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  Abstract
  BackgroundAntipsychotic medications cause a wide range of adverse effects and have been associated with sudden death in psychiatric patients.

AimsTo supply power spectral analysis of heart rate variability as a tool to examine the arrythmogenic effects of neuroleptics.

MethodHeart rate analysis was carried out in patients with schizophrenia on standard doses of neuroleptic monotherapy − 21 were on clozapine, 18 on haloperidol and 17 on olanzapine – and in 53 healthy subjects.

ResultsPatients with schizophrenia on clozapine had significantly higher heart rate, lower heart rate variability and lower high-frequency and higher low-frequency components compared with patients on haloperidol or olanzapine and matched control subjects. Prolonged QTc intervals were more common in patients than controls.

ConclusionsPatients treated with neuroleptic medications, especially clozapine, showed autonomic dysregulation and cardiac repolarisation changes. Physicians should be aware of this adverse reaction.
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 Antipsychotic medications have been associated with significant rates of cardiovascular adverse effects and instances of sudden unexplained death (Reference Ruschena, Mullen and BurgessRuschena et al, 1998; Reference Appleby, Thomas and FerrierAppleby et al, 2000). Retrospective studies conclude that cardiovascular mortality in psychiatric patients is higher than in the general population, especially in patients with schizophrenia treated with antipsychotic drugs (Reference Ruschena, Mullen and BurgessRuschena et al, 1998; Reference Chute, Grove and RajasekharaChute et al, 1999). Disturbances of electrical conduction, especially ventricular repolarisation, have been attributed to a variety of neuroleptic drugs. Most sudden deaths of cardiac origin are attributed to ventricular tachycardia and/or fibrillation, in which the autonomic nervous system (ANS) may play an important role. One reliable method for quantifying ANS activity is the analysis of heart rate variability (HRV) (Reference Akselrod, Gordon and UbelAkselrod et al, 1981). The aim of this study was to apply power spectral analysis of HRV as a tool to assess the potential arrythmogenic effects of a variety of antipsychotic medications, both classic and atypical.




 METHOD


 Subjects

 Fifty-six patients who met DSM-IV (American Psychiatric Association, 1994) criteria for schizophrenia, as assessed by the Schedule for Affective Disorders and Schizophrenia (Reference Endicott and SpitzerEndicott & Spitzer, 1987), were recruited from the in-patient and out-patient treatment programmes at the Beer-Sheva Mental Health Center. None of the patients had a known history of cardiac abnormalities or any concomitant disease known to affect the autonomic nervous system. All patients were on neuroleptic monotherapy: 21 were treated with 300-700 mg/day clozapine, 18 with 5-10 mg/day haloperidol and 17 with 5-20 mg/day olanzapine.




 Controls

 It proved impossible both to recruit a sufficient number of untreated patients with schizophrenia, because these are rare in Israel today, and certainly to create an age— and gender-matched control group. We therefore used a healthy control group for comparison. The 53 healthy volunteers were matched for age, gender, smoking and time of day of electrocardiogram (ECG) recordings. None had any serious or disabling coexisting diseases. Controls had not taken any psychotropic or other medications known to alter autonomic activity for at least 4 weeks prior to the study.

 The Helsinki Ethics Committee of the hospital approved the study. All participants gave their written consent after having received detailed information about the study.




 Procedure

 Electrocardiographic recordings were performed by connecting the subjects to a Holter monitor (Oxford 4-24) in a seated position at complete rest. After allowing 10 min for stabilisation, a 10-min ECG recording was made. Subjects were instructed to breathe normally and the respiratory rate was monitored by a strain-gauge-based respiration transducer, wrapped around the chest and abdomen halfway between the rib cage and navel.




 Analysis of recordings

 Electrocardiographic data were amplified, digitised (500 Hz, width pass=0.05-35 Hz) and stored using a personal-computer-based software system. QRS complexes were classified. Premature ventricular beats, electrical ‘noise’ or aberrant beats were rejected. The threshold for rejection was set at ±15% of the reference RR duration. The R-R intervals between normal QRS complexes were extracted and a regularly spaced time series was sampled at 2 Hz with the use of a low-pass filter. Finally, we transformed the time signal into a frequency signal by using a fast Fourier transform (Task Force, 1996).




 Frequency domain analysis

 Two frequency bands were calculated: the low-frequency (LF) band (0.04-0.15 Hz), which gives a measure of sympathetic activity with some influence from the parasympathetic nervous system; and the high-frequency (HF) band (0.15-0.40 Hz), which solely reflects parasympathetic activity. The area (ms2) under the curve was calculated for each frequency band. There is some disagreement over the low-frequency component. Some investigators regard it as a marker of sympathetic activity, whereas others consider it an index influenced by both sympathetic and vagal systems. To cancel out the influence of the parasympathetic activity on the low-frequency spectral power, the LF/HF ratio was calculated. This ratio provides a measure of the sympathovagal balance, where an increase in the LF/HF ratio reflects a predominance of sympathetic over parasympathetic activity. We calculated the total variability of the heart rate oscillations in the total power spectrum (0.01-0.4 Hz) as an expression of the overall variability. Because total power varies greatly between individual subjects, power was determined in both absolute units and as normalised values. The power in normalised units was calculated by dividing the absolute power of a given component (area under the component curve) by the total power minus the 0-0.04 Hz component.

 An independent observer, who was ‘blind’ as to whether the data referred to a patient or a control subject, performed all ECG recordings.




 Measurements of QT interval

 The corrected QT interval was calculated by the method of Bazett (QTc=QT/(√RR)). The mean QT and the mean RR were used to calculate the mean QTc for each lead. Heart rate was derived from the mean of the RR intervals. The QT and RR intervals were measured manually with callipers by a single observer. The QT intervals were measured from the onset of the QRS complex to the end of the T wave. The end of the T wave was defined as the point of return to the isoelectric line.




 Statistical analysis

 To compare effects between groups, the variables were analysed by analysis of covariance (one-way ANCOVA), with age and smoking status as the covariates. Age was entered as a covariate because HRV decreases with increasing age (r=-0.81, r
2=0.66; P<0.01). Post hoc comparisons employed Scheffé's test. Because of the skewness of the data, logarithmic transformation was performed on the absolute units of the spectral components of the HRV before the statistical analysis.






 RESULTS

 Demographic data are presented in Table 1, and electrophysiological results in Table 2. Patients with schizophrenia taking clozapine had a significantly higher mean heart rate than those taking haloperidol or olanzapine or the control subjects (P=0.0002). As a group, the patients with schizophrenia showed a significantly higher mean heart rate than the matched controls (P=0.0017).





Table 1 Demographic data of the patients with schizophrenia
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		Patients treated with clozapine	Patients treated with haloperidol	Patients treated with olanzapine	Normal control group
		(n=21)	(n=18)	(n=17)	(n56)
		I	II	III	V
	Gender (n)				
	Female	13	11	10	34
	Age (years)				
	Mean (s.d.)	32.8 (8.7)	40.7(10.9)	34.0(9.53)	32.2(8.8)
	Range	21-50	21-52	23-50	21-50
	Smoking (n)	16	11	12	39
	DSM-IV diagnosis (n)				
	Schizoaffective disorder	11	8	9	
	Paranoid schizophrenia	10	10	8	
	Duration of illness (years)				
	Mean (s.d.)	7.62(5.2)	6.2(5.4)	5.8(5.03)	
	Range	2-20	1-18	1-16	
	Treatment (mg/day)				
	Mean (s.d.)	400(94.87)	15.4(14.5)	14.8(4.5)	
	Range	200-600	5-60	7.5-20	








Table 2 Power spectral analysis of heart rate variability in patients with schizophrenia v. normal controls
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	Power spectral analysis1
	Patients treated with clozapine	Patients treated with haloperidol	Patients treated with olanzapine	Normal control group	Scheffé post hoctest
		(n=21)	(n=18)	(n=17)	(n=56)	
		I	II	III	V	
	
Time domain
					
	Mean R-R interval2
	568.0 (14.4)	715.8 (33.3)	685.3 (23.9)	961.5 (84.0)	I ≠ II, III, V
	Standard deviation3
	23.79 (3.15)	26.7 (2.6)	26.1 (4.56)	29.26 (6.5)	I ≠ II, III, V
	Variance4
	583.56 (14.4)	731.3 (33.25)	700.9 (23.9)	998.7 (44.7)	I ≠ II, III, V
	Absolute (log) power values of the frequency bands (ms2)					
	Low frequency (LF)5
	3.58 (0.4)	5.72 (0.4)	5.98 (0.34)	4.6 (1.35)	I ≠ II, III, V
	High frequency (HF)6
	2.32 (0.44)	5.56 (0.37)	5.8 (3.6)	4.6 (1.32)	I ≠ II, III, V
	Heart rate7(b.p.m.)	107 (2.7)	85.8 (3.89)	89.05 (3.08)	62 (12.4)	I ≠ II, III, V
	QT8
	518.3 (11.5)	475 (6.4)	474.3 (8.02)	345.2 (5.0)	
	QTc9
	502.9 (12)	517.8 (15.08)	504.6 (7.0)	370 (12.2)	
	QRS (ms)10
	94.5 (18.5)	92.2 (19.3)	95.5 (14.3)	92.1 (18.2)	NS
	PR (ms)11
	150.2 (26.3)	148.2 (24.2)	152.1 (22.3)	151.1 (20.4)	NS
	
Frequency domain
					
	Power					
	LF (%)12
	74.2 (3.46)	53.8 (2.75)	54.1 (2.74)	49.0 (1.5)	I ≠ II, III, V
	HF (%)13
	25.8 (3.46)	46.2 (2.75)	45.9 (2.74)	51.0 (1.5)	I ≠ II, III, V
	LF/HF (%)14(mean of individual ratios)	5.9 (1.88)	1.28 (0.18)	1.32 (0.18)	0.96 (0.03)	I ≠ V




 The patients treated with clozapine had significantly lower HRV than those treated with haloperidol or olanzapine or the matched control subjects (P=0.00017). The patient study population showed a significantly lower HRV than the matched controls (P=0.002). The clozapine-treated group had a significantly high low-frequency component compared with patients treated with olanzapine or haloperidol or the control group.

 Prolonged QTc intervals were more common in treated patients than in controls although the PR and QRS intervals did not differ significantly. Prolonged QTc intervals were observed in 15 patients treated with clozapine (71.43%), 11 patients treated with olanzapine (64.7%) and 12 patients treated with haloperidol (66.67%).

 A T-wave inversion was observed in fourteen patients treated with clozapine (66.6%), three patients treated with olanzapine (17.6%), three patients treated with haloperidol (16.6%) and in one subject from the control group (1.6%).

 Spontaneous fluctuations in interbeat interval and power spectral analysis of HRV in treated patients and normal controls are presented in Fig. 1.
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Fig. 1 (Left) Spontaneous fluctuations in interbeat interval of a 600-s time period during supine rest and (right) power spectral analysis of HRV in patients with schizophrenia and normal controls. The power spectra show the HRV in all frequency bands (y-axis: ms2/103 Hz).




 There were no significant changes in the respiratory rate (range 13-17 cycles/min) in any of the subjects. This implies that any significant differences in the high-frequency component can be attributed to non-respiratory effects on parasympathetic tone.




 DISCUSSION


 Antipsychotic medication and sudden death

 Common adverse effects of antipsychotic medication include those related to direct or indirect central or peripheral effects on various neurotransmitter and neurohormonal systems (Reference LaderLader, 1999). In general, psychotic disorders are related to higher rates of death, not all of which can be related causally to medications, including suicide (Reference Chute, Grove and RajasekharaChute et al, 1999). Antipsychotic medications have been associated with clinically significant cardiovascular adverse effects and instances of sudden death. Controversy continues to surround the issue of sudden death in patients with schizophrenia (Anon., 1966), although numerous reports of sudden deaths of patients on antipsychotic medication exist and many authors relate the phenomenon to medications (Reference Ruschena, Mullen and BurgessRuschena et al, 1998; Reference Chute, Grove and RajasekharaChute et al, 1999).

 The possible association between sudden death and antipsychotic pharmacotherapy has been reviewed most extensively by a task force of the American Psychiatric Association, whose disappointingly vague conclusion is that: “the role played by the drug in a given individual is difficult, if not impossible, to determine” (Task Force, 1988). Despite the inconclusive results of the task force, the possibility of arrythmogenic properties of antipsychotic drugs cannot be excluded.




 Association of autonomic dysfunction and clozapine

 The results of this study provide evidence that power spectral analysis of HRV may be of value in assessing the effects of medications on the physiological parameters of patients. Patients with schizophrenia under prolonged clozapine therapy exhibited marked differences in ANS functioning compared with those treated with haloperidol or olanzapine, as shown by increased heart rate and low-frequency components and lower HRV and high-frequency components. This reflects a basal autonomic dysfunction with increased sympathetic and decreased parasympathetic tone. Our findings are in complete agreement with those of Zahn & Pickar (Reference Zahn and Pickar1993) and Rechlin et al (Reference Rechlin, Beck and Weis1998), who demonstrated normal HRV in unmedicated patients with schizophrenia and a dose-related effect of clozapine on HRV. We thus attribute these findings to clozapine and not to the disease.

 The difference between the effects of clozapine, olanzapine and haloperidol on HRV is very interesting. On the one hand, haloperidol is known to be relatively free of clinically significant effects on receptors for neurotransmitters other than dopamine (except for a low affinity for α 2— and 5-HT2a-receptors), whereas both clozapine and olanzapine have more wide-ranging receptor affinity profiles of clinical significance (Reference Shiloh, Nutt and WeizmanShiloh et al, 1999). On the other hand, the findings of this study show a greater in vivo similarity between the HRV effects (i.e. clinical ANS effects) of olanzapine and haloperidol than those of clozapine. This clinical finding is difficult to explain in terms of a simple neurotransmitter/receptor paradigm and is probably the net result of complex interactions between peripheral and central mechanisms (Reference JacobsJacobs, 1987).




 Antipsychotics and QT interval

 Some of the effects of antipsychotic medications appear to be direct and local. A high prevalence of QTc prolongation was found in all our treated patients compared with controls, a finding consistent with the trend of the findings in other clinical reports (Reference BarnettBarnett, 1996; Reference Reilly, Ayis and FerrierReilly et al, 2000). The high prevalence of QTc prolongation is in keeping with the trend of the findings reported by Reilly et al (Reference Reilly, Ayis and Ferrier2000), although the proportion of patients with QTc prolongation is far greater in our study. Preclinical (animal) studies also support this trend (Reference Drici, Wang and LiuDrici et al, 1998). The PR and QRS intervals did not differ significantly. This probably suggests that neuroleptics affect cardiac repolarisation rather than conduction, owing to their sodium/potassium as well as calcium-ion-channel blocking actions. Drugs that significantly prolong the QT interval may have the potential to trigger complex forms of polymorphic ventricular arrhythmias (e.g. torsade de points), which can lead to sudden death.

 Our findings imply that patients with schizophrenia taking clozapine have decreased parasympathetic activity, elevated sympathetic activity and prolonged QT intervals. Because decreased parasympathetic tone lowers the threshold for ventricular tachycardia (Reference Suttmann, Ditter and LandgrafSuttmann et al, 2000), it is possible, although as yet unproven, that the decreased high-frequency component may reflect the mechanism that underlies the increased rate of cardiovascular mortality in patients with schizophrenia.




 Possible mechanisms by which neuroleptic medications cause malignant cardiac arrhythmias

 The precise cellular mechanisms by which neuroleptic medications cause malignant cardiac arrhythmias are poorly understood. The triggering mechanism is thought to be the interruption of repolarisation early in phase 3 of the action potential by early after-depolarisations (Reference Drici, Wang and LiuDrici et al, 1998). Early after-depolarisations are induced by interventions that decrease repolarising (potassium) currents (antiarrhythmic drugs) and/or that increase inward currents carried by calcium or sodium (Reference January, Riddle and SalataJanuary et al, 1988; Reference Roden, Lazzara and RosenRoden et al, 1996). These changes may produce early after-depolarisations directly, or they may alter the trajectory of the antipsychotic to produce secondary changes in otherwise normal ion currents that then result in early after-depolarisations. These early after-depolarisations may reach a threshold amplitude and trigger ventricular arrhythmias (Reference ViskinViskin, 1999). Additionally, the QT prolongation, resulting from the blockade of one or more repolarising potassium channels (Reference ViskinViskin, 1999), may cause a surplus of potassium ions in the intracellular volume of the myocardium, enabling the genesis of early after-depolarisations. This phenomenon is seen in the ‘long-QT syndrome’, which is characterised by similar features and is associated with fatal arrhythmias, presumably secondary to the attainment of depolarisation threshold. Autonomic dysregulation also has been associated with arrhythmic effects in otherwise healthy individuals, as the result of sympathetic hyperactivity and/or parasympathetic hypoactivity. The emergence of torsade de pointes also may be facilitated by electrolyte disturbances (hypokalaemia, hyponatraemia, hypomagnesaemia), secondary to clinical or subclinical syndrome of inappropriate antidiuretic hormone secretion (SIADH), a rare toxic effect of neuroleptic medication. Independent risk factors, such as smoking, may contribute.

 Clinical experience has shown that many patients with schizophrenia require long-term pharmacotherapy, and the reports of a possible association between antipsychotic drugs and sudden death cause concern for practitioners. Our present experience in applying power spectral analysis of HRV as an index of cardiac autonomic balance is rather encouraging. The method is non-invasive, relatively inexpensive, straightforward and uncomplicated to operate and provides a real-time dynamic assessment of sympathetic and parasympathetic tone, reflecting the interactions between the two. This study raises the question of potentially important prognostic implications of protracted autonomic dysfunction in medicated psychiatric patient populations, especially for cardiovascular morbidity and mortality. Diagnostic measurement of the ANS may improve identification of patients at high risk for sudden cardiac death. Measurement of heart rate and QT are far less specific than power spectral analysis of HRV. Heart rate is affected by too many non-specific factors and QT changes are near-universal effects of neuroleptic medication, whereas HRV clearly reflects ANS pathophysiology.

 The results of this study raise the possibility that the cardiovascular effects of neuroleptics may, at least in part, be mediated by autonomic dysregulation, in addition to other simultaneous effects accounting for the cardiac cellular electrophysiological level. Prospective studies may identify electrocardiographic markers of cardiac damage in at-risk patients, which may be useful in screening for these important adverse outcomes.






 Clinical Implications and Limitations


 CLINICAL IMPLICATIONS



	
•
Power spectral analysis of heart rate variability (HRV) demonstrates an effect of antipsychotic medications on autonomic regulation, in addition to the cellular electrophysiological effects described elsewhere.



	
•
The study emphasised the usefulness and relatively simple application of power spectral analysis of HRV as a tool for research and possibly ‘bedside’ assessment of the autonomic and cardiovascular effects of medications, being simple, non-invasive and reliable.



	
•
Power spectral analysis of HRV demonstrated effects of antipsychotic medications not directly explicable on the basis of receptor affinity profiles and thus raises questions regarding mechanisms of action, which warrant further study.








 LIMITATIONS



	
•
The study group was small as a result of inclusion requirements such as monotherapy and absence of associated diseases.



	
•
The findings relate to only three medications, because we sought to limit the study to patients on neuroleptic monotherapy, and must be extended to involve a broader range of medications.



	
•
The results thus must be regarded as preliminary, although of significant clinical importance in their possible implications, regarding the need to focus research efforts on the possible cardiovascular complications of neuroleptics.
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 Table 1 Demographic data of the patients with schizophrenia
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 Table 2 Power spectral analysis of heart rate variability in patients with schizophrenia v. normal controls
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 Fig. 1 (Left) Spontaneous fluctuations in interbeat interval of a 600-s time period during supine rest and (right) power spectral analysis of HRV in patients with schizophrenia and normal controls. The power spectra show the HRV in all frequency bands (y-axis: ms2/103 Hz).

 

 

       
Submit a response
 
 
eLetters

 No eLetters have been published for this article.
  



 
 [image: alt] 
 
 



 You have 
Access
 
 	99
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
99




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Bhana, Nila
and
Perry, Caroline M.
2001.
Olanzapine.
CNS Drugs,
Vol. 15,
Issue. 11,
p.
871.


	CrossRef
	Google Scholar






&NA;
2001.
News in brief ....
Reactions Weekly,
Vol. &NA;,
Issue. 882,
p.
7.


	CrossRef
	Google Scholar






Malaspina, Dolores
Dalack, Gregory
Leitman, David
Corcoran, Cheryl
Amador, Xavier F.
Yale, Scott
Glassman, Alexander
and
Gorman, Jack M.
2002.
Low Heart Rate Variability Is Not Caused by Typical Neuroleptics in Schizophrenia Patients.
CNS Spectrums,
Vol. 7,
Issue. 1,
p.
53.


	CrossRef
	Google Scholar






2002.
Current Awareness.
Pharmacoepidemiology and Drug Safety,
Vol. 11,
Issue. 1,
p.
79.


	CrossRef
	Google Scholar






Silke, B.
Campbell, C.
and
King, D.
2002.
The potential cardiotoxicity of antipsychotic drugs as assessed by heart rate variability.
Journal of Psychopharmacology,
Vol. 16,
Issue. 4,
p.
355.


	CrossRef
	Google Scholar






Goodnick, Paul J
Parra, Francisco
and
Jerry, Jason
2002.
Psychotropic drugs and the ECG: focus on the QTc interval.
Expert Opinion on Pharmacotherapy,
Vol. 3,
Issue. 5,
p.
479.


	CrossRef
	Google Scholar






Persson, Håkan
Ericson, Mats
and
Tomson, Torbjörn
2003.
Carbamazepine affects autonomic cardiac control in patients with newly diagnosed epilepsy.
Epilepsy Research,
Vol. 57,
Issue. 1,
p.
69.


	CrossRef
	Google Scholar






&NA;
2003.
Recommendations.
Current Opinion in Psychiatry,
Vol. 16,
Issue. ,
p.
S21.


	CrossRef
	Google Scholar






Small, Joyce G.
Klapper, Marietta H.
Malloy, Frederick W.
and
Steadman, Timothy M.
2003.
Tolerability and Efficacy of Clozapine Combined with Lithium in Schizophrenia and Schizoaffective Disorder.
Journal of Clinical Psychopharmacology,
Vol. 23,
Issue. 3,
p.
223.


	CrossRef
	Google Scholar






Taylor, D. M.
2003.
Antipsychotics and QT prolongation.
Acta Psychiatrica Scandinavica,
Vol. 107,
Issue. 2,
p.
85.


	CrossRef
	Google Scholar






Witchel, Harry J.
Hancox, Jules C.
and
Nutt, David J.
2003.
Psychotropic Drugs, Cardiac Arrhythmia, and Sudden Death.
Journal of Clinical Psychopharmacology,
Vol. 23,
Issue. 1,
p.
58.


	CrossRef
	Google Scholar






Klein, Stephen M.
Pierce, Trenton
Rubin, Yair
Nielsen, Karen C.
and
Steele, Susan M.
2003.
Successful Resuscitation After Ropivacaine-Induced Ventricular Fibrillation.
Anesthesia & Analgesia,
p.
901.


	CrossRef
	Google Scholar






Reinders, Jonathan
Parsonage, William
Lange, Diana
Potter, Julia M
and
Plever, Sally
2004.
Clozapine-Related Myocarditis and Cardiomyopathy in an Australian Metropolitan Psychiatric Service.
Australian & New Zealand Journal of Psychiatry,
Vol. 38,
Issue. 11-12,
p.
915.


	CrossRef
	Google Scholar






Titier, Karine
Canal, Mireille
Déridet, Evelyne
Abouelfath, Abdelilah
Gromb, Sophie
Molimard, Mathieu
and
Moore, Nicholas
2004.
Determination of myocardium to plasma concentration ratios of five antipsychotic drugs: comparison with their ability to induce arrhythmia and sudden death in clinical practice.
Toxicology and Applied Pharmacology,
Vol. 199,
Issue. 1,
p.
52.


	CrossRef
	Google Scholar






Bitter, Istvan
Dossenbach, Martin R.K
Brook, Shlomo
Feldman, Peter D
Metcalfe, Stephen
Gagiano, Carlo A
Füredi, János
Bartko, György
Janka, Zoltan
Banki, Csaba M
Kovacs, Gabor
and
Breier, Alan
2004.
Olanzapine versus clozapine in treatment-resistant or treatment-intolerant schizophrenia.
Progress in Neuro-Psychopharmacology and Biological Psychiatry,
Vol. 28,
Issue. 1,
p.
173.


	CrossRef
	Google Scholar






Kim, Jong-Hoon
Yi, Sang Hoon
Yoo, Cheol Sung
Yang, Seung Ae
Yoon, Se Chang
Lee, Kyu Young
Ahn, Yong Min
Kang, Ung Gu
and
Kim, Yong Sik
2004.
Heart rate dynamics and their relationship to psychotic symptom severity in clozapine-treated schizophrenic subjects.
Progress in Neuro-Psychopharmacology and Biological Psychiatry,
Vol. 28,
Issue. 2,
p.
371.


	CrossRef
	Google Scholar






Robinson, Marnie
and
Lighthall, Geoffery
2004.
Asystole during successive electroconvulsive therapy sessions: a report of two cases.
Journal of Clinical Anesthesia,
Vol. 16,
Issue. 3,
p.
210.


	CrossRef
	Google Scholar






Reinders, Jonathan
Parsonage, William
Lange, Diana
Potter, Julia M
and
Plever, Sally
2004.
Clozapine-Related Myocarditis and Cardiomyopathy in an Australian Metropolitan Psychiatric Service.
Australian & New Zealand Journal of Psychiatry,
Vol. 38,
Issue. 11-12,
p.
915.


	CrossRef
	Google Scholar






Mann, Klaus
Rossbach, Wolfgang
M??ller, Matthias J.
M??ller-Siecheneder, Florian
Ru, Hagen
and
Dittmann, Ralf W.
2004.
Heart rate variability during sleep in patients with schizophrenia treated with olanzapine.
International Clinical Psychopharmacology,
Vol. 19,
Issue. 6,
p.
325.


	CrossRef
	Google Scholar






Merrill, David B.
Dec, G. William
and
Goff, Donald C.
2005.
Adverse Cardiac Effects Associated With Clozapine.
Journal of Clinical Psychopharmacology,
Vol. 25,
Issue. 1,
p.
32.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Association of autonomic dysfunction and clozapine








	Volume 179, Issue 2
	
Hagit Cohen (a1), Uri Loewenthal (a1), Michael Matar (a1) and Moshe Kotler (a1)

	DOI: https://doi.org/10.1192/bjp.179.2.167





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Association of autonomic dysfunction and clozapine








	Volume 179, Issue 2
	
Hagit Cohen (a1), Uri Loewenthal (a1), Michael Matar (a1) and Moshe Kotler (a1)

	DOI: https://doi.org/10.1192/bjp.179.2.167





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Association of autonomic dysfunction and clozapine








	Volume 179, Issue 2
	
Hagit Cohen (a1), Uri Loewenthal (a1), Michael Matar (a1) and Moshe Kotler (a1)

	DOI: https://doi.org/10.1192/bjp.179.2.167





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















