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= The purpose of the study is to determine the significance of variability index of the heart stroke volume in assessing
the volemic status of patients during carotid endarterectomy. Materials and methods. The study included 60 patients
who underwent carotid endarterectomy. The average age of patients is 68 + 7.4 years. The operation was performed
under general anesthesia with mechanical ventilation. Cardiorespiratory interaction was studied. The parameters of
the state of central hemodynamics were recorded before and after the functional hemodynamic test with the patient’s
legs raised. The patients were divided into 3 groups according to the change in the stroke volume of the heart on the
test results. Results. The 1* group included 11 patients (18%), they have a volemia deficiency in combination with
a decrease in myocardial contractility, 18 patients (30%) of the 2™ group suffered deficiency of volemia, and 31 pa-
tients (52%) having satisfactory hemodynamics were included into the 3™ group. The results of the test with raising of
the legs demonstrated that the changes in the SVV indicator corresponded completely to the changes in stroke volume.
It was revealed that, irrespectively of the initial state of hemodynamics, the index of variability of the heart stroke
volume correctly reflected the state of the volemic status of patients during carotid endarterectomy. Findings. The rate
of variability of heart stroke volume allows to evaluate the effectiveness of the infusion therapy and to control the
volemic load during the carotid endarterectomy operation.

= Keywords: carotid endarterectomy; volemic status; cardiorespiratory interaction; variability of stroke volume of
the heart.
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= I]env uccne0o6anus — oNpeneNnUTb 3HAYMMOCTD IIOKa3aTeNsA BapuabeNbHOCTHU YIApHOro 06beMa Cepyilia B OIleH-
Ke BOJIEMIYECKOTO CTaTyca IalMeHTOB NP BHIIOTHEHMN ONEPaly KapOTUHON SHAapTepsKTOMuUn. Mamepuanol
u Memoovt. B uccnenoBanme 6b10 BKIIOYEHO 60 IAIMEHTOB, KOTOPBIM Oblla BBLIIOMHEHA OIlepalusa KapOTUIHOM
sHgapTepaKToMyu. CpeqHMit BO3PACT MalIeHTOB cOCTaBui 68 + 7,4 roga. Onepanys IpoxXoauia B YCIOBUAX 00Ielt
aHeCTe3MM C MCKYCCTBEHHOM BeHTUIALME IeTKuX. Vsydanoch kapguopecnupaTopHoe B3auMogelicTaye. Peructpu-
pOBa/M MapaMeTphbl COCTOAHNA IIEHTPANbHOM reMOIMHAMUKI /IO U HOC/Te QYHKIIVOHATBHOTO TeMOANHAMIIECKOTO
TecTa ¢ MOIbeMOM HOT 607IbHOTO. VI3MeHeHMe yaapHOTro o6beMa cepAilia Mo pe3y/IbTaTaM MpobbI ObI/I0 OCHOBaHUEM
I pasfieNieHNA MalieHTOB Ha TpU IPYNIbl. Pe3ynvmamot. BoisaBieHbl feUIUT BOIEMUN B COUETAaHUNU CO CHIDKe-
HJIeM COKPaTMMOCTY MUOKappa B 1-it rpynne — 11 manyentos (18 %), nepuuut Bomemuu Bo 2-it rpynne — 18 ma-
11eHTOB (30 %) ¥ yROBIe TBOPUTENbHBIE IIOKa3aTeIM reMOAYHAMUKY B 3-11 IpyIine manyeHToB — 31 60mpHOI (52 %).
VsmeneHus nokasatens SVV IMONTHOCTBIO COOTBETCTBOBA/IM M3MEHEHMIO YAAPHOTO 06'beMa 0 pe3yIbraTaM IpoObI
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C IIOfybEMOM HOT. BBIfIB/IEHO, YTO HE3aBUCHMO OT UCXOJHOTO COCTOSIHIS TeMOAMHAMIKI [TOKAa3aTe/lb BapruabeTbHOCTI
yIapHOro o6beMa cepAlja KOPPEKTHO OTPaXkKaeT COCTOSHUE BOJIEMMYECKOTO CTAaTyca MAlMeHTOB BO BpeMs olepa-
LUM KapOTUHOI SHAapTepaKTOMun. Buigoowt. ITokasaTenb BapuabeIbHOCTU YAAPHOTO 06beMa Cepylia MO3BOMIsIeT
OLleHUBATb 3¢ GEKTUBHOCTD IPOBOAMMOI MHDY3UOHHOI Tepanuy ¥ KOHTPOIMPOBATh BOTEMIYECKYIO HATPY3KY IPU

BBIIIOJTHEHMM OIlepaliiyl KapOTULHONM SHJAPTEPIKTOMUMN.

= KimroueBble crmoBa: KapoTuaHas 3HAApTEPIKTOMMUA; BOIEMUYECKUI CTaTyC; KapAnopecnmpaTopHoe BSaI/IMOI[eI‘/'I-

CTBIUe; BaprabeNbHOCTD YAApHOTo o6beMa Cepylia.

To provide satisfactory volemia in patients,
intraoperative fluid therapy is used, which is
necessary to maintain tissue perfusion during
surgeries. Hypovolemia results in arterial hypo-
tension, impaired peripheral microcirculation,
oliguria, increased blood lactate, and also nega-
tively affects consciousness level in the postopera-
tive period. It is always necessary during surgery
to decide whether additional intravenous infusion
is necessary and to what extent. It is necessary to
clearly determine whether the patient in this case
has circulating blood volume (CBV) deficit and
whether additional infusion to eliminate tissue
hypoperfusion can lead to an increase in cardiac
output necessary.

Generally accepted parameters in perioperative
clinical assessment of hemodynamics includes
electrocardiography (ECG), heart rate (HR), non-
invasive measurement of blood pressure (NBP),
and blood saturation (S,0,). However, based on
these parameters, such assessment cannot be re-
cognized as absolutely adequate because it is im-
possible to accurately determine volume status
and heart contractility (cardiac output, CO) [3].
Therefore, a dynamic (functional) approach to he-
modynamic monitoring is currently recommen-
ded [2, 6]. Tests and parameters are used to imple-
ment such approach, through which the patient’s
sensitivity to the infusion load can be assessed.
These tests and parameters include stroke volume
variation (SVV), pulse pressure variation (PPV),
systolic pressure variation (SVP), dynamic arte-
rial elasticity index (PPV/SVV), inferior vena
cava distensibility index, superior vena cava col-
lapse index, end-expiratory occlusion test, posi-
tive end-expiratory pressure increase test, tidal
volume (TV) increase test, standard infusion load
test, minimum infusion load test, and passive leg
lift test. Some of the tests are based on cardio-
respiratory interaction, when the inspiration and
expiration phases affect the preload amount and
enable to assess changes in CO. Another approach
presented is the trial intravenous fluid infusions
in various volumes and autotransfusion. Thus,
there is a group of tests that influences the car-
diovascular system (CVS) and assesses changes
in the patient’s condition. Such tests need to be
performed repeatedly. Another group of tests
evaluate CVC continuously (online). These con-

trol indicators, such as xak SVV, PPV, and SVP,
calculated.

SVV was used in this study as an indicator.
It is calculated as the difference between stroke
volumes (SV) maximum and minimum values
during one breathing cycle or a fixed time interval
divided by SV’s average value.

No information was found on the use of the
SVV indicator during carotid endarterectomy
(CEAE) in the available literature.

The study aims to determine the significance
of the indicator of heart stroke output variability
in assessing the volume status of patients during
CEAE surgery.

Materials and methods

The study included 60 patients, including
48 men (80%) and 12 women (20%), who under-
went CEAE surgery. The patients’ average age was
68 * 7.4 years.

Vigileo monitors (Edwards Lifesciences, USA)
and Nihon Kohden (Japan) were used for intra-
operative hemodynamic monitoring. Invasive BP
measurement was performed through the brachial
or radial artery. The Nihon Kohden monitor was
used to obtain data on invasive BP, HR, and he-
moglobin oxygen saturation (S,0,), whereas the
Vigileo monitor was used to measure CO from
the arterial blood pressure curve (APCO techno-
logy) of the Nihon monitor. The FloTrakSensor
was used to connect the apparatuses. The heart’s
SV was measured first, then the stroke index (SI),
cardiac minute output, cardiac index (CI), and
stroke (systolic) blood volume variation (SVV)
were calculated [5].

All patients received initial infusion thera-
py of 500 mL of balanced sterofundin solution.
Premedication (fentanyl 0.1 mg and sibazone
10 mg), induction into anesthesia (propofol
2 mg/kg), relaxation (esmeron 0.6 mg/kg), and
tracheal intubation was performed in the oper-
ating room. The patients were then transferred
to artificial lung ventilation (ALV) using SIMV
mode. TV was 10 mL/kg. Parameters of the ini-
tial state of central hemodynamics (CHD) were
recorded by the monitors. After that, a functional
hemodynamic test was performed by lifting the
patient’s legs 45° from the level of the operating
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table. CHD parameters were recorded again af-
ter 1 min. The legs were lowered. The need and
type of hemodynamic correction was determined
based on the test results.

Statistical analysis was performed using the
SPSS software. The data are presented by arith-
metic mean values (M) and standard deviation (s)
as M + s. Groups of parameters were compared
by Student’s t-test for normal distribution of data
and t-test for dependent samples. In the absence
of a normal distribution, nonparametric methods
of analysis were used in the absence of normal
distribution. The difference was considered sta-
tistically significant at p < 0.05.

Results

The leg lift test was assessed based on changes
in SV. According to the test results, the patients
were distributed into three groups:

1. Patients with initial SV of up to 70 mL (SI up
to 35 mL/m?) without significant (up to
10% of the initial) change in SV (SI), 11 pa-
tients (18%).

2. Patients with an initial SV of up to 70 mL
(SI up to 35 mL/m?) had a significant
(10% or more) increase in SV (SI), 18 pa-
tients (30%).

3. Patients with initial SV of 70 mL (SI 35 mL/m?)
or more had changes in SV (SI) of varying se-
verity, 31 patients (52%).

Table 1 shows the CHD indicators before and
after the leg lift test.

Comprehensive assessment of the CHD was
performed. Group 2 showed a deficiency of the
CBV with preserved myocardial contractility.
In group 1, changes in the CHD values indicated
a deficiency of CBV and a decrease in the heart’s

Iab/e 1/ Tabnnya 1

contractile ability. Hemodynamic parameters
were found to be satisfactory in group 3.

The correspondence of the nature of SVV
changes to the SV dynamics as a result of testing
and additional intravenous volumetric infusion
was assessed to determine the significance of the
SVV indicator in assessing the patient’s volume
status.

Changes in SV and SVV during the leg lift test
are shown in Table 2.

In group 1, change in SV and SVV was not
statistically significant (p > 0.05). A significant
increase in SV (p =0.002) was accompanied
by a significant decrease in SVV (p = 0.008) in
group 2, and the dynamics of SVV corresponded
to the change in SV. No changes in SV (p = 0.262)
were recorded in group 3, however, the change in
SVV was statistically significant (p < 0.05).

According to the results of a comprehensive
assessment of hemodynamics, the necessary infu-
sion and cardiotonic correction was performed.
No correction was required in group 3.

The dynamics of SV and SVV after the
necessary therapy in groups 1 and 2 are presented
in Table 3.

A coordinated change in SV and SVV index
was recorded during hemodynamic correction.
With a statistically significant increase in SV in
groups 1 and 2 (p < 0.05), there was a significant
decrease in SVV (p < 0.05).

Discussion

The respiratory variation of the SV can be
measured directly by using the Vigileo/FloTrac
TM monitor (Edwards Lifesciences) [7]. SVV is
a functional hemodynamic variable. SV changes
are based on cardiorespiratory interaction, that

Hemodynamic indicators before and after the test with the legs raised

MokasaTenu remogMHaMMUKM [0 W NOcNe TECTa C NOALEMOM HOr

M Group 1 ’ Group 2 , Group 3 .
before after before after before after

HR 97 £12.2 | 94+£11.1 | 0.156 | 64+6.5 66+7.8 | 0.128 | 67 +10.5 68+8.6 | 0.714
SV 54+23 | 543+51 | 0.898 | 623+28 | 757+4.3 | 0.002 | 83.8+12.5| 852+10 | 0.262
SI 27+23 | 283+44 | 0576 | 32+2.7 | 38+4.21 | 0.002 | 424+7.7 43+ 6 0.295
CI 234+0.1 | 273+0.4 | 0.341 [2.01 £0.31 | 24+0.31 | 0.042 | 2.79+0.31 | 2.78 £ 0.30 | 0.611
TPVR 1392 + 301 | 1604 + 456 | 0.21 | 1844 +431 | 1884 £515| 0.647 | 1361 + 274 | 1479 + 285 | 0.001
BP,, 89+10.8 | 98+154 | 0.216 | 91+17.3 | 114+19.4 | 0.004 | 93 +11.2 | 104 £10.6 | 0.001
Svv 18+0.7 | 16.3+£0.8 | 031 | 208+3.6 | 11.5+52 | 0.008 | 12.4+4.7 | 89+23 | 0.025

Note. TPVR — total peripheral vascular resistance. For other abbreviations, see the text.
Ipumeuanue OIICC — obiyee nepedepnueckoe cocynucroe conporusenre. Pacumdposky apyrux ab6pesu-
aTyp CM. B TEKCTe.
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Eble 2/ Tabnmya 2

Changes in stroke volume and SVV after the test with the legs raised
W3menenns ypapHoro o6bema u SVV nocne npo6bl ¢ nogbLeMoM Hor

Group Parameter Before After p
1 SV 54+23 543 +£5.1 0.898
Svv 18 £0.7 16.3+0.8 0.31
2 N 62.3+£2.8 75.7 £ 4.3 0.002
Svv 20.8 £ 3.6 11.5+5.2 0.008
3 SV 83.8 £12.5 852+ 10 0.262
SVv 124+ 4.7 89123 0.025
Eb/e 3/ Tabnmya 3
Change in stroke volume and SVV after the treatment
WN3mexenue yaapHoro o6bema n SVV nocne Koppekuuu
Group Parameter Before After p
1 SV 54+23 69.1 £6.1 0.019
Svv 18 £ 0.7 12.6 £ 0.8 0.038
2 NY% 62.3+£2.8 73+ 5.1 0.008
Svv 20.8 £ 3.6 12 +£3.7 0.013

N o t e. For abbreviations, see the text.

[Tpumevanune. PacumdpoBky ab6peBuaTyp CM. B TEKCTe.

is, they are determined by fluctuations in intra-
thoracic pressure. The patient must be under
ALV with a TV of 8-15 mL/kg to get a more ac-
curate measurement of the indicator. On inspi-
ration, the venous return to the heart decreases
and SV also decreases. Cardiac preload is re-
stored and cardiac output is increased after ex-
halation. The greater the difference in SV during
inhalation and exhalation on ALV is, the higher
its value of variation. Consequently, CBV deficit
is more pronounced [1, 4]. Parameter sensiti-
vity is 86% and the specificity is 85%. The closer
the SVV figure is to 10%, the lower the volemic
deficit is [2].

The study aims to determine the significance
of the SVV indicator in assessing the patient’s
volume status during CEAE surgery. For this, the
correspondence of the nature of SVV change to
SV dynamics as a result of the leg lift test and
additional intravenous infusion was assessed.
Changes in the parameter completely coincided
with the nature of SV dynamics. In group 1,
change in SV and SVV was not statistically
significant (p > 0.05) based on the result of the
leg lift test. This indicated CBV deficiency and
the presence of a decrease in the heart’s contractile
ability. The therapy provided an increase in SV and
a decrease in SVV (p < 0.05), which also properly
characterized the patient’s condition. In group 2,
a significant increase in SV was accompanied
by a significant decrease in SVV (p <0.05).

The dynamics of the SVV corresponded to the
change in SV. No changes in SV were revealed
in group 3 (p = 0.262). These results confirm the
previously published data on the study of these
parameters [2, 4]. Results of the study revealed
that the indicator of heart SVV correctly reflects
the volemic status, regardless of the initial state
of hemodynamics. By measuring it, the ongoing
infusion therapy and dynamic control of patients’
volemia, including during CEAE surgery, can be
assessed. These conclusions coincide with the
opinions of other authors [2, 5, 7].

Conclusions

1. The variation indicator of the cardiac stroke
output enables to perform the correct dynamic
control of the patients’ volemic status.

2. This allows to evaluate therapy efficacy during
CEAE surgery.

The authors declare no conflict of interest.
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