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Objective: Evaluate the appropriateness of therapeutic drug monitoring (TDM) for lithium.

Material and Method: A retrospective chart review of all patients who received lithium for treatment of
psychiatric disorders between January 2004 and October 2005 was done. The present study was investigated
in a psychiatric hospital in Thailand. Based on detailed chart review, the appropriateness of TDM utilization
comprised of three aspects, i.e., the indication of TDM request, the time of blood sample taking in relation to
the medication process, and the clinical applications of the reported serum lithium levels, were evaluated. The
Morecambe Bay Shared Care Guideline 2003 was modified and used as criteria for evaluation. Altogether, 91
serum lithium samples were measured among 60 patients.

Result: In 66 (72.5%) of requests, clear indications for lithium TDM were recorded i.e., initiation therapy
41.8%, suspected toxicity 15.4%, patient compliance assessment 5.5%, after regimen changes 5.5%, and
therapeutic failure 4.4%. Routine tests without specified indications were found in the remainder (27.5%), all
were in-patients, which pointed to potentially redundant use. The time of sample taking was recorded in 37
(40.6%) of blood samples, all were taken from in-patients, after steady state had been reached. These data for
out-patients were not recorded, except one noted that blood sample was drawn after the patient had not
received lithium for four days. Serum lithium levels were reported in 83 (91.2%) samples. Of these, 37 (44.6%)
were out of therapeutic range, and only 12 required dosage alterations. The evaluation demonstrated some-
what inappropriate use of reported lithium levels. Dose changes were done in some patients who required
dosage adjustment. Among 14 toxicity-suspected patients, nine actually had serum lithium levels exceeding
the therapeutic range. Of these, only one patient was subsequently switched to a reduced dose, three patients
were discontinued while five patients were prescribed the pre-TDM doses. Similarly, in five toxicity-suspected
patients whose serum lithium levels were below therapeutic range, lithium was discontinued in three patients
and no dosage alteration, which was considerably acceptable, in two patients. The doses were increased in
three out of four inadequately controlled patients whose serum lithium was lower than the therapeutic range.
Overall, in only 33 (36.3%) requests was TDM performed appropriately according to the indication, sampling
time and subsequent dose adjustment.

Conclusion: The findings indicate the need to improve the utilization of TDM for lithium. Education for
hospital personnel on appropriateness of serum sample collection, interpretation, and proper use of serum
drug levels is encouraged. Development of a request form containing essential data, such as indication for
TDM, current drug dosing regimen, time of last dose, patient compliance, test results and interpretations and
clinical decision made, can help optimize TDM use and reduce unnecessary costs.
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Lithium has been approved for the treatment
of manic episode of manic-depressive (bipolar) illness®.
Maintenance therapy prevents or diminishes the fre-
quency and intensity of subsequent manic episodes in
bipolar patients with a history of mania. Toxicity caused
by lithium is closely related to serum lithium levels and
can occur at therapeutic doses, primarily due to inter-
individual pharmacokinetic variability. This drug also
has narrow therapeutic ranges, and severe toxicities
may result in mortality. Serum lithium monitoring is
therefore required for lithium therapy. Although TDM
is a useful tool to optimize therapy of many medications,
a misuse of TDM resulting in improper use of TDM
results and unjustifiable cost was documented®®), The
authors evaluated the appropriateness of TDM for
lithium, a drug that has been largely monitored in the
setting, as a prerequisite for developing improvement
strategies.

Material and Method

A retrospective chart review of all patients
with psychiatric disorders who received lithium between
January 2004 and October 2005 was done at a psychia-
tric hospital in southern Thailand. Based on detailed
chart review, the appropriateness of TDM utilization
with regard to 3 aspects, i.e., the indication of TDM
request, the time of blood sample taking in relation to
the medication administration (dosage schedule, a du-
ration between last lithium intake and blood sampling),
and the consequences of the reported serum lithium
levels for clinical decision making were analyzed. TDM
were indicated in several situations including lithium
therapy initiation/restarting lithium therapy after dis-
continuation, suspected toxicity (patients presented
with adverse drug reactions including tremor, confu-
sion, diarrhea, lethargy, nausea/vomiting, T-wave de-
pression, seizure, etc), suspected therapeutic failure/
sub-therapeutic concentrations, assessment of patient
compliance, assessment following a change in dosage
regimen, clinical state alteration of patients, potential
drug interactions (thiazide diuretics, angiotensin-con-
verting enzyme inhibitors (ACEIs), non-steroidal anti-
inflammatory drugs (NSAIDs), angiotensin 11 receptor
blockers, etc.), and high-risk patients (change in serum
sodium, dehydration, vomiting, diarrhea, fever, etc).
The sampling time was considered appropriate if it
was undertaken after steady state has been attained
(approximately 5 half-lives, i.e., > 4-5 days in patients
with normal renal function, and > 7-8 days in patients
with impaired renal function) and distribution phase
has been terminated (> 10-12 hours after the last dose),
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unless early sample taking was indicated, such as,
patients with suspected lithium intoxication. Under cir-
cumstances that TDM was requested for identifying
the reasons why a patient was not responding to a
prescribed regimen or was exhibiting toxic signs or
symptoms, these data were taken into account in as-
sessment of appropriateness of utilization of reported
serum lithium levels. However, clinical response prima-
rily determined clinical decision. For example, in cases
of suspected sub-therapeutic levels, even if blood
levels lay in therapeutic range, increased lithium dose
was considerably appropriate. Similarly, in patients
with potentially toxic lithium concentrations (with an
exception in those who did not present toxic symptoms)
or those who experienced lithium toxicity, dose reduc-
tion was an appropriate action. The Morecambe Bay
Shared Care Guideline 2003®, was modified and used
as criteria for evaluation. Descriptive statistics was used
for data analysis.

Study Sample

In- and out-patients who were prescribed
lithium for at least three consecutive months and re-
quested for a TDM at a psychiatric hospital in southern
Thailand between January 2004 and August 2005 were
included. In order to estimate a precise proportion for
each aspect of appropriate TDM utilization as described
earlier, the authors determined a sample size using the
following equation.

n =(Z/e)*(n)(1-n)
where, Z = standard normal deviation at significant
level 0.05

e = precision of the estimate = 0.1

1 = a proportion (p) of TDM samples which
were considered appropriately performed, we set p =
0.5 in order to get a largest sample size.

We required a sample of approximately 90
TDM requests for our study. The results were pre-
sented in frequency distribution tables with number
(n) and percent. Mean, range, and standard deviation
were calculated in continuous variables.

Results

Characteristics of the present study sample
are summarized in Table 1. As some patients requested
TDM more than once (ranged 1-9), the authors obtained
91 TDM samples from 60 patients. Half of the patients
were diagnosed with bipolar disorder. Only five patients
were treated by lithium alone. Medications concurrently
used (data not shown) were trihexy-phenidyl (n =77),
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haloperidol (n =53), chlorpromazine (n = 52), diazepam
(n = 9) and thioridazine (n = 7). These medications,
however, did not significantly alter lithium pharmaco-
kinetics. In 66 (72.5%) requests, clear indications for
lithium TDM were recorded i.e., initiation therapy 41.8%,
suspected toxicity 15.4%, patient compliance assess-
ment 5.5%, changes in regimen 5.5%, and therapeutic
failure 4.4% (Table 2). Routine tests without clear indi-
cations were found in 25 (27.5%) in-patients, which
pointed to potentially redundant use of TDM. Overall,
the exact time of sample taking was recorded in 37
(40.6%) of blood samples after steady state had been
reached, all were in-patients. Appropriateness of the
sampling time among the remainder (53 samples) was
not fully evaluated since related data, especially patients’

(0.6-1.2 mmol/L), only 12 required dosage alterations
as clinical decision making was primarily based on clini-
cal response. The evaluation demonstrated somewhat
inappropriate utilization of reported lithium levels. Dose
changes were done in some patients who required dos-
age adjustment. Among 14 toxicity-suspected patients,

Table 1. Characteristics of patients

Variable Summary statistic
(n=60)
Male, n (%) 33(55.0)

Out-patients:In-patients, n (%)
Mean age + SD (range), years
Diagnosis, n (%)

46 (76.7) :14 (23.3)
35.7+13.6 (15-79)

compliance with the dosage regimen, were not recorded - Bipolar disorder 30 (50.0)
(Table 3). Assuming that out-patients complied with - Psychosis 10 (16.7)
the lithium regimen, except one out-patient who had - Schizophrenia _ 9 (15.0)
not taken the drug for four days, time of sample taking - Schizophrenia with bipolar disorder 3 (5.0)
was considerably appropriate as blood samples were ;\IOthgrs DM ed 1 (% 4(6.7)
drawn at steady state conditions and at least 12 hours i g?ceer ° requested, n (%) 44 (73.3)
following the last lithium dose as patients had not taken - Twice 7 (11:7)
the drug in the morning of their visits. Only 83 (91.2%) - Three times 8(13.3)
serum lithium levels were available for analysis (Table 4). - 9 times 1(L7)
Of these, 37 (44.6%) tests were out of therapeutic range
Table 2. Appropriateness of indication of TDM utilization for lithium
Variable Frequency, n (%)
Out-patients In-patients Total
(n=54) (n=37) (n=91)
- Appropriate 54 (100) 12 (32.4) 66 (72.5)
« Initiation of therapy/ monitoring every 3-6 months 30 (55.6) 8 (21.6) 38 (41.8)
* Suspected toxicity 13 (24.1) 1(2.7) 14 (15.4)
* Assessment of patient compliance 4(7.4) 1(2.7) 5(5.5)
* Regimen alteration 4(7.4) 1(2.7) 5(5.5)
* Therapeutic failure 3(5.6) 1(2.7) 4(4.4)
- Inappropriate
- Routine testing without indications 0 (0) 25 (67.6) 25 (27.5)
Table 3. Appropriateness of sampling time of TDM utilization for lithium
Variable Frequency, n (%)
Out-patients In-patients Total
(n=54) (n=37) (n=91)
- Appropriate 53(98.1) 37 (100.0) 90 (98.9)
- Inappropriate 1(1.8) 0(0.0) 1(1.1)
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Table 4. Serum lithium levels and clinical response

Variable Frequency, n (%)
Out-patients In-patients Total
(n=47) (n=36) (n=183)
- Levels lied within therapeutic range (0.6-1.2 mmol/L) 22 (46.8) 24 (66.7) 46 (55.4)
* No change in dosage with good response 21 (44.7) 24 (66.7) 45 (54.2)
» Dosage increased subsequently to therapeutic failure 1(2.1) 0(0.0) 1(1.2)
- Levels below therapeutic range (<0.6 mmol/L) 20 (42.5) 8(22.2) 28 (33.7)
* No change in dosage
- Good clinical response 12 (25.5) 8(22.2) 20 (24.1)
- Toxic response 2(4.2) 0 (0.0) 2(2.4)
- Awaiting clinical evaluation after regimen alteration 1(2.1) 0 (0.0) 1(1.2)
* Dosage increased because of therapeutic failure 2(4.2) 0(0.0) 2(2.4)
« Discontinued because of toxicities 3(6.4) 0 (0.0) 3(3.6)
- Levels exceed therapeutic range (>1.2 mmol/L) 5 (10.6) 4(11.2) 9 (10.8)
» No change in dosage despite toxic symptoms 1(2.1) 4(11.1) 5 (6.0)
* Dosage decreased because of toxicities 1(2.1) 0(0.0) 1(1.2)
« Discontinued because of toxicities 3(6.4) 0 (0.0) 3(3.6)
Table 5. Lithium-related toxicities
Toxic symptoms* Frequency, n (%)
Out-patients In-patients Total
(n =54) (n=137) (n=91)
- Tremor 6 (11.1) 0 (00) 6(6.6)
- Anorexia 3(5.6) 0 (00) 333
- Fatigue 3(5.6) 0 (00) 3(33)
- Nausea/vomiting 1(1.8) 0 (00 1(12)
- Polyuria 1(1.8) 0 (00 1(11)
Total 14 (25.9) 0(0.0) 11 (12.1)

* Some patients experienced > 1 toxic symptom

nine actually had serum lithium levels exceeding the
therapeutic range, while five had serum lithium levels
below the therapeutic range. Of the nine patients whose
serum lithium levels were high (> 1.2 mmol/L), only one
patient was subsequently switched to a reduced dose,
three patients were discontinued and five patients were
prescribed the pre-TDM doses. Similarly, in five toxicity-
suspected patients whose serum lithium levels were
below the therapeutic range, lithium was discontinued
in three patients and no dosage alteration, consider-
ably acceptable, in two patients. TDM results should
be used to optimize dosing and to avoid toxicities, i.e.,
dosage reduction might be more appropriate than
discontinuation especially in patients who were still
beneficial to lithium treatment. However, four patients
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whose subtherapeutic lithium levels were suspected,
two patients who had low lithium levels were prescribed
with an increased dose. One patient who was inad-
equately controlled by lithium was prescribed a higher
dose even though the serum lithium level was in the
therapeutic range. Of 25 in-patients whose blood
samples were taken without specified indication, 20
had therapeutic serum lithium levels and five had
subtherapeutic levels, all received the pre-TDM regi-
men. Overall, in only 33 (36.3%) of requests was TDM
performed appropriately with regard to indication,
sampling time and subsequent dose adjustment.

The authors found 11 patients, with a serum
concentration range 0.2-1.9 mmol/L, experienced
lithium-related toxicities. Some patients experienced >
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1 toxicity. Common toxicities were those that affected
CNS (i.e., tremor, anorexia, fatigue) and gastro-intestinal
system (i.e., nausea, vomiting, and diarrhea) (Table 5).
Nephrogenic diabetes insipidus was identified in a
woman aged 37 years old who had used lithium for
seven years.

Discussion

TDM requests among out-patients, were
appropriate, while two-thirds of that among in-patients
were requested inappropriately. Sampling time was
performed appropriately in both in- and out-patients.
Utilization of reported serum lithium levels was some-
what appropriate.

Ordering TDM for lithium as routine service
without clear indications among in-patients resulted in
unnecessary costs. In contrast, the authors did not
examine under use of TDM, as in many cases (especially
those with preceding dose changes or therapy initia-
tion) additional serum level determinations might have
been useful to speed up optimal dosing. Sample taking
of lithium has been established at 12 hours after dose,
usually in the morning after the evening dose, to ensure
that blood collection was done during the elimination
phase, avoiding absorption and distribution phases,
where inter-subject variability exists. All patients who
are planned for TDM must be informed not to take the
medication in the morning of the visit. Additionally,
doctors should assess compliance with medication to
ensure the blood sample is drawn at steady state con-
ditions. All relevant data required for test interpreta-
tion including sampling time, time of last dose, length
of therapy with the current regimen, dosage form, dose,
and dosage administration, etc should be recorded.
Other laboratory parameters such as serum sodium,
renal function, and thyroid function may be useful in
clinical decision making and post-TDM regimen de-
sign.

The findings indicated the need of strategies
to improve the utilization of TDM for lithium. Improve-
ment of TDM service by education of hospital staff
involved in TDM service, including nursing staff, labo-
ratory personnel, physicians and pharmacists, was
documented®@”. The pharmacy-based clinical pharma-
cokinetic service also improved the appropriateness of
physician utilization of serum drug levels®. However,
frequent discrepancies were found between the TDM
laboratory’s recommendations and actual clinical
decision making, for example suggested dose changes
were followed in only 30%®. This disagreement might
have resulted from difference in data supporting the
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decision, i.e., recommendations would not be practical
if they were not based on both pharmacokinetic para-
meters and patients’ clinical response. Pharmacists who
are knowledgeable of pharmacokinetics and who are
aware of the limitations of laboratory findings may
contribute to TDM improvement, but a survey in the
United Kingdom found that pharmacists collaborated
in only 26% of therapeutic drug assay laboratories®.
Using the consensus guideline developed by TDM
expert group will help ensure optimal clinical benefit of
TDM in psychopharmacotherapy including lithium®.

Conclusion

TDM application is still somewhat inappro-
priate. Education for hospital personnel on appropri-
ateness of serum sample collection, interpretation,
and proper use of serum drug levels is encouraged
to improve the appropriateness of TDM utilization.
Incomplete data recording, a common problem among
out-patients, partially limited ability to evaluate the ap-
propriateness of TDM use. Development of a request
form containing all essential data can help optimize
TDM use, avoid unnecessary tests, and improve cost-
effectiveness of this practice.
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