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Abstract

Background: Although abnormal heart rate variability (HRV) is frequently observed in patients with spontaneous
intracerebral hemorrhage (ICH), its time course and presentation of different indices remain unclear, and few studies
have focused on its association with clinical outcomes.

Methods: We prospectively recruited consecutive patients with spontaneous ICH between June 2014 and June
2021. HRV was evaluated twice during hospitalization (within 7 days and 10-14 days after stroke). Time and frequency
domain indices were calculated. A modified Rankin Scale score > 3 at 3 months was defined as a poor outcome.

Results: Finally, 122 patients with ICH and 122 age- and sex-matched volunteers were included. Compared with
controls, time domain and absolute frequency domain HRV parameters (total power, low frequency [LF], and high fre-
quency [HF]) in the ICH group were significantly decreased within 7 days and 10-14 days. For relative values, normal-
ized LF (LF9%) and LF/HF were significantly higher, whereas normalized HF (HF%) was significantly lower, in the patient
group than in the control group. Furthermore, LF% and HF% measured at 10-14 days were independently associated

with 3-month outcomes.

Conclusions: HRV values were impaired significantly within 14 days after ICH. Furthermore, HRV indices measured
10-14 days after ICH were independently associated with 3-month outcomes.

Keywords: Heart rate variability, Intracerebral hemorrhage, Outcomes, Autonomic dysfunction, Beat-to-beat
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Introduction

Spontaneous intracerebral hemorrhage (ICH) represents
10-15% of all types of stroke worldwide but is associ-
ated with significantly higher rates of mortality and dis-
ability. It is estimated that 50% of patients with ICH die
within the first 30 days after onset and that two thirds
of survivors remain moderately or even severely disa-

bled [1-3]. Although the high burden of this disease has
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been recognized, there are disproportionately few proven
prognostic predictors and effective treatment targets for
improving clinical outcomes in patients with ICH.

Heart rate variability (HRV), the beat-by-beat vari-
ance in heart rate, is regarded as a noninvasive indica-
tor of autonomic nervous system modulation [4]. Since
the association between post infarction mortality and
reduced HRYV in patients with myocardial infarction was
first found in 1977 by Wolf et al., HRV was confirmed
in the late 1980s and early 1990s to be significantly and
independently predictive of mortality after an acute myo-
cardial infarction [5-8]. During the past 30 years, an
increasing number of studies have related the imbalance
of the autonomic nervous system (as assessed by HRV)
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to cardiovascular disease [9]. Taking into consideration
strict heart—brain relationships, HRV assessment has
been widely used as an important and robust diagnostic
tool in the detection of autonomic impairment and pre-
diction of prognosis in several neurological disorders,
such as cerebrovascular diseases, multiple sclerosis, Par-
kinson disease, and epilepsy [10]. Previous studies have
reported impaired autonomic function in patients with
ICH, and it is associated with functional outcomes and
mortality in these patients [11, 12]. Therefore, theoreti-
cally, HRV may present significant alternations after ICH
onset; however, few studies have focused on the associa-
tion between HRV and ICH.

Hence, the main objective of this study was to inves-
tigate (1) the time course and characteristics of HRV in
patients with ICH and (2) the association between HRV
and clinical outcomes.

Methods
Patient Selection and Study Protocol
Patients with spontaneous ICH presenting to the Stroke
Center in the Department of Neurology at the First Hos-
pital of Jilin University between June 2014 and June 2021
were prospectively and consecutively enrolled in this
observational cohort study. Our center is the National
Advanced Stroke Center verified by the National Health
Commission, the highest level of stroke center in China,
and houses the Key Laboratory of Cerebrovascular Dis-
ease Precision Medicine of Jilin Province. The inclusion
criteria were as follows: (1) age 18—80 years, (2) premor-
bid modified Rankin Scale (mRS) score <1, (3) computed
tomography images showing ICH, and (4) initial HRV
measurements completed within 7 days after ictus. We
excluded patients (1) whose ICH occurred secondary
to trauma, hemorrhagic conversion of ischemic stroke,
or structural lesions (i.e., aneurysm, tumor, arterio-
venous malformation, and vasculitis); (2) who underwent
any surgical treatments, including ventricular drain-
age, clot removal, and craniotomies, during hospitali-
zation; (3) with a medical history that may undermine
hemodynamic stability, such as current arrhythmia,
hyperthyroidism, and anemia; and (4) who were unable
to complete all HRV measurements. During the same
period, age-matched (&2 years) and sex-matched medi-
cally and psychiatrically healthy volunteers were selected
as controls at a ratio of 1:1. All participants or their direct
relatives provided written informed consent for this
study, which was approved by the Ethics Review Com-
mittee of the First Hospital of Jilin University (2017-042).
For each patient with ICH, HRV measurements were
performed twice during hospitalization: within 7 days
and 10-14 days after stroke onset. HRV measurements
were performed once for each control participant. The

clinical outcome was the mRS score at 3 months, which
was collected via telephone interview with participants
or their relatives by an examiner who was blinded to the
HRYV results. An mRS score of >3 was defined as a poor
outcome, and an mRS score of <2 was defined as a good
outcome.

Data Collection

Baseline characteristics, including demographic informa-
tion (age and sex), lifestyle history (alcohol consumption
and cigarette smoking), and medical history (hyperten-
sion, diabetes mellitus, previous stroke, and antihyper-
tensive medication history), were documented. Previous
stroke was defined as a history of transient ischemic
attack, ischemic stroke, ICH, or subarachnoid hemor-
rhage [13].

Documented clinical data included ICH severity, blood
pressure, heart rate, medications, and imaging data. Clin-
ical severity on admission was evaluated using National
Institutes of Health Stroke Scale (NIHSS) scores. Blood
pressure and heart rate were measured from the bra-
chial artery using an automatic blood pressure monitor
(Omron 711, Japan). Imaging data, including hematoma
location, ICH volume, the presence of intraventricular
hemorrhage, perihematomal edema, and midline shift,
were measured from the initial computed tomography
(64-slice, Somatom Definition; Siemens Healthcare, Ger-
many) scan on admission for each patient by a neuro-
radiologist blinded to the HRV parameters and clinical
outcomes. The ICH volume was measured as delineated
by the ABC/2 score [14]. Perihematomal edema was
rated using the five-point visual rating scale reported by
Lietke et al. [15]. Midline shift >3 mm was defined as
positive [16]. Additionally, computed tomography images
were reexamined one day before discharge, and hema-
toma enlargement was defined as an absolute hematoma
volume increase >6 mL or relative hematoma volume
increase >33% [17].

Measurements of HRV

HRV was evaluated by noninvasively measuring beat-
to-beat signals for 5 min using a servo-controlled ple-
thysmograph (Finometer model 1, FMS, Rotterdam, the
Netherlands) placed on the middle finger. All investiga-
tions were performed in a quiet examination room with a
controlled temperature ranging from 20 to 24 °C between
9:00 and 10:00 a.m. All participants were asked to relax
in a supine position for 10 min in the room before the
examination.

Beat-to-beat recordings were processed as previously
reported [18]. Briefly, scripts developed by the research
team in MATLAB (R2017b, MathWorks, USA) were used
to detect inflection points and to identify each cardiac
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cycle [19]. Ectopic beats and artifacts were automati-
cally detected, visually reviewed, and removed using lin-
ear interpolation [20]. HRV indices were evaluated in the
time and frequency domains. Values in the time domain
were evaluated as the standard deviation of all normal-
to-normal intervals (SDNN), the most widely used time
domain HRV values. The coefficient of variance of nor-
mal-to-normal intervals (CV), calculated as the ratio of
SDNN and mean normal-to-normal intervals, was also
calculated to eliminate the effects of mean levels [21].
The power spectra were quantified using the Welch
method, based on a fast Fourier transform, by measur-
ing the areas in the following frequency power bands:
very low frequency (VLF) (<0.04 Hz), low frequency (LF)
(0.04—-0.15 Hz), and high frequency (HF) (0.15-0.40 Hz)
bands and total power (TP) (<0.40 Hz). The variables in
the frequency domain were expressed in absolute pat-
terns (power of TP, VLF, LF, and HF [ms?]) and relative
patterns (normalized LF and HF [LF% and HF%] and the
ratio of LF to HF [LF/HF]) in accordance with interna-
tional guidelines [22]. Table 1 shows the methods used to
calculate these indices and their physiological correlates.

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 26.0 (SPSS; IBM, West Grove, PA). The distribution
of data was assessed using a one-sample Kolmogorov—
Smirnov test. The mean value +standard deviation was
calculated for normally distributed continuous variables,
whereas the median (interquartile range) was calcu-
lated for non-normally distributed variables. Categori-
cal variables were evaluated as frequencies. HRV indices

measured within 7 days and 10—14 days after stroke onset
were compared using the Wilcoxon signed-rank test.
The Mann—Whitney U-test was used to compare data
between the patient and control groups. The baseline
characteristics and HRV parameters of patients with
ICH were categorized according to patient outcomes.
Normally distributed data were analyzed using Student’s
t-test. Non-normally distributed data were compared
using the Mann—Whitney U/-test. x> or Fisher’s exact
tests were used to compare categorical variables.

To explore the correlation between HRV and clini-
cal outcomes, four models were applied in the sensi-
tivity analysis: model 1 was unadjusted, model 2 was
adjusted for age and sex, model 3 was adjusted for all
variables in model 2 plus lifestyle history and medical
history (including cigarette smoking, alcohol consump-
tion, hypertension, diabetes mellitus, previous stroke,
and antihypertensive medication history), and model 4
was adjusted for all variables in model 3 plus clinical data
(including admission NIHSS score, systolic and diastolic
blood pressure, antihypertensive and dehydration drugs,
ICH location, ICH volume, presence of intraventricular
hemorrhage, perihematomal edema, midline shift, and
hematoma enlargement). Only the statistical results that
were consistent in all four models were considered con-
clusive. All tests were two-tailed, and p values < 0.05 were
considered statistically significant.

Results

Overall, 182 patients were recruited initially. One patient
with ICH that occurred secondary to trauma, seven
patients with ICH caused by structural lesions (two

Table 1 The methods of calculation and physiological correlates of HRV indices

Physiological correlates[ , ]

Reflecting both sympathetic and vagal activity

HRV indices Calculation
Time domain
SDNN (ms) Standard deviation of all normal-to-normal intervals
CV (%) Coefficient of variance of normal-to-normal intervals, calculated

Frequency domain
TP (ms?)

as the ratio of SDNN and mean normal-to-normal intervals

Absolute values of power of total power (<0.40 Hz)

VLF (ms?) Absolute values of power of very low frequency (< 0.04 Hz)

LF (ms?) Absolute values of power of low frequency (0.04-0.15 Hz)

HF (ms?) Absolute values of power of high frequency (0.15-0.40 Hz)

LF% (nu) Low frequency power component in proportion to the sum
of LF and HF (total power minus the very low frequency
component)

HF% (nu) High frequency power component in proportion to the sum
of LF and HF (total power minus the very low frequency
component)

LF/HF The ratio of low frequency and high frequency

Reflecting both sympathetic and vagal activity and eliminating
the effects of mean levels

Reflecting the sum of sympathetic and vagal activity
Uncertain

Reflecting both sympathetic and vagal activity
Reflecting vagal activity

Reflecting relative sympathetic activity in the balanced behavior
of autonomic nervous system

Reflecting relative vagal activity in the balanced behavior of
autonomic nervous system

Reflecting the balance between sympathetic and vagal activity

HRYV, Heart rate variability
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Screened for eligibility
(N=182)

Excluded (n = 60)
* Had ICH occurred secondary to trauma (n=1)
* Had ICH caused by structural lesions (n=7)
* Underwent surgical treatments (n=13)
Could not cooperate with HRV measurements (n=16)
« Refused to complete the second measurement (n=19)
Had premorbid mRS score >1 (n=4)

Enrolled in the final analysis
(N=122)

Fig. 1 Flowchart of the study. HRV heart rate variability, ICH intracer-

ebral hemorrhage, mRS modified Rankin Scale

with tumor and five with arteriovenous malformation),
13 patients who underwent surgical treatments, and 16
patients who could not cooperate with HRV measure-
ments because of arrhythmia and hyperthyroidism were
excluded. Nineteen patients who refused to complete
the second measurement and four patients who had
premorbid mRS scores>1 were also excluded. The flow-
chart is shown in Fig. 1. Finally, 122 patients with ICH
(54.7£10.0 years; 78.3% male) and 122 age- and sex-
matched healthy adults (55.6+12.0 years; 78.3% male)
were included in the analysis. Table 2 shows demographic
and clinical information for patients with ICH.

Temporary Course of HRV in Patients with ICH

As shown in Table 3 and Fig. 2, when compared with
healthy controls, patients with ICH exhibited signifi-
cantly decreased SDNN, CV, TP, LF, and HF within 7 days
after onset. LF% and LF/HF were significantly higher,
whereas HF% was significantly lower, in the patient group
than in the control group. These HRV impairments were
sustained 10—14 days after onset in the ICH group, who
exhibited lower SDNN, CV, TP, VLE, LF, HE, and HF%,
as well as higher LF% and LF/HE, than healthy adults at
10-14 days after onset. Moreover, when we compared
HRV data obtained within 7 days and 10-14 days after
onset, no recovery phenomenon was observed. Con-
versely, abnormal HRV tended to progress, although the
changes were not significant.

Association Between HRV and Clinical Outcomes

Among the 122 patients with ICH, 83 (68.0%) experi-
enced good outcomes, whereas 39 (32.0%) experienced
poor outcomes. The demographic and clinical infor-
mation of patients with different outcomes is shown
in Table 4. Patients in the poor outcome group had
higher admission NIHSS scores (10.0 vs. 4.0, p <0.001)

Table 2 Characteristics of patients with ICH

Patients with ICH (n=122)

Age, year 547+£100
Sex, male, n (%) 90 (73.8%)
Cigarette smoking, n (%) 47 (38.5%)
Alcohol consumption, n (%) 37 (30.3%)
Hypertension, n (%) 108 (88.5%)
Diabetes mellitus, n (%) 12 (9.8%)
Previous stroke, n (%) 23 (18.9%)
Antihypertensive medication history, n (%)

None 91 (74.6%)

CCB 27 (22.1%)

Others 4(3.3%)
Admission NIHSS score, median (IQR) 6.0 (3.0-10.0)

160.0 (149.0-176.0)
99.5 (90.0-106.0)
72.3 (64.4-81.3)

Admission SBP, mm Hg, median (IQR)
Admission DBP, mm Hg, median (IQR)
Admission HR, beats/min, median (IQR)
Number of antihypertensive drugs, n (%)

None 39 (32.0%)
1 drug 52 (42.6%)
> 2 drugs 31 (25.4%)
Number of dehydration drugs, n (%)
None 10 (8.2%)
1 drug 64 (52.5%)
> 2 drugs 48 (39.3%)
Classification of antihypertensive drugs, n (%)
None 39 (32.0%)
CCB 52 (42.6%)
ARB 7 (5.7%)
CCB+ARB 23 (18.9%)
Others 1 (0.8%)

Location, n (%)

Basal ganglia 87 (71.3%)

Thalamus 25 (20.5%)

Lobar 7 (5.7%)

Brainstem 2 (1.6%)

Cerebellum 1 (0.8%)
|ICH volume, mL, median (IQR) 11.2(6.9-16.9)
Presence of IVH, n (%) 27 (22.1%)
Perihematomal edema, n (%)

0 point 3(2.5%)

1 point 54 (44.3%)

2 points 65 (53.3%)
Midline shift, n (%) 11 (9.0%)
Hematoma enlargement, n (%) 5(4.1%)

Continuous data are expressed as median (IQR), except age, which is expressed
as mean value + standard deviation, and categorical variables are expressed as
counts (percentages)

ARB, Angiotensin Il receptor blockers, CCB, calcium channel blocker, DBP,
diastolic blood pressure, HR, heart rate, ICH, intracerebral hemorrhage, IQR,
interquartile range, IVH, intraventricular hemorrhage, NIHSS, National Institutes
of Health Stroke Scale, SBP, systolic blood pressure
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Table 3 Temporary course of HRV in patients with ICH

Controls ICH (n=122)

Within 7 days

HRV measurement time, -
days after ICH onset (IQR)

HRV values
Time domain values
SDNN, ms, median
(IQR)
CV, %, median (IQR)
Frequency domain values
TP, ms?, median (IQR)
VLF, ms?, median (IQR)

2(1-3)

364 (27.8-50.3) 31.0(23.2-41.5)

4.3(3.3-5.6) 35(2.7-48)

1,173.8 (609.3-2,060.4)
392.5 (239.5-668.6)

(
LF, ms?, median (IQR) 274.5 (124.3-458.9) 154.6 (70.1-293.6)
HF, ms?, median (IQR) 366.3 (178.7-760.5) 165.5 (75 5-333.2)
LF%, nu, median (IQR) ~ 39.3(27.8-51.4) 48.0 (31.1-64.5)
HF%, nu, median (IQR)  60.8 (48.6-72.2) 520 (35 6-68.9)
LF/HF, median (IQR) 0.6 (0.4-1.1) 9 (0.4-1.8)

Z1 p1

730.2 (388.5-1,439.9) —3.389
3453 (175.2-652.3)

10-14 days

10 (10-11)

—2860 0.004 29.9 (22.4-40.5) —3055 0002 —1.009 0313
—3.073 0002 35(2.8-48) —3345 <0001 —0.712 0477
<0.001 6447 (3684-1,440.1) —3.717 <0.001 —1.256 0.209

—1273 0203 2995(1548-709.3) —1972 0.049 —1.156 0.248
—3.525 <0.001 0(66.0-309.2) —4.218 <0.001 —1366 0.172
—5000 <0001 1693(735-3052) —5045 <0001 —0.768 0443
—3.015  0.003 45.5(33.8-584) —2418 0016 —0.953 0.341
—3.015 0003 546 (41.6-66.2) —2418 0016 —0.953 0341
—3.016  0.003 8(05-1.4) —2420 0016 —1.101 0.271

Data are expressed as median (IQR); Z1, p1: compared with healthy controls by Mann-Whitney U-test; Z2, p2: compared with HRV measures obtained within 7 days

after ICH by Wilcoxon signed-rank test

CV, Coefficient of variance of normal-to-normal intervals, HF, high frequency, HRV, heart rate variability, ICH, intracerebral hemorrhage, IQR, interquartile range, LF, low

frequency, TP, total power, VLF, very low frequency

and larger ICH volumes (15.6 vs. 8.7 mL, p<0.001)
than those in the good outcome group. The distribu-
tion of perihematomal edema scores in patients with
good and poor outcomes was significantly different.
Furthermore, the proportion of patients with midline
shift and hematoma enlargement was significantly
higher in patients with poor outcomes. No signifi-
cant differences in other baseline characteristics were
observed (all p>0.1).

Table 4 also shows HRV data for the two groups. At
10-14 days after onset, patients with poor outcomes
exhibited significant increases in LF% (51.7 vs. 41.5,
p=0.004) and LF/HF (1.1 vs. 0.7, p=0.004) and a
significant decrease in HF% (48.3 vs. 58.5, p =0.004)
when compared with patients who experienced good
outcomes. Other variables measured at 10—14 days and
all variables measured within 7 days were similar for
patients with good and poor outcomes. Additionally,
no statistical difference was found in all HRV variables
measured between within 7 days and 10-14 days in
patients with either good outcome or poor outcomes.

Further, LF%, HF%, and LF/HF were included in
three separate multivariate analyses. In the multi-
variate logistic regression analysis, LF% and HF% at
10-14 days post ICH were independently associated
with 3-month poor outcomes, and this association
remained stable in the sensitivity analysis (Table 5).

Discussion

In the current study, we investigated the characteris-
tics of HRV values in patients with ICH and its associa-
tion with clinical outcomes. Our findings indicated that
HRYV values were impaired significantly within 14 days
after ICH. Furthermore, HRV indices (LF% and HF%)
measured 10-14 days after ICH were independently
associated with 3-month outcomes.

HRYV is regarded as a non-invasive and easily appli-
cable method for the assessment of cardiac auto-
nomic nervous system activity and has been widely
used in different physiological conditions and clini-
cal studies [4]. Autonomic control of the heart is a
dynamic process that plays an essential role in main-
taining physiological homeostasis. Several types of
brain injury can impair the cerebral control of cardiac
autonomic regulation [23]. The current data clearly
demonstrate that patients with ICH experience sig-
nificant autonomic dysfunction based on decreases in
HRV parameters, consistent with previous results [11,
12, 24]. However, previous studies have focused only
on autonomic activation within 24 h after ICH, and
its evolution over longer periods remains unknown.
In our study, autonomic disturbances in the ICH
group were sustained for at least 10-14 days after
ictus, and no tendency for recovery was observed.
Conversely, although the change was not significant,
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ICH patients

Controls

Within 7 days

120
9
30
15
5
15000
TP (ms?) 10000
5000
4000
VLF (ms?) 3000
1000
8000
6000
2 4000
LF (ms®) 2000
6000
2 4000
80
° 60
LF% (nu) 40
20
80
60
HF% (nu) v

Fig. 2 Heat map of heart rate variability in patients with ICH. CV coefficient of variance of normal-to-normal intervals, HF high frequency, ICH intrac-
erebral hemorrhage, LF low frequency, SDNN standard deviation of all normal-to-normal intervals, TP total power, VLF very low frequency

10-14 days

autonomic function seemed to further deteriorate
within 10-14 days.

Results regarding the characteristics of autonomic
dysfunction and changes in sympathetic and parasym-
pathetic/vagal activity after ICH remain controversial.
Feibel et al. reported markedly elevated catecholamine
excretion in two patients with ICH [24]. Animal experi-
ments by Reis et al. further verified that activation of
sympathetic neurons and release of adrenomedullary
catecholamines are the principal early reflex responses
to ICH [25]. Conversely, recent studies in both humans
and animals have demonstrated increases in parasym-
pathetic/vagal nervous activity and decreases in sympa-
thetic nervous activity after onset [11, 26, 27]. As shown
in Table 1, different HRV indices could be used to reflect
the absolute and relative activation of the sympathetic
and vagal systems [22]. Therefore, we increased the
sample size to explore the post-ICH characteristics of
autonomic dysfunction according to the results of HRV
measurements. In our study, absolute frequency domain
values of HRV (TP, VLF, LF, and HF) were significantly

decreased. As shown in Table 1, TP reflected the sum of
sympathetic and vagal activity, LF reflected both sympa-
thetic and vagal activity, and HF reflected vagal activity.
The higher values indicated that the activity of autonomic
function was more active. Thus, the decreased TP, LF, and
HF indicated significant decreases in both sympathetic
and vagal activity within 14 days after ICH. For relative
frequency domain values, LF% was calculated as LF in
proportion to the sum of LH and HF (TP minus the VLF
component), HF% was calculated as HF in proportion to
the sum of LH and HF, and LF/HF was calculated as the
ratio of LF and HF. Physiologically, LF% and HF% corre-
lated with relative sympathetic and vagal activity in the
balanced behavior of autonomic nervous system, respec-
tively. LE/HF reflected the balance between sympathetic
and vagal activity. In patients with ICH, LF% and LF/HF
were significantly higher, whereas HF% was significantly
lower, than in the control group, indicating disturbances
in the balance of the sympathetic and vagal systems and
excessive modulation of the sympathetic nervous system
in comparison with the vagal nervous system. Moreover,
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Table 4 Comparison of baseline characteristics and HRV between patients with ICH with good outcomes and patients
with ICH with poor outcomes

Good outcome (n=283) Poor outcome (n=39) t/Z/%? p values

None 64 (77.1%) 27 (69.2%)
CcB 17 (20.5%) 10 (25.6%)
Others 2 (2.4%) 2(5.1%)

None 26 (31.3%) 13(33.3%)
1 drug 36 (43.4%) 16 (41.0%)
> 2 drugs 21 (25.3%) 10 (25.6%)
Numberofdehydrationdrugs,n®) 23730305
None 8(9.6%) 2(5.1%)
1 drug 46 (55.4%) 18 (46.2%)
> 2 drugs 29 (34.9%) 19 (48.7%)
Classification of antinypertensive drugs,n6) 2516 064
None 26 (31.3%) 13 (33.3%)
CCB 37 (44.6%) 15 (38.5%)
ARB 5 (6.0%) 2 (5.1%)
CCB+ARB 15 (18.1%) 8(20.5%)
Others 0(0) 1(2.6%)
Basal ganglia 62 (74.7%) 25 (64.1%)
Thalamus 15 (18.1%) 10 (25.6%)
Lobar 4 (4.8%) 3(7.7%)
Brainstem 1(1.2%) 1 (2.6%)
Cerebellum 1(1.2%) 0(0)

0 point 3(3.6%) 0(0)
1 point 42 (50.6%) 12 (30.8%)
2 points 38 (45.8%) 27 (69.2%)

Within 7 days

HRV measurement time, days after 2(1-3) 2(1-3) —0.515 0.607

Time domain values
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Table 4 (continued)

Good outcome (n=83) Poor outcome (n=39) t/Z/x2 p values
SDNN, ms, median (IQR) 30.7 (22.8-45.9) 32.5(24.3-40.5) —0016 0.987
CV, %, median (IQR) 36(2.8-4.9) 3.5(.6-47) —0.873 0.402
Frequency domain values
TP. ms?, median (IQR) 6 (394.3-1,718.5) 907.8 (371.3-1,316.9) —0.074 0.941
VLF, ms?, median (IQR) 319.2 (177.0-732.8) 367.0 (1 44.6-636.8) —0.008 0.993
LF, ms?, median (IQR) 140.6 (67.5-320.0) 155.9 (70.4-190.4) —0.135 0.893
HF, ms?, median (IQR) 164.3 (77.9-314.0) 166.8 (69.2-357.0) —0.255 0.799
LF%, nu, median (IQR) 47.2 (314-64.3) 50.0 (30.6-66.0) —0.500 0617
HF%, nu, median (IQR) 52.8 (35.7-68.6) 50.0 (34.0-69.4) —0.500 0617
LF/HF, median (IQR) 0.9 (04-1.8) 1.0(04-1.9) —0497 0.619
10-14 days
HRV measurement time, days after 10 (10-11) 10 (10-11) —0.668 0.504

ICH onset (IQR)

Time domain values
SDNN, ms, median (IQR) 29.8 (22.4-414) 30.0 (23.9-40.1) —0.198 0.843
CV, %, median (IQR) 34(2.7-4.5) 3.8(3.0-4.8) —0.788 0431
Frequency domain values
TP, ms? median (IQR) 631.0 (373.1-1,504.9) 753.1(361.6-1,367.5) —0.091 0.928
VLF, ms?, median (IQR) 249.8 (151.0-647.2) 337.5(169.6-817.5) —0.865 0387
LF, ms?, median (IQR) 107.3 (68.1-296.1) 145.2 (53.7-374.4) —0.711 0477
HF, ms?, median (IQR) 1909 (1 02.5—334,9) 134.8 (61.5-260.4) —1.825 0.068
LF%, nu, median (IQR) 41.5(29.9-55.7) 51.7 (39.4-67.7) —2.847 0.004
HF%, nu, median (IQR) 58.5 (44.3-70.1) 483 (32.3-60.6) — 2847 0.004
LF/HF, median (IQR) 0.7 (04-1.3) 1.1(0.7-2.1) —2.844 0.004

Continuous data are expressed as median (IQR), except age, which is expressed as mean value =+ standard deviation, and categorical variables are expressed as counts

(percentages)

ARB, Angiotensin Il receptor blockers, CCB, calcium channel blocker, CV, coefficient of variance of normal-to-normal intervals, DBP, diastolic blood pressure, HF, high

frequency, HR, heart rate, HRV, heart rate variability, ICH, intracerebral hemorrhage, IQR, interquartile range, IVH, intraventricular hemorrhage, LF, low frequency,
NIHSS, National Institutes of Health Stroke Scale, SBP, systolic blood pressure, SDNN, standard deviation of all normal-to-normal, TP, total power, VLF, very low

frequency

Table 5 The relationship between heart rate variability and 3-month poor outcome in patients with ICH

Model 1 Model 2 Model 3

OR (95% Cl) OR (95% Cl) pvalues OR (95% Cl) pvalues OR(95% Cl) p values
10-14 days
LF% (nu) 1.037 (1.013-1.061) 0.002 1.036 (1.012-1.061) 0.003 1.038 (1.013-1.064) 0.003 1.057 (1.008-1.108) 0.022
HF% (nu) 0.964 (0.942-0.987) 0.002 0.965 (0.943-0.988) 0.003 0.963 (0.940-0.987) 0.003 0.946 (0.903-0.992) 0.022
LF/HF 1.949 (1.247-3.046) 0.003 1.911 (1.225-2.981) 0.004 1.972 (1.221-3.184) 0.005 2.317 (0.941-5.702) 0.068

Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was adjusted for all variables in model 2 plus risk factors (including cigarette smoking,
alcohol consumption, hypertension, diabetes mellitus, previous stroke, and antihypertensive medication history). Model 4 was adjusted for all variables in model 3
plus clinical data (including admission NIHSS score, SBP and DBP, antihypertensive and dehydration drugs, ICH location, ICH volume, presence of IVH, perihematomal
edema, midline shift, and hematoma enlargement)

Cl, Confidence interval, DBP, diastolic blood pressure, HF, high frequency, ICH, intracerebral hemorrhage, IVH, intraventricular hemorrhage, LF, low frequency, NIHSS,
National Institutes of Health Stroke Scale, OR, odds ratio, SBP, systolic blood pressure

these changes were prolonged and even tended to pro- into primary and secondary injury phases. The ini-
gress, lasting for at least 10—14 days after ICH. tial damage that occurs during the hyperacute stage of

The mechanism underlying the tendency of decreased = ICH involves mechanical damage of surrounding tis-
HRYV is unclear. We considered it may be because of sues (hematoma). The secondary injury is complex and
the natural progression of ICH, which can be divided occurs over days to weeks [28, 29]. Studies have found
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over the 7-14 days after ICH, perihematomal edema
continues to expand in the setting of several classical
secondary injury pathways, including release of throm-
bin, inflammation, and iron-induced injury [29]. We
speculated that the secondary injury may contribute
to the decreased tendency of HRV at 10-14 days after
ICH.

In patients with stroke, especially ischemic stroke, the
close association between abnormal HRV/autonomic
dysfunction and outcome has been widely investigated
[30-32]. However, to the best of our knowledge, few
studies have explored the predictive function of auto-
nomic disturbance assessed using HRV in patients with
ICH. Two studies found that HRV, when assessed based
on frequency and nonlinear parameters, was related to
functional outcomes after ICH [11, 12]; however, the
association was not confirmed by Swor et al. [33]. Swor
et al. [33] calculated HRV in the time domain, which
was independently associated with the development of
fever and the number of febrile days but not with out-
comes of ICH. This may suggest that HRV in the time
domain predicts post-stroke complications rather than
functional outcomes. In the present study, we found that
HRYV assessed by frequency domain parameters (LF% and
HE%) measured 10-14 days after ICH was independently
associated with 3-month outcomes in patients with ICH.
Because the two values reflect the relative activity of the
sympathetic and vagal systems, the results also indicated
that higher relative sympathetic activation and lower rela-
tive vagal activation predicted poor functional outcomes.
Therefore, autonomic dysfunction assessed by abnormal
HRV may be regarded as an indicator of prognosis in
patients with ICH and may serve as a treatment target to
improve the long-term prognosis of these patients.

The present study has several limitations. First, even
though we had enlarged our sample size, this study still
had a relatively small sample size and was conducted
at a single stroke center, highlighting the need for fur-
ther multi-center studies to verify our findings. Second,
because the numbers of patients with lobar, brainstem,
and cerebellum hematoma was limited, these cases were
combined for analysis, meaning that we could not evalu-
ate the impact of these conditions on HRV individually.
Third, to ensure that the pathogenesis of our patients’
conditions was similar, we excluded patients whose ICH
occurred secondary to trauma, hemorrhagic conver-
sion of ischemic stroke, or structural lesions, as well as
patients who underwent any surgical treatments. There-
fore, the conclusion of our study does not apply to these
types of patients. Further studies are needed to explore
HRV characteristics in patients with different types of
ICH. Fourth, because this was an observational study, we
were unable to establish a conclusive causal relationship.

Conclusions

To conclude, HRV values were impaired significantly
within 14 days after ICH. Furthermore, HRV indices
measured 10-14 days after ICH were independently
associated with 3-month outcomes.
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