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Monitoring of Drugs
With a Narrow Therapeutic Range
in Ambulatory Care

Marsha A. Raebel, PharmD; Nikki M. Carroll, MS; Susan E. Andrade, ScD;
Elizabeth A. Chester, PharmD; Jennifer Elston Lafata, PhD; Adrianne Feldstein, MD;
Margaret |. Gunter, PhD; Winnie W. Nelson, PharmD; Steven R. Simon, MD, MPH;

K. Arnold Chan, MD, ScD; Robert L. Davis, MD, MPH; and Richard Platt, MD

Obijectives: To describe the proportion of patients receiving
drugs with a narrow therapeutic range who lacked serum drug con-
centration monitoring during a 1-year period of therapy and to
identify patient characteristics associated with lack of monitoring.

Study Design: Retrospective cohort.

Methods: Ambulatory patients (n = 17 748) at 10 health-main-
tenance organizations who were receiving ongoing continuous
drug therapy 'with.digoxin, carbamazepine, divalproex sodium,
lithium carbonate, lithium citrate, phenobarbital sodium, pheny-
toin, phenytoin sodium, primidone, quinidine gluconate, quinidine
sulfate, procainamide  hydrochloride, theophylline, theophylline
sodium glycinate, tacrolimus, or cyclosporine for at least 12
months between January 1, 1999, and June 30, 2001, were identi-
fied. Serum drug- concentration monitoring was assessed from
administrative data and from medical record data.

Results: Fifty percent or more of patients receiving digoxin,
theophylline, ‘procainamide, quinidine, or primidone were not
monitored, and 25% to 50% of patients receiving divalproex, car-
bamazepine, phenobarbital, phenytoin, or tacrolimus were not
monitored. Younger age was associated with lack of monitoring for
patients prescribed digoxin: (adjusted odds ratio, 1.86; 95% confi-
dence interval, 1.39-2.48) and theophylline (adjusted odds ratio,
1.58; 95% confidence interval, 1.23-2.04), while older age was
associated with ‘lack (of monitoring for patients prescribed carba-
mazepine (adjusted odds ratio, 0.59; 95% confidence interval,
0.44-0.80) and divalproex (adjusted.odds ratio, 0.50; 95% confi-
dence interval, 0.38-0.66).Patients with fewer outpatient visits
were also less likely to be monitored (P <.001).

Conclusions: A substantial ‘proportion of ambulatory patients
receiving drugs with narrow-intervals between doses resulting in
beneficial and adverse effects did not have serum drug concentra-
tion monitoring during 1 year of use. Clinical implications of this
finding need to be evaluated.

(Am ] Manag Care. 2006;12:268-274)

he goal of therapeutic drug monitoring is to guide
dosing by means of drug concentration measure-
ments. Therapeutic drug monitoring is useful for
drugs that lack correlation between dose and pharmaco-
dynamic properties, for drugs that have nonlinear corre-
lations between dose and effect, and for drugs that have
a narrow therapeutic range (NTR) between the dose
necessary to achieve beneficial effects and the dose that
causes serious adverse effects when there is a direct

concentration—effect. relationship. Individualizing the
drug dosage and the dosing interval can minimize the
toxicity and maximize the therapeutic benefit of NTR
drugs.! The first step toward individualizing therapy is
to evaluate the drug concentration in the body, often
from a serum sample. Although there is controversy
about whether monitoring should be routine, as well as
about the frequency and timing of therapeutic drug
monitoring to maximize beneficial drug effects,®* there
is general agreement that therapeutic drug monitoring
is useful in avoiding drug toxicity. For example, drug
concentration monitoring is recommended as a quality-
of-care indicator for patients taking phenytoin, pheno-
barbital, divalproex sodium, and-carbamazepine.>®
Concentration monitoring of many NTR drugs is rou-
tinely available at healthcare laboratories, but little is
known about the frequency of monitoring among ambu-
latory patients.

We undertook a study to assess drug concentration
monitoring in ambulatory patients receiving NTR drugs.
The objectives of this study were to’'describe the propor-
tion of patients dispensed NTR drugs who did not have
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drug concentration monitoring during a 1-year therapy
period and to identify patient characteristics associated
with lack of monitoring. The results of this study pro-
vide information to guide thoughtful establishment of
quality-of-care indicators related to NTR drug monitor-
ing in ambulatory patients.

METHODS

Study Population and Design

This retrospective cohort study of ongoing NTR drug
therapy was designed to assess rates and correlates of
serum drug concentration monitoring among ambulato-
ry members of 10 health maintenance organizations in
geographically diverse US locations. We studied moni-
toring practices for the following NTR drugs: carba-
mazepine, cyclosporine, digoxin, lithium, phenytoin,
phenobarbital, primidone, procainamide hydrochloride,
quinidine, tacrolimus, theophylline, and divalproex (val-
proic acid). The first study objective was to assess the
proportion of ambulatory patients receiving continuous
ongoing therapy with an NTR drug who did not have at
least 1 drug serum concentration monitored within a 1-
year period. The second study objective was to evaluate
possible associations between lack of NTR drug monitor-
ing and patient age, sex, outpatient visits, chronic dis-
eases, diagnoses, selected socioeconomic status
variables, and hospitalizations. Finally, the accuracy of
using automated data in identifying drug concentration
monitoring was assessed.

The participating organizations comprise the HMO
Research Network Center for Education and Research
in Therapeutics, which has been described elsewhere.”
In brief, the center includes staff, group, network, inde-
pendent practice association, and mixed-model health
maintenance organizations that serve racially and ethni-
cally diverse populations and in 2000 provided health-
care for approximately 7 million people in more than
1000 locations. The institutional review board of each
participating organization approved this study.

The study sample was drawn from a data set of
2020 037 individuals, consisting of approximately
200 000 randomly selected health plan members from
each of the 10 organizations. The sampling scheme and
demographic distribution of this population have been
previously described.® We identified patients who
received an NTR drug of interest between January 1,
1999, and May 31, 2000, and who had continuous
health plan membership with pharmacy benefits during
the study period, disregarding gaps of less than 60 days.
The study sample was limited to prevalent users who
had continued drug dispensings of and ongoing therapy
with an NTR drug. To avoid inadvertent inclusion of new

drug users in the study cohort, prevalent ongoing thera-
py was defined as beginning with the second dispensing
of that drug in the data set and continuing from the sec-
ond dispensing date for 12 months or longer. Continued
dispensings were present when no interval between pre-
scription refills was greater than the dispensed days’
supply plus 1.5 times the dispensed days’ supply. A dis-
pensing gap was ignored if it was less than 1.5 times the
dispensed days’ supply. For example, a patient dis-
pensed a 30-day supply met the criterion of continued
dispensings if no more than 75 days (30 days + [1.5 x 30
days]) elapsed between the date of one dispensing and
the date of the subsequent dispensing. NTR drug dis-
pensings were identified using National Drug Code num-
bers. For all eligible patients, we used automated health
plan data to ascertain dates of health plan membership
and drug dispensings.

Identification and Categorization of Drug
Concentration Monitoring

Lack of laboratory monitoring was defined as failure
to perform drug concentration monitoring within the 1-
year period of ongoing therapy, allowing up to a 1-month
grace period (ie, monitoring within 13 months was con-
sidered as monitoring within 1 year). To accommodate
patients entering the cohort between January 1, 1999,
and May 31, 2000, monitoring data were collected for
January 1, 1999, through June 30, 2001. Whether the
laboratory test was performed was assessed from the
presence of an administrative claim for the test. The lab-
oratory test date was the date the test was performed or
the result was reported. Laboratory test codes were
defined at each site according to that site’s method of
coding the test (eg, Current Procedural Terminology
codes). One site was unable to contribute drug concen-
tration monitoring data for carbamazepine, digoxin,
cyclosporine, and phenytoin.

Medical records were randomly selected for review to
assess the accuracy of administrative data. Because of
resource limitations, this review included medical
records of patients dispensed cyclosporine, digoxin, and
carbamazepine. Medical record abstraction was consid-
ered the gold standard, and abstraction data were com-
pared with administrative data to determine the
sensitivity, specificity, positive predictive value, and
negative predictive value of administrative information
about drug concentration monitoring.

Identification and Definition of
Other Patient Characteristics

The health maintenance organization automated
databases were used to identify the patient age (on the
date of the first NTR drug dispensing), sex, outpatient
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visits, chronic diseases, diagnoses, and hospitalizations.
The presence of specific chronic diseases was deter-
mined using the Chronic Disease Score method by
Clark et al.® To evaluate characteristics that predicted
lack of monitoring, hospitalizations and outpatient vis-
its that occurred within 6 months before the study peri-
od were identified. Outpatient visits include clinic
appointments, visits for laboratory testing only, and
emergency department visits. Geocoding was used to
provide surrogate patient-level measures of socioeco-
nomic status. Residential street address was combined
with census-block level data from the 2000 US Census
data to construct proxies of patient race, education,
and poverty.!?

Statistical Analysis

The number of unique patient-drug therapy combi-
nations and the number of patients were tabulated.
Descriptive statistics were computed to characterize
patients, drug dispensings, and drug concentration mon-
itoring for each drug cohort. The proportions of
patients taking each NTR drug who received drug
concentration monitoring and those who did not
receive drug concentration monitoring were tabulated
overall and by health plan, age group, sex, outpatient
visits, hospitalizations, Chronic Disease Score, race,
education, and poverty categories. Statistical sig-
nificance of differences was tested using the Wilcoxon
rank sum test or the x? test.

The association between patient characteristics and
drug concentration monitoring was evaluated using
generalized estimating equation logistic regression mod-
eling, with site as a cluster variable.! The initial gener-
alized estimating equation model for each drug included
the following variables with P < .05 in the univariate
analysis: age group, sex, outpatient visits (in increments
of 5 visits), hospitalizations, the presence or absence of
selected diagnoses, and the 3 linear socioeconomic sta-
tus variables. The Chronic Disease Score was not
included in any of the initial models because it was cor-
related with outpatient visits. We used the backward
selection method for all generalized estimating equation
models. Customary residual and effect statistics were
examined to assess model fit and to evaluate outliers.
Analyses were performed using SAS version 8.2 or 9.1
(SAS Institute Inc, Cary, NC).

RESULTS

Almost 18 000 patients (n = 17 748) met the eligibil-
ity criteria for the study; these patients represented
18 821 individual patient-drug therapy combinations

(5.7% of patients received > 1 study drug). Patient char-
acteristics are given in Table 1. Patients prescribed
digoxin (n = 7153), divalproex (n = 2209), carba-
mazepine (n = 1876), phenytoin (n = 2232), theo-
phylline (n = 2195), and lithium (n = 1487) accounted
for 91% of the study patients. The median number of
drug dispensings during 1 year ranged from 6 for digox-
in to 12 for cyclosporine (data not shown).

The proportions of patients who were not monitored
were low (14%) for cyclosporine and lithium (Figure).
However, for patients prescribed digoxin, theophylline,
procainamide, quinidine, or primidone, 50% or more
were not monitored. Between 25% and 50% of patients
prescribed divalproex, carbamazepine, phenobarbital,
phenytoin, or tacrolimus did not have a serum concen-
tration evaluated within the 1-year period.

Nine participating sites contributed data for all study
drugs. At 8 of these sites, 36% to 48% of patients lacked
monitoring; at the 9th site, 62% of patients were not
monitored. Because the 10th site did not contribute
data for 4 NTR drugs, the percentage of patients with-
out monitoring for all NTR study drugs could not be
determined.

A consistent association between patients’ median
age and lack of monitoring was not observed in the uni-
variate analysis. Patients prescribed digoxin (77 vs 74
years, P < .001), procainamide (75 vs 71 years, P = .02),
or theophylline (65 vs 61 years, P < .001) who were less
likely to be monitored were younger, while patients pre-
scribed carbamazepine (45 vs 49 years, P < .001), dival-
proex (44 vs 47 years, P < .001), or primidone (55 vs 69
years, P < .001) who were less likely to be monitored
were older. For all study drugs, patients who were less
likely to be monitored had a lower median number of
outpatient visits. This difference was significant for
digoxin (10 vs 8 visits, P < .001), theophylline (6 vs 4
visits, P < .001), divalproex (7 vs 5 visits, P < .001), car-
bamazepine (6 vs 4 visits, P < .001), phenytoin (5 vs 3
visits, P < .001), lithium (8 vs 5 visits, P < .001), and
phenobarbital (5 vs 4 visits, P = .01).

There was a statistically significant (P < .001) differ-
ence (but unlikely a clinically significant difference) in
the median percentages of monitored patients who had
at least a high school education (89% [5th-95th per-
centiles, 64%-98%]) compared with patients who had at
least a high school education who lacked monitoring
(88% [5th-95th percentiles, 62%-98%]). Because patient
race was correlated with poverty and with education
(Spearman rank correlation coefficient [p] range for
race and poverty for individual drugs, —0.43 to —0.53;
and p range for race and education for individual drugs,
0.36-0.45) and because poverty and education were cor-
related (p range for poverty and education for individual
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drugs, —0.31 to —0.63),
race and poverty were
not considered further
in the analysis.

Logistic regression
analysis was used to
evaluate associations
between patient charac-
teristics and lack of
monitoring for the 6
prescribed drugs that
accounted for 91% of the
study patients (Table 2).
When other characteris-
tics were adjusted for,
the patient characteris-
tics most consistently
associated with moni-
toring status continued
to be age and outpatient
visits, while the num-
bers of chronic diseases
and recent hospitaliza-
tions were not associat-
ed with lack of
monitoring for any of
these drugs. Younger
patients prescribed
digoxin were more
likely than the oldest
patients prescribed
digoxin to lack monitor-
ing. Other factors asso-
ciated with monitoring
status of digoxin were
female sex, the number
of outpatient visits, and
a diagnosis of arrhyth-
mia or heart failure.
These factors were
associated with a lower
likelihood of lacking
monitoring (ie, pa-
tients with these fac-
tors were more likely to
be monitored).

For patients pre-
scribed  theophylline,
those in the youngest
age group were more
likely to lack monitoring
than those in the oldest
age group (Table 2).

Monitoring Drugs in Ambulatory Care

Table 1. Characteristics of Ambulatory Patients Prescribed Drugs With a Narrow
Therapeutic Range*

No. of Patients No. of No. of
Prescribed Drug Median Female  Chronic Hospitalizations, Outpatient
Drug (n=18821)" Age,y Sex, % Diseases %* Visits*
Cardiovascular
Digoxin 7153 75 (51-89) 51 5(2-8) 1625 (23) 9 (1-26)
Procainamide 59 74 (49-87) 44 4 (1-9) 12 (20) 7 (1-26)
Quinidine 180 74 (54-87) 39 4 (1-8) 24 (13) 7 (0-22)
Immunosuppressive
Cyclosporine 350 51 (29-69) 39 6 (2-11) 86 (25) 11 (2-36)
Tacrolimus 132 49 (14-70) 46 7 (2-11) 43 (33) 13 (1-40)

Mental health and antiseizure

Carbamazepine 1876 47 (11-80) 58 2 (1-7) 218 (12) 5(0-22)
Lithium 1487 50 (19-77) 60 4 (1-8) 163 (11) 7 (1-28)
Phenobarbital 629 54 (18-83) 56 3(1-7) 94 (15) 5 (0-22)
Phenytoin 2232 56 (27-84) 44 2 (1-7) 341 (15) 4 (0-21)
Primidone 319 65 (42-86) 54 4 (1-9) 49 (15) 7 (0-25)
Divalproex 2209 45 (11-75) 54 3(1-8) 294 (13) 7 (1-26)
Other

Theophylline 2195 63 (36-83) 57 4 (1-8) 380 (17) 5 (0-22)

*Data are given as median (5th-95th percentiles) unless otherwise indicated.

The total number of patients (n = 17 748) is less than the number of patient-drug therapy combinations (n = 18 821)
because 5.7% of the 17 748 unique patients received more than 1 of the drugs with a narrow therapeutic range
included in the study.

*Unique patients hospitalized or unique outpatient visits within 6 months before the evaluation period.

Figure. Percentages of Ambulatory Patients Without Serum Concentration
Monitoring of Drugs With a Narrow Therapeutic Range
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Table 2. Characteristics Associated With Absence of Drug Concentration
Monitoring for Patients Prescribed Digoxin, Carbamazepine, Divalproex,
Lithium, Phenytoin, and Theophylline*

Unadjusted Adjusted Odds Ratio
Characteristic Odds Ratio (95% Confidence Interval)
Digoxin
Sex, male sex as referent 0.81 0.83 (0.76-0.92)
Age group
Quartile 1 2.09 1.86 (1.39-2.48)
Quartile 2 1.54 1.38 (1.20-1.58)
Quartile 3 1.44 1.38 (1.24-1.54)
Quartile 4, oldest 1.00 (Referent) 1.00 (Referent)
Outpatient visits, increment of 5 visits 0.87 0.90 (0.87-0.93)

Diagnosist
Arrhythmia
Heart failure

Carbamazepine
Age group
Quartile 1
Quartile 2
Quartile 3
Quartile 4, oldest
Outpatient visits, increment of 5 visits
Diagnosist
Seizures
Mental health

Divalproex
Age group
Quartile 1
Quartile 2
Quartile 3
Quartile 4, oldest
Outpatient visits, increment of 5 visits
Diagnosist
Seizures
Mental health
Seizure-x-mental health diagnoses interaction

Lithium
Sex, male sex as referent
Outpatient visits, increment of 5 visits

Phenytoin
Outpatient visits, increment of 5 visits

Theophylline
Age group
Quartile 1
Quartile 2
Quartile 3
Quartile 4, oldest
Outpatient visits, increment of 5 visits
Diagnosis of chronic obstructive
pulmonary diseaset

0.59
0.71

0.58
0.84
0.94
1.00 (Referent)
0.79

0.56
0.60

0.51
0.82
0.77
1.00 (Referent)
0.88

0.71
0.66

0.62
0.78

0.76

1.81
1.20
0.96
1.00 (Referent)
0.89
0.67

0.68 (0.60-0.76)
0.77 (0.70-0.85)

0.59 (0.44-0.80)
0.85 (0.64-1.13)
0.93 (0.70-1.23)
1.00 (Referent)

0.79 (0.72-0.86)

0.52 (0.42-0.65)
0.61 (0.48-0.77)

0.50 (0.38-0.66)
0.77 (0.59-1.00)
0.74 (0.57-0.97)
1.00 (Referent)

0.90 (0.84-0.96)

0.45 (0.33-0.61)

0.44 (0.34-0.58)
0.34 (0.12-0.98)

0.71 (0.55-0.91)
0.77 (0.62-0.96)

0.75 (0.69-0.81)

*One patient who was an outlier was removed before model evaluations for digoxin, carbamazepine, lithi-
um, and phenytoin. Quartile 1: digoxin, 1 to 48 years; carbamazepine, 2 to 33 years; divalproex, 2 to 28
years; and theophylline, 8 to 53 years. Quartile 2: digoxin, 49 to 63 years; carbamazepine, 34 to 47 years;
divalproex, 29 to 45 years; and theophylline, 54 to 63 years. Quartile 3: digoxin, 64 to 76 years; carba-
mazepine, 48 to 59 years; divalproex, 46 to 55 years; and theophylline, 64 to 73 years. Quartile 4: digox-
in, 77 years or older; carbamazepine, 60 years or older; divalproex, 56 years or older; and theophylline,
74 years or older. Outpatient visits comprise unique visits within 6 months before the evaluation period.

fReference group included all patients prescribed the drug who did not have that diagnosis.

Fewer outpatient visits and a
diagnosis of chronic obstructive
pulmonary disease were associat-
ed with lacking theophylline
monitoring.

In contrast to the relationship
between younger patient age and
the presence of monitoring that
was observed for digoxin and
theophylline, patients prescribed
carbamazepine or divalproex who
were in the oldest age group were
more likely to lack monitoring
(Table 2). For carbamazepine
and divalproex, a seizure diagno-
sis or a mental health diagnosis
was associated with a lower like-
lihood of lacking monitoring, as
was an increasing number of out-
patient visits.

Because patients prescribed
carbamazepine or divalproex who
did not have a seizure diagnosis or
a mental health diagnosis had
characteristics that were different
from those of individuals with
these diagnoses (Table 3), we ana-
lyzed these patient groups sepa-
rately. For carbamazepine, the
association between being in the
oldest age group and having a
lower likelihood of monitoring
was significant in patients with a
mental health diagnosis (odds
ratio, 0.24; 95% confidence inter-
val, 0.11-0.54 for the youngest age
group). Similarly, for divalproex,
the association between being in
the oldest age group and having a
lower likelihood of monitoring
was significant in patients with a
mental health diagnosis (odds
ratio, 0.47; 95% confidence inter-
val, 0.32-0.69 for the youngest age
group; and odds ratio, 0.53; 95%
confidence interval, 0.36-0.77 for
the second youngest age group),
as well as for the youngest age
group of patients who had neither
a seizure diagnosis nor a mental
health diagnosis (odds ratio, 0.42;
95% confidence interval, 0.22-
0.83 for the youngest age group).
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Table 3. Characteristics of Patients Prescribed Carbamazepine and Divalproex

Median No.
(5th-95th
No. of No. of Median No. Percentiles)
Patients Patients (5th-95th of Drug
Prescribed Without Median  Hospitalizations, Percentiles) of Dispensings
Diagnosis the Drug  Monitoring, %  Age, y %* Outpatient Visits* ~ Within 1 Year
Carbamazepine 1876 613 (33)
Seizure indication only 893 265 (30) 41 8 4 (0-15) 11 (4-16)
Mental health indication only 311 88 (28) 51 12 9 (1-29) 10 (4-16)
Both seizure and mental health indications 277 61 (22) 48 16 7 (1-27) 12 (5-17)
Neither seizure nor mental health indication 395 199 (50) 54 3 3 (0-16) 7 (4-14)
Divalproex 2209 628 (28)
Seizure indication only 521 134 (26) 30 8 3 (0-19) 11 (4-16)
Mental health indication only 1112 292 (26) 47 16 9 (1-28) 12 (5-15)
Both seizure and mental health indications 262 54 (21) 44 15 9 (1-33) 12 (5-15)
Neither seizure nor mental health indication 314 148 (47) 47 2 4 (0-17) 8 (4-16)

*Unique patients hospitalized or unique outpatient visits within 6 months before the evaluation period.

The sensitivity of claims data compared with medical
record data for drug concentration monitoring was
excellent (89% [47/53] for digoxin, 93% [70/75] for car-
bamazepine, and 95% [63/66] for cyclosporine). The
specificity varied (94% [34/36] for digoxin, 78% [14/18]
for carbamazepine, and 50% [11/22] for cyclosporine).
The positive predictive value, the percentage of patients
who had serum drug concentration monitoring accord-
ing to administrative data that was also documented in
medical records, was high (96% [47/49] for digoxin, 81%
[60/74] for carbamazepine, and 83% [63/74] for
cyclosporine). The negative predictive value, the per-
centage of patients who did not have serum drug con-
centration monitoring according to administrative data
that was also not documented in medical records, was
good (85% [34/40] for digoxin, 74% [14/19] for carba-
mazepine, and 79% [11/14] for cyclosporine).

DISCUSSION

Surprisingly high proportions of patients prescribed
digoxin, theophylline, phenytoin, carbamazepine, pro-
cainamide, quinidine, primidone, divalproex, and phe-
nobarbital (all medications with an NTR) do not have
drug concentrations monitored at least yearly. In con-
trast, lithium and cyclosporine drug serum concentra-
tions were monitored in most patients. Monitoring is

recommended for these drugs because life-threatening
toxicity can result when concentrations are elevated,
therapeutic efficacy can be lost when concentrations
are low, and correlations between drug dosages admin-
istered and concentrations achieved can be poor.

The most consistent patient characteristic associated
with lack of monitoring was a low number of outpatient
visits, a finding that is intuitive. For example, it is feasi-
ble that the high monitoring rate observed with
cyclosporine is related to the fact that patients pre-
scribed this drug have a high number of outpatient vis-
its (median, 11 visits in a 6-month period) (Table 1).

Age was also often associated with lack of monitoring,
but the association between age and monitoring varied
by drug, with younger age being a predictor of lack of
monitoring for patients prescribed digoxin and theo-
phylline, and with older age being a predictor of lack of
monitoring for patients prescribed carbamazepine and
divalproex. The absence of a specific seizure diagnosis
or mental health diagnosis for patients prescribed carba-
mazepine or divalproex increased the risk for lack of
monitoring, as did the absence of an arrhythmia or
heart failure diagnosis for patients prescribed digoxin
and the absence of a chronic obstructive pulmonary dis-
ease diagnosis for patients prescribed theophylline.

Dosages of digoxin used to manage arrhythmias are
often higher than dosages used to manage heart failure.
Therefore, one could argue that monitoring is more
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important for patients with arrhythmias because their
risk of drug toxicity is greater. Yet, we found that the
presence of either diagnosis was similarly protective
against lack of monitoring (Table 2).

Patients prescribed carbamazepine who have
seizures or a diagnosis such as bipolar disorder are at
higher risk of drug toxicity because they are treated
with higher drug dosages than patients prescribed car-
bamazepine for an indication such as trigeminal neural-
gia.'? It is feasible that clinicians are less concerned
about efficacy and toxicity monitoring in patients pre-
scribed carbamazepine for diagnoses other than
seizures or bipolar disorders. The same rationale can be
applied to patients prescribed divalproex who do not
have a seizure diagnosis or a mental health diagnosis.
Unfortunately, this study was not designed to evaluate
whether a relationship existed between dosage and
monitoring, nor was it designed to differentiate between
drug concentration monitoring that was not performed
because it was not ordered vs because the patient did
not obtain the ordered test.

Our work did not evaluate the appropriateness of
drug concentration measurements relative to the need,
timing, and interpretation of monitoring.>*13-16 We
acknowledge the importance of these factors in evaluat-
ing quality of care, but we believe that the information
herein is meaningful even without information about
the appropriateness of monitoring. Our findings docu-
ment a widespread absence of drug concentration mon-
itoring. Monitoring drug concentrations is viewed as a
quality measure associated with avoiding preventable
drug-related morbidity and disease exacerbations by
organizations, including the National Committee for
Quality Assurance in its Health Employer Information
Data Set.>° The findings of our study can be used by
organizations to improve rates of drug concentration
monitoring through implementing guidelines that tar-
get the patient risk groups we identify herein as lacking
monitoring.

We found good sensitivity, specificity, positive predic-
tive value, and negative predictive value of administra-
tive data compared with medical record data across the
organizations that participated in this study. However,
the generalizability of our results is limited by the fact
that quality of care and the accuracy of administrative
data vary across organizations. The quality of diagnostic
and procedure coding depends on institutional experi-
ence with and emphasis on coding, as well as contractu-
al arrangements between health plans and institutions.

There is a dearth of information about whether drug
concentration monitoring reduces adverse outcomes in
patients. The evidence we present herein of low rates of
drug concentration monitoring should prompt investiga-
tions of clinical and economic outcomes in ambulatory
patients who are prescribed NTR drugs and who do not
receive drug concentration monitoring. Patient out-
comes should be used to guide the refinement of exist-
ing NTR drug monitoring quality-of-care indicators in
ambulatory patients.
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