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ABSTRACT

BACKGROUND: Demographic ageing of the society and the growing demand for medical service
among the elderly citizens require perfecting the anesthesiology approaches. AIM: Evaluation
of the efficiency of using various types of electroencephalography-based monitoring when performing
general anesthesia in the settings of ENT-surgery in geriatric patients. METHODS: The randomized study
included 99 patients (70-85 years old, ASA Ili-1V) who underwent surgery under general anesthesia for
ENT pathology. The patients were distributed into three groups: Group A (n=33) — anesthesia controlled
by CONOX — monitoring, Group B (n=33) — no cerebral monitoring, Group C (n=33) — controlled by
BIS monitoring. The controlled parameters included the dosage of the medicinal products (Propofol,
Fentanyl, Sevoflurane), the hemodynamics, the rates of intraoperative awakenings, postoperative nausea
and vomiting, the need for additional pain medications and the parameters of the cognitive functions before
and after surgery. RESULTS: The Propofol dosage in Group B was higher than in Groups A and C (p=0.016
and p=0.012 respectively). The concentration of Sevoflurane in Group C was lower (p=0.016), than in
Groups A and B. Hemodynamic disorders and postoperative nausea/vomiting were more often observed in
group B. Intraoperative awakenings were reported in 3% of the patients in Group A, in 9% for Group B and
in 6% patients in Group C. Additional pain management was required in 39% of the patients in Groups
A and B along with 42% in Group C, no statistical difference was found between the groups. Cognitive
functions were better preserved in Group A with the duration of general anesthesia being more than
120 minutes (p=0.044). CONCLUSION: Anesthesiology monitoring based on electroencephalogram
parameters, optimizing the dosages of the medicinal agents, decreases the rates of hemodynamic
disorders, of intraoperative awakenings and of postoperative nausea and vomiting. Combined with the
clinical monitoring of the electroencephalogram parameters, this accelerates rehabilitation and improves
the surgery outcomes. The optimization of the dosage of opioids with controlling the anesthesia depth
index (the Nociception Index, gNOX) positively affects the postoperative cognitive status of the patients.
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BACKGROUND

In parallel with the development of anesthesiology,
a necessity has appeared to control the efficiency of
general anesthesia components (syncope or hypnosis,
analgesia, neurovegetative block and myorelaxation),
for both the insufficient anesthesia level, resulting
in subconscious sensation of pain or anesthesia
awareness, and the excessive anesthesia depth can
serve as the predictors of negative consequences
with increasing the neurotoxic effects of anesthetic
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drugs, which is especially important among the
aged and elderly patients [1-3]. Inadequate level
of sedation and analgesia in such patients can act
as an inductor of the onset and further progression
of encephalopathy. Multiple research works have
correlated the development of postoperative delirium
and postoperative cognitive dysfunctions with
excessive sedation depth, with its duration being more
than 120 minutes and with the age of the patients —
older than 65 years [4-6]. Besides, possible effects of

The article can be used

under the CC BY-NC-ND 4 license /
Jvuensuns CC BY-NC-ND 4


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/clinpract637234
https://crossmark.crossref.org/dialog/?doi=10.17816/clinpract637234&domain=PDF&date_stamp=2024-12-15

OPUTUHAJIbHOE NCCJTIEAOBAHUE

HEWHBA3UBHbI AHECTE3UOJIOTUYECKUN
MOHUTOPUHI HA OCHOBE SJIEKTPOSHLUE®AJIOTPAMMDI
Y TEPUATPUYECKUX MALMEHTOB B JIOP-XUPYPTUA

M.X. Anb-Tycarinn!, T.B. Knbina?, N.A. Mangenb? 3, M.C. OpexoBa*

1 HaumoHasbHbI MeAVLMHCKUIA UCCNEQ0BaTENbLCKUIN LEHTP oTopuHonapvHronorun, Mockea, Poccusi;

2 ®epeparbHbIil HayYHO-KIIMHUYECKUI LEHTP CrieLanv3ypoBaHHbIX BULOB MEAULMHCKON MOMOLLY Y MEQULIMHCKIX TEXHOMOTUIA,
Mocksa, Poccus;

3 MepBbii MOCKOBCKMIA rOCYAAPCTBEHHbI MEANLIMHCKINIA yHMBEpcuTeT umeHn U.M. CeveHoBa (Ce4eHOBCKMiA YHUBEPCUTET),
Mocksa, Poccusi;

4 depeparbHbIii KNMHUYECKINIA LIEHTP BbICOKMX TexHosoruin, Mockea, Poccust

AHHOTALUMUA

O6ocHoBaHue. [emorpagpuyeckoe cTapeHne obLyecTsa M pacTyljasi noTpebHOCTb B MeAULMHCKOM
obcayxuBaHUM MOXWUAbIX rpaxaaH TPeOyrT yCOBEPLUEHCTBOBAHWSI aHEeCTEe3UNO0MM4YeCcKuX Moagxoa0B.
Lenb nccnegosaHmnsi — oLeHNTb 3(hHEKTNBHOCTL MPUMEHEHNS PA3/INYHBIX BUAOB MOHUTOPVHIa Ha OC-
HOBE 3JIeKTPO3HLepanorpagpui npu nposegeHnn obLyer aHectesun B JIOP-xupyprim y naymneHToB re-
puatpudeckoro rnpoguns. Metogsel. B paHgomuaupoBaHHOe vccaefoBaHne Bk/oYeHbl 99 naymeHToB
(70-85 net, ASA llI-1V), npoonepupoBaHHbIX B ycioBusix obLyen aHectesunu rno nosody JIOP-natonorvm.
lNaymeHTbI pasgeneHsl Ha Tpuy rpynnsi: rpynna A (n=33) — aHecTesus nog koHTposaem moHutopa CONOX,
rpynna B (n=33) — 6e3 LepebpasibHoro MoHuTopuHra, rpynna C (n=33) — nog KoHTposem moHuTopa BIS.
OueHvBamcb [O3MPOBKU MpenaparoB (Mporogosn, ¢eHTaHwua, ceBogypaH), reMoguHamvka, 4Yactora
VHTPaornepaymoHHbIX MPOBY)XAEHWH, MOCeonepaymnoHHast TOLHOTa 1 pPBOTa, MOTPEOHOCTb B JOMOJIHU-
TeJIbHOM 06e360/IMBaHNN Y KOrHUTUBHbIE (YHKLMY [0 1 rocse onepayun. Pe3yneratel. [Jo3a rnponogo-
na B rpynne B 6bina Beilwe, 4em B rpynnax A n C (p=0,016 n p=0,012 coOTBETCTBEHHO). KOHLEHTpaumns
ceBogniypaHa B rpyrnne C 6bina HWxe (p=0,016), 4em B rpynnax A n B. [emoguHammn4eckue HapyLLeHUs
v rocieornepaymoHHas TOLLUHOTa 1 pBoTa Habagaance vaLye B rpynne B. VIHTpaonepaumnoHHbIe npobyk-
LeHnsi oTmeyeHbl y 3% nayveHToB rpynnbl A, y 9% — rpynnsi B, y 6% — rpynnsl C. [JonoaHuTensHoe
ob6e3bosmBaHne notTpeboBasock 39% nauymeHToB rpynn A v B, 42% — rpynnel C 6€3 cTaTucTn4eCcKo pas-
HULbI Mexay rpynnamu. KorHUTUBHbIE (hyHKLMK JTyHLLIE COXPaHSINCK B rpyrne A npy 4/IMTesIbHOCTY 06-
Lev aHectesuy 6onee 120 MuHyT (p=0,044). SaknroyeHune. AHeCTE3NOIOrNHECKNI MOHUTOPUHI HA OCHOBE
371EKTPO3HLEehanorpaMmmbl, ONTUMUINPYST JO3UPOBKY MpPernaparoB, CHUXAET YacTOTy reMoanHaMn4eCKmx
HapyLUeHUN, NHTPAaornepaLoHHbIX MPOBYXXAEHWI 1 NOCIeonepaLMoHHbIX TOLLUHOTbLI U PBOThI. B coyeTaHum
C KJIMHUHECKUM MOHUTOPVIHIOM 3/1EKTPO3HLEehanorpaMmbl YCKOPSIIOTCS BOCCTAHOBIEHNE W YITy4LLIaIOTCS
vcxogel onepayun. OnTyuMm3aums O3VPOBKY OMYUOMLOB 104 KOHTPOJIEM MHAEKCAa yOuHbI aHaslbre3mm
(QNOX) nonoXXuTesibHO B/NSIET Ha MOCE0MNepPaLMOHHbIA KOrHUTUBHBIN CTaTyC naLueHTOB.
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anesthesia were shown with regard to the manifestation
and progression of the Alzheimer’s disease [3].

Due to the advances in the methods of obtaining
and processing the electroencephalography (EEG)
signals, from 1990s, the set of tools available to
anesthesiologists was supplemented with the methods
to evaluate the anesthesia depth in the real time mode
during surgical interventions [7]. The widely known
methods of additional monitoring in anesthesiology

include the EEG bispectral index (BIS) — the parameter
that measures the sedation depth [8, 9]. The CONOX
monitor (Fresenius-Kabi, Germany), along with the
sedation depth index (quantitative consciousness index,
qCON), using the frontal electroencephalography /
electromyography data, also calculates the quantitative
nociception index (QNOX) using the neuronal network to
calculate the power ratios for various EEG frequencies
(adaptive neuro-fuzzy inference system, ANFIS) and
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the suppression splashes [10-12]. Both indexes —
qCON and gNOX — can reflect the EEG changes in
response to pain stimuli, though the gNOX reaction is
more dynamic than gqCON. This is due to the fact that
the increase of gNOX is a consequence of developing
EEG changes directly from pain stimulation, while the
increase of qCON is resulted by the secondary effect of
pain stimulation. The calculations of gCON and gNOX
can be affected by the use of muscle relaxants [12].

Research aim — to evaluate the efficiency of various
types of electroencephalography-based monitoring
upon performing the general anesthesia in the settings
of ENT-surgery among the geriatric patients.

METHODS

Research design

A single-centre open-label prospective randomized
controlled research was arranged.

Several results of the present research were
published earlier and were describing the intraoperative
monitoring of sedation depth and analgesia in patients
older than 70 years in the settings of ENT-surgery.
The present article is the continuation of previously
performed research work with the inclusion of Group C
(the use of BIS-monitoring) and with summarizing the
results for all the three research groups [13].

Conformity Criteria

Inclusion criteria: age from 70 years and older;
patients operated due to the presence of ENT-diseases.

Non-inclusion criteria: psychiatric and neurological
diseases (including chronic alcoholism or drug abuse);
significant decrease in the cognitive functions (MMSE
scores <24).

Exclusion criteria: the use of artificial ventilation
during the postoperative period.

Research facilities

The research was carried out within the premises
of the Federal State Budgetary Institution “National
Medical Research Center for Otorhinolaryngology” of
the Federal Medical-Biological Agency (FSBI NMRCO
of the Russian Federal Medical-Biological Agency).

Research Duration
From January 2021 until June 2024.

Medical Procedure Description

The research included 99 patients aged 70-85 years
with a grade Ill-IV physical status according to the
surgical-anesthesiological risk scale from the American
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Society of Anesthesiologists (ASA) and undergoing
ENT surgeries. All the patients were receiving general
combined anesthesia using the endotracheal method.
Intravenous induction of anesthesia — consequential
administrations of Fentanyl (1-2 ug/kg) and Propofol
(0.60-1.90 mg/kg). Tracheal intubation after relaxation
with Rocuronium bromide (0.6-0.8 mg/kg), maintaining
relaxation with the fractional dosages of 0.2-0.4 mg/kg.
All the patients were receiving anesthesia with
Sevoflurane using the low-flow method with the flow
of air-oxygen mixture at a rate of 1 I/min. The oxygen
concentration in the air mixture is 30-50%.

In all the groups, the evaluation of minute pulmonary
ventilation, the respiratory capacity, the concentration
of Sevoflurane and the partial pressure of carbon
dioxide upon inhaling and exhaling was carried
out using the anesthesia machines manufactured
by General Electric (USA): GE Care Station 620,
GE AVANCE CS 2, GE DATEX-OHMEDA.

The patients were divided into three groups. In
Group A (n=33), general anesthesia was carried out
with the controls by means of the CONOX monitor;
patients of Group B (n=33) were not controlled by
cerebral monitoring; patients from Group C (n=33) were
receiving general anesthesia with the BIS monitoring
(BIS VISTA manufactured by Medtronic, USA). All the
patients were undergoing standard intraoperative
monitoring (non-invasive measurements of blood
pressure, heart rate, respiration rate and blood
hemoglobin saturation with oxygen).

For the evaluation of the cognitive status, all the
patients underwent the MMSE test (mini-mental state
examination) [14]. The testing was carried out twice
within 24 h — before surgery and in 24 hours after
surgery. In Group A, the anesthesia tactics was based
on analyzing the gCON and gNOX indexes.

After the induction of anesthesia and tracheal
intubation, Sevoflurane inhalations were beginning
from the concentration of 5-8% by vol. with
a background of moderate hyperventilation (etCO,
30-34 mmHg). Upon achieving the minimal alveolar
concentration (MAC) of 1.0, normoventilation was
initiated (etCO, 34-42 mmHg), with the beginning of
surgical intervention taking place with a background
of decreasing the Sevoflurane concentration to
1.0-1.5% by vol. and with the MAC reduced to 0.7-0.8
(15-20 minutes after the induction with further
correction of the concentration of the anesthetic agent,
if necessary). Fentanyl was fractionally administered
with portions of 1 pg/kg (once every 15-20 minutes).
Constant registration was set for the gCON and gNOX
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indexes (every 15 minutes). During surgery, the gqCON
value was maintained at the level of 40-60. When the
values were dropping below <40, the Sevoflurane
concentration was also decreased, while in cases of
elevation above >60, the concentration was increased,
maintaining the gNOX value at the level of 40-60.
If the gNOX index was increasing above 60, the patient
was additionally receiving 1 pg/kg of Fentanyl.

In Group B, analgesia was provided by Fentanyl
calculated as 1-2 pg/kg every 30-35 minutes,
additional administrations of Fentanyl and/or
changes in the Sevoflurane concentration in the
inhaled air mixture were regulated empirically with
analyzing the hemodynamic parameters (decreased
or increased mean blood pressure and/or heart rate
by more than 20% comparing to the baseline), the
half-elimination time of the medicinal products and
the intensity of the pain stimuli (depending on the
stage of surgery).

In Group C, similar to Group A, the dosages of the
anesthetic agents (Propofol and Sevoflurane) were
adjusted based on the BIS levels. The Fentanyl dosage
was taken empirically, just like in Group B. During the
course of the surgery, the BIS levels were maintained at
the level of 40-60. If the levels were dropping below 40,
the concentration of Sevoflurane was decreased,
if the levels were exceeding 60 — increased.

For the evaluation of the postoperative pain, Pain
Visual Analogue Scale (VAS) was used, according to
which, the score under 4 cm was classified as weak,
4-7 cm — moderate, =7 cm — severe pain [15].
The presence of postoperative delirium (confused
consciousness) in patients was evaluated using the
CAM-ICU scale (Confusion Assessment Method for
Intensive Care Unit) [16].

Research outcomes

After surgery, the analyzed parameters included
the total consumption of Propofol, Sevoflurane
and Fentanyl; the intraoperative hemodynamical
profile (blood pressure, heart rate); the cases of
postoperative delirium; the rate of initial manifestations
of intraoperative awakening (initial vegetative changes
expressed as the acceleration of pulse, developing
spontaneous respiratory movements and elevation of
airway pressure were considered as being the initial
manifestations of intraoperative awakening, in all the
cases theses manifestations lasted for 1-3 minutes,
during the postoperative period, all the patients had
no memories of intraoperative awakening) as well as
postoperative nausea and vomiting.

Subgroup analysis
The subgroup analysis was based on the duration
of general anesthesia (<120 or >120 minutes).

Methods for registrations of outcomes

We have used the medical records and the protocols
of anesthesiology aid along with the parameters
recorded by CONOX and BIS monitors.

Ethical review

The conduct of the research was approved by the
local Ethics Committee of the Federal State Budgetary
Institution “NMRCOQO” of the Russian Federal Medical-
Biological Agency (protocol No. 4/23, dated 27.11.2023).

Statistical analysis

Taking into consideration the research aim, the
correlation between the intraoperative dosages of
hypnotic and narcotic medications and the levels
of sedation depth (BIS) or the depth of sedation
and analgesia (CONOX), in order to calculate the
sample size, we have used the significance level of
0.05 to avoid the type | error (alpha level, bilateral),
and the level 0.20 to avoid the type Il error (beta),
using the Spearman’s correlation coefficient of 0.5.
Thus, each group needed to contain not less than
32 patients [17, 18].

The statistical processing of the research results
was carried out using the SPSS software (version 26,
IBM, USA). For the purpose of defining the
correctness of sample distributions, the Kolmogorov—
Smirnov non-parametric test was used. Data were
provided as absolute values (rates in percentages)
or medians with the 25th and 75th percentile
(Me [25%; 75%)]) depending on the type of data. The
analysis of differences between the groups was done
using the Mann-Whitney method or the chi-square
test and the Fisher’s exact test, depending on the
data. The dynamic analysis of intragroup data
differences was carried out using the Wilcoxon
test. The correlation analysis was conducted
using the Spearman’s test (rho). The direction
(direct or reverse) and the strength of correlational
relationships were determined by the coefficient
level: in case of rho >0, the relation was considered
direct, while the rho <0 was considered reverse. The
strength of the relation (rho) was evaluated as weak
if the value was <0.3, as moderate — if the value was
0.3< rho <0.7 and as strong for the levels of >0.7. The
statistically significant level was stated for the p value
being <0.05.
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RESULTS

Research sample (participants)

The patients of three research groups did not differ
in terms of clinical-demographic characteristics, the
severity of surgical interventions and concomitant
diseases also did not statistically differ (p >0.05). The
perioperative evaluation of the patient’s cognitive
status (MMSE) between the groups before and after
surgery did not differ (p >0.05).

Main research outcomes

Monitoring the analgesia depth (in group A) has
allowed for administering lesser dosages of Fentanyl
boluses (0.5-1 pg/kg every 15-20 minutes instead of
1-2 pg/kg every 30-35 minutes in Groups B and C),
though more frequent (every 15-20 minutes) depending
on the analgesia level, not causing any sudden changes
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in the hemodynamic parameters. The use of BIS in
Group C has allowed for decreasing the total Sevoflurane
dosage. The dosages of Propofol in Group B (where
empirical calculation was used) were higher than in
group A, and higher than in Group C (table 1).

The difference in the number of cases of
hemodynamic disorders (p=0.240), postoperative
nausea and vomiting (p=0.538), initial manifestations
of intraoperative awakening (p=0.587), postoperative
delirium (p=0.771) and postoperative pain (p=0.959)
between Groups A, B and C was insignificant (Fig. 1).

The rate of postoperative nausea and vomiting
was 18% in Group B, 9% — in Group A, 12% —
in Group C, which, according to the correlation
analysis data, was related to the duration of the
surgical intervention [(rho)=0.472; p=0.001)], to
the usage of insufficient dosages of Fentanyl

Table 1

The comparison of the dosages of the anesthetic agents and opioid analgesics between groups, Me [25%:; 75%]

Group P
Drug A (CONOX) B (control) C (BIS)
(n=33) (n=33) (n=33) A/B B/C A/C A/B/C
Propofol, mg/kg 1.6 [1.30; 1.77] 1.76 [1.54; 1.90] 0.71 [0.62; 1.14] 0.016 0.012 0.325 0.129
Fentanyl, ug/kg 1.92 [1.62; 3.13] 2.21 [1.35; 3.71] 2.07 [1.71; 2.38] 0.672 0.439 0.428 0.444
Sevoflurane, MAC 1[1; 1] 1[1; 1] 1[0.80; 1.07] 0.539 0.135 0.067 0.016
Note. Semi-bold font indicates statistically significant parameters (p <0.05).
%
45 4 42
40 | 39 39
35 -
30 4
25 | 24
20 4 18 18
15 1 12
10 4 9 9 9
6 6
5 4 3 l 3 3
0
PONV POD Pain Hem. dis. Awakening
A HB c

Fig. 1. The adverse effects in the peri-operational period. A, B, C — study groups; PONV — postoperative nausea and
vomiting; POD — postoperative delirium; Pain — postoperative pain; Hem. Dis. — hemodynamic disorders; Awakening —

initial manifestations of intraoperative awakening.
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[(rho)=-0.259; p=0.010)] and to the presence of
postoperative pain [(rho)=0.411; p=0.001)].

Postoperative delirium, expressed as mild short-
term disorders, has resolved with no special therapy
within several hours after surgical intervention. The
rates of developing postoperative delirium did not
statistically differ between the groups (p >0.05) and it
was showing weak correlation to the duration of surgery
[(rh0)=0.249; p=0.013)] or intraoperative variability of
blood pressure [(rh0)=0.302; p=0.002)].

Additional research outcomes

When analyzing the duration of anesthesia, it
was found that Fentanyl dosage with the duration of
anesthesia being <120 minutes was higher than for the
duration of >120 minutes (table 2).

The MMSE cognitive status parameters after surgery
were higher in Group A for the duration of surgery
being >120 minutes and with lesser Fentanyl dosages,
respectively (table 3); in Groups B and C, the MMSE
parameters after surgery did not differ depending
on the duration of general anesthesia (p=0.679 and
p=0.255 respectively), though the Fentanyl dosages
were different (p=0.002 and p=0.024 respectively).

The comparison of the dosages of anesthetics and
analgesics inside each group depending on the duration
of anesthesia has shown that Fentanyl dosages for
higher duration of general anesthesia (>120 minutes)
were less than in cases when general anesthesia
lasted <120 minutes (table 4). In Group A, Propofol

dosage was higher for long-term general anesthesia
(>120 minutes), than in cases of general anesthesia
lasting <120 minutes (see table 4). The Sevoflurane
concentration did not differ between the groups
depending on the duration of general anesthesia.

In Group A, the gNOX5 index (the parameter of
analgesia depth during extubation and right after
extubation) was higher for the anesthesia duration
being >120 minutes comparing to the duration of
<120 minutes (93.5 and 92 respectively; p=0.004),
which is probably, related to relatively high dosages of
Fentanyl when the surgery duration was <120 minutes.
Other noted findings include a moderate positive
correlation between the duration of anesthesia and the
gNOX5 [(rho)=0.501; p=0.003)] along with mild negative
correlation between the Fentanyl dosages and the
gNOX5 [(rho)=-0.385; p=0.027)].

Undesirable phenomena

No undesirable phenomena were reported as related
to using the sedation and analgesia depth monitors
(CONOX) and the sedation depth monitors (BIS).

DISCUSSION

In the current anesthesiology practice, the
EEG-based anesthesia monitoring methods are being
used quite widely, of which, the most conventional is
the BIS sedation depth monitoring [9], however, a very
promising option is the possibility of monitoring not
only the sedation level, but also the analgesia level. The

Table 2

The use of anesthetic agents and opioid analgesics in the groups depending on anesthesia duration,
Me [25%; 75%]

Duration, minutes

Parameter P
<120 >120
Number patients, n (%) 59 (59.6) 40 (40.4) -
Propofol, mg/kg 1.36 [0.76; 1.71] 1.60 [1.03; 1.83] 0.095
Fentanyl, ug/kg per hour 2.56 [1.87; 3.75] 1.75 [1.22; 2.08] 0.001
Sevoflurane, MAC 1[1;1] 1[0.8; 1.0] 0.276

Note. Semi-bold font indicates statistically significant parameters (p <0.05).

Table 3

The dependence of the cognitive functions on the duration of general anesthesia and dosages
of opioid analgesics in Group A, Me [25%; 75%)]

Duration, minutes

Parameter p

<120 >120
Fentanyl, uyg/kg per hour 2.85 [1.75; 3.56] 1.70 [1.06; 1.86] 0.001
MMSE after surgery 27 [27; 27] 28 [27; 29] 0.044

Note. Semi-bold font indicates statistically significant parameters (p <0.05).

www.clinpractice.ru 33

2024

Vol 15 4



ORIGINAL STUDY ARTICLE

Table 4

The use of anesthetic agents and opioid analgesics in study groups depending on anesthesia duration,

Me [25%; 75%]

Duration, minutes

Parameter p
<120 >120
Group A
Number of patients, n (%) 21 (63.6) 12 (36.4) -
Propofol, mg/kg 1.57 [1.13; 1.68] 1.76 [1.5; 1.84] 0.013
Fentanyl, ug/kg per hour 2.85 [1.75; 3.56] 1.70 [1.06; 1.86] 0.001
Sevoflurane, MAC 1[1;1] 1[0.8; 1.0] 0.058
Group B
Number of patients, n (%) 19 (57.6) 14 (42.4) -
Propofol, mg/kg 1.76 [1.40; 1.84] 1.80 [1.68; 2.00] 0.114
Fentanyl, ug/kg per hour 3.52 [1.87; 4.22] 1.59 [1.11; 2.37] 0.002
Sevoflurane, MAC 1[1;1] 1[0.8; 1.0] 0.212
Group C
Number of patients, n (%) 19 (57.6) 14 (42.4) -
Propofol, mg/kg 0.71 [0.62; 0.97] 0.72 [0.62; 1.28] 0.815
Fentanyl, ug/kg per hour 2.22 [1.98; 2.81] 1.88 [1.55; 2.09] 0.024
Sevoflurane, MAC 1[0.80; 1] 1[0.8; 1.16] 0.304

Note. Semi-bold font indicates statistically significant parameters (p <0.05).

use of extended monitoring of anesthesia depth is of
special importance among the high risk group patients,
which, certainly, include geriatric patients.

During the course of our research, the usage of
CONOX and BIS monitors has allowed for decreasing
the dosage of Propofol required for anesthesia
induction (in mg/kg) in Groups A and C comparing
to the dosages in the control group B (see table 1).
Taking into consideration that the hypotensive effect
of Propofol is dose-dependent, optimizing its dosages
helps to stabilize the hemodynamics in the patient,
decreasing the rates and the severity of perioperative
complications, including the neurological ones [19].
Arterial hypotension often develops during the induction
or in case of low intensity pain stimulus (the vegetative
component of pain reaction in the organism) depending
on the surgery stage, while the blood pressure
increase or heart rate increase usually occurring during
intubation or extubation, as well as upon untimely
administration of the analgesic agent [20-22], which
was more often observed in Groups B and C. The
hemodynamic parameters in Group A were more
stable comparing to two other research groups. This
result, on the one hand, provides the justification for
using auxiliary methods of EEG-based anesthesiology
monitoring, on the other hand — the insufficiency of
controlling only the sedation depth without monitoring

the analgesia level, which was discussed in previous
research works [23-25].

Due to monitoring the sedation depth in Group C
(BIS), Sevoflurane concentration during the MAC was
lower comparing to other research groups (see table 1),
however, this was not enough for decreasing the rates
of hemodynamic disorders [9, 26].

The Fentanyl dosages in cases of longer duration
of general anesthesia (>120 minutes) were less than
in cases of shorter general anesthesia (<120 minutes)
(see table 2), which is apparently related to the
pharmacokinetics of the medicinal product in the said
categories of patients. Upon multiple administrations
of Fentanyl, some kind of plateau was formed in terms
of its concentration in tissues and blood, which was
specifically decreasing the demand for additional
dosages, which could eventually and positively affect
the cognitive status of the patients from Group A,
in which the CONOX monitor, besides sedation
depth, has allowed for controlling also the analgesia
level [27]. The medical literature contains data on the
benefits of uninterrupted administrations of analgesics
(for example, via the infusion pump with adjusting
the infusion rate, if necessary) comparing to bolus
administrations [28].

In Group A, the MMSE cognitive status parameters
after surgery were higher with the surgery duration
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of >120 minutes (with lesser Fentanyl dosages,
respectively). This phenomenon is not conflicting
with the theory about the neurotoxicity of anesthetic
agents, especially in elderly and aged patients [1-3].
In Group A, the gNOX5 index (analgesia level at the
moment of extubation) was also higher for the general
anesthesia duration being >120 minutes, where the
Fentanyl dosage was lower, which indicates lesser
residual concentration of Fentanyl in such patients,
which shortens the time of their restoration.

The initial manifestations of intraoperative awakening
in our research, followed by vegetative symptoms,
such as hypertension, tachycardia, developing
single spontaneous respiratory movements without
remembering anything occurring during the anesthesia
in the postoperative period (which, most probably, was
the sign of the transition from the stage of mild surgical
anesthesia grade IlI-2 to the stage of superficial
anesthesia grade Ill-1) were reported (in a descending
order) in Groups B, C and A. With this, the attempts to
obtain deeper narcosis took 1-3 minutes [17].

Hypotension during surgery is a risk factor for
postoperative delirium. According to our data,
postoperative delirium has correlated to the impaired
hemodynamics [(rh0)=0.358; p=0.001)]. The decrease
of cerebral circulation as a result of hypotension is
considered a significant risk factor for postoperative
delirium, especially if it is following the course
of surgical intervention for a long period of time
[29, 30]. Intraoperative pain is also the risk factor
for developing cognitive dysfunctions, for the areas
of the brain that participate in pain perception and
in the cognitive functions, are interconnected [30].
The rates of postoperative nausea and vomiting may
depend on the duration of the surgical intervention
(in our research (rh0)=0.472; p=0.001) and on using
excessive /insufficient dosages of sedative and
narcotic medications, as well as on the excessive
anesthesia depth [31].

Research limitations

The limitations of this research were resulting
from several important factors. First of all, the
research was conducted in a single medical center
with a limited number of participants, which
limits the representativity of data and hampers its
extrapolation. The use of a single research facility and
the limited patient sample do not allow for ruling out
the effects of local factors.

Secondly, the absence of validating the results in
other medical institutions decreases the versatility of

the conclusions, which is important for the practical
application of the obtained data. Besides, the limited
follow-up period and the absence of follow-up data
complicates the evaluation of the long-term effects
of using the EEG-based anesthesiology monitors,
especially in patients with peri-operational adverse
effects.

Thus, despite the significance of the obtained data,
the said limitations embound the justification and
summarizing of results.

CONCLUSION

The implementation of non-invasive anesthesiology
monitoring of sedation and analgesia depth based on
EEG parameters in geriatric patients within the settings
of ENT-surgery allows for more precise optimizing the
dosing of sedative and narcotic medications, which
promotes to decreasing the rate and the severity
of hemodynamic disorders, to decreasing the rates
of intraoperative awakenings and postoperative
complications when comparing to using the sedation
depth monitors. Combined with conventional clinical
monitoring, EEG-monitoring accelerates the recovery
after anesthesia and improves the outcomes of surgical
interventions. Besides, the optimization of the dosing of
opioid analgesics with controlling the analgesia depth
index (QNOX) favorably affects the cognitive functions
among geriatric patients during the postoperative
period. Nevertheless, EEG-based anesthesiology
monitoring methods are only the valuable addition to
the traditional clinical-instrumental monitoring, but
they do not replace it.
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