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BACKGROUND: The modalities of tracheostomy for critically ill patients are still controversially
discussed. Although the use of percutaneous dilatational tracheostomy (PDT) is generally accepted
to be a safe procedure, it is still not considered to be suitable for patients requiring a permanent
tracheostomy. METHODS: This was an observational cohort study investigating long-term out-
come parameters of PDT. All patients having received a PDT at the interdisciplinary ICU at the
University of Leipzig between October 2008 and August 2009 that survived to discharge were asked
for consent to participate (n � 103). Baseline data, admitting diagnosis, reasons for tracheostomy,
and timing for tracheostomy were recorded. Subjects and medical providers were asked for neu-
rological outcome, adverse events, and personal discomfort related to the tracheostomy. The study
period was 2 y from the time of tracheostomy. RESULTS: Seventy-one subjects were finally
included in the survey. Data of 8 subjects (11%) were incomplete. Reasons for tracheostomy were
the need for long-term ventilation (42%), weaning (31%), and neurological deficits (27%). No
severe adverse events were registered. Sixty-five percent of all subjects could finally be decannu-
lated. Two subjects remained with their initial tracheostomy, and in 5 subjects (7%) tracheostomy
was modified to a surgical tracheostomy. Thirty-seven percent of subjects died during the 2 y.
Twenty-five of the surviving subjects (35%) had only minor or moderate neurological and psycho-
logical deficits. Complaints were mostly connected to swallowing and breathing. CONCLUSIONS:
Decannulations after PDT are easily done. Complications after PDT requiring a transformation to
a surgical tracheostomy are rare. Elective surgical conversions are not necessary. Key words:
tracheostomy; follow-up study; quality of life; complications. [Respir Care 0;0(0):1–•. © 0 Daedalus
Enterprises]

Introduction

Tracheostomy is a common procedure in ICUs. Patients
with severe head trauma or intracranial bleeding often re-

quire tracheostomy due to long-term ventilatory support or
neurological deficits.1,2 It secures the airway while de-
creasing airway resistance and allowing for ventilator-free
intervals. It also facilitates airway suction, enhances pa-
tients’ mobility and comfort through reduced sedation, and
gives an opportunity for verbal communication and oral
food intake.3 Common approaches for tracheostomy can
be divided into percutaneous and surgical techniques.
However, apart from indication and the correct timing
for tracheostomy in the critically ill, the superiority of
one or another technique is still controversially dis-
cussed.4,5 Surgical tracheostomy is one of the oldest
surgical procedures, first described in the first century
BC, and it is considered to be the safest way to perform
a tracheostomy. However, a variety of studies and meta-
analyses could not show distinct benefits for this prac-
tice. On the contrary, it seems that there are signifi-
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cantly fewer major bleeding events and stoma infections
associated with percutaneous dilatational tracheostomy
(PDT).6 Further, PDT can be performed much faster and
has an easy bedside application, eliminating the risks
associated with transport to the operating theater. Even
risks classically associated with percutaneous proce-
dures, such as tracheal stenosis, false routes, and pneu-
mothoraxes, were not found to be higher in patients who
underwent PDT. Nonetheless, uncertainty remains, and
about one quarter of all tracheostomies are still per-
formed surgically.7 One generally acknowledged reason
to choose the surgical procedure over the percutaneous
one is the possible need for a permanent tracheostomy.
However, data on long-term outcomes of patients who
have received a PDT are scarce.

Methods

This was a non-interventional observational cohort study
including all patients who had received a PDT at the in-
terdisciplinary surgical ICU of the University of Leipzig
between October 2008 and August 2009 who were dis-
charged alive. The study protocol was approved by the
ethics committee of the Medical Faculty of the University
of Leipzig and was conducted in accordance with the Eth-
ical Principles of the Declaration of Helsinki. Individual
consent was acquired from every subject or legal custo-
dian before inclusion into the study. Baseline data con-
cerning age, body mass index, severity of disease scores,
and information on the tracheostomy and stay were gath-
ered from the hospital’s information system (SAP [SAP
SE, Walldorf, Germany] and COPRA [COPRA System
GmbH, Berlin, Germany]). For severity of disease, we
calculated APACHE II (Acute Physiology And Chronic
Health Evaluation II) and SOFA (Sequential Organ Fail-
ure Assessment) scores and the SAPS II (Simplified
Acute Physiology Score II). Subjects or legal custodians
were asked to complete a questionnaire about their cur-
rent situation, state of recovery, complaints concerning
the tracheostomy or post-decannulation status, and feed-
ing modalities. All answers from the questionnaires were
analyzed anonymously. We further asked the post-acute
health-care provider for further information on medical
issues and adverse events connected to the tracheos-
tomy. The overall neurological outcome was measured
by the Glasgow outcome scale (Table 1).8 All data were
collected in an Excel database (Excel 2010, Microsoft
Corp, Redmond, Washington) using a random number
system for anonymization. Results are expressed as
mean � SD for normally distributed data and as median
and interquartile range for ordinal data.

Results

Study Inclusion and Baseline Data

Between October 2008 and August 2009, we performed
151 PDTs. Forty-eight tracheotomized patients (32%) died
during their hospital stay. Of the remaining 103 eligible
patients 9 (6%) were lost to follow-up after discharge. All
remaining patients were asked for consent to participate in
the study. Twenty-three (15%) patients denied consent,
and we were finally able to include 71 subjects in the
survey, which equates to a return rate of 47%. After in-
clusion, baseline information could be obtained from all
71 subjects. Information on the tracheostomy, survival,
and living circumstances from the medical provider or
legal custodian could also be acquired for all 71 subjects.
However, the data on these information of 8 subjects were
incomplete. Personal complaints obtained by either the
return of a written questionnaire or telephone interview
were completed by 61 subjects (Fig. 1).

Subjects’ baseline data can be found in Table 2. Differ-
ences between survivors and non-survivors were found for
age, APACHE II score, and SAPS II (P � .001). Overall

QUICK LOOK

Current knowledge

Bedside techniques for percutaneous dilatational tra-
cheostomy (PDT) belong to the most common surgical
procedures in the intensive care setting are generally
acknowledged to be safe procedures. PDTs are not con-
sidered to be suitable for patients requiring a permanent
tracheostomy. Especially in intensive care patients, care
providers cannot know whether a tracheostomy will be
permanent or provisional. Personal comfort, technical
and medical difficulties during the following home-care
are considered to be an important factor for the choice
of technique for permanent tracheostomies.

What this paper contributes to our knowledge

In our 2 year follow-up of subjects who had received a
PDT in the intensive care setting, most subjects could
successfully be decannulated within the first 6 months.
Subjects had a high frequency of common but not
severely impairing symptoms after tracheostomy.
No severe complications were reported after discharge
of subjects with PDT during the following 2 years.
Very few subjects underwent subsequent surgical tra-
cheostomy. PDT is suitable for patients in the inten-
sive care setting, even if the patient may eventually
require a long-term tracheostomy.
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2-y survival of all 151 tracheotomized subjects was 49%
(n � 74). Survival of all subjects with completed fol-
low-up after discharge was 63.4% (45 of 71).

Tracheostomy

Reasons for tracheostomy may be found in Table 2.
Thirty-eight subjects (53%) were tracheotomized during
their first 8 d on the ventilator and all others afterward. All
tracheostomies were performed with a bedside technique
using a single-dilator technique (Ciaglia Blue Rhino, Cook
Medical, Bloomington, Indiana).9,10 During the procedure,
subjects received sedation, analgesia, and a neuromuscular
blockade if necessary. Percutaneous puncture of the tra-
chea was done under clear fiberoptic visualization. The
guide wire was inserted and advanced forward until ap-
proximately 1 cm below the carina. One dilator was in-

troduced under fiberoptic control. The tracheal cannula
was then inserted using another dilator as guide. The cuff
of the tracheal cannula was inflated, and the guide wire
was removed.

Follow-Up

Follow-up data of all 71 subjects are summarized
in Table 3. Immediately after ICU discharge, 60 subjects
(84.5%) were referred to rehabilitation facilities. Four sub-
jects went home with support of domestic home care, and
5 subjects were referred to a nursing facility. Following
subjects’ or families’ wishes, 2 subjects were referred to
another acute care center. In 16.9% of cases, subjects were
referred with ongoing ventilator support. At the end of the
study period, 36.6% of subjects had died, most of them
(80.8%) during the first 6 months after discharge. Table 4
shows follow-up results on the tracheostomy and final
residency of survivors only (n � 45). During the 2-y course,
64.8% of all subjects had been decannulated. Most of the
survivors (88.9%) were successfully decannulated. Nearly
half of all decannulations were done during the first month
after discharge (47.8%). Only 2 subjects remained with
their initial tracheostomy. In 5 subjects (7%), tracheos-
tomy was modified to a surgical tracheostomy during the
2 y, but all except for one of these subjects died within the
study period. Reasons were excessive granulations and
tracheomalacia in 2 subjects, and in 3 subjects, long-term
tracheostomies were felt to be necessary by an otolaryn-
gologist. No medical rationales were given. No life-threat-
ening adverse events, such as hypoxia or obstruction of
the cannula, were reported in any of the 71 subjects. The
neurological outcome measured by the Glasgow outcome
scale was 3 points (interquartile range 1–4; n � 68). The
median Glasgow outcome score of all survivors was 4
points, equaling “moderate disability” (interquartile range
3–4). Approximately 35% of the surviving subjects had
only minor or moderate neurological and psychological
deficits. Two subjects (2.8%) were in a persistent vegeta-
tive state 2 y after the event.

When asked for complaints associated with the trache-
ostomy, 40.8% of subjects denied having any problems.
Ten subjects (14.0%) did not respond to the questionnaire.
One subject was in a vegetative state, and information
from caregivers was incomplete. Complaints stated by the
remaining 31 subjects included dysphagia (n � 10), lim-
ited verbal communication (n � 7), dyspnea at rest and
during exercise (n � 2 each), hoarseness (n � 4), cough-
ing (n � 5), excessive secretions (n � 4), unaesthetic scars
(n � 4), foreign body sensation (n � 2), and stoma infec-
tions (n � 2). Subjects could choose multiple complaints.
One subject presented with paralysis of the left vocal cord
and unilateral dislocation of the arytenoid cartilage. Of the
2 subjects who still remained with their initial PDT until

Table 1. Glasgow Outcome Scale for the Assessment of Persisting
Disability After Brain Damage

GOS Functional Status

1 Death
2 Persistent vegetative state
3 Severe disability
4 Moderate disability
5 Good recovery

GOS � Glasgow Outcome Scale.8

Fig. 1. Flow chart. PDT � percutaneous dilational tracheostomy.
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the end of the follow-up, one was in a vegetative state. A
tracheal stenosis was suspected, but otolaryngologists did
not see the need for surgical intervention. The other sub-
jects and/or caregivers did not report any complaints. The
caregivers of the one subject who survived the follow-up
and had a secondary surgical tracheostomy complained of
recurrent infections of the stoma after surgical conversion.
Before conversion, changing of the cannula was reported
to be difficult, without an emergency situation being
reported.

Discussion

In critical care medicine, bedside techniques for PDT
are among the most common surgical procedures. Since its
introduction to clinical medicine by Ciaglia et al,9 PDT
has become more popular and has nearly replaced tradi-
tional surgical tracheostomy, especially in patients under-
going prolonged mechanical ventilation and suffering from
weaning failure.7,9 Studies suggest that PDT is easier and
quicker to perform and is associated with lower costs
and fewer complications than the traditional proce-
dure.11-13 In particular, surgical complications, such as

major bleeding and local infections, can be reduced by
PDT techniques, and cosmetic results seem to be supe-
rior.6,14 However, data on long-term outcomes of pa-
tients who have received a PDT are very limited, and
surgical techniques are still the favored choice for a
permanent tracheostomy.

In this study, we performed a 2-y follow-up in 71 sub-
jects who had received PDT during their ICU stay and
were discharged with the tracheal cannula in place. Sub-
jects included in our study came from a mixed cohort of
our interdisciplinary surgical ICU. The majority were ad-
mitted due to cerebral insults or multiple trauma. Review-
ing the literature, this seems to be the most common cause
for receiving an elective tracheostomy in a surgical co-
hort.13 Reasons for tracheostomy were the need for pro-
longed ventilator support, weaning failure, or ongoing neu-
rological deficits, such as dysphagia and an assumed risk
of aspiration. This is also in accordance with other centers’
experiences.15

We performed tracheostomy via a single-dilator tech-
nique using the modified Seldinger technique described by
Ciaglia et al.9 The modification consists of the application
of only one curved dilator with a hydrophilic coating.10

Table 2. Baseline Characteristics

Characteristics All Subjects (N � 71) Survivors (n � 45) Non-Survivors (n � 26)

Age, mean � SD y 61 � 19 53.2 � 19.2 74.8 � 7.8*
Male sex, n (%) 44 (62) 15 (57.7) 29 (64.4)
BMI, mean � SD kg2/cm 26 � 4 25.7 � 4.1 26.3 � 4.1
ICU LOS, mean � SD d 30 � 16 27.2 � 11.3 34.6 � 20.6
Hospital LOS, mean � SD d 35 � 21 32.5 � 19.9 39.9 � 22.0
APACHE II score, mean � SD 15.5 � 6.2 13.6 � 5.8 18.8 � 5.6*
SOFA score, mean � SD 6.0 � 2.8 6.2 � 2.8 5.5 � 2.8
SAPS II score, mean � SD 35.1 � 12.9 30.6 � 11.7 43.2 � 10.9*
Primary reason for ICU admittance, n (%)

CNS 43 (59.7) 24 (53.3) 19 (73)
Multiple trauma 12 (16.9) 10 (22.2) 2 (7.7)
Pulmonary (ARDS) 6 (8.5) 4 (8.9) 2 (7.7)
Acute abdominal problems 4 (5.6) 3 (6.6) 1 (3.8)
Post-surgery 4 (5.6) 2 (4.4) 2 (7.8)
Cardiopulmonary resuscitation 2 (2.8) 2 (4.4) 0 (0)

Tracheostomy
Ventilator days before PDT, mean � SD d 8.4 � 3.4 8.6 � 3.2 8.1 � 3.9
Reasons for PDT, n (%)

Prolonged ventilatory support 30 (42.3) 22 (48.9) 8 (30.8)
Weaning failure 22 (31.0) 11 (24.4) 11 (42.3)
Ongoing neurological deficit 19 (26.7) 12 (26.7) 7 (26.9)

* Significant difference between survivors and non-survivors with P � .01.
BMI � body mass index
LOS � length of stay
APACHE II � Acute Physiology and Chronic Health Evaluation II
SOFA � Sequential Organ Failure Assessment
SAPS � Simplified Acute Physiology Score
CNS � central nervous system
PDT � percutaneous dilatational tracheostomy
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Multiple-dilator tracheostomy and single-step dilation
tracheostomy are associated with the lowest intra-proce-
dural risks, such as technical difficulties and major bleed-
ing events.6 The use of fiberoptic tracheoscopy as intra-
tracheal visual guidance has reduced peri-procedural
complication rates even further.16 Accordingly, single-step
dilation tracheostomy has evolved as the most popular
procedure used for tracheostomies today.7 The follow-up

data of our study might therefore be comparable with many
other patient collectives.

In our cohort of subjects with PDT, we found an in-
hospital mortality of 32%. Mortality rates in this mixed
surgical cohort are not very easy to compare, but traumatic
brain injury alone is associated with mortality rates be-
tween 29 and 55%, whereas trauma patients usually show
slightly lower mortality rates.17,18 During the study period
of 2 y, another 36% of our subjects died, resulting in a 2-y
mortality of 63.4%. Antonelli et al19 followed subjects for
1 y after surgical or dilatational tracheostomy. The authors
found a mortality rate 1 y after discharge as high as 45%,
finally reaching a 1-y mortality of 63%. Long-term sur-
vival analyses of subjects who had received a tracheos-
tomy also have reported mortality rates between 52 and
67%.20,21

After discharge, we found that a large number of the
subjects in our study were decannulated in their course of
recovery. More than half were decannulated during the
first month after PDT, and 88.9% of all survivors remained
decannulated. Only 2 subjects remained with their cannula
as discharged from the ICU. Five subjects received a con-
version to a surgical tracheostomy. However, only 2 of
these had complaints related to their tracheostomy before-
hand. In the 3 remaining subjects, health-care providers
felt the conversion to be necessary as a prophylactic pro-
cedure. Reasons given were actually based on a traditional
view of tracheostomies. In our study, subjects remaining
with their initial PDT did not have severe complications.
Acute complications associated with the PDT procedure
are well described and include bleeding, malpositioning,
and pneumothorax.6 However, late complications are much
less frequently reported.19,22,23 Tracheal lesions that may
result in tracheal stenosis or tracheomalacia are known as
long-term risks of percutaneous tracheostomy.6 Both may
lead to life-threatening complications during cannula
changes or may affect quality of life later on. However,

Table 3. Follow-Up Data of All Subjects (n � 71)

Characteristics n (%)

2-y mortality 26 (36.6)
Referral to:

Rehabilitation facility 60 (84.5)
Home 4 (5.6)
Nursing facility 5 (7.0)
Secondary hospital 2 (2.8)

Referral on ventilatory support 12 (16.9)
Decannulation

Total (% of n � 71) 46 (64.8)
Within 2 weeks (% of decannulations, n � 46) 12 (26.1)
Within 1 month (% of decannulations, n � 46) 22 (47.8)
Within 6 months (% of decannulations, n � 46) 36 (78.3)

Unknown state of tracheostomy 8 (11.3)
Conversion in ST 5 (7.0)
GOS

GOS 1 (death) 26 (36.6)
GOS 2 2 (2.8)
GOS 3 15 (21.1)
GOS 4 13 (18.3)
GOS 5 12 (16.9)
Data missing 3 (4.2)

Complaints
No complaints 29 (40.8)
Dysphagia 10 (16.4)
Foreign body sensation 2 (3.3)
Disturbance of speech 7 (11.5)
Hoarseness 4 (6.5)
Scars 4 (6.5)
Dyspnea on exercise 2 (3.3)
Dyspnea during suction/cannula change 2 (3.3)
Dyspnea in rest 2 (3.3)
Excessive secretion 4 (6.5)
Coughing 5 (8.2)
Pneumonia 2 (3.3)
Stoma infection 2 (3.3)
Stridor 3 (4.9)
Anosmia 1 (1.6)

Feeding
Independently 30 (42.3)
With help 9 (12.7)
Feeding tube 25 (35.2)
Unknown 7 (9.9)

ST � surgical tracheostomy
GOS � Glasgow outcome scale

Table 4. Follow-up Data From Survivors Only

Characteristics Data

Decannulated within 2-y follow-up, n (%) 40 (88.9)
Open tracheostomy, n (%) 3 (6.7)

Conversion to ST 1 (2.2)
PDT as initially done 2 (4.4)
Unknown 2 (4.4)

Final residency, n
Home 28
Nursing facility 16
Unknown 1

n � 45.
ST � surgical tracheostomy
PDT � percutaneous dilatational tracheostomy
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only a very few studies have addressed these issues, and it
seems that tracheal stenosis is even more frequent in pa-
tients who have received a surgical tracheostomy.24 In a
study by Kiran et al25 on PDT subjects, only 28.8% were
decannulated, and 13.3% received a so-called “permanent
tracheostomy” (surgical conversion) within the 6-month
follow-up. The authors give no information concerning
reason for conversion and outcome of decannulated or
converted cases. Antonelli et al19 report of an equivalent
low rate of conversion to surgical tracheostomy. The au-
thors report of an equivalent low rate of conversion. Four
subjects requiring stomatoplasty; three due to tracheal ste-
nosis and granuloma and one without such complications.19

Melloni et al22 followed 15 subjects after PDT for 6 months
after discharge. Two showed tracheal lesions, but no sur-
gical intervention was required. One could be decannu-
lated, and one remained with the cannula due to a persis-
tent vegetative state. No data are given regarding the
frequency of decannulation or the comfort or quality of
life in this study.

Personal complaints connected to the tracheostomy
seemed to be quite frequent in our study, with nearly 60%
reporting at least one symptom. There was a large group of
complaints that affected quality of life substantially like
dysphagia, dysphonia, or dyspnea.

However, none of these symptoms can be definitively
attributed to the method of tracheostomy because a com-
parison of different methods has not been done in this
study. Dysphagia and dysphonia as well as reduced Glas-
gow outcome score might be attributable to the initial
central nervous system damage. Additionally, long-term
mechanical ventilation and critical illness are independent
risk factors for the development of neurological dysfunc-
tions like dysphagia.26,27 Dyspnea might have multiple
causes. Most subjects reported short incidences of dyspnea
when suction was applied via the tracheostomy or during
cannula changes. In one subject, dyspnea was clearly as-
sociated with the detected granulation of the trachea, and
in another, it was associated with the paralysis of one
vocal cord. Dyspnea unrelated to suctioning events ap-
peared in only 6.6% of cases. In a large study on PDT and
surgical tracheostomy by Silvester et al,28 dyspnoe was
described by 28% and cough by as many as 65% of all
patients after PDT.

Dysphagia, dyspnea, dysphonia, and unaesthetic scars
may all be found in PDT as well as in surgical tracheos-
tomy.28 However, significant differences are described for
the length of the scars only.28 In our study, we found 6.6%
of subjects mentioning the scar as a relevant problem. A
comparison with other studies is difficult because we did
not inspect or judge the size or appearance of the scars
ourselves.

There are multiple limitations to our study. Although
this represents the largest long-term follow-up to date in

the literature, the number of included subjects is rather
small and from a single center only. Future studies should
include randomization between surgical tracheostomy and
PDT as well as a tracheal fiberoptic examination. There-
fore, the results should be interpreted with caution.

Conclusions

In our study, we were able to follow 71 subjects who
had received a PDT for 2 years after hospital discharge
and evaluate the long-term outcome of PDT. To our knowl-
edge, this is the largest group who has undergone a 2-y
follow-up. We found that most subjects could successfully
be decannulated within the first 6 months. There was a
high frequency of common symptoms after tracheostomy
and very few subsequent surgical conversions of trache-
ostomy.

Discharge of subjects after PDT seems to be safe as we
found no severe post-discharge complications in our co-
hort. Therefore, PDT might be a possible alternative to the
surgical approach even for patients with expected long-
term cannulation. However, this hypothesis should be tested
in a prospective study.
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