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Abstract

Objective: To evaluate the impact of epilepsy duration and type of antiepileptic therapy on acid-base balance and
oxygenation parameters in patients with pharmacoresistant focal epilepsy during the perioperative period.

Methods: A retrospective cohort study included 93 adult patients who underwent neurosurgical treatment for
pharmacoresistant focal epilepsy between 2019 and 2024. Demographic data, intraoperative fluid therapy, acid-base
balance, gas exchange, and respiratory outcomes were analyzed. Patients were stratified by epilepsy duration (<15 years,
>15 years) and therapy type (monotherapy, polytherapy).

Results: Neither epilepsy duration nor therapy type significantly affected acid—base balance or gas exchange. Patients
with epilepsy duration >15 years required longer mechanical ventilation. Polytherapy was associated with a higher positive
fluid balance (p=0.02). Early postoperative seizures occurred in 9.7% of patients and were linked to increased pH and
HCO;~ without gas exchange deterioration.

Conclusions: Epilepsy duration and type of antiepileptic therapy did not significantly influence acid—base balance or
oxygenation in the early postoperative period but were related to fluid balance and ventilation duration. A personalized
approach to perioperative fluid and respiratory management is recommended.
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1 BonbHuua MeauuuHckoro ueHTpa YnpaeneHus aenamu MNpesuageHta Pecny6nukn KasaxcraH,
r. ActaHa, Pecny6nuka KasaxcraH.

Lenb: OueHuTb BNMSHWE ANMTENBHOCTM 3aboneBaHust U TUMa MpOTUBOSMMIENTUYECKOA Tepanmuu Ha nokasaTenu
KMCIMOTHO-LLENOYHOrO COCTOSHUSI U OKCWUreHauuu Yy NauueHToB C (hapMakopesUCTEHTHON (hoKanbHOW anunencuen B
nepuonepaLyMoHHOM nepuoge.

Metopbl: [lpoBedeHO pPETPOCMEKTMBHOE KOTOPTHOE uccregoBaHue y 93 B3pOCHbIX MAUMEHTOB, MEPEHECLUMX
HEeMpOXMpypruyeckoe neyeHne hapMakopesucTEHTHOM dokanbHoM anunencum B 2019-2024 rr. AHanusupoBanuchb
Jemorpadmyeckme AaHHble, nokasaTenn UHGY3NOHHON Tepanum, napaMmeTpbl KMCMOTHO-LENOYHOTO COCTOSHMS, razoobmeHa
W ObixaTenbHble ucxodbl. MauueHTbl CTpaTUdMUMpOBaHLl MO ANMTeNbHOCTU 3abonesanns (<15 net, >15 net) u Tuny
NpOTUBOINUIIENTUYECKON Tepanumn (MOHOTEPaNUs, NonMTepanms).
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Pe3synbtatbl: [inuTenbHocTb 3aboresBaHus M TWN Tepanun He OKasanmW CTaTUCTMYECKW 3HAYMMOTO BIWSHWS Ha
nokasaTenu KUCNOTHO-LLENOYHOrO COCTOSHNS W ra3oobMeHa. Y naumeHToB ¢ OnUTenbHOCTLI0 3abonesanns 6onee 15 net
OTMeYeHa TEHAEHLMS K YBEMUYEHMIO BPEMEHU UCKYCCTBEHHON BEHTUNALMKM nerkux. Monutepanus conpoBoxaanacs Gonee
BbICOKUM MonoxuTenbHbIM rugpobanancom (p=0,02). Cygoporv B paHHeM NocneonepaLyoHHoM nepuoae Habmnioganncs y
9,7% nauueHTOoB 1 accouumnpoBanmck ¢ nosbiweHnem pH n HCO3 ™ 6e3 HapyLueHuii rasoobmeHa.

BbiBogbl: [inuTensHOCTb 3aboneBaHns W xapaktep NpOTMBOSMWUNENTUYECKON Tepanun He OnpeaensioT BblpaKeHHbIX
N3MEHEHMIN KUCMOTHO-LLENOYHOTO COCTOSHWS M OKCUTEHaLmMu B paHHeM MOCReonepaLmMoHHOM nepuoge, 0AHaKo CBA3aHbl C
WH(Y3MOHHBIM BanaHcoM W ONWTENbHOCTLIO MCKYCCTBEHHOW BEHTMRALUMM Nerkux. Heobxogum nepcoHanuavpoBaHHbIN
NOAXOLA K MH(Y3MOHHO U pecnupaTopHOit Tepaniv y JaHHON KaTeropumn NaLmeHTo..

Kntoyesbie crosa: chapmakopesucmeHmHas anuiencusi, npomugoanuaenmuyeckasl mepanus, KUCTOMHO-WET0YHOe
COCMOsIHUE, 2a3000MeH, UHGY3UOHHas mepanus.

[ns uumupoeaHus:

Locos M., Cetimeros C., bexerHosa H., Kyambali I". KncnoTHo-Lieno4YHoe paBHOBECUE U ra300bMeH Yy NauUMeHToB C
(hapMakopesnCTEHTHOM aNunencuen B NepuonepaLyioHHOM NepUoAe: Porb KIMHUYECKX XapakTepucTuk 1 Tepanun // Hayka
n 3opasooxpaHenue. 2025. Vol.27 (5), C. 87-94. doi 10.34689/SH.2025.27.5.011
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TYPAKTbBIJIbIK NMEH A3 AJIMACY:
KIMMHUKAIDbBIK CUNATTAMAIJIAP MEH TEPAINMUSAHDBIH Ponl
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1 KasakctaH Pecny6nukachbl Mpe3angeHTi SkiMwiniriHiH MeguuuHanblK opTanbiFbIHbIH aypyXxaHachl,
AcTaHa K., KazakctaH Pecny6nukacsl.

Makcart: [Jopire Tesimai owaxTbl anunencuscsl b6ap Haykactapha aypy y3akTblfbl MEH aHTUEeNUNENTUKanbIK Tepanus
TYPiHiH, KbILIKBIMN-CINTINIK TYPaKTbIMbIK, NEH OKCUreHaLmns kepceTKiluTepiHe nepuonepauusiibiK KeseHae acepiH baranay.

opictep: 2019-2024 k. fapire Tesimai owakThbl anunencus GOMbIHLLA HEMPOXMPYPIMANBIK Onepauus xacanFaH 93
epecek Haykac Tangangbl. [lemorpadusnbik AepeKTEP, UHDYUANbIK Tepanus, KbllKbII-CINTINIK TyPaKThIMbIK, ra3 anmacy
KepCETKILLTEPI aHe ThIHbIC any HaTwxenepi kapangbl. MauneHTTep aypy y3akTbiFbiHa (S15 xbin, >15 Xbin) KaHe Tepanus
TypiHe (MOHOTEpanus, nonutepanus) beniHai.

HaTtuxkenep: Aypy y3aKTbiFbl MEH Tepanns Typi KpILUKbIN-CINTINIK TypaKTbiMbIK NEH ra3 anMacyfa autapnbikTan acep
etnegdi. >15 xbingblk aHamHe3i 6ap HaykacTapia eKneHiH, xacaHabl KengeTy y3akTbiebl y3apabl. Monutepanus o,
rmgpobanaHc xorapbinaybiMeH GainanbicTel 6ongel (p=0,02). EpTe onepaumsigaH kemiHri kypbicy 9,7% Haykacta
Bankangbl, on pH meH HCO5™ xorapbinaybiMeH, Bipak ras anMacy Oy3binybiMeH cunatranmagsl.

KopbITbIHAbINAP: Aypy y3akTblfbl MEH aHTUENWUNEeNnTUKanblk, Tepanus Typi epTe onepauusigaH KewiHri keseHje
KBILLKbIN-CINTINIK TypaKThIbIK MEH OKCUreHaLusFa alikblH acep eTneigi, bipak, HQY3uanbik 6anaHe NeH ekneHi xacaHap!
KENAETY y3akTbiFbiMeH OGalnaHbICThl. byn TonTarbl HaykactapAa MHQY3WSMbIK KeHE ThiHBIC any TepanusicbiHa
XEKENTEHreH Ke3Kapac Kaxer.

Tylindi ce3dep: dapice me3iMOi anunencus, aHmuenunenmukasnblk mepanus, KbIWKbIT-CINMINiKk mypakmbiblK, 2a3
anmacy, UHQy3ussblK mepanusi.

[Moliekces ywiH:

Hocos M., Celimeros C., bekeHosa H., Kyambal [. ®apmakopesuCTeHTTi anunencusicel 6ap Haykactapga
nepuonepauusiiblk - Ke3eHAEr  KblUKbIN-CINTINIK TypakTbiMblK MeH ra3 anMacy: KIMHUKamblK cunarramanap MeH
TepanusHblH, peni // Fuinbim xaHe JeHcaynbik caktay. 2025. Vol.27 (5), b. 87-94. doi 10.34689/SH.2025.27.5.011

Introduction disease duration, chronic antiepileptic drug (AED)

Pharmacoresistant focal epilepsy (PRFE) represents a  exposure, and the complexity of surgical procedures create
severe disease phenotype, as up to 30% of patients fail to  an unfavorable perioperative setting, often associated with
achieve adequate seizure control with conventional therapy  respiratory complications and impaired gas exchange [3].
[1]. In this group, surgical treatment remains the most Epilepsy-related disturbances in central respiratory
effective option, significantly reducing seizure frequency  control, including apnea, hypoventilation, and oxygen
and improving quality of life [2]. However, prolonged  desaturation, have been described even during focal
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seizures [4,5]. The postictal state is marked by reduced
sensitivity  to  hypercapnia,  which  compromises
compensatory mechanisms and contributes to acute
respiratory risk [6,7]. Respiratory dysfunction is also
implicated in the pathogenesis of sudden unexpected death
in epilepsy (SUDEP) [7]. Although the direct link between
epilepsy duration and severity of respiratory impairment
remains unclear, cumulative subclinical disturbances are
likely to accrue over time [3,5].

AED therapy further complicates perioperative
management by influencing central nervous system
function, acid—base balance, and metabolic regulation [1,2].
While some drugs such as levetiracetam demonstrate
favorable safety profiles [8], others, including valproate,
carbamazepine, and topiramate, may induce adverse
metabolic or respiratory effects [10-14]. Polytherapy and
prolonged AED use can exacerbate these risks, particularly
when combined with anesthetics and opioids, whereas drug
withdrawal increases  seizure likelihood [2,9,13].
Comorbidities such as obesity, OSA, and COPD further
elevate the risk of perioperative hypoxemia and respiratory
failure [9,14,15]. In selected cases, extended mechanical
ventilation or ICU monitoring within the first 24
postoperative hours is required [9,13].

Neurosurgical procedures for PRFE are often
prolonged, associated with blood loss, and necessitate high
anesthetic doses. More than half of patients undergoing
extensive resections require postoperative ventilatory
support due to hypoxemia, aspiration, hypoventilation, or
impaired consciousness, particularly in the context of
polytherapy and metabolic imbalance [2,7,13].

Despite clinical experience, several gaps remain
unresolved. Specifically, the effect of epilepsy duration on
perioperative respiratory function, the cumulative impact of
long-term AED exposure, and the interplay between therapy
regimen (monotherapy vs. polytherapy) and postoperative
outcomes are poorly characterized. Given the heterogeneity
of PRFE patients—ranging from decades-long disease to
adult-onset epilepsy—an individualized risk assessment
approach is required to optimize anesthetic and
perioperative strategies.

Purpose: To investigate the relationship between
epilepsy tenure and antiepileptic drug regimen
characteristics with regard to acid-base equilibrium and
oxygenation parameters during the perioperative course
among adult patients receiving neurosurgical management
of pharmacoresistant focal epilepsy.

Materials and Methods

This retrospective cohort study was conducted at the
Hospital of the Medical Center of the Administration of
Affairs of the President of the Republic of Kazakhstan. We
analyzed 93 adult patients who underwent surgery for
pharmacoresistant focal epilepsy between 2019 and 2024.

Inclusion criteria; age 218 years, confirmed diagnosis of
pharmacoresistant focal epilepsy, documented
neurosurgical procedure with complete records, and
perioperative observation up to 48 hours.

Exclusion criteria: generalized epilepsy, insufficient
data, severe comorbidities (decompensated pulmonary
disease, respiratory failure, end-stage cardiac insufficiency,
neoplasia, stage IV hepatorenal dysfunction), major
intraoperative hemorrhage, or reoperation.
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Parameters recorded:

Demographics: age, sex, body mass index.

Surgical variables: anesthetic technique, duration.

Hemodynamics: arterial pressure, heart rate, oxygen
saturation, fluid balance (administration, blood loss, urine
output).

Respiratory and oxygenation: minute ventilation, fresh
gas flow, ABG values (pH, pCO,, pO,, HCO;~, base
excess, oxyhemoglobin, ctO,, FiO,, PaO,/Fi0,, A-a
gradient, a/A ratio) intraoperatively, at completion, on ICU
admission, and 12 h post-op.

Clinical outcomes: duration of mechanical ventilation,
RASS scores, ICU stay, need for non-invasive ventilation,
postoperative seizures.

Perioperative fluid therapy targeted: MAP =70 mmHg,
CVP 6-12 mmHg, urine output >0.5 mL/kg/h, lactate <2.0
mmol/L. Management used 0.9% saline, switching to
Sterofundin (B.Braun, Switzerland) with high-volume needs
or hyperchloremic acidosis; Gelofusine was applied as
colloid support. Norepinephrine was administered if MAP
<65 mmHg despite adequate volume expansion.

Ventilation and oxygenation strategies were titrated to
arterial blood gases and acid-base status, with SpO,
maintained 293% via continuous monitoring.

Stratification:

By disease duration: Group 1 (15 years) and Group 2
(>15 years).

By antiepileptic regimen: monotherapy vs. polytherapy.

Statistical Analysis: We analyzed data utilizing SPSS
version 26.0 and JASP statistical software. Descriptive
statistics for continuous variables included means with
standard deviations, supplemented by medians and
interquartile ranges where indicated. Categorical variables
were expressed as absolute frequencies and proportions.
We employed nonparametric Friedman and Wilcoxon tests
for temporal comparisons of acid-base status parameters,
given the non-normal distribution of quantitative data
(Kolmogorov-Smirnov  test, p<0.05). When statistical
significance was established, we conducted post-hoc
pairwise analyses via Wilcoxon signed-rank test.

Results

A total of 93 patients underwent neurosurgical treatment
for pharmacoresistant focal epilepsy. The mean age was
33.248.2 years; 59.8% were male and 40.2% female. The
mean body mass index (BMI) was 23.9 kg/m2. Nutritional
status assessment revealed malnutrition in  7.8%,
overweight in 15.7% (16 patients), class | obesity in 10.8%
(11 patients), and class Il obesity in 0.98% (1 patient).

Antiepileptic therapy. Carbamazepine was the most
frequently used agent, prescribed as monotherapy in 28 of
37 patients and incorporated as either primary or adjunctive
therapy in polytherapy regimens. Levetiracetam was
frequently administered in patients with longer disease
duration (n=30), either as monotherapy (n=4) or adjunctive
therapy (n=23). Lamotrigine, oxcarbazepine, and topiramate
were exclusively prescribed in polytherapy. Valproic acid
showed slightly greater prevalence in long-standing
disease, always as part of polytherapy.

Stratification. Patients were grouped according to
disease duration (<15 vs. >15 years) and treatment
regimen (monotherapy vs. polytherapy). Patients with
epilepsy >15 years were older than those with shorter
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disease duration (34.1 vs. 30.7 years, p<0.05). No
significant differences were observed in BMI or sex
distribution. Mean ages by treatment regimen were
comparable (32.3 vs. 32.4 years), with male predominance
in both groups.

Intraoperative course. Minute ventilation, fresh gas flow,
and anesthetic exposure time did not differ between groups.

Richmond Agitation-Sedation Scale (RASS) scores post-
extubation clustered around -1 (drowsy but arousable),
without group differences. All patients remained in ICU for
>12 hours. Postoperative mechanical ventilation duration
was significantly longer in patients with chronic epilepsy
(>15 years, p<0.05), but did not differ between therapy
regimens.

Table 1.

Clinical and demographic characteristics of patients depending on type of therapy and disease duration

Variables Disease duration Type of antiepileptic therapy
<15 years (n=45) |>15years (n=48) | p |Monotherapy (n=33) |Polytherapy (n=60) | p

Mean age 30.7 34.1 0.01 32.3 324 0.51
(M, 95% CI) (28.4-33.0) (31.9-36.3) ' (29.5-34.0) (30.4-34.4) )
Body mass index 24.92+4.02 23.31+469 1085 2411448 23.68+4.2 0.97
Sex Female 18 (40%) 20 (41.7%) 11 (33.3%) 26 (43.3%)

Male 27 (60%) 28 (58.3%) 22 (66.7%) 34 (56.7%)
hinute ventlation 6.730.79 70£089 0.1 6.81£0.90 6.89:081 |05

uring surgery, l/min.

Fresh gas flow during 3.01+1.03 286:095 | 0.4 2.98+1.06 200093 |08
surgery |/min.
Anesthesia duration, 552.29 559.8 0.16 536.3 579.59 0.07
min. (M £ SD) +120.9 +112.3 ' +116.6 +109.9 ]
Extubation time, min. 81.66 111.93 0.03 93.45 97,76 0.38
(M£8D) +44.16 +70.5 ' +58.30 +61,35 ]
RASS score (M £ SD) -0.96+0.19 -0.9310.24 0.57 -0.94+0.22 -0.95+0.21 0.59
Meam TSN taarsaze | t406:254 (019 | 1437428 14224311 |07
M + SD — mean + standard deviation; Cl - confidence interval;
RASS - Richmond Agitation-Sedation Scale;  ICU - intensive care unit

Hemodynamics. Systolic, diastolic, and mean arterial
pressure, heart rate, and peripheral oxygen saturation
remained stable and within reference ranges throughout the
perioperative period. No intergroup differences were
observed.

Infusion therapy. Analysis of infusion parameters (Table
2) revealed significantly higher intraoperative fluid
administration and net fluid balance in the polytherapy
cohort, with increased variability. Patients with epilepsy <15
years demonstrated a trend toward more favorable fluid
balance, though not statistically significant. Blood loss was

comparable between groups, and no transfusions were
required. Urine output was slightly greater in polytherapy
patients, without statistical significance.

Acid-base balance. Dynamic assessment (Table 3)
demonstrated pH values within the physiological range,
approaching significance (p=0.05). Arterial carbon dioxide
tension remained stable with a trend toward normocapnia
(p=0.06). Base excess and bicarbonate concentrations
improved significantly from deficit to near-compensated
values (p<0.001).

Disease duration Type of antiepileptic therapy
<15 years (n=45) >15 years (n=48) p Monotherapy (n=33) | Polytherapy (n=60) | p

Total infusion

volume, ml 28000 (2400.0-3000.0) 1500.0 (2300.0-3400.0) | 0.79| 2500.0 (2200.0-2900.0) P800.0 (2400.0-3400.0) | 0.05
(Me, Q1-Q3)

(Llfﬂr;”%‘;‘fg‘gt)’ M1 000.0 (650.0-1650.0) [200.0 (525.0-1250.0) | 0.27| 900.0 (550.0-1500.0) | 1425.0 (650-2040.0) |0.89
(ﬂ‘;"g'f_sé’;)"' 100.0 (100.0-200.0) | 100.0 (100.0-200.0) | 0.16] 100.0 (100.0-200.0) | 100.0 (100.0-200.0) |0.72
;':Jmagqgm 400.0 (960.0-1825.0) [600.0 (1100.0-2025.0)| 0.11| 1250.0 (950.0-1650.0) f1700.0 (1150.0-2000.0) | 0.02
Norepinephrine

dose, meg/kg/min | 0.040 (0.040-0.050) | 0.050 (0.030-0.050) | 0.60| 0.050 (0.040-0.050) | 0.040 (0.040-0.050) |0.69
(Me, Q1-Q3)

Me — median;  Q1-Q3 - interquartile range; p — Mann-Whitney test.
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Acid-base balance indicators over time.

Indicators During surgery  |At the end of surgery | On ICU admission 12 h post-op p
pH (Me, Q1-Q3) 7.39 (7.35-7.42) 7.38 (7.35-7.41) 7.38 (7.35-7.41) 7.40(7.37-7.42) | 0.05
pO, (Me, Q1-Q3) p32.0 (183.5-261.0) | 173.0 (147.0-236.0) |157.0(122.0-212.0) |100.0 (89.0-138.0) [<0.001
pCO, (Me, Q1-Q3) 36.8 (32.7-40.1) 38.0 (34.7-41.0) 38.1(34.5-38.9) 37.0(34.3-40.3) | 0.06
BE (Me, Q1-Q3) 3.20 (-4.85 - -1.50) |-2.80 (—4.60 —-1.00) |-2.50 (-4.30 —-0.80) |-1.40 (-2.95-0.35) [<0.001
HCO3~ (Me, Q1-Q3) 22.3(21.0-23.5) 22.1(21.1-23.2) 22.5(21.2-23.6) 234 (22.2-246) <0.001
Hb (Me, Q1-Q3) 128.0 (110.0-139.5) | 124.0 (109.0-138.0) |124.0 (110.0-138.0) [125.0 (108.0-136.5) | 0.71
Ht (Me, Q1-Q3) 38.0 (32.0-41.0) 36.0 (32.0-41.0) 36.0 (32.0-41.0) 37.0(32.0-40.0) |0.28
SO, (Me, Q1-Q3) 98.3 (97.7-98.8) 98.0 (97.3-98.4) 97.6 (96.1-98.2) 96.7 (94.1-97.6)  [<0.001
Pa0,/FiO, (Me, Q1-Q3)| 520 (460-596) 490 (397-570) 434 (367-537) 390 (314-470)  (<0.001
A-a gradient (Me, Q1-Q3) | 41.0 (23.9-71.0) 34.3 (22.8-44.9) 41.0 (25.2-55.6) 39.4(32.0-56.2) | 0.08
alA ratio (Me, Q1-Q3) | 84.0(73.0-89.0) 74.0 (57.5-85.5) 72.0 (56.0-84.0) 73.0 (56.0-80.0)  [<0.001
ctO, (Me, Q1-Q3) 18.5 (16.0-20.4) 17.4 (15.6-19.4) 17.1 (15.4-19.0) 16.2 (14.5-17.9)  [<0.001
Lactate (Me, Q1-Q3) 1.02 (0.89-1.70) 1.25 (1.02-1.90) 1.30 (0.99-1.85) 1.06 (0.88-1.60) | 0.004
FiO2 (Me, Q1-Q3) 50.0 (50.0-50.0) 50.0 (45.0-50.0) 45.0 (40.0-45.0) 30.0(30.0-31.0)  [<0.001

Me - median; Q1-Q3 - interquartile range; p — Mann-Whitney test.

Oxygenation.  Oxygen tension (pO,) declined
significantly from intraoperative hyperoxia (232 mmHg) to
physiological levels during recovery (p<0.001), paralleling
FiO, reduction and restoration of spontaneous respiration.
Hemoglobin oxygen saturation (SO,) decreased modestly
but remained within normal limits (p<0.001). The PaO,/FiO,
ratio declined significantly across the perioperative course
(p<0.001). The alveolar-arterial (A-a) gradient trended

toward higher values (p=0.08), whereas the arterial-to-
alveolar ratio (a/A) and total oxygen content (ctO,)
decreased significantly (both p<0.001). Hemoglobin and
hematocrit declined slightly but without significance (p=0.71
and p=0.28). Lactate rose mildly at the end of surgery and
on ICU admission (1.25-1.30 mmol/L), with subsequent
normalization (p=0.004).
Stratified oxygenation analysis (Table 4).

Oxvaenation barameters Disease duration Type of antiepileptic therapy

¥ P <15 years (n=45) |>15 years (n=48) |p | Monotherapy (n=33) |Polytherapy (n=60) | p
SO, (Me, Q1-Q3) 96.8 (94.3-97.8) | 96.2 (93.6-98.0) | 0.8] 96.3 (94.3-97.6) 96.8 (93.0-93.8) 0.7
A-a gradient
(Me, Q1-Q3) 37.8(30.1-50.4) | 42.0 (32.4-584) | 0.9| 37.6(28.4-53.5) 42.0 (32.0-56.8) 04
alA ratio (Me, Q1-Q3) 74.0 (56.0-84.8) | 71.0 (54.5-78.0) | 0.3 73.0(54.0-82.0) 74.0 (56.0-80.0) 04
ctO, (Me, Q1-Q3) 16.3(14.1-18.3) | 16.2(14.6-17.8) | 0.5 16.2(14.6-18.2) 16.1 (14.4-17.7) 0.7
Pa0,/FiO, (Me, Q1-Q3) 4.01(3.71-4.35) | 3.85(3.68-4.39) | 0.9] 4.07 (3.66-4.48) 3.85 (3.69-4.30) 0.6
Lactate (Me, Q1-Q3) 1.01(0.83-1.26) | 1.10(0.90-1.60) | 0.8| 1.04 (0.89-1.60) 1.07 (0.87-1.59) 04
Mechanical ventilation
duration, minute (Me, Q1-Q3) 70.0 (46.3-135.0) 100.0 (60.0-127.5) | 0.7| 90.0 (50.0-142.0) |77.5(51.3-125.0) | 0.3

Me — median;

Q1-Q3 - interquartile range; p — Mann-Whitney test.

By disease duration: SO, values were equivalent
between <15 years and >15 years cohorts (p=0.8). The A-a
gradient was higher in patients with epilepsy >15 years, but
not significant (p=0.9). The reduced a/A ratio in chronic
cases suggested modest impairment of gas exchange,
though not clinically or statistically relevant. ctO, and
lactate values were similar. Prolonged postoperative
ventilation was more frequent in the >15 years cohort,
without significance (p=0.7).

By treatment regimen: SO, values were comparable
(p=0.7). The A-a gradient was slightly higher in
polytherapy patients, without significance (p=0.4). The
alA ratio and ctO, did not differ. Lactate was similar
between groups (p=0.4). Ventilation duration was longer
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in monotherapy patients (90 vs. 77.5 h), though not
significant (p=0.3).

Seizure outcomes. Postoperative seizures occurred in 9
patients (9.7%) within 2-48 hours after surgery.
Comparative analysis (Figure 1) demonstrated higher pH
values in seizure patients (p=0.04), trending toward
alkalosis. Bicarbonate concentrations were also higher
(24.5 vs. 23.1 mmol/L, p=0.04). Base excess did not differ
significantly (p=0.14). pO, and SO, were higher in seizure
patients but without significance (p=0.28 and p=0.24).
Neither the A-a gradient nor the a/A ratio differed (p=0.47
and p=0.78). Arterial oxygen content was identical in both
groups (16.2, p=0.72). pCO, and lactate were essentially
unchanged (p=0.60 and p=0.74).
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Acid-Base Balance Parameters 12 Hours After Surgery
Groups: With vs Without Seizures

Lactate Wp =0.74
ctO:z mp =0.72
a/A
A-a ® mp=047
Pa0:/Fi0: Hp=03
50
HCOs~ Bp = 0.04
BE Bp=10.12
PaCO: @p =06
Pa0:
pH mp=0.04

Bp=0.78

Bp=0.24

®p=0.28

@® With seizures
B without seizures

20 40 60

Discussion

Pharmacotherapy patterns. This investigation evaluated
the perioperative frajectory of acid-base equilibrium,
oxygenation indices, and related clinical parameters, with
particular emphasis on epilepsy chronicity and antiepileptic
drug (AED) regimens. The findings are broadly consistent with
existing literature [11,17], confirming carbamazepine and
levetiracetam as the most frequently prescribed AEDs.
Carbamazepine maintained its position as the predominant
monotherapeutic agent, whereas levetiracetam and lamotrigine
were preferentially administered within polytherapy regimens
rather than as monotherapy. The use of polytherapy increased
with disease duration, reflecting the necessity for
comprehensive  pharmacological strategies to manage
pharmacoresistant epilepsy. The observed age differential is
explained by the overrepresentation of older patients in the
group with epilepsy exceeding 15 years in duration.

Fluid management implications. One of the most
clinically relevant findings concerns fluid management.
Patients on polytherapy exhibited greater positive fluid
balance and higher intraoperative infusion volumes, despite
comparable blood loss, urine output, and vasopressor use.
Several explanations may account for this observation.
First, polytherapy patients may have undergone technically
complex or prolonged procedures, even though mean
anesthesia duration was similar across groups. Second,
confounders such as body composition, latent hypovolemia,
or increased electrolyte requirements may have influenced
perioperative fluid strategy. Third, cumulative metabolic
disturbances associated with AEDs may alter water—
electrolyte homeostasis and renal regulatory mechanisms,
as previously suggested [18,19,25,28]. These findings
highlight the need for cautious fluid administration,
particularly in patients on polytherapy, where excessive
positive balance may increase the risk of edema and
pulmonary complications [20].

Respiratory and gas exchange dynamics. Intraoperative
and postoperative courses demonstrated the expected
transition from controlled surgical ventilation to spontaneous
breathing under intensive care conditions. Stepwise FiO,

8o
Value {Median with IQR)
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reduction was associated with decreases in PaO, and SO,
while pH remained within physiological limits, PaCO,
trended toward normocapnia, and BE and HCO;~ shifted
toward compensated values, reflecting restoration of
buffering capacity. Prior studies report that topiramate may
contribute to perioperative metabolic acidosis [21], and Tiire
H. et al. recommend close acid-base monitoring in patients
on long-term AED therapy [18].

The decline in PaO,/FiO, ratio was primarily
attributable to FiO, reduction and transition to spontaneous
ventilation. Although values decreased significantly, median
levels remained above 300 mmHg, excluding acute
respiratory failure. No major intergroup differences were
observed, suggesting preserved alveolar-capillary gas
exchange. The alveolar-arterial gradient remained stable,
while reductions in a/A ratio and ctO, at 12 hours reflected
moderate impairment of oxygen transfer efficiency during
oxygen weaning, likely due to decreased PaO, and
hemoglobin concentration. Nevertheless, these changes did
not compromise global oxygen delivery. Consistent with
Kennedy J. and Seyal M., approximately one-third of
epilepsy patients demonstrate respiratory disturbances and
ventilation—perfusion mismatch [15,22]. Lactate
normalization over time may indicate transient stress-
induced hypermetabolism with subsequent recovery.

Impact of disease duration. Patients with epilepsy
duration >15 vyears required longer postoperative
mechanical ventilation. This finding is consistent with
anticipated outcomes: age-related decline, cumulative
sedative-hypnotic exposure, reduced pharyngeal muscle
tone, occult sleep-disordered breathing, and altered central
respiratory control may collectively hinder extubation and
spontaneous breathing. Kanth K. et al. reported delayed
recovery of respiratory function in patients with long-
standing epilepsy [5]. However, the absence of differences
in RASS scores (~—1), hemodynamic stability, and primary
oxygenation parameters suggests that extended ventilation
requirements were related to functional limitations (arousal,
airway protection, reflex integrity) rather than overt
respiratory  failure.  Previous investigations  have
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documented the potential for AEDs to impair brainstem
respiratory centers [23], though no severe complications
were observed in this cohort.

Although the >15-year group exhibited trends toward
increased alveolar—arterial gradients, lower a/A ratios, and
longer ventilatory support, no significant differences in core
oxygenation or acid-base variables were demonstrated.
Kouchi H. et al. described variable respiratory dysfunction in
patients with pharmacoresistant epilepsy [3], supporting the
plausibility of these findings as cumulative sequelae of chronic
disease and comorbidities. Conversely, Kanth K. et al. reported
no clear association between epilepsy duration and respiratory
dysfunction severity [5]. Dereli A. et al. highlighted
hypoventilation and respiratory instability as major determinants
of postoperative complications [24]. Clinically, these results
underscore the importance of enhanced respiratory monitoring
in patients with prolonged disease, even though chronicity itself
did not determine early postoperative gas exchange outcomes.
Hampel et al. noted that hemodynamic and respiratory
dysregulation during focal seizures is not directly correlated
with oxygenation [25], while Blum A. et al. suggested that
oxygenation status may serve as an adjunctive predictor of
complications [26].

Seizures and acid-base balance. Postoperative seizures
occurred in 9.7% of patients, consistent with prior reports
documenting early seizures in >5% of cases [27]. Patients who
experienced seizures exhibited modest but statistically
significant increases in pH and HCOs™ at 12 hours. This
pattern likely reflects postictal hyperventilation combined with
perioperative alkalosis induced by fluid administration and
electrolyte correction. These findings are in line with Forsyth R.,
who postulated that seizures initiate under alkalotic conditions
and terminate in acidic environments [28]. While other studies
emphasize hypoxia and respiratory acidosis as seizure
precipitants [29,30], neither hypoxemia nor acidosis was
identified in our cohort. The lack of intergroup variation in PaO,,
PaCO,, SO,, A-a gradient, and lactate suggests that seizures
primarily influenced acid-base balance without significant
impact on tissue perfusion or ventilation.

Clinical implications. Taken together, the findings indicate
no major association between disease chronicity or
pharmacotherapy complexity and perioperative acid-base or
oxygenation disturbances. Trends toward longer ventilation and
positive fluid balance in certain subgroups highlight areas of
potential vulnerability. Clinically, the immediate postoperative
trajectory in patients with pharmacoresistant epilepsy appears
more strongly determined by intraoperative management and
intensive care interventions than by antecedent disease
duration or AED regimen.

Study Limitations. Our investigation presents several
limitations. First, the single-center retrospective design
limits the generalizability of findings. Second, the relatively
modest sample size constrains statistical power and
increases the risk of type Il error in intergroup comparisons.
Third, heterogeneity of surgical interventions and
antiepileptic therapy regimens precluded more detailed
stratification by specific medications and dosages. Fourth,
analysis was restricted to the early postoperative period,
without assessment of long-term respiratory outcomes and
complications. Finally, the potential influence of comorbid
conditions (such as obesity, OSA, COPD) was not
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evaluated independently,
confounding factor.

Conclusion. This study revealed that neither epilepsy
chronicity nor antiepileptic pharmacotherapy complexity
significantly impacts perioperative acid-base homeostasis
or oxygenation indices following neurosurgical intervention
for pharmacoresistant focal epilepsy. However, extended
disease tenure correlated with prolonged ventilatory support
duration and subtle oxygenation compromise, whereas
polypharmaceutical regimens were characterized by
excessive fluid accumulation. These observations
emphasize the imperative for personalized perioperative
protocols encompassing judicious volume management and
vigilant  respiratory surveillance. Convulsive episodes
predominantly modulate acid-base parameters without
inducing oxygen transport deficits or clinically relevant
tissue hypoperfusion.
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