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Abstract

Percutaneous tracheostomy (PT) has become an oftenly used procedure in critically ill patients requiring prolonged mechanical ventilation
in recent years. The ideal timing and techniques of PT have been topics of considerable debate. In this review, we address general issues
regarding PT (indications, contraindications, timing, preparation, techniques, complications) and specifically review the literatures regard-

ing the comparison of techniques.
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INTRODUCTION

Tracheostomy is one of the oldest surgical procedures, which was first used by Egyptians in 3600 B.C.,
and it requires the formation of an opening or ostium into the anterior wall of the trachea. While
tracheostomy has been used as a life-saving procedure for the emergency treatment of upper airway
obstruction for ages, Jackson brought a different surgical approach to tracheostomy and defined a
standardized technique of systemic tracheostomy in 1909. He emphasized a long incision, a wide
site, dividing the thyroid isthmus and avoiding the first and second tracheal rings (1). The control
of diseases that can lead to airway obstruction through vaccination, development of antibiotics for
upper airway infections, improvement of endotracheal intubation and bronchoscope reduced the
need for tracheostomy. The emergency of tracheostomy has disappeared over time, and it has be-
come an elective surgery in many cases. At the beginning of the 20™" century, tracheostomy began
to be re-considered for patients with paralytic poliomyelitis who needed mechanical ventilation, and
other methods were investigated as alternatives to surgical procedures. In 1943, tracheostomy was
performed to remove bronchial secretions in a patient with bulbar poliomyelitis. The next step was
to perform open percutaneous tracheostomy (PT) using the Seldinger guidewire technique. Ciaglia, a
thoracic surgeon, successfully performed PT in 1985 and defined it as an elective bedside procedure
that can be safely used (2, 3).

Percutaneous tracheostomy has recently become a frequently used procedure in the intensive care
unit (ICU). In this review, PT indications, timing, techniques, and bronchoscopy and ultrasonography
(USG) used for reducing complications in ICUs will be mentioned and an approach diagram will be
established for ICU clinicians.

1. Indications for Tracheostomy and Patient Selection for PT

Patients who underwent endotracheal intubation in the ICU can be attached to a long-term mechani-
cal ventilator. Prolonged endotracheal intubation causes some complications such as laryngeal injury,
vocal cord paralysis, glottic and subglottic stenosis, infectious complications, and tracheal injury (tra-
cheomalacia, tracheal dilatation, and tracheal stenosis).
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The aims of tracheostomy performed for reducing complications
associated with prolonged endotracheal intubation are to decrease
laryngeal damage, to facilitate nursing care and aspiration of respira-
tory tract, to improve patient’s mobilization by providing safe airway,
to make the transfer of a patient to the ICU easier, to increase the
comfort of patient, to help patient’s speech return early, and to facil-
itate oral feeding.

In addition to the maintenance of the airway in the ICU and preven-
tion of intubation-related complications, tracheostomy has recently
been frequently used for reducing the volume of dead space, de-
creasing airway resistance, and comforting patients during weaning
from mechanical ventilation.

The indications for tracheostomy in the ICU are generally as follows
(3-5):
+ Failure to wean from mechanical ventilator (failed weaning)
+ Patients needing long-term mechanical ventilation because of
neurological diseases
« The cases in which adequate removal of bronchial secretions
are required for providing airway patency

2. Contraindications for PT
The contraindications for PT are controversial, and various contrain-
dications have been reported in different studies. Despite this, the
contraindications for PT can be summarized as follows (4, 6-8):
+ Children (because of their small and mobile airway)
» Cases requiring urgent airway patency
+ Anterior neck anatomical problems
» Thyroid goiter or cervical innominate artery
» Failure to palpate cricoid cartilage
» Obesity or short neck
» Spinal cord injury
+ Previous tracheostomy application
+ Severe thrombocytopenia and uncorrectable coagulopathy
« Inexperienced practitioner

However, it has been reported in many studies that PT can be safely
performed in the presence of such contraindications. In spite of the
low number of patients in the studies, there are some studies indi-
cating that PT can be successfully performed in patients with short
neck and obesity, in use of anti-platelet drugs use, liver diseases and
cervical surgery (9-13).

3.Timing of PT

Although there are many studies conducted so far, the timing of tra-
cheostomy in critical patients attached to a mechanical ventilator in
the ICU still remains controversial. There is no consensus for the defi-
nition of early tracheostomy. The timing of tracheostomy varies from
the 2™ day to the 10" day of mechanical ventilation.

In the prospective and randomized study conducted by Rumbak et
al. (14) to compare early percutaneous dilatational tracheostomy
(PDT) with prolonged intubation in intensive care patients, early
tracheostomy was defined as PDT performed within 48 h after intu-
bation, and delayed tracheostomy was defined as PDT performed
between the 14" and 16% days after intubation. In this study, the
mortality rate, pneumonia risk, and accidental extubation were
found to be significantly lower in the early tracheostomy group than
in the delayed tracheostomy group. Early tracheostomy reduced the
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duration of mechanical ventilation and ICU stay. Besides, the rates of
oral and laryngeal injuries were higher in the group with prolonged
intubation compared with the other group. In the retrospective co-
hort study of Scales et al. (15), early tracheostomy was defined as the
tracheostomy performed until the 10" day and delayed tracheosto-
my as the tracheostomy performed after the 10t day. They found the
90-day and 1-year mortality rates to be lower in the early tracheos-
tomy group than in the other group. On the other hand, Terragni et
al. (16) conducted a randomized study with 419 patients and they
compared early (6-8 days) and late (13-15 days) tracheostomy. Their
study revealed earlier weaning from ventilation and shorter duration
of ICU stay in the early tracheostomy group, but the effect of early
tracheostomy on total hospital stay and survival rate was found to
be insignificant. In another prospective randomized study conduct-
ed by Zheng et al. (17), 119 patients receiving prolonged mechanical
ventilation in the ICU were evaluated. The patients participating in
this study were divided into two groups: early (third day) and late
(15™ day) tracheostomy groups. In the early tracheostomy group,
compared with the other group, earlier weaning from mechanical
ventilation, longer staying time without sedation, and earlier transfer
from the ICU were observed. Moreover, pneumonia associated with
ventilation was less frequently seen in these patients.

Although there are many studies showing the advantages of early
tracheostomy, Young et al. (18) did not reveal the effect of early tra-
cheostomy (within 4 days from admission) on mortality rate in pa-
tients undergoing mechanical ventilation in the ICU compared with
the tracheostomy performed at least 10 days later. In this study, the
use of a sedative was decreased after the application of tracheosto-
my, but a sedative was continued to be used in most patients. More-
over, it was detected that early tracheostomy did not provide a de-
crease in ventilatory support, did not reduce the duration of ICU and
hospital stays, and did not make a difference in the use of antibiotics.

4. Preparation for PT in the ICU

Patient Preparation

The patient’s suitability to tracheostomy should first be checked
again. Pre-procedure preparation should be completed, and written
informed consent should be obtained from the patient and/or family
after giving necessary information. Coagulation parameters and gen-
eral blood test results should be checked. Before the procedure, the
patient should be prepared by giving sedatives, analgesics, and neu-
romuscular blockers. The mechanical ventilator should be switched
to the control mode, and pre-oxygenation should be ensured with
100% FiO,. The neck of the patient should be extended as much as
possible by placing an elevator transversely under the shoulders
(7). At this stage, the presence of any condition that can hinder the
neck extension of the patient should be checked. Electrocautery and
bronchoscope should be kept ready in case of bleeding. An adequate
source of lighting is an essential component for tracheostomy. Fur-
thermore, sterile gowns, gloves, caps, and masks for all personnel
who will be involved in the procedure and adequate surgical steril-
ization should be provided.

Identification of Anatomical Position

The incision site is generally under 1 fingerbreadth from the crico-
thyroid membrane or above 1.5 or 2 fingerbreadths from the sternal
notch. The incision should be made below the first and above the
second tracheal rings or below the second and above the third tra-
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cheal rings (19). In this area, there were anterior jugular veins, which
are risky structures for bleeding. These veins flow in the vertical di-
rection. Therefore, vertical incision during PT can reduce the risk for
bleeding.

Preparation of Local Anesthesia and Equipment

A solution of 2% lidocaine and noradrenaline is generally used for lo-
cal anesthesia. Tracheostomy equipment should be checked before
incision. The dilator or forceps that will be used in dilatation should
be soaked with distilled water. The size of tracheostomy cannula
should be checked to be proper for dilators, and it is lubricated with
a lubricant gel (20).

Incision and Dissection

Although it is thought that vertical incision is better than horizontal
incision, different results have been reported in studies. In the ICU,
vertical incision is more frequently performed because of the less
bleeding and easier traction.

Tracheal Puncture

The most important issue during PT is to perform a puncture into the
trachea from the accurate point. After the incision is made, the oper-
ator can use a bronchoscope to control the place of needle, the direc-
tion of guidewire, and the location of tracheostomy. It is suggested
that the use of a bronchoscope decreases the rate of complications
such as pneumothorax, paratracheal localization, and posterior wall
damage, and it is useful for the treatment of some complications
such as endobronchial bleeding (21).

Use of USG During Tracheal Puncture

Lately, USG has been used for performing the tracheal puncture from
the accurate point during PT and for reducing bleeding complica-
tions and the number of punctures. In the study by Yavuz et al. (22)
who compared physical examination and USG findings of 341 cases,
it was stated that the duration of the procedure is longer in patients
undergoing USG-guided PT, but no difference is found with regard to
perioperative complications. Furthermore, it was stated that the use
of USG decreases the number of tracheal punctures and enables the
procedure to be performed more safely and easily. In another study
examining the use of USG during bronchoscope-guided PT, it was
specified that USG increases the rate of midline tracheal puncture,
decreases the number of tracheal punctures, and allows a trache-
ostomy cannula to be located between the targeted tracheal rings
(23). In a study evaluating the use of USG during multiple dilatation
method, no difference was found in terms of minor bleeding, needle
puncture place, and the number of punctures when USG was used,
even without a bronchoscope. The number of hypoxic episodes is
lower, and the procedure time is shorter (24). Similarly, in the study
conducted by Rudas et al. (25), when USG was used in the multiple
dilatation method, the rate of entering into the trachea at the first
puncture and the rate of accurate puncture increase but complica-
tions associated with the procedure do not.

Protection of Airway During PT

Protection of the airway during PT can be enabled with endotrache-
al tube (ET) or laryngeal mask (LMA). Strametz et al. (26) evaluated
the use of ET and LMA in PT in their review, and they stated that the
procedure time is shorter with LMA and that there is no difference
between the two methods in terms of complications; however, no
studies examining the long-term complications of LMA are available.
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5. PT Techniques

Although many PT techniques have been defined so far, the most
commonly used techniques are the PDT technique developed by
Ciaglia et al. in 1985 and the percutaneous guide-wire dilatational
tracheostomy technique developed by Griggs et al. in 1990. The es-
sence of these methods is based on the insertion of a guide-wire fol-
lowing a puncture of the trachea (27).

Multiple Dilatation Method (Ciaglia’s Technique)

The cuff of ET is withdrawn with the help of a laryngoscope or bron-
choscope so that it is seen between the vocal cords. A 1-1.5 cm skin
incision is made at the level of the second and third tracheal rings.
The position of the needle is confirmed with the insertion of an injec-
tor with 2-3 mL physiological saline solution into the trachea in the
midline and then with the aspiration of air.

A J-tipped guidewire is advanced through the needle, and the needle
is then removed. A guiding catheter is placed on the guidewire. All dil-
atations are performed over this guidewire and guiding catheter com-
bination. Dilatations are initiated with 12-F dilator and increased up to
36-F dilators for 8-mm tracheostomy cannula. The latest tracheostomy
cannula with a fallen cuff is placed over the combination of guidewire
and guiding catheter. The tracheostomy balloon is inflated (28).

Single-Step Dilatation Technique (Ciaglia Blue Rhino)

In order to reduce the duration of tracheostomy and complications
such as posterior wall damage, bleeding, and hypoxia that can occur
during multiple dilatations in the classical Ciaglia technique, a flex-
ible, hydrophilic-coated rubber dilator was developed. This dilator
called “Blue Rhino"is moistened with distilled water, and dilatation is
performed over the guidewire and guiding catheter in a single step
rather than in multiple steps in the typical Ciaglia technique (29).

Forceps Dilatation Technique (Griggs)

In this technique, a special pair of forceps, which was modified by
Griggs et al. from Howard Kelly’s forceps, is available in the reusable
kit (30). At the tip of the forceps, there is a hole through which the
guidewire can pass. This technique is the same as the Ciaglia meth-
od till the process of guidewire placement. The guidewire is passed
through the hole at the tip of the forceps. Subcutaneous tissues and
tracheal forceps are opened in one or two steps and dilated. When
the stoma is large enough to place the cannula, the cannula is placed
in the trachea and fixed (Figure 1).

Fantoni’s Translaryngeal Technique

The main principle of this technique is slightly different from the oth-
er percutaneous methods. A rigid tracheoscope is first placed in the
trachea. The tracheoscope, with a fiberoptic bronchoscope, is moved
between the cartilage selected for tracheostomy. The position of the
needle is determined through palpation of the tip of the tracheo-
scope or transillumination. The needle is constantly controlled and
advanced for 2-3 cm. A metal wire is advanced through the needle
and tracheoscope toward the cranium and is removed out from the
tip of the tracheoscope. Then, the tracheoscope and needle are re-
moved, and a catheter is placed in the lower 1/3 portion of the tra-
chea. The ventilation of a patient is possible with this catheter. A
special tracheostomy cannula in the kit is placed over the wire. This
cannula is withdrawn from the neck and removed outside from the
trachea. A telescope is inserted from the tip of the cannula in the
neck, and the cannula is rotated. In this way, the cannula is placed
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Figure 1. a-d. In the study comparing PT complications in swines, the insertion of the first dilator in the multiple dilatation technique (a);
single-step dilatation technique (b); forceps dilatation technique (c); controlled-rotation technique (d) is observed

into the trachea in the appropriate position, and the cuff of the can-
nula is inflated (31, 32).

Controlled-Rotating Dilatation Method (Percutwist)

This is a newly developed method; a screw-like, hydrophilic-coated
dilator, the coating of which is activated in water, is rotated clockwise
on the guidewire in a controlled way, and pretracheal tissues can be
dissected. After the widest part of the dilator is introduced into the tra-
chea, the dilator is removed by reverse rotation. The tracheostomy tube
can be placed over a guidewire similar to the previous methods (33).

6. Complications of PT

The main early complication of PT is bleeding on the anterior trache-
al wall. It can be brought under control through pressure or a suture.
Major bleeding is seen in less than 5% of cases, and it is typically
venous. Catastrophic bleeding is rarely seen, and it is generally ob-
served in the late period because of trachea-innominate artery fistula
in many cases. Tracheo-innominate artery fistula is an uncommon yet
life-threatening complication encountered during PT insertion. Its in-
cidencerate is 0.3%. Fatal aortic arcus laceration has been reported as
an early complication of PT in one case. These complications should
be determined in the early period; emergency neck exploration and
appropriate surgical intervention should be performed (34-36).

In a multicenter study evaluating the early complications of trache-
ostomy, it was specified that postoperative bleeding is observed at a
rate of 6.6% in PT and 1.9% in conventional surgical tracheostomy. In
this study, it was also stated that flange tracheostomy tube sutures
decrease bleeding in surgical tracheostomy (37).

Percutaneous tracheostomy can be performed with the guidance of
USG in order to prevent pretracheal vascular structures. USG enables
the neck anatomy to be understood better and helps the cannula of
tracheostomy to be placed with a guide more safely. Preoperatively
examining the vascular anatomy of the site can decrease the rate of
bleeding by determining the locations of the structures such as infe-
rior thyroid vein, high brachiocephalic vein, aberrant anterior jugular
communicating vein, thyroid gland, and isthmus. The application of
USG during the PT procedure is easy, and it can increase the accu-
racy and reliability of the procedure in patients with morbid obesi-
ty or cervical problems. However, no randomized controlled trial
comparing standard PT and USG-guided PT procedures is available.
USG-guided PT is not used routinely in many ICUs (38, 39).

It has been reported that most complications are encountered during
the first year of PT application and especially in 20 cases of operator.
Frequent complications caused by inexperienced practitioners in-

clude emphysemas and tracheal mucosal ruptures. If dilators are kept
too oblique because of the fear of posterior wall damage, the guide-
wire can be curved, and therefore, the pretracheal tissue can be ex-
tended. The insertion of a tracheostomy tube slowly can lead to em-
physema. On the other hand, the too straight and sharp placement of
needle or dilators can result in posterior wall injury. In some studies,
the rate of posterior wall damage has been reported to range from 2%
to 4% (40-42). Trottier et al. (43) stated the rate of posterior tracheal
wall damage to be 29% in their study on PT. Nickells et al. (44) con-
ducted a PT study with sheep and reported the presence of posterior
wall damage in all the animals. Demirel et al. (45) compared multiple
dilatation, single-step dilatation, forceps dilatation, and controlled-ro-
tating PT techniques in their study and revealed that the duration of
procedure was longer in multiple dilatation method compared with
the other three methods, and they also found that there was no mac-
roscopic and histopathological difference among the four techniques
in terms of posterior tracheal wall damage. In the conclusion of their
study, the use of bronchoscope in all PT techniques was suggested in
order to reduce posterior tracheal wall damage.

7. Comparison of PT Techniques

In previous studies, conventional surgical techniques and one of the
percutaneous techniques were compared. There are a few randomized
controlled studies comparing the PT techniques with each other in
terms of reliability and success rate. In the studies comparing the sin-
gle-step dilatation and multiple dilatation PT techniques, it was stated
that the duration of procedure is shorter in the single-step dilatation
technique, whereas there is no difference with regard to the frequen-
cy of complications. One of these studies has suggested single-step
dilatation technique to be the standard technique for PT because it
is rapid. However, another study emphasized that it can lead to more
fractures in tracheal rings because of it being a rapid method (46, 47).
In the review by Sanabria (48) who examined the reliability of recent
PT techniques, 14 randomized controlled trials were evaluated. No dif-
ference was found among the multiple dilatation, forceps dilatation,
single-step dilatation, translaryngeal, and other PT techniques in terms
of major bleeding. On the other hand, it was reported that bleeding is
less observed in the single-step dilatation method and that it is easy to
apply this technique and that clinicians are more experienced with this
technique. Moreover, Kumar et al. (49) compared the forceps dilatation
and single-step dilatation techniques in their prospective, randomized
study that included a low number of patients. They found no differ-
ence between the two techniques in terms of major complications,
duration of procedure, frequency of desaturation, hypercapnia, and in-
creased peak pressure. In a similar study conducted by Karvandian et
al. (50), it was stated that the forceps dilatation technique is more rapid
and that skin incision is smaller in this technique, whereas complica-
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tions such as major bleeding and cardiac arrhythmia are less frequent-
ly seen in the single-step dilatation method. In the same study, it was
noted that the use of single-step dilatation technique by less experi-
enced clinicians would be safer. In a review evaluating the multiple dil-
atation, single-step dilatation, forceps dilatation, controlled-rotation,
and Fantoni’s translaryngeal and balloon dilatation PT techniques and
comparing 33 studies, the forceps dilatation, multiple dilatation and
single-step dilatation techniques are detected to be equal with regard
to success rate and reliability. The single-step dilatation technique was
found to have a lower rate of complication compared with the multi-
ple dilatation technique, and the other three techniques were found to
be less reliable and effective (22). In other studies where the multiple
dilatation technique was compared with the other PT techniques, no
difference was detected in terms of switching to surgery and major
complications. In a study, it was specified that the multiple dilatation
technique is more reliable. In another study, it was stated that the rate
of mild complications is significantly higher in the multiple dilatation
technique (51, 52).

The single-step dilatation technique seems to be the most frequently
used PT technique. In a single-center prospective study evaluating
the single-step dilatation method in 576 patients, the rate of failure,
early complication of bleeding, and late-period complication were
reported to be 0.5%, 3%, and 0.7%, respectively. In this study, death
associated with the procedure in the early period was not observed,
but death due to fistula in the late period was reported in two pa-
tients (0.35%) (53, 54).

Fantoni’s translaryngeal technique is not a commonly used PT meth-
od in ICUs. Although the rate of complications does not differ in the
studies conducted, it is not preferred because of the longer duration
of the procedure and its high cost. However, because this method is
internally controlled, it can be used in children or patients for whom
it is difficult to determine the location of tracheostomy anatomically
and in neurosurgical patients for whom intracranial pressure increase
is very important (55, 56).

The use of the controlled-rotation technique is increasing in ICUs.
This technique does not differ from other dilatational methods with
regard to the frequency of complications. It is thought that this sin-
gle-step dilatation (Ciaglia Blue Rhino) technique allows effective
ventilation and reduces the risk for hypercapnia and intra-cranial
pressure increase, and therefore, it can be used for patients with head
injuries (57, 58).

CONCLUSION

The success of PT in the ICU is affected by many factors including
the experience of the practitioner, general condition of patient, and
neck anatomy. In order to reduce the complications, USG can be used
for evaluating the anatomical structures of the neck before the pro-
cedure. On the other hand, a bronchoscope is used to confirm the
location of tracheal puncture and to protect from posterior wall in-
juries. The timing and technique of tracheostomy should be decided
based on the features of the patient and practitioner. However, the
single-step dilatation technique seems to be the most successful and
safest method among all the PT techniques.
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