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Abstract

Background The choice of anaesthetic technique has the potential to exert a significant influence on the periopera-
tive stress response, immune modulation and inflammation which are critical factors in surgical recovery. The primary
objective of this study was to compare 24-h postoperative IL-6 levels between patients undergoing lumbar micro-
discectomy under TIVA or sevoflurane anesthesia. Secondary outcomes included perioperative changes in CRP, NLR
and PLR.

Methods This prospective, randomised, double-blind study included 40 patients classified as American Society

of Anesthesiologists (ASA) I-Il and scheduled for elective lumbar disc herniation surgery. Patients were randomly
assigned to receive either TIVA with propofol or inhalational anaesthesia with sevoflurane. Interleukin-6 (IL-6), C-reac-
tive protein (CRP), procalcitonin (PCT), neutrophil-to-lymphocyte ratio (NLR) levels were measured at preoperative,
intraoperative and postoperative time points.

Results Postoperative IL-6 levels were significantly lower in the TIVA group than in the sevoflurane group (p <0.05),
with a blunted increase in IL-6 levels from the preoperative to the postoperative phases. Postoperative CRP levels were
significantly lower in the TIVA group (p < 0.05), whereas PCT levels remained stable across groups. There were no sig-
nificant differences between groups in NLR values.

Conclusion The results of this study indicate that TIVA with propofol may offer a superior modulation of inflamma-
tory responses compared to sevoflurane in patients undergoing lumbar microdiscectomy. These findings indicate
that TIVA may be a preferred anaesthetic technique for surgical procedures that require precise control of the perio-
perative inflammatory response. Further studies are required to validate these findings in larger populations

and diverse surgical contexts.

Trial registration ClinicalTrials.gov, NCT 06386965.
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Background

Surgical procedures induce neuroendocrine, meta-
bolic and inflammatory responses as a result of surgical
stress [1, 2]. Significant disturbances in the inflamma-
tory process have the potential to result in a number
of complications, including delayed wound healing, an
increased risk of infection, impaired stress response,
failure of multiple organs, and an elevated likelihood of
metastatic progression [3]. These responses are influ-
enced by factors such as the severity of tissue damage,
the duration of the procedure, intraoperative blood
loss, postoperative pain levels, and the choice of anaes-
thetic technique [4—6]. The level of stress experienced
during surgery can significantly affect the patient’s
recovery and impose additional demands on the health-
care system, potentially resulting in prolonged hospital
stays [7].

General anaesthesia may be administered via inha-
lational anaesthetics, intravenous medications, or a
combination of both. It has been demonstrated that
all of these forms of anaesthesia modulate the immune
system, exerting effects on both innate and adap-
tive immunity [8-10]. Propofol has been reported to
enhance infiltration of natural killer (NK) cells, T cells
and T helper (Th) cells into tissues without altering
total T cell counts or leukocyte apoptosis, while modu-
lating innate immune function. Sevoflurane has been
associated with inducing apoptosis in T and B lympho-
cytes, altering the Th1/Th2 lymphocyte ratio, reducing
blood lymphocyte and NK cell counts, and increasing
neutrophil levels [11].

In contrast to many previous studies that have
focused on oncologic or major abdominal surgeries
the present study is specifically focused on a minimally
invasive surgical procedure, lumbar microdiscectomy,
which is associated with less tissue trauma and minimal
postoperative complications [12]. This methodologi-
cal approach enabled the assessment of the effects of
anaesthetic techniques on inflammatory markers, with
reduced interference from surgical trauma or disease-
related inflammation. By selecting this procedure, the
study aims to provide clearer insights into the differen-
tial effects of TIVA and inhalational anaesthesia under
controlled surgical conditions. Furthermore, meticu-
lous care was taken in the handling of blood samples
to minimise pre-analytical variation and guarantee the
reliability of the data obtained.

The objective of this study was to compare the impact
of TIVA with propofol and inhalation anaesthesia with
sevoflurane on inflammatory markers during the pre-
operative, intraoperative, and postoperative periods in
patients undergoing lumbar microdiscectomy surgery.
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Methods

This prospective, randomized, double-blind, single-cen-
tre study was approved by the Institutional Ethics Com-
mittee (Decision number: 010.99/15, Date: 28/02/2024)
and was performed in accordance with the Declaration
of Helsinki. It was registered on ClinicalTrials.gov. (ref.
no: NCT06386965) on May 22,2024 and adhered to the
Consolidated Standards of Reporting Trials (CONSORT)
guidelines. Written informed consent was obtained from
the participants.

Between May and July 2020, 40 patients were randomly
assigned in a 1:1 allocation ratio to two groups (sevo-
flurane and TIVA, 20 patients per group) using a com-
puter-generated random number sequence to ensure an
unpredictable allocation process. No restrictions, such
as blocking or stratification, were applied to the rand-
omization process. To maintain allocation concealment,
a series of sequentially numbered, opaque, sealed enve-
lopes was prepared, each containing the assigned inter-
vention based on the randomization sequence. These
envelopes were opened only after participant enrollment,
ensuring strict adherence to the concealment protocol.
The random allocation sequence was generated by an
independent researcher not involved in the enrollment
or treatment of participants. The principal investigator
enrolled participants and assigned groups according to
the sealed envelopes. Anesthesia was maintained with
sevoflurane in one group and propofol in the other. Both
patients and outcome assessors were kept unaware of
group assignments to adhere to the double-blind study
protocol. All surgeries were performed by the same
surgeon.

Inclusion criteria were patients aged 18 to 65 years,
classified as ASA I-1I, undergoing elective lumbar disc
herniation surgery with L4-5 or L5-S1 level disc hernia-
tion, extruded disc, or motor deficit. Patients classified as
ASA IV or higher, those aged 65 years and older or under
18 years, and those with a history of recurrent disc sur-
gery, spinal stenosis, trauma, infection, endocrine disor-
ders, or immune diseases were excluded from the study.

Intervention and anesthesia protocol
Upon arrival in the operation room, all patients were
monitored with a three-lead electrocardiogram, non-
invasive blood pressure measurement and finger pulse
oximetry. After intravenous (iv) cannulation patients
were premedicated with 1 mg iv midazolam. All patients
received 1 g of IV cefazolin within 30 min prior to skin
incision as part of standard surgical prophylaxis.

In the sevoflurane group anesthesia was induced with
1 pg/kg iv fentanyl, %6—8 sevoflurane with %100 O2 via
face mask and 0.5 mg/kg iv rocuronium. In the TIVA
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group anesthesia was induced with 1 pg/kg iv fentanyl, 2
mg/kg iv propofol and 0.5 mg/kg iv rocuronium.

After intubation, both groups were ventilated mechani-
cally with oxygen-air mixtures. The lungs were ventilated
to maintain end tidal CO2 value between 30-35 mmHg.
Anesthesia was maintained by continuous infusion of
propofol 6—8 mg/kg/h in the TIVA group and with sevo-
flurane 0.8—1 MAC in the inhalation group. The admin-
istration of remifentanil was conducted via continuous
intravenous infusion at a dose of 0.1-0.2 pg/kg/min.
The dosage was adjusted according to haemodynamic
parameters, and the depth of anaesthesia was monitored
using the bispectral index (BIS). The BIS was maintained
between 40 and 60. Surgery was performed in prone
position.

Patients received 1mg/kg iv tramadol and 1 g iv par-
acetamol for postoperative analgesia. 20 mg iv metk-
lopramid were given to the patients for postoperative
nausea. Multimodal adjuvant agents including dexme-
detomidine, magnesium sulfate, ketamine and non-
steroidal anti-inflammatory drugs (NSAIDs) were
intentionally excluded from the study to minimise poten-
tial confounding effects on inflammatory marker levels.
All the patients were extubated in the operating room
and transferred to postanesthesia care unit. Pain levels
were routinely assessed by nursing staff in the ward and
paracetamol was administered every 6 h. Patients with
a VAS score exceeding 4 were administered 100 mg of
tramadol as rescue analgesia within the first 24 h.

Measurements

Data recorded included demographic characteristics,
duration of surgery, blood transfusion requirements,
time to discharge and complications.

Venous blood samples were collected on the ward prior
to transfer to the operating room (T1), 30 min after the
start of surgery (T2, following extruded disc removal)
and at 24 h postoperatively (T3). Blood samples were
drawn from the arm that did not receive intravenous flu-
ids or any medications. Samples for IL-6 assays were cen-
trifuged at 2500 rpm for 10 min at the bedside and stored
at —20°C until analysis. Blood samples collected for
analyses other than IL-6 were sent to the laboratory for
immediate processing upon collection. Serum IL-6 and
PCT levels were measured using the Roche Cobas e 801
analyzer (Roche Diagnostics, Penzberg, Germany) with
electrochemiluminescence immunoassay technology.
CRP concentrations were assessed on the Roche Cobas
¢ 701 analyzer using an immunoturbidimetric method.
NLR values were calculated from complete blood count
parameters obtained via a Sysmex XN-1000 automated
hematology analyzer (Sysmex Corporation, Kobe, Japan),
which utilizes fluorescent flow cytometry. Laboratory
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personnel were blinded to the study groups and were not
involved in the administration of anaesthesia.

Sample size

A review of previous studies did not provide sufficient
data to calculate the sample size accurately. Therefore a
pilot study was conducted, which indicated that 24-h
IL-6 levels had an average of approximately 30 pg/mL,
with a standard deviation (SD) of 25 pg/mL, reflecting a
wide range of variability. Based on these pilot results we
used Statulator (statulator.com) to calculate the required
sample size. Assuming a pooled SD of 25 units, a power
of 80% and a two-sided significance level of 5%, it was
determined that 19 participants per group (38 in total)
would be necessary to detect a true difference of 23 units
in mean IL-6 levels between the intervention and control
groups. To account for an expected 10% dropout rate, the
study was initiated with 20 patients per group, resulting
in a total sample size of 40 participants. The pilot dataset
was internally generated, unpublished, and used exclu-
sively for the calculation of the sample size for the pre-
sent study.

Statistical analysis

Descriptive statistics included the mean, standard devia-
tion, median, minimum, maximum and percentage val-
ues. The distribution of variables was evaluated using
the Kolmogorov—Smirnov and Shapiro—Wilk tests. For
normally distributed independent quantitative vari-
ables, the independent samples t-test was applied, while
the Mann—-Whitney U test was used for non-normally
distributed independent quantitative variables. The Wil-
coxon signed-rank test was employed for the analysis of
dependent quantitative variables. Independent qualita-
tive variables were analyzed using the chi-square test. All
statistical analyses were conducted using SPSS software
version 27.0 (IBM Corp., Armonk, NY).

Outcomes

The primary outcome of the study was the serum IL-6
level at 24 h postoperatively, which also served as the
basis for the sample size calculation in the power analy-
sis. Secondary outcomes included perioperative changes
in CRP, NLR and PLR. Surgery duration, blood trans-
fusion needs and time to discharge also recorded. No
changes to the trial outcomes were made after the study
commenced.

Results

Forty-three patients were assessed for eligibility for lum-
bar disc herniation surgery. Two patients declined to par-
ticipate and one did not meet the inclusion criteria. Forty
patients were randomized into two groups as shown in
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Fig. 1. Two patients refused postoperative blood sampling
and a total of 38 patients completed the study (Fig. 1).
Baseline characteristics including age, gender distri-
bution, weight, height, body mass index, ASA score and
duration of surgery were comparable between the sevo-
flurane and TIVA groups, with no statistically signifi-
cant differences (p >0.05) (Table 1). No patients required
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blood transfusion and all patients were discharged on the
first postoperative day.

There were no statistically significant differences in
preoperative or intraoperative IL-6 levels between the
sevoflurane and TIVA groups (p >0.05). Postoperative
IL-6 levels were significantly lower in the TIVA group
compared to the sevoflurane group (p <0.05) (Table 2). In

[ Enrollment ]

Assessed for eligibility (n=43)

Excluded (n=3 )
[l Not meeting inclusion criteria (n= 1)
[ Declined to participate (n=2)

A 4

| Randomized (n=40) |

l

Allocation

] l

TIVA group (n=20)
[ Received allocated intervention (n=20)
[ Did not receive allocated intervention(n=0)

v L Follow-Up l

Sevoflurane group (n=20)
[] Received allocated intervention (n=20)
| Did not receive allocated intervention(n=0)

Lost to follow-up (n=2)
Postoperatively refuse blood sampling

Discontinued intervention(n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Analysis ] Y

J

Analysed (n=18)
+ Excluded from analysis (n=0)

Fig. 1 CONSORT diagram

Table 1 Patient demographics and perioperative characteristics

Analysed (n=20)
+ Excluded from analysis (n=0)

Sevoflurane group (n =20) TIVA group (n =18) p Value
Mean (+ SD) Median 1.Q-3.Q Mean (+ SD) Median 1.Q-3.Q
Age (years) 41,7 +£10,2 40,0 32,8—50,5 41,8+11,.3 43,0 31,0—49,5 0,970"
Gender Female 12 11 0,944 %2
Male 8 7
Weight (kg) 689+10,5 69,0 59,0—75,0 689+11,7 68,0 56,5—80,3 0,991"
Height (cm) 1670+7,1 166,0 164,3—169,5 1678 £9,6 165,0 163,8—170,5 0,724 m
BMI 246+28 254 22,0—26,7 245+3,6 24,2 21,2—26,1 0,882"
ASA | 9 6 0,463 %
Il Nl 12
Surgery time (min) 1358 +156 137,55 125,0—145,0 131,9+145 130,0 120,0—136,3 0,160 m

TIVA total intravenous anaesthesia, BMI body mass index, ASA American society of anesthesiologist

t Independent sample t test/™ Mann-whitney u test/*? Chi-square test
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Table 2 I1-6 levels in sevoflurane and TIVA groups before the surgery (T1), 30 min after the surgery (T2) and 24 h after the surgery (T3)

Sevoflurane group(n =20) TIVA group (n =18) p Value
Mean (+ SD) Median 1.Q-3.Q Mean (+ SD) Median 1.Q-3.Q

IL-6
T 38+20 32 1,8—6,3 4,7 +2,7 34 24—6,8 0219 m
T2 43+29 37 22—56 45+34 38 1,5—6,0 0,849 m
T3 54,8 +454 41,3 19,0—84,3 20,1 +23,5 12,6 6,4—16,0 0,000 m
T1/T2 04+38 04 -1,9—25 —-02+37 -13 -1,7—0,1 0,183 m
within group variation p 0,687 w 0,136 w
T1/13 51,0+45,2 374 15,0—82,5 155+245 55 2,6—10,3 0,000 m
within group variation p 0,000 w 0,000 w

m Mann-whitney u test/w Wilcoxon test

both groups postoperative IL-6 levels were significantly
increased compared to preoperative levels (p <0.05). The
increase in IL-6 levels from preoperative to postoperative
was significantly higher in the sevoflurane group than in
the TIVA group (p <0.05) (Fig. 2).

There were no significant differences in preoperative,
intraoperative or postoperative PCT levels between the
two groups (p >0.05) (Table 3). Postoperative CRP lev-
els were significantly lower in the TIVA group (p <0.05)
(Fig. 3, Table 3).

In the TIVA group the preoperative NLR value was sig-
nificantly lower than in the sevoflurane group (p <0.05),
while intraoperative and postoperative NLR values did
not differ significantly between the two groups (p >0.05)
(Table 3).

Discussion

This study has attempted to investigate that the effects
of two anesthetic techniques—propofol based TIVA and
sevoflurane-based inhalation anesthesia—on inflamma-
tory parameters in patients undergoing surgery due to

60.0

lumbar disc herniation. TIVA showed a reduced inflam-
matory response with lower post-operative IL-6 and CRP
levels compared to sevoflurane.

IL-6 is the principal cytokine responsible for the induc-
tion of the systemic changes collectively known as the
acute phase response [13]. In a study. on patients with
colorectal cancer, no significant difference was found
between IL-6 results for the fist 24-h postoperatively in
patients under propofol-remifentanil and isoflurane-
remifentanil anaesthesia [14]. Another study revealed no
statistically significant difference in IL-6 values between
patients undergoing propofol-remifentanil and sevoflu-
rane-fentanyl anaesthesia during the initial 24-h postop-
erative period following colorectal cancer surgery [15].
These findings indicate that both anaesthetic approaches
may exert comparable effects on inflammatory responses.
Similarly, a study reported that there was no significant
difference between TIVA and sevoflurane with regard
to early postoperative IL-6 levels in patients undergoing
radical cystectomy for bladder cancer [16]. Discrepan-
cies in findings across studies may stem from variations

50.0

40.0

30.0

20.0
10.0

/.

- el

0.0

T1

T2
IL-6

T3

Sevoflurane group ——TIVA group

Fig. 2 Comparison of the effect of sevoflurane and TIVA on IL-6 levels before the surgery (T1), 30 min after the surgery (T2) and 24 h
after the surgery (T3). (IL-6 =Interleukin 6; TIVA =total intravenous anesthesia)
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Table 3 PCT, CRP AND NLR levels in sevoflurane and TIVA groups before the surgery (T1), 30 min after the surgery (T2) and 24 h after

the surgery (T3)
Sevoflurane group (n =20) TIVA group (n =18) p Value
Mean (+ SD) Median 1.Q-3.Q Mean (+ SD) Median 1.Q-3.Q
PCT
T 0,03 +0,01 0,02 0,0—0,0 0,03+0,02 0,02 0,0—0,0 0,769™
T2 0,03+0,01 0,03 0,0—0,0 0,03 £0,02 0,02 0,0—0,0 0,537™
T3 0,05+0,02 0,04 0,0—0,1 0,05+0,03 0,04 0,0—0,1 0314™
CRP
T 245 +3,45 1,23 05—25 4,94 £9,29 1,68 1.1—4,6 0,140™
T2 293 +3,85 1,80 0,6—4,1 6,04 +£9,79 1,32 0,7—94 0682™
T3 253+20,6 21,1 10,5—31,7 153+18,6 8,5 3,8—19,1 0016™
NLR
T1 2,88 +2,46 335 0,0—4,6 0,00 £0,00 0,00 0,0—0,0 0,000™
T2 2,50+0,99 2,65 16—3,2 3,64 +5,00 2,33 1,4—4,0 0,953™
13 577 £3,80 451 32—79 733 +588 544 26—11.8 0,650™

PCT Procalcitonin, CRP C-reactive protein, NLR neutrophyl-lympocte ratio

m Mann-whitney u test

24.0

20.0
16.0

12.0

yd

8.0

g—

4.0
0.0

T1

T2 T3

CRP

Sevoflurane group —M—TIVA group

Fig. 3 Comparison of the effect of sevoflurane and TIVA on CRP levels before the surgery (T1), 30 min after the surgery (T2) and 24 h
after the surgery (T3). (CRP =C reactive protein; TIVA =total intravenous anesthesia)

in surgical procedures, patient populations, and timing of
biomarker measurements. For instance, oncological sur-
geries may elicit a more robust inflammatory response
compared to minimally invasive procedures, potentially
explaining divergent outcomes in IL-6 levels. Addition-
ally, Mazoti et al. discovered that IL-6 levels exhibited a

notable elevation during the postoperative period in both
the isoflurane and propofol groups, with no statistically
significant distinction between the two groups in rela-
tion to otorhinological surgery [17]. Moreover, O’Bryan
and colleagues observed no significant differences in IL-6
levels between patients receiving propofol or sevoflurane
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during the perioperative period in a meta-analysis [18].
The analysis indicated that the choice of anaesthetic
agent may not be a significant factor in the periopera-
tive levels of inflammatory markers [18]. However, this
finding may be related to the heterogeneity of the patient
groups in O’Bryan’s meta-analysis.

The literature also contains conflicting results. Some
studies reported significantly elevated IL-6 levels and
a more pronounced increase in patients who received
inhalational anaesthesia compared to those who received
intravenous anaesthesia particularly in minor surgical
procedures [19, 20]. In our study there were no signifi-
cant differences in preoperative and intraoperative IL-6
levels between the groups. However, postoperative IL-6
levels were significantly lower in the TIVA group. Fur-
thermore, the increase in IL-6 from preoperative to post-
operative levels was significantly less pronounced in the
TIVA group in comparison to the sevoflurane group.
These findings indicate that propofol’s immunomodula-
tory effects may be the underlying mechanism responsi-
ble for the reduced inflammatory response observed in
the TIVA group. It has been demonstrated that propo-
fol exerts an inhibitory effect on nuclear factor kappa B
(NF-xB), a pivotal mediator of the inflammatory cascade
[21]. This mechanism may provide an explanation for the
reduced IL-6 levels observed in the present study. This
lends support to the notion that inhalational anaesthe-
sia may give rise to a more pronounced inflammatory
response than intravenous anaesthesia.

PCT levels essentially remain stable unless there is a
significant infectious trigger [22]. Conversely, CRP is a
more generalised marker of systemic inflammation that
may be more sensitive to anaesthetic types. In a study
by Kadantseva et al., who indicated that CRP levels were
higher postoperatively in the inhalation anesthesia group
than in the TIVA group, particularly in patients with
resected breast cancer [23]. These findings lend support
to the hypothesis that TIVA may have beneficial effects
with regard to the attenuation of perioperative inflamma-
tory stress. But a meta-analysis reported no significant
differences in CRP levels between propofol and sevo-
flurane, indicates that such benefits may not be univer-
sal and could depend on specific clinical or procedural
contexts [18]. No statistically significant difference was
observed in the levels of PCT between the propofol and
sevoflurane groups during the preoperative, intraopera-
tive or postoperative period in our study. Nevertheless,
the postoperative CRP level was significantly lower in the
TIVA group. This may indicate a potential beneficial role
for TIVA with propofol in reducing the systemic inflam-
matory response following surgery.

NLR is a straightforward marker in peripheral blood,
employed to evaluate the inflammatory response and

Page 7 of 9

physiological stress during the perioperative period,
also is a reliable marker of systemic inflammation [24,
25]. Variations in the anesthetic technique can impact
NLR levels, potentially affecting the inflammatory
response and influencing surgical outcomes. In patients
with gastric cancer who underwent minimally invasive
gastrectomy, the postoperative NLR was lower in the
propofol group [26, 27]. Studies evaluating the differ-
ence between propofol and sevoflurane in patients with
breast cancer and gastric cancer found no difference
between intraoperative and postoperative NLR val-
ues [23, 28] In this study preoperative NLR value was
found to be significantly lower in the propofol group
compared to the sevoflurane group indicating a poten-
tially more favourable inflammatory profile in patients
receiving TIVA. However, there were no significant
differences in intraoperative and postoperative NLR
values between the groups (p >0.05), indicating that
this advantage did not persist throughout the periop-
erative period. This finding highlights the necessity of
interpreting NLR results within the broader context of
additional inflammatory markers and their temporal
patterns.

With regard to the clinical outcomes, no significant
postoperative complications were observed in either
group. Furthermore, the time to hospital discharge did
not differ significantly between patients receiving TIVA
and those receiving sevoflurane-based anaesthesia. While
these parameters were not designated as primary end-
points, they were recorded as part of routine periopera-
tive follow-up and offer additional context for the clinical
interpretation of our findings. It is suggested that future
studies with larger sample sizes may be better suited to
detect more subtle differences in postoperative recovery
profiles between anesthetic techniques.

Although this study offers compelling evidence for
the perioperative advantages of TIVA, it is important
to acknowledge certain limitations. Further research
is required in the form of larger, multicentre studies in
order to validate these results. Furthermore, the study
did not assess long-term outcomes, such as postoperative
recovery and chronic pain. In addition, this study does
not include the length of stay, cost analysis or an assess-
ment of the ecological footprint. A further key limitation
is the baseline discrepancy in preoperative NLR values
between the groups, despite randomisation. This imbal-
ance is likely attributable to chance variation associated
with the limited sample size and should be considered
when interpreting perioperative inflammatory responses.
In order to enhance the generalisability and robustness
of these findings, it is recommended that future studies
involve larger, multicentre trials with comprehensive out-
come assessments.
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Conclusions

Most of the studies on this topic have been conducted
in cancer patients, and our study is one of the few
that has been conducted in both healthy patients and
patients undergoing minimally invasive surgery. Nev-
ertheless, further research is necessary to corroborate
these findings in a broader range of surgical popula-
tions and with longer-term follow-ups.

TIVA exhibited a diminished inflammatory response,
as evidenced by reduced postoperative IL-6 levels and
a more modest elevation in IL-6 levels relative to sevo-
flurane. These findings indicate that TIVA may be a
promising anaesthetic option for reducing periopera-
tive inflammation. Based on the results of this study
we believe it is important to increase the use of TIVA
in patients who need to reduce their inflammatory
burden.

Abbreviations
TIVA Total intravenous anaesthesia

ASA American Society of Anesthesiologists
IL-6 Interleukin-6

CRP C-reactive protein

PCT Procalcitonin

NLR Neutrophil-to-lymphocyte ratio
NK Natural killer

Th T helper

Iv Intravenous

BIS Bispectral index

SD Standard deviation
NF-kB  Nuclear factor kappa B

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512871-025-03119-6.

[ Supplementary Material 1 }

Acknowledgements
The authors would like to thank Professor Dr Fatma Asuman Orcun for the
contribution to the study.

Disclosures
All authors declare that they have no conflicts or interest.

Authors’ contributions

MB.Y, HY.A, 1.D contributed to the consept of the study. MB.Y, H.Y.A, EA
contributed to study design. M.B.Y, 1.D, H.Y.A, KT, M.AA.D.C contributed to data
collection. MB.Y, KT and H.Y.A contributed data analyses. MB.Y, HY.A, .D
contributed to preparation of the final draft. MB.Y, Y.Y, B.C, E.A contributed
to critical revision of the article. All authors participated in the revision of the
manuscript, and revised the manuscript critically for important intellectual
content. All of the authors have read and approved the final version of this
manuscript.

Funding
This research received no financial support.

Data availability
No datasets were generated or analysed during the current study.

Page 8 of 9

Declarations

Ethics approval and consent to participate

The database management in accordance with privacy legislation and the
presented study in accordance with the ethical principle of the Declaration of
Helsinki. Ethical approval for this study was obtained by the Research Ethics
Committee (Decision number: 010.99/15, Date: 28/02/2024). Written and
verbal informed consent was obtained from all study participants. Trial is regis-
tered on ClinicalTrials.gov (ref. no: NCT06386965). The Consolidated Standards
of Reporting Trials (CONSORT) guidelines were followed.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details

"Department of Anesthesiology and Reanimation, University of Health Sci-
ences, Kartal Dr. Lutfi Kirdar City Hospital, D-100 Guney Yanyol No:47 Cevizli
Mevkii, 34865 Kartal, Istanbul, Turkey. 2Department of Neurosurgery, University
of Health Sciences, Kartal Dr. Litfi Kirdar City Hospital, Istanbul, Turkey.

Received: 3 March 2025 Accepted: 6 May 2025
Published online: 10 May 2025

References

1. Lord JM, Midwinter MJ, Chen YF, Gao F, Anning P, Brooks MJ, Navarrete-
Navarro J. The systemic immune response to trauma: an overview of
pathophysiology and treatment. Lancet. 2014,384(9952):1455-65.

2. Wu ZF, Lee MS, Wong CS, Lu CH, Huang YS, Lin C, Tsai YH. Propofol-
based Total Intravenous Anesthesia Is Associated with Better Survival
Than Desflurane Anesthesia in Colon Cancer Surgery. Anesthesiology.
2018;129(5):932-41.

3. Raziyeva K, KimYY, Zharkinbekov Z, Kassymbek K, Jimi S, Saparov A. Immu-
nology of Acute and Chronic Wound Healing. Biomolecules. 2021May
8:11(5):700.

4. Marana E, Russo A, Colicci S, Gatti A, Arcangeli T, Sollazzi L. Desflurane
versus sevoflurane: a comparison on stress response. Minerva Anestesiol.
2013;79(1):7-14.

5. HuangTJ, Hsu RW, Li YY, Cheng CC. Less systemic cytokine response in
patients following microendoscopic versus open lumbar discectomy. J
Orthop Res. 2005;23(2):406-11.

6. Silva GN, Brandao VGA, Perez MV, Blum K, Lewandrowski K-U, Fiorelli
RKA. Neuroinflammatory Approach to Surgical Trauma: Biomarkers and
Mechanisms of Immune and Neuroendocrine Responses. J Pers Med.
2024;14:829.

7. Ivascu R, Torsin LI, Hostiuc L, Anghel L. The Surgical Stress Response and
Anesthesia: A Narrative Review. J Clin Med. 2024;13(10):3017.

8. QinC, Fan G, Huang L. Comparisons of different general anesthetic tech-
niques on immune function in patients undergoing flap reconstruction
for oral cancer. Medicine (Baltimore). 2024Jul 5;103(27): €38653.

Stollings LM, Jia LJ, Tang P, Dou H, Lu B, Xu Y, Ding L, Athaide LM. Immune
Modulation by Volatile Anesthetics. Anesthesiology. 2016;125(2):399-411.

10. Yap A, Lopez-Olivo MA, Dubowitz J, Hiller J, Riedel B. Global Onco-Anes-
thesia Research Collaboration Group Anesthetic technique and cancer
outcomes: a meta-analysis of total intravenous versus volatile anesthesia.
Can J Anaesth. 2019;66(8):1007-8.

11. Rossaint J, Zarbock A. Anesthesia-induced immune modulation. Curr
Opin Anaesthesiol. 2019;32(6):799-805.

12. Dowling TJ, Munakomi S, Dowling TJ. Microdiscectomy. [Updated 2023
Aug 13]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing;
2025. Available from: https://www.ncbi.nlm.nih.gov/books/NBK555984/.

13. Desborough JP. The stress response to trauma and surgery. Br J Anaesth.
2000;85(1):109-17. https://doi.org/10.1093/bja/85.1.109.

14. Margarit SC, Vasian HN, Balla E, Vesa S, lonescu DC. The influence of
total intravenous anaesthesia and isoflurane anaesthesia on plasma
interleukin-6 and interleukin-10 concentrations after colorectal


https://doi.org/10.1186/s12871-025-03119-6
https://doi.org/10.1186/s12871-025-03119-6
https://www.ncbi.nlm.nih.gov/books/NBK555984/
https://doi.org/10.1093/bja/85.1.109

Yediyildiz et al. BMC Anesthesiology ~ (2025) 25:238

20.

21.

22.

23.

24.

25.

26.

27.

28.

surgery for cancer: a randomised controlled trial. Eur J Anaesthesiol.
2014,31(12):678-84.

Kvarnstrom AL, Sarbinowski RT, Bengtson JP, Jacobsson LM, Bengtsson
AL. Complement activation and interleukin response in major abdominal
surgery. Scand J Immunol. 2012;75(5):510-6.

Sofra M, Fei PC, Fabrizi L, Porta N, Tritapepe L. Immunomodulatory effects
of total intravenous and balanced inhalation anesthesia in patients with
bladder cancer undergoing elective radical cystectomy: preliminary
results. J Exp Clin Cancer Res. 2013;32(1):6.

Mazoti MA, Braz MG, de Assis GM, Braz JR, Braz LG, Malheiros EB. Compari-
son of inflammatory cytokine profiles in plasma of patients undergoing
otorhinological surgery with propofol or isoflurane anesthesia. Inflamm
Res. 2013;62(10):879-85.

O'Bryan LJ, Atkins KJ, Lipszyc A, Schmid ER, Landoni G, Pasin L, Novelli D.
Inflammatory Biomarker Levels After Propofol or Sevoflurane Anesthesia:
A Meta-analysis. Anesth Analg. 2022;134(1):69-81.

Soliman AA, Mahmoud AH, Khalik MM, Gamal N. Comparative study
between intravenous anesthesia (propofol) and inhalational anesthesia
(sevoflurane) on the cytokine’s response to abdominal operation. Journal
of Medicine in Scientific Research. 2023;6(2):5.

Schneemilch CE, Ittenson A, Ansorge S, Hachenberg T, Bank U. Effect of 2
anesthetic techniques on the postoperative proinflammatory and anti-
inflammatory cytokine response and cellular immune function to minor
surgery. J Clin Anesth. 2005;17(7):517-27.

Dang, Shi X, Xu W, Zuo M. The Effect of Anesthesia on the Immune
System in Colorectal Cancer Patients. Can J Gastroenterol Hepatol.
2018;2018:7940603.

Schuetz P, Christ-Crain M, Huber AR, Muller B. Long-term stability of
procalcitonin in frozen samples and comparison of Kryptor and VIDAS
automated immunoassays. Clin Biochem. 2010;43(3):341-4.

Kadantseva K, Subbotin V, Akchulpanov R, Maltsev |, Filippov A, Sologub
S.The impact of inhalation versus total intravenous anesthesia on the
immune status in patients undergoing breast cancer surgery: a double-
blind randomized clinical trial (TeMP). Front Oncol. 2024;14:1401910.
Surhonne N, Hebri C, Kannan S, Duggappa DR, Rs RR, Mapari CG. The
effect of anesthetic techniques on neutrophil to lymphocyte ratio in
patients undergoing infraumbilical surgeries. Korean J Anesthesiol.
2019;72(5):458-65.

Bingdl Tanriverdi T, Tercan M, Glsun Halitoglu A, Kaya A, Patmano G.
Comparison of the Effects of Low-flow and Normal-flow Desflurane
Anaesthesia on Inflammatory Parameters in Patients Undergoing Laparo-
scopic Cholecystectomy. Turk J Anaesthesiol Reanim. 2021;49(1):18-24.
Kim NY, Kim KJ, Lee KY, Moon YJ, Lee S, Kim Y, Hong SM. Effect of volatile
and total intravenous anesthesia on syndecan-1 shedding after minimally
invasive gastrectomy: a randomized trial. Sci Rep. 2021;11(1):1511.

Lee S, Pyo DH, Sim WS, Lee WY, Park M. Early and Long-Term Outcomes
after Propofol-and Sevoflurane-Based Anesthesia in Colorectal Cancer
Surgery: A Retrospective Study. J Clin Med. 2022;11(9):2648. https://doi.
0rg/10.3390/jcm11092648.

Oh CS, Park HJ, Piao L, Seo H, Yoo DH, Lee JH, Cho HJ. Expression Profiles
of Immune Cells after Propofol or Sevoflurane Anesthesia for Colorectal
Cancer Surgery: A Prospective Double-blind Randomized Trial. Anesthesi-
ology. 2022;136(3):448-58.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9


https://doi.org/10.3390/jcm11092648
https://doi.org/10.3390/jcm11092648

	Comparison of inhalation and total intravenous anesthesia on inflammatory markers in microdiscectomy: a double-blind study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Background
	Methods
	Intervention and anesthesia protocol
	Measurements
	Sample size
	Statistical analysis
	Outcomes

	Results
	Dıscussıon
	Conclusıons
	Acknowledgements
	References


