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Abstract—Heart rate variability in Holter electrocardiogram 

(ECG) that incidentally recorded the onset process of heatstroke 

during golf play was analyzed in comparison to control ECGs in 

the same subject and in a healthy control group. During playing 

golf normally, the amplitude of high-frequency (HF) component, 

known as an index of cardiac parasympathetic function, was 

suppressed (4.3 ± 2.2 ms). Whereas, 135 min before the onset of 

syncope, spiky HF bursts (amplitude ~10 ms and width <60 s) 

appeared repeatedly at an interval of 10-15 min and the burst 

amplitude increased to 20-30 ms from 51 min before to the onset 

of syncope. No such phenomenon was observed in control ECGs 

even during walking exercise. Although spiky HF burst was 

observed 30% of subjects in control group, none of them showed 

repetitive burst during short period <15 min. Repetitive spiky 

HF burst may be a prodromal sign for predicting heatstroke 

from heartbeat information. 

 
Index Terms—Heatstroke, syncope, heart rate variability, 

autonomic nervous system, hot environment, golf, Holter 

electrocardiogram, complex demodulation.  

 

I. INTRODUCTION 

In recent years, as the temperature in summer rises with 

global warming, the risk of heatstroke during outdoor work 

and exercise is increasing [1], [2]. To prevent heatstroke and 

the accidents caused by it, it is important to develop 

technology to predict the onset of heatstroke for people who 

have to stay outside on hot days. Wearable sensors to monitor 

heart rate variability (HRV) and analysis of autonomic 

functions by it seem promising candidates because the 

autonomic controls of the cardiovascular system are critical 

mechanisms for heat adaptation [3], [4]. We have limited 

knowledge, however, on changes in HRV associated with 

heatstroke, particularly on changes preceding it. 

Recently, we got an opportunity to analyze HRV in a case 

of accidental heatstroke occurring during golf playing under 

Holter electrocardiographic (ECG) monitoring. The data 

showed dynamic changes in HRV during the onset process of 

heatstroke leading syncope. We extracted features of HRV 

signs preceding the onset and investigated whether such signs 
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are specific to heatstroke by comparing the HRV data with 

those obtained on other days of exercise and golf playing 

without heatstroke symptom in the same subject and also 

those in a healthy control group. 

To detect dynamic changes in HRV that cannot be obtained 

by power spectral analysis requiring a stationary state of data, 

we used complex demodulation (CDM) [5], [6] for HRV 

analysis. CDM is a time domain method that provides the time 

dependent changes in amplitude and frequency of specified 

fluctuation components as the functions of time. Fluctuation 

components of interest are specified as frequency bands, such 

as very-low frequency (VLF, 0.0033-0.4 Hz), low frequency 

(LF, 0.04-0.15 Hz), and high frequency (0.15-0.45 Hz) bands. 

We observed repetitive “spiky bursts” of the amplitude of HF 

component during the period preceding syncope 

accompanying heatstroke.      

II. METHODS 

A. Subject 

This is a case and control study. The case was a lady in her 

30s who had been healthy and had no history of chronic 

disorders. She was explained the objectives, methods, and 

data collected for the study and she gave a written informed 

consent of participation. The control was a group of 70 

healthy subjects consisting of 19 females and 51 males (age, 

35 ± 12 yr, range 21-60 year). 
 

 
Fig. 1. Holter ECG recorder with built-in tri-axial acceleration sensors. 

 

This study was approved by the Ethics Review Committee 

of Nagoya City University Graduate School of Medicine and 

Nagoya City University Hospital (number 60160073). 

B. Measurements 

ECG and acceleration were measured with Holter ECG 

recorder with built-in tri-axial acceleration sensors (Cardy 

303 pico+, Suzuken Co., Ltd., Nagoya, Japan). The size of the 

recorder was W28×D42×H9 mm and weight 13 g (Fig. 1). It 

recorded continuously 3-chanel ECG at 125 Hz/channel and 

tri-axial accelerations at 31.25 Hz for 24 h with a button 

electrode.  
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TABLE I: WEATHER DATA OF THE DAYS OF GOLF PLAYING 

 July 

2017 

December 

2017 

March 

2018 

Temperature    

Average,  °C 27.6 2.0 6.9 

Maximum, °C 33.1 9.2 14.1 

Minimum, °C 25.2 -4.1 0.1 

Humidity, % 45 62 48 

Atmospheric Pressure, hPa 1006.0 1022.7 1020.5 

Sun shine, hr 8.0 9.0 9.2 

 

C. Protocol 

In the case subject, 24-h Holter ECG was recorded 6 times 

on three days of golf playing, two days of laboratory exercise 

test (walking and running), and a day of non-exercise control. 

Golf playing: On a day out of three days of golf playing, she 

developed heatstroke accompanied by syncopal attack. The 

golf play was performed in July 2016 under Holter monitoring 

as a study aiming at investigating autonomic nervous function 

during golf play, during which heatstroke developed 

incidentally. The weather condition of the golf course was 

fine, the maximum temperature was 33.1 °C, and the humidity 

was 45% (Table I). The play started at 08:45 and had 

scheduled to finish at 15:00. She developed a heatstroke at 

14:40 pm and interrupted play. On the other two days of golf 

playing performed on December 2017 and March 2018. In 

these days, she did not develop heatstroke or syncope. 

Exercise tests: Treadmill exercise test were performed 

under Holter monitoring on two separate days in July 2017 in 

a laboratory for exercise test. For both days, the room 

temperature was set at 25 °C. On one day, walking on a 

treadmill was started at 10:00 and carried out for 30 min at 4 

km/h. On the other day, running on the treadmill was started at 

10:00 and carried out for 30 min at 8 km/h. 

Non-exercise control: Holter monitoring was performed on 

a day in July 2017 under usual daily activities without 

intended exercise. 

Subjects in the control group underwent 24-h Holter ECG 

monitoring under their usual daily activities. During the 

monitoring, none of the subjects reported symptom or sign 

suggesting health problems including heatstroke or syncope. 

D. Analyses of ECG and Actigraphic Data 

The recorded ECG and actigraphic data were analyzed with 

Holter ECG scanner (Cardy Analyzer 05, Suzuken Co., Ltd., 

Nagoya, Japan), on which the temporal positions of all 

R-waves were detected, the rhythm annotations were given to 

all QRS complexes, and all errors in automated analysis were 

edited manually. Actigraphic data were filed as acceleration 

to left-to-right, caudo-cranial, and postero-anterior axes as x, 

y, and z values, respectively, at 31.25 Hz. 

The changes in R-R interval were analyzed by the method 

of complex demodulation (CDM) [5], [6]. For CDM analysis, 

R-R interval time series were interpolated only using R-R 

intervals consisting of consecutive sinus beats and resampled 

with equidistant time interval at 2 Hz. Then, frequency bands 

of HRV including VLF, LF, and HF were demodulated by 

CDM one-by-one.  

For actigraphic data, the changes in body posture were 

estimated from x, y, and z values. The subject was assumed to 

be in the lying position when the value of y axis was below a 

threshold and to be in the upright position otherwise. Also, 

time series of x(t), y(t), and z(t) were high-pass filtered to 

remove direct current component caused by gravitational 

acceleration and combined into the vector magnitude (square 

root of the sum of x(t), y(t), and z(t) squares) as the estimate of 

physical activity, A(t). 

 

 
Fig. 2. Heart rate (HR), heart rate variability (HRV), body movement (BM), 

and body posture (BP) during 24 h in a subject who developed neurally 

mediated syncope (NMS) accompanying heatstroke during golf play (upper 

panels) and spiky burst of high frequency (HF) component of HRV observed 

before the episode of NMS (lower panel). HRV was analyzed by complex 

demodulation (CDM). VLF = very low frequency amplitude, LF = low 

frequency amplitude. 
 

The VLF, LF, and HF amplitude of HRV and physical 

activity were averaged over every 1 min. In the same 1-min 

time frame, average heart rate and standard deviation of R-R 

intervals were calculated only using R-R intervals consisting 

of consecutive sinus beats. 

E. Analyses of HRV Accompanying Heatstroke 

In a previous study of neurally mediated syncope (NMS) 

induced by head-up tilt test, we observed that HF amplitude of 

HRV increased about 90 sec before the development of 

syncope [7]. Thus, we focused on the changes in HF 

amplitude before the development of the syncope 

accompanying heatstroke. 

As shown in Fig. 2, HF amplitude showed “spiky bursts” 

(transient increase in HF amplitude for ~1 min) during 60 min 

before development of the syncope. Thus, we developed an 

algorithm to detect this phenomenon automatically (Fig. 3). 

We defined spiky burst ratio (SBR) as   

 

SBR = ((AV(t-w, t+w)-AVc)/SDc,  

  

where 

 

AVc = max(AV(t-2w,t-w),AV(t+w,T+2w)), 

 

SDc = max(SD(t-2w,t-w),SD(t+w,T+2w)), 

 

and AV(p,q) and SD(p,q) are the average and standard 
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deviation of HF amplitude from time point p to time point q, 

respectively. We set w at 60 sec in this study and the 

occurrence of “spiky HF burst” was judged when SBR 

exceeded 4.0. 
 

 
Fig. 3. Definition of spiky HF burst Spike HF burst is defined as transient 

increase in HF amplitude for ~1 min that is 4 standard deviations (SDs) 

greater than the HF amplitude during 1 min before and after the burst. 

 

 
Fig. 4. Heart rate (HR), heart rate variability (HRV), body movement (BM), 

and body posture (BP) during 24 h in the same subject as Fig. 2 when she 

experienced no episode of heatstroke. On this day, she performed treadmill 

walking between 11:30 and 12:00. HF amplitude shows no spiky HF burst 

on this day. Abbreviations are explained in legend to Fig. 2. 
 

F. Statistical Analysis 

We used the program package of Statistical Analysis 

System (SAS, Cary, NC). Effects of age and sex on the 

frequency of spiky HF burst during 24 h were evaluated by 

General Linear model procedure. 

 

III. RESULTS 

Fig. 2 shows the results of CDM analysis of the 24 h HRV 

and of actigraphic data on the day of golf play with heatstroke. 

During playing golf normally, the HF amplitude, known as an 

index of cardiac parasympathetic function, was suppressed 

(4.3 ± 2.2 ms). Whereas, 135 min before the onset of syncope 

(14:38), spiky increases in HF amplitude whose SBR <4.0 

appeared at an interval of 10-15 min. Then, 51 min before the 

onset of syncope, the amplitude of spikes increased to 20-30 

ms and spiky HF bursts with SBR > 4.0 appeared at 51 min, 

38 min, 20 min, and 6 min before the onset (lower panel of Fig. 

2). No such phenomenon was observed during the other part 

of the day. 

Fig. 4 shows the results of CDM analysis in the same 

subject on the day of walking exercise test (11:30 to 12:00). 

No sign of heatstroke was observed on this day. Spiky HF 

burst was observed in HF amplitude neither around this time 

nor during the other part of the day. 

Fig. 5 shows the output from the algorithm developed for 

detecting spiky HF burst for 24-h data on the days of golf play 

with heatstroke, walking and running exercise tests, and 

control. In these graphs, SBR >4.0 was observed repeatedly 

during the period preceding syncope on the day of golf play 

with heatstroke, but not at all on the other days without 

heatstroke. 

On the other two days of golf playing without heatstroke in 

the same subject, spiky HF bursts with SBR >4.0 were 

observed only once on December 2017 and three times on 

March 2018 during golf playing, although they were isolated 

and not repeated during short periods (<15 min). 
 

 
Fig. 5. Spiky HF burst detected by automated algorism in the same subject 

on four different days of golf play, walking and running exercise, and control 

(no exercise). Spiky HF bursts was detected preceding NMS episode on the 

day of golf play but not at all on the other days. 

 

Among 70 subjects in control group, 49 (70%) subjects 

showed no spiky HF burst for 24 h, 14 (20%) showed 1, and 7 

(10%) showed multiple (2-6 times) spiky HF bursts. None of 

the subjects, however, showed repetitive spiky HF burst 

within 15 min. There was no significant difference in the 

frequency of spiky HF burst with age or sex. 

 

IV. DISCUSSIONS 

We analyzed HRV of the 24-h Holter ECG data including 

an episode of syncope accompanying heatstroke occurred 

during the summer golf play. We were able to capture a 

characteristic feature of dynamic changes in the HF 

component of HRV that preceded the syncopal attack induced 

by heatstroke. We named the phenomenon as spiky HF burst 

and defined it as the spiky increase in HF amplitude that has 

duration about 1 min and amplitude of 4 SD or more than the 

HF amplitude of 1 min before and after the burst. Spiky HF 

burst thus defined appeared repeatedly at 51 min, 38 min, 20 

min, and 6 min before the syncope. Automated software 

developed to detect spiky HF burst showed that spiky HF 
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bursts are not observed for 24 h on the days of exercise tests or 

control without heatstroke episodes, whether or not the 

subject performed exercise. Although isolated spiky HF 

bursts were observed during golf playing on the other days 

without heatstroke, they were not repeated during a short 

period <15 min. Isolated spiky HF bursts were also observed 

in 30% of subjects in healthy control group. None of them, 

however, showed repetitive spiky HF bursts. 

In this study, we used CDM for analyzing the dynamics of 

HRV components preceding the episode of heatstroke. 

Because spiky HF burst is a transient dynamic change in HF 

component within 1 min, it is hard to be detected by power 

spectral analysis [8]. In a previous study [6], we observed that 

the time resolution to detect HF amplitude fluctuation by 

CDM is <15 s, which well exceeds the limit achieved by 

short-segmented spectral analysis. 

Our observation is unique from earlier studies that reported 

characteristics of HRV accompanying NMS [7], [9]. 

Although it has been known for a long time that the HF 

amplitude increases as a sign of NMS [7], its practical 

usefulness as the predictor is quite limited. First, its specificity 

as the precursor of NMS is low, because HF amplitude 

increases with deep breathing [10], [11], resting [12], and in 

any situations where cardiac vagal function increases [8]. 

Second, it is difficult to set a cutoff value to judgment 

between normal and abnormal values, because HF amplitude 

is affected by various physiological and pathological factors, 

such as age [13], circadian rhythm [14], menstrual cycle [15], 

and diseases [16], [17]. In contrast, spiky HF burst is defined 

by the characteristics of the waveform of HF amplitude but 

not its amplitude, which seem to resolve the weakness of HF 

amplitude as the predictor of NMS. 

Spiky HF burst is thought to reflect a transient strong 

increase in cardiac parasympathetic activity. The 

pathophysiology of syncope accompanying heatstroke is 

thought to be cardiac vagal activation mediated by the 

Bezold-Jarisch (BJ) reflex. The BJ reflex originates in cardiac 

sensory receptors mainly located in the inferoposterior wall of 

the left cardiac ventricle, which is stimulated by ventricular 

squeezing caused by ventricular over contraction due to 

central hypovolemia (reduced venous return) and strong 

sympathetic stimulation. Spiky HF burst may correspond to 

incomplete BJ reflex of intensity below the threshold causing 

syncope. 

This is a case-control study with only one case. It is 

impossible to estimate the extent to which our observation is 

applicable. Spiky HF burst could be one of prodromal signs of 

syncope caused by heatstroke, but it should not be thought to 

be the only sign of it. Our observations in healthy control 

group indicate, however, that the repetition of spiky HF bursts 

during short period <15 min is specific to the pathologic state 

that leads syncope due to heatstroke and that it does not 

appear in normal conditions. These indicate that repetitive 

spiky HF burst is a specific prodromal sign of syncope 

accompanying heatstroke but its sensitivity is unknown.   

  

V. CONCLUSION 

Spiky HF burst is thought to reflect a pathophysiologic 

state leading syncope accompanying heatstroke. It appears 

repeatedly only before syncope but not in normal condition. 

To confirm the usefulness of spiky HF burst as a precursor of 

heatstroke, verification in the many cases is desirable. 
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