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Lithium salts are commonly
used in the pharmacotherapy
of several psychiatric illnesses

(1–3). Toxicity associated with lithium
treatment is highly prevalent—75 to
90 percent of patients treated with
lithium have signs or symptoms of
toxicity at some point during their
treatment (4). Many minor side ef-
fects may occur at serum levels of .6
to 1.2 mmol/L, although serious but
reversible side effects can occur with-
in this range as well (5–8). Side ef-
fects may be due to heightened sensi-
tivity to the lithium ion or a disparity

between serum and brain lithium
concentrations. Severe toxic states,
with or without prodromal symptoms,
frequently occur at serum levels
above 1.5 mmol/L (1). Neurological
damage or death may occur when lev-
els exceed 2.5 mmol/L (9).

Although a considerable literature
has accumulated on lithium toxicity
(4,10–19), few data are available on
the monitoring of psychiatric inpa-
tients and the role of a drug utiliza-
tion evaluation committee in improv-
ing hospital practice to prevent lithi-
um toxicity. Many hospitals have

formed such committees to prevent
medication-related problems such as
lithium toxicity (20). We report the
results of one such effort, using
prospective data obtained for seven
consecutive years as part of the work
of a drug utilization evaluation com-
mittee at a psychiatric hospital. The
study focused on identifying factors
common to patients who had exces-
sive lithium levels and the influence
of the drug utilization evaluation
committee in reducing the incidence
of such toxicity.

Methods
The study was conducted from 1990
through 1996 by the drug utilization
evaluation committee at a university-
affiliated private psychiatric hospital.
In an effort to reduce the incidence of
lithium toxicity, the hospital had es-
tablished a policy recommending that
physicians check serum lithium levels
on admission for patients known or
suspected to be taking lithium before
admission. In addition, the policy rec-
ommended that serum lithium levels
be checked twice weekly during the
hospitalization.

To identify all cases of lithium toxi-
city, the hospital’s laboratory automat-
ically reported every serum lithium
level of 1.5 mmol/L or more to the
treating physician and the pharmacy.
The pharmacy in turn notified the
physician member of the drug utiliza-
tion evaluation committee (the first
author), who promptly investigated
the circumstances of the excessive
level by reviewing the chart and inter-
viewing the patient and the clinical
staff treating the patient.

The following data were collected:
patient’s age and sex; diagnosis or in-
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dication for use of lithium; whether
renal and thyroid function tests had
been performed before the start of
lithium treatment; presence of con-
traindications such as renal failure,
vomiting, dehydration, blood urea ni-
trogen levels exceeding 5 mg/100 mL,
serum creatinine levels exceeding 1.5
mg/100 mL, pregnancy, or breast-
feeding; when the blood sample was
obtained relative to time of admis-
sion; when lithium treatment was
started; and changes in dosage. In ad-
dition, data were collected on the
concomitant use of a diuretic, an an-
giotensin-converting enzyme inhib-
itor, a salt-free diet, or a regimen with
three or more psychotropic med-
ications; and whether the psychotrop-
ic medication regimen was changed
more than twice within seven days of
the detection of the excessive level.
Also, adverse effects were noted, in-
cluding lethargy, tremor, delirium,
ataxia, polydipsia, and vomiting. Final-
ly, the study recorded whether lithium

was discontinued because of adverse
effects or the excess serum lithium
level.

The results of these investigations
were summarized and reported every
three months at a meeting of the hos-
pital staff physicians. In addition, the
drug use evaluation committee sent a
letter to each treating physician in-
volved in the care of a patient who
had an excessive serum lithium level.
The study reported here included
every hospitalized patient with a
serum lithium level of 1.5 mmol/L or
higher during the study period. Chi
square tests were used to test for sta-
tistical significance.

Results
From 1990 through 1996, we record-
ed a total of 2,210 admissions for
which the patient received lithium
during hospitalization. Serum lithium
levels of 1.5 mmol/L or higher were
observed in 151 of these admissions
(6.8 percent). These levels ranged

from 1.5 mmol/L to 2.98 mmol/L,
with a mean±SD of 1.78±.29 mmol/
L. Table 1 presents the data by year.
The proportion of excessive lithium
levels in 1996 was significantly less
than the proportion in 1990 (χ2=21.4,
df=1, p<.001). Likewise, when the
proportions of excessive lithium lev-
els for 1990 and 1991 and those for
1992 through 1996 were combined,
the latter group contained significant-
ly fewer excessive lithium levels (χ2=
66.2, df=1, p<.001).

The mean±SD age of patients with
excessive lithium levels was 45.2±
15.6 years. Of 851 admissions of pa-
tients aged 18 to 34 years who re-
ceived lithium, excessive serum lithi-
um levels were recorded in 48 cases
(5.6 percent). Of 1,044 admissions of
patients aged 35 to 64 years who re-
ceived lithium, excessive levels were
recorded in 81 cases (7.8 percent). Of
219 admissions of patients aged 65
years or older who received lithium,
excessive levels were recorded in 22
cases (10 percent). Thus elderly per-
sons were significantly more likely to
have excessive lithium levels (χ2=
6.27, df=2, p<.05). Data on age were
missing in 96 cases.

Of the 2,210 admissions during
which lithium was administered,
1,200 were of female patients, and of
these, 95 (7.9 percent) had an exces-
sive serum lithium level. Of the 1,010
admissions during which lithium was
administered to males, 56 (5.5 per-
cent) had an excessive level. Females
were significantly more likely than
males to have an excessive level (χ2=
4.85, df=1, p<.05).

Table 2 summarizes the patients’
primary axis I discharge diagnoses.
When the distribution was compared
for bipolar I disorder, psychotic spec-
trum disorder (schizophrenia,
schizoaffective disorder, schizo-
phreniform disorder, and psychosis
not otherwise specified), and major
depressive disorder, no significant
differences were found. Thus the pa-
tients’ diagnoses appeared to have no
bearing on the likelihood of their hav-
ing excessive lithium levels.

For the excessive lithium levels
investigated in 1990 and 1991, the
study did not record whether they
were detected in blood samples
drawn at the time of admission or
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Excessive lithium levels among 2,210 admissions to a psychiatric hospital, by year

Serum lithium level
Admissions with serum for admissions with 

N of admis- lithium≥1.5 mmol/L excessive levels
sions receiv-

Year ing lithium N % Mean SD

1990 352 34 9.7 1.79 .36
1991 328 57 17.4 1.81 .25
1992 288 8 2.8 1.75 .29
1993 340 14 4.1 1.78 .18
1994 310 21 6.8 1.76 .33
1995 306 14 4.6 1.75 .37
1996 286 3 1.0 1.94 .38
Total 2,210 151 6.8 1.78 .29

TTaabbllee  22

Excessive lithium levels among 2,210 admissions, by diagnosis

Admissions with serum
lithium≥1.5 mmol/L

N of admissions 
Diagnosis receiving lithium N %

Bipolar I disorder 1,106 96 8.7
Psychotic spectrum disorder1 421 29 6.9
Major depressive disorder 385 20 5.2
Other psychiatric disorder2 298 6 2.0

1 Included schizophrenia, schizoaffective disorder, schizophreniform disorder, and psychosis not
otherwise specified

2 Included anxiety, dissociative, eating, substance use and impulse control disorders as well as de-
mentia



later, during hospitalization. From
1992 through 1996, the study data
included this information, and ex-
cessive levels were observed in the
course of 60 hospitalizations. In 26
cases (43.3 percent), the high levels
were found in blood samples drawn
at the time of admission.

For the 151 admissions during
which excessive lithium levels were
found, 41 patients (27.2 percent) had
signs and symptoms of lithium toxici-
ty documented in the medical rec-
ords. The most common manifesta-
tions of toxicity were ataxia (in 24 cas-
es), lethargy (15 cases), delirium (six
cases), polydipsia (six cases), vomiting
(five cases), and tremor (three cases).
Lithium was discontinued because of
adverse effects in 24 cases (15.9 per-
cent) and because of the detected ex-
cessive serum level in 134 cases (88.7
percent). In some cases, lithium was
discontinued for both reasons.

Renal function tests were per-
formed for all patients in whom ex-
cessive serum lithium levels were de-
tected. Abnormally elevated levels of
blood urea nitrogen or serum creati-
nine were observed in ten cases (6.6
percent). Diuretics were prescribed
for patients during nine hospitaliza-
tions (6 percent), an angiotensin-con-
verting enzyme inhibitor during four
(2.6 percent), and a salt-free diet
during three (2 percent). Polyphar-
macy consisting of at least two psy-
chotropic medications in addition to
lithium was observed in 32 cases
(21.2 percent).

Discussion
As Table 1 shows, the number of ex-
cessive serum lithium levels dropped
after the first two years. Although the
drug use evaluation committee may
have been responsible for this de-
cline, many other factors could have
accounted for this change, given the
lack of randomization and systematic
controls. During the last five years of
the study an average of 3.9 percent of
patients receiving lithium had exces-
sive levels. However, 43.3 percent of
these excessive levels were detected
in blood samples drawn at the time of
admission. It is possible that some pa-
tients attempted a “loading dose” of
lithium just before admission in an at-
tempt to recompensate and avoid

hospitalization. Thus some or many of
these excessive serum lithium levels
may be due to ingestion of lithium
shortly before the blood sample was
drawn.

As for the 56.7 percent who suf-
fered excessive lithium levels during
hospitalization, it is hoped that con-
tinual monitoring, education, and
feedback will further reduce this fig-
ure. Naturally it is important for hos-
pital staff to draw blood samples for
lithium level determinations before
the morning dose of lithium is taken.
Use of slow-release formulations of
lithium also may help prevent exces-
sive levels (21). Finally, it should be
kept in mind that some patients suf-
fering acute mania may require a
lithium level as high as 1.5 mmol/L
for therapeutic benefit.

Only 27.8 percent of inpatients
with excessive lithium levels had signs
and symptoms of toxicity, usually mild
ataxia. The drug use evaluation com-
mittee’s efforts have been directed in
part to increasing vigilance to possible
toxic side effects that might be misdi-
agnosed or overlooked. Additional ef-
forts might now be directed to em-
phasizing the higher-risk groups, no-
tably women and elderly persons.

Conclusions
The drug use evaluation process, with
its continuing education and rein-
forcement for hospital staff, may have
had a positive and sustained effect on
the proportion of patients who had
excessive lithium levels. In addition,
the drug use evaluation committee
defined specific groups at higher risk.
These results appear to warrant main-
taining the committee work. �
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