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ABSTRACT

In this structured review, I aim to discuss the principle
of tracheostomies including what they are and why
we perform them. My main objective is to explore
the literature surrounding whether or not there is a
better option between open surgical and percutaneous
dilatational tracheostomy, based on the complications with
which they are associated. Simply put, a tracheostomy is
a common surgical procedure performed on critically ill
patients in order to facilitate their breathing. I will discuss
the two main types of tracheostomy: open surgical (OST)
and percutaneous dilatational (PDT), along with their
accompanying impediments.

"To write this review, I read and analysed numerous
articles and journals in order to find out what research
has been done in this area and what the current consensus
is amongst healthcare professionals. To find relevant
literature, I methodically searched several medical
databases including PubMed, Medline, The Cochrane
Library and Embase. I decided to exclude any literature
dating back further than 2002, as I wanted my review to be
based on recent findings in order for it to be more reliable.

My main findings were that the complication rates
for open surgical tracheostomy showed no substantial
difference to those seen in percutaneous dilatational
tracheostomy. There were studies that disagreed with this
conclusion; however, I believe this to be more down to
the patient’s state of health and their reason for needing a
tracheostomy rather than the technique itself. The main
advantage to PDT was that it doesn’t involve transfer of
the patient to an operating room and therefore it saves
time, money and lessens the physical stress on the patient.
For these reasons, percutaneous dilatational tracheostomy
has largely increased in popularity in recent times. Despite
this, there are still some situations in which OST is the
method of choice, the character of which will be discussed
in this review.

INTRODUCTION

Tracheostomy is a term describing a surgical procedure
in which an opening is made in the anterior neck, within
which a tube is inserted into the trachea to facilitate
ventilation.” It is one of the most commonly performed
procedures to be carried out on critically ill patients, with
two thirds being completed in the Intensive Care Unit

(ICU).}

Anatomy

To understand tracheostomies, and the complications
that can arise from them, it is important that we first
understand the anatomy of the neck.
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The neck has four main compartments: a vertebral,
a visceral and two vascular. The trachea is located in the
visceral compartment along with the oesophagus, thyroid,
parathyroid and thymus glands. The respiratory tract can
be divided into an upper and a lower region, beginning
at the nasal cavity and terminating at the alveoli. The
inhaled air now passes into the larynx, which is connected
inferiorly to the trachea, both of which are situated
anteriorly to the oesophagus.

The larynx represents the superior section of the
lower respiratory tract. Essentially, it has two functions:
it acts as an instrument to produce sound and allow us
to speak and also functions as a sphincter to close off
the lower airway for protection. The larynx is composed
of three large unpaired cartilages (thyroid, cricoid and
epiglottis) and three smaller, paired cartilages (arytenoids,
corniculate and cuniform).

In the neck, there are two important vertebral levels
that serve as anatomical indicators when performing
surgery:

1. CIII to CIV - between these two vertebrae we would
find the superior border of the thyroid cartilage as
well as the point in which the common carotid artery
bifurcates into the internal and external carotid
arteries.

2. CV to CVI - this area denotes the lower limit of the
larynx and the superior limit of both the trachea and
oesophagus.

In terms of blood supply to the neck, potential bleeding
complications can arise from two main vessels. There is
the external carotid artery, and the innominate artery,
which passes anteriorly to the lower tracheal rings. As well
as the jugular veins situated in this region.*’

When performing a tracheostomy to stay in the
midline, there are several key structures to identify:

* Hyoid bone

* Thyroid cartilage

* Cricothyroid membrane
* Cricoid cartilage

* Tracheal cartilages

® We can palpate the indentation present between the
cricoid cartilage of the larynx and the first tracheal
ring. As the trachea descends into the chest, it
becomes increasingly difficult to palpate.

e The final noticeable palpable landmark is the
suprasternal notch, which signifies the junction
between the neck and chest.
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Figure 1: I have illustrated the important structures present
in the neck to allow for a visual representation of the anatomy
discussed: The hyoid bone, thyroid and cricoid cartilages with
their associated membranes, first tracheal ring and thyroid gland

Tracheostomy is most commonly executed between the
second and third tracheal rings however; it can also be done
between the third and fourth. At the recommended site
for tube insertion, the trachea is approximately 2-2.5cm
deep from the skins surface. In terms of complications, it is
vital that we understand the positioning of the oesophagus
in that it is directly posterior to the trachea. Therefore,
any damage to the posterior tracheal wall risks injury to
the oesophagus. We must also consider the proximity of
structures such as the thyroid isthmus, which lies over the
second/third tracheal rings and also the lateral lobes of
the thyroid, which lie close to this. In most patients, the
midline lacks vasculature, however this is not true in all
cases and so there is debate surrounding the use of real
time ultrasound guidance to help with this procedure. As
well as blood vessels, there are particular nerves that are
of importance in the neck. The recurrent laryngeal nerve

is located within the tracheoesophageal grooves and is at
risk.%7

Tracheostomies: their history, clinical relevance,
indications and potential complications

Tracheostomies are said to date back as far as 3600 B.C.E,
making them one of the earliest surgical procedures to
ever be performed.”® Traditionally, tracheostomies were
almost all performed by ENT surgeons in an operating
theatre. However, in the last 50 years, there has been a
shift towards tracheostomies being done at the patient’s
bedside by alternative professionals such as anaesthetists.’
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This sparked a debate surrounding whether or not
PDT(percutaneous dilatational tracheostomy) is as safe a
procedure as OST? (open surgical tracheostomy.

Performing a tracheostomy on a critically ill patient
is of course associated with numerous potential risks yet,
it also provides many benefits for the patient. It is widely
accepted that the benefits largely outweigh the risks and
hence, it is estimated that 15,000 tracheostomies are done
in England and Wales each year. Benefits include increased
patient comfort, decrease in dead space and a reduction in
the need for sedation of the patient. All of these facilitate
the process of weaning the patient from oxygen, which is
the ultimate aim for any patient on oxygen therapy.® '°

Essentially, there are two types of tracheostomies:
open surgical tracheostomy (OST) and percutaneous
dilatational tracheostomy (PDT). We can define OST as
a procedure in which an incision is made into the tracheal
wall, following dissection of pretracheal tissues and the
subsequent placement of a cannula into the trachea,
often done under direct vision i.e. with bronchoscopic
guidance. In contrast, PDT describes the blunt dissection
of pretracheal tissues, then the dilatation of the trachea
over the guidewire and finally the insertion of the tracheal
cannula using the Seldinger technique.'

There are several indications for which a tracheostomy
should be performed:*

* The requirement for long-term mechanical
ventilation, which may be due to conditions such as
acute respiratory distress syndrome, severe COPD,
brain damage or multiple organ failure.'>!® This is
the most common motivation for patients to have a
tracheostomy.

* An upper respiratory tract obstruction
e The need for frequent
bronchopulmonary toileting
Despite the fact that PDT is overtaking OST as a method
for performing tracheostomies, there are certain situations

in which we would place preference on open surgical
tracheostomy:'*

suctioning  for

* Patients with difficult neck anatomy (e.g. calcified
tracheal rings or patients whose necks are short and

thick)
* Obese patients
* Young children

* Patients suffering with head/neck difficulties e.g. a
thyroid goitre
It should also be noted that percutaneous tracheostomies
are avoided in emergency situations.”

Although surgical tracheostomies have been around
for hundreds of years, it was Chevalier Jackson who
standardised the skill of open surgical tracheostomy
in 1909.' Ciaglia first introduced the concept of
percutaneous dilatational tracheostomy in 1985. Since its
creation, there has been many modifications to his initial
method,'” meaning today there several ways to perform a
PDT, as demonstrated in Table 1.

I have decided to write this structured review on the
topic of complications associated with both PD'T and OST,
as I would like to determine whether there is a preferred
method or if both carry equal risk. I have collated all of
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the complications encountered during my research and
divided them into early, immediate and late as seen below,

in Table 2.8

i‘r(liif):ltuz:(sl Name/Description of Technique

1985 PDT first introduced by Ciaglia

1990 Griggs er al developed a technique referred to as the ‘guidewire dilator forceps technique’. This
method lost popularity as it had a high incidence of soft tissue damage associated with it.

1997 Fantoni described a highly complex alternative method which he termed ‘Fantoni Translaryngeal
Tracheostomy’. However due to its complexity, this procedure was advised to only be done by highly
experienced operators.

1999 The ‘Ciaglia Blue Rhino’ technique was introduced by Byhahn in the USA. This method is still widely
used today.

2002 Frova is the most recent doctor to introduce a modified method for PDT; he introduced ‘PercuTwist’,
which is said to be associated with better control for the operator.

Table 1: This table shows a timeline of the evolution of Ciaglias initial method for performing a percutaneous tracheostomy'

Early Intermediate Late
Bleeding Subcutaneous emphysema (associated | Failure to heal — bleeding
with OST)
Pneumothorax Excessive purulent exudate at stoma Blockage — with mucous or fluids
Damage to posterior tracheal Haematoma Collapsed trachea
wall
Oesophageal injury Dysphagia Dysphagia

Injury to recurrent laryngeal
nerve

Stomal infection

Stricture (narrowed trachea)

tube obstruction or accidental
decannulation

Infection Tube/cannula displacement Development of granulation tissue
Technical failures e.g. false Pneumothorax Failure to decanulate
passage/kinking of guidewire

Perioperative hypoxia due to Pneumomediastinum "Tracheoesophageal fistula

Fracture of tracheal ring

Tracheal stenosis

Aspiration Tracheomalacia
Air embolus Pneumonia
Loss of airway Aspiration

Hypoxemia/hyercarbia

Tracheoartierial fistula

Death

Table 2: This table summarizes the main complications associated with tracheostomies (both PDT and OST). I have divided them into
early (perioperative), intermediate (postoperative) and late depending on when the complication arose
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RESULTS

Braune and colleagues conducted a retrospective
observational study in 2013 in order to determine how
safe percutaneous dilatational tracheostomy really is in
comparison to open surgical tracheostomy. They studied
118 patients who were all having PDTs performed at the
bedside and found that the complication rates were actually
very low. From 118 patients, only four patients developed
a complication: two suffered with post-procedural major
haemorrhage (defined as >100ml of blood loss) and two
developed a pneumothorax. This finding is a common
one amongst the literature, with bleeding being the main
complication in many articles. Itis made even more difficult
with the fact that it is mandatory to supply anticoagulants
to surgical patients in order to avoid coagulation however;
this of course increases the chances of major haemorrhage.
Overall, the complication rate for this trial was 4.2%,
with the rate of haemorrhage at 1.7%. They therefore
concluded that PDT is a safe procedure to conduct and
support its growth in popularity in recent years."

In 2014, the American Journal of Surgery published
a report of a review that spanned ten years and looked at
trauma patients undergoing tracheostomy. They observed
616 patients, of which 351 underwent PDT and the
remaining 265 underwent OST. Again, the aim of their
review was to determine if the difference in outcomes of the
two tracheostomy methods differed significantly enough
to label one as being the ‘better option’. After analysis of
their results, they found that although the median severity
of injuries gained after PDT was slightly higher (26 vs 24
for OST); the overall complication rates were the same for
both groups. Despite this, they stated that the mortality
rate was higher with open surgical tracheostomy due to
the extra stress put on the patient during the transfer to
and from theatre. Ultimately, they established that these
results meant both methods are equal in risk.?’

A randomised controlled trial performed in 2014
set out to decide which out of PDT and OST would be
the best option for patients admitted to ICU. The trial
involved 60 patients, all of whom needed a tracheostomy.
Although the trial provided evidence of differences
between the two procedures in terms of cost and duration,

there were no variances in complication rates between
the two. It was concluded that percutaneous dilatational
tracheostomy was the method of choice for patients
in ICU purely based on the finding that it was a faster
procedure to perform, rather than the idea that it had less
accompanying complications."

A prospective observational study by Kiran et al. in
2015 compared the short and long-term outcomes of PD'T
with OST performed at the bedside. Over a three-year
period, 90 patients needing a tracheostomy were studied.
It is evident from the results table below, that overall there
were five complications seen with the OST vs. the seven
complications seen with the PD'T. This is not a significant
difference and so I would agree with their conclusion
that there is no statistical dissimilarity between either
technique. It is an interesting point that the complications
seen were the same for both methods (bleeding and
subcutaneous emphysema) which only further supports
the inference that there is no real variance in the risks for
these procedures.?!

Complications OST | PDT | Total
Bleeding 5 - 5
Emphysema 2 - 2
Paratracheal insertion - 1 1
Pneumothorax - 1 1
Tube block 2 - 2
Total complications 9 2 11

Table 4: Table showing the complications that occurred in the
trial of 32 patients undergoing either open surgical tracheostomy
(OST) or percutaneous dilatational tracheostomy (PDT). The
numbers in the table represent the quantity of patients that
suffered with the complication

Surgical Tracheostomy Percutaneous Tracheostomy Both
Complication Patients (n) | Complication Patients (n) | Complication Patients (n)
Minor Bleeding 2 Haematoma 5 Formulation of 13
(<100ml) granulation tissue with

subsequent tracheal
narrowing
Subcutaneous 2 Subcutaneous 2 "Tracheoesophageal 1
emphysema emphysema fistula
Excessive purulent 1
exudate at stoma
"Total 5 7 14

Table 3: This table shows the results of the study performed by Kiran in 2015.7" I have split the complications up into groups depending
on whether they were found with the surgical tracheostomy, the percutaneous tracheostomy or whether they were seen in both
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In a prospective randomised comparative study published
in 2005, Kumar et 4l. stated that PDT is a respectable
substitute for OST however; there is no significant
evidence to declare that it is a better alternative. They
compared the techniques by observing 32 patients
undergoing elective tracheostomies: 17 had open surgical
tracheostomies and the remaining 15 had percutaneous
dilatational tracheostomies.! The results of the study are
displayed in the table below (Table 4).

Although all of the inquiries so far have concluded
that there is no significant difference in complication rates
between PDT and OST, some studies state otherwise. The
following cases propose a ‘better option’ for tracheostomy
and argue that percutaneous dilatational tracheostomy is
in fact the superior choice.

In 2006, Delaney ez al. directed an organized meta-
analysis of 1212 cases in 17 clinical trials on this debate.
They found PDT to be linked with lower incidences of
bleeding complications, wound infection and mortality in
comparison to open surgical tracheostomy.””

In a 2013 meta-analysis led by Satio ez a/. it was also
claimed that PDT was associated with lower incidences
of wound and stoma site infection as well as cosmetic
deformities. The analysis looked at 490 percutaneous
tracheostomy cases and 484 open surgical tracheostomies.
However there wasn’t a difference between the
two techniques in terms of mortality or bleeding
complications.”

Despite some articles arguing the idea that PDT
is a superior method to OST, I found that the majority
literature agrees that both methods are on par when it
comes to complication rates.

After evaluating multiple studies, all with similar
conclusions, I wanted to determine the current view on
this debate and so I reviewed a recent meta-analysis that
was performed in 2017 to see what was concluded. The
analysis reviewed 109 publications, which included over
25,000 tracheostomies: 67% of which were percutaneous
dilatational tracheostomies. Over the five-year period
within which the analysis was completed, 352 deaths were
reported, 190 of which were found to be directly related to
the tracheostomy. When we standardised these numbers
to make it a fair comparison for comparing PDT to OST,

the mortality rates for both methods showed no significant
difference. It was discovered that the most common
complications were haemorrhage, false passage and loss of
airway: see Table 5.

DISCUSSION

In the study by Kumar ez 4/., whose results are presented
in Table 4, we can see that the overall incidence of
complications was much higher for the open surgical
group, with nine complications as opposed to two.!
The overall complication rate for the OST patients was
52.9%, which is significantly higher than 13.4%, which
is the rate for patients who had a PDT. These results
seem reliable and fitting with the current literature. From
these outcomes, it could be inferred that percutaneous
dilatational tracheostomy is a safer method as it is
associated with fewer complications. However, as we know,
there are some indications for which PDT would not be
suitable e.g. when performing a tracheostomy on a young
child, or in an emergency. We could therefore view this as
a potential conflict and source of bias, as, if all of the ‘high
risk’ tracheostomies are done using the OST technique,
then of course these procedures are going to have an
increased chance of incurring complications and so this
could prejudice results. It must also be noted that there
were more patients undergoing the surgical tracheostomy
than the percutaneous tracheostomy; also, the sample size
of 32 was very small. These actualities suggest that this
study was perhaps unreliable.

As discussed in Table 3, the study released in 2015 by
Kiran?! showed interesting findings. Although the overall
conclusion was that the differences in complication rates
were not significant, I think it is important to note that
PDT showed more complications than OST. This was the
first study I came across in which this was the case and
although the difference is not significant, it supports the
idea that there really is no clear winner when it comes to
picking a ‘better’ option for this procedure.

A common issue I found when researching the topic
was that studies only looked at small numbers of patients.
Although I thought the RCT performed by Hasanloei ez
al.® was a strong study that provided good evidence, I felt

Complication PDT | OST | Method not specified | Total
Haemorrhage 44 21 0 65
Pneumothorax 15 5 0 20
Injury to posterior tracheal wall and tracheoesophageal fistula 9 3 1 13
Loss of airway 33 17 7 57
Bronchospasm 4 0 0 4
Acute heart failure 8 3 3 14
Mediastinitis 7 0 0 7
"Total complications 120 49 11 180

Table 5: The table shows the complications encountered during the tracheostomies including how many patients suffered with

each one
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that as the sample size was only 60 this was just not large
enough for me to make confident judgements from. A
further critique is that the studies often didn’t follow up
patients after they had left hospital. This was a shame as
I feel there is so much more information needed on the
long-term complications of tracheostomies.

A common theme highlighted throughout my
research was the suggestion to use adjuncts such as a
bronchoscopic guidance or real time ultrasound in order
to improve the safety and reduce complication rates for
both types of tracheostomy. Bronchoscopy allows the
operator to visualise and therefore confirm the entry of the
needle into the trachea during the procedure, therefore
supposedly reducing the risk of injury to the tracheal wall.
Similarly, the use of real time ultrasound would provide
a visualisation of the neck tissues, allegedly allowing the
user to avoid vasculature and reduce risk of haemorrhage.
Of course, both of these assistants increase the cost of the
procedure and so there is still large debate around whether
or not the benefits of using them would be cost effective
enough to justify their widespread implantation.?*?’

Opverall, having studied a large array of literature on
this topic, I hold the belief that both methods are very
similar in terms of their complication rates. I do however
appreciate that it is unreliable to judge the methods purely
based on their complication rates as there are many other
factors that would have to be taken into consideration
when choosing a preferred technique. There are of course
advantages and disadvantages to both as well as scenarios
in which one procedure would outweigh the other as
the ‘better option’. I have summarised the advantages

and disadvantages below (Table 6). The fact that both
techniques show similar numbers of disadvantages
supports my conclusion that neither technique is
superior.®?530  Ultimately, irrespective of how many
advantages each technique has, the method of choice is
completely subjective to the patient and their situation. I
would therefore advocate to all health care professionals
to make their decision based on the patient rather than
letting the generic facts make it for them.
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Open Surgical Tracheostomy

Percutaneous Dilatational Tracheostomy

Advantages Disadvantages

Advantages Disadvantages

Dissection is done
under direct vision

"Transport of patient required

Does not require transport of
patient

Requires bronchoscopy

situations such as an
emergency, young
children or patients
with difficult anatomy

Aberrant vessels can be | More bleeding Less cosmetic deformity (due | Risk that the bronchoscope
avoided. to smaller incision) will cause damage
Achieves the best Increased risk of tracheal Less expensive

control of the airway stenosis

Can be done in difficult Quicker procedure

Better utilisation of resources

Less bleeding and infection
(as less trauma to the tissues)

Can be done by a range of
trained professionals (not just
ENT surgeons)

Tighter fit of tracheostomy
tube

Table 6: A table showing the advantages and disadvantages of both surgical and percutaneous tracheostomy
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