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Abstract
Background  Cuffed endotracheal tubes (ETTs) are commonly used in pediatric patients, with the gold standard for 
measuring cuff pressure being a cuff pressure manometer. However, this equipment is not always available in every 
operating room. Subjective inflation techniques, such as the minimal occluding volume (MOV) technique and the 
stethoscope-guided (Steth) technique, offer convenient and safe alternatives to standard methods but do not provide 
quantitative measurements. This study aimed to evaluate ETT cuff pressures and volumes of air inflated using the two 
subjective techniques (MOV and Steth) in pediatric patients.

Methods  This prospective observational study was conducted at the Department of Anesthesiology, Faculty of 
Medicine, Khon Kaen University, Thailand. We included healthy pediatric patients aged 2 to 7 years undergoing 
elective surgeries under general anesthesia with a cuffed ETT. The primary objective of this study was to compare the 
mean ETT cuff pressures and volumes of air inflated using the two subjective inflation techniques (MOV and Steth 
method). The secondary objectives include identifying factors associated with inappropriate inflation and evaluating 
post-intubation complications.

Results  Sixty-four pediatric patients were analyzed. The overall mean ETT cuff pressure was 26.52 ± 8.68 cmH2O. The 
target was achieved in 46.88% of patients, with overinflation in 32.81% and underinflation in 20.31%. The mean ETT 
cuff pressure in the MOV group was 27.77 ± 8.89 cmH2O and in the Steth group was 25.33 ± 8.34 cmH2O, with a non-
significant mean difference of 2.44 cmH2O (95% CI [-1.89, 6.77], p = 0.264). The mean volume of air inflated in the MOV 
group was 0.78 ± 0.25 ml, and in the Steth group was 0.68 ± 0.22 ml, with a non-significant mean difference of 0.10 ml 
(95% CI [-0.01, 0.22], p = 0.084). Younger age, lower weight, and shorter height were significantly associated with an 
increased risk of overinflation. An ETT size with an internal diameter (ID) of 5 mm was significantly associated with an 
increased risk of underinflation. No post-intubation complications were reported.
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Introduction
Cuffed endotracheal tubes (ETTs) are commonly used 
in pediatric patients [1–4]. The safety of using a cuffed 
ETT requires selecting the appropriate size and depth 
for the pediatric patient, measuring the ETT cuff pres-
sure, and maintaining an optimal intracuff pressure of 
20–30 cmH2O [2, 5–7]. Overinflation in the cuff can 
cause airway complications such as sore throat, hoarse-
ness, cough, edema, inflammation, nerve injury, granula-
tions, tracheal stenosis, fistulas, ulcerations, and tracheal 
rupture [6–9]. Underinflation can lead to aspiration and 
inadequate ventilation [6, 9, 10]. The gold standard for 
measuring ETT cuff pressure is using a cuff pressure 
manometer [6, 11]. However, this equipment may not 
be available in every operating room and presents chal-
lenges such as unintentional leaks, increased costs, and 
the need for cleaning between patients [6]. Previous stud-
ies offer limited data on mean cuff pressure in pediatric 
patients, with inconsistent results on targeted inflation, 
underinflation, and overinflation [11–13]. These varia-
tions may be due to different ETT types, age ranges, 
and data collected from various settings like operating 
rooms, emergency departments, and intensive care units 
[11–13]. In our hospital, a cuff pressure manometer is 
not available in every operating room. We commonly use 
two subjective inflation techniques: the minimal occlud-
ing volume technique (MOV) [12] and the stethoscope-
guided technique (Steth) [14, 15]. In adult patients, the 
MOV is a convenient, safe alternative to standard cuff 
inflation, preventing air leaks and reducing sore throat 
by maintaining target pressure [16]. However, the Steth 
is more effective than the MOV in achieving proper ETT 
cuff pressure and reducing complications [14, 15]. How-
ever, the results of comparing these techniques in pediat-
ric patients are not yet available.

We hypothesize that the Steth method is more effective 
than the MOV in ensuring appropriate ETT cuff pressure 
and volume of air inflated in pediatric patients undergo-
ing elective surgeries under general anesthesia.

Therefore, the primary objective of this study was to 
compare the mean ETT cuff pressures and volumes of 
air inflated using the two subjective inflation techniques 
(MOV and Steth method). The secondary objectives 
include identifying factors associated with inappropriate 
inflation and evaluating post-intubation complications.

Methods
Study design and setting
This prospective observational cohort study was con-
ducted at the Department of Anesthesiology, Faculty 
of Medicine, Khon Kaen University, Khon Kaen, Thai-
land, and took place between August 9, 2021, and Feb-
ruary 22, 2022. Approval was obtained from the Khon 
Kaen University Ethics Committee in Human Research 
(HE641376) before the study commenced. The analysis 
and presentation of the study were conducted follow-
ing the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines (Sup-
plementary Material 1). The trial registration num-
ber is TCTR20211016001 from the Thai Clinical Trials 
Registry.

We included pediatric patients aged 2 to 7 years under-
going elective surgery under general anesthesia with a 
cuffed ETT and classified as American Society of Anes-
thesiologists  (ASA) physical status I or II in this study. 
Patients were excluded from the study if they had an 
expected difficult airway, a history of difficult intubation, 
a risk of aspiration, tracheal disorders such as tracheal 
stenosis and tracheomalacia, a history of upper respira-
tory tract infection, sore throat, or hoarseness within the 
past two weeks.

Informed written consent was obtained from the legal 
guardians of all participants included in the study. This 
consent includes detailed standard guidelines for adverse 
event management in our hospital. Patients received gen-
eral anesthesia according to standard practice. The choice 
of anesthetic technique, maintenance, type of drug, and 
dosage was determined by the attending staff anesthe-
siologist. Before the operation, patients’ vital signs were 
monitored, including blood pressure, heart rate, elec-
trocardiogram, pulse oximetry, body temperature, and 
end-tidal carbon dioxide (EtCO2). Patients were pre-
oxygenated using a 100% oxygen mask with a flow rate 
of 6  L/min for 3–5  min and appropriate premedication 
was administered before induction. During the induc-
tion period, an inhalation induction technique could be 
used without nitrous oxide, or an intravenous induc-
tion technique was employed if the patient already had 
an intravenous line. Prior to intubation, a muscle relax-
ant was administered, and the cuffed ETT was checked. 
For intubation, we used cuffed ETTs (Hi-Contour Oral/
Nasal Tracheal Tube Cuffed, Shiley™, Thailand) with a 
calculated size for pediatric patients using the Motoyama 
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formula, internal diameter (ID) (mm) = (age/4) + 3.5 [17]. 
The personnel responsible for performing the intuba-
tion procedure included staff anesthesiologists, anesthe-
siology residents, certified registered nurse anesthetists 
(CRNA), or student registered nurse anesthetists (SRNA) 
under the direct supervision of staff anesthesiologist.

Cuff inflation and measurement were performed by 
one of four pediatric anesthesiologists using either the 
MOV or Steth method, based on their discretion. The 
first technique is the MOV [12], which involves inflating 
the cuff until the leak sound becomes inaudible. The sec-
ond technique is the Steth [14, 15], which involves inflat-
ing the cuff until the leak sound becomes inaudible while 
using a stethoscope placed at the thyroid cartilage area. 
The cuff inflation was carried out using a 3-ml syringe 
connected to a three-way stopcock, which was then con-
nected to a cuff pressure manometer (Hi-Lo Hand Pres-
sure Gauge, Shiley™, Germany) via an extension tube 
(Supplementary Material 2). The ventilator settings dur-
ing cuff inflation were set to a peak inspiratory pressure 
(PIP) of 20 cmH2O, positive end-expiratory pressure 
(PEEP) 5 cmH2O and respiratory rate 20/minutes [18]. 
During cuff inflation, the ETT cuff pressure was recorded 
from a cuff pressure manometer by a team of researchers, 
including two CRNAs and an anesthesiology resident, 
none of whom performed the cuff inflation. These mea-
surements were taken within 5 min after intubation.

When using the Motoyama formula [17] for pediatric 
ETT sizing, if the cuffed ETT is too small to seal the tra-
chea with a small volume of air, it is advisable to replace 
it with the next larger size rather than over-inflating the 
cuff. Conversely, if the cuffed ETT is so large that there is 
no air leak before inflating the cuff, it should be replaced 
with the next smaller size. The decision to replace the 
cuffed ETT, considering the risks of repeating direct 
laryngoscopy and tracheal reintubation, is made by the 
attending staff anesthesiologist.

Data collection
All study data was documented by a team of researchers 
(comprising two CRNAs and an anesthesiology resident) 
who were not assigned to the operating room on the day 
of data collection.

The first section assessed patient characteristics, 
including gender, age, weight, height, and ASA physi-
cal status classification. The second section assessed 
the ETT cuff pressure recorded from the cuff pressure 
manometer, along with the method of inflation (MOV or 
Steth), percentage of patients achieving targeted inflation 
(20–30 cmH2O) [12], underinflation (< 20 cmH2O), and 
overinflation (> 30 cmH2O) and volume of air inflated. 
The third section assessed data on cuff inflation and intu-
bation, including the personnel who performed the intu-
bation procedure (staff anesthesiologist, anesthesiology 

resident, CRNA, or SRNA), the ETT size, the number 
of intubation attempts, and the duration of intubation. 
The duration of intubation was defined as the difference 
in minutes between the moment of intubation and the 
moment of extubation. The fourth section assessed the 
mean volume of air inflated to achieve targeted infla-
tion for the overall group and for each ETT size (ID). The 
fifth section assessed factors associated with inappro-
priate inflation and targeted inflation, including gender, 
age, weight, height, ASA physical status classification, 
method of inflation, ETT size, volume of air inflated, 
and the number of intubation attempts. The sixth sec-
tion assessed post-intubation complications within 24 h, 
such as sore throat, hoarseness, aspiration, and other 
complications.

Statistical analysis
The demographic data of the participants was presented 
using frequency and percentage for categorical vari-
ables, and mean ± standard deviation (SD) or median 
with interquartile range (IQR) for continuous variables. 
Categorical data was evaluated using the Chi-squared 
test or Fisher’s exact test and presented as numbers and 
percentages. The Shapiro-Wilk test was employed to test 
for normality in continuous data. Continuous data that 
followed a normal distribution were analyzed using the 
independent sample T-test and presented as mean ± SD. 
For data with a non-normal distribution, the Mann-
Whitney U test was applied, with results presented as 
median (IQR). The magnitude of the mean difference 
in ETT cuff pressure between the MOV and Steth tech-
niques was reported with a 95% confidence interval (CI), 
and statistical significance was considered for p < 0.05. 
Ordered logistic regression was employed to examine the 
association between factors and inappropriate inflation 
(underinflation, overinflation) and the targeted inflation 
of ETT cuff pressure. All analyses were conducted using 
STATA version 10.1 (StataCorp, Texas, USA).

Sample size
The estimated required sample size for the study was 
determined using the formula for estimating a finite 
population mean [19]. This calculation was based on a 
previous study that reported a mean cuff pressure of 23 
cmH2O with a standard deviation of 22 [11]. Our popula-
tion consisted of 77 patients from the hospital database 
over a three-month period. To detect a 10% of mean dif-
ference in ETT cuff pressure (type I error of 0.05) with 
a power of 80%, we determined that a sample size of 64 
participants was required for this study.
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Results
A total of 64 patients were identified as having under-
going elective surgery under general anesthesia with 
a cuffed ETT. Sixty-four patients were enrolled and 
included for analysis (Fig. 1). There were no patients who 
withdrew from the study, and there was no missing data.

Patient characteristics
In our study, we enrolled 64 pediatric patients: 31 
(48.44%) in the MOV group and 33 (51.56%) in the Steth 
group. Of these, 40 (62.50%) were male. The mean age 
was 4.56 ± 1.64 years, with a median weight of 17 (14, 
22.45) kg and mean height of 106.86 ± 13.33  cm. ASA 
physical status classification was I for 73.44% and II for 
26.56% of patients. There were no significant demo-
graphic differences between the MOV and Steth groups 
in terms of gender, age, weight, height, and ASA physical 
status classification (Table 1).

Endotracheal tube cuff pressure and volume of air inflated
The overall mean ETT cuff pressure observed was 
26.52 ± 8.68 cmH2O. The mean cuff pressure in the MOV 

group was 27.77 ± 8.89 cmH2O, and in the Steth group, it 
was 25.33 ± 8.34 cmH2O, with a non-significant mean dif-
ference of 2.44 cmH2O (95% CI [-1.89, 6.77], p = 0.264). 
The ETT cuff pressure that achieved the targeted infla-
tion range of 20–30 cmH2O was found in 46.88% of the 
patients, while inappropriate inflation was observed in 
53.12% of the patients, with underinflation occurring in 
20.31% and overinflation in 32.81%. There were no signif-
icant differences between the MOV group and the Steth 
group in ETT cuff pressure, including targeted inflation, 
underinflation, and overinflation. The overall mean vol-
ume of air inflated was 0.73 ± 0.24 ml. The mean volume 
of air inflated in the MOV group was 0.78 ± 0.25 ml, and 
in the Steth group, it was 0.68 ± 0.22 ml, with a non-sig-
nificant mean difference of 0.10 ml (95% CI [-0.01, 0.22], 
p = 0.084) (Table 2).

Data of cuff inflation and intubation
Anesthesiology residents were responsible for intubating 
37.50% of the patients, SRNA for 26.50%, staff anesthesi-
ologists for 23.44%, and CRNA for 12.50%, respectively. 
There were no significant differences between the MOV 

Fig. 1  Study flow diagram
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group and the Steth group in terms of the intubator, the 
ETT size, the number of intubation attempts, and the 
duration of intubation (Supplementary Material 3).

The volume of air inflated for targeted inflation
The overall of mean volume of air inflated for tar-
geted inflation was 0.68 ± 0.23  ml. The mean volumes 
of air inflated for targeted inflation were 0.65 ± 0.19  ml, 
0.78 ± 0.29  ml, and 0.57 ± 0.14  ml for the ETT sizes (ID) 
4.0 mm, 4.5 mm, and 5.0 mm, respectively.

Factors associated with inappropriate inflation
The factors associated with inappropriate inflation 
(underinflation and overinflation) were age (odds ratio, 
OR 0.51, 95% CI [0.37, 0.72], p < 0.001), weight (OR 0.89, 
95% CI [0.82, 0.96], p = 0.004), height (OR 0.94, 95% CI 
[0.91, 0.98], p = 0.003), and ETT size (ID) 5.0  mm (OR 
0.02, 95% CI [0.00, 0.15], p < 0.001), all of which were sig-
nificant (Supplementary Material 4). Younger age, lower 
weight, and shorter height were significantly associated 
with an increased risk of overinflation. An ETT size (ID) 
of 5  mm was significantly associated with an increased 
risk of underinflation.

Post-intubation complications
There were no post-intubation complications reported 
within 24  h, such as sore throat, hoarseness, aspiration, 
or other complications in this study.

Discussion
In our study of 64 pediatric patients aged 2 to 7 years 
undergoing elective surgeries with cuffed ETTs and 
using routine subjective inflation techniques (MOV or 
Steth), we found that the overall mean ETT cuff pres-
sure achieved the targeted inflation in 46.88% of cases. 
Subjective inflation techniques can effectively achieve 
the targeted cuff pressure during short intubation peri-
ods without post-intubation complications. Younger age, 
lower weight, and shorter height were significantly asso-
ciated with an increased risk of overinflation. An ETT 
size (ID) of 5  mm was significantly associated with an 
increased risk of underinflation.

The previous study in pediatric patients reported mean 
ETT cuff pressures of 23 ± 22 cmH2O, with 23% of mea-
surements in the targeted range, 53.5% underinflation, 
and 23.5% overinflation, conducted under general anes-
thesia similar as our study [11]. However, another study 
in the pediatric intensive care unit (PICU) found a mean 
cuff pressure of 17.95 ± 3.92 cmH2O, which is lower than 
the targeted range, with underinflation in 45% of cases 
and no overinflation [12]. This differs from our findings, 
possibly due to the PICU patient population (non-surgi-
cal or non-anesthesia patients) and the routine ETT cuff 
pressure estimation by respiratory therapists [12].

The mean ETT cuff pressure in the Steth group was 
2.44 cmH2O lower than in the MOV group. A previous 
adult study found the Steth method significantly more 
effective than MOV in maintaining appropriate cuff 
pressure [14]. In pediatric patients, the Steth method 
achieved lower-than-target cuff pressure in the PICU 

Table 1  Demographic data
Variables Total (n = 64) MOV (n = 31) Steth (n = 33) p-value
Gender (n (%))
  Male 40 (62.50) 22 (70.97) 18 (54.55) 0.175
  Female 24 (37.50) 9 (29.03) 15 (45.45)
Age (year; mean ± SD) 4.56 ± 1.64 4.23 ± 1.63 4.88 ± 1.62 0.112
Weight (kg; median (IQR)) 17 (14, 22.45) 16.2 (13.5, 19.2) 17.5 (15, 24) 0.265
Height (cm; mean ± SD) 106.86 ± 13.33 105.84 ± 14.74 107.82 ± 12.00 0.557
 ASA physical status classification (n (%))
  I 47 (73.44) 23 (74.19) 24 (72.73) 0.894
  II 17 (26.56) 8 (25.81) 9 (27.27)
MOV, Minimal occluding volume technique; Steth, Stethoscope-guided technique; SD, standard deviation; IQR, interquartile range; ASA,  American Society of 
Anesthesiologists 

Table 2  Endotracheal tube cuff pressure and volume of air inflated
Variables Total (n = 64) MOV (n = 31) Steth (n = 33) p-value
Mean ETT cuff pressure (cmH2O; mean ± SD) 26.52 ± 8.68 27.77 ± 8.98 25.33 ± 8.34 0.264
  Targeted inflation (n (%)) 30 (46.88) 16 (51.61) 14 (42.42) 0.462
  Underinflation (n (%)) 13 (20.31) 5 (16.13) 8 (24.24) 0.420
  Overinflation (n (%)) 21 (32.81) 10 (32.26) 11 (33.33) 0.927
Volume of air inflated (ml; mean ± SD) 0.73 ± 0.24 0.78 ± 0.25 0.68 ± 0.22 0.084
Targeted inflation, 20–30 cmH2O; Underinflation, < 20 cmH2O; Overinflation, > 30 cmH2O; MOV, Minimal occluding volume technique; Steth, Stethoscope-guided 
technique; ETT, endotracheal tube; SD, standard deviation
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[12], while the MOV method produced higher-than-tar-
get pressures (38 cmH2O) in an emergency department 
setting [13]. However, data comparing these two tech-
niques in pediatric patients are still lacking. The trend 
toward lower ETT cuff pressure with the Steth method 
may be due to its greater accuracy in detecting when the 
leak sound becomes inaudible with a stethoscope in pedi-
atric patients, similar to adult patients.

For the mean volumes of air inflated, a previous study 
reported higher mean volumes of air inflated, specifically 
1.7 ± 0.3  ml for ETT size (ID) 4.5  mm and 1.9 ± 0.3  ml 
for 5.0  mm [20]. This difference suggests variations in 
the type of ETT and the method of cuff inflation used 
between studies.

Age, weight, and height were significantly associated 
with overinflation. This is consistent with a prior study 
that found age, weight, and the person inflating the ETT 
cuff were significantly associated with overinflation [13]. 
In contrast, another study found no significant associa-
tion between cuff pressure and ETT size [12].

Our study did not encounter any post-intubation com-
plications, likely due to the short duration of intubation 
(88.5 min) and the high success rate on the first attempt 
of intubation (93.75%), which reduces the risk of airway 
injury. Similar to the previous study that found no imme-
diate post-intubation complications [11]. Although some 
patients experienced cuff pressures above 60 cmH2O, no 
immediate problems occurred, likely due to the opera-
tion time being under one hour and the administration 
of intraoperative dexamethasone to many patients to 
prevent postoperative nausea and vomiting [11]. This 
aligns with other research showing that shorter duration 
of intubation [11, 21], intubation by experienced senior 
anesthetists [21], and intraoperative dexamethasone 
administration can decrease post-intubation complica-
tions [21]. In contrast, a prior study found that cuffed 
ETTs resulted in a sore throat in 19.4% of patients, with 
an overall median pain score of 1 (range 0–7) on a scale 
of 1 to 10. Additionally, the incidence of sore throat 
increased with higher ETT cuff pressures: 68% at 31–40 
cmH2O and 96% at over 40 cmH2O [8]. Several con-
founding factors, such as ETT size, surgery duration, 
intubator experience, and the use of drugs like dexa-
methasone or nitrous oxide, were not examined [8]. Nev-
ertheless, the high percentage of inappropriate inflation, 
particularly overinflation, may lead to long-term compli-
cations such as tracheal ischemia and stenosis if patients 
undergo prolonged intubation, such as in major opera-
tions or extended mechanical ventilation in the intensive 
care unit [12].

In resource-limited environments where a cuff pres-
sure manometer is not available in every operating room, 
cuff inflation using subjective techniques (MOV or Steth) 
may serve as an indirect guide to achieve targeted cuff 

inflation during short intubation durations. However, 
while our study showed that 46.88% of the mean ETT 
cuff pressures were within the targeted range, 53.12% 
exhibited inappropriate inflation.

Approach our findings with caution due to various 
limitations. Ethical considerations influenced our pro-
spective observational study design, possibly introduc-
ing confounding factors. The single-setting nature of 
the study may limit its generalizability. Additionally, we 
measured ETT cuff pressure only once (post-intubation), 
without accounting for changes over time, which could 
be significant for prolonged intubation. Further research 
in diverse settings using randomized controlled trials is 
recommended to minimize bias and enhance validity.

Conclusions
Subjective inflation techniques (MOV or Steth) achieve 
target ETT cuff pressures in less than 50%, and carry the 
risks of both overinflation and underinflation, even with-
out post-intubation complications.
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