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Analysis of early cardiac complications
after coronary artery bypass grafting under
two different regimens of anesthesia

The aim - to analyze the effect of two different schemes of anesthesia on early cardiac complications in patients
with coronary artery bypass grafting (CABG) with cardiopulmonary bypass.

Materials and methods. The study included 120 patients who underwent CABG with cardiopulmonary bypass
(CPB). The median surgery risk according to EuroSCORE Il was 3.45 % (2.15 %; 4.05 %). According to the scheme of
anesthesia, all patients were divided into two groups: the first group (60 patients) — low-opioid scheme of anesthesia;
the second group (60 patients) — a standard scheme of anesthesia.

Results. Patients in the first group were more than twice as likely to develop postoperative atrial fibrillation
compared to the second group (9 (15.0 %) vs. 19 (31.7 %), p = 0.031). In addition, patients in the first group were 2.3
times significantly less likely to have low cardiac output syndrome (LCOS) compared to the second group (11.7 % vs.
26.7 %, p = 0.037). The duration of CPB (p = 0.032) and the level of interleukin-6 after CPB (p = 0.004) were reliable
indicators for predicting LCOS. The final statistical model [F (4, N = 120) = 12.52, p < 0.001, R2 = 0.304] covers almost
a third of all factors in the development of LCOS. Only the level of interleukin-6 after CPB (the final statistical model
(F (4,N=120) = 11.54, p < 0.001, R2 = 0.286) was a reliable indicator for predicting postoperative atrial fibrillation.

Conclusions. The obtained results confirm the safety of clinical use of anesthesia schemes with low doses of opi-
oids in cardiac surgery patients and emphasize the possibility of a more conservative use of opioids in cardiac surgery.
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Coronary artery disease (CAD) is one of the most
common pathologies of the cardiovascular sys-
tem characterized by a high mortality rate [14]. To
date, the main method of treatment of this disease is
surgery; in patients who have undergone coronary
artery bypass grafting (CABG) five-year mortality
is 1.5 times lower compared to only drug therapy
[12]. At the same time, despite improvements in
surgical and anesthetic care over the past 15 years,
which has contributed to a sharp reduction in the
incidence of complications and mortality during this
type of surgery, their frequency still remains higher
than for other types of surgery [9]. One of the stud-
ies showed that the mortality rate during CABG

using cardiopulmonary bypass (CPB) was 2-3 %,
and the level of postoperative complications reached
20—-30 % [2]. Moreover, the mechanisms of develop-
ment of postoperative complications in patients who
underwent CABG with CPB are multifactorial and
currently not fully established.

Despite the significant number of publications on
the influence of components of anesthesia schemes
on the development of postoperative complica-
tions, the question of choosing the optimal scheme
of anesthesia during coronary artery bypass graft-
ing in patients with coronary heart disease remains
unsolved. The anesthesia regimens with high doses
of opioids during cardiac surgery remained a basis

MapyHsik CtenaH PomaHoBWY, acnipaHT kadeapu
aHectesionorii Ta iHTeHcMBHOI Tepanii
E-mail: maruniak.stepan@gmail.com

© C.P MapyHsk, O.A. NlockyTos, |.P. Manwuw, 2022

CraTTs Haginwna ao pepakuii 11 TpaBHsa 2022 p.



C.P. MapyHsik Ta cniBaBT.

«Kappjoxipypris Ta iHTepBeHUiiHa kapgionoris», 2022, Ne 3-4 (37) 37

of cardiac anaesthesia for many decades due to
their ability to maintain hemodynamic stability and
reduce hormonal and metabolic responses to surgi-
cal stress [4]. In particular, after a number of publi-
cations by E. Lowenstein on the safety of anesthesia
with high doses of morphine (3 mg/kg), the use of
high doses of opioids has become a characteristic
feature of cardiac anesthesia [11]. However, high
doses of opioids required prolonged ventilation of
patients for 12—24 h during the early postoperative
period. At the same time, prolonged mechanical ven-
tilation and prolonged stay in the intensive care unit
significantly increased the cost of treatment, which
required the search for qualitatively new solutions
[5]. The economic efficiency and efficient use of
medical resources after cardiac surgery has been one
of the factors that stimulated the use of anesthesia
regimens with low doses of opioids [3, 8].

The aim — to compare the effect of low-opioid
and high-opioid anesthesia regimens on early clini-
cal outcomes in patients undergoing CABG with
CPB.

Materials and methods

The study included 120 patients with CAD,
which on the basis of the State Institution «Heart
Institute of the Ministry of Health of Ukraine»
underwent CABG with CPB. The age of patients
was 59.0 (55.0; 62.0) years (48 to 65 years). The
average body weight was 90.5 = 13.8 kg (from 73
to 125 kg). The number of men was 86 (71.6 %),
women — 34 (28.9 %). The median surgery risk by
EuroSCORE II was 3.85 % (2.15 %; 4.25 %).

According to the scheme of anesthesia, using
computer software for randomization, all patients
were divided into two groups. The first group
using low-opioid anesthesia included 60 patients.
Induction consisted of intravenous administration
of propofol at a dose of 1.5 mg/kg of 40 mg at
intervals of 15-20 seconds. After the administra-
tion of hypnotics, all patients were administered
intravenous fentanyl at a dose of 1-1.5 pug/kg. After
achieving an adequate level of anesthesia, muscle
relaxation was achieved by intravenous admin-
istration of pipecuronium bromide at a dose of
0.1 mg/kg, followed by tracheal intubation. To
maintain anesthesia, sevoflurane was inhaled along
a semi-closed circuit with the target maintenance of
its concentration according to the age indicator of
the minimum alveolar concentration (MAC). The
target concentration of sevoflurane was calculated
by the formula: MACawake = 0.34xMACtablex2,
where MACawake is the minimum alveolar concen-
tration in the patient’s exhaled air, and MACtable —
tabular value of the MAC according to age. Before

starting surgery, a subnarcotic dose of ketamine
(0.5 mg/kg) and lidocaine 1 mg/kg bolus were
added intravenously, with simultaneous adjust-
ment of a continuous infusion of the latter at a
dose of 1.5-2 mg/kg/h and dexmedetomidine of
0.7 ug/kg/h. Lidocaine infusion was continued
throughout the operation until the patient was
admitted to the intensive care unit. Analgesia was
maintained during surgery by the administra-
tion of fentanyl. The average dose of fentanyl that
was used for the entire duration of anesthesia was
1.0 ug/kg/hour.

The second group with a standard anesthe-
sia scheme included 60 patients. Induction into
anesthesia in patients of this group consisted of
intravenous administration of propofol at a dose of
1.5 mg/kg of 40 mg at intervals of 15-20 seconds.
After the administration of a hypnotic agent, all
patients were administered intravenous fentanyl at
a dose of 1-1.5 ug/kg. After achieving an adequate
level of anesthesia, muscle relaxation was achieved
by intravenous administration of pipecuronium bro-
mide at a dose of 0.1 mg/kg, followed by tracheal
intubation. Maintenance of anesthesia — sevoflurane
1.5-2 MAC, analgesia was provided with fentanyl
(8—10 pg/kg/hour), relaxation — pipecuronium bro-
mide at a dose of 0.1 mg/kg.

Detailed initial characteristics of the compared
groups are given in Table 1.

As can be seen from table 1, there were no sig-
nificant baseline differences of patients in the study
groups.

Mechanical ventilation of the lungs in the exam-
ined patients of both groups was performed with
an air-oxygen mixture with FiO, 50 % in the nor-
moventilation mode under the control of blood gas
composition (mean value of arterial blood pCO, was
35-40 mm Hg).

CPB was performed on a SYSTEM 1 (Terumo,
USA) using AFFINITY disposable membrane
oxygenators (Medtronic, USA) under condi-
tions of moderate hypothermia (32 °C). CPB
blood flow was maintained at the level of 2.4-2.5
1/min/m?. Normovolemic hemodilution was used
during CPB with an average hematocrit level of
25-30 % and hemoglobin of 80-90 g/l. Blood
clotting was evaluated by activated clotting time
(ACT), maintaining it in the range of 500—600
seconds.

The clinical endpoints analyzed in this study
included low cardiac output syndrome (LCOS)
and postoperative atrial fibrillation (POAF).
LCOS include a decrease in cardiac index (CI) to
< 2.0 1/min/m? and systolic blood pressure < 90 mm
Hg in combination with signs of tissue hypoperfu-
sion (cold periphery, sticky, moist skin, confusion,
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Table 1

Characteristics of the initial parameters of the studied groups

Parameters First group (n = 60) Second group (n=60) The value of p at a =0.05
Age, years 60 (56; 63) 59 (54; 62) 0.419
Gender, n (%)

men 44 (73.33) 42 (70.00) 0.408

women 16 (26.67) 18 (30.00) '
Body weight, kg 95.7 £ 16.1 98.6 +17.3 0.345
FC, n (%)

>2 27 (45.00) 24 (40.00) 0428

>3 33 (55.00) 36 (60.00) '
EF, % 46.52 + 8.06 47.18 +9.61 0.681
EDV, ml 147.48 + 20.14 145.15 £ 21.17 0.537
MI, n (%) 13 (21.67) 11(18.33) 0.741
PCl, n (%) 9 (15.00) 8(13.33%) 0.886
AH, n (%) 40 (66.67) 42 (70.00) 0.723
Initial Hb, g/l 119.86 + 13.11 124.63 + 12.49 0.064

FC - functional class NYHA; EF - ejection fraction; EDV - end-diastolic volume; MI — myocardial infarction; PCl — percutaneous coronary

interventions; AH - arterial hypertension.

oliguria, elevated lactate) in the absence of hypo-
volemia.

Data are presented as arithmetic mean (M)
according to the results of each study =+ standard
deviation (SD). In case of abnormal distribution of
results, they were presented as Median (Me) and
1st (Q1) and 3rd (Q3) quartiles — Me (Q1; Q3).
Differences at p <0.05 (95.5 %) were considered sig-
nificant. Regression analysis of the obtained results
was performed with the help of the computer pro-
gram Statistica 10.

The study was conducted in compliance with
the basic provisions of the «Rules of ethical prin-
ciples of scientific medical research with human
participation», approved by the Declaration of
Helsinki (1964-2013). Each patient signed an
informed consent to participate in the study. The
study was approved by the Ethics Commission
of the Shupyk National Healthcare University of
Ukraine.

Results

We found a significantly shorter duration of
mechanical ventilation in patients of the first group
compared with the second group (2.0 (2.0; 3.0) h
versus 4.0 (3.0; 5.0), p < 0.001) in the early post-
operative period. It is also worth noting that in
the early postoperative period, patients in the first
group were 1.75 times (p = 0.088) less likely to need
reintubation compared with the second group, but
without a significant difference (6.7 % vs. 11.7 %,
p =0.088).

The patients of the first group developed POAF
more than twice less often (p = 0.031) compared to
the second group (Table 2).

Ventricular tachycardia or fibrillation were also
2.0 times less likely to occur in the first group,
although the results were insignificant (3.3 % vs.
6.6 %, p = 0.402). When analyzing the frequency of
conduction disturbances between study groups, it
was found that in the first group the development of
atrioventricular block was observed 1.5 times more
often (10.0 % vs. 6.7 %, p = 0.509), but all episodes
were associated with AV Grade T and II blockades
that were not life-threatening and did not require
the use of a pacemaker.

One of the most common cardiac complications,
which were found in both groups of the study, was
LCOS (Table 3).

In particular, the patients of the first group were
2.3 times less likely to develop LCOS compared to
the second group (11.7 % vs. 26.7 %, p = 0.037).
Accordingly, the inotropic agents in this group were
used less often during 24 hours compared to the se-
cond group (16.7 % vs. 31.7 %, p = 0.055).

In general, the length of stay in the ICU of
patients of the first group was significantly less com-
pared to the second group (2.0 (2.0; 3.0) days versus
3.5 (3.0; 4.0) days, p < 0.001). However, the total
duration of hospitalization didn’t significantly differ
between the study groups (11.0 (9.25; 12.75) days
versus 12.0 (11.0; 13.0) days, p = 0.056).

The results of the regression model
[F (8 N = 120) = 6.748, p < 0.001, R2 = 0.327]
showed that only LVEF before surgery (p = 0.036),
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Table 2

Frequency of postoperative atrial fibrillation

Atrial fibrillation

Total number

Research groups ~ of patients Chi-square P-value
First group (n = 60) 9 (15.0 %) 51 (85.0 %) 60
4.658 0.031
Second group (n = 60) 19 (31.7 %) 41 (68.3 %) 60 =
Ix
0 T
28
=
=
Table 3 = J
Frequency of LCOS in the early postoperative period O
Low cardiac output syndrome Total number A
Research groups § N Chi-square P-value
No of patients
First group (n = 60) 7 (11.7 %) 52 (88.3 %) 60
4.357 0.037
Second group (n = 60) 16 (26.7 %) 44 (73.3 %) 60
Table 4
Regression analysis of LCOS predictors
Step 1 Step 2
Indexes Beta (SE) Beta (SE)
Age, years -0.012 (0.07)
AH, degree 0.098 (0.074) -

LV EF before surgery, %

-0.102 (0.004) *

0.097 (0.004)

Duration of CPB, min

0.203 (0.03) *

0.176 (0.003) *

Duration of operation, min

0.042 (0.002)

Aortic cross-clamping, min

-0.078 (0.007) *

0.089 (0.007)

IL-6, pg/ml

0.565 (0.003) *

0.529 (0.002) *

Need for RBCM, doses

-0.109 (0.052)

* p < 0.05; LV EF - left ventricular ejection fraction; RBCM - red blood cell mass.

Table 5
Regression analysis of POAF predictors
Step 1 Step 2
Indexes Beta (SE) Beta (SE)
Age, years 0.535 (0.003)
AH, degree 0.153 (0.084) * 0.144 (0.083)

LV EF before surgery, %

0.023 (0.004)

Duration of CPB, min

-0.003 (0.003) *

-0.059 (0.003)

Duration of operation, min

0.027 (0.002)

Aortic cross-clamping, min

-0.108 (0.008)

IL-6, pg/ml

0.535(0.003) *

0.524 (0.003) *

Need for RBCM, doses

-0.46 (0.06) *

-0.063 (0.058)

*p < 0.05.
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the duration of CPB (p = 0.028), the duration of
aortic cross-clamping = 0.044) and the level of
interleukin(IL)-6 after CPB (p = 0.001) were sig-
nificant predictors of LCOS (Table 4).

At the same time, when removing insignificant
factors from the regression model, reliable indica-
tors for the prediction of LCOS were the duration
of CPB (p = 0.032) and the level of 1L-6 after CPB
(p = 0.004) (Table 4). The final statistical model
[F (4, N = 120) = 12.52, p < 0.001, R2 = 0.304] cov-
ers almost a third of all factors in the development of
LCOS. Thus, patients with longer CPB and higher
IL-6 levels were characterized by a higher incidence
of LCOS.

When constructing the regression model
[F (8, N = 120) = 6.11, p < 0.001, R2 = 0.335]
according to the predictors of POAF, we found that
only the degree of hypertension, duration of CPB,
level of IL-6 after CPB and the need in the RBCM
were significant predictors of POAF (Table 5).

Further, after removing insignificant factors from
the regression model, only the level of IL-6 after
CPB was a reliable indicator for prediction of POAF
(the final statistical model [F (4, N = 120) = 11.54,
p < 0.001, R2 = 0.286]). (Table 5). Thus, patients
with higher levels of 1L-6 were characterized by a
higher incidence of POAF.

Discussion

To date, multimodal low-opioid anesthesia for
pain control has become an important component
of perioperative management of the cardiac surgery
patients. It involves the use of additive or synergis-
tic combinations of analgesics to achieve clinically
necessary analgesia while minimizing significant
side effects associated with higher opioid doses [7].
As we can see from the results, our study demon-
strated the relative safety of low-opioid anesthesia
in coronary artery bypass grafting in patients with
coronary artery disease.

The safety of a low-opioid anesthesia has also
been reported in a number of other publications.
In particular, Wong WT and colleagues, in the lat-
est Cochrane meta-analysis, collected data from 28
studies (4438 patients) and did not note significant
differences in complications between high- and
low-dose opioid anesthesia regimens, namely heart
attack (BP 0.98, 95 % CI 0.48—1.99; eight studies,
1683 participants, low level of evidence), stroke
(BP 1.17, 95 % CI 0.36-3.78; five studies, 562 par-
ticipants, low level of evidence) and reintubation of
the trachea (BP 1.77, 95 % CI 0.38-8.27; five stud-
ies, 594 participants, low level of evidence) [15].
However, this analysis did not focus on high- and
low-dose opioid anesthesia regimens.

In addition, M. Greco et al., comparing the results
of patients given short-acting remifentanil and tra-
ditional opioids (fentanyl and sufentanil), found
that remifentanil reduced troponin levels, duration
of mechanical ventilation, and overall hospital stay
[8]. However, as in the study by W.T. Wong et al.,
this study did not specifically analyze the doses of
opioids used.

L.Q. Rong et al. in a large meta-analysis of
1,400 patients showed that low-opioid anesthe-
sia is safe and effective for use in cardiac surgery
in adult patients, and its effectiveness does not
depend on clinical characteristics of patients, type
of opioid used and opioid dose in groups with
low-opioid anesthesia [13]. Thus, in the meta-
regression analysis, the authors did not observe
the effect of age, sex, or type of opioids on the
difference between groups, although the length
of stay in the intensive care unit was shorter
when comparing short- and long-term opioids. In
addition, the study did not show a difference in
secondary clinical outcomes: perioperative hypo-
tension, vasopressor requirements, perioperative
MI, and perioperative stroke.

As for our study, low-opioid anesthesia was
characterized by a significantly lower incidence
of LCOS and POAE. Also, according to our data,
LVEF before surgery (p = 0.036), duration of
CPB (p = 0.028), duration of aortic cross-clamp-
ing (p = 0.044) and the level of 1L-6 after CPB
(p = 0.001) were significant predictors of LCOS.
Similar results were also demonstrated in a study
by W. Ding et al., who attributed the LV EF below
35 %, age less than 65 years, CABG with CPB,
emergency surgery and ineffective revasculariza-
tion [6]. In turn, according to our data, the degree
of hypertension, the duration of CPB, the level of
IL-6 after CPB and the need for RBCM were sig-
nificant predictors of POAF.

Due to the importance of 1L-6 levels in the
development of early cardiac complications,
a possible mechanism for reducing their fre-
quency in low-opioid anesthesia is a reduction
of the inflammatory response, which could be
achieved by direct opioid dose reduction and
the addition of lidocaine, ketamine or dexme-
detomidine. This hypothesis is confirmed by our
previous study, in which low-opioid anesthesia
was characterized by significantly lower levels
of TL-6 after CPB compared to standard doses
of opioids [10].

Taken together, the results confirm the safety of
clinical use of low-dose opioid anesthesia regimens
in cardiac surgery patients and emphasize the possi-
bility of a more conservative use of opioids in cardiac
surgery.
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Conclusions

Patients in the first group had a significantly
shorter duration of mechanical ventilation com-
pared to the second group (2.0 (2.0; 3.0) h vs. 4.0
(3.0; 5.0), p<0.001).

Patients in the first group were more than twice
(p = 0.031) less likely to develop postoperative
atrial fibrillation; 2.3 times less frequently observed
low cardiac output syndrome (11.7 % vs. 26.7 %,
p =0.037) compared to the second group; the length
of stay of patients in ICU in the first group was sig-

The authors declare no a conflict of interest.

nificantly lower compared to the second group (2.0
(2.0; 3.0) days versus 3.5 (3.0; 4.0) days, p < 0.001).

Significant predictors of low cardiac output syn-
drome were the duration of cardiopulmonary bypass
(p = 0.032) and the level of interleukin-6 after
cardiopulmonary bypass (p = 0.004), the final sta-
tistical model [F (4, N = 120) = 12.52, p < 0.001,
R2 = 0.304], while only the level of interleukin-6
after cardiopulmonary bypass was a reliable pre-
dictors of low cardiac output syndrome, the final
statistical model [F (4, N = 120) = 11.54, p < 0.001,
R2 = 0.286].

Participation of authors: project of work — S.M.; article writing — S.M., O.L., LM.; critical review of the

material — O.L., .M.
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C.P. MapyHsak -2, 0.A. JlockytoB "2, |.P. Manuw '

" HaujioHanbHMIM yHiBEPCUTET OXOPOHU 380POB'a YKpaiHu iMmeHi M.J1. Wynuka, Kuis
2 1Y «lHcTuTyT cepus MO3 Ykpainu», Kuis

AHani3 paHHix kapaianbHUX yCKIaAHEHb NicI aOPTOKOPOHAPHOTO LWYHTYBaHHS
NPy BUKOPUCTaHHI IBOX Pi3HUX CXeM aHecTe3ioNioriyHoro 3abesneyeHHs

MeTa po60Tu — aHani3 BNAMBY ABOX Pi3HNX CXEM aHeCTe3ioNoriYHOro 3abesneyeHHs Ha BUHUKHEHHS PaHHiX Kap-
JiaNbHUX yCKNagHeHb Y NaLieHTIB MiJ 4aC aOPTOKOPOHAPHOTO LWYHTYBaHHS 3i LUTYYHUM KPOBOObirom.

Martepianu i metopn. Y gocnigxeHHs 3anydeHo 120 nauieHTiB, SKMM BUKOHYBaNn aOpTOKOPOHAapPHE LYHTyBaHHS
B YMOBax LWTy4yHoro Kposoobiry. MegiaHa onepauiriHoro pmsnky 3a EuroSCORE Il — 3,45 % (2,15 %; 4,05 %).
BianoBigHO A0 cxemMu aHecTesionoriyHoro 3abesneyeHHs NaLieHTIB PO3ainMnn Ha ABi rpynu: nepla rpyna (n = 60) —
ManoonioigHa cxema aHecTesiofioriyHoro 3abesneyeHHs; gpyra rpyna (n = 60) — ctaHAapTHa CXxeMa aHecTe3ionorivyHo-
ro 3abesneyeHHs.

Pesynbratn. Y nauieHTiB nepuwoi rpynu Ginblie HiX yABidi pigwe cnocTepiraBcs PO3BMTOK MicisionepauinHoi
dibpunauii nepeacepab nopisHsHO 3 gpyroto rpynoto (15,0 % npotn 31,7 %, p = 0,031). Kpim Toro, B naLieHTiB nepLuof
rpynu y 2,3 pasy pigle cnocrtepiraBcs CMHAPOM HU3bkoro cepuesoro sukugy (CHCB) nopiBHSHO 3 apyroto rpynoto
(11,7 % npotn 26,7 %, p = 0,037). [loctoBipHMMU NokasHukamu ana nepepbadyeHHsas CHCB BusBunnca TpuBanicrb
LWTYy4YHOro kpoBoobiry (p = 0,032) Ta piBeHb iHTepnerKiHy-6 Nicna NPUNUHEHHS WTy4Horo KpoBoobiry (p = 0,004).
OcTaTouyHa ctatucTnyHa mogens [F (4; N = 120) = 12,52, p < 0,001, R2 = 0,304] oxonntoe Marxe TPeTUHY BCiX pakTopis
po3BuTKy CHCB. [loCTOBipHMM NMoKa3HMKOM Aid NepenbadeHHs nicnsonepauinHoi dhibpunauii nepeacepab OyB piBeHb
iHTepnerkKiHy-6 nicns NPUMNUHEHHS WTY4HOro KPoBOoOKiry, octaTouHa ctaTucTnuyHa mogens [F (4; N = 120) = 11,54;
p <0,001; R2 =0,286].

BucHoBKU. OTpUMaHi pe3ynsTaTv NiagTBEPAXYoTb 6e3neky KNiHIYHOro BUKOPUCTaHHS CXeM aHecTe3ionoriYyHoro
3abe3neyeHHs 3 HU3bKMUMM JO3aMU OMioIAIB Y KapAioXipypriYHMX XBOPUX Ta MiAKPeCioloTb MOXINBICTb Binbl KOH-
CcepBaTUBHOIO BUKOPWUCTaHHS OMioifiB y Kapaioxipyprii.

KnioyoBi cnoBa: aopTOKOpOHapHe LWYyHTyBaHHSA, ManoonioigHa aHecTesis, CMHAPOM Masioro CepLeBoro BUKMAY,
nicnsonepadjiiHa ¢ibpunauis nepeacepab.



