mt eticureW4.74 f. A* WWI wad
2
An3 aaCil note th e

CO:.V 194

Canntuas

ACC,e0K3han c' ,osc.
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APPENDIX V

Categories of Criteria for Assessment
of Appropriate Use

Prophylaxis

I.

Appropriate Use

II

Inappropriate Use
A.

Less expensive cephalosporin should have been used

B.

Used inappropriately in combination with other antibiotics

C.

Started prophylaxis too late

D.

Both excessive dose and duration

E.

Excessive duration

F.

Excessive dose

Therapy
I.

Appropriate Use
Inappropriate
A.

An additional antibiotic should have been given

B.

A more effective agent should have been used

C.

A less toxic or less expensive agent should have been used

D.

Duration of administration unjustified

E.

Excessive dose

Empiric use only
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APPENDIX VI

Cephalosporin Acquisition Cost Data

Cephapirin

VAMC

OHSU

1 gram

injection

$1.80

$2.16

1 gram

piggyback

1.84

2.16

2 grams piggyback

3.81

4.27

Cefazolin
1 gram

injection

$2.30

$2.84

1 gram

piggyback

3.26

5.54

1 gram

injection

$3.68

$4.68

1 gram

piggyback

3.68

5.07

2 grams piggyback

7.29

Cefamandole

Cefoxitin
1 gram

injection

$4.85

$4.95

1 gram

piggyback

5.32

5.42

2 grams piggyback

10.12

10.32
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APPENDIX VII

Criteria for Classification of Clinical Isolates
as Infection or Colonization

Standard = 100%

I.

Urine Cultures:
A.

Infection will be judged to be present if:
1.

>10

5

bacteria/ml of urine is isolated in any patient

who is not currently undergoing indwelling catheterization, or
2.

>10

4

bacteria/ml of urine in patients with an indwelling

catheter who also have either of the following:
a. Fever (temperature >99.6F/37.5C) within 48 hours
of the time cultures obtained
b. Presence of pyuria (>10 WBC/HPF) on a urinanalysis
obtained within 3 days of the time of the positive
culture.
B.

Urine cultures not meeting these criteria will be judged to
represent colonization.

II. Sputum Cultures:
A.

Infection will be judged to be present if any of the follow-

ing criteria are met within 3 days of the time the culture
is obtained:
1.

A chest x-ray compatible with pneumonia and either
of the following:

61

a. purulent sputum
b. positive blood culture
2.

A chest x-ray compatible with pneumonia and a physician's definitive diagnosis of pneumonia and any
of the following:

a. fever >99.6°F
b. pleuritic chest pain
c. increased breath sounds or rales
3.

Physician's definitive diagnosis of tracheabronchitis

4.

B.

Production of purulent sputum for at least 3 days.

All other sputum cultures will be judged to represent colonization.

C.

Sputum cultures which yield multiple pathogens, or organisms
which are potential oropharyngeal contaminants, should only
be classified as infection if the concomitant gram stain of
the sputum meets minimum microbiologic criteria of acceptibility (<20 epithelial cells per low power field (100X)),

and organisms of compatible gram stain morphology are present.

III. Wound and Soft Tissue Cultures and Other Exudates:
A.

Infection will be judged to be present if any of the follow-

ing criteria are met within 3 days of the time the culture
is obtained:
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1.

Physician diagnosis of cellulitis, wound infection,

stitch abscess or other soft tissue infection
2.

Purulent drainage from a wound site, draining fistula,
natural body opening or abscess cavity.

B.

All other wound, soft tissue and exudative cultures will
be judged to represent colonization.

IV.

Blood and Cultures from Other Sites:
A.

Infection will be judged to be present if:
I.

Any pathogen is isolated from one blood culture or
other normally sterile body site (e.g. pleural, CSF,

peritoneal, etc.) except for the following pathogens
which must be isolated in at least two blood cultures
taken on the same day or be accompanied by a physician's statement that their isolation in only one
culture represents a true infection:
a. Bacillus species
b. Candida species

c. Corynebacterium species
d. S. epidermitis
B.

Blood and cultures from other sites not meeting these

criteria will be judged to represent colonization

V.

Clinical Response:
Isolates obtained from episodes meeting the above criteria for

infection should be classified as representing colonization if:

63

A.

The "infectious episode" spontaneously resolves without
antibiotic or other therapy, or

B.

The "infectious episode" resolves during antibiotic therapy
which would not be expected to be effective based on in
vitro susceptibility testing, and/or known pharmacokinetic
properties of the antibiotic at the site of involvement.

