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Abstract: most anesthetic drugs have a cardiodepressant action, which in elderly patients leads to a
greater inhibition of the contractile functions of cardiomyocytes. Reducing the cardiodepressant action
during the induction of anesthesia in elderly patients can reduce the incidence of peri- and postoperative
complications and improve the safety of anesthesia in this category of patients. The aim of the study was
to improve the safety of anesthesia in elderly patients with ischemic heart disease (IHD) by determining
and applying an induction scheme with minimal cardiodepressant action. We examined 40 patients over
60 (in group 1, propofol and fentanyl were used for induction; in group 2, propofol, fentanyl, ketamine).
Hemodynamic parameters were recorded at the following stages: 1) upon delivery of the patient to the
operating room, 2) after administration of induction drugs, 3) after intubation, 4) 25 minutes after tra-
cheal intubation. The echocardiography data were used to calculate the stroke volume index (SVI) and
cardiac index (CI).

It was found that upon delivery of patients to the operating room, the values of hemodynamic param-
eters indicated the stability of the overall health status of patients (SVIwas 31.99 + 3.91 ml/m? for group
1 and 32.19 + 4.29 ml/m? for group 2; CI was 2.49 £ 0.32 I/min/m? for group 1 and 2.44 = 0.39 l/min/m?
for group 2). After the administration of drugs for induction, a decrease in the indicators characterizing
the contractility of the myocardium was recorded compared with the baseline: SVI was 90.7 = 3.71% for
group 1, 89.9 £ 5.86% for group 2, CI was 81.5 + 6.6% for group 1, 85.63 £ 10.17% for group 2. There
were no statistically significant differences in these indicators between the groups. After insertion of the
intubation tube, a significant difference (p < 0.05) between the groups was noted in the indicators of SVI
(99.91 £ 2.5% for group 1, 109.6 £ 8.16% for group 2 of the initial values) and CI (96.63 + 11.8% for
group 1, 110.38 £ 12.37% for group 2 of the initial values). In 25 minutes after intubation, statistically
significant differences between the groups were observed in the parameters of SVI (87.09 + 5.3% for
group 1, 108.21 + 8.32% for group 2; CI (79.59 + 10.11% for group 1, 108.29 + 9.95% for group 2).
Thus, it has been demonstrated that the addition of ketamine to the combination of propofol + fentanyl
prevents a decrease in myocardial contractility during induction into anesthesia in patients of the older

age group.
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Introduction

A feature of the normal aging process is a
physiological decrease in the functional reserves
of organs and systems after 40 (Griffiths, R. et
al, 2014). According to global studies, the risk
of ischemic heart disease (IHD) (Virani, S. S. et
al, 2021) also increases with age. Myocardial
remodeling and general vascular atherosclerosis
are observed in geriatric patients (Lakatta E. G.,
2003). As a consequence of IHD, which leads to
impaired blood supply, cardiac fibrosis occurs.
Age-related hypertrophy and decreased myocardial
contractility lead to a decrease in ejection fraction
and cardiac index.

Most anesthetic drugs have a cardiodepressant
action, which in the case of elderly patients with
IHD leads to a greater inhibition of the contractile
functions of cardiomyocytes (Reich, D. L. et al,
2005; Sudfeld, S. et al, 2017; Jor, O. et al, 2018;
Bijker, J. B. et al, 2009). According to the literature,
propofol, due to its relatively rapid metabolism,
directly reduces myocardial contractility (van
Klarenbosch et al, 2001) and also inhibits Ca?*
influx into cardiomyocytes, disrupting its metabolic
processes (Fassl, J. et al, 2011). As a result,
hypotension, which occurs due to vasodilation and a
direct negative inotropic effect on the left ventricle,
is a common side effect of the cardiovascular
system during induction of anesthesia.

The search for and deployment of methods
aimed at reducing the cardiodepressant action
during induction of anesthesia in elderly
patients will reduce the percentage of peri- and
postoperative complications, as well as improve
safety of anesthesia in this category of patients
(Schonberger, R. B. et al, 2022).

Aim

The aim is to improve the safety of anesthesia
in elderly patients with IHD by identifying and
applying an induction scheme with minimal
cardiodepressant action.

Materials and methods

The paper is based on the data that were
identified in elderly patients who underwent
coronary artery bypass grafting during a beating
heart without the use of artificial circulation at
the State Institution Amosov National Institute of
Cardiovascular Surgery of the National Academy
of Medical Sciences of Ukraine.
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The presented study included 40 patients, in
particular, 33 men (82.5%) and 7 women (17.5%).
According to the ASA physical status classification
system, all patients were classified as Class III-IV.
According to the Mallampati Score (Classification),
only patients of Classes I-II were included in the
study

The values of arterial and venous pressure
were recorded by invasive measurement, intra-
cardiac hemodynamics were recorded using
EchoCG.

The mean age of the persons under study was
67.00+5.79 (60-85 years old). The average number
of coronary artery bypass grafts was 3.14 +1.03
(from 2 to 5). All patients were divided into 4
NYHA classes (number of patients and percent
of the total population): FC I — 2 patients (5.0%);
FC II — 19 patients (47.5%); FC III — 18 patients
(45.0%); FC IV — 1 patient (2.5%). Among the
most common comorbidities, arterial hypertension
prevailed in 35 cases (87.5%) and type 2 diabetes
mellitus (13 patients, 32.5%).

For the purpose of premedication, each patient
was administered diazepam (0.25 mg/kg).

Using a computer program (randomization
method), patients were divided into 2 groups.
Induction of anesthesia in group 1 was performed
with propofol (2 mg/kg), fentanyl (2.0 pg/kg),
pipecuronium bromide (0.1 mg/kg); and in group 2
— propofol (2 mg/kg), fentanyl (2.0 pg/kg),
ketamine (0.5 mg/kg), pipecuronium bromide
(0.1 mg/kg). Anesthesia for both groups was
maintained by intravenous injection of propofol
(4 mg/kg/h) and fentanyl (2.0 ng/kg/h).

Hemodynamic parameters were recorded at
four stages: Stage 1 —upon arrival of the patient in
the operating room; Stage 2 — after administration
of drugs for induction of anesthesia; Stage 3 — after
intubation; Stage 4 — 25 minutes after successful
intubation and fixation of the intubation tube.
During these 25 minutes, additional vascular
catheterization, patient warming, and extended
transesophageal echocardiographic examinations
were performed to more accurately determine
the strategy for cardiac surgical intervention and
enhance patient safety.

For better understanding, we show the
deviation from the baseline in percentages at each
stage during the text.
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Results

During the first stage of the study, the overall
physical and psychological health status of
the patients was assessed as stable. The results
of the examination of patients at this stage are
summarized in Table 1.

As can be seen from Table 1, the indicators
characterizing the contractility (end- systolic
volume index — ESVI, end-diastolic volume
index — EDVI, stroke volume index — SVI,
ejection fraction — EF, cardiac index — CI) of
the heart were within the expected range for age
and corresponded to the data of the preoperative
examination. There was no statistically significant
difference between the parameters of groups 1 and
2 (in all cases, p > 0.05), which made it possible
to further conduct a reliable study of the effect
of changes in the pharmacological factor on
myocardial contractility.

After the administration of drugs for induction
according to the study design, the data were re-
registered and summarized in Table 2.

ESVI in group 1 was 102.9 + 2.15% of the
initial state, but in group 2 this parameter was
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recorded below the initial state (98.9 £ 3.1%).
However, comparing absolute values, this
difference in indicators did not have statistically
significant differences (p = 0.75). In both cases,
the EDVI decreased relative to the previous stage
(96.9 = 1.01% for group land 94.5 + 3.84%
for group 2 of the baseline data), p was 0.765
between groups. The values of SVI after the
administration of drugs for induction in both
cases decreased by almost 10% (90.7 £ 3.71%
for group 1, 89.9 £+ 5.86% for group 2, Fig. 1). A
similar trend was noted in the values of EF, which
was 93.6 £+ 3.32% for group 1, 95.01+ 3.05% for
group 2. The EF was recorded higher in the group
in combination with ketamine (1.4% higher), but
this difference was not statistically significant
(p = 0.7). After induction of anesthesia, the CI
also decreased and amounted to 81.5 £ 6.6%
for group 1 and 85.63 + 10.17% for group 2 of
the baseline value (p between groups = 0.555,
Fig. 2).

After the intubation tube was inserted and
securely fixed, the data were recorded again and
summarized in Table 3.

Table 1. Hemodynamic parameters of patients in groups 1 and 2 at the time of delivery to
the operating room

Parameters Group 1 (n =20) Group 2 (n =20) “p”

ESVI (ml/m?) 33.42+9.06 33.65 £ 10.46 0.9403
EDVI (ml/m?) 65.4+10.53 65.84 £12.55 0.9062
SVI (ml/m?) 31.99 £3.91 32.19+4.29 0.8775
EF (%) 49.55+6.31 49.68 £ 6.61 0.9486
CI (I/min/m?) 2.49+0.32 2.44+0.39 0.6746

The analysis of the data presented in the table indicates that the groups were statistically homogeneous.

Table 2. Hemodynamic parameters of patients of groups 1 and 2 after administration of

drugs for induction into anesthesia

Parameters Group 1(n = 20) Group 2 (n =20) “p”
ESVI (ml/m?) 3437+£9.36 | 102.9+2.15% 33.36+10.6 98.9+3.1% | 0.7520
EDVI (ml/m?) 63.4+10.29 | 96.9+1.01% 62.31£12.43 94.5+.84% | 0.7650
SVI (ml/m?) 29.03 +3.91 90.7 +£3.71% 28.95+4.38 89.9 +.86% | 0.9516
EF (%) 46.46 £6.78 | 93.6+3.32% 47.29+6.97 95.01£3.05% | 0.7043
CI (/min/m?) 2.02+0.25 81.5+6.6% 2.08+0.35 | 85.63+10.17% | 0.5550

* Additionally, the percentage deviation of the indicator from baseline values was noted.

The analysis of the data presented in the table suggests that immediately after drug administration, no statistically
significant changes in cardiac contractility indicators were observed between the groups.
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Table 3. Hemodynamic parameters of patients in groups 1 and 2 after intubation

Parameters Group 1(n =20) Group 2 (n=20) “p”
ESVI (ml/m?) 34.55+9.23 | 103.6+4.04% | 32.68+9.97 97.47+£6.58% | 0.5436
EDVI (ml/m?) 66.51 £10.36 | 101.8+2.39% | 67.84+12.72 103.2+4.27% | 0.7177
SVI (ml/m2) 31.96 £4.07 99.91 £2.5% | 35.16+4.52 109.6 £ 8.16% | 0.0241
EF (%) 48.68 £ 6.56 98.2+£2.53% | 52.57+5.95 106.23 £6.11% | 0.0564
CI (/min/m?) 239+03 | 96.63+11.8% 2.69+045 | 110.38+12.37% | 0.0209

* Additionally, the percentage deviation of the indicator

from baseline values was noted.

The analysis of the data that presented in the table indicates that statistically significant changes after intubation

were observed in the indicators SVI and CI.

As can be seen from Table 3, the trend of the
dynamics of the ESVI continued in accordance
with the previous stage with an increase in group
1 and a decrease in group 2 (group 1 = 103.6 £
4.04% and group 2 = 97.47 £ 6.58%, p = 0.54).
At this stage, the EDVI was registered above the
baseline values in both groups (101.8 £ 2.39% for
group 1, 103.2 £4.27% for group 2 of the baseline
data, p=0.72). The SVI in group 1 almost reached
the baseline level (99.91 + 2.5%), and in group 2
this indicator was registered above the baseline
values, 109.6 + 8.16% (Fig. 1). The statistically
significant difference between the indicators was
confirmed by “p” and amounted to 0.024. When
registering the EF, it was found that for group 1
this indicator was 98.2 = 2.53% of the baseline
data, and for group 2 — 106.23 + 6.11%, but the
reliability of the difference between the values
was not statistically confirmed (p = 0.056). The
CI differed between groups at this stage, with a
predominance of the index in the group with the
addition of ketamine (group 1 =96.63 £ 11.8%,
group 2=110.38 + 12.37%, Fig. 2). This difference
was confirmed statistically, p = 0.02.

At the final stage of the study, 25 minutes after
intubation, the hemodynamic parameters that were
recorded are shown in Table 4.

According to Table 4, at the final stage of the
study, most of the hemodynamic parameters had
a statistically significant difference between the
groups, which confirmed the effect of adding
ketamine to the combination of propofol + fentanyl.
The ESVIin group 1 was higher than the baseline
level (110.13 + 4.24%), in group 2 — lower than
the baseline level (95.04 + 7.01%), “p” between
groups = 0.109. The EDVI in both groups almost
reached the level of baseline values, and amounted
to 98.62 £ 2.77% for group 1 and 101.21 + 4.72%
for group 2, “p” between groups = 0.565. The SVI
was significantly different: group 1 =87.09 +5.3%
of the baseline values, group 2=108.21 + 8.32% of
the baseline data (Fig. 1). The significance of this
difference was confirmed statistically (p < 0.001).
A similar trend was observed in the value of
EF, which was 88.3 +3.58% in group 1 and
106.89 + 6.22% in group 2 of the baseline values.
This difference of 18.63% between the groups was
significant (p value was confirmed to be <0.001).

Table 4. Hemodynamic parameters of patients in groups 1 and 2 25 minutes after intubation

Parameters Group 1(n =20) Group 2 (n =20) “p”
ESVI (ml/m?) 36.57 £9.05 110.13 £4.24% | 31.78 £9.39 | 95.04 +7.01% 0.1090
EDVI (ml/m?) 64.4 +£9.91 98.62+£2.77% | 664+11.76 |101.21+4.72% |0.5650
SVI (ml/m?) 27.83+£3.70 | 87.09+5.3% 34.61+3.73 | 108.21 £8.32% | <0.0001
EF (%) 4378 +£6.18 | 88.3+3.58% 5286 £5.78 | 106.89 +6.22% | <0.0001
CI (I/min/m?) 1.97+0.3 79.59 £10.11% |2.63 +0.34 108.29 £9.95% | <0.0001

* Additionally, the percentage deviation of the indicator from baseline values was noted.

The analysis of the data presented in the table indicates that 25 minutes after intubation, statistically significant
changes were observed in three indicators: SVI, EF and CI.
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Fig. 1. Dynamics of the SVI (ml/m?)
in group 1 (n=20) and group 2 (n = 20) at the stages
of the study

A significant difference between the groups was
also recorded in the CI, which was recorded at
79.59 £ 10.11% for group 1 and 108.29 + 9.95%
for group 2 (“p” between groups < 0.001, Fig. 2).
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Fig. 2. Dynamics of the CI (/min/m2) in group 1
(n =20) and group 2 (n = 20) at the stages of the
study

Discussion

When analyzing the data obtained, it should
be noted that there is a general trend in changes in
hemodynamic parameters such as EF, CI. The use
of the classical combination of propofol + fentanyl
leads to a cardiodepressant action, as a result of
which cardiac contractility decreases. However,
with the addition of ketamine, it is possible to
avoid significant fluctuations in hemodynamics
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and maintain cardiac contractility within the range
closer to the baseline values.

It was found no difference in changes in ESVI
and EDVI at stages 2-3 between the observation
groups (after the administration of drugs for
induction, the p-value for ESVIwas 0.7520 between
the groups, for EDVI - 0.7650; after intubation,
ESVI was 0.5436, and EDVI — 0.7177). However,
integral indices such as SVI and EF, based on the
values of ESVI and EDVI, showed statistically
significant differences between the groups. Thus, it
was found that insignificant differences in changes
in ESVI and EDVI in total lead to a significant
difference in the integral indices of myocardial
contractility. This likely occurred because ketamine
is a sympathomimetic agent that stimulates the
release of endogenous catecholamines, particularly
norepinephrine, which increases myocardial
contractility and supports hemodynamic stability
[Zhou, N. et al, 2022]. At the stage after the
intubation tube placement, the p-value between
the groups for the SI was 0.0241, and for the CI —
0.0209. It is important to note that in the classical
induction scheme, the short-term recovery of the
EF immediately after intubation (presumably due to
the release of its own catecholamines at the stage
of intubation) subsequently has a steady downward
trend. At the same time, in group 2 (with the addition
of ketamine), the increase in the EF immediately
after intubation leads to an excess of baseline values,
and subsequently has a steady upward trend. This
fact is of significant clinical importance in patients
of the older age group with IHD.

This may indicate that, depending on the
chosen induction scheme, classical or modified,
there will be a different effect on the myocardium.
When ketamine is added to the classical anesthesia
induction scheme, a lesser cardiodepressant action is
observed after intubation and 25 minutes afterwards.

Our data have been confirmed by the results
of global studies. It should be noted that these
scientific papers investigated the hemodynamics
of patients of a younger age group, as well as
the physiological status according to ASA I - 1L
Our results have expanded the data on the effect
of drugs for induction of anesthesia with the use
of ketamine on the hemodynamic parameters of
patients with IHD of the older age group with ASA
Groups IIT and V.
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Similar results of fluctuations in the EF and myocardial contractility during induction of
CI were obtained by Trimmel H et al. [Trimmel, anesthesia, which is an important component of
H. et al, 2018], Tu W et al. [Tu, W. et al, 2021], maintaining a stable blood pressure level in the
Zhou N et al. [Zhou, N. et al, 2022], in which peri- intubation period. The use of a combination
higher myocardial contractility and less fluctuation of drugs together with ketamine can improve the
in hemodynamic parameters were recorded with safety of anesthesia in elderly patients with IHD,
ketamine. Our results complement previous studies as it reduces the risk of cardiac depression due to
on the evaluation of these parameters by including the action of propofol and fentanyl.

patients with high perioperative risk, such as Funding
elderly patients with THD. This study received no external funding.
Conclusion Conflict of interest
The use of traditional induction drugs, such as The author declares no conflict of interest.
propofol and fentanyl, leads to a cardiodepressant Consent to publish
action, which is manifested in a decrease in the Consent to publish this paper was obtained
SVI and EF by 15% from the baseline in the from all patients who participated in the study.
peri-induction period. Together with the negative In accordance with the provisions of the
vasodilating effect of analgesic drugs, this Committee on Publication Ethics (COPE)
phenomenon leads to a decrease in blood pressure ORCID ID and authors contribution

(BP). This is dangerous in elderly patients with IHD, 0000-0003-3282-6539 ( A, B, C, D, E, F )

as a decrease in perfusion pressure in atherosclerotic ~ Andrii Vitovskyi

coronary arteries can lead to zonal myocardial A — Work concept and design, B — Data

ischemia and life-threatening arrhythmias. collection and analysis, C — Responsibility for
The addition of ketamine to the combination statistical analysis, D — Writing the article, E —

of propofol + fentanyl prevents a decrease in Critical review, F — Final approval of the article.
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Anomauia: Oinvwicms anecme3ionociuHux npenapamis Maoms KapoiooenpecugHui egexkm, wo y
nayieHmis cmapuio2o 8iky npu3e00umv 00 OLIbUL020 NPUSHIYEHHS CKOPOMAUBOT (hyHKYII Kapoiomioyumis.
3menuenns kapoiodenpecugno2o 6NIUBY nid uac iHOYKYii aHecmesii y nayicHmie cmapuioi 8ikoeoi epynu
Modice 3HUUMU 4aCTomy nepu- ma niciaonepayiiHux yYCKiaoHeHsb i nioguwumu Oe3nexy npogeoenHs
anecmesii 6 Oanili Kamezopii xeopux. Memorw pobomu cmano nioguujenHs Oe3neKu NpoBeodeHHs.
anecmesii y nayieumie cmapuioi 8ikoeoi epynu 3 IXC winaxom 6usHayeHHs ma 3acmocy8aHHsi CXeMu
iHOYKYIi 6 anecmesito 3 MIHIMANbHUM KapoioldenpecusHum egpekmom. byno obcmedceno 40 nayienmis
cmapuwe 60 poxis (8 ep. 1 3acmocosysanuce npenapamu 011 iHOYKyii nponoghon ma ¢henmanin; y
2p. 2 3 euxopucmauHam npenapamie nponoghon, enmanin, xemamin). I eMOOUHAMIUHI NOKAZHUKU
PeECmpysanucy Ha Hacmynuux emanax: 1) npu docmasnenti nayicuma 6 onepayitiny; 2) nicjis 66e0eHHs.
IHOYKYitiHUX npenapamis, 3) nicasa inmyoayii; 4) uepesz 25 xeunun nicaa inmybayii mpaxei. 3a oaHumu
ExoKT pospaxoeysanu yoapuuii inoexc (V1) ma cepyesuii inoexc (CI).

Bcmanosneno, wo npuoocmasnenninayienmis 00 onepayiiiHoi 3HauenHs 2eMOOUHAMIYHUX NOKA3HUKIG
ceiouuny npo cmabinbHicme 3azanvHo2o cmary nayieumis (VI ons ep.1 cmanosue — 31,99+3,91 mn/m?,
onsi ep.2 — 32,1944,29 mn/m2, CI ons ep.1 — 2,49+0,32 n/xe/m?, ons ep.2 — 2,44+0,39 n/xe/m?). Ilicasn
86edenHsl npenapamis 0 iHOYKYii, 3apeccmpo8aHo 3HUINCEHHS NOKA3HUKIG, WO Xapakmepusyromb
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CKOPOMIUBY 30AMHICINb MIOKAPOA 8 NOPIBHAHHI 3 UXIOHUM pisHem: VI cmanosue onaep.1—90,7+3,71%,
ona 2p.2 — 89,9+5,86%, CI ons ep.1 — 81,5+6,6%, ona ep.2 — 85,63+10,17%. Cmamucmuuno 3sHauyujoi
BIOMIHHOCII RO YiM NOKAZHUKAM MIdiC 2pynamu He cnocmepieanucs. Ilicis 6cmanogniens inmyoayiinoi
mpyoku docmogipra giominnicme (p<0,05) mionc epynamu 6yna eiomivena 6 noxazunuxax YI (ona ep.1 —
99,914+2,5%, ona ep.2 — 109,6£8,16% euxionux 3nauenv) ma CI (ona 1 epynu — 96,63+11,8%, oaa
2 epynu — 110,38+12,37% 6i0 euxionux 3nauenv). Yepes 25 xeunun nicaa inmybayii cmamucmuyHo
3Hauywji 8IOMIHHOCMI Midc 2pynamu cnocmepieanucy y napamempax VI (ep.1 — 87,09+5,3%, ona ep.2 —
108,21£8,32%;, Cl (ep.1—79,59+10,11%, ep.2 — 108,29+9,95%). Taxum uurom npooemoHcmpo8aHo, uo
000a6anHs npenapamy Kemamin 00 KomMOiHayii nponogon+genmanin 3anobieae 3HUNCEHHIO NOKAZHUKIG
cKopomaueocmi Miokapoy nio uac iHOyKyii 8 anecmesito y nayicHmis cmapuioi 8ikoeoi epynu.

Kurouosi ciioBa: inmemiuna xBopo0Oa cepliis, anectesis, mpornodoi, (eHTaHi, KeTaMiH, ceple.
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