
Therapeutic tricyclic antidepressant drug
monitoring in younger and older depressive patients

Maria Radziwoñ-Zaleska, Halina Matsumoto, Micha³ Skalski,

Joanna Wilkowska, Piotr Januszko, Daria Matoszko, Anna Dzikliñska,

Bart³omiej Gmaj, Waldemar Szelenberger

���������� �	 
��������� ������ ���������� �	 ������� ����������� ��� 
� ���  ! ����"���� 
�����

Correspondence: ����� #��"���$�%������� ������& �����'���"����(����'���'��

Abstract:

The present study shows the evaluation of clinical state and serum level of tricyclic antidepressants in thirty-eight depressive
younger and elderly patients during 8-week observation. We observed no statistically significant differences, neither in
psychometric scale scores nor in drug serum levels in both groups of patients.
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Introduction

Therapeutic Drug Monitoring (TDM) is a method
which predicts a certain scheme of treatments based
on clinical and laboratory tests. It is a way of guiding
therapy while at the same time measuring the concen-
tration of a drug in serum. The results of laboratory
tests directly influence the dosing of drugs. Monitored
therapy serves to increase the efficacy and safety of
pharmacotherapy in an individual patient [1, 12].
Main advances in supervised pharmacotherapy of de-
pression include: using clinical scales for the evalua-
tion of the quantitative intensity of depression and in-
troducing TDM in serum or plasma [1, 3].

TDM is commonly used for managing the therapy
with tricyclic antidepressants (TCAs) [7, 15]. It is also
indicated in therapy in particular individuals: elderly
patients, patients on multiple drug regimens and also
with liver and kidney failure.

Unsatisfactory clinical efficacy and a variety of ad-
verse effects of current antidepressant drugs have in-
cited search for better therapy. For example: clinical
observations demonstrated serum hypozincemia in
depression, which was normalized by effective anti-
depressant treatment [11].

The use of TCA, which is required in some clinical
situations [13] can be connected, especially in elderly
patients, with increased risk of serious side effects.
Optimizing clinical outcome in geriatric depression is
essential, because it frequently remains undertreated.
The consequences of inadequately treated depression
in elderly include poor quality of life, reduced com-
pliance with other medical treatment management, in-
creased utilization of health care services, cognitive
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impairment and increased risk of mortality from sui-
cide or non-suicide death [16]. The common view for
severe depression in late life is that it is less respon-
sive to treatment than in earlier ages. It is due to fre-
quent confusion with comorbid depression. Many an-
tidepressants have been tested in elderly and proved
equally effective as in younger persons, if physical ill-
ness and cognitive impairment were controlled [2, 4].
Nevertheless, the treatment in elderly must be prudent
and dose titration should be slower than in other pa-
tients. Also, minimal, effective drug doses should be
administered. Alterations in drug dosages are required
because of the physiological changes that occur as
a person ages (decreased renal clearance of drugs, de-
creased liver metabolism, altered drug intestinal ab-
sorption and different distribution in tissues) [8].

Since 1992, in Department of Psychiatry, Medical
University of Warsaw, patients with affective disor-
ders are treated according to scheme of TDM [14, 15].

In this paper, some most important, from clinical point
of view, elements of the applied method are presented.

The aim of this study was to compare the efficacy and
safety of antidepressive pharmacotherapy in younger and
older patients using TCAs, with the help of TDM.

Materials and Methods

To be eligible for the trial, patients had to meet the
Diagnostic and Statistical Manual of Mental Disorders
(ed 4) (DSM-IV) criteria for a diagnosis of major de-
pressive episode. Subjects were excluded if there was:
an evidence of unstable physical illness or a neuro-
logical illness, a high risk of suicide with the necessity of
performing electroconvulsive therapy, or abusing drugs
and/or alcohol. Subjects were required not to have been
treated with fluoxetine within the past 4 weeks or with
monoamine oxidase inhibitors within the past 2 weeks.

Before medications were started, an informed con-
sent was obtained from all patients. Local Bioethical
Committee approved the trial. The results of treat-
ment of the first twenty patients according to our
model of TDM were presented previously [15].

During the recruitment period, thirty-eight inpa-
tients (27 F and 11 M), from 26 to 74 years of age,
were enrolled in the study. A characteristics of study
group are shown in Table 1.

After qualifying patients on the basis of a diagnos-
tic exam held by a psychiatrist, the subjects first com-
pleted a one-week washout period of all current psy-
chotropic medications. The medications for somatic
illnesses were allowed only if the doses were stabi-
lized before entering the study (e.g.: nitrites, beta-
blockers, metoclopramide, potassium, multivitamins).
Upon completion of the washout, patients started to
be medicated either with imipramine (IMI) or clomi-
pramine (CLO).

Patients were evaluated before entering the study
and after 2, 4, 6 and 8 weeks of treatment, taking into
account the following parameters:
1. Clinical state, according to Hamilton Depression Rat-
ing Scale (HDRS) and the Side Effects Rating Scale
(SERS). 21-Items version of HDRS was used and the
baseline of 19 points was required for entering the study.

The therapeutic efficacy was measured by psycho-
metric scales to note the score differences before
treatment, and after the above-listed time points. The
therapy was found effective when at least a 50% score
decrease on HDRS was reached.
2. Serum drug concentrations were determined by
means of Fluorescence Polarization Immunoassay
(FPIA) method, which measures total drug concentra-
tions (parent drug and its demethylated metabolite).
Concentrations were calculated on parent drug dose
(C/D ratio). It was described in our previous paper [15].

Therapeutic concentration ranges were: for IMI
and desipramine (IMI + DMI): 150–300 ng/ml and for
CLO and desmethylclomipramine (CLO + DCLO):
160–700 ng/ml [17].

To measure TCA serum concentrations, the blood
samples were drawn on the same day when clinical
status of the patients was evaluated (in the morning
before the meal and before drug administration). Dur-
ing first 2 weeks of treatment TCA daily doses were
carefully titrated depending on an individual reaction
to medication. Daily doses of the drugs could be
changed every 2 weeks after determination of TCA
serum concentration.

For statistical analysis patients were divided into
two groups according to the age: younger patients (< 60)
and elderly patients (� 60).

Statistical analysis

The data were analyzed using the Statistical Package
for the Social Sciences (SPSS, version 13.0). Mann-
Whitney test was applied to compare the total illness
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duration and number of hospitalizations in both
groups. Using the same test, differences in HDRS and
SERS scores, serum TCA levels and drug dosages
were compared between groups. Effectiveness of the
applied therapy, after 8 weeks, was compared using
Chi-square test.

Results

Characteristics of patients enrolled in the study are
presented in Table 1.

Thirty eight patients completed the study. Depend-
ing on clinical evaluation, 26 patients (68%) received
CLO, 12-IMI (32%). There were differencies in total
illness duration between young and elderly groups.
The latter one had statistically significantly longer du-
ration of the illness.

Evaluation of clinical state, in 8-week period is
presented in Table 2 and 3.

The median HDRS score before entering the study,
for young group of patients was 25.0 (24.0–35.0); for
elderly group 23.0 (20.0–35.0).

Statistically significant difference in median HDRS
scores, in the two groups, before entering the study
and in the second week of treatment was found. In the

�����������	��� 
������ ����� ��� ������� 503

Therapeutic drug monitoring in depression
����� ������	
������� �� ��

Tab. 1. )������������ �	 ��� ��*�� +��*�

Younger < 60 y.o.
n = 23

Older � 60 y.o.
n = 15

p

Age
median (min-max) 45.0 (26.0–58.0) 64.0 (60.0–74.0) *** p < 0.0001�

Sex:
Male
Female

N = 8 (35%)
N = 14 (65%)

N = 3 (20%)
N = 13 (80%)

NS �

Diagnosis:
UD �

BD �

N = 19 (83%)
N = 4 (17%)

N = 14 (93%)
N = 1 (7%)

NA

Duration of illness median (min-max) 3.0 (0.5–22.0) 13.0 (2.0–40.0) * p = 0.009 �

No. of hospitalizations median (min-max)
1
2
3 or more

2.0 (1.0–11.0)
N = 8
N = 6
N = 9

4.0 (1.0–25.0)
N = 3
N = 2
N = 10

NS �

Used drug:
Imipramine
Clomipramine

N = 6
N = 17

N = 6
N = 9

NS �

��
�
, *������� ��������� -�

�
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Tab. 2. 5�#/ ����� �����

Study HDRS total score
Median (min–max)

p

Younger (n = 23) Older (n = 15)

Before 25.0 (24.0–35.0) 23.0 (20.0–35.0) * 0.012

2 weeks 22.0 (14.0–32.0) 21.0 (9.0–26.0) * 0.031

4 weeks 20.0 (7.0–26.0) 18.0 (11.0–24.0) NS

6 weeks 17.0 (7.0–24.0) 14.0 (7.0–30.0) NS

8 weeks 10.0 (4.0–24.0) 12.0 (4.0–30.0) NS

1 � 2 �'�!� �/ , ��� ��+��	����� ������������ ������

Tab. 3. /6#/ ����� �����

Study SERS total score
Median (min–max)

p

Younger (n = 23) Older (n = 15)

Before treatment 12.0 (8.0–22.0) 14.0 (9.0–21.0) NS

2 weeks 10.0 (4.0–21.0) 11.0 (4.0–18.0) NS

4 weeks 10.0 (3.0–20.0) 10.0 (3.0–17.0) NS

6 weeks 6.0 (1.0–20.0) 8.0 (3.0–18.0) NS

8 weeks 4.0 (1.0–20.0) 8.0 (2.0–18.0) NS

�/ , ��� ��+��	����� ������������ ������



fourth, sixth and eighth week of treatment, HDRS me-
dian scores were similar.

Side effects measured by SERS were reported, but we
did not noticed any statistically significant differences in
SERS scores in both groups, at any time of the study.

The doses (D) of drugs which were used, the total
drug serum concentration (C) and C/D ratio are pre-
sented in Table 4 and 5.

From Table 4, it appeares that in young and elderly
patient groups treated with IMI, there were no statisti-
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Tab. 4. ����� ���� �	 ����������� ����� ���*� ��*+ ������������ �	 ���������� ��� ����������� 78�8 9 ��8: ��� ����������� �� ����� ��*+
���� ����� 7);�: �� ��*�+�� ��� ����� ��������� �*���+ < ����� �	 �.���������' );� ����� ��� ��*����� �� ����� ��*+ ����������� 7�+;��: ��
����� ���� �	 � ��*+ 78�8:' ���� ��������� ��� ������ ��� ��� ���+� 7���,��=:

Patients treated with imipramine (n = 12) Study Younger (n = 6)
Median (min–max)

Older (n = 6)
Median (min–max)

p

Imipramine daily dose (mg/d) 2 weeks 150.0 (100.0–150.0) 100.0 (75.0–150.0) NS

4 weeks 137.5 (75.0–150.0) 125.0 (75.0–150.0) NS

6 weeks 137.5 (75.0–150.0) 125.0 (75.0–150.0) NS

8 weeks 137.5 (75.0–150.0) 125.0 (75.0–150.0) NS

Serum concentrations: IMI + DMI (ng/ml) 2 weeks 212.5 (61.0–333.0) � 166.0 (61.0–168.0) NS

4 weeks 207.0 (94.0–271.0) 168.5 (81.0–311.0) NS

6 weeks 168.5 (101.0–318.0) 172.5 (107.0–320.0) NS

8 weeks 155.5 (65.0–267.0) 175.0 (119.0–252.0) NS

C/D ratio (ng/ml)/(mg/d) 2 weeks 1.48 (0.41–3.33) � 1.23 (0.61–2.24) NS

4 weeks 1.50 (0.63–3.61) 1.36 (0.63–2.75) NS

6 weeks 1.35 (0.67–4.12) 1.68 (0.99–2.52) NS

8 weeks 1.22 (0.43–2.32) 1.80 (0.79–2.21) NS

�/ , ��� ��+��	����� ������������ �������
�
�� ���� +��*� � > !

Tab. 5. ����� ���� �	 ������������ ����� ���*� ��*+ ������������& ����������� ��� �������������������� 7)�? 9 �)�?: ��� �����
������� �� ����� ��*+ ���� ����� 7);�: �� ��*�+�� ��� ����� �������� �*���+ < ����� �	 �.���������' );� ����� ��� ��*����� �� ����� ��*+ ���
��������� 7�+;��: �� ����� ���� �	 � ��*+ 7)�?:' ���� ��������� ��� ������ ��� ��� ���+� 7���,��=:

Patients treated with clomipramine (n = 26) Study Younger (n = 17)
Median (min–max)

Older (n = 9)
Median (min–max)

p

Clomipramine daily dose (mg/d) 2 weeks 150.0 (75.0–150.0) 150.0 (75.0–150.0) NS

4 weeks 150.0 (75.0–150.0) 150.0 (75.0–150.0) NS

6 weeks 150.0 (75.0–150.0) 150.0 (75.0–150.0) NS

8 weeks 150.0 (75.0–175.0) 150.0 (75.0–150.0) NS

Serum concentrations: CLO + DCLO (ng/ml) 2 weeks 327.0 (87.0–618.0) 292.0 (144.0–501.0) NS

4 weeks 328.0 (142.0–484.0) 335.0 (128.0–570.0) NS

6 weeks 341.0 (154.0–558.0) 401.0 (129.0–539.0) NS

8 weeks 332.0 (118.0–561.0) 313.0 (168.0–591.0) NS

C/D ratio (ng/ml)/(mg/d) 2 weeks 2.20 (0.70–8.24) 2.33 (0.96–4.78) NS

4 weeks 2.39 (1.14–5.20) 2.23 (1.56–4.79) NS

6 weeks 2.27 (1.23–4.79) 2.75 (0.86–5.33) NS

8 weeks 2.11 (0.79–4.73) 2.56 (1.70–3.94) NS

�/ , ��� ��+��	����� ������������ ������



cally signifficant differencies in serum level of IMI
+ DMI or in IMI daily doses and C/D ratio.

After 2 weeks of treatment, therapeutic drug con-
centration was not achieved by four elderly and one
younger patients. After 4th, 6th and 8th week of treat-
ment, in younger and elderly group there were, respec-
tively, 1 and 3, 1 and 2, 1 and 1 patients with IMI + DMI
serum levels outside therapeutic concentration range.

There were no statistically signifficant differences
in CLO daily doses, serum concentrations of CLO
+ DCLO and C/D ratio in both groups of patients. The
majority of results of total serum drug concentrations
was within therapeutic ranges (160-670 ng/ml). In
younger group, after 2nd, 4th, 6th and 8th week of
treatment, the results of 3, 2, 1 and 1 patients, respec-
tively, were below lower limit of therapeutic drug
concentration range. In contrast, all the results of
CLO + DCLO levels in elderly patients were within
therapeutic concentration range.

Considering the obtained results, the efficacy of
TCAs in young and elderly inpatients was evaluated.

The percentage of effectively treated patients was
higher in younger group (74% vs. 60%), but the result
was not statistically significant.

In patients treated effectively with IMI, the median
serum level of IMI + DMI, measured after 8 weeks of
treatment was: in younger patients (n = 5): 137
(65–267) ng/ml, and in elderly group (n = 3): 137
(119–252) ng/ml. In patients treated ineffectively with
IMI, the serum level of IMI + DMI in younger group
(n = 1) was 174 ng/ml and in elderly group (n = 3)
was 206 (144–221) ng/ml.

In patients treated effectively with CLO, the me-
dian serum levels of CLO + DCLO in young (n = 12)

and elderly group (n = 5), after 8 weeks of therapy,
was: 296.5 (184–503) ng/ml and 276 (168–429) ng/ml,
respectively; in patients without clinically satisfactory
effect the median serum levels were: in younger
group (n = 5): 337 (118–561) ng/ml, and in elderly pa-
tients (n = 4): 335.5 (255–591) ng/ml.

There were no differences in serum levels of TCAs
and its metabolites in both groups with different
therapeutic outcome.

Discussion

The application of TCAs especially as the first line
drugs, in elderly patients is controversial. But the use
of psychometric scales allows standardization of the
collected data. HDRS is the most popular instrument
for assessment of severity of depression, it proves
high reliability and validity and it is a basis for other
methods of evaluation of depression [12].

In the presented study, after using HDRS, we ob-
served statistically significant differences between
median HDRS scores in young and elderly patients,
after 2 weeks of treatment, but they were not clini-
cally important. After applications of TCA, side ef-
fects can develop in 50% of patients, and in 10% then
can reach the level of medical complications [6]. In
the present study, no statistically significant differ-
ences between groups were found.

In our study, the measurements of serum TCA lev-
els were performed with the help of FPIA method,
which allows to determine total concentrations of
drugs and their demethylated metabolites. FPIA is
a method less precise than high performance liquid
chromatography (HPLC), but more easily available
and allows to obtain immediate results [1, 5]. The
authors tried to determine serum TCAs concentrations
by means of both methods (FPIA and HPLC), but
considering small sample size, the collected data can-
not be presented yet [9, 10].

There were no statistically significant differences
in the median TCA daily doses, total serum drugs
concentrations and concentration to dose ratio in both
groups, during the whole treatment. After two weeks
of treatment, the maximal concentration of IMI +
DMI in the elderly group was nearly twice lower than
in the younger group. Probably, it is a consequence of
slower drug titration in older patients treated with
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IMI. The total number of patients, who achieved
therapeutic drug concentrations, increased with the
time of pharmacotherapy.

Despite the small sample size and the use of two
different drugs (IMI, CLO), which were applied ac-
cording to the clinical state of patients, we believe
that the presented data are significant.

Pharmacotherapy with TCAs might be comparably
efficacious and safe in young and elderly patient, if it
is performed according to the rules of TDM.
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