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Abstract
Background Long-term ventilation in intensive care units
(ICUs) is associated with several problems such as
increased mortality, increased rates of ventilator-associated
pneumonia (VAP), and prolonged time of hospitalization,
and thus leads to enormous healthcare expenditure. While
the influence of tracheostomy on VAP incidence, duration
of ventilation, and time of hospitalization has already been
analyzed in several studies, the timing of the tracheostomy
procedure on patient’s mortality is still controversial. The
aim of our study was to investigate whether early
tracheostomy improved outcome in critically ill patients.

Materials and methods Within 2 years, 100 critically ill,
predominantly surgical patients entered this prospective
randomized study. A percutaneous dilatational tracheosto-
my was performed either early (≤4 days, 2.8 days median)
or late (≥6 days, 8.1 days median) after intubation.
Results We could demonstrate that mortality was not signifi-
cantly reduced in the early tracheostomy (ET) group in contrast
to the late tracheostomy (LT) group. ET was associated with
decreased VAP incidence (ET 38% vs. LT 64%), decreased
duration of ventilation (ET 367.5 h vs LT 507.5 h), and shorter
time of hospitalization both in hospital (ET 31.5 days vs LT
68 days) and in ICU (ET 21.5 days vs LT 27 days).
Conclusion Despite many advantages like reduced time of
ventilation and hospitalization, early tracheostomy is not
associated with decreased mortality in critically ill patients.
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Introduction

Long-term ventilation of critically ill patients is associated
with several complications. Despite improved hygiene in
ICUs, ventilator-associated pneumonia (VAP) is still a
major cause of patient death [1, 2]. Long-term ventilation
leads to an increased risk of mechanical complications,
such as tube disconnection, mucus impaction, and laryngeal
and tracheal ulcera [3–5]. To resolve these problems,
enormous manpower and materials are necessary that are
associated with increased costs of treatment [6, 7]. Thus,
both patients and hospital would profit from shortened
duration of ventilation and hospitalization in general.
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The percutaneous dilatational tracheostomy (PDT) is one
standard procedure in airway management of long-term
ventilated ICU patients [8–10]. Both open and percutane-
ous dilatational tracheostomies provide a safe airway, lower
airway resistance, improved bronchial drainage, and high
patient comfort with decreased need for sedation and a
shortened weaning phase [8–11]. Furthermore, the PDT has
at least three additional advantages: (a) the PDT is a
bedside procedure (decreased need for human resources of
the operation room) [12, 13], (b) the PDT is a safe,
established method, with lower rates of mortality [14, 15],
and (c) the PDT provides an adequate cosmetic result after
tube removal [9, 12, 16, 17].

Although several studies have analyzed the advantages
of the tracheostomy procedure, the optimal timing for the
tracheostomy performance is still controversial [18–23].
This is at least partially caused by the lack of randomized,
prospective studies and the heterogeneity in the studies that
have been performed so far. While some studies included
both surgical tracheostomy and PDT [24], other authors did
not even mention the exact tracheostomy technique [25]. In
most studies conducted at medical ICUs, surgical trauma
patients have been excluded by the admission policy [26].
Furthermore, studies with large numbers of cases were
mostly retrospective [27], while prospective studies with
adequate case numbers normally excluded surgical patients
[28]. While the positive impact of an ET on duration of
hospitalization, on duration of ventilation, and on the VAP
incidence has been shown in many studies, data concerning
the mortality remain contradictory [26]. Only one retro-
spective study analyzed the long-term outcome of early and
late tracheostomy regarding mortality [29]. Considering all
the abovementioned facts, it stays nebulous if a PDT
performance early after a trauma or an operation really
improves the outcome of our critically ill patients whom we
treat daily with this technique. The aim of this prospective
study is to investigate whether an early PDT performance
improves the mortality, the VAP incidence, and the time of
hospitalization of mainly surgical critically ill patients.

Patients and methods

After approval by the ethics committee, 100 critically ill
patients of the surgical, neurosurgical, and neurologic ICU
entered this prospective, randomized study, which was
performed within 2 years in the Department of Anaesthesi-
ology, Intensive Care Medicine and Pain Therapy of the
University Hospital of Gießen, Germany. Study registration
number is ISRCTN01157856 and was performed after
study completion.

All study patients had either been hospitalized after
intubation or were intubated during hospital stay. Inclusion

criteria were (a) age>18 years, (b) an expected time of
ventilation>21 days (, which was decided by two indepen-
dent intensivists, who were not involved in the study), and
(c) an informed consent that the patient may be included
into the study.

Patients were excluded from this study if they have met
one of the following criteria: (a) anatomic variants or
deformities of the larynx, trachea, and collum; (b) a pre-
existing tracheostomy; (c) pre-existing pneumonia; (d) a
critical trauma of the cervical vertebral column; (d) a
coagulopathy (thrombocytes<60,000 μL, prothrombin
time>40 s, international normalized ratio>1.4); (e)
estimated to die within the next 24 h; (f) a planned
permanent tracheostomy (after laryngectomy); and (g)
more than 3 days of ventilation before entry into the
study. Consent was obtained for the study enrollment and
the performance of PDT procedure. Due to the fact that
all patients were intubated, we always established a legal
guardian (or relatives receiving the status of a legal
guardian by the court) in all cases. He/she representa-
tively signed the informed consent.

After endotracheal intubation, patients were included
into the study and subdivided into two groups. Patients
were enrolled in a high-injury severity group with
APACHE II score>25 or the low-injury severity group
with APACHE II score<25. The APACHE II score is an
established, standardized ICU prediction score and was
calculated as published previously [30]. Patients were
further randomized according to two computer-based,
independent lists and either entered the ET (PDT ≤4 days
after intubation) or LT (PDT ≥6 days after intubation)
tracheostomy trunk of this study. To maintain allocation
concealment, these lists were only available to the study
team, which had no contact to the ICU team.

PDT was performed according to the operating proce-
dure published by Ciaglia in 1985. Besides the different
timing of PDT performance, all co-interventions were
similar in both groups. Primary endpoint of this study was
the death of a patient. After discharge from hospital,
patients left the observation automatically.

All patients were weaned according to an established
standardized weaning protocol. End of ventilation was
defined as point of time at which the patient was
independent from any ventilatory support (such as contin-
uous positive airway pressure) and did not require it again
during hospitalization. This, of course, does not automat-
ically coincide with decannulation of the patient. All
patients were weaned according to a standardized weaning
protocol. The assessment of the data of mandatory
ventilation was performed by an intensive care doctor,
who was not a member of the study team. Death of a
patient was determined clinically. In some cases, an autopsy
was performed.
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Occurrence of VAP was identified by calculation of the
Clinical Pulmonary Infection Score (CPIS). As described
previously [31], the CPIS is an established clinical score to
identify a VAP of critically ill patients and was calculated at
every day after tracheostomy. To exclude a preexisting
VAP, the CPIS was calculated once before PDT perfor-
mance. Data assessment was performed by a medical doctor
experienced in intensive care medicine, who was not part of
the study team. This observer was not informed about the
time point of tracheostomy performance to avoid ascertain-
ment bias.

Statistical analyses were performed with SPSS software
for Windows (Statistical Product and Service Solutions,
version 15.0.0, SSPS Inc, Chicago, IL, USA). For mortal-
ity, the Fisher exact test for hospitalization and time of
ventilation the Mann–Whitney U test and the Shapiro–Wilk
test were performed. Incidence of VAP was evaluated with
the chi-square test.

Figure 1 provides a CONSORT flow chart summarizing
the patient enrollment.

Results

One hundred patients (64 females, 36 males) with
different patterns of injury were included in this study
(Fig. 2). Sixty-five patients from a surgical ICU, 24
patients from a neurosurgical, and 11 patients from a
neurological ICU have been enrolled to this prospective
study.

Tracheostomy was performed 2.8 days (interquartile
range (IQR) [2.2–3.6]) after intubation in the ET group.
In the LT group, patients were tracheostomized after
8.1 days (IQR [6.1–10.6]) (Fig. 3). With APACHE II
scores of 21 (IQR [12–31]) in the ET group and 22.3 (IQR
[10–33]) in the LT group, both groups did not show a
statistical difference in severity of illness (Table 1).

Hospital mortality was the primary endpoint of the study.
Considering the total hospital mortality (ET, 20%; LT, 22%)
the majority of patients died in the ICU. Analysis of the
subpopulations did not reveal a difference in mortality
between ET and LT both in the subpopulation with
APACHE>25 and APACHE<25 (Fig. 4). As for the
hospital mortality (P=.81), there was no significant
difference in ICU mortality between the ET (9 patients,
18%) and the LT group (7 patients, 14%) (P=.79). Table 2
summarizes the causes of death by treatment group. Time
of hospitalization in the ICU was significantly reduced in
the ET group (21.5 days, IQR [15–30]) compared to the LT
group (27 days, IQR [22–37]) (P≤ .05) (Table 1). While
patients of the LT group were hospitalized for 68 days
average (IQR [24.5–124]), the time of hospitalization was
significantly shortened in the ET group (31.5 days, IQR
[22.5–59.5]) (P≤ .05) (Table 1). Time of ventilation was
even significantly reduced in the ET group (367.5 h, IQR
[219–475.5]) compared to the LT group (507.5 h, IQR
[323–670.5]) (P≤ .01) (Table 1).

With 38.5%, VAP incidence was significantly decreased
in the ET group compared with the LT group (64%)
(Table 1). Patients developed a late-onset VAP, with a

Trauma/Surgery 
& 

Intubation 

Early Tracheostomy 
 4 days after 

intubation (n=25)

Late Tracheostomy 
 6 days after 

intubation (n=25)

APACHE II >25 
(n=50) 

APACHE II <25 
(n=50) 

Early Tracheostomy 
 4 days after 

intubation (n=25)

Late Tracheostomy 
 6 days after 

intubation (n=25)

Patient fufills the inclusion criteria 
(a) age > 18 years, (b) an expected time of 
ventilation > 21 days, (c) an informed consent that 
the patient may be included into the study 

(n=100) 

Fig. 1 Flow chart summarizing the study protocol
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bacterial spectrum mainly consisting of Pseudomonas
aeruginosa, methicillin-resistant Staphylococcus aureus,
Klebsiella pneumoniae, and gram-negative bacteria.

Table 1 shows a summary of the data generated by this
study.

Discussion

Mortality rate in the ET group indicated a relative decrease
of 10% compared to the LT group. In our study, with a
limited number of patients, this does not lead to a
significant difference in patients’ mortality. Nevertheless,
patients of the early group spent significantly less time in
the ICU and in hospital in general. In this prospective,
randomized study, we tried to include patients of ICUs of

different medical specialty. We thus present the first
prospective, randomized study on surgical patients analyz-
ing the impact of early PDT performance. Due to the fact
that no study with a sufficient case number was performed
comparing early and late tracheostomy on surgical patients
prospectively, our analysis has a pilot study character. Thus,
a sample size estimation was not performed. The inclusion
of 100 critically ill patients into this study seemed to be
adequate for this pilot study design.

Both retrospective and prospective studies that analyze
the impact of timing of PDT performance have been
published. To the best of our knowledge, most prospective
studies including surgical patients present only low numb-
ers of patients [32, 33]. In contrast, retrospective studies
were able to recruit up to 10,927 patients [24, 29] but
included only patients from medical ICUs. In the study
presented, we included patients who were not recruited
from medical ICUs on the one hand, but suffered from a
great variety of disorders (Fig. 2) (trauma, visceral surgery,
neurosurgery, neurological) on the other hand. This broad
spectrum of patients could, of course, bias the results.
Nevertheless, this prospective pilot study gives first
interesting results. For a multi-center approach analyzing
the impact of an early tracheostomy performance on
critically ill surgical patients, another study design could
be helpful to reduce this inhomogeneity in the study
groups.

Furthermore, the definition of the ET timing varies
depending on the different study protocols [23, 25, 28, 34–
37]. Reviewing the literature of the last years, the definition
of an ET interestingly shifted from 3 weeks to few days
after intubation. As a consequence, we decided to define an
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ET as a PDT performed within up to 4 days after intubation,
and thus chose a very short time span between intubation
and PDT compared to the literature. The establishment of a
legal guardian made a tracheostomy immediately after
intubation impossible. ET was done after 2.8 days of
intubation median. LT is defined as a tracheostomy >14 days
after trauma in most studies. This, of course, strengthens the
disadvantages of long-term intubation and—to the authors’
opinion—does not state the best patients’ care in ICU
medicine. In our study, the LT patients were tracheostomized
8.1 days after intubation median.

In the study of Rumbak and colleagues [26], ET was
performed within 48 h after intubation. Late tracheostomy
was done after 14 days. This great difference of course
strengthens the effects of the tracheostomy timing. Com-
pared to Rumbak, who only included critically ill patients
from medical ICUs, we analyzed patients from a mainly

surgical spectrum of injury pattern. In the study of Arabi
and colleagues [23], day 7 after intubation is the limit for
early and the beginning of the late tracheostomy. It is
impossible to predict whether a different definition of ET
(like within 24 h, 48 h, or even immediately after
intubation) will effect mortality or not. Considering the
LT group in more detail, there were also some patients
included who underwent tracheostomy 21 days (n=1) or
even 24 days (n=1) after intubation. Thus, we must also
diminish the inhomogeneity within the LT group in future
studies. Nevertheless, these single cases of a very late
tracheostomy reflect the clinical situation in our university
hospital. Due to the heterogeneity of the different study
populations and the different definitions of early and late
tracheostomy, none of the studies published up to now can
be easily compared to each other. Further evaluation in
prospective studies is required.

Additionally, the different severity and manner of
disorder or trauma leads to a lack of comparability of the
studies published so far. Compared to our study, reports
with both higher and lower APACHE II scores exist [26,
38]. To the best of our knowledge, this inhomogeneity in
injury is not discussed in the reviews published. The
duration of ventilation is currently affected by the pattern
of injury before intubation and by PDT performance,
respectively. Obviously, the outcome of ET timing differs
between patients with primary pulmonary disorders and
patients whose injuries secondarily require ventilatory
assistance. Despite a sufficient, spontaneous ventilation,
some neurosurgical patients in our study have required a
tracheostomy caused by permanent neuromotoric dyspha-
gia. In these cases, persistent tracheostomy serves as a
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Fig. 4 A subgroup analysis of patients in the ET and the LT group.
Independent of the severity of injury (APACHE >25 and <25,
respectively), there was no significant difference in mortality between
the ET and the LT group

Table 1 Summary of study data

Early tracheostomy Late tracheostomy

Number of patients 50 50

Age of the patients (in years) 62.5, IQR [39.8, 76] 55 years, IQR [47, 72]

Male/female 29: 21 35: 15

APACHE II >25:<25 1 1

APACHE II score (average) 21, IQR [12, 31] 22, IQR [6.1, 10.6]

Average time of ventilation before tracheostomy (in days) 2.8, IQR [2.2, 3.6] [1–4] 9.4, IQR [6.1, 10.6] [6–25]

Hospital mortality (in %) 20% 22%

ICU mortality (in %) 18% 14%

Length of hospital stay (in days) 31.5, IQR [22.5, 59.5] 68.0, IQR [24.5, 124.0]

Length of ICU stay (in days) 21.5, IQR [15.0, 30.0] 30.6, IQR [22.0, 37.0]

Duration of mechanical ventilation (in hours) 367.5, IQR [219.0, 475.5] 507.5, IQR [323.0, 670.5]

Ventilator-associated pneumonia (in %) 38% 64%

Continuing ventilation after discharge (in %) 14% 34%

Discharge with tracheostomy tube 28% 60%

This table reveals a summary of the data generated by this prospective study
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protection against aspiration, and thus, these patients would
have caused false results of respirator dependency. To avoid
this effect, the end of ventilation was not defined as point of
decannulation but as postoperative time point at which
spontaneous ventilation (T piece) occurred in this study. As
shown in Table 1, we were quite successful to reach equal
APACHE II scores in both the ET and the LT groups.
Nevertheless, it is a well-known fact that especially patients
suffering from a septic process form a very inhomogeneous
group. The review of literature reveals that the APACHE II
score is a good but still not the optimal score to equalize the
groups concerning their severity of disorder.

In a prospective study, Rumbak and colleagues analyzed
120 critically ill patients from medical ICUs concerning the
time point of tracheostomy. Mortality was reduced by
approximately 50% [26]. In contrast to our study, only
nonsurgical patients from medical ICUs were analyzed.
Additionally, the level of impairment measured by
APACHE II was higher (APACHE II of ET group 27, in
LT group 26) in comparison to our study (APACHE II of
ET group 22.8, in LT group 22.3). Consequently, an
increased mortality of the LT group (61.7% vs. 18% in
our study) served as the basis of mortality of the ET group.
The reduction of mortality of the ET group thus referred to
a dramatically high “basal” mortality of the LT group (50%
reduction of mortality vs 0% in our study).

Arabi and colleagues [23] (653 trauma patients) and
Bouderka and colleagues [32] (62 neurosurgical patients)
could not prove any impact of ET on mortality either. In
contrast, Scales and colleagues demonstrated a minor
advantage of ET compared to LT after 90 days or even
1 year after intervention [29]. In conclusion, the heteroge-
neity of all preexisting studies analyzing the impact of ET
on mortality is the dominating cause for the differences in
the respective results: study design, severity, and pattern of
injury or disorder, as well as differences in the specialty of
the ICUs that have been set.

In our prospective study, incidence of pneumonia was
significantly reduced by a PDT performed shortly after
intubation. In respect of this result, our study is in
concordance with many previously published studies. The

effect of VAP incidence reduction differs between these
studies, which can be attributed to the inhomogeneous
definition of “early tracheostomy” [22]. Our study demon-
strated a shortening of ventilator dependency by 140 h for
the ET group compared to the LT group, which has been a
significant effect. Nevertheless, the cause of reduction by
tracheostomy (reduction of airway resistance, improved
bronchial lavage, reduced VAP incidence) needs to be
evaluated. Although a reduction of VAP incidence and
duration of ventilation by ET is a well-known fact in ICU, it
is still a matter of discussion why there is no influence on
mortality. As published recently, there is a lack of data
concerning mortality due to VAP in patients with trauma or
acute respiratory distress syndrome [39]. Nevertheless, a
correlation between mortality and VAP incidence in certain
subgroups of ICU patients can be assumed. Bonten and
colleagues recommend a more detailed subgroup analysis
to clarify the attributable mortality of VAP in the ICU [39].

Both time of hospitalization in the ICU and length of
hospital care were significantly decreased by early PDT
performance. Like in many other studies, hospitalization
was reduced by more than 50%, but again, literature is
characterized by a strong inhomogeneity of study design
with large differences in the outcome [23, 26, 33]. In some
studies, ventilated patients were discharged from the ICU
and hospitalized on intermediate care units [26]. Our study
protocol allowed a transfer of patients to the neurologic
rehabilitation hospitals without discontinuation of data
collection.

We showed that long-term ventilated patients profit from
early PDT performance and have significantly reduced
incidence of VAP, and times of mechanical ventilation and
hospitalization, but no significant decrease in mortality. The
contradiction to some studies that could demonstrate an
advantage of ET on patients’ survival could support the
hypothesis that certain subpopulations with special disor-
ders strongly profit from ET. This is in line with data from
Melsen et al., who came to the same conclusion recently
[39]. Our prospective single-center study included 100
patients undergoing tracheostomy. To detect a meaningful
difference between early and late tracheostomy in mortality,

Table 2 Causes of death by
treatment group

This table reveals the causes of
death in the four subgroups of
this prospective study

ET group LT group

APACHE>25 APACHE<25 APACHE>25 APACHE<25

Respiratory failure 8 4 6 4

Gastrointestinal bleeding 0 0 1 0

Myocardial infarction 2 1 1 1

Sepsis 3 1 5 3

Pulmonary embolus 1 0 0 1

Total 14 6 13 9
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this study is probably underpowered. Only a prospective
multicenter study with higher case numbers could draw a
homogenous, clear picture of the clinical impact, which an
early PDT has on critically ill patients.

Conclusions

Long-term mechanical ventilation in intensive care units is
associated with increased mortality, increased rates of VAP,
and prolonged time of hospitalization. While there is no
doubt that tracheostomy is beneficial for ICU patients, we
wanted to analyze the impact of early tracheostomy
performance on surgical intensive care patients.

Results revealed that ET is associated with a decreased
VAP incidence and a decreased duration of mechanical
ventilation on ICU. Furthermore, patients of the ET group
had shorter times of hospitalization both in hospital and in
ICU. Considering all these important differences, the
authors draw the conclusion that surgical intensive care
patients benefit from an early performance of PDT if a
long-term ventilation is to be expected. Whether the
advantages of an ET have an impact on a potentially
decreased mortality should be analyzed in a prospective
randomized multicenter study.

Key messages

& In contrast to late tracheostomy (≥6 days after intubation),
the performance of percutaneous dilatational tracheostomy
(PDT) early (≤4 days) after intubation is associated with
decreased VAP incidence.

& Early tracheostomy patients have a shorter time of
hospitalization both in ICU and in hospital.

& Early tracheostomy is associated with a decreased
duration of ventilatory support.

& Mortality is not significantly reduced by early perfor-
mance of PDT.

Conflicts of interest None.
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