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The use of a cuffed endotracheal tube (ET) has been
discouraged in children up to 8 years of age. Recent lit-
erature suggests that this age-old argument is empiri-
cal rather than scientifically based.This AANA Journal
course will examine the history of pediatric endotra-
cheal intubation, suggested methods for choosing the
appropriately sized ET, emerging literature describing
the advantages and disadvantages of the use of the

cuffed ET in young children, and potential clinical
problems that develop with the use of the currently
available, manufactured, cuffed pediatric ETs.
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Objectives
At the completion of this course, the reader should be
able to:
1. Describe historical experiences in the respiratory

management of pediatric patients.
2. Detail the current understanding of pediatric laryn-

geal structure.
3. Discuss the advantages and disadvantages of cuffed

and uncuffed endotracheal tubes.
4. Demonstrate an understanding of clinical approaches

for the determination of a properly fitting endotra-
cheal tube in pediatric patients.

5. Identify limitations of the currently available, manu-
factured, cuffed endotracheal tubes for pediatric pa-
tients.

Introduction
It has been the professed understanding and traditional
teaching since the 1960s that the use of a cuffed endo-
tracheal tube (ET) in children younger than 8 years
should be avoided. Although this adage is widely pre-
scribed in contemporary pediatric anesthesia texts and
clinically professed, recent literature illustrates that this
teaching is not universally applied, is empirical rather
than scientifically based, and may be construed as a per-
petuated “myth” of pediatric anesthesia. This age-old ar-
gument against the use of a cuffed ET in infants and chil-

dren seems to be logical in construct; functionally, the
narrowest portion of the infant and child airway is at the
level of the cricoid cartilage. The lumen of the noncom-
pressible cricoid is traditionally described as round, al-
though the morphologic features of the pediatric airway
have recently been challenged. It is reasoned that the in-
sertion of a properly sized “snug” (at the cricoid) un-
cuffed ET enables assisted or controlled ventilation and
provides protection of the trachea against foreign sub-
stances. If the aforementioned goals are accomplished
with an uncuffed ET, what is the rationale for the appli-
cation of a cuffed ET in pediatric patients?

Historical Account of ET Use in Pediatrics
Endotracheal intubation was rarely attempted in chil-
dren before the 1940s because available tubes were not
of proper material (hard red rubber) or design (adult
length, large diameter). Long-term ventilation of pedi-
atric patients necessitated tracheostomy, a foreboding in-
vasive procedure in the 1960s. The development of soft
and pliable polyvinyl chloride ETs in the early 1960s was
a technological leap, prompting a dramatic change in the
respiratory management of pediatric patients.

In 1965, 2 landmark articles published in the British
Journal of Anaesthesia reported successful nasotracheal
intubation with these new ETs for prolonged ventilatory
management of children in the intensive care unit.1,2
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This application was not without untoward consequences.
In their series of intubated children, McDonald and
Stocks1 reported the development of severe subglottic nar-
rowing in a 2-year-old, making the following editorial
comment: “Choosing the proper tube requires care. It is
important that the tube is not so large as to exert excessive
pressure on the mucosa overlying the cricoid cartilage, the
narrowest part of the larynx.” Likewise, Allen and
Stevens2 reported “severe” cicatricial subglottic stenosis in
a 4-year-old ventilated with an oversized ET for 6 days
and diffuse subglottic hemorrhagic necrosis in a deceased
6-year-old child. They recognized that these injuries were
the result of “the need for a reasonable well-fitting tube to
give some semblance of an airtight seal” and were the first
to recognize that these injuries were more prominent in
children requiring mechanical ventilation, “possibly
because of ventilator-induced movement of the tube up
and down in the larynx.”2

The anterior surface of the epiglottis and aryepiglottic
folds and the cricoid are covered by loose areolar con-
nective tissue that is prone to edema formation.
Compression of this mucosa within the unyielding
cricoid ring by an oversized ET limits mucosal blood
flow, producing mucosal edema. Sustained compression
produces mucosal ulceration extending into the peri-
chondrium. Collagen formation is stimulated to repair
the mucosal defect. Collagen fibers fill the defect, pro-
ducing a fibrosis scar that subsequently contracts, pro-
ducing stenosis. Pathological consequences of the use of
an oversized ET also include the development of ductal
cysts and scar bridging the vocal cords.3

The previously mentioned articles1,2 were the first to
report the development of acquired laryngotracheal
stenosis with use of an oversized uncuffed ET. The inci-
dence has risen with the increasing application of endo-
tracheal intubation, varying between 0.7% and 8%.4-7

Subsequently, anesthesia practitioners have selected an
uncuffed tube with its disadvantages for infants and for
children younger than 8 years in an attempt to minimize
laryngeal and tracheal injury (Table 1). The selection of
an uncuffed ET in the 1960s was readily accepted
because the majority of pediatric anesthesia was con-
ducted with spontaneous ventilation. The selection of a
cuffed ET necessitated the use of an ET at least one-half
to one size smaller than the selected uncuffed ET, in-
creasing airway resistance and the work of breathing.
Despite these concerns the contemporary literature has
failed to document any adverse effects of selecting an ET
with a smaller internal diameter (ID).

Laryngeal trauma may occur with the use of an un-
cuffed or a cuffed ET. Although only a handful of studies
have examined the incidence of intubation trauma in pe-
diatric patients, intubation trauma in children younger
than 8-10 years is predominantly the result of the use of
an oversized ET.8-12 A 1997 editorial reported the endo-

scopic evaluation of 91 neonates for suspected intubation
trauma, noting that laryngeal trauma was directly attrib-
utable to the use of an oversized ET in 82% of the
neonates.13

Sizing the ET
Cadaveric studies of the pediatric larynx established its
conical shape with the apex of the cone (the narrowest
portion of the cone) at the level of the cricoid carti-
lage.14,15 In a study examining the relationship of age and
laryngeal dimension, the airways of sedated, sponta-
neously breathing newborns, children, and adolescents
(to age 13 years) were evaluated via magnetic resonance
imaging. This evaluation found the larynx to be elliptical
in the transverse dimension with the apex or narrowest
portion at the level of the vocal cords. The larynx was
found to be cylindrical in the anterior-posterior dimen-
sion (Figure 1).15 Although the cricoid ring is unyielding,
the vocal cords and structures cephalad to the vocal cords
may be distended with the placement of an oversized ET.
The findings also suggest that the placement of a circular
ET through the elliptical-shaped cricoid may result in the
application of undue pressure on the laryngeal mucosa in
the posterior-lateral position. The associated pathologic
lesions found at the posterior-lateral areas of the larynx at
the level of the vocal cords following prolonged tracheal
intubation are congruent with these anatomical findings
(Figure 2). Anterior tracheal trauma may also occur due
to the repeated impingement of the distal end of the ET
on the anterior tracheal wall with ventilator-induced
movement of the ET.

Tracheal capillary mucosal perfusion pressure in
adults is in the range of 25 to 30 mm Hg (1 mm Hg = 1.36
cm H2O).

16,17 In an attempt to minimize compressive tra-
cheal forces in adults, it is argued that the ET cuff pres-
sure should ideally be maintained at 25 mm Hg or less (≤
34 cm H2O).

18,19 This pressure ensures an adequate seal
to prevent aspiration (about 18 mm Hg or 24 cm H2O)
while minimizing the pressure that would inhibit
mucosal perfusion (25 mm Hg). It is assumed that tra-
cheal capillary mucosal perfusion pressure in infants and
children is similar, but this value is unknown.

Table 1. Disadvantages of Uncuffed Endotracheal
Tubes

Air leak around endotracheal tube

Additional laryngoscopy and endotracheal tube exchange

Environmental pollution of operating theater

Unreliable ventilation and oxygenation

Required high-inspired gas flow

Imprecise capnometry and capnography readings

Imprecise pulmonary function testing results

Pulmonary aspiration
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The initial focus in providing endotracheal anesthesia
for pediatric patients is the selection of an appropriately
sized tube that facilitates controlled ventilation yet mini-
mizes laryngeal and tracheal injury. How is this properly
sized ET chosen? Despite a wide range of textbook and
anecdotal recommendations, there is no ideal, universal-
ly applied formula for the determination of a properly
fitting ET.6 ETs are sized based on the ID in millimeters.
For example, a 5.0 uncuffed ET has an ID of 5.0 mm.
However, we rarely consider the outer diameter (OD),
which, in the case of cuffed ETs, may differ by as much as
0.9 mm among the ETs with the same ID made by differ-
ent manufacturers and by as much as 1.1 mm between
cuffed and uncuffed ETs from the same manufacturer.20

These differences in OD may result in the unintended se-
lection of an oversized ET, increasing the likelihood of la-

ryngeal or subglottic damage. The differences in OD, as
well as anatomical variability, may explain the existence
of a variety of formulas for the determination of ET
size.21-23 Table 221,24,25 lists commonly used formulas for
the selection of uncuffed and cuffed ETs.

A popular clinical approach for the determination of a
properly fitting ET in pediatric patients is the demonstra-
tion of an air leak with positive inspiratory pressure. This
practice was championed by Stocks26 to provide clinical
evidence that the tracheal mucosa was not excessively
compressed by the selected ET. With a stethescope placed
over the anterior portion of the neck, the “leak test” is
performed by closing the pop-off valve in the anesthesia
circuit and allowing a slow, continuous increase in airway
pressure, noting the pressure at which an audible air leak
occurs. Stocks26 opined “too small a tube will excessive-

Subglottis

Vocal cords

Transverse dimension

Figure 1. Pediatric Airway Dimensions15
In spontaneously ventilating infants and children, the larynx is round in the anterior-posterior dimension and elliptical in the transverse
dimension. The larynx may be viewed as a cone with the narrowest portion or apex at the vocal cords, increasing linearly through the
larynx. The relationship between the transverse and anterior-posterior dimensions remains stable through childhood. However, the
cricoid ring functionally is the narrowest portion of the larynx.

Anterior laryngeal space

ET tube

Epiglottis

Figure 2. The Placement of a Round EndotrachealTube (ET)Through the Elliptical Larynx Produces Contact at the
Posterior-Lateral Portions of the Laryngeal Mucosa.
The escape of air with the leak test occurs anteriorly, despite unknown mucosal pressure on the posterior-lateral mucosa.
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ly reduce the lumen of the airway and make intermittent
positive pressure ventilation difficult because of the
leakage of gases through the larynx. Too large a tube will
make development of subglottic stenosis a possibility.”
Stocks26 modified his clinical practice, selecting an ET
that provided an air leak between 20 and 25 cm H2O with
positive inspiratory pressure. As currently practiced, this
may result in the need for an additional laryngoscopy for
the replacement of an ET with a sizable air leak. An ET
with a demonstrable leak at a lower pressure (such as 10
cm H2O) may be too small for the intended use (applica-
tion of postive end-expiratory pressure, controlled venti-
lation during laparoscopy), whereas an ET with an
absence of leak (> 25 cm H2O) may be argued to be too
large, risking mucosal damage with prolonged use.

The clinical efficacy of the leak test was prospectively
evaluated in a study of 458 infants and young children
undergoing prolonged nasotracheal intubation following
open heart surgical procedures.27 When using the leak
test, no case of subglottic stenosis occurred.

Many pediatric anesthetists make a clinical judgment
as to the size of the ET by using the leak test. The peak
leak-test pressure to avoid in the prevention of laryngeal
injury and postintubation croup has not been defined. In
a prospective study using a leak-test pressure of 20 to 25
cm H2O in more than 7,800 children up to 17 years, a 1%
incidence of postintubation croup was observed, with the
greatest incidence occurring in children between the ages
of 1 and 4 years (40%).28 This study was conducted in a
period when ETs were cleaned and reused. Perhaps
chemical irritation of the laryngeal mucosa may have
contributed to the incidence of postintubation croup. A
1991 prospective examination of more than 5,000 pa-
tients using strict criteria for the diagnosis of postintuba-
tion croup found an overall incidence of 0.1%.29 The ET
size was determined by using the formula 16 + age/4 for
children older than 2 years. The selected ET was replaced
with a smaller ET if the leak-test pressure was equal to or
greater than 40 cm H2O.

A number of variables may affect the pressure at which
the audible leak is identified in the leak test (Table 3).30

Following endotracheal intubation and an increasing
depth of anesthesia, an increasing leak may develop with
subsequent relaxation of the laryngeal and tracheal mus-
culature. Leak pressures are higher when turning the
head to the side from a neutral position and in children
intubated without muscle relaxation “because glottic and
supraglottic muscle tone approximates supraglottic
tissues to the outer wall of the tube, inhibiting the free
egress of gas.”30 Neither ET depth nor fresh gas flow rate
influences the result of the leak test.

The determination of an acceptable leak is more diffi-
cult as the peak leak pressure increases. Considerable
variation may exist between 2 experienced observers in
deciding whether the ET passed the leak test at a pressure
between 20 and 25 cm H2O.

31 Following ET placement,
one anesthetist may judge the leak pressure to be less
than 25 cm H2O, whereas a second anesthetist may judge
the leak pressure to be greater than 25 cm H2O. This
judgment may lead to an additional laryngoscopy for
tube exchange. The assignment of a rigid upper-limit
peak pressure that triggers additional laryngoscopy and
tube exchange seems irrational.

At my institution, intubation is accomplished in the
majority of pediatric patients without the use of a muscle
relaxant. In addition, there is no rigid upper-limit leak
pressure that triggers repeated laryngoscopy and tube ex-
change. The decision to change the ET is based on a
number of factors, including the ease of passage of the
ET, the duration of surgery (>1 hour), surgical procedure
and surgical position (laparoscopy vs herniorrhaphy),
head position (rotated or flexed), the risk of aspiration,
and history of airway complications (eg, postintubation
croup, Down syndrome). For example, when an unac-
ceptable leak is present, such as in a child about to
undergo laparoscopy, a cuffed tube is selected (one-half
size smaller than the previously selected tube) to mini-

Uncuffed ET
Modified Cole formula21,24

ID (mm) = (age)/4 + 4

Morgan and Steward formula24

ID = (16 + age [y])/4

Cuffed ET
Motoyama formula24

ID = (age)/4 + 3.5

Khine formula25

ID = (age/4) + 3

Table 2. Formulas for the Calculation of Uncuffed and
Cuffed ET Sizes
ET indicates endotracheal tube, and ID, inner diameter.

Table 3. Variables Affecting Leak-Test Results in
Children30

Degree of neuromuscular blockade

Head position

Anesthetic depth

Table 4. Advantages of Cuffed EndotrachealTubes

Endotracheal tube sealing with cuff in trachea
Use of low inspired gas flows
Precise determination of end-tidal carbon dioxide
Decreased environmental pollution
Cuff volume easily adjustable
Avoidance of repeated laryngoscopies
Reduced risk of aspiration
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mize repeated laryngoscopies and the cuff inflated, al-
lowing for a leak up to but no more than 25 cm H2O.

Is the laryngeal or tracheal mucosa at risk despite a
demonstratable leak? With the placement of a round ET
through the elliptical cricoid, a gas leak with increased
inspiratory pressure must occur anteriorly (see Figure 2).
The applied force by the ET on the posterior-lateral por-
tions of the larynx and cricoid is unknown. One may
speculate that this pressure may be excessive despite a
demonstrated leak. Despite the wide variety of leak pres-
sures used by practitioners, I have not identified litera-
ture that implicates the short-term (ie, intraoperative)
use of an uncuffed or cuffed ET in the development of
subglottic stenosis.

Cuffed ETs
The frequency of cuffed ET use in pediatric patients in
American institutions is unknown. A survey of French
pediatric anesthetists found that only 25% selected a
cuffed ET routinely.32 The continuing argument regard-
ing the use of a cuffed ET is based on reports of laryngeal
damage produced by overinflated ETs.33,34 As previously
discussed, uncuffed ET use is associated with significant
laryngeal injury when oversized tubes are selected. This
is most evident in preterm infants at significant risk for
the development of acquired subglottic stenosis with pro-
longed intubation (> 5 days) and ventilatory manage-
ment. Although there is a considerable body of evidence
regarding the hazards of uncuffed ET use in infants and
children, there is a growing body of literature suggesting
that a cuffed ET may be safely used in the operating room
and intensive care unit.25,35-37

In 1997, a prospective, randomized study of cuffed
and uncuffed ETs in 488 children younger than 8 years
during general anesthesia revealed no difference in the
incidence of postoperative airway complications.25 The
ET cuffs were inflated using a Shiley pressure relief
adapter, limiting cuff pressure to 25 mm Hg (18 cm H2O).
Interestingly, children who were selected to receive an
uncuffed ET often required multiple laryngoscopies for
the placement of a properly fitting ET (23% vs 1.2%).25

Clearly, one might argue that the initial use of a cuffed ET
is advantageous because the ET cuff may be inflated to
provide an acceptable leak while minimizing the fre-

quency of repeated laryngoscopy and the accompanying
pharyngeal or laryngeal trauma.

A prospective study of 860 children in the intensive
care unit who required intubation and mechanical venti-
lation used the modified Cole formula, that is ID (mm)
= (age/4 + 4) for uncuffed ETs, whereas cuffed ETs were
reduced by one-half size.38 There were 597 children from
ages 1 day to 5 years, with 210 managed with a cuffed
ET. The ET cuff pressures were monitored by manome-
try and adjusted every 8 hours to produce a peak leak
pressure of 25 cm H2O during mechanical ventilation.
There were no differences in the use of racemic epi-
nephrine for postintubation croup or the need for extu-
bation or reintubation.38 Both studies25,38 reignited the
discussion regarding the appropriateness of cuffed ET
use in children.

Advantages of the Cuffed ET
The cuffed ET has several advantages for the anesthetic
management of pediatric patients (Table 4). A cuffed ET
(that is one-half to one size smaller than the ideal un-
cuffed ET) may not wedge within the cartilaginous
cricoid ring. The sealing of the ET is ideally facilitated
with cuff inflation within the trachea and not at the level
of the subglottis (cricoid). Theoretically, the ET cuff will
position the distal tip of the ET away from the anterior
tracheal mucosa, minimizing tracheal damage. The use of
an ill-fitting uncuffed tube (for example a leak at 15 cm
H2O) may require high-inspired gas flows to compensate
for the leak, contributing to operating theater pollution.
A proper seal will enable precise determination of end-
tidal carbon dioxide.13 Unlike the uncuffed tube, a leak at
10 cm H2O following endotracheal intubation can be cor-
rected with the titration of air into the ET cuff, avoiding
a repeated laryngoscopy for tube exchange. Cuff volume
is easily adjusted during the operative period, maintain-
ing a minimal leak. Finally, the presence of a cuff may
reduce the risk of aspiration.25

Monitoring of cuff pressure is essential to minimize the
risk of stenosis from pressure-induced mucosal is-
chemia.38,39 The cuffed ET may produce subglottic injury
in adults and children. Following the inflation of the ET
cuff, some practitioners attempt to assess the resultant tra-
cheal seal via palpation of the pilot balloon. The indis-
criminate inflation of the ET cuff results in variable cuff
pressures approaching 120 cm H2O.

40,41 Numerous defla-
tions of the ET pilot balloon are often required during the
course of the anesthetic to maintain a pressure less than
25 cm H2O,

40 which is particularly important with the ad-
ministration and diffusion of nitrous oxide through the
ET cuff, which increases cuff pressure.40 The use of a
manometer to monitor ET cuff pressure is essential to
provide an accurate determination.42 Commercial devices
(eg, the Posey Cufflator, J.T. Posey Company, Arcadia,
California) are available for monitoring ET cuff pressures.

Table 5. Identified Problems With Currently Available
Cuffed Pediatric ETs20
ET indicates endotracheal tube.

Variability in outer diameter

Cuff diameter and length

Cuff position on ET

Inaccurate depth markings on ET
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Cuffed ET Design
A number of design flaws are evident when adapting a
currently manufactured cuffed ET for infants and chil-
dren (Table 5). As previously discussed, the ET tube is
sized based on the ID (eg, a 5.0-mm ET has an ID of 5.0
mm). In an examination of commercially available cuffed
and uncuffed ETs from 4 manufacturers, it was found that
the OD of cuffed ETs varied by as much as 0.9 mm among
ETs from the same manufacturer with similar IDs and up
to 1.1 mm between cuffed and uncuffed ETs of the same
size.20 The construction of the ET (wire reinforcement,
rigid preformed, ETs with suction ports, and silicone
laser tubes) results in a variable OD, increasing the risk
of the use of an oversized ET and, therefore, increasing
the risk of laryngeal or subglottic damage.20

Currently manufactured ETs use a high-volume, low-
pressure cuff, which readily adapts to the contour of the
tracheal lumen, providing a seal with low pressure
without stretching the cuff.43 This cuff seals the ET
within the trachea by filling the internal tracheal lumen
at a low pressure. Unfortunately, many of the available
cuffed ETs up to an ID of 4.5 fail to meet the require-
ments of a high-volume, low-pressure cuffed tube.20 In
fact, these cuffs function with low volume and high pres-
sure, sealing the trachea with a small surface area, en-
dangering mucosal perfusion.

The high-volume, low-pressure ET cuff diameters on
currently manufactured ETs are large and may form folds
and wrinkles.44 The number and size of the wrinkles are

influenced by cuff size and thickness, cuff composition,
and intracuff pressure.45 In an effort to adapt a cuffed
tube for pediatric use, some practitioners actively deflate
the ET cuff to decrease the OD. This practice should be
avoided because active deflation produces folds and
wrinkles with sharp edges that may lacerate the delicate
laryngeal and subglottic mucosa with ET passage and
subsequent tube movement during ventilation.

• ET Cuff Position and ET Length. The position of the
cuff on the ET is critical to pediatric patients. The ET shaft
must be of suitable length to accommodate cuff place-
ment. The addition of a Murphy eye also requires an ad-
ditional length beyond the distal cuff border (Figure 3).
The Murphy eye is a slot that is created in the shaft near
the distal end of the ET. The Murphy eye was created to
prevent complete occlusion of the ET by the tracheal wall
or tracheal secretions (mucous plug). The length of the
cuff and the presence of a Murphy eye are important in de-
termining the final position of the ET within the trachea.
The final position of the ET cuff must be within the
trachea and not within the larynx or cricoid. In the ma-
jority of the manufactured ETs examined, the upper
border of the ET cuff corresponds with the upper border
of the depth marking for the next larger size uncuffed
ET.20 Accordingly, the placement of a cuffed ET with an ID
of 3.0 to 5.0 may ultimately position the cuff within the
larynx.46 Inflation of the cuff may injure the loose con-
nective tissue, creating subglottic edema. Because of the
required increased ET length to accommodate the cuff and
the Murphy eye, when the cuffed ET is visually placed 1
cm below the level of the cricoid, the distal tip of the ET
is positioned very close to the carina.46

Several methods have been used to determine the
proper insertion depth of the ET in pediatric patients.
Currently manufactured ETs have imprinted depth mark-
ings that are measured at varying distances from the ET
tip. The placement of the ET using this depth marking
places the distal tip of the ET near the midtracheal posi-
tion. There is a lack of uniformity as to the position of
these depth markers from the tip of the ET.20 Uncuffed
ETs are marked distally with a double black line that
serves as a visual indicator of the depth of ET insertion
(see Figure 3). During intubation, the ET is passed until
the double black line has reached the level of the vocal
cords, placing the ET tip in the midtrachea. Another
popular method is to insert the ET to a depth in centime-
ters 3 times the ID of the ET in millimeters. For example,
a 3-mm ET is inserted to a depth of 9 cm. In an evaluation
of 3 methods for determining ET depth (deliberate main-
stem intubation with a subsequent 2-cm withdrawal,
alignment of the double black line at the vocal cords, and
placement with the use of the formula ET ID � 3), main-
stem intubation with subsequent withdrawal was the
most reliable in positioning the ET above the carina.39

Murphy eye

Proximal cuff

Figure 3. Comparison of Cuffed and Uncuffed
EndotrachealTubes (ETs)
A visual comparison of cuffed and uncuffed ETs with an inner
diameter of 4.5. The double black line on the uncuffed ET is
frequently used as a depth marker for the insertion of the ET at
the level of the vocal cords. The insertion of the cuffed tube at
this corresponding depth would result in the placement of the
cuff within the larynx or cricoid.
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Reduced Margin of SafetyWith the Use of
Cuffed ETs
The margin of safety when placing an ET refers to the dis-
tance from the vocal cords to the carina. Placement of the
beveled ET tip just beyond the vocal cords (shallow intu-
bation) may result in inadvertent extubation with exten-
sion of the neck. Conversely, advancement of the ET in
proximity to or beyond the carina may produce airway
stimulation with the accompanying physiological re-
flexes (tachycardia, hypertension, and bronchospasm).
Endobronchial intubation may produce hypoxemia, in-
creased airway pressure, decreased end-tidal carbon
dioxide, and atelectasis of the nonventilated lung. In
neonates and infants, the margin of safety is reduced
because tracheal length is reduced, requiring precise
placement of the ET. The margin of safety increases with
age with increasing tracheal length.

The margin of safety is encumbered with use of a
cuffed ET compared with an uncuffed ET.46 Although an
uncuffed ET may be functional with its tip at the level of
the vocal cords, the proximal position of the cuff on the
cuffed ET requires deeper insertion, situating the tip of
the ET close to the carina and increasing the risk of un-
intentional endobronchial intubation. This risk is in-
creased when the ET has a long cuff and a Murphy eye
because there is greater distance from the proximal end of
the cuff to the tip of the ET (see Figure 3).

The encumbrance to the margin of safety caused by
the cuffed ET is illustrated by the following example and
is adapted from Ho and colleagues.46 A 2-year-old child
has a tracheal length of approximately 50 mm (T = 50
mm). A 3.5-mm Mallinckrodt cuffed ET is selected by
using the formula (age/4) + 3. The distance from the
proximal cuff to the tip of the ET is 26 mm (L = 26 mm).
The reduction in the margin of safety due to the cuffed
3.5-mm ID ET, when compared with an uncuffed ET of
the same ID, can be determined by using the following
formula:

(T – [T – L])/T × 100
50 – [50 – 26]/50 × 100 = 52%

Accordingly, the use of a cuffed 3.5-mm ET in a 2-
year-old child is associated with a 52% reduction in the
margin of safety. Despite an increasing tracheal length,
the reduction in the margin of safety is even more pro-
nounced (75% in a 9-year-old) in older children when
using an appropriately sized cuffed ET because as ET size
increases, ET cuff length increases, as does the distance
from the proximal cuff to the tip of the ET.46 These ex-
amples showcase the need for an ET that is accurately
fitted for pediatric patients.

Finally, it is important to recall that the risk of endo-
bronchial intubation is increased following the cephalad
movement of the carina with abdominal carbon dioxide in-

sufflation, placement of the child in the Trendelenburg po-
sition, and with changes in head and neck position.47-50 A
simple adage to recall how head and neck position influ-
ence the position of the ET is to remember that the “tube
follows the chin.” The ET cuff will move cephalad with the
raising of the chin (neck extension) and caudad with
movement of the chin toward the chest (neck flexion). The
position of the ET is rhythmically altered with ventilatory
movement.50 The ideal pediatric ET should have a short
cuff placed more distally on the ET, ensuring ET cuff place-
ment within the trachea, and have an age-appropriate
length without a Murphy eye to avoid distal placement
with unintentional endobronchial intubation.

Summary
What is the future of the cuffed ET in pediatric anesthesia
and critical care? Although there is evidence as to the
safety of the cuffed ET in pediatric patients, the weight of
the evidence lies in the safety and usefulness of the un-
cuffed ET. Probably for the majority of children younger
than 8 years, the uncuffed ET is a suitable choice, al-
though there are clinical circumstances, and an increasing
body of evidence, supporting the use of the cuffed ET in
pediatric patients. As James37 opined in a recent editorial,
“the little evidence we have is that cuffed tubes per se are
not more dangerous than uncuffed tubes.” The adaptation
of the currently manufactured cuffed ET for pediatric pa-
tients is hampered by poor design (long cuffs, Murphy
eye, variable OD, inadequate depth markings). A newly
designed cuffed pediatric ET should have a short, high-
volume, low-pressure cuff; correct depth markings
guiding the proper placement of the cuff below the
cricoid; and an appropriate length to decrease the inci-
dence of inadvertent endobronchial intubation. In an
attempt to address current design flaws, a new thin-walled
ET is being developed specifically for use in pediatric pa-
tients (Microcuff, Kimberly-Clark, Roswell, Georgia).
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