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Abstract
Background Percutaneous dilatational tracheostomy (PDT) is a common procedure for mechanically ventilated 
patients in the intensive care unit (ICU). This study compared the real-time ultrasound-guided PDT using a laryngeal 
mask airway (LMA) with the standard bronchoscopy-guided PDT technique in ICU patients requiring elective 
tracheostomy.

Methods This randomized controlled study was conducted at Ain Shams University Hospital’s Critical Care 
Department from December 4th, 2021, to December 3rd, 2022. The study population included 60 critically ill patients 
admitted to the ICU. Thirty patients were randomly assigned to the real-time ultrasound-guided LMA-assisted group, 
and 30 patients were randomly assigned to the bronchoscopy-guided technique. The primary study outcome was the 
procedure time, and the secondary outcomes included procedure-related complications rate and cost-effectiveness.

Results The real-time ultrasound-guided LMA-assisted group had significantly shorter procedure time (median 17 
[IQR: 15–20] min vs. 35 [IQR: 28–39] min, p < 0.001) and lower equipment damage (0% vs. 20%, p = 0.024) during the 
procedure compared to the bronchoscopy-guided group. Additionally, the cost of tracheostomy was significantly 
lower in the real-time ultrasound-guided LMA-assisted group (median: 300 vs. 800 USD, p < 0.001). The real-time 
ultrasound-guided LMA group had a lower major complications rate than the bronchoscopy-guided group (36.7%) 
vs. 3.3%, p = 0.002).

Conclusions The study demonstrated that real-time ultrasound-guided LMA-assisted PDT had shorter procedure 
time, reduced equipment damage, lower costs, and was associated with lower complications when compared to the 
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Introduction
Intensive Care Unit (ICU) patients frequently need 
mechanical ventilation for respiratory assistance [1–3]. 
When prolonged ventilation is expected, a tracheos-
tomy is commonly performed to secure the airway, 
aid in weaning from the ventilator, reduce dead space, 
improve patient comfort, facilitate oral care, reduce the 
need for deep sedation, and enable better communica-
tion and mobilization [4–7]. Tracheostomy can be car-
ried out through different methods, including surgical 
and percutaneous techniques [8]. Percutaneous trache-
ostomy, a minimally invasive procedure, presents several 
benefits compared to surgical tracheostomy, including 
shorter operating time, less blood loss, and a lower risk of 
wound-related complications [8–10].

Bronchoscopy has conventionally been a guiding 
method to ensure accurate tracheostomy tube placement 
and reduce associated complications [11, 12]. Nonethe-
less, bronchoscopy adds to the procedural complexity, 
necessitates specialized proficiency, and potentially ele-
vates the risk of infection and other adverse events [13]. 
Recently, ultrasound-guided percutaneous tracheostomy 
has emerged as a viable alternative approach, which holds 
the promise of comparable clinical outcomes while offer-
ing enhanced safety and procedural simplicity [14, 15].

Using ultrasound guidance during tracheostomy pro-
cedures has become increasingly prevalent across diverse 
clinical contexts owing to its capacity to provide dynamic 
imaging of anatomical structures in real-time, poten-
tially minimizing procedural complications [14, 16, 17]. 
Ultrasound guidance offers enhanced visualization of the 
trachea, adjacent vasculature, and pertinent anatomi-
cal landmarks, facilitating precise needle insertion and 
identifying potential impediments [18–20]. Furthermore, 
it prevents the necessity for radiation exposure inherent 
in fluoroscopy and obviates the expenses linked to bron-
choscopy equipment [21].

Several studies have explored the efficacy and safety of 
ultrasound-guided percutaneous dilatational tracheos-
tomy (PDT) compared to the standard technique using 
bronchoscopy guidance PDT with controversial results 
[22–25]. Laryngeal mask airways (LMAs) have been suc-
cessfully used instead of ETTs during PDT, with better 
visualization of relevant tracheal structures [26–29]. No 
studies have explored the efficacy and safety of the ultra-
sound-guided PDT approach using an LMA compared to 
the bronchoscopy-guided PDT technique.

Therefore, this study aimed to compare the real-time 
ultrasound-guided PDT technique using an LMA with 
the bronchoscopy-guided PDT as the standard tech-
nique in patients admitted to the ICU requiring elective 
tracheostomy.

Methods
Study design
This was an open-label, parallel, randomized controlled 
study conducted in the Critical Care Department of Ain 
Shams University Hospital, Egypt, from December 4th, 
2021, to December 3rd, 2022. The study was conducted 
in accordance with the amended Declaration of Helsinki. 
The local Research Ethics Committee of Ain Shams Uni-
versity Faculty of Medicine (reference number: FMASU 
MD 164/2021) approved the protocol on December 
3rd, 2021. Informed written consent was obtained from 
the patients or their legal guardians in a private setting, 
where the study protocol was thoroughly explained to 
them. The study was retrospectively registered in the 
ISRCTN registry on 02/07/2024 (registration number 
ISRCTN14218985). Our study adhered to CONSORT 
guidelines.

Patients
The eligible population consisted of adult intubated and 
mechanically ventilated critically ill patients admitted to 
the ICU with clinical indications for elective percutane-
ous tracheostomy (e.g., prolonged weaning, decreased 
consciousness, impaired airway reflexes, excessive secre-
tions), as assessed by the treating team.

Patients were excluded if they had an unsuitable anat-
omy to undergo a PDT as judged by the patient attend-
ing 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). Furthermore, the study did not include 
patients who refused to provide informed written con-
sent. Patients with contraindications to the tracheostomy 
procedure, such as coagulopathy, high requirements for 
FiO2 (fraction of inspired oxygen) ≥ 60%, or PEEP (posi-
tive end-expiratory pressure) ≥ 12 cmH2O, were also 
excluded. Moreover, patients with a history of COVID-19 
were not included in the study.

Study outcomes
The primary outcome was the procedure time, defined by 
the time (in minutes) between the trachea puncture and 

bronchoscopy-guided technique. These findings suggest that ultrasound guidance can enhance the efficiency and 
cost-effectiveness of PDT procedures.
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the patient’s ventilation in real-time US-guided LMA-
assisted and bronchoscopy-guided PDT groups. Second-
ary outcomes were the cost of the procedures (including 
the perioperative drugs used, the tracheostomy set, and 
fiberoptic bronchoscope sterilization) and the complica-
tions related to the procedures.

Sample size calculation
The PASS 11 software was used for the sample size calcu-
lation. Based on a previously published study [14], which 
showed that the median procedure times were 12 [IQR: 
9–14] min in the real-time US-guided PDT group and 
18 [IQR: 12-21.5] min in the bronchoscopy-guided PDT 
group and after adjustment for 10% of dropout rate, a 
sample size of 60 patients (30 per group) was needed to 
achieve a power of 80% at an alpha error of 5%.

Randomization and study groups
Patients admitted to the ICU requiring elective PDT 
were randomized in a 1:1 ratio to real-time ultrasound-
guided technique using LMA (US-guided LMA-assisted) 
or bronchoscopy-guided technique arm in random per-
muted blocks of 4 to ensure balanced allocation across 
intervention arms. Randomization sequences within 
each block were generated using SAS code to conduct 
blocked randomization, and an independent biostatisti-
cian conducted the randomization. Allocation conceal-
ment was maintained to minimize selection bias. None 
of the investigators or ICU staff members were aware of 
the randomization list before group allocation, as well as 
block numbers or block sizes at any moment, as the ran-
domization was performed by an automated third party 
to maintain allocation concealment. Treatment assign-
ments could not be blinded to the ICU staff members.

Study intervention
In both groups, PDT was performed using the Blue 
Rhino™ Percutaneous Tracheostomy Introducer Set 
(Cook Critical Care, Bloomington, IN) after deep seda-
tion and analgesia by continuous infusion of propofol 
and sufentanil intravenous bolus (0.3 gamma/kg). Mus-
cle relaxation was achieved with an intravenous bolus of 
cisatracurium (0.3 mg/kg). Patients were ventilated under 
volume-targeted mechanical ventilation with a 100% 
FiO2, and ventilatory parameters (tidal volume, respira-
tory rate, and positive end-expiratory pressure) were kept 
constant. Continuous hemodynamic monitoring (five-
lead electrocardiogram, blood pressure, heart rate, and 
pulse oxygen saturation) was performed.

Real-time ultrasound-guided LMA-assisted PDT
An LMA Classic™ (LMA Deutschland, Bonn, Germany) 
or a single-use LMA (Solus, Teleflex Medical, Kernen, 
Germany) was introduced behind the endotracheal tube 

(ETT) in situ, which was removed after the LMA was 
in the correct position. The LMA size selected was 4 for 
women and 5 for men. The LMA was then securely fixed 
with tape, and the patient’s head was positioned in exten-
sion. Inspiratory pressure was adjusted as needed to min-
imize air leakage.

A single US device (SonoSite M-Turbo; SonoSite Inc, 
Bothell, Washington) and 6- to 12-MHz probe were used 
in all patients in the US-guided LMA-assisted group. 
After skin disinfection, an operator determined the punc-
ture point by palpating standard anatomical landmarks. 
Before PDT, the operator performed a US examination 
of the neck region with longitudinal sections to locate 
the cricoid cartilage, the tracheal rings, and the puncture 
site (Fig. 1). Then, the operator performed US transver-
sal sections to identify arteries, veins, thyroid, trachea, 
and endotracheal tube and measure the thickness of the 
skin to the anterior tracheal wall (Fig.  1). Next, a sec-
ond operator performed the PDT with US guidance. A 
puncture needle, attached to a saline-filled syringe, was 
inserted perpendicularly into the skin and advanced until 
air was aspirated, confirming that the needle had passed 
through the anterior tracheal wall. The needle was then 
angled caudally to prevent retrograde movement of the 
guide wire. Using a transverse section of the neck, the 
needle was visualized in an “out-of-plane” view, with its 
trajectory identified by a clear acoustic shadow ahead of 
the needle. The guide wire was introduced, the needle 
was removed, and a small horizontal incision was made 
at the puncture point. Afterward, the bronchoscope was 
inserted through the LMA into the trachea, and the tip 
of the bronchoscope was placed 0 cm to 1 cm below the 
vocal cords to confirm the correct positioning of the 
guide wire. The sterility was maintained by covering the 
USG probe and the Circuit holding arm with a sterile 
cover. The small dilator was then used to create the initial 
stoma, followed by the single-stage Griggs forceps dilator 
over the guide wire. The tracheostomy tube was guided 
over the guide wire and passed through the stoma. The 
Real-time US provided the information on the correct 
positioning of the puncture site. The bronchoscope pro-
vided information about the positioning of the guide wire 
before the trachea’s dilatation and then the tracheostomy 
tube placement. Complications were recorded during 
and after the procedure.

Bronchoscopy-guided PDT
In a bronchoscopy-guided PDT, the bronchoscopy was 
performed by trained intensivists. After sedation, as pre-
viously described, the bronchoscope was introduced, and 
the ETT was repositioned under bronchoscopy guidance, 
with the tip of the tube just below the vocal cords. The 
thyroid cartilage, the cricoid cartilage, and the first three 
to five tracheal rings were identified, and the puncture 
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site was selected between the second and the third tra-
cheal rings. Then, the trachea was punctured at the 
chosen site with a catheter-over-the-needle device con-
nected to a 10-mL syringe half-filled with distilled water 
under real-time bronchoscopy guidance. As soon as air 
aspiration was observed in the syringe and the catheter 
was seen in the trachea, the catheter was introduced, and 
the needle was removed during a continuous observa-
tion using bronchoscopy. A flexible guide wire was then 
gently introduced into the catheter (Fig.  1). After that, 
the procedure was completed as Griggs had previously 
described it. Bronchoscopy was maintained during the 
whole procedure to guide the puncture site, avoid any 
posterior wall puncture, confirm the correct position-
ing of the guide wire, and confirm an adequate tracheal 
dilation.

Complications of tracheostomy
Complications related to the tracheostomy procedure 
were classified 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 a systolic 
blood pressure below 90 mm Hg for more than 5 min or 
the need for interventions such as fluids or vasopressors 

to elevate blood pressure), acute hypoxemia (a decrease 
in peripheral oxygen saturation below 90% for more than 
5 min, as measured by a pulse oximeter), loss of airway, 
tracheal wall injury, false passage cannulation, pneumo-
thorax, tracheostomy cannula obstruction, esophageal 
injury, tracheoesophageal fistula, accidental decannula-
tion, conversion to surgical tracheostomy, major bleed-
ing, which was defined as continuous hemorrhage from 
the stoma and/or the trachea with aspiration, despite 
compression and causing hypoxemia and/or requiring 
emergency transfusion and/or open surgical repair, and 
tracheostomy-related sepsis (stoma infection as the only 
identifiable source).

Minor complications included transient hypotension 
(defined as systolic blood pressure below 90 mmHg for 
less than 5  min and no intervention used to increase 
blood pressure such as fluids or vasopressors); transient 
acute hypoxemia (defined as oxygen peripheral satura-
tion below 90% for less than 5  min as measured by the 
pulse oximeter); atelectasis; inadvertent cuff puncture; 
minor bleeding, either stomal or intratracheal, which 
was defined as self-limiting bleeding or bleeding success-
fully treated with local compression, instillation of topi-
cal vasoconstrictive agents, and/or electrocauterization. 
In addition, localized subcutaneous emphysema without 

Fig. 1 A: Ultrasound longitudinal view of the neck showing the cricoid cartilage and the tracheal rings. B: Ultrasound cross-section of the neck showing 
the thyroid isthmus, tracheal cartilage, and the tracheal lumen. C: Bronchoscopy view of the inner lumen of the trachea showing the green guide wire 
coming from the 12 O’clock position and directed caudally. The arrow points to the best site for needle insertion between the second and third tracheal 
rings. The dotted line measures the distance from the skin to the tracheal cartilage. C, cricoid cartilage; I, first tracheal ring; II, second tracheal ring; III, third 
tracheal ring; Th, thyroid gland; IC, internal carotid
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evidence of pneumothorax or pneumomediastinum and 
local stomal infections not causing sepsis were also clas-
sified as minor complications.

Data collection
In both groups, the following data were collected: age, 
gender, body mass index (BMI), Acute Physiology and 
Chronic Health Evaluation II (APACHE II) scores, coag-
ulation test (international normalized ratio [INR] and 
activated partial thromboplastin time [APTT]), comor-
bidities, oral intubation duration, time allocated for 
the procedure, bleeding during and after the procedure 
(minor and major), and complications.

Statistical analysis
The collected data were compiled and analyzed using 
SPSS (Statistical Package for Social Science) version 26.0 
on an IBM-compatible computer. The statistical analysis 
consisted of two types of approaches. Firstly, descrip-
tive statistics were employed to summarize the data. 
Qualitative variables were presented as numbers and 
percentages, while quantitative variables were reported 
as mean ± standard deviation (SD) or median (interquar-
tile range, [IQR]), depending on the distribution of the 
data. Secondly, analytic statistics were applied to examine 
specific relationships and comparisons. The chi-squared 
test (χ2) or Fischer exact test was used to assess associa-
tions between qualitative variables. Student’s t-test was 
employed when comparing two quantitative variables 

with a normal distribution. In cases where the data did 
not follow a normal distribution, the Mann-Whitney U 
test was used for comparison. Additionally, we used mul-
tiple linear regression analysis to adjust for age, patients’ 
severity, duration of intubation, and any other baseline 
variables that were not well balanced between the two 
groups (p < 0.20). A p-value of less than 0.05 was consid-
ered statistically significant.

Results
A total of 65 patients were eligible to be enrolled in the 
trial. Of these, 5 patients were excluded, and 60 patients 
underwent the procedure, with 30 patients randomly 
assigned to the real-time US-guided LMA group and 
30 patients to the bronchoscopy-guided group (Fig.  2). 
Overall, 33 patients (55%) were intubated due to acute 
respiratory failure, and 27 patients (45%) due to poor 
neurological status (Table 1). All patients received deep-
venous treatment prophylaxis by low-molecular-weight 
heparin or unfractionated heparin, which was stopped 
the day before the procedure. APTT and INR were not 
significantly different between the two groups (Table 1). 
APTT and INR were in the normal range values.

Patients’ demographics and characteristics
Table 1 summarizes the baseline characteristics. All vari-
ables are well balanced between the two groups except 
for hypertension, which was significantly higher in the 
real-time US-guided LMA-assisted group. The duration 

Fig. 2 Study flowchart
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of intubation was comparable between the real-time 
US-guided LMA-assisted group (11.7 ± 4.4 days) and the 
bronchoscopy-guided group (9.8 ± 5.3 days) (Table 1).

Procedure-related characteristics of the studied group
The procedure-related characteristics are summarized 
in Table 2. Tracheostomy sites were similar between the 
2 groups. The real-time US-guided LMA-assisted group 
had significantly shorter procedure time (17 [IQR: 15–20] 
min) compared to the bronchoscopy-guided group (35 
[IQR: 28–39] min). Equipment damage during the proce-
dure was significantly higher in the bronchoscopy-guided 
group (20%) compared to the real-time US-guided LMA-
assisted group (0%) (Table 2).

The tracheostomy costs were significantly lower in the 
real-time US-guided LMA-assisted group (300 [IQR: 
300–450] USD) compared to the bronchoscopy-guided 
group (800 [IQR: 800–1000] USD) (p < 0.001).

Complication-related data of the studied groups
The total number of complications related to the proce-
dure was significantly higher in the bronchoscopy-guided 
group than in the real-time US-guided LMA-assisted 
group [19 (63.3%) vs. 4 (13.3%), p < 0.001]. The overall 
major complications rate was significantly higher in the 

bronchoscopy-guided group than in the real-time US-
guided LMA-assisted group [11 (36.7%) vs. 1 (3.3%), 
p = 0.002]. Although the rate of bleeding was higher in 
the bronchoscopy-guided group than in the real-time 
US-guided LMA-assisted group, it was not statistically 
significant (26.7% vs. 10%, p = 0.181) (Table 3). However, 
taking separately each one of the major complications 
(failure, pneumothorax, false passage, and tracheal ring 
fracture), no significant differences were found between 
the 2 groups (Table 3).

Multiple linear regression analysis with procedure time as 
the dependent variable
After adjusting for age, patients’ severity, and duration 
of intubation, the real-time US-guided LMA-assisted 
group was independently associated with shorter proce-
dure time compared to the bronchoscopy-guided group 
(Table 4).

Multivariable linear regression analysis with cost as the 
dependent variable
After adjusting for age, patients’ severity, and duration of 
intubation, the real-time US-guided LMA-assisted group 
was independently associated with lower costs than the 
bronchoscopy-guided group (Table 5).

Table 1 Sociodemographic and baseline data of the patients (N = 60)
Variables All patients (n = 60) Bronchoscopy-guided (n = 30) Ultrasound-guided LMA-assisted (n = 30) P-value
Age, Y 46 [39–61] 50 [42–62] 44 [36–59] 0.21
Sex, male, n (%) 47 (78.3) 22 (73.3) 25 (83.3) 0.532
Weight, kg 79.2 [70.0–91.0] 81.2 [71.5–90.2] 75.4 [67.8–91.5] 0.482
BMI, Kg/m2 28.6 [26.4–32.3] 29.1 [26.9–31.3] 28.1 [24.8–33.5] 0.756
APACHE II score 12 [6–18] 12 [6–18] 12 [6–18] 0.911
Duration of intubation, day 10.7 ± 5.0 9.8 ± 5.3 11.7 ± 4.4 0.123
Comorbidities, n (%)
 Diabetes 17 (28.3) 8 (26.7) 9 (30.0) 0.774
 Chronic hypertension 20 (33.3) 6 (20.0) 14 (46.7) 0.028
 Chronic heart disease 7 (11.7) 3 (10.0) 4 (20.0) 1.00
Reasons for intubation, n (%)
 Acute respiratory failure 33 (55.0) 17 (56.7) 16 (53.3) 0.795
 Poor neurological status 27 (45.0) 13 (43.3) 14 (46.7) 0.795
APTT, sec 35 [30–41] 34.5 [30–42] 35 [29–41] 0.635
INR 1.0 [0.9–1.2] 1.0 [0.9–1.2] 1.0 [1.0-1.2] 0.994
BMI, body mass index; APACHE, acute physiologic assessment, and chronic health evaluation; DM, diabetes mellites; APTT, activated partial thromboplastin time; 
INR, international normalized ratio; LMA, laryngeal mask airway. Data are expressed as mean ± SD, median [25–75 interquartile], or count (%)

Table 2 Procedure-related characteristics of the studied groups (N = 60)
Variables Bronchoscopy-guided (n = 30) Ultrasound-guided LMA-assisted (n = 30) P-value
Tracheal ring position, n (%) 0.189
 Between 1st and 2nd 7 (24.1) 3 (10.0)
 Between 2nd and 3rd 21 (72.4) 27 (90)
 Between 3rd and 4th 1 (3.4) 0 (0.0)
Procedure time, min 35 [28–39] 17 [15–20] < 0.001
Equipment damage, n (%) 6 (20.0) 0 (0.0) 0.024
LMA, laryngeal mask airway. Data are expressed as mean ± SD, median [25–75 interquartile], or count (%)
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Discussion
Ultrasonography has transformed airway management by 
offering improved accessibility and portability. It enables 
visualization of key airway structures, such as the tongue, 
oropharynx, larynx, and trachea. Integrating ultrasonog-
raphy for preprocedural assessment and real-time guid-
ance during percutaneous tracheostomy can significantly 
enhance the procedure’s safety and efficacy [30, 31].

The present study investigated the efficacy of two dif-
ferent tracheostomy techniques, the real-time US-guided 
LMA-assisted and the bronchoscopy-guided techniques, 
in percutaneous dilatational tracheostomy regarding 
procedure-related characteristics and related complica-
tions. Compared to the bronchoscopy-guided group, the 
US-guided LMA-assisted group had shorter procedure 
time, lower costs, and no equipment damage. Complica-
tion rates were lower in the real-time US-guided LMA-
assisted group than in the bronchoscopy-guided group. 
The benefits of ultrasound guidance in reducing proce-
dure time and cost were confirmed after adjusting for 
possible confounders.

The median duration of the procedure was signifi-
cantly shorter in the real-time US-guided LMA-assisted 
group than in the bronchoscopy-guided group, even 
after adjustment for different confounders. Our results 

are in line with the findings of other studies [14, 24, 25, 
32]. In a randomized prospective study that included 
74 ICU patients, the median time for tracheostomy was 
12 [IQR: 9–14] min in the US-guided PDT group com-
pared to 18 [IQR: 12-21.5] min in the bronchoscopy-
guided PDT group (p = 0.05) [14]. In a retrospective 
study that included 61 ICU patients (11 patients in the 
bronchoscopy-guided group and 49 patients in the US-
guided group), Gobatto et al. found that the procedure 
length was significantly shorter in the US-guided group 
compared to the bronchoscopy-guided group (median 
12 [IQR: 8–15] min vs. 15 [IQR: 15-21.5] min, p = 0.028) 
[24]. However, other studies reported non-significant dif-
ferences in procedural time between the two groups [22, 
33]. Indeed, Gobatto et al. randomly assigned 60 ICU 
patients to the US-guided group and 58 ICU patients to 
the bronchoscopy-guided group. The authors found that 
the median procedure length was similar in both groups, 
11 [IQR: 7–19] min vs. 13 [IQR: 8–20] min, respectively, 
(P = 0.468) [22]. In that trial, US-guided PDT was found 
to be non-inferior to bronchoscopy-guided PDT in ICU 
mechanically ventilated patients in terms of procedure 
failure defined as a composite end-point of conversion to 
a surgical tracheostomy. In a randomized controlled trial 
that compared the landmark-guided and US-guided PDT, 

Table 3 Complications-related data of the studied groups (N = 60)
Variables Bronchoscopy-guided (n = 30) Ultrasound-guided LMA-assisted (n = 30) P-value
Minor bleeding, n (%) 8 (26.7) 3 (10.0) 0.181
Pneumothorax, n (%) 2 (6.7) 0 (0.0) 0.492
False passage, n (%) 3 (10.0) 0 (0.0) 0.237
Tracheal ring fracture, n (%) 5 (16.7) 1 (3.3) 0.195
Failure, n (%) 1 (3.3) 0 (0.0) 1.00
Hypotension, n (%) 0 (0.0) 0 (0.0) 1.00
Desaturation, n (%) 0 (0.0) 0 (0.0) 1.00
Ruptured ETT cuff, n (%) 0 (0.0) 0 (0.0) 1.00
Total, n (%) 19 (63.3) 4 (13.3) 0.004
ETT, endotracheal tube; LMA, laryngeal mask airway. Data are expressed as count (%)

Table 4 Multivariable linear regression analysis with procedure time as the dependent variable
Variables Standardized coefficient (ß) 95% confidence interval P-value
Age, y 0.005 -0.108 to 0.119 0.925
Duration of intubation, day -0.068 -0.396 to 0.260 0.678
APACHE score -0.182 -0.404 to 0.039 0.105
Hypertension (reference: no) -0.075 -3.672 to 3.522 0.967
Groups (reference: Bronchoscopy-guided) -16.977 -20.363 to -13.592 < 0.001

Table 5 Multivariable linear regression analysis with cost as the dependent variable
Variables unstandardized coefficient (ß) 95% confidence interval P-value
Age, y -1.603 -5.643 to 2.437 0.430
Duration of intubation, day -9.637 -21.305 to 2.03 0.104
APACHE score 1.239 -6.647 to 9.126 0.754
Hypertension (reference: no) 98.05 -29.951 to 226.082 0.130
Groups (reference: bronchoscopy-guided) -1064.174 -1184.667 to -943.681 < 0.001
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the mean total procedure time was similar between the 
two groups (4.86 ± 8.03 min vs. 5.98 ± 10.23 min, respec-
tively, p = 0.542) [33]. These differences in the time taken 
for the procedure by the US vs. bronchoscopy-guided 
approaches can be due to many factors, specifically the 
operator’s experience, the type of assistance, the patient’s 
anatomy, and the difficulty level.

Even though individual major complications were not 
significantly different between the two groups (Table 3), 
we found that the overall number of major complica-
tions related to the procedures was significantly higher 
in the bronchoscopy-guided group than in the real-time 
US-guided LMA-assisted group (36.7% vs. 3.3%). Our 
findings are not in alignment with the findings of other 
studies [14, 16, 22, 32, 33]. The range of major complica-
tions was from 0 to 20.8% in the bronchoscopy-guided or 
landmark-guided PDT compared to a range from 0 to 4% 
in the US-guided group in those studies. In a meta-analy-
sis that included 588 patients from 4 RCTs, only 10 (1.7%) 
major complications were reported, and there were 
no significant differences between patients who were 
assigned to the US-guided PDT and patients who were 
assigned to the bronchoscopy-guided PDT or landmark-
guided PDT [34]. The pooled minor complications rate 
was 19.2%, ranging from 9.6 to 37.8%. The minor compli-
cation rates were also not different between patients ran-
domized to the US-guided PDT and those randomized 
to the bronchoscopy-guided PDT or landmark-guided 
PDT [34]. We do not clearly explain why we observed a 
high rate of major complications in the bronchoscopy-
guided group. All the physicians who performed the PDT 
(bronchoscopy-guided and US-guided) in this study were 
well-trained and experienced in PDT procedures. Major 
complication rates are usually low. In a large retrospec-
tive cohort previously published and included 1000 
patients who underwent bronchoscopy-guided PDT, the 
major complication rate was 1.4% 35.

Our institution’s standard method for tracheostomy 
procedures has been bronchoscopy-guided PDT. Bron-
choscopy has traditionally been recommended as an 
adjunctive tool to assist PDT and prevent complications 
[35–37]. However, no RCTs have been published to date 
comparing bronchoscopy-guided PDT to landmark-
guided PDT. Bronchoscopy guidance during PDT has 
been routinely used in 69.2–97.7% of cases, according 
to published surveys [38, 39], and of that remaining, 1% 
would choose to use a bronchoscopy in the presence of 
a difficult airway [39]. Nevertheless, other studies have 
found no difference in the complication rates when a 
PDT was performed with or without bronchoscopy guid-
ance, suggesting that its use is not routinely required [40, 
41].

The advantage of US-guided PDT is its ability to avoid 
vascular structures anterior to the trachea. The minor 

bleeding rate was lower in the real-time US-guided 
LMA-assisted group than in the bronchoscopy-guided 
group, but the difference was not statistically signifi-
cant (Table  3). Minor to moderate amounts of bleeding 
were observed in 33.3% of patients randomly assigned to 
bronchoscopy-guided PDT compared to no bleeding in 
patients randomly assigned to US-guided PDT (p < 0.05) 
[14]. In a retrospective study, minor bleeding was 
observed in 9% of patients who received bronchoscopy-
guided PDT compared to 4% in patients who received 
US-guided PDT, but the difference was not statistically 
significant (p = 0.49) [24]. In an RCT that compared 
landmark-guided PDT and US-guided PDT, major bleed-
ing was reported in 8% of the patients in the landmark-
guided group compared to 0% in the US-guided group 
(p = 0.157), and minor bleeding was reported in 29% of 
the patients in the landmark-guided group compared to 
13% in the US-guided group (p = 0.177) [16].

We observed a significantly lower equipment dam-
age rate in the US-guided LMA-assisted group than in 
the bronchoscopy-guided group (Table  2), which was 
likely due to the use of laryngeal mask airways in these 
patients. Laryngeal mask airways have been used success-
fully instead of ETTs during PDT [26–29]. Those studies 
showed that using an LMA instead of an ETT during 
bronchoscopy-controlled PDT significantly improves the 
visualization of relevant tracheal structures because the 
tip of the bronchoscope could be positioned at the level 
of the vocal cords. The improved visibility of tracheal 
structures should decrease the incidence of complica-
tions such as puncture of the bronchoscope [42, 43] and 
loss of airway by accidental extubation [26, 44, 45] with 
subsequent hypoxia [45–47], among others.

Our study is the first to include a cost analysis related 
to the two different approaches to PDT. We found that 
the real-time US-guided LMA-assisted technique 
was associated with lower costs than the bronchos-
copy-guided approach, even after adjusting for differ-
ent confounders (Table  5). The cost disparity between 
bronchoscopy-guided and real-time US-guided LMA-
assisted tracheostomy techniques might have arisen 
from differences in equipment utilization, procedural 
demands, and associated risks. Indeed, bronchoscopy-
guided procedures necessitate using a full bronchoscope 
tower, including flexible fibro-optic bronchoscopes 
and advanced video systems, for continuous visualiza-
tion throughout the procedure. This reliance on high-
specification equipment and supplementary accessories 
significantly elevates costs. In contrast, real-time US-
guided LMA-assisted tracheostomy employs a handheld 
portable bronchoscope, used only intermittently to con-
firm the placement of the guidewire. This limited and 
targeted utilization markedly reduces equipment-related 
expenses. Also, continuous use of the bronchoscope 
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during bronchoscopy-guided procedures heightens the 
risk of equipment damage, such as punctures to the fiber-
optic system, which can lead to costly repairs or replace-
ments. By comparison, the selective and sparing use of 
the bronchoscope in real-time US-guided LMA-assisted 
procedures minimizes this risk, further contributing 
to cost efficiency. We believe that the equipment dam-
age had a major contribution to the differences in costs 
between the two groups since equipment damage was 
observed in 20% of patients in the bronchoscopy-guided 
group compared to 0% in the US-guided LMA-assisted 
group (p = 0.024, Table  2). This finding should be vali-
dated in future larger studies from different countries.

The study’s results have important clinical implica-
tions. Using ultrasound guidance during tracheostomy 
procedures along with LMA offers several advantages. It 
ensures accurate tube placement and reduces complica-
tions. Additionally, ultrasound guidance with LMA leads 
to shorter procedure times, improved efficiency, and 
reduced equipment damage. The cost analysis highlights 
the economic benefits of the ultrasound-guided trache-
ostomy technique. Incorporating ultrasound guidance 
can enhance patient outcomes, procedural efficiency, and 
cost-effectiveness.

The study demonstrates several strengths, including 
prospective randomization, strict maintenance of alloca-
tion concealment, and a high percentage of enrollments 
of eligible patients. The clear and well-defined inclu-
sion and exclusion criteria ensured the study population 
was appropriate. Using multivariable linear regression 
analysis allowed for the adjustment of potential con-
founding factors. The clinical outcomes were clinically 
relevant, and the data analysis was blinded. Overall, these 
strengths enhanced the validity and reliability of the 
study findings. Also, to the best of our knowledge, our 
study is the first RCT comparing this new technique of 
PDT (real-time US-guided puncture LMA-assisted tech-
nique) to another PDT technique.

The study has important limitations. First, the study 
was conducted at a single center, which may restrict the 
generalizability of the results to other healthcare facili-
ties. Second, the complication rate in the bronchoscopy-
guided group was higher than reported in the literature 
[48], which might be related to our small sample size. 
Third, the patients were followed only until hospital dis-
charge and were not assessed for late complications such 
as tracheal stenosis, vocal abnormalities, or scar charac-
teristics. Fourth, blinding was not possible because of the 
nature of the procedures, and the outcome assessments 
were not blinded. Fifth, the laryngeal mask airway was 
used only in the US-guided PDT, and therefore, its effects 
could not be evaluated independently. Sixth, although 
all operators were experienced in both techniques, we 
did not formally quantify or compare their individual 

experience levels with each method. It is possible that 
some differences in operator proficiency may have influ-
enced complication rates, particularly in the bronchos-
copy-guided group.

Conclusions
The findings of this single-center randomized controlled 
trial suggest that real-time US-guided LMA-assisted 
PDT may offer advantages in procedure time, cost, and 
complication rates compared to the bronchoscopy-
guided technique. However, further multi-center ran-
domized controlled trial with larger sample sizes are 
needed to validate these results and assess the generaliz-
ability of this technique.
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