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CARDIOVASCULAR CHANGES IN HUMANBODY AFTER CHANGING POSITION SUPINE TO PRONE

"Lyzohub M., 2Georgiyants M., *Vysotska O., *Porvan A., Lyzohub K.

ISI “Sytenko Institute of Spine and Joint Pathology NAMS of Ukraine”; ’Kharkiv Medical Academy
of Postgraduate Education; *National Aerospace University “Kharkiv Aviation Institute”, Ukraine

A significant amount of surgeries and medical manipulations
are performed in prone position. This position is supposed to
be one of the most complicated for anesthesiologist because of
difficulties with airway management, possibility of nerve and
soft tissue compression, high risk of postoperative visual loss.
Prone position is known to be accompanied by several physi-
ologic changes, but they are not described comprehensively in
modern literature.

Hemodynamic changes after turning a person into prone posi-
tion are usually described as the decreasing of cardiac output
[6,7,12]. Several studies did not reveal any cardio-vascular
changes in prone position [4,15]. These differences could be ex-
plained by a significant heterogeneity of types of the examined
prone position, methods and time of examination. Some of them
were performed on non-anesthetized volunteers, but another on
patients under different types of anesthesia. Significant influence
on the results of such investigations can perform basic cardiac
function, fasting period and volume preload [8,12].

The most precise methods of hemodynamic monitoring are
invasive thus potentially dangerous. That is why the majority of
studies were performed on patients under anesthesia. Anesthe-
sia itself has a significant influence on hemodynamic pattern so
these data cannot be routinely extrapolated on patients without
anesthesia. For hemodynamic examination of non-anesthetized
people non-invasive bioimpedance method is one of the most
suitable. Some papers have shown its accuracy. Except of criti-
cal hemodynamic disturbances [3], this method is reliable for
clinical practice. Waldron N. et al. compared bioreactance and
transesofageal echocardiography for hemodynamic monitoring
of patients during colorectal surgery and found no difference [1].
The same data obtained Matsuda Y. et al. [11] during surgical
treatment of pheochromacytoma.

Aim of the study was to examine cardio-vascular changes in
non-anesthetized humans after turning them into prone position
and the relationship of these changes with age and body mass
index.

Material and methods. After approval of local ethics com-
mittee, we performed an observational prospective study with-
out control group of 200 patients 18-75 y.o. The study was
performed in SI “Sytenko Institute of Spine and Joint Pathol-
ogy of National Academy of Medical Science of Ukraine” in
2016-2018 years. Examined patients were elected to 1-2 seg-
ment lumbar spine surgery. Mean age was 46.9+14.3 y.o., mean
body mass index (BMI) was 27,6+4,8 kg/m?. There were 118
male and 82 female patients. Exclusion criteria were NYHA >
1 (New York Heart Association Functional Classification), ASA
> 2 (American Society of Anesthesiologists Classification), low
back pain >4 VNS (Visual Numeric Scale). The patients were
examined the day before surgery at the same time (3 p.m.) us-
ing thoracic electrical bioimpedance (TEB) method by G. Kubi-
cek (ReoComProfessional, Ukraine) and standard non-invasive
measurement of blood pressure using patient monitor Utas UM-
300. We monitored hemodynamic parameters 3 times: in supine
position (SP), 5 min after turning into prone position (PP5) and
20 min after turning into prone position (PP20). We also cal-
culated the duration of cardiac cycle phases. One investigator
performed all measurements. Data were analyzed for normal
distribution using Colmogorov-Smirnov analysis and continu-
ous variables were expressed as the Mean + o. Student T-test
was used to compare groups of parameters. We used analysis of
variance (ANOVA) for examination of influence of antropomet-
ric parameters on hemodynamic changes (IBM SPSS 9.0).

Results and their discussion. The results of our investigation
are shown in Table 1.

Table 1. Hemodynamic parameters in supine and prone positions, M+o

Hemodynamic Supine position Prone p?sition Prone po'sition P1 P2 P3
parameter 5 min 20 min
SBP, mm Hg 126.8+1.9 127.5+1.7 127.3+1.8 >0.05 >0.05 | >0.05
DBP, mm Hg 79.8+1.8 83.4+1.8 85.9+1.1 <0.001 | <0.001 | >0.05
SV, ml 64.842.6 53.542.0 55.042.3 <0.001 | <0.001 | >0.05
SVI, ml/m? 37.0£1.5 31.8+1.3 32.5413 <0.001 | <0.001 | >0.05
CO, Imin 4.7+0.2 4303 4.140.5 >0.05 <0.001 | >0.05
(Sﬁ‘:litcmz e 2930.9+119.6 3935.24198.5 3678.4+156.3 <0.001 | <0.001 | <0.001
HR, beats/min 73.942.4 78.142,8 77.0£1.9 >0.05 >0.05 | >0.05
éfli‘rl;l::l‘(’)?lo‘;zc 0.084240.00274 | 0.0969+0.00246 0.0965+0.00258 <0.001 | <0.001 | >0.05
iiilvtf;‘:gfgn;c 0.0298+0.00017 | 0.0299+0.00012 0.0298+0.00014 >0.05 >0.05 >0.05
Rapid ejection, sec 0.0529+0.0056 | 0.0369+0.0039 0.0452+0.00529 <0.01 >0.05 | >0.05
Reduced ejection, sec 0.2268+0.0040 | 0.2104+0.0043 0.2191£0.0045 <0.001 <0.05 | <0.01
Total ejection period, sec 0.2714£0.0043 0.2450+0.0048 0.2551£0.0049 <0.001 <0.005 <0.01

notes: P1 — Supine Position vs Prone Position 5 min, P2 — Supine Position vs Prone Position 20 min,
P3 — Prone Position 5 min vs Prone Position 20 min
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We found that systolic blood pressure (SBP) did not change
after turning patients into prone position in any period of in-
vestigation. Diastolic blood pressure (DBP) increased signifi-
cantly after turning (PP5) and stayed increased during the time
of investigation (PP20). Stroke volume (SV) and stroke volume
index (SVI) decreased 5 min after turning into prone position
(PP5) by 18% and stayed decreased during the time of inves-
tigation. Systemic vascular resistance index (SVRI) increased
by 34% after changing of position and then slightly decreased
after 20 min.

We have also found significant changes in cardiac cycle. The
duration of asynchronous contraction phase increased by 35%
and the duration of all ejection phases decreased after changing
the position from supine to prone. Rapid ejection reduced by
30%, reduced ejection — by 7%, total ejection by 10%.

We also performed analysis of variance to evaluate the influ-
ence of age, sex and BMI on the changes of hemodynamic pa-
rameters. We found the influence of age >60 y.o. on increasing
of SVRI (p=0.006) and influence of age > 60 y.o. and BMI >25
on decreasing of SVI (p=0.01 and p=0.04 respectively). There
was no influence of sex on any variables.

This study was aimed to find the mechanism of physiologic
changes in cardio-vascular system after turning the patient into
prone position. These changes are usually described as the result
of increased intraabdominal pressure that puts direct pressure to in-
ferior vena cava and decreased venous return. Increased thoracic
pressure causes decreased left ventricular compliance and filling,
resulting in reductions of ventricular volume, stroke volume and
cardiac index, while raising central venous pressure [8].

Hemodynamic changes in healthy volunteers after turning to
prone position were analyzed by Wadsworth R. et al [16]. They
found the decreasing of cardiac index by 20% in knee-chest posi-
tion and 17% on Relton-Hall frame. We examined patients in plane
prone position and we also revealed decreasing of SVI by 18%.

In the recent study [5] Shimizu M. et al. conducted the evalu-
ation of cardiovascular function in supine and prone position in
non-anesthetized patients using quantitative gated single-photon
emission computed tomography. They revealed the decreasing of
SVI by 14% in patients without significant cardiovascular prob-
lems. The negative effects of prone positioning were more signifi-
cant in the patients with poor cardiac function. The authors did not
measure blood pressure in the examined patients so they could not
make conclusions as to the changes of systemic vascular resistance
that play significant role according to our data.

Measurements of blood pressure in different positions (sitting,
supine and prone) was performed by Tabara Y. et al. [10]. They
found a significant drop of systolic BP and raising of heart rate after
turning from supine to prone position. The principal difference of
their investigation from our data was the fact that they measured BP
1 minute after changing the position. Our data shows already com-
pensated hemodynamics 5 and 20 minutes after turning. Interest-
ingly, the same result obtained researchers from Iran [14], but they
measured BP 15 minutes after turning patients into prone position.
In both articles authors described a drop of systolic BP by only 5
mm Hg and no difference of diastolic BP.

Backofen J. [2] et al. examined patients with cardio-vascular
problems under general anesthesia. They found that turning of
patients into prone position leads to decreasing of SV up to 24%.
Mean arterial pressure maintained due to increasing of SVR.
Pump B. et al. [9] showed that changing of position leads to
sympathetic activation with increasing of heart rate, SVR and
norepinephrine level. Similar changes we found in patients with-
out serious cardio-vascular abnormalities.
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The only one article we could find according to cardiac cycle
changes between supine and prone positions [13]. Authors found
only decreasing of cycle length and increasing of pulse trans-
mission time. All another parameters of cardiac cycle did not
change significantly, but the investigation was performed only
on 8 men aged 24-32 years. Our data require further investiga-
tions to explain the obtained postural changes in cardiac cycle.

Thus, we found that after turning people from supine to prone
position the most significant changes occur with SVRI, as uni-
versal reaction of the circulatory system to changes of environ-
ment. Healthy myocardium is able to overwhelm the increased
systemic vascular resistance. We found the decreasing of SVI af-
ter turning to prone position in whole population. Elderly people
and people with increased BMI have limited cardiovascular re-
serve that probably leads to a more significant reducing of stroke
volume index after turning them into prone position. This fact
should be recognized when planning anesthesia for surgery in
prone position.

Conclusion. We found that in healthy non-anesthetized peo-
ple turning from supine to prone position leads to significant
cardiovascular changes. Stroke volume and stroke volume index
decreased by 18%, systemic vascular resistance index increased
by 34% and diastolic blood pressure increased by 7%. Changes
of SVRI were influenced by age and changes of SVI were influ-
enced by age and BMI.

We also found that positioning prone have been accompanied
by changes of cardiac cycle. We revealed shortening of both
ejection periods and prolonging of asynchronous contraction
period.

According to the obtained results, we suppose that under an-
esthesia these postural changes could be additionally influenced
by vasodilation effect of anesthetics that is extremely dangerous
in elderly and obese patients.
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SUMMARY

CARDIOVASCULAR CHANGES IN HUMANBODY AF-
TER CHANGING POSITION SUPINE TO PRONE

"Lyzohub M., >Georgiyants M., *Vysotska O., *Porvan A.,
*Lyzohub K.

ISI “Sytenko Institute of Spine and Joint Pathology NAMS of
Ukraine”; *Kharkiv Medical Academy of Postgraduate Educa-
tion; 3National Aerospace University “Kharkiv Aviation Insti-
tute”, Ukraine

Prone position is known to be accompanied by several physi-
ologic changes, but they are not described comprehensively in
modern literature and sometimes controversial.

Aim was to examine cardio-vascular changes in non-anesthe-
tized humans after turning them into prone position and influ-
ence on these changes by age and body mass index.

We performed an observational prospective study without con-
trol group of 200 (118 male and 82 female) patients 18-75 y.o. The
patients were examined the day before elective lumbar spine sur-
gery using thoracic electrical bioimpedance and non-invasive mea-
surement of blood pressure in supine position (SP), 5 min and 20
min after turning into prone position (PP5 and PP20).

Diastolic BP increased significantly after turning (PP5) and
stayed increased during the time of investigation (PP20). Stroke

© GMN

volume index (SVI) decreased after turning into prone position
(PP5 and PP20) by 18%. Systemic vascular resistance index
(SVRI) increased by 34% (PP5). The duration of asynchronous
contraction phase increased by 35% and the duration of all ejec-
tion phases decreased after changing the position from supine
to prone. Rapid ejection reduced by 30%, reduced ejection — by
7%. We found the influence of age >60 y.o. on increasing of
SVRI (p=0.006) and influence of age > 60 y.o. and BMI > 25 on
decreasing of SVI (p=0.01 and p=0.04 respectively).

In healthy non-anesthetized people turning from supine to
prone position leads to decreasing of SVI by 18%, increasing
of SVRI by 34% and increasing of diastolic blood pressure
increased by 7%. Changes of SVRI are influenced by age and
changes of SVI are influenced by age and BMI. Positioning
prone are accompanied by shortening of both ejection periods
and prolonging of asynchronous contraction period.

Keywords: cardio-vascular changes, Stroke volume index,
Systemic vascular resistance index, body mass index.

PE3IOME

W3MEHEHHMSI CEPIEYHO-COCYIMCTON CHCTE-
MbI ITPU ITIOBOPOTE YEJIOBEKA U3 ITOJIOKEHUSI
HA CIIMHE B ITIOJIO’KEHUE HA )KUBOTE

Ulnzory6 H.B., ‘Teoprusinn M.A., *Beicoukas E.B.,
Mopean A.IL., 2Iu3ory6 K.H.

"HUnemumym namonoauu nosgonounuka u cycmaeos HAMH
Vpaunvt um. Cumenxo; *Xapokosckas MeOuyuncKas akaoemust
nocieounioMno2o obpazosanus; >Hayuonaienvlii aspokocmu-
yeckuti yHugepcumem “‘XapbKo8cKull asuayuoOHHbLU UHCMU-
mym”, Ykpauna

[MonoxeHne Ha )KUBOTE COMPOBOKAACTCS (PU3UOTOTHYESCKHU-
MU U3MCHEHUSAMM, KOTOPBIE BECbMa IPOTUBOPEYMUBO OIIKUCAHBI B
COBPEMEHHOI1 JIuTeparype.

Lenb nccrenoBanus — ONPEICTUTh N3MEHEHHUsI TeMOIMHAMU-
KU, KOTOPBIE TIPOMCXOIAT Y YEIOBEKA IT0CIIE IIOBOPOTA CO CITMHBI
Ha J)KMBOT M BIIMSIHUE Ha HUX BO3pacTa M MHJEKCca MacChl Tea.

IpoBeneHo oOcepBalIOHHOE POCIEKTUBHOE HCCIICIOBAHUE
0e3 koHTpouibHOH Tpynnsl y 200 nanuenTtoB (118 myxuun u 82
JKEHIMHBI) B Bo3pacte 18-75 net. [TarmenTs! Obutn 00cieoBa-
HBI 332 CYTKH JI0 IUIAHOBOW OIepanuy Ha IOSCHUYHOM OTIeie
MI03BOHOYHHKA C UCIIOJIb30BaHUEM IPYAHOMN peorpaduu U HenH-
Ba3sMBHOT'O U3MEPECHUA apTCPHUAJIBHOIO TaBJICHUSA B ITOJIOXKECHUN
Ha criuHe (SP), cnycta 5 u 20 MHH mociie oBopoTa Ha KUBOT
(PP5 u PP20).

Juactonnueckoe AJl 1OCTOBEPHO YBEIMYMBAJIOCH MOCIE
IIOBOPOTa U OCTABAJIOCh MOBBIIICHHBIM JI0 KOHIIA HCCIIE0BaA-
Hus. Yioapsbiil uaaexc (YUW) cHuxancs mocie moBopora Ha
18% (PP5 u PP20). VYnenbHoe nepudepuieckoe CoCyancToe
conporusiienne (YIICC) Bospacrano na 34% (PPS). dnu-
TEJIBHOCTh (Da3bl ACHMHXPOHHOTO COKpAllleHHsl Bo3pacraja
Ha 35%, a AUTENbHOCTh BeeX (a3 M3THAHMS YMEHbIIANACH!
(aza 6sicTporo m3rHanus Ha 30%, (asa 3aMeUICHHOTO W3rHa-
HUs Ha 7%. JlucniepCHOHHBIM aHaT3 BBISIBUIT BIIMSIHUE BO3pacTa
> 60 net Ha yBenuuenue YIICC (p=0.006) u BiusiHHE BO3pacTa
> 60 ser u UHJEKC Macchl Tesa >25 Ha cHwkenue YU (p=0.01
1 p=0.04, COOTBETCTBEHHO).

VY HeaHeCTEe3MPOBAaHHBIX JHI[ TIOBOPOT M3 IOJOXKEHHs Ha
CIIMHE B MOJIOKECHUE HA )KMBOTE NMPUBOAMT K CHIDKeHHIO YU Ha
18%, yBennuenuto YIICC Ha 34% u yBeIMUCHUIO THACTOJIU-
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yeckoro A/l Ha 7%. U3menenus YIICC 3aBucaT ot Bo3pacTta, a
uzMeHenus YU — ot Bo3zpacra u maccel Tesia. CMeHa MoJIoKeHust
TEJla IPUBOAUT K yKOpO‘[eHI/I}O 0601/IX MEPHUOA0B U3rHAHUA U ya-
JIMHEHMIO MePHO/Ia ACHHXPOHHOTO COKPAILICHHUSI.
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MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSISOHOZIRM LSFIRNGO6(M LOSLLI6()

hoBo®s mdlgHgoogmo 30mb3gddagmo 3gemggs 18-
75 Feool 200 35:3096@bg (118 3odogozo ©s 82 Jogno).
3530963900 25303380 g0 04m 39830900 M3gMs300l
Job bg@bgdenol ool s®gdo gye-d3gtool @gm-
3Mo300L g0dygbgdomn s s@AgMH0gdo [bggol gobmd-
3000 bydabg  dogmdsmgmdowsb  dyP3gmby  pood-
96930l 30Mmdgddo 5 s 20 Fymol dgdwgy (PP5 1
PP20). wosb@magdo sO@gmogao {bggs Lo®@{dgbmw
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§) aogegbs 3Lb{-ol dshggbgoamols ds@Bgdstby (p=0.006),
obggg 60 3gBo Feoobs ws Lbgyanols dobol obwgdlbols
25-%bg dgBo Iohggbgdaols yogangbs wo-ob Jgd0Mgdoby
(p=0.01 s p=0.04, Iglododolow).
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KAIICYMEH B JIEHEHUHN CUHAPOMA PA3TPA’KEHHOT'O KHNIIEYHUKA

3ConosbeBa IA., ‘Ksaueniok E.JI., >*Baaciok C.B., *Anroniok E. 5.

'Hayuonaneusiii meduyunckuil ynusepcumem um. A.A. Bocomonvya, Kues, *Hayuonanonas meouyunckas akademust
nociedunniomnozo oopasoeanus um. ILJL lynuxa, Kues; *Meduyunckuii Ilenmp « Ynueepcanvnas Knunuxa «Obepuey, Kuee,
‘Kuesckuti 20po0cKotl KOHCYIbmamusHo-ouaznocmudeckuti yenmp, Kuees, Yxpauna

Cunzpom pazzapaxkenHoro kumeunuka (CPK) — pacnpoctpa-
HEHHOEe (DYHKIMOHAIBbHOE KHIIEYHOE PAcCTPOHCTBO, YaCTO-
Ta KOTOPOTO BapbUpyeT B mpezaenax ot 5% go 20% ciyyaes B
HOMYJISALUKY B 3aBUCHMOCTH OT TeorpadMyeckoro peruoHa u
KPHUTEpUEB, NPUMEHAEMBIX I quarHoctuku [11,16]. Ompene-
nsrommmu npusHakamu CPK sBisiercs 6onb B jkuBOTE B acco-
LUALUK C U3MECHEHHEM KHIICYHOH (YHKIMH, NPOSBIIOLICHCS
npeobnananueM auapeu (CPK-I), nu6o 3anopos (CPK-3) miu
nx yepenoBanueM (CPK-C-cmemannbiii Bapuanr). pyrue ac-
COI[MMPOBAHHBIE CUMIITOMBI BKIIFOYAIOT B3yTHE KUBOTA, OLILY-
IIEHHE N30BITOYHOTO ra3000pa30BaHKs U YYBCTBO HEIOJIHOTO
ONOPOXKHEHUs KuIeyHuka. Crexkrp abnoMuHanbHOM Oonu Ba-
pBUPYET OT HE3HAYMTEIBHOM 10 HAPYyIUAIOLIEH KU3HEIEATENb-
HOCTH manueHTa. HecMoTpst Ha 3HauMTENIbHOE PACIPOCTPaHE-
nue CPK mo Bcemy Mupy, IMarHOCTHKa U BEJICHUE MAI[MEHTOB
¢ CPK ocrarorcst BBI30BOM [UIsl CUCTEM 37PaBOOXPAHEHHS BCEX
ctpad. BeiOop cooTBeTcTBYyIOIIEH Tepanuu A MaLUEHTOB C
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CPK oCNOXHSIETCS TeTepOreHHOCThIO MaTO(PU3NOIOrHIECKUX
MEXaHU3MOB €ro Pa3BUTHS U Pa3HOOOpa3HeM MHOIMYJSALUM Ia-
LIMEHTOB, TAKXKE, KaK U LIMPOKUM CIIEKTPOM HeCIeln(puueckux
CHMIITOMOB, KOTOPBIC MOT'YT HCIIBITBIBATh IALIMEHTBI.

OJMH U3 INIaBHBIX aBTOPOB BHEIPEHUS B KIIMHHUYECKYIO TIPaK-
tuky auarHo3za CPK npogeccop Douglas A. Drossman B 1998
I OIHO3HAYHO BbIcKazasics, uto CPK — GroricuxocormansHoe 3a001e-
Banue, B 2006 I. oH ke rmicai: «B mocienHne romsl THCTOTIOrMIECKHE
UCCIICZI0BaHMS TIOKA3AJIH, YTO PA3IHUM MEXIY (QyHKIHOHAIBHBIMU
1 OpraHUYECKUMH U3MEHEHUAMU CTAIM Pa3MBITBIMIY, a B 2013 roxy:
«CPK — COBOKYITHOCTB CUMITTOMOB C T€TE€POI€HHBIMH OIPEIEISIOIIH-
M (axropami [1urt. no 1,5,8]. Jnarnos CPK tpelyer BrymurBoro
TIOJIX0/a, OTPAHUYCHHBIX JMArHOCTUYECKUX TECTOB U TILATEIBHOIO
HaOmonenus. [ GOJBIIMHCTBA MALMEHTOB, KOIZa MPHCYTCTBYIOT
JmarHocTudeckue kpurepur CPK 1 0TCyTCTBYIOT CHMIITOMBI TPEBO-
'Y, HEOOXOIMMOCTB BBITOJIHEHUSI IUArHOCTHYECKHX TECTOB J0JDKHA
OBITh MUHUMAJTLHOI [9].



