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ABSTRACT

Aim. To assess the hemodynamic status by transpulmonary thermodilution (TPTD) in patients with ischemic heart
disease (IHD) with different comorbidities before and after coronary artery bypass grafting (CABG).

Materials and methods. 66 patients with IHD (40 men and 26 women) aged 53 to 77 years who were admitted
for planned CABG were examined. The patients were divided into three groups according to the comorbidity:
cardiovascular, respiratory, and metabolic. The first comorbidity was represented by a combination of IHD and
multifocal atherosclerosis, the second — by IHD and chronic obstructive pulmonary disease (COPD), and the third —
by IHD and metabolic syndrome (MS). All patients underwent CABG with the use of cardiopulmonary bypass.
Hemodynamic parameters were recorded by the TPTD method using the Pulsion Picco Plus module (Germany) at
3 stages: after the start of mechanical ventilation (stage I), after the completion of cardiopulmonary bypass (stage
1), and 24 hours after CABG (stage III).

Results. The patients with [HD with different comorbidities differed in characteristic signs of hemodynamic
changes. In IHD with comorbid COPD, after withdrawal from the cardiopulmonary bypass and 24 hours after
CABG, the highest index of systemic vascular resistance, the minimum values of the global ejection fraction, and
a decrease in the global end-diastolic volume and pulmonary blood volume less noticeable compared with other
groups of patients were noted. With comorbid respiratory and metabolic disorders, the maximum values for the
indices of extravascular lung water and pulmonary vascular permeability were recorded. In the patients with a
comorbid cardiovascular disease, hemodynamic and volume status violations in the dynamic follow-up were less
pronounced.

Conclusion. The use of the TPTD method in patients with IHD before and after CABG makes it possible to specify
the functional state of the circulatory system in different comorbidities, which increases the effectiveness of risk
stratification and the accuracy of predicting possible complications.
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PE3IOME

Llean — OLIEHUTH TEMOANHAMHYECKHUH CTATYC METOAOM TpaHCIyIbMOoHaNbHOH Tepmoanmonmu (TTIT/T) y 6oiapHBIX
niemuyeckoi 6osesnsio cepaua (MBC) ¢ pasnuyHbIME BapraHTaMH KOMOPOHMIHOCTH JI0 | T10CJIe KOPOHAPHOTO
uryHTupoBanus (KIL).

Marepuaisl u Metoabl. O6cienoBansl 66 6onpHBIX UBC (40 MyxunH n 26 >xeHIIuH) B Bo3pacte 53—77 ner,
noctynuBmux Ha mwianosoe KIII, koTopsie ObUIN pa3mesneHsl Ha TPH IPYHITEI KOMOPOUIHOCTH: KapIUOBaCKyJISIp-
HYIO, pECIIIpaTOpHyIo 1 MeTaboiandeckyto. [lepBas u3 Hux npexacrasieHa coderanueM VIBC u MynbTH(OKAIBHOTO
aTepockieposa, Bropast — UBC u xponnueckoit ooctpykrusHoi 6one3nu aerkux (XOBJI), Tpersst — UBC u meta-
6osmueckoro cungpoma (MC). Beem GombabiM npoBeneHo KIII B ycnoBHsSX HCKYCCTBEHHOTO KPOBOOOpAIIEHHS
(UK). INoka3zarenu remoanHaMuku peructpupoBanu mMerogoM TIIT/ ¢ ncons3oBanuem moxyns Pulsion Picco
Plus (I'epmanus) Ha Tpex 3Tamax: 1mocie Hadajla HCKyCCTBEHHON BeHTHIAIMH Jierkux (I atam), mocie 3aBepuieHus
UK (IT sTam) u gepe3 24 1 nocie KIII (III aram).

PesyabTathl. bonpabie UBC ¢ pa3numyHbIME BapHaHTaMHA KOMOPOMIHOCTH OTIMYAIHMCH XapaKTEPHBIMU TPH3HA-
KaMu reMoguHamudeckux nameneHui. [Ipu coueranmu XOBJI u UBC nocne orxona ot UK u yepes 24 4 mocne
KII ormeuen Hambonee BBICOKHIT MHAEKC CHCTEMHOTO COCYAWCTOTO CONMPOTHBICHHS, MUHUMAIbHBIEC 3HAUCHHS
rino6anbHOH (paKnuy M3THAHHS, MEHEE 3aMETHOE MO OTHOIIEHMIO K JPYTHM IpYIaM OOIbHBIX CHH)KEHHUE TII0-
0aTbHOTO KOHEYHOT'O AUACTOIMYECKOT0 00BeMa 1 JIETOYHOTO 00beMa KpoBH. [Ipu pecimpaTopHoil 1 MeTabonnde-
CKOI KOMOPOUTHOCTH (PHKCHPOBAIICH MAaKCUMAIbHBIE 3HAYEHHS HHIIEKCOB BHECOCYAUCTOM KUAKOCTH B JIETKUX H
MIPOHULIAEMOCTH JIETOYHBIX COCYI0B. Y OONBHBIX C KApANOBACKYIISIPHOH KOMOPOUAHOCTEIO HAPYIIEHUS TeMOIHHA-
MHYECKOTO M BOJIEMUYECKOTO CTaTyca B AWHAMUKE HAOIIOJCHUSI ObIIIM MEHEe BHIPayKEeHHBIMHU.

3axkiouenne. Vcnonszosanue merona TIIT/ y 6onbubix UBC no u nocie K1 no3sosiseT netanu3upoBats GyHK-
LIMOHAJIBHBIN CTaTyC CUCTEMbI KPOBOOOPAILCHNUS [IPU PA3IMYHBIX BapHaHTaX KOMOPOUIHOCTH, UTO MOBBILIALT d¢h-
(DEeKTHBHOCTB PUCK-CTPATU(PUKALIMU U TOYHOCTH IPOrHO3UPOBAHHS BO3MOXKHBIX OCJIOKHECHHH.

KiroueBble cjioBa: vieMudeckas 60je3Hb cep/ila, KOPOHAPHOE IIYHTHPOBAHNE, KOMOPOUIHOCTD, TPAHCITYJIBMO-
HaJIbHASl TEPMOMIIIOLIHS.

Kondaukt nunrepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢unancupoBanus. Pabora BeimomHeHa npu (UHAHCOBOW moazaepxkke rpanta PODOU (Ne 19-29-
01077).

CooTBeTcTBHE NMPUHIMIIAM ITHKH. Bce mauneHTs! noamnucany HHGOPMUPOBAHHOE COTJIACHE HA y4acTHE B HC-
cienoBaHuu. VcenenoBanue 000pEHO JOKAIbHBIM 3THYECKMM KOMUTETOM JlalbHEBOCTOUHOrO (elepalbHOro
yHuBepcurera (mporoxos Ne 12 ot 15.11.2017).

Jas uuruposanms: ['ensuep b.1., CepreeB E.A., Korensuuko B.H., CunaeB A.A., Kapnos P.C. T'emonu-
HAMMYECKUI CTaTyC MAlMEHTOB C PA3IMYHBIMU BapHaHTAMH KOMOPOHMIHOCTH HIIEMHYECKON OOJIe3HH cepala
10 ¥ TOCJIe KOPOHAPHOTO HIYHTHPOBaHUS. broiiemens cubupckoti meouyunst. 2021; 20 (3): 29-37. https://doi.
org/10.20538/1682-0363-2021-3-29-37.
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INTRODUCTION

Ischemic heart disease (IHD) remains one of the
leading causes of death worldwide. Previous research
showed that almost 70% of IHD patients have dif-
ferent comorbidities, which often modify clinical
presentation of the underlying disease and reduce
the effectiveness of pharmacotherapy [1]. The most
common types of IHD comorbidity include its com-
bination with other cardiovascular diseases, metabolic
syndrome (MS), and chronic obstructive pulmonary
disease (COPD). Thus, the combination of IHD with
an atherosclerotic occlusion of the carotid and coro-
nary arteries (CA) occurs in 75% of patients, and the
combination of IHD with chronic lower limb ischemia
accounts for 37-78% of cases [2]. MS is verified in
24% of patients sent for coronary artery bypass graft-
ing (CABG), and COPD — in 35% of patients [3].

According to the American Society of Thorac-
ic Surgeons, IHD patients with comorbid MS have
a 1.4-fold increase in the risk of postoperative com-
plications [3]. A study using the SYNTAX Score I
scale showed that the likelihood of unfavorable post-
operative complications after CABG doubles in IHD
patients with comorbid COPD [4]. Depending on the
number of arterial basins damaged by atherosclero-
sis, the risk of postoperative cardiovascular events
increases by 1.64—10.5 times in IHD patients with a
comorbid vascular disease, compared with isolated
coronary artery disease.

High probability of complications and poor prog-
nosis of surgical intervention in patients with IHD
with a comorbidity determine the need for more care-
ful monitoring of the functional state of the circulatory
system at all stages of the hospital stay [5]. In routine
clinical practice, electrocardiography, echocardiogra-
phy, pulse oximetry, non-invasive and invasive blood
pressure measurement, and registration of central ve-
nous pressure are used as hemodynamic monitoring
methods. However, the generally accepted methods of
hemodynamic research do not always provide a per-
sonalized approach to assessing the functional state of
the circulatory system, which is especially important
in cases with a high risk of complications associated
with various comorbidities.

A number of studies have shown that the use of
modern technologies of volumetric and hemodynam-
ic monitoring significantly increases the efficiency
of early diagnosis of adverse cardiovascular events.
These technologies include the transpulmonary ther-
modilution method, which allows for an objective as-

sessment of the patient’s volume and hemodynamic
statuses and their early correction [6].

The aim of the study was to assess the hemody-
namic status by transpulmonary thermodilution in
patients with coronary artery disease with different
comorbidities before and after CABG.

MATERIALS AND METHODS

A prospective observational clinical study includ-
ed 66 patients with ischemic heart disease (40 men
and 26 women) aged 53 to 77 years (the average age
was 66 years) who were admitted to the Medical
Center of Far Eastern Federal University for planned
CABG. Depending on the prevalence of clinical mani-
festations of comorbid diseases, the IHD patients were
divided into 3 groups according to the comorbidity:
cardiovascular, respiratory, and metabolic. The first
group included 24 patients with IHD and comorbid
multifocal atherosclerosis (chronic lower limb isch-
emia and an atherosclerotic occlusion of the carotid
arteries of > 50%). The second group included 20
IHD patients with grade II-III COPD without exac-
erbation. The third group was represented by 22 pa-
tients with IHD and comorbid MS, verified according
to the clinical guidelines of the Ministry of Health of
the Russian Federation.

Among the patients of the third group, the body
mass index was in the range of 31-34 kg / m? which
indicated class 1 obesity. The patients of all groups
were diagnosed with chronic heart failure (CHF) of
II-III functional classes according to the NYHA clas-
sification and controlled stage 2—3 hypertension with
a very high risk. A written informed consent was ob-
tained from each patient to participate in the study.
The research protocols were approved by the local
Ethics Committee at Far Eastern Federal University
(Protocol No. 12 of 15.11.2017) and complied with
the Declaration of Helsinki developed by the World
Medical Association “Ethical Principles for Scientif-
ic Medical Research with Human Participation™ as
amended in 2000 and “The Rules of Clinical Practice
in the Russian Federation” approved by the Order of
the Ministry of Health of the Russian Federation of
19.06.2003, No. 266.

Hemodynamic and volemic parameters were re-
corded by transpulmonary thermodilution using the
Dreger Delta XL monitor and the Pulsion PiCCO
Plus module (Germany) after a catheter from the
PV2015L20 kit was inserted into the brachial artery.
The duration of its presence in the arterial bed was no
more than three days. Arterial line lavage was carried
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out with boluses of 0.9% NaCl with the addition of
heparin 1 U/ ml. When calibrating the module, three
consecutive thermodilutions were performed. Hemo-
dynamic and volemic parameters were analyzed at
three stages of the study: immediately after tracheal
intubation and the beginning of mechanical ventila-
tion (stage 1); after completion of the cardiopulmo-
nary bypass (stage II); and 24 hours after the surgery
(stage III).

The following parameters were recorded: stroke
index (SI), cardiac index (CI), pulse pressure vari-
ability (PPV), stroke volume variability (SVV),
systemic vascular resistance index (SVRI), global
end-diastolic volume index (GEDI), global ejection
fraction (GEF), cardiac function index (CFI), extra-
vascular lung water (EVLW), and extravascular lung
water index (EVLWI). In addition, the following pa-
rameters were calculated: pulmonary blood volume
(PBV) = GEDI — EVLW, pulmonary vascular perme-
ability index (PVPI) = EVLW / PBV, and dynamic
arterial elastance (Ea o) = PPV / SVV.

Statistical data processing was performed using the
STATISTICA 10 software (StatSoft, Inc., USA) and
Excel (Microsoft Office 2018) in the Microsoft Win-
dows 10 operating system. The hypothesis of normal
distribution of quantitative parameters in the analyzed
groups was tested using the Shapiro — Wilk test. Data
analysis was performed using descriptive statistics:
medians (Me) and their 95% confidence intervals (CI).
CI was calculated by the bootstrap method. Intergroup
differences were assessed using the Kruskal — Wallis
test. The differences were considered statistically sig-
nificant at p < 0.05.

RESULTS

The obtained data showed that at the first stage of
the study, the SI and CI indices in the IHD patients
with comorbid cardiovascular and metabolic disorders
corresponded to the standard values (40-60 ml / m?
and 3-5 1/ min / m?). After cardiopulmonary bypass
withdrawal in the IHD patients with comorbid lesions
of other arterial regions, a decrease in SI by 18% was
recorded against the background of a stable CI level.
At stage 111, SI reached the initial values in this group,
and CI exceeded them by 8.6%. With comorbid meta-
bolic diseases at stage II of the study, the SI and CI in-
dices decreased more significantly (by 37% and 18%,
respectively), and a tendency to their increase was
noted one day after the surgery. In the IHD patients
with comorbid COPD, withdrawal from the cardiopul-
monary bypass was accompanied by similar changes

in hemodynamics: a decrease in SI by 34% and in
CI — by 9%. At the same time, 24 hours after CABG,
this tendency was increasing, which was illustrated by
a further decrease in the values of these parameters.

Before the surgery, in the patients of all groups,
an increase in GEDI and a decrease in GEF were re-
corded, compared with their normal values, which
indicated systolic and diastolic myocardial dysfunc-
tion (Table). 24 hours after CABG, in the [HD pa-
tients with a comorbid cardiovascular disease, GEDI
decreased by 12.7%, while GEF increased by 2%. In
IHD with comorbid MS, the dynamics of these pa-
rameters was more pronounced and amounted to 33%
and 13.6%, respectively, which indicated a more sig-
nificant decrease in preload and improvement in the
cardiac pump function [5]. In patients with comorbid
cardiorespiratory disorders, after withdrawal from the
cardiopulmonary bypass, GEDI decreased by only
5%, compared with the initial level, and 24 hours after
CABG —by 11%. At the same time, GEF had minimal
values at all stages of the study, compared with other
groups of the examined, which indicated decreased
cardiac reserve in this category of patients.

In our study, the CFI level, which is an integral pa-
rameter of myocardial performance, was significantly
lower than the standard values in all the patients before
surgical treatment. One day after CABG, the patients
in groups 1 and 3 showed an increase in this param-
eter to the reference range, while in the IHD patients
with a comorbid respiratory disease, it did not reach
it. The SVRI value before the surgery in the patients
of all groups significantly exceeded the standard level,
but did not have intergroup differences. After CABG,
in the patients with comorbid vascular and metabolic
diseases, SVRI decreased by 46—48%, and in the IHD
patients with comorbid COPD, this parameter did not
differ from the initial values.

SVV, PPV, and Ea arm belong to predictors of the
hemodynamic response of patients to infusion load
and are indicators of cardiorespiratory interaction
during mechanical ventilation [6]. The levels of SVV
and PPV depend on the filling of the vascular bed and
on the ability of the heart to respond to a sudden in-
crease in preload. At the same time, an increase in the
values of these parameters is associated with hypovo-
lemia, and a decrease — with progressing heart failure.

It was found that after withdrawal from the car-
diopulmonary bypass, statistically significant changes
in SVV and PPV were observed only among the pa-
tients with comorbid respiratory diseases, which was
manifested through an increase in the values of these
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parameters by 28% and 22%, respectively. A day after
CABG, a significant increase in these parameters was
recorded among the patients of all groups, but with
a maximum level in IHD with comorbid COPD. Dy-
namic arterial elastance in the patients with comorbid
vascular and metabolic diseases before CABG was
above the threshold value, and after surgery, it reached
it. At the same time, in the patients with COPD, a re-
versed tendency was observed, which was manifested
through an increase in this parameter at stages Il and
IIT of the study.

EVLWI before surgery exceeded the standard val-
ues (3.0-7.0 ml/kg) in the patients of all groups, but
was the highest among people with MS and COPD
(Table). After withdrawal from the cardiopulmonary
bypass, the EVLWI level did not change significantly.
One day after the surgery, it decreased, but did not
reach the reference values. In the patients with MS,
the EVLWI level was the highest, which was associ-
ated with the effect of excessive intra-abdominal pres-
sure on pulmonary blood flow [7]. Before the surgery,
the PBV index in the patients with COPD was sig-
nificantly lower than in the comparison groups. After
withdrawal from the cardiopulmonary bypass, all the
examined patients showed a tendency to its decrease,
which persisted 24 hours after CABG. At the first
stage of the study, in the patients with a comorbid re-
spiratory disorder, PVPI was significantly higher than
in other groups. After withdrawal from the cardiopul-
monary bypass, in the patients with comorbid COPD
and MS, the increase in PVPI was more noticeable,
which could indicate an increasing likelihood of acute
lung injury [8].

DISCUSSION

The authors attempted to perform a comprehensive
assessment of the hemodynamic and volume status of
the IHD patients in order to clarify the phenotypic fea-
tures of blood circulation in different clinical comor-
bidities. It was found that initially decreased GEF and
CFI levels in patients with comorbid cardiovascular
and metabolic diseases and their subsequent growth
to the reference level demonstrate significant im-
provement in the functional state of the myocardium
already one day after its surgical revascularization. In
the patients with comorbid cardiorespiratory diseases,
the absence of positive dynamics of these indicators
may be due to the systemic effects of chronic arterial
hypoxemia and persistent inflammation, which pre-
vent restoration of myocardial contractile function
even with resumed coronary blood flow [1].

The results of SVRI measurement with continu-
ous monitoring significantly complement the hemo-
dynamic “portrait” of IHD patients. Thus, at the first
stage of the study, most of them showed an increase
in this indicator against the background of normal or
decreased CI values, which is typical of elderly peo-
ple with hypertension [5]. After withdrawal from the
cardiopulmonary bypass in individuals with comorbid
vascular and metabolic diseases, a decrease in SVRI
indicated a decrease in left ventricular (LV) afterload
and improvement in the cardiac pump function. In
the patients with a comorbid respiratory disorder, the
SVRI value in the early postoperative period exceeded
the upper limit of the normal values, which may be
due to a more noticeable limitation of the dilatation
potential of the peripheral arterial bed in a combina-
tion of IHD and COPD.

Currently, measurement of GEDI is considered to
be one of the most accurate technologies for assessing
static cardiac preload [6]. In our study, before transi-
tioning to the cardiopulmonary bypass, this parameter
in the IHD patients with COPD was statistically sig-
nificantly lower than in other groups. In these cases, a
decrease in the volume of diastolic filling of the heart
chambers may be a consequence of a more noticeable
limitation of venous return and an increase in pulmo-
nary vascular resistance induced by remodeling of the
lung tissue. This was confirmed by the results of assess-
ing the dynamic cardiac preload using SVV and PPV.

The dynamics of their changes during mechanical
ventilation indicated that in the patients with a respi-
ratory comorbidity, a more significant increase in in-
trathoracic pressure and a decrease in venous return to
the heart were observed, compared with other groups.
High level of Ea, = confirmed excessive arterial stiff-
ness in the patients with COPD [5]. According to a
number of authors, EVLWI is one of the most accurate
parameters characterizing the volume of extravascular
lung water. According to the literature, an increase in
this parameter of more than 10 ml/ kg is a predictor of
subclinical pulmonary edema [8, 9].

In our study, the highest values of this parameter
were recorded for respiratory and metabolic comor-
bidity groups, which may be due to more pronounced
pulmonary circulatory disorders in this category of
patients. Earlier, it was shown that an increase in the
pressure in the pulmonary circulation leads to the
“sieve effect” of pulmonary capillaries and provokes
extravasation of fluid into the interstitial tissue [7].
Important factors in the pathogenesis of extravascular
lung water include lung reperfusion.
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Hemodynamic status of patients with different comorbidities of ischemic heart

According to randomized clinical trials, its main
cause is previous lung hypoperfusion, which develops
against the background of the cardiopulmonary by-
pass [2]. The accumulation of extravascular fluid in
the Iungs is also facilitated by opening of the pleural
cavities, systemic inflammatory response to the car-
diopulmonary bypass, excessive transfusion therapy,
atelectasis of the basal segments of the lungs, and
microangiopathy associated with MS and diabetes
mellitus [3]. For early recognition of cardiogenic and
non-cardiogenic pulmonary edema, PVPI assessment
is important. The latter can significantly increase in
acute respiratory distress syndrome, but remain within
the reference values in cardiogenic pulmonary edema.

An increase in PVPI indicates capillary leakage of
the lungs, which requires timely limitation of infusion
therapy and prescription of loop diuretics. Before the
surgery, in the IHD patients with comorbid cardiore-
spiratory diseases, PVPI was significantly higher than
in the comparison groups, which indicated initially
higher pulmonary capillary permeability due to the
influence of the pathogenetic factors of COPD. After
withdrawal from the cardiopulmonary bypass in the
groups of [HD patients with comorbid COPD and MS,
an increase in the value of this parameter was noted.
The results obtained indicate that stress factors related
to cardiac surgery, including cardiopulmonary bypass,
are triggers of pathophysiological reactions that con-
tribute to an increase in pulmonary vascular permea-
bility and the likelihood of respiratory complications
in this category of patients.

CONCLUSION

Detailing the circulatory and volume status follo-
wing TPTD increases the effectiveness of risk stratifi-
cation and the accuracy of predicting possible compli-
cations. The role of these studies increases in [HD with
a comorbidity associated with phenotypic features of

Authors contribution

blood circulation, which was manifested through a
more noticeable increase in extravascular lung water
and permeability of pulmonary capillaries in [HD with
comorbid respiratory and metabolic diseases.
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