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= Abstract =

The Effectiveness for Vagal Stimulation by Ice Water Application to Face During
Controlled Respiration and Mechanism of Individual Variability of Responsiveness
to Vagal Stimulation (Power Spectral Analysis of Heart Rate Variability)

Myung Kul Yum, M.D.* Seung Hwan Kim, M.D,* Dong Ju Choi, M.D,**
Moon Hong Doh, M.D,,** Young Kyun Chung M.D.***
Institute of Cardivascular Research, Department of Pediatrics,* Internal Medicine®*,
Anesthesiology,*** Gyeongsang National University, College of Medicine, Chinju, Korea

Background * The effectiveness for vagal stimulation by ice water application to face during
metronome-controlled respiration of 15 breaths/minute was examed. The importance of basal
vagal tone and sympathovagal interaction in the individual variability of responsiveness to
the vagal stimulation was investigated.

Methods : Fifty three 12~ 13 year old healthy volunteers were included. Vagal tone and sympa-
thovagal interaction before and after application of ice water to the face were assessed by
power spectral analysis of RR interval(heart rate) variability.

Results . Basal heart rate, high frequency power, and low to high frequency power ratio were
81+ 13(58~ 110 beats/min), 791+ 1061(56~4161 msec2) and 1.08+ 1.22(0.04~4.85) during cont-
rolled respiration. After ice water application twenty three children developed 5 more nodal
escape beats due to severe bradycardia. Minimum heart rate, high frequency power and low
to high power ratio changed to 42+ 12(19~72/min), 1890+ 1882(211~7258 msec?) and 0.64+ 0.
43(0.12~1.46). The increased ratio of high frequency power, maximum heart rate decrement
and its percent after stimulation were 544+ 562(0.63~24.26), 39+ 14(10~81/min) and 47+ 15
(16~81%) respectively. The increased ratio of high frequency power was correlated with basal
logarithmic high frequency power(r= —0.60, p=0.0004). Maximum heart rate decrement was
correlated with basal logarithmic high frequency power(r=—041, p=00018) and low to high
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frequency power ratio(r=027. p=0.04).

Conclusion . Application of ice water to the face during controlled respiration produces power-

ful vagal stimulation and bradycardia. however, there is a wide individual variability of responsi-
veness to it. The absolute basal vagal tone contribute to this individual variability.

KEY WORDS : Vagal stimulation * Power spectral analysis.
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Fig. 1. Sequential change of consequtive 10 seconds-interval’s average(@) and minimal heart rate(X) after
ice water application to face during controlled respiration. Heart rate decreased to nadir 20 to 30 seconds

after stimulation and began to recover despite continuous stimulation. The «<—— represents duration

of ice water application.
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Fi Utk 2H3E a¥s¥E 2H SFA HRy®
JAPAl B F AN ZE(HFP,) o 2] &3HH o3

32
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go El
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BN ANRZE(LFPYHFP) = 3A @47}
e Aoz HAY uFARIZEY F7HE

Table 1. Change of heart rate, low, high frequency power and their ratio before and after ice water application

to face during controlled respiration

Before IWAFCR

After IWAFCR

meant 1SD(range) meant 1SD(range) P
42+ 12(19~72)*
HR (N=53) 81+ 13(58~110) 391 14(10~81)** 0.0001
47+£15(16~81) % ***
LFP (N=30) 830+ 245(52~1016) 907+ 795(159~3316) 0.006
HFP (N=30) 791£ 1061 (56~4161) 1890+ 1882(211~7258) 0.0002
LFP/HFP (N=30) 1.08+ 1.22(0.04~4.85) 0.64+ 0.43(0.12~1.46) 0.048

IWAFCR ! ice water application to face with controlled respiration, 1SD : 1 standard deviation, HR : heart
rate(beats/min), LFP : low frequency power(msec?), HFP : high frequency power(msec?).
* Minimum heart rate after stimulation, ** maximum heart rate decrement, *** percent of maxmum decrease

after stimulation.
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(HFP,/HFP,) 2} Ao m& éﬂtH?L_é(dHRmax)% e oz & FdEY Fig 3 APZHQ A
YAl FIFAFANZEA gESe Re Holw  Aubg ZAE BYY Z$olch (Al Autgrt
dold w7 ZJ'E(LFPb/HFPb)Q’}“_ A #  6aF g3 42779 Awswstzl A (Fig 3
ostx] v ez yehdth o] #AE otdist  a*) ol HFRyL 2e A, & AA uFAAR

Table 2. Correlation of basal heart rate and increased ratio of high frequency power, and maximum heart
rate decrement after ice water application to face during controlled respiration with basal heart
rate, logarithmic low frequency power, logarithmic high frequency power and low to high frequency
power ratio

HR,(N=53) HFR,/HFP,(N=30) dHRmax(N=53)
T p T P r p
HR,;, 1 0.72 0.0001 0.59 0.0001
log(LFP,,) —0.57 0.0001 -—0.47 0.009 NS
log(HFPy,) —0.71 0.0001 —0.60 0.0004 —0.41 0.0018
LFP/HFPy, NS NS 0.27 0.04

r 1 correlation coefficient, p : probability, NS : not significant.

HR;, : mean basal heart rate(beats/min) before ice water application to face during controlled respiration,
LFP, ! low frequency power before stimulation, HFPy, : high frequency power(msec?) before application,
HFP, : high frequency power(msec?) after application, HFP,/HFP,, . increased ratio of high frequency power
after application, dHRmax(beats/min) : maximum decrese of heart rate.

IIR(N=53) HFP(N=30)
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Fig. 2. a) Distribution of basal(B) heart rate and minimal heart rate(Ami,) and maximum heart rate decrement
(dHRmax) after ice water application to face during controlled respiration. b) Distribution of high
frequency power(HFP) before(B) and after(A) stimulation and icreased ratio of high frequency power
after application(Rado). This figure shows wide spectrum of heart rate and vagal tone before stimulation
and also wide individual variability of increase of heart rate decrement and vagal tone after stimulaton.
The swaight line represent mean and 1 standard deviation of each data.
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Fig. 3. a) Time series(600 seconds) of instantaneous heart rate before and after ice water application to face
during controlled respiration(IWAFCR) in one of the most bradvcardial responders. The <—> represents
duration of ice water application to face. b) The power spectral desity curve of RR interval variabilty
of heart rate time series in a) before application. ¢) Same density curve after application. The density
curve was smoothed by 5 point moving average for good illustration. Before ice water application.
there are relatively small heart rate variability of 4 seconds’ period and high heart rate(a. *) and high
frequency power(b. arrow). After ice water application to face the marked increase of heart rate variablity
of 4 seconds’ period and the severe bradycardia(a. **) and dramatic increase of high frequency power(c.

arrow) were observed.
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Fig. 4. a) Time series(600 seconds) of instantaneous heart rate before and after ice water application to face
during controlled respiration(TWAFCR) in one of the poor bradycardial responders. The «<—> represents
duration of ice water application to face. b) Power spectral desity curve of RR interval variabilty of
heart rate time series in a) before application. ¢) Same density curve after applicaton. In contrast
to Fig. 3 there were relatvely large basal heart rate variability of 4 seconds’period and low heart rate(a.
*) and high frequency power spectrum(b. arrow). There was no significant change of heart rate variability
of 4 seconds’ period and no bradycardia(a. **) and rather slightly decrease in power spectrum of
high frequency(c. arrow) after ice water application.
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