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Abstract

Purpose Endotracheal tube intra-cuff pressure should be

maintained between 20 and 30 cmH2O to prevent damage

to the tracheal wall. However, cuff pressure is rarely

measured, and clinicians estimate cuff pressure poorly. The

goal of the present study was to predict the cuff volume

that produces optimal cuff pressure either from tracheal

diameter or from patient height and age.

Methods In the development phase, initial cuff pressure

and cuff volume were measured in 240 patients. Optimal

cuff volume, defined as the volume halfway between the

volumes required to produce cuff pressures of 20 and

30 cmH2O, was determined in each patient. Then, regres-

sion equations relating optimal cuff volume to tracheal

diameter on chest X-ray, and between optimal cuff volume

and a combination of height and age, were calculated. The

primary outcome was the proportion of patients in a vali-

dation set (n = 104) who achieved a cuff pressure of

20–30 cmH2O when cuff volume was selected by each

regression formula.

Results Only 28 % of the cuffs were optimally inflated

using clinical criteria during the development phase. There

was good correlation between optimal cuff volume and

tracheal diameter and moderate correlation between opti-

mal cuff volume and both height and age. Predicted cuff

volume was more likely to provide optimal cuff pressure

when based on tracheal diameter (65 % of patients) than

when based on both height and age (45 % of patients).

Conclusions Optimal cuff volume was better estimated

from tracheal diameter and patient height and age than

from the manual palpation method.

Keywords Intra-cuff pressure � Intra-cuff volume �
Tracheal diameter � Chest radiography

Introduction

Endotracheal tubes are carefully chosen in pediatric

patients according to characteristics such as age and height

[1, 2]. Choosing the correct endotracheal tube size is less

important in adults than in children because the trachea is

sealed around a small tube through adjustment of intra-cuff

volume. However, excessive intra-cuff pressure can lead to

complications such as tracheal mucosal edema [3] and

fistula [4], and inadequate cuff pressure can lead to insuf-

ficient ventilation, poor reliability of end-tidal gas moni-

toring, leakage of anesthetic gases into the operating room

environment, and an increased risk of aspiration [5–8].

Thus, careful attention should be paid to maintain optimal

cuff pressure. However, a report showed that 75 % of

intensive care units never check cuff pressure [9].

A sore throat is a common side effect of general anes-

thesia, reported to affect between 14 and 50 % of patients

after tracheal intubation [10]. Excessive cuff pressure is a

prime cause of the sore throat resulting from general

anesthesia [11]. Furthermore, previous studies have shown

that when cuff pressure is adjusted by manual palpation,

less than 30 % of patients have cuff pressures within the

optimal range of 20–30 cmH2O [12, 13].
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Chest X-rays are used routinely to verify endotracheal

intubation in Japan and in some other countries. Tracheal

diameter, determined radiographically, has been used to

predict proper endotracheal tube size [14]. Similarly, it is

clinically apparent that tracheal diameter gradually

increases in proportion to both patient height and age;

proper endotracheal tube size should also be predictable

from patient height and age [15, 16]. The goal of the

present study was to predict optimal cuff volume from

tracheal diameter and patient height and age.

Materials and methods

The Review Board for Human Experiments of the Kyoto

Prefectural University of Medicine approved this pro-

spective study, and written informed consent was obtained

from the patients or their relatives. A total of 344 patients

(aged 12–91 years) who were undergoing elective surgery

with general anesthesia under tracheal intubation were

enrolled. Patients with conditions known or suspected

to cause laryngeal and tracheal pathology, emergency

intubation, anticipated difficult intubation, as well as

pregnant women and those at high risk for aspiration, were

excluded.

General anesthesia was induced with intravenous pro-

pofol combined with either vecuronium or rocuronium.

Patients were intubated with endotracheal tubes with high-

volume and low-pressure cuffs (Mallinckrodt Intermediate

Tracheal Tubes; Covidien, Tokyo, Japan). The internal

diameter of the tubes chosen was 8.0 or 8.5 mm for men

and 7.0 or 7.5 mm for women, per routine practice in our

hospital and as reported previously [13]. Anesthesia was

maintained with volatile anesthetics in a combination of air

and oxygen; nitrous oxide was not used. Endotracheal tube

cuff pressures between 20 and 30 cmH2O were considered

optimal [7, 13, 17–19].

Tracheal diameter at the sternoclavicular junction level

on chest X-ray taken preoperatively was recorded with

morphometric characteristics including age, gender, height,

and weight. All measurements were performed with

patients in the supine position with the head in a neutral

position. The distance between the X-ray tube and the

patient was standardized for all X-rays evaluated in the

present study.

Development phase

For 240 patients (120 men and 120 women), data were

collected from four age-based groups (12–29, 30–49,

50–69, and C70 years; Table 1). An anesthesiologist who

was blinded to the experimental design inserted the endo-

tracheal tube and inflated the cuff. The cuff was inflated

just enough to stop an audible air leak at a static airway

pressure of 20 cmH2O.

Thereafter, investigators blinded to patient morphomet-

ric characteristics measured cuff pressure 60 min after

induction of anesthesia using a manometer (Mallinckrodt

Medical, Athlone, Ireland) connected to the pilot balloon.

Initial cuff volume was measured by completely deflating

the cuff and measuring the volume of removed air. The cuff

was then progressively inflated by injecting air in 0.1-ml

increments until a cuff pressure of 10, 20, 30, and

40 cmH2O was achieved. Cuff volumes were recorded at

these cuff pressures. The entire process required about

1 min. We measured intra-cuff pressure by using a three-

way stopcock to avoid the leakage of the air in the cuff and

the effect of compressed air in the syringe. Optimal cuff

volume, the volume halfway between cuff volumes at 20

and 30 cmH2O cuff pressure, was determined for each

patient. Two regression equations were then calculated: (1)

between optimal intra-cuff volume and tracheal diameter

and (2) between optimal intra-cuff volume and both patient

height and age.

Tracheal diameter was electronically measured at the

sternoclavicular junction on chest X-ray as it is an objec-

tive landmark and because the endotracheal tube cuff is

located near this level. The effect of image magnification

was thus adjusted automatically. The tracheal walls tend to

be symmetrical at this level, and the diameter is usually

consistent from the thoracic inlet to the carina [20].

Validation phase

For the validation phase, another 104 patients (52 men and

52 women) were categorized into the same four age-based

subgroups used in the development phase. The cuff was

inflated with the optimal intra-cuff volume based on the

regression equation created from tracheal diameter and

created from the combination of height and age constructed

in the development phase. Thereafter, the proportion of

patients in whom cuff pressure was optimal (i.e., between

Table 1 Demographic and morphometric characteristics in the

development and validation phases

Development

phase

Validation

phase

P value

Patient number 240 104 –

ETT size (N) 7/7.5/8/8.5 42/78/63/57 15/37/20/32 0.323

Age (years) 49 ± 23 49 ± 21 0.848

Height (cm) 161 ± 10 162 ± 10 0.270

Weight (kg) 58 ± 12 59 ± 11 0.425

Results presented as number or mean ± SD

ETT endotracheal tube
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20 and 30 cmH2O) at 60 min after cuff inflation was

calculated.

Statistical analysis

Data were analyzed using GraphPad InStat software, ver-

sion 3.06.32 (GraphPad Software, La Jolla, CA, USA).

Chi-square tests were used to compare two groups of

patients. Regression and correlation analyses were per-

formed with the method of least-square fitting. Data are

reported as mean ± SD unless otherwise indicated. Sta-

tistical significance was defined as P \ 0.05.

Results

Morphometric and demographic characteristics of the

patients were similar in both the development and valida-

tion phases (Table 1). Average cuff pressure in the devel-

opment phase was 21 ± 14 cmH2O, but only 28 % of the

patients fell within the optimal range of cuff pressure

(20–30 cmH2O). Cuff pressure exceeded 30 cmH2O in

17 % of patients and was less than 20 cmH2O in 55 % of

patients.

Using data from the development phase, the regression

equation was first constructed between tracheal diameter

in millimeters and optimal cuff volume in milliliters

(defined as the volume halfway between those necessary to

produce a cuff pressure of 20 and 30 cmH2O): optimal

cuff volume = 0.71 (tracheal diameter) - 8.25, R2 = 0.83

(Fig. 1).

There was a poor correlation between tracheal diameter

in millimeters and patient height in centimeters: tracheal

diameter = 0.10 height ? 0.73, adjusted R2 = 0.19. There

was similarly a poor relationship between tracheal diameter

in millimeters and patient age in years: tracheal diame-

ter = 0.04 age ? 15, adjusted R2 = 0.16. However, the

correlation was improved by multiple regression between

tracheal diameter and both height and age: tracheal diame-

ter = 0.06 age ? 0.14 height - 8.8, adjusted R2 = 0.50.

Thus, a multiple regression equation was calculated between

the optimal cuff volume in milliliters and patient height in

centimeters and age in years: optimal cuff volume = 0.11

height ? 0.042 age - 15.6, adjusted R2 = 0.44 (Fig. 2).

In the validation phase, cuff pressure with cuff volume

inflation estimated based on tracheal diameter averaged

22 ± 7 cmH2O; 65 % of patients obtained optimal cuff

pressure with this method (P \ 0.001 compared with that

in the development phase (28 %), and P \ 0.001 compared

with that in the validation phase predicted from the com-

bination of height and age) (45 %, detailed below). Cuff

pressure exceeded 30 cmH2O in 8 % of patients and was

less than 20 cmH2O in 27 % of patients. Cuff pressure with

cuff volume inflation estimated based on patient height and

age averaged 22 ± 7 cmH2O; 45 % of patients obtained

optimal cuff pressure with this method (P \ 0.001 com-

pared with the fraction in the development phase), and cuff

pressure exceeded 30 cmH2O in 25 % of patients and was

less than 20 cmH2O in 30 % of patients.

Discussion

Excessive cuff pressure can result in tracheal mucosal

erosion and postoperative sore throat and hoarseness [11,

21]. Optimal cuff pressure has therefore been defined in

Fig. 1 There was a strong relationship between measured optimal

intra-cuff volume and tracheal diameter in millimeters as determined

by chest radiography: optimal volume = 0.71 (tracheal diameter)

- 8.25, R2 = 0.83

Fig. 2 There was a moderate relationship between measured optimal

intra-cuff volume and height in cm and age in years: optimal

volume = 0.11 (height) ? 0.042 (age) - 15.6, adjusted R2 = 0.44
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previous studies and various guidelines [7, 13, 17–19].

Seegobin and van Hasselt [19], for example, confirmed that

excessive cuff pressure contributes to tracheal damage and

concluded that cuff pressure should not exceed 30 cmH2O.

Inadequate cuff pressure is also dangerous and contributes

to ventilator-associated pneumonia [18]. The American

Thoracic Society guidelines thus include the recommen-

dation that cuff pressure should be kept at C20 cmH2O [8].

Optimal cuff pressure was therefore defined in the present

study as being within the range of 20–30 cmH2O.

There were no significant differences in regression

coefficient (tracheal diameter, height, and age) between

men and women. Using a single regression equation for

predicting size is thus clinically practical. Selected endo-

tracheal tube size was selected as internal diameter (ID) 7.0

or 7.5 for females and ID 8.0 or 8.5 mm for males in a

previous report [13].

Previous studies have reported that cuff pressure rarely

falls within the optimal range of 20–30 cmH2O when

manual palpation is used [12, 13]. For example, Sengupta

et al. [13] reported that only 27 % of patients had optimal

cuff pressure without the use of manometry, a rate similar

to that in the present development phase. The primary

finding of the present study is that the proportion of

patients achieving optimal cuff pressure was improved by

using regression equations estimating appropriate inflation

volume from tracheal diameter or height and age.

Of the present two approaches, cuff inflation volume

was better estimated from tracheal diameter than from

height and age (37 vs. 17 % absolute improvement). When

tracheal diameter is available from a chest radiograph,

inserting the value into the simple equation (optimal cuff

volume = 0.71 tracheal diameter - 8.25) was found to be

the best approach in the present study. When tracheal

diameter is not available, the height and age equation is

still considerably better than manual palpation alone.

Both formulas in the present study estimated appropriate

cuff volume far better than manual palpation of the pilot

balloon. The present formula based on tracheal diameter,

which was considerably better than the formula based on

height and age, correctly predicted initial cuff volume in

only 65 % of patients. In other words, the formula failed in

a full third of patients.

The present results are in contrast to those of Valentino

et al., who reported that chest radiography is a poor

screening tool for unsafe intra-cuff pressure [22]. They

obtained tracheal diameter after inflating the cuff, whereas

in the present study tracheal diameter was measured from a

preoperative chest X-ray. Expansion of the trachea by

the inflated cuff might well explain these discrepant

conclusions.

The proportion of patients achieving optimal cuff pres-

sure by the tracheal diameter measurement method might

have been limited to 65 % for various reasons. First, the

endotracheal tube cuff might not have been located at the

level of the sternoclavicular junction. Second, the elasticity

of the trachea varies among individuals. The trachea has a

longitudinal membranous portion posteriorly, and it cannot

be predicted how much the trachea actually expands. Third,

the tracheal cross section was estimated from the chest

X-ray, but this value can suffer from perspective distortion.

In the present study, the distance between the X-ray tube

and the patient was standardized for all posterior to anterior

X-rays evaluated.

Many previous studies have documented the relation-

ship between patient characteristics and tracheal diameter.

These studies have found a good correlation between tra-

cheal diameter and patient height in a pediatric population

[20] and a poor correlation between tracheal diameter and

patient height or age in an adult population [16]. In the

present study, multiple regression analysis revealed a

moderate correlation between tracheal diameter and height

and age.

Although nitrous oxide is still used, the gas is being used

in progressively fewer cases [23]. Nitrous oxide was

avoided in the present study because of the well-known

tendency of nitrogen diffusion to increase cuff volume and

pressure [11]. The present results would be valid for initial

cuff inflation even with nitrous oxide. In patients given

nitrous oxide, it is necessary to continually monitor and

adjust cuff pressure to prevent increases to potentially

dangerous levels.

A limitation of the present analysis is that cuff volume

was assumed to remain constant throughout surgery, and

that the pressure–volume relationship was also assumed to

remain constant. Cuff pressure does not change over time

when the cuff is filled with saline, even during nitrous

oxide general anesthesia [11]. Cuff pressure in air-filled

cuffs is not thought to change over time when nitrous oxide

is not used, but the time-dependence of cuff pressure has

not yet been systematically evaluated. Cuff pressure was

measured 1 h after induction of anesthesia in this study, as

has been previously reported [13]. In the present study,

only one brand of endotracheal tube was examined (Mal-

linckrodt Intermediate Tracheal tubes); the present results

might therefore not apply to other brands of endotracheal

tubes. Finally, airway complications such as post-extuba-

tion stridor or extubation failure caused by airway prob-

lems has not been evaluated in this study. Whether the

20–30 cmH2O of ‘‘optimal’’ pressure estimated from

studies with long-term intubation could apply intraopera-

tively remained unresolved.

In summary, only 28 % of the cuffs obtained between 20

and 30 cmH2O of pressure with the manual palpation

method. Optimal cuff volume was better estimated from

tracheal diameter determined by chest radiograph or from
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patient height and age than from the manual palpation

method.
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