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Ilenmpaana aabopamopus no 6uomeguuuncko unkenepemBo - BAH

Eackmpokapguoepapume (EKI) mpsabBa ga omzoBapsm mHa
cneuuduunu usuckBanus npu nayuenmu c Bazpagenu kapguocmumyaamopu
(neficmetikopu) u B caywaume, koezamo ce usnoasBa gedubpusamop.
TMelicmelikbpiume umnyacu umam npogvakumeanocm 0,1+1 ms u
amnaumyga, npeBuwaBawa Mnozokpamno amnaumygume BHa Boanume B
cnonmanHama eackmpokapguoepama. Caeg nelicmelikbpiu umnyacu caegBam
xapakmepnu QRS komnackcu, koumo mpnbBa ga 6vgam pezucmpupanu 6es
uskpuBsBane nHa dopmama uau usMeHeHue Ha HyseBama AUHUS Ha cuzHaaa.
AedudpusanuoHnuam uMnyAc € ¢ noumu cbwama npogobakumeaHocm, HO
uMa aMnaumyga om nopsigbka Ha 4+5 kV. Ilpuema ce, ue moii npogoeakaBa ga
gelicmBa na Bxoga na EKI' go 200 ms cacg nogaBanemo my. OcBen
cecmecmBenume Mepku 3a 3awuma cpewy npobuB, anapamume mpa6Ba ga
npumexkaBam cpegemBa 3a noguoBaBane HWa  sanuca Ha cnOHMaHHama
cackmpokapguozpama go 5 s caeg gedubpuaavus [1].

TTopagu nasuvue Ha cpaBrumeano Bucok u muozo 6aBho usmensawy ce
nomeHnuyuaa Ha npexoga eackmpog-kozka (go 300 mV), nvpBume cmonasa na
EKT yenaBam cpaBiumeano mansko (25+40 nbvmu) u ca cBovpsanu ¢ Bmopume
cmbnasa upes pasgeaumeanu R-C Bepuzu c Bpemekoncmanma om 3,2 s,
kosimo cb3gaBa ycaoBus 3a nacuwane Ha ycusBameas npu nosiBa na Bucok u
cmpbMen Bxogen cuznaa. 3amoBa ce B3umam pasauuHu Mepku 3a namaasBane
Ha Bpememo 3a BbacmanoBsBane.

IMTupoko pasnpocmpaneHo peweHue 3a ozpaduyaBane Ha nacuwaHemo
om gedudpusauuonnu umnyacu e nocmaBanemo na gBynocouno cBupsanu
guogu ycnopegno Ha pesucmopa R kb maca (puz. 1). Kozamo ca omnywenu,
me namaaaBam 6bpso nanpekenuemo Bopxy kongensamopa C (dua. 2), o
cacg npemunaBane Ha gedubpusauuonnus uMnyac (ycaoBho nokasan kamo
npaBovabaen), cvonpomuBaenuemo um B npaBa nocoka ce yBeauuaBa u
Bpememo, kozamo Bmopomo cmwbnaso we cmaue akmuBuo ce onpegeas
ocBen om Bpemekoncmanmama, owe u om HezoBume 3axpanBawu
Hanpeskenun u koedunuenm Ha ycusaBane k;, Emo sawo 5 cekyngnomo

BbacmanoBaBane ne ce nocmuza Oesnpodaemuo. OcBen moBa guogume
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BovBekgam noumu cvwomo sakechenue u npu nauuenmu c¢ neficmeliksp,
gokamo Ges guogu kpamkume neficmeiikopru crnumyau npcsape;kgam caabo
kongenzamopa (¢pua. 3)- Taka ¢mueame go usBoga, u¢ gBoiika-guogu pewaBam
npobaema, ako ca sanywenu mpu nosBama Ha UMNyACU U OMDYWEHU CAeg
msxHomo npemunaBane, TakaBa cxema e nokasama na duz. 4, kvgemo
guogume ca obpamno cBovpaanu kvm saxpanBawume nanpekenus. 3a
cbkaseHue ma e Hepeasusyema Ha npakmuka, sawomo oSpamnume
cvnporuBaenus Ha guogume mpa6Ba ga Gvgam uskalouumeano eguakBu, 3a
ga ocueypsBam 6auzko go nyaa ommecmBane na ongé Ha Bmopomo cmonaso
u MHo20 Bucokuy, 3a ga ne namaanBam cmoilHocmma na Bpemekoncmanmana.
TakoBa cBuvpsBane na guogu ce usnoasBa Ha Bxoga Ha nvpBomo cmbnaso 3a
npegnasBane om  obukwoBenu (#kV) npenanpeskenus, Ho mam
ommecmBanemo ce onpegeas om Bpbskama ¢ nayuenma.

BuBeskgaemo na guogu B o6pamnama Bpwska na nbpBomo cmbnaso
(¢ua. 5) cowo ne moke ga pegyuupa npesapsiga Ha kongensamopa, 3aWomo
onepayuornume ycusBameau ca neunBepmupaiu, a amnaumygume Ha
nelicmelikopaume u  gedpubpusayuondume umnyacu Ha BxogoBeme ce
ozpanuvaBam go 3axpanBawume nanpekenus.

Boamozkio e cBopaBane na anasozoB kalow napaseano na pesucmopa
($uz. 6), kolimo ce samBaps om mukponpouccopHa cucmema pP, kozamo
anasozo-nudpoBuam npeobpasyBamea ADC gocmuza 2panuyume sa ofxBama
cu. ToBa e gobpo pewenue npu gedubpusauus, no npu neticuMnyacu
omBapanemo na kaloya we npegusBuka npecpasnpegeacnue Ha moka Ha
lecumempus npes pesucmopa R = 1,6 MQ u kongensamopa C u cvomBemuio
ckok na uaxoga na Bmopomo cmwbnaaoc.

Hue usnpoBaxme Bapuanm, npu kolimo guogume ca cBopsanu koM maca
npes pesucmop 500 kQ (pue. 7). Pesyamamume ca npubausumeso gobpu.
Bpememo 3a ycnokosBane cacg gepuSpusanus ¢ okoao 5 s, a ckokoBeme 8
cuznasa npu nelicmelikbpau cmumyau ca npuemanBu. ToBa oBaue e
komnpomucno pewenue ¢ eguicmBenomo npegumcmBo, ue e npocmo u
eBmuxo.

Hali-gobpu pesyamamu noayuuwxme, kamo cbemaBuxme nogxogsiuu
AAZODUMDBM U NpoOzpaMa 3a paspabomenusi om Hac P nocmosnnomoko8

muozokanasen ycusBamed na EKI [2], npegcmaBasBaw, pasBumue Ha

aHaaozuuHo yempoicmBo 3a eackmpoenuepasozadus [3].
IIpunyunvm Ha paboma na nocmosnzomokoBus yeusBamea (duz. 8) ce

cbemou B caegnomo. ITomenuuasbm Ha npexoga eaeckmpog-koka ce
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komnencupa sa Beeku kamaa upes nogxogawo ommecmBane ¢ wudpo-
anaaoeoB npeobpasyBamea DAC, ynpaBasiBan om pP. Taka npu omebemBue
Ha kougensamop npexogrume npoyecu ca uskalodumeano 6vpau. BC’bLLlHocm
Hewama ca no-cAoXHu. S

Makap u 6aBno nomenuuaabm Ha npexoga eackmpog-koska ce
npoMeHst u 6u Mo2ba ga gocmuzHe zpanuuume Ha o6xBama na ADC no Bpeme
Ha 3anuc na eackmpokapguozpama. ToBa nasaza npeBkalouBane na yudpoBus
Bxogen kog na DAC, no mozaBa nezoBama 2pewika ce ycuaBa om Bmopomo
cmunaao. T ce komnencupa, kamo 3a Bestka cmotinocm B uaxoga Ha cxemama ,
3a cmpobupano sanomusane SH ce npaBam 2 npeobpasyBanus - €gHoOmo ¢
mekywust kog Ha DAC u Bmopomo ¢ npomenen ¢ +1 kog, a pasaukama mekgy
gBeme yudpoBu cmoiinocmu, npegemaBasBawa yeuaenama epewka na DAC,
ce sanomus B pP. ToBa nosBoasBa npu Hyﬁkga caegBamuam guckpem ga 6sge
noayucr ¢ HoBus kog u npeusuucaen ¢ mounocmma ma ADC. 3naksm 3a
npomsinama B koga ce onpegeas om mscmomo, kocmo saema mekywua
guckpem 8 o6xBama ua ADC.

Eaekmpokapguozpadbm, peasusupan no cxemama om dua. 8, ce
ynpaBasBa om npozpama, kosimo pasnosnaBa omkauenu cackmpogu npegu
Ha4aA0 Ha 3anuca u noggopka onmumasno paznoackenu Bupxy xapmuima
omBexkganus. Eackmpogu mozam ga ce omkauam u no Bpeme na sanuc,
kozamo ca Buvamosknu u apmedakmu om gBuskenue na nauuenma u GaBen
gpelip Ha uyacBama Aunust na kanasume. M B gBama cayuas cuanasume
usausam u3Bou pasmepa Ha xapmusima. 3anucvm ce npekpamuBa, uzuakBam
cc uskosko cbpgeunu uukvaa, Ho He noBeue om 4 s, caeg koemo moii
npogvakaBa ¢ noBo onmumaano nogpeskgane ha cuzspasume. Touno maka
gelicmBa npoezpamama u npu no}\yanauc Ha gedubpusayuouen uMnyAc'na
Bxoga na EKT. ToBa e nokasano na due. 9, kvgemo BuacmanoBsBanemo na
3anuc om umumarmop, Mapkupano ¢ gBe cmpeaku, e Hail-uecmo 3a okoao 2 s.
TocmosnnomokoBuam ycuaBamea nosBoasBa Bpememo ga Bbbge HaMmaseHo
3Havumeano, cmuza ga ce omkatkem om onmumaanomo nogpekgame ua
omBezkganusama.

Apmedakmu om nelicmeitkbpru cmumyau Bopxy usobpazsBanemo na
QRS komnaekcume Mozam ga 6bgam omempaneny, ako no cbomo Bpeme ce
3abpanu npomaHama Ha wuppoBus Brogen kog ua DAC. Aazopumbm ¢
makoBa gelicmBue ¢ nokasan na ¢uz. 10. Cmumyasm ce omkpuBa upes
pasatka B gBa nocaegoBameanu guckpema A= DyD;;, npeBuwaBawa
epanuvama L=11600 puV (640 uV/ms npu guckpemusauyus ¢ 400 Hz). Ha
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" ¢ueypama e npegemaBen camo kaona 3a +L. Ako A>L e hpegusBukaua om

~omkauen eackmpog (mozaBa SAT#0), kogem na DAC ce npomens ¢ 1 (6aok
SU). .B npomuBen cayuaii (SAT=0) ce mecmBa gaau A>L-ce. nosBaBa za
nepBu nvm. Ako moBa e maka (FL=0), 868 dpaaza FL ce sanucBa wucaomo 5,
omeoBapswo na 7,5 ms, a B8 mekywama kaemka na namemma M; -
npégumuama cmoiisocm, yBeauvena ¢ usbpana amnaumyga Ha cmumyaa A.
Cmoiitocmma na FL ce HamaanBa ¢ 1, 6aokem SU ce npeckava. IIpu
caegBawus guckpem ce akmuBupa gpye kaon ma aszopumovma, kamo
nbmuulama ca gBa: npes A>L, ako cmpbmHocmma Ha cuznasa npogbakaBa
ga 6vge Bucoka uau npes FL>0, ako ms Beue ¢ Hucka. Ceza B namemma ce
3anucBa amaumygama na nelicmelikbprust cmumya, gokamno guckpemovm D; ne
cmane no-maavk om cmotinocmma B npegumnama kaemka na namemma My,
UAlU He usmeve onpegeaenomo upes FL Bpeme.

SAT ce 3apekga ¢ uucaomo 16, ako Bmopomo npeobpasyBane LH e 0
ust FFF u ce yemanoBsaBa B 0, caeg 16 nocaegoBameanu makma, 3a koumo
egnoBpemenno A<tl, FLL=0 u 0<LH<FFF.

Ha ¢uza. 11 u 12 ca nokazanu 3anucu om nauuenmu c nelicmelikbp.
AmnAumygume 1a peaucmpupanume cmumyau Bapupam, nopagu wecmomama
‘na guckpemusayus om 400 Hz u m.u. duamwvp, nocmaBen na Bxoga na
ycuaBameast sa nomuckane Ha paguocMmyweHusl. 3anucume nokasBam nvana
aunca na omckok npu peaucmpupase na nelicumnyacume. Buskga ce pegyBaue
Ha ¢muMyAupana cvc cnomanta akmuBuocm u cmumyau, koumo cvBnagam
no Bpeme ususao (fusion pace) usu wacmuuno (pseudo-fusion pace) ¢ Gauzok

g0 HopMaaeH no ¢popma QRS komnacke.
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ELECTROCARDIOGRAMS RECORDING OF PACED
PATIENTS AND DURING DEFIRRILLATION
Prof. D. 8c. Ivan A. Dotsinsky, Ph. D: Ivailo I. Christov and
» Prof. D. Sc. Ivan K. Daskalov

Centre of Biomedical Engineering, Bulgarian Academy of Sciences

Some specific requirements have to be met by the electrocardiographs
{ECG) during defibrillation and in cases of paced patients. The record of the
heart activity should be restored up to 5 s after the defibrillation. The paces are
followed by characteristic QRS complexes that should be presented without
shape and subsequent baseline distortion.

The first amplifier stages of ECG are connected to the second ones
through R-C circuits (3,2 s time-constant) because of the slow varying
electrode-to-skin potential with relatively high amplitude. Therefore the
amplifier may be saturated for long time when a steep and high signal is
presented at the input.

Some solutions restricting the saturation due to the defibrillation by
appropriate diodes . connection around the R-C circuits are known.
Unfortunately they cause shape and baseline distortion in the
clectrocardiogram of patients with pacemaker.

Earlier we developed a DC amplifier including DAC that subtracts the
electrode-to-skin offset from the signal at the input of the second stage. In
order to avoid the amplification of the DAC error by the second stage in case
of DAC code change during the record, iwo AD conversions of the sampled
signal are made - the first one with the current DAC code and the second one
with the incremented or decremented code. Thus the true modification of the
subtracted value is measured by the ADC.

The DC amplifier is an ideal instrument for fast recovery of the heart
activity recording after defibrillation. However, for an accurate presentation of
paced QRS complexes some corrections of the DAC control should be
implemented because every saturation will cause a new cycle of DC adjustment
that will distort the paced QRS complex. Our program stops the DAC variation
for a few milliseconds tp when a slope beyond 640 1V/ms in the signal has been
detected. Then a value corresponding to 1 mV at the amplifier input is added
to the last discrete Dy, in order to mark the pace pulse. This value is repeatedly
memorized until either the input signal becomes lower than Dy, or tp has been

elapsed. Recordings with paced patients are presented in the paper.
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