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Opinion statement

Patients with severe ischemic and hemorrhagic stroke may require tracheostomy in the
course of their disease. This may apply to stroke unit patients whose deficits include a
severe dysphagia posing such risk of aspiration as it cannot be sufficiently
counteracted by tube feeding and swallowing therapy alone. More often, however, tra-
cheostomy is performed in stroke patients so severely afflicted that they require inten-
sive care unit treatment and mechanical ventilation. In these, long-term ventilation
and prolonged insufficient airway protection are the main indications for tracheosto-
my. Accepted advantages are less pharyngeal and laryngeal lesions than with
prolonged orotracheal intubation, better oral hygiene and nursing care, and higher pa-
tient comfort. Optimal timing of tracheostomy is unclear, in general, as in stroke in-
tensive care unit patients. Potential benefits of early tracheostomy concerning
ventilation duration and length of stay, respirator weaning, airway safety, rate of
pneumonia, and other complications, outcome and mortality have been suggested in
studies on non-neurologic subgroups of critical care patients. Stroke patients have
hardly been investigated with regard to these aspects, and mainly retrospectively. A
single randomized pilot trial on early tracheostomy in 60 ventilated patients with se-
vere hemorrhagic and ischemic stroke demonstrated feasibility, safety, and less need of
sedation. Regarding the technique, bedside percutaneous dilational tracheostomy
should be preferred over surgical tracheostomy because of several reported advantages.
As the procedural risk is low and early tracheostomy does not seem to worsen the clin-
ical course of the ventilated stroke patient, it is reasonable to assess the need of fur-
ther ventilation at the end of the first week of intensive care and proceed to
tracheostomy if extubation is not feasible. Reliable prediction of prolonged ventilation
need and outcome benefits of early tracheostomy, however, await further clarification.
Decannulation of stroke patients after discontinued ventilation has to follow reliable
confirmation of swallowing ability, as by endoscopy.



Introduction

Stroke candidates for tracheostomy
The need to tracheostomize a patient with ischemic or
hemorrhagic stroke results from the patient´s
prolonged inability to breath and/or protect his airway
sufficiently. This can be caused by various types of
stroke, such as severe acute ischemic stroke (AIS, eg,
large hemispheric stroke, space-occupying cerebellar
stroke, basilar thrombosis or embolism with
brainstem infarction), large or brainstem intracerebral
hemorrhage (ICH), intraventricular hemorrhage, se-
vere cerebral sinus venous thrombosis, and subarach-
noid hemorrhage (SAH). It appears less important
what the particular type of cerebrovascular pathology
is but rather, how extensive the brain damage and its
sequelae (brain edema, secondary ischemia) are and
what parts of the brain are affected. The latter include
those regulating the level of consciousness (reticular
formation in the brain stem, thalami, limbic system),

breathing (respiratory centers in the cortex, pons, and
medulla), and swallowing (medulla and brain stem
connections). Principally, there are two main scenarios
in which a tracheostomy (TT) is usually considered.
The first is in a patient with a moderate stroke just
resulting in stroke unit care but affecting swallowing
centers of the brain (such as infarcts of the brain stem
or the medulla oblongata) thus producing dysphagia.
If the dysphagia is then found to be severe by specific
testing and the patient is at risk of aspiration, TT might
be indicated to bridge swallowing therapy during reha-
bilitative care. The second scenario is in a patient that
suffered from a stroke so severe to make admission to
the intensive care unit (ICU) and mechanical ventila-
tion necessary. Here, TT will be chosen if extubation
failed or is deemed not feasible (ie, as part of weaning
from the ventilator). This review will mainly focus on
the intensive care unit tracheostomy.

Tracheostomy in the stroke unit patient

Dysphagia after stroke is very common, reported incidences for the acute
phase range from 30 % to 80 % [1–3]. Numerous predictors have been in-
vestigated but their validity remains limited as a recent systematic review
showed [4]. Posterior circulation stroke involving the brainstem is placing
the patient at particular risk to develop dysphagia [5], and within that sub-
group, stroke affecting the pons, the medial medulla, or the lateral medulla
(highest risk) seems to be most relevant, as a recent MRI-based meta-analysis
demonstrated [6]. Some stroke patients might otherwise have a quite unre-
markable course, ie, not necessarily have very disabling deficits, going
through regular stroke unit care, not requiring ventilatory support.
However, a severe dysphagia might lead to recurrent aspiration pneu-
monia, thus impeding rehabilitative progress and increasing morbidity
and mortality [5, 7–11]. For the detection of dysphagia in stroke, nu-
merous clinical and apparative tests have been described, such as dif-
ferent versions of bedside screening tests, videofluoroscopic, or fiberoptic
endoscopic tests [12–17]. A systematic review comparing three of these
methods favored a simple water swallowing test combined with pulse
oxymetry [18], but the endoscopic tests might be of great value in less
cooperative patients. Screening for dysphagia and subsequent manage-
ment thereof was shown to prevent pneumonia [19]. Management
comprises special oral hygiene, nasogastric. or percutaneous tube feeding,
very diverse forms of nutritional support, and swallowing therapies that
are beyond the scope of this review and are still subject to considerable
controversy [20]. One randomized control trial showed “high-intensity”
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behavioral intervention to lead to better outcomes in dysphagic stroke
patients [21].

However, at times it might not be enough to divert nutrition by means of
gastric tubes and to initiate swallowing therapy, as some of these patients
might persistently fail to handle their saliva, thus demanding ongoing
suctioning. In these patients at risk of aspiration TT is indicated. Unfortu-
nately, there exist hardly any systematic studies on TT in the non-ICU stroke
patient with dysphagia. It is unclear when to tracheostomize, which tech-
nique to choose, and when and how to decannulate. Pragmatically, it seems
reasonable to do a clinical bedside swallowing test in any stroke patient even
slightly suggestive of dysphagia [12, 22, 23], proceed to endoscopic
swallowing tests if screening was pathological [24, 25], keep the patient nil
by mouth, place a nasogastric tube if endoscopic tests are pathological as
well [26, 27] and apply a penetration/aspiration score [13, 28]. If aspiration
is confirmed persistently despite supportive measures and initiation of
swallowing therapy, the patient should be tracheostomized. If long-term
dysphagia is estimated, surgical TT may be preferable as it makes changing
cannulas during rehabilitation easier and safer. As decannulation has hardly
been assessed in non-ICU dysphagic stroke patients, indirect evidence on
how best to confirm the absence of dysphagia may cautiously be transferred
from patients previously ventilated (see below).

Tracheostomy in the intensive care unit patient
Rates and rationale

The prognosis of stroke patients requiring ICU management and mechanical
ventilation was suggested to be generally poor by retrospective studies in
the past with reported mortality rates ranging between 40 % and 80 % [29–
32]. These studies, however, were conducted before new insights on options
to reduce these stroke patients´ morbidity and mortality (as by decom-
pressive surgery etc.) were gained. Given that the most frequent extracerebral
complications of neurologic ICU patients are respiratory [33, 34] measures to
improve airway and ventilation management might theoretically transduce
in better outcome. A retrospective analysis revealed that good outcome is
possible in severely afflicted cerebrovascular patients after TT, even after long-
term ventilation [35].

It can only be estimated how many ICU-dependent stroke patients
receive a tracheostomy in the course of their ICU stay. While TT in
the general ICU is performed in about 10 %–15 % of patients, the rate
in ICU stroke patients seems to range between 15 %–35 % [34, 36]. In
general critical care, it is customary to do a TT if ventilated patients
cannot be weaned from the respirator and extubated quickly but require
long-term ventilation and airway support. A common practice is to
estimate chances of extubation at the end of the first week of ventila-
tion and proceed to TT if this is not deemed feasible for the following
week. Practices, however, vary greatly between centers and how to de-
cide on the need of TT is not even standardized in general ICU patients
[37], not to speak of stroke ICU patients. Accepted advantages of a
short tracheal cannula compared with a long orotracheal tube are im-
proved oral hygiene and nursing measures, avoidance of lesions to
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pharynx and larynx, and a higher patient comfort [38–42], the latter of
which alone might justify the procedure. More meaningful reputed
benefits of tracheostomy such as reduction of ventilatory dead space
and thus of work of breathing, improved patient safety, faster weaning,
and shorter ventilation duration, reduced ICU-length of stay, lower risk
of ventilator-associated pneumonia, or even lower mortality and im-
proved outcome have been suggested by studies of varying sizes and
numbers but have largely remained controversial until today [37]. These
aspects have hardly been investigated in ICU stroke patients (see be-
low).

Decision
Accepted indications for TT in general critical care are long-term ventilation
due to prolonged respiratory failure; demand to protect the airway in in-
creased risk of aspiration or functional/mechanical obstruction, prolonged
demand of suctioning of tracheal secretions, and the presence of dysphagia.
In ICU-dependent, ventilated stroke patients any single or the combination
of these can be caused either directly by the brain lesion (eg, in brainstem
ICH) or indirectly by complications thereof (eg, by prolonged coma or in-
tracranial pressures (ICP) crises in SAH). Studies on predictors of TT need
and prolonged mechanical ventilation in non-neurologic ICU patients have
yielded parameters of compromised circulation, and oxygenation, organ
failure, and infection status [43, 44]. These may not be too helpful in stroke
patients, many of which do not present with these systemic problems, at least
not in the early phase of their ICU stay. Two retrospective studies have in-
vestigated predictors for the need of TT in ICU stroke patients, but only for
patients with supratentorial ICH. Independent predictors of TT were low
Glasgow Coma Scale (GCS), presence of Chronic Obstructive Pulmonary
Disease (COPD), volume and thalamic location of the ICH, midline shift,
presence of intraventricular blood, and hydrocephalus [45, 46]. Some of
these parameters have been combined to form the TRACH score with a re-
ported positive predictive value of 95 % and a negative one of 83 % [46].
That score awaits, however, prospective validation. Qureshi and colleagues
have retrospectively assessed predictors of TT in patients with infratentorial
lesions (mainly vascular) and found brainstem dysfunction, a low GCS and
additional supratentorial lesions to either predict TT or alternatively death
[47]. At the authors´ own institution, an in-house score (the “SET score”)
based on some of the retrospectively found TT predictors named above, is
used to identify possible candidates for TT among ICU stroke patients. The
score has not been formally validated yet, but has proved helpful in 50
prospectively studied ventilated stroke patients (unpublished data) and been
used as a screening tool in a randomized pilot trial [48]. Our decision to
tracheostomize is based on the score combined with the judgment of two
experienced intensivists (Table 1). Studies on clinical judgment with regard
to the need of prolonged ventilation (ie, at least 14 days) have yielded
conflicting results in prospective TT trials in non-neurologic patients. In one
trial, this resulted in only 10 % of patients deemed long-term actually not
needing a TT, while in another, the large TracMan trial, the rate was 50 %
[63•].
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In cerebrovascular ICU patients, a frequent reason for physicians to
delay extubation or decide for TT is a reduced level of consciousness.
In fact, a GCS 98 is part of the classical ICU extubation criteria. How-
ever, there are data suggesting that brain-lesioned patients with a reduced
level of consciousness but otherwise stable (with regard to circulation,
respiration, and protective reflexes) can often be successfully extubated
[49, 50]. Thus, coma on its own should not necessarily be regarded as an
indication for TT. However, if there are several arguments to doubt
extubation success (no cough effectiveness, high quantity of secretions,
high viscosity of secretions, etc.) TT might be the better option, as both
extubation delay and extubation failure with re-intubation worsen the
prognosis of the ICU patient [51, 52].

A common and justified reason to tracheostomize ICU stroke pa-
tients is to facilitate the process of respirator weaning. Although discon-
tinuous methods of weaning, ie, those involving extended spontaneous
breathing trials and as such wake-up trials can be successful [53], these
can be problematic in cerebrovascular ICU patients. Brain-damaged ICU
patients may respond to wake-up trials with stress reactions and in-
creases in ICP [54–56]. It may be more adequate to apply a continuous
way [57] of >weaning (such as gradually reduced pressure support ven-
tilation) to a tracheostomized patient at higher comfort but still less se-
dation, and thus able to better participate in ventilation. In fact, data
suggest faster weaning after TT in non-neurologic ICU patients [58,
59], but this has not been sufficiently clarified for ICU stroke patients
yet. At least, in a retrospective subgroup analysis of 129 patients of a
mixed ICU, the 31 neurologic/neurosurgical patients were the fastest

Table 1. Heidelberg in-house score for estimation of 2-week ventilation need in ICU stroke patients

Area of assessment Situation Points
Neurologic function Dysphagia 4

Observed aspiration 3
GCS on admission G10 3

Neurologic lesion Brainstem 4
Space-occupying cerebellar 3
Ischemic infarct 92/3 MCA territory 4
ICH volume 925 mL 4
Diffuse lesion 3
Hydrocephalus 4

Extracerebral organ function/procedure (Neuro)surgical Intervention 2
Additional respiratory disease 3
PaO2/FiO2G150 2
APSa (of APACHEII) 920 4
LISb 91 2
Sepsis 3

Estimation of at least 2 weeks of ventilatory support if score sums up to 910. Confirmation or refusal by 2 experienced neurointensivists,
who have the last judgement.
(Non-validated in-house scoring tool at Heidelberg NICU, based on [43–46], used in [66••])
APACHEII acute physiology and chronic health evaluation II APS acute physiology score, FiO2 fraction of inspired oxygen, GCS Glasgow
Coma Scale, ICH intracerebral hemorrhage, LIS lung injury score, MCA iddle cerebral artery, PaO2 partial arterial pressure of oxygen
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to be weaned from the ventilator after TT compared with other sub-
groups [60].

Timing
The optimal timing might be the aspect most actively studied in ICU tra-
cheostomy. Studies in very different populations of non-neurologic critical
care patients have addressed this question, among these countless retro-
spective observational studies and a few randomized controlled trials (RCTs).
In 2005, a systematic review of the latter culminated in significantly reduced
duration of mechanical ventilation (weighted mean difference −8.5 days,
95 % COI −15.3 to −1.7) and ICU length of stay (LOS) (− 15.3 days, -24.6 to
−6.1) [61]. Since then, a few larger RCTs have been conducted in broader
mixed ICU populations with largely disappointing results, only showing
increased patient comfort [42] and failing to demonstrate reduced pneu-
monia rate [62]. The largest RCT so far, the UK TracMan trial on TT at day 4
vs day 10 (or more) in 909 mixed ICU patients, demonstrated no other
relevant benefit of early tracheostomy than less sedation in the early TT
group [63•]. Mortality and most other relevant secondary outcomes were
identical between the groups. Two results of the TracMan trial are of particular
interest: First, TT (about 90 % percutaneous and the vast majority in single-
tapered dilator technique at the bedside) was safe with very few minor TT-
related complications and no TT-related deaths. Secondly, clinicians were
not very good at estimating the need of 14 day ventilation, as 50 % of pa-
tients deemed in need thereof could eventually be extubated. The to-date
largest retrospective analysis in more than 10,000 mixed ICU patients
showed only a marginal survival benefit through early TT (37 % vs 35 % at
30 days, P=0.032/46.5 % vs 49.8 % at 1 year, P=0.001/63.9 % vs 67.2 %
study mortality, PG0.001) in addition to slightly reduced times of ventila-
tion and ICU–LOS [64]. This might indicate that recent RCTs were under-
powered to show benefits in mixed populations and it could be more relevant
(and rewarding) to investigate thematter in special ICU subgroups. The optimal
time point for a TT in general ICU patients remaining thus unclear, it is wide-
spread critical care practice to perform the procedure after 2 to 3 weeks
from intubation, often after failed weaning or extubation attempts. A
common recommendation is to estimate the need of prolonged
(914 days) ventilation (how to do this remains elusive) after 7 days of
ventilation and proceed to TT if that is deemed likely [37].

Early TT in stroke ICU patients has hardly been investigated prospectively.
Although burdened with high mortality rates, ventilated survivors of
ischemic or hemorrhagic stroke who had undergone long-term ventilation
leading to TT had a favorable outcome in about 25 % of the cases in a ret-
rospective study of 97 patients [35]. The same study suggested earlier tra-
cheostomy to be associated with shorter ICU-LOS, as was likewise
demonstrated in another retrospective study on 69 ventilated stroke patients
with infratentorial lesions [47]. A third retrospective analysis in 28 ICU-pa-
tients with nontraumatic brain injuries suggested lower mortality through
early TT [65]. That study, however, included not only “cerebrovascular acci-
dents”, but brain pathologies as diverse as meningitis, epilepsy, or hypoxic
encephalopathy that were not very evenly distributed between the study
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groups, and thus, these results have to be interpreted with great caution. In
the only RCT on the question of early TT in stroke ICU patients to date, in the
monocentric pilot study SETPOINT, we randomized 60 ventilated patients
with severe intracerebral hemorrhage (ICH), subarachnoid hemorrhage
(SAH), or acute ischemic stroke (AIS) to either early TT (within 3 days from
intubation) or prolonged intubation (weaning and extubation or, if not
successful, TT between day 7 and 14). Early TT was feasible, safe, and resulted
in less sedation and a more patient-dominated ventilation. The primary
endpoint ICU-LOS, however, was identical between the groups, as were
many other secondary endpoints. ICU-mortality was significantly lower in
the early TT group, but this has to be regarded with caution as the small trial
was not designed to robustly investigate this and as this difference could not
be consistently explained by findings in the other endpoints [66••]. The re-
sults of SETPOINT need to be confirmed and extended in a larger multi-
center trial, before early TT can be sufficiently judged in the ICU stroke pa-
tient. Relevant studies on TT in ICU stroke patients are listed in Table 2.

Table 2. Relevant studies on tracheostomy in ICU stroke patients

Study and year N Study population Study design Main findings
Early tracheostomy
Qureshi [47] 2000 69 Infratentorial lesions,

including 56 with stroke
Retrospective Reduced ICU-LOS and ventilation

duration in early TT
Rabinstein [35] 2004 97 AIS, ICH, SAH survivors

after prolonged
intubation and/or TT

Retrospective Reduced ICU-LOS and ventilation
duration in early TT

Pinheiro [65] 2008 28 Mixed neurological,
including 16 with stroke

Retrospective Reduced 30-day mortality in
early TT

Bösel [66••] 2012 60 AIS, ICH, SAH Prospective
randomized

Safety, feasibility, reduced
sedation need, and lower
mortality in early TT

Predictors of tracheostomy need
Huttner [45] 1996 392 Supratentorial ICH Retrospective Predictors of TT need: COPD,

hematoma volume, ganglionic
location, hydrocephalus

Szeder [46] 2010 150 Supratentorial ICH Retrospective Predictors of TT need: GCS,
septum pellucidum shift,
thalamic location,
hydrocephalus (TRACH score)

Surgical vs percutaneous tracheostomy
Seder [83] 2009 135 Mixed neurocritical,

including 74 with stroke
Retrospective /
Prospective

Reduction of ICU-LOS,
ventilation duration and ICU-
charges by percutaneous vs
surgical TT

Decannulation
Warnecke [86•] 2013 100 Mixed neurocritical,

including 68 with stroke
Prospective
observational

Earlier and safe decannulation
by FEES

AIS acute ischemic stroke, FEES flexible endoscopic evaluation of swallowing, GCS Glasgow Coma Scale, ICH intracerebral hemorrhage, ICU-
LOS intensive care unit length of stay, SAH subarachnoid hemorrhage, TRACH tracheostomy prediction score, TT tracheostomy.
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The way to tracheostomize

The procedure of tracheostomy dates back to Egyptian times, but the first record
of a medically sound and persistently successful TT in a human is from 16th

century Italy. Since then, the surgical version of the procedure has been contin-
uously improved andmade a standard procedure among surgeons and ear-nose-
throat specialists. The principle of surgical TT is to open the anterior trachea
under sight and suture the tracheal wall to the external skin, thus creating a
“permanent” tracheostoma [67, 68]. In 1985, Ciaglia revolutionized TT by in-
troducing the (Seldinger-derived) guide-wire technique [69]. The principle of this
percutaneous dilational tracheostomy (PDT) is to puncture the trachea, insert a
guide-wire and use this to dilate the tracheal opening and to introduce the tra-
cheal cannula. PDT, as its surgical counterpart, has been considerably developed
and found increasing popularity in ICUs worldwide. Today, 6 methods of PDT
are available, the classical Ciaglia method using several dilators of increasing
sizes, theGriggsmethod employing a cutting forceps [70], the Fantonimethodof
retrograde inside-outside cannula placement [71], the Ciagla Blue Rhino single
dilator [72] method, the PercuTwist method employing a screw-like device [73],
and finally the Blue Dolphin method where dilation is accomplished by a high-
pressure balloon [74]. The most popular and widespread version of PDT
worldwide appears to be the single-tapered dilatormethod under bronchoscopic
control. A recent meta-analysis on 13 comparative PDT studies found some ad-
vantages regarding the latter approach, but overall the PDT techniques appeared
comparable [75]. Details of surgical and percutaneous TT and details of peri-
proceduralmeasures are nicely summarized and illustrated in a reviewbyDurbin
[76]. The intervention of PDT in ICU stroke patients is further presented below.

Treatment
Percutaneous dilational tracheostomy

Treatment aims
& The supreme goal of PDT is to establish a safe airway in stroke

patients that either cannot protect their airway and/or are in need of
prolonged mechanical ventilation.

& Direct aims of the exchange of a long orotracheal tube against a
short tracheal cannula below the larynx are better oral hygiene,
avoidance of pharyngeal/laryngeal lesions, more efficient nurs-
ing care and higher patient comfort.

& Indirect aims particularly of early tracheostomy include a reduced seda-
tion demand, easier and faster weaning from the ventilator, a reduced rate
of pneumonia, a shorter duration of ventilation, reduced ICU-length of
stay and benefits in mortality and outcome. These, however, await pro-
spective confirmation or demonstration in ICU stroke patients.

Standard procedure

The orotracheally intubated and ventilated patient is positioned supine
and supported from below for perfect exposure of the trachea. Sufficient
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analgesia, sedation, and relaxation are administered. Full systemic and ideally
cerebralmonitoring is installed. An emergency difficult airway trolley has to be
at hand. Barrier precautions, sterile skin preparation, and infiltration of the skin
with local anesthetic and epinephrine are applied. Preparatory peri-tracheal
ultrasound is recommended to detect vessels and thyroid pathology in the
intervention zone. The orotracheal tube is retracted to position the cuff just
underneath the vocal chords, preferably under bronchoscopic control. The
principle of every PDT then is to puncture the trachea between two tracheal
rings below the larynx and introduce a guide-wire. Different techniques (most
of these variations of the Ciaglia method, see above) can be used to dilate the
tracheal puncture, with the single-tapered dilator technique being the most
popular. The dilator and eventually the tracheal cannula are passed over the
wire, which is finally removed, as well as the orotracheal tube after confirma-
tion of proper intratracheal cannula placement, ideally by bronchoscopy. The
cannula-cuff is inflated. The ventilator is connected to the cannula. The cannula
is fixed to the neck and the cannula position re-confirmed by chest-x-ray.

Contraindications

The following are contraindications against PDT, some of which have
been regarded absolute in the past and are now regarded relative.

Anatomy & Gross anatomical distortion of the neck.
& Previous neck surgery (not by TT), burns, radiotherapy.
& Instable or rigid cervical spine.
& Tracheal distortion, stenosis, or malacia.
& Upper airway tumor or stenosis.
& Morbid obesity (935 kg/m2).
& Large thyroid gland or vessels in the intervention territory.

Physiology & Relevant oxygenation compromise
& Hemodynamic instability, high demand of vasopressors.
& Coagulopathy (aPTT 950 s, INR 91.5, thrombocyte count G50.000/

μL)
& Increased ICP (920 mm Hg).

Other & Emergency situation.
& Very difficult airway, expected (re-)intubation problems.
& Need for permanent tracheostoma.

Complications

Overall, PDT is a very safe procedure with a rate of procedure-related
complications of 3 %–4 % [77–79]. In a 6-year prospective follow-
up study of 572 PDTs, Dempsey and colleagues reported only 3 %
early and 0.7 % late complications. However, two patients (0.35 %)
died due to bleeding from erosions of the brachiocephalic truncus
[79].

In essence, total complication rate is low, more frequent complications
are of minor relevance and very rare complications can be severe. Compli-
cations can be related to the TT procedure itself, tomanipulation and care of
the tracheal cannula, and long-term consequences of this artificial airway.

(PEEP 912 cmH20, FiO2 90.6).
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Short-term complications that are frequent but of minor relevance are
venous bleeding, transient desaturations, transient hypotension, and
skin infection; those rare but of higher or highest relevance include ar-
terial bleeding, false passage, unintentional decannulation, pneumo-
thorax, esophageal damage, and death. Should the cannula be
unintentionally removed at the end of the procedure after extubation, it
must not be tried to push it back in but instead orotracheal intubation
executed immediately. Thereafter, PDT can be repeated in controlled
fashion.

Some long-term complications are rare but relevant, such as
tracheal stenosis, tracheomalacia, vocal chord injury, and acciden-
tal decannulation [37, 80]. The latter can be a particular problem,
also when changing the cannula. While early changing is not a
problem in the surgically formed tracheostoma, it can be very
dangerous soon after PDT, when the tracheostomy canal is not yet
granulated. Hence, the cannula should not be changed before
2 weeks after PDT, and if this cannot be avoided (due to leakage,
infection, or occlusion) measures like using an exchanger and
having emergency orotracheal intubation gear ready are para-
mount.

Special points

Surgical (“open”) and percutaneous TT have been compared in meta-
analyses and the percutaneous technique found advantageous [81, 82],
particularly with regard to less overall complications, less wound infec-
tions, less unfavorable scarring, and higher cost-effectiveness, as well as a
trend toward reduced relevant bleeding.

Studies have demonstrated that PDT on ICU stroke patients can
be performed quickly and safely at the bedside by neurointensivists
[66••, 83].

In brain-lesioned patients, PDT can at times result in transient
increases in ICP during the procedure [84, 85], therefore measures to
avoid or manage this situation should be undertaken (slight eleva-
tion of head of bed, sufficient sedation and analgesia, avoidance of
hypoventilation (and hence, hypercapnia) as can happen broncho-
scopic tube occlusion, etc.).

After completed ventilator weaning, a tracheostomized stroke pa-
tient can be decannulated as soon as his ability to swallow and
handle his saliva is re-established. Dysphagia is very common after
stroke, as discussed above, but can also be a result of prolonged
orotracheal intubation and ventilation themselves. Clinical
swallowing evaluation (CSE) in tracheostomized patients can be
unreliable and lead to both inadequately early decannulation in
dysphagic patients and (more often) unnecessarily delayed
decannulation. Endoscopic tests such as bedside FEES have proven
valuable to detect or exclude dysphagia in stroke patients after ven-
tilation and TT, even if the patient is not fully cooperative. In a re-
cent prospective study in 100 such stroke patients, more than 80 %
more patients could be successfully decannulated than by relying on
CSE alone [86•].
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Cost/cost-effectiveness

Cost of bedside PDT is moderate. Absolute amounts are difficult to present
as these dependon a lot of center-specific aspects. A comparisonof total ICU
charges in neurologic ICU patients (mainly cerebrovascular) receiving PDT
(n 67) with those receiving a surgical TT (n 68) favored PDT, with mean
total savings of 32,900 USD between the cohorts [83]. A meta-analysis on
percutaneous vs surgical TT in ICU patients compared four trials and
demonstrated significant cost-effectiveness in terms of savings just regarding
the procedures itself of 450 USD (and 5 minutes less duration and one
individual less in personnel) per case in favor of PDT [81].
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