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[Omom

Endotracheal intubation is a profound adjunctive ventilation measure during gen-
eral anesthesia, with the endotracheal tube cuff serving to seal the airway, ensure
ventilation quality, secure tube positioning, and prevent the aspiration of oral se-
cretions or gastric contents. Cuff pressure management is a critical factor during
its use, as improper management may lead to localized tracheal mucosal ischemia,
hemorrhage, necrosis, and severe complications such as aspiration pneumonia
and tracheoesophageal fistula [1] [2]. Furthermore, inappropriate strategies dur-
ing cuff inflation or deflation may result in complications such as difficult extu-
bation. This review aims to comprehensively summarize the current status of peri-
operative endotracheal tube cuff usage, management strategies, and related re-

search advancements.

2. Basic Principles of Endotracheal Tube Cuffs

2.1. Structure and Function of the Cuff

The endotracheal tube cuff is a critical component of the tracheal intubation sys-
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tem. Its primary functions include sealing the airway to prevent gas leakage and
minimizing the risk of aspiration by creating a barrier against gastric content re-
flux, thereby ensuring effective ventilation and oxygenation. The cuff is typically
positioned at the distal end of the endotracheal tube, adhering closely to the tra-
cheal wall to establish an airtight seal.

From an anatomical perspective, the design of the cuff must account for varia-
tions in tracheal structure and physiological characteristics. The inner diameter of
the trachea exhibits significant variability among individuals, particularly in pedi-
atric and geriatric populations. Consequently, the structural design of the cuff
must accommodate diverse tracheal diameters while avoiding excessive pressure-

induced mucosal injuries.

2.2. Cuff Design

In terms of design, cuffs are primarily classified into two types: high-volume low-
pressure (HVLP) and low-volume high-pressure (LVHP). The HVLP cuff achieves
airway sealing through a larger volume and lower pressure, thereby reducing com-
pression on the tracheal mucosa and minimizing the incidence of complications
[3]. In contrast, the LVHP cuff requires higher pressure to achieve sealing. Upon
inflation, the LVHP cuff assumes a spherical shape, resulting in a smaller contact
area with the tracheal wall. Consequently, the localized pressure exerted on the
tracheal mucosa can reach 50 - 100 mmHg, far exceeding the capillary perfusion
pressure of the tracheal mucosa (normally 25 - 35 mmHg). This significantly in-
creases the risk of tracheal mucosal ischemia, hemorrhage, and ulceration, ulti-
mately leading to tracheal dilation, collapse, tracheal wall necrosis, and stenosis.
In some cases, tracheoesophageal fistula may also develop. Due to these adverse

effects, LVHP cuffs have been phased out in clinical practice.

2.3. Inflation Mechanism of the Cuff

The inflation mechanism is critical for the proper functioning of the cuff. The
inflation process is typically performed via an inflation tube connected to the cuff,
through which air is introduced using a syringe. The volume of inflation directly
influences cuff pressure and sealing efficacy.

In clinical practice, cuff inflation pressure must be strictly controlled. Excessive
pressure may lead to tracheal mucosal ischemia and injury, whereas insufficient
pressure compromises airway sealing, increasing the risk of aspiration. Therefore,

the use of a manometer to measure intracuff pressure is recommended [4].

3. Cuff Usage
3.1. Cuff Inflation Management

Cuff inflation is performed to seal the gap between the tracheal tube and the tra-
cheal wall, ensuring the tidal volume required for mechanical ventilation during
general anesthesia while preventing the aspiration of respiratory secretions or gas-

tric contents into the airway.
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Currently, four primary inflation methods are commonly employed: 1) Palpa-
tion Method: A syringe is used to inflate the cuff via the pressure-indicating pilot
balloon, with the anesthesiologist assessing cuff pressure based on finger palpation
of the pilot balloon. The optimal pressure corresponds to a firmness similar to that
of a normal human nasal tip. Although this method is the simplest in clinical prac-
tice, it heavily relies on the anesthesiologist’s tactile sensitivity and experience.
Studies have demonstrated that variations in cuff wall tension may influence tactile
perception and judgment, and even experienced anesthesiologists cannot achieve
100% accuracy [5] [6]. 2) Minimal Occlusive Volume (MOV) Method: The cuff is
inflated to the minimal pressure required to prevent air leakage. A stethoscope is
placed over the trachea, and a 5 mL syringe is used to inflate the cuff until no air
leak is audible. Subsequently, 0.5 mL of air is withdrawn at a time until slight leak-
age is detected, followed by incremental 0.5 mL reinflation until leakage ceases.
This method ensures a tight seal between the cuff and tracheal wall, minimizing
aspiration risk, preventing air leakage, maintaining tidal volume, and enhancing
tube stability. However, the procedure is cumbersome and time-consuming, limit-
ing its widespread clinical application. 3) Minimal Leak Technique (MLT): A steth-
oscope is positioned over the trachea, and the cuff is inflated until no air leak is
audible. Air is then withdrawn in 0.1 mL increments until slight leakage is detected.
This technique permits minor air leakage during ventilation, potentially reducing
airway trauma compared to the MOV method. However, it increases aspiration risk,
compromises tidal volume, and may lead to tube displacement due to reduced fixa-
tion stability. 4) Manometer Inflation Method: A dedicated manometer is connected
to the cuff inflation port via a three-way connector, allowing real-time pressure
monitoring during inflation. The cuff pressure is adjusted to 25 - 30 cmH,O. This
method is straightforward and provides accurate, reliable measurements. Com-
parative clinical studies have confirmed that this approach enables precise cuff
pressure monitoring, effectively reducing mucosal injury and aspiration incidence

[6].

3.2. Selection of Cuff Inflation Medium

The choice of cuff inflation medium is a critical factor influencing its performance.
The most commonly used medium is air. Currently, the cuffs of clinically em-
ployed endotracheal tubes are predominantly composed of hydrophobic polyvinyl
chloride (PVC). As lidocaine is a lipophilic drug, it can permeate through the cuff
material and exert localized effects on the tracheal mucosa via sustained release.
Based on this principle, Shroff et a/ [7] demonstrated that intracuff injection of

lidocaine effectively alleviated postoperative sore throat.

3.3. Intraoperative Influences on Cuff Pressure

The factors affecting cuff pressure can be categorized into three main aspects: pa-
tient-related factors, anesthesiologist-related factors, and perioperative factors.
o Patient-related factors: High BMI is a risk factor for abnormal cuff pressure

[8]. Obesity reduces end-expiratory lung volume, leading to increased airway
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collapse, elevated upper airway resistance, and higher peak inspiratory pres-
sure during mechanical ventilation. Consequently, a higher intracuff pressure is
required when inserting an endotracheal tube of the same size. Similarly, smok-
ing, asthma, and chronic bronchitis increase airway resistance and reduce dy-
namic lung compliance, ultimately affecting intracuff pressure [9].

e Anesthesiologist-related factors: In current clinical practice, anesthesiologists
predominantly rely on the palpation method for cuff inflation, which depends
on tactile feedback and experience and lacks precision. Low cuff pressure may
result in air leakage, typically detectable through ventilator parameters or au-
dible leaks. However, excessively high cuff pressure often remains clinically
unrecognized. Studies have shown that when the palpation method is used,
approximately one-fourth of patients exhibit cuff pressures of 20 - 30 cmH,0,
one-fourth below 20 cmH,O, three-tenths above 30 cmH,0, and two-tenths
exceeding 40 cmH,O [10].

e Perioperative factors: 1) Effect of positional changes: One study [11] demon-
strated that when the patient’s position was changed from semi-recumbent to
lateral decubitus, cuff pressure increased in 82.2% of cases, while a minority
exhibited decreased pressure. This finding suggests that after repositioning
mechanically ventilated patients, cuff pressure should be monitored and recal-
ibrated if necessary. Another study on orthopedic lumbar surgery found that
when the patient’s position was altered from supine to prone, approximately
nine-tenths of patients experienced endotracheal tube displacement, with half
exhibiting movement >10 mm. Additionally, cuff pressure changed in nearly
nine-tenths of patients [12]. 2) Impact of transesophageal procedures: Inser-
tion of a transesophageal echocardiography (TEE) probe in patients undergo-
ing cardiac surgery has been shown to alter cuff pressure [13]. 3) Influence of
anesthesia methods and surgical procedures: It has been confirmed that during
anesthesia with N,O, intracuff gas volume increases with prolonged surgical
duration, leading to elevated cuff pressure, which significantly elevates the in-
cidence of airway mucosal injury [14]. In patients undergoing anterior cervical
spine surgery, the use of cervical traction devices increases both cuff pressure
and peak airway pressure [15]. Geng et al. [16] observed that in gynecological
patients undergoing laparoscopic or open abdominal surgery under general
endotracheal anesthesia, cuff pressure and peak airway pressure were signifi-
cantly elevated at all time points in the laparoscopic group, whereas no signif-
icant changes were noted in the open surgery group. Postoperative throat pain
scores were also significantly higher in laparoscopic patients compared to open

surgery patients.

3.4. Cuff Deflation Strategy

Accumulation of subglottic secretions above the endotracheal tube cuff during
cuff inflation is inevitable. Aspiration of these secretions is a major cause of pul-

monary infection following endotracheal intubation [17]. Residual subglottic se-
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cretions after extubation may also trigger laryngospasm, and their retention in the
airway significantly increases the risk of patient asphyxiation. Therefore, prior to
cuff deflation, thorough suctioning of secretions via the nasal and oral cavities
must be performed. Additionally, positive pressure may be applied during cuff
deflation to prevent aspiration.

The method for clearing secretions above the cuff using positive pressure is as
follows:

1) Disconnect the ventilator and attach a manual resuscitation bag to the endo-
tracheal tube.

2) Deliver several ventilations to facilitate deep inspiration by the patient.

3) Deflate the cuff while simultaneously compressing the resuscitation bag rap-
idly to generate positive airway pressure, propelling gas upward through the space
between the cuff and the tracheal wall to expel accumulated secretions into the
pharynx.

4) Immediately reinflate the cuff to prevent reflux of secretions, followed by
prompt suctioning with a catheter.

Alternatively, without disconnecting the ventilator, tidal volume may be in-
creased appropriately. The cuff is released at the onset of ventilator-delivered in-
spiration, utilizing the positive pressure to propel secretions from above the cuff
toward the oropharynx, while concurrent suctioning is performed via the oral or

nasal route [18].

4. Perioperative Cuff-Related Complications and Management

Clinical practice has demonstrated that both underinflation and excessive pres-
sure in cuffed endotracheal tubes (ETTs) may lead to inadequate ventilation or
even regurgitation and aspiration. Conversely, excessive cuff volume or pressure
can result in tracheal mucosal ischemia and injury. The primary determinant of
mucosal epithelial damage caused by ETT cuff compression is the ratio between
cuff pressure and tracheal mucosal perfusion pressure, with the duration of com-
pression also influencing mucosal injury. Studies [3] [19] have indicated that mu-
cosal perfusion remains normal at a cuff pressure of 17 cmH,0. However, when
the cuff pressure exceeds 30 cmH,O, tracheal mucosal blood flow begins to de-
crease. At 40 cmH,O, mucosal blood flow is significantly reduced, manifesting as
pallor, while complete cessation of mucosal perfusion occurs at 73 cmH,O.

To minimize tracheal mucosal injury caused by endotracheal intubation, a lub-
ricant can be applied to the surface of the tracheal tube, typically using normal
saline or pharmaceutical preparations. Mekhemar et al [20] demonstrated that the
highest incidence of postoperative sore throat occurs at 6 hours after extubation.
Local application of benzydamine hydrochloride gel on the cuff significantly re-
duces both the incidence and severity of postoperative sore throat compared with
5% lidocaine hydrochloride gel, 10% lidocaine hydrochloride spray, or normal sa-
line. However, the use of 10% lidocaine hydrochloride spray increases the inci-

dence of postoperative sore throat, though its severity does not differ significantly
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from that observed with 5% lidocaine gel or normal saline. This may be attributed
to additives such as menthol and ethanol in the 10% lidocaine spray, which can
irritate and damage the tracheal mucosa, thereby exacerbating postoperative throat
pain. In contrast, Altintas e al [21] found that filling the cuff with lidocaine, rather
than applying it topically, effectively reduces both the incidence and severity of
post-intubation sore throat while also mitigating adverse hemodynamic changes
during extubation. Lidocaine diffuses across the tracheal tube cuff in a time- and
dose-dependent manner, allowing the cuff to function as a reservoir for sustained
local delivery to the tracheal mucosa. However, continuous cuff pressure moni-
toring is essential when using this method to prevent cuff rupture, which could
lead to rapid systemic absorption of lidocaine and potential toxicity. Thapa et al
[22] reported that lubricating the endotracheal tube with 0.05% betamethasone
gel significantly reduces the incidence and severity of sore throat at 24 hours post-
extubation, though it has no effect on hoarseness or cough. This benefit is primar-
ily attributed to the long-lasting anti-inflammatory effects of betamethasone, with

the lubricating properties of the gel formulation also contributing positively.

5. Emerging Technologies
5.1. Tapered-Cuff Endotracheal Tube

The tapered-cuff endotracheal tube (ETT) is a novel type of endotracheal tube
recently introduced into clinical practice. The diameter and taper angle of the cuff
can be adjusted according to the tracheal diameter, ensuring an effective seal for
tracheas of varying shapes and sizes. This design prevents cuff folding and the
formation of leakage channels, thereby effectively reducing the incidence of mi-
croaspiration [23]. The tapered-cuff suction-irrigation endotracheal tube inte-
grates a novel tapered cuff with a separate suction-irrigation channel positioned
above the cuff. This design not only ensures an effective seal between the cuff and
the tracheal wall but also enables timely and efficient aspiration and irrigation of
subglottic secretions, thereby further preventing microaspiration. Mahmoodpoor
et al [24] demonstrated that in critically ill patients requiring prolonged mechan-
ical ventilation, the use of tapered-cuff suction-irrigation endotracheal tubes with
intermittent subglottic suctioning significantly reduces the incidence of ventila-
tor-associated pneumonia (VAP). Additionally, the researchers observed that the
mean cuff pressure in the experimental group was lower than that in the control
group, further highlighting the advantages of the cuff design and subglottic secre-
tion drainage. Li et al [25] found that during anterior cervical spine surgery, the
use of a tapered-cuff endotracheal tube minimized the impact of surgical manip-
ulation on cuff pressure when retracting neck tissues to expose the vertebrae,
thereby reducing the incidence of postoperative intubation-related complications.
Chen et al. [26] reported that the use of a tapered-cuff endotracheal tube reduced
the incidence and severity of postoperative sore throat in patients undergoing
breast surgery and improved satisfaction with anesthesia. This may be attributed

to the smaller cuff-mucosa contact area of the tapered cuff. However, as the study
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exclusively enrolled female patients undergoing breast surgery, the findings may

not be generalizable to other types of surgery.

5.2. Novel Cuff Pressure Monitoring Techniques

Management and maintenance of the endotracheal tube cuff play a critical role
during the establishment of an artificial airway, which has garnered significant
attention from clinicians. Consequently, numerous novel cuff pressure monitor-
ing techniques have emerged. Farre et al. [27] employed a glass-chamber air pump
to achieve continuous cuff pressure control. This system maintained a constant
endotracheal tube cuff pressure under various influencing factors, including en-
dotracheal tube displacement, tracheal wall tension changes, diffusion of anes-

thetic gases, or hypothermic surgical procedures.

6. Conclusion

In summary, the management and maintenance of endotracheal tube cuffs are of
critical importance during the establishment of artificial airways and have gar-
nered significant attention from clinicians. Novel technologies and methodologies
have been developed to address clinical challenges. With further advancements in
research, additional innovative techniques and approaches will be applied to en-
dotracheal tube cuff management, thereby standardizing perioperative cuff man-

agement protocols and enhancing the safety of perioperative airway management.
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