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Abstract Fiberoptic bronchoscopy (FOB) via endotra-

cheal tube (ETT) is the most frequent utilized technique for

monitoring of percutaneous dilatational tracheostomy

(PDT) procedure while maintaining mechanical ventila-

tion. Endoscopic guidance has increased the safety of this

procedure; nevertheless, the use of a bronchoscope via ETT

potentially may deteriorate ventilation and lead to hyper-

carbia and/or hypoxia. EtView tracheoscopic ventilation

tube (EtView TVT) is a standard endotracheal tube with a

camera and light source embedded at the tip. The objec-

tives of this study are to introduce EtView TVT as a

monitoring tool during PDT and to compare it with video

assisted FOB via ETT. We hypothesized that using EtView

TVT during PDT may obtain similar visualization; also

may have advantages regarding better mechanical venti-

lation conditions when compared with video-assisted FOB

via ETT. Patients, 18–75 years of age requiring mechanical

ventilation scheduled for PDT were randomly allocated

into two groups for airway monitorization to guide PDT

procedure either with FOB via ETT (Group FOB, n = 12)

or EtView TVT (Group EtView, n = 12). After standard

anesthesia protocol, alveolar recruitment maneuver was

applied and all patients were mechanically ventilated at

pressure-controlled ventilation mode with same pressure

levels. The primary outcome variable was the reduction in

arterial oxygen partial pressure (PaO2) values during the

procedure. Other respiratory variables and the effectiveness

(the visualization and identification of relevant airway

structures) of two techniques were the secondary outcome

variables. Patients in both groups were comparable with

respect to demographic characteristics and initial respira-

tory variables. Visualization and identification of relevant

airway structures in any steps of the PDT procedure were

also comparable. The decrease in minute ventilation in

Group FOB was higher when compared with Group

EtView (51 ± 4 % vs. 12 ± 7.3 %, p\ 0.05). The

decrease in PaO2 from initial levels during (34 ± 21 % vs.

5 ± 7 % decrease) and after (26 ± 27 % vs. 2.8 ± 16 %

decrease) the procedure was higher in Group FOB when

compared with Group EtView (p\ 0.05). Considering

comparable features in monitorization and advantageous

features over mechanical ventilation when compared with

video bronchoscopy; EtView TVT would be a good alter-

native for airway monitorization during PDT especially for

patients with poor pulmonary reserve.
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1 Introduction

In recent clinical practice, percutaneous dilatational tra-

cheostomy (PDT), which has been firstly introduced by

Ciaglia et al. [1] in 1985, is one of the most performed

interventional airway management procedure in intensive

care units. The procedure has been changed and modified

several times through years and recently it is considered as

safe, easy to perform, time and cost sparing bedside pro-

cedure. But, some serious complications may occur during

or after the PDT procedure, like tracheal wall damage,

marginal punctures (extra midline punctures, punctures
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above or below first and second tracheal cartilages), injury

of neck structures, hemorrhage, para-tracheal placement,

endotracheal tube (ETT) cuff rupture and loss of airway by

undesirable extubation [2–4]. Most of these complications

are related with lack of airway monitoring or poor visual-

ization during PDT process. Fiberoptic bronchoscopy

(FOB) via ETT or a laryngeal mask airway (LMA) is still

the most frequent utilized technique for monitoring of this

procedure while maintaining mechanical ventilation sup-

port [5, 6]. Endoscopic guidance has increased the safety of

this procedure; nevertheless, the use of a bronchoscope via

ETT or LMA potentially may deteriorate ventilation and

lead to hypercarbia, hypoxia, and/or alveolar de-recruit-

ment [7, 8].

EtView tracheoscopic ventilation tube (EtView TVTTM,

ETView Ltd, Misgav, Israel) is a standard ETT with a

camera embedded at the tip for continuous visualization of

intra-tracheal structures and ETT position during mechan-

ical ventilation support (Figs. 1 and 2). It has been

employed for monitorization of endotracheal tube posi-

tioning and airway structures; airway management during

one-lung ventilation, difficult intubation, and tracheal

rupture [9–13].

The use of EtView TVT during PDT was not described

before. We hypothesized that using EtView TVT during

PDT may obtain similar visualization, also may have

advantages regarding better mechanical ventilation condi-

tions and improvement in oxygenation and gas exchange

when compared with video-assisted FOB via ETT.

2 Materials and methods

The study protocol was approved by the Institutional Eth-

ical Committee of Bezmialem Vakif University. Patients,

18–75 years of age requiring mechanical ventilation

scheduled for PDT in our Intensive Care Unit were

included in this study. Emergency procedures, patients

having difficult intubation criteria and any contraindication

to the PDT procedure, patients with low oxygenation score

(PaO2/FiO2\ 200) and patients requiring higher positive

end-expiratory pressure (PEEP) levels ([10 cm H2O) were

excluded. In accordance with the Declaration of Helsinki,

the purpose and method of the study were sufficiently

explained to the legal representatives of each patient and

the study was conducted after obtaining informed written

consent. Enteral nutrition of patients was discontinued at

least 6 h before PDT procedure. Patients were randomly

allocated into two groups by a computer-generated ran-

domization list. Computer-generated randomization was

done using 24 opaque sealed envelopes, 12 for each group,

indicating group assignment. Before PDT procedure was

started, an anesthesiologist opened the next envelope in the

sequence to reveal the monitoring technique allocation.

2.1 Anesthesia

All patients received midazolam 0.03–0.05 mg/kg, propo-

fol 1–2 mg/kg, vecuromium 0.1 mg/kg for anesthesia

induction. Anesthesia was maintained with propofol

3–10 mg/kg/h and remifentanil 0.05–0.25 mg/kg/min

intravenous infusions. In one group (Group EtView),

patients were re-intubated with EtView TVT with

7.0–7.5 mm internal diameter, which allows for continuous

monitoring of the tracheal lumen. In other group (Group

FOB), the procedure was continued with the existing ETT.

Before the PDT procedure, alveolar recruitment

maneuver was applied to all patients with 100 % oxygen

and CPAP mode consisting a peak pressure 40 cm H2O for

40 s. All patients were mechanically ventilated at pressure-

controlled ventilation mode in FiO2: 100 % and withFig. 1 The ETView tracheal ventilation tube with a portable monitor

Fig. 2 A camera and a light source embedded at the tip of ETView

tracheal ventilation tube
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pressure support level 15 cm H2O, PEEP: 10 cm H2O,

inspirium time/expirium time: �. Respiratory rate was

adjusted to maintain end-tidal carbon dioxide (EtCO2)

30–40 mmHg before the procedure and kept constant

during and after the procedure. Procedure was started

30 min after the recruitment maneuver.

The interspace between the first and the second tracheal

cartilages were marked as puncture site and all patients

received skin infiltration of 3–5 ml bupivacaine 0.5 % after

skin preparation. The PDT was performed according to

Griggs method [14] with Portex Griggs-Set (Smiths Med-

ical, Colonial Way, Watford, UK).

In Group EtView, the EtView TVT was withdrawn to

the level of first tracheal cartilage while the cuff was

deflated and the LED light at the tip was used as a land-

mark for puncture. In Group FOB, at the beginning of the

procedure, a fiberoptic bronchoscope (Karl Storz, Tuttlin-

gen, Germany) with an external diameter equal to 3.7 mm

was introduced into the ETT though a catheter-mount,

which had a small opening on the cap (in order to maintain

mechanical ventilation). The FOB was positioned at the tip

of the ETT, the cuff was deflated, and under direct vision,

the ETT was withdrawn to the level of the first tracheal

cartilage and the light of the bronchoscope was used as a

landmark for puncture. The cuff was then inflated to

maintain positive pressure mechanical ventilation in both

groups.

The same experienced anesthetist-intensivist was per-

formed all PDT procedures. Another experienced anes-

thetist performed all monitorization, either EtView TVT or

FOB. And the third experienced anesthetist evaluated the

visualization of the PDT procedure.

The effectiveness (the visualization and identification of

relevant airway structures) of EtView TVT or video-as-

sisted FOB via ETT during PDT procedure was evaluated

using a standardized 4-step rating scale from 1 to 4 (1: very

good; 2: good, mostly visible; 3: poorly visible, mostly

unrecognized; 4: any of the anatomic landmarks does not

recognized) adopted from Linstedt et al. [6]. The following

steps were evaluated:

1. Identification of thyroid, cricoid, and tracheal (first to

third) cartilage,

2. Visualization of tracheal circumference,

3. Monitoring of puncture site,

4. Monitoring of anterior wall and pars membranacea

during forceps dilatation.

Arterial blood gases analysis was obtained 3 times: just

before the procedure was started; just before the tra-

cheostomy cannula was inserted and 15 min after the

procedure. Minimal (the lowest) minute volume (MV)

values were also recorded before, during (after ETT or

EtView TVT was withdrawn and cuff was inflated until

tracheal dilatation phase) and after the procedure. Hearth

rate, arterial pressures, peripheral oxygen saturation levels

were also monitorized during the whole PDT procedure.

The primary outcome variable was the reduction in

arterial oxygen partial pressure (PaO2) values during the

procedure (just before the tracheostomy cannula was

inserted) when compared with initial values. The sample

size requirement was based on preliminary data from a

previous pilot study with 5 patients in Group FOB in which

there is a 31 ± 13 % decrease in PO2 values. Thus, at an

alpha risk of 0.05, 12 patients per group would provide

90 % power and detect a 50 % improvement in this

decrease in a treatment group. Secondary outcome mea-

sures were the effectiveness of video bronchoscopy via

ETT or EtView TVT and the changes in MV and arterial

carbon dioxide partial pressure (PaCO2) during PDT

procedure.

In this study, SPSS Version 15.0 (SPSS, Chicago, IL)

was used for statistical analysis. Mann–Whitney U test was

used to compare arterial blood gases analysis results and

minute ventilation levels between groups. Wilcoxon test

was used to compare blood gas analysis and minute ven-

tilation levels inside the groups. The assessment of the

effectiveness of PDT with video bronchoscopy via ETT or

EtView TVT was compared between groups with the x2

test. P\ 0.05 was regarded as statistically significant.

3 Results

Of the 46 patient approached, 19 did not meet the criteria

for inclusion, consent could not be received in 3, leaving 24

patients (12 for each group) suitable to be enrolled in this

investigation (Fig. 3).

Patients in both groups were comparable with respect to

demographic characteristics (Table 1) and to initial respi-

ratory variables (Table 2). Duration of PDT procedure

(from time when ETT was withdrawn to tracheostomy

cannula was inserted) was 21.6 ± 3 min in Group EtView

and 20.8 ± 3 min in Group FOB, also comparable between

groups.

There was no statistically significant difference

(p[ 0.05) between groups with respect to visualization

and identification of relevant airway structures in any steps

of the PDT procedure using 4-step rating scale, while the

median rate was 1 (range: 1–2) in all steps.

Arterial blood gas analysis results are shown in Table 2.

The decrease in PaO2 levels during (34 ± 21 % vs.

5 ± 7 %) and after (26 ± 27 % vs. 2.8 ± 16 %) the pro-

cedure when compared with initial levels was higher in

Group FOB (p\ 0.05). Also, the increase in PaCO2 levels
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during and after the procedure when compared with initial

levels was statistically significant.

Minimal MV values are shown in Table 2. There was a

statistically significant decrease in MV during the proce-

dure in both groups, but the decrease in Group FOB was

higher (12 ± 7.3 % vs. 51 ± 4 %, p\ 0.05). There was

no procedure-related complication in both groups.

4 Discussion

Monitorization of relevant airway structures and puncture

site with EtView TVT for ease and safety of PDT proce-

dure was not described before. In this prospective ran-

domized study, we compared video bronchoscopy and

Assessed for eligibility (n= 46) 

Excluded  (n= 22) 
- Not meeting inclusion criteria (n= 19) 
- Concent could not be received (n= 3) 

Failed intervention (n= 0)               
Excluded from analysis (n= 0)       
Analysed  (n= 12) 

Allocated to Group EtView (n= 12) 
- Received allocated intervention (n= 12) 

Allocated to Group FOB (n= 12) 
- Received allocated intervention (n= 12) 

Allocation 

Analysis 

Randomized (n= 24) 

Enrollment 

Failed intervention (n= 0)               
Excluded from analysis (n= 0)       
Analysed  (n= 12) 

Fig. 3 Flow of the participants through each stage of randomization

Table 1 Demographic data of patients

Group EtView

(n = 12)

Group FOB

(n = 12)

p value

Age (year) 64.6 ± 15.7 65.2 ± 15.1 [0.05

Gender (male/female) 7/5 6/6 [0.05

Weight (kg) 78.6 ± 11.1 76.5 ± 12.7 [0.05

Height (cm) 172 ± 10 171 ± 11 [0.05

Body mass index (kg/m2) 26.3 ± 1.70 26.0 ± 1.97 [0.05

Values are expressed as mean ± standard deviation and number of

patients

PDT percutaneous dilatational tracheostomy

Table 2 Respiratory parameters

Group EtView

(n = 12)

Group FOB

(n = 12)

p value*

PaO2 (mmHg)

I 345 ± 57 342 ± 77 NS

II 326 ± 55 216 ± 48# 0.01

III 332 ± 70 239 ± 56# 0.01

PaCO2 (mmHg)

I 41.7 ± 8.8 42.5 ± 5.9 NS

II 42.1 ± 3.3 52.3 ± 5# 0.001

III 40.2 ± 7.2 50.9 ± 3.9# 0.001

SpO2 (%)

I 99.7 ± 0.2 99.8 ± 0.4 NS

II 99.8 ± 0.5 99.5 ± 0.5 NS

III 99.6 ± 0.5 99.3 ± 0.7 NS

MV (L/min)

I 7.92 ± 0.55 7.78 ± 0.67 NS

II 6.95 ± 0.65# 3.82 ± 0.49# 0.001

III 8.11 ± 0.59 7.94 ± 0.67 NS

Values are expressed as mean ± standard deviation

PaO2 arterial oxygen partial pressure, PaCO2 arterial carbon dioxide

partial pressure; SpO2 peripheral oxygen saturation, MV minimal

minute ventilation, I before the procedure, II during the procedure, III

after the procedure, NS not significant

* When compared between groups
# Statistically significant difference found when compared with

initial levels (p\ 0.05)
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EtView TVT as a monitorization tool during PDT. Both

tools had similar effectiveness for monitorization and all

two techniques seem to be safe and easy to perform, as

there was no complication occurred during procedures.

But, there was deterioration in MV during PDT in both

groups. In Group FOB, the marked decrease in MV was

accompanied with a decrease in PO2 and an increase in

PCO2. This decrease in MV before tracheal dilatation

phase may be due to an increase in airway resistance or

leakage. It can be calculated that a bronchoscope with

3.7 mm diameter causes an approximately 28 % obstruc-

tion inside an ETT with 7 mm internal diameter. We think

that the marked decrease in MV was due to both increases

in airway resistance, leakage around the catheter-mount,

ETT cuff and puncture site in Group FOB; while, the rel-

atively lower decrease in MV in Group EtView was mostly

due to leakage around the cuff and puncture site. After the

procedure, MV was improved in both groups, however

PO2, PCO2 levels in Group FOB may indicate an alveolar

de-recruitment. In Group FOB the deterioration in venti-

lation may not be clinically significant, but much worse

clinical consequences can be expected in a group of

patients with lower pulmonary reserve. Using EtView TVT

for PDT could be of interest in high-risk patients, such as

those with severe hypoxemia.

Some previous studies reported that FOB via LMA

during PDT may improve both visualization and ventila-

tion [5, 6]. Linstedt et al. [6] found the LMA group more

advantageous in mechanical ventilation and monitorization

over ETT group. Additionally they stated that broncho-

scope damage and loss of airway only occurred in ETT

group. Furthermore, they found that 3 patients with ETT

showed critically impaired ventilation and resulted hypoxia

(PaO2\ 60 mmHg) while no patients with LMA suffered

significant deterioration of mechanical ventilation support

and oxygenation during the procedure. In our study, we

didn’t encounter hypoxia in any group that may be due to

recruitment maneuver employed before PDT procedure or

the relatively smaller size bronchoscope (with 3.7 mm

internal diameter) we used. Recruitment maneuver in pre-

vention of hypoxia during PDT was suggested [15].

However, LMA may not be suitable in patients requiring

higher airway pressures and PEEP levels.

Recently, single-use EtView TVT may be an expensive

tool. However the cost-effectiveness of FOB over EtView

TVT is questionable. It is estimated one to two broncho-

scopes were damaged per 100 PDT procedures [2, 6], also

cost of disinfection should be considered. Routine-use of

EtView TVT for airway monitorization in intensive care

units in the near future will not be a surprise. Continuous

airway monitorization with EtView TVT may inform us for

the correct positioning of the tube and secretions in the

airway (time for suctioning).

One of the limitations of the study is the lack of

blinding. As the monitor devices of FOB and EtView TVT

was not similar in shape, blinding of the study was difficult

to apply. Another limitation of this study is the fact that all

patients randomized in the EtView TVT were reintubated

to benefit from the new tracheal tube. However, reintuba-

tion is a risk factor for microaspiration and ventilator-as-

sociated pneumonia. Also, the number of patients that may

not be sufficient for the assessment of visualization quality.

A trial in patients undergoing PDT procedure that com-

pares EtView TVT with video-assisted FOB via LMA as a

monitoring technique would be considered as a future

study.

In conclusion: EtView TVT had comparable effective-

ness in airway monitorization and caused less deterioration

in minute ventilation during PDT when compared with

video assisted FOB via ETT. EtView TVT guidance during

PDT may be a good alternative to FOB in patients with

poor pulmonary reserve.
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