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Abstract

Tracheotomy is a surgical procedure in which a tracheocutaneous airway is created in the anterior neck. It is
routinely done in critically ill patients requiring prolonged mechanical ventilatory support or in emergency
cases of upper airways obstruction. Both open surgical tracheostomy and percutaneous dilatational
tracheostomy are methods used to perform tracheostomy in select individuals. The best technique for
performing tracheostomy remains a matter of debate. Each method has his advantages and disadvantages. The
determining factors in deciding whether to use an open surgical or percutaneous dilatational tracheostomy in a
particular situation depends on patient anatomical and physiological factors and as well on surgeon
experiences and prefers. The basic technique and variations are described.
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Introduction

Tracheostomy is a surgical procedure in which a
tracheocutaneous airway is created in the anterior
neck. It is routinely done in critically ill patients
requiring prolonged mechanical ventilatory support.
It has a number of advantages including improved
lung mechanics, easier oral hygiene, diminished
nociceptive stimuli on the larynx or trachea,
decreased need for sedatives, enhanced
communication, and the fact that the head and neck
are free of equipment * 2. Tracheostomy might
facilitate weaning by reducing dead space and airway
resistance, and by improving secretion clearance 3. It
has been associated with improved mobility and
decreased length of intensive care stay *°.

Besides being one of the most frequently performed
procedures today, tracheostomy is one of the oldest

described surgical procedures. It has been performed
for over 3,500 y.b.c. by the ancient Egyptians ®.
Asclepius, Hippocrates, and Galen each refer to
tracheotomy in their ancient writings and Asclepius
is given the first procedure description in 124B.C. "8,
Initially tracheotomy was performed for the purpose
of relieving upper airway obstruction in emergency
settings. A major interest in tracheostomy developed
during the 19th century. Chevalier Jackson
standardized the indications for tracheostomy, the
technique itself, and the instruments used around the
turn of the 20th century. He developed anatomically
correct tracheostomy tubes, recommended a “high”
tracheostomy location (ring 2 or 3), and condemned
cricothyroidotomy because of its high complication
rate®. Percutaneous dilatational tracheostomy (PDT)
over a guidewire was invented by Ciaglia in 1985 °.
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Over the last few years, the original Ciaglia PDT
technique has undergone modifications, and multiple
other techniques have also evolved °. Both open
surgical tracheostomy (ST) and percutaneous
dilatational tracheostomy (PDT) are methods used to
perform tracheostomy in select individuals. The best
technique for performing tracheostomy remains a
matter of debate * ' 2 5 Each method has his
advantages and disadvantages. The determining
factors in deciding whether to use an ST or PDT in a
particular situation depends on patient anatomical
and physiological factors and as well on surgeon
experiences and prefers. The aim of this study is to
present the meta-analysis of tracheostomy methods.

Open surgical tracheostomy technic

Open surgical trachestomy (OST) is indicated in
emergency cases and for elective patients with
anatomical and functional contraindications for PDT.
The main advantage of open tracheostomy is visual
control during the operation. In the routine,
anesthetized, elective tracheotomy, a patient is
positioned supine. Surgical landmarks, from superior
to inferior, include the thyroid notch, the cricoid
cartilage, and the sternal notch.

Anatomic landmarks for tracheostomy:

= Thyroid notch - a palpable landmark to identify
the superior aspect of the larynx in the midline

= Cricothyroid membrane - a palpable depression
between cricoid and thyroid cartilages. This is the
location for an emergent cricothyrotomy

= Cricoid cartilage - a palpable landmark to identify
the junction of the larynx and trachea. The skin
incision is typically placed 1-2cm inferior to the
cricoid

= Sternal notch - a palpable landmark to identify the
thoracic inlet. It is important to palpate here to the
possibility of a high-riding innominate artery that
may be encountered during tracheostomy

The traditional method of upper tracheostomy
involves a 3-5 cm vertical or horizontal skin incision
from the middle of the cricoid cartilage to the jugular
notch, or a horizontal skin incision 1.5 cm below the
level of the cricoid cartilage or midway between the
cricoid cartilage and the notch of the sternum 513,

Then, tissue dissection is performed by blunt
dissection. The incision is extended through the
platysma muscle to expose the strap muscles
(sternohyoid and sternothyroid), identifying the

median raphe. The strap muscles are then retracted
laterally, exposing the cricoid cartilage and thyroid
gland. The thyroid isthmus is identified and ligated,
if necessary, depending on its location along the
trachea. Hemostats can be utilized to cross-clamp the
isthmus, subsequently oversewing each stump with a
silk suture to ensure hemostasis of thyroid tissue. A
cricoid hook is then placed under the cricoid cartilage
to elevate the larynx and trachea into the operative
field. The second and third tracheal rings are
identified & 1417,

The trachea is either dissected longitudinally, or a
window is formed between 2-3 cartilages. Stay
ligatures may be placed laterally to facilitate traction
on the trachea for tube placement, as well as tube
security in the postoperative period. An incision is
made between the second and third rings, and
tracheostomy tube placed. Various modifications
have been proposed including removal of an anterior
window of cartilage (often removing a segment of 2
to 3 rings), the use of a vertical anterior incision
across 1-2 rings (used in pediatric tracheostomy), or
the creation of a Bjork flap, in which an inferiorly-
based cartilage flap is created and secured to the
subcutaneous tissues & 1%,

Percutaneus dilatational tracheostomy technic

For the procedure, a flexible conductor and dilators
(expansion tubes) were used, which replaced each
other in order to expand the percutaneous inlet into
the trachea. This technique has since undergone three
significant changes in terms of the level of tracheal
cannulation, the use of a bronchoscope, and the use
of a single conical dilator. PDT soon became the
standard in intensive care units and in most cases
replaced open tracheostomy, although in any case,
the open method remained preferable in certain
clinical cases °.

In recent years, the Ciaglia PDT method has
undergone various modifications and many other
PDT techniques have appeared. In clinical practice,
the Ciaglia Blue Rhino kit (Cook Critical Care,
Bloomington, IN, USA) is widely used for PDT. It
was produced in 1999, more than a decade after
Ciaglia's description of the PDT method. This is a
simple set with a single chamfer curved cone reamer.
The use of a single dilator reduced the loss of tidal
volume during the procedure because no dilator
replacement was required. Similar to Blue Rhino, the
Portex Ultraperc one-stage dilator was developed by
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Smith Medical. The percutaneous tracheostomy
method was developed by Griggs et al. in 1990 8. It
is also known as the extension clamp technique. The
Seldinger method was used to introduce the
conductor. Having determined the area of the
tracheal rings, a horizontal skin incision of about 1.5-
2 cm was made. A syringe filled with water was
attached to the Seldinger needle and inserted into the
selected tracheal space. The needle is advanced
forward by slowly pulling the piston back until
bubbles of air appear, indicating entry into the
trachea. The position of the needle is checked with a
bronchoscope. Next, a conductor is inserted through
the cannula and the syringe is removed. A small
dilator is inserted for a few seconds through the wire
into the trachea and then removed. A special
dilatation clamp is put on the conductor, moves into
the trachea and opens to expand the anterior tissues.
Opening the dilatation clamp expands the anterior
tracheal wall to the size of a tracheostomy tube. After
the tracheostomy tube is put on the conductor and
moves into the trachea.

However, in recent years, this technique has lost its
popularity due to a large incident of soft tissue injury
with dilatation forceps °. In 1997, Fantoni and
Ripamonti'® proposed the method of translarigeal
tracheostomy.

Then, a reinforced flexible tracheal cannula and a
special cone soldered to it from a flexible plastic
material are installed retrogradely from the oral
cavity along a metal conductor on the anterior wall of
the trachea by moving through the vocal cords. The
metal cone penetrates the wall of the trachea; the
operator's fingers exert a counter pressure on the
front surface of the neck from the outside, around the
hole created, facilitating the passage of the cone
through the soft tissues and preventing its
displacement. After the canal is formed, the dilator
tip is removed, and a tracheostomy tube is placed in
the canal. The technique has not been widely adopted
due to its relative complexity.

In 2002, Frova and Quintel % proposed a
percutaneous tracheostomy technique using a single-
pitch screw dilator commercially available as the
PercuTwist kit (Rusch, Kernen, Germany). The
dilator was rotated clockwise using a lifting motion
over the conductor. The negative side of this method
was the frequent damage to the tracheal rings and the
posterior wall of the trachea, and therefore the
method was not widely used. Although it was

believed that the control of tissue expansion with this
method was better. The balloon dilatation method
(Ciaglia Blue Dolphin, Cook Medical) is by far the
most common method of PDT. It is the second
generation of the Ciaglia method. The initial stages
of the operation are similar to percutaneous dilated
triotomy according to the P. Ciaglia technique. After
making a skin incision and inserting the first dilator,
a special conductor with a balloon is inserted into the
lumen of the trachea, which is positioned in such a
way that it fills the future tracheostomy canal as
much as possible along the entire length. After that,
the balloon is inflated with liquid using a special
syringe, while stretching the soft tissues of the neck
and tracheal semi-rings. Next, the balloon is deflated
and a tracheostomy tube is inserted into the formed
channel. This step is considered to be the main
advantage of the balloon technique over other PDT
methods, where the dilator is removed prior to
insertion of the tracheostomy tube. There is also a
suggestion that balloon dilatation minimizes pressure
on the tracheal wall compared to other techniques *
10.19-22 50, each PDT technique has its own special
characteristics, advantages and disadvantages. Many
comparative studies have been carried out to this day,
but all of them differed significantly and had a small
sample size. Conducted meta-analyses on the
comparative technique of different PDT methods did
not find a significant difference between them, with
the exception of the Fantoni method, which had more
serious complications with the need to switch to an
alternative PDT method. The Ciaglia Blue Rhino
technique performed better than other PDT
techniques such as PercuTwist, Blue Dolphin or
Griggs technique 3 102326,

PDT is usually performed using a bronchoscope to
verify the location of the cannula and ensure the
safety of the procedure ¥ 1, However, some authors
note that PDT using a bronchoscope has limitations
due to the difficulty of accurately identifying the
anatomical structures of the neck and preventing
complications such as vascular damage 2% %,

Several studies suggest that ultrasound-guided PDT
has potential benefits, including portability, safety,
identification of cervical vascularity and localization
of the tracheal puncture site, reduced procedure time
and complications 2¢3%°, Kang HT et al (2022)
concluded in their study that ultrasound-assisted PDT
could be offered as an alternative to surgical
tracheostomy in high-risk patients *. Protocols
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proposed in May 2020 for the management of Covid-
19 infected patients in the ICU recommend OT as
less safe in terms of aerosol spread of the virus
compared to PDT, and therefore reduces the potential

risk of transmitting a viral infection to medical staff
31

Practical aspects

The key aspects of preoperative planning of PDT are
the correct selection of the patient after a thorough
anatomical and  physiological  examination.
Anatomical landmarks should be easily palpable and
the distance between the cricoid cartilage and the
notch of the sternum should be at least 3-4 cm.
Anticoagulants should be suspended . PDT is the
method of choice for elective tracheostomy. For
emergency tracheostomies, the advantage is clearly
given to the open surgical method. Coagulation
abnormalities favor ST over PDT, since bleeding
vessels are more easily controlled under direct vision.
High levels of support need for oxygenation would
favor ST over PDT. Patients with unstable or fragile
cervical spines would favor ST over PDT. Patients
with “unfavorable” neck anatomy would favor ST

over PDT (ie, previous surgery, neck masses, poor
neck mobility, or obesity may be more complicated
for PDT) %3,

Conclusion

Tracheotomy is a surgical procedure which is
routinely done in critically ill patients requiring
prolonged mechanical ventilatory support or in
emergency cases of upper airways obstruction.
Varieties of techniques are used to perform this
operation with the same basic surgical principles for
performing of a tracheocutaneus opening. New
percutaneous techniques offer advantages over
standard open ST. However, novel technic or
modifications could reduce the intraoprational and
postoperational complications.
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TPAXEOCTOMMSI: OB30P JIUTEPATYPBI
P.I'. lllaxmaponsy *

! Memumuuckmii nentp Cesaroit I'puropuii [IpocBeTHTENb, OTIEIEHUE IACTUYECKON U YETIOCTHO-THIIEBON
XUPYpTrUn

Pe3rome

TpaxeocToMus-Xxupyprudeckasi omnepaius 0o0Opa30BaHUS CTOWKOTO COYCThSl IOJIOCTH TPAXECH C OKPYIKaroIien
cpenoiito. TpaxeocTOMHs BBHINONHSIETCS B SKCTPEHHOM TOPSAJIKE IO JKU3HEHHBIM TMOKAa3aHUSAM TIPU OOCTPYKITUH
BerHI/IX AbIXAaTCJIIbHBIX HYTeﬁ J'II/I60, B IINIAHOBOM HOpSI):[Ke y IIAaMUCHTOB HAXOIAIIINXCSI Ha HHHTCHBHOﬁ
WCKYCTBEHHON BEHTHJUIALIMHU JIETKWX. Ha ceromHsSIIHWI NeHb MMeeTcs JBa OCHOBHBIX MOJXOJAa K IPOBEIECHUIO
TPaxeoCTOMHUH: OTKPBITHIA XUPYPTUUECKUI U TyHKIIMOHHO-THIATAIIMOHHBI METO/IEI.

Bompoc HamtydIiiero MeTo/ia TpaxeoCTOMUU SBJISICTCS IPEIMETOM 1e0aToB 10 celi JeHb. OCHOBHBIMHU (paKTOpaMH,
BIUSIONIMMH Ha BBIOOP METOJIA SBJISAIOTCS aHATOMUYECKHE U (PU3UOJIOTHIECKHE OCOOCHHOCTH TAIMeHTa, a TaKKe
OIIBIT " HpeILHO'-ITeHI/ISI xnpypra. B CTaTb€ OIIMCAHbl OCHOBHBIEC METOAbI U MO)II/I(I)I/IKaHI/II/I HpOBCI[CHI/ISI
TPaxeoCTOMUM.
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