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The aim of this study was to evaluate HRV in children requiring intensive care unit stays due to TCA poisoning between March
2009 and July 2010. In the time-domain nonspectral evaluation, the SDNN (P < 0.001), SDNNi (P < 0.05), RMSDD (P < 0.01), and
PNN50 (P < 0.01) were found to be significantly lower in the TCA intoxication group. The spectral analysis of the data recorded
during the first 5 minutes after intensive care unit admission showed that the values of the nLF (P < 0.05) and the LF/HF ratio
(P = 0.001) were significantly higher in the TCA intoxication group, while the nHF (P = 0.001) values were significantly lower.
The frequency-domain spectral analysis of the data recorded during the last 5 minutes showed a lower nHF (P = 0.001) in the
TCA intoxication group than in the controls, and the LF/HF ratio was significantly higher (P < 0.05) in the intoxication group.
The LF/HF ratio was higher in the seven children with seizures (P < 0.001). These findings provided us with a starting point for
the value of HRV analysis in determining the risk of arrhythmia and convulsion in TCA poisoning patients. HRV can be used as a
noninvasive testing method in determining the treatment and prognosis of TCA poisoning patients.

1. Introduction TCA-related poisoning influences the autonomic nervous
system, central nervous system (CNS), and cardiovascular
system (CVS), and clinical signs appear within 6-8 hours.
There is no laboratory test to precisely diagnose TCA-related
poisoning, and it is impossible to predict the prognosis. The
semiquantitative enzyme immunoassay technique may be
useful for measuring TCA levels; however, there is no corre-
lation between drug levels and clinical findings [4]. The most
severe life-threatening condition in TCA-related poisoning
is the dysrhythmias that occur due to the quinidine-like

Poisoning is a common and important cause of morbidity and
mortality worldwide, especially during childhood. More than
50% of patients reported to poison control centers are adoles-
cents or less than five years of age [1]. Among the substances
that cause poisoning, drugs have been reported as the most
common factor. In Turkey, tricyclic antidepressants (TCA)
occupy an important place among the causes of poison-
ing, and the incidence of such events has increased over the

last decade [2]. TCAs (amitriptyline, nortriptyline, clomi-
pramine, desipramine, imipramine, doxepinm, and protri-
ptyline) are frequently used for the treatment of depression,
chronic pain syndrome, school phobia, hyperkinesias, noc-
turnal enuresis, and attention deficit-hyperactivity disorder

[3].

effects on the myocardial tissue. Electrocardiogram (ECG)
findings vary [5], and Boehnert and Lovejoy [6] have shown
an association between a QRS duration >100 ms and the risk
of arrhythmia or seizures.

Heart rate variability (HRV) can be described as instan-
taneous differences in sinus rate over time or heart rate
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fluctuations in the mean heart rate [7, 8]. Heart rate variabil-
ity, which can be analyzed using ECG recordings, is a nonin-
vasive method to assess cardiac autonomic activity. Changes
can occur in heart rate that are related to autonomic tone due
to exercise, physical and mental stress, and respiratory and
metabolic reasons. A close relationship between increased
sympathetic activity or decreased parasympathetic activity
and a tendency to fatal arrhythmia has been demonstrated
[7]. HRV analysis that reflects the sympathetic and parasym-
pathetic balance is used as a measure of cardiac autonomic
tone. Generally, 24-hour-long sequences should be obtained
to get reliable results for time-domain measures, and short-
term recordings are needed to analyze the frequency-domain
parameters. Studies regarding HRV in children are limited
compared with the number of adult studies. HRV analysis
seems to be promising in the study of the cardiovascular
responses to autonomic tone changes in obese children [9,
10]. HRV analyses have been studied in children with beta-
thalassemia [11, 12], epilepsy [13], recurrent neurocardiogenic
syncope [14], and obstructive sleep apnea [15, 16].

HRV plays an important role in describing fatal or
near-fatal arrhythmias [17] because increases in sympathetic
activity can cause severe arrhythmias and sudden death [18].
Recently, a meta-analysis showed that the therapeutic use
of TCAs caused a considerable decrease in HRV [19]. There
have been analyses showing HRV changes due to TCA-related
poisoning in adults, and differences in HRV have been sug-
gested to be predictors for ventricular arrhythmias in an adult
patient [20, 21]. TCAs can be ingested accidentally or volun-
tarily by children or therapeutic mistakes can occur. To our
knowledge, there have been no studies on the effects of TCA-
related poisoning on HRV. In the present study, we aimed to
determine the effect of TCA poisoning on heart rate variabil-
ity and to assess the effects of these results on clinical findings.

2. Materials and Methods

This prospective study was planned to involve children with
isolated cases of TCA intoxication who had been referred to
the Pediatric Emergency Department of Eskisehir Osmangazi
University. We planned to enroll 20 children because our
previous records showed that approximately 20 children had
been admitted to our clinic for TCA poisoning during the
last two years. For allocated randomization, 20 age- and
sex-matched healthy children were included as a control
group. The children in the control group had no underlying
diseases and were admitted to our clinic for routine checkups.
Holter analyses of the control children were recorded in their
homes to avoid hospital stress. Essential equipment for the
HRYV analysis was provided within the scope of the Eskisehir
Osmangazi University Scientific Research Project (project
number: 200811022). The study protocol was approved by the
local Ethical Committee of Eskisehir Osmangazi University,
and the parents gave informed consent for the study.

TCA intoxication was diagnosed at >300 ng/mL of TCA
as measured using semiquantitative enzyme immunoassay
method in children who were referred to our clinic with a
history or clinical findings of poisoning. The exclusion crite-
ria were a history of drug intake apart from TCA, a different
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drug toxicity according to the laboratory measurements, the
presence of chronic underlying diseases before poisoning,
and the presence of obesity according to anthropometric
measurements. The clinical findings for the patients who were
included in the study were recorded during their PICU stay.
Standard 12-lead electrocardiography and ambulatory blood
pressure measurements were also recorded. To perform the
HRV analysis, HRV recordings were scheduled during the
first half an hour after PICU admission in all of the cases.
Recordings for a period of 24 hours that included the values
for an entire day and night were completed for both the study
and control groups. The parameters of the HRV analysis were
calculated in compliance with the recommendations of the
American Heart Association and the European Society of
Cardiology, and the following parameters were evaluated in
the HRV analysis [7].

2.1. Time-Domain (Nonspectral) Analysis. This analysis was
based on the assessment of the intervals between normal
beats on 24-hour ECG recordings. During the statistical
analysis, generally all of the QRS complexes, the duration
between consecutive QRS complexes (NN interval), or the
instantaneous heart rates during continuous ECG recordings
are determined [7]. We recorded the following time-domain
indices for our HRV analysis: the standard deviation of all of
the normal sinus RR intervals over 24 hours (ms) (SDNN),
the percentage of successive normal sinus RR intervals
exceeding 50 ms (%) (pNN50), and the root mean square
of the successive normal sinus RR interval differences (ms)
(rMSSD). The SDANN (ms) and SDNN indices (ms) were
also recorded in all of the studied children.

2.2. Frequency-Domain (Spectral) Measures. Frequency-
domain measures give information about how the power is
distributed as a function of frequency. We planned to use
parametrical methods. The advantages of parametrical meth-
ods are as follows: smoother spectral components that can
be distinguished as independent from preselected frequency
bands, easy postprocessing of the spectrum with an automatic
calculation of low- and high-frequency power components
and an easy identification of the central frequency of each
component, and accurate estimation even on a small number
of samples. We analyzed two different frequency domain
calculations during the first and last 5 minutes of the 24-hour
recordings in both the patient and control groups. The fre-
quency domain indices were the low-frequency component
(LF) (frequency range: 0.04-0.15Hz), the high-frequency
component (HF) (frequency range: 0.15-0.40 Hz), and the
very low frequency component (VLF) (frequency range:
0.003-0.04 Hz) [7, 8]. Three values were noted for the first
and last 5-minute recordings. A normalized unit (nu) repre-
sented the relative value of the LF or HF power components
in proportion to the total power minus the VLF power. The
normalization minimized the effect of changes in total power
on the values of LF and HE The unit of the power components
of the VLE, LF, and HF was ms?, but the unit of the normalized
LF (nLF) and normalized HF (nHF) was a normalized unit
(nu). We used the nLF and nHF in the statistics. In
addition, the LF/HF ratio was used to evaluate the balance
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between the sympathetic and parasympathetic activities
(7, 8].

Statistical analysis of study data was performed using
SPSS 16.0 Software (Chicago, IL). The Mann-Whitney U test
was used for comparisons. Comparisons over time were
performed using the Wilcoxon test, and correlations were
evaluated using the Spearman correlation test. A P < 0.05
was considered statistically significant.

3. Results

Twenty children (nine boys and eleven girls) between the ages
of 3 and 16 years old following admittance to the PICU with
TCA intoxication (TCA level > 300 ng/mL) and 20 healthy
children (10 boys and 10 girls) were included in the study
between March 2009 and July 2010. Sixteen of the patients
presenting with TCA intoxication had ingested the drug for
the purpose of suicide, and 4 had ingested the drug accidently.
The median time to arrive in the emergency department was
2.4 hours (range 0.5-4 hours). The total serum TCA level
ranged from 380 to 2000 ng/mL (mean 1116 + 635ng/mL).
The most commonly observed clinical sign was the loss of
consciousness (n = 16, 80%). Seizure was observed in 7
cases (35%). The most frequent cardiovascular sign was sinus
tachycardia (85%, n = 17). The mean heart rate was 148 +
36 beats/minute (range 66-224 beats/min). The mean systolic
blood pressure was 115 mmHg (range 62-160 mmHg), and
the mean diastolic blood pressure was 58 mmHg (range 36—
92 mmHg) during the blood pressure monitoring. The mean
systolic and diastolic blood pressures were normal in the
control group. Although there were some differences in blood
pressure in the TCA intoxication group, no statistical differ-
ence was found between the groups (P > 0.05). Abnormal
ECG results were found in 12 of the cases (60%). QTc pro-
longation was observed in 5 cases, PR interval prolongation
was observed in 3 cases, and QRS interval prolongation was
observed in 4 cases (Table 1). ST-T alteration was observed in
only one case. No Brugada sign was observed. There was a
positive correlation between serum TCA levels and the QRS
interval (r = 0.684; P < 0.01). The mean age was higher in
patients with positive ECG findings compared with patients
with normal ECG results (median 14.6 years versus 11.2 years,
resp., P < 0.05). The TCA levels in patients with positive
ECG findings were significantly higher than in patients
without positive ECG findings (1523 + 571 ng/mL versus 619
+ 2llng/mL; P = 0.001). The duration of the PICU stay
was markedly longer in patients with positive ECG findings
compared with patients without ECG findings (median 5.4
days versus 2.4 days; P < 0.01). All of the cases were
treated using activated charcoal and alkalization. No case was
treated using physostigmine, plasmapheresis, or hemoperfu-
sion. One patient was mechanically ventilated for a period of
24 hours. The median duration of the intensive care unit stay
was 4.7 days (range 1-9 days), and total duration of hospital
stay was 5.4 days (range 3-12 days). All of the patients were
successfully treated with these treatments and discharged.

3.1. HRV Analysis. The time-domain nonspectral parame-
ters (SDNN, SDANN, RMSDD, SDNN index, NN50, and

TaBLE 1: Clinical and laboratory findings of children with TCA
intoxication.

Children with TCA intoxication

(n=20)
Age 3-16 years
Gender 9 boys, 11 girls
Purpose of suicide
TCA ingestion (n=16)
Accidently (n = 4)
Serum TCA levels 1116 + 635 g/mL.
(380-2000 ng/mL)
Loss of consciousness 16/20
Seizures 7/20

Median heart rate 148 (66-224)

Median systolic blood pressure 115 (62-160)

(mmHg)

Median diastolic blood pressure 58 (36-92)

(mmHg)

Abnormal ECG results 12 (20)

Prolonged PR interval 3 cases (0.24, 0.28, 0.24
second)

. 5 cases (0.48, 0.52, 0.48,
Prolonged QTc interval 0.47,0.51)
Prolonged QRS interval 4 cases (>100 ms for all 4
cases)

PNN50) recorded over the course of 24 hours were evaluated
in all of the patients and controls, and the results are shown
as the median and 95% CI in Table 2. The median SDNN,
RMSDD, and SDNN index values were lower in the TCA
group than in the controls (P < 0.001, P < 0.05,and P < 0.01,
resp.). In the TCA intoxication group, the pPNN50 values were
lower (P < 0.01 for both). The SDNN (P < 0.001), RMSDD
(P < 0.01), SDDNi (P < 0.01), and pNN50 (P < 0.01) values
were lower in the TCA intoxication group among patients
with ECG findings compared with patients without positive
ECG findings.

There was no significant difference in the VLF values
during the first 5 minutes of the intensive care unit stay
between the TCA intoxication and control groups (P > 0.05).
The nLF was markedly higher in the TCA intoxication group
compared with the control group (P < 0.05), and the nHF
was markedly lower in the TCA intoxication group compared
with the control group (P = 0.001). Also, the LF/HF ratio
was calculated to be markedly higher in the TCA intoxication
group compared with the control group (P = 0.001, Table 2
and Figure 1).

The frequency-domain spectral analysis was repeated for
the last 5 minutes during the 24-hour HRV recordings in
both groups. Similarly to the first 5 minutes, the VLF values
were found to be similar for both groups. While there was
no difference in the nLF values, the nHF was lower in the
TCA intoxication group compared with the patients during
the first 5 minutes (P = 0.001). The LF/HF ratio at the end of
the 24 hours in the TCA intoxication group was higher than
that in control group (P < 0.05).



TABLE 2: Twenty-four-hour time-domain (non-spectral) and 5-
minute spectral analysis results by study group.

TCA

intoxication (ioilt;(.; »
(n = 20) =
Mean heart 148 .
iy (66-224) (55-102) <0.05
minute)
104 146
SDNN (ms) (04-117) e 0,000
27 31
SDANN (ms)  )s") 1) (26-39) P >0.05
46 65
RMSDD (ms) (" . b0t
i 60 81
SDNN index (51-70) (72-96) 0.002
11.3 24.6
0,
PNNS0 (%) (8.9-20.9) (20.8-33.4) 0.005
Frequency-domain (spectral) analysis
2 772 806
VLF (ms”) (271-3873) PRI b 008
27 17
nLF (nu) (24-35) e oon
6.9 12.1
nHF (nu) (5.4.87) w02 o001
4.6 0.96
. (11-14.4) (0.8-2) 0.001

*Values are given as median (95% CI).
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FIGURE 1: Comparison of the LF/HF ratio within the first 5 minutes
between children with TCA intoxication and controls.

On comparing the first and last 5-minute recordings of
the 20 children with TCA intoxication, no differences were
determined for the VLE nHE or LF/HF ratio; however,
the nLF value for the patients whose nLF value was higher
continued to remain high (P < 0.05).
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FIGURE 2: Comparison of the LF/HF ratio during the first 5 minutes
of the HRV analysis according to the presence of seizures in patients
with TCA intoxication.

There were no significant differences in the time-domain
nonspectral analysis parameters between cases with or with-
out seizures; however, the nLF value during the first 5 minutes
was higher (though not statistically significantly higher), and
the nHF value was lower (P < 0.05) in the group who
had seizures. Also, the LF/HF ratio was found to be signifi-
cantly higher in patients who had seizures compared with
patients without seizures (median 6.95 versus 3.79, P < 0.001)
(Figure 2).

When we checked the association between the serum
TCA levels and the HRV parameters in the patients with TCA
intoxication, we found that the TCA levels showed a negative
correlation with the SDNN (r = —0.883, P < 0.001), RMSDD
(r = -0.564, P < 0.01), SDNNi (r = —0.469, P < 0.05),
SDSD (r = —-0.564, P < 0.01), and pNN50 (r = -0.601,
P < 0.01). We found no significant association between the
TCA levels and the spectral analysis parameters (nLF, NHEF,
LF/HF) during the first and last 5 minutes of recording.

4. Discussion

Tricyclic antidepressant intoxication can lead cardiovascular,
respiratory, and central nervous system signs. The cardiovas-
cular effects of TCA intoxication include PR or QT inter-
val changes, QRS complex enlargement, and ventricular or
supraventricular tachyarrhythmia, which originates basically
from the quinidine-like effects of these drugs on heart tissue
[22]. The most frequently observed dysrhythmia is sinus
tachycardia, which was observed in our study, and wide com-
plex tachycardia (supraventricular or ventricular) remains
one of the characteristic complications of TCA intoxication
[23]. Leonard et al. [24] similarly have described tachycardia
as the most frequent cardiac sign, and they have shown that
sinus tachycardia accompanies PR, QRS, and QTc changes in
children similarly to adults; however, ECG findings have no
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diagnostic value for evaluating TCA intoxication in children
and adults [23]. It has been concluded that increases >0.10 sec
in the QRS interval length, >3 mm in the height of aVR R
amplitude, and the abnormalities on the last 40 ms of a QRS
axis on the frontal axis are significant for convulsion and
ventricular arrhythmia in cases with TCA intoxication [6].
But there is no predictive value for the assessment of the
terminal 40 ms in children as in adults [25]. A > 0.10 sec QRS
duration in extremity derivations has been associated with
convulsion, and A > 0.16 sec QRS interval has been associ-
ated with ventricular arrhythmia. Citak et al. [26] reported
cardiac signs in almost half of all patients with convulsion
among their cases. In our study, 7 cases (35%) had seizures;
however, no association was found between ECG changes and
seizures. There were also no associations between the TCA
levels and the presence of conduction disorders or serious
cardiac dysrhythmias [27]. In our study, a positive correlation
was found between TCA levels and QRS duration, and the
serum T'CA levels in children with ECG findings were higher
in our study. Our results indicated that ECG findings can
be used to evaluate TCA intoxication; however, our patient
number was not suflicient to show evidence of an association
between the ECG findings and serum TCA levels.

HRYV analysis has been used to diagnose, follow up, or
determine the prognosis of many disorders and is presumed
to be safe as a method to quantitatively assess changes in the
autonomic nervous system and determine the cardiovascular
response to these changes. In many conditions, the balance
between the sympathetic and parasympathetic systems is
affected, and cardiac autonomic function disorders appear
[28, 29]. Abnormalities on HRV as a marker of cardiac auto-
nomic control are presumed to be risk factors for arrhythmia,
and it has been shown that they can be used as reliable
noninvasive markers of the presence of an underlying disease
[30-33]. In our study, HRV abnormalities were clearly shown
in children with TCA intoxication during the first 24 hours
of their admission. With regard to time-domain analysis,
SDNN reflected the overall HRV and the SDSS and RMSSD
reflected the vagal tone. In addition, the RMSSD and pNN50
parameters indicated high-frequency variations in heart rate
independently from diurnal or other changes [7]. In our
study, the significantly decreased SDNN, RMSDD, and PN50
values in children with TCA intoxication indicated the effect
of TCAs on the cardiac autonomic system. Also, the negative
correlation between TCA levels and SDNN values suggested
that time-domain measures can be used as a marker to deter-
mine drug levels in cases of TCA intoxication. Decreased
time-domain parameters, particularly SDNN, gave an idea
about the association between the HRV results and ECG
findings. Bjelakovic et al. [33] found a marked decrease in
the SDNN and SDANN levels in adults with exercise-induced
ventricular arrhythmia, and they suggested that this decrease
might be related to the direct effect of the sympathetic system
on myocardial electrical activity. Changes in the RMSDD and
PNN50 components also indicated that the autonomic system
was affected by TCA poisoning via the vagus nerve.

The spectral analysis, including the short-term HRV
recordings ranging between 2 to 5 minutes, is accepted as a
noninvasive marker for the sympathetic and parasympathetic

systems. In this way, heart rate signals are separated by
frequency and intensity. Among these frequency bands, the
LH and HF and their ratio (LF/HF) are frequently used
[7]. The HF is thought to be the main marker of parasym-
pathetic activity, but the LF reflects both the sympathetic
and parasympathetic activity. Numerous investigators have
emphasized that an increased LF/HF ratio shows sympathetic
activity dominance. We evaluated the VLE nLE, nHE and
LF/HF ratio during the first and last 5 minutes of the 24-hour
HRV recordings. The nLE, nHE, and LF/HF ratio recorded
at the intensive care unit were higher during the first 5
minutes of HRV recording in patients with TCA intoxication.
During the last 5 minutes at the end of 24-hour record,
the nLF levels were similar, the nHF level was lower, and
the LF/HF remained high. One of the main determinants
of parasympathetic activity is the high-frequency compo-
nent (HF); thus, parasympathetic activity continued to be
depressed in our patients after 24 hours of intoxication. These
results indicated that the first 24-hour period is critical in
TCA intoxication and that the changes that occurred at the
end of the 24 hours may be explained by treatment for and
elimination of the drug. While there were no differences in
the nonspectral analysis parameters between patients with
and without convulsions, the nLF and the LF/HF ratio were
higher and the nHF was lower in patients with seizures.
Frequency analysis in the first 5 minutes (especially LE/HF
ratio) could be predictive of seizures and be an indication for
anticonvulsant treatment. More comprehensive new studies
are needed to evaluate the predictive value of the LF/HF ratio
at admission for different treatment modalities.

Eisenhofer et al. [34] performed an experimental study
for evaluation of the effects of desipramine (member of
TCAs) on sympathetic nerves and they showed that desipra-
mine has exerted differential central and peripheral effects
(reduced sympathetic nerve outflow and diminished nore-
pinephrine uptake). In humans, while desipramine dimin-
ished to norepinephrine uptake, it increased cardiac norepin-
ephrine spillover by 25% [35]. There have been publica-
tions relating to HRV changes in adults and children who
received TCA therapeutically [19, 36-39]. Srinivasan et al.
[39] reported a marked decrease in the HF and an increased
LF/HF ratio in the standing position, indicating the dose
effects of therapeutic TCA on the cardiac autonomic sys-
tem in children. Regarding TCA intoxication, antidepres-
sant drugs are among the most common means of attempting
suicide, and they are a serious risk factor for arrhythmias.
Numerous studies have been performed to determine the
development, type, and the severity of arrhythmia, and no
standard indicator has yet been found [20]. It has been shown
that HRV is markedly suppressed after imipramine and
amitriptyline intake, and even if the EGC is normal, there is
an association between the development of ventricular arrhy-
thmia and increased LF/HF ratios [21]. Waring et al. [20]
compared the results of HRV analysis in patients with antide-
pressant drug intoxication, and they found markedly pro-
longed QT and QTc intervals in patients who had received
antidepressants, with a slight decrease in the HF and a
slight increase in the LE. Djonlagic et al. [21] suggested
that HRV is useful to assess the autonomic status of the



cardiac system during the early and late terms of TCA intoxi-
cation. In particular, the cardiac autonomic system status can
be obtained using HRV, and the risk of severe arrhythmia
can be described in high-risk patients after TCA intoxication.
Djonalgic et al. [21] reported the results of HRV in a 28-year-
old patient who was referred with signs of TCA intoxica-
tion. In this case, the QRS complexes were wider than 150 ms,
and the QTc interval was prolonged. The total power and
LF and HF values were markedly suppressed, and the HRV
depression continued during the second day without path-
ology on ECG. A markedly increased LF/HF ratio was
noted before the development of ventricular arrhythmia. The
heart rate and rhythm were markedly under the control of
the autonomic nervous system. Thus, increased sympathetic
activity in our study could result in clinical signs, particularly
increased heart rate. It can be observed that parasympathetic
suppression disappears, sympathetic activity becomes dom-
inant, heart rate increases, and serious tachycardia occurs
during TCA intoxication.

Power spectral analysis of HRV has been used frequently
to assess cardiac autonomic function in different clinical con-
dition; however, Goldstein et al. [40] highlighted that the
relationship of LF power of HRV to cardiac sympathetic tone
has been unclear. Manipulations and drugs that change LF/
HF may do so not by affecting cardiac autonomic outflows
directly but by affecting modulation of those outflows by bar-
oreflexes. Watson et al. [41] showed that the increased card-
iac sympathetic nerve activity is not dependent on depressed
arterial baroreflex control of cardiac sympathetic nerve activ-
ity in experimental study about heart failure. For example,
heart fajlure is characterized by activation of the sympath-
etic nervous system as demonstrated in patients by increases
in circulating norepinephrine, total and regional norepine-
phrine spillover, and muscle sympathetic nerve activity. For
this reason other determinant affecting HRV analysis includ-
ing underlying disease, interventions, and drugs should be
extensively evaluated during this analysis. Kingwell et al. [42]
showed that the combination of the cardiac norepinephrine
spillover technique and HRV will allow a more comprehen-
sive assessment of both neuronal and postsynaptic aspects of
the cardiac neuroeftector response. Our study, like previous
clinical HRV studies, demonstrated some HRV abnormal-
ities; however, extensive evaluation of cardiac autonomic
activity needs includes other potential contributors.

In conclusion, autonomic changes that affect the heart
rate may particularly cause ECG changes and arrhythmias
that may develop in cases with TCA intoxication. Thus, treat-
ments and antidotes the mechanisms of cause an increase in
vagal activity may be effective in TCA intoxication. Short-
term heart rate variability recordings may be a guide, espe-
cially for rhythm changes and as a predictor for seizures. We
concluded that HRV could be used in the future as a nonin-
vasive evaluation method for early diagnosis, risk determina-
tion, and determination of the effectiveness of treatment.
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