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INTRODUCTION 

Mechanical ventilation is a lifesaving intervention for critically ill patients. Even though this 

maneuver can help critically ill patients with associated risk factors, it contributes to difficult 

treatment process and weaning. Among the 427 health care-associated infections observed, 

pneumonia was the most common, and 32% of those cases were ventilator-associated [1]. 

A large number of patients receiving mechanical ventilation are initially treated with an en-

do-tracheal tube as a dependable entry point to the airway. The end of this connecting tube is 
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attached to an air-filled balloon and positioned snuggly in the 

trachea to prevent air leaks and aspiration [2,3]. The air-filled 

balloon often is called an endo-tracheal cuff, and the pressure 

is referred to as endo-tracheal cuff pressure and must be in 

a safe range of 20–30 cm H2O to ensure delivery of ordered 

mechanical ventilation and tidal volume. Proper pressure can 

decrease the risk for aspiration of secretions that accumulate 

above the cuff and maintains adequate tracheal perfusion. 

There is no acceptable practice for measuring cuff pressure 

even though it has been shown that a cuff pressure below 20 

cm H2O contributes to a fourfold risk of occurrence of ventila-

tor-associated pneumonia (VAP) among the critically ill [2-6]. 

There are various elements contributing to VAP from which 

cuff pressure monitoring can be performed by registered 

nurses and can have help prevent VAP [7]. However, there 

are no direct studies to establish the importance of nurse-led 

cuff pressure monitoring and its impact on VAP prevention. 

Therefore, the study aim was to determine the exact propor-

tion of patients in intensive care units (ICUs) with optimal cuff 

pressure, identify the ICUs where device-based monitoring 

is available to achieved a lower proportion of patients with 

sub-optimal cuff pressure, and to find the correlation of VAP 

rate in ICUs with the proportion of patients who exhibited op-

timal cuff pressure. 

MATERIALS AND METHODS 

Permission was obtained from the Jawaharlal Institute of 

Postgraduate Medical Education and Research Ethical Com-

mittee, Human Studies (Reg. No. JIP/IEC/2018/079). Ethical 

issues involved were minimal. Informed consent was obtained 

from every participant’s parent/legally authorized/acceptable 

representative since they could not provide consent because 

of critical illness and inability/unconsciousness after a brief 

explanation regarding the study by the investigator. Confiden-

tiality of the data, the right to withdraw from the study, and 

anonymity of the subjects were explained before data collec-

tion. Good Clinical Practice guidelines of the Indian Council 

for Medical Research were followed. Patient data were stored 

confidentially. 

Prospective cross-sectional audit of intubated and mechan-

ically ventilated patients in ICUs of a tertiary care hospital 

was performed. This audit was carried out every three days 

in 11 ICUs of a tertiary care hospital between August 2019 to 

November 2019 in patients who were intubated with a cuffed 

endotracheal tube (ETT) and mechanically ventilated in the 

ICUs on the day of the visit. The date and time of the visits 

were determined randomly using a computer spreadsheet 

program so that any changes in practice (that is, adjusting the 

cuff pressure in anticipation of the visit) caused by the study 

were minimized. The study excluded patients intubated with 

non-air cuffed ETTs where pressure cannot be measured and 

non-invasively ventilated patients without ETT. 

The device that was used for sample collection was a COVI-

DIEN-Shiley Hi-Lo Hand pressure Gauge (VBM Medizintech-

nik, Sulz am Neckar, Germany). Cuff pressure readings were 

obtained by connecting the pilot balloon to the cuff pressure 

manometer. The normal pressure range of 20–30 cm H2O was 

considered optimal cuff pressure, <20 cm H2O was sub-opti-

mal, and high cuff pressure was >30 cm H2O. Exact readings 

were documented in an online data entry sheet (google sheet). 

When the investigator observed that the pressure was too high 

or too low, it was immediately corrected using the same device, 

or the assigned nursing personnel was notified to correct it 

since it is unethical to leave the cuff pressure at suboptimal lev-

el. Multiple measurements were performed from a single pa-

tient if they continued to be on a ventilator for a longer period. 

These additional measurements did not affect the study since 

the investigators were only studying the proportion of instances 

of the cuff pressure measurements of beds in an ICU where 

the cuff pressures and VAP rates were normal according to the 

number of hours of ventilation days rather than per patient. 

The institute has a dedicated team of infection control nurs-

es who collect VAP rates based on everyday clinical assess-

ments with updated Centers for Disease Control and Preven-

tion diagnostic criteria. The investigators accessed VAP rate 

data per month from the infection control department. These 

rates were calculated every month, and data of a particular 

month were used when the investigator had performed cuff 

■ This study demonstrated that intensive care units in-
tensive care units (ICUs) with cuff pressure monitoring 
devices and active measurement protocols had a higher 
proportion of patients with optimal cuff pressure (58.5%) 
and a lower proportion with sub-optimal and high cuff 
pressures (19.5% and 22.0%) compared to ICUs with no 
device-based monitoring protocols.

■ The ventilator-associated pneumonia rates of ICUs ex-
hibited a weak positive correlation with sub-optimal 
cuff pressure.
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pressure measurements. Since the measurements were per-

formed for 4 months, investigators calculated the average of 

the VAP rates and correlated it with cuff pressure. 

A primary survey was conducted every month in the ICUs 

during the course of the study to determine whether the ICUs 

were using a cuff pressure monitor or if one was available and 

if there was an active usage protocol. The study also surveyed 

some of the other confounding factors that can affect VAP rates 

like head end elevation, availability of bed side hand rubbing, 

closed suctioning system availability, and nurse to patient ratio 

in the unit at the time of the survey. 

Statistical analysis was carried out using the IBM SPSS ver. 

22 (IBM SPSS Inc., Armonk, NY, USA). Frequencies and per-

centages were used for cuff pressure assessment, and propor-

tions were used to describe the number of patients who had 

optimal cuff pressure. The Kruskal-Wallis test, Spearman rank 

correlation, chi-square test, Mann-Whitney test, and Fisher’s 

exact test were used to summarize the data. All the statistical 

tests were carried out at a 5% level of significance, and a P-val-

ue less than 0.05 was considered significant. 

RESULTS 

The survey obtained 348 discreet cuff pressure readings from 

mechanically ventilated patients from 11 ICUs. The ICUs that 

had a smaller number of cuff pressure readings were com-

bined for interpretation (ICUs that contributed less than 15 

cuff pressure readings combined were obstetrics and gyne-

cology ICU [n=2], plastic surgery ICU [n=9], respiratory care 

center ICU [n=1], surgical ICU [n=14], and urology ICU [n=3]). 

Among the 348 cuff pressure readings obtained, the major-

ity of the readings were in the high cuff pressure category at 

140 (40.2%), optimum cuff pressure was at 123 (35.3%), and 

sub-optimal cuff pressure was at 85 (25%). 

Table 1 indicates that the most frequent sub-optimal cuff 

pressure readings were observed in the neuromedicine ICU 

at 42.1% (n=16) and the fewest were noted in the emergency 

medical services high dependency unit at 15.6% (n=10). High 

cuff pressure readings were more prominent in the survey 

where most of the cuff pressure readings were obtained from 

the emergency medical services (EMS) high dependency unit 

(HDU) at 59.4% (n=38). A smaller number of high cuff pressure 

readings was found in the neurotrauma ICU, at 16.7% (n=10). 

The maximum number of optimal-cuff pressure readings were 

obtained from the Neurotrauma ICU at 65% (n=39), and the 

minimum was recorded in the neuro-medicine ICU at 21.1% 

(n=8). 

Another result of the audit showed that only two of the total 

11 ICUs that participated had a dedicated device for monitor-

ing and an active measurement protocol (AMP). Therefore, 

76.44% (n=266) cuff pressure readings were obtained from 

ICUs where there was no device for monitoring and no AMP. 

Only 23.56% (n=82) were obtained from ICUs that had ded-

icated equipment and AMP for monitoring. These findings 

were reflected in the cuff pressure distribution among the cat-

egories, as depicted in Table 2, which shows a significant as-

sociation between AMP and cuff pressure category (P=0.001). 

ICUs with monitoring had lower proportions of sub-optimal 

(19.5%) and high (22.0%) cuff pressure compared to those 

without AMP (25.9% and 45.9%, respectively). The proportion 

of optimal cuff pressure (58.5%) was greater in ICUs with AMP 

compared to those that did not (28.2%). Our results showed 

a weak positive correlation of sub-optimal cuff pressure with 

VAP rate, as depicted in Table 3. In addition, we identified 

Table 1. Frequency distribution of CP among ICU

ICU Sub-optimal CP (<20 cm H2O) Optimal CP (20–30 cm H2O) High CP (>30 cm H2O)

CTVS ICU (n=49) 16 (32.7) 16 (32.4) 17 (34.7)

EMS HDU (n=64) 10 (15.6) 16 (25.0) 38 (59.4)

EMS ICU (n=83) 15 (18.1) 25 (30.1) 43 (51.8)

Neuromedicine ICU (n=38) 16 (42.1) 8 (21.1) 14 (36.8)

Neurosurgery ICU (n=25) 5 (20.0) 11 (44.0) 9 (36)

Neuro trauma ICU (n=60) 11 (18.3) 39 (65.0) 10 (16.7)

Other ICUs (n=29)a 12 (41.3) 8 (27.58) 9 (31.0)

Total (n=348) 85 (24.4) 123 (35.3) 140 (40.2)

Values are presented as number (%). Total number of cuff pressure measurement=348.
ICU: intensive care unit;  CP: cuff pressure; CTVS: cardio thoracic and vascular surgery; EMS: emergency medical services; HDU: high dependency unit.
aICUs where less than 15 cuff pressure measurements were made and those ICUs are the following respective: ICU, surgical ICU, obstetrics and gynaecology ICU, 
plastic surgery ICU, and urology ICU.
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some confounding factors of VAP, as provided in Table 4. 

DISCUSSION 

The present study showed that most of the cuff pressure values 

were high, at a percentage of 40.2% (n=140), while optimal 

cuff and sub-optimal cuff pressures were found in 35.3% and 

24.4% of patients, respectively. A high cuff pressure can com-

promise perfusion and cause impairments in the wall of the 

trachea and adjacent anatomical structures [5,8,9]. Therefore, 

need for an effective cuff pressure measuring protocol and de-

vice-based monitoring is high. 

A cuff pressure greater than 30 cm H2O is enough to com-

promise the anterolateral trachea, affect microcirculation, and 

lead to multiple complications such as sore throat, hoarseness, 

stenosis of the trachea, rupture of the trachea, injury, and tra-

cheal esophageal fistula [6,10-12]. Several studies surveyed en-

do-tracheal tube cuff pressure monitoring and found a similar 

higher incidence of high cuff pressure in emergency depart-

ments [13,14]. 

Our results also showed that a cuff pressure monitoring 

device and protocol significantly increased the proportion of 

patients with optimal cuff pressure and reducing the sub-op-

timal cuff pressure to 19.5% and high cuff pressure 22.0% 

when compared to those ICU’s didn’t which did not have the 

same reported the proportion of sub-optimal cuff pressure as 

25.9%, High cuff pressure was 45.9% and Optimal cuff pres-

sure was 28.2% which was significant (P<0.001). A previous 

quality enhancement study reported concurrent results when 

using cuff pressure manometers [15]. The cuff pressure range 

was significant (P=0.0003), and an increase in the safe range 

of cuff pressure was observed after the introduction of cuff 

pressure monitoring, AMP, and departmental education. In 

addition, before implementation, most of the cuff pressure 

values were high. 

There are inadequate data to guide clinicians on the opti-

mal frequency of ETT cuff pressure measurements. Current 

practices differ throughout the world, from very infrequent 

to continuous assessments of cuff pressure. However, use of 

a continuous ETT cuff-pressure control system is associated 

with significantly lower risk of VAP as it lowers the risk of ad-

vancement of subglottic secretions into the lower respiratory 

tract [16,17]. 

Table 3.  Correlation of VAP rate with cuff P category among mechanically 
ventilated patients in ICUs where the P stands for pressure

Variable No. (%) ra P-value

Sub-optimal CP (<20 cm H2O) 85 (24.4) 0.214 0.04b

Optimal CP (20–30 cm H2O) 123 (35.3) –0.076 0.40

High CP (>30 cm H2O) 140 (40.2) 0.109 0.20

VAP: ventilator-associated pneumonia; ICU: intensive care unit; CP: cuff 
pressure.
aSpearman rank correlation coefficient; bP<0.05.

Table 4. Distribution of confounding factors for ventilator associated 
pneumonia during cuff pressure measurements

Variable No. (%)

Availability of closed suction among cuff pressure measured

 No 327 (94)

 Yes 21 (6.0)

Hand rub availability

 No 96 (27.6)

 Yes 252 (72.4)

Nurse patient ratio

 1:2 5 (1.4)

 1:3 277 (79.6)

 1:5 6 (1.7)

 1:6 2 (0.6)

 1:10 58 (16.7)

Head end elevation

 Low (head elevation <30°) 134 (38.5)

 Normal (head elevation –30 to –45°) 197 (56.6)

 High (head elevation >45°) 17 (4.9)

Table 2. Association of CP monitor availability and active measurement protocol with cuff pressure category

Group
CP category

P-valuea
Sub-optimal CP

(<20 cm H2O, n=85)
Optimal CP

(20–30 cm H2O, n=123)
High CP

(>30 cm H2O, n=140)

Cuff pressure monitor & active measurement protocol 0.001b

 No (n=266) 69 (25.9) 75 (28.2) 122 (45.9)

 Yes (n=82) 16 (19.5) 48 (58.5) 18 (22.0)

Values are presented as number (%).
CP: cuff pressure.
aChi-square test; bP<0.05.
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Temporary drops in endotracheal cuff pressure are import-

ant for entry of upper airway secretions into the lower airways 

and increase in the incidence of VAP. Studies have shown that 

continuous pressure control and optimal ET cuff pressure 

minimize leakage of collected secretions that have pooled 

above the cuff [18]. In this study, we observed a significantly 

weak positive correlation (r=0.214, P=0.04) of sub-optimal cuff 

pressure with VAP rate. This can be considered a limitation of 

the study but without clinical significance. Multivariate anal-

ysis performed by Rello et al. [6] also showed a trend toward 

higher risk of VAP among patients with sub-optimal cuff pres-

sure (relative risk, 2.57; 95% confidence interval, 0.78–8.03). 

Furthermore, no continuous data on cuff pressure were 

maintained to ascertain the relationship, as the primary aim 

of the study was to establish the relationship between optimal 

cuff pressure and availability of cuff pressure measurement 

and AMP [3-5,19]. 

The main limitation of the present study was that there 

was no continuous monitoring of cuff pressure and factors 

that contributed to cuff pressure changes. The study was per-

formed based on instances of measurement and not on indi-

vidual patients. As a result, the clinical covariates of patients 

were not considered. This restricted further statistical analysis 

on the predictors of cuff-pressure variations. Due to the time 

limitation of the study, unit-wise monthly VAP rate was used 

for assessing the correlation with cuff pressure since each 

individual could not be followed-up for the same amount of 

time. Another limitation was that it was not possible to detect 

pressure leaks while attaching the device to the pilot balloon 

during monitoring. 

This study suggests provision of cuff pressure monitoring 

devices for every critical care unit and development of AMP 

from an administrative level to promote optimal cuff pressure. 

This will reduce the overall VAP rates in hospitals. Adherence 

to the protocol can be added as a quality indicator hospital in-

fection control. 
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