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Abstract:

Background: Tracheal intubation with a cuffed ETT (Endotracheal Tube) ensures a safe and patent airway during
general anesthesia. N2O (Nitrous Oxide), widely used for its analgesic and anesthetic properties, can diffuse into
the ETT cuff, leading to an increase in intracuff pressure. This pressure rise can result in complications such as
tracheal mucosal ischemia, POST (Post-Operative Sore Throat) and PONV (Post-Operative Nausea and
Vomiting). Regular monitoring of cuff pressure is recommended to minimize these risks.

Materials and Methods: This prospective, observational study included 100 adult patients undergoing general
anesthesia. Patients were divided into two groups: Group A received oxygen-air (40:60), and Group B received
oxygen-nitrous oxide (40:60). Endotracheal tube cuff pressure was measured at baseline and at 15-minute
intervals for 90 minutes. Adjustments were made if the pressure exceeded 34 cm H:O. The incidence of POST
and PONV was assessed at 1 and 6 hours postoperatively. Statistical analysis was performed using SPSS software.
Results: Cuff pressure in Group B increased significantly over time compared to Group A (p < 0.001). 50% of
patients in Group B required cuff pressure readjustment, whereas none in Group A required adjustments (p <
0.001). The incidence of PONV was higher in Group B (26%) compared to Group A (12%), but the difference
was not statistically significant (p = 0.15). The incidence of POST was also slightly higher in Group B (16% vs.
10%), though not significant.

Conclusion: Nitrous oxide significantly increases ETT cuff pressure, necessitating frequent monitoring to prevent
tracheal mucosal injury. While there was a trend toward higher POST and PONV in the nitrous oxide group, the
differences were not statistically significant. Regular cuff pressure adjustments may mitigate these adverse effects.
Keywords: Nitrous Oxide, endotracheal Tube, Cuff Pressure, Postoperative Sore Throat, Postoperative Nausea
and Vomiting, General Anesthesia.
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Introduction

Tracheal intubation with a cuffed ETT tracheal mucosal microcirculation, leading to
(Endotracheal Tube) is essential for maintaining a complications such as postoperative sore throat,
patent airway during general anesthesia, preventing hoarseness, tracheal necrosis, ulceration, stenosis,
aspiration and air leakage during positive pressure and dysphagia.[7,8] Frequent monitoring and
ventilation.[1] However, the use of N.O (Nitrous adjustment of cuff pressure using a manometer can
Oxide) is associated with a well-documented help mitigate these risks.[9,10] The diffusion rate of
increase in ETT cuff pressure.[2,3] Despite its N:0 into the cuff depends on factors such as cuff
benefits as part of a balanced anesthetic technique, material, surface area exposure, partial pressure of
including amnestic and analgesic properties, cost- N20, and head-neck position.[11-14] Several
effectiveness, and hemodynamic stability,[4,5] N.O strategies have been proposed to control intracuff
diffuses into air-filled spaces, causing cuff pressure, including regular measurement, use of gas
expansion and a rise in intracuff pressure.[6] mixtures or liquid-filled cuffs, and specialized ETTs

such as Brandt, Lanz, Portex soft seal, and Bivona

An increase in cuff pressure above -capillary Fome cuffs.[15-19]

perfusion pressure within an hour can impair
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Sore throat is a common postoperative complaint,
exacerbated by N:0 exposure.[20] Additional
contributing factors include airway trauma,
prolonged anesthesia, lack of humidification,
suctioning, and surgical airway manipulation.
PONV (Post-Operative Nausea and Vomiting) is
another notable complication, affecting 30-40% of
the general population and up to 80% in high-risk
groups.[21] N20 has been identified as a risk factor
for PONV, particularly in prolonged surgeries, due
to its effects on opioid and dopaminergic receptors,
middle ear pressure, and bowel distension.[22-26]
Other risk factors include female gender, history of
motion sickness or PONV, obesity, and surgeries
involving the bowel, eye, or middle ear.[24] PONV
can lead to extended hospital stays, delayed
recovery, aspiration, electrolyte imbalances, and
increased intracranial pressure.[27]

We hypothesized that regular monitoring and
adjustment of ETT cuff pressure using a manometer
could reduce the incidence of postoperative sore
throat, nausea, and vomiting, thereby improving
patient outcomes.

Aims and Objectives

The aim of this study was to evaluate the effect of
nitrous oxide on endotracheal tube cuff pressure
during general anesthesia and compare it with air.
Additionally, the study aimed to assess the impact of
nitrous oxide on postoperative complications,
specifically sore throat, nausea, and vomiting. By
analyzing these parameters, the study sought to
determine the potential clinical implications of using
nitrous oxide in airway management and
postoperative patient outcomes.

Materials and Methods

Study Design: This prospective, observational
study was conducted at Amrita Institute of Medical
Sciences, Kochi, between September 2018 and
March 2020. After obtaining approval from the
hospital ethical committee (IRB-AIMS-2018-225
dated 18-09-2018), the study included 100 adult
consenting surgical patients to evaluate the effect of
nitrous oxide on endotracheal tube cuff pressure and
its impact on postoperative sore throat, nausea, and
vomiting.

Inclusion and Exclusion Criteria: The study
included adult surgical patients aged above 18 years
with  an  ASA  (American  Society of
Anesthesiologists) physical status of Grade 1 to 3.
Patients were excluded if they required more than
one attempt for intubation, had a history of sore
throat within one week prior to surgery, were
undergoing emergency surgery, or had a history of
motion sickness.

Sample Size Calculation: As there was no similar
study published earlier, a pilot study was initially
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conducted in twenty patients. The mean difference
of endotracheal tube cuff pressure change from
baseline to 15 minutes between air (1.7+£0.675) and
nitrous oxide (1.2+1.032) was assessed. Based on
these results, a 95% confidence interval at 80%
power, the minimum sample size was calculated to
be 48 patients. However, we included 50 patients in
each group during our study period.

Data Collection Method: After pre-anesthetic
evaluation and informed consent, patients were
kept nil per oral for six hours for solids and two
hours for clear fluids. Preoperative medications
included pantoprazole 40 mg, metoclopramide 10
mg (night before and morning of surgery), and
alprazolam 0.25 mg at night.

Patients were assigned to two groups: Group A
(oxygen-air mixture 40:60) and Group B (oxygen-
nitrous oxide mixture 40:60). Standard monitoring
was initiated, and intravenous access was secured.
Preoxygenation was done with 100% oxygen for
three minutes, followed by intravenous midazolam
(1-2 mg), glycopyrrolate (0.2 mg), fentanyl (2
pg/kg), and propofol (1.5-2.5 mg/kg) for induction.
Atracurium (0.5 mg/kg) was administered, and
patients were intubated using high-volume, low-
pressure cuffed PVC endotracheal tubes (8.0 mm for
males, 7.0 mm for females).

The cuff was inflated to achieve an adequate seal,
and a Portex manometer recorded baseline cuff
pressure. Measurements were taken at 15, 30, 45, 60,
75, and 90 minutes. If pressure exceeded 34 cm H-0,
it was reduced to 24 cm H-O by aspirating air. The
number of adjustments required was documented.

At the end of surgery, all patients received
intravenous ondansetron (0.1 mg/kg) for PONV
prophylaxis. Neuromuscular blockade was reversed
with neostigmine and glycopyrrolate, followed by
extubation after gentle oropharyngeal suctioning.
POST and PONV were assessed at the first and sixth
hour post-extubation. POST severity was graded,
and grade 3 cases were managed with dispersible
aspirin gargles. PONV was assessed using the
PONYV Impact Scale Score (=5 indicated significant
PONV). Persistent PONV was treated with
metoclopramide, and further episodes were
managed with intravenous haloperidol. The need for
rescue therapy was documented.

Statistical Analysis: Data were analyzed using IBM
SPSS Statistics 20.0. Measurable variables were
presented as mean + standard deviation, while
categorical variables were expressed as percentages.
An independent sample t-test was used to compare
means of age, height, weight, cuff volume, surgery
duration, endotracheal tube size, cuff pressure, and
temperature between groups. A Chi-square test was
used to compare categorical variables such as
gender, ASA grade, Mallampati score, cuff pressure
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reduction, postoperative sore throat, nausea, and Table 1 provides a foundational comparison of

vomiting between groups. patient demographics and baseline attributes,
ensuring both groups are similar before analyzin,

Results g group yzng
outcomes.

Table 1: Demographic and Baseline Characteristics

Parameter Group A (Mean £ SD) Group B (Mean = SD) P-Value
Age (years) 50.2 £ 14.09 47.6£13.5 0.35
Height (cm) 164.86 £ 7.939 163.28 +9.566 0.371
Weight (kg) 66.94 + 8.870 68.70 £ 10.270 0.361
Gender (Male %) 80% 72% 0.482
ASA Grade 1 (%) 42% 44% 0.360
ASA Grade 2 (%) 54% 56%
ASA Grade 3 (%) 4% 0%

Table 2 examines the airway characteristics, including endotracheal tube size, cuff volume, and Mallampati score.

Table 2: Airway and Anesthesia-Related Parameters

Parameter Group A (l\g]e)a)n/Medlan * Group B (Mean/Median + SD) (P-Value
Mallampati Score (Class 1) (%) 40% 34% 0.53
Mallampati Score (Class 2) (%) 60% 66%

Endotracheal Tube Size (mm) 8.00 + 0.404 8.00 £ 0.443 0.481
Cuff Volume (ml) 5.66 + 0.626 5.40 £0.926 0.103

Table 3 provides data on the duration of surgery and temperature variations, comparing the effects of different
anesthesia mixtures.

Table 3: Surgical Parameters

Parameter Group A (Mean = SD) Group B (Mean = SD) P-Value
Duration of Surgery (min) 71.40 +28.246 74.84 +£20.992 0.496
Temperature at 0 min (°C) 352+£0.22 35.16+0.24 0.68

Temperature at 30 min (°C) 35.0+£0.22 35.01 +£0.230 0.16
Temperature at 90 min (°C) 349+0.12 34.9+0.09 0.21

Table 4 assesses the incidence and severity of postoperative nausea and vomiting.

Table 4: Postoperative Nausea and Vomiting (PONV)

Parameter Group A (n/%) Group B (n/%) P-Value
Nausea in First Hour 6 (12%) 8 (16%) 0.56
Vomiting in First Hour 4 (8%) 11 (22%) 0.093
PONV ISS (Yes) 6 (12%) 13 (26%) 0.15
Ondansetron Received 6 (12%) 13 (26%) 0.074

Table 5 compares the incidence and severity of POST in the first and sixth hours.

Table 5: Postoperative Sore Throat (POST)

Parameter Group A (n/%) Group B (n/%) P-Value
POST First Hour 5 (10%) 6 (12%) 0.749
POST Sixth Hour 1 (2%) 2 (4%) 0.558

Table 6 analyses the need for cuff pressure adjustments between the groups.

Table 6: Cuff Pressure Adjustments
Parameter Group A (n/%) Group B (n/%) P-Value
Needed Readjustment 0 (0%) 25 (50%) <0.001

Table 7 provides a summary of statistically significant and non-significant findings from the study.
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Table 7: Summary of Key Outcomes and Statistical Significance

Parameter P-Value Conclusion
Age 0.35 Not Significant
Height 0.371 Not Significant
Weight 0.361 Not Significant
Gender Distribution 0.482 Not Significant
ASA Physical Status 0.360 Not Significant
Endotracheal Tube Size 0.481 Not Significant
Cuff Volume 0.103 Not Significant
Duration of Surgery 0.496 Not Significant
Temperature Variations 0.16-0.68 Not Significant
PONV Incidence 0.15-0.56 Not Significant
Need for Cuff Readjustment <0.001 Significant

Discussion

Endotracheal intubation is a fundamental
component of general anesthesia, ensuring a secure
airway and preventing aspiration. The primary
function of cuffed ETT is to maintain airway
patency and act as a barrier against the aspiration of
gastric contents, blood, and secretions. Proper
management of ETT cuff pressure is crucial, as
excessive pressure can lead to tracheal ischemia,
ulceration, and stenosis, while insufficient pressure
increases the risk of aspiration and anesthetic gas
leakage.[7]

N:20 is widely used in anesthesia but is known to
permeate into the ETT cuff, leading to an increase in
its volume and pressure over time. Studies have
shown that a 50% concentration of N2O can double
the volume of an air-filled space, while a 67%
concentration can triple it.[28] This continuous rise
in intracuff pressure can impair tracheal
microcirculation, resulting in ischemic damage to
the tracheal mucosa.[29] It is recommended that
ETT cuff pressure be maintained between 25-34 cm
H>O to prevent tracheal mucosal ischemia, as
pressures exceeding 34 cm H2O can reduce tracheal
wall perfusion, and pressures above 50 cm H20O can
cause complete obstruction of blood flow.[30]

The present study evaluated time-dependent
changes in ETT cuff pressure during general
anesthesia using either an O2/N:O (40:60) mixture
with isoflurane (Group B) or an O:/Air (40:60)
mixture with isoflurane (Group A). Additionally, the
study examined the incidence of POST, nausea, and
vomiting in both groups.

In our study, the mean ETT cuff pressure at baseline
and at 15 minutes was comparable between the two
groups. However, from 30 minutes onward, the
presence of N2O in Group B led to a significant
increase in intracuff pressure. This observation is
consistent with the findings of Kyung Hwa Chou,
who demonstrated that N.O-induced diffusion
results in a gradual increase in cuff pressure over
time.[31] Similarly, Ozlem Kosar et al. reported an
early rise in cuff pressure within 5 minutes of N2O
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administration.[32] However, our study observed a
delayed increase at 30 minutes, possibly due to
differences in study methodology, such as gas flow
rates and monitoring intervals.

Postoperative sore throat is a common complication
following general anesthesia with endotracheal
intubation. In our study, the incidence of POST at
the first and sixth hours was statistically
insignificant between the two groups. This outcome
could be attributed to our intervention in
maintaining cuff pressure below 35 cm H2O0,
minimizing mucosal damage. In contrast, other
studies have reported higher POST incidence due to
interventions occurring only at much higher cuff
pressures.[7] Nearly half of the patients in Group B
required cuff pressure reduction, highlighting the
importance of regular monitoring, though similar
data were not extensively documented in previous
studies.

The method used to inflate the ETT cuff can
influence intracuff pressure dynamics. Studies
indicate that cuffs inflated with air exhibit greater
pressure increases compared to those filled with
saline or distilled water.[33] Our findings align with
Raeder JC’s study, which reported a significant rise
in cuff pressure when air was used.[7] This suggests
that using alternative filling agents might mitigate
overinflation effects caused by N20O diffusion.

Frequent monitoring and adjustment of cuff pressure
are essential to prevent complications. Studies by An
Na Gu and Mi Yu have shown that more frequent
adjustments result in lower incidence rates of
tracheal injury and POST.[34] Additionally,
Kovacevic et al. demonstrated that using a
manometer to measure cuff pressure reduces
complications compared to manual palpation of the
pilot balloon.[35] In our study, we utilized a Portex
manometer for monitoring and adjusting cuff
pressure, ensuring accuracy and preventing
excessive pressure buildup.

PONV is a frequent concern in anesthesia practice,
particularly with N2O use. Although our study found
a slightly higher incidence of PONV in Group B, the
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difference was not statistically significant, likely due
to prophylactic antiemetic administration.[23] Muir
JJ et al. similarly found no substantial impact of N-O
on PONV rates in non-body cavity surgeries lasting
approximately 75 minutes.[36] Additionally, Philip
J Peyton and Christine Y. Wu concluded that
exposure to N20 for less than an hour has minimal
PONV effects, which aligns with our study’s
surgical duration of 75 minutes.[37] However,
Mohanty et al. reported higher PONV rates in
female patients, emphasizing gender as a significant
risk factor.[29]

Limitations and Future Prospects: The present
study was conducted in short-duration surgeries,
limiting our ability to assess the effects of N20O on
ETT cuff pressure in long-duration procedures.
Additionally, variations in the volume of air required
to achieve loss of an audible leak during cuff
inflation may have introduced subjective
differences. Another limitation was that intubation
was performed by both residents and staff with
varying levels of experience, which may have
influenced results.

For future research, the study can be extended to
different types of surgeries where N2O is not
contraindicated, allowing for a broader evaluation of
its impact. N2O can also be used in longer-duration
surgeries with frequent monitoring and readjustment
of cuff pressure using a manometer to minimize
complications. Furthermore, varying concentrations
of nitrous oxide can be explored to determine the
optimal levels that balance safety and effectiveness
in anesthesia management.

Conclusion

The use of nitrous oxide increased the endotracheal
tube cuff pressure at 30, 60, 75, and 90 minutes of
anesthesia. A greater need for readjustment of cuff
pressure below 35 cm H2O was noted in the group
that received nitrous oxide. Incidence of
postoperative sore throat, nausea, and vomiting were
similar in both groups.
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