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Abstract Objective: Blind percutaneous dilational tracheotomy (PDT) holds a lot of peri-opera-

tive complications. A lot of assisting tools have long been used to facilitate guidance during PDT,

e.g., laryngeal mask airway (LMA), ultrasound (US) imaging of the neck, light wand for trans-illu-

mination of the soft tissues of the neck, and flexible fiberoptic bronchoscopy. The aim of this work

was to compare between blind and fiberoptic bronchoscopic guided PDT as regards ease of the

technique and complications of the procedure.

Design: A randomized prospective comparative trial.

Setting: Critical care department, main Alexandria university hospital.

Patients: Thirty adult patients, requiring elective PDT, and need to maintain a secure airway.

Methods: They were randomly assigned to 2 groups; blind PDT group I and fiberoptic broncho-

scopic guided PDT group II. Both groups used Griggs’ forceps technique for PDT. Post-operative

complications were recorded. End point was 48-h after the procedure.

Results: Number of trials was 1.27 ± 0.46 and 1.00 ± 0.00 for groups I and II, respectively. Suc-

cess rate was 100% in both groups. Procedural duration (in minutes) was 2.93 ± 1.10 in group I

versus 3.93 ± 1.10 in group II. Bleeding was found in 3 patients and 1 patient for groups I and

II. Subcutaneous emphysema occurred in one patient in each group, while tube misplacement

was recorded in 2 patients in group I and none in group II. Aspiration pneumonia was found in

2 patients in group I and none in group II.
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Conclusion: Use of flexible bronchoscopy has succeeded in decreasing the number of trials of

needle insertion and decreasing the incidence of overall complications, while blind technique was

better in shortening procedural time and avoidance of hypercapnia.

ª 2013 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier

B.V.Open access under CC BY-NC-ND license.
Introduction

Tracheotomy is nowadays one of the most commonly per-
formed surgical procedures in the critically ill patients [1,2].
Percutaneous dilational tracheotomy (PDT) holds a lot of
peri-operative complications like cardiopulmonary arrest,

hemorrhage, tube obstruction, or displacement, pneumotho-
rax, pneumo-mediastinum, aspiration, posterior tracheal wall
lesion, fracture of tracheal rings, false passage, difficult tube

placement, and subcutaneous emphysema [3–7].
A lot of assisting tools have long been used to facilitate guid-

ance during percutaneous tracheotomy and hence reducing the

incidence of these peri-operative complications. These include
the laryngeal mask airway (LMA), ultrasound (US) imaging
of the neck, light wand for trans-illumination of the soft tissues
of the neck, and flexible fiberoptic bronchoscopy [8–12].

It seems that there is a long term debate about the benefits
and risks of use of the flexible bronchoscope in PDT. The list
of pros and cons include the prevention of para-tracheal inser-

tion during PDT, however it may increase the cost and logistic
complexity of the procedure. There are some serious complica-
tions like hypoxia and reduced minute ventilation causing

hypercapnia [13].
For these reasons the idea of using fiberoptic bronchoscopy

in PDT will be investigated in this study. Suggestions were

made to reduce the risks of bronchoscopic use such as; intro-
ducing the bronchoscope intermittently only during certain
critical stages of the procedure (e.g., during endotracheal tube
withdrawal, needle introduction in the trachea, guide-wire pas-

sage, dilator introduction and cannula position control) and by
avoiding continuous suction through the bronchoscope [14].

The aim of this work was to compare between blind tradi-

tional and fiberoptic bronchoscopic guided percutaneous tra-
cheotomy as regards ease of the technique and complications
of the procedure.
Patients and methods

This study was a randomized prospective comparative trial, in-

cluded 30 adult patients of both genders, requiring elective per-
cutaneous dilatational tracheotomy, selected from ICUs in
Alexandria University hospitals. Studied patients were in-

cluded if they were aged 18 years and more, on prolonged
mechanical ventilation, and need to maintain a secure airway.

Patients were excluded for reasons as: uncontrolled bleed-
ing disorders (platelet count less than 50,000, or international

normalized ratio more than 2.0, or activated partial thrombo-
plastin time more than 1.5 times the control value), high posi-
tive end-expiratory pressure more than 15 cm H2O, active

cutaneous infection over the proposed tracheotomy site, and
marked anatomic abnormalities of the trachea or cervical
region.
Patients were randomly categorized into two groups (15 pa-
tients each) as follows;

1. Group (I); in whom blind PDT was done.
2. Group (II); in whom fiberoptic bronchoscopic guided PDT

was done.

Informed consent was taken from first degree relative of

every patient. The research was approved from the Ethical
Committee of Alexandria faculty of medicine. All selected
patients fulfilling the inclusion criteria were subjected to the
following on admission: full history, clinical examination,

and selective investigations (prothrombin activity, interna-
tional normalized ratio ‘‘INR’’, complete blood count, arterial
blood gases analysis and plain chest X-ray before the

procedure).
Patients preparation [15] included premedication with sed-

ative, propofol (3 mg/kg)], analgesic, fentanyl (3 lg/kg), and
local infiltration of one percent lidocaine. 100% oxygen was
applied to the patient for 10–15 min immediately prior to the
procedure in order to prevent intra-operative hypoxia.

Percutaneous tracheotomy technique in the blind group (I)

was performed through using Portex� Griggs� Forceps Percu-
taneous Dilation Tracheotomy Kits (Portex Ltd, Hythe, Kent,
UK) with the insertion of a suitable sized tracheotomy tube.

Percutaneous tracheotomy technique in the bronchoscopic
group (II) [16] was performed through the Griggs’ forceps dila-
tor technique similar to the previous group except : the set

PEEP on the ventilator was discontinued [17]. ETT and the
tracheal suctioning were done thoroughly by the help of
the flexible fiberoptic bronchoscope (Pentax Ltd, U.K.). The

choice of site of intended skin incision and then tracheal punc-
ture was helped by the appearance of endoscopic indentation
of the anterior tracheal wall on gentle pressure by the finger
of the operator and by trans-illumination. ETT withdrawal

was done under the visual control of the bronchoscope. All
other steps were done by the visual control of the broncho-
scope thus avoiding any structural injury.

Post-operative care of tracheotomy [18] included immediate
suctioning from the tracheotomy tube (done by the broncho-
scope in the bronchoscopic group), Immediate post-operative

chest X-ray, Patient’s position in bed should be semi setting,
Regular suctioning in the first few post-operative days, Humid-
ified oxygen inhalation, and regular wound care.

Measurements and monitoring during and early after the
procedure included pulse rate, mean arterial blood pressure,
capillary oxygen saturation (using pulse oximetry), ABG, plain
chest X-ray, and computed tomography (if needed); both

immediately after the procedure and 48 h later. Fiberoptic
bronchoscopy through the tracheotomy tube was done 48 h
after the procedure.

Post-operative complications were recorded [16] in both
groups. They were divided into complications during and early

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 2 Comparison between the two studied groups regard-

ing main diagnosis.

Main diagnosis Group I Group II

No. % No. %

Cerebrovascular stroke 6 40.0 4 26.7

Hepatic coma 1 6.7 0 0.0

Heart failure 1 6.7 0 0.0

Myasthenia Gravis 1 6.7 0 0.0

Road traffic accident 3 20.0 0 0.0

Chronic obstructive pulmonary disease 2 13.3 4 26.7

Interstitial lung fibrosis 0 0.0 1 6.7

Motor neuron disease 0 0.0 1 6.7

Obstructive sleep apnea 1 6.7 2 13.3

Bronchogenic carcinoma 0 0.0 3 20.0

Table 3 Comparison between the two studied groups regard-

ing indication of tracheotomy.

Indication for tracheotomy Group I Group II

No. % No. %

Airway maintenance 5 33.3 3 20.0

Failed weaning 10 66.7 12 80.0
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after the procedure including: cardiopulmonary arrest, conver-
sion to surgical technique, hypoxemia, major bleeding; that
caused hypotension, necessitated transfusion of at least 2 units

of red cells, led to airway compromise, or required conversion
to a surgical procedure to control it, minor bleeding; that was
stopped with compression, pneumothorax/pneumo-mediasti-

num, subcutaneous emphysema, and/or misplacement or false
passage into para-tracheal tissues.

Post-operative complications that were followed up 48 h

after the procedure include: tube obstruction or displacement,
aspiration pneumonia, wound infection, hemorrhage; external
or intra-tracheal, over dilatation of the stomal opening, and/or
posterior tracheal wall lesion.

Statistical analysis of data

Data were analyzed using SPSS software package version 18.0

(SPSS, Chicago, IL, USA). Quantitative data were expressed
using minimum, maximum, mean, standard deviation, median,
and IQP while Qualitative data were expressed in frequency

and percent. Qualitative data were analyzed using the Fisher
exact and Monte Carlo test to compare different groups.
Not normally distributed quantitative data were analyzed

using the Mann Whitney test for comparing two groups while
for more than two groups the Kruskal Wallis test was applied.
The level of significance was 5.0%.
Table 4 Comparison between the two studied groups regard-

ing days of intubation before tracheotomy.

Group I Group II

Duration of ETI

Range 3–17 5–17

Mean 11.20 12.73

S.D. 4.66 3.59

P 0.161
Results

Demographic characteristics of the patients (Table 1)

Both studied groups were matched in age, sex, and neck circum-
ference without statistical significant difference in-between.

Main diagnosis (Table 2)

Both studied groups were homogenous in their main diagnosis

without statistical significant difference in-between.

Indication of tracheotomy (Table 3)

airway maintenance was found in 5 (33.3%) and 3 (20.0%),
while prolonged weaning was found in 10 (66.7%) and 12
(80.0%) for groups I and II, respectively.

Days of intubation before tracheotomy (Table 4)

Days of intubation ranged between 3–17 days and 5–17 days
with the mean of 11.20 ± 4.66 and 12.73 ± 3.59 for groups I
Table 1 Comparison between the two studied groups regarding ag

Age Sex

Group I Group II Group I

Min 19 45 M 7 (46.67%)

Max 88 79

Mean 53.47 58.67 F 8 (53.33%)

S.D. 18.18 9.54

P 0.168 0.35
and II, respectively. There was no statistically significant dif-
ference in-between (P = 0.161).

Procedure details (Table 5)

Number of trials

Number of trials ranged between 1–2 and 1–1 with the mean of

1.27 ± 0.46 and 1.00 ± 0.00 for groups I and II, respectively.
It was statistically higher in group I (P = 0.016).

Time of procedure

Time of procedure ranged between 2–5 min and 3–6 min with
the mean of 2.93 ± 1.10 and 3.93 ± 1.10 for groups I and II,
e, sex, and neck circumference.

Neck circumference(in cm)

Group II Group I Group II

M 9 (60.0%) 40 40

50 48

F 6 (40.0%) 44.87 43.73

2.77 2.43

0.122



Table 5 Comparison between the two studied groups regard-

ing procedural details.

Group I Group II P

Number of trials

Range 1–2 1–1 0.016*

Mean 1.27 1.00

S.D. 0.46 0.00

Time of procedure (in minutes)

Range 2–5 3–6 0.009*

Mean 2.93 3.93

S.D. 1.10 1.10

Success in tube placement

Yes 15 (100.0%) 15 (100.0%) –

No 0 (0.00%) 0 (0.00%)

* Significant.

Fig. 1 Comparison between the two studied groups regarding

heart rate.
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respectively. Group II had statistically longer time than group
I (P = 0.009).

Success in tube placement

Success in tracheotomy tube placement was found in 100% of
patients in both groups.

Heart rate changes (Fig. 1)

In group I, the mean heart rate was 84.87 ± 16.47,
79.47 ± 15.81, 100.47 ± 16.66, and 87.33 ± 13.39 at baseline,
Fig. 2 Comparison between the two studied groups regarding

MABP.
after sedation, during and after tracheotomy, respectively. In
group II, the mean heart rate was 84.27 ± 13.67,
80.53 ± 11.58, 100.67 ± 11.31, and 90.07 ± 12.21 at baseline,

after sedation, during and after tracheotomy, respectively.
Although, heart rate significantly increased during the pro-

cedure in both groups, there was no statistical significant dif-

ference between both of them regarding heart rate at
different times (P = 0.267, 0.411, 0.478, and 0.326,
respectively).

Mean arterial blood pressure (MABP) changes (Fig. 2)

In group I, MABP was 61.20 ± 7.69, 59.33 ± 6.54,

67.40 ± 7.62, and 62.13 ± 6.61 at baseline, after sedation,
during and after tracheotomy, respectively. In group II,
MABP was 59.47 ± 5.91, 57.87 ± 6.24, 65.20 ± 6.39, and
62.00 ± 5.36 at baseline, after sedation, during and after tra-

cheotomy, respectively.
Although, MABP significantly increased during the proce-

dure in both groups, there was no statistically significant

difference between both of them regarding MABP at different
times (P = 0.247, 0.268, 0.200, and 0.476, respectively).

Blood gas effects

Oxygen saturation (SaO2) (Fig. 3)

In group I, the mean SaO2 was 98.33 ± 0.82, 97.47 ± 0.92,

94.80 ± 1.86, and 96.87 ± 1.36 at the baseline, after sedation,
during and after tracheotomy, respectively. In group II, the
mean SaO2 was 98.00 ± 1.36, 96.80 ± 1.57, 93.40 ± 1.68,

and 97.13 ± 1.41 at the baseline, after sedation, during and
after tracheotomy, respectively.

Although, oxygen saturation significantly decreased after

sedation and during the procedure in both groups, there was
no statistically significant difference between both of them
regarding oxygen saturation at different times (P = 0.212,

0.083, 0.068, and 0.301, respectively).

Partial arterial carbon dioxide tension (PaCO2) (Fig. 4)

In group I, the mean PaCO2 was 38.53 ± 4.22 and

39.13 ± 4.32 at baseline and after tracheotomy, respectively.
In group II, the mean PaCO2 was 43.93 ± 7.57 and
44.67 ± 7.45 at baseline and after tracheotomy, respectively.

It is of notice that group II PaCO2 values were significantly
higher than group I values (P = 0.011 and 0.010, respectively).
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00

Baseline After sedation During tracheotomy After Tracheotomy

O2 saturation

Group I Group II

Fig. 3 Comparison between the two studied groups regarding

SaO2.



Fig. 4 Comparison between the two studied groups regarding

PaCO2.
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Complications (Table 6)

Bleeding was found in 3 patients (20.0%) and 1 patient (6.7%)
for groups I and II, there was statistically significant difference
in-between (P = 0.034). Wound infection was found in 2 pa-

tients (13.3%) in group I and none in group II, there was sta-
tistically significant difference in-between (P = 0.041).

Subcutaneous emphysema occurred in one patient in each

group (6.7%), while neither pneumothorax nor pneumo-medi-
astinum was encountered in any of the patients of both groups.

Misplacement was found in 2 patients (13.3%) in group I

and none in group II, there was statistically significant differ-
ence between them (P = 0.041). Tracheal wall affection was
found in 1 patient (6.7%) and none for groups I and II, respec-

tively, there was no statistically significant difference in-be-
tween (P = 0.578).

Aspiration pneumonia was found in 2 patients (13.3%) in
group I and none in group II, there was statistically significant

difference between them (P= 0.041). Neither cardiopulmonary
arrest nor hypoxemiaoccurred at any timeduring theprocedure.

Discussion

Percutaneous dilatational tracheotomy (PDT) has gained pop-
ularity since its introduction to work in 1985 by Ciaglia et al.

[1]. The blind technique has significant potential complications
in addition to relative and absolute contraindications. [19–21]
A lot of research work has been accomplished, comparing the

blind technique with other techniques using adjunct tools like
ultrasound (US) [11,22–25], or Light wand (LW) [26–28].
Table 6 Comparison between the two studied groups regarding the

Type of complication Group I

No.

Bleeding 3

Wound Infection 2

Pneumothorax &/or pneumo-mediastinum 0

Subcutaneous emphysema 1

Tube misplacement 2

Tracheal wall affection 1

Aspiration pneumonia 2
Blind location of site for tracheotomy tube insertion is
unreliable even in patients with clear anatomic landmarks.
The incidence of cranial misplacement in ‘‘blind’’ PDT is rela-

tively high. Significant tracheal stenosis remains the most seri-
ous late complication of PDT, probably due to high tracheal
(above the first tracheal ring) placement of the tracheotomy

tube (cranial misplacement). In the two recently published
studies by Van Heurn et al. [5], and Walz and Schmidt [7]
on autopsy material the authors found cranial misplacement

in approximately 17% of patients. On the basis of personal
experience, Walz and Schmidt recommended obligatory identi-
fication of cricoids cartilage before starting the procedure, and
claim that without clear recognition of this important land-

mark PDT is contraindicated [7].
In the same way, Sirak Petros [29] in 1999 reported that the

discussion on the routine use of bronchoscopy during PDT is

not yet settled. However, it is indispensable for training pur-
poses and during PDT on patients with difficult anatomy.
Moreover, a bronchoscope must be at hand during PDT in

case an emergency situation arises.
Bronchoscopy may provide certain benefits, such as confir-

mation of needle placement, dilatation and tube placement. In

2000, Kollig et al. [24] published a comparative study between
ultrasound and bronchoscopic controlled percutaneous trache-
otomy and they found no studies, till that time, had examined
whether the addition of bronchoscopy leads to a decrease in

procedural complications. On the other hand, several reports
on the use of bronchoscopy raised concern about potentially
unwanted side effects like raised intracranial pressure due to

increase in partial carbon dioxide tension [30] and the de-
creased partial oxygen tension [31].

The two most commonly quoted studies advocating the use

of endoscopy are those reported by Barba et al. [14] and
Marelli et al. [32]. These studies were not designed to assess
the impact of bronchoscopy, because all PDT patients under-

went endoscopy. Despite this, general use of bronchoscopy
was still recommended.

For these reasons, a comparison between blind and flexible
bronchoscopic guided procedures was done in a randomized

controlled trial involving two groups of patients who were
comparable in age and sex. The lower limit for age was
15 years. This is in accordance with other studies in the litera-

ture in which Fowler et al. [33] excluded those under 15 years
of age from their study due to the high rate of complications
secondary to weaker cartilage, higher trachea and higher dome

of pleura.
Olubukola et al. [34] found that neck circumference is sig-

nificantly correlated with indices of adiposity and can reliably
identify children with high BMI. Another study reported the
incidence of complications.

Group II P

% No. %

20.0 1 6.7 0.034

13.3 0 0.0 0.041

0.0 0 0.0 –

6.7 1 6.7 0.759

13.3 0 0.0 0.041

6.7 0 0.0 0.578

13.3 0 6.7 0.041
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importance of increased neck circumference to intubation dif-
ficulties in obese patients [35]. Others found it as a simple
screening measure for identifying overweight and obese pa-

tients [36]. And so, it was used in the current study as an indi-
cator for neck obesity without statistically significant
difference between both groups.

In the present study, cerebrovascular stroke was the most
common primary diagnosis in both groups of patients, being
as common as chronic obstructive pulmonary disease in group

II and followed by road traffic accident in group I. This was
due to the old age of the patients and the high incidence of
road traffic accidents. Friedman et al. [37] reported road traffic
accident as the most common diagnosis in his study on PDT.

On the other hand, Hazzard et al. [38] reported that acute on
top of chronic respiratory failure was the most common diag-
nosis for PDT. Bayhahn et al. [39] reported no significant dif-

ference as regards diagnosis.
Prolonged mechanical ventilation was the most common

indication for PDT in the present study followed by need for

airway maintenance. Dulguerov et al. [40] reported prolonged
intubation and mechanical ventilation as the main indications
for PDT.

In the same way, the mean duration of endotracheal tube
was comparable in both groups. It was 11.20 days for the blind
group and 12.73 days for the bronchoscopic group. Ambesh
et al. [15] reported 8 days for the Griggs’ method group while

Fikkers et al. [41] reported 16.9 days and Añón et al. [42] re-
ported 17.3 days for the same method. The average duration
of translaryngeal intubation before tracheotomy ranged from

9 to 17 days as reported in many studies [43–45]. Porter and
Ivatruy [46] performed PDT after a mean time of 10.8 days
of endotracheal intubation. Crofts et al. [47] performed PDT

after 12.5 days while it was 7 days for Holdgaard et al. [48].
Number of trials of needle insertion was significantly lower

in the bronchoscopic (1 trial) than the blind (1.27 trials) group.

This may be due to the use of a flexible bronchoscope which
can give direct visualization of the selected site before needle
insertion. By reviewing most of the related literature, no com-
ment on this issue could be found while it is a suggested impor-

tant factor as it may contribute in the reduction of frequency
of occurrence of some complications such as bleeding, subcu-
taneous emphysema, and pneumothorax.

There was statistically significant difference between the 2
groups as regards procedural time which was defined as the time
from needle insertion to successful placement of the cannula. In

the blind group, the mean time was 2.93 ± 1.10 min while in the
bronchoscopic group the mean was 3.93 ± 1.10 min. In the lit-
erature, PDT required 21.5 ± 4.90 min [49]. In comparison,
Fikkers et al. [41] reported 9.1 ± 8.3 min for the blind Grigg’s

technique while Añón et al. [42] reported 17.3 ± 1.9 min for
the bronchoscopic technique, Ambesh et al. [15] reported
6.5 min. Variability in time between the present study and the

previous studies is attributed to different experience gained by
the workers from performing more tracheotomies.

Heart rate and MABP values were elevated in comparison

to the pre-tracheotomy values in both groups. These changes
were of short duration and returned to near baseline immedi-
ately after the procedure was completed in the two groups.

This happened despite that all patients received sedation and
local analgesia. This could be due to severe stress initiated
by dilation using initial dilator and forceps that was not ame-
liorated by local analgesia and sedation. But there was no sta-
tistical significance between the two groups as regards heart
rate and MABP.

For the blind technique, Fikkers [41] found the incidence of

hypotension to be 0.6% while Añón et al. [42] reported 2.6%.
These results should be taken with some caution recognizing
the marked difference in the number of patients recruited in

each study being 171 in the former study and 38 in the latter one.
For the bronchoscopic technique, Romero et al. [16] re-

ported the occurrence of hypotension in one of their eighty

non-obese patients (1.25%), while Ambesh et al. [15] did not
encounter any cases of hemodynamic instability in his Griggs’
method patients. None of the previously mentioned studies re-
ported cardiac arrhythmias as a resulted complication with

Griggs’ dilating forceps tracheotomy in their work whether
blindly or endoscopically.

The oxygen saturation in this study decreased with a statis-

tical significance after sedation and during tracheotomy in
both groups, however it was of no clinical significance without
dangerous hypoxemia and with return to near baseline after

the completion of the procedure.
On comparison between both groups, there was no statisti-

cally significant difference as regards the oxygen saturation

values at different times of the whole procedure. Oxygen in
a concentration of 100% was applied to all patients for
10–15 min immediately preoperatively to prevent the intra-
operative desaturation. Postoperatively, 100% oxygen was

again applied for 10–15 min for all patients. Besides, less dead
space and better pulmonary toilet through tracheotomy tube
contributed to significant improvement in oxygen saturation.

Griggs et al. [2] experienced intra-operative decrease in the
mean oxygen saturation with statistical difference with preoper-
ative values. Postoperatively, there was an increase in oxygen

saturation. Waldron et al. [50] experienced nearly the same
findings.

Partial arterial CO2 tension was significantly higher in the

bronchoscopic group compared to the blind one after the pro-
cedure. One of the possible explanations is that the difference
may be attributed to a bias caused by basically higher PaCO2

in the bronchoscopic group as a result of the common inci-

dence of type II respiratory failure in this group (chronic
obstructive pulmonary disease in 26.7%, bronchogenic carci-
noma in 20% and obesity hypoventilation syndrome in

13.3%, besides, interstitial lung disease and motor neuron dis-
ease each in 6.7% of the cases). However, Reilly et al. [30] re-
ported the occurrence of hypercarbia with bronchoscopic

percutaneous tracheotomy, the finding that was denied by
Ambesh et al. [15].

Regarding complications during procedure; bleeding oc-
curred in 3 patients (20.0%) in the blind group versus one pa-

tient (6.7%) in the bronchoscopic group. In all cases bleeding
was minor and required no more than brief compression with
statistically significant difference between both groups.

Dulguerov et al. [40] experienced 143 cases of bleeding out
of 1871 (7.8%). Friedman et al. [37] experienced minor bleed-
ing in 13%. Romero et al. [16] encountered bleeding in 4/80

cases (5%) under endoscopic guidance. Ambesh et al. [15]
graded bleeding in 5 patients out of their 50 patients (that were
subjected to flexible bronchoscopic guided Griggs’ technique)

as grade III (blood loss 11–50 ml).These variable results may
be attributed to the unavailability of a standard classification
of the amount of bleeding, making the issue judged by per-
sonal experience.
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Misplacement of the tracheotomy tube by false passage into
para-tracheal tissues was encountered in 2 cases (13.3%) in the
blind group and none in the bronchoscopic group. Añón et al.

[42] encountered false passage in 1/38 cases (2.6%) without
bronchoscopic guidance.

In only one patient in the blind group, the stomal opening

was over dilated due to repeated dilatation because of difficult
cannulation after the first attempt of dilatation. Ambesh et al.
[15] reported 7/30 cases of over dilatation. Nates et al. [51] had

postulated that excessive bleeding and other surgical complica-
tions of the Griggs forceps technique are caused by uncon-
trolled dilation of the trachea.

None of the cases in both groups was presented with poster-

ior tracheal wall affection as confirmed postoperatively
through direct visualization by flexible bronchoscopy. Louis
et al. [52] reported a case of a tracheo-esophageal fistula dis-

covered after the removal of the cannula 23 days after trache-
otomy. During the procedure, difficulties occurred during the
insertion of the cannula. And he added that this case report

highlights the importance of a perioperative continuous endo-
scopic guidance and the need for rigorous learning.

Pneumothorax and pneumo-mediastinum were not encoun-

tered in any of the patients of the blind group as confirmed
clinically and radiographically after PDT. This is in accor-
dance with that reported by Ambesh et al. [15].

Studies of non-endoscopically guided PDT have shown the

incidence of pneumothorax, pneumo-mediastinum, and para-
tracheal tube insertion to be up to 12% compared to studies
of bronchoscopically guided PDT, which have not shown these

complications [53].
In the current study subcutaneous emphysema occurred in

one patient of each group (6.7%). This is probably due to tight

stoma opening in the subcutaneous tissues and skin about the
tracheotomy tube causing a ball-valve effect and excessive
coughing (75,133). This emphysema was confined to the neck.

It presented within the first day and was self-limiting by the sev-
enth day with the help of intermittent use of 100%O2. Ambesh
et al. [15] reported that 3/30 cases (10%) developed subcutane-
ous emphysema after Griggs’ percutaneous tracheotomy under

flexible bronchoscopic guidance. For the blind Griggs’ tech-
nique, Fikkers et al. [54] found the incidence of subcutaneous
emphysema to be 1.2% while Añón et al. [42] found it to be

2.6%.
Wound infection was encountered in two patients (13.3%)

in the blind group and in none of the bronchoscopic groups.

For the blind technique, Fikkers et al. [54] reported wound
infection in 2.4% of cases while Añón et al. [42] did not report
any cases of wound infection. For the bronchoscopic one, Am-
besh et al. [15] encountered this complication in 2/30 of cases

(6.7%). Highly variable size of the sample in each study is sug-
gested to be the only possible explanation for these contradic-
tory results. Wound infection may be attributed to traumas

from repeated punctures and associated bleeding producing
more local inflammatory reaction which may invite infection
later on.

Aspiration pneumonia after the procedure was diagnosed
in two cases of the blind group (13.3%) in comparison to none
in the bronchoscopic group. Ambesh et al. [15] found no evi-

dence of new parenchymal infection or aspiration.
Neither cardiopulmonary arrest nor hypoxemia had oc-

curred at any time during the procedure. Fikkers et al. [54]
found hypoxemia in 2/132 (15.6%) of patients. He also experi-
enced cardiopulmonary arrest in 2 patients (15.6%). The first
one had an obstruction of the cannula by a mucous plug.
The second one arrested shortly after decannulation, possibly

due to aspiration.
Clearly the small size of this study limits its power to detect

complications and larger studies are necessary. Dulguerov

et al. [40] was the first to use a large scale of patients to pro-
spectively study all the complications and detect even the rarest
of them, where he worked on 5329 patients.

Also, one of the limitations of this research is the short-
term follow up. The late postoperative complications were very
difficult to study, as tracheotomy is most commonly performed
in critically ill patients, many of whom do not survive, and so,

we still do not know the real long-term complication rates of
tracheotomy itself; notably tracheal and subglottic stenosis,
as well as tracheomalacia. Another obstacle is the presence

of the confounding factor in assessing these complications that
may be also caused by prolonged trans-laryngeal intubation
done before tracheotomy and was proved by post-mortem

examination in different studies [5,7].
Conclusion

From all the work previously mentioned we can conclude that
PDT when placed in the hands of experienced personnel and
applied in its correct indications is a safe and effective proce-

dure. Use of flexible bronchoscopy has succeeded in decreasing
the number of trials of needle insertion and decreasing the inci-
dence of overall complications, while the blind technique was
better in shortening procedural time and the avoidance of

hypercapnia. Although blood gas and hemodynamic changes
are common during tracheotomy, they have short term effects
without clinically significant events. Usually, they need no

more than close monitoring and follow up.
References

[1] P. Ciaglia, R. Firsching, C. Syniec, Elective percutaneous

dilatational tracheostomy. A new simple bedside procedure;

preliminary report, Chest 87 (1985) 715–719.

[2] W. Griggs, L. Worthley, J. Gilligan, A simple percutaneous

tracheostomy technique, Surg. Gynecol. Obstet. 170 (1990) 543–

554.

[3] L. Rogers, S. Amanuel, F. Sorenson, Complications of tracheo-

stomy, South Med. J. 62 (1969) 1496–1501.

[4] H. Reilly, C. Sasaki, T. Roven, Tracheostomy complications,

Head & Neck Surg. 35 (1993) 257–274.

[5] L.W. Van Heurn, P.H. Theunissen, G. Ramsay, P.R. Brink,

Pathologic changes of the trachea after percutaneous

dilatational tracheotomy, Chest 109 (1996) 1466–1469.

[6] M. Wang, G.S. Berke, P. Ward, Early experience with

percutaneous tracheostomy, BMJ 102 (157–6) (1992) 2.

[7] M.K. Walz, U. Schmidt, Tracheal lesion caused by

percutaneous dilatational tracheostomy: a clinico-pathological

study, Intens. Care Med. 25 (1999) 102–105.

[8] P.M. Reilly, R.F. Sing, F.A. Giberson, Hypercarbia during

tracheostomy: a comparison of percutaneous endoscopic,

percutaneous Doppler, and standard surgical tracheostomy,

Intensive Care Med. 23 (1997) 859–864.

[9] E. Rolling, U. Heydenreich, B. Reotman, F. Hopf, G. Muhr,

Ultrasound and bronchoscopic controlled percutaneous

tracheostomy on trauma ICU, Injury 31 (2000) 663–668.

http://refhub.elsevier.com/S0422-7638(13)00145-3/h0005
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0005
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0005
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0010
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0010
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0010
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0015
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0015
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0020
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0020
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0025
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0025
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0025
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0275
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0275
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0035
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0035
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0035
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0040
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0040
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0040
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0040
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0045
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0045
http://refhub.elsevier.com/S0422-7638(13)00145-3/h0045


526 E.G. Hassanin et al.
[10] J.K. Muhammad, D.W. Patton, R.M. Evans, E. Major,

Percutaneous dilatational tracheostomy under ultrasound

guidance, Br. J. Oral Maxillofac. Surg. 37 (1999) 309–311.

[11] S. Bertram, R. Emshoff, B. Norer, Ultrasonographic anatomy

of the anterior neck: implications for tracheostomy, J. Oral

Maxillofac. Surg. 53 (1995) 1420–1424.

[12] M. Jaeger, C. Durbin, Special purpose endotracheal tubes,

Repair Care 44 (1999) 661–684.

[13] M. Biderlinden, M.K. Walz, A. Sander, Complications of

bronchoscopically guided percutaneous dilatational tracheos-

tomy: beyond the learning curve, Intens. CareMed. 28 (2002) 59–

62.

[14] C.A. Barba, P.B. Angood, D.R. Kauder, Bronchoscopic

guidance makes percutaneous tracheostomy a procedure easy

to teach, safe, and cost effective, Surgery 118 (1995) 879–

883.

[15] S.P. Ambesh, C.K. Pandey, S. Srivastava, A. Agarwal, D.K.

Singh, Percutaneous tracheostomy with single dilatation

technique: a prospective, randomized comparison of Ciaglia

Blue Rhino versus Griggs’ guidewire dilating forceps, Anesth.

Analg. 95 (2002) 1739–1745.

[16] C.M. Romero, R.A. Cornejo, M.H. Ruiz, L.R. Gálvez, D.P.

Llanos, E.A. Tobar, Fiberoptic bronchoscopy–assisted

percutaneous tracheostomy is safe in obese critically ill

patients: a prospective and comparative study, Crit. Care 24

(2009) 494–500.

[17] C.E. Lindholm, B. Ollman, J.V. Snyder, Cardiorespiratory

effects of flexible fiberoptic bronchoscopy in critically ill

patients, Chest 74 (1978) 362–368.

[18] C. Bayhahn, K. Westphal, D. Meininger, Single-dilator

percutaneous tracheostomy: a comparison of PercuTwist and

Ciaglia Blue Rhino techniques, Intensive Care Med. 28 (2004)

1262–1266.

[19] D.P. Veelo, T. Bulut, D.A. Dongelmans, The incidence and

microbial spectrum of ventilator associated pneumonia after

tracheostomy in a selective decontamination of the digestive

tract setting, Infect 56 (2008) 20–26.

[20] S. Nsier, C.D. Pompeo, B. Cavestri, Relationship between

tracheostomy and ventilator associated pneumonia: a case

control study, Eur. Respir J. 30 (2007) 314–320.

[21] S.R. Clum, M.J. Rumbak, Mobilizing the patient in intensive

care unit: the role of early tracheostomy, Crit. Care Clin. 23

(2007) 71–79.

[22] V. Rajajee, J. Fletcher, L.R. Rochlen, T.L. Jacobs, Real-time

ultrasound-guided percutaneous dilatational tracheostomy: a

feasibility study, Crit. Care 15 (2011) R67.

[23] A. Sustic, D. Kovac, Z. Zgaljardic, Ultrasound-guided

percutaneous dilatational tracheostomy: a safe method to

avoid cranial misplacement of the tracheostomy tube, Intens.

Care Med. 26 (2000) 1379–1381.

[24] E. Kollig, U. Heydenreich, B. Roetman, Ultrasound and

bronchoscopic controlled percutaneous tracheostomy on

trauma ICU, Injury 31 (2000) 663–668.

[25] J.Y. Shih, L.N. Lee, H.D. Wu, Sonographic imaging of the

trachea, J. Ultrasound Med. 16 (1997) 783–790.

[26] R. Holzman, C. Nargozian, F. Florence, Lightwand intubation

in children with abnormal upper airways, Anesthesiology 69

(1988) 784–787.

[27] Andrew Infosino, Pediatric upper airway and congenital

anomalies, Anesthesiol. Clin. North America 20 (2002) 747–766.

[28] T.F. Brendan, H.S. Albert, Principles of Airway Management,

third ed., Springer-Verlag, New York USA, 2003, p. 231.

[29] Sirak Petros, Percutaneous tracheostomy, Crit. Care 3 (1999) 5–

10.

[30] P.M. Reilly, H.L. Anderson III, R.F. Sing, C.W. Schwab, R.H.

Bartlett, Occult hypercarbia: an unrecognized phenomenon

during percutaneous endoscopic tracheostomy, Chest 107

(1995) 1760–1763.
[31] M. Al-Ansari, H. Hijazi, Clinical review: percutaneous

dilatational tracheostomy, Crit. Care 10 (2006) 202.

[32] D. Marelli, A. Paul, S. Manolidis, G. Walsh, J.N. Odim, T.A.

Burdon, Endoscopic guided percutaneous tracheostomy: early

results of a consecutive trial, J. Trauma 30 (1990) 433–435.

[33] C.I. Fowler, B. Toursarkissian, T.N. Zweng, P.A. Kearny,

Percutaneous dilatational tracheostomy in children and

teenagers, J. Pediatr. Surg. 29 (11) (1994) 1421–1424.

[34] O. Olubukola, B. Constance, L. Joyce, V. Terri, M. Shobha,

K.T. Kevin, Neck circumference as a screening measure for

identifying children with high body mass index, Pediatrics 126

(2010) 306–310.

[35] G. Hélène, M. Vincent, D. Khedija, M. Michel, C. Dominique,

F. Olivier, The importance of increased neck circumference to

intubation difficulties in obese patients, Anesth. Analg. 106

(2008) 1132–1136.

[36] L. Ben-Noun, E. Sohar, A. Laor, Neck circumference as a

simple screening measure for identifying overweight and obese

patients, Obes. Res. 9 (2001) 470–477.

[37] Y. Friedman, J. Fildes, B. Mizock, J. Samuel, S. Patel,

Comparison of percutaneous and surgical tracheostomies,

Chest 110 (1996) 480–496.

[38] P. Hazzard, C. Jones, J. Benitone, Comparative clinical trial of

standard operative tracheostomy with percutaneous

tracheostomy, Crit. Care Med. 19 (1991) 1018–1024.

[39] C. Bayhahn, V. Lischke, S. Halbig, Percutaneous tracheostomy:

Cigalia Blue Rhino versus basic Cigalia technique of percuta-

neous dilatational tracheostomy, Anesth. Analg. 91 (2000) 882–

886.

[40] P. Dulguerov, C. Gysin, T.V. Perneger, J.C. Chevrolet,

Percutaneous or surgical tracheostomy: a meta-analysis, Crit.

Care Med. 27 (1999) 1617–1625.

[41] B.G. Fikkers, M. Staatsen, S.G. Lardenoije, F.G. Van Den

Hoogen, J.G. Van Der Hoeven, Comparison of two

percutaneous tracheostomy techniques, guide wire dilating

forceps and Ciaglia Blue Rhino: a sequential cohort study,

Crit. Care 8 (2004) 299–305.
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