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Abstract
Backgrounds The benefit of fiberoptic bronchoscopy (FOB) guidance during percutaneous dilatational 
tracheostomy (PDT) remains unclear. We aimed to compare PDT performed with and without FOB guidance in terms 
of procedure duration, number of attempts, and perioperative complications.

Methods A total of 103 patients were divided into two groups, and the PDT procedure was performed either with 
or without FOB guidance. The primary outcome of our study was the duration of the tracheostomy procedure (PDT 
procedure time) and the number of attempts. The secondary outcome was the major/minor complications that 
might develop during and after tracheostomy.

Results The mean PDT procedure time was 8 (4-14) minutes in the FOB (-) group and 7 (3-14) minutes in the FOB 
(+) group, with no statistically significant difference between them (p = 0.081). The mean number of PDT attempts 
was the same in both the FOB (-) and FOB (+) groups, 1 (1-3) (p = 0.079). Hypoxemia/desaturation occurred in 1 (2%) 
patient in the FOB (-) group and in 1 (1.9%) patient in the FOB (+) group (p = 0.748). Cardiac arrhythmia occurred 
in 2 (3.9%) patients in the FOB (-) group and in 2 (3.8%) patients in the FOB (+) group (p = 0.684). No cases of 
pneumothorax or pneumomediastinum were observed in either group (p > 0.999).

Conclusion No difference was found between the two groups in terms of procedure duration, number of attempts, 
and perioperative complications when performing PDT in the intensive care unit with or without fiberoptic 
bronchoscopy guidance. PDT can be performed effectively and safely in critically ill patients using a standardized 
approach by an experienced team, with or without bronchoscopy guidance. However, further investigation and 
advanced studies are needed to evaluate both methods in more detail.

Trial registration Retrospectively registered. Clinical trial number was not applicable.
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Introduction
Although the history of tracheostomy is considered 
to be as old as human history, the percutaneous dilata-
tional tracheostomy (PDT) as we know it today was first 
described in 1955, and various PDT methods have been 
developed since then [1, 2]. Initially, tracheostomy was a 
complex surgical procedure performed in the operating 
room, but over time it has become a procedure that can 
be performed percutaneously in the intensive care unit 
(ICU) [3]. Numerous meta-analyses have reported vari-
ous advantages of PDT performed in ICUs compared to 
surgical tracheostomy [4].

In patients who have been followed on mechanical ven-
tilation (MV) for a long period, complications such as 
laryngeal injury, vocal cord paralysis, glottic and subglot-
tic stenosis, infection, and tracheal damage (tracheoma-
lacia and tracheal dilatation/stenosis) can occur [1]. It has 
been reported that an intubation duration of more than 
fifteen days can lead to impaired swallowing functions 
and healthcare-associated pneumonia in approximately 
40% of patients [5]. Various authors have reported a 
reduction in the incidence of ventilator-associated pneu-
monia, an increase in the number of days free from MV, 
and a reduction in ICU length of stay with PDT [6]. PDT 
is performed to provide a secure airway, reduce laryn-
geal injury, facilitate aspiration of the airways, enable oral 
feeding, and facilitate the transfer of the patient from the 
ICU [7]. Additionally, PDT is known to have significant 
benefits such as reducing airway resistance and respira-
tory workload and increasing patient comfort [8]. Today, 
PDT is one of the most commonly performed surgical 
procedures in critically ill patients under MV [9]. The 
development of various PDT techniques has facilitated 
the spread and application of the procedure in ICUs [10].

Researchers have examined various methods to guide 
the PDT procedure, such as applications with fiber-optic 
bronchoscopy (FOB) or ultrasound guidance [11]. The 
use of fiber-optic bronchoscopy during tracheostomy has 
been shown to be beneficial in demonstrating the correct 
interval for the physician and preventing contact with the 
posterior wall of the trachea during dilation [12]. While 
studies have shown that performing PDT under FOB 
guidance reduces the incidence of complications, there 
is no consensus in the literature regarding its routine 
use [13]. The main disadvantage of FOB is hypoventila-
tion, hypercapnia, and respiratory acidosis [1]. Hyper-
capnia and hypoventilation caused by FOB can worsen 
clinical outcomes in some patients [14]. Additionally, the 
lack of availability of FOB in every clinic, its cost, and the 
requirement for expertise limit its widespread use [15].

Therefore, assuming that there may be clinics where 
FOB is not available or difficult to apply for various rea-
sons, we hypothesized that performing PDT without 
FOB guidance could be safe and effective. We aimed to 

compare the safety and effectiveness of PDT performed 
with and without FOB guidance.

Materials and methods
Study design
This study is a prospective, descriptive, and cross-sec-
tional research. Approval for the study was obtained 
from the Dokuz Eylul University Clinical Research Eth-
ics Committee (approval number:2023/08–12, approval 
date:20.04.2024). This research was conducted in accor-
dance with institutional guidelines and the latest version 
of the 1975 Helsinki Declaration. Clinical trial number 
was not applicable. Written consent for participation in 
the study was obtained from all patients participating in 
the study. Informed consent was obtained to publish the 
information/images in an online open access publication. 
One hundred and three patients who were followed on 
mechanical ventilation in the ICUs of the Medical Fac-
ulty and met the inclusion criteria for PDT within one 
year were included in the study. All PDT procedures in 
the study were performed by intensivists (Ö.Ö, M.Ç.G, 
E.K.Ö. and E.Y) with at least ten years of experience. All 
Fiber optic bronchoscopy procedures were performed 
by the same intensivist (S.D) who had special training in 
bronchoscopy. Karl Storz 11,302 BDX (Germany) flexible 
intubation video endoscope device was used in all bron-
choscopy procedures. The indication for tracheostomy 
for the patient was decided by the attending physician to 
avoid disrupting routine operations. In our unit, which 
is a tertiary intensive care unit in the university hospi-
tal; Percutaneous Tracheostomy procedure is applied to 
the following patients: Patients who are endo-tracheally 
intubated, mechanically ventilated, over the age of 18, 
patients who have failed to wean from mechanical ven-
tilation due to various reasons, patients who need long-
term mechanical ventilation due to neuro-muscular 
diseases, patients whose bronchial secretions cannot 
be sufficiently cleared, and patients who have difficulty 
maintaining airway integrity and safety. In addition, for 
all Percutaneous Tracheostomy procedures; written 
informed consent is obtained from the patient and/or 
first-degree relatives/legal guardians. In our unit, Percu-
taneous tracheostomy procedure is not applied to the fol-
lowing patients and these patients are directed to surgical 
tracheostomy. An anatomy that is not suitable for PDT 
opening: Having a short neck, having tracheal deviation, 
cervical anatomical anomaly, previous cervical surgery, 
cervical trauma, cervical tumors, the neck cannot be 
extended at all.

Inclusion criteria for the study were: being over 18 
years of age, undergoing PDT due to tracheostomy indi-
cations (failure to wean, patients requiring long-term 
mechanical ventilation due to neurological diseases, situ-
ations where bronchial secretions cannot be adequately 
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cleared, conditions necessary to maintain airway integ-
rity and safety), and providing written informed consent 
for the PDT procedure. Exclusion criteria were: the pres-
ence of an unsuitable anatomy for PDT, previous cervical 
surgery, cervical trauma or tumors, pregnancy or lacta-
tion, and the patient or their first-degree relatives not 
providing written consent.

The PDT procedure for all patients included in the 
study was performed using the forceps dilatation tech-
nique described by Griggs et al. [16], which is routinely 
applied in our clinic and with which the team is experi-
enced. Cases were divided into two groups: those under-
going PDT with FOB guidance and those undergoing 
PDT without FOB guidance. For this study, the treat-
ments, PDT indications, and post-procedure follow-up of 
the patients were applied according to the instructions of 
their primary physicians, with no changes made for this 
study.

The primary outcome of our study was the duration 
of the PDT procedure time and the number of attempts. 
The secondary outcome was the major/minor complica-
tions observed during and after tracheostomy.

Patient population
The demographic data of the cases, critical illness score 
(APACHE II), pre- and post-procedure laboratory 
parameters, and lung imaging were recorded. In our 
unit, each patient is screened for lungs with bedside lung 
ultrasonography and X-ray imaging before and after the 
PDT procedure. In accordance with the guideline on 
PDT, sedo-analgesia and neuromuscular blockers were 
administered to the patients, and then the PDT pro-
cedure was performed with or without FOB guidance 
[17]. No randomization was performed for the study. 
All patients treated in the ICU and indicated for trache-
ostomy were consecutively included in the study. The 

identity information of the patients was kept confidential 
and not shared.

Study efficacy and safety parameters
In the presented study, efficacy was defined as the suc-
cessful performance of PDT with or without FOB guid-
ance without the need for surgical tracheostomy or any 
other procedure, and the duration of the procedure. 
Safety was defined as the absence of any complications 
during and after the procedure.

Major complications were defined as follows
procedure-related death, cardiac arrest, tracheal wall 
injury, creation of a false passage during cannulation, 
pneumothorax, pneumomediastinum and tracheostomy 
cannula obstruction, esophageal injury, tracheoesopha-
geal fistula, conversion to surgical tracheostomy, per-
sistent hypotension (systolic blood pressure remaining 
below 90 mmHg for more than 5  min requiring fluid 
infusion, vasopressor bolus, or infusion to increase blood 
pressure), persistent acute hypoxemia (oxygen satura-
tion remaining below 90% for more than 5  min), major 
bleeding (causing hypoxemia and/or requiring emer-
gency transfusion or surgical repair, or formation of an 
intratracheal or tracheovascular fistula), and tracheos-
tomy-related sepsis (where the identifiable sole source of 
infection is the stoma).

Minor complications were defined as follows
transient hypotension (systolic blood pressure remain-
ing below 90 mmHg for less than 5 min requiring a single 
bolus of fluids or vasopressors to raise blood pressure), 
transient acute hypoxemia (oxygen saturation falling 
below 90% for less than 5 min), and the detection of atel-
ectasis on post-procedure chest radiography.

Statistical analysis
SPSS 24.0 (Chicago, IL) software was used for statistical 
analyses. All values are expressed as numbers (percent-
ages) or median (interquartile range). Categorical data 
were presented as median (interquartile range). Mann-
Whitney U test was used to compare categorical data in 
the study. Frequency data were presented as numbers 
and percentages (%), and chi-square test was used to 
compare frequency data. Spearman correlation test was 
used to determine correlations. A p value of < 0.05 was 
considered statistically significant.

Results
A total of 103 patients meeting the inclusion crite-
ria were included in the study. One group of patients 
underwent PDT with FOB guidance (Figs.  1 and 2). In 
the study, PDT was performed with FOB guidance on 
52 (50.48%) patients, while PDT was performed without Fig. 1 While entering with forceps during the PDT procedure
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FOB guidance on 51 (49.51%) patients. The median age 
in the FOB (-) group was 71 (34–95), while the median 
age in the FOB (+) group was 75 (22–91) (p = 0.282). The 
median APACHE II score was 20 [12–35] in the FOB (+) 
group (p = 0.818). The demographic data of both groups 
are summarized in Table 1.

The mean PDT procedure time was 8 [4–14] minutes 
in the FOB (-) group and 7 [3–14] minutes in the FOB (+) 
group, with no statistically significant difference between 
them (p = 0.081). The mean number of PDT attempts 
was the same, 1 [1–3], in both the FOB (-) and FOB (+) 
groups (p = 0.079) (Table 1).

There was no statistically significant difference in pre- 
and post-procedure laboratory findings between the FOB 
(-) and FOB (+) groups (Table 2).

Complications observed during and after the PDT pro-
cedure were as follows (Table 3):

Hypoxemia/desaturation occurred in 1 (2%) patient in 
the FOB (-) group and in 1 (1.9%) patient in the FOB (+) 
group (p = 0.748).

Cardiac arrhythmia occurred in 2 (3.9%) patients in 
the FOB (-) group and in 2 (3.8%) patients in the FOB (+) 
group (p = 0.684).

Pneumothorax and pneumomediastinum were not 
observed in either group (p > 0.999).

Subcutaneous emphysema was not observed in the 
FOB (-) group but was seen in 1 (1.9%) patient in the FOB 
(+) group, although there was no statistically significant 
difference between them (p = 0.505).

Minor bleeding occurred in 3 (5.9%) patients in the 
FOB (-) group and in 2 (3.8%) patients in the FOB (+) 
group (p = 0.491). No major bleeding or tracheal poste-
rior wall perforation was observed in any patient during 
the study.

Discussion
In this study investigating the efficacy and safety of PDT 
in the intensive care unit (ICU) with and without the 
guidance of fiberoptic bronchoscopy (FOB), no differ-
ences were found between the two groups in terms of 
procedure duration, number of attempts, days to trache-
ostomy, laboratory parameters, and complication rates.

As in the presented study, most percutaneous trache-
ostomy methods utilize a modification of the Seldinger 
technique, which involves puncturing the trachea, plac-
ing a guidewire, and dilating the tracheostomy tract [18]. 
During PDT, FOB guidance is used as a safety measure to 

Table 1 Clinical characteristics of patients undergoing 
percutaneous dilatational tracheostomy
Clinical 
characteristics:

All Patients FOB (-) 
PDT

FOB (+) 
PDT

p- 
value

(n = 103 ) (n = 51) (n = 52)
Age 72(22–95) 71(34–95) 75(22–91) 0.282
Sex: 0.453
 Female 42(40.8%) 20(39.2%) 22(42.3%)
 Male 61(59.2%) 31(60.8%) 30(57.7%)
Weight (kg) 75(40–130) 75(45–130) 77.5(40–

100)
0.65

Height (cm) 170(150–185) 170(150–
185)

170(155–
185)

0.183

Body mass index (kg 
/m2)

25(15–45) 25.7(17.5–
46)

26.1(15.8–
34.9)

0.505

APACHE II Score 21(8–35) 20(12–35) 21(8–31) 0.818
Time intubated 
(days)

14(3–49) 14(3–49) 13(3–30) 0.253

Tracheostomy open-
ing time (minute)

7 (3–14) 8(4–14) 7(3–14) 0.081

Number of attempts 
to open

1(1–3) 1(1–3) 1(1–3) 0.079

a tracheostomy
Number of attempts to open a tracheostomy:
 1 -79(76.7%) -43(84.3%) -36(69.2%) 0.184
 2 -19(18.4%) -6(11.8%) -13(25%)
 3 -5(4.9%) -2(3.9%) -3(5.8%)
Endotracheal Intubation tube no:
7.5: 4(3.9%) 4(7.8%) 0(0%) 0.113
08:00 94(91.3%) 45(88.2%) 49(94.2%)
8.5: 5(4.9%) 2(3.9%) 3(5.8%)
Tracheostomy cannula no:
7.5: 4(3.9%) 4(7.8%) 0(0%) 0.113
08:00 94(91.3%) 45(88.2%) 49(94.2%)
8.5: 5(4.9%) 2(3.9%) 3(5.8%)
Laryngeal Mask: 0.043
Yes: 4(3.9%) 0(0%) 4(7.7%)
No: 99(96.1%) 51(100%) 48(92.3%)
All values are expressed as numbers (percentages) or median (interquartile 
range)

Abbreviations APACHE: Acute physiology and chronic health evaluation, CCI: 
Charlson Comorbidity Index. SOFA: Sequential Organ Failure Assessment score, 
Aml: Acute myeloid leukemia, All: acute lymphoblastic leukemia, Mm: Multiple 
myeloma, Mds reab 2: Myelodysplastic syndrome reab 2

Fig. 2 Dilator insertion during PDT procedure
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facilitate the selection of the correct anatomical site, con-
firmation of intratracheal guidewire and dilator place-
ment, and positioning of the tracheal cannula [19]. 
However, the necessity of FOB guidance is currently 

questioned due to its potential to prolong the proce-
dure, causing carbon dioxide retention and hypoxia, 
and due to its cost [20]. In a study comparing the FOB-
guided PDT technique with a mini-surgical procedure, 

Table 2 Laboratory findings of patients 1 h before and 1 h after percutaneous dilatational tracheostomy
All Patients
(n = 103)

FOB (-) PDT
(n = 51)

FOB (+) PDT
(n = 52)

p- value

Hemoglobine -
Before -pdt
 After-pdt

-9.7(7-14.10)
-9.2(6.9–13.8)

-9.6(7-12.8)
-9.2(6.9–13)

-9.8(7.5–14.1)
-9.2(7.1–13.8)

0.350
0.961

Hematocrite
 Before -pdt
 After-pdt

-27.8(21.10–42)
-28.7(20.4–41)

-28.8(21.1–36.9)
-28.7(20.4–39.7)

-27.3(21.7–42)
-28.95(20.4–41)

0.616
0.877

Platetet:
 Before -pdt
 After-pdt

-227(71–663)
− 255(109–643)

-254(71–663)
-264(109–643)

-199(81–663
-233(111–641)

0.452
0.575

INR:
 Before -pdt
 After-pdt

-1.1(0.8–1.89)
-1.16(0.67–1.8)

-1.1(0.8–1.89)
-1.18(0.67–1.69)

-1.16(0.8–1.61)
-1.15(0.8–1.8)

0.472
0.968

AST, IU/L:
 Before -pdt
 After-pdt

-42(13–96)
-39(19–104)

-43(15–80)
-36(19–104)

-39(13–96)
-39(22–98)

0.630
0.782

ALT, IU/L:
 Before -pdt
 After-pdt

-33(14–100)
-37(18–118)

-39(14–98)
-38(20–115)

-29(14–100)
-36(18–118)

0.303
0.997

Blood urea nitrogen, mg/dL:
 Before -pdt
 After-pdt

-46(22–244)
-53.6(8-186)

-56.7(23–244)
-56.4(15–186)

-40.75(22–150)
-52.8(8-186)

0.14
0.573

Creatinine, mg/dL:
 Before -pdt
 After-pdt

-1.12(0.6–2.7)
-1(0.34–2.70)

-1.15(0.6–2.7)
-0.98(0.37–2.70)

-1.10(0.6–2.6)
-1(0.34–2.59)

0.586
0.797

C-reative protein:
 Before -pdt
 After-pdt

-96.3(1-236.7)
-107(34–305)

-97.1(1-222)
-107(44–305)

-96.1(25–236)
-104(34–298)

0.555
0.812

Procalsitonin:
 Before -pdt
 After-pdt

-1.2(0.27–3.4)
-1.6(0.65-6)

-1.17(0.4–3.4)
-1.67(0.67-6)

-1.28(0.27–3.4)
-1.32(0.65-6)

0.69
0.673

pH:
 Before -pdt
 After-pdt

-7.43(7.31–7.63)
-7.46(7.31–7.6)

-7.42(7.31–7.61)
-7.48(7.34–7.6)

-7.43(7.34–7.63
-7.45(7.31–7.60)

0.588
0.091

pO2:
 Before -pdt
 After-pdt

-95(57–159)
-103(68–163)

-98(57–159)
-103(68–163)

-98(57–159)
-104.5(68–159)

0.687
0.953

pCO2:
 Before -pdt
 After-pdt

-38(27–69)
-37(27–64)

-38(28–69)
-37(27–64)

-37.5(27–54)
-36.5(27–64)

0.188
0.809

Lactat:
 Before -pdt
 After-pdt

-1.6(0.6–4.2)
-1.5(0.7-5)

-1.5(0.6–4.2)
-1.5(0.7-5)

-1.8(0.7–3.6)
-1.5(0.7-5)

0.032
0.837

HCO3:
 Before -pdt
 After-pdt

-27.9(11.9–38.8)
-28(21–39)

-28(22–38)
-28(21–39)

-27.8(11.9–37)
-28(21–38)

0.544
0.746

Sp02:
 Before -pdt
 After-pdt

-98(88–100)
-99(90–100)

-98.5(91.5–100)
-99(90–100)

-98(88–100)
-98(90–100)

0.011
0.493

Abbreviations: ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PaO2: Arterial partial oxygen pressure; PaCO2: Arterial partial carbon dioxide 
pressure; CRP: C-Reactive protein; FiO2: Fraction of inspired oxygen; HCO3: Bicarbonate; LDH: Lactate dehydrogenase; sCr: Serum creatinine
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it was found that the duration of FOB-guided PDT was 
significantly longer [21]. This may be due to the time 
required to obtain optimal FOB imaging and ventilation 
[21]. Similarly, Hashemian et al. [22] found that the mini-
surgical procedure involving blunt dissection was shorter 
than FOB-guided PDT. However, in this non-percuta-
neous rapid procedure, blind dissection was performed. 
Another study on PDT performed with FOB guidance 
found that the average procedure duration was almost 
twice as long as without FOB guidance [11]. This dura-
tion can be a significant factor in patients with increased 
airway pressure and inotropic requirements [21]. A 
shorter procedure duration can minimize exposure to 
procedure-related risks [21]. It may be possible to shorten 
the procedure duration by having a fixed team perform 
the same procedure each time [21]. In the present study, 
no difference was found between the PDT duration with 
and without FOB guidance. Similarly, no difference was 
found between the two groups in terms of the number of 
attempts. This may be attributed to the application of a 
safety checklist for the preparation of each patient in our 
clinic, the standardization of the procedure, and the fact 
that PDT/FOB procedures were not performed within 
the clinical team’s learning curve. On the other hand, cor-
relation analysis revealed a positive correlation between 
the number of attempts and procedure duration in the 
FOB (+) group. This finding is important as it indicates 
that an increased number of attempts prolongs the pro-
cedure duration in this group.

Although some studies in the literature report that 
FOB-guided PDT may be beneficial in preventing com-
plications, it is also reported that airway obstruction and 

hypoventilation can occur during FOB placement [23]. 
The use of FOB requires technical knowledge and experi-
ence [13]. Kost et al. [24] reported no cases of pneumo-
thorax or pneumomediastinum during FOB-guided PDT 
and attributed this to the use of FOB. On the other hand, 
the incidence of pneumothorax during PDT procedures 
has been reported to be as high as 5.6% [19]. Pneumo-
thorax development during PDT can result from direct 
pleural injury, mediastinal injury, or alveolar bleb rup-
ture [25]. Moreover, due to its adjacency to the parietal 
pleura, para-tracheal placement of the tracheostomy tube 
or injury to the posterior tracheal wall can lead to pneu-
mothorax [26]. Additionally, prolonged presence of the 
fiberoptic bronchoscope (FOB) within the endotracheal 
tube can elevate airway pressures [27]. Kumar et al. [21] 
reported a pneumothorax incidence of 3.3% during PDT 
performed with FOB guidance. Tobler et al. [28] docu-
mented a pneumothorax incidence of approximately 1.6% 
during PDT in their study. In our study, however, no cases 
of pneumothorax or pneumomediastinum occurred. All 
patients were evaluated pre- and post-procedure with 
X-ray and ultrasonography. In our study, subcutaneous 
emphysema was not observed in Group FOB (-), whereas 
it was seen in only 1 (1.9%) patient in Group FOB (+). 
Consistent with our findings, another study reported an 
incidence of subcutaneous emphysema ranging from 1.4 
to 1.8% [29]. Subcutaneous emphysema during PDT can 
be attributed to multiple punctures of the anterior tra-
cheal wall, excessive dilation of the trachea, para-tracheal 
tube placement, posterior tracheal tears, and accompa-
nying pleural injuries [30]. In our case of subcutaneous 
emphysema, we considered that multiple interventions 
during the procedure may have been the cause, as no 
other reason was identified during follow-up. This con-
dition did not progress to any hemodynamic changes, 
respiratory distress, or conditions like air-leak syndrome, 
required no additional treatment, and resolved spontane-
ously within 48 h. No instances of perforation of the pos-
terior tracheal wall were observed during the study.

Another significant complication encountered during 
PDT is bleeding [31] A meta-analysis by Simon et al. [19] 
identified arterial bleeding as a leading cause of mortal-
ity associated with PDT. Shen et al. [12] reported minor 
bleeding in 20% of patients undergoing FOB-guided PDT 
procedures. In the same study, procedures performed 
without FOB resulted in minor bleeding in 33.3% and 
major bleeding in 4.4% of patients. Atlas et al. [32] found 
minor bleeding in 10.3% of patients during FOB-guided 
PDT procedures. Sarıtaş et al. [11] reported minor bleed-
ing in 3.3% and major bleeding in 10% of patients dur-
ing FOB-guided PDT procedures. Uluç et al. [1], in 114 
PDT cases performed with FOB guidance, identified one 
case of major bleeding and one case of bleeding around 
the stoma. In our study, minor bleeding occurred in 3 

Table 3 Complications developing in patients undergoing 
percutaneous dilatational tracheostomy
Complications All Patients

(n = 103)
FOB (-) PDT
(n = 51)

FOB (+) PDT
(n = 52)

p value

Hypoxemia/Desaturation:
Yes:
No:

2(1.9%)
101(98.1%)

1(2%)
50(98%)

1(1.9%)
51(98.1%)

0.748

Cardiac Arrytmia:
Yes:
No:

4(3.9%)
99(96.1%)

2(3.9%)
49(96.1%)

2(3.8%)
50(96.2%)

0.684

Pneumothorax:
Yes:
No:

0(0%)
103(100%)

0(0%)
51(100%)

0(0%)
52(100%)

> 0.999

Pneumomediastinum:
Yes:
No:

0(0%)
103(100%)

0(0%)
51(100%)

0(0%)
52(100%)

> 0.999

Subcutaneous Emphysema:
Yes:
No:

1(1%)
102(99%)

0(0%)
51(100%)

1(1.9%)
51(98.1%)

0.505

Bleeding:
Yes:
No:

5(4.9%)
98(95.1%)

3(5.9%)
48(94.1%)

2(3.8%)
50(96.2%)

0.491
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(5.9%) patients in Group FOB (-) and 2 (3.8%) patients 
in Group FOB (+), with no statistically significant dif-
ference between them. However, in Group FOB (+), a 
negative correlation was found between PDT procedure 
duration and post-procedure hemoglobin levels (r=-
0.281, p < 0.001). We hypothesized that this could be due 
to increased bleeding during tracheal dilation under FOB 
guidance during PDT. Nevertheless, none of our patients 
experienced bleeding requiring surgical intervention, 
suture ligation, or blood transfusion. All identified bleed-
ings were classified as minor. Similarly, Hameed et al. 
[33] reported a clinically significant bleeding incidence 
of 4.05% in FOB-guided PDT, suggesting that FOB did 
not confer any benefit in reducing bleeding during PDT. 
Studies in the literature also indicate no significant differ-
ence in mild to moderate bleeding between dissection-
based and FOB-guided PDTs [34, 25].

Another important complication recorded during PDT 
procedures is hypoxemia/desaturation. One study found 
that the incidence of desaturation was nearly doubled in 
PDT cases performed with FOB guidance [35]. Topcu 
et al. [36] reported hypoxemia in 7 out of 44 patients 
(15.9%) during PDT performed without fiberoptic bron-
choscope (FOB) using anatomical landmarks. In another 
study involving FOB-guided PDT, hypoxemia occurred 
in 3 (2.6%) patients [1]. Indeed, during PDT procedures, 
steps such as retracting the endotracheal tube to the level 
of the vocal cords, tracheal dilation, and cannula place-
ment can increase the risk of desaturation [37]. Addition-
ally, the presence of the FOB itself covering much of the 
endotracheal tube can pose a risk for desaturation [38]. 
In our study, the incidence of hypoxemia/desaturation 
was 1 (2%) in Group FOB (-) and 1 (1.9%) in Group FOB 
(+), with no statistically significant difference between 
them. This could possibly be attributed to using a larger 
diameter endotracheal tube allowing continued ventila-
tion during PDT procedures guided by FOB in the ICU. 
Moreover, smaller caliber endotracheal tubes unsuitable 
for FOB passage were replaced with larger ones to facili-
tate FOB passage. We did not encounter any airway loss 
or safety issues during this process. However, the neces-
sity to change the endotracheal tube to allow FOB pas-
sage may complicate PDT procedures in patients with 
difficult airways compared to those with less complex 
airways. Furthermore, there was no statistical difference 
in procedure duration and number of attempts between 
both groups in our study. It could be expected that as 
procedure duration and number of interventions increase 
in FOB-guided procedures, the incidence of hypoxia may 
align with literature findings. We considered that the 
experience of the team might mitigate this.

Another potentially serious complication of PDT is car-
diac arrhythmia. In a study with and without FOB guid-
ance, 13 patients in the non-FOB group and 4 patients in 

the FOB group were reported to have cardiac arrhythmia 
[21]. Another study reported deaths due to cardiac arrest 
in three PDT procedures and emphasized that PDT 
using Grigg’s forceps dilation technique caused the most 
intra-procedural arrhythmia [19]. In our study, cardiac 
arrhythmia was observed in 2 (3.9%) patients in Group 
FOB (-) and 2 (3.8%) patients in Group FOB (+), with no 
statistically significant difference between them. These 
arrhythmias did not require active treatment, did not 
lead to hemodynamic instability, and resolved spontane-
ously. During PDT procedures, whether with or without 
FOB, the cause of arrhythmia may be attributed to auto-
nomic fluctuations due to manipulation of the airway and 
dissection over the anterior tracheal wall while the endo-
tracheal tube remains in place [39].

Limitations
Our study has some limitations. First of all, it reflects the 
experience of a single center, it is observational, and there 
is a lack of long-term follow-up to evaluate late compli-
cations after intensive care. In addition, fiberoptic bron-
choscopy was performed by an intensive care specialist 
who received special training in bronchoscopy. This may 
have led to the fact that the PDT opening time under 
FOB guidance was not long and that the complications 
were not statistically different between the two groups. In 
addition, another limitation of our study is that a second 
bronchoscopy procedure was not performed to search 
for posterior wall puncture of the trachea after trache-
ostomy. The reasons for this situation include; although 
the posterior wall was evaluated with fiberoptic bron-
choscopy during tracheostomy and no complications 
developed during follow-up periods (pneumothorax, 
pneumomediatinum, mediastinitis, etc.), the lack of a 
second evaluation after the procedure is a limitation of 
the study.

On the other hand, the strengths of this study are that 
it is a prospective study including a significant number of 
consecutive patients. These results can be generalized to 
clinics where a safety checklist is applied for patient prep-
aration, the procedure is always performed by the same 
team and is standardized.

Conclusion
In this study, no difference was found between the two 
groups in terms of procedure duration, number of 
attempts, and perioperative complications when per-
forming PDT in the intensive care unit with or without 
fiberoptic bronchoscopy guidance. Bronchoscopy guid-
ance did not increase the tracheostomy procedure time 
or the number of attempts. However, tracheostomy pro-
cedures performed without bronchoscopy guidance also 
did not show an increase in perioperative complications. 
PDT can be performed effectively and safely in critically 



Page 8 of 9Öner et al. BMC Anesthesiology          (2025) 25:142 

ill patients using a standardized approach by an experi-
enced team, with or without bronchoscopy guidance. 
However, further investigation and advanced studies are 
needed to evaluate both methods in more detail.

Abbreviations
FOB  Fiberoptic bronchoscopy
PDT  Percutaneous dilatational tracheostomy
ICU  Intensive care unit
MV  Mechanical ventilation
APACHE II score  Acute Physiology And Chronic Health Evaluation

Acknowledgements
Not applicable.

Author contributions
A.N.G and E.Y. wrote the main manuscript text. S.D., E.K.Ö. and M.Ç. G prepared 
figures and tables. V.H. and B.E. prepared Statistics paragraph. All authors 
reviewed the manuscript.

Funding
No funding were used for the reported research.

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.Consent for publication: 
Written consent for participation in the study was obtained from all patients 
participating in the study. Informed consent was obtained to publish the 
information/images in an online open access publication.

Declarations

Ethical approval
Approval for the study was obtained from the Dokuz Eylul University 
Clinical Research Ethics Committee (approval number:2023/08–12, approval 
date:20.04.2024).

Consent to participate
Written consent for participation in the study was obtained from all patients 
participating in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 19 August 2024 / Accepted: 21 March 2025

References
1. Uluç K, Öngel EA, İlkaya NK, Devran Ö, Özçelik HK. Indication, complication, 

and prognosis of fiberoptic bronchoscopy guided percutaneous dilatation 
tracheostomy opening in respiratory intensive care unit: a retrospective 
study. Eur Rev Med Pharmacol Sci. 2023;27(24):11771–9.

2. Mehta C, Mehta Y. Percutaneous tracheostomy. Ann Card Anaesth. 
2017;20(Supplement):S19–25.

3. Freeman BD. Tracheostomy update: when and how. Crit Care Clin. 
2017;33(2):311–22.

4. Iftikhar IH, Teng S, Schimmel M, Duran C, Sardi A, Islam S. A network com-
parative Meta-analysis of percutaneous dilatational tracheostomies using 
anatomic landmarks, bronchoscopic, and ultrasound guidance versus open 
surgical tracheostomy. Lung. 2019;197(3):267–75.

5. Romero CM, Marambio A, Larrondo J, Walker K, Lira MT, Tobar E, et al. 
Swallowing dysfunction in nonneurologic critically ill patients who require 
percutaneous dilatational tracheostomy. Chest. 2010;137(6):1278–82.

6. Rumbak MJ, Newton M, Truncale T, Schwartz SW, Adams JW, Hazard PB. A 
prospective, randomized, study comparing early percutaneous dilational 
tracheotomy to prolonged translaryngeal intubation (delayed tracheotomy) 
in critically ill medical patients. Crit Care Med. 2004;32(8):1689–94.

7. Friedman Y, Fildes J, Mizock B, Samuel J, Patel S, Appavu S, et al. Comparison 
of percutaneous and surgical tracheostomies. Chest. 1996;110(2):480–5.

8. Durbin CG. Jr. Tracheostomy: why, when, and how? Respir Care. 
2010;55(8):1056–68.

9. Al-Ansari MA, Hijazi MH. Clinical review: percutaneous dilatational tracheos-
tomy. Crit Care. 2006;10(1):202.

10. Romero CM, Cornejo R, Tobar E, Gálvez R, Luengo C, Estuardo N, et al. Fiber 
optic bronchoscopy-assisted percutaneous tracheostomy: a decade of 
experience at a university hospital. Rev Bras Ter Intensiva. 2015;27(2):119–24.

11. Sarıtaş A, Kurnaz MM. Comparison of Bronchoscopy-Guided and Real-
Time Ultrasound-Guided percutaneous dilatational tracheostomy: safety, 
complications, and effectiveness in critically ill patients. J Intensive Care Med. 
2019;34(3):191–6.

12. Shen G, Yin H, Cao Y, Zhang M, Wu J, Jiang X, et al. Percutaneous dilatational 
tracheostomy versus fibre optic bronchoscopy-guided percutaneous dilata-
tional tracheostomy in critically ill patients: a randomised controlled trial. Ir J 
Med Sci. 2019;188(2):675–81.

13. Chiu CT, Chung YH, Lu HI, Lin MC. Weaning of long-term mechanically-
ventilated patients following video bronchoscopy-guided percutaneous 
dilatational tracheostomy. Chang Gung Med J. 2005;28(12):829–36.

14. Delaney A, Bagshaw SM, Nalos M. Percutaneous dilatational tracheostomy 
versus surgical tracheostomy in critically ill patients: a systematic review and 
meta-analysis. Crit Care. 2006;10(2):R55.

15. Grensemann J, Eichler L, Kähler S, Jarczak D, Simon M, Pinnschmidt HO, et al. 
Bronchoscopy versus an endotracheal tube mounted camera for the peri-
interventional visualization of percutaneous dilatational tracheostomy - a 
prospective, randomized trial (VivaPDT). Crit Care. 2017;21(1):330.

16. Karimpour HA, Vafaii K, Chalechale M, Mohammadi S, Kaviannezhad R. 
Percutaneous dilatational tracheostomy via Griggs technique. Arch Iran Med. 
2017;20(1):49–54.

17. Madsen KR, Guldager H, Rewers M, Weber SO, Købke-Jacobsen K, Jensen 
R. Guidelines for percutaneous dilatational tracheostomy (PDT) from the 
Danish society of intensive care medicine (DSIT) and the Danish society 
of anesthesiology and intensive care medicine (DASAIM). Dan Med Bull. 
2011;58(12):C4358.

18. Marx WH, Ciaglia P, Graniero KD. Some important details in the technique 
of percutaneous dilatational tracheostomy via the modified Seldinger tech-
nique. Chest. 1996;110(3):762–6.

19. Simon M, Metschke M, Braune SA, Püschel K, Kluge S. Death after percutane-
ous dilatational tracheostomy: a systematic review and analysis of risk factors. 
Crit Care. 2013;17(5):R258.

20. Vargas M, Pelosi P, Tessitore G, Aloj F, Brunetti I, Arditi E, et al. Percutane-
ous dilatational tracheostomy with a double-lumen endotracheal tube: 
a comparison of feasibility, gas exchange, and airway pressures. Chest. 
2015;147(5):1267–74.

21. Kumar A, Kohli A, Kachru N, Bhadoria P, Wadhawan S, Kumar D. Fiber-
optic Bronchoscope-guided vs Mini-surgical technique of percutaneous 
dilatational tracheostomy in intensive care units. Indian J Crit Care Med. 
2021;25(11):1269–74.

22. Hashemian SM, Digaleh H. A prospective randomized study comparing Mini-
surgical percutaneous dilatational tracheostomy with surgical and classical 
percutaneous tracheostomy: A new method beyond contraindications. Med 
(Baltim). 2015;94(47):e2015.

23. Peris A, Linden M, Pellegrini G, Anichini V, Di Filippo A. Percutaneous dila-
tational tracheostomy: a self-drive control technique with video fiberoptic 
bronchoscopy reduces perioperative complications. Minerva Anestesiol. 
2009;75(1–2):21–5.

24. Kost KM. Endoscopic percutaneous dilatational tracheotomy: a prospective 
evaluation of 500 consecutive cases. Laryngoscope. 2005;115(10 Pt 2):1–30.

25. Agarwal A, Singh D. Is fibreoptic percutaneous tracheostomy in ICU a break-
through. J Anaesthesiol Clin Pharmacol. 2010;26(4):514–6.

26. Khandelwal A, Kapoor I, Goyal K, Singh S, Jena BR. Pneumothorax during per-
cutaneous tracheostomy - a brief review of literature on attributable causes 
and preventable strategies. Anaesthesiol Intensive Ther. 2017;49(4):317–9.

27. Añón JM, Arellano MS, Pérez-Márquez M, Díaz-Alvariño C, Márquez-Alonso 
JA, Rodríguez-Peláez J, et al. The role of routine fiberoptic bronchoscopy 
monitoring during percutaneous dilatational tracheostomy (FIBERTRACH): a 
study protocol for a randomized, controlled clinical trial. Trials. 2021;22(1):423.



Page 9 of 9Öner et al. BMC Anesthesiology          (2025) 25:142 

28. Tobler WD Jr., Mella JR, Ng J, Selvam A, Burke PA, Agarwal S. Chest X-ray 
after tracheostomy is not necessary unless clinically indicated. World J Surg. 
2012;36(2):266–9.

29. Gupta S, Dixit S, Choudhry D, Govil D, Mishra RC, Samavedam S, et al. 
Tracheostomy in adult intensive care unit: an ISCCM expert panel practice 
recommendations. Indian J Crit Care Med. 2020;24(Suppl 1):S31–42.

30. Şahiner İT, Şahiner Y. Bedside percutaneous dilatational tracheostomy 
by Griggs technique: A Single-Center experience. Med Sci Monit. 
2017;23:4684–8.

31. Pilarczyk K, Haake N, Dudasova M, Huschens B, Wendt D, Demircioglu E, et 
al. Risk factors for bleeding complications after percutaneous dilatational 
tracheostomy: a ten-year institutional analysis. Anaesth Intensive Care. 
2016;44(2):227–36.

32. ATLAS A, ALTAY N. Our percutaneous tracheostomy experience in our 
intensive care unit: a retrospective analysis. Harran Üniversitesi Tıp Fakültesi 
Dergisi. 2021;18(1):104–8.

33. Hameed AA, Mohamed H, Al-Ansari M. Experience with 224 percutane-
ous dilatational tracheostomies at an adult intensive care unit in Bahrain: a 
descriptive study. Ann Thorac Med. 2008;3(1):18–22.

34. Hassanin EG, Elgnady AA, El-Hoshy MS, Beshey BN, Abdelhady AM. Fiberoptic 
bronchoscopic guidance in percutaneous dilational tracheotomy. Egypt J 
Chest Dis Tuberculosis. 2013;62(3):519–27.

35. Putensen C, Theuerkauf N, Guenther U, Vargas M, Pelosi P. Percutaneous and 
surgical tracheostomy in critically ill adult patients: a meta-analysis. Crit Care. 
2014;18(6):544.

36. Topcu H, Ozçiftçi S, Şahiner Y. Comparative effectiveness of real-time 
ultrasound-guided tracheostomy and anatomic landmark percutaneous dila-
tational tracheostomy: a retrospective cohort study. Eur Rev Med Pharmacol 
Sci. 2022;26(21):7883–91.

37. Yuca K, Kati I, Tekin M, Yilmaz N, Tomak Y, Cankaya H. Fibre-optic bronchos-
copy-assisted percutaneous dilatational tracheostomy by guidewire dilating 
forceps in intensive care unit patients. J Otolaryngol Head Neck Surg. 
2008;37(1):76–80.

38. Trottier SJ, Ritter S, Lakshmanan R, Sakabu SA, Troop BR. Percutaneous trache-
ostomy tube obstruction: warning. Chest. 2002;122(4):1377–81.

39. Bacchetta MD, Girardi LN, Southard EJ, Mack CA, Ko W, Tortolani AJ, et al. 
Comparison of open versus bedside percutaneous dilatational tracheostomy 
in the cardiothoracic surgical patient: outcomes and financial analysis. Ann 
Thorac Surg. 2005;79(6):1879–85.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Comparison of the percutaneous dilatational tracheostomy with and without flexible bronchoscopy guidance in intensive care units
	Abstract
	Introduction
	Materials and methods
	Study design
	Patient population
	Study efficacy and safety parameters
	Major complications were defined as follows
	Minor complications were defined as follows


	Statistical analysis
	Results
	Discussion
	Limitations

	Conclusion
	References


