
�������� ��	
�����

Comparison Between Ultrasound- and Bronchoscopy-guided Percutaneous
Dilational Tracheostomy in Critically Ill Patients: a Retrospective Cohort
Study
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Abstract 

Introduction: Percutaneous dilational tracheostomy (PDT) is routinely performed in 

the intensive care unit (ICU) with bronchoscopic guidance. Recently, ultrasound (US) 

has emerged as a new safety adjunct tool to increase the efficacy of PDT. However, 

the available data are limited to case series without any control group. Hence, a 

retrospective cohort study was designed to evaluate the efficacy of US-guided PDT 

compared with bronchoscopy-guided PDT. 

Methods: All patients who were submitted to PDT after the standardization of US-

guided PDT technique in our institution were analyzed. Demographic and procedure-

related variables, complications and clinical outcomes were collected and compared 

between patients undergoing US- or bronchoscopy-guided PDT. 

Results: Sixty patients who had been submitted to PDT were studied, including 11 

under bronchoscopy guidance and 49 under US guidance. No surgical conversion was 

necessary in any of the procedures, and bronchoscopy assistance was only required in 

one case in the US group. The procedure length was shorter in the US group than in 

the bronchoscopy group (12 vs. 15 minutes, p = 0.028). None of the patients had any 

major complications. The minor complication rates were not significantly different 

between the groups, nor were the probability of breathing without assistance within 28 

days, ICU length of stay or hospital mortality. 

Conclusion: US-guided PDT is effective, safe and associated with similar complication 

rates and clinical outcomes compared with bronchoscopy-guided PDT.  
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Introduction 

Percutaneous dilational tracheostomy (PDT) is a common procedure in the intensive 

care unit (ICU)[1]. Although overall complication rates are low, serious adverse events 

are still reported [2]. Bronchoscopy guidance has traditionally been used as a safety 

adjunct as it helps with the selection of the appropriate site for the tracheal puncture 

and is used to guide the real-time entrance of the needle into the trachea to avoid 

posterior wall lesions [3, 4]. 

Recently, ultrasound (US) has emerged as a new tool to assist PDT. The potential 

advantages of US include the ability to identify the cervical vasculature [5], assist with 

tube size and length selection [6], help identify the most appropriate location for the 

tracheal puncture site and guide needle insertion into the trachea, similar to the 

technique used in ultrasound-guided vascular puncture. 

Several studies have demonstrated the value of pre-procedure cervical ultrasound to 

improve the safety of PDT [7-9]. In 1999, the first real-time US-guided PDT was 

described [10], followed by the publication of several reports, including a systematic 

review [11-14]. However, the available data are limited to case series without any 

control group. Nevertheless, the reported complication rates are low, suggesting that 

this method is safe and reliable. US-guided PDT was introduced as an alternative 

technique to bronchoscopy-guided PDT in our institution. Hence, a retrospective cohort 

study was designed to evaluate the safety and efficacy of US-guided PDT compared 

with bronchoscopy-guided PDT in critically ill patients. 
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Methods 

This retrospective cohort study conducted in seven ICUs from Hospital das Clínicas of 

the University of São Paulo included all patients who were submitted to PDT between 

July 2013 and December 2013. The analysis of retrospective patient medical record 

data was approved by the local Ethics and Research Committee and was waived from 

the requirement to obtain written consent.  

In our institution, critical care staff physicians and residents are trained in ultrasound 

and bronchoscopy. US-guided PDT was introduced as an alternative to bronchoscopy-

guided PDT because the availability of US equipment is greater than that of 

bronchoscopy equipment in our ICUs.  

As part of the training evaluation, intensive care medicine residents participating in 

PDT have to fill out a standard form with the procedure details, which is attached to the 

electronic medical records and patient charts. The data were obtained from a medical 

record analysis.  

Procedures 

The procedures are performed according to standardized practices following hospital 

routines, available in supplemental materials (figure 1). Verbal consent for PDT is 

obtained from the next-of-kin before the procedure and PDT is performed as soon as 

the equipment and the team are available. 

Data collection 

The following data were collected: age, gender, weight (kg), height (cm), hospital and 

ICU admission dates, SAPS 3 score [15, 16], ICU admission diagnosis, reason for 

orotracheal intubation, reason for tracheostomy, dates of the procedures, guidance 

method (ultrasound or bronchoscopy), procedure duration (defined as time elapsed 
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from the skin incision to mechanical ventilator connection to tracheostomy cannula), 

anatomical difficulties, subjective evaluation of procedure global difficulty [13], 

procedure-related complications and clinical outcomes. The clinical outcomes were 

considered to be the time to unassisted breathing (defined as breathing without 

ventilator assistance for at least 24 hours), days to ICU and hospital discharge, ICU 

mortality and hospital mortality.  

In the case of ultrasound-guided PDT, we evaluated the ultrasound duration before the 

procedure, distance between the skin and second tracheal ring, tracheal transversal 

diameter at the level of the second tracheal ring, vasculature between the skin and 

second tracheal ring, and whether there was a change in the planned puncture site 

after ultrasound. 

Procedure-related complications 

Complications associated with the tracheostomy procedure were graded as major or 

minor. Complications were followed up until death or hospital discharge. 

Major complications were defined as procedure-related death, cardiac arrest, 

hypotension (defined as systolic blood pressure below 90 mmHg for more than 5 

minutes or any intervention used to increase blood pressure such as fluids or 

vasopressors), acute hypoxemia (drop in oxygen peripheral saturation below 90% for 

more than 5 minutes as measured by the pulse oxymeter), loss of airway, tracheal wall 

injury, false passage cannulation, pneumothorax, tracheostomy cannula obstruction, 

esophageal injury, tracheoesophageal fistula,  accidental decanulation, conversion to 

surgical tracheostomy, major bleeding (either stomal, intratracheal or from tracheo-

vascular fistula) causing hypoxaemia and/or requiring emergency transfusion and/or 

open surgical repair and tracheostomy-related sepsis (stoma infection as the only 

identifiable source). 
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Minor complications included transient hypotension (defined as systolic blood pressure 

below 90 mmHg for less than 5 minutes and no intervention used to increase blood 

pressure such as fluids or vasopressors), transient acute hypoxemia (defined as 

oxygen peripheral saturation below 90% for less than 5 minutes as measured by the 

pulse oxymeter), atelectasis, inadvertent cuff puncture, localized minor bleeding, either 

stomal or intratracheal, which was defined as self-limiting bleeding or bleeding 

successfully treated with local compression, instillation of topical vasoconstrictive 

agents and/or electrocauterization. In addition, localized subcutaneous emphysema 

without evidence of pneumothorax or pneumomediastinum and local stomal infections 

not causing sepsis were also classified as minor complications. 

Statistical Analysis 

Continuous parametric variables are presented as the mean and standard deviation 

and compared using the Student’s t-test, whereas continuous non-parametric variables 

are presented as the median and percentiles [25th, 75th] and compared with the Mann-

Whitney test. Categorical variables are presented as occurrences and their respective 

percentage and compared using the Chi-square or Fisher exact tests. A p value < 0.05 

was considered statistically significant. Unajusted Kaplan-Meier curves were 

constructed to assess the time from orotracheal intubation to unassisted breathing 

within 28 days, and compared with log-rank test. An ajusted analysis was done by Cox 

Regression model. The collected data were analyzed with SPSS 21.0 (SPSS Inc., 

Chicago, IL).   
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Results 

Demographic Data 

Sixty consecutive patients were submitted to PDT, including eleven with bronchoscopy 

guidance and 49 with ultrasound guidance. The demographic data on the study 

population are presented in table 1. 

Procedure 

The median procedure length was shorter in the ultrasound group than in the 

bronchoscopy group (12 [8-15] minutes vs. 15 [15-21.5] minutes, p=0.028). The 

puncture site was changed after the ultrasound in 9 (18.4%) patients. The procedure 

difficulty was not different between the groups (p=0.464, table 2). No surgical 

conversion was necessary in any of the procedures, and bronchoscopy assistance was 

only required in one case in the ultrasound group. 

Complications and Clinical Outcomes 

None of the patients had any major complications. The minor complication rates were 

not different between the groups. Patients submitted to bronchoscopy-guided PDT had 

lower probability of breathing without assistance from orotracheal intubation to day 28 

compared with patients submitted to US-guided PDT in an unajusted Kaplan-Meier 

model (Log Rank Test, p = 0.001). After ajusting for age, sex, time between orotracheal 

intubation and tracheostomy, SAPS 3 and anatomical difficulties, the probability of 

breathing without assistance was no longer statistically different between groups (p = 

0.509, figure 2). In addition, the median ICU and hospital length of stay were not 

significantly different between the groups. In the ultrasound group, 21 (42.9%) patients 

died in the hospital, compared with 7 (63.6%) patients in the bronchoscopy group (table 

3).  
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Discussion 

To the best of our knowledge, this is the first retrospective cohort study comparing the 

safety and efficacy of US-guided PDT with bronchoscopy-guided PDT. Our data 

suggest that US-guided PDT is associated with similar complication rates and could be 

performed in a shorter time compared with bronchoscopy-guided PDT. 

US-guided PDT proved to be an effective method because no surgical conversion was 

necessary in any of the procedures and because only one case required bronchoscopy 

assistance after early guidewire withdrawal. Moreover, the puncture site was changed 

after the ultrasound in 9 (18,4%) patients, a number similar to previous data [13]. 

No major complications were observed. All other reported complications were minor, 

with little or no clinical significance and with a similar incidence to that previously 

reported in the literature. In a meta-analysis comparing surgical versus percutaneous 

tracheostomy including 17 randomized trials with a total of 1212 patients, the overall 

incidence of bleeding in both groups was 5.7% and the infection rate was 6.6% [17], 

similar to our results. Guinot et al. observed an overall complication rate of 33% in a 

population of 50 obese and non-obese patients submitted to ultrasound-guided 

tracheostomy, with bleeding accounting for 6%, surgical site infection for 2%, 

desaturation for 6% and hypotension for 6% [13]. In a trial of 120 patients submitted to 

bronchoscopy-guided PDT, 15% of patients had minor blood loss, 2.5% had transient 

hypoxemia and 15% had the endotracheal tube punctured [18]. In the two largest 

retrospective cohorts previously published on the topic, including a total of 4162 

patients in the analyses, the major complication rates were very low, ranging from 

0.38% to 1.4% [2, 19]. This low incidence might possibly explain the absence of any 

severe complication in our sample.  

The median procedure length was shorter in the ultrasound group, with the length of 

bronchoscopy-guided PDT being similar to that of previous reports [20, 21]. Although 
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significant, the 3-minute difference might not be clinically relevant because it was not 

associated with lower complication rates or better clinical outcomes. 

Several reports have recommended the use of bronchoscopy to help prevent 

complications during PDT [3, 22, 23]. An European survey of 455 ICUs revealed that 

97.7% routinely used bronchoscopy guidance during PDT and that of the remaining, 

1% would opt for bronchoscopy in the presence of a difficult airway [24]. Nevertheless, 

there is no clear consensus in the literature about the use of bronchoscopy, and other 

reports found no difference in complication rates when percutaneous tracheostomy 

was performed with or without bronchoscopy guidance, suggesting that its use is not 

routinely required and should be limited to selected cases [25, 26]. In our institution, 

bronchoscopy-guided PDT had been the standard procedure over the past 14 years 

until the introduction of the US-guided technique [27]. Since then, US-guided PDT has 

become the preferred method, accounting for more than 80% of the procedures 

performed. This increase could be related to 1) the greater availability of ultrasound 

equipment than bronchoscopy equipment in the ICU, 2) the US cleaning is faster, much 

less labor intensive, less costly and does not take remove the ultrasound equipment 

from the ICU setting, 3) need for fewer staff than bronchoscopy, 4) steep learning curve 

of US-guided PDT and 5) confidence in the new method over time. 

US-guided PDT was considered easy to perform. Residents described the procedure 

as easy or somewhat difficulty 87.7% of the time, with a similar 70.9% rate in the 

bronchoscopy group. These results are comparable with the data of Guinot et al, which 

describe US-guided PDT as considered easy or minor difficulty in 80% of patients, 

including the obese [13]. In our institution, US-guided PDT is already part of intensive 

care medicine residency training program and we believe the use of US during 

tracheostomy may lead to familiarity and increased competency by clinicians for other 

procedures. 
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Several limitations should be noted. First, as an observational study, confounding 

variables might have affected the results and groups were naturally unbalanced. 

Statistical manipulation of data with small sample sizes are of limited value and 

confounding variables and group balancing could only be completely adressed by a 

randomized clinical trial with adequate sample size, which is currently being conducted 

(NCT02084862). Second, this study involves a single-center investigation, although it 

included seven ICUs, with a heterogeneous population, which might increase external 

validity. Third, the patients were only followed until hospital discharge and were not 

assessed for late complications such as tracheal stenosis, vocal abnormalities or for 

scar characteristics. Fourth, the patients undergoing US-guided PDT were not routinely 

submitted to a bronchoscopy after the procedure to assess the correct placement of 

the tracheostomy cannula or complications. However, procedure-related complications 

were systematically investigated if there was any clinical suspicion.  
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Conclusion 

In summary, US-guided PDT is effective, safe and associated with similar complication 

rates and clinical outcomes compared with bronchoscopy-guided PDT.  
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Abbreviations 

PDT: Percutaneous dilational tracheostomy; ICU: Intensive care unit; US: Ultrasound; 
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air-mucosa: CTA: Comet tail artifact; SM: Strap muscle; TG: Thyroid gland. 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

Competing Interests  

The authors have no relevant conflict of interest to disclose. The design, collection, 

analysis and interpretation of data, plus writing and publication of the manuscript were 

done by the authors without participation or influence from any of the funding sources.  

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

Authors’ Contributions  

AG conceived the study, participated in the design of the study, collected data, created 

the figures and tables, analyzed and interpreted the data, drafted the manuscript, and 

revised the manuscript critically for important intellectual content. BB, MP and LMSM 

participated in the design of the study, analyzed and interpreted the data, drafted the 

manuscript and revised the manuscript critically for important intellectual content. PT, 

PVM, FC, DJ, and LM participated in the design of the study and revised the 

manuscript critically for important intellectual content. All authors have given final 

approval of the version to be published.  

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

Acknowledgments  

We would like to thank the nursing staff, respiratory therapists and all physicians from 

the ICU departments for cooperation in performing treatment for our patients. Special 

acknowledgments to Dr. Leandro Taniguchi, whose critics have made our work better.  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

References 

[1] Freeman BD, Morris PE. Tracheostomy practice in adults with acute respiratory failure. 
Critical care medicine 2012;40:2890-6. 
[2] Dennis BM, Eckert MJ, Gunter OL, Morris JA, Jr., May AK. Safety of bedside percutaneous 
tracheostomy in the critically ill: evaluation of more than 3,000 procedures. Journal of the 
American College of Surgeons 2013;216:858-65; discussion 65-7. 
[3] Hinerman R, Alvarez F, Keller CA. Outcome of bedside percutaneous tracheostomy with 
bronchoscopic guidance. Intensive care medicine 2000;26:1850-6. 
[4] Fernandez L, Norwood S, Roettger R, Gass D, Wilkins H, 3rd. Bedside percutaneous 
tracheostomy with bronchoscopic guidance in critically ill patients. Archives of surgery 
1996;131:129-32. 
[5] Flint AC, Midde R, Rao VA, Lasman TE, Ho PT. Bedside ultrasound screening for pretracheal 
vascular structures may minimize the risks of percutaneous dilatational tracheostomy. 
Neurocritical care 2009;11:372-6. 
[6] Hardee PS, Ng SY, Cashman M. Ultrasound imaging in the preoperative estimation of the 
size of tracheostomy tube required in specialised operations in children. The British journal of 
oral & maxillofacial surgery 2003;41:312-6. 
[7] Singh M, Chin KJ, Chan VW, Wong DT, Prasad GA, Yu E. Use of sonography for airway 
assessment: an observational study. Journal of ultrasound in medicine : official journal of the 
American Institute of Ultrasound in Medicine 2010;29:79-85. 
[8] Bonde J, Nørgaard N, Antonsen K. Implementation of percutaneous dilation tracheotomy — 
value of preincisional ultrasonic examination? . Acta Anaesthesiol Scand 1999;43:163-6. 
[9] Kollig E, Heydenreich U, Roetman B, Hopf F, Muhr G. Ultrasound and bronchoscopic 
controlled percutaneous tracheostomy on trauma ICU. Injury 2000;31:663-8. 
[10] Sustic A, Zupan Z, Eskinja N, al. e. Ultrasonographically guided percutaneous dilatational 
tracheostomy after anterior cervical spine fixation. Acta Anaesthesiol Scand 1999;43:1078-80. 
[11] Rajajee V, Fletcher JJ, Rochlen LR, Jacobs TL. Real-time ultrasound-guided percutaneous 
dilatational tracheostomy: a feasibility study. Critical care 2011;15:R67. 
[12] Rezende-Neto JB, Oliveira AJ, Neto MP, Botoni FA, Rizoli SB. A technical modification for 
percutaneous tracheostomy: prospective case series study on one hundred patients. World 
journal of emergency surgery : WJES 2011;6:35. 
[13] Guinot PG, Zogheib E, Petiot S, Marienne JP, Guerin AM, Monet P, et al. Ultrasound-
guided percutaneous tracheostomy in critically ill obese patients. Critical care 2012;16:R40. 
[14] Rudas M, Seppelt I. Safety and efficacy of ultrasonography before and during 
percutaneous dilatational tracheostomy in adult patients: a systematic review. Crit Care Resusc 
2012;14:297-301. 
[15] Metnitz PG, Moreno RP, Almeida E, Jordan B, Bauer P, Campos RA, et al. SAPS 3--From 
evaluation of the patient to evaluation of the intensive care unit. Part 1: Objectives, methods 
and cohort description. Intensive care medicine 2005;31:1336-44. 
[16] Moreno RP, Metnitz PG, Almeida E, Jordan B, Bauer P, Campos RA, et al. SAPS 3--From 
evaluation of the patient to evaluation of the intensive care unit. Part 2: Development of a 
prognostic model for hospital mortality at ICU admission. Intensive care medicine 
2005;31:1345-55. 
[17] Delaney A, Bagshaw SM, Nalos M. Percutaneous dilatational tracheostomy versus surgical 
tracheostomy in critically ill patients: a systematic review and meta-analysis. Critical care 
2006;10:R55. 
[18] Fikkers BG, Staatsen M, van den Hoogen FJ, van der Hoeven JG. Early and late outcome 
after single step dilatational tracheostomy versus the guide wire dilating forceps technique: a 
prospective randomized clinical trial. Intensive care medicine 2011;37:1103-9. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

[19] Kornblith LZ, Burlew CC, Moore EE, Haenel JB, Kashuk JL, Biffl WL, et al. One thousand 
bedside percutaneous tracheostomies in the surgical intensive care unit: time to change the 
gold standard. Journal of the American College of Surgeons 2011;212:163-70. 
[20] Higgins KM, Punthakee X. Meta-analysis comparison of open versus percutaneous 
tracheostomy. The Laryngoscope 2007;117:447-54. 
[21] Kaylie DM, Andersen PE, Wax MK. An analysis of time and staff utilization for open versus 
percutaneous tracheostomies. Otolaryngology--head and neck surgery : official journal of 
American Academy of Otolaryngology-Head and Neck Surgery 2003;128:109-14. 
[22] Polderman KH, Spijkstra JJ, de Bree R, Christiaans HM, Gelissen HP, Wester JP, et al. 
Percutaneous dilatational tracheostomy in the ICU: optimal organization, low complication 
rates, and description of a new complication. Chest 2003;123:1595-602. 
[23] Tomsic JP, Connolly MC, Joe VC, Wong DT. Evaluation of bronchoscopic-assisted 
percutaneous tracheostomy. The American surgeon 2006;72:970-2. 
[24] Kluge S, Baumann HJ, Maier C, Klose H, Meyer A, Nierhaus A, et al. Tracheostomy in the 
intensive care unit: a nationwide survey. Anesthesia and analgesia 2008;107:1639-43. 
[25] Jackson LS, Davis JW, Kaups KL, Sue LP, Wolfe MM, Bilello JF, et al. Percutaneous 
tracheostomy: to bronch or not to bronch--that is the question. The Journal of trauma 
2011;71:1553-6. 
[26] Abdulla S, Conrad A, Vielhaber S, Eckhardt R, Abdulla W. Should a percutaneous dilational 
tracheostomy be guided with a bronchoscope? B-Ent 2013;9:227-34. 
[27] Park M, Brauer L, Sanga RR, Amaral ACK-B, Ladeira JP, Azevedo LCPd, et al. Percutaneous 
Tracheostomy in Critically-ill Patients: the Experience of a Medical Intensive Care Unit. J Bras 
Pneumol 2004;30:237-42. 

 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

Figure Legends 

Figure 1. Ultrasound-guided percutaneous dilational tracheostomy. A) Left parasagittal scan over the 

trachea using a linear transducer. The sonogram shows the cricoid cartilage (CC), the tracheal cartilage 
(T1–T3), and the air-mucosa (A-M) interface. CTA indicates comet tail artifact. B) Transverse scan at the 
level of the second tracheal ring using a linear transducer placed at the midline. The sonogram shows the 
trachea, thyroid gland and strap muscle. Arrowheads indicate the A-M interface; CTA, comet tail artifact; 
SM, strap muscle; TG, thyroid gland. C) Left parasagittal scan. D) Transverse scan. 

 

Figure 2. Ajusted Probability of Breathing without Assistance from Orotracheal Intubation to Day 
28. Events indicate total number of liberations from mechanical ventilation. 
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Table 1 – General characteristics of the patients 

 

Bronchoscopy 

(n = 11) 

Ultrasound 

(n = 49) 

p-value 

 

Male gender, n (%) 5 (46) 31 (67) 0.189 

Age, years 49 (18.7) 52 (19.8) 0.417 

Weight, kg 67 (61 - 72) 72 (68 – 76) 0.122 

Height, cm 168 (163 - 173) 169 (167 – 172) 0.773 

Body Mass Index, kg/m
2
 23.7 (22.4 – 25.0) 25.0 (24.0 – 26.0) 0.225 

PaO2 / FiO2 ratio before PDT 298 [273 - 460] 318 [260 - 396] 0.677 

PaO2 / FiO2 ratio after PDT 242 [234 - 450] 367 [273 - 516] 0.078 

SAPS 3 66 [61 - 67] 59 [50-72] 0.263 

    Diagnosis on admission, n (%) 
  

0.831 

Traumatic Brain Injury  3 (27) 28 (51) 
 

Cerebrovascular Disorder 4 (36) 11 (22) 
 

Pneumonia 2 (18) 3 (6) 
 

CNS Neoplasm 1 (9) 3 (6) 
 

CNS Infection 1 (9) 2 (4) 
 

Others 0 6 (12) 
 

Indication for Intubation, n (%) 
  

0.631 

Respiratory Failure 2 (18) 6 (12) 
 

Inability to Protect Airway 9 (82) 43 (88) 
 

Indication for Tracheostomy, n (%) 
  

1.000 

Difficult Weaning 0 3 (6) 
 

Inability to Protect Airway 11 (100) 46 (94) 
 

Anatomical Difficulties, n (%) 
  

0.191 

None 9 (82) 46 (94) 
 

Short Neck 1 (9) 3 (6) 
 

Limited Neck Extension 1 (9) 0 
 

MV before Tracheostomy, days 15 [14-23] 13 [10-22] 0.004 

Values are expressed as the mean (standard deviation), median [25th-75th percentiles] or number 
(percentage). PaO2 denotes arterial oxygen pressure; FiO2 denotes fraction of inspired oxygen; PDT 
denotes percutaneous dilational tracheostomy; CNS denotes Central Nervous System; MV denotes 
mechanical ventilation; SAPS 3 denotes Simplified Acute Physiologic Score.  
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Table 2 – Procedure data 

 

Bronchoscopy 

(n = 11) 

Ultrasound 

(n = 49) 

p-value 

 

Procedure Difficulty, n (%) 
  

0.464 

Easy 7 (64) 28 (57) 
 

Some Difficulty 3 (27) 15 (31) 
 

Difficult/Very Difficult 1 (9) 6 (12) 

 

Number of Tracheal Punctures 2 [1-2] 1 [1-2] 0.735 

Distance between Skin and 
Trachea, cm 

     NA 0.95 (0.82 - 1.30) 
 

Tracheal Diameter, cm      NA 2.08 (1.72 – 2.33) 
 

Vessels beneath the Puncture 
Site, n (%) 

     NA 3 (6) 
 

Change in Puncture Site after 
US, n (%) 

     NA 9 (18%)  

Procedure Length (minutes) 15 [15-22] 12 [8-15] 0.028 

Values are expressed as the mean (standard deviation), median [25th-75th percentiles] or number 
(percentage). US denotes ultrasound; NA denotes not applicable. 
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Table 3 – Complications and clinical outcomes 

 

Bronchoscopy  

(n = 11) 

Ultrasound  

(n = 49) 

p-value 

 

Transient Hypotension, n (%) 1 (9) 6 (12) 1 

Minor Bleeding, n (%) 1 (9) 2 (4) 0.491 

Transient Acute Hypoxemia, n (%)       1 (9) 2 (4) 0.462 

Orotracheal Cannula Puncture, n (%) 1 (9) 5 (10) 1 

Other Minor Complications, n (%) 0 3 (6) 1 

Atelectasis, n (%) 1 (9) 1 (2) 0.336 

Infection, n (%) 0 1 (2) 1 

Time between Tracheostomy and 
Liberation from MV, hours 

48 [24 – 54] 48 [42 – 96] 0.284 

ICU Length of Stay, days 20 [16-30] 20 [15,5 – 25] 0.411 

Hospital Length of Stay, days 30 [20 – 42] 30 [22 – 52] 0.745 

ICU Mortality, n (%) 2 (18) 14 (29) 0.71 

Hospital Mortality, n (%) 7 (64) 21 (43) 0.318 

Values are expressed as the mean (standard deviation), median [25th-75th percentiles] or number 
(percentage). MV denotes mechanical ventilation; ICU denotes intensive care unit. 
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Figure 1 
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Figure 2 


