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Summary 
Tricyclic antidepressant drugs dosulepine (TCA), serotonin selective reuptake inhibitor (SSRI) and prophylactic agent 
with antidepressant effect lithium carbonicum (Li) have different cardiovascular side-effects. We compared them in the 
prophylactic therapy of periodic affective disorder in remission with TCA, SSRI and Li. Our previous papers confirmed 
the most prominent effects of heart electric field parameters in TCA patients (Slavíček et al., 1998). In the present work 
we studied for the first time the dose-dependent changes of ECG, body surface potential maps (BSPM � parameter 
DIAM 30, 40) in 43 TCA dosulepine, 40 SSRI citalopram and 30 Li outpatients (Hamilton scale: HAMD≤10; age 40±5 
years; treated for depressive disorders or bipolar disorders). The daily doses of dosulepine were 50-250 mg, citalopram 
20-80 mg, Li plasma levels 0.66±0.08 meq/l. The electrocardiogram (ECG), vectorcardiogram (VCG), and BSPM were 
measured and calculated by the Cardiag 112.1 diagnostic system. The results have shown a relation between the dose of 
dosulepine and extremum (maximum and minimum) of depolarization isoarea map in dosulepine, but not in citalopram 
patients. The repolarization BSPM changes were most pronounced in SSRI patients. Lithium in long-term prophylaxy 
(1-22 years) caused only minimal ECG BSPM changes. The present results correspond with our previous observations. 
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Introduction 
 

Many antidepressant drugs influence the 
cardiovascular system. The side effect of tricyclic 
antidepressants (TCA) is the prolongation of heart 
intraventricular conduction � the quinidine-like effect 
(Warrington et al. 1989, �vestka 1994). The therapeutic 
doses of TCA decrease the His-Purkinje and Purkinje-
ventricular conduction time (P-V junctions). In 
conventional 12-lead ECG recordings, the QRS 

prolongation is observed. A prolongation of QRS higher 
than 140 ms can provoke the bundle branch block. The 
first degree of A-V block in 70 % of young patients with 
TCA blood serum level 350 ng/ml and in 3 % of persons 
with TCA blood serum level below 350 ng/ml was 
observed (Preskorn and Fast 1991). The aberrant 
activation and repolarization in the ventricles induce 
ventricular arrhythmia, ventricular tachycardia, 
fibrillation and syndrome of sudden death (Preskorn and 
Fast 1991). The Q-T duration and refractory period are 
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prolonged. The quinidine-like effect of therapeutic TCA 
doses (150-200 ng/ml in the serum) is less pronounced 
than their antimuscarinic atropine-like effect manifested 
by tachycardia. TCA alters the Na-K pump activity 
(Rawling and Fozzard 1979, Weld and Biggert 1980, 
Glassman et al. 1993, Hamplová et al. 2002) and the 
irregular ventricular repolarization is manifested by ST 
denivelation, different shape and polarity of T wave (Ray 
et al. 1987, Stoudemire and Fogel 1987, Kittzlerová et al. 
2003). 

Lithium side-effects upon the cardiovascular 
system were described, but only in higher than 
therapeutic serum levels (e.g. Mitchell and MacKenzie  
1982, Kazmierczak and van Lente 1990). If serum 
lithium level is higher than 1.5 meq/l or reaches toxic 
values (2-3 meq/l), the sinus dysfunction, such as 
sinoatrial block, A-V block or atrial flutter, was observed. 
This is probably due to insufficient brain blood flow, with 
complex consequences, including disorders of 
consciousness etc. The heart irritability or bathmotrophy 
was increased especially in older persons above 60 years. 
The T wave abnormalities, such as isoelectric inversion, 
presence of the U wave at normal serum potassium 
levels, the bundle branch blocks etc., were described 
(Carmeliet 1964). In the cell membrane, the monovalent 
cation of sodium is substituted with lithium 
(Kazmierczak and van Lente 1990) and it influences the 
Na-Ca exchanger which is blocked by lithium (Enemark 
1993). 

Compared to TCA, the side-effects of SSRI 
(selective serotonine reuptake inhihitors) are minimal due 
to its small influence on noradrenergic, muscarinic and 
histamine receptors. Their effects on heart rate 
distinguish from TCA (bradycardia, prolongation of R-R 
interval, decrease of blood pressure) (Rawling and 
Fozzard 1978). In sensitive persons, the bradyarrhythmias 
after fluoxetine were observed. Bradycardia occured only 
in 2 % of citalopram patients and small tachycardia was 
observed in 5 %. In bradycardia of younger subjects, the 
PQ interval was not changed. QTc was slightly prolonged 
(a quinidine-like effect) and the T wave amplitude was 
decreased (Enemark 1993). 

The ECG body surface maps (BSM) method was 
used in ontogeny of healthy persons (Green et al. 1985, 
Kozmann et al. 1989, 1999, Kittnar and �ťovíček 1993, 
Slavíček et al. 2001), in coronary artery disease (Kittnar 
et al. 1993), or in patients treated with antidepressants 
(prominent noradrenergic and serotoninergic action) in 
order to detect changes in the heart electric field 
(Slavíček et al. 1995, 1998, Paclt et al. 1995). 

We found the influence of lithium and TCA 
(amitriptyline) on the parameters of early depolarization � 
depolarization isoarea map maximum (extremum) after 
30 and 40 ms of depolarization � DIAM 30, 40 and also 
the influence of citalopram on the parameters of 
repolarization � repolarization isointegral � RIIM � and 
isoarea � RIAM � map maximum (extremum) � (RIAM, 
RIIM max) (Slavíček et al. 1995, 1998, Paclt et al. 1995). 
From these pilot studies we predict most prominent 
changes in parameter DIAM max 30 in patients treated 
with TCA (dosulepine), because we suppose that 
parameters DIAM 30, 40 are the most sensitive markers 
of quinidine-like effect. We hypothesize that these 
changes of DIAM 30 and 40 will be more prominent in 
patients with higher doses of TCA compared to higher 
doses of citalopram. 

 
Methods 
 

We compared 43 patients treated by dosulepine 
(TCA), 30 patients treated by lithium, 40 patients treated 
by citalopram, and 21 control subjects. Patients were 
treated by monotherapy for 6-8 weeks. The diagnosis of 
these patients was a periodic depressive disorder. These 
patients were compared with patients treated for bipolar 
disorder by lithium monotherapy. All patients were 
investigated by the Hamilton scale in remission (HAMD 
≤ 10). The control group consisted of volunteers without 
any cardiovascular or psychiatric disease in their medical 
history. 

The electrocardiogram (ECG), vectorcardiogram 
(VCG) in the frontal, transversal, and left sagittal plane 
were recorded and isopotential, isointegral and isoarea 
maps were registered using the diagnostic system 
CARDIAG 112.2 (Kittnar et al. 1993, Slavíček et al. 
1995, 1998, Paclt et al. 1995). Forty-nine parameters 
were evaluated. The following characteristics were 
obtained: ECG: Heart rate (min-1), PQ, QRS, QT, QTc, 
RR intervals duration (ms); VCG: the Frank orthogonal 
leads were used: (Frank 1956, Rutkay-Nedecký 1983). 
The QRS axis and QRS-STT angle in the frontal, 
transversal and left sagittal plane were measured. The 
spatial angle of QRS-STT was computed by diagnostic 
system Cardiag (Pi�vejcová et al. 2002).  

ECG body surface potential maps (BSPM) 
consist of depolarization, repolarization isopotential maps 
(DIPM, RIPM), their maximum and minimum in µV and 
also depolarization, repolarization and total isointegral 
maps� their maximum and minimum in µV (DIIM max, 
DIIM min, RIIM max, RIIM min, DRIIM max, DRIIM 



2003  ECG Body Surface Potential Maps   313  
   
min). Depolarization isoarea maps, their maximum and 
minimum in µV (isointegral maps from the beginning of 
QRS till 30 and 40 ms of depolarization - DIAM max 30, 
DIAM min 30, DIAM max 40, DIAM min 40), 
repolarization isoarea maps, their maximum and 
minimum in µVs (isointegral maps from the point J to 
35th and 80th ms of repolarization � RIAM max 35, RIAM 
min 35, RIAM max 80, RIAM min 80). Maximum 
amplitude of R wave was measured in µV (IPMAM-R). 
Activation time (ms) was measured between the 
beginning of depolarization in an orthogonal lead and 
maximum of R wave in individual chest leads 
(ICHVAT). Map of Q duration is expressed in ms (Q-
ICHM, Stojan, 1991a, 1991b, Stojan et al. 1993). The 

localization of maximum and minimum (extremum) on 
the surface of thorax were evaluated. 

Statistical comparison were performed by 
ANOVA, T-test, and Spearman correlation 
 
Results 
 

The results are summarized in Table 1 (mean 
values ± S.E.M.). The correlation of dosulepine 
prophylactic daily doses and parameters of heart electric 
field are described in Table 2. The same correlations with 
citalopram are presented in Table 3. Spearman�s 
correlation was calculated only for patients where doses 
of drugs were not changed in the last 14 days (dosulepine 
and citalopram patients). 

 
 
Table 1. Characterization of patients and controls. 
 

Patients treated by 
Parameters  

Citalopram Dosulepin Lithium 
Controls ANOVA 

Number of patients 
Age (years) 

40 
40.03 ± 14.43 

43 
41.33 ± 17.05 

30 
46.40 ± 10.55 

21 
40.81 ± 5.92 

 
0.0002 ± 0.1744

Plasma levels (meq/l) 
Daily dose (mg) 
Therapy duration 
Heart rate (min-1) 

� 
20-80 
6-8 weeks 
75.02 ± 12.80 

� 
50-250 
6-8 weeks 
89.47 ± 16.64*** 

0.66 ± 0.08 
� 
1-22 years 
75.20 ± 11.90 

� 
� 
� 
71.91 ± 8.69 

 
 
 
0.0025 ± 0.0000

PQ (ms) 154.30 ± 46.23 138.05 ± 23.50 157.93 ± 30.93 151.43 ± 20.49 0.0423 ± 0.0125
QT (ms) 379.50 ± 36.73 347.49 ± 36.75* 393.53 ± 112.13 371.05 ± 21.50 0.0543 ± 0.0126
RR (ms) 822.30 ±144.33 696.09±139.49*** 817.20 ± 152.21 845.62 ± 101.28 0.3893 ± 0.0000
Spatial angle QRS-
STT (degrees) 

47.58 ± 44.07 64.33 ± 45.45 30.83 ± 42.84 44.62 ± 20.04 0.0344 ± 0.0139

DIIM max (µV) 28.63 ± 13.12 29.87 ± 14.32 32.63 ± 15.02 39.50 ± 17.30 0.2998 ± 0.0424
RIIM max (µV) 46.45 ± 23.20* 49.99 ± 18.49 61.91 ± 28.08 67.19 ± 22.28 0.1074 ± 0.0016
RIIM min  (µV) �20.43 ± 11.85** �28.41 ± 14.50* �28.55 ± 16.94 �27.60 ± 13.40 0.6046 ± 0.0387
DRIIM min (µV) �28.40 ± 16.40* �38.25 ± 19.20 �26.11 ± 19.92 �33.15 ± 22.68 0.1625 ± 0.0345
DIAMmax30 (µV) 4.23 ± 1.54* 5.63 ± 4.55 4.17 ± 1.17* 5.65 ± 1.98 0.0068 ± 0.0089
DIAMmax40 (µV) 10.28 ± 3.51 12.11 ± 5.95 10.58 ± 4.26 13.01 ± 4.54 0.0180 ± 0.0723
RIAMmin35 (µV) �1.42 ± 0.95 �2.33 ± 1.74 �1.58 ± 0.73 �1.63 ± 0.73 0.0007 ± 0.0407
RIAMmin80 (µVs) �3.31 ± 1.71 �5.90 ± 4.24 �3.74 ± 1.57 �4.05 ± 2.09 0.0003 ± 0.0056
IPMAM-R (µV) 14.09 ± 5.01* 14.97 ± 5.05 16.37 ± 6.90 19.16 ± 7.04 0.1271 ± 0.0119
ICHVAT (ms) 72.85 ± 7.83 70.65 ± 8.52 75.20 ± 7.59 71.24 ± 4.58 0.2891 ± 0.0782
Angles QRS-STT 
Front. (degrees) 

�22.05 ± 51.94 �47.05 ± 53.99** �6.10 ± 42.58 �15.2 ± 19.25 0.0201 ± 0.0033

Angles QRS-STT Left 
Sagit. (degrees) 

�44.08 ± 68.12 �2.84 ± 82.19 �49.97 ± 72.57 �44.43 ± 66.07 0.1669 ± 0.0198

 
The significance of differences between patients and controls: * p< 0,05; ** p< 0.01; *** p< 0.001. 
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Table 2. Spearman coefficients � dosulepine. 
 

Parameters Number Spearman coefficient Significance level 

DIAM max 30 39 �0.3299 0.05 
DIAM max 40 39 �0.2181 � 
DIAM min 30 39  0.5044 0.01 
DIAM min 40 39  0.2232 � 

 
 
Table 3. Spearman coefficients � citalopram. 
 

Parameters Number Spearman coefficient Significance level 

DIAM max 30 38 �0.2505 � 
DIAM max 40 38 �0.2293 � 
DIAM min 30 38  0.2740 � 
DIAM min 40 38  0.0205 � 

 
 
ECG and BSPM, show the acceleration of heart 

rate (tachycardia) only in patients with dosulepine (TCA 
89.47±16.64, p<0.001). RR, heart rate, QT angles of 
plane vectors QRS-STT in the frontal plane were 
significantly increased (�47.05±53.99°, p<0.01) in 
dosulepine-treated patients compared to controls (�15.2± 
19.25°). Space angle QRS-STT was also increased (64.33 
±45.45°), but this was not significant compared to the 
controls (44.62±20.04°). The influence of parameter 
DIAM 30 (5.63±4.55), corresponding to early 
depolarization, was dependent on the doses of used 
antidepressants only in dosulepine, but not in citalopram. 
Doses of lithium were not correlated to DIAM 30 or 
DIAM 40 because lithium plasma levels of all the 
patients were very similar (0.66 ± 0.08). 

Patients treated by citalopram demonstrated 
higher influence on the repolarization phase. (RIIM max 
46.45±23.20, p<0.05; RIIM min �20.43±11.85, p<0.01; 
DRIIM min �28.40±16.40, p<0.05). This repolarization 
phase was more affected in citalopram than in dosulepine 
patients, which showed only RIIM min �28.41±14.50 
(p<0.05). Parameter IPMAM-R was decreased 
(14.09±5.01, p<0.05) in citalopram patients compared to 
the controls.  

Patients treated with lithium (plasma level  
0.66 ±0.08) for a long time manifested small changes in 
the investigated BSPM and ECG parameters compared to 
all used drugs (only DIAM max 4.17±1.17, p<0.05). The 
dose-dependent decrease in maximum and minimum 

(extremum) of depolarization isoarea map in the first 
30 ms of QRS (DIAM max 30, DIAM min 30, p<0.05 in 
DIAM max, p<0.01 in DIAM min) were observed in 
dosulepine-treated patients (Table 2). In citalopram-
treated patients no significant dose-dependent 
relationship was observed (Table 3).  
 
Discussion 
 

Patients of both groups (dosulepine and 
citalopram) were comparable in age and period of therapy 
(6-8 weeks). Prophylactic treatment by lithium lasted  
1-22 years. These results are comparable with our 
previous studies (Slavíček et al. 1995, 1998, Paclt et al. 
1995, 1999). This study, performed in a greater group, 
suggested the evidence for the small quinidine-like 
effects in all of the used drugs (dosulepine, citalopram, 
lithium). In the present report, we studied for the first 
time dose-dependent changes of ECG body surface 
potential maps (BSPM) � parameters DIAM 30, DIAM 
40. The dependence of changes in early depolarization 
upon prophylactic doses of antidepressants was 
significant only for dosulepine but not for citalopram. 
Our companion study (Kitzlerová et al. 2003) will 
elaborate the present results with plasma levels of 
dosulepine for more exact quantification of heart electric 
field changes. 

Tricyclic antidepressants exhibit arrythmogenic 
effects, blocking of Tawara conduction, orthostatic 
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hypotension, prolongation of QR, QT, QRS, 
supraventricular tachycardia, tachycardia, and abortive 
ventricular contraction (Bennet and Plum 1996, 
Braunwald 1996). At the levels below 300 ng/ml sinusoid 
tachycardia, prolongation PQ, QRS or QT, or sinusoid 
arrhythmia (Robertson and Katona 1997) may be present. 
Tricyclic antidepressants may also manifest significant 
cardiovascular complication in healthy individuals. These 
above mentioned changes of ECG parameters including 
QTC exhibit no correlation with plasma levels during 
commonly used doses (Pidrman and Krpálek 1993). Our 
observation of a correlation of parameters DIAM 30, 40 
with dosulepine (TCA) doses probably enables a 
significantly accurate prediction of cardiovascular 
complication danger in these patients. Further study of 
plasma TCA levels is necessary for more precise 
confirmation of our results.  

Depressive disorders are undoubtedly a 
dangerous factor for the development of cardiovascular 
diseases (Musselman et al. 1998, Roose and Spatz 1998). 
In the course of depressive or panic disorder (Coryell 
et al. 1986), decreasing variability of heart frequency due 
to an imbalance in autonomic nervous system were 
observed (Enemark 1993, Paclt et al. 1998). This effect 

was studied by means of heart rate variability, but it is 
limited due to the absence of a correlation with age and 
gender (Volkers et al.  2000). Tricyclic antidepressants 
also show the same effect, i.e. the loss of full variability 
of heart rate frequency (Lehofer et al.  1999). Our results 
indicate BSPM changes in untreated patients with panic 
disorder (Pi�vejcová et al. 2002) and in patients with 
depressive disorder in remission (Slavíček et al. 1995, 
Paclt et al. 1995). These changes (tachycardia; DIAM 30, 
DIAM 40; opening of angle printed vectors QRS-STT) 
agree with results shown in the studies of heart rate 
variability with regard to the enhancement of the 
adrenergic system (Lehofer et al. 1999, Volkers et al. 
2000). 

Our results show a direct relationship between 
panic disorder and the influence of TCA therapy upon 
myocardial functions. The used method is sufficiently 
sensitive to allow the serious assumption regarding the 
immediate influence of strong emotion upon myocardial 
functions. This method is also able to register minimal 
changes caused by low clinical doses of antidepressants.  
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