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is perfo.rmed on intensive care unit (ICU) patients to facil
nary toilet and to provide airway protection. The imm;cx itate wean-

. ues has led to the procedure being performed with iLrlfthn-Of per-
b?en made of methods to improve safety during the i;eascling fre-.
id to the ongoing complications of the presence Oflirass ure yet
the airway. Inappropriate tube choice can lead to short term com T.Ostc.)m}r

1] erosion and cutaneous infection and long term COmPhCati()nps 1533?25

& >

suCh as lo€ : '
onosis, tracheomalacia, and vascular and esophageal fistulation, and can
)

to problems such as tube displacement.

Historical Perspective

Much 18 made of the history of tracheostomy as a surgical procedure but less is
nown of the tubes used. Early descriptions of tracheostomy describe the use of a
reed inserted through the stoma, via which the operator could then blow air. Sancto-
“us (1561 -1636) 18 widely credited with the first trocar and cannula technique. He

recommended leaving the cannula in place for a period of two to three days. These

. . consisted of curved silver tubes with multiple fenestrations. Martine
recognizing the need to clean the

inner cannula without removing the tube in 1ts entirety. The combination of these
« cilver tubes from the twentieth century.

two designs was not dissimilar to Jackson's sl
Cuffs were first applied by Trendelenburg (1802 -1872), and these were refined into
high volume-low pressure cuffs by Grillo in 1967.

Evolution of the tracheostomy tube from th lae has been guided by

intended use. For much of its histo

that tracheostomy was performed to all

periods. These facts may seem : teresting, but essentially irrelevant to
d use that has guided the evolution of the tracheos-

tice, yet it is history and intende ‘ .
tomy tube. The devices we use€ today have changed little from early designs . 
was not a consideration.

intended for different purposes when prolong 54
It is only recently that designs have developed 10 ceflect current practice.




supported by a series of Car

te posterior ly’; th.e posterior membranouS P()r%?nous
e c-shaped cartilages. The adult tracheq i 12 lon
r of 2.3 cm in the coronal plane [1]. Bach s cm
with a 2 mm membranous segment Fachey)

: (wee
. are particularly pertinent when considering thene;:Ch
' er-

S SMmalle ;

ing. With age, the lower trachea become; flatte
tero-posteriorly (the ‘sal?re sheatl}’ trachea). -

The angle of the trachea to the skin of }:he ?::)tfxf 1?}1; en:fll:fls var ia})le and
with age. Similarly the depth of the trachea Hs ace varies cong
between individuals. OQur own research on an unselected group of adult [Cy Patien;
undergoing percutaneous tracheostomy demonstrated tbat the depth of the trache;
tom the skin was between 18 and 32 mm. The posterior wall of the trachea y,
between 40 and 56 mm from the skin. The angle of the trachea to the fixation point
on the anterior neck was also found to vary between individuals and was found i,
our study to be between 104-122° (unpublished data).

Lesions of the skin, soft tissues, and trachea can be related either to tracheostomy
insertion, or the ongoing presence of the tube. Formation of a stoma necessarily §
causes some degree of tissue disruption. Multiple studies have failed to show a per :
sistent, significant difference in complication rates between surgical and percutane: §
ous techniques, or between the many types of percutaneous technique available. The £
exception to this is infectious problems, which are generally higher in surgical tre-
cheostoxpy, thpught to be due to the larger skin defect generated in this procedure.
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by the tube - .
. Or C u ‘ tlssue e
destruction. Application ff on the tissues causes ischemia and 0SS

pressure cuffs (3, 4| of this theory led to the introduction of high volume-io®

2. Movement of the tube 1
movement

o may be obyi
€ MiCroscopic (e.g., m
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galnst the tissues will produce erosion of the tissues. Ths &
u . . | i may &
s leg, coughing or other patient movement) O B
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pesign Considerations

Tube

-

heostomy tubes are available in a number of sizes
Trac ‘ ;

hospital. S1Z€ and ma\Pt j‘."“Y; lbnl}fﬁm y- Materials used In tube construction also
ary with some tubes bgmg éssentially rlg{d and others bemg tully flexible. Tubes
ﬂ»e'chosen based upon internal dlamet.er I MOst cases. Less attention is paid to
;ﬁerﬂal diameter, leggthz and angulatlop, yet all these factors are Important in
g;mll‘i“g the correct fit of tube to the patient.

Sizing and cbolce of tracheostomy tubes has been recognized as an issue in pedi-

tric practice for many years. This is due. to the more obvious variation in size
within the patient Populatlon, yet gdult patients can also vary significantly; is a size
¢ 0 mm internal diameter tube suitable for both a 40 kg 80-year old and an obese
40-vear old. Tracheal diameter may not change significantly, but the surrounding
«oft tissues will be significantly different. Ultrasound and other techniques to assess

hoth depth and internal diameter of the trachea have been recommended in chil-
iren in order to guide choice of tube [8].

and designs for different

.

Tube Construction

Most modern tubes are plastic and mass produced. Materials used in construction

range from polyvinyl chloride (PVC) to the more expensive silicone rubber. These
different materials display ditfering levels of rigidity, from entirely flexible to essen-
tially rigid. Many manufacturers now label their tubes as ‘thermoplastic’ indicating

a tendency of the material used to soften at physiological temperatures. This leads

-2 3. 4. 5, 6.

NS e | .
hiley 4 v “OMMonly available tracheostomy tubes. 1. Bivona armored, 2. Portex adjustable flange, 3.

Mage are Size & L 5. Mallinckrodt Perc, 6. Portex blue-line, 7. Portex Blue-line Ultra. All the tubes in the
.. (‘0 ternal diameter (Shiley is Jackson Size 8), yet there are large differences in length and
 ANgulation varies between 90 - 115° and there are also differences in the length of the
'€ angulation occurs.

Size Fit All?
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ﬂcxnhlc when inserted t) 11T 18 Outside the |
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, tube being s appealing it may lead to tube kmkmg OF tec D0,

to the atic |
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ressure Sores around the insertion site and wi]l also ty
SSL ST et

he ventilator circuit to the trachea than a fully flexible 4,
on than softer tubes which may influence }Or' EVige
“*

s

devices can lead to |
more movement from l
potentially leading to more €ros

complication rates.

Sizing

Tube choice has traditionally been made based upon the internal diameter of
tube. This is a reflection of the standards set out in International Standards on e
Jation EN ISO 5366-1:2004. This recommends that tubes are sized aCC()rdjﬁgjtf
their functional internal diameter, which may disregard the internal diameter o?
inner cannula unless it is required for connection to the ventilator or breathinq‘:,.h
cuit. In addition to this, some tubes are still sized by the (Chevalier) Jackson s\;:;n
This focus on internal diameter is convenient but over simplistic, as it ch’m

dimensions such as length and external diameter, which are both Important i
. LA

ensuring the correct fit.

When considering length, tubes should be viewed as having two segments: Intra.
stomal and intratracheal, these being connected by the angle or curve of the tube
(Fig. 2.). These components vary between different tube types and are common

sources of poor fit. In the obese, the intrastomal segment can be too short, similarly

'Tl-any patient not of ‘average’ height the intratracheal segment can be either toe
short or too long.
LY\ « ,)“ ad 1 ” 1 , - .
ot”thtt( Ld tt)ube with an Inadequate intrastomal segment can also lead to the angk
e tube be -
rube being pulled into the stoma and the lumen opening against the posterior

|
;

intratracheal Segment

|
|

Fig. 2. Representation of N
mal and intratracheal segmen® "
the tube. Intrastomal length&’;m
vary significantly with body e
and neck anatomy. lnse(t:on .
tube with too short an.m,“:;t
segment will result ir Wihe =
length of the tube within .
chea and compression 9“ © e
rior tracheal wall and tnssuezu v
anterior neck between the

the flange.
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gn ind rachea, predisposing to tube dislodgement. Too 1
y lead to endobronchial intubation.
. .

bes have no straight segment, consisting of a tube which is

: directly to the
jegree of long-term Stenosis encountered [11, 12]. External diameter should, there-

.~ he kept t0 @ minimum resulting in a compromise between adequate internal

b4 | . : : :
?an’aeter, and excessIveE external diameter. Cuff function 1S also Important (see
1

Jow): |
beThe angulation of tracheostomy tubes is often fixed between 90-110°. Insertion

2 tube with poorly fitting angulation may .lead to the tip of the tube opening onto
he anterior O posterior tracheal wall, causing obstruction of the tube and poten-
tally leading tO erosion of the trachea. It 1s also worth noting that continuously
-urved tubes (as opposed to those with a short angulated segment and two straight
segments) may enter the trachea tangentially, potentially producing a larger defect
n the anterior tracheal wall than tubes which enter the trachea perpendicularly.

Tube Design Features

The basic design of a tracheostomy tube is relatively simple, consisting of little more
than a plastic tube and flange, a 15 mm connector and an inflatable cuff. There are

however a number of additional features which are available which may be of value
in the intensive care setting.

Adiustable ﬂange .
\djustable flanged tubes allow tailoring of the length of the intrastomal, and in the
se of fully flexible tubes without a fixed angle, the intratracheal, segments of the

;:b? These are particularly helpful in the obese when a longer intrastomal segment
of uge, 3 ,

ions due to secr " of these cannulae reduce the
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ted to length Their use has so far been §;
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ube . devices are becoming available iy,

Alization of all t Rk
dh?dt‘ I][llae? bl]t newe

by lack of inner can
ture.

1 ' " ar Y Hathicostomieg
needed on the IC.U. They are P limb provides a degree of stability whils alg

component of normal tubes woylq

Oval tubes

Cicatricial tracheal stenosis following tracheostomy 1s more likely when , Sreater

~umber of tracheal rings are disrupted as ﬁbroltlc shrmk?ge bgoes Unopposed (1)
12]. Recognition of this fact has lgd to the deve OPm?ml 0 1 tubes that hgve an ovg)
cross section, being reduced in dl.amet?r in Fhe vertical plane. Theoretlcally these
devices will produce less tracheal ring disruption duru?g. Insertion and ongoing res;.
dence in the airway. A preliminary study shows promising results [14].

Subglottic suction ports | s
The addition of subglottic suction ports 1o the tube allows aspiration of secretions

c.om above the cuff, and has been associated with reduced incidence of ventilator-
associated pneumonia (VAP) [15, 16]. Unfortunately the use of these devices was
shown to produce excessive subglottic stenosis in an animal study [17] and their use
cannot be recommended at present.

Adaptations to percutaneous insertions

Percutaneous tracheostomy requires a close fit between the leading edge of the tube
and the dilator upon which it is introduced. This has led to the development of a
number of modifications of both the tube and the dilator in order to streamline the
tube during insertion. These modifications have little impact on the characteristics
of the tubes as discussed above, but has led to tubes being packaged with the intro-

;iut;ers. hThiS could. lead to operators picking a tube based on internal diameter
ather than evaluating the requirements of individual patients.
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ment of Tube Size and Position

§5€55

‘. . learly desirable to insert only one tube, ,

It 1 :
{IH tortunately assessment may be difficult pre-in

‘eed to be tried before the best fitting device ;

abut the stoma and a different tube may be needed.

Fully flexible tubes with an adjustable flange are ideal in that they can be made to
fit most patients.

Conclusion

The presence of a tracheostomy tube in the airway is associated with significant
long-term complications. Some of these complications could potentially be reduced
by better selection of tracheostomy tubes and individualization of choices according
1o factors related to patient size.

‘Much research has gone into defining the ideal method of tracheostomy insertion
"ith no clear answers found. Perhaps it is time to look at the tubes, which may
'Pend weeks in the airway, rather than further dissect the surgical procedure which

OVer In a matter of minutes?

964) Extensive resection.and ece
. an anatomical study in man. ]
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