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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink (or
black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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HBIMH COCyAaMH. 3HAUUMYIO pOJIb B U3MEHEHUSAX IVIMH UIPaeT
CCHCUOMIM3AIMSI MO3TOBBIMM AHTUTCHAMH, pa3BUBAIOLIASICS
OpY HApyLUICHUSX TeMOLUPKY/SIIUK B MO3Te M yCHJIMBAIOLIast
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THE PHYSIOLOGICAL BASIS FOR ASSESSMENT OF HAEMODYNAMIC PARAMETERS
BY MEANS OF ARTERIAL PRESSURE PULSE WAVEFORM ANALYSIS IN PERIPHERAL ARTERIES

'Pugovkin A., 'Erkudov V., *Sergeev 1., *)Khananashvili Y.

St.Petersburg State Pediatric Medical University; ’I.P. Paviov Institute of Physiology,
Russian Academy of Sciences, St. Petersburg, 3State Medical University, Rostov-on-Don, Russia

Online control of the major haemodynamic parameters — sys-
temic arterial pressure (SAP) and cardiac output (CO) is an ac-
tual problem both in the intensive care and open-chest surgery.
The common obstacle in the implication of various clinical ap-
proaches for measuring and monitoring of these parameters is
the problem of combination of precision, practical simplicity
and minimal damage. This can be provided by means of non-
invasive pulse waveform analysis in peripheral arteries with fur-
ther reconstruction of the pressure and flow pulse waveforms in
the major arterial vessels [12, 20, 31, 33]. This methodology was
suggested long ago [16, 7, 25], but its practical implementation
remained limited for decades by the absence of suitable com-
puter software. Progress in computer programming has made
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this methodology accessible both in clinical practice and experi-
mental research.

Correlation between simultaneous and corresponded periodi-
cal processes in the cardiovascular system that follow pulsatile
heart performance can be expressed in terms of transfer func-
tions — differential operators that describe such correlations
[2, 9, 11, 20, 21, 22, 26, 32, 33, 34, 43]. According to com-
mon views [4, 6, 7, 13, 14, 29, 45] this approach is effective
only under steady-state conditions in the cardiovascular system.
Physiological responses evoked by changes in circulation blood
volume (CBYV), action of vasoactive agents, surgical manipula-
tions and various pathological states critically increase technical
and calculating errors of such estimations [19, 28, 37, 38, 39,
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45]. Minimization of such errors is a special problem [8, 23, 31,
40, 44, 48, 49]. The aim of the study was elaboration of an ex-
perimental approach for its further clinical application in the as-
sessment of CO and SAP using data obtained via measurement
of the pulse waveform in peripheral arteries under steady-state
and transitive conditions.

Material and methods. Experiments were carried out on 47
narcotized (urethane, 1 mg/g) Wistar white male rats (m. 240-
380 g). Arterial pulse pressure curves were recorded simultane-
ously in carotid and femoral arteries by the tensometric gauge
PDP-400. Blood flow was also measured (8 rats) in ascending
aorta with 2-mm cuff gauge of the EBF-2 electromagnetic flow-
meter. Pressure and flow pulse curves were recorded in digital
form (computer database system HEART-300-10) every 1 mc
during 2 — 5 min. time intervals. SAP and CO were measured
simultaneously in 8 rats under steady-state conditions. SAP was
measured separately before and after adrenaline (8 rats), sodi-
um nitroprusside (8 rats), dextran (8 rats), infusions, and acute
haemorrhage (15 rats). Adrenalin hydrochloride or sodium ni-
troprusside (both - 0.001mg/kg) were injected thrice in every ex-
periment. Isotonic dextran solution was injected in every experi-
ment twice at 6.5 ml/kg, which is about 5-7% of the average rat
CBV or 2.2-5 ml (16-22% of CBV in 7 and 8 rats, respectively).

The resulting data was presented in the form of records taken
at duration of 3 to 10 min. These records were divided by con-
secutive fragments in correspondence to steady-state conditions
or states after injections of vasoactive agents or induced changes
of CBV. Pressure and flow waveforms in each time domain were
ensemble-averaged with periodicity normalized to the mean fre-
quency of a cycle onset systole/start of the next systole. Transfer
functions were determined by Fourier transforms of pressure
and flow waveforms as the ratio between frequency spectra of
pressure waveforms measured in the femoral and carotid arteries
[11, 34, 47]. General vascular impedance (GVI) was estimated
as a ratio between the frequency spectra of averaged pressure
and flow waveforms in carotid artery and ascending aorta re-
spectively according to the results of direct measurements in the
carotid artery, and estimated via transfer functions [5].

Pressure and volume waveforms in the time domain for each
individual were ensemble-averaged (with periodicity normal-
ized to 1 second by scaling the time axis). Individualized trans-
fer functions (ITF) relating carotid to the femoral artery pulse
pressure waveform and relating the carotid pressure waveform
to the frequency domain were determined from fast Fourier
transformations (FFTs) of waveforms for each estimation.

The ITF amplitude which is a dimensionless value, and ITF
phase measured in radians were calculated similarly to the am-
plitude ratio and phase shift for IT (Prad/Pulse Prad) (1,2).

_Pear  — ahs[FFT(Pulse P.,,)]/abs[abs[FFT(Pulse P, 1
Fem

Ppuise fem
ﬁ = angle[FFT(Ppem)~ angle [FFT(Fyuise fom) — angle [FFT(Pyuise fem)] (2)
The first 10 harmonics of each waveform curve were used for
this analysis because higher harmonics do not contribute signifi-
cantly. ITFs were determined at baseline and 3 minutes after ad-
ministration of vasoactive substances by use of a minimum of 6
consecutive stable cycles. Generalized transfer functions (GTF)
for waveforms at rest and after drug administration were derived
by averaging ITFs at baseline and after drug administration. The
mean GTF for all measurements was used to predict volume wave-
form curves in consequence with pressure waveforms. The agree-
ment between predicted and measured waveforms was quantified
by the square root of the difference between the two signals.
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GTFs and ITFs were calculated as mean values (M) for trans-
fer functions under all conditions for every experiment, while
GTFs as a mean expression for all transfer functions under
steady-state conditions only before administration of vasoactive
substances or changes in the CBV, and ITFs as mean expressions
of transfer functions 2-5 min after every type of test. Further
reconstructions of SAP and CO were provided on the basis of
direct measurement of peripheral arterial pressure and a calcula-
tion of GVL.

Changes in vascular rigidity aftermath administration of va-
soactive agents and CBV shifts due to haemorrhage were esti-
mated by calculation of pulse wave velocity (PWV) through the
carotid-femoral arterial segment by management of time delay
between the arrival of the pulse wave in carotid and femoral ar-
teries [30, 31] and dividing the post-mortally managed length of
this vascular segment by the time delay between the pulse wave
appearance in the femoral and carotid artery.

The results were presented as M + SD (mean values + stan-
dard deviation). Statistical measurement was provided with the
use of ANOVA unifactoral disperse analysis to compare differ-
ences of errors between directly measured and reconstructed
values of SAP or CO waveforms. Pulse wave velocities before
or after infusions of vasoactive substances were compared ac-
cording to the paired Wilcoxon criterion , where P<0,05 repre-
sented a significant difference.

Results and discussion. The analysis of experimental data
did not reveal any statistically significant differences between
the SAP and CO values either obtained directly or predicted via
estimation of GTF (Fig. 1) or GVI (Fig. 2)
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Fig. 1. GTF s that link up systemic arterial pressure (4) and
intracarotid blood pressure (B) waveforms

Under steady-state conditions (Tab. 1, 2). SAP curves ob-
tained by direct measurement or reconstructed via GTF al-
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most coincided in shape (Fig. 3). After injections of vaso-
active agents, no significant differences arose in SAP either
measured or predicted via GTF estimation and expressed
numerically or by curves (Fig. 4, 5). These differences were
observed after dextran infusions (Fig. 6, Tab. 1) and implica-

tion of GTF, but were not revealed via implication of ITF.
Haemorrhage (1.2 - 1.9 ml or 2.2 — 5 ml) was not followed
by any significant differences in AP measured directly or ap-
proximated via GTF or ITF if the latter had been estimated
for haemorrhage or volume load.

Table 1. Systolic and diastolic intracarotid pressure under steady-state and transitive conditions (M+SD)

Parameter Direct measurement GTF ITF
Conditions Systolic Diastolic Systolic Diastolic Systolic Diastolic
141,34£32; 93,1+26,6;
- :l: :t 9 b 9 b _ _
Steady-state 143,3+£21,6 89,6+19,3 p=0,75 p=0,58
. . 156,3+22,2; 78,8+11,4; 154,5420,6; 78,8+8,2;
:l: :t 9 < 9 sy b b} b 4~
Adrenaline infusion 157,6+14,4 77,1145 p=0,93 p=0,08 p=0,93 p=0,98
Sodium nitroprusside 147,6+25,6; 94,9+24.6; 144,0+£25,1; 97,1£25,1;
+ +
infusion 148,720,6 93,5%19,5 p=0,93 p=0,98 p=0,93 p=0,98
. . 189,1£17,8; 131,0+10; 159,1+12,1;
:t :t 9 bt b 9 9 2% j: cy—|
Dextran infusion 164,4+14,6 116,549,7 p=0,004 p=0,02 p=0,64 118,2+12;p=0,12
81,6£17.9; 52,8+10,0; 91,2+19,8; 55,2+10.4;
- :t :l: b b} 9 M 9 b b bR
Haemorrhage 1,2-1,9 ml 93,9+19,3 54,9+8,4 p=0,5 =075 p=0,5 p=0,75
57,0+£12,3; 38,4+9,1; 71,9+17,1; 41,9+9.8;
Haemorrhage 2,2-5,0 ml 75,4+25,0 40,6+4,1 p=0.29 p=0,75 =029 p=0,75
Table 2. Cardiac output measured directly and reconstructed on the basis of the iliac or carotid arterial pulse waveform (M£SD)
. . Reconstruction on the basis of Reconstruction on the basis of
location Direct measurement . . o1 .
carotid arterial pulse waveform iliac arterial pulse waveform
Cardiac output, ml/min 79,4+4,7 81,7123 79,5+12.4
4 i
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After dextran infusion followed by a blood loss, the predicted
and measured intracarotid pressure waveforms were in close
agreement and almost coincided if been reconstructed via IPF’s
estimated specially for the cases of a decrease or increase of the
circulating blood volume (Fig. 7).

In contrast, intracarotid AP waveforms measured after blood
loss directly or reconstructed via estimation of GTF, possessed
valid differences. The stiffness of the vascular bed increased sig-
nificantly following the dextran infusion and decreased follow-
ing the haemorrhage.

The technical approach for measurement of haemodynamic
parameters via implementation of transfer functions can be rec-
ommended as a relatively simple and suitable method for bio-
physical analysis of the properties of the vascular bed under var-
ious conditions [20, 11, 22, 26, 32, 33, 34, 35]. For this reason,
transfer functions were chosen in this study for estimation of
CO and SAP both under steady-state and transitive conditions.
These results fully confirmed the sufficiency of this approach,
because the differences between the pressure and flow values
obtained directly or estimated via transfer functions and vascu-
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Pressure curve reconstructed via ITF for
Pressure curve reconstructed via GIF

lar impedance were comparable to the apparatus errors of the
routine tensometric pressure transducers and electromagnetic
flowmeter used in the research [36].

Short-term alterations of haemodynamics that follow various
transitory influences on the cardiovascular system inevitably
evoke changes in the mechanical properties of the blood vessels
[15, 42]. Since both GTF and ITF express the mechanical prop-
erties of the vascular bed, their values also change under these
conditions [32, 47]. This was the reason for control of vascu-
lar rigidity by means of estimation of the pulse wave velocities
both before and after administration of vasoactive agents and/or
changes of the circulation blood volume.

A significant role in the formation of the arterial pressure
wave belongs to the retrograde pressure wave repulsed from cer-
tain sites in the local narrowings of peripheral vessels [31, 32]. It
could be expected that infusions of vasoactive drugs can change
the number of these sites and thus the process of retrograde pres-
sure wave reverberation and resulting pressure waveform in the
aorta and carotid arteries. But this suggestion was not confirmed
by the results of our study.
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Reconstruction of the intracarotid arterial pressure waveform
via implementation of GTF was complicated by very high levels
of standard error values that made this approach almost inevi-
table. This flexibility results from changes in the vascular stiff-
ness, rigidity and elasticity following fast shifts in the circulating
blood volume. This conclusion explains the change in the blood
pressure wave velocity that increases after dextran infusion and
decreases following experimental haemorrhage. According to
our results, under these conditions digital reconstruction of the
intracarotid arterial pressure waveform is productive only via
implementation of ITF. This requires a special outward calibra-
tion procedure of the experimental and clinical equipment based
on these principles. A special issue in discussion of the results
of this study is concerned with the identification of structural

© GMN

———-—-—Pressure curves reconstructed via ITF
— — — — — — Pressure curves reconstructed via GIF

components of the arterial walls involved in vascular stiffness
and rigidity changes down the carotid-femoral arterial segment
due to the properties of particular tissue and cellular elements.
These properties and their changes seem to be determined al-
most exclusively by the elastin/collagen matrix of the vascular
wall [10, 15, 42].

Under specific conditions of radical increase of distending
intravascular pressure following dextran infusion, the result-
ing tension of the vascular wall additionally increases due to
the stiffness of the elastin/collagen matrix attached not only to
tunica media, but also to the tunica adventitia. Correspondingly,
the decrease of tension as a consequence of experimental blood
loss provides a reverse recombination [16]. In this respect, a
promising trend for further investigations might be the estab-
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lishment of patterns for the appraisal of a model for description
of the vascular mechanical properties under steady state and/or
transitory conditions.

The values of the SAP curve reconstructed on the basis of the
pulse waveform shape in peripheral vessels may be used as a
source of information for reconstructions of cardiac output. This
confirms the probability for application of the reported results
in clinical investigations. Such an application requires valida-
tion of the systemic error in estimations of momentary values
of SAP predicted via ITF and can be regarded to as a subject for
further research.
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SUMMARY

THE PHYSIOLOGICAL BASIS FOR ASSESSMENT OF
HAEMODYNAMIC PARAMETERS BY MEANS OF AR-
TERIAL PRESSURE PULSE WAVEFORM ANALYSIS IN
PERIPHERAL ARTERIES

"Pugovkin A., 'Erkudov V., *Sergeev 1., *Khananashvili Y.

ISt. Petersburg State Pediatric Medical University; °I.P. Paviov
Institute of Physiology, Russian Academy of Sciences, St. Peters-
burg; 3State Medical University, Rostov-on-Don, Russia

The aim of the study was elaboration of an approach for
monitoring of cardiac output (CO) and systemic arterial pres-
sure (SAP) using data obtained via measurements of the pulse
waveform in peripheral arteries under steady-state and transi-
tive conditions. CO and SAP were simultaneously recorded in
common carotid and femoral arteries in narcotized (urethane,
1 mg/g) rats continuously and after infusions of sodium nitro-
prusside, adrenaline hydrochloride, dextran solution or acute
experimental hemorrhage. Fourier analysis has been employed
for estimating the generalized transfer functions (GTFs) and
generalized vascular input impedance (GVI) along with indi-
vidualized transfer functions (ITFs) for the states in the after-
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math of infusions of vasoactive pharmacological agents, dextran
solution or acute experimental hemorrhage. The results of pulse
waveform analysis in the femoral artery were used for recon-
struction of the pulse curves in carotid arteries and aortic
blood flow. A comparison of directly measured and predicted
pressure and flow values revealed the absence of significant
differences under steady-state conditions. Short-term shifts
of haemodynamics that follow various transitory influences
on the cardiovascular system inevitably evoke changes in the
mechanical properties of the blood vessels. Since both GTF
and ITF express the mechanical properties of the vascular
bed, their values also change under these conditions. This
causes control of vascular stiffness and rigidity by estimation
of the pulse wave velocities before and after administration
of vasoactive agents and/or changes of the circulation blood
volume.

Keywords: haemodynamics, systemic arterial pressure,
transfer functions

PE3IOME

OUZNOIOI'MYECKOE OBOCHOBAHUE OIEHKHA
HHAPAMETPOB TEMOJUHAMUKU HA OCHOBAHUU
AHAJIM3A MYJIbCOBOM KPUBOWM JTABJIEHUS B ITE-
PUPEPUYECKUX APTEPUSAX

Tlyroskun A.IL., 'Epkynos B.O., *Ceprees U.B.,
3Xananamsuin SLA.

!@I'BOY  BO  «Cankm-Ilemepbypeckuii  20cyO0apcmeenmulil
neouampuyeckuti. MeOuyuHckull ynueepcumemy Munszopasa
Poccuu; *OI'BYH Hucmumym Qusuonoeuu um. U.I1. Ilasnosa
Poccuiickoti akademuu nayx, Cankm-Ilemepoype; *@I'BEOY BO
«Pocmosckuil 2ocyoapcmeennuliit MEOUYUHCKULL YHUBEPCUMEN »
Mun3zopasa Poccuu, Pocmos-na-/ony, Poccus

Lenbio uccnenoBanus sABuUIach anpoOalys METOLOB OLIEHKH
CEpACYHOr0 BHIOPOCA M CUCTEMHOI0 apTepHalbHOIO IAaBICHUS
0 JIAaHHBIM HCCJICA0BaHMs TepUpEepPUISCKUX COCYIOB B OTHO-
CUTEJIbHO CTAOMJIBHBIX YCIIOBUSX U IIPU HEPEXOIHBIX IIpoLiec-
cax CUCTEMbI KPOBOOOPAIIICHHSI.

B omnbiTax Ha )XKMBOTHBIX (KPBICHI) IPOBOJMIN CHHXPOHHYIO
perucrpauuio aprepuainbHoro gasineHust (Al) m cepaedHo-
ro Beiopoca (CB) mpssMbIM CITOCOOOM B COHHBIX M OCAPEHHBIX
apTepusx B (JOHOBOM PEKHME, a 3aTeM II0CIIe BBEJACHUS aJpe-
HaJIMHA TUAPOXJIOPHAA, HUTPOIIPYCCHIA HATPUsI, MHPY3HUH T10-
JIUIIIOKUHA U OCTpOH KpoBomoTepu. K mosydeHHbIM TaHHBIM
IpUMEHEH rapMOHMYECKHUI aHaJIN3 U BEIYHUCIICHBI: 0000IeHHAs
nepenarounas ¢ynkuust (OIID), 060OIIEHHBIIT COCYIUCTBIM
umnenaic (OCH), MHAMBHUIYyalU3UpOBAaHHAS IEpelaToOuHast
¢ynxuus (UTID) s BBepeHMsT Ba30AaKTHBHBIX IIPEHapaToB,
UHQY3UH TONUIIIOKMHA ¥ KPOBOMOTEpHU. Vcmomnb3ys naHHbIC
rapMOHMYECKOr0 aHaju3a IyIbCOBBIX KPUBBIX B OEAPEHHBIX
aprepusx u nonydenssle OIld, OCU u UIID, npousonuiu
pexoHeTpykuuioo AJl B conHbIX aprepusx u CB ¢ mocnenyro-
MM CPAaBHEHUEM M3MEPEHHBIX U PACCUUTAHHBIX IOKa3aTesieH.
AHanu3 JaHHBIX [10Ka3aJl, YTO B YCJIOBUSAX OTHOCHTENIBHO CTa-
OMJIBHOI reMOIMHAMUKY U NPU BBEICHUH Ba30aKTUBHBIX Mpe-
napatoB 3HaueHus: AJl B coHHbIX aprepusix U CB moryT ObITh
paccuuTaHbl C HOIPEIIHOCTHIO, CPABHUMON € IPUMEHEHUEM HH-
Ba3MBHBIX cII0c000B n3mepenwust. [Ipu nHdy3nun noaunmokuHa
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U KpOBOIIOTEpE pacueT 3HadeHui AJl B cCHCTEMHBIX cocynax Lie-
J1ec000pa3Ho NPOU3BOIUTE TONBKO ¢ pumMenenneM UIIO. Tpu-
meHenne OIID s penreHus: yka3aHHBIX 3a7lad OKa3bIBAETCS
HEHAIC)KHBIM, ITOCKOJIbKY BEICT K 3HAYUTEIBLHOM IOrpeIIHOCTHU
OLICHKH I10Ka3aTeIed CUCTeMHON T'eMOIMHAMUKH.
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