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HEMODYNAMICS IN DIFFERENT TYPES
OF ANESTHESIA DEPENDING ON THE INITIAL
BLOOD CIRCULATION REGIME DURING SPINE SURGERY
IN PRONE POSITION

Sytenko Institute of Spine and Joint Pathology, Kharkiv, Ukraine

During operations in prone position, the hemody-
namics of the patient is influenced by two serious fac-
tors: anesthesia and the position during operation.
Nonetheless, their influence prediction has not been
thoroughly studied in modern literature.

The purpose of the study was to justify the choice
of anesthesia method for operations on the lumbar
spine in the prone position.

Material and methods. The study involved 254
patients who underwent planned surgery for degen-
erative diseases of the spine. The age of patients was
between 16 and 77 years (45.8+11.7). There were
130 men (51.2%) and 124 women (48.8%). Before the
operation, we examined hemodynamic changes when
turning the patients to the prone position and chose
the ones with labile reactions. Intraoperatively, hemo-
dynamic reactions were compared when turning the
patient to the prone position with spinal anesthesia
(SA) with 0.5% hyperbaric solution of bupivacaine and
total intravenous anesthesia (TIVA) based on propofol
and fentanyl in standard doses.

Results and discussion. With the initially stable
blood circulation regime, turning the patients to the
prone position led to more significant hemodynamic
changes in SA group than in TIVA group, but these
changes did not require correction with sympathomi-
metics. We recorded a significant decrease in cardiac
index and specific peripheral vascular resistance in
SA group. With the initially labile blood circulation in
SA group, a decrease in peripheral vascular resis-
tance, cardiac index and stroke volume index in 16 %
of patients led to a decrease in mean arterial pressure
below 60 mm Hg. which required the correction of
hemodynamics with phenylephrine, which was not
observed in TIVA group.

Conclusions. Clinical assessment of hemodynam-
ics with a change in body position in the preoperative
period allowed identifying patients with labile reac-
tions, who manifested a tendency to arterial hyperten-
sion and increase of peripheral vascular resistance. A
greater risk of this condition occurred in younger indi-

YKpaiHCbKuM XXypHan meauuuHun, 6ionorii Ta cnopty — Tom 4, Ne 5 (21)
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viduals with an increased body mass index. SA inhib-
ited the effects of the sympathoadrenal system more
than propofol-based TIVA, which led to destabilization
of hemodynamics in the labile circulation regime, and
necessitated the introduction of al-adrenomimetic
phenylephrine. If a patient has initially labile hemody-
namic response being turned to prone position, prefer-
ence should be given to intravenous anesthesia
based on propofol and fentanyl.

Keywords: hemodynamics, spine surgery, spinal
anesthesia, intravenous anesthesia, prone position.

Interrelation of work with scientific programs,
plans, themes. The study was performed in the frame
of the research work “To study structural and func-
tional changes in vertebral motor segments after their
stabilization by dynamic and rigid implants in patients
with lumbar osteochondrosis”, State Registration
Number 01166 U001087.

Introduction. A significant part of spinal surgery
takes place in the prone position. Hemodynamic
changes in response to a patient's turning may have
multidirectional character, which is noted in the works
of different researchers. There are several works
which proved a significant decrease in the cardiac
output [5, 10], as well as those which did not detect
hemodynamic changes [6]. Such ambivalent results
can be explained by considerable heterogeneity of
examined patients, comorbid pathology, different
prone positions (more than ten positions are known
today), etc. Another important factor affecting the cir-
culatory system is the use of medications, because
most of the research was carried out with different
types of anesthesia.

A decrease in blood pressure after performing
spinal anesthesia (SA) occurs in more than 50% of
cases [3]. A significant decrease in blood pressure is
extremely dangerous due to the hypoperfusion of or-
gans and tissues. During spinal surgeries in prone
position, the spinal cord and the optic nerve are con-
sidered to be the most vulnerable [2]. Therefore, it is
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important to predict the possibility of adverse changes
in SA [7, 8]. Negative effect of general anesthesia
based on propofol on hemodynamics is explained by
both a direct cardio depressive effect and a decrease
in peripheral vascular resistance, which is associated
with its mechanism of action called postcapillary venu-
lar vasodilation [9]. Thus, during operations in prone-
position, the hemodynamics of the patient is influ-
enced by two serious factors: anesthesia and the po-
sition during operation. Nonetheless, their influence
prediction has not been thoroughly studied in modern
literature.

The purpose of the study was to justify the
choice of anesthesia method for operations on the
lumbar spine in prone position.

Material and methods of research. The re-
search was conducted at the State Institution
“Sytenko Institute of Spine and Joint Pathology,
NAMS of Ukraine”. The study involved 254 patients
who underwent planned surgery because of degen-
erative diseases of the spine. The age of patients was
between 16 and 77 years (45.8 = 11.7). There were
130 men (51.2%) and 124 women (48.8%).

Before the operation, we determined the circula-
tory regime of the patients by calculating the prognos-
tic index of hemodynamic instability (PIHI). If PIHI
value is more than 0.5 it indicates the lability of the
circulatory regime and suggests a high probability of
destabilization during anesthesia because of turning
the patient into prone position, and the need to correct
hemodynamics with aj;-adrenomimetics [1]. PIHI ex-
ceeded 0.5 in 25 of 144 (17.4%) patients who under-
went SA, and in 22 of 110 (20.0%) patients who un-
derwent TIVA. Thus, we formed the following study
groups shown in Table 1.

Patients with PIHI> 0.5 were significantly younger
and had a statistically significantly greater body mass
index (BMI). Hemodynamic parameters were recorded
at three stages: 1) supine position; 2) 5 minutes after
turning to prone position; 3) 20 minutes after turning to
the prone position. The dynamics of systolic (SAP),
diastolic (DAP) and mean (MAP) arterial pressure,
stroke volume index (SVI) and cardiac (Cl) index, as
well as systemic peripheral vascular resistance
(SPVR) were studied. Arterial pressure was measured
using a patient's monitor; MAP, SVI, Cl and SPVR
were measured by the rheographic complex of the
KhAI-Medika. SA group patients were administered

Table 1 — Groups of patients under study

3.5 ml of 0.5% hyperbaric solution of bupivacaine in a
sitting position. After the local anesthetic was injected,
the patient was lying on his back 5-10 minutes, and
then turned to the prone position. In order to induce
intravenous anesthesia followed by tracheal intuba-
tion, fentanyl 0.1 mg, propofol 2.5 mg / kg, rocuronium
bromide 0.6 mg / kg were administered. Later, propo-
fol maintenance infusion of 6-9 mg / kg was estab-
lished. 5 minutes after tracheal intubation, patients
turned to prone position. When MAP was reduced to
60 mm Hg. hemodynamic correction was carried out
with phenylephrine (with prior administration of 0.5 mg
of atropine sulfate). The distribution of patients into
groups was performed using random number ran-
domization.

The research was approved by the local bioethics
committee (record No. 147 dated September 14,
2015). All patients signed a voluntary consent to con-
duct it. The obtained data were analyzed using the
IBM SPSS 9.0 computer program. The normal distri-
bution of the samples was checked using Kolmogorov-
Smirnov test. We also calculated the mean * standard
deviation. The differences between the groups of indi-
cators were calculated using Student's t-test.

Results and discussion. The course of SA and
TIVA with the initially stable circulation (PIHI < 0.5).
The initial hemodynamic parameters in the SA1 and
TIVA 1 groups did not have significant differences
(Fig. 1). 5 minutes after turning to prone position, the
studied parameters changed as follows. MAP in both
groups was significantly reduced. Moreover, in SA1
group it was significantly less than in TIVA 1 group,
primarily due to SAP. The SPVR also significantly de-
creased in both groups, but there were no statistically
significant differences between the groups. SVI in both
groups decreased unreliably and equally, while CI in
SAL1 group decreased significantly, but still did not dif-
fer from CI in TIVA1 group. 20 minutes after turning to
prone position, the difference between the groups in
the level of MAP became more pronounced. While
SAP continued to decline significantly in both groups,
DAP continued to decrease only in SA1 group, in Tl-
VA1 group it did not change. SPVR also continued to
decline significantly in both groups, but in patients from
SAl group, this decrease was statistically more pro-
nounced. SVI did not change significantly; CI in-
creased insignificantly equally in both groups, but re-
mained significantly lower the initial level.

Group Anesthesia PIHI Men Women BMI, kg/m? Age, years
SA1l (n=119) SA <05 54 (45,4 %) 65 (54,6 %) 25,3+2,6 46,5+9,7
SA2 (n=25) >0,5 18 (72,0 %) 7 (28,0 %) 31,6+1,9 35,948,5

TIVA 1 (n=88) GIA <05 48 (54,5 %) 40 (45,5 %) 25,5+2,5 49,8+12,9
TIVA 2 (n=22) >0,5 10 (45,5 %) 12 (54,5 %) 33,8+2,5 37,6%9,3
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Fig. 1. Hemodynamic indicators of SA1 and TIVA 1 groups

No patient in both groups needed the correction of
hemodynamics with al-adrenomimetics. Thus, with a
stable blood circulation regime (PIHI <0.5), despite the
fact that SA has a more significant effect on hemody-
namics than based on propofol TIVA, circulatory de-
compensation does not develop when the patient
turns to prone position.

The course of SA and TIVA with initially labile
blood circulation (PIHI>0.5). The baseline hemody-
namic parameters of patients in SA2 and TIVA2
groups also did not differ significantly (Fig. 2), but
there were significant differences between SAl and
TIVAL groups, on the one hand, and the SA2 and
TIVA2 groups, on the other (Table 2). The data pre-
sented in Table 2 indicate that patients with PIHI> 0.5
had an increased tone of the sympathoadrenal sys-
tem, manifested primarily in the elevated level of
SPVR. Naturally, such a situation requires an increase
in the strength of heart contractions to maintain a sat-
isfactory cardiac output, which is manifested in in-
crease of SAP. Even at rest (lying on the back without
anesthesia), an increase in blood pressure did not
allow achieving the same CI level as in patients with
PIHI<0.5, although this level was sufficient to maintain
oxygen transport (clinical signs of circulatory failure
and hypoxia were not observed). However, the impact
of such aggressive factors as surgery and anesthesia,
imposed increased demands on the circulatory sys-
tem, and the fulfillment of these requirements was not
least determined by the initial blood circulation regime
and the type of anesthesia.

5 minutes after turning to prone position blood
pressure in patients of both groups (SA2 and TIVA2),
decreased significantly due to both SAP and DAP.
Moreover, all blood pressure indicators were signifi-
cantly lower in SA2 group (Fig. 2). The SPVR at this
stage also decreased significantly in both groups, but
there were no differences between the groups. This
situation identified a significantly lower Cl in SA2
group. The Sl in this group was also lower, but not
significantly, that is, in group TIVA2, a higher CI was
achieved due to compensatory tachycardia, and the SA
depressed this reaction. 20 minutes after turning to
prone position, the differences in the blood pressure
indexes worsened; SPVR and SVI became significant,
and the patients of SA2 group were injected with
phenylephrine at a rate of 0.071 + 0.011 mg / kg / min.
The nature of the difference in CI preserved, but it
ceased to be reliable due to the large variation of val-
ues in different patients. This can probably be ex-
plained by the instability of the blood circulation in
patients of this group. Nevertheless, the obtained re-
sults allow us to conclude that with initially insuffi-
ciently stable blood circulation regime, TIVA based on
propofol violates the regulation of blood circulation to
a lesser extent than SA. In a recent meta-analysis [8],
general and spinal anesthesia was compared during
operations on the lumbar spine in prone position. The
authors detected a greater incidence of intraoperative
hypertension and tachycardia in the group with gen-
eral anesthesia. However, the frequency of hypoten-
sion and bradycardia was the same in both groups.

Table 2 — Baseline hemodynamic parameters depending on the blood circulation regime

Group SAP, DAP, MAP, SVI,2 C_:I, ) SPVR,
mm Hg. mm Hg. mm Hg. ml/m I/min-m dynes sec/cm5/m2
SA1 124,2+12,7 78,948,1 94,0+9,2 43,2+5,4 3,19+0,40 2386+330
SA2 138,2+16,6* 86,6+9,9* 103,8+11,8* 35,845,9* 2,84+0,42* 2968+494*
GIA1 124,5+10,6 80,3+7,8 95,1+7,9 42,9+4,0 3,13+0,34 2455%339
GIA 2 139,7+15,3* 86,8+6,6* 104,4+8,9* 38,1+2,3* 2,96+0,38* 2871+451*

Note: * —p <0.05 between groups 1 and 2.

YKpaiHCbKuM XXypHan meauuuHun, 6ionorii Ta cnopty — Tom 4, Ne 5 (21)

151



MenowuyHi Haykun

AP, PIHI>0,5 ‘ SI:":
<0 mim
g P a7 -
130 - =

120 A
110 A
100 -
90 -
80 -
70 5
60

Supine position Prone position 5 Prone position

PIHI>0,5 Cl,
lmin-m?
+ 3.0
SVRI, PIHI>0,5
+ 29 dynes
al o e
my
T 28 Luuu
<+ 2.7 2600 nv
+ 26 2400
p<0,
¥25 22007 S
2000~ p<0
24 Supine Prone Prone
position position5  position 20
20 min min min

Fig. 2. Hemodynamic indicators of SA2 and TIVA2 groups

According to our research results, elderly patients
are less likely to have labile hemodynamics; and spi-
nal anesthesia can be safely administered to such
patients. Our data are supported by the study [4],
which demonstrates the greater hemodynamic stabil-
ity of SA in elderly patients. However, the study of the
hemodynamic status of patients in the preoperative
period and the response to turning to prone position is
an important predictive data for choosing anesthesia
method.

Conclusions. In some patients who are elected
to undergo surgery for spinal degenerative diseases in
prone position, there is a labile blood circulation pat-
tern, manifested by a tendency to arterial hyperten-
sion, increased SPVR and high tone of the sym-
pathoadrenal system. Subarachnoid anesthesia, to a

greater extent than propofol-based intravenous anes-
thesia, inhibits the effects of the sympathoadrenal
system, which in a labile blood circulation regime
leads to destabilization of hemodynamics and neces-
sitates the administration of al-adrenomimetics.

Before performing an operation in prone position
in patients with degenerative diseases of the spine, it
is advisable to determine the initial blood circulation
regime by calculating the prognostic index of hemody-
namic instability. If its value is less than 0.5, it is better
to use intravenous anesthesia based on propofol than
subarachnoid anesthesia.

Prospects for further research. We plan to cre-
ate an algorithm for a clinically grounded choice of
anesthesia for patients with vertebral surgical inter-
ventions in prone position.
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FrEMOOUHAMIKA MPU PI3HUX BUOAX AHECTES3II B 3ANIEXXHOCTI Bif BUXIQHOIO

PEXUMY KPOBOOSITY NMPU BEPTEBPOJIOINYHUX OMNEPALIAX B NOJNTOXKEHHI HA )KUBOTI

Jluzozy6 M. B.

Pesrome. Npu onepauisx B NONOXEHHI HA XXUBOTI reMoguHaMika nauieHTa 3HaxoguTbCs nig, BNMBOM OBOX
BaXINMBMX PAKTOPIB — aHecTesii Ta onepauinHOro MNOMOXEeHHS — Ta NPOrHO3yBaHHA LMX 3MiH OAHOYacHO Mano
BMBYEHO Yy cyyacHin nitepatypi. MeToro gocnigxeHHs 6yno obrpyHTyBaHHs BUGOpY MeToay aHecTesii npu one-
pauisix Ha nonepekoBoMy Biaaini xpebTa B NONOXeHHi Ha xMBoTi. Byno obctexeHo 254 nauieHTa, SsIKUM BUKOHa-
Hi NNaHoBI onepaTMBHI BTpyYaHHS 3 NPUMBOAY AereHepaTUBHUX 3axBOploBaHb xpebTa y Bili Big 16 4o 77 pokiB
(45,8£11,7), 4onosikiB 130 (51,2%), xiHok 124 (48,8%). HanepegoaHi onepadii gocnigxysanu 3MiHU cuctemu
KpoBOODGiry npy NOBOPOTi Ha XMBIT Ta BUAINANM nauieHTiB i3 NabinbHo peakuieto. IHTpaonepauinHo npoBoannu
MOPIBHSIHHS peakuii reMoaMHaMmikv Npu NOBOPOTI Ha XMBIT Ha OHI cniHanbHoi aHecTesii (CA) Ta 3aranbHOi BHY-
TPiLUHLOBEHHOI aHecTesii Ha ocHOoBI Nnponodony Ta deHTaHiny (BA). MNMpu noyaTkoBO cTabinbHOMY peXxumi Kpo-
BOODGiry NOBOPOT Naui€HTIB Ha XMBIT Npu3BoAMB A0 OinblU 3HaYYLLMX 3MiH remoauHamikv y rpyni CA, HixX y rpyni
BA, npoTe AaHi 3miHM He noTpebyBanu kopekuii cumnatomimeTvkamu. Mpu nabinsHOMy pexumi KpoBoobiry B
rpyni CA 'y 16 % nauieHTiB noTpebyBanacbh Kopekuis reMoguHaMikn eHinedprHoOM, Yoro He crnocTepiranocs y
rpyni BA. Taknum YnmHOM, KniHiYHa OLUiHKa reMoaMHaMikv Npy 3MiHi MONOXEHHS Tina y nepegonepauinHoMy nepio-
[i 0O3BONSE BUSBUTY NaLieHTIB 3 NabinbHUMM peakLisiMu, Lo NPOSBRSOTLCA TEHAEHUIE A0 apTepianbHoi rine-
PTEH3ii Ta NigBULLEHHIO nepudepuyHoro cyamHHoro onopy. CA y GinbLwin mipi, Hixx BA Ha ocHoBi nponocony
ranbmye BNAYB CMMNaToagpeHanoBoi cucTemu, LWo npy nabinbHOMY pexumi kpoBoobiry NnpmM3BoauTb 4O AecTa-
Ginisaujii remogMHamiku Ta BUKNUKae HeOOXiQHICTb BBEOAEHHS O1-adpeHOMIMETHUKIB.

Knio4yoBi cnoBa: remoguHamika, BepTebponoriyHi onepadii, cniHanbHa aHecTesis, BHYTPiLLHBOBEHHA aHec-
Tesis, NONOXEHHS Ha XXMBOTI.
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FrEMOAMHAMUKA MNMPU PA3HbIX BUOAX AHECTE3UU B 3ABUCUMOCTU

OT NCXOOHOIo PEXKMMA KPOBOOBPALLEHUA NMPU BEPTEBPOJIOTMYECKUX ONEPALIUAX

B MNONOXEHWN HA XKUBOTE

Jluzoz2y6 H. B.

Pestome. [Npu onepauusix B MOMOXEHWN HA XUBOTE reMOAMHAMKKa NaumeHTa HaxoauTcs nop BNUsSHWEM
OBYX Cepbe3HbIX (hakTOPOB — aHECTe3nW 1 ONepaLMoOHHOIO MOMOXEHWS — U MPOrHO3MPOBaHNE 3TUX U3MEHEHWI
OLHOBPEMEHHO Maro M3y4eHO B COBpeMeHHOW nutepatype. Llenbto nccnegosaHus asunock 060cHoBaHWeE Bbl-
6opa meToga aHecTe3uu Npu onepaumsx Ha NOSACHUYHOM OTAerne NO3BOHOYHMKA B MOMOXEHMUN Ha xuBoTe. bbl-
no o6cnenosaHo 254 naumeHTa, KOTOPbIM BbINOMAHEHb! NNaHOBbLIE OnepaumMu No NoBOAY AereHepaTuBHbIX 3a60-
neBaHU NO3BOHOYHMKA Bo3pactoM oT 16 go 77 net (45,8+11,7), myxumH — 130 (51,2%), XeHwmH — 124
(48,8%). HakaHyHe onepauun uccnenoBanm N3MEHEHUs reMogUHaAMUKMA Ha NMOBOPOT Ha >XMBOT W BblAENsNM na-
LUMeHTOB C NnabunbHOM peakuumen. VIHTpaonepauMoHHO MPOBOAMIW CPAaBHEHME peakuun reMoAMHaMMUKU Npu
NMOBOPOTE Ha >XUBOT Npu cnuHanbHon aHecte3un (CA) n obLuen BHYTPUBEHHOW aHECTE3MN Ha OCHOBE NPOmnogo-
na n deHTanuna (BA). Mpu ncxogHo ctabunbHOM pexvme KpoBooOpalleHUs NOBOPOT MauMEHTOB Ha XWBOT
npueoaun k 6onee 3Ha4yMMbIM U3MeHeHUAM remognHamukm B rpynne CA, yem B rpynne BA, ogHako AaHHble
n3MeHeHus1 He noTpeboBanu Koppekuum cuMmnaToMmmeTvkamu. Mpu nabuneHOM pexvme KpoBoobpalleHusi B
rpynne CA y 16% nauneHToB noTpeboBanacb Koppekumsi reMoguHaMukn eHnnadprHom, Yero He Habnoga-
nocb B rpynne BA. Takum o6pasom, KMMHUYECKas OLeHKa reMogvHaMuKN Npyu U3MEHEHUM NOSOXEHWNs Tena B
npegonepauvoHHOM Mepuoae No3BOMsSeT BbIIBUTb NaUUMEHTOB C NabunbHbIMU peakumsamMu, NposiBRSWNMNCS
TEHOEHUNEN K apTepuarnbHON rMNepTeEH3nN 1 MOBbILLEHMIO NepudgeprnyecKkoro cocygmctoro conpotmeneHus. CA
B GonbLuen cteneHn, yem BA Ha ocHoBe nponodona, TOPMO3UT BIIUSHUS CMMMNAToaApeHarioBo CUCTEMBI, YTO
npu nabunsHOM pexume KpoBoOOpaLLEeHUs NPUBOAUT K AecTabunu3auum reMogvHaMuKM U BbidbiBaeT HeobXo-
ANMOCTb BBEAEHWS O1-a4PEHOMUMETUKOB.

KnioueBble cnoBa: remognHamuka, Beptebponornyeckne onepaumu, cnmHanbHas aHecTe3ns, BHyTPUBEH-
Has aHecTe3usl, MONOXEHNe Ha XNBOTE.
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