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Investigating the Relationship between Electroconvulsive
Therapy and Heart Rate Variability: A Systematic Review
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Physical therapies such as electroconvulsive therapy (ECT) may result in higher response and recovery rates, especially in patients who have
treatment-resistant depression. Various studies have reported different changes in heart rate variability (HRV) parameters before and after
depression treatment with ECT. Therefore, the present study reviews systematically the evidence describing changes in HRV parameters
and the cardiac autonomic nervous system associated with ECT. Scopus, Web of Science, PubMed, and Embase electronic databases were
searched for papers published up to September 8, 2022, without any restriction on the year and language of the study. A total of 895 articles
were reviewed by two independent groups and nine articles that met the inclusion criteria were selected. Time-domain and frequency-domain
HRYV parameters were assessed. In conclusion, the results of our systematic review provided limited evidence for the influence of ECT on
HRV parameters. Despite studies suggesting depression results in a decrease in parasympathetic activity and ECT results in an increase in
cardiac vagal activity, ECT seems to have no consistent effect on HRV parameters.
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INTRODUC"ON recovery of parasympathetic nerve activity.®”! According to
the studies, an abrupt pattern of change in cardiac autonomic
nervous activity during the ECT sessions occurs. Repetition
of ECT sessions appears to initiate parasympathetic nervous
activity earlier, which may contribute to the therapeutic effects
of ECT. According to the studies, an abrupt pattern of change
occurs in cardiac autonomic nervous activity during ECT
sessions. Repetition of such sessions appears to expedite the
initiation of parasympathetic nervous activity, which may in
turn contribute to the therapeutic effects of ECT.

Throughout the world, 280 million people suffer from
depression 5.0% of whom are adults and 5.7% older than
60." Furthermore, about a third of depression patients
have treatment-resistant depression (TRD), occurring when
adequate medications do not eradicate the condition or the
patient relapses. Depressive disorders can be effectively
treated with medications and psychotherapy,*! However,
when conventional pharmacological approaches fail with
TRD patients, ECT could be an important treatment option.*!
It is recommended to conduct ECT with general anesthesia, A non-invasive method for assessing the performance of
muscle relaxants, appropriate respiratory management,  the autonomic nervous system, impaired by depression, is
oxygen supplementation, and monitoring of blood circulation ~ the assessment of HRV.!”) HRYV, the variability of normal
dynamically.*” Evidence indicates that depression may be sinus beat intervals could also predict- adverse outcomes,
a major risk factor for adverse cardiovascular events and ~ such as arrhythmias and sudden cardiac death.!'"! Generally,
ANS dysfunction is thought to be responsible. Research has ~ Parasympathetic nervous system activity increases HRV and
shown that the therapeutic outcomes of ECT are related to the
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decreases HR, while sympathetic nervous system activity has
the opposite effect on HRV, equivalent to the variability of
normal sinus beat intervals, and could also predict adverse
outcomes such as arrhythmias, sudden cardiac death, etc.,
Generally, parasympathetic nervous system activity increases
HRYV and decreases HR, while sympathetic nervous system
activity has the opposite effect.

HRYV can be interpreted through frequency-domain indices,
time-domain indices, and nonlinear measurements.!?!
Low-frequency (LF), high-frequency (HF), and LF/HF ratios
are measured in the frequency domain. An average of two
minutes is required to record the LF band (0.04-0.15 Hz).['¥
LF power is produced by both PNS and SNS, and regulation
of blood pressure through baroreceptors!!*'7! occurs
primarily through the PNS,!'®! or exclusively through
baroreflex activity.l'? It is conventional to record the HF or
respiratory band (0.15-0.40 Hz) over a minimum period of
one minute.”” The HF band is called the respiratory band
because it corresponds to the HR variations associated with the
respiratory cycle and reflects parasympathetic activity. These
phasic HR changes may not serve as a reliable indicator of
cardiac vagal control.?! To estimate SNS and PNS activity,
the LF/HF ratio is used.["¥ The LF/HF ratio is calculated on the
assumption that SNS produces LF power while PNS produces
HF power. Based on this model, parasympathetic dominance is
indicated by a low LF/HF ratio, while sympathetic dominance
is indicated by a high LF/HF ratio.

Nevertheless, SNS and PNS have a complex relationship (both
linear and non-linear). When PNS activity increases, SNS
activity may decrease, increase, or remain unchanged.
Therefore, the ratio of LF to HF power does not necessarily
reflect autonomic balance.

A time-domain index of HRV, such as SDNN or RMSSD,
evaluates the amount of HRV observed during monitoring
periods ranging from a few seconds up to 24 h. The SDNN is
considered the “golden standard” in the medical stratification
of cardiac risks when they are recorded over 24 hours.['¥ Both
SNS and PNS activities contributed to SDNN by calculating
each successive difference in time between heartbeats in ms.
The root mean square of successive differences (RMSSD)
between normal heartbeats is calculated by squaring the
value of each successive difference and the result is averaged
before the square root is calculated. HF power is correlated
with RMSSDP? and PNS has a greater influence on RMSSD
than SDNN. A 2 min epoch is also required to calculate the
percentage of adjacent NN intervals that differ from each
other by more than 50 ms (pNN50). A period of 60 s has
been proposed by researchers.’! There is a strong correlation
between pNN50 and PNS activity,?* as well as between pNN50
and RMSSD and HF power.

Various studies have reported different changes in HRV
parameters before and after depression treatment with ECT. For
example, some studies reported a decrease in HRV values,>2"
while others reported an increase.?3% In addition, some
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studies reported a decrease in LF/HF ratio,?®*'*2 while others
reported an increase.!?”?°! Therefore, the present study reviews
the evidence describing changes in HRV parameters and the
cardiac autonomic nervous system associated with ECT.

MaTteriALs AND METHODS

This review followed the referred Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.?¥ Four electronic databases [PubMed (n = 61),
Scopus (n = 554), Web of Science (n = 147), and
Embase (n = 131)] were searched for relevant papers published
up to September 8, 2022, without any restriction on the
year and language of the study. The search terms used were
“(“Heart rate variability” OR “HVR” OR “Heart rate change”
OR “Cycle length variability” OR “Cycle length variability™)
AND (“Electroconvulsive therapy” OR “Electro convulsive
therapy” OR “electroconvulsive” OR “electroshock™)”.

This systematic review included all studies that reported HRV
parameters before and after ECT treatment. Also, studies that
were non-original studies, animal studies, case report studies,
or no full-text were excluded from the study.

The flowchart in Figure 1 illustrates the search process and
its results based on PRISMA. Four authors in two pairs
executed article screening and examined the results based
on the inclusion and exclusion criteria. After searching the
databases and removing 139 duplicates, 756 documents were
identified. In the first phase, after reviewing the title and
abstract of these 756 documents, 738 were excluded. In the
second step, based on reading the full text, 9 articles were
excluded due to no full-text (n = 4), review (n = 4), and no
ECT (n = 1), thus 9 articles that met the inclusion criteria
were accepted.

ResuLts

Prisma flowcharts (1) provide a visual representation of the
search process and its results [Figure 1]. The inclusion criteria
were met by nine articles in total.**>3 The selected studies are
summarized in Table 1 with information concerning the study,
year, number of participants (gender), age range, anesthetic
medication, number of ECT sessions, and time to measure
HRYV parameters.

Populations of the study

A total of 155 individuals participating in these studies
comprised an average sample size of 17 (standard deviation:
9.28) individuals. In one study,’?”! only males were included;
however, in other studies,®232628-32 hoth males and females
were included [Table 1]. There were three studies!?>2%32
conducted in the United States of America, two studies®®3! in
Israel, and one study each in Brazil,*®! Germany,” Turkey,?”
and Japan.B% It should be noted that the DSM-IV criteria¥
were used in eight studies!>?732 to diagnose major depression.
However, in one study, ! all participants selected for the study
were over 50 years of age and due to their major depressive
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Figure 1: Process flowchart for study selection. ECT: electro-convulsive therapy

disorder and resistance to drug therapy were referred to an
institution for ECT.

ECT and HRV devices

To measure HRV parameters, five studies used ECG,P-25-28:3031]
and four studies Holter monitoring.?%?7232 ECT was performed
in three studies using the MECTA device,”?27 in four studies
using the Thymatron device,?®**3? and in one study using both
the Thymatron and MECTA devices.?® In one study, the type
of ECT device was not reported. It should be noted that five
studies used bilateral stimulation,?>?7-23%:32 while four studies
used unilateral stimulation.”262%3 A description of the HRV
and ECT devices and the location of the stimulating electrodes
can be found in Table 2.

HRV parameters

The measured HRV parameters and their relationship with
SNS and PNS functions are summarized in Table 3. HRV
parameters in the frequency domain were reported more
frequently than HRV parameters in the time domain. Six[>53
and four?®?! studies reported HF and LF power in ms?,
respectively, while two studies reported HF and LF power
in normalized units.”3" In addition, four studies reported
the ratio of LF/HF power.[2%272%311 In the time domain,
threel®?72 and twol?’* studies reported SDNN and RMSDD,
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respectively, in ms. Furthermore, two studies®”*? reported
pNN50.

Associations between the ECT, HRV, and autonomic
nervous system

The associations between ECT, HRV, and the autonomic
nervous system are summarized in Table 4. Schultz et al.*
observed a decrease in the amplitude of respiratory sinus
arrhythmia, in other words, a decrease in parasympathetic
activity, in depressed patients who were treated with ECT.
While Ebert et al.” showed that response to ECT treatment was
associated with increased parasympathetic activity. They found
that after six sessions of ECT, baseline autonomic modulation
did not change significantly. In another study by Nahshoni
et al.,*" vagal modulation of the heart was shown to increase
significantly after ECT, also in another study, Nahshoni ez al.*®
found that elderly patients with MDD who responded to ECT
showed a degree of vagal modulation that increased after
ECT. Also, Royster ez al.?! found that there was no significant
difference between patients who responded to ECT and those
who did not in terms of the HRV parameters of RMSDD and
LF/HF. The changes in RSMDD were not significant, but this
measure (which represents the vagus nerve’s influence on
autonomic control of the heart) decreased in the responders and
increased in the nonresponders from pre-ECT-1 to pre-ECT-6.
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Table 1: A summary of the studies included (7=9)

Study, Study Number of Range age (mean Anesthetic medications Number of Time to measure HRV

year design participants (gender)  age=SD) years ECT sessions  parameters

Schultz USA 9 (NR females, NR (42.2+12.2) Methohexital (0.75 mg/kg),  Three per week 24 to 36 h after the last

et al., males) succinylcholine (0.6 mg/kg), ECT

1997 and glycopyrrolate 0.2 mg

Nahshoni  Israel 11 (8 females, 3 males) 60 to 84 (70+7) Methohexital sodium Twice weekly 72 h after the last ECT

et al.B! (1.0 mg/kg) and for a maximum

2001 succinylcholine (0.5 mg/kg)  of 12, if needed

Nahshoni  Israel 10 (7 females, 3 males) 60 to 84 (70+7) Methohexital sodium Twice weekly 48 h after the last ECT

et al.,?8 (1.0 mg/kg) and for a maximum

2004 succinylcholine (0.5 mg/kg)  of 12, if needed

Karpyak ~ USA 11 (8 females, 3 males) 251070 0.2 mg IV glycopyrrolate, Three per week ~ Between 1:45 hours to

et al.,”? (Rochester, (45.5+12.4) 1.5-2.0 mg/kg IV more than 72 h

2004 MN.) thiopental, and 1.0 mg/kg

succinylcholine

Takada Brasil 38 (20 females, 50 to 83 (64.7+8.6)  Etomidate (0.2-0.3 mg/kg) NR Seven 4 min intervals

et al.,*® 18 males) before the shock, a 4 min

2005 interval during the shock,
and seven 4 min intervals
after the shock

Ebert Germany 24 (21 females, 18 to 72 Etomidate and Six Data were collected less

et al.” 3 males) (61.1+16.8) succinylcholine (according than one week before the

2010 to in-house standards) first ECT, and 24-h after
the third and sixth ECT
sessions.

Royster USA 21 (17 females, 18 to 90 (48+18) NR Six (between Just before ECT-1 and

et al.» 4 M males) ECT treatments ECT-6

2012 was 48 to 72 h)

Bozkurt Turkey 14 (0 female, 30 to 54 thiopental (5 mg/kg) and Nine (three per ~ Holter monitoring, 24 h,

et al.*" 14 males) (37.78+6.12) succinylcholine (0.5 mg/kg)  week) was performed before

2013 treatment and at the end of
the first, third, and three
weeks after the last ECT.

Suzuki Japan 8 (6 females, 2 males) (66.5£7.1) Intravenous thiopental (2—4 One to three From 4 min before ECT

et al.,B" mg/kg) per week (for onset to 4 min after

2015 one week)

NR=not reported

Takada et al.,*®! based on HRV, found that during shock,
sympathetic activity increased with a decrease in both
sympathetic and parasympathetic drive afterward. In addition,
using HR and HRV analysis from four minutes before and
four minutes after ECT stimulus onset, Suzuki et al.%
demonstrated a triphasic change from parasympathetic to
sympathetic to parasympathetic cardiac autonomic activity.
The time-domain variables SDNN, SDANN, RMSSD, and
PNNS50 were used in another study by Bozkurt et al.?™ as well
as the frequency-domain variables, HF and LF. It has been
shown that ECT does not affect HRV and does not affect cardiac
autonomic function immediately after treatment, as well as
three weeks later. In another study, using SDNN as an indicator
of ECT response, Karpyak et al.?? found that SDNN increases
are associated with ECT’s positive effects. Moreover, SDNN
may be able to predict the outcome of ECT when candidates
are selected, as well as monitor its effectiveness and minimize
its side effects. Physical activity, talking, and related changes
in breathing patterns are known to affect pNN50 as well as
the frequency-domain measures.?>*! Due to the authors did
not restrict patients’ activity during HRV monitoring, they
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found no clear pattern of ECT-related changes in pNN50 in

any group of subjects.

Discussion

There is considerable diversity in the combination of HRV
values used in the literature relating HRV to ECT treatment.
Our systematic review of the available literature manifested
that various factors might influence HRV components such
as the duration of the recording and the various changes of
physiological and physical agents that could occur during the
recording.

Short recording times (2-to-40-min ECG recordings)
provide information on cardiac autonomic status, reflecting
vagal activity. The short recording durations can create
physiologically fixed or stationary states without much
difficulty. However, in long-term recordings, it is more
difficult to maintain strictly standardized conditions. In
this systematic review, four studies either used short-term
recording or did not the report duration of the recording.
Four other studies used the long-term recording of HRV and
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Table 2: A description of the heart rate variability (HRV) and electroconvulsive therapy (ECT) devices and the location of
the stimulating electrodes

Study, year

HRV recording device

ECT device

The location of the stimulus electrodes

Schultz
et al.,*1 1997

Nahshoni
et al.,”"2001

Nahshoni
et al.,** 2004

Karpyak
et al.,”* 2004

Takada
et al.,**1 2005

Ebert et al.,””!
2010

Royster
etal.”12012

Bozkurt
etal. 2013

Suzuki
etal. P 2015

A continuous ECG using standard chest
leads (Biotach and Pneumotrace, Gould
Electronics, Valley View, OH)

One unfiltered ECG limb lead (LII) (Hipec
analyzer HA-200/Aerotel Computerized
Systems, Ramat Gan, Israel)

One unfiltered ECG limb lead (LII) (Hipec
analyzer HA-200/Aerotel Computerized
Systems, Ramat Gan, Israel)

Holter monitoring

ECG Holter monitoring with Marquette 800
portable amplitude-modulated two-channel
devices (Marquette 9428; Marquette Medical
Systems Milwaukee, WI, USA)

A high-resolution ECG (1000 Hz) from two
separate adhesive monitoring electrodes using
the Task Force Monitor-device (CNSystems,
Medizin-Technik GmbH, Austria)

Marquette Series 8500 Holter monitor (GE
Marquette Medical Systems, Milwaukee, WI,
USA)

Twenty-four-hour Holter monitoring

ECG from two separate adhesive monitoring
electrodes, which were placed on the positive
input of V5 (12-lead ECG) and under the right

Constant current bidirectional square
wave stimulus device (MECTA
Model SR-1) (MECTA Corporation)
Constant-current, brief bidirectional
square-wave device (Thymatron
DGx; Somatics Inc.)

Constant current, brief bidirectional
square-wave device (Thymatron
DGx, Somatics, Lake Bluff, Illinois)
Thymatron System IV ECT device
(Somatics, Inc., Lake Bluff, IL)

Mecta SR-2 (Lake Oswego, OR,
USA) and Thymatron DGx (Lake
Bluff, IL, USA)

Spectrum 5000Q-device of
unilateral stimulation (MECTA,
Portland, Oregon, USA)

NR

Bilateral ECT device Mecta
Spectrum 5000Q

Pulse wave machine (Thymatron
System IV; Somatics LLC, Lake
Bluff, IL)

Bilaterally in the standard
bifrontotemporal position

Right or left unilateral (d’Elia placement)
ECT in all patients except one, whose
bilateral (frontotemporal) ECT

Right or left unilateral (d’Elia placement)
ECT in all patients except one, who
bilateral (frontotemporal) ECT

In seven patients, bitemporal electrodes
and in four patients, a combination of
bitemporal and bifrontal electrodes

Temporal areas

Unilateral stimulation

Bilateral stimulation

Bilateral stimulation

Bilateral frontal poles

clavicle as the reference with LRR-03 (GMS)

NR=not reported

generated inconsistent results with some HRV parameters.
For instance, Bozkurt et al.?” observed a significant increase
in the HF component, whereas Royster et al.*’! found,
although insignificant, a decrease in the HF component.
This contradiction may be due in part to the patients who do
not remain supine during the recording period of 24 h and
changes in their physical activity over this period lead to
changes in HRV. Nevertheless, the overall effect of activity
and environmental factors on the heart and the autonomic
nervous system is best evaluated over a longer 24-h recording
period.

Another result evidenced by the review was that there
might not be a significant difference in some of the HRV
parameters between the subjects who responded to ECT
and those who did not. However, insignificant changes in
HRV parameters were different between the responders
and the non-responders. For example, Schultz et al.[*]
and Royster et al.?” reported that the LF/HF ratio, which
represented the sympathovagal balance at the level of the
sinus node, decreased in the non-responders and increased
in the responders. In addition, Royster et al.?! observed
that RSMDD, which described the vagus nerve-mediated
cardiac autonomic control, decreased from pre-ECT-1
to pre-ECT-6 in the non-responders and increased in the
responders. Indeed, we should also pay attention to the
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different responses of subjects in each group of responders
and non-responders in these studies. Four subjects had a
decrease, three had an increase, and four had a slight change
among the responders. This indicates that the alterations of
some HRV parameters cannot be used as possible predictors
of the response.

Nevertheless, parameters like SDNN, which reflected joint
sympathetic and parasympathetic modulation of heart rate,
were significantly higher in value at baseline in the group of
subjects that sustained response compared with the group with
relapse within three weeks after ECT in the study conducted
by Karpyak et al**. However, Bozkurt et al.?” found that the
SDNN was not different at baseline in comparison to the groups
of responders or non-responders.

The changes in the HF parameter, modulated by the
parasympathetic nervous system, after ECT were different
in the studies. Increased HF (in normalized units), indicating
increased vagal modulation, was addressed by Karpyak
et al.,®?) but Ebert et al.”! observed no change in this
component after ECT treatment. These discordant results may
be attributed, at least in part, to the effects of co-administered
medications upon HRV. The effect of electrical charge in ECT
upon the ANS during an acute administration could also be the
other factor resulting in these conflicting results.
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Table 3: An overview of the heart rate variability (HRV) measures in frequency-domain and time-domain and their
relationship to the function of the sympathetic nervous system (SNS) and the parasympathetic nervous system (PNS)

HRV Units  Description Association to SNS  Studies reported
Parameter and PNS function
Frequency-domain ~ HF power ms®>  High-frequency power (between 0.15 and PNS Schultz et al.,”*” Takada et al.,*)
parameter 0.4 Hz) (synchronous with respiration); Bozkurt et al.,*”? Nahshoni et al.,*"
Parasympathetic/vagal activation is estimated Royster et al.,” Suzuki et al.3%
LF power ms’>  Low-frequency power (between 0.04 and SNS Takada et al.,*) Bozkurt et al.,*"
0.15 Hz) extracted from RR interval time Nahshoni et al.,”**) Royster et al.*®)
series power spectrum
VLF power ms*>  Very low-frequency power (between 0 and Undefined NR
0.04 Hz) extracted from RR interval time
series power spectrum
LF/HF LF/HF power ratio SNS vs. PNS Takada et al.,*® Bozkurt et al.,*”
Royster et al.,”> Nahshoni et al.?"
HF nu.  HF power in normalized units (n.u.) PNS vs. SNS Ebert et al.,” Nahshoni et al.’"
representing the relative power in proportion
to total power (TP) minus VLF power:
HF [n.u.] = HF power/(TP — VLF power)
LF nu.  LF power in normalized units (n.u.) SNS vs. PNS Ebert ef al.,” Nahshoni et al.’"
representing the relative power in proportion
to total power (TP) minus VLF power:
LF [n.u.] = LF power/(TP — VLF power)
Time-domain SDNN ms The standard deviation of all normal RR PNS 1, SNS Ebert et al.,”) Bozkurt et al.,*”
parameters intervals (normal-to-normal intervals, NN), Karpyak ef al.??
demonstrating overall variability
RMSDD ms Root mean square of successive differences PNS 1 Bozkurt et al.,*” Royster et al.*”)
between RR intervals, demonstrating
beat-to-beat variation
pNNS50 % The percentage of adjacent NN intervals that ~ PNS 1 Bozkurt et al.,*” Karpyak et al.*?

differ from each other by more than 50 ms

NR=not reported. RR intervals, interbeat intervals between all successive heartbeats; NN intervals, interbeat intervals between successive heartbeats with

artifacts removed

According to the reviews, HRV measures after ECT
appeared to be influenced by various other factors that
differed among studies. The age of the study population
could be an effective factor. A rather elderly population
may affect therapeutic response by influencing the means of
autonomic measures. Three studies in this review included
patients of an elderly population and other studies included
patients of both the youth and the elderly. Another factor
may be psychotropic medications taken by patients, which
seem to interact with autonomic modulation and their effect
on HRV has been revealed in the studies. Short recording
studies demonstrated that tricyclic antidepressants were
associated with a decline in most measures of HRV. For
medications that could potentially alter HRV, a large sample
size could have allowed adjustment in statistical models;
however, the sample size of the included study in this
review was small. Other influencing factors may be the
treatment schedule and at what point in the treatment course
the change of each HRV parameter is assessed. Treatments
were given twice or three times per week in the studies.
However, some studies only reported the overall number
of ECT sessions and did not describe a treatment schedule.
In addition, recordings related to HRV were performed in
the third or sixth session and even after the stimulus onset.
Therefore, the recording times were not similar in the

6

studies for each HRV parameter. All of these considerable
differences between the studies included in this review
prevented a meta-analysis.

There are limitations to note in the included studies. First, few
studies measured the effects of ECT treatment on each HRV
parameter. Second, existing studies have small samples and
relatively low numbers of participants. Third, there was no
comparison between depressive patients not treated with ECT
and healthy individuals.

ConcLusioN

In conclusion, the results of our systematic review
provided limited evidence for the influence of ECT on HRV
parameters. Although according to the studies, depression
might be associated with a decrease in parasympathetic
activity and ECT was supposed to result in increased
cardiac vagal activity, it seemed that consistent change
could not be observed in HRV parameters in response to
ECT. However, such a result could be due to contradictory
findings and methodological limitations (e.g., small sample
sizes, different age groups, etc.). Thus, future studies are
needed to examine the association between ECT and HRV
parameters.
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Table 4: An explanation of the changes made in the HRV parameter, the test used, the results, and conclusions. The
upper arrow (1) indicates the increase of the HRV parameter after the treatment compared to before the treatment and

the down arrow (|) shows the opposite

Study, Change in HRV parameter Test used Main results Conclusions
year (before and after treatment)
Schultz HF | Two-tailed Wilcoxon RR interval tended to decrease The parasympathetic activity was
et al. > tests and Spearman after ECT and ECT markedly reduced in patients treated with
1997 correlation coefficients decreased the amplitude of ECT.
respiratory sinus arrhythmia.
A positive correlation was
observed between the reduction
of HF variability and the
improvement of depressive
symptoms.
Nahshoni  LF_ |, HF 1, and LF/HF| Two-tailed paired #-tests LF norms and the LF/HF Increased cardiac vagal
et al,.B! ratio decreased significantly. modulation was observed in
2001 The HF norm also increased patients treated with ECT.
significantly.
Nahshoni  LF |, HF?, and Two-tailed paired #-test Following the ECT course, no ECT may result in increased
et al.,*® LF/HF | or Mann —Whitney significant changes were observed vagal modulation in elderly
2004 test were performed as in the LF and HF bands. patients with MDD. Nonlinear
appropriate. HRYV measures may shed light
on the increased risk for cardiac
mortality associated with
depression since they are reduced
by aging, similar to cholinergic
deficits.
Karpyak SDNN 1, pNNS50 (Uncertain The difference between A significant increase in SDNN Response to ECT treatment was
et al. P change) the mean before and after ~ was observed in eight of the associated with increased SDNN.
2004 ECT within the group patients, indicating that the HRV According to the results of this
was evaluated using a will improve with the positive study, physiologic differences may
one-tailed paired -test. response to ECT. As a result of be able to predict the outcome of
Differences between ECT complications and a comorbid  depression treatment with ECT.
groups of patients with somatic condition, SDNNs
different responses to changed in the opposite direction
treatment were evaluated ~ in two patients.
using two-sample z-tests.
Takada LF |,HF | To compare HR and A study of HRV demonstrated that Electroconvulsive therapy was
et al.,* HRYV, between time sympathetic activity increased found to cause transitory increases
2005 points, was used repeated ~ during shock and that both in HR and blood pressure in
measures of one-way parasympathetic and sympathetic middle-aged and elderly patients
ANOVA. activity decreased following shock. without systemic disease, but not
to result in serious adverse clinical
outcomes.
Ebert SDNN 1(NS), repeated measures After six sessions of ECT, baseline Higher parasympathetic
etal.” LF_1(NS), HF  |(NS) MANOVA univariate autonomic modulation did not modulation before treatment can
2010 ANOVAs change significantly. be a useful criterion for deciding
Response to ECT treatment to use ECT in a particular patient.
was associated with increased
parasympathetic activity.
Royster Patients who RMSSD |,  Two-sample #-test Between the patients who Short-term analyses indicate
et al.*” have responded LF |, responded to ECT and those who that HRV does not significantly
2012 to ECT (before HF | and did not, there were no significant improve among patients treated
ECT and after 6 LF/HF 1 differences in the HRV indices of with ECT who respond to the
ECT) SD1/SD2, RMSDD, and LF/HF. treatment compared to those who
Patients who RMSSD 1, do not.
have not LF |,
responded to HF 1, and
ECT (before ECT
and after 6 ECT) LFHET
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Table 4: Contd...

Study, Change in HRV parameter Test used Main results Conclusions
year (before and after treatment)
Bozkurt Patients who RMSSD|, Friedman and Wilcoxon ECT was effective for seven The HRV of patients with MDD
et al. ") have responded LF|, signed-rank tests were patients. Over the course of six did not change consistently in
2013 to ECT (before HF |and used to analyze the weeks, there was a change in response to ECT. In nine male
ECT and after LE/HF 1 continuous variables. the 2-h resting HF, the RMSSD, patients with MDD who are
6 weeks) evaluated by Spearman and the pNNS50 scores. After the resistant to treatment, ECT does
Patients who have ~ RMSSD|, correlation coefficients. first and third weeks, this change not lead to a significant change in
not responded LF|, was not significant. There was cardiac autonomic function when
to ECT (before HF |and no significant difference between HRYV is accepted as a promising
ECT and after LE/HF 1 the HRV values of those who surrogate marker.
6 weeks) responded to ECT and those who
did not respond to ECT except
for the value of resting HF value
between week 0 and week 6
for responders and the value of
24-hour HF for non-responders
between week 1 and week 6.
Suzuki HF 1 Paired #-test y Between 30 and 80 s after After the onset of ECT stimulus,
et al. " repeated-measure stimulation, LF/HF power in patients with depression
2015 ANOVA increased significantly, while observed a triphasic change from

between 80 and 130 s after
stimulation, HF power increased
significantly, indicating
sympathetic activity in the second
phase and parasympathetic activity

parasympathetic to sympathetic
to parasympathetic in cardiac
autonomic activity.

It is in the third stage.

HRV=heart rate variability, HR=heart rate, ECT=electroconvulsive therapy, LF=peak frequency of the low-frequency band, LF =LF power in normalized
units, HF=Peak frequency of the high-frequency band, HF =HF power in normalized units, LF/HF=ratio of LF-to-HF power, pNN50=the percentage

of adjacent NN intervals that differ from each other by more than 50 ms, RMSSD=root mean square of successive differences between RR intervals,
demonstrating beat-to-beat variation, SDNN=standard deviation of NN intervals, SD1=Poincaré plot standard deviation perpendicular the line of identity,
SD2=Poincaré plot standard deviation along the line of identity, SD1/SD2=Ratio of SD1-to-SD2
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