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Background. It is more difficult to conduct drug utiliza-
tion reviews in ambulatory care settings than in inpa-
tient care settings. This is true for several reasons: it is
harder to identify outpatients who arc receiving specific
medications; often there is less evidence on which to
bese clinical standards for drug use; and it is more dif-
ficult to ensure patient compliance with drug therapy.
Methods. This article describes a drug utilization re-
viewsystem designed to operate in ambulatory care clin-
ics The system consists of (1) a computerized database
for efficient identification of patients who receive pre-
scriptions for a specific medication, (2) clinic-wide con-
sersts guidelines, (3) reminders in the medical record,
(@) regular chart audits, and (5) feedback to physicians.

Quality assurance methods were first developed to eval-
wete the care delivered in hospitals, where the severity of
illnesses is greater and the financial expenditures per
patient are higher than in ambulatory care. Accreditation
and insurance organizations are now increasing the em-
phesis on assessing the quality of ambulatory care as
well.1 It is evident that quality-improvement programs
will be integrated into the practice of medicine in all
settings.

Although the principles are the same, conducting
quality assurance procedures in ambulatory care is often
more difficult than in inpatient care.2-3 Palmerl has sum-
marized a number of respects in which the assessment
and assurance of the quality of ambulatory care is more
difficult: (1) there is less evidence and expertise on which
to base clinical standards; (2) the correction of deficien-
ces may be difficult if practitioners feel less subject to
peer pressure; and (3) patient understanding and com-
pliance are more likely to influence the effectiveness of
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Results. Experience in monitoring the use of serum
theophylline assays illustrates how this system can be
used in an ambulatory care clinic. According to guide-
lines adopted in our clinic, overuse of assays is not a
problem. The system of physician reminders and chart
audits can help prevent underuse.

Conclusions. Despite the difficulties in conducting
drug utilization reviews in the ambulatory setting, a
system based on clinic-wide guidelines is feasible and
should be an integral part of quality assurance pro-
grams.
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care. Even identifying those patients who received a
specific medication requires more effort when there are
no central pharmacy records.

The purpose of this article is to describe a drug
utilization review system designed to operate in an am-
bulatory care clinic. The system consists of (1) a com-
puterized medication database, (2) clinic-wide consensus
guidelines, (3) chart reminders, (4) regular chart audits,
and (5) feedback to physicians. Our experience in mon-
itoring the use o fserum theophylline assays illustrates the
operation of the system in a university-based family med-
icine residency training site where 15 physician faculty
and 18 residents practice. Approximately 23,000 patient
visits are made each year to the clinic.

Computerized Medication Database

Because it would have been impractical to audit the chart
ofevery clinic patient each time a specific drug utilization
review was performed, it was necessary to have a method
for identifying those patients who took the medication to
be reviewed. Laboratory test records can be used for this
purpose when a drug is monitored using serum assays.
Few drugs require such laboratory monitoring, however.
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Also, an audit in which a serum assay is the indicator will
miss patients who have not been tested. To avoid these
problems, a computerized medication database previ-
ously established by two of the authors (A.E. and R.S.)
was used to record all of the medications prescribed for
patients in the clinic.

A copy of every prescription was retained in the
clinic. Information from the prescription including the
date, patient’s name, patient identification number, phy-
sician’s name, and a specific medication code was entered
into the database. The database was developed using the
RBase System V (Microrim Inc, Bellevue, Wa) database
manager; additional software was added to maximize the
system’s efficiency and to enhance its report-writing fea-
tures. The database was stored on an IBM AT-compati-
ble computer, which was located in the Family Medical
Center for convenient access. The classification codes
used to identify the medications were taken from a mod-
ified version of the American Hospital Formulary Service
Therapeutic Classification provided by the lowa Drug
Information Service.* When conducting an audit, a list
of the patients who received a prescription for the med-
ication of interest during a specified period was pro-
duced.

Consensus Guidelines

Quality assurance studies involve comparing patient care
data with specifications for the process of care. Remark-
ably few criteria for drug utilization in ambulatory care
have been rigorously tested. For example, a patient who
is hospitalized with a pulmonary problem and is receiv-
ing theophylline or aminophylline will obviously need to
have a serum assay performed; but it is not obvious how
frequently a serum assay should be performed for an
outpatient who is asymptomatic. No studies of patient
outcomes with testing intervals as long as 1 year have
been reported.

One solution to the problem of inadequate data on
which to base objective clinical guidelines is to conduct
studies. Quality assurance programs in ambulatory care
centers usually do not have the resources to perform
research, however, and almost ever)' drug utilization re-
view would require another study. Instead it is often
necessary to rely on clinical judgment to formulate guide-
lines. Because clinical judgment is based on personal
opinion and the interpretation of available data, it is
important to reach a consensus among the physicians in
the clinic both about the need for guidelines for the

*lowa Drug Information System, University of lowa, Oakdale Hall, Oakdale, LA
52319, (319) 335A800.
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particular aspect of care being reviewed and about we
those guidelines should be. It is a fundamental prirdple
of continuous quality improvement that physicians -
ticipate in the process.4

Some guidelines are developed for education ad
others for cost-effectiveness, such as to discourage thel e
of a new antibiotic when a less expensive alternative b
adequate. Other guidelines are developed as a result ofan
adverse outcome, such as a patient having an anaphylac-
tic reaction to a medication administered in the dinc
Often, a need for guidelines is apparent from chart a+
dits. The development of guidelines involves the dsus
sion of proposals by medical staff during quality asur-
ance meetings. Relevant patient care data and evdate
from the literature (when available) are presented ad
discussed until an agreement is reached.

Chart Reminders

Although chart reminders are not essential for evaluating
drug use, several studies have suggested that they an
improve prescribing performance and reduce owrsigt
errors in managing medications.3 A printed chart e
minder is especially helpful for medications like theophyl-
line because the drug dosing and the scrum drug leds
may be scattered throughout the chart, and the peiet
may have multiple, complicated medical problems. In
such cases, a flow sheet in the patient chart can serve ah
as a reminder and as a convenient reference to piat
data. Additional information such as medication interac-
tions and dosage guidelines can be included on the flas
chart. |

Feedback to Physicians

Studies of attempts to improve prescribing behavior in
primary care have recently been reviewed.3 Several d
these studies suggest that ongoing feedback can be efec
tive in improving compliance with protocols. If aquadity
improvement program is to provide education and hest
the support of participating physicians, the feedback o
physicians must be given constructively rather than pit
nitively.4 Residents are especially interested in nedc
information relevant to decisions about their patients. 1
an error is due to oversight, a reminder is sufficient. If*
error is due to lack of understanding or knowledge, a
physician or pharmacist affiliated with the quality asu-
ance program takes the opportunity to teach the rdevart;
information to the resident in one-to-one encounters tret
emphasize continuous quality' improvement.4
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An Example: Use of Seram
Theophylline Assays

Anumber of published studies, many of them in the
pharmacy literature, have demonstrated that a large pro-
portion of the theophylline assays ordered for hospital-
ized patients are either not indicated or incorrectly
wed5-12 There are similar problems in ambulatory set-
tings, where serum theophylline levels are often not
monitored correctly.13-18 In one clinic, only 3 0f22 adult
outpatients had a therapeutic serum level taken.15 In a
different study, 42 of 55 ambulatory patients who took
theophylline regularly had no record of a serum level
measurement taken during the preceding year.14 Regular
monitoring is important because o fthe narrow therapeu-
tic range of theophylline and the limited usefulness of
clinical information in predicting the need for a serum
assay.1319-21

These same concerns were raised in our clinic fol-
lowing a small audit of the charts of patients with a
diagnosis of either chronic obstructive pulmonary disease
or asthma who received theophylline prescriptions regu-
laly. The review demonstrated that 5 of 18 patients
adjusted their own dose as needed, and 4 others who
received frequent care in the clinic had not had a serum
assayperformed for a period of 1 year or longer. It is also
evident that management of theophylline dosing, moni-
toring, and potential drug interactions may be less than
optimal when patients have multiple medical problems
thet complicate their care.

Problems with theophylline use may become more
common as physicians become less familiar with it. As
inflammation is now regarded as the underlying patho-
logic process in asthma, inhaled sympathomimetics and
steroids have replaced the methylxanthines as the treat-
ment of choice, both during acute exacerbations and for
chronic maintenance therapy.2223 Similarly, for chronic
obstructive pulmonary disease, the addition of intrave-
nowsly administered aminophylline to other standard
treatments for acute exacerbations contributed no addi-
tional benefits. Instead, inhaled sympathomimetics and
anticholinergics are becoming the standard maintenance
therapy.23,24 Nonetheless, theophylline remains useful in
the treatment of certain patients.23-25

Guidelinesfor Use ofSerum Theophylline Assays

Toprovide information for physicians in the clinic and to
dewelop clinic guidelines, the literature on theophylline
utilization was reviewed. No clinical trials to determine
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the best interval between tests have been reported, so the
optimum frequency for routine monitoring when pa-
tients have no acute indication is not known. Trough
serum levels without a dose change are reasonably repro-
ducible in observations lasting as long as several months
for adults, while a downward trend in levels was ob-
served in a pediatric population monitored at approxi-
mately 6- to 12-month intervals.26'27 In one outpatient
clinic and in a number of hospital wards, routine serum
assays were judged to be overused.5-12'28

Hendeles and Weinberger suggest that in the ab-
sence of changes that can affect serum levels (specific
concurrent drug therapy, altered smoking or dietary hab-
its, prolonged fever, or variation in liver or cardiac func-
tion), a serum assay should be obtained at least once
yearly for adults.20-21 During rapid growth in childhood,
more frequent monitoring is advised. Other indications
for more frequent monitoring include suspected toxicity,
guestionable therapeutic response, or a recent dose
change. During departmental quality assurance confer-
ences, these recommendations were presented along with
the results of a chart review of theophylline utilization.
The recommendations of Hendeles and Weinberger were
approved as guidelines for the clinic.

Chart Reminders

The theophylline flow sheet displayed in Figure 1 was
designed to help clinicians find serum assay results in the
medical record and to serve as an additional reminder of
the need for regular monitoring. The protocols of Hen-
deles and Weinberger for initial doses, dose adjustments,
indications for monitoring, and timing of serum assays
are listed on the reverse side, along with a list of medi-
cations that can affect serum theophylline levels.2021

Audit Results

A plan for continual monitoring and feedback was estab-
lished. Many patients request theophylline prescription
renewals by telephone. These occasions often present
opportunities to review the patient’s chart and inform
the patient if a serum assay is indicated. In our clinic, a
pharmacist usually performs this function, but in clinics
where there is no pharmacist, a physician or a trained
assistant can conduct the chart review using the clinic
guidelines as criteria.

The first such review ofindications, frequencies, and
effects of serum theophylline assays in our clinic was
performed in July 1990 for the preceding 12 months of
care. The charts of all 29 patients who received prescrip-
tions for theophylline during the first 6 months of 1990
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GUIDELINES FOR THEOPHYLLINE DOSE CHANGES
FAMILY MEPICAL CENTER THSOEHYLUNEf L2W SHEET
INITIAL DOSE
See opposite side for: Adults and children over one year old:
400 mg/day or 16 mg/kg/day

1. Medications that affect serum theophylline levels Whichever Is LESS

2. Guidelines for when to test serum levels

i
3. Guidelines for dose changes alter 3 days

FIRST INCREMENTAL INCREASE
Adults and children 2 45 kg: 600 mg/day (total dose)
Comments Children < 45 kg: The lesser of 600 mg/day (total dosejor:
20 mg/kg/day (ages 10 9)
16 mg/kg/day (ages >9)

alter 3 days
SECOND INCREMENTAL INCREASE
Adults and children z 45 kg: 800 mg/day (total dose)
Children < 45 kg: The lesser ol 800 mg/day (total dosejor:
24 mg/kg/day (ages 110 9)
20 mg/kg/day (ages 9 to 12)
18 mg/kg/day (ages 12 to 16)

Check serum concentration about 4 hours alter a dose
when none have been missed or added lor about 3 days

Scrum  Level Directions

10 to 20 meg/ml Maintain dose. Recheck serum level at 6 to 12 month intervals, or more often ifinScatM
Too High:

20 to 25 meg/ml Decrease each dose by at least 10%.

25 t0 30 meg/ml Omit next dose, and decrease all future doses by 25% (to the nearest 50 ng).

Over 30 meg/ml Omit next 2 doses, decrease future doses by 50%, and RECHECK serum lee.
Too Low:

7.5 to 10 meg/ml Increase dose by 25% (to the nearest 50 mg).

5 to 7.5 meg/ml Increase dose by 25% (to the nearest 50 mg) and RECHECK serum level.

Note: Individual patients may need different management, e g., age > 50, CHF, or liver disease frequently
requires 50% lower doses, and smokers often need 50% higher doses.

Medication Effect on Theophylline Serum Level

Increased Allopurinol Erythromycin Oral Contraceptives
Cimetidine Flu vaccine Propranolol
Ciprofloxacin Norfloxacin

Decreased Phenytoin Rifampin

Phenobarbital

Me reaaograph Effect of Theophylline on Other Medications

FAMILY MEDICAL CENTER Decreased serum lithium level
THEOPHYLLINE FLOW SHEET Decreased satam phemytom leve

References: L Hendeles and M Weinberger. Pharmacotherapy 1983:3:2-44 and N Engl J Med 1983:308:760-3.

Figure 1. Left: A flow sheet to help clinicians find serum theophylline assay results. Right: On reverse side of flow sheet are te
guidelines for theophylline dose changes and monitoring directions. Reprinted, by permission of The New EnglandJournal ofMedart,
308: 760-4, 1983.

were reviewed. Four patients were excluded from subse- tested, one did not return to the clinic, and two dsoon
guent analysis because the prescription for theophylline tinued the medication before returning to the clinic.
was their first, and they either did not continue the One patient who had received all of his prescription
medication or did not require a refill during the audit renewals in the clinic did not have a serum assay &
period. formed during the audit period. When the physician
The distribution of ages of the 25 patients who met called the patient, it became apparent that the patient fed
the entry criteria ranged from 3 to 88 years, with a mean misunderstood the instructions for taking the medication
0f48 years (SD = 21). Ofthe 25 patients, 20 requested and had been taking a subtherapeutic dose.
a refill by telephone at least once in 6 months; thus, 5 of Table 1 displays the frequency of each indicationfor
the patients’ charts were not brought to the attention of testing. O f the 25 patients included in the audit, 20 red
aclinical pharmacist. At the time they requested prescrip- a record of at least one serum assay. Of the 30 ams
tion refills by telephone, four patients had not had a performed, 12 (40%) were for routine monitoring. Qly
serum assay within the previous year; therefore they were one patient had two routine assays performed, and tree
advised to return for testing. One of these patients was were 10 months apart. Thus, in our clinic, where dsis

Table 1. Indications for Serum Theophylline Assays (N = 30) Ordered for Each Patient During 12-Month
Audit Period

Indication for Assay

Number of Assays per Patient Number of Patients Routine Monitor Suspect Toxicity Worse Symptoms Dose Chan?
0 5 - - - -
1 13 7 1 3 2
2 4 2 0 3 3
3 3 3 0 3 g
Totals 25 12 1 9
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sionofthe costs o f medical care is increasingly common,
overuse was not judged to be a problem.

Of the 12 serum levels obtained for routine moni-
toring, one was less than 27.5 /zmol/L (5.0 mg/L), four
were between 27.5 and 55 /ttmol/L (5.0 to 10.0 mg/L),
four were in the commonly accepted therapeutic range of
55to 110 /xmol/'L (10.0 to 20.0 mg/L), and three were
between 110 and 121 /xmol/L (20.0 to 22.0 mg/L).

Actions taken as a result ofthe 30 serum levels were
also audited. Dose changes were recommended for both
ofthe patients with serum theophylline levels of less then
27.5 jtmol/L (5.0 mg/L), for two of the nine with levels
between27.5 and 55 /zmol/L (5.0 to 10.0 mg/L), and for
oreofthe four with levels between 110 and 121 /umol/L
(200 to 22.0 mg/L). No dose changes were recom-
mended for the 15 patients with levels in the therapeutic
range of 55 to 110 /xmol/L (10.0 to 20.0 mg/L). Others
have noted that dose changes arc made less often for
patients with a low serum level than for those with a high
serum level.18 There is debate about whether the accept-
able therapeutic limit of 55 /zmol/L (10 mg/L) should be
lowered to 27.5 /zmol/L (5 mg/L).1628 Hendeles and
Weinberger recommend increasing the dose if the serum
theophylline level is lower than 55 /umol/L (10 mg/
D22 Lower levels have the potential benefit of re-
duced side effects, but they also have the potential risk of
suboptimal therapy.

Discussion

Drug therapy is the most common treatment prescribed
by physicians, so it is reasonable for every quality assur-
ance program to include a system for periodic audits of
medication use.3 The drug-utilization review system de-
scribed here is designed to operate in ambulatory care
clinics. The clinic medication database facilitates efficient
retrieval of patient data, and the procedures for establish-
ing clinic-wide consensus guidelines make use of what
limited evidence is available.

Unfortunately, evidence on which to base clinical
standards in ambulatory care is limited, and quality as-
surance programs usually do not have resources to per-
formresearch on clinical effectiveness. The example of a
utilization review of theophylline assays described here
illustrates that in our family practice clinic, which has
23,000 patient visits per year, the number of patients
taking theophylline is too small to conduct a definitive
study of patient outcomes including controls. Yet, prob-
lers with theophylline use have been reported previ-
owsly, including those recently receiving national public-
'ty, and they may occur more frequently in the future
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as physicians have less experience prescribing the
drug.13-18'29

The quality assurance needs of individual clinics can
differ. The theophylline serum assay reviews in our clinic
and those of at least one other clinic demonstrated un-
deruse of testing.14 In another clinic, where larger num-
bers of patients take theophylline, overuse of testing was
documented.28 These differences illustrate the impor-
tance ofestablishing guidelines that meet the needs of the
clinic where they will be applied.

It is also important to emphasize that guidelines are
not rules or standards. Physicians are free to use their
judgment in the management of individual patients. The
participatory process of reviewing the available evidence
and reaching a consensus on guidelines is intended to
assist physicians in making decisions, not to make the
choices for them. It is expected, however, that the phy-
sician’s reasons for not following accepted guidelines will
be summarized in the patient chart to facilitate the qual-
ity assurance process.

The fundamental principles used in designing the
drug utilization review system described here are to link
quality assurance with continuing education and to con-
duct the program with the explicit objective of continu-
ous quality improvement, rather than the punitive ap-
proach of “quality by inspection.”4

References

1. Palmer RH. The challenges and prospects for quality assessment
and assurance in ambulatory care. Inquiry 1988: 25:119-31.

2. Council on Medical Service of the American Medical Association.
Guidelines for quality assurance. JAMA 1988; 259:2572-3.

3. Soumerali SB, McLaughlin TJ, AvornJ. Improving drug prescrib-
ing in primary care: acritical analysis o f the experimental literature.
Milbank Q 1989:67:268-317.

4. Berwick DM. Continuous improvement as an ideal in health care.
N EnglJ Med 1989; 320:53-6.

5. Wing DS, DufFH]J. Evaluation of a therapeutic monitoring pro-
gram for theophylline in a teaching hospital. Drug Intell Clin
Pharm 1987; 21:702-6.

6. Lawson LL, Blouin RA, Parker PF. Quality assurance program for
a clinical pharmacokinetic service. Am J Hosp Pharm 1982; 39:
607-9.

7. Bussey HI, Hoffman EW. A prospective evaluation of therapeutic
drug monitoring. Ther Drug Monit 1983; 5:245-8.

8. Sargenti C, Zelman L, Beauclair T, et al. Evaluation of appropri-
ateness and interpretation of serum theophylline assays. Drug
Intell Clin Pharm 1985; 19:380-4.

9. Guernsey BG, Ingrim NB, Hokanson JA, et al. A utilization review
oftheophylline assays: sampling patterns and use. Drug Intell Clin
Pharm 1984: 18:906-12.

10. Levin B, Cohen SS, Birmingham PH. Effect of pharmacist inter-
vention on the use of serum drug assays. Am J Hosp Pharm 1981;
38:845-51.

11. Elenbaas RM, Payne VW, Bauman JL. Influence of a clinical
pharmacist consultations on the use of drug blood level tests. Am
J Hosp Pharm 1980; 37:61—4.

12. Farris CR, Stanaszek WE, Kashner TM, et al. Dealing with DRG:
analysis of serum theophylline assays in Medicare patients. Hosp
Pharm 1986; 21:39-58.

611



Dru

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

g Utilization in Ambulatory Care

Bredon JW, Bootman JL, Jones WN, et al. Theophylline serum
concentrations in ambulatory patients with chronic obstructive
pulmonary disease. Ther Drug Monit 1985; 7:168-73.
Culbertson V, Osborn R. Use of serum theophylline concentra-
tions in ambulatory patients [Letter]. Am J Hosp Pharm 1985;
42:56-8.

Horn CR, Cochrane GM. Management of asthma in general
practice. Respir Med 1989; 83:67-70.

Rnodel AR, Covelli HD, Beekman JF. Outpatient theophylline
determinations. West J Med 1984; 140:741-4.

lves TJ, Parry JL, Gwyther RE. Serum drug level utilization
review. J Fam Pract 1984; 19:507—12.

Woodcock AA, Johnson MA, Geddes DM. Theophylline prescrib-
ing, serum concentrations, and toxicity. Lancet 1983; 2:610-3.
Stine RJ, Marcus RH, Parvin CA. Clinical predictors of theophyl-
line blood levels in asthmatic patients. Ann Emerg Med 1987;
16:18-24.

Hendeles L, Weinberger M. Theophylline—a state of the art
review. Pharmacotheraphy 1983; 3:2-44.

Weinberger M, Hendeles L. Slow-release theophylline—rationale
and basis for product selection. N Engl ] Med 1983; 308:760—4.
Kelly HW, Murphy S. Should we stop using theophylline for the

23.

24.

25.

26.

27.

28.

DeNeef, Ellsworth, and Schneaneiss

treatment of the hospitalized patient with status asthmaticus? Dns
Intell Clin Pharm 1989; 23:995-8.

Rossing TH. Methylxanthines in 1989. Ann Intern Med 199
110:502".

Rice KL, Leatherman JW, Duane PG, et al. Aminophylline for
acute exacerbations of chronic obstructive pulmonary disease. At
Intern Med 1987; 107:305-9.

Murciano D, Auclair MH, Pariente R, Aubier M. A randomized,
controller trial of theophylline in patients with severe draic
obstructive pulmonary disease. N Engl J Med 1989; 320:1521-5.
Jenne JW, Wyze E, Rood FS, MacDonald FM. Pharmacokinetics
of theophylline. Clin Pharmacol Ther 1972; 13:349-60.
Milavetz G, Vaughan LM, Weinberger MM, Hendeles L. Bdu
ation of a scheme for establishing and maintaining dosage of
theophylline in ambulatory patients with chronic asthma. J Rdar
1986; 109:351-4.

Moore LD, Taylor AT. Theophylline dosing and theophylline led
testing in a family practice population. J Fam Pract 1988; 27.57-
61.

Marcus AD, Barrett PM. Law Column. The Wall Street Jourd
1990 Nov 13; B Sect: 10.

The Journal of Family Practice, Vol. 32, No. 6, 1"



