AKYCTHUYEH METO]] 3A MOHUTOPUPAHE HA AITHES

wk. [o6pomup ITemkoB Jo6peB - EMA MIEXKEHEPVHT EAJY - Codus

Abstract. The Sudden Infant Death Syndrome (SIDS) is a frequent life threatening event of children
from birth to about one year of age. In many developed countries this is the cause of almost 1/3 of the
overall death rate. The sudden death of an apparently healthy baby, its condition verified by meticulous
postmortem investigation, remains unexplained. Varioas hypotheses have been proposed for the inci-
dence and effects of SIDS. It is presently accepted by all researchers, that the sleep apnea has a2 major
significance for the emergence of SIDS or for other life threatening conditions. The only preventive
measure, believed as highly effective, is continuous breathing and/or heart rate monitoning, combined by
readiness for taking appropriate action in the event of apnea or marked bradycardia.

Existing monitoring instraments are mostly based on mechanical detection of breathing move-
mients or on measurement of chest electrical impedance. They are not fully effective in cases of obstruc-
tive apnea, where respiratory movements may occur, but no air flows to the hungs. Acoustic moniforing
was tried by detection of breathing sound, but it was not routinely accepted.

A modification of the acoustic breathing monitoring method is proposed here, using a piezoelec-
tric sensor, affixed laterally on the neck over the trachea. Miniature microphones previously used for the
putpose are difficult to attach and sensitive fo external noise, making them unreliable. These drawbacks
are practically eliminated by the use of a flat piezoelectric crystal, mounted on a small thin metal plate
(piezo buzzer). It is easy to place and affix on the neck and its low sensitivity to external noise is further
improved by an apper layer of foam rubber.

Comparative testing in real environment with an electret microphone showed a superior insensi-
tivily of the piezoelectric sensor to external noise, speech etc.

The electronic circuitry inclades a preamplifier, band pass filters, envelope detector and low fre-
quency amplifier. The ouq;utmgnal adequately reproduces breathing activity.

The respiratory cycle is divided into inspiration and expiration phases, appearing as separate
waves in quiet breathing. The two waves megge in fast breathing. An important advantage of the method
is that tracheal sound is directly related to lung ventilation The absence of air flow is detected by the lack
of breathing sounds and this is an indication of obstructive and other type of apnea.

The acoustic apnea monitor proposed here can be used as a stand alone device or as a supplement
fo existing monitoring techniques of SIDS threatened children, with the aim of improving detection refi-

ability.

Cungpombm Ha Buesannama gemcka cvbpm ( Sudden Infant Death Syn-
drome - SIDS ) e egud om Haii-~yecmo 3acmpawaBawume )kuBoma npu geua 1o
Bpeme na nocmueoHamaAHus nepuog (om eguocegMu4Ha go 0koAo egrozoguuisa
Be3pacm). B MH0o20 pazBumu cmpanu Ha mo3u CuHgpoM ce gbaku bauzo 1/3
om obuwama gemcka cMmbpmuocm. Baezannama cMmbpm Ha Bugumo 3gpabo geme,
gopu caeg 3agbAb0OueHO aymoncuonHo u3dcaegBane ocmaBa neobsicHeHa.
IIpegaoskenu ca Mnozo xunome3su, ¢ koumo ce npaBu 3aceza HeycneweH onum
ga ce obacusm Bb3pukBanemo u nposBume na SIDS. IToBewemo om
uscaegoBameAaume ca Ha muenue, ye SIDS ce geaku na komnaekc om npuyusu,
no-Baxknume om koumo ca caegnume:

- CMymeHa pezyAauusi Ha guilaHemo NOopagu HE3PEAOCH] Ha UEHmMbpa Ha
guwaue;

- xuneppeakmuBuu pedaekcu om cmpana Ha guxameAHama Cucmema u
yBpekganusi Ha guxameAHume nHEMUWA;

- cbpgeudu anomMaauu, kamo ygvaken QT uumepBaa, ckaonnocm kim
6pagukapgusi, npegcbpghu ekcmpacucmoau u kamepna ¢pubpusayusi.
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Ha6alogenusma nokasBam, ye B noBeuemo cayuaii SIDS nacmenBa 8
pe3yAmam Ha cOupaHe Ha guwmaHemo u 3amoBa anmesi - xunomesama, npeg-
Aokena om A. Steinschneider, ¢ obwonpuema. Onucanu ca mpu muna anHes:

- o6cmpykmuBua - nacmenBawa npu cnupane Ha npumoka na Bwu3gyx B
guxameAHUmE NbINuLA;

- - uenmpasHa - npu kosmo AauncBa ueHmMpaAseH UMDYAC 32 gUXameAHU
gBukenus;

- cMeceHa - gbakauwa ce na npekbcBane Ha Bb3gywnus nomok nopagu
Aunca Ha guxameanu gBukenusi, nocaegBano om needpekmuBuo Bv3cmano-
BsaBane wa guuanemo [ 1, 2 ]

EguncmBeno gokasana 3aceza npegna3sa msipka c Bucoka edpekmuBnocm
B npojpusakmukama na cuHgpoMa € gEeHOHOUHOMO MOHUMOPUPAHE HA guiua-
HEMmOo, 4ecmo U Ha chpgeuHama geiinocm, ¢ zomoBuocm 3a okasBane Ha nHeoO-
x¥ogumMama nomouw, npu nosiBa Ha anHes u uspa3sena Opagukapgusi.

CowecmByBamume MoHumopu caegsm Halli-uecmo guxameAHume
gBukenus uau eackmpuunus umMneganc Ha 2pobgHus kow. Te pezucmpupam
apmedakmu om gBuzkenus Ha nayuenma u He ca edekmuBuu npu obcmpyk-
muBHu anseu uau naumko guadpazmend guwane. 3a CuzypHOmMO pezucmpupate
Ha enu3ogume C anHesi € He0OXOgUMO CEH30PHAMA CUCHEeMa HA MOHUIMOpA npsi-
ko ga peazupa na 6eaogpobnama Benmuaauus, m. €. Ha BaAuMuemo Ha Bw3gywen
nomok npe3 mpaxesma. Tpaguuuonno B mo3u cayvaii € usnoasBasemo nHa
mepmMucmop, npuaokeH keM HOca uau ycmama, 3a ompassBbase Ha memnepa-
mypuume npomenu Mexkgy BguwBanus u usguubBanus Bv3gyx. Memogem ce
npuaaza npu Be3pacmuu, a npu geua c puck om SIDS, kbvgemo ce nasaza npogba-
Jkumeano Habalogenue, obuknoBeno He e cuzypeHn, nopagu usmMecmBane na
mepmucmopa om Bob3gywnus nomok. OcBen moBa, 3a npeuussa paboma e
HEobxoguMo u3noAlBanemo Ha Macka BbpXy HOCA U ycmama, meii kamo nomo-
k»m Moke ga npemunaBa camo npe3 equd om me3u usxogu. ManoazBavemo na
macka e kpaiino nekeaameano npu noBopogenu.

Bwo3moxkso e pezucmpupanemo Ha guuiaHemo ga ce usboupuu no akycmuuen
nem Ha 6asama HAa wiymMa om obmena Ha Bwagyx [ 3, 4, 5, 6 |- Beagywnusim
nomok npu guwane npegusBukBa wym, kolimo Moxke ga ce pezucmpupa c
nomowyma Ha mukpodon nocmaBen nHag mpaxeszma uau Ha 2bpgume. IToay-
YEHUSIN Cu2HAA € ¢ yecmomuu komnonenmu mexkgy 100 - 600 Hz uau mexkgy
100 - 400 Hz 8 3aBucumocm om moBa gasu mukpodonsm e nocmaBen na
mpaxessma uAu Bepxy epbgnama cmena. Ha ¢ue.1 e nokasan cnekmwupbm na
CUZHAAA TPU Pa3AUYHU Mecma Ha nocmabBsue na mukpodona [ 3 . CewecmBeno
npegumcmBo na maka noAyuenus cuzsaa e moBa, ue moii chomBemcmBa Ha
HAAUYUETO uAu He Ha Bv3gywen nomok npe3 mpaxesima. Heobxoguma e Bucoka
yyBcmBumeAnocm na uznoasBanus Mukpodon, 3a noayuaBanemo na kavecmBen
cuznaa. Om gpyza cmpana ms € Hegocmambk, npu naauynume BugoBe mukpo-
¢$onu, mwii kamo Bogu go pezucmpupane na nexkeaasn okoasu 38ykoBe, 2oB8op
u gp. ToBa ozpanuyaBa wupokomo npuaokenue Ha Memoga.

B nacmosmomo uscaegBane e cunme3upana mogudukauyust na akycmuuen
MOHUMOp, npu koiimo 3a cenzop e usnoa3bBan nuezoeaekmpuuen eremenm
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om Buga 38ykoB usapubamea
(piezo - buzzer ). OcnoBuo nezo-
Bo npegumcmBo e caabama My
yyBcmBumeanocm kbm 38y-
koBu cuznasu ugBawu om paz-
CmMosiHue, ML €. OM CIMpaHuyHu
HeXkeaanu usavuBameau, go
koumo ne e Henocpegcmbeno
npuaenen. B konkpemnust cay-
yaii moii ce nocmaBs u mexa-
Apex HuyHO konmakmyBa cmpanu-
YHO Ha WUSMA Hag Mpaxesma.
HeuyBcmBumeanocmma wmy
kuM okoanu wmymoBe ce noBu-
A waba gonbAHUMEAHO NoOCpeg-
cmBoMm Bovrwen 3awumen
naacm om gysnanpesn. OcBen
moBa, moii uMa u gpyau npe-
gumcmBa kamo nucka uena u
Aecna uszpabomka B npous-
Boana ¢opma u pasmepu. B
200 400 800 800 100¢  cayyay e usnoasBam nueso-
FREGUENCY [HE) ' eackmpuuen npeoSpasyBames c
Quz. 1. Coekmbp 3a myma om guizane. BeBwen guamembp 26 mm.

Ha ¢uz.2 e nokasana

6A0koBama cxema Ha cummesupasus akycmudYed MOHUMOP.

Trachea

SOUND PRESSURE
12 8
._.-L_--l

Base

AEHTOB
YCUABATEA OUATHP JEMOJIYAATOP F——O M3XOJL
100 - 400 Hz
[ME3OEAEKTPYIEH
[IPEOBPA3YBATEA

Quz. 2. BaockoBa cxema Ha akycmuyeH MOHUIMOp.

Cuznaapm om npeobpasyBameas ce ycuaBa 1000 nemu om Bucoko-
UMNEJaHCeH uHCmpyMeHmaaes ycuaBamea. VcuaBanemo e pasnpegeaeno Mexkgy
Bxognomo cmwenaso ( 100 nemu ) u caegBawomo, koemo e c¢ pezyaupyem
koedpuuuenm Ha ycuaBane. Om ¢ue.1 ce Bukga, ye enepzusima Ha NOA€3Hus
cuzHaA e cecpegomoyena 8 yecmomna o6aacm 100 - 400 Hz. Tosu cnekmwbp e
omgeaeH ¢ noMowyma Ha AeamoB ¢uambp ¢ anpokcumupana npegaBameana
¢yskuust no Butterwort. Quamspbm e om 4 peg, C UeA MUHUMAAHOMO Bausiue
na Hekeaanu cnekmpaanu cocmaBku u e uszpagen no usBecmnama cxema na
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P. Sallen & L. Key, umama npocma konduzypauus. B usxoga na ¢uamwpa
CuzHAA®BI € aMOAUNYGHO MOgyAUpaH Om npoueca Ha guwane. JleMogyaupasemo
Ha Mo3u cu2HaA ce ocbhuiecmBaBa upe3 gBymakmnomo My usnpaBsine c
noMmowma #Ha akmuBen gemekmop, a o6BuBkama e omgeaena ¢ HY puambp
om 2 peg ¢ gpanuyna yecmoma 2 Hz. IToayuesusm B u3xoga Ha Guambpa cuzBaA
ceomBemcmBa Ha guxameanama getinocm.

Ha caegBawume ¢uzypu ca nokaszanu noayyenume 8 aabopamophsu ycaoBust

Duz.3. [Juxameser akycmuuen cuznaa caeg dpuampupane.

pesyamamu. 3anucume ca HanpaBenu ¢ nomowma Ha MukpomoukoB
mepMonpunmep. Ha ¢ue. 3 e nokasan ycuaenus u puampupan akycmuuen
Cuz2HAaA OM guilaHe, npegu moil ga 6bge gemekmupan, a Ha $ue. 4 - gemogy-
AUpaHus CuZHaA om u3xoga Ha cxemama. YyBcmBumeanocmma e 200 mV/cm, a
ckopocmma Ha xapmusima 3 mmy/s. CuzHaAabm € pa3geseH Ha UHCOUPAmOpHA U
ekcnupamopna komnosenma, uspasenu kamo omgeanu Bvanu npu cnokoiino
guuiase.

Ha caegBamume ¢uzypu ca nokasanu 3agwpkane Ha gUIAHEmMO, NOCAEG-
Bano om gvaboko gumase - puz. 5 u 3anuc Ha 6vp30 guwane - ¢uz. 6. Ilpu nHezo
gBeme Boanu om BguwBane u usguwBane ce cauBam. HanpaBenu ca
cpaBuumeanu uscaegBanus ¢ eackmpemen mukpodon. YyBecmBumeanocmma
na Mukpodona kem okoanu wymoBe e mroz20 no-Bucoka, koemo e ne208
Hegocmamubk.

HanpaBenume 3anucu nokasBam, ye nuezoeackmpuunusim npeobpa3syBamea
¢ ycnex moXke ga ce usnoasBa Bmecmo mMukpodon 3a akycmuuno pezucmpupane
nHa guwane. Om kauecmBeno noayuena nneBmozpama ( 6e3 apmedakmu ),
CUZHAA 33 aAapMUpaHE HA €NU30gU HA anHes ce noAyyaBa npocmo, upe3 npazoBo
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OUHO gumaHe.

4. ITneBmozpama npu cnok

Quz

Bagepkane Ba gumanemo u goaGoko gumane.

5

TIneBmozpama npu Gup3o guuuane.

Quz. 6
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nuBo, komnapamop u yakau, MyamuBubpamop, npesanyckau ce om Beeku uukba
na guuwane. [To-cuzypso moBa 6u 6uao, ako caeg anarozo-yudpoBo npeobpa-
syBane cuznaabpm ce nogaoxku Ha nogxogswa codpmyeprna obpabomka 3a
pasno3naBane nepuogume na ansest | 6 .

IMTpegaokenussm akycmuuen MoHumop 3a anuesi Moke ga ce usnoasbBa
CaMOCMOSIMEAHO UAU B gonbaneHue keM HaAWMHUME MOHUMOPHU CUCIIEMU Dpu
geua zacmpauwienu om SIDS, 3a noBumuaBane cueypsocmma Ha gemekmupase.
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