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Abstract

Background: Anesthesia and surgery together can cause endocrine and metabolic changes by creating a stress response.
Objectives: This study aimed to compare the effects of two different applications of general anesthesia on the immune system by
measuring serum cytokines in patients undergoing hand surgery.
Methods: The study included 40 patients undergoing hand surgery with American Society of Anesthesiologists (ASA) physiological
status I to III and ages between 18 and 65. The patients were randomly divided into two groups including I-gel LMA (group 1) and
endotracheal tube (group 2). Blood samples were taken from all patients before anesthesia induction (T0), five minutes after the
induction (T1), one hour postoperatively (T2), and 24 hours postoperatively (T3) for IL-1β, TNF-α, IL-6, and IL-8 analysis. The attempt
numbers and the placement time of airway devices were noted in both groups. We also recorded patients’ perioperative OAB, pulse,
saturation, SPI, and ETCO2.
Results: There was no difference in TNF-α, IL-1β, IL-8, and IL-6 levels between the groups. When we compared trial periods, it was
seen that I-gel LMA was statistically placed faster than laryngeal tube.
Conclusions: One of the ways to reduce surgical stress is to minimize invasive procedures as much as possible. Although I-gel LMA
did not reduce inflammation or stress response, placing it was faster than the endotracheal tube and this may give an advantage in
favor of I-gel.
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1. Background

Although endotracheal intubation is the gold stan-
dard for the safety of the airway during anesthesia, laryn-
goscopy and intubation are known to have side-effects
such as increased plasma catecholamine levels, hyperten-
sion, tachycardia, arrhythmia, myocardial ischemia, and
intracranial and intraocular pressure elevation (1). Dur-
ing laryngoscopy and tracheal intubation, the stimulation
of the supraglottic area causes an increase in the sympa-
thoadrenal response and catecholamine levels. Passage
through the vocal cord of the endotracheal tube and infla-
tion of the cuff in the infraglottic region are rare (2). In this
response, the contribution of the endotracheal tube from
the vocal cord or inflation of the cuff in the infraglottic area
is less (2).

In elective and emergency surgical interventions,

many supraglottic airways have been successfully used
to provide and ensure airway safety. The laryngeal mask
(LMA) with an inflatable cuff has been the most commonly
used supraglottic device in the last decade (1). I-gel is a new
type of laryngeal mask with no inflatable cuff. Due to the
I-gel thermoplastic elastomer structure, it softens at body
temperature and is fully compatible with the supraglottic
texture, thus minimizing air leakage. In addition, the
presence of a gastric drainage tube that allows nasogastric
catheter entry reduces the risk of aspirating stomach con-
tents into the lungs. The oropharyngeal cavity is adapted
without malrotation due to the hard-bite protective part
that keeps it fixed in the mouth (1).

Surgical stress affects many systems, especially the im-
mune system, leading to different responses. In addition
to surgical stress, factors such as the direct pharmacologi-
cal effect of the anesthetic used, the type of anesthesia, and
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duration and depth of the anesthetic also have an effect on
the resulting responses (3).

2. Objectives

The combination of anesthesia and surgery can cause
endocrine and metabolic changes by creating a stress re-
sponse. In this study, we aimed to compare the effects of
two different applications of general anesthesia on the im-
mune system by evaluating serum cytokines in patients
undergoing hand surgery.

3. Methods

Approval for the study was granted by the Local Ethics
Committee of Afyon Kocatepe University (No. 2016/3-26,
04.11.2016 dated) and written informed consent was ob-
tained from each patient. Overall, 40 patients with Amer-
ican Society of Anesthesiologists (ASA) physical status I-II,
aged 18 - 65 years, undergoing hand surgery were enrolled
in the study. Patients with a history of difficult intubation,
hemorrhagic diathesis, gastroesophageal reflux or previ-
ous head or neck surgery, patients with a mouth open-
ing of < 2 cm, uncooperative and obese patients were not
included in the study. Patients were randomized into ei-
ther the I-gel group (group 1, n = 20) or endotracheal tube
group (group 2, n = 20). All patients were evaluated one day
preoperatively to measure thyromental distance and ster-
nomental distance. Height, weight, body mass index (BMI),
and Mallampati scores were also recorded.

Patients were not premedicated. Upon arrival in the
operating room, standard anesthesia monitoring was ap-
plied including non-invasive blood pressure, pulse oxygen
saturation, electrocardiograms, and capnograms. Hemo-
dynamic parameters were recorded during the operation.

Anesthesia was induced with propofol 2 mg/kg, fen-
tanyl 2 mcg/kg, and midazolam 0.01 mg/kg. The intubation
was facilitated with 0.6 mg/kg rocuronium 0.6 mg/kg in
group 2.

Ventilation was performed using a mask until the air-
way became suitable (lash reflex disappearance, jaw relax-
ation, immobility, and apnea development) for reposition-
ing the airway device. The appropriate size of I-gel was
placed in group 1 patients and the proper size of the en-
dotracheal tube was used in group 2 patients. Anesthe-
sia was maintained with a remifentanil infusion (0.3 - 0.5
mcg/kg/minute) and sevoflurane 1 MAC with a fraction of
inspired oxygen (FIO2) of 50% in air. The patients were
ventilated with controlled volume mechanical ventilation
with a tidal volume of 7 mL/kg with a respiratory rate of
12/minute.

The demographic data of the patients, as well as in-
traoperative mean arterial pressures, heart rates, and end-
tidal CO2 values, were recorded. We also noted the num-
ber of attempts to apply the airway device and the dura-
tion of the application time. At the end of the surgery, 1
g paracetamol and 1 mg/kg tramadol were administered
to all patients. Anesthetic gases were closed at the end of
the operation and patients were ventilated with 100% oxy-
gen. The effect of the muscle relaxant was reversed with
sugammadex 2 mg/kg in patients applied with the endo-
tracheal tube when the spontaneous respiratory motion
started. The airway device was removed when the patient
regained consciousness. The patients were transferred to
the post-anesthesia care unit after extubation.

For the examination of tumor necrosis factor alpha
(TNF-α), interleukin-6 (IL-6), IL-1β, and IL-8, venous blood
samples were taken from all patients before the anesthesia
induction (T0), five minutes after induction (T1), one hour
postoperatively (T2), and 24 hours postoperatively (T3).

The venous blood samples were centrifuged at 5000
rpm for 10 minutes immediately after collection and
plasma aliquots were stored at -20˚ C until assayed. Plasma
concentrations of TNF-α, IL-6, Il-1β, and IL-8 were mea-
sured using eBioscience Human Platinum enzyme-linked
immunosorbent assay kits (Bender MedSystems GmbH, Vi-
enna, Austria). Absorbance detection was performed us-
ing ChemWell® 2910 Analyzer (Awareness Technology, Inc.
Martin Hwy. Palm City, USA). The results were given as
pg/mL

3.1. Statistical Analysis

The data were statistically analyzed using the Statisti-
cal Package for Social Sciences (SPSS) for Windows 20.0 soft-
ware. The Shapiro Wilk test was used to verify the nor-
mal data distribution. The data were expressed as means
± standard deviation (SD), median (min - max), and per-
centages. Continuous variables were analyzed using the
student’s t-test or the Mann-Whitney U test for paramet-
ric and non-parametric data, respectively. Categorical vari-
ables were analyzed using the chi-square test or the Fisher
exact test. The results were evaluated at a confidence inter-
val of 95% and a significance level of P < 0.05.

4. Results

In the current study, 20 patients were included in each
group, all of whom completed the study. Patients’ charac-
teristics were similar between the groups (Table 1). There
was a statistically significant difference between the two
groups in terms of the placement time of the I-gel laryn-
geal mask and endotracheal intubation. The placement
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time was 11.04 ± 1.02 seconds in group 1 and 12.43 ± 1.57
seconds in group 2 (P = 0.002, Table 1). No statistically sig-
nificant difference was found between the two groups in
terms of the number of attempts to place the device (P =
0.633, Table 1).

When the mean arterial pressure and heart rates were
compared according to the groups, no statistically signifi-
cant difference was found between group 1 and group 2 (Ta-
bles 2 and 3).

There was no statistically significant difference be-
tween the groups at any time point in respect of the TNF-α,
IL-1β, and IL-8 values (Figures 1 - 3).
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Figure 1. TNF-α, levels according to the groups; β, Mann-Whitney U test; group 1,
I-gel LMA; group 2, endotracheal tube; T0, before anesthesia induction; T1, five min-
utes after induction; T2, one hour postoperatively; T3, 24 hours postoperatively.
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Figure 2. IL-1β, levels according to the groups;β, Mann-Whitney U test; group 1, I-gel
LMA; group 2, endotracheal tube; T0, before anesthesia induction; T1, five minutes
after induction; T2, one hour postoperatively; T3, 24 hours postoperatively.

When the IL-6 values were compared between the two
groups, the T0 and T1 values were significantly lower in
group 1 (P = 0.045 and P = 0.008, respectively) (Figure 4).
There was no statistically significant difference between
the two groups at T2 and T3.
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Figure 3. IL-6, levels according to the groups; β, Mann-Whitney U test; group 1, I-gel
LMA; group 2, endotracheal tube; T0, before anesthesia induction; T1, five minutes
after induction; T2, one hour postoperatively; T3, 24 hours postoperatively.
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Figure 4. IL-8, levels according to the groups; β, Mann-Whitney U test; group 1, I-gel
LMA; group 2, endotracheal tube; T0, before anesthesia induction; T1, five minutes
after induction; T2, one hour postoperatively; T3, 24 hours postoperatively.

5. Discussion

Inflammation is the main process in tissue repair, but
increased inflammation can be very dangerous for the
maintenance of a normal inflammatory response. It can
lead to postoperative complications such as postoperative
infections, impaired wound healing, and multiple organ
dysfunction (4). TNF-α, IL-1β, and IL-6 have systemic and
local effects such as the restriction of injury, the restric-
tion of infection spread, and the establishment of an en-
vironment suitable for tissue healing and repair (5). From
a review of the literature, no study was found having com-
pared the effects of I-gel LMA and general anesthesia on in-
flammation.

In a study comparing the hemodynamic responses of
I-gel, LMA, and endotracheal tube (ETT), it was found that
cardiovascular changes were lowest in the I-gel group and
this was due to the absence of an inflatable cuff structure
(6). In a study by Trivedi and Patil comparing LMA, SLIPA,
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Table 1. Demographic Characteristics of the Patients, Placement Time of the Airway Devices and Number of Placement Attemptsa , b

Variables Group 1 (N = 20) Group 2 (N = 20) P Value

Age, y 40.30 ± 17.33 39.70 ± 12.01 0.900c

Gender, female/male 8/12 5/15 0.311d

Height, cm 170.85 ± .4.81 171.50 ± 8.30 0.822c

Weight, kg 76.05 ± 9.41 77.95 ± 9.23 0.523c

BMI, kg/m2 26.05 ± 2.57 26.50 ± 2.56 0.590c

ASA score, I/II/III 11/8/1 15/5/0 0.315 d

Mallampati score, I/II/III 7/12/1 10/10/0 0.425 d

Placement time, sec 11.04 ± 1.02 12.43 ± 1.57 0.002d

Number of placement attempts, 1 time/2 times 18 (90)/2 (10) 17 (85)/3 (15) 0.633d

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index.
a Values are expressed as mean ± SD, No. or No. (%).
b Group 1: I-gel LMA; Group 2: endotracheal tube.
c Student’s t-test.
d Chi-square.

Table 2. Comparison of Mean Arterial Pressures of Patients Between the Groupsa

MAP Values (mmHg) Group 1 (N = 20) Group 2 (N = 20) P Value

T1 94.50 ± 15.73 94.50 ± 13.52 1.000b

T2 72.50 ± 12.09 77.25 ± 11.82 0.217b

T3 74.85 ± 13.88 76.50 ± 11.13 0.681b

T4 78.35 ± 15.42 80.90 ± 11.07 0.552b

T5 77.75 ± 13.49 81.05 ± 12.37 0.425b

T6 77.90 ± 15.86 80.40 ± 11.65 0.573b

T7 80.80 ± 13.94 82.00 ± 12.68 0.777b

T8 83.55 ± 11.40 85.45 ± 12.80 0.623b

T9 94.00 (78 - 120) 97.50 (80 - 117) 0.946c

Abbreviations: MAP, mean arterial pressure; T1, before anesthesia induction; T2,
five minutes intraoperatively; T3, 10 minutes intraoperatively; T4, 20 minutes
intraoperatively; T5, 30 minutes intraoperatively; T6, 40 minutes intraopera-
tively; T7, 50 minutes intraoperatively; T8, 60 minutes intraoperatively; T9, the
end of anesthesia.
a Group 1: I-gel LMA; Group 2: endotracheal tube.
b Student’s t-test.
c Mann-Whitney U test.

and I-gel, the cardiovascular response was also found to be
lowest in the I-gel group (7). According to Shin et al., the
LMA, Proseal LMA, and I-gel, as three supraglottic airway
vehicles, have similar hemodynamic effects (8). In the cur-
rent study, there was no statistically significant difference
in hemodynamics between the groups.

The most important feature of LMA is the ease of place-
ment. In a study by Arı et al., I-gel insertion time was mea-
sured as 21.98 sec (1). Similarly, in the current study, the I-gel
placement time was found to be 11.04 seconds, which was
lower than the time of endotracheal tube placement. In a
study by Richez et al., using I-gel 4 and 5 in a female patient

Table 3. Comparison of Heart Rates of Patients in the Groupsa

Heart Rates
(Beat/Minute)

Group 1 (N = 20) Group 2 (N = 20) P Valueb

T1 86.85 ± 11.39 82.60 ± 15.14 0.322

T2 77.30 ± 10.52 81.80 ± 16.36 0.305

T3 76.70 ± 10.76 76.35 ± 14.07 0.930

T4 76.10 ± 12.62 76.15 ± 10.52 0.983

T5 74.40 ± 11.76 72.55 ± 12.15 0.628

T6 76.55 ± 9.73 74.50 ± 12.34 0.563

T7 79.55 ± 9.76 80.60 ± 9.04 0.726

T8 80.20 ± 9.87 80.55 ± 10.85 0.744

T9 96.20 ± 9.87 95.55 ± 10.85 0.844

Abbreviations: T1, before anesthesia induction; T2, five minutes intraopera-
tively; T3, 10 minutes intraoperatively; T4, 20 minutes intraoperatively; T5, 30
minutes intraoperatively; T6, 40 minutes intraoperatively; T7, 50 minutes in-
traoperatively; T8, 60 minutes intraoperatively; T9, the end of anesthesia.
a Group 1: I-gel LMA; Group 2: endotracheal tube.
b Student’s t-test.

group, the first-time placement success was 97% (9). In the
current study, the first-trial success was 90% with I-gel la-
ryngeal mask in 20 patients of group 1 and 85% with the
endotracheal tube in 20 patients of group 2.

There was no difference between the groups in terms of
peak, plateau, mean airway pressures, EtCO2, and compli-
ance in a study of 50 patients in which the ease of use and
clinical performance of I-gel LMA and classical LMA were
compared (1). Tang et al. revealed no difference between
I-gel and endotracheal tubes in respect of ETCO2, PaO2, and
PaCO2 levels in 66 patients who underwent posterior fossa
surgery (10). In the current study, no statistically signifi-
cant difference was found between the hemodynamic data
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of the two groups.
Tang et al. used I-gel or endotracheal tubes in 66 pa-

tients who underwent posterior fossa surgery. In patients
applied with I-gel, a significant decrease was seen in TNF-
α and IL-6 levels while patients applied with endotracheal
tube showed a significant increase postoperatively (10). No
significant change was seen in inflammatory reaction and
oxidative stress in either group over time. In the current
study, the levels of IL-1β, TNF-α, and IL-8 were unchanged
in both groups. The IL-6 levels remained lower in the I-gel
group than in the endotracheal group at all times, which
were statistically significant in favor of I-gel LMA before
and after induction. This could have been due to the lower
preoperative levels of IL-6 in the I-gel group or the shorter
implementation time of I-gel.

Patients undergoing hand surgery can also be ap-
plied with different anesthesia methods other than gen-
eral anesthesia, such as regional intravenous anesthesia
(RIVA) and upper extremity blocks. General anesthesia is
usually applied to patients who do not accept neuraxial
block. I-gel could be considered a good alternative to the
endotracheal tube in general anesthesia. The results of the
current study showed less inflammation in the I-gel group,
but this should be compared in patients undergoing re-
gional anesthesia.

5.1. Conclusions

The surgical stress levels of patients will be reduced
with the reduction of invasive applications in surgery as
far as possible. Although I-gel LMA did not reduce inflam-
mation or stress response, placing it was faster than endo-
tracheal tube placement and this may give an advantage in
favor of I-gel.
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