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Introduction

Tracheostomy maintains temporarily or perma-
nently tracheal patency, and it is performed 

through an incision over the trachea, followed by 
the insertion of a tracheostomy tube. There are two 
types of tracheostomies, conventional (surgical) 
tracheostomy and percutaneous tracheostomy1. 
Percutaneous dilatational tracheostomy (PDT) is 
routinely performed in the intensive care unit for 
critically ill patients. In PDT, blunt dissection of 
pre-tracheal tissues is done, followed by dilatation 
of trachea over the guidewire and insertion of trac-
heal cannula using the Seldinger technique2,3. 

Bronchoscopy guidance has been traditional-
ly used as an adjunct to PDT for safety purposes, 

as it helps in the appropriate selection of the tra-
cheal puncture site and guides the real-time nee-
dle penetration into the trachea, thereby reducing 
the chance for posterior wall lesions4,5. However, 
bronchoscopy does not distinguish vascular struc-
tures or the thyroid gland in the neck region and 
might cause complications like punctured vessels 
or a punctured thyroid (local organ lesions). An el-
evation in intracranial pressure has been reported 
with bronchoscopy procedures when used in pa-
tients with acute brain injury. A higher incidence 
of complications in obese patients has also been re-
ported, as it is difficult to identify anatomical land-
marks on physical examination in such cases6,7. 

The progress in technical aspects and low in-
vasiveness has increased ultrasound (US) use in 
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Introduction: We aimed to compare the procedural time, efficacy, and incidence of complications of ultrasonography and 
fiberoptic bronchoscope-guided percutaneous dilatational tracheostomy (PDT). Methods: The study population included 
the patients admitted to the department of anesthesiology and critical care. In this prospective observational study, we 
randomly divided 60 participants into two groups. In the ultrasound (US)-guided group, ultrasonography was used for 
PDT. While in the FOB guided group, we used the fiberoptic bronchoscope (FOB). We compared efficacy parameters and 
complications between the two groups. The mean values were compared between study groups using an independent 
sample t-test. Categorical outcomes were compared using the chi-square test. P-value < 0.05 was considered statistically 
significant. Results: Compared with the bronchoscopy group, the US group had a significantly shorter PDT operation 
time (11.8 ± 2.5 versus 15.43 ± 3.27 mins, P < 0.001). FOB group had fewer puncture attempts than the US group. FOB 
group had more central punctures than the US group (p < 0.001). Among PDT complications, bleeding happened in two 
patients (6.67%) in the FOB group and tracheal tube cuff puncture was observed in 8 (26.67%) patients in the US group. 
Conclusion: The US-guided PDT consumes less time for the procedure compared to bronchoscope-guided PDT. FOB was 
more effective in terms of parameters like the number of needle puncture attempts, the accuracy of the puncture site, the 
incidence of the posterior tracheal wall hit compared to US-guided PDT. Complications like bleeding were present in FOB.
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clinical practice for anesthesia and critical care in 
recent years8. The advantages of US are identifica-
tion of the cervical vasculature9 and more accessi-
ble size and length of the tracheal tube selection10. 
Also US helps to identify the most appropriate lo-
cation of the site for a tracheal puncture and guides 
the insertion of the needle into the trachea, which 
is similar to the US-guided vascular puncture tech-
nique. The US is helpful in morbid obesity, com-
plex anatomy, and cervical spine problems, which 
increase the technical difficulty of the procedure. 
Several authors have recommended pre-procedure 
cervical US to improve the safety of PDT11,12. The 
mean time needed for the process was 15 min for 
FOB-guided PDT and 11 min for US-guided PDT. 
Some of the complications reported were bleeding, 
cuff tracheal tube puncture and posterior tracheal 
wall hit for both procedures13.

There is a lack of data comparing the US-guided 
and bronchoscope-guided percutaneous tracheos-
tomy. Our study hypothesis was that the efficacy 
and safety of ultrasound-guided percutaneous tra-
cheostomy (US-PDT) using the Griggs technique 
is superior to fiberoptic bronchoscopy-guided per-
cutaneous tracheostomy (FOB-PDT). The objec-
tive of our study is to compare the duration time 
of fiberoptic bronchoscopy-guided percutaneous 
tracheostomy (FOB-PDT) and ultrasound-guided 
percutaneous tracheostomy (US-PDT) using the 
Griggs technique, and compare the efficacy of both 
the procedures and the incidence of complications.

Materials and Methods

Study population and Study site

The study population included patients admit-
ted to the department of anaesthesiology and crit-
ical care, JNMCH, AMU, Aligarh. The inclusion 
criteria were patients expected to be on prolonged 
mechanical ventilation > 7 days, adult patients 
aged 18-60, and written consent. Exclusion criteria 
include laryngeal /esophageal/ tracheal carcinoma, 
soft tissue infection of the neck, anatomical defor-
mity of the neck including enlarged thyroid gland, 
hematological and terminal malignancies, coagu-
lation disorders, previous tracheostomy, platelet 
count < 80.000, INR >1.4. This was a prospective 
observational study. The sample size was calculated 
assuming the expected mean and standard devia-

tion of the total operation time in the ultrasound 
group as, σ1 (13.5, 1) and in the bronchoscopy 
group as, σ0 (14.2,0.9), as per the previous study by 
Jieqiong Song et al14. The other parameters consid-
ered for sample size calculation included were 80% 
power of the study and 5% two-sided alpha error. 
The required sample size was calculated using the 
following formula as proposed by Kirkwood BR et 
al15. The formula used for sample size calculation( 
N = Sample size; µ1, µ0 =Difference between the 
means (µ1 = 13.5 and µ0 = 14.2); σ1, σ0 = Stan-
dard deviations (σ1 = 1 and σ0 = 0.9); u=two-sided 
percentage point of the normal distribution corre-
sponding to 100 %; the power = 80%, u = 0.84; v = 
percentage point of the normal distribution corre-
sponding to the (two-sided) significance level for 
significance level = 5%, v = 1.960). The required 
sample size as per the calculation mentioned above 
was 29 in each group. To account for a non-par-
ticipation rate/loss to follow-up rate of about 3%, 
another subject will be added to the sample size. 
Hence, the final required sample size would be 30 
subjects in each group. Patients who met the in-
clusion criteria were randomly (chit in the box 
technique) divided into two groups, the US-guid-
ed group, and the FOB-guided group. We extract-
ed data on all patients admitted to the ICU over 2 
years (from September 2018 to September 2020).

The institutional review board and the ethics 
committee of the hospital approved the study, and 
informed written consent was taken from the pa-
tient’s closest relative (Ethics committee number: 
243/FM dated 11.5.2019). Data collection included 
demographics, diagnosis at the time of admission, 
coagulation profile, e.g., prothrombin time (PT), 
international ratio (INR) before tracheostomy, and 
platelet count.

Both the procedures (ultrasound-guided and 
bronchoscope-guided PDT) were done by sur-
geon who has 10 years’ of experience in the ICU. 
Ventilatory settings (e.g., tidal volume, respirato-
ry rates, and PEEP) were kept constant, and only 
FiO2 increased to 100%. We started sedation be-
fore surgery with midazolam (0.03 mg/kg), anal-
gesia (fentanyl 2 microgram/kg), and vecuronium 
for complete muscle relaxation (0.1 mg/kg). The 
patients were positioned with the head being ex-
tended and supported by the assistant; additional-
ly, a small towel roll was placed at the scacj70

pular region to provide the best condition for 
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the procedure (extension). Griggs technique was 
used for percutaneous dilatational tracheostomy16.

Ultrasound-guided group procedure

A single USG device of SonoSite TM and 6-12 
MHz probe was used in all patients in the US group. 
The incision site was located by a doctor using stan-
dard anatomic palpation. Before the procedure, the 
neck area was examined by USG to identify cricoid 
cartilage, tracheal rings, blood vessels, and entry 
point in longitudinal view. Subsequently, a trans-
verse view was used to locate the thyroid gland, 
vascular structures, trachea, and endotracheal tube. 
ET tube was withdrawn under vision until the cuff 
was just below the vocal cords using a C-Mac laryn-
goscope. A sterile cover was applied over the probe, 
and a puncture needle filled with normal saline was 
inserted vertically in out-of-plane mode and ad-
vanced until aspiration of air and the needle was 
observed in the same plane. After aspiration of air 
and localization of needle, the stylet was removed, 
and the sheath was left in situ. Manipulation of the 
ultrasound probe was done by the operator to gain 
transverse and longitudinal images. A guidewire 
was inserted through the sheath, which appeared 
as a hyperechoic shadow on ultrasound.

Fiberoptic Bronchoscope guided group

A fiberoptic bronchoscope (C-mac: adult 
size blade, C-mac video laryngoscope  by KARL 
STORTZ, fibreoptic bronschoscope: 5.0 mm size 
by STORTZ) was used in this group. The localiza-
tion of the tracheal space was done by inserting 
the fiberoptic scope through the catheter mount 
and withdrawing the scope along with the endo-
tracheal tube until the transillumination was seen 
over the neck, aspiration of secretion was done as 
needed, then tracheal rings were identified, and 
the procedure was performed as described earlier. 
Procedural complications were recorded during 
and after the procedure. A third physician inde-
pendently observed the posterior tracheal wall hit 
either by the needle or Howard Kelly forceps and 
needle puncture site through fiberoptic broncho-
scope during and after PCT. It is to mention that 
he had no influence on the procedure.

The timing of the procedure in the USG group 
was taken from the initial placement of probe 

to the end marked with tube (tracheal cannula) 
placement and in the FOB group from the start 
of insertion of the bronchoscope to the end of the 
procedure. Details of each tracheostomy proce-
dure collected included time for each procedure, 
the number of needle puncture attempts, puncture 
site for the carina, visualization of Griggs forceps, 
hypotension during the surgery, bleeding, fall in 
saturation below 90%, the incidence of the posteri-
or tracheal wall hit in each procedure, ET tube cuff 
puncture and difficult tube placement. A follow-up 
chest x-ray was done in each patient to look for 
subcutaneous emphysema. The patient was fol-
lowed up for five days after the procedure17.

Total time taken for the procedure, efficacy 
(securing the tracheostomy tube with less nee-
dle puncture attempt), safety (fewer patients with 
bleeding and lesser posterior tracheal wall hit), 
and other complications were considered as pri-
mary outcome variables. The study group (ultra-
sound-guided and fiberoptic bronchoscopy) was 
considered as the primary explanatory variable. 
For normally distributed quantitative parameters, 
the mean values were compared between study 
groups using an independent sample t-test study 
group (ultrasound-guided and fiberoptic bron-
choscopy). Categorical outcomes were compared 
between study groups using the chi-square test. 
P-value < 0.05 was considered statistically signif-
icant. The coGuide version V.1.0 was used for sta-
tistical analysis18.

Results

A total of 60 patients were included in the final 
analysis; 30 (50%) patients went with the ultra-
sound-guided, and the remaining 30 (50%) par-
ticipants went with fiberoptic bronchoscopy. The 
mean difference in age between the two groups 
was statistically not significant (P-value = 0.984). 
The difference in gender between the study 
groups was insignificant (p-value = 0.405), with 
the majority of male participants, 22 ( 73.33%), 
being in the ultrasound-guided group. The mean 
difference of total time taken for the procedure 
between the two groups was statistically signif-
icant (p-value < 0.001). In an ultrasound-guid-
ed group, 5 (16.67%) needle punctures were 
successful in the first attempt, 15 (50%) in the 
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second attempt, and 10 (33.33%) participants 
needed three or more attempts. In the fiberoptic 
bronchoscopy group, in 23 (76.67%) of the pa-
tients the needle puncture was successful in the 
first attempt and in 7 (23.33%) of the patients in 
the second attempt. In the fiberoptic bronchos-
copy group, in all 30 (100%) of the patients vi-
sualization of Griggs forceps was possible. In the 
ultrasound-guided group, in 8 (26.67%) of the 
patients tracheal cuff was punctured. In the fi-
beroptic bronchoscopy group, 2 (6.67%) of the 
patients had bleeding. In the ultrasound-guided 
group, in 14 (46.67%) of the patients posterior 

tracheal wall was hit once, while in the fiberop-
tic bronchoscopy group, no such occurance has 
been recorded. (Table 1)

The mean difference of PT, INR, and platelet 
count between the two groups was statistically in-
significant (p-value > 0.05). Patients were admitted 
to the critical care unit due to head injury, cere-
brovascular accident (CVA), chronic obstructive 
pulmonary disease (COPD), eclampsia for each, 
and other diagnoses (Table 2).The difference in the 
proportion of differential diagnosis between the 
study groups was statistically insignificant. (P-val-
ue=0.872). (Table 2)

Table 1:  Comparison of demographic parameters and procedural outcome between study group. Data 
are presented as mean± SD and N(%).

Parameter

 Study group 

P- valueUltra Sound-Guided (N = 30)
Fiber-Optic 
Bronchoscopy (N = 30)

Age (in years) 38.93 ± 13.84 38.87 ± 11.16 0.984*
Gender

Male 22 (73.33%) 19 (63.33%)
0.405 †Female 8 (26.67%) 11 (36.67%)

Total time (mins) 11.8 ± 2.5 15.43 ± 3.27 < 0.001*
Needle puncture
1 5 (16.67%) 23 (76.67%)

†‡
2 15 (50%) 7 (23.33%)
>= 3 10 (33.33%) 0 (0%)

Puncture site
Central 11 (36.67%) 24 (80%)

< 0.001 †Not-central 19 (63.33%) 6 (20%)
Visualization of Griggs 
forceps 0 (0%) 30 (100%) *

Complications
Bleeding 0 (0%) 2 (6.67%)

†‡

Cuff Puncture 8 (26.67%) 0 (0%)
Hypotension 0 (0%) 0 (0%)
SpO2 < 90% 0 (0%) 0 (0%)
Subcutaneous emphysema 0 (0%) 0 (0%)
Difficult tube placement 0 (0%) 0 (0%)

Posterior tracheal wall hit
None 7 (23.33%) 29 (96.67%)

†‡

1 time 14 (46.67%) 1 (3.33%)
2 times 7 (23.33%) 0 (0%)
3 times 2 (6.67%) 0 (0%)

*Independent sample t test, †Chi square test, ‡ No statistical test was applied- due to 0 subjects in the cells
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Table 2:  Comparison of lab parameter and diagnosis between study group. Data are presented as mean± 
SD or N(%).

Parameter

Study group

P-valueUSG (N = 30) FOB (N = 30)

Lab parameter 

PT (s) 11.9 ± 1.08 11.79 ± 1.21 0.729*

INR 1.13 ± 0.13 1.19 ± 0.13 0.076*

Platelet count (per microliter) 170603.33 ± 52075.84 177873.33 ± 41762.89 0.553*

Diagnosis

Head injury 11 (36.67%) 15 (50%)

0.872†

CVA 6 (20%) 5 (16.67%)

COPD 3 (10%) 3 (10%)

Eclampsia 3 (10%) 2 (6.67%)

Others 7 (23.33%) 5 (16.67%)
* Independent sample t- test, † Chi-square test

Discussion

A total of 60 subjects were included in the final 
analysis. The time taken for the US PDT was 11.8 
± 2.5 minutes compared to FOB 15.43 ± 3.27 min-
utes, which was statistically significant. Similarly, 
in a study by Song J et al., the US group had a sig-
nificantly shorter PDT operation time (13.5 ± 4.4 
minutes for the US group versus 14.2 ± 3.8 minutes 
for the FOB group) 14. Gobatto et al. also reported 
similar findings, with the procedure length being 
shorter for the US group compared to the FOB 
group 13. 

Multiple types of research focused on the im-
portance of performing percutaneous dilatational 
tracheostomy with guidance to minimize possible 
serious complications 19,20. On the other hand, 
several reports on the use of bronchoscopy raised 
concern about potential unwanted side effects 
like higher incidence of fall in oxygen saturation. 
Using US as a guide for performing PDT may be 
safe and effective if used by skilled ICU physicians 
21,22. For these reasons, a comparison between ul-
trasound-guided PDT and bronchoscopic-guided 
PDT is necessary.

Most patients (80%) who had the central site 
puncture belonged in the fiberoptic bronchoscopy 

group. In contrast, Song J et al. stated that US guid-
ance helps in precise positioning of the puncture, 
reducing the distance from the puncture point to 
the center of the trachea and decreasing the occur-
rence of complications due to deviation of the tra-
cheostomy tube 14. Gobatto et al. reported that the 
US provides good anatomic landmarks and accu-
rate localization of the puncture point; avoids ante-
rior neck structures and vascular injuries; and can 
guide the puncture needle, penetrating the trachea 
via the middle line. These results are contradicting 
the result of the present study13. 

Two participants in the FOB group had bleed-
ing, while no such cases were observed in the US 
group. This might be a consequence of the valuable 
information that the US provides regarding ana-
tomical structures. Numerous studies highlighted 
that US examination of the neck allows identifica-
tion of vascular structures in the anterior trachea 
and reduces the bleeding risk and thereby the com-
plication rate13,23. 

Tracheal cuff puncture was recorded in 8 
(26.67%) patients in the ultrasound-guided group. 
Also, the number of multiple punctures was higher 
in the US group compared to FOB-guided group, 
although not statistically significant. In contrast, 
Ravi PR et al. reported more tracheal cuff punctures 
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in the bronchoscopy group compared to the ultra-
sound group, which was statistically significant. 
Also, the number of multiple punctures was high in 
the bronchoscopy group, unlike this study report. 
US-PDT was rated as moderately difficult, and this 
was due to the difficulty in identifying the endotra-
cheal cuff balloon24. Posterior tracheal wall hit was 
observed more in the US group (23 participants) 
compared to the FOB group (1 case). 

FOB-guided PDT was more effective than USG 
guided PDT with almost similar complication 
rates. The combination of both techniques might 
be effective, which should be confirmed by further 
studies. As the present study is an observational 
study, confounding variables might have affected 
the results; and groups were naturally unbalanced. 
This study involves only a single-center investi-
gation, which can affect external validity. The pa-
tients were followed for not more than five days 
and were not assessed for late complications such 
as tracheal stenosis, vocal abnormalities, or scar 
characteristics. 

Conclusion

US-guided PDT consumes less time for the pro-
cedure compared to bronchoscope-guided PDT. 
Bronchoscope-guided PDT was effective in terms 
of the number of needle puncture attempts, the ac-
curacy of the puncture site, visualization of Griggs 
forceps, and the incidence of the posterior tracheal 
wall hit compared to US-guided PDT. Bleeding was 
the complication evident in bronchoscope-guided 
PDT, while cuff puncture was the complication ob-
served more in US-guided PDT.
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