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Background: Sudden cardiac death (SCD) occurs three timesmore often in psychiatric patients than in the general
population. QRS fragmentation (QRSfr) and signal-averaged electrocardiography (SAECG) are simple, inexpen-
sive, readily available tools for detecting the presence of abnormal depolarization and late potentials (LPs) in
these patients, a result of either the underlying disease or treatment.
Methods: Frequency of LP detection by SAECG and QRSfr was studied in 52 psychiatric patients and compared
with 30 healthy (without known structural heart disease or occurrence of ventricular arrhythmia) controls. Pa-
tients were then prospectively followed up and incidence of SCD was recorded.
Results: LP prevalence was significantly higher in patients than in controls (16/52–31% vs 2/30–7%, p = 0.012),
while QRSfr was similar between these two groups (p= 0.09). Of the LP presence criteria, the root mean square
value at terminal 40 msec of the QRS (RMS40) was significantly lower in patients (32 μV, SD= 19 μV, vs 46 μV,
SD=32 μV, p=0.015). Among patients, no differenceswere noted between the LP positive and negative groups
regarding age, sex, number of medications, class of antipsychotics and defined daily doses. Mean follow-up was
46months (SD= 11) and during it 3 patients suffered SCD. Although 2 SCD victims had both LPs and QRSfr con-
currently present, neither of them, nor their simultaneous presence could definitely account for the events.
Conclusions: LP prevalence in psychiatric patients was significantly higher than in controls. SAECG performance
was feasible in all cases and constitutes a readily available tool for assessing myocardial electrophysiological al-
terations in this patient group.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Psychiatric disorders are a growing public health problem. Regard-
ing schizophrenia alone, 0.3–0.7% of the general populationwill develop
the disease during its lifetime [1]. Furthermore, depression constitutes
the fourth most common cause of morbidity worldwide with a preva-
lence reaching 20% in CAD and 45% in post-myocardial infarction pa-
tients, increasing group mortality [2], with similar findings in heart
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failure [3]. SCD has been found to be approximately three times higher
in both depression and schizophrenia patients [4–7], a finding driven
by a multitude of underlying mechanisms [4]. These data, combined
with difficulties in defining those at high SCD risk, especially in the gen-
eral population [8,9], necessitate the implementation of an easily per-
formed, readily available, screening test on these patients.

SAECG may be used to noninvasively evaluate the myocardial sub-
strate and its arrhythmogenic potential [10–12] by detecting the pres-
ence of abnormal, slowly depolarized ventricular segments. Presence
of these “late potentials” (LPs) has been found, even in the era of early
revascularization, to bear prognostic significance for the occurrence of
potentially malignant and malignant ventricular arrhythmias [11–14].
Given the effects that both schizophrenia and depression exert on the
electrophysiological properties of the myocardial substrate, such as al-
tering the autonomic tone [15–18], influencing the circadian rhythms
[19–21] and ion channel expression [22,23] or even causing drug-
induced cardiac fibrosis by certain antipsychotics used in the treatment
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Table 1
Basic demographic data, SAECG findings and QRSfr in patient and control groups.

Patients
(n = 52)

Controls
(n = 30)

p for
difference

Age (years) 58.9 SD = 12 56.1 SD = 7.9 0.26
Sex (male n, %) 32 (61.5%) 22 (73%) 0.34
Coronary heart disease (known) n, % 2 (3.8%) 0 (0%) 0.53
QTc duration (msec) 428 SD = 33.5 415 SD = 27 0.07
Standard (unfiltered) QRS duration
(msec)

91 SD = 11 90 SD = 10 0.68

Filtered QRS duration (msec) 92 SD = 17 92 SD = 10 1
Low amplitude signals duration
(msec)

35 SD = 16 30 SD = 9 0.12

Root mean square QRS size at final
40 msec (μV)

32 SD = 19 46 SD = 32 0.015

Late potential presence (n, %) 16 (31%) 2 (7%) 0.013
Fragmented QRS (n, %) 21 (40%) 6 (20%) 0.09

Table 2
Comparison of SAECG parameters between patient groups, based on LP presence.

Parameter LP positive
(n = 16)

LP negative
(n = 36)

p for
difference

fQRS msec (continuous) 108 SD = 21 85.5 SD = 8 b0.001
fQRS positive (dichotomous) n, % 5 (31.25%) 0 (0%) 0.002
RMS40 μV (continuous) 12 SD = 5.5 41 SD = 16 b0.001
RMS40 positive (dichotomous) n, % 16 (100%) 5 (14%) b0.001
LAS msec (continuous) 52 SD = 17 27 SD = 6.5 b0.001
LAS positive (dichotomous) n, % 16 (100%) 1 (3%) b0.001
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of these common disorders [24,25], SAECG appears a reasonable meth-
od for the assessment of these effects.

Indeed, in two preliminary observational studies among small
groups of depressed and schizophrenic patients, unfavorable SAECG pa-
rameters have been documented [26,27].

QRSfr is defined as presence of one or more “high frequency compo-
nents” on the QRS complex in 12 lead electrocardiography [28]. It is
thought to constitute a convenient scarmarker, visualizingdisorganized
depolarization around myocardial tissue with abnormal electrophysio-
logical properties [29]. Furthermore, it has been shown to bear prognos-
tic significance in coronary artery disease patients [30].

It was thus attempted to study the prevalence of LPs, detected by
means of SAECG, and QRSfr in a group of psychiatric patients under
treatment, as compared with age-matched controls without organic
heart disease. Furthermore, we also attempted to correlate these find-
ings with the occurrence of SCD during long term follow-up.

2. Methods

In thepresent study, 52 hospitalized psychiatric patients, treatedwith a variety of psy-
chotropic agents, and a control group of 30 healthy individuals (free from organic heart
disease and without history of ventricular arrhythmias, unexplained syncope or psychiat-
ric disorder, not receiving anypsychotropic agents)were submitted to SAECG according to
a previously described protocol [31]. Presence of LPs was diagnosed if 2 of the following 3
criteria were present:

1. fQRS duration ≥ 114 msec,

2. LAS duration ≥ 38 msec and
3. RMS40 ≤ 20 μV.

A noise level of b0.6 μV was considered acceptable.
A MAC 5000 digital electrocardiograph (GE MARQUETTE, Fairfield, CT, U.S.A.) was

used for the control cases, while a CARDIOVIT AT-10 plus (SCHILLER diagnostics, Baar,
Switzerland) was used for the patient cases.

QT interval was corrected for heart rate by means of the Fridericia equation. QTc was
considered prolonged if N440 msec in men and N460 msec in women.

QRSfr was defined as

1. Presence of an additional R wave (R’)
2. Notching in the nadir of the S wave,

in 2 contiguous leads, corresponding to amajor coronary artery territory on the resting 12-
lead ECG [32], in standard speed and sensitivity settings.

Cardiac function data were obtained by echocardiography, whenever available.
Antipsychotic medications were classified as typical or atypical based on their mech-

anism of action [33]. DDDwas calculated based on theWHOCollaborating Centre for Drug
Statistics Methodology index [34]. DDDs were calculated for each medication class inde-
pendently (i.e. typical–atypical antipsychotics, tricyclics–selective serotonin reuptake in-
hibitors) as well as cumulatively, per therapeutic indication (i.e. all antipsychotics, all
antidepressants and all anxiolytics).

Patients were followed-up and the occurrence of any of the following endpoints was
recorded:

1. SCD (defined as death within 1 h from symptom onset, or death during sleep [10,11])

2. Non-cardiac death
3. Patient alive

Student's t-test was used for parametric, the Mann–Whitney U test for non-
parametric, and Fisher's exact test for categorical variables. A p-value of ≤0.05was consid-
ered statistically significant. SPSS 23 statistics software (IBM — Armonk, N.Y., U.S.A.) was
used for all analyses.

Our study complies with the principles of the Declaration of Helsinki and informed
consent was obtained from each participant or his legal guardian if indicated.

3. Results

Regarding psychiatric diagnoses, of the 52 patients: 36 suffered from
schizophrenia, 5 from schizophreniform disorder, 2 from disorders due
to cerebral damage, 2 from ethanol abuse-related disorders, 4 from de-
pression, 2 from bipolar disorder, and 1 from dysthymia. All patients re-
ceived psychiatric medications, as indicated. Of the 52 patients, 12
(23%) were on typical, 10 (19.2%) on atypical and 28 (53.8%) on both
classes of antipsychotics. In total, 50patients were receiving antipsy-
chotics (96.1%). Nine patients (18.3%) were on antidepressants of any
class (4–7.6% on tricyclics), while 36 of 52 (69.2%) were on anxiolytics
(benzodiazepines). Two patients (3.8%) had CAD, both with relatively
preserved left ventricular ejection fraction (45% and 52%). Patient and
control demographics are shown in Table 1, comparison of ECG and
SAECG parameters between patient groups based on LP presence in
Table 2 and medication data in Table 3.

The measured QTc of patients was 428 msec (SD = 33.5 msec).
Based on the aforementioned criteria, 10 male and 4 female patients
had QTc prolongation (37%). Control QTc was 415 msec (SD =
17 msec) (p = 0.07 for difference between controls and patients).

SAECG performancewas feasible in all patients. Mean number of av-
eraged beatswas 870 (SD=238 beats) andmean noise levelwas 0.5 μV
(SD=0.25 μV). Twelve lead ECG and SAECG parameter comparison be-
tween patients and controls is shown in Table 1. Presence of LPs (Fig. 1)
was statistically significantly higher among patients, compared with
controls (16/52, 31% vs 2/30, 7% — p = 0.012). In addition, mean
RMS40 was lower in the patient group (32 μV, SD = 19 μV vs 46 μV,
SD = 32 μV, p = 0.015). Standard and fQRS as well as LAS duration
were similar between patients and controls. QRSfr presence did not sig-
nificantly differ between patients and controls (21 patients - 40% and 6–
20% of healthy controls, p = 0.09).

Among patients, no differences were noted between the LP positive
and negative groups regarding age, sex, presence of CAD, number of av-
eraged QRS complexes and QRS duration. However, as expected, statis-
tically significant differences were noted regarding fQRS, LAS duration
and RMS40 value, both as dichotomous and continuous variables
(Table 2). Although 7 LP positive patients also had QRSfr (44%), no sta-
tistically significant correlation was noted (p = 0.77).

The use of antipsychoticmedicationswas not found to differ among LP
groups in psychiatric patients. Class of antipsychotics taken (typical only,
atypical only and both) was also similar between groups (p = 0.66).
Similar findingswere noted for the use of antidepressants and anxiolytics
(p=0.33 andp=0.24 respectively). Furthermore,whenusingDDDs as a
quantitative measure of drug consumption, no differences were noted
between the LP positive and LP negative patient groups (Table 3).
Echocardiography data were available in 17 (33%) patients. Mean EF
was 57% (SD = 5%). Two of the three patients with mildly depressed
(45 ≤ EF b 55%) EF had known CAD, 2 had LPs and all had QRSfr.



Table 3
Medication data for patients in relation to the presence or absence of LPs.

Typical antipsychotics only
All LP positive LP negative p

Patient number 12 3 9 0.40
Medication number
per patient

1.67 SD = 0.49 1.67 SD = 0.58 1.67 SD = 0.5 1

DDD per patient 3.61 SD = 2.95 4.86 SD = 4.07 3.19 SD = 2.66 0.42

Atypical antipsychotics only
All LP positive LP negative p

Patient number 10 2 8 0.35
Medication number
per patient

1.33 SD = 0.71 1 SD = 0 1.43 SD = 0.79 0.49

DDD per patient 1.56 SD = 1.09 1.1 SD = 1.3 1.7 SD = 1.1 0.53

Both classes of antipsychotics
All LP positive LP negative p

Patient number 28 10 18 0.42
Medication number
per patient

2.61 SD = 0.69 2.80 SD = 0.92 2.50 SD = 0.51 0.28

DDD per patient 3.76 SD = 2.79 3.35 SD = 2.35 3.98 SD = 2.92 0.56

Any antipsychotic
All LP positive LP negative p

Patient number 50 15 35 0.065
Medication number
per patient

2.14 SD = 0.84 2.33 SD = 1.05 2.06 SD = 0.74 0.30

DDD per patient 3.32 SD = 2.64 3.35 SD = 2.68 3.30 SD = 2.67 0.95

Any antidepressant
All LP positive LP negative p

Patient number 9 4 5 1
Medication number
per patient

1.13 SD = 0.35 1 SD = 0 1.25 SD = 0.5 0.36

DDD per patient 0.90 SD = 0.56 0.6 SD = 0.5 1.19 SD = 0.48 0.14
Any anxiolytic

All LP positive LP negative p
Patient number 36 13 23 0.34
Medication number
per patient

1.06 SD = 0.24 1 SD = 0 1.09 SD = 0.29 0.28

DDD per patient 1.60 SD = 0.9 1.78 SD = 0.75 1.49 SD = 0.98 0.36

Due to small numbers (n = 9 for all antidepressants), a subgroup analysis was not per-
formed. DDD: Defined daily dose.
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Mean follow-up durationwas 46 (SD= 11)months. During this pe-
riod, 5 patients (9.6%) died, 3 suffering SCDs and 2 non-cardiac deaths.
Both non-cardiac deaths were related to lung cancer complications.
Two SCD patients had both positive LPs and QRSfr. However, no statisti-
cally significant differenceswere noted regarding SCDoccurrence based
on LP or QRSfr presence (p = 0.22 and p = 0.56 respectively), nor did
the presence of both LPs and QRSfr significantly increase SCD risk com-
pared to the presence of either one or none of these parameters (p =
0.052 and p = 0.13 respectively). EF data were only available for 1
SCD patient (EF = 52%, CAD, LP and QRSfr present, along with frequent
ventricular ectopy) (Fig. 1).

4. Discussion

SCD has been found to occur significantly more often in psychiatric
patients than in the general population [4–7]. The underlying etiology
is considered multifactorial: These patients more often do not comply
with their medication regimens, have limited access to healthcare ser-
vices and suffer from other CAD risk factors [4]. Furthermore, increased
stress leads to dysautonomia and activation of the hypothalamus–pitu-
itary–adrenal axis that ultimately cause, apart from the autonomic im-
balance, increased inflammation and altered ion channel and connexin
43 expression [22].

The effect of medication, as an in itself predisposing to SCD factor in
psychiatric diseases, has also been emphasized [35]. Antidepressants,
both older (tricyclic) and newer (selective serotonin/norepinephrine
reuptake inhibitors), inhibit a host of ion channels (sodium, calcium
and potassium channels [36]), critical for the electrophysiologic proper-
ties of the myocardium. Thus it is conceivable that, aside from the dis-
ease itself, treatment medications could also increase the risk of
sudden death. Antipsychotics show anticholinergic and QTc prolonga-
tion effects, attributable in part to potassium current inhibition, with
certain substances inducing myocardial fibrosis [24,25]. Studies appear
conflicting as to whether the diseases per se or treatment by modern
mainstream medications are responsible for the increased SCD preva-
lence in this population. However, concerning antidepressants, in the
largest relative study so far (TILDA study— [37]), autonomic imbalance
was related to medications rather than to the presence of depression.
Clinically, their effects on repolarization may lead to triggered activity-
related arrhythmias, including torsades, and their potential effects on fi-
brosis to reentrant arrhythmias [25].

LP and QRSfr presence in SAECG and the 12 lead ECG are two of the
easiest to apply non-invasive substrate assessment methods. In this
context, abnormal depolarization of ventricular myocardial segments,
potentially promoting arrhythmogenesis, can be recorded, either during
(QRSfr) or at the final QRS segment (LPs). LP acquisition, however, has
the added advantage of more precise measurement, at the μV-level by
depressing ambient noise through signal averaging.

Indeed, in the present study a higher prevalence of LPs was found
in psychiatric patients receiving psychotropic drugs than in healthy
controls (16/52 vs 2/30, p = 0.012). This prevalence of abnormal
late potentials was lower than what was previously reported
among 33 schizophrenic patients [27], being 31% in the current
study as opposed to 48% in the former single available so far study.
More specifically, a lower RMS40 value was found to be driving this
difference (46 μV, SD = 32 μV vs 32 μV, SD = 19 μV, p = 0.015).
Whether this points to a specific effect, nosologic and/or pharmacolog-
ical, on the inferoposteriorwall, known to be depolarized relatively late,
or constitutes a chance finding due to sample size remains unanswered.
On the contrary, no difference on QRSfr prevalence was noted in the
present study between psychiatric patients and healthy controls.

Our findings suggest that the relative potency of medication regi-
mens, as assessed both bymedication number and by DDD, cannot pre-
dict its electrophysiological effects on the SAECG (Table 3— comparison
between LP patient groups). This is in accordance with the findings by
Nahshoni et al. [27] who found DDD to be actually lower in LP positive
psychiatric patients. This points to either nosologic effects leading to
LP presence or divergent effects of medications on the brain and heart
physiology. Obviously, conducting a randomized trial to answer this
question would be unethical, inasmuch as it would entail using a
group of untreated patients as controls.

However, it has been previously shown that the sodium channel
blocking effects of antidepressant medications may unfavorably influ-
ence the SAECGparameters of 11 depressed females in a similarmanner
to the unfavorable effect of type IA antiarrhythmic agents [26]. Due to
the small number of patients receiving antidepressant medications in
our study, we did not perform a subanalysis in order to reveal a poten-
tially detrimental effect of these agents on the SAECG.

Despite similar underlying pathophysiology, we could not detect a
relationship between LP and QRSfr presence. Such a relationship has
also not been noted in Brugada syndrome patients [38].

Event number during follow-up, with emphasis on SCD, was low,
due to small sample size, precluding adequate power to detect potential
differences and effects of LPs and/or QRSfr. However, it should be noted
that two SCD patients had both LPs and QRSfr, one suffering from CAD
with well-preserved EF (52%). Thus, it is conceivable that an interplay
of subclinical electrophysiologic alterations caused by CAD, even in the
absence of significant left ventricular dysfunction or symptomatic ische-
mia [39,40] with the psychotropicmedications on board and the under-
lying psychiatric disorder present, might have created the perfect storm
for malignant arrhythmogenesis (Fig. 1). Obviously, larger trials will be
necessary to verify or refute this hypothesis.



Fig. 1.A. 12 lead ECG. QRS fragmentation in the inferiorwall (leads II, III, aVF) is evident in this tracing (Rsr and notched S patterns). Furthermore, significant ventricular ectopy in the form
of extrasystoles is present. B. SAECG (same patient as in Fig. 1A). Late potential presence is evident in this recording as delayed depolarization following the bulk of the QRS complex.
Sensitivity is 1000 mm/mV and paper speed 100 mm/s. All three parameters are abnormal (fQRS duration 125 msec, LAS duration 55 msec, and QRS40 6 mV. Both tracings come from
a 60 year old organic psychosis patient, with known CAD, preserved EF (52%), on low dose of atypical antipsychotics (DDD = 0.2). Thirty-eight months post assessment he died
suddenly without any preceding anginal or/and heart failure symptoms.
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5. Study limitations

Our study is an observational one, with a low event rate and small
sample size, thus unable to control cause and effect hypothesis. Our con-
trol group was not screened for a subclinical structural heart disease,
rather a clinical evaluation and an electrocardiogram were used —
however this renders it closer to the concept of the “general popula-
tion”. Our psychiatric patient group is heterogeneous, including patients
with a variety of disorders which led to short- or long-term hospitaliza-
tion and thus findings may not be applicable to the commonly encoun-
tered psychiatric population in the outpatient setting. Furthermore,
many patients were taking multiple classes of medications, rendering
the study of any class-specific effect difficult. Finally, we had no data
on the severity of psychiatric disorders, which could, should their
neurological and cardiovascular effects be parallel, allow for the detec-
tion of relevant correlations. However, our sample constitutes the larg-
est psychiatric population to date to have been evaluated for the
presence of LPs [26,27].

6. Conclusions

Hospitalized psychiatric patients that are already exhibiting abnor-
mal intraventricular conduction and repolarization prolongation could
be at higher risk for adverse arrhythmic events following initiation of
therapy, warranting closer monitoring. LPs, detected by SAECG are
found significantlymore often in this group than in controls, as opposed
to QRSfr. The precise underlying mechanism, as well as potential rami-
fications for long-term prognosis remain to be determined by large,

Image of Fig. 1
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prospective clinical trials. With the current small observational study, it
is attempted to bring back into focus the effect of psychiatric diseases
and/or psychotropic medications on depolarization, as assessed by
detection of LPs in SAECG.

Conflict of interest

The authors report no relationships that could be construed as a con-
flict of interest.

References

[1] J. van Os, S. Kapur, Schizophrenia, Lancet 374 (9690) (2009) 635–645.
[2] N. Frasure-Smith, F. Lespérance, M. Talajic, Depression following myocardial infarc-

tion. Impact on 6-month survival, JAMA 270 (15) (1993) 1819–1825.
[3] D. Tousoulis, A.S. Antonopoulos, C. Antoniades, et al., Role of depression in heart

failure—choosing the right antidepressive treatment, Int. J. Cardiol. 140 (1) (2010)
12–18.

[4] D. Bivanco-Lima, I. Souza Santos, A.M. Vannucchi, M.C. Almeida Ribeiro, Cardiovas-
cular risk in individuals with depression, Rev Assoc Med Bras. 59 (3) (2013)
298–304.

[5] S. Hennessy, W.B. Bilker, J.S. Knauss, et al., Cardiac arrest and ventricular arrhythmia
in patients taking antipsychotic drugs: cohort study using administrative data, BMJ
325 (7372) (2002) 1070.

[6] T.M. Laursen, T. Munk-Olsen, E. Agerbo, C. Gasse, P.B. Mortensen, Somatic hospital
contacts, invasive cardiac procedures, and mortality from heart disease in patients
with severe mental disorder, Arch. Gen. Psychiatry 66 (2009) 713–720.

[7] C.H. Hennekens, A.R. Hennekens, D. Hollar, D.E. Casey, Schizophrenia and increased
risks of cardiovascular disease, Am. Heart J. 1506 (2005) 1115–1121.

[8] A.P. Gorgels, C. Gijsbers, J. de Vreede-Swagemakers, A. Lousberg, H.J. Wellens, Out-
of-hospital cardiac arrest—the relevance of heart failure. The Maastricht Circulatory
Arrest Registry, Eur. Heart J. 24 (13) (2003) 1204–1209.

[9] S.S. Chugh, K. Reinier, J. Balaji, et al., Population-based snalysis of sudden death in
children: the Oregon sudden unexpected death study, Heart Rhythm. 6 (11)
(2009) 1618–1622.

[10] P. Arsenos, K. Gatzoulis, P. Dilaveris, et al., Arrhythmic sudden cardiac death: sub-
strate, mechanisms and current risk stratification strategies for the post-
myocardial infarction patient, Hell. J. Cardiol. 54 (4) (2013) 301–315.

[11] K.A. Gatzoulis, S. Archontakis, P. Dilaveris, et al., Ventricular arrhythmias: from the
electrophysiology laboratory to clinical practice. Part I: malignant ventricular ar-
rhythmias, Hell. J. Cardiol. 52 (6) (2011) 525–535.

[12] K.A. Gatzoulis, S. Archontakis, P. Dilaveris, et al., Ventricular arrhythmias: from the
electrophysiology laboratory to clinical practice. Part II: potentially malignant and
benign ventricular arrhythmias, Hell. J. Cardiol. 53 (3) (2012) 217–233.

[13] J.A. Gomes, M.E. Cain, A.E. Buxton, M.E. Josephson, K.L. Lee, G.E. Hafley, Prediction of
long-term outcomes by signal-averaged electrocardiography in patients with
unsustained ventricular tachycardia, coronary artery disease, and left ventricular
dysfunction, Circulation 104 (2001) 436–441.

[14] T. Ikeda, T. Sakata, M. Takami, et al., Combined assessment of T-wave alternans and
late potentials used to predict arrhythmic events after myocardial infarction. A pro-
spective study, J. Am. Coll. Cardiol. 35 (2000) 722–730.

[15] T. Rechlin, M. Weis, A. Spitzer, W.P. Kaschka, Are affective disorders associated with
alterations of heart rate variability? J. Affect. Disord. 32 (4) (1994) 271–275.

[16] R.M. Carney, J.A. Blumenthal, P.K. Stein, et al., Depression, heart rate variability, and
acute myocardial infarction, Circulation 104 (17) (2001) 2024–2028.

[17] D.S. Quintana, L.T. Westlye, T. Kaufmann, et al., Reduced heart rate variability in
schizophrenia and bipolar disorder compared to healthy controls, Acta Psychiatr.
Scand. 133 (1) (2016) 44–52.

[18] L.M. Williams, P. Das, A.W. Harris, et al., Dysregulation of arousal and amygdala-
prefrontal systems in paranoid schizophrenia, Am. J. Psychiatry 161 (2004)
480–489.
[19] R.C. Veith, N. Lewis, O.A. Linares, et al., Sympathetic nervous system activity inmajor
depression, Arch. Gen. Psychiatry 51 (1994) 411–422.

[20] M. Maes, Evidence for an immune response in major depression: a review and hy-
pothesis, Prog. Neuro-Psychopharmacol. Biol. Psychiatry 19 (1995) 11–38.

[21] A. Seidel, M. Rothermundt, L. Rink, Cytokine production in depressed patients, in: R.
Dantzer, E.E. Wollmann, R. Yirmiya (Eds.), Cytokines, Stress, and Depression, Kluwer
Academic/Plenum Publishers, New York 1999, pp. 47–57.

[22] M. Ando, R.G. Katare, Y. Kakinuma, et al., Efferent vagal nerve stimulation protects
heart against ischemia-induced arrhythmias by preserving connexin43 protein, Cir-
culation 12;112 (2) (2005) 164–170.

[23] K. Wenzel-Seifert, M. Wittmann, E. Haen, QTc prolongation by psychotropic drugs
and the risk of Torsade de Pointes, Dtsch Arztebl Int. 108 (41) (2011) 687–693.

[24] P.M. Haddad, A. IM, Antipsychotic-related QTc prolongation, torsade de pointes and
sudden death, Drugs 62 (2002) 1649–1671.

[25] D.L. Kelly, H.J. Wehring, J. Linthicum, et al., Cardiac related findings at autopsy in
people with severe mental illness treated with clozapine or risperidone, Schizophr.
Res. 107 (2009) 134–138.

[26] B. Mladosievicova, I. Hulin, J. Pogady, D. Martisova, H. Petrasova, P. Hubka, Signal-
averaged ECG in patients with antidepressant therapy, Int. J. Cardiol. 54 (1) (1996
Apr 19) 27–31.

[27] E. Nahshoni, B. Strasberg, S. Imbar, et al., Late potentials in the signal-averaged elec-
trocardiogram in schizophrenia patients maintained on antipsychotic agents: a pre-
liminary naturalistic study, Eur. Neuropsychopharmacol. 20 (3) (2010) 146–152.

[28] G. Pietrasik, W. Zaręba, QRS fragmentation: diagnostic and prognostic significance,
Cardiol J. 19 (2) (2012) 114–121.

[29] Y. Take, H. Morita, Q.R.S. Fragmented, What is the meaning? Indian Pacing
Electrophysiol. J. 12 (5) (2012) 213–225.

[30] M.K. Das, C. Saha, H. ElMasry, et al., Fragmented QRS on a 12-lead ECG: a predictor of
mortality and cardiac events in patients with coronary artery disease, Heart
Rhythm. 4 (2007) 1385–1392.

[31] K.A. Gatzoulis, M.D. Carlson, L.A. Biblo, et al., Time domain analysis of the signal av-
eraged electrocardiogram in patients with a conduction defect or a bundle branch
block, Eur. Heart J. 16 (12) (1995) 1912–1919.

[32] M.K. Das, B. Khan, S. Jacob, A. Kumar, J. Mahenthiran, Significance of a fragmented
QRS complex versus a Q wave in patients with coronary artery disease, Circulation
113 (21) (2006) 2495–2501.

[33] J. Horacek, V. Bubenikova-Valesova, M. Kopecek, et al., Mechanism of action of atyp-
ical antipsychotic drugs and the neurobiology of schizophrenia, CNS Drugs 20 (5)
(2006) 389–409.

[34] M.X. Patel, I.A. Arista, M. Taylor, T.R. Barnes, How to compare doses of different an-
tipsychotics: a systematic review of methods, Schizophr. Res. 149 (2013) 141–148.

[35] K.P. Letsas, M. Efremidis, S.P. Kounas, et al., Clinical characteristics of patients with
drug-induced QT interval prolongation and torsade de pointes: identification of
risk factors, Clin. Res. Cardiol. 98 (4) (2009) 208–212.

[36] P. Pacher, V. Kecskemeti, Cardiovascular side effects of new antidepressants and an-
tipsychotics: new drugs, old concerns? Curr. Pharm. Des. 10 (2004) 2463–2475.

[37] C. O'Regan, R.A. Kenny, H. Cronin, C. Finucane, P.M. Kearney, Antidepressants strong-
ly influence the relationship between depression and heart rate variability: findings
from The Irish Longitudinal Study on Ageing (TILDA), Psychol. Med. 45 (3) (2015)
623–636.

[38] H. Morita, K.F. Kusano, D. Miura, et al., Fragmented QRS as a marker of conduction
abnormality and a predictor of prognosis of Brugada syndrome, Circulation 118
(17) (2008) 1697–1704.

[39] K.A. Gatzoulis, D. Tsiachris, P. Dilaveris, et al., Implantable cardioverter defibrillator
therapy activation for high risk patients with relatively well preserved left ventric-
ular ejection fraction. Does it really work? Int. J. Cardiol. 167 (4) (2013) 1360–1365.

[40] K.A. Gatzoulis, D. Tsiachris, P. Arsenos, et al., Prognostic value of programmed ven-
tricular stimulation for sudden death in selected high risk patients with structural
heart disease and preserved systolic function, Int. J. Cardiol. 176 (3) (2014)
1449–1451.

http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0005
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0010
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0010
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0015
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0015
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0015
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0020
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0020
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0020
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0025
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0025
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0025
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0030
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0030
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0030
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0035
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0035
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0040
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0040
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0040
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0045
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0045
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0045
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0050
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0050
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0050
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0055
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0055
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0055
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0060
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0060
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0060
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0065
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0065
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0065
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0065
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0070
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0070
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0070
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0075
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0075
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0080
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0080
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0085
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0085
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0085
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0090
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0090
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0090
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0095
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0095
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0100
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0100
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0105
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0105
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0105
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0110
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0110
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0110
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0115
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0115
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0120
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0120
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0125
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0125
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0125
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0130
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0130
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0130
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0135
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0135
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0135
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0140
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0140
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0145
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0145
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0150
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0150
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0150
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0155
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0155
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0155
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0160
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0160
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0160
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0165
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0165
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0165
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0170
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0170
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0175
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0175
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0175
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0180
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0180
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0185
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0185
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0185
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0185
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0190
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0190
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0190
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0195
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0195
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0195
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0200
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0200
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0200
http://refhub.elsevier.com/S0167-5273(16)31666-7/rf0200

	Prevalence of late potentials on signal-�averaged ECG in patients with psychiatric disorders
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	5. Study limitations
	6. Conclusions
	Conflict of interest
	References


