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1.1 Introduction •

Percutaneous dilatational tracheotomy (PDT) is a procedure for inserting a
cannula into the tracheal lumen without a large incision, without extensive
dissection of pretracheal tissue and without exposure of the trachea.

The objective of the thesis is to analyse the early results of this technique
and of the smaller, but otherwise similar minitracheotomy. The late results of
the operation as well as damage on the trachea are examined. The indications
and contraindications of the technique are looked at, particularly its use in
children. To make the thesis more useful for everyday practice a short over-
view is given of the relevant anatomy, the indications for tracheotomy, the
technique of the percutaneous operation, its complications, and its comparison
with conventional open tracheotomy and other percutaneous tracheotomy
techniques.

1.2 The anatomy of the trachea

Macroscopical anatomy
The trachea is a tube that connects the larynx with the mainstem bronchi. It
extends from the inferior border of the cricoid cartilage, the most narrow rigid
part of the upper airways, to the origin of the two main bronchi.
In the adult it is 10 to 13 cm long (average 12 cm). It is composed of 16 to 22
incomplete cartilaginous rings which are completed posteriorly by fibrous tissue
and smooth muscle [1].

The coronal diameter of the lumen is 13 to 25 mm in the adult male and 10
to 21 mm in the adult female. The sagittal diameter measures 13 to 27 mm and
10 to 23 mm, respectively [2,3].

The cross-sectional area of the tracheal lumen measures an average of
2.8 cm' in the third decade of life increasing up to 3.2 cm* in the sixth
decade due to age-dependent loss in elastic recoil of the tracheal wall [4,5].
The cross-sectional area of the average adult man is 40% greater than of the
average adult female. Tracheal length, diameter and cross-sectional area all
correlate with total body-height [6]. Both size and shape of particularly the
extrathoracic portion of the trachea are responsive to moderate changes of
intraluminal pressure, with a large increase of the cross-sectional area and a
smaller increase of the tracheal length [7].

In the newborn the trachea measures 4 to 5 cm with an inside diameter of 3
to 4 mm, in both boys and girls. Tracheal growth is proportionally greatest in
infancy [8,9]. The adult tracheal diameters are usually reached at age 15 years



in females, while the tracheal dimensions of some males probably not have
reached their plateaus by age 20 years [10,11]. In children the trachea is soft
and pliable. It becomes more rigid in adults and with increasing age the cartila-
ginous rings can calcify and even ossify.

Histology
The tracheal lumen is covered by ciliated pseudostratified columnar epithelium
with approximately 200 cilia on each epithelial cell [12]. These beat continually
at a rate of 10 to 20 times per second propelling mucus and foreign bodies
towards the larynx. The epithelium contains numerous goblet cells that secrete
mucus coating the entire tracheal surface [13]. The lamina propria lies under
the epithelium separated by a thick basement lamina. It contains lymphatic
tissue, an abundance of elastic fibres and up to 4000 serous and mucous glands,
opening by short ducts on the surface of the epithelium. The glands are usually
external to the elastic fibres [14]. Posteriorly, they extend through the muscular
layer.

The supporting framework of the trachea consists of a hyaline cartilage with
surrounding perichondrium that is mainly composed of collagen with some
elastic fibres. These cartilages encircle the trachea on its ventral and lateral
aspects. The posterior aspect consists of a layer of smooth muscle fibres, which
mainly run transversely [15]. They are inserted into the elastic fibres sur-
rounding the cartilage and into the mucous membrane by a layer of loose
connective tissue.

Fibro-elastic tissue in the interspace between the cartilaginous rings makes
the trachea more pliable and extensible. The outer surface of the trachea also
consists of fibro-elastic tissue.

Topography of the trachea and related structures
The trachea runs in the midline, except distally where it deviates slightly to the
right. In the adult it begins at the level of C6 and bifurcates at the upper level
of T5 or more practically at the manubrio-sternal angle. It recedes from the
surface as it passes downwards from the level of the cricoid cartilage, where it
lies subcutaneously, to the carina. Approximately one third of the trachea (4 to
6 tracheal rings) is a cervical structure, lying above the incisura jugularis
sterni. After hyperextension of the neck a part of the intrathoracic trachea
moves into the neck, and with flexion of the neck most of the trachea becomes a
mediastinal structure.

Both in the neck and in the thorax the trachea lies in close apposition to
other structures. Anterolaterally, the cervical trachea lies between the thyroid
gland with the isthmus overlying the second to fifth tracheal rings [16]. The



thyroid gland is closely attached to the cricoid and the trachea by a band of
dense connective tissue. Inferior to the thyroid gland, anterior to the trachea is
a venous plexus, formed by the inferior thyroid veins, and occasionally a small
thyroid ima artery. Intrathoracally the ascending aorta is anterior to the trachea.
The brachiocephalic trunk (innominate artery) and the left common carotid
artery, are anterior at first and then on the right and left side of the trachea,
respectively.

Anterior to the cervical portion of the trachea and the thyroid gland are the
superficial stemohyoid muscles and the deeper stemothyroid muscles. They are
crossed by the jugular arch, a communicating branch of both anterior jugular
veins and are in close relation with the cervical fascia, which can be divided
into three parts [17-19]. The superficial layer of the cervical fascia lies under
the platysma and encloses the sternocleidomastoid muscle. The pretracheal
layer of the cervical fascia encloses the strap muscles, thyroid gland, trachea,
pharynx and the large neck vessels. The prevertebral layer of the cervical fascia
lies posterior to the oesophagus and the large neck vessels. The space it enclo-
ses has a direct connection with the posterior mediastinum. The space between
the pretracheal layer and the prevertebral layer of the cervical fascia com-
municates freely with the anterior mediastinum as the space between the
superficial layer and the pretracheal layer is closed inferiorly by the sternum.

Posterior to the trachea lies the oesophagus. The recurrent laryngeal nerve
runs on each side near the trachea and the oesophagus, often in the tracheo-
oesophageal groove. Its position, however, is variable. Lateral to both lobes of
the thyroid gland, which enclose the trachea, lies on either side the carotid
sheath enclosing the common carotid artery, the internal jugular vein and the
vagal nerve.

The larynx is the part of the airways between the pharynx and the trachea. It
consists of hyaline cartilages, the thyroid, the cricoid and the arytenoid cartila-
ges, and a fibrous cartilage, the epiglottis [16]. The hyaline cartilages ossify
during life starting with the thyroid cartilage at the time of puberty. The cricoid
and arytenoid cartilages calcify somewhat later. The ossification of the male
larynx is considerably earlier than the female larynx. For clinical purposes the
larynx is divided in the supraglottis, the glottis and the subglottis. The supra-
glottis consists of the epilarynx, the laryngeal surface of the epiglottis, the ary-
epiglottic fold and the arytenoid, and the vestibule, the petiolus of the epiglot-
tis, the vestibular folds and the upper part of the ventricle. The glottis consists
of the vocal cords and the area 1 cm inferior to it; the subglottic space goes
down to the lower border of the cricoid cartilage, the top end of the trachea.



Vascularisation of the trachea
The cervical trachea is supplied with blood mainly by the inferior thyroid
arteries [20,21]. Proximally, they anastomose with superior thyroid arteries
which themselves have no direct branches to the trachea. In the thorax the
trachea is vascularised by branches of the supreme intercostal arteries, the
subclavian arteries, the right internal thoracic artery and the superior and
middle bronchial arteries [20]. Branches of the main arteries, the tracheo-
oesophageal arteries, divide in a tracheal branch and a oesophageal branch. The
tracheal branches pass directly to the lateral tracheal wall where they anastomo-
se to form the lateral longitudinal anastomosis.

From the lateral longitudinal anastomosis segmental intercartilaginous
arteries segmentally vascularise the trachea [22]. They divide in a large anterior
branch, the anterior transverse intercartilaginous artery, and a smaller posterior
branch, the posterior transverse intercartilaginous artery. In the anterior
midline the anterior branch anastomoses with the artery of the opposite side. By
this time the arteries have become a submucosal capillary plexus. The smaller
posterior intercartilaginous branches end at the junction of the cartilaginous and
membranous part of the trachea. The vascularisation of the posterior mem-
branous portion of the trachea stems from the primary oesophageal branches of
the tracheo-oesophageal arteries with well developed longitudinal anastomoses
between the various levels [22].

The lateral and anterior submucosal capillary plexus, fed by the transverse
intercartilaginous arteries, is related to the endotracheal surface of the cartilagi-
nous rings [22]. There is no important capillary plexus on the outer side of the
rings. Posteriorly, the submucosal capillary plexus is fed by the oesophageal
branches.

1.3 Indications for percutaneous dilatational tracheotomy

The main indications for tracheotomy are prolonged ventilation, weaning from
ventilatory support, bronchial toilet, and upper airway obstruction [23,24].

There is no common opinion when a tracheotomy should be done in ventila-
ted patients [25,26]. Some authors prefer prolonged translaryngeal intubation
because of the high complication rate of tracheotomy and because of the high
incidence of bacterial colonisation of the tracheobronchial tree with tracheo-
bronchial or pulmonary infection [27-33].

A prospective study of El-Naggar et al. showed more frequent and severe
airway lesions and a greater incidence of contamination of the airway by new
organisms after tracheal cannulation three days after oral intubation than after



tracheotomy on the tenth day in patients with acute respiratory failure [34].
Dunham and LaMonica found no differences between early and late tracheo-
tomy in a similar group of patients [35]. More recently Rodriguez et al. found a
shorter duration of ventilatory support and a shorter hospital stay after early
tracheotomy in trauma patients who required mechanical ventilation [36]. They
also reported a significantly lower incidence of pneumonia in patients with a
tracheotomy within two days after oral intubation than on the third day or later.

Others, who claim a low complication rate of (conventional) tracheotomy,
also advocate early tracheotomy because an early tracheal cannula protects
against further laryngeal injury from the translaryngeal tube, facilitates mouth
care, improves comfort, facilitates oral nourishment and provides psychological
benefit [37-42]. Also, ventilator-dependent patients may tolerate weaning
attempts better when spontaneously breathing through a tracheal cannula
because of a lower airway resistance than a translaryngeal tube and a tracheal
cannula gives a reduction of the ventilatory dead space [43,44].

In 1986 the American College of Chest Physician's Council on Critical Care
recommended translaryngeal intubation for patients requiring assisted ventila-
tion for less than 7 days, but a tracheotomy if on the seventh day extubation
could not be foreseen in the next few days [45]. Three years later a consensus
meeting on artificial airways in patients receiving mechanical ventilation
recommended the translaryngeal route of intubation for anticipated need of the
artificial airway up to ten days and a tracheotomy if an artificial airway for
more than 21 days was anticipated [46]. In 1991 Heffner advised in a review
article about the timing of tracheotomy a tracheotomy in ventilator-dependent
patients if the anticipated duration of intubation exceeded two to three weeks.
The patients undergo daily evaluation starting on the first day after intubation to
avoid unnecessary delay of an inevitable tracheotomy [26].

A tracheotomy can be used to evacuate bronchial secretions in patients who
are not able to cough up their own sputum. These secretions are generally
aspirated with the help of a minitracheotomy cannula [47-50]. This cannula
with an inner diameter of four mm is usually introduced through the cricothy-
roid membrane either as an open procedure or percutaneously with the help of a
guide wire, but can be inserted into the trachea in the subcricoid position [51-
53]. If this mini-cannula is too small to evacuate viscid bronchial secretions a
full sized cannula with an inside diameter of six mm or more can be introduced
[53,54].

Tracheotomy can be necessary if there is an upper airway obstruction
caused by facial trauma, infection or malignancy of the pharynx or the larynx,
laryngeal or subcricoid stenosis, or bilateral recurrent laryngeal nerve paraly-
sis. If there is an acute complete supraglottic airway obstruction and transla-
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ryngeal intubation is not possible cricothyroidotomy is recommended [55-60].
The complications of emergency conventional tracheotomy are high and
emergency is one of the contraindications for percutaneous dilatational tra-
cheotomy [61-63].

Young age is one of the generally accepted contraindications for percutane-
ous tracheotomy. However, it has been used successfully in teenagers and
adolescents [64,65]. In baby goats percutaneous dilatational tracheotomy gave
significantly less tracheal stenosis after than conventional tracheotomy [66].
However, the available instruments on the commercially available set are too
large for safe use in infants and toddlers.

Morbid obesity, a short thick neck and goitre were initially contraindica-
tions for percutaneous tracheotomy because the anatomic landmarks were
obscured. When surgeons became familiar with the technique these factors
became less of a contraindication and percutaneous dilatational tracheotomy
became the preferred method of tracheotomy in patients with difficult anatomy
at many institutions [65,67]. In these patients endoscopy and ultrasound may be
helpful to puncture the tracheal lumen and to avoid guidewire dislodgement and
false passage [68,69].

Other, relative, contraindications for percutaneous tracheotomy include
bleeding and clotting disorders and cardiopulmonary instability [62,63,65].

1.4 The technique of percutaneous dilatational tracheotomy

Equipment
The disposable percutaneous introducer kit, as supplied by Cook® (Cook
Medical Company, Son, The Netherlands) consists of a disposable scalpel (No-
15 blade), a Teflon® introducer needle, a translucent syringe, a J-tipped 0.052
inch coated stainless steel guide wire, a Teflon® introducing dilatator, a Teflon®
guiding catheter, seven tapered dilatators (12-, 18-, 21-, 24-, 28-, 32- and 36-
French) and lubricating gelly (Figure 1).
Further equipment for the procedure includes a tracheotomy cannula (In adults
we almost always used a No.8, 12 mm outside diameter, Shiley® cannula
(Lamdris, Veenendaal, The Netherlands) and, if the procedure is not carried
out under general anaesthesia, a syringe with lidocaine 1%. Reintubation
equipment, a laryngoscope and an endotracheal tube should be available.

The procedure is carried out by a surgeon inserting the tracheotomy cannula
and an anaesthetist to monitor the patients bloodpressure and percutaneous
oxygen saturation, to withdraw the endotracheal tube and to control the patients
upper airway.
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7.

Preparation
The position of the trachea on the chest X-ray is assessed and the patient's
coagulation profile is checked. The stomach should be empty for the procedure.

The patient is placed with moderate hyperextension of the neck, so that the
thyroid cartilage, the cricoid cartilage, and the upper tracheal rings are palpable
or can be palpated after dissection of the pretracheal fascia. The patient is
prepared with antiseptic solution and draped, after he has been anaesthetised. In
ventilated patients the inspiratory oxygen fraction (FiO^ is increased to 1.0.
The cuff of the tracheal cannula is checked by the inflation and deflation of air.
If the procedure is carried out under local anaesthesia the skin is infiltrated with
lidocaine 1 %.

Technique [62,63,70-72]
A 2 cm longitudinal skin incision is made one cm below the lower edge of the
cricoid cartilage, the landmark for the localisation of the procedure. After the
removal of secretions from the mouth and the pharynx with a suction catheter,
the cuff of the orotracheal tube, if present, is deflated and the tube is withdrawn
with its tip just below the vocal cords, approximately at a distance of approxi-
mately 18 cm from the teem. The cuff is inflated again so that the air leak can
be minimised by pushing the cuff against the vocal cords.

The trachea is punctured with a cannulated needle and an attached syringe
when the level of the puncture site between die first and second, or preferably
between die second and third tracheal ring can be palpated with the index
finger. If the anatomic structures are obscure the pretracheal fascia is bluntly
dissected in the midline with a curved mosquito clamp. Possible bleeding is
tamponaded with gauzes. The cannulated needle is directed at an almost right

12



angle to the skin and thus only slightly caudally in relation to the trachea. As
the needle is advanced into the tracheal lumen, air is aspirated with the syringe
(Figure 2).

i •;•*<'!:,'";;-.!

2.

The endotracheal tube is gently rotated and oscillated to ensure that the needle
has not impaled the tube. The needle is pulled back and the catheter advanced
into the tracheal lumen. Its intraluminal position is confirmed again by the
suction of air into the newly attached syringe. Then, the guide wire is introdu-
ced through the catheter, which is removed (Figure 3).

5. .4 gMfVfe w/re is
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The small Teflon® dilatator is placed over the guide wire and removed again.
This makes placement of the Teflon® guiding catheter possible: the double
black marks and the small ridge of the guiding catheter are nearest to the
tracheal opening. It is advanced over the wire until the end of the guiding
catheter is at the same level as the soldermark on the guide wire and it has to be
kept at this level.

The tapered dilatators are lubricated and sequently placed over the guide
wire-catheter complex and advanced to the ridge on the catheter (Figure 4).

4. 77ie op^m'/jg
rrac/zea « <///a?e</ over

The whole system (wire-catheter-dilatator) is pushed into the trachea with a
rocking motion for two or three times, until its resistance diminishes. The black
marks on the dilatators should not be advanced beyond the skin level. After
each dilatational step the dilatator is replaced by a larger one and the trachea is
dilated with a semi circular rocking movement of the hand which has to follow
the shape of the dilatators. When the dilatation has been completed the largest
dilatator remains in situ so that the patient can be ventilated without airleak and
without the possibility of blood running down into the tracheal lumen, while the
tracheal cannula is loaded on the appropriately sized dilatator (for a No.8
cannula, a 28-French dilatator is needed). Care is taken not to damage the tip of
the dilatator with the holes of the cannula if a fenestrated cannula is used. The
lubricated dilatator-cannula complex is positioned over the guide wire-catheter
complex when the largest dilatator has been removed from the tract. It is
pushed into the trachea with firm pressure (Figure 5).
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This pressure should not be used too far downwards, because this can result in
kinking of the guide wire-catheter complex with a pretracheal placement of the
cannula. Some rotational movements make introduction more easy. There may
be a small ridge between the cannula and the dilatator that prevents smooth
introduction between two tracheal rings. The latest dilatational step may be
repeated and it should be checked if the introduction of the cannula is not
hindered by the pretracheal fascia. If so, this fascia may be incised. If it
remains impossible to insert a full sized cannula, a smaller cannula should be
tried. After insertion of the cannula into the tracheal lumen, the wire, catheter
and dilatator are removed. The inner cannula of the tracheotomy is placed
inside the outer cannula and the cuff of the cannula is inflated to prevent airleak
and the leakage of blood from the wound into the bronchi and the lungs.

The trachea and bronchi are cleared from blood and secretions with bron-
chial suction. The ventilator is attached to the cannula. The tracheotomy ties
are applied, the breath sounds are checked and a chest X-ray is taken.

Endoscopic assistance can be used to verify correct placement of the needle
into the tracheal lumen, guide wire insertion, dilatation and cannulation during
the procedure [68,69].

Minitracheotomy [53]
Commercially available kits as supplied by Cook® and Portex® contain a
disposable scalpel, an cannulated needle, a J-tipped guidewire, a dilatator, and
a reclosable flanged minitracheotomy cannula with an inside diameter of 4 mm.

The technique is similar to the percutaneous dilatational tracheotomy
technique and the procedure is usually carried out with local anaesthesia. A
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small vertical skin incision is made and the trachea is punctured preferably
below the first tracheal ring with a (cannulated) needle attached to a syringe.
The intratracheal position of the needle is confirmed by the aspiration of air
into the syringe. A guide wire is placed inside the trachea. The minitracheoto-
my cannula, loaded over the dilatator, is passed over the guide wire into the
tracheal lumen using firm pressure. The guide wire and dilatator are removed
and the tracheotomy ties applied. To facilitate the introduction of the cannula,
we currently use a second larger dilatator that has been added to the set.

1.5 The complications of percutaneous dilatational tracheotomy

The complications of percutaneous dilatational tracheotomy (PDT) can be
separated into three groups: firstly, complications of the operative procedure
itself and complications that are directly attributed to the procedure, secondly,
complications during cannulation and thirdly, complications after decannulation
(late complications).

There are several other techniques to insert a tracheal cannula percutaneous-
ly [73-84]. This chapter discusses the most common complications of PDT
only. The pros and cons of other percutaneous tracheotomy techniques are
reported in chapter 1.6.

Mortality

The mortality of percutaneous dilatational tracheotomy is below 1 %. Until now
three operative deaths have been reported in more than 1000 procedures
[65,67,69,85-96]. Reported causes of operative death after percutaneous dila-
tational tracheotomy are: cardiac arrhythmia, bronchospasm and acute cardiac
failure [67,69,92]. Many patients have died during the period of cannulation,
but deaths were not attributable to the procedure or to the tracheal cannula.
Two patients are reported who died of a massive tracheal bleeding after tra-
cheotomy presumably due to a tracheo-innominate artery fistula, and the cause
of death was tracheotomy related [91,97].

Operative complications

CONVERSION
Conversion from percutaneous dilatational to conventional open tracheotomy is
rare. Two cases have been reported and comprise one patient with extensive
ossification of his tracheal rings and one patient with a major venous bleeding
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that could not be controlled with local compression [65,86].
Ciaglia described the inability to insert a size-8 Shiley cannula with an

outside diameter of 12 mm into the tracheal lumen, before the largest (36-
French) dilatator had been added to the set [89]. Particularly in young males it
is sometimes difficult to push a size-8 cannula into the trachea even after
maximal dilatation of the tract with a 36-French dilatator. Since the cannula
usually does not fit tightly on the appropriately sized dilatator, there is a small
ridge of the cannula that prevents smooth introduction of the cannula beyond
the cartilaginous rings [98,99]. If introduction of a (size-8 Shiley) cannula
proves to be impossible, it is helpful to insert a smaller cannula that can be
replaced if required after two or three days for a larger (size-8) one. Also, a
more flexible cannula can be used [84].

HAEMORRHAGE
Operative haemorrhage is the most common complication of percutaneous di-
latational tracheotomy [65,67,89,92]. The incidence of significant bleeding of
percutaneous dilatational tracheotomy is between 0% and 6%. However,
studies are difficult to compare because there are no consistent definitions of
bleeding [65]. In the majority of the registered cases of bleeding it was conside-
red minor and did not require therapy other than compression with gauzes.

Operative haemorrhage is often venous in origin. There are large veins in
front of the trachea that are damaged easily and using percutaneous dilatational
tracheotomy, primary haemostasis is not possible. High central venous pressure
with congested veins may give an increased risk of procedural bleeding. Also,
introduction below the second tracheal ring has the potential to cause bleeding
from the thyroid isthmus [101]. Extensive blunt dissection of pretracheal tissue
with a mosquito clamp may cause an additional risk of bleeding [102]. Other
causes of bleeding include coagulation and bleeding disorders, attributable to
medication (e.g. coumarin and non steroidal anti-inflammatory drugs), congeni-
tal diseases, kidney function disturbances with uraemia, liver function distur-
bances or sepsis with diffuse intravascular coagulation [63,102,103].

No special measurements are necessary to avoid procedural bleeding other
than correction of coagulation and clotting dysfunction. In patients with operati-
ve bleeding local compression with gauzes is usually sufficient to stop the blee-
ding. Any residual bleeding may be tamponaded when the cannula is installed
into the tracheal lumen by compression of the pretracheal tissue on the cannula
[91]. Suture ligation of large vessels and surgical exploration are seldom
necessary.

One of the most dangerous complications of procedural bleeding is blood
running down from the stoma into the bronchi [94]. Obstruction of one of the
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main bronchi or even the distal trachea by clots gives pulmonary atelectasis
[104]. Severe hypoxia and even death may occur [105,106]. If there is a sub-
stantial operative bleeding it is advisable to put the patient in Trendelenburg
(head down) position during dilatation of the stoma. Immediately after the
procedure has finished, careful bronchial toilet is necessary to evacuate blood
and clots from the respiratory tract.

TRANSFIXATION OF THE TRANSLARYNGEAL TUBE
Transfixation of the translaryngeal tube is a new complication of tracheotomy
that is presented in case reports. During surgery the airway has to be shared
between the operator and the anaesthetist. Because percutaneous tracheotomy is
a blind procedure the cuff or the translaryngeal tube itself can be punctured
with the introducer needle when its position is below the vocal cords [107,108].
This complication can become serious if there is a prolonged decrease of
respiratory flow in patients with maximal oxygen requirements and if the cuff
of the translaryngeal tube is torn and fragments are left in the trachea and
bronchi [109].

Transfixation of the tube can be diagnosed in an early stage of the procedu-
re by a twisting motion of the translaryngeal tube. This is impossible when the
tube has been punctured with the needle. Other ways to prevent this complicati-
on are withdrawal of the tube under direct vision or with endoscopic guidance
to confirm its position above the vocal cords and the use of a laryngeal mask
[104,108,110-113].

MALPLACEMENT OF THE CANNULA
The incidence of insertion of the cannula outside the tracheal lumen is below
1%, while the incidence of a 'false route' during dilatational steps is slightly
higher [65,67,92].

Malplacement of the cannula is avoided by the use of a guide wire and a
guiding catheter [70,114]. During dilatation of the tract it should be possible to
move the guide wire freely [115]. If the intraluminal position of the guide wire
is questionable, the Teflon sheath of the cannula needle is reintroduced over the
wire [67]. When the wire has been removed the intraluminal position of the
sheath is confirmed by the aspiration of air into the syringe. If its position is
correct, the procedure can be continued, but if there is fear for a paratracheal
tract, the trachea should be punctured again.

The trachea does not run in a horizontal plane, but particularly when the
head is hyperextended it recedes from the surface as it passes downwards. If the
cannula-dilatator complex is pointed too far distally, it may slide off on the
anterior aspect of the trachea kinking the guide wire and the guiding catheter
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with as result a paratracheally located cannula.
Endoscopy is helpful to avoid incorrect placement of the needle, dilatation

outside the tracheal lumen and malplacement of the cannula [68,69]. However,
it is claimed that it makes ventilation more difficult because of flow limitation
through the translaryngeal tube by the presence of the fibreoptic scope [98,-
104,116]. Temporary hypoventilation and hypercarbia seem well tolerated by
most patients. The effect of transient hypercarbia should be considered before
performing endoscopic guided percutaneous tracheotomy on patients with
evidence of elevated intracranial pressure [117]. Especially in the hands of
inexperienced operators percutaneous tracheotomy under direct vision may
avoid malplacement of the cannula and other rare but sometimes serious
complications [118,119].

SUBCUTANEOUS AND MEDIASTINAL EMPHYSEMA
The incidence of subcutaneous emphysema is below 2 %. Only one patient with
mediastinal emphysema after percutaneous dilatational tracheotomy has been
described until now [120].

There are four possible risk factors in the genesis of this complication.
Multiple puncture sites and torn intercartilaginous tissue next to the cannula or
laceration of the posterior tracheal wall may cause leakage of air which pro-
gression is stopped by the inflation of the tracheal cannula cuff [84,121]. The
third etiological factor, lesions of the distal trachea and bronchi, is avoided by
the use of a J-tip guide wire and tapered dilatators in the Cook® kit (Cook
Medical Company, Son, The Netherlands). Subcutaneous and mediastinal
emphysema may develop during the cannulation procedure or afterwards during
ventilation. Air is trapped by pretracheal tissue that fits snugly around the
tracheotomy cannula, or subcutaneously when air dissects around the cannula
and is trapped below the skin.

Subcutaneous emphysema is a self-limiting process that resolves sponta-
neously by the reabsorption of the trapped air. Its progression is stopped by
inflating the cannula cuff if the tracheal lesion is above it. A small amount of
air in the mediastinum requires no treatment, whereas large amounts may
induce hemodynamic instability and require chest tube drainage [122].

PNEUMOTHORAX
The incidence of pneumothorax after PDT is between 0% and 2% in adults
[67,88]. Direct damage to the pleura is rare although the dome of the pleura
may be punctured and the cannula may even be installed into the pleural space
[123]. To prevent this complication the trachea should be punctured in the
midline and the needle should not be inserted too far downwards.
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Too deep an insertion of the guide wire into the smaller bronchi with the
risk of pulmonary damage is avoided by soldermarks on the guide wire. If the
guiding catheter is put between those marks, the position of the wire and the
catheter in relation to the skin can be maintained easily. The risk of direct
pulmonary damage is further decreased by the J-tip of die guide wire.

Extreme changes in transpleural pressures as a result of positive-pressure
ventilation in patients with an intermittent air leak through an opening into the
trachea diat is opened and closed during dilatation, may lead to rupture of a
bulla and unilateral or bilateral pneumothorax [124]. High ventilatory pressures
due to an increase of the tidal volume to accommodating air leak through the
tracheal opening and around the translaryngeal tube that is withdrawn, should
be avoided [107,114,125].

Malplacement of the cannula followed by positive pressure ventilation can
lead to disastrous results [121,126]. Dissection of paratracheal tissue and
bilateral tension pneumothorax may occur. If high ventilatory pressures are
required immediately after insertion of a tracheal cannula its intraluminal
position has to be confirmed by introducing a suction catheter or a guide wire.

?'• Tracheobronchoscopy may be helpful to check the position of the cannula and
to evacuate bloodclots which may occlude one of the bronchi and may be also
responsible for high ventilatory pressures [68,69,104].

Complications during cannulation

HAEMORRHAGE
Haemorrhage mat cannot be attributed to the operative procedure itself is par-
ticularly seen in patients with a haemostatic defect. Arterial or venous bleeding
from vascular erosion by continuous movements of the cannula is rare because
the cannula fits snugly in die surrounding tissue.

Secondary haemorrhage is treated by correction of the underlying defect.
Seldom, suture ligation of the bleeding vessel is required.

TRACHEO-INNOMINATE ARTERY FISTULA
A tracheo-innominate artery fistula is a rare and devastating complication after
tracheotomy causing massive haemorrhage [127]. After percutaneous dilatatio-
nal tracheotomy it was die presumed cause of death in two patients with a
massive haemorrhage after tracheotomy and it has occurred in an unreported
case of a 13-year old child [92,98, Walz-personal communication].

The mechanism of injury is related to erosion of the innominate artery as
result of pressure from the bend, the cuff or the tip of the cannula against the
artery [127-129]. It is more common in patients with a low tracheotomy, below
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the third or fourth tracheal ring, or in patients with a high-lying innominate
artery, particularly children [128-130].

If there is suspicion of a tracheo-innominate artery fistula, the tracheal
cannula should be removed and a tracheoscopy done. Apart from major hae-
morrhage, a pulsating cannula may be a pathognomonic warning sign [131].
Replacement of the cannula by a translaryngeal tube with its cuff below the
level of the innominate artery may be lifesaving [132]. Hyperinflation of the
cuff may provide temporary control. The bleeding is further controlled by
digital compression tfirough the tract of the tracheotomy after extension of the
incision into the jugular notch [130,132,133]. Pressure is applied between the
anterior trachea and the posterior aspect of the manubrium sterni to compress
the artery. The patient is taken to the operating theatre for median sternotomy,
vessel ligation and excision of the damaged part of the artery [132].
Reconstruction of the damaged trachea is best deferred to later.

TRACHEO-OESOPHAGEAL FISTULA
A tracheo-oesophageal fistula is a rare complication after tracheotomy and has
not yet been reported after percutaneous dilatational tracheotomy. Most fistulas
appear to be the result of pressure necrosis of the trachea and the oesophagus
by the tracheal cannula cuff and a nasogastric tube or the vertebral column. Its
incidence has been greatly reduced by the introduction of high-volume low-
pressure cuffs [134-136]. The influence of procedural damage to posterior wall
of the trachea and the oesophagus is unknown. After percutaneous dilatational
tracheotomy direct puncture of the oesophagus, dilatation or even cannulation
may cause tracheo-oesophageal fistulas.

The diagnosis is suspected when there is a marked increase in tracheal
secretions, abdominal distention and air leak around the cuff if a patient is
ventilated [137]. If the patient is taking oral feeding, coughing following
swallowing with feedings in the tracheal aspirate and recurrent pulmonary
infection may occur. The diagnosis is confirmed with tracheoscopy with or
without methylene blue into the oesophagus that appears in the tracheal lumen
[138]. A barium swallow usually demonstrates the fistula clearly [137].

In most patients surgical repair of the fistula is necessary [137,139].
Reconstruction is best deferred as long as the patient is still ventilated [140-
141].

DISLODGEMENT OF THE CANNULA
Dislodgement of a tracheal cannula is more likely to cause problems during the
first days after cannulation than afterwards [94]. The incidence of this compli-
cation after percutaneous dilatational tracheotomy is low, less than 1%. The
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dilatation procedure produces a stoma tissue tract that fits snugly around the
cannula. The close fit improves cannula anchoring and lessens the risk of
accidental decannulation. The incidence of tube dislodgement is higher in
patients with a fat neck or goitre if a standard tracheal cannula (Shiley-8) is
used. Such patients may benefit from an adjustable neckplate. The tapes to
fasten the cannula should be tied around the neck so that only one finger can be
placed between the tape and the neck and only a small dressing should be
applied. After a few days a tracheocutaneous tract has formed diminishing the
consequences of displacement of the cannula.

Signs of dislodgement include an obstructed airway with high ventilatory
pressures if a patient is mechanically ventilated, the ability of the patient to
produce speech or the inability to pass a suction catheter through the cannula
into the tracheal lumen.

When dislodgement of the cannula occurs the patient is translaryngeally
intubated or an emergency cricothyroidotomy is performed. With the use of a
percutaneous technique there are no stay sutures in the tracheal wall next to the
cannula that facilitate re-entry of a dislodged cannula into the tracheal lumen
[142].

WOUND INFECTION
The definition of stomal infection, redness and swelling of the stomal edges of
more than one cm with a swab from which grew pathogenic organisms, is
arbitrary [65]. The incidence, which depends on the physical condition of the
patient, the mean duration of cannulation and the antibiotic regime, is below
2% [69,71]. The low infection rate is credited to minimal dissection that is
necessary to install a tracheal cannula with a percutaneous technique and the
surrounding tissue that is snugged around the cannula preventing the formation
of haematoma with a subsequent risk of infection [143-144].

Stomal infection generally responds well to local treatment, incision of a
subcutaneous abscess, removal of the tracheal cannula and translaryngeal
intubation, or to antibiotic therapy. Deeper infection with paratracheal absces-
ses has not been reported after percutaneous dilatational tracheotomy, although
one patient with a wound infection and concomitant systemic sepsis 22 days
after tracheotomy has been described [92].

GRANULATION TISSUE
The incidence of granulation tissue in the tracheal lumen after percutaneous
dilatational tracheotomy mainly depends on the duration of cannulation and
varies between 0% and 5%. The vast majority of granuloma formation occurs
at the stomal site, at the site of the windows of a fenestrated tracheal cannula,
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or at its tip. It can result in suprastomal stenosis, hinder decannulation or make
breathing and speaking impossible when a fenestrated cannula is occluded and
the inner cannula removed [143]. High ventilatory pressure during ventilatory
support may be caused by partial occlusion of the end of the cannula by granu-
lation tissue or a submucosal fold caused by off-centre placement of the cannula
[119,146]. Tracheal haemorrhage during the period of cannulation can be the
result of granulation tissue and is usually self-limited [147]. The diagnosis is
easily made with tracheoscopy.

Unlike tracheal stenosis due to a stricture or protrusion of the anterior wall
into the tracheal lumen, granulation tissue is removed by coring out with an
endoscopy or laser resection [148].

Late complications

TRACHEAL STENOSIS
The incidence of tracheal stenosis after percutaneous dilatational tracheotomy is
reported to be low. However, only a limited number of prospective studies have
been done to assess the late complications of percutaneous dilatational tracheo-
tomy and these comprise only limited numbers of patients [88,97]. The inciden-
ce of symptomatic tracheal stenosis is probably low, between 0% and 2%.

The majority of patients with symptomatic tracheal stenosis become sympto-
matic between two and 12 weeks after decannulation [149]. Occasionally,
obstructive symptoms develop with the cannula in situ or immediately after
decannulation. Obstructive symptoms such as dyspnea on exertion or at rest,
stridor, cough and the inability to clear bronchial secretions are highly aspecific
[30,149].

Tracheal stenosis is caused by granulation tissue at the stoma site or at the
tip of the cannula, by protrusion of the anterior tracheal wall by an obliquely
inserted cannula or by tracheomalacia and fibrosis of the trachea at the stoma or
the cuff site [101,148-152]. The use of high-volume low-pressure cuffs has
reduced the incidence of tracheal stenosis significantly [134-136,155,156]. Pre-
sently, the majority of lesions occur at the stoma site and have a symmetric
configuration reducing the coronal diameter of the tracheal lumen. Etiologic
factors are an obliquely inserted cannula, chondritis by large cannulas, rigid
connecting systems with a continuous friction of the cannula and tracheal
infection [34,138,155,157,158].

Symptoms of tracheal stenosis should be evaluated by tomography of the
trachea [138,159]. Fluoroscopy may be useful in the diagnosis of trachea-
malacia. Contrast tracheography, computed tomography (CT) and magnetic
resonance imaging (MRI) scans offer little additional information in benign
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stenosis [138,160,161]. Tracheoscopy should be performed in all patients prior
to corrective surgery to evaluate the stenosis [162].

The treatment of a stenosis due to granulation tissue is endoscopic removal
of the granuloma or laser resection [148]. If a larger circumferential stricture is
present, less than 1 cm in length, serial dilatation or laser therapy may be tried.
However, most procedures fail within months. Usually symptomatic stenoses
are best treated by resection and end-to-end anastomosis [163-165].

SUBGLOTT1C STENOSIS
Subglottic stenosis after percutaneous dilatational tracheotomy has been repor-
ted twice [101]. It is related to the surgical technique and the risk of this
complication may be increased with percutaneous tracheotomy because it is a
blind procedure. High insertion of the cannula between the cricoid cartilage and
the first tracheal ring, and oblique insertion with the possibility of erosion and
fracture of the cricoid ring are risk factors [101,154,158,160]. Other risk
factors include damage of the cricoid ring by prolonged translaryngeal intuba-
tion before the tracheal cannula has been installed or infection [150,157,166].

The symptoms of subglottic stenosis are similar to those of tracheal steno-
sis. Both patients reported after percutaneous dilatational tracheotomy failed to
be extubated [101].

The usual treatment of symptomatic subglottic stenosis is surgery [165,-
167,168].

VOICE CHANGES
The incidence of voice changes after percutaneous dilatational tracheotomy is
unknown. Authors evaluating the long-term results of this technique report a
low incidence [90,97].

Voice changes after tracheotomy are usually caused by translaryngeal tube
and tracheal cannula related damage to the vocal cords [38]. When extubated,
the regular movements of the cords prevent their fusion. If a tracheotomy
cannula is inserted, the vocal cords can lie in apposition from the physiological
loss of vocal cord abduction. Scarring of the damaged cords can lead to fusion
[169]. Also, a high tracheotomy between the cricoid cartilage and the first
tracheal ring can cause damage of the cricoid and laryngitis, which may result
in voice changes. Blind puncture of the trachea as done with percutaneous tra-
cheotomy may cause damage of the recurrent laryngeal nerve with vocal cord
paralysis. This complication has been reported once [144]. Stridor, dyspnea and
voice changes are common symptoms of recurrent nerve damage. From the low
incidence of these symptoms after percutaneous dilatational tracheotomy it can
be concluded that recurrent nerve damage is rare.
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TRACHEOCUTANEOUS FISTULA
A tracheocutaneous fistula develops when a tracheal stoma fails to close
spontaneously after decannulation. Prolonged cannulation has allowed epithelia-
lisation of the tissue tract between the skin and the trachea. Its incidence
depends on the number of patients having a tracheal cannula for a long period
[65,96].

Closure of a tracheocutaneous fistula is a relatively simple surgical procedu-
re that is usually postponed until the patient has recovered from prolonged
ventilatory support [170].

1.6 Percutaneous dilatational versus conventional open
tracheotomy

Since Jackson in 1909 described the technique, indications and instruments for
tracheotomy, many operative techniques have been used [171,172]. Tracheal
incisions include vertical and horizontal incisions, excision of a window of the
anterior tracheal wall and an inferior based, U-shaped flap [173-177], To
decrease the risk of failure to reinsert the tracheal cannula into the tracheal
lumen after accidental decannulation, Bjork and modified Bjork flaps have been
advocated, which are presently the most commonly used techniques of conven-
tional tracheotomy [173,178,179].

There is a wide variety in reported complications after conventional trache-
otomy. The comparison of the early complication rate of nine large series of
conventional tracheotomy is listed in Table 1.

TiaWe /. 77ie c/mracrensrics o/m'/ie ma/or rturf/es o/ conventtona/ open
fcwry. a:

First Author

Rogers [180]
Dugan[181]
Mulder (182)
Yarington [183]
Meade[184]
Watts [185]
Goldstein [186]
Chew [187]
Allen [89]

Date

1969
1963
1969
1965
1961
1963
1987
1972
1992

Total pro-
cedures

688
461
428
240
212
212
124
100
100

Mortality

1.2%
1.1%
5.1%
0.8%
2.8%
1.4%
0%
0%
0%

Major hae-
morrhage

2.0%
3.0%
5.3%
1.3%
3.3%
0.9%
0%
1.0%
6.0%

Pneumo-
thorax

0.1%
1.3%
1.6%
1.7%
0.9%
0.9%
1.6%
1.0%
1.0%

Subcutaneous
emphysema

0%
15%
a
1.7%
1.4%
2.4%
1.6%
0%
0%

Cannula dis-
lodgement

1.3%
0.4%
0.7%
0.8%
2.8%
a
a

7 .0*
0%

Stomal
infection

0.6%
0.7%

20.5%
0%
3.3%
>
•
0%
5.0%
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Table 2 shows the early complication rate of the largest studies of percutaneous
dilatational tracheotomy. The late complications of this technique, however,
have not yet been assessed in large studies using airway imaging techniques.

2. 77je o/n/ne /no/or stad/es 0//?ercHta/ieoM.s

First Author

Ciaglia [90]
Van Heurn [65]
Toursarkissiun [671
Friedman [92]
Allen [89]
Manara [95]
Winkler [96]
Marelli [69]
Hazard [85]

Date

1992
1996
1994
1993
1992
1994
1994
1990
1988

Total pro-
cedures

170
150
144
100
100
77
71
61
55

Mortality

0%
0%
0.7%
1.0%
0%
0%
0%
1.6%
0%

Major hae-
morrhage

0%
3.3%
3.5%
4.0%
6.0%
2.6%
0%
0%
1.8%

Pneuino-
thorax

0%
0%
1.4%
0%
0%
0%
0%
0%
1.8%

Subcutaneous
emphysema

1.2%
1.3%
0%
2.0%
0%
0%
0%
0%
3.6%

Cannula dis-
lodgement

0.6%
0%
0%
0%
0%
0%
0%
0%
0%

Stomal
infection

0.6%
0%
1.4%
3.0%
0%
2.6%
1.4%
3.3%
1.8%

Table 1 and Table 2 are difficult to compare. The majority of studies of con-
ventional procedures were done twenty years before the percutaneous procedures
and the complication rate of conventional tracheotomy has decreased since then
[188]. There are also great differences in indications, patients and definitions of
complications [189]. Conventional tracheotomy has been used in emergency
situations with a higher complication rate whereas almost all percutaneous dilatati-
onal tracheotomies were done electively [61,190]. Although percutaneous dilata-
tional tracheotomy is used in children [64,65], the large contribution of this age
group in the results of some studies of conventional tracheotomy gives the false
impression of a high complication rate of this technique [182,183]. Particularly
tracheotomy related mortality and the incidence of pneumothorax, interstitial
air and cannula dislodgement are higher in children [191-195]. On the other
hand the mean duration of cannulation is longer in the percutaneous studies.
The general lack of definitions of complications in most studies makes it
difficult to compare. Suture ligation to stop procedural haemorrhage, a normal
part of the conventional operation, is considered to be a complication of
percutaneous tracheotomy. Minor cervical subcutaneous emphysema is registe-
red as a complication in percutaneous tracheotomy, but many studies of conven-
tional tracheotomy report it as a complication only when its progression is
beyond the cervical region or when stitches have to be removed.

There are studies comparing percutaneous dilatational tracheotomy with
conventional open tracheotomy [88,89,91,118,196]. Allen found in a partially
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prospective, partially retrospective study between two groups of 100 patients no
significant differences between the early complication rate of the two techni-
ques, although there was a stomal infection rate of 1% in the percutaneous
group and of 5% in the conventional group [89]. A prospective analysis of
Leinhardt et al. showed a favourable, but not significantly different, complica-
tion rate for percutaneous dilatational tracheotomy compared with that for the
conventional procedure reporting a stomal infection rate of 0% and 13%,
respectively [91].

There are three prospective randomised trials of conventional and percuta-
neous dilatational tracheotomy. Friedman et al. and Barba et al. found no
significant differences between the two techniques with respect to early com-
plications [118,196]. Hazard et al. showed significantly less early complica-
tions in patients undergoing percutaneous tracheotomy which was mainly due to
a difference in the infection rate of 4% in the percutaneous group versus 33%
in the conventional group [88].

The operating times of both techniques were assessed in all four prospective
studies showing a consistent and significant shorter duration of operation for
percutaneous tracheotomy [88,91,118,196]. Barba et al. confirmed the impres-
sion of others that percutaneous tracheotomy is cheaper than conventional
tracheotomy reporting lower hospital charges after percutaneous tracheotomy in
the ICU than after conventional tracheotomy in the operating theatre [118].

1.7 Percutaneous tracheotomy: other techniques

Percutaneous tracheotomy was first described in the Renaissance [197]. The
straight tracheal cannula was introduced into the tracheal lumen with a trocar.
Its use was infrequent and the results of this technique are unknown [198-201].

In 1955 Shelden described a percutaneous technique for inserting a tracheal
cannula [73]. A slot-needle was introduced into the tracheal lumen. He loaded a
tracheal cannula onto a ball-tipped cutting trocar and slid it along the slot into
the trachea. Once the trocar was within the tracheal lumen, the needle was
removed and the tracheal cannula was pushed into the lumen with the trocar,
which was then removed. Two years after his first publication Shelden reported
"no morbidity, complications or unfavourable sequelae" of this technique [74].
There are no further studies of this technique and its results are unknown.

In 1969 Toye and Weinstein first used a guide wire for inserting a cannula
into the trachea [75]. The tracheal lumen was punctured with a cannulated
splitting needle. They passed a dilatator with a flexible leader at its tip into the
tracheal lumen after the needle was split. A six mm inner diameter tracheal
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cannula loaded over the dilatator was advanced into the lumen and the dilatator
was removed. It was claimed that the procedure was done in 30 seconds to two
minutes and that the technique could be used in emergency situations. In a
series of 100 patients there was one death due to dislodgement of the cannula
and an early complication rate of 14%, of whom 6% had a paratracheal place-
ment of the cannula [76]. There are no other reports on this technique.

In 1989, four years after Ciaglia's report of percutaneous dilatational
tracheotomy, Schachner et al. reported a new technique [77]. The trachea was
punctured and a flexible metal guide wire introduced into the tracheal lumen.
They enlarged the intercartilaginous space with a tipped spreader that slid over
the wire into the trachea. The guide wire was removed and the tracheal cannula
was introduced between the legs of the spreader.

This technique, used in elective and emergency cases, requires less opera-
ting time than dilatational tracheotomy [91,202]. The complication rate,
however, is higher. Failure to insert the cannula, cannula misplacement and
perforation of the cannula cuff on the legs of the spreader are the most common
complications [78,91,142,202-4]. Also, more serious complications have been
reported. Mediastinal emphysema or pneumothorax caused by a misplaced tra-
cheal cannula or caused by the sharp dilatating tool damaging the posterior tra-
cheal wall, are life-threatening [91,121,205].

A modification on Ciaglia's dilatational technique was used by Griggs et al.
[79]. They punctured the trachea with a cannulated needle, introduced a guide
wire and advanced a dilatator forceps along the wire into the tracheal lumen.
Instead of several dilatational steps as used with Ciaglia's technique, the
opening in the trachea was enlarged with a forceps. The tracheal cannula loaded
over a dilatator was inserted over the guide wire and inserted into the trachea.

This procedure that can be completed within 30 seconds of the skin incision
is suitable for emergency tracheotomy [206]. Its complication rate is low and
comparable with the percutaneous dilatational technique [80,207-209].
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Introduction

Tracheotomy is one of the oldest operations in surgery and was performed in
ancient times. A good impression of its history can be obtained by a division in
four periods, made with the help of available literature of the development of
the technique and the indication for the operation.

In the roman era and before, medical writers discussed tracheotomy. A
clear description of the technique was made and it was recommended for upper
airway obstruction. After the collapse of the Roman Empire the operation was
probably not or rarely performed, although it was found in the writings of
mainly Arabic physicians.

In the Renaissance, tracheotomies were performed with certainty. They
were done for upper airway obstruction due to trauma, corpus alienum and
acute inflammatory conditions in which the larynx was involved.

During the third period, starting at the early part of the 19th century,
tracheotomy was popularised because of the increased prevalence of diphtheria
in France. The operation was considered the last cure for this lethal disease.
Also in thyroid surgery tracheotomies were frequently performed.

A careful description of the indications and of the technique in the begin-
ning of the 20th century preceded the fourth period. The indication for tracheo-
tomy is widened with the aspiration of bronchial secretions and prolonged
ventilation.

Ancient times

ASCLEPIADES, GALEN, ARETAEUS AND ANTYLLUS
It is uncertain when the first tracheotomy was done but is has been suggested
that tracheotomy was practised by the Egyptians, 3,500 years ago [1]. About
500 years later the sacred Hindu Book, Rig Veda, referred to tracheotomy and
also the Babylonian Talmud claimed the success of the operation: "In our
village there was a sheep who suffered an injury to her windpipe. Hollow reeds
were introduced into the windpipe and the sheep lived" [2]. Alexander the
Great (356-323 B.C.) is mentioned to have done the operation: "He opened
with the point of his dagger the trachea of a soldier given up for the dead" [3].

In the second century the operation was found in the writings of Aretaeus
and Galen, two physicians in the ancient Rome [4]. The latter credited the
Greek Asclepiades of Bethunia with being the originator of the procedure.
Asclepiades practised in Rome about the end of the second century B.C. He
performed the operation in patients with synanche, a group of inflammatory
conditions of the floor of the mouth, larynx and throat. He was, like most other
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physicians on Rome, a Greek slave: medicine was held by the Romans to be an
ignoble profession to which no free man could devote himself. Only in 46 B.C.
Julius Caesar (100-44 B.C.) granted citizenship to physicians and by the time of
the Roman Emperors Trajan (98 to 127 A.D.) and Hadrian (117 to 138 A.D.)
physicians achieved considerable social stature.

The Roman Antyllus, a Greek physician, performed the operation in the 2nd
century A.D.. His technique was described by Paulus of Aegina (625-690
A.D.), a famous Byzantine obstetrician and writer [5]. "In inflammations about
the mouth and palate, and in cases of indurated tonsils which obstruct the mouth
of the windpipe with the trachea unaffected, it will be proper to have recourse
to pharyngotomy, in order to avoid the risk of suffocation. When , therefore,
we engage in the operation, we slit open a part of the arteria aspera (for it is
dangerous to divide the whole) below the top of the windpipe, about the third of
fourth ring. This is a convenient location, being free of flesh, and because the
vessels are placed at a distance from the part which is divided. Wherefore,
bending the patient's head backwards, so as to bring the windpipe better into
view, we are to make a transverse incision between two of the rings, so that it
may not be cartilage which is divided, but the membrane connecting the cartila-
ges.

In the fifth century, Caelius Aurelianus commented: "Laryngotomy is a
futile and rash invention set forth by Asclepiades. After the collapse of the
Roman Empire tracheotomies were not -or rarely- performed. Experienced
Arabic physicians like Rhazes (850-932) and Avicenna (980-1037) based their
comments on the operation on Paulus of Aegina's description of Antyllus'
work. Avenzoar (10927-1162), a moslem physician, wrote about it and suc-
cessfully tried tracheotomy on a goat [6].

The period 1500-1800

BRASAVOLA, FABRICIUS, CASSERIUS, AND HABICOT
The Italian surgeon Antonio Musa Brasavola was the first to report the

success of tracheotomy in 1546 (Figure 1)[7]. He saved a patient dying from
suffocation caused by an abscess in the windpipe. Brasavola was a physician of
note these days and among the patients he was in medical attendance upon were
Emperor Charles V and several kings and popes. Despite his favourable report
about tracheotomy, most surgeons were reluctant to use this procedure, known
as "The Scandal of Surgery".
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The famous Italian anatomist and surgeon Fabricius ab Aquapendente
(1537-1619), teacher of William Harvey (1578-1657), described in the chapter
'De perforatione asperae arteriae in angina' of his originally in 1617 published
book 'Opera chirurgica' the details of the operation [8]. He advised tracheoto-
my in "diseases of the mouth and palate, of the tonsils and of the throat and of
the larynx if the inflammation was serious and the uvula obstructed the trachea,
but only if the bronchi were not affected". He recommended a vertical incision
of the skin, access to the trachea between the third and fourth ring and, as the
first, the use of a cannula. This cannula was small, straight and short preven-
ting contact with the posterior wall of the trachea. It offered the surgeon to
make smaller incisions than before. Fabricius, however, admitted that he had
never performed a tracheotomy.

Julius Casserius (1545-1605), pupil of Fabricius, advised a longer, curved
and fenestrated cannula [9]. He also does not seem to have done the operation.
In his book 'De vocis auditusque organis historia anatomica' describing the
anatomy of the head and neck region in humans and several other species, he il-
lustrated the operation by some very nice figures (Figure 2).
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The next successful cases of tracheotomy were reported by Nicolas Habicot
(1550-1624) of Paris in 1620 [10]. He described a tracheotomy following a
gunshot wound of the larynx. "A girl of about 25, stooping to open a door for
her master, who was pursued by assassins, received a wound from a ball, which
stuck the larynx, especially the thyroid cartilage. The ball passed across the
other side, lodging under the skin. So much swelling supervened that the
patient would have suffocated, but for a leaden tube introduced into the trachea,
through which she might breathe". The cannula remained in situ for about three
weeks and the patient recovered. Habicot describes this and three other success-
ful cases in the first book on tracheotomy 'Question chirurgicale' (Figure 3).

3. rrac/jeorowy /7/w.srrated fry Mco/as //afr/cor in /iw froofc '(
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THE NETHERLANDS: HEURNIUS, FONTANUS, AND VAN SWIETEN
Johannes Heurnius (1543-1601), professor at Leyden, gave his opinion about
tracheotomy in his book 'De morbis pectoris liber' (Figure 4)[11].
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Heurnius, personal physician of William of Orange and Prince Maurits, studied
at the University of Padua at the time of Fabricius ab Aquapendente. He based
his comment on the writings of Aretaeus. "You wonder why the trachea is not
incised directly and pierced if suffocation by angina is feared? Aretaeus gives
the answer. Those, who perform this operation, do not appear to have approved
the practicability of the thing by actual experiment. After all, the heat of the
inflammation is increased by the wound and this contributes to the suffocation
and cough. And, moreover, if by any means they should escape the danger, the
edges of the wound do not heal and both pieces of cartilage do not unite again.
If some physicians also claim that they can perform the operation without pain,
we are fully satisfied".
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Nicolaas Fontanus (?-?), surgeon in Amsterdam, was the third to report the
success of tracheotomy [12]. He attended a female patient who was feared to be
strangled to death in a few hours. Although he had never seen a tracheotomy
and never considered the procedure before, he decided to do the operation.
"Using a sharp and short blade he made an incision over the outer part of the
trachea over the cartilage rings which were carefully touched and divided, so
that air was expired followed by a lot of purulent fluid in such an amount that
the woman seemed breathless" The wound closed in five days and the woman
fully recovered. Fontanus did not report of the use of a cannula.

More than one century later, Gerardus van Swieten (1700-1772), pupil of
Herman Boerhaave (1668-1738) and physician of Maria Theresia Empress of
Austria, gave in his 'Commentaria in Hermanni Boerhaave aphorismos de
cognoscendis et curandis morbis' his opinion on a new technique for inserting a
cannula with one stroke into the tracheal lumen, percutaneous tracheotomy: 'I
have used this method on a large number of cadavers and living animals, but I
consider the technique to be extremely difficult and not without danger, if the
instruments used do not improve. Therefore I use the old method which is
preferable and probably superior'[13]. We don't know whether van Swieten did
tracheotomies on his patients, but there is evidence that he inserted tracheal
cannulas in animals as mentioned above.

PERCUTANEOUS TRACHEOTOMY: SANCTORIUS, DEKKERS,
HEISTER, AND BAUCHOT
The Italian surgeon Sanctorio Sanctorius (1561-1636) was probably the first
surgeon to describe percutaneous tracheotomy [14]. Like Fabricius, Sanctorius
was professor at the University of Padua, at that time the most prestigious
university of Europe. Best known for his research into the physiology of
metabolism (perspiratio insensibilis) and the development of the thermometer.
He advised surgeons to use a 'ripping needle' (acus mucronata) -a small kind of
dagger-, and a 'silver perforated cannula' (fistula argenta perforata). These
were the same instruments as were used for tapping a hydrocele or an ascites
(Figure 5). Using this needle, the operator introduced the cannula into the tra-
cheal lumen and removed the needle. Sanctorius described the procedure in his
book 'Commentaria in primam fen primi libri canonis Avicennae' but does not
seem to have used this invention.

Frederik Dekkers (1648-1720), a professor at Leyden, told of a man who
nearly suffocated as result of angina [15]. Dekkers intended to perform tracheo-
tomy with the help of an 'unusual technique' (non vulgari methodo), one that he
had never seen used before. He showed his instruments, a small straight cannu-
la with little holes at the tip and a pointed trocar (Figure 6).
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These instruments were similar to those of Sanctorius and without doubt
Dekkers was on the point of performing the first percutaneous tracheotomy.
However, the patients relatives were unenthusiastic and he successfully tried a
method of oral intubation, abandoning his attempt to introduce a cannula
percutaneously.
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The German surgeon Laurentius Heister (1683-1758), pupil of Dekkers and
a professor with a European reputation, introduced the term tracheotomy into
the medical literature in 1718 [16]. He described three different techniques for
inserting a tracheal cannula: open tracheotomy, with complete exposure of the
trachea, tracheotomy done in one stroke with a double-edged scalpel and
percutaneous tracheotomy with the use of a Troicar' (Figure 7).
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Heister described the technique that he had learned from Dekkers clearly.
"Using this peculiar instrument the cannula is introduced into the middle of the
trachea with one stroke (uno ictu). After the troicar has been removed the
cannula is left in the wound, so that the patient is able to breathe easily". He
reported it as a fast method of tracheotomy that could be performed with a
minimum of pain. Although Heister was one of the very few surgeons who
successfully performed tracheotomy before 1800, he probably used the open
method.

In the mid 18th century the French physician Bauchot (?-?) invented a
'bronchotome', a special instrument for bronchotomy or laryngotomy, as
tracheotomy was commonly called [17]. The cutting edge of the bronchotome
fitted into the lumen of a flat silver cannula that was designed to be put between
two tracheal rings. Bauchot reportedly operated successfully on two patients
with this instrument and he seems to be the first to perform percutaneous
tracheotomy.

As far as we know of only 28 successful cases of tracheotomy were reported
from 1546 to 1825 [6].
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The period 1800-1900

BRETONNEAU AND TROUSSEAU
After Napoleon Bonaparte's nephew died of diphtheria in France in 1807,
Napoleon called for research on the disease, stimulating an enormous amount of
work on diphtheria and the management of airway disorders. Pierre Bretonneau
(1778-1862) and particularly Armand Trousseau (1801-1867) popularised
tracheotomy as the treatment for diphtheria (Figure 8).
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Bretonneau demonstrated the possibilities of tracheotomy by saving the life of
the five-year old Elisabeth de Puysegur in 1825 [18]. In 1833, Trousseau, pupil
of Bretonneau, reported about the operation for the treatment of diphtheria
(Figure 9)[18,19]. "Nowadays, gentlemen, I have performed the operation
more than 200 times and I am rather happy to report a success rate of 25%".
He also designed a spreader for the tracheal opening while inserting the cannu-
la, which is still in use today. For his work and treatise on the subject he recei-
ved the coveted prize of the Academy de M6decine. Although the reported
survival rate was only 25%, it was a great advance over the previous results.

49



Tracheotomy became the standard management of airway obstruction in severe
diphtheria and became a widely accepted procedure in medical practice. It was
used to guarantee an open airway for injuries of the larynx, foreign bodies,
goitre and infections such as Ludwig's angina and diphtheria. Its frequent use is
shown in the Netherlands by the experiences of 676 tracheotomies performed at
the Wilhelmina Gasthuis in Amsterdam between 1899 and 1908 [20].
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Owing to increasing interest in tracheotomy the tracheal cannula was
improved. Friedrich Trendelenburg (1844-1919) described a cannula covered
by a rubber balloon wishing to seal the trachea from blood [21]. For the use in
patients with a goitre the movable shield was invented [22]. The idea of a
double cannula is older: In 1730, the British surgeon George Martin reported
an inner cannula because "the innermost might be safely and easily taken out
and cleaned without any molestation to the patient" [23].
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The period 1900-today

JACKSON '
After the turn of the century the number of tracheotomies done decreased
because of the development of endotracheal tubes. The American paediatrician
Joseph O'Dwyer (1841-1894) described the success of oral intubation which he
believed was superior to tracheotomy in the management of airway obstruction
in laryngeal diphtheria [24]. However, tracheotomy remained a common ope-
ration.

In 1909 Chevalier Jackson standardised the indications for tracheotomy, the
technique itself and the instruments for the operation [25]. About the cannulas
he reports: "The cannula must be of proper size and length. Nearly all cannulae
in the shops are worthless, being both too short and of too short radius. Most of
them will not reach the trachea after the neck has swelled in the reaction". He
recommended that high tracheotomy, tracheotomy above the thyroid isthmus
should be abandoned to prevent laryngeal stenosis [26]. He condemned
cricothyroidotomy, an incision through the cricothyroid membrane, because its
complications were excessive compared to tracheotomy. The technique Jackson
proposed is still used today. The indications for tracheotomy, however, have
widened. Wilson in 1932 and Galloway in 1943 suggested tracheotomy to
facilitate aspiration of bronchial secretions in bulbar poliomyelitis, chest and
head injury, Barbiturate intoxication and post surgical airway control [27].
Presently, tracheotomy is still used for the evacuation of bronchial secretions.
The site and the size of the cannula are being discussed. In 1984, Matthews and
coworkers described minitracheotomy, a small cannula in the tracheal lumen
that interferes less with the normal glottic function like speaking, eating and
coughing than the larger full sized tracheotomy [28]. It is generally introduced
through the cricothyroid membrane although others advocate introduction
between the first and second tracheal ring by a percutaneous Seldinger techni-
que [29].

The latest application of tracheotomy began in Scandinavia during a polio-
myelitis epidemic in 1952 and 1953 [30,31]. Tracheotomy enabled die most
effective application of intermittent positive pressure ventilation. Although a
translaryngeally introduced tube is normally used for artificial ventilation,
nowadays tracheotomy is generally advocated in patients with prolonged
ventilation and to facilitate weaning from ventilatory support [32]. It is a
procedure which can be carried out widi a low mortality and morbidity to
secure an open airway in upper airway obstruction, to aspirate bronchial
secretions and for prolonged ventilatory support.
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PERCUTANEOUS TRACHEOTOMY: SHELDEN, TOYE, WEINSTEIN,
AND CIAGLIA
In 1955, Shelden reintroduced a method to introduce a tracheal cannula per-
cutaneously [33,34]. He was the first to use the term percutaneous tracheoto-
my. To minimize the risk of damaging vital structures next to the trachea,
Shelden first introduced a slot-needle into the tracheal lumen. He loaded the
cannula onto a cutting trocar, slid it along the slot and then introduced it into
the tracheal lumen.

Twelve years later, Toye and Weinstein used a Seldinger wire as a guide
[35,36]. The wire was introduced into the tracheal lumen through a cannulated
needle. The cannula, mounted on a bougie -apart from the shape, it was little
different from Sanctorius' trocar- was advanced into the lumen over guide wire.
The wire made safe introduction of a cannula possible and so was the vital step
towards popularisation of the percutaneous technique.

In 1985, the American surgeon Ciaglia described his modification of
percutaneous tracheotomy [37]. Like Sanctorius, who advocated the use of in-
struments for puncturing a hydrocele, he used a modified percutaneous nephro-
stomy set to perform the tracheotomy. After puncture of the tracheal lumen a
guide wire was installed. The trachea was progressively dilated over the wire
with tapered blunt dilatators, so that the cannula could be introduced over one
of the dilatators. The early results of this technique were excellent comparing
favourably with open tracheotomy. Percutaneous tracheotomy is now a general-
ly accepted technique [38-40].

Conclusion

In more than 2000 years tracheotomy has become a procedure that is frequently
used with a low mortality and morbidity. More than three hundred years ago
Sanctorius invented percutaneous tracheotomy. Recent modifications of the
instruments used made this old percutaneous technique suitable for modern
surgery.

References

1. Wenig BL, Applebaum EL. Indications and techniques of tracheotomy. Clin Chest Med
1991;12:545-53.

2. Borman J, Davidson JT. A history of tracheostomy: si spiritum ducit vivit (Cicero). Brit J
Anaesth 1963;35:388-90.

3. Alberti PW. Tracheotomy versus intubation. A 19th century controversy. Ann Otol
Rhinol Laryngol 1984;93:333-7.

4. Guthrie D. Early records of tracheotomy. Bull Hist Med 1944; 15:59-64.

52



5. Grant RL. Antyllus, the elusive surgical genius of antiquity: an analysis of his writings.
Surgery 1961;50:572-8.

6. Goodall EW. The story of tracheotomy. Br J Child Dis 1934;31:167-76. .•'•'• r I .
7. Brasavola AM. Libris de ratione victus in morbis acutis, Hippocratis et Galenii commen-

taria et annotationes. Venetiis: Scotum, 1546.
8. Fabricius H. Opera chirurgica, pars posterior operationes chirurgicas. Lugdunum

Batavorum: Boutesteniana, 1617.
9. Casserius J. De vocis auditusque organis historia anatomica. Ferrara: Baldimus, 1601.
10. HabicotN. Question chirurgicale. Paris: J. Corrozet, 1620.
11. Heurnius J. De morbis pectoris liber. Lugdunum Batavorum: Raphelengium, 1604.
12. Fontanus N. Observationum rariorum analecta. Amstelodam: Henricus Laurentius

Bibliopolis, 1641.
13. Van Swieten G. Commentaria in Hermanni Boerhaave aphorismos de cognoscendis et

curandis morbis. 3rd ed. Lugdugnum Batavorum: Sam. et Joh. Luchtmans, 1785.
14. Sanctorius S. Commentaria in primam fen primi libri canonis Avicennae. Venetiis:

Iacobum Sarcinam, 1626.
15. Dekkers F. Exercitationes practicae. Lugdunum Batavorum: Luchtmans and Boutesteyn,

1695.
16. Heister L. Institutiones chirurgicae. Amstelaedam: Janssonis-Waesberge, 1750.
17. Goodall EW. The story of tracheotomy. Br J Child Dis 1934;31:253-72.
18. Trousseau A. Clinique Medicale de 1'Hotel-Dieu de Paris. 10th ed. Paris: Bailliere, 1902.
19. Trousseau A, Belloc H. Traite pratique de la phtisie laryngee, de la laryngite chronique et

des maladies de la voix. Bruxelles: Societe encyclographique des sciences medicates,
1837.

20. Schippers JC. Ervaringen bij 676 Tracheotomien verricht gedurende de jaren 1899 tot
1908. NedTijdschr Geneeskd 1909;4:1969-76.

21. Trendelenburg F. Beitrage zu den operationen an den luftwegen. Archiv fur Klinische
Chirurgie 1871; 12:112-33.

22. Salzer F. Eine trachealcaniile fur strumapatienten. Wiener Klinische Wochenschrift
1888;l:591-2.

23. Martin G. Letter to William Graeme. Philosophical Transactions 1730;416:448.
24. O'Dwyer J. Two cases of croup treated by tubage of the glottis. New York Medical

Journal 1885;42:146-51.
25. Jackson C. Tracheotomy. Laryngoscope 1909; 19:285-90.
26. Jackson C. High tracheotomy and other errors: The chief causes of chronic laryngeal

stenosis. Surg Gynecol Obstet 1921;32:392-8.
27. Galloway TB. Tracheostomy in bulbar poliomyelitis. JAMA 1943; 123:1096-8.
28. Matthews HR, Hopkinson RB. Treatment of sputum retention by minitracheotomy. Br J

Surg 1984;71:147-50.
29. Van Heurn LWE, van Geffen GJ, Brink PRG. Percutaneous subcricoid minitracheostomy:

Report of 50 cases. Ann Thorac Surg 1995;59:707-9.
30. Lassen HCA. Preliminary report on 1952 epidemic of poliomyelitis in Copenhagen with

special reference to treatment of acute respiratory insufficiency. Lancet 1953; 1:37-41.
31. Engstrom CG. Treatment of severe cases of respiratory paralysis by the EngstrSm univer-

sal respirator. BMJ 1954;21:666-
32. Heffner JE, Miller KS, Sahn SA. Tracheostomy in the intensive care unit. Part Vindica-

tions, technique, management. Chest 1986;90:269-74.
33. Shelden CH, Pudenz RH, Freshwater DB, Crue BL. A new method for tracheostomy. J

Neurosurg 1955; 12:428-31.

53



34. Shelden CH, Pudenz RH, Tichy FY. Percutaneous tracheotomy. JAMA 1957;165:2068-
70.

35. Toye FJ, Weinstein JD. A percutaneous tracheostomy device. Surgery 1969;65:384-9.
36. Toye FJ, Weinstein JD. Clinical experience with percutaneous tracheostomy and cricothy-

roidotomy in 100 patients. J Trauma 1986;26:1034-40.
37. Ciaglia P, Firsching R, Syniec. Elective percutaneous dilatational tracheostomy. Chest

1985;87:715-9.
38. Hazard P, Jones C, Benitone J. Comparative clinical trial of standard operative tracheos-

tomy with percutaneous tracheostomy. Crit Care Med 1991; 19:1018-1024.
39. Ciaglia P, Graniero KD. Percutaneous dilatational tracheostomy. Chest 1992;101:464-7.
40. Friedman Y, Mayer AD. Bedside percutaneous tracheostomy in critically ill patients.

Chest; 1993; 104:532-5.

54



Chapter 3

Clinical experience with percutaneous
dilatational tracheotomy
Report of 150 cases

L.W.£. van £fe«m, G./. van Ge#en, P./J.G.

The European Journal of Surgery 1996;162:531-5

55



Introduction ;̂ , r

Tracheotomy is a procedure that is often used in patients who require prolonged
mechanical ventilation, in patients who are unable to clear their bronchial
secretions, and in patients with upper airway obstruction [1]. It is traditionally
an open operation which is performed in the operation theatre.

Percutaneous dilatational tracheotomy is a relatively new technique that was
introduced by Ciaglia et al. in 1985 [2]. Because it is done easily and quickly at
the bedside with a low operative mortality and morbidity it has become increa-
singly popular [3,4,5].

The excellent reported results of this technique made us introduce it in our
hospital in 1990. We report here our experience with the first 150 operations
and have compared it with the published reports emphasising the definition and
prevention of complications.

Patients and methods

From July 1990 - July 1994 we did 150 consecutive percutaneous dilatational
tracheotomies in 147 patients (95 male and 52 female). Their ages varied from
8 to 85 years, mean (SD) 58 (17). Their presenting diagnoses are listed in Table
1. Three patients had a second tracheotomy after elective decannulation because
of recurrence of the original condition. During the study period three open
surgical tracheotomies were done, because the surgeon on call had no experien-
ce of the percutaneous technique.

Condition No. of patients

After abdominal operations 71
Neurological deficit 27
Multiple injuries 20
Internal or pulmonary disease 18
After other operations 8
Laryngeal disease 3

Total K7
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Percutaneous tracheotomies were done 95 times because a longer period of
ventilation was required or to facilitate weaning from the ventilator. The
cannula was placed after a median of 11 days of endotracheal intubation. In 37
patients the cannula was introduced for pulmonary toilet and in 18 for airway
control after facial injury or upper airway obstruction. After facial injuries the
decision to do a tracheotomy was made by the surgeon. Otherwise the decision
was always made by the intensive care specialist.

Exclusion criteria were oxygen requirements of greater than 10 cm PEEP
(positive end expiratory pressure) or 0.8 FiOj (fraction of inspired oxygen) and
evidence of infection of the soft tissues of the neck. Relative contraindications
were severe bleeding disorders including thrombocytopenia (platelet count less
than 25 x 10 9) or thrombocytopadiy, and coagulopathy (Thrombotest less than
5%). Anatomical difficulty (goitre or extreme obesity) was never a con-
traindication.

TECHNIQUE
The technique has been accurately described by others [2,6]. A commercially
available kit is used (Cook, Medical Company, Son, The Netherlands). The
patient's neck is hyperextended. If a laryngeal tube is in place it is withdrawn
between the vocal cords. After a 2 cm longitudinal skin incision 0.5 cm below
the cricoid cartilage the tracheal lumen is punctured widi a cannulated needle.
Its position is confirmed by the suction of air bubbles into a syringe. A guide
wire is inserted through the plastic cover which is taken out (Figure 1).
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The trachea is dilated once, a guiding catheter is placed over the wire and in
several steps the opening is dilated with lubricated tapered dilatators. The
cannula is placed over an appropriately sized dilatator and introduced into the
tracheal lumen under firm pressure (Figure 2).
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Percutaneous tracheotomy was carried out by four experienced surgeons and
five surgical trainees. An anaesthetist was responsible for withdrawing the
laryngeal tube and for monitoring the patients' oxygen saturation and blood
pressure. Trainees did their first five to 10 tracheotomies under close super-
vision by the surgeon who was most experienced at the procedure. Trache-
otomies were generally done in the intensive care unit.

All patients had a cannula inserted with an inside diameter of 8.5 mm or 9
mm. Two children were given smaller ones.

FOLLOW-UP
Operative complications were recorded at the time of the procedure. Complica-
tions during cannulation were recorded from retrospective review of the charts.
Follow-up five to 53 months (median 21) after decannulation was complete.

DEFINITIONS
Operart've coT^p/icafio/u: Complications during or directly attributed to the
procedure.
Ear/)' co/«p//caf/on.s: Operative complications and complications during cannu-
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lation. O
Late cowp/Zcar/o/ii: Complications after decannulation.
M/nor /lamorr/jflge: Bleeding that lengthened the procedure and was controlled
by local compression.
Ma/or /we/norr/iage: Bleeding that postponed the procedure, required suture
ligation, surgical exploration, or blood transfusion.

e: Dilatation or insertion of the cannula outside the tracheal lumen,
i/i/ecft'on: Redness and swelling of the stomal edges of more than 1 cm

with a swab from which grew pathogenic organisms.

Results

Forty-six patients died while they were cannulated after a median duration of 14
days (range 1 - 129 days). In one patient with serious disturbances of platelet
function death was initially thought to be tracheotomy-related. This patient pre-
sented with a massive tracheal bleeding: at necropsy there was evidence of
bleeding from almost every organ. A total of 101 patients survived after a
median duration of cannulation of 24 days (range 2 - 418). At the time of the
study one patient still had the cannula in place.

The operative complications and the complications during cannulation are
shown in Table 2.

2.

Complication No. of patients

False passage 2
Haemorrhage 14

Minor ooze 9
Major bleeding 5

Subcutaneous emphysema 2
Pneumothorax 0
Hypergranulation tissue 2

Total 20
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Operative haemorrhage was recorded in 12 patients, and considered major in
three. On one occasion bleeding was controlled with a stitch, and on another
the procedure was cancelled, the wound packed, and the next day after bleeding
had stopped an uneventful percutaneous tracheotomy was done. Blood trans-
fusion and surgical exploration was necessary in one patient. In two patients
(major) tracheal or stomal bleeding was recorded during a total duration of
cannulation of 5212 days.

Granulation tissue in two ventilated patients, 19 and 28 days after trache-
otomy (at the site of the stoma and just below the tip of the cannula respec-
tively) was removed endoscopically.

Late complications were recorded in six patients (6%). One patient presen-
ted with a symptomatic tracheal stenosis at the cannulation site three months
after decannulation which required repair. The cannula had been in situ for
seven days after two weeks of endotracheal intubation. Tracheomalacia develo-
ped at the cuff site in two patients ventilated for 160 and 366 days with tracheo-
tomies for 121 and 418 days, respectively. Disturbances of wound healing
developed in three patients (3%): an ugly retracted scar was corrected under
local anaesthesia after a tracheotomy had been done through the recent operati-
ve wound to protect the airway after thyroid surgery, and two persistent trache-
ocutaneous fistulas after 111 and 152 days of cannulation, respectively, were
closed. All other wounds healed fast and nicely after decannulation.

Discussion

Percutaneous tracheotomy was first described by Shelden in 1957. A needle
was passed into the tracheal lumen, a hole was made with a special cutting
blade, and a cannula was inserted into the trachea [7]. The second report about
percutaneous tracheotomy dates from 1969: Toye and Weinstein dilated the
trachea using a bougie with a cutting blade, and the cannula was introduced
over a wire guide [8]. Further results of this technique were published in 1986
[9]. In 1985 Ciaglia described a technique which required no tracheal incision
[2]. After direct puncture of the trachea the opening was bluntly dilated with
disposable dilatators over a guide wire. The cannula was inserted over one of
the dilatators. This technique has become widely accepted [3,4,5,10]. Modifi-
cations of the dilatational technique have been reported by Griggs et al who
dilated the trachea with a special forceps and by Schachner et al who enlarged
the intercartilaginous space with a tracheal spreader [11-14].

Since we introduced percutaneous dilatational tracheotomy at our hospital in
1990 the number of tracheotomies has more than doubled. Because it could be
done safely and rapidly at the bedside, the indications for tracheotomy widened
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and it was done earlier and in more severely ill patients. Comparison of the
results with those of open tracheotomy at our own hospital before July 1990
was therefore considered inappropriate.

Our results do not differ from other studies of percutaneous dilatational tra-
cheotomy and compare favourably with historical experience with conventional
tracheotomy, which gave operative morbidity of 6% to as high as 51%, alt-
hough the general lack of definitions make studies difficult to compare [3,-
4,5,15]. Hazard et al. confirmed in a prospective randomised study that per-
cutaneous tracheotomy is superior to conventional tracheotomy [16].

Operative haemorrhage is the most common complication and is usually
controlled by local compression. When the cannula is in place the surrounding
tissue is likely to tamponade any residual bleeding. If either minor or major
haemorrhage is recorded as a complication, the distinction is arbitrary because
exact measurements of blood loss were not made and suture ligation (which we
defined as indicating major bleeding) is a normal part of the conventional
procedure. The incidence of false passage is between 0.5% and 2%. During the
procedure it should be possible to move the guide wire without resistance. If
there is doubt about the intraluminal position of the wire it must be checked;
the plastic cover of the cannula needle should be reinserted over the wire, the
wire removed, and air aspirated with the syringe. A common mistake that we
made was to point the dilatator loaded with the cannula too far distally. The
trachea does not run in a horizontal plane but, particularly when the neck is
hyperextended, it recedes from the surface as it passes downwards. The cannula
inserted with firm pressure may slide off on the front of the tracheal rings [17].
Puncturing the trachea in patients with a short fat neck or goitre is difficult, but
even in patients with indistinct anatomy we found it possible to identify and
puncture the trachea [6]. Endoscopic guidance or echography are helpful
[10,18]. Multiple puncture sites are not the only cause of subcutaneous
emphysema. Percutaneous dilatational tracheotomies that we have done in
recently dead patients showed minor tearing of the intercartilaginous tissue next
to the cannula, which permitted air to leak. The progression of subcutaneous
emphysema is prevented by inflation of the cuff.

Complications during cannulation after percutaneous dilatational tracheoto-
my are rare [3,4,5]. Peristomal infection may be credited to extensive dissec-
tion during insertion of the cannula which explains the low infection rate after
the procedure [5]. Secondary dislodgement of the cannula and bleeding from
vascular erosion by continuous movements of the cannula are avoided by
making sure that the cannula fits snugly in the surrounding tissue.

No prospective studies have been done to identify late complications. They
usually occur a relatively long time after decannulation, so the late complica-
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tion rate is underestimated. Because the procedure is becoming increasingly
popular, studies are needed to assess the incidence of late complications and to
find out if complications such as tracheal stenosis depend on the peristomal
infection rate, the duration of cannulation and previous oral intubation, or
merely on the technique used. Because the cartilaginous rings remain intact
with their blood supply preserved and because the infection rate is low, the per-
cutaneous technique probably reduces the risk of tracheal stenosis [5,19]. Scars
after percutaneous tracheotomy are small [3,4]. Only a small incision is ne-
cessary to insert the cannula and the infection rate is low. In our study one pa-
tient presented with an ugly retracted scar. The tracheotomy had been done five
days after thyroid surgery and we were well aware of the risk of wound
infection and wound healing problems.

The cost of percutaneous compared with open tracheotomy varies among
hospitals and countries. The percutaneous procedure is easily done at the
bedside, which saves valuable operating time, nursing staff, and equipment. It
is substantially cheaper than conventional tracheotomy [5,10].

There are differences of opinion about who should do the operation, and we
think that a combined approach is advisable [3,20,21]. An anaesdietist should
attend the procedure to take care of cardiopulmonary resuscitation and upper
airway control. Surgeons have the advantage of their operating skill and are
able to manage their own complications, but whoever does the operation should
be properly trained. Many complications occur when unexperienced doctors use
this simple technique. As with all operations training is the best way to avoid
complications.
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Introduction

A minitracheotomy is a small cannula that has been placed in the trachea and
that enables the frequent and efficient suction of bronchial secretions. It
prevents sputum retention and has been shown to be an effective measure in
patients with severe pulmonary disorders, in patients with neurologic deficits,
and in patients who have undergone major surgical procedures [1-4].

Minitracheotomy was reported on for the first time by Matthews and
Hopkinson in 1984 [1]. In their procedure, the cannula was introduced into the
trachea through a small incision in the cricothyroid membrane using a guarded
knife and an introducer. Later, other authors advocated a Seldinger dilatation
technique to facilitate performance of the procedure. This involved passing a
needle through the cricothyroid membrane and then, after insertion of a guide
wire, the placement of the cannula with the help of a dilatator [5].

Because we were not completely satisfied with the position of the cannula
through the cricothyroid membrane and because of our excellent experience
with full sized percutaneous tracheotomy we started to use a percutaneous
minitracheotomy in the subcricoid position. We describe here our experience in
the first 50 patients who underwent this procedure at our institution.

Patients and methods

Between July 1990 and July 1993, 50 elective percutaneous minitracheotomies
were carried out. These patients consisted of 36 men and 14 women with a
mean age of 63 years (range, 22 to 88 years). Their underlying reasons necessi-
tating minitracheotomy are listed in Table 1. Thirty-one of the patients had
previously required endotracheal intubation for mechanical ventilation for a
median time of 18 days. They were too weak to clear their superfluous bronchi-
al secretions and, before extubation, a minitracheotomy cannula was inserted
next to the translaryngeal tube. Thirteen patients received their cannula at the
end of a surgical procedure because they had difficulty coughing up bronchial
secretions even before the operation. In six patients, the cannula was placed
because they could not clear sputum, and this resulted in progressive pulmonary
distress.

Minitracheotomy was carried out by four senior surgeons and four surgical
trainees. Surgical trainees performed their first procedures under close super-
vision of the one surgeon who was most experienced with the procedure. If the
procedure was carried out in an endotracheally intubated patient, the anaesthe-
tist was responsible for withdrawing the endotracheal tube and monitoring the
patient's oxygen saturation and blood pressure.
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fa We / . t/nder/y/ng d/sease /n 50 par/e/iw

Condition No. of patients

Thoracic and upper abdominal surgery 33
Neurological disease 7
Thoracic trauma 6
Chronic bronchitis 2
Upper airways obstruction 2

Tota l • • • • 5 0

The technique we use is similar to the percutaneous dilatational tracheotomy
technique [6,7]. The patient is placed supine with his or her neck hyperexten-
ded. The cricoid cartilage is palpated, and, after local infiltration of 2%
lidocaine hydrochloride, a small vertical skin incision is made. In the endo-
tracheally intubated patient, the tube is withdrawn so that the tip is just below
the vocal cord. The tracheal lumen is then punctured below the first tracheal
ring with a (cannulated) needle attached to a syringe. The intratracheal position
of the needle is confirmed by the aspiration of air into the syringe. A guide
wire is placed inside the trachea. The minitracheotomy cannula with an inside
diameter of 4 mm, loaded over the dilatator, is then passed over the guide wire
into the tracheal lumen using firm pressure.

Three types of commercially available kits have been used during the study
period. From July 1990, a Cook • minitracheotomy kit (No. C-CMTS-100;
Cook, Son, the Netherlands) was used. Because of reported complications with
this type of cannula, the set was not available from September 1991 to June
1993 and we switched to using the Minitrach Il-Seldinger kit (Portex ®, Respre-
care, The Hague, The Netherlands). Since June 1993 we have used the Cook •
minitracheotomy kit (No. C-TCCS-400-TT) containing a disposable scalpel, an
18-gauge cannulated needle, a J-tipped guidewire, a 12-French dilatator, and a
reclosable flanged minitracheotomy cannula.

To facilitate the introduction of the cannula, we currently use a second
larger dilatator that has been added to the set. Especially in young male pa-
tients, the force needed to insert the cannula is reduced substantially by this
additional dilatational step.
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Results

The procedure was accomplished successfully in 48 patients. In two patients
(4%), the cannula was not inserted into the tracheal lumen but pretracheally in
one and through the tracheal lumen into the paratracheal space the other. Both
times the procedure was carried out by a senior surgeon unexperienced with
either percutaneous tracheotomy or percutaneous minitracheotomy. Both
cannulas were removed and a new cannula was inserted without problems or
sequelae.

Minor complications occurred in three patients (6%); and consisted of
minor skin edge bleeding in one and subcutaneous emphysema in two. The
bleeding was controlled by suture ligation, and the subcutaneous emphysema
was minor and required no therapy. Secondary displacement of the cannula
occurred in the first four endotracheally intubated patients. In all the cannula
had been inserted next to the endotracheal tube at the end of their operation.
When the tube was removed, the minitracheotomy cannula came out as well.
Later this complication was simply avoided by holding the minitracheotomy
cannula in place during extubation.

The mean duration of minitracheotomy was 11 days (range 1 to 50 days).
Thirty-six patients were decannulated successfully, one of whom died in the
hospital of congestive cardiac failure. In seven patients, the minitracheotomy
was converted to a larger tracheotomy cannula using the percutaneous dilata-
tional technique. In two, bronchial secretions proved to be too viscid to be
aspirated through a cannula with a 4-mm lumen, and a cannula with an inside
diameter of 7 mm was inserted. Mechanical ventilatory support was required in
five, who suffered respiratory failure despite their minitracheotomy, and their
cannula was converted to one with an inside diameter of 8.5 mm. Seven
patients died during the time the minitracheotomy cannula was in place. They
were judged to be unsuitable candidates for ventilation, in two because of a
disseminated malignancy and in five because of old age with severe chronic
obstructive pulmonary disease. Of the 50 patients receiving a minitracheotomy,
11 died in the hospital. Their cause of death was never tracheotomy related, but
was due to respiratory insufficiency in five, sepsis in four, pulmonary embolus
in one, and congestive heart failure in one. Two of the patients with sepsis and
the one with pulmonary embolus were mechanically ventilated after conversion
to a full sized tracheotomy cannula.

Decannulation was easy in all patients. Their wounds healed nicely without
signs of infection within three days of decannulation with only minimal scar-
ring.

Outpatient follow-up was complete. No late complications were seen one to
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four years after the procedure. In particular, no clinical signs of tracheal
stenosis or voice changes were found.

Discussion

Minitracheotomy gives permanent access to the trachea and makes frequent
aspiration of bronchial secretions possible. It is considered superior to both
translaryngeal intubation and full sized tracheotomy. Translaryngeal intubation
is uncomfortable for the patient, often requires sedation and makes eating,
speaking and coughing impossible [1]. The mortality and the complication rates
associated with tracheotomy are relatively high; the complication rate varies
from 6% to 51 %, although it may decrease substantially to rates of 3% to 25%
if the percutaneous technique is used [8-10]. A normal sized tracheotomy
cannula with an outside diameter of 12 or 13 mm abolishes the ability to eat and
to generate a normal explosive cough. A minitracheotomy is much smaller and
remains the better choice if the patient is not able to evacuate his or her own
superfluous bronchial secretions. The best position for the minitracheotomy
cannula may be questionable.

The minitracheotomy cannula is commonly inserted through the cricothy-
roid membrane [1,4,5,11,12]. Minicricothyroidotomy would be a more accura-
te name for a cannula in this position, however [12]. Minitracheotomy in the
subcricoid position has several advantages over a cannula placed through the
cricothyroid membrane. First, the procedure can be performed percutaneously
in the endotracheally intubated patient. The oral tube is then withdrawn be-
tween the vocal cords. After the minitracheotomy cannula has been inserted,
the endotracheal tube can be placed in its former position. If a minicricothyroi-
dotomy is performed in the intubated patient, the cannula has to be introduced
between the tube and the cricothyroid membrane using an open procedure, and
this carries a higher risk of misplacement of the cannula [13]. Second, many
clinicians are reluctant to use a cannula placed through the cricothyroid mem-
brane because of the risk of subglottic stenosis and voice changes. In some
reports, this risk in adults is described as being only minimal if a small-bore
minitracheotomy cannula is used for a short time [11,14]. However, it remains a
devastating complication, and its incidence is increased in the setting of predispo-
sing conditions such as an injured larynx caused by prolonged intubation [15].
Third, it is possible to convert a minitracheotomy to a larger subcricoid cannula if
bronchial secretions prove to be too viscid to be aspirated through a small minitra-
cheotomy cannula or if a patient with progressive respiratory failure has to be
ventilated. In this event, a guidewire is passed through the minitracheotomy and
the cannula is removed. After a few dilatational steps, a cannula with an inside
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diameter of 8 mm or more is then easily introduced into the trachea. In our
series, conversion to a full sized tracheotomy was carried out in seven patients
(14%). Fourth, the upper airways are wider below the cricoid cartilage than
they are at the level of the larynx and the false vocal cords. Cannulas with an
inside diameter of 4 mm and larger can be used in the subcricoid position with
little obstruction of the trachea and good preservation of normal glottic functi-
on. They only minimally interfere with speaking and eating.

Access to the trachea below the cricoid cartilage appears to be more diffi-
cult than that through the cricothyroid membrane. As a result, there may be
more operative complications in association with the subcricoid procedure.
However, the complication rate of minicricothyroidotomy is comparable with
or even higher than our operative complication rate of 10% [3,16,17]. Twice
the cannula was misplaced during introduction. Both times the procedure was
carried out by a senior surgeon who was not experienced with percutaneous
dilatational tracheotomy, and who was performing a minitracheotomy for the
first time. To prevent malplacement of the cannula, one should take care to
confirm that air can be aspirated into the syringe after the tracheal lumen is
punctured. After removal of the needle and before insertion of the guidewire,
the intraluminal position of the introducer catheter must be checked again. The
minitracheotomy cannula has to be introduced more or less upward. In a patient
with a hyperextended neck, the distal trachea runs slightly toward the back. If
forced downward, the cannula may slide off on the anterior aspect of the
trachea as the guidewire is kinked, resulting in a pretracheal insertion of the
cannula [18].

The most common complications of percutaneous dilatational tracheotomy
also include haemorrhage and subcutaneous emphysema. In reports on this
technique, the incidence of these usually minor complications is low [9,10].
Secondary displacement of the cannula occurred in the first four endotracheally
intubated patients who underwent this procedure. As mentioned earlier, it was
simply avoided by holding the cannula in place during extubation, and never
occurred again. We do not believe that percutaneous subcricoid minitracheoto-
my carries a higher complication rate than the technically more difficult
percutaneous dilatational tracheotomy, and our results confirm this. However,
to compare percutaneous subcricoid minitracheotomy with percutaneous
minicricothyroidotomy a prospective randomised trial is necessary.

In conclusion, we found that percutaneous subcricoid minitracheotomy is an
easy procedure to perform and is associated with a low complication rate.
Because of the advantages of the subcricoid position, we prefer percutaneous
subcricoid minitracheotomy in patients who require frequent suctioning of
bronchial secretions.
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Introduction

Percutaneous dilatational tracheotomy (PDT) is a relatively new technique to
introduce a cannula into the trachea [1]. The trachea is entered by direct needle
puncture and the opening into the trachea is dilated over a guide wire with
Teflon® dilatators so that a tracheal cannula can be introduced. This method is
easier and faster than die conventional open technique with significantly less
early complications [2-4]. Some surgeons are reluctant to use the percutaneous
technique because the incidence of tracheal stenosis is unknown [5]. Only few
prospective studies with a limited number of patients have been performed to
assess tracheal stenosis after PDT [2,6].

In this study we evaluate tracheal stenosis and other late complications of
PDT prospectively. The incidence of tracheal stenosis is accurately analysed by
tomography of the trachea [7-10].

Patients and methods . ..

A prospective review was undertaken to assess the late complications of PDT.
All adult patients who were successfully decannulated after PDT between
January 1, 1992, and January 1, 1995, were studied. In this period 123 conse-
cutive patients underwent PDT. Thirty-nine patients died after a median dura-
tion of cannulation of 20 days (range 1-130) and one patient was still cannulated
at the time of the study. Excluded from analysis were three patients with a
previous tracheotomy. Eighty patients entered analysis. Their characteristics
are shown in Table 1.

PDT was performed by three surgeons and four surgical trainees under
close supervision. A commercially available kit (Cook® Company, Son The Ne-
therlands) was used. The technique has been described previously by Ciaglia et
al. and Anderson et al. [1,11]. All patients received a Shiley® 8 tracheal
cannula with an outside diameter of 12 mm (Lameris, Veenendaal, The Nether-
lands).

Operative complications and complications during cannulation had been
registered in a separate study [12]. Late complications were assessed prospecti-
vely with complete follow-up. Patients alive at the time of the study were
examined as outpatients in the hospital or at home. Dyspnea and voice changes
were assessed by a detailed interview. Voice changes were registered only in
patients without a history of neck- or left thoracic surgery, because of the
possibility of surgical recurrent nerve damage. The tracheotomy scar was
measured. Plain anteroposterior and lateral tomograms of the trachea with a
3mm scanning distance were performed and reviewed by an experienced
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radiologist. The dimensions and topography of the tracheal lesions were measu-
red. Using the tomograms in two directions, a reduction in the cross sectional
area of the trachea greater than 10% was defined as tracheal stenosis. ,

a/irer percMta«e0H.s d/Z

Characteristics No.

Male/female 47/33
Age, yr, median (range) 61.5 (18-83)
Duration of oral intubation, day, 13 (0-85)

median (range)
Duration of cannulation, day, 24 (4-152)

median (range)
Indication for tracheotomy

Prolonged ventilation 65
Bronchial toilet 12
Airway protection 3

The primary outcome measures voice change, scar level and tracheal stenosis
were statistically analysed. Univariate and multivariate relative risk analysis
was carried out for factors measurable at the time of decannulation with the use
of logistic regression. Risk factors investigated were as follows: sex (male,
female), age (60 years or younger, older than 60 years), surgeon (most expe-
rienced, others), duration of previous oral intubation (14 days or less, more
than 14 days) and the duration of cannulation (28 days or less, more than 28
days). Age, surgeon, duration of translaryngeal intubation and duration of can-
nulation were used in all multivariate analyses. Proportions are presented with
95% confidence intervals. A p-value of 0.05 or less was considered evidence of
a significant difference between groups.

Results

Fourteen patients died between decannulation and the moment of the study.
Their cause of death, listed in Table 2, was never tracheotomy related. Operati-
ve complications and complications during cannulation included minor haemo-
rrhage in two and granulation tissue at the tip of the cannula in one, which was
removed endoscopically. Sixty-six patients, alive 3 to 39 months (mean 16
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months) after decannulation, were reviewed for late complications.

2. Cawse o/dear/i 0/74 pane/ite vv/10 d/ed q/irer

Cause of death No. of patients

Malignancy 8
Cerebrovascular accident 2
Renal failure 1
Gastrointestinal hemorrhage 1
Myocardial infarction 1
Pulmonary embolus 1

Total H

Tomography of the trachea was performed in 54 patients. Ten patients refused
the procedure and two were unable to undergo the investigation due to a
neurological deficit. Of 54 patients with a tomogram of the trachea, 14 (26%)
had developed a tracheal stenosis of more than 10%. None had symptoms of
dyspnea. The estimated diameter reduction of the trachea was between 10% and
25% in eleven, between 25% and 50% in two, and between 50% and 75% in
one patient. The site of the stenosis varied from 25 to 70 mm below the vocal
cords, without preference for a certain distance. Twelve of the stenoses were
situated anteriorly or anterolaterally. Once the stenosis was at the posterior
aspect of the trachea and once it was circumferential.

Table 3 shows that in a univariate analysis the operating surgeon was the
only risk factor for the development of tracheal stenosis. One of the surgeons
had a large experience with the technique and he had a significantly lower
incidence of tracheal stenosis, which remained significant after other factors
were taken into account.

In 64 patients the tracheotomy scar was less than 2 cm in length. In two
patients in whom PDT was performed through the recent operative wound to
protect the airway after thyroid surgery, the scar was longer and required
correction under local anaesthesia in one. Thirteen patients had a retracted scar,
of whom two had a persistent tracheocutaneous fistula after 111 and 152 days
of cannulation, respectively. Both fistulas were surgically closed.
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TiaWe 3. tfe/ar/ve mfc m/zwafton /or •stenos/.s fty /og/rtic

Surgeon

Duration of intubation
(day)

Duration of cannulan'on
(day)

Age (year)

Level

Most experienced
Others
^ 15
i 14
; 29
>. 28
u60
a 61

Rate

1/19
13/35

3/22
11/32

5/19
9/35
5/24
9/30

Odds ratio (95%

Univariate
analysis

1
10.62(1.27-89.04)
1
3.31 (0.80-13.70)
1
1.03(0.29-3.68)
1
1.63(0.46-5.72)

CL)

Multivariate
analysis

1
30.87 (2.87-332.0)
1
9.50(1.75-51.75)
1
1.28(0.27-6.16)
1
3.17(0.64-15.62)

p-vahie

p=0.03

p = 0.10

p=0.96

p=0.45

As shown in Table 4, patients cannulated for more than four weeks were at
increased risk for a retracted, sunken, scar, also when the statistical analysis is
adjusted for other factors (p=0.002). Both patients with a duration of cannula-
tion of more than three months developed a tracheocutaneous fistula.

4. /or scar rerracr/on &y /ogwr/c regress/on

Duration of cannulalion
(day)

Duration of intubation
(day)

Surgeon

Age (year)

Level

i 28
^ 29
2 15
L 14
Others
Most experienced
a 61
s 60

Rate

3/42
10/24
3/28
10/38
8/43
5/23
7/37
6/29

Odds ratio (95%

Univariate
analysis

1
9.28 (2.23-38.70)
1
2.98 (0.73-12.05)
1
1.22(0.35-4.26)
1
1.12(0.33-3.78)

CL)

Multivariate
analysis

1
18.41 (3.42-99.10)
1
7.15 (1.34-41.35)
1
1.04(0.21-5.33)
1
1.57(0.34-7.25)

p-vahie

p-0.002

p-0.13

p=0.76

p-0.86

Of 61 patients analysed, 13 (21%) had the subjective feeling that their voice
had changed. Subjective assessment by the patient included severe hoarseness
in one, slight intermittent hoarseness provoked by prolonged speech in six,
difficulty reaching high notes with singing in four, and a loss of power of the
voice in two patients. Positive associations between voice changes and sex, age,
surgeon, duration of translaryngeal intubation, duration of tracheal cannulation
and the site of tracheal stenosis was not found. Although none of the six pa-
tients without intubation prior to PDT had a changed voice, this finding failed
to reach significance.
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Discussion

There are no generally accepted criteria to quantify tracheal damage after
tracheotomy. Clinical symptoms and physical examination are not sensitive in
the detection of tracheal stenosis [7,8]. Dyspnea and stridor at rest appear only
if there is a stenosis of 50% or more. Pulmonary function tests are diagnostic
only when the airway is 8 mm or less in diameter [7,8]. Routine chest roentge-
nograms are not useful [9]. Plain linear tomography shows excellent detail of
the airway in coronal and sagittal views and may be the only radio-graphic
procedure performed in benign stenosis [7-10]. Computed tomography (CT) is
useful but the axial views make it difficult to visualise the contour and the
extent of airway injury and adds little or no information over plain tomography
[8,10]. Tracheoscopy is a good diagnostic technique but it is an invasive
procedure that can fully occlude the airway if there is a severe stenosis. It is
frightening for the patient, and is not advisable for screening the airway if a
large follow-up is required, but it should be performed in all patients under-
going resection of a tracheal stenosis [9].

Examination of the patients was carried out at least three months after de-
cannulation, because tracheal stenoses usually develop two to 12 weeks after
decannulation [13]. Tomography of the trachea was performed in 82% of the
patients at risk for tracheal stenosis, which makes an accurate analysis of the
long-term sequelae of PDT possible. It is unlikely that the selection of patients
undergoing radiologic examination has influenced the results. If there is a bias,
it will rather give an overestimation of the incidence of tracheal stenosis than an
underestimation. Only one patient, known with congestive cardiac failure, in
the group who refused tomography was breathless on exertion. The others were
asymptomatic. The most important reason not to take part in the study was the
absence of complaints.

Our incidence of tracheal stenosis of 26% compares well with historical
experiences of conventional tracheotomy. Using tomography of the trachea
Stauffer et al. reported tracheal stenosis of more than 10% in nine of 15
patients after conventional tracheotomy and Davidson et al. described tracheal
narrowing varying between 34% and 86% in 48 out of 50 patients [7,14]. In
both studies the most common site of the stenosis was at the level of the stoma
and tracheal lesions due to the cannula cuff were rare. After PDT, there is a
small stoma and the cannula is snugged between pretracheal tissue avoiding
movements of the cannula, one of the considered risk factors for tracheal
damage and tracheal stenosis [15,16].

It is difficult to assess if the lower areas of narrowing of the trachea corre-
spond to the stoma itself, to the cuff or to the tip of the cannula. PDT is a blind
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technique and there is a large variation in the level at which the trachea is
punctured [17].

The only significant risk factor for the development of tracheal stenosis was
the operating surgeon. A tracheal cannula that is inserted obliquely may
fracture its proximal ring giving protrusion of the anterior tracheal wall into the
lumen [17]. Therefore, oblique puncture of the trachea and extreme
hyperextension of the neck at insertion of the cannula, which may result in an
oblique position of the cannula when the head is brought forward to its normal
position, should be avoided. Other possible risk factors such as sex, age,
tracheal diameter, duration of prior translaryngeal intubation and duration of
cannulation were not significant.

One of the limitations of the study is that the incidence of voice changes was
assessed with die subjective feelings of the patient and his or her relatives.
Laryngoscopy to register laryngeal damage was not performed. Voice changes
after PDT are considered to be rare [3,6]. Mild voice changes have been re-
ported before by Ciaglia et al. and paralysis of one of the vocal cords was
described by Delany et al. [3,18]. Our median duration of translaryngeal
intubation of 13 days preceding tracheotomy is relatively long [19-22]. Laryn-
geal damage is a common complication of prolonged intubation [23,24]. In this
study the duration of translaryngeal intubation was not an accurate predictor of
the development of voice changes. However, there were no voice changes in six
patients without previous intubation. Others have shown that the duration of
intubation is the most important variable related to the severity of laryngeal
damage and even vocal cord paralysis has been reported as a complication of
intubation [19,23]. It is difficult to assess if PDT is responsible for the voice
changes in this study. It has been suggested that tracheotomy related superin-
fection of the larynx may determine the severity of laryngeal damage in patients
with an injured larynx by oral intubation [19]. Scarring of the damaged vocal
cords, which lie in apposition if a patient ventilates through a tracheotomy
cannula, can lead to fusion and voice changes [25]. Also, a high tracheotomy
between the cricoid cartilage and the first tracheal ring can cause damage of the
cricoid and laryngitis, which may result in voice changes.

Scars after PDT are generally small and cosmetically acceptable. Retraction
of the scar was related to the duration of cannulation and was not seen in pa-
tients cannulated less than ten days. Epithelialisation of the cannula tract may
cause a pit and even a tracheocutaneous fistula after a duration of cannulation
of more than mondis [10,26]. Tracheocutaneous fistulas also occur after
conventional tracheotomy and it is unlikely that this complication is related to
the percutaneous procedure [27].

We conclude that the incidence of tracheal stenosis after PDT is low. In
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addition, prospective studies comparing the early complications of conventional
tracheotomy and PDT are favourable to the latter. Thus fear of excess
complications should not cause a surgeon to avoid using the percutaneous dila-
tational technique [2,28]. However, experience with the technique is important
to avoid late tracheal stenosis.
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Chapter 6

Pathologic changes of the trachea after
percutaneous dilatational tracheotomy
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Introduction

Injury of the trachea is a well-known late complication of both translaryngeal
intubation and tracheotomy [1,2]. After tracheotomy lesions of the trachea are
found distally, at the site of the tip of the cannula or at the cuff site, and more
proximally at the level of the stoma itself. The incidence of distal lesions due to
pressure necrosis has been greatly reduced by the use of low-pressure cuffs [3].
Tracheal damage at the stoma site is related to a large stoma with a mobile
cannula and to infection [4].

Percutaneous dilatational tracheotomy (PDT) is a relatively new technique
to introduce a cannula into the trachea [5,6]. No surgical wound is made and
the cannula is snugged between the surrounding tissue reducing movements of
the cannula. An incision into the tracheal rings is not necessary and the rings
remain theoretically intact. The parastomal infection rate is considerably lower
than after conventional open tracheotomy [7,8]. A preliminary study of the
effects of percutaneous tracheotomy on the trachea in dogs showed only minor
microscopic changes of the trachea, and animals with tracheal stenosis were not
found three months after tracheotomy [9].

We examined macroscopic and histopathologic changes of the trachea in
patients who underwent PDT to assess the effects of PDT on the trachea.

Patients and methods

PDT was performed by four surgeons and surgical residents with a commercial-
ly available kit (Cook®, Son, The Netherlands). The technique described by
Ciaglia was followed [5]. After hyperextension of the neck and a small incision
through the skin the first tracheal interspace was identified. The trachea was
punctured with a cannulated needle on a syringe. The intraluminal position of
the needle was checked, the syringe and the needle removed, and dirough the
sheath a guidewire was introduced into the lumen. Over the guide wire, the tract
was progressively dilated with tapered dilatators so that a Shiley® size-8
tracheal cannula with an outside diameter of 12 mm (Lameris, Veenendaal, The
Netherlands) could be introduced mounted on an appropriately sized dilatator.

In the 15 month period between November 1, 1993 and February 1, 1995,
the tracheas of 12 consecutive patients who died after PDT were removed at
autopsy. The cause of death was never tracheotomy related. The specimens
were removed en bloc and were opened along the membraneous portion. The
location of the tracheotomy and macroscopic damage were noted. The tracheas
were photographed. The specimens were fixed in 10% formalin and embedded
in paraffin. Hematoxylin-eosin-stained transverse sections were microscopically
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analysed.
The patient characteristics, the duration of cannulation and the duration of

previous orotracheally intubation are listed in Table 1.

7. 77iepar/enr c/iaractemn'cs 0/72

Characteristics No. of patients

Male 7
Age (year), median (range) 73.5 (69-84)
Duration of cannulation (days), median (range) 16 (2-122)
Prior oral intubation (days), median (range) 6 (0-13)

Nine patients were orotracheally intubated and received their cannula for
prolonged ventilation. The other three received a cannula for bronchial toilet.
Operative complications of the procedure and complications during cannulation,
assessed by retrospective chart review, included bleeding in two patients.
Suture ligation was necessary in one. In one patient cannulated for 122 days
granulation tissue at the stomal site was removed by laser therapy.

Comparison of group characteristics was performed by the Fisher's exact
test for categorical measures. A p-value of 0.05 or less was considered eviden-
ce of a significant difference between groups.

Results

The tracheotomy site in this group of patients varied greatly: Twice between the
cricoid cartilage and the first ring, six times between the first and second ring,
once through the thyroid isthmus between the second and third ring, and three
times between the third and fourth ring.

Broken cartilaginous rings, the cricoid cartilage included, were registered in
11 patients, of whom six had more than one broken ring (Table 2). In all eight
patients with a tracheotomy for more than 10 days, destruction and necrosis of
one or more rings was found. This was significant compared with the group
with a shorter duration of cannulation, in whom no destruction of rings was
found (p<0.005). In one patient cannulated for 122 days, two tracheal rings
next to the cannula were almost completely devoid of cartilage with extensive
ossification next to the rings. Necrosis of the cartilaginous rings with ossifica-
tion at the outer side of the rings was always present if a patient had been can-
nulated for more than three weeks (Fig 1). It was found only in one patient with
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a shorter duration of cannulation (p<0.01). There was no relation between
damage of the cartilaginous rings and the position of the tracheal cannula.

2. Da/wage 0/ /«e rrac/iea a/ter perc
/ a?

aV/araf/ona/ /rac/jeorowy //i

Damage No. of patients

Cartilaginous ring fracture
Destruction of one of more rings
Deep mucosal ulceration
Damage of the cricoid cartilage
Protrusion of the tracheal wall into the lumen

11
8

11
3
2

7. Tteacft've on f/ie outer 5/a"e 0/ a r/ng

Both patients with their cannula just below the cricoid cartilage had a
fracture of their cricoid. At the time of death they had been cannulated for two
and five days. Necrosis of the cricoid was seen once at the outer side of the
cartilage caused by a cannula that was inserted very obliquely into the tracheal
lumen.



Tracheal stenosis of 20% and 30% was registered in two patients cannulated
for 20 and 12 days respectively. In both there was a broken tracheal ring just
proximal to the tracheotomy site causing protrusion into the tracheal lumen. It
was the result of a cannula tract that very obliquely entered the tracheal lumen.

Deep ulceration of the mucosa with exposure of the cartilaginous rings was
present at the stomal site in 11 patients. In one patient cannulated for two days
there was no mucosal ulceration. Only in those with a duration of cannulation
of more than three weeks it did exceed more than two segments or more than
half of the circumference of the trachea. In all others, ulcers were smaller. As
on the inner side, there was damage on the outer side of the trachea. In six
patients, one or more rings proximal to the cannula were bared on the outer
side by continuous pressure from the cannula.

Ulceration of the distal trachea was usually shallow, although there was
deeper ulceration with exposure of tracheal rings in four patients. It was located
anteriorly and never exceeded more than three segments. Fractures or necrosis
of the cartilage was never found. In one of three patients with a cannula for
sputum retention, a deep anterior ulcer was found despite a deflated cuff.
Ulceration of the compliant membraneous portion of the trachea was never
seen.

Damage to the mucosa varied from incomplete to complete erosion, acute
inflammatory reaction with submucosal oedema, and haemorrhage, which was
especially present in both patients with operative bleeding. Metaplasia with
flattening of the epithelium was identified in most patients. One had a cannula
tract that was completely covered with stratified squamous epithelium.

Discussion

PDT is a relatively easy technique for the insertion of a tracheal cannula. The
operative complications are low and in a prospective randomised study this
technique was superior to the conventional open procedure [7]. However, few
studies assess the late complications of this technique and involve only limited
numbers of patients [10]. To our knowledge, pathologic studies have never
been done. Although the number of tracheas in this study is relatively small and
there is no comparison with tracheas after orotracheal intubation or conventio-
nal open tracheotomy, the results of the study may improve the percutaneous
dilatational technique and prevent complications.

PDT is carried out by direct needle puncture of the trachea after a small
skin incision. There are surgeons who dissect bluntly the pretracheal tissue with
a mosquito clamp before they puncture the trachea. This enables clear palpation
of the cricoid cartilage and the tracheal rings. Because we believed that this
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enlarged the risk of procedural bleeding, we have not generally used this
technique. Others show good results of endoscopic guided PDT, which may be
helpful to confirm the exact puncture site [11]. The puncture sites in this small
group of patients show a large variation and show cricoid damage with the risk
of laryngotracheal stenosis [12].

PDT is generally used at the subcricoid level or between the first and
second tracheal rings [6]. Many surgeons are reluctant to use lower levels
because of fear of haemorrhage from the isthmus of the thyroid. We found a
fractured cricoid ring in both patients who underwent tracheotomy at the
subcricoid level. Necrosis and destruction of cartilage was present in all
patients with a duration of cannulation of more than 10 days. To prevent
destruction of the cricoid cartilage and subglottic stenosis, we prefer insertion
of the cannula below the first or preferably below the second tracheal ring.

Fractured rings were seen after both short and long duration of cannulation.
Since the cannula used does not always fit tightly on the appropriate dilatator, it
requires firm pressure to push the dilatator-cannula complex into the tracheal
lumen. This can fracture the cartilaginous rings. After prolonged cannulation
necrosis and softening of the rings make them vulnerable for fragmentation and
damage from the cannula [13]. Similar to cartilaginous changes due to high
pressure cuffs, necrosis and destruction of cartilaginous rings is present after 10
days to two weeks of cannulation [1]. It is caused by high pressure from the
cannula. Destruction of rings can lead to loss of rigidity of the tracheal wall and
to tracheal collapse. Reactive ossification, which was always present after three
weeks of cannulation, may be able to prevent tracheal collapse.

Tracheal stenosis at the stomal site is generally seen anteriorly. It is caused
by fibrosis of the trachea, granulation tissue next to the stoma, and a posterior
displaced anterior tracheal wall [14]. A tracheal cannula that is inserted obli-
quely may fracture its proximal ring and result in protrusion of the tracheal
wall into the lumen (Figure 2). Extreme hypertension of the neck for adequate
exposure pulls the trachea upward. If in this position a skin incision is made
over the first tracheal ring, the trachea is punctured, and a cannula inserted, the
tract of the cannula becomes oblique when the head is brought forward to its
normal position at the end of the procedure. Also, the trachea recedes from the
surface as it passes down from the level of the cricoid cartilage to the carina.
Puncture at a right angle to the skin means an oblique puncture of the trachea.
Installation of the cannula may fracture the ring above the site of the entry and
indentation of the anterior tracheal wall.
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Since 1990, we have performed more than 200 PDTs at De Wever Hospital
with excellent early results [15]. Since details are of importance to avoid long-
term complications, this pathologic study may be helpful in improving the
technique used. After clear identification of the tracheal rings, the trachea is
punctured below the first or preferably the second tracheal ring. An oblique
position of the cannula to the trachea should be avoided.
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Introduction

Percutaneous dilatational tracheotomy (PDT) is a relatively new technique for
the introduction of a tracheal cannula into the tracheal lumen [1]. The trachea is
punctured with a needle, and the opening dilated over a guide wire so that a
cannula can be installed. The early results of this technique were good, with a
low complication rate during operation and cannulation. The complication rates
of this technique are comparable to or lower than those associated with conven-
tional open tracheotomy [2-5]. It can be performed at the bedside under either
general or local anaesthesia without having to transfer critically ill patients to
an operating theatre [2,4,5,6]. Moreover, it is relatively inexpensive [4,6].

Most surgeons are reluctant to use this technique in children under 16 years
of age because of technical limitations, the fear of tracheal stenosis and the
possibility of adverse effects on tracheal growth [7]. A recent report suggests
that PDT can be used safely in teenagers [6]. This confirms our own experience,
in which PDT was used successfully in three children, aged 8, 10 and 14 years
[4].

To compare trachea growth after PDT and after conventional open tracheo-
tomy we performed both procedures in goat kids and analysed the results.

Materials and methods

Fourteen male goat kids (approximate age, 10 days) were divided randomly in
two groups of seven; the animals underwent either conventional open tracheoto-
my or PDT. They were anaesthetised with a subcutaneous injection of xylazine
0,04 mg/kg, ketamine 10 mg/kg and atropine 0,1 mg/kg.

In seven animals, the open conventional technique was used. A 1.5-cm
longitudinal incision through the skin was made 1 cm below the cricoid carti-
lage. The strap muscles were separated by blunt dissection. Two cartilaginous
rings were incised longitudinally without removal of cartilage, and a size-2
Shiley® cannula (Lameris, Veenendaal, The Netherlands) with an outer diame-
ter of 6 mm was introduced into the tracheal lumen.

In seven other animals the technique described by Ciaglia was followed
using a commercially available kit (Cook®, Son, The Netherlands) [1]. After a
longitudinal skin incision of 1 cm the tracheal lumen was punctured between
two tracheal rings with a 17-Gauge cannulated needle. The intraluminal posi-
tion of the needle was confirmed by the suction of air into a syringe. The
needle was removed and a J-tip guide wire was introduced into the tracheal
lumen through the sheath. The opening in the trachea was dilated once, with an
introducer catheter, so that a guiding catheter could be introduced to prevent
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kinking of the wire. The opening in the ventral wall of the trachea was dilated
with 12- and 18-French lubricated tapered dilatators, and the Shiley® size-2 tra-
cheal cannula was introduced loaded over the 12-French dilatator, which was
removed afterwards. The cannulas remained in place for 7 days.

Immediately before the operation and during the duration of cannulation, all
animals received daily antibiotic prophylaxis to prevent pulmonary infection
(enrofloxacin 5%, 0.5 ml, intramuscularly, once daily), were suctioned six
times per day and the air was humidified. One week after the procedure the tra-
cheal cannulas were removed and spontaneous closure of the opening was awai-
ted. The moment of stomal closure was noted at 8-hourly intervals.

Three months after decannulation, the animals were killed with an intrave-
nous injection of 4 ml pentobarbital. Immediately after dissection the internal
sagittal (AP) and internal coronal (lateral) diameters of the trachea were
measured with a calibrated 0.1 mm accurate measuring rod at three different
levels: the level of the stoma, two rings proximal to the stoma, and six rings
distal to the stoma. The tracheal cross-sectional areas were calculated assuming
the trachea was an ellipse. The tracheas were fixed in 3.4% formalin and were
embedded in paraffin. Hematoxylin-eosin stained transverse sections were
analysed microscopically.

Descriptive statistics are expressed as mean (SEM). Comparison of group
characteristics was performed using the Student's t and Fisher's Exact tests for
continuous and categorical measures, respectively. Probability values of 0.05
or less were considered evidence a significant difference between groups.

Results

There was no significant difference between the two groups with respect to
mean weight at the time of operation: 4.1 (0.16) kg for the PDT group versus
4.2 (0.21) kg for the open group (p=0.75). Introduction of the tracheal cannula
was accomplished successfully within 10 minutes for each animal in both groups.
There were no intraoperative complications.

Two animals in the PDT group died on postoperative day 1 and 2 of a plug-
ged cannula, and one died animal on day 6 of pneumonia. One animal in the
open group died of a plugged cannula on day 1. Early post-operative death did
not correlate significantly with the type of surgical procedure (p=0.56), but
animals with a low weight at the time of surgery had a significantly higher
mortality rate. Three of die four animals that weighed 3.8 kg or less died,
compared with only one in the group that weighed more than 3.8 kg (p=-
0.031).

There was no leakage of air through the previous stoma in three out of the
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four animals in the PDT group 8 hours after decannulation. In the fourth animal
stomal closure was registered after 16 hours. In the open group, air leakage
through the stoma stopped after 16 hours (5 animals) and 32 hours (1 ani-
mal)(p=0.038).

At the time of killing, the PDT and the open group were comparable with
respect to weight and percentage of weight-increase : 23.0 (0.4) kg versus 21.5
(0.9) kg (p=0.17) and 433% (34%) versus 422% (15%) (p=0.78), respective-
ly. Comparing the PDT and the open groups, the mean internal sagittal diame-
ter, 9.1 (0.8) mm versus 8.8 (0.6) mm (p=0.73), the mean internal coronal
diameter, 8.1 (0.1) mm versus 8.5 (0.4) mm (p=0.31), and the mean cross-
sectional area, 58 (5) mm* vs. 59 (6) mm*, of the remainder of the trachea did
not differ.

F/gwre 7. Afacroscopica/ ipec//we« o/r/ie d/sta/ rracnea and r«e rrac/iea af r/ie
s/re /frwi an am'/na/ q/irer convewriona/ open rrac/ieorowry, xflow//ig

<?/ r/ie rracnea/ r/ng ar r/ie /eve/ o/ r/ie 5W/na. a: anrer/or, p;
or, r r/g/jr, /: /e/ir.

2. A/acroscop/ca/ 5pec/men o/ f/ie rfwfa/ rrac/iea a«d rne rrac/jea ar r/ie
i/re q/rer percMffl«eo«5 <ft/arario/ia/ rrac/ieoro/w)' fPDrj, w/r/ioMr macro-

scop/ca/ c/ian^e^ o/fne carr/Za^e. a: a/irer/or, p ; poorer/or, r: ng/ir, /:
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In the open group, the sagittal diameter at the level of the stoma was increased
compared to the remainder of the trachea, with a reduction of the coronal
diameter and a loss of the anterior concavity. The cross-sectional area at the
level of the stoma was reduced in all six animals ranging from 24 to 40 %. In
the PDT group, no changes in tracheal measurements were found at the level of
the stoma compared to the remainder of the trachea. Differences between the
open group and the PDT group are shown in Figures 1 and 2 and listed in Table 1.

7. 77ie mea« f5£MJ .sagz'rra/ d/a/nefer, corona/ f/atera/J d/a/neter
cros.s-.secriona/ area o/ rne rracnea ar l/ie /eve/ o/ rne fracneorowy and fne
reducrfon o/ fne cross-secr/ona/ area compared wifn l/ie d/sta/ /racnea in goats
a/ier percutaneous di/afafiona/ rracneorowy (PZ)7) and convenf/ona/ open
/racneorowy,

PDT(n=4) Open (n = 6) P-value

Sagittal diameter (mm) 9.1 (0.8)
Coronal diameter (mm) 8.1(0.1)
Cross-sectional area (mm*) 58 (4.6)
Reduction cross-sect, area (%) 0

11
4.

41
30

.2 (0.6)
7 (0.2)
(3.0)
(2.6)

0.
<0

0.
<0

078
.001
023
.001

Histological analysis showed a reactive deformity of the tracheal cartilage
with proliferation and rounding off of the edges at the level of the stoma in the
open group. Both anterior ends of the incised cartilage were connected by
fibrous tissue; the epithelium was normal (Figure 3). In the PDT group there
were no epithelial, stromal, or cartilaginous changes.

5. A/icroscop/ca/ secf/on o/ fne rracnea q/irer conventiona/ open fracneo-
fomy snowing nonunion o/carf/7age fnemafoxy//n-eosin, or/g/na/x <#0J.
c; carri/age, /.-yi'oroMS tissue, m: /nucosa.
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Discussion

Sanctorius was the first to describe percutaneous tracheotomy in the Renaissan-
ce period [8]. He used a trocar for the introduction of a tracheal cannula. One
century later, Gerard van Swieten of Leyden, personal physician of Empress
Maria Theresia of Austria, used this technique in living animals, but he con-
sidered it to be too dangerous for usage in humans as long as the instruments
available were not improved [9]. Only a decade ago Ciaglia introduced percuta-
neous dilatational tracheotomy, and since then percutaneous tracheotomy gained
increased popularity [1].

A wide variety of conventional techniques of tracheotomy are used. For the
pediatric age group most investigators advocate a longitudinal incision of the
trachea [10-13]. Others prefer a Bjork or modified Bjork flap, but the vasculari-
sation of the flap may become compromised with subsequent risk of tracheal
stenosis [14-16]. PDT does not require a tracheal incision, and the cannula is
introduced between two tracheal rings. Mendez-Picon et al. used longitudinal
and horizontal incisions of the trachea in puppies and showed that horizontal
incisions healed with less scarring and less narrowing of the tracheal lumen
[17].

In the present study, it was easy to perform PDT in all animals. The
superficial position of the trachea and the long neck in goats facilitate the
procedure. The 17-Gauge cannulated needle on the (Cook®) set is relatively
large for 4 kg animals. Puncturing the deeper lying trachea in neonates and
infants with the same sized needle may prove difficult. In these patients a
smaller needle and thus a smaller guide wire should be used. Endoscopic
guided PDT may prove helpful to confirm the intraluminal position of the
needle and may prevent damage to the posterior tracheal wall and creation of a
false tract [18]. In our study dilatation of the trachea and introduction of the
cannula were carried out without difficulty. The young and growing trachea is
more compliant and pliable than the adult trachea and dilatation was easier than
in most adult patients in whom firm pressure is often required.

Relatively large cannulas with an outer diameter of 6 mm were used to exert
firm pressure on the tracheal rings and to prevent the animals from breathing
around the cannula. Although they were suctioned six times per day and the air
was humidified, three animals died of a plugged cannula. This complication is
hardly to avoid unless the animals are monitored continuously. In infants and
children, this is also one of the most frequent and lethal complications of
tracheotomy [19-21].

The incidence of functional tracheal stenosis in paediatric tracheotomy
varies from 0% to 12% [13,16,22]. A decrease of the cross-sectional area of
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the trachea up to 50% usually is symptomless, but an abnormal and narrowed
trachea might play a role in the incidence of respiratory infection [17,23]. The
effect of a tracheotomy incision is subject to considerable discussion, but data
on the growing trachea are scanty [16]. In the present study, there was a
consistent reduction of the cross-sectional area at the level of the stoma after
open tracheotomy. The sagittal diameter was increased, there was narrowing of
the coronal diameter, and loss of the anterior concavity of the trachea. Similar
findings have been reported by others, after a longitudinal incision into the
trachea in puppy dogs and after incision of the cricoid cartilage in rabbits
[14,17,24,25]. Interruption of cartilage with release of interlocked stresses in
the cartilage may contribute to the development of deformities of the tracheal
rings [24,25]. The anterior parts of the incised cartilaginous rings were separa-
ted by fibrous tissue. This may result in a functional type of obstruction in
which the trachea narrows and collapses, particularly at maximum respiratory
effort. After PDT, no damage of cartilaginous rings was found and the inner
contour of the tracheal lumen was smooth.

In our experimental work in goats, PDT performed compared favourably
with open conventional tracheotomy with respect to the development of tracheal
stenosis. Therefore, we conclude that it is unlikely that PDT in children would
be associated with an increased risk of tracheal stenosis and adverse effects on
tracheal growth. Further studies in children are necessary to determine whether
there is a lowest age for safe performance.
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Chapter 8

A complication of percutaneous dilatational
tracheotomy: mediastinal emphysema

.W.£. van/fewrn, fl./.r./. We/ten, P.fl.G.

Anaesthesia 1996;51:605
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We wish to report a previously unreported complication of percutaneous
dilatational tracheotomy (PDT). A 24-year-old, 53 kg and 151 cm, mentally
retarded woman developed severe adult respiratory distress syndrome (ARDS)
after a car accident and required mechanical ventilation for which her trachea
was orotracheally intubated. After six days a tracheotomy was performed.
Ventilation was continued with 14 cm PEEP and an FiOi of 0.65.

PDT was performed using Ciaglia's technique and a Shiley®-8 tracheal
cannula was inserted without obvious intraoperative complications [1]. The
trachea was punctured once and there were no signs of posterior wall damage.

Immediately after PDT mediastinal emphysema was seen on the chest X-ray
(Figure 1). Fibreoptic tracheo-bronchoscopy excluded lesions of the trachea and
the bronchi. The mediastinal emphysema resolved spontaneously in three days.

/. /! c/ies/ X-ray s/iow/ng a /orge (•««««/« /'«
frac/»«i/ rf/ameter and meflV&sr/na/ eAn/?/ry.se/«a a/jr^r

w/rn
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A small risk of mediastinal emphysema exists following PDT. It is a blind tech-
nique and it is not possible to estimate the tracheal diameter during operation.
An adult sized cannula may be too large for small adults and may tear the
intercartilaginous tissue, causing mediastinal emphysema. Progression of
lesions of the proximal trachea is prevented by inflating the cannula cuff.

Mediastinal emphysema has been described after percutaneous tracheotomy
with a Rapitrac® dilatator when the sharp-tipped dilatator lacerated the posterior
tracheal wall [2].

Lesions of the distal trachea and bronchi can be avoided by the use of a J-tip
guide wire and blunt tapered dilatators.

In this case, mediastinal emphysema developed during the cannulation
procedure. After completing the dilatational steps, we leave the largest dilatator
in situ when we load the cannula over the appropriate dilatator to minimise
stomal blood loss into the trachea and to prevent loss of ventilation. Any air
leak around the tapered end of the dilatator, which does not fully occlude the
opening in the tracheal wall itself but which is snugged between pretracheal
tissue, may dissect into the mediastinum due to high ventilatory pressures.
Together widi torn intercartilaginous tissue due to the large cannula, this may
be responsible for the mediastinal emphysema in this patient.

High ventilatory pressure is one of the risk factors for the development of me-
diastinal emphysema. Other complications of PDT, such as stomal haemorrhage
into the airways, loss of ventilatory pressure with pulmonary atelectasis and
pneumothorax are easily controlled in a normal situation, but may cause severe
hypoxia and even death in patients with maximum ventilatory support. There-
fore, we think that PDT should not be done in patients requiring ventilation
with a high FiOj or high PEEP.
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Summary and conclusions

Percutaneous dilatational tracheotomy (PDT) is a procedure for inserting a
cannula into the tracheal lumen without a large incision, without extensive
dissection of pretracheal tissue and without exposure of the trachea. It was
introduced in 1985 with excellent preliminary results.

The objective of the thesis was to analyse the early and late results of PDT
and the smaller minitracheotomy.

Chapter 1 gives a short review of the anatomy of the trachea. The PDT techni-
que is described with the indications for tracheotomy. The early and late
complications of the technique are discussed with the emphasis on how these
complications should be avoided. The results of PDT are compared to open
conventional tracheotomy as well as a short comparison with other percuta-
neous tracheotomy techniques is made.

Chapter 2 gives an overview of the history of tracheotomy. The procedure was
probably used by the Romans, although the first actual case report dates from
1546, when Brasavola inserted a tracheal cannula in a patient who nearly
suffocated. Almost one century later, Sanctorius described percutaneous
tracheotomy. Only in the 19th century tracheotomy did become a common
surgical procedure after it had been popularised by Trousseau. Nowadays, the
indications for tracheotomy have widened and it is still an operation that is
performed frequently.

Chapter 3 reports on the early results of PDT in 147 consecutive patients. The
success rate of the procedure was 99%. Operative complications occurred in
11% and were usually minor. During a total duration of cannulation of 5212
days four complications were recorded. Haemorrhage was the most frequent
early complication (14 patients).

Chapter 4 describes the results of percutaneous subcricoid minitracheotomy in
50 patients. This technique proved to be easy both with local anaesthesia and
under general anaesthesia in translaryngeally intubated patients. Operative
complications occurred in five patients (10%), which all were minor. The pros
and cons of minitracheotomy in the subcricoid position are discussed.

Chapter 5 gives an estimation of the incidence of late complications of PDT.
Sixty-six consecutive patients were followed-up three to 39 months after
decannulation. Tracheal narrowing of more than 10%, assessed with tomo-
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graphy of the trachea, was present in 14 (26%) of 54 patients. It was related to
the operating surgeon (p=0.03). Voice changes, found in 13 (21%) of 61 pa-
tients, were minor in 12. Retraction of the tracheotomy scar, seen in 13 (19%)
of 66 patients, was related to the duration of cannulation (p=0.002). A tra-
cheocutaneous fistula was present in two patients.

Chapter 6 shows in a pathological study that the cannulation site of the trachea
varied from just below the cricoid cartilage to below die third ring. At autopsy,
a fracture of one or more tracheal rings was present in 11 (92%) of 12 patients,
of whom 2 had a fractured cricoid. Destruction of one or more tracheal rings
was present in all 8 patients cannulated for more than 10 days and was related
to duration of cannulation (p< 0.005). Protrusion of the anterior wall into the
tracheal lumen with tracheal stenosis was seen in two patients.

Chapter 7 discusses growth of die trachea in goat kids after PDT and conventio-
nal tracheotomy, respectively. The tracheas of animals, who had been cannula-
ted for 7 days, were analysed diree months after decannulation. The coronal
(lateral) diameter and the cross-sectional area at die level of the stoma were
significantly smaller in die conventional group (p<0.001 and p=0.023,
respectively). The quotient of the stomal cross-sectional area and die normal
cross-sectional area showed a reduction of 24% to 40% after conventional
tracheotomy widiout any reduction after PDT (p<0.001).

Chapter 8 describes a patient widi mediastinal emphysema as a complication of
PDT. The genesis of diis complication is discussed.

PDT proves to be a valuable technique for inserting a cannula into die tracheal
lumen. It is relatively easy to learn and can be carried out at die patient's
bedside. The mortality of die procedure is below 0,5% and die early complica-
tion rate is low with significantly less early complications dian widi die conven-
tional technique.

The late complications of die technique are usually minor. The incidence of
tracheal stenosis of PDT compares favourably to historical experiences widi
open conventional tracheotomy. Avoiding oblique introduction of die cannula
may decrease die incidence of diis complication even furdier. The clinical
relevance of fractures of die cartilaginous rings, as seen in most patients after
PDT, is probably minimal, unless an oblique position of die cannula fractures
die ring above die site of entry widi indentation of die anterior tracheal wall.
Also, high insertion of die cannula between die cricoid and die first tracheal
ring widi die risk of cricoid damage should be avoided. Further studies are
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necessary to make a more reliable comparison with the late complications of
conventional tracheotomy.

Generally accepted contraindications for PDT include bleeding disorders
and coagulopathy, goitre and extreme obesity, age below 16 years, and cardio-
pulmonary instability. Bleeding and clotting disorders can usually be corrected
before the procedure. Endoscopic or ultrasound guidance makes percutaneous
introduction of a tracheal cannula possible in patients with anatomical difficul-
ty. In goat kids, PDT compares favourably with conventional open tracheotomy
and therefore it is unlikely that PDT forms an increased risk of tracheal stenosis
and adverse effects on tracheal growth. However, clinical studies are necessary
to determine whether there is a lowest age for safe performance. Cardiopulmo-
nary instability remains a contraindication for PDT. Minor complications may
cause severe hypoxia and death in patients with maximum ventilatory support.
Further clinical experience with the technique will make clear in which patients
PDT can be used safely.

Percutaneous subcricoid minitracheotomy shows a similar early complica-
tion rate as PDT. The smaller minitracheotomy cannula can be introduced
safely below the cricoid cartilage. This position of the cannula has advantages
over a cannula through die cricothyroid membrane with good preservation of
the normal glottic function and a minimal risk of subglottic stenosis. Also, it is
possible to convert a minitracheotomy to a larger subcricoid cannula, if requi-
red. However, to compare percutaneous subcricoid minitracheotomy with a
cannula through the cricoid membrane, a prospective randomised trial is
necessary.
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Samenvatting en conclusies

Percutane dilatatie tracheotomie (PDT) is een operatie om een canule in de
trachea te brengen, zonder grote incisie, zonder uitgebreide dissectie van
pretracheaal weefsel en zonder dat de trachea in het zicht komt. Deze techniek
werd in 1985 geintroduceerd met zeer goede voorlopige resultaten.

Het doel van de dissertatie is om de vroege en late resultaten te analyseren
van PDT en de kleinere percutane mini tracheotomie.

Hoofdstuk 1 geeft een kort overzicht van de anatomie van de trachea. De PDT
techniek wordt beschreven met de indicatie voor tracheotomie. De vroege en
late complicaties van de techniek worden besproken, met name hoe deze
complicaties kunnen worden vermeden. De resultaten van PDT worden
vergeleken met conventionele open tracheotomie en ook met andere percutane
tracheotomie technieken.

Hoofdstuk 2 geeft een overzicht van de geschiedenis van de tracheotomie. De
operatie werd waarschijnlijk reeds gedaan door de Romeinen. De eerste
feitelijke beschrijving dateert van 1546, toen Brasavola een trachea canule
inbracht bij een patient die bijna stikte. Een eeuw later beschreef Sanctorius de
percutane tracheotomie. Pas in de 19e eeuw werd de tracheotomie een al-
gemeen uitgevoerde operatie, nadat ze was ingevoerd door Trousseau. Tegen-
woordig zijn de indicaties voor tracheotomie uitgebreid en is de tracheotomie
nog steeds een frequent verrichte operatie.

Hoofdstuk 3 beschrijft de vroege resultaten van PDT bij 147 achtereenvolgende
patienten. De operatie was succesvol bij 99%. Operatieve complicaties waren
er bij 11% van de patienten en waren in het algemeen gering. Gedurende een
totale canulatie duur van 5212 dagen werden vier complicaties geregistreerd.
Bloeding was de meest algemene vroege complicatie (14 patienten).

Hoofdstuk 4 is gewijd aan de resultaten van de minitracheotomie onder het
cricoid bij 50 patienten. Deze techniek was gemakkelijk uitvoerbaar zowel met
lokale anesthesie als onder algehele anesthesie bij oraal geintubeerde patienten.
Operatieve complicaties bij vijf patienten (10%) waren gering. De voor- en
nadelen van de minitracheotomie onder het cricoid worden behandeld.

Hoofdstuk 5 geeft een schatdng van de incidende van de late complicades van
PDT. Zesenzesdg opeenvolgende patienten werden onderzocht, drie tot 39
maanden na decanulatie. Vernauwing van de trachea van meer dan 10%,
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vastgesteld met planigrafie van de trachea, was aanwezig bij 14 (26%) van 54
patienten. Deze complicatie was gerelateerd aan de operateur (p=0,03). Stem
veranderingen, aanwezig bij 13 (21%) van 61 patienten, waren gering bij 12
patienten. Retractie van het tracheotomie litteken, gezien bij 13 (19%) van 66
patienten, had een relatie met de canulatie duur (p=0,002). Een tracheocutane
fistel werd bij twee patienten gevonden.

Hoofdstuk 6 laat in een pathologisch onderzoek zien dat de canulatie plaats bij
PDT varieert van juist onder het cricoid tot onder de derde trachea ring. Bij
obductie was er een fractuur van een of meer kraakbeen ringen bij 11 (92%)
van de 12 patienten, waarbij twee een fractuur van het cricoid hadden. Destruc-
tie van 66n of meer ringen werd gevonden bij acht patienten met een canulatie
duur van meer dan tien dagen en was gerelateerd aan de canulatie duur
(p< 0,005). Protrusie van de voorste tracheawand in het lumen met trachea
stenose werd gezien bij twee patienten.

Hoofdstuk 7 beschouwt de groei van de trachea bij jonge geiten na respectieve-
lijk PDT en conventionele tracheotomie. De tracheas van de dieren, die 7 dagen
gecanuleerd waren geweest, werden drie maanden na decanulatie bekeken. De
laterale diameter en het oppervlak van de dwarsdoorsnede ter hoogte van het
stoma waren significant kleiner in de conventionele groep (p< 0,001, respectie-
velijk p=0,023). Het quotient van de dwarsdoorsnede ter hoogte van het stoma
en de dwarsdoorsnede van de rest van de trachea gaf een reductie van 24% tot
40% in de conventionele groep, terwijl er geen reductie werd gezien na PDT
(p<0,001).

Hoofdstuk 8 beschrijft een patient met mediastinaal emfyseem na PDT. De
genese van deze complicatie wordt beschreven.

PDT heeft bewezen een waardevolle techniek te zijn om een canule in de
trachea te brengen. Het is relatief eenvoudig om te leren en kan gedaan worden
aan het bed van de patient. De mortaliteit van de operatie is minder dan 0,5%
en de vroege complicatie ratio is laag met significant minder complicaties dan
bij de conventionele open techniek.

De late complicaties van de techniek zijn meestal gering. De late complica-
tie ratio van PDT is gunstig vergeleken met vroegere studies naar de conven-
tionele open tracheotomie. Het vermijden van schuine introductie van de
trachea canule vermindert de incidentie van deze complicatie mogelijk nog
verder. De klinische relevantie van gebroken kraakbeenringen, welke bij de
meeste patienten na PDT wordt gezien, is waarschijnlijk gering, tenzij een
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schuin ingebrachte canule de ring boven de introductie plaats breekt met
indeuking van de voorste tracheawand. Ook moet het hoog inbrengen van een
trachea canule tussen het cricoid en de eerste trachea ring met het risico op
schade van het cricoid vermeden worden. Verdere studies zijn noodzakelijk om
een betrouwbaarder vergelijking met de late complicaties van de conventionele
tracheotomie te kunnen maken.

Algemeen geaccepteerde contrafndicaties voor PDT zijn bloedings- en stol-
lingsstoornissen, struma en extreme adipositas, leeftijd lager dan 16 jaar en
cardiopulmonale instabiliteit. Bloedings- en stollingsstoornissen, welke een
grotere kans op operatieve bloeding geven, kunnen veelal voor de ingreep
worden gecorrigeerd. Endoscopie en echografie maken percutane introductie
van een tracheacanule mogelijk bij patienten met een ongunstige anatomic Bij
jonge geiten heeft PDT voordelen ten opzichte van de conventionele techniek en
daardoor is het onwaarschijnlijk dat PDT een hogere kans geeft op tracheaste-
nose en op groeistoornissen van de trachea. Er zijn echter klinische studies
nodig om vast te stellen of er een leeftijdsgrens is waarbij PDT veilig kan
worden gebruikt. Cardiopulmonale instabiliteit blijft tot nu toe een contraindica-
tie voor PDT. Geringe complicaties kunnen bij patienten met maximale ventila-
toire ondersteuning ernstige hypoxie en zelfs de dood veroorzaken. Verdere
ervaringen met deze techniek zullen in de toekomst duidelijk maken bij welke
patienten PDT veilig kan worden gebruikt.

Percutane minitracheotomie onder het cricoid heeft een vergelijkbare
complicatie ratio als PDT. De kleinere minicanule kan veilig onder het cricoid
worden ingebracht. Deze positie heeft voordelen boven een canule door de
membrana cricothyreoidea met een goed preservatie van de functie van de
glottis en een geringe kans op subglottis stenose. Verder is het mogelijk een
minitracheotomie te vervangen door een grotere canule, wanneer dit nodig is.
Om percutane minitracheotomie onder het cricoid te vergelijken met een canule
door de membrana cricothyreoidea is echter een prospectief gerandomiseerd
onderzoek nodig.
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