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Abstract

Objective: The primary objective of this study was to assess the effects of preferred anesthesia methods on perioperative
hemodynamics in pediatric patients undergoing neurosurgery. Method: This retrospective and cross-sectional study included all
pediatric patients undergoing brain surgery at Dicle University Hospital between January 2018 and December 2023. Group 1
received sevoflurane and remifentanil anesthesia, whereas Group 2 received propofol and remifentanil anesthesia. Perioperative
hemodynamic parameters, post-operative outcomes, mortality rates, use of inotropic agents, and laboratory values of the patients
were collected. Results: A total of 840 patients were included in the study. When comparing perioperative heart rate values
between the groups, patients in Group 1 exhibited significantly higher heart rates. In addition, when evaluating mean arterial
pressure (MAP), it was found that patients in Group 1 had lower MAP values compared to those in Group 2. Conclusions: Based
on the results obtained in the present study, we recommend the use of total intravenous anesthesia in pediatric patients
undergoing brain surgery due to its ability to provide more stable hemodynamics during the perioperative period.
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Resumen

Objetivo: El objetivo principal de este estudio fue evaluar los efectos de los métodos de anestesia preferidos en la hemodi-
ndmica perioperatoria en pacientes pediatricos sometidos a neurocirugia. Método: Este estudio retrospectivo y transversal
incluyd a todos los pacientes pediatricos sometidos a cirugia cerebral en el Hospital Universitario de Dicle entre enero de 2018
y diciembre de 2023. El grupo 1 recibio anestesia con sevoflurano y remifentanilo, mientras que el grupo 2 recibid anestesia
con propofol y remifentanilo. Se recopilaron los pardmetros hemodindmicos perioperatorios, los resultados posoperatorios, las
tasas de mortalidad, el uso de agentes inotrdpicos y los valores analiticos de los pacientes. Resultados: Un total de 840
pacientes fueron incluidos en el estudio. Al comparar la frecuencia cardiaca perioperatoria entre los grupos, los pacientes del
grupo 1 mostraron frecuencias cardiacas significativamente mds altas. Ademas, al evaluar la presion arterial media se encon-
tré que los pacientes del grupo 1 tenian valores mas bajos que los del grupo 2. Conclusiones: Basandonos en los resultados
obtenidos en el presente estudio, recomendamos el uso de anestesia total intravenosa en pacientes pedidtricos sometidos a
cirugia cerebral debido a su capacidad para proporcionar una hemodindmica mas estable durante el periodo perioperatorio.
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*Correspondence: Date of reception: 28-03-2024 Cir Cir. 2026;94(2):189-196
Hilya T. Séner Date of acceptance: 14-09-2024 Contents available at PubMed
E-mail: hulyatosunsoner@hotmail.com DOI: 10.24875/CIRU.24000178 www.cirugiaycirujanos.com

0009-7411/© 2024 Academia Mexicana de Cirugia. Published by Permanyer. This is an open access article under the terms of the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

189


https://orcid.org/0000-0003-1524-8685
https://orcid.org/0000-0001-7958-1888
https://orcid.org/0000-0002-4459-3990
https://orcid.org/0000-0002-5469-8286
https://orcid.org/0009-0006-2994-1762
https://orcid.org/0000-0002-5968-4561
https://orcid.org/0000-0003-4740-2501
https://orcid.org/0000-0003-0623-7730
https://orcid.org/0000-0001-5986-8785
https://orcid.org/0000-0002-4945-9328
http://crossmark.crossref.org/dialog/?doi=10.24875/CIRU.24000178&domain=pdf
mailto:hulyatosunsoner%40hotmail.com?subject=
http://dx.doi.org/10.24875/CIRU.24000178


190

Cirugia y Cirujanos. 2026;94(2)

|ntroduction

Recent advancements in pediatric neurosurgical
anesthesia have significantly improved outcomes for
infants and children affected by central nervous sys-
tem lesions. Inhalation anesthesia and total intrave-
nous anesthesia (TIVA) techniques are widely used in
pediatric anesthesia practice.

Inhalation anesthetics have been a standard choice
for general anesthesia in clinical practice since the
mid-19" century, when diethyl ether was first intro-
duced'. Sevoflurane was first synthesized in 1971 and
became widely available in the 1990s. Due to its favor-
able pharmacodynamic and pharmacokinetic proper-
ties, sevoflurane is a particularly popular anesthetic
agent, particularly in pediatric patients'. Sevoflurane
is a stable, colorless, non-irritating, and non-flamma-
ble substance at room temperature with a character-
istic sweet odor?3. Although sevoflurane has long
been popular, its short-term and long-term effects on
neurological function are still under investigation. In
recent years, there has been a significant increase in
pre-clinical studies investigating the toxic effects of
anesthetics on the developing brain*. Numerous calls
have been made for more precise research to deter-
mine whether exposure to anesthesia during early
childhood has clinically significant effects on neuro-
development in humans®®.

TIVA has been used in adult practice since 1982,
whereas its practical application in pediatric patients
is relatively new. A previous study showed that only
10% of pediatric anesthetists utilize TIVA at least once
a week’. The use of TIVA has increased despite cer-
tain barriers such as interindividual pharmacokinetic
and pharmacodynamic variability and safety concerns
related to propofol infusion syndrome®°,

The primary objective of this study was to assess
the effects of preferred anesthesia methods on peri-
operative hemodynamics in pediatric patients
undergoing neurosurgery. The secondary aim of this
study was to investigate the effects of anesthesia
techniques on post-operative outcomes, mortality
rates, use of inotropic agents, and laboratory values.

Method

This retrospective, cross-sectional study included
all pediatric patients undergoing brain surgery at Dicle
University Hospital between January 2018 and
December 2023. A total of 840 patients were initially

assessed. Fifty-nine patients were excluded due to
incomplete or missing data, and 781 patients were
included in the final analysis. This study was initiated
after obtaining the necessary ethical approvals. Pedi-
atric patients undergoing brain surgery were docu-
mented for their American Society of Anesthesiologists
(ASA) classification, perioperative hemodynamic data,
intraoperative need for blood transfusion, intraopera-
tive use of inotropic agents, type of anesthesia admin-
istered, anesthetic agent used, post-operative status
of patients (intubated or extubated), and duration of
stay in the intensive care unit (ICU) between the spec-
ified dates. Patients aged > 15 years as well as those
with incomplete records were excluded from the study.

All surgical procedures were performed under gen-
eral anesthesia. The choice between inhalation and
intravenous anesthesia induction techniques was
determined by the responsible anesthesiologist based
on the presence or absence of signs of intracranial
hypertension in the patient. Following endotracheal
intubation and induction of general anesthesia, anes-
thesia was maintained with an intravenous infusion of
remifentanil (0.02-0.2 ug/kg/min) combined with either
propofol (Propofol Fresenius Kabi, Sweden) at 6-12
mg/kg/h or sevoflurane (Sevoflurane® Liquid 100%,
Queenborough) at a concentration below 1%. The
solutions we prepared were sent with the infusion
pump MDT SN-S1 model (Sino Medical-Device Tech-
nology Co., Ltd, Shenzhen, China) (Fig. 1). Routine
intraoperative monitoring included electrocardiogra-
phy, non-invasive arterial blood pressure monitoring,
capnography, pulse oximetry, body temperature moni-
toring, and urinary output through a catheter. An arte-
rial catheter and central venous line were placed after
the induction of general anesthesia.

Demographic data, including age, sex, and body
weight, along with ASA classification, pre-operative
hemoglobin (Hb) level, coagulation parameters, and
intracranial mass localization, were recorded. Intraop-
erative data, including duration and year of operation,
intraoperative position, intraoperative inotrope use,
whether blood transfusion was performed, and
whether central venous and arterial catheters were
applied, were recorded. All patients were transferred
to the ICU for post-operative follow-up. During the
post-operative period, records regarding post-opera-
tive Hb and hematocrit values, whether patients were
intubated or extubated, duration of stay in the ICU,
and length of hospital stay were kept. Saturation and
mean arterial pressure (MAP) of the patients were
measured at the entrance, intraoperative 30" min, and



Figure 1. Infusion pump device.

in the post-extubation period. Routine blood samples
were taken in the ICU from patients scheduled for
surgery 1 day before and immediately after the
operation.

We divided the patients into two groups and evalu-
ated the results. Group 1 consisted of patients who
received sevoflurane as the inhalation agent, whereas
Group 2 consisted of patients who underwent TIVA as
the anesthetic method.

Statistical analysis

The Statistical Package for the Social Sciences
(SPSS) 16.0 software for Windows (SPSS Inc., Chi-
cago, IL, USA) was used for the statistical analysis.
Continuous data are expressed as mean and standard
deviation; categorical data are expressed as fre-
quency and percentage. The categorical data of the
groups were compared using the 2 and Fisher’s exact
tests. The Kolmogorov-Smirnov test was used to
determine whether the numerical data were normally
distributed. Student’s t-test was used to analyze data
with a normal distribution, whereas the Mann-Whitney
U test was used to analyze non-normally distributed
data. The Wilcoxon W test was performed for evalu-
ations within groups. In all comparisons, p < 0.05 was
considered significant.

Results

A total of 840 patients were included in this study.
Fifty-nine patients were excluded from the study due
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to the unavailability of records or incomplete informa-
tion, resulting in a total of 781 patients included in the
study. Patients were divided into two groups according
to the anesthetic agent administered. The TIVA group
consisted of 159 (20.4%) patients, and the other group
consisted of 622/781 (79.6%) (Fig. 2).

Demographic data, pre-operative laboratory values,
intraoperative hemodynamic data, and other charac-
teristics were compared between the groups. Demo-
graphic data revealed that mean age and body weight
were significantly lower in Group 1 than in Group 2
(p < 0.001 for both variables), and the incidence of
comorbidities was higher in Group 1 (p = 0.005).
There were no statistically significant differences
between the two groups in terms of sex and ASA clas-
sification (Table 1).

When comparing emergency and elective surgical
procedures, sevoflurane was more commonly used as
the anesthetic agent in patients undergoing emer-
gency surgery (p < 0.001). When the groups were
compared in terms of anesthesia and surgical dura-
tion, it was found that anesthesia and surgical dura-
tion were significantly longer in Group 2 than in
Group 1 (p < 0.001 for both variables). Upon examin-
ing the post-operative admission to the ICU, it was
found that patients in Group 2 had a higher rate of
extubation compared with those in Group 1 (p = 0.004)
(Table 1).

When both groups were compared in terms of mor-
tality, it was found that the mortality rate was signifi-
cantly higher in Group 2 compared to Group 1
(Group 1: 13 patients, 2.09%; Group 2: 14 patients,
8.80%, p < 0.001) (Table 1).

When comparing the saturation values between the
groups, it was found that patients in Group 2 had sig-
nificantly higher pre-operative and post-operative sat-
uration values than those in Group 1 (p = 0.026,
p < 0.001). Comparing the groups in terms of periop-
erative heart rate values, it was found that patients in
Group 1 had significantly higher heart rates (p < 0.001
for all heart rate values). In addition, when evaluated
for MAP, it was found that patients in Group 1 had
lower MAP values compared to those in Group 2
(p values were < 0.001, 0.003, and < 0.001, respec-
tively). The details of the comparison between both
groups are presented in table 2.

When pre-operative and post-operative laboratory
values were compared within the groups, Hb and
hematocrit values significantly decreased in both
groups during the post-operative period (p < 0.001 for
both variables for Hb, p < 0.001 and p = 0.011 for heat
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Table 1. Demographic data of patients

Variables Group 1 Group 2 p
(n =622) (n =159)
Mean SD Mean SD
Age 4.53 4.41 8.59 4.47 < 0.001
Weight 17.44 13.65 31.45 15.9 < 0.001
Intensive care hospitalization period 15.91 17.25 16.16 14.52 0.308
Anesthesia time 147.27 120.61 466.13 253.09 < 0.001
Surgery time 130.51 113.30 427.30 247.47 < 0.001
Frequency Percent Frequenccy Percent
Sex
Male 331 42.4 71 9.1 0.15
Female 292 37.4 88 11.3
ASA*
ASA 1 139 17.8 44 5.6 0.054
ASA 2 294 37.6 75 9.6
ASA 3 163 20.9 33 4.2
ASA 4 23 2.9 6 0.8
Surgery type
Emergency surgery 347 44.4 41 52 < 0.001
Elective surgery 276 35.3 50 6.4
Comorbidity
Yes 106 13.6 17 2.2 < 0.001
No 516 66.1 142 18.2
Intraoperative inotrope usage
Yes 18 2.3 2 0.3 < 0.001
No 605 775 157 201
Postoperative airway status
Extubated 493 63.1 62 7.9 0.004
Intubated 130 16.6 97 12.4
Mortality
Death 13 1.7 14 1.8 < 0.001
Survive 609 78 145 18.6
Intraoperative blood transfusion need
Yes 82 10.5 57 7.3 < 0.001
No 541 69.3 102 13.1

The bold values represent statistically significant results (p < 0.05).
*ASA: American society of anesthesiologist.
TIVA: total intravenous anesthesia; SD: standard deviation

hematocrit [Htc]). When pre-operative and post-oper-
ative white blood cell (WBC) values were compared
within the group, it was found that WBC values sig-
nificantly increased in patients in Group 1 (p = 0.024).
It was observed that chloride (Cl) levels were signifi-
cantly elevated in both groups during the post-opera-
tive period (p < 0.001, p = 0.001). Furthermore,
post-operative urea and alanine transaminase (ALT)
values decreased significantly and increased signifi-
cantly in Group 2 patients (p = 0.024 and p = 0.014)
(Figs. 3 and 4, Table 3).

Intra-group before and after comparisons are given
in tables 4 and 5.

Discussion

The results obtained in this retrospective study
examining the use of sevoflurane or TIVA with propo-
fol-remifentanil in pediatric patients undergoing brain
surgery revealed that perioperative heart rate was
higher and MAP was significantly lower in the sevo-
flurane group. Similarly, Chui et al. in a systematic
study comparing TIVA and inhalation agents for



H.T. Soner et al. Pediatric neuroanesthesia

Pediatric neuroanesthesia
patients who underwent

surgery between 2018 and 2023
(n = 840) Excluded (n=59)

found

Assessed for eliglibity

e Operational records could not be

(n=622)

Group 1 (In Sevoflurane

-Remifentanly group) |

-Analyzed (n = 622)

-Excluded from analysis' (n = 0)

(n=781)
| Group 2 (In Propofol-Remifentanly group)
(n=159)
Allocation
-Analyzed (n = 159)
Analysls

-Excluded from analysis (n = 0)

Figure 2. Recruitment and flow of patients.
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ALT values between groups, B: comparison of post-operative ALT values between groups, and C: change of per-operative ALT values.
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Table 2. Perioperative hemodynamicsin pediatric neuroanesthesia
applications

Table 3. Comparison of pre-operative and post-operative
laboratory values between groups

Variables Group 1 Group 2 p
Sevoflurane TIVA
(n=622) (n=159)

Sp0O, (1) 97.78 1.89 98.16 194 0.026
Sp0o, (2) 98.74 3.72 99.24 0.84 0.097
Sp0O, (3) 98.15 1.52 9868 1.27 <0.001
Heart rate (1) 120.02 2154 103.49 20.69 <0.001
Heart rate (2) 114.38 19.40 96.12 19.42 <0.001
Heart rate (3) 114.90 19.28 97.06 22.61 <0.001
MAP (1) 68.08 11.35 77.46 10.29 <0.001
MAP (2) 66.08 8,81 7271 1029 0.003
MAP (3) 67 9.88 7248 9.19 <0.001
*heart rate.

SPO,: oxygen saturation; MAP: mean arterial pressure; TIVA: total intravenous
anesthesia.

anesthesia maintenance during elective craniotomy,
concluded that TIVA administration was associated
with less intraoperative hypotension compared to
inhalation agents, and there was no significant differ-
ence in the incidence of intraoperative hypertension,
bradycardia, or tachycardia®. In a prospective study,
Sneyd et al. administered TIVA and sevoflurane anes-
thesia to 24 and 26 patients, respectively, and noted
that the sevoflurane group had more hypotensive
events than the TIVA group®™. Consistent with the
present study, the use of inotropic agents was also
higher in the sevoflurane group™. In a prospective
study, Chen et al.”® compared TIVA and sevoflurane
in pediatric patients and found that the TIVA group
induced less pronounced hemodynamic changes'.
It is possible that the sevoflurane group received a
deeper anesthesia.

In the present study, the use of sevoflurane or TIVA
with propofol-remifentanil in pediatric patients was
examined, and a large proportion of patients (73.5%)
were maintained with sevoflurane anesthesia.

When comparing the post-operative outcomes of
patients, extubation was performed more frequently in
the sevoflurane group compared with the TIVA group.
Consistent with the present study, Raeder et al.
reported earlier extubation in the sevoflurane group
compared to TIVA™,

When the pre-operative and post-operative labora-
tory values of the patients were compared in the pres-
ent study, as expected, Hb and hematocrit values
were significantly lower. Furthermore, although the

Variables Pre-operative Post-operative p
Mean SD Mean SD

Group 1 Hb 1.7 2.16 10.7 1.99 <0.001
Group 2 Hb 12.2 1.56 1.5 1.91 < 0.001
Group 1 Htc 3565 629 3287 5.74 <0.001
Group 2 Htc 36.65 444 3524 5.31 0.011
Group 1 WBC 13.44 8.05 14.37 7.24 0.024
Group 2 WBC 13.06 2755 16.01 7.3 0.357
Group 1 Ure 2246 1376 21.74 14.98 0.157
Group 2 Ure 24.7 88 2295 7.97 0.024
Group 1 Creatinine 0.5 0.1 0.51 0.1 0.78
Group 2 Creatinine  0.68 0.02 0.58 0.09 0.2
Group 1 Na 13547 567 135.58 6.09 0.587
Group 2 Na 136.68 3.56 137.85 4.86 0.014
Group 1K 433 0615 434 0.598 0.934
Group 2 K 4.03 0.35 4.1 0.31 0.794
Group 1 Cl 10419 426 105.21 6.58 0.001
Group 2 ClI 10397 38 108.25 6.65 < 0.001
Group 1 AST 4701  77.66  46.09 73.62 0.807
Group 2 AST 325 2481 38 32.48 0.087
Group 1 ALT 2574 317 2798 43.09 0.232
Group 2 ALT 2257 2929 2863 29.47 0.014
Group 1 Lactate 3 0 9 9.89 0.549
Group 2 Lactate 1.37 0.55 2.03 0.95 0.184

The bold values represent statistically significant results (p < 0.05).
Hb: hemoglobin; Htc: hematocrit; WBC: white blood cell; ALT: alanine transaminase;
AST. aspartate transaminase; Cl: chloride.

WBC values increased in both groups, there was a
significant increase in the sevoflurane group. In con-
trast to the present study, Soto et al. conducted a
prospective study involving adult patients and com-
pared WBC counts during sevoflurane and TIVA anes-
thesia to baseline, and they did not observe a
significant change'. Similarly, Kim et al. conducted a
prospective study involving adult patients and found
that while the WBC count increased more in the sevo-
flurane group, the difference between the groups was
not statistically significant. In the present study, CI
values increased in both groups. We attribute this
result to the use of 0.9% NaCl solution in our study.
We observed that patients in the TIVA group had
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Table 4. Group 1 before and after comparison

Table 5. Group 2 before and after comparisons

Pre-operative- Statistic p Mean SE Pre-operative- Statistic p Mean SE
post-operative difference difference  post-operative difference difference
Hb 89161 <0.001 1.1500 0.0798 Hb 6402 < 0.001 0.9500 0.16940
Htc 104108 < 0.001 3.1800 0.6127 Htc 7691 < 0.001 2.5000 0.46509
WBC 56127 0.004 -0.8000 0.3099 WBC 1193 < 0.001 -5.2000 1.73740
URE 70127 0.013 1.0000 0.4717 URE 6135 0.013 1.9999 0.71996
Creatinin 54075 0.011 0.0150 0.0192 Creatinin 4258 0.017 0.0250 0.00954
NA 56094 0948  -6.53e-5 0.1902 NA 3282 0.012 -1.5000 0.45331
Potassium 70722 < 0.001 0.1500 0.2851 Potassium 6548 < 0.001 0.3000 0.04996
PCI 40458 <0.001 -1.4000  209.2010 PCI 1549 < 0.001 -4.5000 0.57951
AST 77515 < 0.001 2.5000 3.6729 AST 3753 0.087 -2.0000 3.07967
ALT 70709 <0.001 15000 1.7983 ALT 3003 < 0.001 -2.5000 2.23551

Hb: hemoglobin; Htc: hematocrit; Wbc: white blood cell; ALT: alanine transaminase;
AST: aspartate transaminase.

significantly elevated ALT values when ALT values
were evaluated. Contrary to the present study, one
study in the literature conducted by Kang et al.

Hb: hemoglobin; Htc: hematocrit; Wbc: white blood cell; ALT: alanine transaminase;
AST: aspartate transaminase.

retrospectively compared pre-operative and post-
operative ALT values in patients under 3 years of age
over 3 years and found no significant difference’.
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Considering the longer duration of surgery in the TIVA
group in the present study, we believe that further
prospective studies are needed. A decrease in urea
levels was observed in both groups of patients, but
this decrease was significantly greater in the TIVA
group. Ebert et al. compared the laboratory values of
desflurane, sevoflurane, and TIVA groups in 52 patients
and found that urea significantly decreased in all three
groups'.

It should be noted that our study has some limita-
tions. The primary limitation of this study is its single-
center and retrospective design. Since TIVA s
generally used in mass surgery in our clinical practice,
the duration of anesthesia and surgery was quite long
in this group. The demographic parameters were also
different. The number of patients was not evenly dis-
tributed. There is a need for further prospective and
multicenter studies on this subject.

Conclusions

Based on the results obtained in the present study,
we recommend the use of TIVA in pediatric patients
undergoing brain surgery due to its ability to provide
more stable hemodynamics during the perioperative
period.
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