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PE3IOME

OnueHeHa BO3MOXKHOCTB CETH HHTEPHET JUIs BCEMHPHOM Ilepeflaud UTPaMHOKApAHAIBHBIX SJIEKTpOrpaMM
(MDI) u obecricueHnst HOCTOSHHOTO JIOCTYIIA K IIEHTPaM, CIICITUATM3UPYIOIUAMCS B aBTOMaTH3UPOBaHHON obpa-
OOTKE CUTHAJIOB.

JIs1 MOHUTOpPHHTA IPOIIECCOB OTTOPKEHMS LIEpECakeHHOro cep/ia B 1992 6but cozan npoekr CHARM (AB-
TOMAaTH3UPOBaHHBIM cepIeIHEI amnorpaduIecknii MOHUTOPHHT penuiieHToB), MO 3anichBanich ¢ HCIoIh-
30BAHHEM CHCTEMBI KapJMOCTAMYIATOPA, OOIaNaloEero BO3MOKHOCTSIMY TEJIEMETPAN ¢ IIHPOKOH IIPOIYCKHON
CTIIOCOGHOCTBLIO M IMEIOIIETO B CBOEM COCTaBe (PPaKITMOHHO OKYyTaHHBIE DIEKTPOBL, PACHIONOXEHHE B DIIMMHOKap-
JMAaNBHON WM BO HYTpIKEIyHoukoBod obmactn. IMOI™ neperaBanucek k MecTy cOopa JaHHBIX, TJe OHH COXpa-
HSUTHCH, TIO/IBEPTaTHCH aHATOTOBOMY H IT(pOoBOMY ITpeoOpa3oBaHUIO U IIepe/IaBalich 0 HHTEPHET Mocie J00aB-
JIEHWS] HEKOTOPBIX KIMHUIECKH 3HaUNMEIX JIaHHBIX ¥ Imudposanust. [lepeaada mndopmaryn depes ceTh HATEPHET
OCVITIECTRIIUIACH TIaBHBIM 00pa3oM ¢ WCmonb3oBaHueM F'I'P (mporokona mepeqaun (Gaiiior), HO B HEKOTOPHIX
CIIy4astX alBTEpHATHBHO C IOMOIIBIO AIIEKTPOHHOM MMOYTHL. J{JIs 3aIUTHL yIeTa 3allUCH JTaHHBIX, IOCTYIIAIOMNX 13
Kaxao¥ GOMBHUILL, B IIeHTpe 00pabOTKH JaHHBIX ObUT YCTaHOBJICH WHMBH/YaNbHBIM maponb. Waentudukarms
MAIlACHTOB JOCTHTaJach C HCIIONB30BAHHEM ONO3HABATEIBLHOTO KOJ[a KapIUOCTUMYIIATOpA, Iepefada KOTOPOro
npesunecroBaia nepeaie MMOI. Tocite 00paboTKH CUTHAIOB M BLIMUCIEHHUS PA3IHYHLIX [IapaMETPOB, COCTaB-
JISUIACH OTUETHI 10 KaXKIOMY HAIlUEHTY, KOTOPBIE laJlee HAIPARIISUIACH B COOTBETCTRYIOMIYIO OONBHAILLY.

Jlo nacrosiero Bpemenu 6onee 26.000 3ammceit UMOI™ ot 285 nanuenToB U 14 GOIBHUI] BO BCEM MHPE, CO-
Jiepxaimx npudausuresbio 100 coObiTuit kaxas, ObuId IOcHaHbl Ha craHnuio oopadorku B I'pare. [Ipu srom
He OBUIO 3a(pUKCHPOBAHO HU OFHOH MpOGIEeMBI Miepeadn WM OMmuOoTHOM nepeaan. CTalo BOSMOXHBIM TaKkKe
paccMOTpeHNe KOHIEIIIAM MEKCETEBOH 3alllUThl OTJEIBHBIX OONBHUI U KOPPEKTUPOBKA IIPOLEAYPH Iepe/atdu
COOTBETCTBEHHO TPEOOBAHUAM OOIBHUITEL B TO e BpeMsl aBToMaTH3upoBaHHast onleHka MDD ucnonnioBanach
HE TOIIBKO JJIs1 KOHTPOJIsI TPaHCIUIAHTAaTa, HO U JUIS KOHTPOJIS PEUIAEHTa U OLCHKH TeMOMHAMUKH.

Wureprer-niepeiaua UMOI™ Ha clenUaln3HpOBaHHBIE IIEHTPE aBTOMATH3MPOBAHHOM 0OpaGOTKH CHTHAIIOB
SIBJISAETCS HAJICKHBIM HHCTPYMEHTOM KapJHAaBHOTO TEJIEMOHHTOPHHTA. [IeHTp 00pabOTKH CUTHAIOB MOMKET 00ec-
NeYMBaTh OOJIBHUILI TAKOK JONONHUTENBHOU cIyskOol, Kak o0paboTka JaHHBIX JISI MHOTOLEHTPOBBIX HCCIEN0-
BaHUH.

KITIOYEBBIE C/IOBA: vHTpaMHuOKap MalbHasi 2IEKTpOrpaMMa, MepecakeHHoe cep/ule, Murepuer, rene-
KOMMYHHKAITHOHHBIE TEXHOIOTHA
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MONITORING OF INTRAMYOCARDIAL ELECTROGRAMS AND
THEIR DIAGNOSTIC POTENTIAL

H. Hutten
Institute of Biomedical Engineering Technical University, Graz (Austria)

SUMMARY

Purpose of work: Assessment of the potential of intramyocardial electrograms (IMEGs) for longterm cardiac
telemonitoring that is not possible by surface ECG due to the poor reproducibility of these signals.

Materials and methods: With the availability of cardiac pacemakers with broad-bandwidth telemetry (0,3-200
Hz) and fractally coated electrodes the monitoring of IMEGs both from the spontaneously beating and the paced
heart became possible. These signals have first been utilized to monitor rejection in transplanted hearts. Proto-
cols for standardized clinical examinations have been set up that allow to eliminate errors (e.g. time of day,
changes in posture, and stimulation parameters). Tailored software has been developed for signal processing
based on event classification, averaging, and parameter extraction. Individual features like anatomy of the heart
and respective position of the electrode require that each patient is considered for its own reference.
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Results: IMEGs can be acquired with excellent longterm reproducibility of signal morphology. In most cases
the transitory effects during the post-implant period can appropriately be considered. Regarding reproducibility
the IMEGs are superior to surface electrograms. Careful signal processing of the structured morphology of
IMEGs supplies information of clinical relevance that can not be obtained from surface electrograms. Ventricu-
lar evoked responses (VERs) can be obtained with the same electrode that is used for stimulation. VERSs in
transplanted hearts do indicate not only acute rejection and infection episodes, but have a high prognostic poten-
tial for recipient monitoring. Furthermore, IMEGs monitor information on the hemodynamic situation of the
heart, e.g. end-diastolic filling volume, and they can be utilized for AV-setting in patients with cardiomyopa-
thies.

Conclusion: Surface electrograms are well established for cardiac routine diagnosis and longterm monitoring,
e.g. Holter monitoring. However, thanks to progress in pacemaker technology IMEGs offer another challenging
potential for cardiac monitoring including therapy management and risk surveillance that is not accessible with
surface electrograms. Computerized evaluation of IMEGs is possible, however requires tailored software that is

made available by specialized centers.
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INTRODUCTION

Recording of intramyocardial electrograms has
long been used routinely in order to diagnose or to
localize disturbances of the occurrence of excita-
tions and their spreading over the heart [7]. This
mvasive procedure is restricted to shortterm moni-
toring. The mtramyocardial electrograms are ob-
tained by leads that are transvenously connecting
the heart with an extracorporeal signal receiving
station. Usually the signals are acquired with re-
stricted frequency bandwidth. The basic assump-
tion is that the electrode monitors the near-field
excitation process, 1.¢. the summing action poten-
tial of a small volume of tissue around the elec-
trode. Typical electrode positions are near the si-
nus node, the AV-node, the His bundle and along
other parts of the conduction pathways. The diag-
nostic information is primarily represented in the
temporal pattern, the moment of appearance of the
excitation at the site of the electrode, e.g. the His
bundle. Only coarse variations in the shape of the
summing action potentials are considered. Record-
ing of intramyocardial clectrograms, although still
applied for certain diagnostic procedures, has lost
some of its clinical importance since the availabil-
ity of small and easy-to-wear devices for longterm
Holter monitoring, especially in the field of ar-
rhythmia detection.

Due to progress in pacemaker technology and
advanced methods in computerized signal pro-
cessing the recording and more detailed evaluation
of intramyocardial electrograms have attracted
new attention. Although pacemakers are still sup-
plied only with insufficient memory capacity for
longterm recording, compared with Holter devices,
their sensing channel can be used for the acquisi-
tion of intramyocardial electrograms. The aim of
the present study has been to evaluate the clinical
relevance of intramyocardial electrograms obtained
by implanted pacemakers with special attention to
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longterm monitoring and therapy management.
MATERIALS AND METHODS

In the last years advanced pacemakers became
available with broad-bandwidth telemetry capabil-
ity (0,3-200 Hz). Equipped with fractally coated
electrodes (all appliances BIOTRONIK, Berlin,
Germany), these devices render possible the re-
cording of intramyocardial electrograms with high-
resolution i diagnostic signal quality [2]. The
electrodes can be situated either in intraventricular,
intraatrial or epimyocardial position. Electrograms
can be obtained either from the spontaneously
beating (SVE) or from the paced heart (VER). By
inductive coupling, the clectrograms are transmit-
ted in real time to an extracorporeal data acquisi-
tion station. After analogue-to-digital conversion
(sampling rate 667 Hz, resolution 0,1 mV) differ-
ent procedures of signal analysis like beat detec-
tion, rhythm analysis, beat classification, signal
averaging and pattern extraction can be employed.
Special attention is paid to the detection of changes
in the signal morphology. Signal analysis is per-
formed by specially developed, tailored software
based on MATLAB. A comfortable data bank sys-
tem has been installed where the complete data
files with the raw data can be stored and used for
extended signal analysis. Identification of each
patient is achieved with the pacemaker identifica-
tion code heading the respective data file.

In preliminary studies longterm reproducibility
of the electrograms and different possible influ-
ences on the morphology of intramyocardial elec-
trograms have been investigated, i.¢. day of time,
posture, and of the stimulating parameters on the
shape of evoked responses [3].

Different groups of patients have been exam-
ined. Most of the patients have undergone heart
transplantation. The primary objective in this
group had been to monitor rejection and to support
therapy management. During this study it



became obvious that intramyocardial electrograms
contain information not only on rejection, but also
on infection (fig. 1). Another group are patients
with different kinds of cardiomyopathies, ¢.g. pa-
tients with hypertrophic obstructive cardiomyopa-
thy (HOCM). Since these patients arc supplied
with a dual-chamber pacemaker, the primary aim
has been to properly adjust the AV-delay and
thereby to reduce the pumping workload of the
heart. In those cases the objective has been to as-
sess the suitability of the intramyocardial electro-
gram for therapy management. The hypothesis has
been that the AV-delay is properly adjusted if the
myocardium is excited with a high degree of cap-
ture by the stimulus, 1.e. that fusion beats are
avoided.

Computerized evaluation of all studies has been
performed by CORTRONIK in  Graz
(http://www.cortronik.co.at) where tailored sofi-
ware has been developed. The clectrograms have
been transmitted to Graz mainly via the Internet
using the FTP protocol and exceptionally via e-
mail [4].

RESULTS AND DISCUSSION

Here only some results can be presented in
summarizing form:

1. In heart transplant recipients, the signal re-
producibility of intramyocardial electrograms after
the posttransplant period has been proven to be
excellent if standardized protocols are employed.
Considering both the beat-to-beat variability (rp)
and the longterm reproducibility (1) of the signal
morphology, the evoked responses (VER) are su-
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beating heart (SVE). This is shown in fig. 2 for 10
follow-ups in heart transplant recipients beyond
the 14th postoperative day [3]. Only follow-up
recordings have been considered when episodes
with clinically significant discases (e.g. rejection,
infections) could be excluded.

2. In different methodological approaches the
potential of intramyocardial evoked responses for
rejection monitoring has been assessed and com-
pared against the results of endomyocardial biop-
sies. Since endomyocardial biopsy is related with
expenses, risks in application, subjective evalua-
tion and long interexamination periods, the aim has
been the development of an alternative method
with comparable diagnostic validity. Fig. 3 shows
the results of a multicenter blinded study. Since it
has been found that the results of endomyocardial
biopsy are different from hospital to hospital and
frequently are not considered for therapeutic deci-
sions, in this study the results of the evaluation of
endomyocardial electrograms (VER) have been
referred to clinically significant rejection episodes,
1.c. when the physicians have decided to augment
rejection therapy. The correlation of the VER
evaluation with such rejection episodes prove the
validity of the approach to utilize the VER for
therapy management in transplant patients. This is
emphasized by the results illustrated in fig. 4. This
statistics reveals a comparison of the death of
transplant patients with the parameter VER Tslew
calculated from VERs that have obtained in the
last weeks before the patients have died. From this
presentation it can be concluded that the VERs
from transplant patients have a high diagnostic
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Fig. 1. Averaged ventricular evoked response acquired from the same patient at different follow-up examinations after heart transplantation.
The table shows the post-operative day and whether a rejection (EMB results) or an infection was present or not on the day when the re-
spective signal was recorded. The bold curve recorded while the patient was suffering from moderate rejection shows a strong decrease

in the repolarization phase. At a later time the patient became i

11 from an infection that resulted in a prolongation as indicated by the dot-

ted curve recorded on day 128. Five months after heart transplantation the dashed curve which was again not influenced by rejection or

infection correlated fairly well to the signal recorded on the 7th

postoperative day
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Fig. 2. Left: Comparison of the correlation coefficients 1, between SVE and VER recordings as a measure of longterm reproducibility of the
signal morphology. Right: Comparison of the correlation coefficients rp between SVE and VER recordings as a measure of beat-to-beat
variability of the signal morphology [3]
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Fig. 3. Left: Statistics on the Rejection Sensitive Parameter RSP grouped according to whether clinical assessment found Significant Rejection
SR or not. Application of the U-test indicates that the differences in median are statistically significant. Right: Application of a single
threshold to detect the cases with SR (encircled data points) indicates significant correlation between the clinical and the IMEG pa-
rameter classification (p < 0.001). Using a threshold of 93% revealed the diagnostic indices as displayed within the figure. 55% of the
endomyocardial biopsies EMB could have been precluded if the RSP values would have been used to indicate EMB. The three cases
of SR above the threshold (false negative cases) ocourred in 2 patients with multiple episodes of SR (three in cach patient) interlaced
with infection episodes [1]
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Fig. 4. Left: Statistics on the VER Tslew values as obtained during the most recent follow-ups and grouped according to the outcome of the pa-
tients. MED = median, IQR = interquartile range, MIN = minimum, MAX = maximum, N = number of patients. Patients who died ex-
hibited significantly lower VER Tslew values during their last follow-up. Right: The VER Tslew and the VER_DURGc values for all
patients as obtained during the most recent follow-up. 14 patients who finally died, but none of the survivors had VER Tslew values be-
low 55 mV/s (at the left hand side of the vertical line) during their last follow-up
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3. Intramyocardial electrograms are superior t /° extracorporeal electrograms for several reasons,
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¢.g. they are not affected by relative displacement
between the heart and the electrode due to ventila-
tion and contraction, and the alveolar filling with
air does not influence the characteristics of the
transmission pathway to the surface. Hence, it can
be expected that the signal morphology of intra-
myocardial electrograms presents information that
cannot be obtained from surface cardiac electro-
grams. Fig. 5 shows a sequence of SVEs with one
premature beat (#12). The QRS amplitude of this
extrasystole is larger than that of regular heart
beats. 400 recordings from 71 patients have been
evaluated using the scheme depicted in fig. 5.
RRyyin 1s defined as the shortest

RR interval of all regular heart beats within an

IMEG sequence of one minute duration. The QRS
amplitude of the event that follows the shortest RR
mterval (i.c. the shortest filling period) has been
compared with the QRS amplitude of the heart
beat that is preceding the shortest RR interval.
This ratio ARR,;, is compared with RR,,;, in fig.
6. The results support the assumption that intra-
myocardial electrograms present information on
the hemodynamic situation of the heart. The short-
er the RR interval and hence the filling period, the
larger is the QRS amplitude of the heart beat that
follows this RR interval. There is some evidence
that a large QRS amplitude indicates a small
enddiastolic filling volume.
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Fig. 5. Section of an IMEG recording showing a premature QRS complex with normal contour (heart beat #12) as well as the definitions of the

parameters mathematically extracted by signal analysis [5]
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Fig. 6. The boxplots show a significant difference of Argmin rel between groups with RRy;, lower than 0.55 s and all other groups [5]

4. Shortening the AV-period in patients with
Hypertrophic Obstructive  Cardiomyopathy
(HOCM) has been shown to be an effective thera-
peutic measure in those patients. On the one hand

short, on the other hand the ¢jection caused by
pacemaker stimulated ventricular contraction
should be nearly completed before the sinus node
induced contraction around the aortic outflow tract

the ventricular filling period should not be toc 77 starts. The Left Ventricular Outflow Gradient
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(LVOTG) measured by echocardiography de-
creased from a pre-pacemaker implant value of 98
+/- 22 mmHg to 59 +/- 24 mmHg (p < 0.01) n 9
patients when the VER has been used to optimize
the AV-interval by achieving full ventricular cap-
ture and thus avoiding fusion beats [6]. Fig. 7
shows that the LVOTG is correlated with the VER
parameter VERy, (p < 0.03).

Up to now it is not possible to realistically as-
sess the full diagnostic potential of intramyocardial
electrograms. Clinical research has just started
utilizing advanced pacemaker technology with the
features for high quality signal sensing and the
telemetric capability for monitoring those signals.
There is already a large and still growing body of
service in signal processing and data management
can be provided by specialized centers to which the
data can be sent by Internet. The reliability and
suitability of the Internet for this data transmission

evidence that intramyocardial electrograms present
diagnostically relevant mformation that cannot be
obtained from surface electrograms. Serious short-
comings of surface clectrograms are their poor
longterm reproducibility and the effect of relative
displacement between the heart as the source of the
signal and the electrode position on the surface by
ventilation. Hence, the superior features of intra-
myocardial electrograms should be evaluated for
longterm risk monitoring and therapy management.
Modern telecommunication technology renders
possible the worldwide transmission of medical
data like intramyocardial electrograms for comput-
er-assisted signal processing using tailored soft-
ware. Consequently,
has been proven [5]. Multicenter studies have
shown that this support is appreciated by the hos-
pitals and offers benefits in costs and service quali-

ty.
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Fig. 7. Linear regression analysis between the Left Ventricular Outflow Tract Gradient LVOTG and the magnitude of the VER as measured by
the arca under the negative signal part VERya, revealing a significant correlation between hemodynamics and electrical activity [5]
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MOHITOPUHI THTPAMIOKAPTIAJIBHUX EJEKTPOTPAM 1 iX
JIATHOCTUYHUIT TTOTEHIIAJ

I, Xymmen
lacTHTYT bioMeMIHOI TEXHIKA
Texniurnit YaiBepcurer [ 'paria (ABcTpis)

PE3IOME

OrmiHneHa MOXIIMBICTE IHTpaMiokapmiansHoi enexrporpadii (IMEL’) uist JOBrocTpoKoBOTO KapialbHOTO Te-
JIEMOHITOPHHTY, HEMOXKIMBOTO IIPH BHKOpHcTaHHI HoBepxHeBnX HKI™ depes HemocTaTHIO BIATBOPIOBAHICTh ITHX
CHUTHAIIB.

3 BHKOPHCTAHHSAM KaplalbHIX Kap{IOCTHMYIATOPIB 3 MOXCIHBOCTSIME TEJIEMETPIi 1 MHPOKOIO HPOMYCKHOIO
saatHicTIO (0,3-200 I'mM), Mo MarTh ¥ CBOEMY cKiIal (dpakiiifHHO 06KyTaH1 €JIEKTPOJIU, CTaB MOKIMBHUM KOH-
Tpoik IMEL', 3anmcanix npu CIIOHTAHHOMY PHTMI 1 KOHTPOIEOBAHOMY 330BHL. LI CHIHAIIN CIIOYATKY BUKOPHCTO-
BYBaJIHCSL, H_[O6 KOHTPOJIOBATH IPOIECH BIITOPTHEHHS IIEPECaKEHOr0 CepItt. By.u BCTAHOBIICHI IIPOTOKOIH JUIST
CTAHJAPTH30BAHAX KIIHITHEX ICIIATIB, IO JO3BOJSIOTE YCYBATH HOMUVIKH (HALIPHKIAN, dac J0GH, 3MiHA OTI0-
JKEHHSI TII, TTAPAMETPH CTUMYJISINL, Tomo). Jltst 06pOOKH CHTHANIB, 3aCHOBAHMX Ha KIacH(IKaIli BUIaKy, yce-
PEHeHHSL, 1 OGYHCICHHS HEOOXIHIX TTApaMeTpiB PO3pOOIICHE CIICI AT 30BaHE IPOTPaMHE 3a0C3ICTCHELL.

Orpumani IMEL" 3 Ty/10BOIO JIOBIOCTPOKOBOIO BITBOPIOBAHICTIO MOpdoorii curaany. Y GiibIIOCTI BHIIE/KIB
MOIJIM OIIIHIOBATHCS TIEPEX1/IHI BIUIMBH IIPOTSITOM IIEPIOJY, IMO HACTYIIAB 3a BIPOBaKEHHSAM eIeKTposiB. llo
cBoiit BiaTBOpIoBanocti IMEILT mepepepmyBann HoBepXHEBI enekTporpaMu. PerernbHa oOpoOKa CHTHANIB CTPYK-
TypHOi Mopdomorii IMEL" f03BoNMImIIa OfiepKaTh KIIHIYHO 3HAUYAMY 1H(OPMAITIO, IO HEMOXKIUBO OJICpKaTh 3a
JIOIIOMOT OO TIOBEpPXHEBOI eekTpokapaiorpadii. [TIryakori Bukimkani peakiii (BBP) Buxomumn 3a A0MOMOroro
TOTO K EIEKTPO/a, IO BEKOPUCTOBYBaBcs st cruMmyisii. Hasmuicrs BBP y nepecapxkenomy cepri BKasyBain
HE TITBKH Ha TOCTPE OTTOX/ICHHS Ta €307 1HPEKIl, ajle 1 Mald BelIMKe IPOTHOCTUIHE 3HAYCHHS JJIS KOHTPO-
mro permmienta. KpiM Toro, IME] -MOHITOPHHT JIO3BOIMB KOHTPOIIOBATH TEMOIMHAMITHIN CTaH CEpIls, HAIPH-
KJ1a]T KIHTICBO-/TIACTOMITHIM 00cAT. BiH TakoX BHKOPUCTOBYBABCA ST A V-KOHTPOIIO V MATIIEHTIB 3 Kap [oMiona-
TISIMH.

IloBepxHeBi eIEKTPOIPAMH € TAPHUM IHCTPYMEHTOM 3BHYafHOl MIarHOCTHKH IATOIOTIi CepILT 1 JOBIOCTPOKO-
BOIo KOHTPOIIO. OJIHAK 3aB/UIKH IIPOTPECY B TEXHONOT KapaiocTuMyisropa IMEL Moxke Takoxk BUKOPHCTOBYBA-
THCSI JUIS1 Kap/IlalIbHOTO MOHITOPHHIY, BIJIFOYAI0MH KEPYBaHHS TEPAMI€EO 1 KOHTPOJIb PU3HUKY, IO HEMOXKIUBI LIPH
BHKOPHCTaHHI IIOBEPXHEBHX e€IEKTpoKapjaiorpaM. ABToMarm3oBaHa ominka [MEL' MoximBa, aze BmHMarae
CIIeTTi aJ1130BaHOTO IPOTPaMHOI0 3a0€3IEICHHSL, IO IPOIIOHYETECS CIIENiali30BaHIMHE IIEHTPaMH.

KITFOY90BI CJIOBA: iaTpaMioKap/liaTbHa €IeKTporpaMa, JTOBTOCTPOKOBHIT TeIEMOHITOPEHT CepIisd, MOpdo-
JOT1s CHTHATY

MOHWUTOPUHT WHTPAMMOKAPIUAJLHBIX DJIEKTPOTPAMM U
UX TUATHOCTUYECKHIT MOTEHLMAJ

I Xymmen
HucTutyT broMeTUIMECKON TEXHUKA
Texuudeckuit Y uusepcurer ['paia (ABcrpus)

PE3IOME

OtrereHa BO3MOKHOCTL MHTPAMHOKApANATEHOM srekTporpadun (MMDI) A JoNToBpeMeHHOTO Kap IHaIbHO-
'O TEIEMOHUTOPHHTA, HEBO3MOKHOTO IIPH HCIIONL30BaHAH HoBepXHOCTHLIX DKI n3-3a HemocTaToMHO Bocpons-
BOIMMOCTH DTHX CUTHAJIOB.

C HCIONB30BaHUEM Kap/MalbHBIX KapUOCTHMYJISITOPOB ¢ BO3MOXKHOCTSIMH TEIEMETPHH M IMHPOKOH Ipo-
nyckHo# crocodrocTHIO (0,3-200 I'M) M UMEIOTIME B CBOEM coCTaBe (PPAaKIIMOHHO OKYTAHHBIC HJICKTPOJIEL, CTAl
BO3MOXHBEIM KOHTponb MIMOI', 3anmMcaHHBIX IIPH CIOHTaHHOM PHTME M KOHTPOIMPYEMOM HM3BHE. DTH CHTHAIHI
CHavasa UCIONB30BAIICH, YTOOR KOHTPOIHPOBATH IPOIECCH OTTOPKEHHS IIepeca’keHHOTO cepiia. brun yera-
HOBJICHBI IIPOTOKONEI JUISI CTAHIaPTH3HPOBAHHEIX KIMHAYECKUX HCIBITAHUH, TO3BOILIOIINE YCTPAHSIThH OIMMOKA
(marmpuMep BpeMsI CYTOK, W3MEHEHHE HONTOXKEHHUS TEI, TapaMeTPhl CTUMYJLIIIY | T. 7). [T 06paboTKH CHTHATIOB,
OCHOBaHHOI Ha Ki1accU(pUKaIUK CIIydas, YCPETHCHNS, W BBEMHUCICHUS HEOOXOMMMBIX [IapaMeTpoB pa3paboTaHo
CIENMATM3APOBAHHOE IIPOTPAMMHOE 0OECIICICHIE.

[Moxyuerer MBI ¢ TpeBOCXOHOM JOMTOBPEMEHHON BOCIIPOM3BOIMMOCTEI0 MOp(hOIOTHN cUTHANA. B 6olh-
IMAHCTBE CIIYYacB MOTIIH OICHUBATHLCS IEPEXOIHBIC BIMSHIS B TEUCHUE IIEPHO/a, CIECIYIOIETO 3a BHEPCHUEM
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aektposoB. Ilo cBoeit Bocpomsogmmoctr MBI NpeBoCXOMMITN HOBEPXHOCTHRIE DIIEKTPOrpaMMEL T TaTens-
Hast 00paboTKa CHIHANOB CTPYKTYpHOM Mopdorormm MMOI™ nosBonmia NONyIuTh KINHAIECK 3HAYNMYIO HH-
dopmarmro, KOTOPYIO HEBO3MOXKHO MOJIYIUTE ¢ IIOMOITLIO OBEPXHOCTHOHN a1ekTpokapauorpadmn. XKemyrounsie
BBI3BaHHEBIE peaknin (BBP) nosmydanick ¢ MOMOIITHIO TOTO e IEKTPO/Ia, KOTOPHIM HCIIONB30BAIICS TSI CTUMYILS-
. Hanmame BBP B nepecaxenHOM cep/lie YKa3bIBaIH HE TOIBKO Ha OCTPOE OTTOXICHHIE M SITH30/IH HH(EKITHH,
HO M HWMenH OONBIToe MPOTHOCTHIECKOE 3HAUCHHE YISl KOHTpoisl penunuenta. Kpome toro, UMBIT - monuTo-
PHHT HO3BOIIIT KOHTPOJIHPOBATH I'EMOJMHAMHUYCCKOE COCTOSIHHE CEpJINa, HalpUMEp KOHETHO-HMACTONMICCKHi
00peM.OH TakKe HCIONB30BANICS UIT A V-KOHTPOIS  AIMEHTOB ¢ KapIHOMHOTIATHIMH.

[ToBepXHOCTHBIE DIEKTPOrPaMMBI SIBIISFOTCST XOPOITAM HWHCTPYMEHTOM OOBIMHOM IMarHOCTHKY IaTONOTHA
cep/iIia | JIONTOBPEMEHHOTO KOHTpouIsl. OfiHako, Girarogapst Iporpeccy B TEXHOIOTHH KapmocTaMysropa MBI
MOXKET TaKXe HCIOIB30BAThCS IS KapAHaIbHOrO MOHUTOPHHTA, BKIIOWAs YIpaBICHWE Tepalrel W KOHTPOIh
PHCKa, KOTOPEIC HEBO3MOXKHBI IIPH UCTIONB30BAHNH [IOBEPXHOCTHBIX DIEKTPOKApIMOTpaMM. ABTOMaTH3NPOBaHHAS
orneaka MBI Bo3MokHa, HO TpeOyeT CIeNMaln3upOBaHHOIO IPOrPaMMHOTO OOSCIICUCHISI, KOTOPOe Ipeuiara-

CTCH ClICTINATIN3NPOBAHHBIMU MEHTPaMU.

KITIOYEBBIE C/IOBA: uatpaMuoKapJHaibHasl dIEKTporpaMMa, JOJITOCPOIHBIM TEIEMOHUTOPUHT CepAlla,

MOp(OIIOTHsI CUTHATA

VIIK: 612.017:616.379-008.64

XAPAKTEP HAPYHIEHUA WMMYHHOI'O T'OMEOCTA3A VY
BOJIBHBIX IMTPOCTBIMU TUABETHUYECKUMHU PETUHOITATUAMU

HO.A. Jlemun, H.H. Ilonos, E.A. Pomanosa

Wucruryt npobieM kproCuonoruy 1 kpuoMeuimuasl HAH Ykpaunrsl, XapbkoB
XapbKoBcKUi HarmoHaNbHBIM yauBepenter uM. B.H. Kapasuna

PE3IOME

[TpoBesieHO KOMIUIEKCHOE W3YUCHHE OCHOBHEIX IOKazareneil MMMYHHOTO roMeocTtaza v 130 GOIBHBIX ¢ HEpo-
madepaTuBHON (opMOM THA0ETHHIECKO PETHHONMATHH. Y CTAHOBICHO, UTO JANa0STHIECKas! PETHHOIIATHS COTIPO-
BOX/IAETCs] HAPYIICHAEM KJICTOTHOTO M TYMOPaILHOTO HMMYHHUTETa ¢ M3MEHEHHEM MeTabomm3Ma JIAMQOITUTOB 1
¢haromuToB, pa3BUTHEM ayTOMMMYHHBLIX H NIMMYHOKOMITIIEKCHBIX PEAKITHil K ayToaHTHI€HAaM I7Ia3a.

K/ITIOYEBBIE C/I0BA: nuabetndeckast peTUHONATHSL, HMMYHUATET

BBEJEHUE

Jlewenme n npodrmakTrka caxapHoro guabdera
H €ro OCIOKHCHHUH SBIICTCA OTHOM M3 BasKHBIX
obmemeauuHckux 3agad [1,2,3]. B cootser-
CTBHH C COBPCMCHHOH KOHIICIIIMCH ITaTOTCHE3a
caxapHoro auadera BEAYIICE MECTO B MOPAXKCHUN
OPTaHOB M TKAHCH OpraHH3Ma 3aHHMAIOT HMMY-
HOIIATOJIOTHYCCKUC PCAKIHM, WIPAIOLINC TaKoKe
BAXKHYIO PONIb B (DOPMHPOBAHHH JUAOCTHICCKUX
mukpoanruonatuit [1,4,5]. B Hacrosmee Bpems
JOKA3aHO Pa3BUTHC AYTOUMMYHHBIX PCAKIHH V
OONMBHBIX CAXapHBIM IUAa0CTOM, HATIPABJICHHBIX
MIPOTHUB PA3THTHBIX TKAHCH.

YUuTHBag, YTO XapakTep H CTCICHb NMMYH-
HBIX PacCTPOHCTB BO MHOTOM OMPCACTICT Ts-
JKCCTh TCUCHHA AUAOCTHYCCKUX PCTHHOMATHH H
UX UCXOJ, B HACTOAIMCH paboTe MBI ITOCTABHITH
LT U3YYUTh H3MCHCHHMS B UMMYHHOM TOMCO-
CTa3e, COMPOBOKAAIOIIHIC JAHHYIO TIATOJIOTHIO.

MATEPHAJI U METO/IbI
Ilox Habmonenuem HaxoouiIoch 130 GOMBHBIX
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C OPOCTHIMU ANAOCTHICCKIMH PCTHHOMATHAMH (C
caxapubiM quaberom | trma). [Iporpamma nccre-
JOBAHUH BKJIIOYAa KOMIUICGKCHOE HM3YUCHHME KO-
JMYCCTBCHHBIX (DYHKIMOHAIBHBIX H MeTabomu-
geckux mokasatencii 1T-, B- u (arommraproro
3BCHA IMMYHUTETA.

KpoBp am1 HMMMYHOJOTHYECKHX HCCICAOBA-
HHN Opany U3 TOKTCBOM BeHBI. BriacncHIEC MOHO-
HYKJICAPHBIX KJIETOK OCYIIECTBILUIH B TPaJUEHTS
(puxonna-seporpaduna miorHocteio 1,077 r/mn
[6].

KonmuecTsennoe coaeprkanue B kposu CD3 -,
CD4"-, CD8"- u CD19"- k1eTOK Ompeae/samt Me-
TOAOM HEMPsAMON MeMOpPaHHOH HMMYHO(]II00-
PECIICHIINH C MOMOIIBI0 MOHOKJIOHAJIBHBIX AHTH-
ten cepun MKO, BOHLI, Mocksa [7].

[ponudepaTrBHYO aKTUBHOCTH JTUM(OIMTOB
U HHACKC CTUMYJDIIHA ONacTTpaHc(opMaLiu
auMpoumto mox BmusiHueM @OI'A usywamu B
PBTJl. Peaknuro HOpoBOAWIH B KPYIJIOAOHHBIX
IDIaHIIeTax poccHiickoro mpomseoacTea. PI'A
ucnonb3osanu Gupmel «Difcon. Knetku xympTh-
BupoBany B teueHne 72 gacoB B CO,-nHKyOaro-



	
	
	
	
	
	
	
	



