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ABSTRACT 

Diagnosis Related Groups (DRGs) 79, 89, and 416, 

were studied retrospectively at Tucson Medical Center using 

financial billing records. Significant differences were 

found between the antibiotic regimens used in treatment of 

DRGs 79 and 89? in terms of pharmacy charge, IV charge, 

antibiotic charge, and hospital charge. Significant 

difference was found between the two antibiotic regimens 

used in treating patients in DRG 416 in terms of antibiotic 

charges. Lengths of hospital stay were not found to be 

significantly related to antibiotic regimens. 

Changes in intravenous antibiotic therapy were 

associated with significantly higher charges and lengths of 

stay for DRGs 79 and 89. In DRG 416, changes in antibiotic 

therapy was associated with higher intravenous therapy 

charges. 

This type of analysis can be useful in targeting 

clinical pharmacy interventions toward antibiotic therapy 

which is associated with higher charges or in identifying 

potentially incorrect or inappropriate therapy. 

x 



CHAPTER 1 

INTRODUCTION 

Cost containment has become an important issue in 

the health care industry. Excessive inflation of medical 

expenditures is a primary cause of this emphasis. Although 

interests in cost containment in hospitals have been present 

for several years, the necessity of achieving lower costs 

became ultimately significant with the adoption of the 

Prospective Payment System (PPS) by the Health Care 

Financing Administration ( HCFA). Grimaldi and Micheletti 

(1983a and 1983b) have written detailed reviews of the PPS. 

Under this new system, hospitals are reimbursed 

according to standard rates, depending upon the patient's 

diagnosis related group (DRG) which is determined upon 

discharge. Hospitals that are reimbursed under the PPS 

system now receive fixed amounts for most Medicare patients 

of a certain diagnosis, regardless of the cost of an 

individual hospitalization. Efficient, cost controlled 

institutions have a much greater possibility of success 

under this new payment system. 

Hospital Pharmacy Practice and DRGS 

Just -as hospitals are required to make special 

efforts to control costs, hospital pharmacies are also. 

1 
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Whereas the pharmacy department was previously considered an 

excellent source of revenue for the hospital, it is now 

viewed as a major cost center ( Enright, 1 9 8 3 ). 

Hospital departments are in competition for scarce 

resources. As a result of these factors, pharmacy directors 

are seeking methods to control costs with greater enthusiasm 

than ever before. However, serious difficulty lies in 

controlling costs because physicians generally direct drug 

therapy and thereby, are affecting pharmacy costs. 

Influencing physician decisions concerning drug prescribing 

in hospitals may be a method through which the pharmacy 

department can control costs. Research can help to 

establish an adequate basis for pharmacist's 

recommendations. 

Many articles have described strategies for 

pharmacists to undertake in response to DRG implementation. 

Few articles have described the effectiveness of these 

programs. The hospital formulary system and drug 

utilization reviews are frequently mentioned as methods for 

controlling drug costs (Zilz and Nold 1983, Enright 1984, 

Davern and Kubica 1984). Home health care programs are a 

method of diversification considered by Lee HE (1983) and by 

Upton, Crouch, and Douglas (1983a). Changing intravenous 

(IV) therapy procedures or equipment was anticipated by 

Osborne (1983). 
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The use of clinical pharmacists to control drug 

costs is another method which hospital pharmacy directors 

may employ (Levin, Cohen, and Birmingham 1981; Schloemer and 

Zagozen 1984). Documentation of clinical pharmacist's 

interventions will help to justify clinical programs and 

establish cost/benefit analysis for clinical pharmacist 

activities (Turnbull and Asby 1983, McGhan and Bootman 

1984). 

DRG analyses which have been performed recently have 

emphasized the review of DRGs which are found to be 

associated with high pharmacy charges (Catania, et al. 1984; 

McGee, et al. 1985). Catania, et al. (1984) suggested that 

clinical pharmacy services may be optimally utilized through 

identifying DRGs in which interventions, such as dosage or 

drug change recommendations, may be made without adversely 

influencing patient care. 

Another DRG analysis study attempted to show 

differences in length of stay and drug costs between pre-DRG 

patients and post-DRG patients (Pfannenstiel, Gousse, and 

Nightingale 1985). Although no significant differences were 

found, the article identified problems facing pharmacists in 

justifying increased cost per patient day under DRGs and 

illustrated problems with conducting DRG analysis. For 

example, great deal of heterogeneity was found among cases 

of DRG 88, chronic obstructive pulmonary disease. The 
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presence of secondary diagnoses resulted in the elimination 

of thirty-one patients from the study. 

The High Cost of Antibiotics 

Antibiotics remain high cost items in hospital 

pharmacy drug budgets. In 1981 antibiotics were shown to 

account for about 26% of hospital drug costs (Kennedy, 

Forbes, Blaum, and Jones 1983). This figure does not 

include costs of intravenous (IV) solutions and IV sets 

associated with IV antibiotic therapy. At Tucson Medical 

Center, where this study was performed, antibiotic costs 

amounted to 19% of the total drug expenditures for 1984. 

Several recent articles have described antibiotic 

restriction programs and re-sultant cost savings (DeTorres 

and White 1984; McCloskey, Johnson, and Jeffrey 1984). With 

the advent of new and more sophisticated antibiotics to the 

marketplace, these costs will likely remain high and 

constitute a large proportion of the drug budget. Davern 

and Kubica (1984) suggest antibiotics as a good starting 

point for drug use control in response to DRG 

implementation. Antibiotics represent five of the eight 

drugs suggested by Abramowitz (1984) to be included in 

target drug programs intended to reduce drug costs. 
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The Relationship Between Length of Stay 
And Antibiotic Prescribing 

Length of stay has been shown to be related to drug 

prescribing. Through establishing criteria for appropriate 

antibiotic prescribing; Knapp, Speedie, Yaeger, and Yaeger 

(1980) showed that inappropriate antibiotic prescribing 

resulted in a significantly greater average length of stay 

for pneumococcal pneumonia and pyelonephritis. The 

re.searchers also found a greater frequency of inefficient 

days of hospital care in cases of inappropriate prescribing. 

Inefficient care involved the time in which the care was 

incorrect or in which the patient was well during 

hospitalization. Although costs of inappropriate prescribing 

were not assessed, inefficient days of hospital care implies 

that costs were greater than necessary. 

The need for antibiotic cost control is even greater 

now that DRGs have been implemented. Since a large 

proportion of pharmacy expenditures are for antibiotics, and 

cost containment efforts directed at antibiotics have been 

shown to be effective; a natural progression to these 

articles is to evaluate DRGs from an antibiotic review 

standpoint, identify DRGs with high pharmacy charges, 

determine which antibiotics are used in DRGs associated with 

infections, and use the information to direct pharmacist 

cost control interventions. 
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Statement of the Problem 

An aspect of controlling pharmacy costs in the DRG 

era will be to identify DRGs with high pharmacy charge 

(Catania et al., 1984; Magee et al., 1985). Another factor 

is the total amount of pharmacy charges for a particular DRG 

in relation to the total amount of pharmacy charges for each 

other DRG. Although the treatment of a specific DRG results 

in a high pharmacy charges, if the admission rate for that 

DRG is small; pharmacy cost containment efforts aimed at 

drug treatment within the DRG may be insignificant, in terms 

of the total pharmacy budget. Magee, et al. (1985) have 

found that twenty-three DRGs accounted for 30% of all 

pharmacy charges in Riverside Hospital of Columbus, Ohio. 

An evaluation of pharmacy charges for each DRG, in relation 

to total pharmacy charges, can be helpful in identifying 

DRGs where pharmacy cost containment efforts could result in 

relatively larger cost savings. 

To assist pharmacy directors in controlling drug 

costs in hospitals, information concerning antibiotic use 

within DRGs could provide direction for cost containment 

efforts. Since antibiotics comprise a large portion of the 

drug purchases in hospitals, procedures which control 

antibiotic costs are likely to result in significant 

pharmacy cost savings. No studies were found in the 

literature by the author which identify the antibiotic 

regimens commonly used in the treatment of a DRG. As a 
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first step in determining the relationship between 

antibiotic treatment within a DRG and effectiveness of that 

treatment, the antibiotic regimens which are frequently used 

in treatment of patients in a DRG should be identified. 

As previously described, Knapp, et al. (1980) have 

shown a relationship between length of stay and 

appropriateness of antibiotic therapy for two disease 

states. Their research found that drug therapy was related 

to length of stay. If antibiotic treatment can be shown to 

be related to length of stay for a specific patient group, 

this information could be used to evaluate drug therapy in 

the hospital. If interpatient differences can be measured 

and are considered in the evaluation of antibiotic treatment 

within DRGs; initial therapy recommendations, specific for 

certain patient categories, could be established. This 

information could help to improve patient care. A patient 

may be treated more efficiently and effectively with an 

antibiotic regimen that has been identified as the optimal 

treatment. A study which provides initial information 

concerning common antibiotic regimens within a DRG could be 

used to direct further review concerning appropriateness of 

therapy in a particular patient group. 

From the cost containment issue of the problem, if a 

antibiotic regimen can be shown to be associated with 

decreased pharmacy costs without affecting length of stay, 
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after controlling for interpatient differences; costs could 

be decreased through use of a lower cost, yet equally 

effective regimen. As a result of increased pressure on 

hospital pharmacies to control costs, there is a need in the 

practice of pharmacy to develop a methodology for the 

initial evaluation of drug therapy by DRG. 

Purpose of the Study 

The general purpose of the study was to demonstrate 

a methodology whereby hospital pharmacy directors can 

determine antibiotic use for specific DRGs in hospitals. 

Through identifying DRGs which are potentially associated 

with antibiotic use, individual DRGs with the highest total 

pharmacy charges within that group were analyzed. These 

were further studied to determine if a significant 

relationship existed between the antibiotic regimens and 

pharmacy charges, antibiotic charges, intravenous therapy 

charges, hospital charges, or length of stay. 

Objectives 

This study attempted to achieve the following 

objectives: 

Objective 1 

The first objective was to devise a methodology for 

the study of antibiotic utilization within DRGs which are 

associated with antibiotic treatment. This methodology 
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could be used to indicate directions for pharmacy cost 

containment efforts. Another use of this information is to 

identify antibiotic regimens used to treat certain patient 

groups which might be further evaluated in determination of 

optimal treatment regimens. 

Objective 2 

Another objective was to identify DRGs in which 

antibiotics are likely to be used as a primary mode of drug 

therapy. 

Objective 3 

Within DRGs in which antibiotics are likely to be 

used, those DRGs associated with the highest total pharmacy 

charges were determined. These DRGs were then targeted for 

further study. 

Objective 4 

The next objective was to determine if certain 

antibiotic regimens within each targeted DRG are associated 

with significantly lower values of the following dependent 

variables: length of stay, pharmacy charges, antibiotic 

charges, intravenous therapy (IV) charges, or hospital 

charges. 

Objective 5 

The data were further analyzed to determine if 

changes in antibiotic therapy were associated with increased 



10 

values of the following dependent variables: length of stay, 

pharmacy charges, antibiotic charges, IV charges, or 

hospital charges. 

Statement of Research Hypotheses 

The research hypotheses advanced by the author are 

listed below. These hypotheses were evaluated at the .05 

level of significance. Each hypothesis was tested for each 

DRG studied. 

Hypothesis I 

Specific antibiotic regimens in the treatment of a 

particular DRG are associated with decreased length of stay 

and decreased charges. 

Rationale. Three factors may be responsible for the 

relationship. 1. Antibiotic regimens which are more 

appropriate for the microorganisms which commonly result in 

the type of infection being treated are associated with 

decreased length of stay. 2. Alternatively, interpatient 

differences may account for the choice of antibiotic 

treatment which then are associated with decreased length of 

stay. 3. Other factors within the hospital could result in 

the differences. For example, particular nursing units or 

nurses may provide better care for certain diagnoses, which 

could result in decreased charges and lengths of stay. 
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Hypothesis II 

Specific antibiotic regimens in the treatment of a 

particular DRG are associated with decreased pharmacy 

charges, IV charges, antibiotic charges, and/or hospital 

charges without being associated with differences in length 

of stay. 

Rationale. Three factors may be responsible for the 

difference. 1. Due to the cross spectrums of activity for 

the various antibiotics used, less costly antibiotics can 

treat certain infections as well as more costly antibiotics. 

2. Interpatient differences may also be responsible for 

decreased charges. For example, a patient allergy or 

secondary diagnosis may preclude the use of less expensive 

antibiotics. 3. Other factors related to the 

hospitalization may account for the relationship. 

Hypothesis III 

Changes in antibiotic therapy are associated with 

longer lengths of stay, higher pharmacy charges, higher 

antibiotic charges, higher IV charges, and/or higher 

hospital charges. 

Rationale. Changes in antibiotic drugs may indicate 

that the most appropriate antibiotic for a particular 

disease in the specific patient was not used initially. In 

addition, changes in antibiotic therapy may be undertaken as 

a result ot culture and sensitivity reports, development of 
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complications, development of secondary or nosocomial 

infections, adverse reactions to an antibiotic, or other 

factors . 

Important Definitions 

Diagnosis related groups (DRGs) are disease 

diagnoses upon which Medicare payments are based. 

The Health Care Financing Administration (HCFA) is 

the department in the United States federal government which 

administers the Medicare program. 

The Prospective Payment System (PPS) is the program 

adopted by HCFA, which has established hospital payments for 

Medicare patients which are based upon DRGs. 

An antibiotic regimen is defined as separate 

antibiotic or group of antibiotics. 

Interpatient differences are defined as patient 

characteristics which could affect length of stay or 

pharmacy charges; such as secondary diagnoses, laboratory 

results, age, and stage of disease. 

"Antibiotic use" DRGs are those DRGs in which 

antibiotics are likely to be used. 

Targeted DRGs are the three "antibiotic use" DRGs 

I 
which account for the highest amount of pharmacy charges. 

Antibiotic therapy changes are defined as changes in 

intravenous antibiotic drug regimens. Dosage changes are 

not considered antibiotic therapy changes in this study. 
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Length of stay is the period of time during which 

the patient was hospitalized, from the admission date to the 

discharge date. 

Pharmacy charges are the total charges listed on a 

patient's bill as the pharmacy portion of the bill. 

Discharge prescriptions are not included in this figure. 

Antibiotic charges are the total charges listed on a 

patient's bill of all antibiotics administered to a patient 

during hospitalization. This includes oral as well as 

intravenous antibiotics. 

iX charges are the total charges listed on a 

patient's bill for all intravenous equipment and supplies 

administered to a patient during hospitalization. 

Hospital charges are the total charges listed on a 

patient's bill for the hospitalization, which do not include 

physician charges. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

This chapter is a review of literature related to 

this research. The pertinent literature can be divided into 

five general topics: 

1. Literature involving the use of the Prospective 

Payment System. 

2. Hospital responses to DRG implemention. 

3. Pharmacy profession responses to DRG 

implementation. 

4. A review of the- use of antibiotics in 

hospitals. 

5. A review of other factors affecting hospital 

costs, length of stay, or motality. 

A description of the development of the Prospective 

Payment System (PPS) is followed by a an overview of the 

PPS. Criticisms of the use of diagnosis related groups 

(DRGs) for Medicare hospitalization payments are then 

considered. After a review of hospital responses to the 

implementation of the PPS, hospital pharmacy responses are 

presented. 

The next section of this chapter begins with a 

review of literature concerning various antibiotic cost 

14 
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control methods used in hospital pharmacy departments. 

Literature concerned with antibiotic cost controls and the 

relationship of appropriate antibiotic use on the 

effectiveness of patient treatment during hospitalization is 

presented. 

The final section of this chapter reviews some of 

the various factors that have been shown to affect 

hospitalization costs, length of stay or outcome. 

The Prospective Payment System 

History of the Prospective Payment System 

The incentive for the development of a new payment 

system by the government and other third payers has become 

tremendous due to rapidly increasing costs of the health 

system. According to Arnett, et al. (1985), in 1960 

national health care expenditures amounted to $26.9 billion. 

By 1980 that figure was $248 billion, a 922% increase. 

Grimaldi and Micheletti (1983a) disclosed that in the same 

time period per capita cost of health care rose from $70 to 

$430. Since inflation is a major factor in these figures, 

perhaps a more reasonable figure is the percent of gross 

national product spent for health care. That figure rose 

from 2.0% in 1960 to 3.8% in 1980. It is estimated that 92% 

of hospital expenditures are paid by third party payers, 

with the government paying 54% of the national bill for 

health care (Grimaldi and Micheletti 1983a). Recent figures 



16 

are even more staggering. Hospital costs increased by 15.5% 

in 1982 (3 times the rate of inflation) (Anon. 1983) and by 

12.6% in 1983 (over 3 times the rate of inflation) (Shaffer 

1984). 

There are many reasons for the high costs of health 

care including the advancement of medical technology, 

increased costs of malpractice insurance, and enhanced 

medical care, which has aliowed patients to remain alive 

longer and be discharged after long hospital stays. Federal 

programs such as the Hill-Burton act and Medicare, and third 

party payment for health care have also fueled escalating 

hospital costs. Since hospitals were being reimbursed based 

on charges, a simple way to increase profits was to increase 

operating costs. Hospitals took advantage of this situation 

through making more capital expenditures. A hospital with 

losses could improve its financial status by spending more 

money (Beck 1984). Another way to increase revenue was for 

hospitals to permit physicians to have patients stay longer 

than necessary. Naturally, the consumer eventually was 

charged for the inefficiencies of the health care system 

through higher insurance rates or taxes. 

New Jersey helped to lead the way in cost 

containment for hospitals. Through the SHARE (Standard 

Hospital Accounting and Rate Evaluation) program (Shaffer 

1984), hospital peer groups were formed based upon 

reasonable costs. Per diem rates were calculated for each 
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group. The failings of the SHARE program were that 

reasonable costs were based upon figures supplied by the 

hospitals themselves and that per diem billing tends to 

encourage longer lengths of stay. 

As discussed by Shaffer (1984), when it became 

apparent that the SHARE program had not sufficiently 

contained hospital costs, the importance of developing a 

payment rate based upon diagnosis was noted. Thus the Yale 

study wa-s implemented to determine the cost of 

hospitalization based upon the patient's diagnosis. The DRG 

system for patient classification was then developed. The 

Yale research responsible for the development of the DRG 

patient classification system was conducted in the late 

1960s and early 1970s. The Yale research team used length of 

stay as the primary determinant of cost. 

The use of DRGs for prospective reimbursement was 

begun in New Jersey, where the system applies to all 

hospital admissions. 

Elements of the Prospective Payment System 

The New Jersey system is the basis for the Health 

Care Financing Administration's Prospective Payment System. 

All possible diagnoses are divided into 23 major diagnostic 

categories (MDCs) which are then subdivided into 467 

diagnosis related groups (DRGs). The plan sets payment for 
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hospital admissions to be based upon a fixed amount for each 

DRG. 

The DRG payments were determined from cost data from 

previous years. If the cost for the admission is less than 

the amount set by Medicare, the hospital will be able to 

keep the profit. Each DRG is assigned a weight factor. 

This weight factor is multiplied by the hospital's payment 

rate. The hospital's payment rate is determined by a 

combination of the hospital's previous costs experiences, a 

standard regional payment rate, and the hospital's case mix 

index, which is an amount by which the hospital's costs 

would differ from the national average, given the types of 

patients it admits. 

There is a phase in period of the plan will proceed 

as follows: 

1. In the first year the payment rate was based upon 

25% of the regional rate and 75% of the hospital's 

historic costs. This went into effect with the 

hospital's first accounting period beginning after 

October 1, 1983. 

2. In the second year the payment rate was based 

upon 50% of the regional rate and 50% of the 

hospital's historic costs. 

3. In the third year the payment rate was based 

upon 75% of the regional rate and 25% of the 

hospital's historic costs. 
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4. Thereafter the payment rate will be based upon 

100% of the national rate. This will go into effect 

with the hospital's first accounting period 

beginning after October 1, 1986. 

There many other aspects of the plan, involving 

reimbursement for capital and teaching costs, exclusions, 

regional adjustments, and calculation of hospital historic 

costs which are fully explained in the following references 

(Grimaldi and Micheletti 1983a, Anon. 1983, Schaffer 1984). 

Through quality assurance and utilization review 

measures, the PPS will attempt to negate the hospital's 

ability to increase revenue by increasing the number of 

admissions (Wilson 1984a and Curtiss 1984a). Other possible 

methods for manipulation of the system include adjusting 

case load, discharging patients too early, and not providing 

the patient with all available forms of treatment. The 

assurance of high quality of care will primarily be the 

responsibility of the peer review organizations (PROs). 

Medical review will be required on a minimum of 2.5% 

of all admissions to determine if the admission was 

necessary and if the treatment methods used in the cases 

were appropriate. For example, excessive treatment methods 

could have been used so that a patient would have been 

assigned to a more complex DRG than was necessary. 

Admission patterns will also be monitored to compare past 
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discharge and length of stay (LOS) patterns with current 

patterns. If more than 2.5% of admissions are determined to 

be inappropriate, the next quarter's review is expanded. 

As presented by Grimaldi and Micheletti (1983a, 

1983b), day outliers are cases in which LOS exceeded the 

average DRG LOS over a "threshold amount" of 20 days or 1.94 

standard deviations (whichever is less). These cases are 

automatically reviewed prior to payment to determine the 

necessity of the increased length of stay. The hospital is 

then reimbursed at a prorated amount for the admission, 

based upon the normal DRG payment rate. The hospital 

receives no additional amount of payment for the days above 

the average DRG LOS and below the threshold amount. 

Cost outliers are cases in which the cost exceeds 

the DRG payment by a "threshold amount" of 1.5 times the DRG 

payment rate or $12,000 (whichever is greater). The hospital 

must request additional payments in these cases. The 

hospital can then be reimbursed for a percentage of the 

amount above the threshold amount. A PRO agent determines 

the appropriateness of services supplied for all cost 

outliers. Patients who qualify as day outliers do not 

qualify as cost outliers (Curtiss 1984a). 

Curtiss (1984a) noted that the DRG assignment is 

also scrutinized by a medical review agent. The DRG 

validation review is conducted on a semi-annual basis. The 

attending physician is required to approve the DRG 
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assignment in writing before submission of the claim. 

Grimaldi and Micheleletti (1983a) indicated that if a 

hospital's case mix index changes significantly additional 

medical review audits are conducted. 

Criticisms of the DRG System 

As noted by Shaffer (1984), the following weaknesses 

of the DRG classification system have been revealed by the 

system's creators: 1. In order to maintain a manageable 

number of groups, some homogeneity was lost. 2. 

Physicians' opinions used in matching medical categories may 

have introduced professional biases. 3. Some diseases lack 

common treatment regimes so treatment can vary widely within 

a particular DRG. 

Bentley and Butler (1980) suggested that performance 

of a surgical procedure in some cases categorizes a patient 

as a more complex DRG, so there may be an incentive for 

physicians to use surgery more often. 

Some researchers have questioned the effect that 

DRGs may have upon quality of care. Although present 

quality may be maintained, incentive to improve quality may 

be missing. New technology will be viewed in terms of cost 

savings rather than improved quality of care. Wilson (1984) 

notes that this could be advantageous in some ways because 

it requires that new technology be evaluated more critically 

in terms of social costs. 
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Physician fees are not covered by the DRG payment. 

This fact results in opposite incentives to physicians and 

hospitals. Hospitals are interested in decreasing LOS while 

physicians can increase income by providing increased 

services. The current cost of medical malpractice insurance 

also adds to this problem. Physicians may be reluctant to 

adjust treatment regimens in the interest of decreased costs 

because of potential malpractice suits. Elwood (1983) and 

Bentley and Butler (1980) assert that this opposition may be 

overstated because physicians do have interest in the 

hospital's financial position. Also, with an increased 

availability of physicians, there may be more incentive for 

physicians to cooperate with hospital administrators. In 

addition, Grimaldi and Micheletti (1983a) suggest that soon 

physician reimbursement may be based upon DRGs. 

Errors in the data used to develop DRGs and 

prospective payments rates are stated by the Health Care 

Finance Administration (HCFA) to be at 20-30%. Although 

these errors may not affect the overall picture 

significantly because some DRGs may be overpaid while others 

are underpaid; the effect on individual hospitals could be 

critical, as suggested by Grimaldi and Micheletti (1983a). 

DRGs put the emphasis upon the illness, not the 

patient or the patient's wellness. Levine and Abdellah 

(1984) submit that DRGs force the hospital deeper into the 
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profit or cost containment motive. DRGs provide no motive 

for the hospital to maintain a patient's health upon 

discharge. 

The use of DRGs to predict the utilization of 

hospital resources may be inadequate. Some researchers 

(Horn and Sharkley 1983) believe that severity of illness 

and staging of disease were not weighted heavily enough in 

the formation of DRG categories. This may partially account 

for the lack of homogeneity within DRGs. The main problem 

is that it makes it much more difficult for hospitals to 

predict what resources will be used by a particular patient 

and to what extent they will be used. Therefore the 

hospital's cost containment efforts may be ineffectual. 

Williams, et al. (1984) have criticized the methods 

used in determining patient classification in that the 

algorithm, CLASSIFY, used in the computer program that was 

developed to help formulate DRGs has limitations. CLASSIFY 

may have inherent statistical faults. Clinical judgments 

used in the development of variables within the system were 

made prior to the analysis of the data. 

Potential exists for a phenomenon known as DRG 

creep, which can be defined as manipulating a patient's 

medical record so that he is assigned to a more profitable 

DRG. The responsibility for this rests not only with the 

hospitals but with HCFA. Grimaldi and Micheletti (1983a) 

suggest that the questionable data used to formulate DRGs 
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partially justifies this occurrence and DRG creep may 

actually represent improvements in DRG coding. HCFA adjusts 

the DRG weight factor annually. Curtiss (1984e) noted that 

for 1985 the adjustment rate was a decrease of 1.05%. This 

was partially due to an increase in average case mix of 6%. 

The adjustment will tend to offset DRG creep. 

Williams, et al. (1984) have added other criticisms 

of the DRG patient classification system. These include 

difficulties in reproducing DRGs from new patient data, and 

questionable cost allocation. 

It is important to realize that although many 

criticisms exist with the DRG system that there is some 

validity to the system and.that future adjustments should 

ensure the workability of the PPS. DRGs are considered by 

many to be a temporary method of health care cost 

containment. The ultimate goal may be capitation payments 

to hospitals. 

Hospital Responses to DRG Implementation 

Perhaps the most important means of dealing with 

DRGs by the hospital will be through utilizing hospital 

information systems. DRGs were developed through the use of 

computers and hospitals will be better able manage the 

information needed to respond to the cost constraint 

requirements placed upon them through the use of computers. 

Hulm and Barik (1984) and jagger and Pugliese (1984) have 
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written articles that review various software systems that 

can be used to evaluate DRG components. Questions to 

consider in choosing an information system include: What 

are the needs of the hospital to be able to evaluate DRG 

cases? What systems are available at the hospital 

presently? What are the existing data processing 

capabilities of the hospital? What is the quality of the 

data available to be used by a computer system? Bonney 

(1983) proposed another advantage of using a sophisticated 

computer system. The hospital may be able to detect 

unprofitable DRGs and attempt to eliminate or reformulate 

certain costly programs and therefore increase financial 

stability. 

The necessity of diplomacy between physicians and 

hospital administrators due to the implementation of the PPS 

has been noted by Young and Saltman (1983) and Zilz and Nold 

( 1983 ). With the problems of low census being felt by many 

hospitals, hospital administrators must select policies 

that affect physicians carefully because physicians could 

take their hospital admissions elsewhere. However, Young 

and Saltman (1983) suggested that physicians rely upon the 
I 

financial fitness of the hospital because if hospitals 

sustain significant losses it could result in an unsuitable 

patient environment. Third party payer review may 

eventually extend to hospital services used by a particular 
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physician. Therefore an expensive physician way be 

identified by the number of intensive services used rather 

than by the physician fee. The relative oversupply of 

physicians which has been noted recently may give hospitals 

a political power that has not been significant in the past. 

Staff privileges could be dependent upon the physician's 

willingness to comply with cost containment policies (Elwood 

1983). The ability of the hospital to identify those 

physicians with service-intensive admissions will depend 

partially on the effectiveness of the hospital information 

system. 

Newsletters appear to be an effective method of 

communicating DRG implications to physicians and hospital 

staff members. Cost containment efforts can be publicized 

through this method. This should help to get all staff 

members involved and thereby help to ensure that the steps 

which are initiated will be adequately implemented. The 

University of Arizona Health Sciences Center publishes such 

a newsletter (DR.G.'s Network) which explains DRGs and their 

implications, reveals DRG categories which are unacceptable 

for a principle diagnosis for hospital admission, and 

identifies DRGs which have resulted in profits or losses for 

the institution. Inservice education for hospital staff 

might be another method used to augment the effectiveness of 

hospital cost containment efforts. 
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Grimaldi and Micheletti (1983a) noted that the 

choice of DRG assignment is made by the medical records 

department in many hospitals. The physician is also 

involved in the determination and is responsible for 

documenting it. Since many patients may be eligible for 

several DRG categories the medical records department must 

have a very sophisticated knowledge of the DRG process. It 

is also important to be able to identify the patient's DRG 

soon after admission so that the hospital stay can 

continually be reviewed and containment efforts can occur 

during hospital stay. As suggested by Grimaldi and 

Micheletti (1983a) medical records personnel can probably be 

optimally utilized by having them making "rounds" to all 

Medicare patient charts regularly. 

A primary focus for cost containment by the hospital 

should be the nursing service. Shaffer (1984) noted that in 

most hospitals nursing services amount to 35 to 50 percent 

of hospital costs. In the establishment of the DRG payment 

rate, HCFA utilized a measure of nursing resources called 

relative intensity measure of nursing (RIM). The RIM was 

quantified specific to patient DRG. This was then 

incorporated into the DRG rate setting. In one of the early 

RIM studies, it was shown that additional nursing support 

personnel was associated with increased nursing use and cost 

per patient. This is disturbing because it implies that 

using nurses for nonnursing activities and decreasing 
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supportive personnel could result in cost savings. It seems 

more logical to assume that efforts to use supportive 

personnel when possible and keep nurses involved in nursing 

activities would result in cost savings. More research in 

this area will be needed. Shaffer (1984) also points out 

that nurses will need to document, quantify, and cost 

justify their activities more fully in order to prevent 

being used inappropriately. 

Competition between hospitals may force hospitals to 

make efforts to specialize. If certain procedures are found 

to be unusually profitable, effort could be made to increase 

admission of patients in need of those procedures. zilz and 

Nold (1983) allege that competition will force hospitals to 

take steps such as advertising or offering new services to 

attract patients. 

Diversification may be the one of the best methods 

to ensure hospital survival. A review of diversification 

techniques of hospitals is available in an article by Bonney 

(1983). Diversification may be horizontal, vertical, or 

into nonhealth-care businesses. An example of horizontal 

expansion would be for the hospital to lease or purchase 

other similar institutions. Expansion into other facets of 

health care that the hospital had not been involved with 

previously such as outpatient care or long-term care would 

be vertical diversification. Since outpatient care is not 
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reimbursed by Medicare through DRGs, payment rates may be 

more profitable in ambulatory care functions. Other health

care businesses into which a hospital could expand 

vertically include consulting services for hospitals and 

continuing education programs for health professionals. 

Perhaps if a hospital had developed or purchased a good 

management information system for the evaluation of DRGs, 

the hospital could obtain a contract with another hospital 

to evaluate DRG data. Non health-care businesses into 

which a hospital could diversify are unlimited, however the 

question arises concerning how effectively the hospital 

could manage a business that was not in the health-care 

industry. Many hospitals have diversified into real estate. 

Pharmacy Profession Responses to DRG Implementation 

As hospitals feel the economic pressures of changing 

reimbursement methods, so will all departments of the 

hospital. The hospital pharmacy department will need to 

make adjustments to the new reimbursement system. If DRGs 

prove to be an effective method of cost containment, it is 

possible that other third party payers will adopt similar 

systems. Pharmacy responses can be divided into the 

following four groups: 

1. Those that decrease costs of drugs or amount of 

labor input. 
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2. Methods that decrease or change the demand for 

drug products through changing physician prescribing 

patterns or availability of drugs. 

3. Justification of existing programs in order to 

maintain or expand them. 

4. Diversification of pharmacy services. 

Decreasing Pharmacy Costs 

Inventory control and purchasing methods are an area 

in need of appraisal in light of DRG implementation. As 

noted by Curtiss (1983) and Davern and Kubica (1984) bid 

purchasing, group buying, and increasing turnover rates will 

help decrease cost per unit. 

Prospective reimbursement will put increased 

emphasis need to review the pharmacy distribution systems 

(Lee HE, 1983). The costs of distribution will have to be 

analyzed periodically as directors look for methods to 

curtail costs. Beck (1984) and Enright (1984) have 

implicated that existing systems may need to be rejustified. 

Workload measurements are being studied more fully 

by Osborne (1983) at the Baptist Medical Center of Oklahoma. 

This is a cost aspect of every drug product and certainly 

products vary considerably in labor intensity requirements. 

The relative value unit used at the Hospital of the 

University of Pennsylvania is used to adjust staffing 

according to case mix patterns (Miller, 1983). As noted by 
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Perkins and Nason (1984), this type of information can be 

used to identify potential areas for cost reduction. 

Intravenous (IV) additive services are labor 

intensive and the evaluation of all aspects of the service 

can help to formulate cost containment strategies (Zilz and 

Nold, 1983). For example one might consider combining two 

products in one IV solution container or giving continuous 

infusions rather than intermittent infusions. These methods 

could save the cost of one or more solution containers as 

well as administration sets and nursing administration 

costs. The use of premanufactured antibiotic IV bottles to 

which solutions are added for reconstitution and then 

administered directly could also result decreased costs. 

Osborne (1983) has reported considering the use of syringes 

and syringe pumps rather than IV piggyback containers as a 

cost containment strategy. 

Assessment of material costs and labor costs of 

other aspects of drug distribution is considered to be 

necessary by Zilz and Nold ( 1983). Miller (1983) noted that 

the review of costs of prepackaging, wastes, delivery, 

security, and storage could bring about decisions which 

could affect drug costs. Determining ideal floor stock 

levels could help decrease pharmacy distribution costs 

(Valda, 1983). Recovery of lost charges could result in 

additional income from non-Medicare patients (Valda, 1983). 
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Miller (1983) mentioned the reinstitution of a 

pharmacy-nursing committee to appraise the cost 

effectiveness issues of procedures that involving both 

departments. Changes in the use of IV administration sets 

may result in cost savings. Zilz and Nold (1983) suggested 

that items that are commonly used by nursing should be 

evaluated for cost effectiveness. Dosage schedule 

adjustments could be implemented to save nursing time. 

Changing the Demand and Use Patterns of Drugs 

Perhaps the most significant contributions pharmacy 

departments can make to the financial success of hospitals 

under DRGs will be through drug utilization review (DUR). 

Pharmacies will need to ide'ntify more expensive treatment 

regimens and high cost prescribers (Curtiss, 1983). 

Computers can help to improve the speed, accuracy, and 

reliability of data collection. 

DURs take many forms. Upton, Crouch, and Douglas 

(1983a) have written that a starting point for pharmacy 

evaluation of DRGs at their institution will be the 

identification of more expensive DRGs by pharmacy charges. 

Through relating the percentage of hospital charges which 

are due to pharmacy charges, a dollar amount for drug 

charges per DRG can be calculated. As indicated in a study 

by Catania, et al. (1984); these DRGs can then be pinpointed 

for DUR review to attempt to develop less expensive 
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treatment alternatives. Other pharmacy services such as 

clinical services can be linked to individual DRGs in an 

effort to maximize effectiveness and control drug costs. 

Magee, et al. (1985) analyzed pharmacy charges 

within DRGs to determine which DRGs account for a large 

percentage of pharmacy drug charges. They found that two 

major diagnostic categories (MDCs) were responsible for 

30.7% of all pharmacy charges and IV charges in 1982 at 

Riverside Methodist Hospital in Columbus, Ohio (1017 beds). 

Ten MDCs accounted for 80.1% of pharmacy and IV charges. In 

addition, eleven DRGs produced 30% of all pharmacy and IV 

charges at this institution. Forty-nine DRGs resulted in 

50% of pharmacy charges. 

Billing records from forty-three hospitals which 

were submitted for reimbursement to Blue Cross of Central 

Ohio (BCCO) during 1982 were also analyzed by Magee, et al. 

(1985). Of the BCCO pharmacy charges, ten MDCs accounted 

for 80.4% of total pharmacy and IV charges. Twenty-three 

DRGs were associated with 30% of all pharmacy charges. As 

Magee, et al. ( 1985) pointed out, this type of analysis may 

help to direct pharmacy efforts to control costs. The 

director of pharmacy may wish to concentrate on high 

pharmacy cost DRGs in determining what programs might help 

to establish more cost effective prescribing. 

In a recent analysis of 1981 Medicare data for 

pharmacy charges, Curtiss (1985) suggested that the use of 
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hospital specific pharmacy charge or length of stay 

information to identify patient cases for review may not be 

optimal. This conclusion was reached after finding a large 

amount of heterogeneity between DRG cases. As an 

alternative, Curtiss suggested that individual cases could 

be better monitored concurrently by clinical pharmacists 

based on optimal practice standards, without reference to 

particular DRG. 

Another mechanism of DUR under DRGs will be to 

reveal specific physicians who commonly have higher drug 

costs per admission. Perhaps a particular medical service 

will be noted to have higher drug costs. An individual 

physician's or medical service's patient charts might then 

be evaluated more extensively in order to determine what 

methods might be used to affect drug costs (Curtiss, 1983). 

Lee MP (1983) indicated that educational programs might be 

focused through the use of this information. DURs will need 

to expand from specific drugs or groups of drugs to DRG drug 

cost evaluation (Catania, et al., 1984). 

The logical use of the DUR is within the Pharmacy 

and Therapeutics Committee (PTC). Pharmacy departments may 

be in a position to gain more power in the PTC due to DRGs. 

The command of information and the potential fiscal impact 

of the utilization of drug cost data in PTC decisions can 

benefit the pharmacy department. Boothe and Talley, 1984 



35 

have stated that quality assurance monitoring relative to 

DUR should also influence PTC decisions. As suggested by 

Upton, Crouch, and Douglas (1983b), if it can be shown that 

certain treatment regimens cause a decrease in average 

length of stay, it could outweigh other additional costs fo 

those regimens. DURs will have important influences on PTC 

decisions under DRGs. 

Significant emphasis should be placed upon the 

development and enforcement of the formulary. A long range 

plan for the evolution of the formulary can aid its 

acceptance and effectiveness (Lee MP, 1983). Zilz and Nold 

(1983) noted that cost effectiveness of drug items will need 

to be evaluated for the addition of new drugs as well as for 

the maintenance of older drugs on the formulary. DUR 

documentation will lend support to decisions in addition to 

influencing decision alternatives (Upton, Crouch, and 

Douglas; 1983b). 

An important question concerning hospital pharmacy 

under DRGs is: What will happen to clinical pharmacy 

programs? It seems obvious that those programs which can 

show documented cost effectiveness will survive and 

proliferate. Turnbull and Ashby (1983) commented that the 

importance of documentation cannot be overemphasized, 

particularly with regard to competition between hospital 

departments. Cost benefit analysis can be an important 
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aspect of justification of clinical pharmacy programs 

(McGhan and Bootman, 1984). 

Education of physicians, nurses, and othe.r 

pharmacists concerning the costs of various treatment 

regimens for DRGs could be conducted by clinical 

pharmacists. Compilation of the data could be presented in 

a form such as a "Comparative Cost Index" discussed by Davis 

(1982). Retrospective reviews of drug category costs could 

provide cost justification for such a publication. 

Clinical pharmacists could be instrumental in 

performing DURs and evaluating of various treatment regimens 

(Curtiss, 1984b). PTC policy decisions could be effectively 

enforced through clinical pharmacy services. According to 

Turnbull and Ashby (1983) pharmacy directors should begin 

efforts now to relate clinical involvement with drug costs, 

length of stay, and quality of care, if this information is 

not already available to them. It has been shown by Levin, 

Cohen, and Birmingham (1981) and by Greenlaw, Blough, and 

Hanger (1979) that pharmacists can improve the reliability 

of serum drug concentration measurements. This can be 

related to decreased lab costs and improved quality of care. 

In a recent article by Schloemer and Zagozen (1984), the 

additional lab and pharmacy costs of aminoglycoside serum 

concentration monitoring were found to be outweighed by the 

decreased cost of drugs in elderly patients because dosage 



37 

intervals tended to be lengthened as a result of 

pharmacists' recommendations. 

Roberts (1983) noted that clinical pharmacists can 

be used to review the efficiency of various distributive 

functions of the pharmacy when they are at the nursing unit 

where drugs are administered. They can monitor all types of 

therapy and help to promote proper utilization of drugs. 

Their presence on hyperalimentation teams can help maximize 

the team's efficacy (Meyer, 1983). 

Justification of Pharmacy Programs 

Perhaps the most effective method of developing cost 

justification for pharmacy programs will be to relate each 

pharmacy service to how it can reduce length of stay or 

patient-day costs. Perkins and Nason (1984) demonstrated 

that utilization of literature documentation as well as 

pharmacy department statistics can prove to be an effective 

method for cost justification or even expansion of pharmacy 

services. Previous experiences of hospital pharmacies in 

response to changing reimbursement mechanisms are available 

in the literature (Mehl 1984; Gouveia, Anderson, and Lane 

1984; and Smith WE 1984). This information can help a 

department develop its own strategies. 
I 

Roberts (1983) noted that computerization will help 

hospital pharmacy directors make the necessary decisions 

with the best information. If a pharmacy department already 



38 

has a computer system, it will be necessary to evaluate the 

system in light of the type and usefulness of information 

available. Software or system changes may be needed (Boothe 

and Talley 1984). If a computer system is not available, it 

may be considered the next step of expansion of the pharmacy 

system. As stated by Curtiss (1983), information that will 

be helpful in proposing procedural changes will be cost of 

drug therapy per DRG, physician prescribing per DRG, and 

drug utilization per DRG. Other benefits of computerization 

are increased efficiency of distributive functions, improved 

drug utilization review, the possibility of using staff 

productivity data (which could be generated through a 

computer) to make procedural changes, and better inventory 

control (Valda, 1983). Therefore, it is evident that 

implications for changes in computer systems apply to 

justification of pharmacy services, changing drug use and 

demand, and decreasing drug supply costs. 

The relationship between pharmacy costs and cost 

savings in other departments may need to be explained as 

part of pharmacy program justification. For example, use of 

higher cost drugs could result in a decreased length of 

stay. Although this may have a negative effect on the 

pharmacy budget, cost savings in other departments may 

offset pharmacy losses. A study by Pfannenstei1, Gousse, 

and Nightingale (1985) attempted to document changes in 

pharmacy resource utilization through analyzing pre-DRG 
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versus post-DRG cases of DRG 88. Although no significant 

differences in drug costs were found, this may have been due 

to the small sample size. Problems with assuring homogeneity 

of patients within DRGs were noted, which made the study 

difficult. 

Hospital Pharmacy Diversification 

Hospital pharmacies are also involved with 

diversification. This may be a common strategy employed by 

the department to respond to DRGs. 

The development of a more extensive outpatient 

pharmacy department is one method of diversification. As 

hospitals increase emphasis upon ambulatory care, so will 

the pharmacy department." Computer support from the 

inpatient department can aid outpatient services. 

Home health care is a very popular area for vertical 

diversification of pharmacy services due to DRGs (Lee HE 

1983, Upton et al. 1983, Roberts 1983). However, it has 

been noted by Hughes (1984) that there are conflicts in 

incentives to hospitals versus those to patients due to 

problems with reimbursement. Mackowiak (1984) suggested 

that legal issues such as standards of care, discrimination, 

and anti-trust (the Robinson-Patman price discrimination 

act) should be reconciled before programs are instituted. 

Medicare DRG data for certain diagnoses, such as 

osteomyelitis and endocarditis, do not reflect medical 
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practice standards for treatment. Average length of stay is 

listed as 12.3 and 18.4 days, respectively. In these cases, 

home health care in the form of intravenous antibiotics 

would seem indicated (Hittel 1984). 

Medicare payment for home health care is another 

problem. The DRG reimbursement system encourages hospitals 

to discharge patients more quickly. Curtiss (1984c) 

suggested that since the use of home health care could allow 

hospitals to do this, the Health Care Financing 

Administration has little motivation to develop payment for 

this treatment modality. Recent Medicare legislation 

pertaining to home nutritional support requires the 

physician to specify that the condition under treatment is 

long term. The payment is based upon cost of solutions and 

drugs only, unless it is documented that the patient or 

other family member is incapable of mixing the solutions at 

home (Curtiss 1984d). 

Other sources of possible diversification for 

hospital pharmacies are computer support services for 

retail pharmacies or other hospital pharmacies; chemotherapy 

support services for doctors' offices; reimbursement from 

physicians, patients, or institutions for drug information; 

and third party reimbursement for poison control services 

(Zilz and Nold 1983, Roberts 1983). 
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In conclusion, the implementation of the DRG system 

of prospective payment is probably just the beginning of 

change in hospital reimbursement. It is possible that other 

third party payers will change payment methods in a similar 

manner. The movement may continue until hospital services 

are reimbursed in a capitation manner. Capitation may 

provide the ultimate in cost reduction methods. With 

capitation the incentive is to promote health and prevent 

hospitalization. Patient education and counseling roles for 

pharmacists could be developed to promote these goals and 

decrease the number of medications that patients use 

(Curtiss 1984b; Stennett, Parrott, and Sager 1983). Growth 

of clinical pharmacy programs may occur due to DRGs or 

capitation payments as the need to assure proper utilization 

of drugs is realized. Certainly some hospitals will survive 

while other hospitals fail, as some pharmacy departments 

will continue to grow as others decline. Survival will 

depend upon innovation, documentation, and lots of hard 

work. 

The Use of Antibiotics in Hospitals 

The Relationship of Antibiotic Therapy to Pharmacy Costs 

Through a utilization review program directed at 

antibiotics, Cohen (1984) was able to control antibiotic 

costs at Good Samaritan Hospital of Maryland in Baltimore, 

Maryland. The program included a review of each antibiotic 
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order and pharmacist involvement in recommending therapeutic 

alternatives. He concluded that communication and education 

between pharmacists and physicians resulted in cost 

effective therapy. 

Baughman (1984) initiated an antibiotic cost 

containment program which decreased pharmacy expenditures 

for intravenous antibiotics by 12% over 9 months at a 150 

bed hospital. This was accomplished through pharmacist 

review of each antibiotic use and subsequent recommendations 

of lower cost alternatives, based upon culture and 

sensitivity reports. The author pointed out that hospital 

specific data should be used when making antibiotic 

recommendations due to patient mix and microorganism 

susceptibility patterns specific for the hospital. 

A study of antibiotic usage at Victoria Hospital in 

London, Ontario showed that potential antibiotic cost 

savings could occur if prophylactic antibiotic prescribing 

habits were changed (Hodgson, Lannigan, and Mills, 1984). 

Through focusing an antibiotic audit toward prophylactic 

uses and reviewing literature concerned with prophylactic 

prescribing, more appropriate antibiotics were recommended. 

Rapp, Bannon, and Bivins (1982) analyzed the effect 

of dose frequency and antibiotic toxicity on the cost of 

therapy. Although efficacy was not assessed, the authors 
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established a four-fold higher cost associated with 

combination antibiotic therapy. 

These articles show that pharmacy interventions into 

the use of antibiotics in hospitals can result in decreased 

antibiotic cost in the pharmacy department. Another 

implication from this literature is that there is a need for 

pharmacists to review antibiotic therapy and ensure that 

antibiotics are used appropriately. 

The Relationship of Antibiotic Therapy to Quality of Care 

In an antibiotic usage study, Strahl and Wightkin 

(1985) reviewed antibiotic prescribing and categorized each 

use as therapeutic, prophylactic, or empiric. After the 

data were presented to the" medical staff of this 144 bed 

hospital, a 45% improvement in antibiotic prescribing was 

noted, according to their criteria. 

In a study at the John Hopkins Hospital in 

Baltimore, Maryland; cases judged by the authors to be 

"suboptimally managed" were associated with significantly 

higher length of stays and charges (Dans, Charache, Fahey, 

and Otter, 1984). A difference was noted between the two 

study periods (1971-72 and 1979-80) when comparing the use 

of single versus multiple antibiotics for the treatment of 

pneumonia. The finding was that multiple antibiotics were 

used more frequently in the 1979-80 period (P<.02). No 

significant differences were noted in culture results 
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between the two study periods. Cephalosporins were used 

more frequently in the 1979-80 period (P<.05). The authors 

concluded that their findings suggest a need for better 

education programs concerning antibiotic usage. 

In a review of 1035 patients treated at a 500 bed 

hospital, Roberts and Visconti (1972) found 65.6% of the 

antimicrobial therapy to be irrational. While 50.2% of the 

cases were judged irrational because the drug or drugs used 

were inappropriate for the clinical situation, 49.8% of the 

cases were categorized as irrational because antibiotic 

therapy was unnecessary. Finally, of cases with multiple 

antibiotic therapy, only 9.8% were considered rational. The 

authors sum up the objections to inappropriate antibiotic 

usage as cost, adverse effects of patients, and emergence of 

resistant microbial strains. 

A study that relates microbial resistance to 

antibiotic usage in a hospital was published by Betts, et 

al. in 1984. After switching the primary empiric 

aminoglycoside for treatment of nosocomial bacteremia from 

gentamicin to amikacin, resistance to gentamicin and 

tobramycin by Providencia, Serratia, and indole-positive 

Proteus microorganisms decreased (P<.001). Pseudomonas 

aeruginosa resistance to tobramycin also decreased. The 

research was a 5 year prospective surveillance study at 

Strong Memorial Hospital. 
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Through reviewing cases of pneumococcal bacteremia 

over 5 years; Ruben, Norden, and Korica (1984) found that 

the antibiotic regimen used was significantly related to 

outcome. Penicillin, when used alone, was associated with 

the better survival rates. Antibiotic treatment was not 

related to any other parameters measured by the researchers, 

which suggests that severity of illness was not related to 

antibiotics used. 

Ponce De Leon and Wenzel ( 1984) reviewed 100 cases 

of hospital-acquired staphylococcus epidermidis septicemia 

at the University of Virginia Medical Center. They found 

survival to be unrelated to appropriateness of antibiotic 

therapy, however there was a trend for increased mortality 

in patients receiving multiple antibiotics. A relationship 

between multiple antibiotic therapy and severity of illness 

was felt by the authors to have accounted for this 

difference. Length of stay was not analyzed and 40 of the 

patients were less than 1 year old. 

In summary, the above literature indicates that 

antibiotic use in hospitals is often inappropriate, 

incorrect, or could be improved. In addition, information 

from this literature lends support to the notion that 

analysis of antibiotic therapy by pharmacists is an 

important aspect of assuring appropriate drug use, and can 

help to improve quality of care. 
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Other Factors Affecting Hospital Costs/ 
Length of Stay/ or Mortality 

In a utilization review methodology developed by 

Studnicki and Honemann (1982) intensity was evaluated for 

its relationship with length of stay. Intensity measures 

were developed through comparing ancillary service charges 

with total charges. In a pilot study involving the use of 

this methodology, variations in length of stay and intensity 

were found between hospitals. The authors suggest that 

optimal measures could be found by which hospitals could 

evaluate their performance. Shorter lengths of stay 

were associated with higher intensity values in a follow-up 

study of 8 hospitals (Studnicki and Honemann, 1983). 

Since vulnerability to infection and hospital 

complications may be related to nutritional status; Randle, 

Hubert-Hartmann, and Mulheran (1984) used serum albumin 

levels as a measure of nutritional status to find a 

relationship with length of stay. For total hip or knee 

replacement patients and chronic obstructive pulmonary 

disease patients, length of stay was longer for patients 

with lower albumin levels but statistical significance was 

not established. 

A study by List, et al. (1983) found length of stay 

to be significantly longer for East Coast cardiac patients 

than for West Coast cardiac patients. The difference 

remained after controlling for severity. It was suggested 
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that the difference was partially due to differences in 

physician practice patterns in the two regions. 

Patients in Sweden who were hospitalized were 

analyzed by Myhre (1983). The most prevalent diagnoses 

involved pulmonary and respiratory tract infections. A 

positive correlation was found between age and length of 

stay, although significance of the relationship was not 

published. 

Literature concerning other factors which affect 

hospital costs, length of stay, and mortality is important 

to consider in any drug utilization review process. These 

factors should be analyzed before any definitive conclusions 

concerning appropriateness of drug therapy are made. The 

outcome measures of any hospitalization; such as resolution 

of disease, overall hospital charges, and length of stay; 

are likely to be affected by these factors. Recommendations 

for improving drug therapy must involve consideration of 

interpatient differences relating to these factors. 

Conclusions 

This chapter provides a basis upon which this 

research was developed. An in-depth analysis of the 

Prospective Payment System and its implications of hospitals 

and hospital pharmacies is presented to give the reader a 

sufficent background and understanding of the use of 

diagnosis related groups (DRGs) in hospital payments. The 
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review of literature related to the use of antibiotics in 

hospitals indicates that there is potential for improvement 

in antibiotic therapy for cost containment purposes and for 

improvement in quality of care. Other factors that affect 

hospitalization outcomes are presented in this chapter 

because it is important to consider these factors when 

reviewing the results of hospitalization and antibiotic 

therapy. 



CHAPTER 3 

METHODOLOGY 

The general purpose of the study was to demonstrate 

a methodology whereby hospital pharmacists can evaluate 

antibiotic use in hospitals under the prospective payment 

system (PPS). Diagnosis related groups (DRGs) which are 

likely to be associated with antibiotic use, were studied to 

determine what antibiotic regimens are frequently used at 

Tucson Medical Center (TMC). The antibiotic regimens were 

further analyzed to determine if a significant relationship 

existed between antibiotic.regimens and pharmacy charges, 

antibiotic charges, intravenous therapy charges, hospital 

charges, or length of stay. 

This project utilized a retrospective survey 

design. The analysis was conducted using TMC data from 

December 1, 1984 to November 30, 1985. 

Data Collection 

The first phase of the study involved obtaining 

listings from the hospital's DRG coordinator concerning 

total hospital charges, and total charges by ancillary 

department per DRG for the period July 1, 1984 to December 

31, 1984. This information was available through the TMC 

49 
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data base in the form of a computer printout. Appendix 1 is 

an example of this type of DRG listing. 

In this study "antibiotic use" DRGs are defined as 

those which are likely co be associated with antibiotic use 

as a major form of treatment. The following criteria were 

used to identify "antibiotic use" DRGs: 

1. The DRG is classified as medical (not surgical) 

and the abbreviated title indicates that the 

admission involves the treatment of an infection. 

Only medical DRGs were included because factors 

other than antibiotic treatment, such as 

difficulties encountered during the operation, would 

likely result in increased charges or length of stay 

for surgical treatment DRGs. 

2. DRGs listed as viral infections were excluded. 

Antibiotic treatment in viral infections might be 

for the treatment of a secondary infection or might 

be inappropriate treatment. 

3. Eye, ear, nose, and throat DRG classifications 

were excluded. Primary treatment of these DRGs 

would probably not involve intravenous antibiotics. 

4. DRGs involving malignant diseases were excluded. 

Anti-cancer drugs, radiation therapy, or surgery 

would likely be the primary treatment modes of these 

DRGs • 

5. DRGs for the treatment of patients less than 17 
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years of age were excluded. Since DRG payments are 

directed at Medicare patients and most Medicare 

patients are over 65, exclusion of patients under 17 

was considered appropriate. 

Prom the DRG data of June 1, 1984 to December 31, 

1984; total pharmacy charges for "antibiotic use" DRGs were 

reviewed. The three "antibiotic use" DRGs, which were found 

to have the highest pharmacy charges, were targeted for 

further study and are hereafter labeled "target DRGs". The 

"antibiotic use" DRGs which were to found to have the 

highest pharmacy charges were chosen because more pharmacy 

expenses for intravenous antibiotics are devoted to those 

DRGS. It is likely that pharmacy interventions concerning 

the use of antibiotics could have greater impact in these 

DRGs. 

After choosing the target DRGs, the Data department 

of TMC was consulted to obtain listings of all patients 

classified within the three target DRGs from December 1, 

1984 to November 30, 1985. Through use of a microfiche or 

printouts the following information was obtained: patient 

name, billing number, medical records number, physician 

number, age, sex, admission date, discharge date, length of 

stay, and total hospital charges. A sample of the form 

available from the Data department is shown in Appendix 2. 
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This information was transferred to a DRG analysis form 

(Appendix 3). 

The DRG analysis form was further completed through 

examination of the billing office's microfiche records of 

each patient's bill. The pertinent information available 

from the patient's bill was physician name, diagnoses, and 

separate charges for the patient's hospital stay. Total 

pharmacy charges, intravenous charges, physician name, 

charges for all antibiotics used during the hospital stay, 

number of doses of each antibiotic, and start and stop dates 

for each antibiotic were recorded on the DRG analysis form. 

Subject Selection 

Both Medicare patients and non-Medicare patients 

were included in the study. It was considered possible that 

these two groups could vary in treatment, if physician's are 

considering source of payment when making treatment 

decisions. Therfore, information concerning payment 

mechanisms was included in data collection. Age was another 

variable under consideration and possible source for 

variation, since Medicare patients are generally 65 or more 

years old. 

Patients who died during their hospital stay were 

not included in the analysis because their illness could not 

be considered to have been cured or to have run its full 
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course in terms of possible treatment charges. The author 

was primarily interested in successful hospitalizations. 

Data Analysis 

The three targeted DRGs were chosen based upon total 

pharmacy charges for "antibiotic use" DRGs. This total 

incorporates relative frequency of admission of patients for 

a DRG and pharmacy charges for the DRG. For example, 

infectious diseases which involve intensive intravenous 

antibiotic drug treatment and which are treated relatively 

frequently at TMC were chosen for analysis through this 

method. 

Antibiotic regimens were identified for each 

individual hospital admission. Patients were then grouped 

according to the most- commonly used antibiotic regimens for 

each targeted DRG, based upon the antibiotic regimen used 

for the longest period of time during hospitalization. 

Criteria for grouping antibiotic regimens varied by DRG due 

to the variety of drugs used in treating a particular DRG. 

For example, grouping according to classes of antibiotics; 

such as penicillins, cephalosporins, aminoglycosides, or 

anti-anaerobic antibiotics was more appropriate for some 

DRGs. Dosage and frequency of administration differences 

were not considered separate antibiotic regimens. 

General classes of antibiotics are commonly 

administered in combination. Therefore, an antibiotic 
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regimen in these cases consisted of a combination of classes 

of antibiotics. An example of combination therapy was the 

common practice of using a cephalosporin and an 

aminoglycoside for patients in whom serious, gram negative 

infections are suspected. When combination therapies were 

employed, grouping antibiotics by combination was necessary. 

In some cases, combination therapies were compared with 

single drug therapies because these g'roups comprised the 

most common modes of therapy. 

Appropriateness of the choice of antibiotic regimen, 

based upon such criteria as culture and sensitivity, patient 

allergies, or other factors, was not included in the study. 

The judgement of appropriateness of therapy was beyond the 

scope of this study. 

Patients' cases were dropped from the analysis for 

the following reasons: 

1. The patient expired during hospitalization. 

2. Patients who did not receive intravenous (IV) 

antibiotics or who received only one dose of an IV 

antibiotic were dropped from the analysis. These 

patients were considered to be examples of unusually 

low severity of illness within a particular DRG. 

These cases and cases where the patient expired were 

not included in the initial calculations of mean 

and standard deviation values used in the next two 

criteria. 
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3. Length of stay outliers were eliminated. Those 

cases where the length of stay was greater than two 

times the standard deviation from the mean for the 

data set within the DRG were defined as length of 

stay outliers. These patients were considered to be 

more severely ill than the majority patients in a 

DRG. 

4. Hospital charge outliers were eliminated. 

Hospital charge outliers were defined in this study 

as those cases where the hospital charges were 

greater than two times the standard deviation from 

the mean hospital charge for the data set in a DRG. 

These patients were.considered to be more severely 

ill than the majority of patients in a DRG. 

5. Pharmacy charge outliers were eliminated. 

Pharmacy charge outliers were defined in this study 

as those cases where the pharmacy charges were 

greater than two times the standard deviation from 

the mean pharmacy charge for the data set in a DRG. 

These patients were considered to be more severely 

ill than the majority of patients in a DRG. 

Statistical Analysis 

A one-way analysis of variance (anova) F statistic 

was calculated for each DRG studied with antibiotic regimens 

as the independent variable and length of stay as the 
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dependent variable. For post hoc analysis, antibiotic 

regimens were evaluated using the post-hoc Scheffe test. 

The Scheffe test was chosen because it allows for all 

possible comparisons between groups of unequal size. 

The same analysis was carried out for each of the 

other dependent variables. (One-way anova, with antibiotic 

regimen as the independent variable and pharmacy charges, 

hospital charges, intravenous therapy (IV) charges, and 

antibiotic charges as separate dependent variables. When 

significant differences were found the Scheffe post hoc 

analysis was conducted.) All statistical analyses were 

carried out at the .05 alpha level. 

The Bartlett test was employed to identify lack of 

homogeneity of variance in each anova statistical test 

(Neter Wasserman, Kutner 1985a). When heterogeneity of 

variance was found, the nonparametric Kruskal-Wallis test 

was used to determine if significant differences were 

present between the antibiotic regimens for each dependent 

variable found to display heterogeneity of variance. 

Pairwise comparisons for Kruskal-Wallis tests, as described 

by Neter, Wasserman, and Kutner (1985b), was then conducted 

to determine which antibiotic regimens were significantly 

different. 

Analysis of changes in antibiotic therapy was 

undertaken by separating all patients within a DRG into two 
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groups by presence or absence of changes in intravenous 

antibiotic therapy during hospitalization. Changes were 

defined as present if more than one separate regimen was 

used during hospitalization. A t-test between the two 

groups was conducted for each dependent variable. If the 

Bartlett test was significant, indicating lack of 

homogeneity of variance, the nonparametric Mann-Whitney U 

test statistic was calculated for those dependent variables. 

Assumptions 

1. If inappropriate choices of dose and drug were 

present, the assumption is that the occurrence would balance 

out across treatment regimens. 

2. Another assumption is that billing records 

accurately reflect the therapy the patients' received. 

3. The possibility exists that the patients were 

incorrectly classified within a DRG category. An assumption 

of this study is that the patients were appropriately 

classified. It is beyond the scope of this project to 

review these classifications. If errors are present in 

classification, they would probably occur in future time 

periods. 

Limitations 

A limitation of the study is that the results are 

not necessarily generalizable to other hospitals. Although 

similarity in antibiotic resistance patterns and other 
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factors within individual hospitals may indicate potential 

generalizability to other hospitals, other factors may 

account for different antibiotic regimens being used in 

treating a particular DRG. A more interesting 

generalization is that the analysis of antibiotic therapy 

within DRGs through reviewing billing records may be useful 

to other hospitals. 

Another limitation of the study is that a causal 

relationship is not to be suggested by the results. Until 

further analysis is used to determine factors which affect 

the choice of antibiotic regimens in the particular patient 

population, one cannot assume that the antibiotic regimen is 

responsible for differences in length of stay. Interpatient 

differences in severity of disease or secondary diagnoses 

are likely to be responsible for the antibiotic treatment 

chosen by the physician. A controlled study in which 

treatment regimens are assigned randomly to a homogeneous 

patient group could possibly determine a causal relationship 

between antibiotic use and length of stay. 

A mechanism of strengthening the causal relationship 

between length of stay and antibiotic treatment in a 

retrospective study would involve establishing that the 

patients within a DRG are relatively homogeneous. Factors 

such as initial severity of illness and secondary diagnoses 

could be analyzed to establish that the patients are 
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homogeneous. However, a retrospective design cannot 

control for other variables, which might not be measured, 

but could have affected the dependent variables measured in 

the study. 

Pilot Study 

A pilot study was conducted for DRG 89, simple 

pneumonia and pleurisy, age greater than 69 and/or secondary 

diagnosis. Forty-seven patients were chosen randomly from a 

five month period of 1985 (March through July). TMC had 

treated 86 patients categorized within DRG 89 in that time 

period. 

Of the forty-seven patients in the pilot study, nine 

were eliminated from further analysis because they received 

only oral antibiotic treatment, no antibiotic treatment, or 

only one dose of an antibiotic. 

Two additional patients were eliminated from the 

analysis because their length of stay exceeded two times the 

standard deviation from the mean. Another case was 

eliminated because pharmacy charges exceeded two times the 

standard deviation from the mean. A final case was 

eliminated due to death during hospital stay. 

The remaining thirty-four patients were grouped by 

antibiotic regimen as follows: 

Group 1. Patients receiving one antibiotic only. 
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Group 2. Patients receiving erythromycin plus other 

antibiotics. 

Group 3. Patients receiving a combination of an 

aminoglycoside plus a cephalosporin or ampicillin. 

The theory for grouping the patients as indicated 

above was that in the first group of patients their 

suspected infections were identified well enough to allow 

treatment with only one antibiotic. The second group 

included patients in which Legionnaire's disease was 

suspected. The third group of patients were suspected of 

having serious, gram negative infections or infections 

involving multiple organisms. 

The results of the anova tests are shown in Table 1. 

Means for the relevant dependent variables are shown in 

Table 2. 
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Table 1. One way analysis of variance results by 
antibiotic regimens for pilot study of DRG 89. 

Dependent 
variable 

R Squared F Ratio P Value 

Length of stay .057 0, .93 . 404 

Pharmacy charges .228 4. .56 .018 

IV charges .341 8. .01 .002 

Antibiotic charges .263 5. .53 .009 

Hospital charges .081 1. ,36 .271 

In each test, antibiotic treatment regimen is the 
independent variable. 

Degrees of freedom for each F ratio are 2 and 31. 

Group 1 = Patients receiving one antibiotic only. 
Group 2 = Patients receiving erythromycin plus other 

antibiotics. 
Group 3 = Patients receiving an aminoglycoside plus a 

cephalosporin or ampicillin. 
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Table 2. Mean values for patients in pilot study of DRG 
89 by antibiotic regimen. 

Dependent Mean Values (Standard Deviations) 
Variable Group 1 Group 2 Group 3 

Length of stay 
in days 

6.67 (4.2) 8.57 (5.6) 8.75 (3.4) 

Pharmacy charges $256 (141) 
a,b 

$425 (256) 
a 

$443 (154) 
b 

IV charges $127 (87) 
c,d 

$233 (110) 
c 

$259 (80) 
d 

Antibiotic charges $157 (106) 
e, f 

$256 (106) 
e 

$298 (124) 
f 

Hospital charges $3411 
( 2090). 

$4697 
(3154) 

$4633 
(1573) 

Number of cases 15 7 12 

All mean dollar values are rounded to the nearest one 
dollar. 

Standard deviations are shown in parentheses. 

Values beneath which the same letter appears are 
significantly different at the .05 level. 

Group 1 = Patients receiving one antibiotic only. 
Group 2 = Patients receiving erythromycin plus other 

antibiotics. 
Group 3 = Patients receiving an aminoglycoside plus a 

cephalosporin or ampicillin. 

Critical differences at the .05 level. 

Pharmacy charge = $77 
IV charge = $40 
Antibiotic charge = $50 
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A one-way anova test with length of stay as the 

dependent variable was not significant (P=.404). However, 

it should be noted that a larger sample size could have 

resulted in a significant difference between length of stay 

for group 1 and groups 2 or 3. Mean length of stay for 

group 1 was 6.67 days, while mean length of stay for groups 

2 and 3 was 8.57 and 8.75 days, respectively. 

A one-way anova test using pharmacy charges as the 

dependent variable showed significant differences between 

the groups (P=.018). Post-hoc analysis using the Scheffe 

method revealed significant differences between group 1 and 

group 2 or 3 at alpha equals .05. 

Other anova analyses, revealed similar differences in 

antibiotic charges and IV charges (P=.009 and .002, 

respectively), but no significant differences between the 

groups for hospital charges (P=.271). The significant 

differences were between group 1 and groups 2 or 3. 

The Pearson correlation coefficient between pharmacy 

charges and antibiotic charges was 0.872. 

Conclusions from the Pilot Study 

The study identified three antibiotic regimens used 

in the treatment of DRG 89. It appeared that antibiotic 

therapy was a major mode of drug treatment for these 

patients, because the Pearson correlation between pharmacy 

charge and antibiotic charge was very high (.872). The 
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disclosures of antibiotic regimens used in DRG 89 and of the 

relationship between antibiotic charge and pharmacy charge 

is knowledge that was not found by the author to be reported 

in literature. 

Since two groups of patients were found to be 

associated with significantly higher pharmacy charges, the 

results of this study might be used to target pharmacy 

interventions. When greater pharmacy charges are incurred 

by a group of patients, potentially more savings could be 

attained through improvement in drug therapy of these higher 

charge patients. Further patient data are needed to reveal 

if drug therapy could be improved in these higher charge 

patients. 

Through using hospital-specific information gained 

in this type of study, pharmacy directors may decide to have 

clinical pharmacists evaluate dosage and indications of 

antibiotics used in all patients who have a suspected 

pneumonia and are receiving two intravenous antibiotics. 

Drug utilization reviews might also be directed through this 

manner. Additional study might be able to relate specific 

antibiotic therapy and appropriateness of therapy with 

length of stay and pharmacy charges. Such a study would 

need to include controls for interpatient differences. 

Another value of reviewing antibiotic regimens used 

to treat a particular DRG is that, in general, inappropriate 
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choices of drugs might be implied by the analysis. If a 

particular drug is conspicuously absent (or present) in the 

treatments, pharmacist interventions might be indicated. If 

microbial occurrence or resistance patterns by site of 

infection suggest that a lower (or higher) cost drug should 

(or should not) generally be used for a DRG, reeducation of 

physicians might be considered. However, a more complete 

analysis of individual patient medical records would be 

necessary to substantiate this type of conclusion. The 

results of this study could be used to pinpoint which group 

of patients in DRG 89 should be reviewed. 

The significant difference in pharmacy charges could 

be due to differences in severity of illness. Single 

antibiotic treatment was less costly than two or more 

antibiotics. Assuming that the choice of antibiotic regimen 

was warranted by the patient's clinical picture in the 

physician's judgement, patients receiving two or more 

concurrent antibiotics were possibly more severely ill than 

those treated with a single agent. The results of this 

study may be used to help identify three separate subgroups 

of patients within DRG 89. 

There did appear to be a difference in length of 

stay between patients treated with these three antibiotic 

regimen. Although this was not significant, a larger sample 

size could have resulted in•significant differences. What 

may exist here is two or three separate groups of patients 
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within DRG 89. The findings suggest that the severity of 

illness is less for the first group of patients, since they 

can be treated with a single antibiotic and have shorter 

lengths of stay. Further analysis of patient medical 

records may or may not substantiate this theory. 

This pilot study does not include an analysis of 

patient-specific factors which may have determined the 

antibiotic choices made by the physician. One cannot 

assume that the patients presented with similar clinical 

conditions Therefore, no conclusions can be made concerning 

the appropriateness of therapy. 

Erythromycin is used to treat pneumonia when 

Legionnaire's disease is suspected. The results from this 

pilot study suggest that pharmacy costs may be less if 

erythromycin is used alone, rather than in conjunction with 

other antibiotics. This information could be used to help 

direct clinical pharmacist activity. Through monitoring 

patients with suspected pneumonia, who are being treated 

with erythromycin, other antibiotic drug use could be 

minimized in an attempt to save pharmacy costs. If an 

individual patient's condition does not indicate a need for 

additional antibiotics, a clinical pharmacist might be 

warranted in suggesting therapy changes. 

The pilot study demonstrated a methodology whereby a 

higher pharmacy charge group of patients were identified 
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within a DRG. An implication from this information is that 

cost containment efforts or clinical pharmacist involvement 

.might be able to have more of an effect in these higher 

pharmacy charge patients. Further study is needed to 

determine if this would occur. Additional study might be 

able to relate specific antibiotic therapy and 

appropriateness of therapy with length of stay and pharmacy 

charges. Such a study would need to include controls for 

interpatient differences. 



CHAPTER 4 

RESULTS 

The methodology used to evaluate antibiotic use 

under the prospective payment system resulted in the 

analysis of the following diagnosis related groups (DRGs): 

DRG 79 (respiratory infections and inflammations, age 

greater than 69 and/or secondary diagnosis), DRG 89 (simple 

pneumonia and pleurisy, age greater than 69 and/or secondary 

diagnosis) and DRG 416 (septicemia, age greater than 17). 

The patients' billing records at Tucson Medical Center (TMC) 

were used to obtain most- of the information. In this 

chapter the data which resulted in the selection of these 

three DRGs will be presented, followed by results of further 

analyses of each separate DRG. 

Selection of DRGs for Further Analysis 

"Antibiotic use" DRGs were selected for possible 

analysis, based upon the following criteria, as outlined in 

Chapter 3: 

1. The DRG was classified as medical (not surgical) 

and the abbreviated title indicated that an 

infection was being treated. 

2. The DRG was not primarily associated with the 

treatment of a viral disease. 

68 
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3. The DRG was 

ear, nose, or 

4. The DRG did 

disease. 

5. The DRG involved patients older than 17 years. 

The use of these criteria indicated that there were 

17 relevant DRGs for this analysis. Those DRGs are shown 

in Table 3. 

not primarily associated with eye, 

throat diseases or treatments, 

not involve treatment of a malignant 
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3. DRGs in which antibiotics are likely to be used 
as the primary treatment. 

Abbreviated Title 

Nervous system infection except viral meningitis 

Respiratory infections and inflammations, age 
greater than 69 and/or secondary diagnosis 

Respiratory infections and inflammations, age 18-69 
without secondary diagnosis 

Simple pneumonia and pleurisy, age greater than 69 
and/or secondary diagnosis 

Simple pneumonia and pleurisy, age 18-69 without 
secondary diagnosis 

Acute and subacute endocarditis 

Osteomyelitis 

Septic arthritis 

Bone disease and septic arthropathy, age greater 
than 69 and/or secondary diagnosis 

Bone disease and septic arthropathy, age less than 
70 without secondary diagnosis 

Cellulitis, age greater than 69 and or secondary 
diagnosis 

Cellulitis, age 18-69 without secondary diagnosis 

Kidney and urinary tract infections, age greater 
than 69 and/or secondary diagnosis 

Kidney and urinary tract infections, age 18-69 
without secondary diagnosis 

Infections, female reproductive system 

Septicemia, age greater than 17 

Postoperative and post-traumatic infections 
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Through using data obtained from the DRG coordinator 

at TMC, total pharmacy charges, number of patients treated, 

and average pharmacy charge per patient for these 

"antibiotic use" DRGs for the period July 1, 1984 to 

December 1, 1984 were examined to determine the three DRGs 

with the highest pharmacy charges. The number of patients 

treated was reviewed to evaluate the adequacy of sample size 

for the study. From this evaluation DRG 79, DRG 89, and DRG 

416 were selected for further study. Results of this 

analysis are shown in Table 4. 
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Table 4. Pharmacy charges, number of patients, and 
pharmacy charge for each "antibiotic use" DRG 
(July 1, 1984 to December 1, 1984). 

DRG Total 
Pharmacy 
Charge ($) 

Number of 
Patients 

Average 
Pharmacy 
Charge ($) 

20 2,748 19 145 

79* 49,597 36 1,378 

80 0 0 0 

89* 53,384 83 643 

90 5,463 19 288 

126 4,927 2 2,463 

238 7,174 5 1,434 

242 1,078 2 524 

244 748 8 94 

245 275 5 55 

277 10,232 16 640 

278 8,767 20 438 

320 23,268 40 582 

321 5,177 16 324 

368 10,066 21 479 

416* 25,807 28 922 

418 8,954 13 689 

* DRG selected for further analysis. 
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Determination of Sample Population for Each DRG 

After reviewing information from the Data Division 

of TMC and pertinent patient billing records, certain cases 

were eliminated from further analysis. The reasons for 

elimination (as outlined in the Chapter 3) were: 

1. •Death occurred during hospitalization. 

2. No injectable antibiotics were used during 

hospitalization. 

3. The case was found to be an outlier in terms of 

length of stay, hospital charge, or pharmacy 

charge. Values exceeding two times the 

standard deviation from the mean were defined 

as outliers. 

The results of these tests are shown in Table 5. 

Means, standard deviations, and outlier values for length of 

stay, hospital charges and pharmacy charges which were used 

for determination of outlier cases are shown in Table 6. 
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Table 5. Determination of Final Sample for Each DRG. 

Important Factor DRG 79 DRG 89 DRG 416 

Total patients (#) 94 230 51 

Randomly selected for 
for analysis (#) 

— 108 — 

Died during 
hospitalization (#) 

19 3 7 

Injectable antibiotics 
not used (# of cases) 

15 22 1 

Financial record not 
available 

3 0 1 

Length of stay 
outliers (#) 

3 3 2 ' 

Hospital charge 
outliers (#) 

1 0 2 

Pharmacy charge 
outliers (#) 

0 0 3 

Final sample size 53 80 35 
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Table 6. Determination of outlier values for each DRG. 

Statistical 
Value 

DRG 79 DRG 89 DRG 416 

Number of cases 57 83 42 

Mean Length of 
Stay (days) 

12.9 9.0 9.1 

S.D. Length of 
Stay 

7.4 6.9 5.2 

Outlier Value 
for Length of Stay 
(days) 

>27.7 >22.8 >19.5 

Mean Hospital 
Charge ($) 

7/841 5,878 5,146 

S.D. Hospital 
Charge 

5,577" 9,876 3,349 

Outlier Value 
for Hospital 
Charge ($) 

>18/995 >25,630 >11,844 

Mean Pharmacy 
Charge ($) 

769 456 605 

S.D. Pharmacy 
Charge 

638 763 661 

Outlier Value 
for Pharmacy 
Charge ($) 

>2/045 >1,982 >1,927 

Final Sample 
Size 

53 80 35 

S.D. = Standard deviation 
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Results of Analysis of DRG 79 

Ninety-four patients were treated at TMC for DRG 79 

(respiratory infections and inflammations, age greater than 

69 and/or secondary diagnosis) between December 1, 1984 and 

November 30, 1985. Of the 94 patients, nineteen expired 

before discharge and were therefore not included in the 

analysis. The financial bills for three patients were not 

available for analysis, leaving 72 patients to be included 

in the analysis. Of those 72 patients, fifteen (20.5%) did 

not receive an injectable antibiotic during their 

hospitalization and therefore were not included in further 

analysis. 

The remaining 5 7 patients were analyzed 

statistically to determine length of stay outliers, hospital 

charge outliers, and pharmacy charge outliers. Outliers are 

defined as those discharges where the value exceeds the mean 

by greater than two times the standard deviation. Three 

patients were found to be length of stay outliers. One 

patient was found to be a hospital charge outlier. Once 

these four patients were eliminated, no patients were found 

to be pharmacy charge outliers. Therefore, the final sample 

for DRG 79 consisted of 53 patients. These iesults are 

summarized in Table 6. 
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Hypothesis _I and II for DRG 79 

The antibiotic regimens used to treat DRG 79 were 

divided into the three groups. The determination of the 

group was based upon the antibiotic regimen instituted for 

the longest time period during the hospital stay. The three 

treatment regimens are as follows: 

1. A cephalosporin, penicillin, ampicillin, 

nafcillin, or trimethoprim/sulfamethoxazole 

combination alone. 

2. An aminoglycoside alone, or an aminoglycoside 

combined with one or two other drugs. 

Aminoglycosides used included gentamicin, tobramycin 

. and amikacin. 

3. An anti-anaerobic antibiotic plus one or two 

other drugs. Anti-anaerobic antibiotics used were 

clindamycin and metronidazole. 

Rationale for Choice of Antibiotic Regimens 

The first group of drugs might be used for treatment 

of gram positive infections or uncomplicated gram negative 

infection. The second group of drug regimens might be used 

for pulmonary infections involving Pseudomonas aeurginosa or 

other more complicated gram negative infections, such as 

those involving resistant organisms. The third antibiotic 

regimen group might be used for serious respiratory 
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infections caused by anaerobic bacteria, including lung 

abscesses, empyema, pneumonia, and pnemonitis. 

Statistical Analysis 

Review of the records of patients treated under DRG 

79 indicated that four patients received an injectable 

antibiotic for a very short period of their hospital stay, 

one or two days. Since three of these patients were in 

group 1 and one patient was in group 2, it was felt that 

their cases might bias the sample in favor of those groups. 

Therefore those cases were eliminated prior to analysis. 

One-way analysis of variance (anova) was conducted 

for each dependent variable to determine if differences 

between groups existed. N'o significant differences were 

shown for length of stay between three groups. Significant 

differences were found between the groups in terms of 

pharmacy charges, antibiotic charges, intravenous therapy 

(IV) charges, and hospital charges. These anova tests were 

also analyzed for homogeneity of variance using the Bartlett 

test (Neter, Wasserman, Kutner 1985a). Of the dependent 

variables involved, lack of homogeneity of variance existed 

only in the antibiotic charge dependent variable. Results of 

the anova analyses are shown in Table 7. 

Antibiotic charge was then analyzed using Kruskal-

Wallis nonparametric analysis of variance. Antibiotic 

charge was noted to be significantly different between these 
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groups using this test (Kruskal-Wallis test statistic = 

14.92, degrees of freedom = 2, P=.001). Pairwise 

comparisons following the Kruskal-Wallis test, as described 

by Neter et al. (1985b), revealed significant differences at 

the .05 significance level between groups 1 and 3. At the 

P = .10 significance level of .10 all three groups were 

found to be significantly different from each other. 
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Table 7. One way analysis of variance results for DRG 79 
by antibiotic treatment regimen. 

Dependent 
Variable 

F Value P Value Bartlett 
P value 

Test 
(a) 

Length of stay 1.4 .257 .488 

Pharmacy charge 13.5 <.001 .315 

IV charge 16.4 <.001 .121 

Antibiotic 
charge 

12.3 <.001 .011 

Total hospital 
charge 

5.7 .006 .835 

For all tests degrees of freedom are 2 for between groups 
and 46 for within groups. 

a = If P < .05, there is lack of homogeneity of variance 
between groups. 
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Post hoc analysis using the Scheffe method revealed 

that group 1 and group 2 were significantly different from 

group 3 at the .01 level in terms of pharmacy charge, and IV 

charge, and hospital charge. Group 1 was significantly 

different from group 2 for pharmacy charge and IV charge at 

the .01 level and hospital charge at the .05 level. These 

results are displayed in Table 8 along with means and 

standard deviations for each group. 
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Table 8. Scheffe comparisons on the differences between 
means for each group in DRG 79, by each dependent 
variable. 

Dependent Mean value (Standard Deviation) 
Variable Group 1 Group 2 Group 3 

Length of stay 10.4 (4.7) 11.6 (6.2) 14.7 (5.6) 

Pharmacy 
Charge 

$480 (340) 
a,b 

$710 (455) 
a,c 

$1486 (526) 
b,c 

IV Charge $246 (140) 
d,e 

$361 (198) 
d,f 

$735 (262) 
e,f 

Antibiotic 
Charge 

$280 (208) 
j * • 

$452 (278) $948 (531) 
j* * 

Hospital 
Charge 

$5407 (3744) 
g*,h 

$7040 (4278) 
g*,i 

$11660 (3824) 
h/i 

Number in group 21 22 6 

All mean values are rounded to the nearest one dollar. 
Standard deviations are in parentheses. 

Values beneath which the same letter appears are 
significantly different. 

* = significant at the .05 level. 
j** = significant difference identified through 

nonparametric analysis (at .05 level). 
All letters without a * (or **) are significant at the .01 

level. 

Group 1 includes treatment with a single drug alone. 
Group 2 includes treatment with an aminoglycoside alone 

or an aminoglycoside with one drug or two drugs. 
Group 3 includes treatment with an anti-anaerobic 

antibiotic with one or two drugs. 

Critical difference values at .01 level: 
Pharmacy charge = $191 
IV charge = $85 
Hospital charge = $1836 

Critical difference value at .05 level: 
Hospital charge = $1453 
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Hypothesis III for DRG 79 

The third hypothesis stated that changes in drug 

therapy would be associated with longer length of stay, 

increased pharmacy charges, increased antibiotic charges, 

increased IV charges, or increased hospital charges. To 

test this hypothesis, all patients were separated into two 

groups. Group 1 includes patients in whom intravenous 

antibiotic regimens were changed one or more times. Group 2 

includes patients who were treated with only one intravenous 

antibiotic regimen during their entire hospital stay. 

For each dependent variable, there was significant 

difference between the groups. The Bartlett test for 

homogeneity of variance however indicated heterogeneity of 

variance for length of stay, antibiotic charge, and hospital 

charge. For these variables the nonparametric Mann-Whitney 

U test statistic was calculated. The two groups were found 

to be significantly different for all dependent variables. 

Results of the one way anova tests are shown in Table 9 

along with results on the Bartlett test. Table 10 displays 

mean values and standard deviations for all dependent 

variables. The Mann-Whitney U test statistic values for 

length of stay, antibiotic charge, and hospital charge are 

shown in Table 11. 
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Table 9. Student's t-test results for DRG 79 by changes 
in intravenous antibiotic therapy. 

Dependent 
Variable 

T Value P Value Bartlett 
P value 

Test 
(a) 

Length of stay 3.0 .004 .008 

Pharmacy charge 3.4 <.001 .060 

IV charge 4.3 <.001 .086 

Antibiotic 
charge 

3.9 <.001 .003 

Hospital 
charge 

4.5 <.001 .031 

Twenty patients were treated with changes in therapy. 
Thirty-three patients were treated without changes in 

therapy. 

a = If P < .05, there is lack of homogeneity of variance 
between groups. 



85 

Table 10. Mean values for patients in DRG 79 treated with 
or without changes in intravenous antibiotic 
therapy. 

Dependent Mean Value (Standard Deviation) 
Variable Changes 

in Therapy 
No Changes 
in Therapy 

Length of Stay 14.3 (6.7) 9.9 (3.9) 

Pharmacy charge $1021 (535) $465 (392) 

IV Charge $493 (248) $244 (176) 

Antibiotic Charge $627 (420) $280 (278) 

Hospital Charge $9882 (4707) $5129 (3057) 

Number in group 20 33 

All mean dollar values are rounded to the nearest one dollar. 

Standard deviations are in parentheses. 
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Table 11.• Mann-Whitney U test statistics for patients in 
DRG 79 treated with or without changes in 
intravenous antibiotic therapy. 

Dependent Mann-Whitney U P Value 
Variable Test Statistic 

Length of Stay 462 .015 

Antibiotic Charge 536 <.001 

Hospital Charge 516 .001 

Only variables without homogeneity of variance between 
groups were analyzed with this nonparametric test. 
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Results of Analysis of DRG 89 

Two hundred thirty patients were treated for DRG 89 

(simple pneumonia and pleurisy, age greater than 69 and or 

secondary diagnosis) between December 1, 1984 and November 

30, 1985. Of these patients, one hundred eight were 

selected randomly for further study. The random selection 

of cases was performed because sampling the entire 

population was considered beyond the scope of this project 

and the pilot study indicated that this portion would be 

adequate. Furthermore, if an important trend was 

discovered, the remaining cases could be studied to validate 

the findings. 

Of the 108 cases, three patients expired during 

hospitalization and were therefore not included in the 

analysis. The financial bills for all of remaining cases 

were available for analysis. In 22 cases (20.4%) injectable 

antibiotics were not used and these cases were not included 

in the analysis, leaving 83 cases. 

These 83 cases were analyzed to determine length of 

stay outliers, hospital charge outliers, and pharmacy charge 

outliers. Outliers are defined as those cases where the 

value exceeds the mean by greater than two times the 

standard deviation. Three patients were identified as 

length of stay outliers. After these cases were eliminated, 
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no cases were found to be hospital charge or pharmacy charge 

outliers. Therefore the final sample consisted of 80 cases. 

These results are summarized in Table 5. 

Hypotheses _I and II for DRG 89 

The antibiotic regimens use to treat DRG 89 were 

divided into four groups. The determination of the group 

was based upon the antibiotic regimen instituted for the 

longest time period during the hospital stay. The four 

treatment regimens are as follows: 

1. A cephalosporin alone. 

2. An aminoglycoside alone or in combination with a 

cephalosporin, penicillin, or ampicillin. 

3. Erythromycin alone or in combination with a 

cephalosporin, clindamycin, ampicillin, or an 

aminoglycoside. 

4. Penicillin or ampicillin alone. 

Rationale for Choice of Antibiotic Regimens 

The first group of drugs might be used for gram 

positive infections or uncomplicated gram negative 

infections. The second group of drug regimens might be used 

for pulmonary infections involving Pseudomonas aeurginosa or 

other more complicated gram negative infections, such as 

those involving resistant organisms. The third antibiotic 

regimen group might be used for those cases in which 

Legionnaires' disease was suspected. The fourth group 
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comprises the narrowest spectrum of activity. It might be 

used if specific organisms had been identified as the cause 

of the infection, such as uncomplicated pneumococcal or 

streptococcal infections. 

Statistical Analysis 

One way analysis of variance was utilized to 

identify differences between groups. No significant 

differences were shown for length of stay between the three 

groups. Significant differences between the groups was 

found for every other dependent variable (pharmacy charges, 

IV charges, antibiotic charges, and hospital charges). The 

groups were also analyzed for homogeneity of variance using 

the Bartlett test. Lack of homogeneity of variance was 

found for pharmacy charges, IV charges, antibiotic charges, 

and hospital charges. Results of these anova analyses are 

shown in Table 12. 

The nonparametric Kruskal-Wallis test was used to 

reveal significant differences between groups for pharmacy 

charges, IV charges, antibiotic charges, and hospital 

charges. Significant differences were noted for each 

dependent variable. Results of this analyses are shown in 

Table 13. 
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Table 12. One way analysis of variance results for DRG 89 
by antibiotic treatment regimen. 

Dependent F Value 
Variable 

Length of stay 1.8 

Pharmacy charge 12.0 

IV charge 9.8 

Antibiotic 8.8 
charge 

Hospital 4.6 
charge 

P Value Bartlett Test 
P value (a) 

.138 .518 

<.001 <.001 

<.001 .034 

<.001 <.001 

.005 .007 

For each F test degrees of freedom are 3 for between groups 
and 76 for within groups. 

a = If P < .05, there is lack of homogeneity of variance 
between groups. 
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Table 13. Kruskal-Wallis test statistics for DRG 89 by 
antibiotic treatment regimen. 

Dependent 
Variable 

Kruskal-Wallis 
Test Statistic 

P Value 

Pharmacy Charge 22.7 < .001 

Antibiotic Charge 21.8 <.001 

IV Charge 21.6 <.001 

Hospital Charge 13.2 .004 

Only variables without homogeneity of variance between 
groups were analyzed v/ith this nonparametr ic test. 

For each analysis degrees of freedom equals 3. 
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Pairwise comparisons for Kruskal-Wallis tests, as 

described by Neter, Wasserman, and Kutner (1985b) was 

performed for each dependent variable. Significant 

differences for pharmacy charges at the family significance 

level of alpha = .05 were found between groups 1 and 3, 

groups 2 and 4, and groups 3 and 4. Groups 1 and 2 were 

significantly different at the alpha = .10 family 

significance level. For antibiotic charges, groups 1 and 3, 

groups 1 and 2, and groups 2 and 3 were significantly 

different at the .05 level. Groups 3 and 4 were 

significantly different at the .10 level. For IV charges 

significant differences (at the .05 level) were found 

between groups 1 and 3 and groups 1 and 2 only. For 

hospital charges no significant differences were revealed 

using this analysis. Results of these comparisons are 

summarized in Table 14. Means values and standard 

deviations of each dependent variable by group are shown in 

Table 15. 
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Table 14. Results of pairwise comparisons for DRG 89 by 
antibiotic regimens following Kruskal-Wallis 
test. 

Dependent Mean Ranks 
Variable Group 1 Group 2 Group 3 Group 4 

Pharmacy charge 32.9 
a*,b 

51.1 
a*,c 

59.6 
b,d 

24.6 
c,d 

Antibiotic Charge 31.3 
e,f 

53.2 
e,g* 

56.9 
f,h 

27.7 
g*,h 

IV Charge 27.7 
if j 

53.3 
i 

55.3 
j 

37.1 

Hospital Charge 33.8 51.4 51.3 29.6 

Number in group 32 - 22 12 14 

All values are rounded to the nearest tenth. 

Group 1 = Cephalosporin alone. 
Group 2 = Aminoglycoside alone or with one or two other 

drugs, except erythromycin. 
Group 3 = Erythromycin alone or with other drugs. 
Group 4 = Penicillin or ampicillin alone. 

Values with the same letter beneath them are significantly 
different. 

* = significant at the .10 family level of significance. 
All letters without a * are significant at the .05 level. 

Important critical differences by comparison: 

Critical difference Critical difference 
Alpha = .05 Alpha = .10 

Group 1 to Group 2 18.9 17.5 
Group 1 to Group 3 23.1 
Group 2 to Group 4 23.3 
Group 3 to Group 4 29.8 24.9 
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Table 15. Mean values for patients in DRG 89 by antibiotic 
regimen. 

Dependent Mean Values (Standard Deviations) 
Variable Group 1 Group 2 Group 3 Group 4 

Length of 
Stay 
in days 

7.6 (4.4) 9.3 (4.0) 8.4 (3.6) 6.1 (3.1) 

Pharmacy 
Charge 

$257(170) 
a*,b 

$412(194) 
a*,c 

$588(322) 
b,d 

$189(87) 
c,d 

Antibiotic 
Charge 

$151(112) 
e,f 

$270(141) 
e,g* 

$358(261) 
f,h 

$123(66) 
g*,h 

IV Charge $130 (75) 
if j 

$237(90) 
- i 

$278(147) 
j 

$162(88) 

Hospital 
Charge 

$3673 
(2448) 

$5103 
(2187) 

$5961 
(3554) 

$3063 
(1230) 

Number in group 32 22 12 14 

All mean dollar values are rounded to the nearest one 
dollar. 

Standard deviations are shown in parentheses. 

Group 1 = Cephalosporin alone. 
Group 2 = Aminoglycoside alone or with one or two other 

drugs, except erythromycin. 
Group 3 = Erythromycin alone or with other drugs. 
Group 4 = Penicillin or ampicillin alone. 

Values with the same letter beneath them are significantly 
different (identified through nonparametric analysis). 

* = significant at the .10 level. 

All letters without a * are significant at the .05 level. 
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Hypothesis III for DRG 89 

The third hypothesis stated that changes in drug 

therapy would be associated with longer lengths of stay, 

increased pharmacy charges, increased antibiotic charges, 

increased IV charges or increased hospital charges. To test 

this hypothesis, all patients were separated into two 

groups. Group 1 includes patients in whom intravenous 

antibiotic regimens were changed one or more times. Group 2 

includes patients who were treated with only one antibiotic 

regimen during their entire length of stay. 

Student's t-tests were conducted to determine 

differences between the two groups. For all dependent 

variables, there was a significant difference between the 

groups. The Bartlett test for lack of homogeneity of 

variance however was significant for pharmacy charges and 

antibiotic charges. For these variables the Mann-Whitney U 

test statistic was calculated. Using this nonparametric 

test revealed that the two groups were significantly 

different for these independent variables. Results of the 

t-tests are shown in Table 16 along with results of the 

Bartlett test. Table 17 displays the mean values and 

standard deviations for all dependent variables. The Mann- « 

Whitney LJ test statistic values for pharmacy charges and 

antibiotic charges are shown in Table 18. 
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Table 16. Student's t-test results for DRG 89 by changes 
in intravenous antibiotic therapy. 

Dependent T Value P Value Bartlett Test 
Variable P value (a) 

Length of stay 2.5 .016 .147 

Pharmacy charge 3.8 <.001 .004 

IV charge 4.5 <.001 .080 

Antibiotic 3.6 <.001 .001 
charge 

Hospital 
charge 

3.3 .001  .465 

Twenty-four patients, were treated with changes in therapy. 
Fifty-six patients were treated without changes in therapy. 

a = If P < .05, there is lack of homogeneity of variance 
between groups. 
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Table 17. Mean values for patients in DRG 89 treated with 
or without changes in intravenous antibiotic 
therapy. 

Dependent Mean Values (Standard Deviations) 
Variable Changes 

in Therapy 
No Changes 
in Therapy 

Length of Stay 
in days 

9.6 (3.2) 7.2 (4.2) 

Pharmacy charge $447 (288) $277 (178) 

IV Charge $263 (119) $155 (89) 

Antibiotic Charge $306 (215) $169 (120) 

Hospital Charge $5683 (2652) $3711 (2331) 

Number in group 24 56 

All mean dollar values are rounded to the nearest one 
dollar. 

Standard deviations are shown in parentheses. 
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Table 18. Mann-Whitney U test statistics for patients in 
DRG 89 treated with or without changes in 
intravenous antibiotic therapy'. 

Dependent Mann-Whitney U P Value 
Variable Test Statistic 

Pharmacy Charge 965 .002 

Antibiotic Charge 998 .001 

Only variables without homogeneity of variance between 
groups were analyzed with this nonparametric test. 
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Results of Analysis of DRG 416 

Fifty-one patients were treated at TMC for DRG 416 

(septicemia, age greater than 17) between December 1, 1984 

and November 30, 1985. Of the 51 patients, seven expired 

before discharge and were therefore not included in the 

analysis. The financial bill for one patient was not 

available for analysis, leaving 43 patients. Of those 43 

patients, one (2%) did not receive an injectable antibiotic 

during their hospitalization and therefore was not included 

in the analysis. 

The remaining 42 patients were analyzed 

statistically to determine length of stay outliers, hospital 

charge outliers, and pharmacy charge outliers. Outliers are 

defined as those discharges where the value exceeds the mean 

by greater than two times the standard deviation. Two 

patients were found to be length of stay outliers. Two 

patients were found to be hospital charge outliers and three 

patients were found to be pharmacy charge outliers. 

Therefore, the final sample for DRG 416 consisted of 35 

patients. 

Hypotheses I and II 

The antibiotic regimens used to treat DRG 416 were 

divided into two groups. The determination of the group was 

based upon the antibiotic regimen instituted for the longest 
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time period during the hospital stay. The two treatment 

regimens are as follows: 

1. A cephalosporin or ampicillin. 

2. An aminoglycoside with a cephalosporin, 

ampicillin, ticarcillin, vancomycin, or 

sulfamethoxazole/trimethoprim combination. 

Rationale for Choice of Antibiotic Regimens 

A cephalosporin or ampicillin might be used for an 

uncomplicated gram negative or gram positive infection. An 

aminoglycoside with another drug might be used for a 

septicemia in which Pseudomonas aeurginosa, other more 

complicated gram negative infection, or mixed bacterial 

infection was suspected. 

Student's t-tests were performed to determine if 

significant differences were present between the two 

groups. The only variable found to be significantly 

different between groups was antibiotic charge. However the 

Bartlett test for homogeneity of variance was significant, 

indicating heterogeneity of variance between the groups in 

terms of antibiotic charge. A nonparametric Mann-Whitney U 

test statistic was calculated for this variable and it was 

not significant. (Mann-Whitney U = 96, P = 0.056). The 

results of the t-tests and the Bartlett tests are shown in 

Table 19. 
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Table 19. Students t-test results for DRG 416 by 
antibiotic regimens. 

Dependent T Vdlue p Value Bartlett Test 
Variable P value (a) 

Length of stay 1.0 .313 .777 

Pharmacy charge .62 .538 .902 

IV charge .86 .396 .683 

Antibiotic 2.3 .031 .001 
charge 

Hospital .70 .487 .872 
charge 

Eighteen patients were treated in Group 1 (a cephalosporin 
or ampicillin. 

Seventeen patients were treated in Group 2 (An 
aminoglycoside with a cephalosporin, ampicillin, 
ticarcillin, vancomycin, or sulfamethoxazole/trimethoprim 
combination.) 

a = If P < .05, there is lack of homogeneity of variance 
between groups. 
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Another grouping was evaluated to determine if other 

factors could be associated with differences in the 

dependent variables. This grouping consisted of the number 

of antibiotics used during the course of hospitalization. 

Patients received either one drug, two drugs, or three drugs 

during their hospitalization. The rationale for these 

groupings is that the physician has used one primary drug, 

or a combination of drugs in treating the patient. Each 

patient's initial symptoms may have indicated a more serious 

infection in those patients who received a combination of 

drugs, rather than only one drug during hospitalization. 

One-way analysis of variance tests were conducted to 

determine if significant differences between groups existed. 

Significant differences between groups were found for 

pharmacy charges, IV charges, and antibiotic charges. These 

anova tests were also analyzed for homogeneity of variance 

using the Bartlett test. Of the dependent variables 

involved, lack of homogeneity of variance existed only in 

the antibiotic charge variable. The results of the anova 

analyses are shown in Table 20. 
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Table 20. One-way analysis of variance results for DRG 416 
by number of antibiotics used during 
hospitalization. 

Dependent 
Variable 

F Value P Value Bartlett 
P value 

Test 
(a) 

Length of stay 2.0 .146 .844 

Pharmacy charge 4.4 .020 .304 

IV charge 4.8 .016 .635 

Antibiotic 
charge 

10.7 <•001 <.001 

Hospital 
charge 

3.0 .062 .361 

Degrees of freedom for each test are 2 for between groups 
and 32 for within groups. 

a = If P < .05, there is lack of homogeneity of variance 
between groups. 
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Pairwise post-hoc analysis using the Scheffe method 

for pharmacy charges and IV charges revealed significant 

differences between single drug or two drug therapy and 

three drug therapy at the .01 level. No significant 

differences were noted between single drug and two drug 

therapy. Results of these comparisons, mean values, and 

standard deviations for all dependent variables are shown in 

Table 21. 
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Table 21. Mean values for patients in DRG 416 by number of 
antibiotics used during hospitalization. 

Dependent Mean Values (Standard Deviations) 
Variable Group 1 Group 2 Group 3 

Length of Stay 
in days 

5.9 (3.8) 7.9 (3.3) 9.0 (3.3) 

Pharmacy Charge $261 (273) 
a 

$323 (186) 
b 

$578 (287) 
a,b 

IV Charge $167 (112) 
c 

$213 (108) 
d 

$333 (145) 
c,d 

Antibiotic 
Charge 

$124 (70) 
e* 

$193 (80) $389 (277) 
e* 

Hospital Charge $2783 (1680) $4474 (1818) $4728 (2646) 

Number in group 11 16 8 

All mean dollar values are rounded to the nearest one 
dollar. 

Standard deviations are shown in parentheses. 

Values beneath which the same letter appears are 
significantly different at the .01 level. 

e* = Significant difference at .05 level identified through 
nonparametric analysis. 

Group 1 = One drug used during hospitalization. 
Group 2 = Two drugs used during hospitalization. 
Group 3 = Three drugs used during hospitalization. 

Critical difference values at .01 level: 
Pharmacy charge = $133 
IV charge = $65 
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The antibiotic charge dependent variable was then 

analyzed using the Kruskal-Wallis nonparametric analysis of 

variance. Antibiotic charge was noted to be significantly 

different between these groups using the test (Kruskal-

Wallis test statistic = 12.57, degrees of freedom = 2, 

P=.002). The multiple pairwise testing procedure revealed a 

significant difference (at alpha = .05) between group 1 and 

group 2 only. Results of the pairwise testing is shown in 

Table 22. 
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Table 22. Results of pairwise comparisons of antibiotic 
charges for DRG 416 by number of antibiotics 
used during hospitalization following Kruskal-
Wallis test. 

Dependent 
Variable 

Mean Ranks Dependent 
Variable Group 1 Group 2 Group 3 

Antibiotic Charge 10.6 18.3 27.5 
a a 

Number in group 11 16 8 

All values are rounded to the nearest tenth. 

Group 1 = One antibiotic used. 
Group 2 = Two antibiotics used. 
Group 3 = Three antibiotics used. 

Values with the same letter beneath them are significantly 
different (at alpha = .05). 

Important critical differences by comparison: 

Critical difference (alpha = .05) 

Group 1 to Group 2 
Group 1 to Group 3 
Group 2 to Group 3 

9.58 
11.38 
10.61 
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Hypothesis III for DRG 416 

The third hypothesis stated that changes in drug 

therapy would be associated with longer length of stay, 

increased pharmacy charges, increased antibiotic charges, 

increased IV charges, or increased hospital charges. To 

test this hypothesis, all patients were separated into two 

groups. Group 1 included patients in whom intravenous 

antibiotic regimens were changed one or more times. Group 2 

includes patients who were treated with one intravenous 

antibiotic regimen during their entire hospital stay. 

Student's t-tests were performed to determine if 

there were significant differences between the groups by 

each dependent variable. The only significant t test was 

for IV charges. The Bartlett test for heterogeneity of 

variance for this variable was not significant. Results of 

these tests are displayed in Table 23. The mean values and 

standard deviations for all dependent variables by changes 

in intravenous antibiotic therapy are shown in Table 24. 
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Table 23. Student's t-test results for DRG 416 by changes 
in intravenous antibiotic therapy. 

Dependent T Value p Value Bartlett Test 
Variable p value (a) 

Length of stay .84 .404 .002 

Pharmacy charge 1.65 .108 .294 

IV charge 2.23 .033 .370 

Antibiotic 1.60 .119 .357 
charge 

Hospital 1.54 .132 .320 
charge 

Twelve patients were treated with changes in therapy. 
Twenty-three patients were treated without changes in 

therapy. 

a = If P < .05, there is lack of homogeneity of variance 
between groups. 
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Table 24. " Mean values for patients in DRG 416 by changes 
in antibiotic therapy. 

Dependent Mean Values (Standard Deviation) 
Variable Changes No Changes 

in Therapy in Therapy 

Length of Stay 
in days 

8.3 (1.7) 7.2 (4.2) 

Pharmacy Charge $461 (208) $310 (278) 

IV Charge * $290 (103) $192 (132) 

Antibiotic Charge $275 (128) $186 (166) 

Hospital Charge $4746 "(1693) $3611 (2228) 

Number in group 12 23 

All mean dollar values are rounded to the nearest one 
dollar. 

Standard deviations are shown in parentheses. 

* = Significantly different at .033 level. 
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Investigational Objectives 

The first investigational objective was to devise a 

methodology whereby hospital pharmacists can determine 

antibiotic use within a DRG category. This methodology 

involved using various general and financial records of the 

hospital. It was demonstrated that through the use of these 

records, antibiotic use by DRG can be determined. 

The'second investigational objective was to identify 

DRGs in which antibiotics are likely to be used as a primary 

mode of treatment. This was accomplished through the 

application of the following criteria: 

1. The DRG was classified as medical (not surgical) 

and the abbreviated title indicated that an 

infection was being treated. 

2. The DRG was not primarily associated with the 

treatment of a viral disease. 

3. The DRG was not primarily associated with eye, 

ear nose or throat diseases or treatments. 

4. The DRG did not involve treatment of a malignant 

disease. 

5. The DRG involved patients older than 17. 

The Pearson correlation coefficients of antibiotic 

charges to pharmacy charges and hospital charges demonstrate 

that variations antibiotics charges are positively and 

significnatly related to variations in these variables in 
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DRGs 79, 89, and 416. The coefficients are displayed in 

Table 25. 

The percentages of pharmacy charges which are due to 

antibiotic charges for these DRGs indicate that antibiotics 

are the primary drug treatment used, in terms of charges. 

Percentages range from 59.94 to 64.05. Pharmacy charges 

expressed as a percentage of hospital charges range from 

7.62 to 9.75. Many hospitals include IV charges with 

pharmacy charges, so the pharmacy charges plus IV charges 

were determined as a percent of hospital charges. These 

values ranged from 14.70 to 11.97. Percentages of pharmacy 

charges to hospital charges, pharmacy plus intravenous 

therapy charges to hospital charges, and antibiotic charges 

to pharmacy charges for each DRG are shown in Table 26. 
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Table 25. Pearson correlation coefficients of antibiotic 
charges to pharmacy charges and hospital charges 
for DRGs 79, 89, and 416. 

DRG Number Pearson Correlation Coefficients 
of Antibiotic Charge Antibiotic Charge 

Cases to Pharmacy Charge to Hospital Charge 

79 53 .908 .556 

89 80 .869 .466 

416 35 .818 .598 

Table 26. Pharmacy charges as a percentage 
charges for DRGs 79, 89 and 416. 

of hospital 

DRG Pharmacy Charge 
to 

Hospital Charge 

Pharmacy plus IV 
Charge to 

Hospital Charge 

Antibiotic Charge 
to 

Pharmacy Charge 

79 9.75% 14.62% 60.83% 

89 7.62% 11.97% 64.05% 

416 9.05% 14.70% 59.94% 
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The third investigational objective was to determine 

the DRGs associated with the highest total pharmacy charges. 

This was accomplished through using information available 

from TMC's DRG coordinator. Table 4 displays the total 

pharmacy charges for July 1, 1984 to December 1, 1984, by 

pharmacy charge. The highest pharmacy charge DRGs which met 

the necessary criteria were selected for further study. 

The fourth investigational objective was to evaluate 

the common antibiotic regimens used to treat each DRG to 

determine if certain regimens are associated with decreased 

length of stay, pharmacy charges, IV charges, antibiotic 

charges, or hospital charges. This was accomplished through 

the use of one-way analysis of variance tests or the use of 

the nonparametric Kruskal-Wallis tests. Nonparametric 

statistical analyses were used only when the results of the 

Bartlett test for homogeneity of variance was significant at 

the .05 (or lower) level. 

The fifth investigational objective was to determine 

if changes in antibiotic drug therapy were associated with 

increased length of stay, pharmacy charges, IV charges, 

antibiotic charges, or hospital charges. This was 

accomplished through the use of one-way analysis of variance 

tests or the use of the nonparametric Kruskal-Wallis tests. 

Nonparametric statistical analyses were used only when the 

results of the Bartlett test for homogeneity of variance was 

significant at the .05 (or lower) level. 



CHAPTER 5 

DISCUSSION, CONCLUSIONS, AND 
RECOMMENDATIONS 

This study utilized a methodology to identify 

diagnosis related groups (DRGs) in which antibiotics are 

likely to be used as a primary mode of treatment 

("antibiotic use" DRGs). Of the "antibiotic use" DRGs, the 

three which were found to have the highest pharmacy charges 

during a six month period were studied. The DRGs selected 

for further study were DRG 79 (respiratory infections and 

inflammations, age greater than 69 and/ or secondary 

diagnosis), DRG 89 (simple pneumonia and pleurisy, age 

greater than 69 and/or secondary diagnosis), and DRG 416 

(septicemia, age greater than 17). 

Antibiotic regimens used in treatment of patients 

within these DRGs were determined through review of 

financial billing records of each patient. Statistical 

analysis was performed to identify the relationship between 

antibiotic regimens and length of stay, pharmacy charges, 

intravenous therapy (IV) charges, antibiotic charges, and 
I 

hospital charges. 

The three highest pharmacy charge DRGs were also 

analyzed to determine the relationship between presence of 

changes in intravenous antibiotic therapy and length of 

115 
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stay, pharmacy charges, IV charges, antibiotic charges, and 

hospital charges. This chapter summarizes the results of 

these analyses, draws some conclusions about the results, 

and makes some recommendations for future research 

concerning the use of antibiotics in DRGs and pharmacy based 

analysis of antibiotic use under the Prospective Payment 

System (PPS). 

Discussion 

Methodology Used to Determine Antibiotic Use within DRGs 

The criteria used to select "antibiotic use" DRGs 

helped to identify DRGs in which antibiotics were used. The 

use of financial bills provided the necessary information to 

determine which antibiotic regimens were used, dates of 

administration, charges for antibiotics, IV charges, total 

pharmacy charges, and hospital charges. 

Selection of the highest pharmacy charge DRGs within 

"antibiotic use" DRGs was accomplished through the use of a 

computerized data base management system. This portion of 

the analysis would have been exceedingly more difficult 

without the presence of such a system. This exemplifies the 

use of management information systems under the PPS. 

Although other hospitals may not have an equivalent system, 

most would likely maintain records which would list all 

patients discharged with a particular DRG. 
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The methodology was effective in identifying drug 

regimens in each DRG which were associated with 

significantly higher pharmacy charges, IV charges, 

antibiotic charges, or hospital charges. A significant 

relationship between antibiotic regimens and length of stay 

was not found in any of the three DRGs studied. 

The lack of detection of a significant difference 

for length of stay between the' various antibiotic regimens 

probably relates to inadequate sample size. In each DRG the 

means for length of stay indicate that a difference may 

exist and probability values from the one-way anova tests 

are .138, .257 and .313 for DRG 89, DRG 79, and DRG 416, 

respectively. Although a trend is evident from these 

probability values, further study with larger sample sizes 

may or may not demonstrate a signicant relationsip. 

The identification of DRGs which are associated with 

high pharmacy charges and the use of intravenous antibiotics 

is important new information. Since expenditures for 

antibiotics comprise a large portion of the budget in many 

hospital pharmacies, knowledge of antibiotic use in 

relatively higher pharmacy charge DRGs could be used to help 

control antibiotic costs. Cost containment programs and 

drug utilization reviews could be directed twoard those DRGs 

which are shown to be associated with high pharmacy charges. 

The disclosures of antibiotic regimens used in the 

treatment of specific DRGs and of the relationships between 
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antibiotic charge and pharmacy charge for specific DRGs are 

knowledge that was not found to be reported in literature. 

This information could be used by hospital pharmacy 

directors to guide clinical pharmacy or other pharmacy 

interventions toward certain therapies in which pharmacy 

charges are higher. Therefore this information could aid in 

implementing cost containment strategies. 

In addition, the review of antibiotic therapies used 

to treat certain DRGs could reveal certain prescribing 

practices which could be improved through physician 

educational strategies or clinical pharmacy interventions. 

The application of information concerning microbial 

resistance patterns and incidence of certain infections 

caused by particular microorganisms could expose a need for 

an educational program or new clinical pharmacy 

interventions. 

Monitoring of changes in antibiotic use for each DRG 

over time might also help identify physician practice 

patterns which could be improved through pharmacy 

interventions. A follow-up study of these DRGs could reveal 

that certain high cost antibiotics are used more frequently 

than before, changes in trends of use of certain antibiotic 

regimens for a particular DRG could be associated with 

changes in patterns of microbial resistance, patient 
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population changes, physician attitude changes, or other 

factors. 

Using this information to develop prospective drug 

utilization review standards, specific for certain DRGs, 

could help in performing concurrent drug utilization 

reviews. Patient-specific criteria, which should be 

associated with the use of a particular antibiotic regimen 

in a certain DRG, could be established. Then, when a 

patient in that DRG is prescribed the regimen, a clinical 

pharmacist could review the chart to determine if the 

criteria are met. 

A potential criticism of this study is that the 

dependent variables (except for length of stay) are measured 

by charges rather than costs. To resolve this problem, the 

relationship between pharmacy costs and charges was studied 

at Tucson Medical Center (TMC). First, an overall ratio of 

costs to charges for all pharmacy products has been 

developed at TMC. That ratio has been measured at .790. 

Multiplying this ratio by each charge would result in a 

rough estimation of actual costs. Using this procedure 

would not change the results of the study, in terms of the 

relationships described, but would change the mean values 

found. It is beyond the scope of this study to determine 

the accuracy of this cost to charge ratio. 

Recently efforts have been made within the TMC 

pharmacy department to develop specific cost values for each 
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pharmacy function, relate those values to each applicable 

drug product, and thereby determine actual costs for each 

product. It was beyond the scope of this study to evaluate 

the procedures used to develop these values and resultant 

costs. However the results of the program were compared to 

actual charges for each intravenous antibiotic included in 

this study. Each antibiotic cost, as found through this 

program, was subtracted from its charge. The differences 

ranged from -$3.11 to $3.91. The mean difference was $.269, 

with a standard deviation of 1.56. This indicated that 

charges for intravenous antibiotics were very close to 

actual costs during the study period, when differences are 

averaged. 

It is interesting to note that aminoglycoside 

antibiotics were consistently priced below actual costs, but 

no other trends were noted from this cursory examination. 

This may indicate that if these cost values were 

incorporated into the study, the differences between 

regimens with aminoglycoside antibiotics versus other 

regimens would be greater than were actually found. In any 

case the direction of the results would probably be very 

similar to what was found. 

An interesting point of this review of the 

relationship of charges to costs is that there is a need for 

an evaluation of charges at TMC. Since a large proportion 
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of patients at TMC are not covered by Medicare, there is a 

need to maintain an adequate charge-based billing system in 

addition to a cost-based system. As long as a hospital is 

reimbursed on a retrospective as well a prospective basis 

there will be a need to continually evaluate both costs and 

charges. 

Generalizability of the Specific Results to Other Hospitals 

The generalizability of the study must be considered 

in the analysis of the results. The methodology could be 

used in other hospitals, however certain factors augmented 

the collection of data which may not be available in all 

hospitals. Those factors included the DRG data base 

management system which allowed the selection of the 

appropriate DRGs for further study, the tabulation of 

patients who have been treated for a particular DRG which 

aided in selection of patients, and the accessibility and 

format of the patients' bills which helped to ease potential 

difficulties in data collection. It is probable that most 

hospitals would maintain lists of patients discharged within 

each DRG and this would allow similar studies to be 

undertaken at other institutions. 

The particular DRGs which were identified as higher 

pharmacy charge DRGs among "antibiotic use" DRGs at TMC may 

not be the same at other hospitals. Patient mix, physician 

practice patterns, pharmacy procurement systems, pharmacy 
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markup procedures, and DRG assignment methods could each 

contribute to other DRGs being found to be higher pharmacy 

charge DRGs at other hospitals. 

The same type of relationship would also apply to 

the identification of antibiotic regimens used in treating 

the DRGs studied. Patient-mix, physician prescribing 

patterns, microbial resistance patterns, and formulary 

systems are among the variables that could account for 

differences in antibiotic regimens used in treating a 

particular DRG. 

Discussion of Results of Analysis of Antibiotic Regimens 
Used in Treatment of DRG 79 

Significant differences were found between the three 

regimens used in treatment of DRG 79 (respiratory infections 

and inflammations, age greater than 69 and/ or secondary 

diagnosis) in terms of pharmacy charge, IV charge, 

antibiotic charge, and hospital charge. All three groups 

were significantly different from each other for each of 

these dependent variables. The use of a cephalosporin, 

penicillin, or sulfamethoxazole/trimethoprim alone resulted 

in lower charges than the use of an aminoglycoside alone or 

with other drugs. The aminoglycoside group resulted in lower 

charges than the use of an anti-anaerobic antibiotic with 

other drugs. 

The different regimens are probably associated with 

type and severity of infection. Although no differences in 
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length of stay between groups were found to be significant, 

this may relate to the sample size being insufficient to 

discriminate between the groups on this variable. To 

determine if interpatient variables resulted in the 

differences, the patient medical records would have to be 

evaluated. A review of the patient medical records might 

indicate that some of the patients could have been 

adequately treated through the use of a regimen in a 

different group. Identifying those patients and adjusting 

therapy appropriately could then result in lower charges for 

treatment of some patients in this DRG. Review of patient 

medical records was beyond the scope of this study. 

Discussion of Results of Analysis of Antibiotic Regimens 
Used in Treating DRG 89 

Significant differences were found between the four 

antibiotic regimens used in treating patients in DRG 89 

(simple pneumonia and pleurisy, age greater than 69 and/or 

secondary diagnosis) in terms of pharmacy charges, IV 

charges, antibiotic charges, and hospital charges. 

Through pairwise comparisons, the differences in 

pharmacy charges and antibiotic charges were found to be 

between the use of a cephalosporin alone and the use of an 

aminoglycoside (alone or in combination) or the use of 

erythromycin (alone or in combination). Differences were 

also found between the use of penicillin or ampicillin alone 
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and the use an aminoglycoside (alone or in combination) or 

the use of erythromycin (alone or in combination). For IV 

charges, differences were found between the use of a 

cephalosporin alone and the use of an aminoglycoside (alone 

or in combination) or the use of erythromycin (alone or in 

combination). No pairwise comparisons were found to be 

significant for hospital charges, which probably is due in 

part to the conservativeness of this test (pairwise 

comparisons after Kruskal-Wallis test). 

The different regimens are probably associated with 

type and severity of infection, however no differences in 

length of stay between groups were found to be significant 

(which may relate to sample size, since a trend is evident). 

To determine if interpatient variables resulted in the 

differences, each patient's medical records would have to be 

evaluated. A review of the patient medical records might 

indicate that one or more of the patients could have been 

adequately treated through the use of a regimen in a 

different group. Identifying those patients and adjusting 

therapy appropriately could then result in lower charges for 

treatment of some patients in this DRG. Review of patient 

medical records was beyond the scope of this project. 

The data for DRG 89 compare well with results from 

the pilot study. The larger sample size allowed all 

patients treated with an aminoglycoside or erythromycin to 

be put into separate groups and allowed the discrimination 
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of a penicillin/ampicillin group. More information is 

provided because differences between these groups were 

identified. The percentage of patients treated with 

erythromycin was less than in the pilot study (15% versus 

20.6%). This may have been due to a seasonal variation 

since the pilot study covered only spring and summer months 

while the rest of the study was over the entire year. 

Another plausible explanation is that the difference is 

simply due to sampling differences. 

Discussion of Results of Analysis of Antibiotic Regimens 
Used in Treating DRG 416 

It is important to note the number of outliers 

identified in DRG 416 (septicemia, age greater than 17). 

Seven patients out of forty-two (16.7%) were found to be 

outliers in terms of length of stay, hospital charge, or 

pharmacy charge. This may have been due to the fact this 

DRG encompasses all patients from age 17 and does not take 

into consideration the secondary diagnoses of the patients. 

By comparison, outliers in DRG 79 were 11.7% and in DRG 89 

were 3.6% of the cases available for study. The elimination 

of these outliers in this DRG resulted in a fairly small 

I 
sample size (N = 35). 

Significant difference was found between the two 

antibiotic regimens used in treating patients in DRG 416 in 

terms of antibiotic charges only. The lack of significance 
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in terms of the other dependent variables in this case may 

have been due to an inadequate sample size. 

Another possible cause which also relates to 

inadequate sample size is that there were only two 

identifiable antibiotic regimens, consisting of the use of 

an aminoglycoside or not for the primary therapy. A larger 

sample size might have allowed the discrimination of 

antibiotic treatment regimens to be more definitive. 

The number of antibiotics used during 

hospitalization did reveal significant differences in terms 

of pharmacy charge and IV charge between the use of one drug 

alone and the use of two or three drugs. For antibiotic 

charges, the significant difference was the use of one drug 

alone and the use of three drugs. The use of one drug 

versus the use of two drugs was not found to be 

significantly different in terms of antibiotic charges. 

The number of drugs are probably associated with 

type and severity of infection, however no differences in 

length of stay between groups were found to be significant. 

Simply stated, more complicated septicemias probably require 

the use a combination of antibiotics rather than a single 

drug. To determine if interpatient variables resulted in 

the differences, each patient's medical records would have 

to be evaluated. A review of the patient medical records 

might indicate that one or more of the patients could have 

been adequately treated through the use of a regimen in a 
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different group. Identifying those patients and adjusting 

therapy appropriately could then result in lower charges for 

treatment of some patients in this DRG. Review of patient 

medical records was beyond the scope of this project. 

Discussion of Results Concerning Changes in Intravenous 
Antibiotic Therapy 

The changes in intravenous antibiotic therapy 

analysis indicated that changes in therapy are associated 

with longer lengths of stay, higher pharmacy charges, higher 

IV charges, higher antibiotic charges, and higher hospital 

charges for DRG 79 and DRG 89. For DRG 416, changes in 

antibiotic therapy was shown to affect intravenous therapy 

charge only. This may have been primarily due to the small 

sample size for DRG 416. 

The fact that changes have to be implemented could 

indicate that in those patients severity of illness was 

greater, that an inappropriate antibiotic regimen was used 

initially, or that cultures dictated the change in therapy. 

Further analysis of individual patient medical records could 

help to reveal the cause of the changes. However it is 

interesting to note and be aware of this trend. Efforts 

should be made to assure that the appropriate antibiotic is 

chosen as early as possible during the hospital stay. 

Through establishment of criteria based upon these findings, 

coupled with medical record findings, clinical pharmacist 



128 

activities could help to augment the initial choice of 

appropriate antibiotic therapy. 

Conclusions 

The methodology employed in this study successfully 

identified DRGs in which antibiotics were used. The various 

intravenous antibiotic regimens used in treating patients of 

each DRG was determined through use of the financial records 

of the hospital. Higher charge regimens were identified 

within each DRG. 

The statistical analyses of antibiotic regimens by 

each DRG indicated that certain regimens in each DRG were 

associated with lower charges, without being associated with 

lower lengths of stay. Patient-specific factors may have 

contributed to the differences. The study may have 

identified different groups of patients within each DRG. 

Through supplementing this information with patient-specific 

information and microbiological data, the appropriateness of 

antibiotic therapy for each patient could be further 

assessed. 

Although specific information concerning the 

appropriateness of therapy cannot be ascertained without 

reviewing of patient medical records, this information could 

be used to target pharmacy-based cost containment programs 

to higher pharmacy charge antibiotic treatment regimens. 

The results of this study could also be used to help 
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identify patients for further medical record review. 

Some antibiotic regimens were associated with lower 

lengths of stay, but these relationships were not found to 

be statistically significant. In an effort to determine if 

the use of a particular drug regimen can result in decreased 

length of stay, a much larger data base may be required and 

specific drugs which have overlapping spectrums of activity 

would need to be analyzed. In addition, patient-specific 

variables would need to be controlled for or matched between 

groups in such a study. 

Changes in intravenous antibiotic therapy were 

associated significantly with differences in all dependent 

variables for DRGs 79 and 89. This study was not able to 

discriminate if the presence of changes was due to 

interpatient variables or other factors. A review of 

patient-specific variables associated with changes in 

antibiotic therapy would help to determine if initial 

therapy could have been improved in those patients in whom 

the antibiotic regimen was changed. 

However, the trend of higher charges and lengths of 

stay being associated with changes in antibiotic therapy is 

interesting to note. It would be helpful to determine if 

pharmacy interventions could decrease changes in therapy or 

eliminate this effect. For example, if initial therapy 

could be improved, would fewer changes in therapy occur and 

thereby result in lower overall pharmacy charges? Or if 
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changes in therapy are undertaken as a result of clinical 

pharmacy interventions would pharmacy charges for a DRG 

decrease? 

The retrospective survey design of this study 

prohibits the control of extraneous variables. other 

factors which are not reviewed in this study may be 

associated with some of the relationships that were 

discovered. Kowever, a strength of this design is that it 

provided baseline information about antibiotic therapy 

within certain DRG s at THC. The practice patterns 

elucidated are those which existed for the period of time 

under study and can be used to provide insights into the 

patient population and to aid in the development of methods 

to improve drug therapy. 

Recommendations 

The identification of antibiotic treatment regimens 

and the disclosure of relative charges associated with them 

is an initial step in the improvement of drug therapy under 

DRGs. Review of general trends and physician practice 

patterns could help to identify problems in antibiotic use 

and thereby establish programs or policies to improve 

therapy. For this reason, it may be important to review 

antibiotic therapy by DRG periodically. 

The use of DRGs for hospital payments provides some 

advantages which can be used to aid in the promotion of 
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improved drug therapy. DRGs furnish the evaluator with 

divisions of patients from which to analyze therapy. A 

primary recommendation that can be drawn from this study is 

that analysis of antibiotic therapy should continue because 

it can provide clues for improving patient care and 

implementing cost containment. 

Another recommendation is that there is a need for 

adequate severity of illness measurements to aid in the 

analysis of drug therapy. Since most of the antibiotic 

regimens found to be used in each DRG could have been 

associated with severity of illness, control of this factor 

may have improved the theory behind the relationships which 

were identified. If the analysis had included severity of 

illness measures, more of the effect due purely to the 

antibiotics prescribed could have been determined. 

There is a need for a larger data base to help in 

the review of antibiotic therapy by DRG. The study could 

have been improved through larger sample sizes which could 

have allowed the division of antibiotic regimens into more 

specific antibiotic drugs and drug groups. 

In order to adequately utilize the results of this 

study (or a similar study) for prospective or concurrent 

antibiotic utilization review, it would be necessary to 

identify each patient's DRG during hospitalization. If 

guidelines for improving antibiotic therapy in a DRG have 
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been established, the proper implementation of them could 

only occur if clinical pharmacists could determine which 

patients were within the DRG. Therefore, another 

recommendation of this study is that a system of identifying 

potential DRGs of each patient during hospitalization be 

developed. For example the system may simply involve 

requiring that physicians specify which DRG he or she 

considers to apply to each patient upon hospital admission. 

Use of this system should help all hospital departments in 

implementing cost containment strategies under prospective 

payment. 

A final recommendation involves the necessity of 

review of individual patient records before drawing specific 

conclusions concerning the appropriateness of antibiotic 

therapy. Unless inter-patient variables can be controlled 

for in the analysis of therapy under DRGs, conclusions may 

be erroneous. This study could be used as a method to 

identify certain patient groups which should be reviewed 

individually to find methods to improve drug therapy in 

those patients. 
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**'******'***** AVERAGE ••************** 
AVERAGE AVERAGE 

AVERAGE VARUBl E FIXED AVERAGE 
CltARGES COST COST COST 

297 308 308 
33 29 29 

256 345 345 

586 fiAt 6Rt 

205 '}ll l } fl 

11 Ill Ill 

51 44 44 
138 90 90 

18 8 II 
12 12 12 
15 14 14 
14 16 16 
45 29 19 
51 52 52 
72 37 37 
80 5' 51 

118 140 140 
13 6 6 
211 27 27 

5 J 3 

941 674 674 
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0> 
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APPENDIX 3 

ANTIBIOTIC USE REVIEW BY ORG 
DRG * 

PATIENT BILL* . MD# 

PATIENT MR » SEX MEDICARE, 

PATIENT NAME AGE 

ADM DATE DIS DATE LOS_ 

TOTAL HOSPITAL CHARGE PHARMACY CHARGE 

TOTAL IV CHARGES 
INTRAVENOUS ANTIBIOTICS-: 

DRUG CHARGE/DOSE DOSES 

1. 

DATE BEGUN - DC DATE TOTAL CHG 

2 .  

DATE BEGUN DC DATE TOTAL CHG 

3 . 

DATE BEGUN DC DATE TOTAL CHG 

4 . ; 

DATE BEGUN DC DATE TOTAL CHG 

5 . 

DATE BEGUN DC DATE TOTAL CHG 

6 . 

DATE BEGUN DC DATE TOTAL CHG 
ORAL ANTIBIOTICS; 

DATE BEGUN DC DATE TOTAL CHG 

2 .  

DATE BEGUN DC DATE TOTAL CHG 

TOTAL ANTIBIOTIC CHARGES 

AMINOGLYCOSIDE LEVEL CHARGES 
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