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(57) ABSTRACT

A method and an apparatus for analyzing heart rate Vari-
ability (HRV), and use thereof are provided. A low-cost,
portable and wearable signal acquisition device is utilized to
acquire electrocardiography (ECG) signals of epilepsy
patients for 24 hours before treatment, and a time domain
index, a frequency domain index and a nonlinear index of
the ECG during a long term and during a short term are
calculated with a programmed HRV analysis method, and
the eflicacy of vagus nerve stimulation (VNS) treatment for
patients with medically intractable epilepsy is accurately and
efficiently predicted based on characteristic parameters for
characterizing an effect level of the vagus nerve regulating
the heart rate, i.e., vagus nerve activity, thereby avoiding
unnecessary costs and avoiding the delay of the optimal
treatment timing. In addition, the characteristic parameters
obtained by the HRV analysis on the ECG may be utilized
to clearly select VNS treatment indication patients.

determine sensitive factor
demographic
fiata
clinicat history
; - respander patients
Patients with
medicaﬂy | seizure o o | Programmable
intractable T characteristics "1 implantation follow-up
epilepsy
Prepsy unresgon der patients  —
IRI
EEG
determine sensitive factor




Patent Application Publication

evaluation before Treatment ‘*

Apr. 4,2019 Sheet 1 of 5

US 2019/0099121 A1

Patients with
medically

infractable
epitepsy

4

determine sensitive factor
demagraphic
data
clinical history
E responder patients
2
1]
seizurE - YNS | Programmable
characteristics T implantation 1 foliow-up .
R
8 der patients
g unrespon s
1 <
ERG
‘ I determine sensitive factor

Fig. 1

Fig. 2



Patent Application Publication  Apr. 4,2019 Sheet 2 of 5 US 2019/0099121 A1

Remove QRS

: Sinos NN —b Long term:: 24 hours
| waves caused by > interval o ﬁence end :
| ectopic pacing | i Rt . Resam
i Short term S minutes i i pling
S — P awake state { interpo
- Artificially view fation
: RS waves i ¢ :
Q . i Short termn: 5 nnutes n
: sleepstate .. © ..
Automatically
detect QRS
‘ waves i
o A \ r Y
| Pertorm : 5 ‘3 Frequency
i denoising i Time domain Nonlinear | d (3n ain
- process and de- HRV HRV HRY
- Petform Y | A Y Y
digitization :
process : i
Statistic Geometry | i Nonlinear | Power spectrum
index index | index density index
ECG signal ‘ :

Fig. 3



Patent Application Publication  Apr. 4,2019 Sheet 3 of 5 US 2019/0099121 A1

| . ‘ ¢ Threshold : : I o
. Bafd v RMSSD e ML VNS eflcacy: being |
H b 285G ] H H Py . N !
i ra 833 é B 0 improved by 50% or more |
T gn g &8 HRY time | g
o b Fasa . 3
2o g8 i o5E2 domain | Thshold g
gd ge | g6 5 analysis, > NN e g
: 6o N : 2
27 2 ] 2287 frequency | %
ol — S b 3P E L B e S L RRRCEEEEEEE Rt
. ;‘ ; 7% arlg domain 2
L we gxag e and | i ]
Y Mo N b2 amlym and | Sy |l Tkl | 3
$E gz 3zt nonlinea I 5 :
85 530 S :
el 5 : 300 : o H
7 B &2z 2 rsis — ;
Z 18 vt analysis g— VNS efficacy heing
i S Fy 8 ;
: ¥ R Threshold Eo3 1 el improved by a percentage
208 > HF > — : ; 0
2 4 : ; fess than 50%

Fig. 5



Patent Application Publication

Apr. 4,2019 Sheet 4 of 5

US 2019/0099121 A1

Long term

# Responder group

; g
Short term in
daytime

Short term at
night

T
Short term in
daytime

i

Short term at
night

Long term

Short term in
daytime

0

1

Short term at
night



Patent Application Publication  Apr. 4,2019 Sheet 5 of 5 US 2019/0099121 A1

Curve of parameter characteristics for a subject

s
[N

O

.....

AnAnisuag

PR k4
PR e o 30
R 62 4 i

4~ Specificity

Fig. 7



US 2019/0099121 Al

HEART RATE VARIABILITY ANALYSIS
METHOD, DEVICE AND USE THEREOF

FIELD

[0001] The present disclosure relates to a method and an
apparatus for analyzing heart rate variability, and use
thereof, and in particular to prediction for an efficacy of
vagus nerve stimulation (VNS) treatment for medically
intractable epilepsy with the method and the apparatus for
analyzing the heart rate variability.

BACKGROUND

[0002] Epilepsy as a disease affects the lives of patients.
Most patients can control the seizure with one or more drugs
in a combination manner. However, some patients are not
sensitive to drug treatment, which are referred to as patients
with medically intractable epilepsy. The vagus nerve stimu-
lation (VNS) as an auxiliary treatment method can effec-
tively control the epileptic seizures in patients with medi-
cally intractable epilepsy, but individual differences in
efficacy are great and have high uncertainties. It is found
from the statistical analysis that, epileptic seizures in only
5% to 9% of patients with medically intractable epilepsy
who have received the VNS ftreatment can be controlled
completely, while about 10% of patients have no change in
epileptic seizures after receiving the VNS treatment, and
epileptic seizures in other patients may be decreased to some
extent. In general, epileptic seizures in 50% to 60% of the
patients with medically intractable epilepsy who have
received the VNS treatment can be decreased by 50%. In
view of the uncertainty and individual differences in the
efficacy of the VNS treatment for medically intractable
epilepsy, researchers have been trying to screen out patients
suitable for the VNS treatment by evaluation before treat-
ment.

[0003] There is no clear and quantified method for pre-
dicting the efficacy of the VNS treatment for medically
intractable epilepsy in clinical practice. The related factors
of VNS efficacy have been studied based on electroencepha-
lography (EEG), magnetic resonance imaging (MRI), and
patient demographic characteristics (including gender, age,
and the like), clinical history (disease course), seizure char-
acteristics (including seizure type, seizure frequency, lesion
location, and the like), and the studied conclusions are
inconsistent or even contradictory with each other.

[0004] Inthe conventional technology, as shown in FIG. 1,
a systematic and comprehensive preoperative evaluation
(including analysis on demographic characteristics, clinical
history, seizure characteristics, MRI, EEG, and the like) is
firstly required to be performed on patients with medically
intractable epilepsy before the VNS treatment, and then the
VNS implantation treatment is performed. When two weeks
has elapsed after the treatment, the stimulation parameters
are gradually regulated in accordance with performances
and technical characteristics of the VNS product, based on
specific responses of the patients to VNS acute stimulation,
and the seizures in the patients are recorded regularly. After
the corresponding follow-up period (which is generally set
as one year), the patients are classified based on the reduc-
tion of seizures, that is, the efficacy. Finally, the preoperative
evaluation data for the patient groups with different effica-
cies is statistically analyzed to find a parameter with statis-
tical differences between the patient groups with different
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efficacies, so as to serve as a sensitive factor in predicting the
efficacy of the VNS treatment for medically intractable
epilepsy.

[0005] The existing methods based on EEG and MRI have
disadvantages of high cost, complicated operation, and high
requirements on the professional knowledge of analysts.
Overall, studies based on the above methods have not been
applied in clinical practice due to the studied conclusions for
a same problem being inconsistent or even contradictory
with each other. According to the method based on the
24-hour dynamic electrocardiography signal proposed in the
present disclosure, a subject is only required to wear a
portable dynamic electrocardiography recording box to
acquire the ECG in a free movement state of the subject,
which results in simple operations. General hospitals charge
outpatients 240 yuan for the 24-hour dynamic electrocardi-
ography examination, and the cost is lower compared with
about 1,000 yuan of the long-term video electroencephalog-
raphy and magnetic resonance imaging examination. Due to
the 24-hour dynamic electrocardiography acquisition being
not limited by activities, the acquisition is simpler and the
consistency is better compared with the methods based on
the EEG and MRL

[0006] The heart rate variability (HRV) refers to a change
in an interval between adjacent heart beats in an electrocar-
diography (ECG) signal with time. The HRV is generated
caused by the regulation of an autonomic nervous system on
sinus node automaticity, which makes the heart beat inter-
vals have tens of milliseconds or even greater differences or
fluctuations. Since the HRV contains a large amount of
information on the neurohumoral regulation, the HRV is a
quantitative, non-invasive and repeatable index for indicat-
ing the activity and regulation functions of the autonomic
nervous system in a cardiovascular system. The HRV analy-
sis may indirectly reflect interactions between sympathetic
and parasympathetic nerves.

[0007] At present, there is no study and technical solution
for predicting the efficacy of the VNS treatment for medi-
cally intractable epilepsy by the HRV analysis technology
based on the ECG. Since the epileptic disease is related to
the cardiac autonomic dysfunction, the autonomic nervous
system balance of the patient is broken with the epilepsy
seizure and progression, which generally results in the
increased sympathetic nerve activity and decreased vagus
nerve activity. Based on this, in the present disclosure, a
low-cost, portable and wearable signal acquisition device is
utilized to acquire ECG signals of epilepsy patients for 24
hours before treatment, a time domain characteristic param-
eter, a frequency domain characteristic parameter and a
nonlinear characteristic parameter of the ECG are calculated
with a programmed HRV analysis method, and characteristic
parameters for characterizing the vagus nerve activity are
selected to accurately and efficiently predict the eflicacy of
the VNS treatment for medically intractable epilepsy.

SUMMARY

[0008] Itis found that, the epileptic disease is related to the
cardiac autonomic dysfunction, and the autonomic nervous
system balance of the patient is broken with the epilepsy
seizure and progression, which generally results in the
increased sympathetic nerve activity and decreased vagus
nerve activity. In addition, it is found that heart rate vari-
ability (HRV) is an important index. The HRV refers to a
change in an interval between adjacent heart beats in an
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electrocardiography (ECG) signal with time. The HRV is
generated caused by the regulation of an autonomic nervous
system on sinus node automaticity, which makes the heart
beat intervals have tens of milliseconds or even greater
differences or fluctuations. Since the HRV contains a large
amount of information on the neurohumoral regulation, the
HRV is a quantitative, non-invasive and repeatable index for
indicating the activity and regulation functions of the auto-
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[0014] 4) selecting sinus NN interval data during a long
term and during short terms in an awake state and in a sleep
state; and

[0015] 5) calculating a time domain index, a frequency
domain index and a nonlinear index for the sinus NN
interval data during the long term and during the short terms
in the awake state and in the sleep state (calculation formulas
for the indexes are shown in tables below).

TABLE 1

time domain index

Name of index

Definition of index Unit Meaning of index

nomic nervous system in a cardiovascular system. The HRV

mean value
(MEAN)

N
MEAN =RR = ZRR;/N
i=1

overall standard
deviation

(SDNN)

root-mean- 1

square of RMSSD = \/ —— ¥ (RRy; -RR;?
difference of i

adjacent interval
(RMSSD)
percentage of pNN50 = NN30O/TotalNN x 100%
adjacent

intervals with

difference

greater than 50

ms (pNN50)

ms

%

The index indicates
an average level of
RR intervals

The index indicares
an overall change in
the HRV during a
long term of 24
hours

The index indicates
a component that
changes rapidly in
the HRV

The index indicates
a sudden change in
the RR interval, and
can sensitively
reflect the vagus
nerve activity

[0016]

where RR is a time interval or an interval between

analysis may indirectly reflect interactions between sympa-
thetic and parasympathetic nerves.

[0009] Based on above, in the present disclosure, a low-
cost, portable and wearable signal acquisition device is
utilized to acquire ECG signals of epilepsy patients for 24
hours before treatment, and a time domain characteristic
parameter, a frequency domain characteristic parameter and
a nonlinear characteristic parameter of the ECG during a
long term and during a short term are calculated with a
programmed HRV analysis method, and the efficacy of the
VNS treatment for medically intractable epilepsy is accu-
rately and efficiently predicted based on characteristic
parameters for characterizing the vagus nerve activity in the
autonomic nervous system, thereby avoiding unnecessary
costs and avoiding the delay of the optimal treatment timing.
In addition, the characteristic parameters for characterizing
the vagus nerve activity obtained by the HRV analysis on the
ECG may be utilized to clearly select VNS treatment indi-
cation patients, so that the overall efficacy of the VNS
treatment can be improved.

[0010] A method for analyzing heart rate variability is
provided, which includes the following steps:

[0011] 1) acquiring electrocardiography data in vitro;
[0012] 2) performing a digitization process and a denois-
ing process on the electrocardiography data;

[0013] 3) forming a sinus NN interval sequence with the
processed electrocardiography data;

two adjacent heart beats; N is the total number of RR
intervals; and RRi is an i-th RR interval.

[0017] The frequency domain index may be explained as
follows. It can be seen from the power spectrum analysis
that, three separate spectrum peaks exist in a typical HRV
power spectrum, and the three spectrum peaks are substan-
tially located in a frequency band of 0.04 Hz, a frequency
band of 0.1 Hz, and a frequency band having frequencies
greater than 0.15 Hz, respectively. The area under each
frequency band can be used as a power spectrum energy
measurement, i.e.. as a frequency domain index of the HRV.
Since the frequency domain index reflects the regulation of
the autonomic nervous system at the frequency bands, and
the physiological factors are properly separated, the fre-
quency domain index can accurately reflect the true situation
of HRV and has a great clinical application value.

TABLE 2

frequency domain index

Name of Definition of Frequency

index index Unit range  Meaning of index

TP Total signal ms? <0.4 Hz The index indicates
powetr, Le., sum a total variability
of VLF, LF and in the signal
HF

VLF Power in very ms? 0.0033 to Unknown

lower frequency
band

0.04 Hz mechanism, which
may be related to
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TABLE 2-continued

frequency domain index

Name of Definition of Frequency

index index Unit range  Meaning of index

long-term regulation
mechanisms related
to body temperature
regulation, renin
angiotensin system
and humoral factors
LF Power in lower  ms? 0.04 to  The explanation is
frequency band 0.15 Hz still controversial,
but most scholars
consider the index
as being indicating
sympathetic nerve
activity
0.15 to  The index indicates
0.4 Hz the vagus nerve
activity, and reflects
the respiratory
variation.

HF Power in high ms?
frequency band

LF/HF Ratio of power — — — The index indicates
in lower a balance state
frequency band between a
to power in high sympathetic nerve
frequency band tension and a vagus
nerve tension.
[0018] The nonlinear index may be explained as follows.

In recent years, great progress has been made in the study on
nonlinear dynamics, which has aroused great interest in the
fields of physics, chemistry, and information science. By
describing and analyzing, with the nonlinear dynamic
method, a complex process in which the autonomic nervous
system controls and regulates the heart rate, more meaning-
ful information can be obtained to improve the accuracy of
the HRV as a prediction index. The HRV nonlinear index
utilized in the present disclosure mainly includes SD1 and
SD2 indexes in a Poincare Plot (as shown in FIG. 4). An NN
interval is considered as a research object, and dispersion
characteristics of a change between two adjacent NN inter-
vals are displayed in the form of coordinates. Standard
deviations on long and short axes at the center of the plot are
measured, respectively. The standard deviation measured
with the short axis as a central axis is referred to as SDI,
which reflects differences between instantaneous heart beats.
The standard deviation measured with the long axis as a
central axis is referred to as SD2, which reflects differences
between the NN intervals during a long time period.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a flowchart of screening VNS indication
patients in the conventional technology;

[0020] FIG. 2 is a schematic diagram showing 12-lead
ECG acquisition;

[0021] FIG. 3 is a flowchart of processing an ECG signal,
[0022] FIG. 4 is a schematic diagram showing calculation
for HRV nonlinear indexes SD1 and SD2;

[0023] FIG. 5 is a flowchart showing a determining pro-
cess;
[0024] FIG. 6 is diagram showing parameters for a

responder group Responder50 and a non-responder group
Non-responder50; and

[0025] FIG. 7 is a curve showing parameter characteristics
for a subject.
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DETAILED DESCRIPTION OF EMBODIMENTS

First Embodiment

[0026] As shown in FIG. 2, standard 12-lead ECG acqui-
sition is performed for 24 hours before treatment. In the
acquisition process, an electrocardiography acquisition
device is required to have a sampling frequency greater than
or equal to 500 Hz. During the ECG recording, subjects
should not make activities such as strenuous exercise and
dose that may affect the cardiac function. The recording time
period is set as 24 hours. Recording environments or con-
ditions in which the subjects are located should be substan-
tially similar to each other. In addition, it is required that data
for HRV analysis is normal sinus NN interval data. In the
HRV analysis, a time domain index, a frequency domain
index and a nonlinear index not only during a time period of
24 hours, but also during short terms of 5 minutes in an
awake state and in a sleep state are extracted. A specific flow
of processing an ECG signal is as shown in FIG. 3, which
includes:

[0027] 1) acquiring an ECG signal and digitizing the
signal;
[0028] 2) performing a denoising process and a de-artifact

process on the digitized signal;

[0029] 3) automatically detecting QRS waves in the sig-
nal;

[0030] 4) artificially viewing QRS waves in the detected
signal;

[0031] 5) removing QRS waves caused by ectopic pacing
in the signal;

[0032] 6) forming a sinus NN interval sequence;

[0033] 7) selecting sinus NN interval data of each subject

during a long term of 24 hours and during short terms of 5
minutes in an awake state and in a sleep state;

[0034] 8) calculating, with the method as shown in Table
1, Table 2 and FIG. 4, a time domain index, a frequency
domain index and a nonlinear index for the sinus NN
interval data of the subject during the long term of 24 hours
and during the short terms of 5 minutes in the awake state
and in the sleep state; and

[0035] 9) selecting characteristic parameters RMSSD,
PNNS50, SD1 and HF for characterizing vagus nerve activity.
[0036] The electrocardiography acquisition is performed
on patients with medically intractable epilepsy for 24 hours
before treatment. The electrocardiography data acquired
during 24 hours is processed with the above method to
obtain normal sinus NN interval sequences during the long
term of 24 hours and during the short terms of 5 minutes in
the awake state and in the sleep state. HRV time domain
analysis, frequency domain analysis, and nonlinear analysis
are performed on the NN interval sequences during the long
term and the short terms with the method as shown in Table
1, Table 2 and FIG. 4, and characteristic parameters
RMSSD, pNN50, SD1 and HF for characterizing vagus
nerve activity are selected. Thresholds corresponding to the
characteristic parameters are determined to make a compre-
hensive determination and selection, so as to predict and
determine an efficacy of VNS treatment for medically intrac-
table epilepsy (as shown in FIG. 5). The characteristic
parameters RMSSD, pNN50, SD1, and HF for characteriz-
ing the vagus nerve activity during a time period of 5
minutes at night, are individually utilized to predict the
efficacy of VNS treatment for medically intractable epilepsy,
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and the selected corresponding thresholds and correspond-
ing prediction accuracies are described as follows.

[0037] The threshold for RMSSD is selected as 37 ms.
That is, in a case that the ECG analysis result on a patient
before treatment is greater than the threshold, the epileptic
seizure after VNS treatment is decreased by 50% or more. In
addition, the prediction accuracy is 88.2%. The threshold
may also be utilized for screening patients.

[0038] The threshold for pNN50 is selected as 27%. That
is, in a case that the ECG analysis result on a patient before
treatment is greater than the threshold, the epileptic seizure
after VNS treatment is decreased by 50% or more. In
addition, the prediction accuracy is 82.7%. The threshold
may also be utilized for screening patients.

[0039] The threshold for SD1 is selected as 35 ms. That is,
in a case that the ECG analysis result on a patient before
treatment is greater than the threshold, the epileptic seizure
after VNS treatment is decreased by 50% or more. In
addition, the prediction accuracy is 70.6%. The threshold
may also be utilized for screening patients.

[0040] The threshold for HF is selected as 798 ms> That
is, in a case that the ECG analysis result on a patient before
treatment is greater than the threshold, the epileptic seizure
after VNS treatment is decreased by 50% or more. In
addition, the prediction accuracy is 76.5%. The threshold
may also be utilized for screening patients.

Second Embodiment

[0041] In the HRV analysis method according to the first
embodiment, other indexes that can characterize the vagus
nerve activity may also be utilized to predict the efficacy of
the VNS treatment for medically intractable epilepsy and
screen patients.

[0042] According to the present disclosure, the ECG
acquisition is performed on patients with medically intrac-
table epilepsy for 24 hours before treatment, and the HRV
time domain analysis, frequency domain analysis and non-
linear analysis are performed, so that the efficacy for the
patients with medically intractable epilepsy can be predicted
before VNS treatment, and the patients with medically
intractable epilepsy can be correctly guided to determine
whether to receive the VNS treatment, thereby avoiding
unnecessary costs and avoiding the delay of the optimal
treatment timing. In addition, the characteristic parameters
for characterizing the vagus nerve activity obtained by the
HRV analysis on the ECG are utilized to predict the efficacy
of VNS treatment and clearly select VNS treatment indica-
tion patients, so that the overall efficacy of the VNS treat-
ment can be improved.

Third Embodiment

[0043] Based on the above screening method, 32 patients
with medically intractable epilepsy who have completed the
VNS treatment at a Beijing Tiantan Hospital from Aug. 13,
2014 to Dec. 31, 2014 are selected for verification. A
comprehensive evaluation (including analysis on demo-
graphic characteristics, clinical history, of antiepileptic drug
history, video electroencephalography for 24 hours, MRI,
and dynamic electrocardiography for 24 hours) is performed
on the 32 patients with medically intractable epilepsy before
the VNS treatment.

[0044] The HRV time domain analysis, frequency domain
analysis, and nonlinear analysis are performed on the
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dynamic electrocardiography data for 24 hours before treat-
ment with the ECG signal processing method described
above, and the characteristic parameters RMSSD, pNN50,
SD1, and HF that characterize the vagus nerve activity are
extracted for each patient. It is found from the follow-up for
one year after treatment that, among the 32 patients with
medically intractable epilepsy who have received the VNS
treatment, epileptic seizures in 17 patients (where epileptic
seizures in 6 patients can be controlled completely) are
decreased by 50% or more, which are referred to as a
responder group Responder50, and epileptic seizures in
other 15 patients (where 4 patients have no change in
epileptic seizures after receiving the VNS treatment) are
decreased by 50% or less, which are referred to as a
non-responder group Non-responder50. The parameters
RMSSD, pNN50, SD1 and HF for the responder group
Responder50 and the non-responder group Non-re-
sponder50 are shown in FIG. 6. Since the parameters for
characterizing the vagus nerve activity for the two groups of
patients have significant statistically differences, it is indi-
cated that, the efficacy of the VNS treatment is related to
vagus nerve activity in patients before treatment, and the
efficacy of the VNS treatment can be predicted with the HRV
analysis method. Further, efficacy prediction abilities of
RMSSD, pNN350, SD1 and HF during the long term of 24
hours and during the short terms of 5 minutes in the awake
state and in the sleep state are evaluated. It is found from the
ROC curve analysis that prediction of the RMSSD during
the short term of 5 minutes in the sleep state is most accurate
among the above four parameters (as shown in FIG. 7). In
the case that the threshold for RMSSD is set as 37 ms, only
2 patients among the 17 patients in the responder group have
RMSSD less than 37 ms, and the other patients all have
RMSSD greater than 37 ms, and the prediction accuracy is
over 85%. Therefore, it can be proved that the characteristics
parameter for characterizing the vagus nerve activity
obtained by the above HRV analysis can be utilized to
predict the efficacy of VNS treatment accurately and effec-
tively and screen the VNS indication patients.

[0045] The above description shows only preferred
embodiments of the present disclosure. It should be noted
that those skilled in the art may make improvements and
modifications to the present disclosure without departing
from the principle of the present disclosure. The improve-
ments and modifications should also be included in the
protection scope of the present disclosure. In addition,
although some specific terms are utilized in this specifica-
tion, the terms are described only for convenience of
description and do not intended to limit the present disclo-
sure.

1-10. (canceled)

11. A method for analyzing heart rate variability, com-

prising:

1) acquiring electrocardiography data externally;

2) performing a digitization process and a denoising
process on the electrocardiography data;

3) forming a sinus NN interval sequence with the pro-
cessed electrocardiography data;

4) selecting sinus NN interval data of a subject during a
long term of more than 20 hours and during short terms
of 2 to 10 minutes in an awake state and in a sleep state;
and

5) calculating at least one of a time domain index, a
frequency domain index and a nonlinear index for the
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sinus NN interval data of the subject during the long
term of more than 20 hours and during the short terms
of 2 to 10 minutes in the awake state and in the sleep
state.

12. The method for analyzing the heart rate variability

according to claim 11, wherein

1) calculation formulas for time domain indexes are
expressed as follows, and one or more of the following
indexes are selected to be calculated during the analy-
sis;

Name of index Definition of index Unit

mean value (MEAN) N ms
MEAN =RR = } RR;/N

i=1

overall standard ms
deviation (SDNN) 1

root-mean-square of ms
difference of adjacent

interval (RMSSD)

1 w1
— I _ A2
RMSSD_\/ N7 5 (R ~RR)

percentage of adjacent
intervals with difference
greater than 50 ms
(pNNS50)

pNN50 = NN50/TotalNN x 100% %

2) calculation formulas for frequency domain indexes are
expressed as follows, and one or more of the following
indexes are selected to be calculated during the analy-
sis;

Name of index Definition of index Unit Frequency range

TP Total signal power, sum  ms’ 0.4 Hz
of VLF, LF and HF

VLF Power in very low ms* 0.0033 to 0.04 Hz
frequency band

LF Power in low frequency ms’ 0.04 to 0.15 Hz
band

HF Power in high frequency ms? 0.15 to 0.4 Hz
band

LF/HF Ratio of power in low
frequency band to power

in high frequency band
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and

3) the nonlinear index comprises SD1 and SD2 indexes in
a Poincare Plot, and one or more of the indexes are
selected to be calculated during the analysis.

13. The method for analyzing the heart rate variability
according to claim 11, further comprising:

calculating one of RMSSD, pNN50, SD1 and HF.

14. The method for analyzing the heart rate variability
according to claim 13, further comprising:

determining a threshold of one of RMSSD, pNNS50, SD1

and HF.

15. The method for analyzing the heart rate variability
according to claim 11, wherein a time period for the long
term is set as 24 hours, and a time period for the short long
term is set as 5 minutes.

16. The method for analyzing the heart rate variability
according to claim 14, wherein the threshold of RMSSD is
37 ms, the threshold of pNNS50 is 27%, the threshold of SD1
is 35 ms, and the threshold of HF is 798 ms.

17. The method for analyzing the heart rate variability
according to claim 11, wherein the method are utilized to
analyze vagus nerve stimulation (VNS) treatment for medi-
cally intractable epilepsy.

18. An apparatus for analyzing heart rate variability,
comprising:

a calculating module configured to perform calculating

with the method according to claim 11.

19. The apparatus for analyzing the heart rate variability
according to claim 18, further comprising one or more of a
data acquiring module, a digitization processing module, a
denoising module and a determining module.

20. The apparatus for analyzing the heart rate variability
according to claim 18, wherein the apparatus are utilized to
analyze vagus nerve stimulation (VNS) treatment for medi-
cally intractable epilepsy.

21. A wearable electrocardiography monitoring device,
comprising:

the apparatus for analyzing the heart rate variability

according to claim 18.

22. The wearable electrocardiography monitoring device
according to claim 21, wherein the device are utilized to
analyze vagus nerve stimulation (VNS) treatment for medi-
cally intractable epilepsy.

I S T
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