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Respiratory Phase Domain Analysis of the Influence Swallowing Has
on the Heart Rate Variability™

Kiyoshi Kotany,** Kenta Furukawa,*** Kiyoshi TAkAMASU™**

Abstract Heart rate variability has been well studied because of its clinical and physiological importance,
along with its overall importance in human engineering. We previously proposed a new method to extract respira-
tory sinus arrhythmia (RSA) as a waveform in the respiratory phase domain, which can extract RSA with high
accuracy. In this paper, we analyze the influence of swallowing on heart rate variability in the respiratory phase
domain, and discuss the influence swallowing may have on a general analysis of heart rate variability. The experi-
ment was performed under a 7-minute rest in the sitting position using six subjects. Swallowing was allowed to
be performed at the leisure of the subject. We obtained R—R intervals of the electrocardiogram using a sampling
frequency of 1 kHz, and respiratory information by sampling the respiration pick-up at the rate of 100 Hz. Fur-
ther, we put an accelerometer on the larynx and sampled the motion of the laryngeal prominence. Using the
mean RSA waveform, it can be seen that swallowing causes tachycardia. Statistical significance was observed be-
tween the RSA of the first swallow and RSA without swallowing. The RSA of the next swallow, however, showed
no significant difference from the RSA without swallowing. These results show that swallowing causes tachycar-
dia, and that the tachycardia disappears quickly. We can say that this phenomenon exerts an influence on the
general analysis of heart rate variability, and respiratory phase domain analysis is an effective method for analyz-
ing external influences such as swallowing on heart rate variability.
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Fig. 1 Configuration of the sensors.
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Fig. 2 Signal of accelerometer at the time of swallowing.
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Fig. 4 RRI and the time of swallowing.
Partial data in which tachycardia by swallowing is
clearly observed.
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Fig.5 Averaged RSA waveform of typical data.
The horizontal axis is the respiratory
phase divided by 2 #. (a) Respiration at
the time of swallowing, (b) Respiration
after swallowing, (c) Respiration exclud-
ing (a) and (b).
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Table 1 Amplitude of RSA and number of swallows and respiratory cycles of all subjects.

Amplitude of RSA (ms) No. of No. of
Subj. No. | "At the time of After Others swallows respiratory
swallowing swallowing cycles
1 1153 66.9 80.5 8 103
2 1330 76.3 65.3 4 72
3 1544 1104 446 5 102
4 171.7 88.6 101.0 6 78
5 197.2 76.5 89.6 7 93
6 1788 106.7 1152 7 93
Average 1584+ 304 876=1777 827+253% 62+15 902+12.6

TIXHET RO RSAICKH L THEEZDH Y (P<0.05)
T Vs. amplitude of RSA at the time of swallowing, P<0.05.

HMHSRTWEY, 22 Tl TROHIRE EESAAO MG 1EOEETHS. L oT, VLF EROEEHRS O—KEIZ
ERGLY H7:012, WTEEZhSHIOWT, BEARE broTnA.

W 5B D DS T WHEERE & B <72, Subj. 4 1IZEA 4°2 AR EFIVEIF
BIIET RO B2 A% L, BAHREIZHETE (2352084 ) AR EFNVENTE LT, T2 TIIELER AR EFNIZD
DHHBZNLIL (212£0335) LY bEFREDP022H D0, WTEET 5. ZOFHEDL - WE - L EOBBO

MET 2B EE IR0/, HB1ROMEY, Subj.4 2B ZERUINLTHCEHBETF VLY TIED, YATL0ME
T HHE T B D RSA DIRIEIZZ N UA O D RSA @ 2 £ BT TFETHL. ZOFEIBVWTREYAFLLTE L
FWOKEZERLTEY, ZOHERIIIEFREOERIZ L WEZEIERAAERHOLVIREZ LTSS, BT

rEZONS. 0sIC1HREOHREZFRLTBY, ERGHDO /A X
L 2 - ﬁd&w.%@tb,AR%?»@?X?A%EKk%&
MEERD.
BEDK R EBRE - MEAHEBROBT2 S, WTIZL5 4°3 TILF T3 BIVER
R IZHE THED RSA OIRIBZ A BICKEL T2HE1 bR EEOEHY BT O R, REZEOLIEEII~ VT
o7z, FLTHWTORONRKIZBIT S RSA ORIEIEZZ D T INTHBY, MREDHBRE LRI EARGERNT
fDOIFIRIZ 517 5 RSA DIRIE L HBEEN R hol2729, DWIRE D LALENIE ) 757 ¥ VTHIEIRER,

BT L2HRIE—BEOLDOTHY, —HRBEEOHH FLOWERBOEBEL LTOHFEINEEoTwE, wVF7
THET 2HEIb» S, BTFICX - THERASES 548 5 2 & VRN TIE EIZ WTMM (wavelet transform modu-
M2 =2 LIEH ST VA, BTFICL > CHRENE lus maxima) % PHVSNEA, T CHWTFICE S8
ﬁ%ib,%Wﬁ%ﬁﬁ%ﬂbf&mMM@ﬁ%”KIo ik % Dirac SIWVALEPT R E, FOx2—T L v NEH
THERPEZ o TWA2DO TR WA LIS, R N— A Mg R = -1 @ singularity GFEM%) %
1 LD AEB O O A RIMEIZ D W TR 7228, HE AT . WIMM ETRSERE Z(g, o) &
TREHFIZBOWTHEERIITIEMETH Y, Fhifk
BRI R TOERO LRI HEE 5L EER D Z(g.a)= ¥, (suplT[S](b(a’))
3. LaL2oBBiconTInE CleBlE Lk teale) T
v, BTICE ) ERISNDIERIERDOBITICE 2 55 EREND, ZITTIfIG, 0) BZERFIOER Y 2 — 7
BrEEL, UTICELD 5. Ly PEH, g kE, Qa)id A — )V a TP maxima line
4-1 BEREFER DEETHHY. R(1) 0BEY, FREKOEH I
T I3 LFR TR OBDL D IfTbi, S 56I13—M) maxima line ® LREIHVW O E 720D, h=—1 ®D singu-
THEET 5FEHN 5, RSA DBRKEHEICO A A, BREHE larity (X HEFHMEDEVh=0 ? singularity & L CTEEENh 5
Z ik L CH#Y) 72 RSA DIRIgZ 185 720121, RIFFET Hrhd, ZORBL LT, singularity A7 F 5 LADH
H 7R AREIR TOMITALETH ), BREICIEHE il (@>0 DFFRITHY) OHMBIKELEESINLZFENE
ToORELFEOTF—5 #BETIHEE . T8 1R, Zbh5b,
5, BETIXERBHCEH62MITHONILTEY, H70s2

)y (1)

— 24 —
NACSI|I S-El ectronic Library Service



Japanese

Society for Medical and Biological

ING

5. ¥ & &

ABEE T IEMET R O HAE B % WA AH SR CREAT % 17
oz, ZOMRER, BTRHICIEKRE 2 AROHRIES 5
Hilbh ol BETICL 28R, $FTirbhT&RE
WEURNT, AR EF VRN, <NV F 752 % VBN TXC
WKRBE 52 Twb7z0, BEMREESOHE, AHPHE
BRRFERICB WV CIALE % WA ICEIT§ 5 ICIHET
DHBERETRETH L. T, SHBETICX 28R
K& S LARBMEGEESOBERR, HROVFT7527 %
VENCE 2 DB L2 BN TALEND 5.

X 5\Z, SEGEH L 72 ALAR SIS C O ST 1 H IR
T THEHOIER OIS 2 5 B2 MO LB 572 54
DEEL THRITASTE B720, BET IS SO VEH DT
CHBEBRATEAENLFEEVZE, AEDLHIZ, B
MLOMEESZ ZOEEPHBETE LTS L TE LW
WA BT B HT, EBS O3 — ORI R £
HEZAXLDEYIRCEEPIRETH Y, HIHATE LRV
FEERN*ZEHEELHBLTES.

BB ABI%IL 21 4L COE Fu s 7 & [1EEALFAEA
B2 7 ] OXHFEZT TS,

X 73

1) R.E. Kleiger, J. P. Miller, J. T. Bigger Jr, A. J. Moss & the
Multicenter Post-Infarction Research Group : Decreased
heart rate variability and its association with increased
mortality after acute myocardial infarction, Am. J.
Cardiol,, 59, 256/262 (1987)

2) Bl % wOENKR, MRS T FEEZ, iR, FIRE
0B E AR EIZ BT S critical level —LEXR-
R MR OEBREIC X 52—, BEMEE, 20-2,76/79 (1983)

3) WHHEE, NERIEE FILFE—: BESEREEREICBT
B0 XL WS K, BME, 8-10, 36/48 (1994)

4) Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology :
Heart rate variability : standards of measurement, physio-
logical interpretation and clinical use, Circulation, 93,
1043/1065 (1996)

5) Y. Yamamoto, J. J. LaManca & B. H. Natelson: A measure
of heart rate variability is sensitive to orthostatic chal-
lenge in women with chronic fatigue syndrome, Exp. Biol.
Med., 228, 167/174 (2003)

6) B. Pomeranz, R. J. B. Macaulay, M. A. Caudill, L. Kutz, D.
Adam, D. Gordon, K. M. Kilborn, A. C. Barger, D. C. Shan-

Engineering

HiED T OALTEICE 2 5 B OB

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

(JSMBE)

(65)

non, R. J. Cohen & H. Benson: Assesment of autonomic
function in humans by heart rate spectral analysis, Am. J.
Physiol,, 248, H151/H153 (1985)

M. Kobayashi & T. Musha: 1/f fluctuation of heartbeat pe-
riod, IEEE Trans. Biomed. Eng,, 29, 456/457 (1982)

P. G. Katona & F. Jih: Respiratory sinus arrhythmia: nonin-
vasive measure of parasympathetic cardiac control, J.
Appl. Physiol, 39-5, 801/805 (1975)

REPIR—BR, INHEC, BRER ILEF A8 51
Mz o OHER) & B AW, 28 - 4, 198/202
(1988)

T OEERE— HHEE BE—F AYINVT—F
o—F (MWL) Ol - FFfiic B § % EERRET, AH
T %, 32-5,251/259 (1996)

U. Wiklund, M. Akay & U. Niklasson: Short-term analysis
of heart-rate variability by adapted wavelet transforms,
IEEE Eng. Med. Biol. Mag,, 16-5, 113/118 (1997)
BILEF, FAE T, KEREX B§HMNZ: V=2 —7L vy M
i A0 E BB FEORE EHET L £K
T4, 37-1, 32/42 (1999)

R. Barbiéri, A. M. Bianchi, J. K. Triedman, L. T. Mainardi,
S. Cerutti & J. P. Saul: Model dependency of multivariate
autoregressive spectral analysis, IEEE Eng. Med. & Biol.
Mag., 16-5, 74/85 (1997)

P. C. Ivanov, L. A. N. Amaral, A. L. Goldberger, S. Havlin,
M. G. Rosenblum, Z. R. Struzik & H. E. Stanley : Multifrac-
tality in human heartbeat dynamics, Nature, 399, 461/465
(1999)

L. A. N. Amaral, P. C. Ivanov, N. Aoyagi, 1. Hidaka, S. To-
mono, A. L. Goldberger, H. E. Stanley & Y. Yamamoto :
Behavioral-independent features of complex heartbeat
dynamics. Phys. Rev. Lett., 86—26, 6026/6029 (2001)

K. Kotani, I. Hidaka, Y. Yamamoto & S. Ozono: Analysis of
respiratory sinus arrhythmia with respect to respiratory
phase, Methods Inf. Med,, 39, 153/156 (2000)

NG B ENEK B R PRERICER LRBRE
7 WPV TR M AS B R o b s, AR IR D42, 41-3, 197/204
(2003)

K. Han, J. H. Nagel & N. Schneiderman: A continuous rep-
resentation of heart rate, Proc. Ann. Int. Conf.
IEEE/EMBS, 14, 785/786 (1992)

J. A. Hirsch & B. Bishop: Respiratory sinus arrhythmia in
humans : how breathing pattern modulates heart rate,
Am. J. Physiol, 241, H620/H629 (1981)

KRIBABEERT, FVHE THRE: CHOLERETVEH
Wi BEMERE O, BME, 11-1, 75/85 (1997)

J. F. Muzy, E. Bacry & A. Arneodo: The multifractal for-
malism revisited with wavelets, Int. J. Bifurcat. Chaos, 4,
245/302 (1994)

S. Mallat & W. L. Hwang: Singularity detection and proc-
essing with wavelets, IEEE Trans. Inf. Th. 38-2, 617/643
(1992)

NACSI|I S-El ectronic Library Service



