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Abstract 

Purpose:  Percutaneous dilational tracheostomy (PDT) is routinely performed in the intensive care unit with bron-
choscopy guidance. Recently, ultrasound has emerged as a potentially useful tool to assist PDT and reduce proce-
dure-related complications.

Methods:  An open-label, parallel, non-inferiority randomized controlled trial was conducted comparing an ultra-
sound-guided PDT with a bronchoscopy-guided PDT in mechanically ventilated critically ill patients. The primary out-
come was procedure failure, defined as a composite end-point of conversion to a surgical tracheostomy, unplanned 
associated use of bronchoscopy or ultrasound during PDT, or the occurrence of a major complication.

Results:  A total of 4965 patients were assessed for eligibility. Of these, 171 patients were eligible and 118 under-
went the procedure, with 60 patients randomly assigned to the ultrasound group and 58 patients to the bronchos-
copy group. Procedure failure occurred in one (1.7 %) patient in the ultrasound group and one (1.7 %) patient in the 
bronchoscopy group, with no absolute risk difference between the groups (90 % confidence interval, −5.57 to 5.85), 
in the “as treated” analysis, not including the prespecified margin of 6 % for noninferiority. No other patient had any 
major complication in either group. Procedure-related minor complications occurred in 20 (33.3 %) patients in the 
ultrasound group and in 12 (20.7 %) patients in the bronchoscopy group (P = 0.122). The median procedure length 
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Take home massage: Ultrasound-guided percutaneous dilational 
tracheostomy (PDT) is easy, fast and safe compared with bronchoscopy-
guided PDT.
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Introduction
Percutaneous dilatational tracheostomy (PDT) is a 
widely utilized technique in the intensive care unit 
(ICU) [1], with a safety profile that favorably compares 
to surgical tracheostomy [2, 3]. Although overall com-
plication rates are low, severe adverse events, includ-
ing death, are still reported [4]. Bronchoscopy guidance 
has traditionally been used as a safety adjunctive tool 
in order to define the appropriate site for the tracheal 
puncture, to guide the real-time entrance of the needle 
into the trachea, avoiding tracheal posterior wall inju-
ries, and confirming the endotracheal tube placement 
[5, 6]. By contrast, bronchoscopy might not precisely 
identify the cervical anatomical structures and pre-
vent complications such as vascular lesions or thyroid 
punctures.

Ultrasound has emerged as a potentially useful tool 
in assisting PDT. The potential advantages of ultra-
sound include the ability to identify the cervical vas-
culature [7], to help identify the most appropriate 
location for the tracheal puncture site, and to guide 
the needle insertion into the trachea, similar to the 
technique used in ultrasound-guided vascular punc-
tures. Several studies have demonstrated the value of 
preprocedure cervical ultrasound in order to improve 
the safety of PDT [8–10]. In 1999, the first real-time 
ultrasound-guided PDT was described [11], followed 
by the publication of several case series and observa-
tional studies suggesting that the method was effective 
and safe [12–16].

Recently, three randomized controlled trials (RCTs) have 
demonstrated that the use of real-time ultrasound-guided 
PDT may significantly improve the rate of first-pass punc-
tures, puncture accuracy, and reduce procedure-related 
complications, when compared to an anatomical land-
mark-guided PDT [17, 18] and bronchoscopy-guided PDT 
[19]. However, in the first two trials bronchoscopy was not 
evaluated and the last of these trials was underpowered to 
detect a difference in complication rates.

Therefore, we designed a noninferiority RCT in 
order to evaluate the safety and the efficacy of real-
time ultrasound-guided PDT compared to bronchos-
copy-guided PDT in mechanically ventilated patients 
in the ICU.

Methods
Trial design
The ultrasound-guided versus bronchoscopy-guided 
percutaneous dilational tracheostomy trial (TRACHUS, 
NCT02084862) is an open-label, parallel, noninferior-
ity RCT that was conducted at eight ICUs in the Hospi-
tal das Clínicas of São Paulo University. The study was 
conducted in accordance with the amended Declaration 
of Helsinki. Local institutional review boards approved 
the protocol (Comissão de Ética para Análise de Projetos 
de Pesquisa—CAPPesq, reference number 488506), and 
written informed consent was obtained from all of the 
patients or their legal surrogates.

Patients
Adult patients, intubated, mechanically ventilated, and 
indicated for a tracheostomy were considered eligible. 
Tracheostomy indication was at the discretion of the 
patient’s attending physician. Patients were excluded 
if they had an unsuitable anatomy to undergo a PDT as 
judged by the patient attending physician (i.e., short neck, 
tracheal deviation, cervical anatomical anomaly, previous 
cervical surgery, cervical trauma, cervical tumors, or the 
inability to perform a neck extension) or the inability to 
get written informed consent.

Study intervention
Enrolled patients were randomized in a 1:1 ratio to 
ultrasound or bronchoscopy arms in random permuted 
blocks. None of the investigators or ICU staff members 
was aware of the randomization list prior to group allo-
cation, as well as blocks numbers or blocks sizes at any 
moment, as the randomization was performed by using 
an automated third-party Internet-based service (Sealed 
Envelope, London, UK) in order to maintain alloca-
tion concealment. Treatment assignments could not be 
blinded to the ICU staff members. The patients were fol-
lowed until hospital discharge.

Randomization was performed immediately before the 
procedure, as soon as all of the equipment and the PDT 
team were available. The procedures were performed 
according to standardized practices following hospital 
routines, as previously published [16]. Detailed proce-
dure descriptions are available in supplemental materials.

was 11 [7–19] vs. 13 [8–20] min (P = 0.468), respectively, and the clinical outcomes were also not different between 
the groups.

Conclusions:  Ultrasound-guided PDT is noninferior to bronchoscopy-guided PDT in mechanically ventilated critically 
ill patients.

Keywords:  Ultrasound, Tracheostomy, Bronchoscopy
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Outcome measurements
Primary outcome
The primary outcome was procedure failure, defined as a 
composite end-point of conversion to a surgical trache-
ostomy, associated use of bronchoscopy in the case of 
ultrasound-guided PDT, associated use of ultrasound in 
the case of bronchoscopy-guided PDT, or the occurrence 
of a major complication.

The decision to proceed conversion to a surgical tra-
cheostomy, associated use of bronchoscopy in the case of 
ultrasound-guided PDT, or associated use of ultrasound 
in the case of bronchoscopy-guided PDT was at discre-
tion of the attending intensivist, during the procedure, 
without any interference of the investigators.

Major complications were defined as follows: proce-
dure-related death, cardiac arrest, tracheal wall injury, 
false passage cannulation, pneumothorax, pneumomedi-
astinum, tracheostomy cannula obstruction, esophageal 
injury, tracheoesophageal fistula, conversion to surgi-
cal tracheostomy, persistent hypotension (systolic blood 
pressure below 90  mmHg for more than 5  min and an 
associate intervention that was used to increase blood 
pressure using fluids, vasopressors infusion, or repeated 
vasopressors bolus), persistent acute hypoxemia (oxygen 
peripheral saturation below 90 % for more than 5 min as 
measured by a pulse oximeter), major bleeding (stomal, 
intratracheal, or trachea-vascular fistula causing hypox-
emia and/or requiring an emergency transfusion and/
or a surgical repair), tracheostomy-related sepsis (stoma 
infection as the only identifiable source).

Secondary outcomes
The secondary outcomes were the occurrence of a minor 
complication, procedure length, procedure difficulty, lib-
eration from mechanical ventilation (breathing without 
ventilator assistance for at least 48  h), alive ventilation-
free days at day 60 after hospital admission, days to ICU 
and hospital discharge, ICU mortality, and hospital mor-
tality. Procedure difficulty was qualified as (1) easy, (2) 
somewhat difficult, (3) difficult, (4) very difficult, or (5) 
impossible [14] on the basis of subjective evaluation of 
the participating intensive care medicine residents about 
the procedure.

Minor complications were defined as follows: transient 
hypotension (systolic blood pressure below 90 mmHg for 
less than 5  min and an associate intervention that was 
used to increase blood pressure using fluids or vasopres-
sors single bolus), transient acute hypoxemia (oxygen 
peripheral saturation below 90  % for less than 5  min as 
measured by a pulse oximeter), atelectasis, inadvert-
ent cuff puncture, accidental decannulation, tracheos-
tomy stoma infection, localized minor bleeding (stomal 
or intratracheal self-limiting bleeding or bleeding 

successfully when treated with a local compression or by 
an instillation of topical vasoconstrictive agents), local-
ized subcutaneous emphysema without any evidence of 
pneumothorax or pneumomediastinum, and local stomal 
infections not causing sepsis.

Statistical analysis
On the basis of the findings of both our previous obser-
vational study [16] and retrospective cohorts [20, 21], 
we estimated 1.2 % as being the primary outcome occur-
rence rate in the bronchoscopy-guided PDT group. 
Assuming an absolute noninferiority margin (Δ) of 6 %, 
at a one-sided α level significance of 0.05, we calculated 
that a sample size of 114 patients (57 per group) would be 
required to obtain a statistical power (1 − β) of 90 %. To 
assess for noninferiority we used the two one-sided test 
(TOST) method [22], where noninferiority is assumed, 
at the α significance level of 0.05, if the upper limit of a 
(1 − 2α) × 100 % confidence interval (CI) for the differ-
ence in efficacy is below Δ [23].

All analyses were performed on both an intention-to-
treat and an “as treated” basis. As a noninferiority trial, 
data was presented mainly as an “as treated” population, 
because it is a stricter approach. No interim analysis was 
planned. For continuous variables, the Shapiro–Wilk test 
and kernel density estimation plots were used to assess 
normal distribution. Continuous variables were pre-
sented as a mean ± standard deviation or as median and 
percentiles [25th–75th], according to the distribution, 
and they were compared by using the Student’s t test or 
the Wilcoxon–Mann–Whitney test. Categorical vari-
ables were presented as occurrences and their respective 
percentages, and they were compared by using the χ2 or 
Fisher exact tests, as appropriate. Unadjusted Kaplan–
Meier curves were used to assess the time from the 
endotracheal intubation to unassisted breathing within 
28 days and were compared with a log-rank test, whereas 
an adjusted analysis was done by using Cox propor-
tional hazards regression. A logistic regression was used 
to adjust for any significance between the groups on the 
baseline covariates. Statistical significance was assumed 
with a P value less than 0.05. In the Shapiro–Wilk test, 
the null hypothesis that the data are normally distributed 
was rejected with a P value less than 0.05. The statisti-
cal analysis was performed by using SPSS 21.0 software 
(SPSS Inc, Chicago, IL).

Results
Study patients
Between March 2014 and May 2015, a total of 4965 
patients were assessed for eligibility. Of these, 171 
patients were eligible and 123 were randomized. After 
exclusion of five patients before treatment for different 
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causes (death before the procedure, withdrawn by 
physician, and randomization errors), 118 patients 
underwent the procedure, with 60 patients randomly 
assigned to the ultrasound group and 58 patients to the 
bronchoscopy group (Fig.  1). Baseline characteristics 
were well balanced between the study groups, except 
for the Simplified Acute Physiology Score (SAPS)  3 
(Table 1).

Procedure
The procedure was described as easy or somewhat dif-
ficult 88.3  % of the time in the ultrasound group and 
with a similar 86.2  % rate in the bronchoscopy group 
(P =  0.960). The median procedure length was similar 
in both groups, 11 [7–19] vs. 13 [8–20] minutes, respec-
tively (P =  0.468). The puncture site was changed after 
the ultrasound procedure in 24 (23.3  %) patients in the 
ultrasound group (Table 2).

Outcomes
The primary outcome, procedure failure, occurred in one 
(1.7 %) patient in the ultrasound group and one (1.7 %) 
patient in the bronchoscopy group, with no absolute risk 
difference between the groups (90  % CI from −5.57 to 
5.85) in the “as treated” analysis. In the intention-to-treat 
analysis, the absolute risk difference between the groups 
for the primary outcome was also none (90  % CI from 
−5.42 to 5.55). These confidence intervals did not include 
the prespecified margin of 6  %, meaning that the ultra-
sound-guided PDT met the prespecified criteria for non-
inferiority when compared to the bronchoscopy-guided 
PDT (Fig.  2). An adjusted analysis for the primary out-
come was not possible because of an insufficient number 
of events for a multivariate analysis.

In the ultrasound group, one patient had the tracheos-
tomy tube inserted too low, between the fifth and sixth 
tracheal rings, with a subsequent tracheal laceration and 

123 Underwent randomizaton

53 Patients were excluded

16 Refused consent

15 Unfavorable anatomy

7 Unable to provide consent

5 Withdraw by physician

4 Preference for surgical 

tracheostomy

4 Equipment or team not 

available

1 Died before randomization

1 Participating in another 

trial

4965 Assessed for eligibility

62 Assigned to Ultrasound 61 Assigned to Bronchoscopy

60 Underwent the procedure and 

were included in the analysis

3 Patients excluded

1 Died before the 

procedure

1 Withdraw by 

physician

1 Duplicate 

randomization

171 Patients elegible

58 Underwent the procedure and 

were included in the analysis

2 Patients excluded

1 Died before the 

procedure

1 Randomization 

error

Fig. 1  Screening, enrollment and randomization flowchart
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mediastinitis. In the bronchoscopy group, one patient 
suffered from a tracheal anterior wall laceration during 
the tracheal dilation with a Griggs clamp and this was 
complicated with pneumomediastinum. No other major 
complication occurred in either group. Minor procedure-
related complications were reported for a total of 32 
(27.1 %) patients, 20 (33.3 %) patients in the ultrasound 
group and 12 (20.7  %) patients in the bronchoscopy 
group (P = 0.122) (Table 3). These results persisted after 
an adjusted analysis for the SAPS 3 score (P = 0.148).

Clinical outcomes were also not different between 
the ultrasound and the bronchoscopy groups. Forty-
nine (81.7 %) patients achieved unassisted breathing in 

the ultrasound group when compared with 44 (75.9 %) 
patients in the bronchoscopy group (P  =  0.440). The 
ventilation-free days were 38.5 [18–47] days vs. 38 
[8–45] days (P  =  0.505), and the time from trache-
ostomy to unassisted breathing was 3 [2–6] days vs. 4 
[2.5–7] days (P = 0.231) in the ultrasound and the bron-
choscopy groups, respectively. The time from tracheos-
tomy to unassisted breathing within 30  days was also 
not different between the groups (P = 0.972, Fig. 3). A 
total of 52 (44 %) patients died during the hospital stay, 
26 (44.8  %) patients in the ultrasound group and 26 
(46.4 %) patients in the bronchoscopy group (P = 0.864) 
(Table 3).

Table 1  General characteristics of the patients

Values are expressed as the mean (standard deviation), median [25th–75th percentiles], or a number (percentage)

PaO2 arterial oxygen pressure, FiO2 fraction of inspired oxygen, PDT percutaneous dilational tracheostomy, CNS central nervous system, MV mechanical ventilation, 
SAPS 3 Simplified Acute Physiology Score 3

Baseline characteristics Ultrasound (n = 60) Bronchoscopy (n = 58) P value

Male, gender, n (%) 39 (65.0) 42 (72.4) 0.385

Age, years 49.9 (16.6) 46.9 (18.6) 0.330

Weight, kg 73.7 [65.0–83.8] 75 [61.8–80.0] 0.732

Height, cm 170 [164.2–175.8] 170 [164.5–178.0] 0.716

Body mass index, kg/m2 25.1 [23.3–27.8] 25.2 [22.8–27.2] 0.720

SAPS 3 at ICU admission 61 [52–70] 55.5 [47–67] 0.027

Diagnosis on admission, n (%) 0.144

 Traumatic brain injury 23 (38.3) 29 (50)

 Cerebrovascular disorder 12 (20) 8 (13.8)

 Pneumonia 2 (3.5) 1 (1.7)

 CNS infection 4 (6.7) 2 (3.4)

 Neurosurgery, except trauma 2 (3.3) 3 (5.2)

 Vascular surgery, except trauma 2 (3.3) 0

 Abdominal surgery, except trauma 1 (1.7) 2 (3.4)

 Peripheral neuropathy 4 (6.7) 4 (6.9)

 Cardiac arrest 2 (3.3) 2 (3.4)

 Metabolic encephalopathy 1 (1.7) 1 (17)

 Other 7 (11.7) 6 (10.3)

Reason for Intubation, n (%) 0.852

 Respiratory failure 9 (15) 8 (13.8)

 Inability to protect airway 51 (85) 50 (86.2)

Reason for tracheostomy, n (%) 0.664

 Difficult weaning 10 (16.7) 8 (13.8)

 Inability to protect airway 50 (83.3) 50 (86.2)

Anatomical difficulties, n (%) 0.125

 None 49 (81.7) 49 (84.5)

 Short neck 4 (6.7) 2 (3.4)

 Tracheal deviation 0 2 (3.4)

 Goiter 2 (3.3) 2 (3.4)

 Limited neck extension 4 (6.7) 0

 Others 0 2 (3.4)

MV before tracheostomy, days 13 [8–18] 15 [9–17] 0.680
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Discussion
Ultrasound-guided PDT is noninferior to bronchoscopy-
guided PDT in ICU mechanically ventilated patients. 
Furthermore, the major and minor complication rates 
were not statistically different between the groups, the 

procedure length was the same in both groups, and 
ultrasound-guided PDT was described as being as easy as 
bronchoscopy-guided PDT.

Several studies evaluated the value of ultrasound in 
order to assist PDT [24, 25], and practice guidelines [26] 
have recommended its use to improve the safety of the 
technique. However, most of the studies were obser-
vational, and only three RCTs have been published to 
date comparing ultrasound-guided PDT to landmark- 
or bronchoscopy-guided PDT [17–19]. Despite signifi-
cant methodological differences, all of these trials point 
out that ultrasound-guided PDT is safe, fast, and might 
improve procedure efficiency and reduce procedure-
related complications when compared to landmark- or 
bronchoscopy-guided PDT.

Major complication rates are usually low. In the two 
largest retrospective cohorts previously published on the 
topic, including a total of 4162 patients in the analyses, 
the total major complication rates ranged from 0.38 to 
1.4 % [4, 27], similar to the 1.7 % major complication rate 
in our trial.

Minor complications that were procedure related were 
reported for 20 (33.3 %) patients in the ultrasound group 
and 12 (20.7  %) patients in the bronchoscopy group. 
Total minor complications rate was higher in the ultra-
sound group, which might be related to higher baseline 
SAPS 3 score in the ultrasound group or less team expe-
rience with the new method. Nevertheless, this difference 
was not statistically significant, remaining nonsignificant 
after adjusted analysis and with an incidence similar to 
that previously reported [2, 28]. However, the study was 
not designed and might be underpowered to detect dif-
ferences based on secondary outcomes.

Table 2  Procedure data

Values are expressed as the mean (standard deviation), median [25th–75th percentiles], or a number (percentage)

US ultrasound, NA not applicable

Ultrasound (n = 60) Bronchoscopy (n = 58) P value

Procedure difficulty, n (%) 0.960

 Easy 38 (63.3) 34 (58.6)

 Somewhat difficult 15 (25.0) 16 (27.6)

 Difficult 6 (10) 7 (12.1)

 Very difficult 1 (1.7) 1 (1.7)

 Impossible 0 0

Tracheal punctures 2 [1–2] 2 [1–2] 0.724

Distance between skin and trachea, mm 8.9 (2.4) NA

Tracheal diameter, mm 22.2 (3.9) NA

Vessels beneath the puncture site, n (%) 10 (16.7) NA

Thyroid beneath the puncture site, n (%) 18 (30) NA

Change in the puncture site after US, n (%) 14 (23.3) NA

Procedure length (min) 11 [7–19] 13 [8–20] 0.468

Fig. 2  Noninferiority plots show the absolute risk differences for 
a procedure failure associated with the ultrasound group when 
compared with the bronchoscopy group in the “as treated” (a) and 
intention-to-treat (b) populations. To allow for one-sided testing of 
noninferiority, 90 % confidence intervals were calculated (shown in 
black). Confidence intervals within the gray-shaded area are noninfe-
rior. The noninferiority margin is 6 % (shown as Δ)
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The complication rates in previous trials were highly 
variable, depending on the population and upon which 
complications were taken into account to elaborate the 
rate. In a meta-analysis comparing surgical with percuta-
neous tracheostomy, including 17 randomized trials with 
a total of 1212 patients, the overall incidence of bleeding 
in both of the groups was 5.7 % and the infection rate was 
6.6 % [2]. In all three RCTs comparing ultrasound-guided 
PDT with bronchoscopy-guided PDT or landmark-
guided PDT published to date, the total minor complica-
tion rates ranged from 11.52 to 56.75 % [17–19] and were 
not different between the groups. Additionally, in our 
previous retrospective cohort, the total minor complica-
tion rate was 30 % in both of the groups [16].

Bronchoscopy was chosen as the active comparator 
because, in our institution, a bronchoscopy-guided PDT 
has been the standard method for tracheostomy proce-
dures over the past 15 years [29]. However, no RCTs com-
paring bronchoscopy-guided PDT to landmark-guided 
PDT (considered “placebo”) have been published to date. 
Therefore, the primary outcome occurrence rates and the 
noninferiority margins were estimated on the basis of 
retrospective cohorts comparing a bronchoscopy-guided 
PDT to a landmark-guided PDT [20, 21].

Furthermore, bronchoscopy has been traditionally rec-
ommended as an adjunctive tool to assist PDT and to 
help in preventing complications [5, 30, 31]. International 
surveys have revealed that 69.2–97.7  % routinely used 

bronchoscopy guidance during PDT [1, 32], and that of 
the remaining, 1 % would opt for a bronchoscopy proce-
dure in the presence of a difficult airway [32]. Moreover, 
several trials have shown the efficacy and the safety of a 
bronchoscopy-guided PDT, especially when compared 
to a surgical tracheostomy [2, 33]. Nevertheless, other 
reports have found no difference in the complication 
rates when a PDT was performed with or without bron-
choscopy guidance, suggesting that its use is not rou-
tinely required and should be limited to selected cases 
[20, 21].

Since the introduction of ultrasound-guided PDT 
in our institution in 2013, it has become the preferred 
method for tracheostomy, accounting for more than 
80 % of the tracheostomies performed in the ICU, when 
the patient was out of the clinical trial [16]. This increase 
could be related to the following: (1) the greater avail-
ability of ultrasound equipment than of bronchoscopy 
equipment in the ICU, (2) the ultrasound equipment 
cleaning is faster, it is much less labor intensive, it is less 
costly, and it does not require the removal of the ultra-
sound equipment from the ICU setting, (3) the need 
for fewer staff than a bronchoscopy, (4) a steep learning 
curve of ultrasound-guided PDT, and (5) confidence in 
the new method over time. However, bronchoscopy and 
ultrasound are not mutually exclusive and can be used 
in a combination to improve PDT efficacy and safety 
[34–36].

Table 3  Complications and clinical outcomes

Values are expressed as the mean (standard deviation), median [25th–75th percentiles], or number (percentage)

MV mechanical ventilation, ICU intensive care unit

Ultrasound (n = 60) Bronchoscopy (n = 58) P value

Procedure failure, n (%) 1 (1.7) 1 (1.7) 0.981

Transient hypotension, n (%) 7 (11.7) 6 (10.3) 0.819

Minor bleeding, n (%) 4 (6.7) 5 (8.6) 0.689

Transient acute hypoxemia, n (%) 2 (3.3) 0 0.496

Orotracheal cannula puncture, n (%) 3 (5.0) 1 (1.7) 0.619

Stoma infection, n (%) 2 (3.3) 0 0.496

Accidental decannulation, n (%) 1 (1.7) 2 (3.4) 0.615

Atelectasis, n (%) 5 (8.3) 1 (1.7) 0.207

Total minor complications, n (%) 20 (33.3) 12 (20.7) 0.122

Time to unassisted breathing, days 49 (81.7) 44 (75.9) 0.440

MV time, days 19 [12–28] 19 [13–24] 0.699

Time between tracheostomy and unassisted breathing, days 3 [2–6] 4 [2.5–7] 0.231

Ventilation-free days at day 60, days 38.5 [18–47] 38 [8–45] 0.505

ICU length of stay, days 26 [19–38] 24 [19–34] 0.819

Hospital length of stay, days 48 [29–70] 41 [27–66] 0.272

ICU mortality, n (%) 20 (33.3) 21 (36.2) 0.743

Hospital mortality, n (%) 26 (44.8) 26 (46.4) 0.864

ICU free days at day 60, n (%) 18 [0–36] 25 [0–38] 0.608
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All the attending intensivists were previously trained 
in ultrasound-guided PDT, bronchoscopy-guided PDT, 
critical care ultrasound, and bronchoscopy. However, all 
the procedures were performed by inexperienced inten-
sive care medicine residents, assisted by the attending 
intensivists. Furthermore, the ultrasound-guided PDT 
procedures were described as easy or somewhat difficult 
in 88.3 % of time by the participating residents. Although 
these data suggest that our results might be generalizable, 
similar results might not be obtained by less experienced 
teams.

The strengths of our trial include a prospective rand-
omization, a strict maintenance of allocation conceal-
ment, a limited exclusion criterion, a high percentage of 
enrollments of eligible patients, a sample size calculation, 
and a prespecified noninferiority margin. The clinical 
outcomes were clinically relevant and the data analysis 
was blinded.

This study has important limitations. First, this is a sin-
gle-center investigation, although it included eight ICUs, 
with a heterogeneous patient’s population, and with 
many attending physicians with different backgrounds 

before any critical care training (surgeons, anesthesiolo-
gists, and internal medicine). Second, this is a noninferi-
ority trial, and the noninferiority margin of 6 % might be 
considerably high for the low primary outcome incidence 
rate. A rational decision about noninferiority margin 
should be prespecified on the basis of clinical factors and 
data from previous studies [37, 38]. The TRACHUS non-
inferiority margin was prespecified on the basis of 95 % 
CI from previous published observational cohorts on the 
topic [20, 21], clinically relevant, and similar to noninfe-
riority margins used in recently published noninferiority 
RCTs evaluating surgical procedures [39, 40]. Third, the 
patients were followed only until hospital discharge and 
were not assessed for late complications such as tracheal 
stenosis, vocal abnormalities, or scar characteristics. 
Fourth, blinding was not possible because of the nature 
of the procedures and the outcome assessments were also 
not blinded. Fifth, the bronchoscopy procedure was per-
formed by trained intensivists and not by the specialized 
bronchoscopy team. However, this is in line with the rou-
tine practice of most of the ICUs worldwide, which could 
improve external validity.

Fig. 3  Adjusted estimated probability of achieving unassisted breathing from percutaneous dilational tracheostomy (PDT) up to day 30, with no 
statistically significant difference between the ultrasound and the bronchoscopy groups. Events indicate the total number of unassisted breathing 
achievements. The blue line represents the ultrasound group and the red line represents the bronchoscopy group. The analysis was adjusted for 
SAPS 3 by using Cox proportional hazards regression. The lines overlapped after adjusted analysis
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Conclusions
Our data indicates that ultrasound-guided PDT is non-
inferior to bronchoscopy-guided PDT in mechanically 
ventilated patients in the ICU. Therefore, an ultrasound-
guided PDT might be effectively and safely used as an 
alternative to a bronchoscopy-guided PDT.
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