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Abstract 

The endotracheal tube (ETT) cuff's principal function is to implement proper tracheal sealing at a pressure high enough to prevent 
both gas leak and fluid aspiration, and low enough to maintain tracheal perfusion. Clinicians are often concerned primarily with 
the volume of air required to inflate an ETT cuff. However, the most important factor is how much pressure will be exerted on 
the tracheal mucosa when the cuff is properly distended. Cuff over-inflation complications range from sore throat to tracheal 
ischemia with tracheal rupture and fistula formation. The ideal ETT cuff pressure has not been defined with a high degree of 
certainty however most anesthesiologists generally recommend a target pressure of 20 to 30 cmH2O. Although trachea-gas 
sealing can be achieved at ETT cuff pressure of 20 cmH2O, microaspiration can occur at a cuff pressure of 60 cmH2O. Since the 
introduction of cuffed ETT in the mid- 20th century, several modifications in the cuff's shape and material have been done to 
address these challenges. It has been proven that the pressure within the inflated cuff is a dynamic process. As such, various 
clinical factors will significantly impact the pressure reading. Thus, continuous regulation of ETT cuff pressure should be routine 
practice. Our review included 158 articles that addressed the background into the development of cuffed ETT, function and 
anatomy of the ETT cuff system, cuff pressure and sealing characteristics, ETT cuff pressure regulation, microaspiration, and 
factors affecting ETT cuff pressure. 
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1. Introduction & research 

strategy 
The cuff's principal function is to ensure proper sealing 

between the patient's trachea and the cuff wall to 

prevent the aspiration of fluid down into the trachea, as 

well as the gas leak during PPV. Another important but 

less obvious function of the cuff is that when the cuff 

is inflated uniformly, it will keep the tube central in the 

trachea and protect against mucosal injury by the tip of 

the tube.1 Cuff pressure needs to be high enough to seal 

the trachea to restrict micro-aspiration and allow 

accurate anesthetic and respiratory gas monitoring. 

Also, Cuff pressure must be low enough to allow 

adequate perfusion of tracheal mucosa.2 High cuff 

pressure decreases regional tracheal blood flow and is 

usually associated with lesions including post-

extubation phenomenon , tracheomalacia, bleeding, 

tracheal rupture, stenosis, nerve palsy, and 

tracheoesophageal fistula.3-8 

We reviewed the research articles and texts published 

from 1950 to August 15, 2020, using three 

bibliographic databases namely PubMed-MEDLINE 
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and EMBASE. The keywords used were “endotracheal 

tube cuff pressure”, “endotracheal tube cuff pressure 

monitoring”, “endotracheal tube cuff pressure 

regulators”,” endotracheal tube cuff pressure 

changes”,” complications of cuffed endotracheal 

tube,” and “micro-aspiration and ventilator-associated 

pneumonia.” Citation search via manual review of 

references from primary articles was also performed. 

Several studies and case reports (668 articles) have 

addressed the endotracheal cuff pressure. However, we 

recruited 158, publications that studied the history and 

demonstrated the monitoring and regulation of the 

endotracheal cuff pressure, as well as the important 

factors affecting the cuff pressure, and related 

complications. 

2. History 
Trendelenburg (1869) is credited with the 

development of the first detachable inflatable cuff. He 

designed a tight seal using a thin rubber bag mounted 

around the end of a tracheostomy tube which was used 

to prevent aspiration during anesthesia.9 In 1926 

Arthar Guedel experimented with various rubber 

items, including the dental dam, fingers of rubber 

gloves, and rubber condoms to construct the first 

inflatable cuff to Magill's rubber tube. In 1931 his 

friend Ralph Waters encouraged him to provide a leak-

proof ETT seal that would complement Waters's 

"closed-circuit" for positive pressure ventilation 

(PPV) and was acknowledged for starting a time of 

ETT design.10  The optimal position of the cuff was 

not intuitively obvious at that time. Their first cuffs 

ranged from three to four inches long and were 

designed to be placed half above and half below the 

glottis. Users found that it could not be adequately 

inflated without disrupting its position. Following 

rigorous testing for the cuff's best length and location, 

they created a cuff that was 1.5 inches long and 

designed to be positioned directly below the vocal 

cords.11 During the polio epidemic in Europe and the 

United States (the early 1960s), reusable rubber ETTs 

and metal tracheotomy tubes with red rubber cuffs 

classified as high-pressure low-volume (HPLV) were 

the main airways used.12 In 1968, advancements in 

polymer technology allowed for the development of a 

more effective disposable polyvinyl chloride (PVC) 

tube with a high- pressure low-volume cuff.13 

3. Cuff system 
The cuff system (Figure 1) consists of the cuff itself 

(functions as an inflatable balloon), and the pilot 

catheter which serves as a method of inflation. A pilot  

 
Figure 1: Endotracheal Tube Cuff System 

balloon serves as a perceptible gauge of cuff pressure 

outside the patient, as well as a small pressure vendor 

to diminish minor changes in intra-cuff pressure. A 

one-way valve blocks gas from escaping the cuff and 

functions as a Port to attach a syringe or pressure-

monitoring equipment. Salpekar, P. et al. (1966) had 

introduced a double cuffed tracheostomy tube,  which 

was inflated alternatively at half-hour intervals to 

minimize the adverse effects of prolonged use of 

single-cuff rubber endotracheal tube on the larynx and 

tracheal mucosa. Since then, a double-cuff 

endotracheal tube has been designed.14  

3.1. Low-and high-pressure ETT 
cuffs 

The high-pressure low-volume (HPLV) cuff has a 

small diameter at rest, and for sealing in the trachea, it 

requires a high intra-cuff pressure to overcome the low 

compliance of the cuff itself.1 So; prolonged use of 

HPLV cuff will carry the risk of ischemic damage to 

the tracheal mucosa with subsequent serious 

complications.4-8 As the HPVL cuff became identified 

as a problem, some clinicians began stretching the 

PVC tube using boiling water to induce an adequate 

seal at lower tracheal pressures resulting in a high-

volume low-pressure (HVLP) cuff.15 In the 1970s an 
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HVLP PVC-cuffed ETT was developed and has 

become the conventional ETT in use today. The 

HVLP cuff has a thin compliant wall that, when 

inflated, conforms easily to the irregular borders of the 

tracheal wall, sealing the trachea at a lower intra-cuff 

pressure, which correlates closely with the tracheal 

mucosal pressure.7 Nevertheless, HVLP cuffs are 

associated with fewer complications than HPLV cuffs. 

Potential serious tracheal injuries may occur if the cuff 

pressure is maintained within the pressure-volume 

curve's steep part. (the ideal range is 20-30 cmH2O).16 

3.2. Safe cuff pressure & effective 
tracheal sealing conflict. 

As we mentioned earlier, the ETT cuff's principal 

function is to ensure proper tracheal seal at a pressure 

high enough to prevent aspiration and gas leak, and 

low as much as necessary to maintain adequate 

tracheal perfusion. An intra-cuff pressure greater than 

34 cmH2O results in decreased tracheal perfusion, 

whereas; total cessation of tracheal blood flow occurs 

at about 50 cmH2O.17 On the other hand, although 20 

cmH2O intra-cuff pressure can induce tracheal gas 

seal, microaspiration still can happen at pressure up to 

60 cmH2O.18 Several devices and techniques have 

been introduced to regulate and control the ETT cuff 

pressure at a safe level, and others to improve tracheal 

sealing and reduce microaspiration and subsequent 

ventilator-associated pneumonia (VAP). 

4. Regulation of ETT cuff 

pressure 

4.1. Estimation of cuff pressure by 
Pilot balloon palpation 

A common technique used by anesthetists is to palpate 

the external balloon (contiguous with the cuff) after 

intubation in order to get a rough estimation of the 

intra-cuff pressure. However, our previous study, as 

well as, other sever studies has demonstrated that this 

unreliable technique puts patients at the risk of 

unnecessary high intra-cuff pressure with subsequent 

laryngotracheal complication.19-23 

4.2. Inflation of the cuff to a sealing 
pressure (Minimal occlusive 
volume) 

Although it has been reported by several studies that, 

in absence of reliable monitoring of ETT cuff pressure, 

the application of sealing pressure was a secure 

alternative technique.19 Nevertheless, during the 

utilization of nitrous oxide (N2O) or high positive end-

expiratory pressure (PEEP) or in presence of high peak 

inspiratory pressure (PIP) the sealing pressure can go 

beyond the safe level (30 cmH2O).21  

4.3. Inflation of the cuff to a safe 
target pressure 

Although this guarantees tracheal perfusion, it cannot 

ensure sealing in the presence of high PIP.21 

4.4. Aneroid Manometer 

There are two described aneroid manometers for 

adjustment of ETT intra-cuff pressure: 

4.4.1. Stopcock-pressure gauge (Figure 2). 

 
Figure 2: Stop cock system 

4.4.2. Posey cuff inflator (Figure 3). 

 
Figure 3: Posey cuff inflator 

Both are popular, precise, and accurate devices, but 

require frequent calibration, air leak can happen 

during attachment with a substantial decrease in preset 
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pressure, and they create potential risks of silent 

aspiration and cross-contamination secondary to the 

multiple patient use.22 

4.5. Regulating Valves 

They maintain the ETT cuff pressure at a secure limit 

using internal pressure regulating valve. 

4.5.1. Brandt tube system.  

The Brandt tube system is often useful during a long 

period of anesthesia, particularly during using N2O 

because of its effectiveness in stabilizing the intra-cuff 

pressure via its large pilot balloon reservoir and an 

internal pressure regulator valve. 

4.5.2.  Lanz pressure-regulating Valve [Hi-
Lo cuff with Lanz valve] (Figure 4). 

It limits intra-cuff pressure to approximately 30 

cmH2O, however it is only available for adult use and 

it may not provide an appropriate seal during the use 

of high PIP or PEEP.  

 

Figure 4: Lanze pressure-regulating Valve 

4.6. Electronic ETT cuff pressure 
controller 

4.6.1. Smith’s Pressure Easy Cuff 
Controller (Figure 5) 

It is designed to monitor tracheal cuff pressure 

continuously. Its indicator window signals sustained 

cuff pressure between 20-30 cmH2O. The airway 

pressure auto-feedback feature increases cuff pressure 

to assure adequate sealing during periods of high 

pressures. It is designed for single-patient use; thus, it 

reduces the potential for infection. However, the 

precise inflation pressure isn't expected (20, 25, or 30 

cmH2O?) and doesn't protect from increasing cuff  

 

Figure 5: Smith’s PressureEasy Cuff Controller 

pressure (e.g., during coughing, change position, or 

use of N2O). 

4.6.2. VBM- ETT cuff controller (Figure 6) 

VBM allows ergonomic handheld cuff pressure 

gauges and an electronic cuff pressure gauge, which 

keeps the cuff pressure constant. Small leaks are 

compensated, and potential pressure rise due to 

diffusion of anesthetic gases are released to the set 

value allowing sealing with lowest pressures. 

 

Figure 6: VBM- ETT cuff controller 

4.7. Tracheal tube cuff inflation 
guided by the pressure-volume 
loop (PV-L) closure. 

(PV-L) is frequently used to assess dynamic lung 

compliance, detection of lung over-inflation, or air 

leak.23 In a prospective, randomized study, the ETT 

cuff was inflated initially by increments of 0.5 mL air 

until complete closure of the PV-L (the expiratory 

limb reached zero and joined the starting point of 

inspiratory limb) as an indicator for proper ETT cuff 

sealing.24
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4.8. Volume time curve as a guide for 
accurate cuff inflation 

Analysis of the volume time curve, as shown by 

Bolzan et al., indicated air leak where the descending 

branch of the time–volume curve did not reach Zero-

value. Then gradual inflation of the ETT cuff until the 

descending limb reached zero value would ensure 

proper sealing.25  

4.9. Automated Cuff Pressure 
Modulator 

Chadha et al. demonstrated a significant reduction in 

the risk of subglottic and tracheal injury in an 

experimental study using a device to modulate the cuff 

pressure from 25 cmH2O during inspiration to 7 

cmH2O during expiration.26 However, the concern 

regarding the risk of aspiration during the cuff 

modulation cycle's deflation stage should be 

investigated. 

5. Constant monitoring of 

the intra-cuff pressure 
Intra-cuff pressure may be monitored constantly using 

the transducer of the invasive pressure monitoring 

device. Krishna et al. successfully used the transducer 

portion of an invasive arterial pressure monitoring tool 

without a fluid interface (directly connected to the 

pilot balloon).27  

5.1. Optimization of ETT cuff filling by 
continuous upper airway CO2 
monitoring  

Efrati et al. continuously assessed the leak across the 

ETT cuff via monitoring carbon dioxide pressure 

(PCO2) in the upper airway, at the oropharynx, and in 

the nose's nares.28 He also introduced an efficient way 

for ETT cuff pressure optimization, using the 

automated cuff pressure control, based on subglottic 

measures of CO2 levels with the use of AnapnoGuard 

ETT.29  

5.2. A mobile terminal application 
program 

Recently Wang WZ et al. investigated the use of a 

mobile terminal application program in endotracheal 

tube (ETT) cuff pressure measurement to ensure that 

the pressure falls within the recommended range.30  

6. Prevention of 

microaspiration 
The ETT cuff's incomplete airway seal allows the 

aspiration of colonized oropharyngeal secretions at the 

time of intubation or during mechanical ventilation. 

Such microaspiration represents one of the leading 

pathogenic pathways to ventilator-associated 

pneumonia (VAP).31 The following are some of 

various preventive approaches to decrease the 

occurrence of VAP. 

6.1. Cuff pressure 
A general method to maintain a safe inflation pressure 

is inflating the cuff either to a recommended standard 

pressure between 20 and 30 cmH2O or sealing pressure 

that fully occludes the airway and prevents a leak 

during PPV.32-33 Maintaining the cuff pressure within 

the above-recommended ranges wasn't enough to 

prevent microaspiration.34 Nevertheless, higher 

pressure is of worry because of the occlusion of 

mucosal capillary blood flow.35 The soundest practice 

is to use the recommended cuff pressure that is not 

associated with tracheal injury and the application of 

additional measures that help prevent channeling of 

fluid past the cuff, such as modifying the ETT and cuff 

design as well as the mode of mechanical ventilation. 

6.2. Cuff design 
When the standard HVLP- PVC cuff is fully inflated, 

it reaches a size 1.5 – 2 times larger than an average 

trachea of an adult.3 The architecture of the trachea is 

non-uniform, non-cylindrical, irregular, and D-

shaped. Unluckily, longitudinal folds are created 

resulting in microaspirations along these folds when 

this cuff expands.36 Limiting the number of 

longitudinal folds that form during cuff expansion is 

one of the major triggers of developing better cuff 

design (material and shape).  

6.3. Cuff material 

Cuff material made of ultra-thin (10 microns) 

polyurethane instead of the standard PVC (50-80 

micron) may provide a sufficient seal and less fluid 

leakage at a lower cuff pressure than PVC cuffs in both 

bench, and clinical studies.14,37 However, a new study 

showed that it does not prevent microaspiration.38 

Several prototypes of cuffs made of silicone (a low- 

volume, low-pressure silicone cuff), natural latex 
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rubber (with 0.5 mL of gel between the cuff layers) 

and lycra-polyurethane (a thin-walled cuff made of 

Lycra polyurethane) were lately evaluated in vitro and 

clinical studies.39-40 All these cuffs did not form folds 

upon their inflation and provided, high sealing 

efficacy even in the absence of PEEP.41 

6.4. Cuff Shape 

A tapered cuff shape was designed to overcome 

leakage and folds during cuff expansion. The larger 

diameter at the top of the cuff is designed in such a 

 

Figure 7: Tapered ETT cuff 

 way that as the diameter narrows it matches the 

internal tracheal diameter preventing longitudinal 

folding. A bench-top study has proven this tapered 

cuff shape to significantly decrease leakage during 

cuff expansion as compared to the conventional 

cylindrical cuff shape42 (Figure  7   ).  

7. Aspiration of subglottic 

secretion 

A meta-analysis that included 2442 patients reported a 

significant reduction in VAP incidence and a 

reduction in the length of stay in the ICU with the use 

of subglottic aspiration.43 The early concerns with the 

aspiration system are the risk of tracheal injury and 

suction failure.44-45 Recently, Spapen et al. have 

created a model double cuffed ETT with an auxiliary 

port between the cuffs.46 This assures continuous 

positive airway pressure (CPAP) to be delivered. In 

the inner cuff space, the force of pressure produces 

total tracheal sealing and efficiently blocked leakage 

during 24 h mechanical ventilation in an in vitro 

model. 

 

8. Manipulation of 

mechanical ventilation 
Pitts et al. believed that PEEP and PIP create a 

hydrostatic barrier to fluid movement across the ETT 

cuff to a much lesser extent.47 Generally, expiratory 

time is about twice the length of inspiratory time. As 

such, at a PEEP level of 15 cmH2O, PEEP had an 

overwhelmingly significant effect on fluid leakage 

that neutralized the effect of PIP. The ventilation mode 

can also affect leakage of fluid past the ETT cuff. 

However, this effect was not to the extent observed 

with PEEP and peak inspiratory pressure. Although 

the differences were small, the most significant 

movement of fluid occurred during pressure than 

volume-controlled ventilation. 

9. ETT cuff pressure in 

children 

For a long time, the cuffed (ETT) was not 

recommended by most pediatric anesthetists for 

children younger than 5-8 years.48 Primary because a 

cuffed ETT's width had to be 1-2 sizes smaller than the 

un-cuffed tube. Consequently, flow resistance and 

work of breathing would be dramatically increased in 

those spontaneously breathing children.49  

The second reason was the earlier reports of airway 

morbidity caused by poor design and material of 

earlier cuffed ETT.50 With the introduction of a newly 

developed pediatric tracheal tube designed with an 

ultrathin (10 m) polyurethane high volume-low 

pressure (HVLP) cuff (Micro cuff pediatric tracheal 

tube), as well as, mechanical ventilation became a 

common practice cuffed tracheal tubes in neonates and 

smaller children have become more prevalent in 

pediatric anesthesia during the last decade with 

advantages similar to those in adults.48  

In addition to the fact, the cuff's inflation can 

compensate for small size tube and minimize repeated 

intubation to choose the proper size of the tube. 

However, if the cuffed ETT tube is not large enough, 

more air can be used to inflate the cuff and seal the 

trachea. But this would transform the cuff from the 

intended HVLP cuff to an unwanted HVHP cuff.5 
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10. Factors affecting ETT 

cuff pressure 
The intra-cuff pressure can be affected by various 

factors, including environmental factors [high airway 

pressure (discussed), ventilation with nitrous oxide, 

duration of surgery, type of surgery, and altitude], 

patient factors [variations in patient's body, head and 

neck position] cuff related factors [differences in cuff 

compliance and diameter], and therapeutic 

interventions [neuromuscular blockade, and body 

temperature]. (Table 1) 

11. Summary 
The endotracheal tube cuff is designed to provide a 

tracheal seal at a pressure high enough to prevent 

aspiration and gas leak and low as much as to maintain 

adequate tracheal perfusion. Although the 

recommended safe intra-cuff pressure (20-30 cmH2O) 

most properly induce tracheal gas seal, 

microaspiration still can occur at pressure up to 60 

cmH2O. Recently, some ETT manufacturers have 

introduced new cuff designs (with modified shape 

and/ or material), which help induce effective tracheal 

sealing and prevent channeling of fluid past the cuff at 

an intra-cuff pressure within the safe recommended 

range or even lower. Although the intra-cuff pressure 

may be assessed initially following the cuff inflation 

after endotracheal intubation, the intra-cuff pressure 

can be modified dynamically throughout the case 

because of the many clinical and environmental 

factors. So continuous or frequent intermittent 

monitoring of ETT cuff pressure should be a routine 

practice in all intubated and ventilated adult or 

pediatrics. 
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