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Introduction

Tracheostomy has been one of the most commonly 
performed surgical procedures in the critically ill 
patient requiring long-term mechanical ventilation 
and tracheal toilet.1-2 Since the introduction of 
percutaneous dilatational tracheostomy (PDT) to 
routine clinical practice, clinicians in intensive care 
units (ICU) have become more comfortable with 
the earlier and more frequent use of tracheostomy 
for airway management in the ventilated ICU 
patient.1,3 By comparison with surgically created 
tracheostomies (SCT), the PDT has a number of 
potential advantages and is relatively simple to 
learn and perform.1,3-5 As a consequence, even 
practitioners with no extensive surgical training 
may quickly become adept at this procedure.1,5 In 
addition, PDT may be performed at the patient’s 
bedside with a limited number of personnel, 
eliminating the potential risks associated with 

transporting a critically ill patient as well as the 
inconvenience and expense of scheduling and 
utilising operating room facilities.1,5 These and 
other advantages mean that PDT has gained wide-
spread popularity and is now a well-established 
technique in intensive care units.1,5,6

Although bronchoscopic guidance has been 
declared the standard method for PDT,7,8 debate 
persists about whether tracheostomy under bron-
choscopic control is mandatory.6,9-13 There have also 
been serious complications, even with the use of 
routine bronchoscopic guidance.3,13 After drawing 
on accumulated experience with SCT, we have 
been performing PDT in our ICU since 1996 with 
the aid of a fibre-optic bronchoscope.4 More than 
10 years later, we also started to perform PDT 
without bronchoscopic guidance.

The aim of this study was to evaluate PDT 
complications and practicability, with and without 
video endoscopic guidance, in critically ill patients.
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moved up and down on the front wall of the trachea 
to localise the cricoid cartilage and the lower edge 
of the first and second tracheal ring by mild com-
pression, the endotracheal tube was retracted with-
out cuff deflation with guidance from the finger 
until the distal end of the tube was located below 
the tip of the index finger. The tracheal puncture 
was then performed without compression using a 
standard 15 gauge sole needle in a slightly caudal 
direction under finger guidance with or without en-
doscopic control between the first and second, or 
preferably the second and third, tracheal cartilage, 
in order to avoid damaging the annular cartilage 
during dilation. If the Teflon catheter needle is 
used, the Teflon catheter should be advanced over 
it, keeping the needle in place after air aspiration.

The correct needle position was ensured with the 
free aspiration of air in an attached syringe filled 
with saline solution in both patient groups and by 
additional bronchoscopic viewing in one group 
only. The syringe was then removed, leaving the 
needle in the trachea. Bubbling of a saline drop 
placed on the hub of the needle with ventilation re-
confirmed the position of the tip of the needle in the 
trachea. A Seldinger J-tipped guide wire was then 
threaded in via the needle and checked for proper 
placement and free movement in the midway of 
tracheal front wall after removal of the needle by 
palpation with the index finger at each stage of the 
procedure as a prerequisite for proceeding further 
with the PDT. A “first-step dilator” provided in the 
kit – the “pre-dilator” – was inserted over the wire, 
dilating the tissues. This enabled the gentle and 
non-traumatic initial expansion of the stoma. After 
the removal of the pre-dilator, leaving the guide 
wire in place, continous release of air during venti-
lation again reconfirmed that the trachea had been 
properly punctured. The tracheostoma was posi-
tioned in all patients using the Ciaglia Blue Rhino 
one-step dilation technique, requiring just a single 
dilation step using a conical-shaped Blue Rhino 
dilator with a hydrophilic coating. The appropri-
ately sized tapered tracheostomy tube was then 
introduced into the tracheal lumen with a loading 
dilator. The tracheostomy tube size was based on 
the clinical needs and gender of the patient, with a 
preference for smaller #8 internal diameter (ID) 
tubes in females and #9 ID tubes in males, when-
ever possible with tapered tip. In patients with 
reduced pulmonary compliance (“stiff lungs”), 
high ventilation pressures, and/or thick copious 

Materials and methods

After approval by our Institutional Human Investi-
gation Committee, a retrospective review of con-
secutive patients admitted to a multidisciplinary 
ICU with both medical and surgical patients and 
considered for elective PDT by a senior anaesthesi-
ologist was performed from January 2007 to July 
2010. Tracheostomy was necessary to supply pro-
longed ventilatory support or airway protection in 
medical and surgical patients.

All patients were already intubated and had been 
provided with a central venous catheter and an arte-
rial cannula. Under standard monitoring, we used 
propofol 1.5-3.0 mg/kg/h (= 10-20 ml/h) in combi-
nation with remifentanil 0.05-0.175 μg/kg/min (= 
3-10.5 μg/kg/h) or ketamine S 0.5-1 mg/kg KG/h 
and rocuronium (Esmeron®) as a non-depolarising 
muscle relaxant for anaesthesia during tracheosto-
my. The lungs were pressure-controlled ventilated 
with 100% oxygen throughout the procedure. After 
positioning of the patient with the head tilted back 
using a pillow underneath the shoulders, the skin 
was disinfected and 1% lidocaine with 1:100 000 
adrenaline supplement was injected for local anaes-
thesia and vasoconstriction in a rhomboid pattern 
under the skin. The fibre-optic bronchoscope 
(FB-15x, PENTAX Europe GmbH, Hamburg) was 
inserted into the endotracheal tube that had already 
been placed. Equipment from Karl Storz GmbH & 
Co, Tuttlingen Germany was used for video endo-
scopic control of the tracheotomy.

The PDT was performed with or without video 
endoscopic guidance using the Ciaglia Blue Rhino 
tracheostomy kit (COOK Deutschland GmbH, 
D-41066 Mönchengladbach). The skin between the 
cricoid ring and sternal notch was held up by two 
sharp clamps to prevent any injury to the vessels 
and thyroid. Then a finger-wide skin incision of ap-
proximately 2 centimetres was made with a scalpel 
midway, one cm distal to the cricoid cartilage to 
allow the insertion of the operator’s index finger 
through the incision for palpation. Using a swab 
clamp, the pretracheal tissues were carefully sepa-
rated by blunt dissection down along the trachea 
until it could be deeply localised with the index fin-
ger. The most important precautionary step was to 
keep the index finger on the front wall of the tra-
chea while stabilising the larynx (thyroid cartilage) 
in its mid-position between the thumb and middle 
finger on each side. While the index finger was 
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PDTs were performed under bronchoscopic control 
and 113 PDTs without bronchoscopic guidance 
using a commercially available Cook “Blue Rhino” 
kit.

Table 1 outlines the patient characteristics for 
both groups. All patients were morbid (ASA IV). 
The majority of patients suffered from multi-organ 
failure, including those who had undergone surgical 
procedures (41 patients), cardiopulmonary diseases 
(40 patients), chronic obstructive pulmonary disease 
(16 patients), cardiopulmonary resuscitation (21 pa-
tients), stroke (51 patients) or other neurological 
disease (18 patients). In all tracheostomies, the 
commercially available “blueRhino” Ciaglias tech-
nique kit was used in the ICU at the bedside of the 
patients within 5.4 ± 3.8 days in patients with bron-
choscopic control and 6.8 ± 5.0 days in patients 
without bronchoscopy following endotracheal intu-
bation. There was a significant difference between 
the number of intubation days for the groups 
(P = 0.047).

The initial blood gas values – low PO2 at 
79.7 ± 8.21 mmHg in patients with bronchoscopy 
and 83.9 ± 9.48 mmHg in patients with no bron-
choscopic guidance in spite of adequate saturation 
by FiO2 0.4 – were probably due to the predomi-
nance of  elderly and polymorbid patients. When 
blood samples were taken immediately after trache-
ostomy, PO2 was 96 ± 9.21 mmHg in the group 
with and 110 ± 6.8 mmHg in the group without 
bronchoscopy (P<0.05), while PCO2 had risen from 
38.1 ± 3.02 mmHg to 46.9 ± 8.6 mmHg in patients 
after bronchoscopy (p<.05) and from 37.9 ± 4.91 to 
39.5 ± 4.22 in the absence of bronchoscopy. The 
difference between the two groups was significant 
(P<0.05). Oxygen saturation did not fall below 
93% during surgery. Circulatory parameters remained 
stable during surgery and electrocardiograms did 
not differ from the initial ECGs.

Table 2 shows the complication rates. Bleeding 
or difficult tracheal cannulation was a feature of 
8 patients in each group. Furthermore, similar 
levels of cuff leaks, loss of airway patency and 
minor stoma infections without purulent exudates 
were noted in both groups. Bleeding was the early 
complication found in our patients. Subcutaneous 
and pretracheal vessels were the main source of 
peristomal bleeding, which was managed conserva-
tively with stomal packs. In only 5 patients (3 in the 
group with and 2 in the group without broncho-
scope), bleeding required surgical intervention with 

secretions, #9 ID tubes were chosen. Careful steps 
were again taken to ensure the free movement of 
the guide wire. The guide wire and the loading dila-
tor were withdrawn, leaving the tracheostomy tube 
in the trachea. After endotracheal suctioning 
through the tracheostoma, the correct positioning 
of the tracheostoma tube was confirmed by end-
tidal volume carbon dioxide monitoring and the tra-
cheostomy tube was then secured in place with silk 
sutures to the skin. The endotracheal tube was then 
removed under suctioning of the oropharyngeal re-
gion. A chest X-ray was routinely performed after 
the procedure. The first tracheostomy tube change 
was performed after one week.

The rate of complications and the practicability 
of the procedures in terms of operating time and 
manpower were assessed in both patient groups, i.e. 
with or without bronchoscopic control. Complica-
tions were considered minor when they were easily 
corrected without clinical relevant sequelae such as 
oozing, stoma infections or transient desaturation. 
We considered bleeding to have taken place only 
when blood loss was estimated to be more than 
20 ml; blood loss requiring surgical intervention or 
life-threatening blood loss was regarded as a 
moderate or a major event. Any oxygen desatura-
tion below 88% was regarded as moderate and, if 
associated with cyanosis or bleeding, as a major 
life-threatening event. Posterior tracheal wall 
injury, pneumothorax, pneumomediastinum and 
tension pneumothorax are always major life-
threatening events in nature.

Descriptive statistics are expressed as mean and 
standard deviation. All variables were tested for 
normal distribution using the Kolmogorov-Smirnov 
Test. To compare differences in the normally 
distributed variables for the two groups, Student’s 
t-test or the Mann-Whitney U-test were used. 
Categorical variables were compared using χ2 testing. 
A value of P<0.05 was considered statistically 
significant.

Results

A total number of 208 patients were considered for 
elective PDT. Twenty-one patients were excluded 
from the study as a result of refusal by the patient or 
legal guardian authorised by the court (n = 13), ex-
cessive obesity or non-identifiable tracheal course 
(n = 4), and unexpected death shortly before PDT 
(n = 4). In the remaining patients (n = 187), 74 
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re-insertion by a senior resident at the end of his 
night duty was unsuccessful, resulting in the 
creation of a false passage. In this patient, the 
airway was first secured by oral intubation, and a 
senior anaesthesiologist re-inserted the tracheostomy 
tube at bedside in the ICU over a guidewire utilising 
a loading dilator. One patient in the bronchoscopy 
group developed mild subcutaneous emphysema 
over the neck and chest. However, none of the 
patients in the bronchoscopy group had pneumo-
thorax, whereas one patient in the group without 
bronchoscope developed pneumothorax and required 
intercostal chest drainage.

In the group without bronchoscopic guidance, 
needle puncture in the Murphy eye of the endo
tracheal tube occurred in two patients. Two other 
complications that were also recorded in this group 

revision of the tracheostoma by ligatures and su-
tures under intubation at bedside. However, one pa-
tient without bronchoscopy had repeatedly severe 
haemorrhage one day after PDT that was stopped 
by conversion to open revision of the tracheostoma 
under intubation at bedside. This patient was obese 
with an extremely thick pretracheal layer of tissue, 
a short neck, and congestion of cervical vessels. 
Cuff leaks requiring tracheostomy tube change 
were reported in two patients, one in each group. In 
both groups, the cuff leak was noted on the day of 
tracheostomy tube insertion; the situation was man-
aged by replacing the defective tracheostomy tube, 
with a new tube over the guiding loading dilator 
unit. In another patient in the group with broncho-
scopic guidance suffered accidental decannulation 
on the second day after tracheostomy. Attempted 

Table 1
Patient characteristics in our study

Patient Characteristics PDT with bronchoscopy PDT without bronchoscopy P
No. of patients n = 74 n = 113
Sex male/female 40 (54%)/34 (46%) 70 (62%)/43 (38%) 0.284*
Age 72.7 ± 12.5 71.3 ± 13.5 0.458**
Body weight 82.4 ± 9.2 85.6 ± 12.3 0.236***
ASA IV 74 113
Days intubated 5.4 ± 3.8 6.8 ± 5.0 0.047**
Medical / Surgical 61 (82%) / 13 (18%) 85 (75%) / 28 (25%) 0.244*

ASA: American Society of Anesthesia; days intubated = number of days intubated prior to tracheotomy.
Data are given as means ± SD or number with percentage in brackets, were applicable.
Differences between the groups were not significant, with the exception of days intubated prior to tracheostomy.
The following statistical tests were used: * = χ2, ** = Student’s t, *** = Mann-Whitney.

Table 2
Complication rates and practicability data of percutaneous dilational tracheostomy with or without bronchoscopy

Data PDT with bronchoscopy 
(n = 74)

PDT without bronchoscopy 
(n = 113)

Complications •  Moderate bleeding requiring surgical intervention 
(n = 3)

•  Moderately difficult tracheal cannulation (≥2 
attempts) (n = 5)

•  Paratracheal dyslocation (n = 1)
•  Subcutaneous emphysema (n = 1)
•  Cuff leaks requiring tube change (n = 1)
•  Loss of airway by accidental decannulation (n = 1)
•  Minor stoma infections without purulent exudates 

(n = 4)

•  Moderate bleeding requiring surgical intervention 
(n = 1)

•  Major bleeding and conversion to open technique  
(n = 1)

•  Moderately difficult tracheal cannulation  
(≥ 2 attempts) (n = 6)

•  Pneumothorax (n = 1)
•  Cuff leaks requiring tube change (n = 1)
•  Puncture of Murphy eye (n = 2)
•  Loss of airway patency caused by a mass plug (n = 1)
•  Minor stoma infections without purulent exudates 

(n = 6)
Practicability •  Operating time (mean/SD) (14 ± 3.5 min)

•  Bedside performance (n = 74)
•  Manpower (2 residents plus nurse plus 1 senior)

•  Operating time (mean/SD) (10 ± 2.7 min)
•  Bedside performance (n = 113)
•  Manpower (2 residents plus nurse plus 1 senior)
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out bronchoscopic control with the rates reported in 
the literature.

All PDTs in both groups were performed as a 
bedside procedure (Table 2). The operating time for 
the completion of tracheostomy was significantly 
shorter in the non-bronchoscopy group (P<0.05). In 
both groups, two of our trained anaesthesiology 
staff members were needed, one to assist with or 
perform the  PDT and one for anaesthesia services, 
including bronchoscopy. A senior anaesthesiolo-
gist who had experience with both PDT and SCT 
always acted either as an operator or a supervisor. 
In addition, a circulating nurse was available to ad-
minister medication and to assist with the proce-
dure in other ways.

In our study, 38 out of 187 (20.3%) patients died 
as a result of their basic illness in the ICU. Of the 
remaining 149 patients, 12 (8.1%) patients were 

at different times were clearly of concern: one late 
but major complication which might be attributable 
to the use of tracheostomy and which has therefore 
been included for analysis in the number of compli-
cations suffered by one patient (Table 2). In this 
particular patient, there was a loss of airway paten-
cy due to a blood coagulate following a cough one 
week after tracheostomy. In another case which has 
not been included for analysis in the number of 
complications, the endotracheal tube was severely 
occluded by a mucus plug immediately after the re-
moval of the tube at the end of a PDT in the group 
without bronchoscopy. In both groups, stoma infec-
tions without purulent exudates were reported and 
treated locally. Clinically relevant tracheal stenosis 
was not observed during the replacement of the tra-
cheostomy tube one week after surgery. Table 3 
compares complications in the patient group with-

Table 3
Studies evaluating complication rates of percutaneous dilational tracheostomy without bronchoscopy

Study Patients Death Bleeding Pneumo-
thorax

False 
Passage

Cuff 
Incidents

Technical 
Difficulties

Infections

Jackson et al.9 168 6 1 (SCT*)
Klein et al.10 207 3
Paran et al.11 61 1 3
Maddali et al.13 98 2
Atweh et al.14 100 2
Hazard et al.16 55 2 3 1
Cook and Callanan17 21 2 1
Bodenham et al.18 20 1
Ciaglia et al.19 165 3 2 1 1 1
Moore et al.20 27 1 1
Friedman and Mayer21 100 1 5 2 1 3
Gaukroger and Allt-Graham22 50 3 1
Manara23 77 2 2 2
Toursarkissian et al.24 141 1 11 1 3 3 2
Cobean et al.25 65 1 3 1 2 10
Hill et al.26 356 1 16 2 6 10 2
Marx et al.27 254 1 3 4 3 6 1
Berrouschot et al.28 41 1 1 2
Massick et al.29 100 3 8 3 1 4 3 5
Añón et al.30 53 2 1
Hameed et al.31 224 9 3 1 2
Díaz-Regañón et al.32 800 2 15 2 5 1
The present study 113 2 1 1 8 (1 SCT*) 6

* SCT: surgically created tracheostomy.
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blind, and less safe, procedure.1 The literature 
shows that bronchoscopy is cumbersome and may 
lead to difficulties with maintaining proper ventila-
tion and even result in a loss of airway patency.9,13,14 
Complications and practicability as classified in the 
literature 4,15 were comparable in both groups in our 
study. Comparable results have also been reported 
previously.9 A loss of airway patency one week 
after tracheostomy due to a mass plug in the 
tracheostomy tube following a cough in the group 
without bronchoscopy could have been caused by a 
tear in the posterior tracheal wall with intratracheal 
haemorrhage. The severe occlusion of the endo
tracheal tube after its removal may also have been 
prevented by bronchoscopic control of the airway 
and the bronchoscopist could have suctioned this 
mucus plug from the tube. Both events could be 
linked to the absence of bronchoscopic control and 
causal connections are also possible. On the other 
hand, punctures of the Murphy eye in two patients 
which were recognised by endotracheal tube rota-
tion and stretching the guide wire in place could be 
easily overcome by another puncture attempt after 
removal the needle with a guide wire. A para
tracheal dislocation of the kind described in our 
previous study during tracheal puncture in patients 
undergoing PDTs could lead to the development 
of  subcutaneous and, in particular, mediastinal 
emphysema and pneumothorax.4

Limitations

This article has some limitations due to the retro-
spective design of the study. The detection of com-
plications in this design is always difficult and 
makes the interpretation of the presented results 
problematic. Nevertheless, the results are valuable 
because complications are most commonly evalu-
ated in observational or small sample studies. Fi-
nally, we were unable to analyse long-term follow-
up after PDT, which was mostly performed in 
severely and critically ill patients.

Conclusion

Our data relating to PDT in critically ill patients 
identified no clear-cut difference in complication 
rates or practicability in the absence of broncho-
scopic guidance when adequate skills and experience 
had been acquired and when simple but effective 
precautions are taken at each step. However, the 

successfully decannulated in the hospital and good 
wound approximation by primary closure was 
achieved within 6.8 ± 1.9 days. All patients could 
be transferred with or without tracheal cannula to a 
rehabilitation centre, a nursing institution or home 
after an average of 18 days.

Discussion

Since 1996, we have conducted 297 SCTs and 
PDTs in our ICU department using various com-
mercial sets.4 In this study we performed PDTs in 
113 patients using the standard Cook “Blue Rhino” 
kit without bronchoscopic guidance and compared 
the results with procedures for 74 patients conducted 
under bronchoscopic control. The absence of 
concomitant bronchoscopy during PDTs has already 
been reported,6, 9-13 even though the advantages and 
disadvantages of the simultaneous use of bronchos-
copy have been extensively discussed in the litera-
ture.1,5 Paran et al.11 suggested that percutaneous 
dilational tracheostomy without bronchoscopic 
control is a simple and safe method if performed by 
a trained physician with some experience in neck 
surgery. Accordingly, all PDTs in our study were 
conducted under the guidance of senior anaesthesi-
ologists with experience with both SCTs and PDTs, 
and the trained operating team adhered strictly to 
precautions for the successful and accurate 
placement of tracheostomy tubes in both patient 
groups. The longer times required for bronchoscopic 
guidance to confirm the placement of the needle 
and the tube in the trachea in our study could be 
explained by the fact that residents usually per-
formed the visualisation of the airway and needed 
more time to get used to the anatomy of the airway. 
Alternatively, the PDTs were often performed by 
more experienced personnel in our study. As with 
any technique, there is a learning curve where, 
initially, the time required and complications may 
be higher than when more experience has been 
acquired.1,9 

The technique described in our study using a 
Blue Rhino One-Step-Dilator with a 2-cm-long 
skin incision just below the cricoid ring and a blunt 
dissection of the subcutaneous and pretracheal 
tissues has been shown to be safe without routine 
bronchoscopic guidance.9,11 The small incision with 
a blunt dissection for palpating midline structures is 
thought to encourage operators to carry out a PDT 
in view of the fact that it would otherwise be a 
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22.	Gaukroger MC, Allt-Graham J. Percutaneous dilatational 
tracheostomy. Br J Oral Maxillofac Surg. 1994;32(6):375-
379.

23.	Manara AR. Experience with percutaneous tracheostomy 
in intensive care: the technique of choice? Br J Oral Maxil-
lofac Surg. 1994;32(3):155-160.

24.	Toursarkissian B, Zweng TN, Kearney PA, Pofahl WE, 
Johnson SB, Barker DE. Percutaneous dilational tracheos-
tomy: report of 141 cases. Ann Thorac Surg. 1994;57(4): 
862-867.

25.	Cobean R, Beals M, Moss C, Bredenberg CE. Percutane-
ous dilatational tracheostomy. A safe, cost-effective 
bedside procedure. Arch Surg. 1996;131(3):265-271.

26.	Hill BB, Zweng TN, Maley RH, Charash WE, 
Toursarkissian B, Kearney PA. Percutaneous dilational 
tracheostomy: report of 356 cases. J Trauma. 1996;41(2): 
238-244.

27.	Marx WH, Ciaglia P, Graniero KD. Some important details 
in the technique of percutaneous dilatational tracheostomy 
via the modified Seldinger technique. Chest. 1996;110(3): 
762-766.

28.	Berrouschot J, Oeken J, Steiniger L, Schneider D. Peri
operative complications of percutaneous dilational 
tracheostomy. Laryngoscope. 1997;107(11 Pt 1):1538-1544.

29.	Massick DD, Yao S, Powell DM, Griesen D, Hobgood T, 
Allen JN, Schuller DE. Bedside tracheostomy in the inten-
sive care unit: a prospective randomized trial comparing 
open surgical tracheostomy with endoscopically guided 
percutaneous dilational tracheotomy. Laryngoscope. 2001; 
111(3):494-500.

30.	Añón JM, Escuela MP, Gómez V, Moreno A, López J, 
Díaz R, Montejo JC, Sirgo G, Hernández G, Martínez R. 
Percutaneous tracheostomy: Ciaglia Blue Rhino versus 
Griggs’ Guide Wire Dilating Forceps. A prospective 
randomized trial. Acta Anaesthesiol Scand. 2004;48(4): 
451-456.

31.	Hameed AA, Mohamed H, Al-Ansari M. Experience with 
224 percutaneous dilatational tracheostomies at an adult 

limitations of our study preclude any definitive 
conclusion and suggest there is a need for a larger 
prospective, randomised trial with long-term laryn-
gotracheal follow-up as the secondary end point.
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