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OBJECTIVE: To evaluate laboratory safety monitoring in patients tak-

ing selected chronic prescription drugs.

DESIGN: Retrospective study using 1999–2001 claims data to calcu-

late rates of missed laboratory tests (potential laboratory monitoring

errors). Eleven drugs/drug groups and 64 laboratory tests were eval-

uated.

SETTING: Two staff/network model health maintenance organiza-

tions.

PATIENTS: Continuously enrolled health plan members age�19

years taking �1 chronic medications.

MEASUREMENTS AND MAIN RESULTS: Among patients taking

chronic medications (N=29,823 in 1999, N=32,423 in 2000, and

N=36,811 in 2001), 47.1% in 1999, 45.0% in 2000, and 44.0% in

2001 did not receive �1 test recommended for safety monitoring. Tak-

ing into account that patients were sometimes missing more than 1 test

for a given drug and that patients were frequently taking multiple

drugs, the rate of all potential laboratory monitoring errors was 849/

1,000 patients/year in 1999, 810/1,000 patients/year in 2000, and

797/1,000 patients/year in 2001. Rates of potential laboratory moni-

toring errors varied considerably across individual drugs and labora-

tory tests.

CONCLUSIONS: Lapses in laboratory monitoring of patients taking se-

lected chronic medications were common. Further research is needed

to determine whether, and to what extent, this failure to monitor pa-

tients is associated with adverse clinical outcomes.
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P rior research indicates adverse drug events (ADEs) are a

concern in the ambulatory care setting. In one study, 25%

of primary care patients reported an adverse drug event.1 Gan-

dhi et al. found that 18% of primary care patients taking �1

prescription drug reported a drug complication.2 At a Veterans

Administration medical center, 35% of patients taking �5

prescription drugs reported an ADE.3 Outpatient ADEs led

to over 1 million hospitalizations in 1994, nearly 5% of all

admissions.4

A portion of ADEs in the outpatient setting are related to

suboptimal laboratory monitoring of drug therapy, including

inadequate use of laboratory tests to monitor organ function

and drug levels. Schiff et al. found potassium was commonly

prescribed despite presence of hyperkalemia.5 Graham et al.

reported less than 5% of patients taking troglitazone received

all recommended liver function tests (LFTs), despite Food and

Drug Association (FDA) risk management efforts.6 Among

Medicare outpatients, all ADEs occurred at a rate of 50.1/

1,000 person-years and preventable ADEs at a rate of 1.38/

1,000 person-years.7 Monitoring errors were the cause of

60.8% of preventable events, including inadequate laboratory

monitoring or clinician failure to act on laboratory results or

clinical findings. In nursing homes, inadequate monitoring of

warfarin is a common cause of ADEs.8

In a retrospective study using outpatient and pharmacy

claims from two health maintenance organizations (HMOs), we

determined whether patients taking selected chronic medica-

tions received recommended laboratory monitoring.

METHODS

Study Population

We determined rates of missed laboratory tests (potential lab-

oratory monitoring errors) in 1999, 2000, and 2001 in patients

receiving chronic medications for which specific laboratory

monitoring is recommended. The study population comprised

ongoing users of a chronic medication and the study was con-

ducted using claims data from two HMOs. In 2000, the two

HMOs had approximately 657,000 and 240,000 members.

This analysis was part of a larger study. In this analysis, pa-

tients from small medical groups (those serving fewer than 30

health plan members) were excluded because the analysis

plan for the larger study required exclusion of smaller medi-

cal groups.

For each study year, eligible subjects were those members

who were 1) continuously enrolled with pharmacy benefits

during the study year and for the 6 months prior, 2) affiliated

with an HMO medical group for their primary health care, 3)

age�19 years as of January 1, and 4) taking a chronic med-

ication throughout the study year and during the prior 6

months (the 6-month look-back period permitted exclusion

of patients new to drug therapy).

Patients were required to have obtained sufficient medi-

cation to cover at least 6 months of use during the study year,

verified through pharmacy claims data. Sensitivity analysis

showed that requiring patients to have obtained medication

sufficient to cover 80% of the year (9.6 months) would not have

substantively affected error rates, but would have reduced

sample size considerably. Patients also were required to have

had a supply of medication at the end of the study year. This

ensured that no patients were included who had intentionally

Accepted for publication October 18, 2004

Neither the first author nor coauthors have any conflicts of interest to

report.Aspects of this study were presented at the HMO Research Net-

work annual conference, May 3–5, 2004, Detroit, MI.

Address correspondence and requests for reprints to Dr. Frost: Love-

lace Respiratory Research Institute, 2425 Ridgecrest Drive SE, Al-

buquerque, NM 87108 (e-mail: ffrost@lrri.org).

331



discontinued use of the drug during the year and thus no

longer needed laboratory monitoring.

Laboratory Monitoring Errors

We selected for evaluation 11 drugs/drug groups and identi-

fied recommended laboratory tests and test intervals from the

Physician’s Desk Reference (PDR),9 FDA black box warnings,

and HMO practice guidelines developed by physicians and

clinical pharmacists. We limited our evaluation to tests used

to monitor patient safety rather than drug efficacy. Based on

final review of the list by two primary care physicians and two

clinical pharmacists, we further limited our evaluation to 64

tests deemed of most clinical importance.

In cases where several drugs within the same class had

different recommended test intervals, we applied the longer

time interval to all drugs in that class (e.g., recommended liver

function testing intervals for 3-hydroxy-3-methyl-glutaryl co-

enzyme A reductase inhibitors [statins] range from every 6

months to every 12 months for ongoing users, so we applied

the 12-month guideline to all drugs in this class). We identified

laboratory tests in claims data using procedure codes.

For the vast majority of drugs examined, guidelines rec-

ommended annual laboratory testing in ongoing users of the

medication. In that case, we considered the guideline to have

been met if the relevant test was conducted at any time during

the study year. An exception to this annual testing regimen

was warfarin, for which monthly international normalized ra-

tio (INR) or prothrombin time (PT) tests are recommended. In

this case, we considered it an error when a patient had no test

in 3 out of 12months (i.e., the patient was unmonitored 25% of

the time).

We refer to the absence of the recommended test as a ‘‘po-

tential laboratory monitoring error’’ to acknowledge that these

may not be actual errors. Not all physicians agree with existing

laboratory testing recommendations, recommendations differ

from source to source, and not all lapses in recommended

monitoring result in adverse events.

RESULTS

In 2001, the 36,811 patients taking any of these chronic med-

ications had a mean age of 57.8 years and took an average of

9.3 different medications. The patient group was 50.9% male.

The majority were enrolled in a commercial plan (83.1%), rath-

er than a Medicare risk (9.1%) or Medicaid (7.8%) plan. Patient

characteristics were similar in 1999 and 2000.

Table 1 shows overall rates of potential laboratory moni-

toring errors. Between 44.0% and 47.1% of medication users

had at least 1 potential laboratory monitoring error per year.

Many patients, however, were missing more than 1 laboratory

test for a single medication. Additionally, many patients were

taking more than 1 chronic medication, with 1 or more lapses

in laboratory monitoring occurring for each medication. Thus,

the overall annual rate of potential errors in this population

was 849/1,000 patients in 1999, 810/1,000 in 2000, and

797/1,000 in 2001.

Table 2 shows the rates of potential laboratory monitoring

errors in patients by drug/drug group and test. Rates of po-

tential laboratory monitoring errors in this population varied

considerably across individual drugs and tests.

DISCUSSION

Of patients taking 1 or more chronic medications, 44.0% to

47.1% of patients each year did not receive 1 or more recom-

mended laboratory tests. Some of our findings can be com-

pared to those of prior studies. For example, we found that

22% to 27% of patients taking statins did not receive an an-

nual LFT, slightly more than the 15% reported by Smith et al.10

Most published studies evaluating monitoring practices, how-

ever, have concerned patients new to drug therapy. Graham et

al. found that during the first 3 months of therapy, less than

5% of patients taking troglitazone received recommended

LFTs.6 Although troglitazone is no longer on the market, the

FDA exerted considerable effort to encourage safety monitor-

ing of the drug during the years of this study. Nevertheless, we

found that of patients taking troglitazone on an ongoing basis,

7% to 23% did not receive an LFT during a 12-month period.

Some lapses in monitoring may be more serious than oth-

ers, such as inadequate monitoring of potassium in patients

taking angiotension converting enzyme (ACE) inhibitors and

spironolactone.11,12 For somemedications there is debate con-

cerning the benefit and necessity of monitoring for acute and

chronic complications.10,13 Even when physicians believe lab-

oratory monitoring is clinically important, however, they may

be hampered by the patient not accessing health care; by lack

of time during patient visits; by not having easy access to

records of the patient’s current drug regimen; and by a lack of

tracking tools, such as computerized reminders for the physi-

cian or mailed reminders to the patient. Our identification of a

high level of discrepancy between recommended monitoring

and actual use suggests a need for improved systems for ad-

herence and/or modification of monitoring recommendations

based on research evidence.

This study has several limitations. First, we may not have

captured all laboratory tests in this patient population. Proce-

dure coding errors or missing claims data could have led to

overestimating potential error rates. Second, identifying pre-

scription drug use from computerized claims records provides

only an indirect picture of actual patient medication use. Not

all of the patients in our denominator calculations may have

been actually taking the drug and in need of safety monitoring.

Such errors could have led to overestimating the size of the

denominator population and therefore the error rate. We at-

tempted to minimize this problem by requiring subjects to

have evidence of a prescription refill not just during, but pri-

Table 1. Rates of Potential Laboratory Monitoring Errors

1999 (N=29,823) 2000 (N=32,423) 2001 (N=36,811)

Patients missing�1 laboratory test 47% (14,039) 45% (14,575) 44% (16,193)
Potential laboratory monitoring errors per 1,000 patients 849 810 797
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or to and at the end of the study year. Finally, we did not

measure the actual rate of adverse events associated with

lapses in safety monitoring. This study assesses only the po-

tential for adverse outcomes related to inadequate monitoring;

the actual occurrence of adverse drug-related events that

could be prevented by laboratory monitoring would be expect-

ed to be considerably less frequent.1,7

This study found that a large proportion of patients re-

ceiving selected chronic medications did not receive recom-

mended laboratory monitoring in the outpatient setting.

Although there may be varying opinions about which tests

are needed and when, the data suggest that failure to monitor

is widespread across drug categories and may not be easily

explained by disagreements concerning monitoring regimens.

Further research is needed to determine to what degree these

lapses in laboratory monitoring are associated with adverse

clinical outcomes, to identify relevant methods to improve

monitoring, and to clarify monitoring needs.
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Table 2. Percentage of Patients Taking a Chronic Medication Who Received No Laboratory Monitoring During 1 Year of Continuous Use, by
Drug and Test 1999–2001

Drug Laboratory Testing
Regimen Evaluated

1999 Percentage with No
Test (Denominator, n)

2000 Percentage with No
Test (Denominator, n)

2001 Percentage with No
Test (Denominator, n)

Carbamazepine CBC w/differential and
platelets annually

61 (589) 59 (560) 61 (605)

LFT annually 42 (589) 40 (560) 43 (605)
Carbamazepine level
annually

36 (589) 35 (560) 48 (605)

Valproate sodium, divalproex sodium,
valproic acid

LFT annually 37 (567) 33 (588) 38 (612)
Valproic acid level
annually

28 (567) 30 (588) 34 (612)

CBC w/differential and
platelets annually

64 (567) 60 (588) 59 (612)

Lithium Thyroid function annually 24 (423) 28 (368) 30 (354)
Creatinine annually 23 (423) 26 (368) 25 (354)
Urinalysis annually 69 (423) 72 (368) 67 (354)
Lithium level annually 18 (423) 22 (368) 29 (354)
Sodium and potassium
annually

72 (423) 71 (368) 65 (354)

Troglitazone, pioglitazone, rosiglitazone LFT annually � 7 (75) 23 (363)
Statins LFT annually 22 (10,776) 22 (12,931) 23 (15,972)
Gemfibrozil LFT annually 28 (1,027) 27 (1,066) 26 (1,182)
ACE inhibitors Creatinine annually 38 (12,382) 34 (13,181) 32 (14,843)

Potassium annually 42 (12,382) 39 (13,181) 38 (14,843)
Digoxin Creatinine annually 34 (1,329) 32 (1,368) 28 (1,324)

Digoxin annually 59 (1,329) 61 (1,368) 55 (1,324)
Potassium annually 35 (1,329) 34 (1,368) 32 (1,324)

Furosemide HCTZ, triamterene/HCTZ,
spironolactone, potassium chloride

Potassium annually 35 (7,820) 33 (8,690) 33 (9,981)
Creatinine annually 40 (7,820) 35 (8,690) 33 (9,981)

Metformin Creatinine annually 29 (2,112) 26 (2,766) 25 (3,453)
CBC annually 80 (2,112) 79 (2,766) 78 (3,453)

Warfarin INR (or PT) in 9 months/
year

40 (1,341) 41 (1,487) 42 (1,599)

�Drug not on market.
ACE, angiotensin converting enzyme; CBC, complete blood count; LFT, liver function test; INR, international normalized ratio; HCTZ, hydrochlor-
othiazide; PT, prothrombin time.
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