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Abstract
Study objective: To compare the use of the I-gel airway with orotracheal intubation (OTI) for
bronchoscopic lung volume reduction (BLVR) coil treatment in patients with severe chronic obstructive
pulmonary disease (COPD) with heterogeneous emphysema, since it has been proved that supraglottic
airways have lower incidence of postoperative respiratory complaints compared to OTI.
Design: A comparative, prospective observational study was designed to assess the use of the I-gel
airway compared with the OTI.
Setting: Bronchoscopy room at the University Hospital Fundación Jimenez Diaz, Madrid. Tertiary
care center.
Patients: Thirty-three procedures were carried out in 22 patients diagnosed with COPD with severe
heterogeneous emphysema undergoing BLVR coil treatment under general anaesthesia.
Intervention: Seventeen procedures were carried out with I-gel and 16 with endotracheal tube. Airway
device choice was left to the attendant anesthesiologist.
Measurements: Tidal volume, peak pressure, and the presence of gas leaks were compared. Adverse
events during the procedure and within the first 3 hours later were also recorded.
Main results: Ventilation parameters obtained showed no significant differences. Mean tidal volume
was 466.6 ± 28.2 mL and 478.7 ± 34.0 mL (P N .05), mean peak pressure was 17.9 ± 2.5 cmH2O and
19.4 ± 2.4 cmH2O (P N .05) and mean gas leaks was 71 ± 17.6 mL and 79 ± 15.5 mL (P N .05) for I-gel
group (IgelG) and endotracheal tube group respectively. No serious complications were reported. One
case of pneumothorax was reported in the endotracheal tube group, which was resolved with a chest
drainage tube without further complications.
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Conclusion: The I-gel airway ensures appropriate ventilation and makes the use of the flexible fiberoptic
bronchoscope quite easy. Therefore, we consider that the I-gel device is an effective and safe alternative
to classical OTI for airway management in COPD patients with severe heterogeneous emphysema
undergoing BLVR coil treatment.
© 2016 Elsevier Inc. All rights reserved.
Table 1 Demographic data and respiratory function tests.

I-gel group n (17) ETT group n (16) P N .05

ASA⁎ II (2) II (3)
III (15) III (13)

BMI⁎ b 25 (4) b25 (6) N .05
25-30 (8) 25-30 (6)
≥30 (5) ≥30 (4)

Gender+ M/F (9/8) M/F (10/6) N .05
Age‡ 45 ± 8 49 ± 7 N .05
FEV1 %‡ 32.7 ± 10.1 39.4 ± 6.7 b .05
FVC %‡ 77.4 ± 18.1 69 ± 16.7 N .05
FEV1/FCV%‡ 40.6 ± 18.3 43.4 ± 19.0 N .05
DLCO %‡ 46.2± 11.9 44.3 ± 12.3 N .05
RV (mL) ‡ 233.3± 51.6 219 ± 49.7 N .05

Quantitative values are shown as mean ± SD.
ASA, American Society of Anesthesiology classification.
BMI, body mass index.
FEV1, forced expiratory volume in 1 second.
FVC, forced vital capacity.
DLCO; diffusing capacity of the lungs for carbon monoxide
RV, residual volume.
Statistical analysis: ⁎Fisher exact test; +χ2 test; ‡ Student t test.
1. Introduction

Bronchoscopic lung volume reduction (BLVR) coil
treatment has recently been introduced into clinical practice
as an alternative for patients with chronic obstructive
pulmonary disease (COPD) with severe refractory heteroge-
neous emphysema to conventional medical treatment [1].
The lung volume reduction coil is a minimally invasive
bronchoscopic nitinol device designed to reduce hyperinfla-
tion and improve elastic recoil in severe emphysema.
Usually, 10 coils per lobe are delivered in each intervention via
the flexible fiberoptic bronchoscope (FOB). The latter is easily
introduced through a tight port connection between the
respiratory tube and the airway device (just above the device)
and is kept inside the airway during the whole procedure.
Subsequently, the coils are released in the desired lung area
(usually in the upper lobe) one by one through the FOBworking
channel. The procedure is repeated in some patients in the
contralateral lung, depending on the severity of the emphysema
and the patient´s quality of life. Several studies have confirmed
the effectiveness of this technique, improving patient’s pulmo-
nary function and increasing its resistance to different physical
activity grades in the medium and long term [2].

This technique is usually performed in the bronchoscopy
roomunder general anaesthesia and orotracheal intubation (OTI).
Adverse events during the procedure and immediately postop-
eratively (b4 hours) are very rare, and only mild cough, minimal
bleeding (b5 mL) and some case of pneumothorax solved with
conventional medical treatment have been reported [3].

The advantages of supraglottic airway (SGA) devices
over OTI are well known. They do not only reduce the affect
on the patient’s hemodynamic but also reduce the incidence
of airway complications related to OTI [4,5]. Several studies
have confirmed that the I-gel airway (Intersurgical Ltd,
Berkshire, UK) is a reliable and safe SGA device used to
manage the airway of patients on intermittent positive
pressure ventilation [6,7]. The special design of the I-gel,
with an effective epiglottic rest and a wide airway channel,
facilitates the passage of the FOB. Moreover, the tip of the
FOB, easily passed through the airway tube of the I-gel, lies
just over the vocal cords, allowing a clear view of the glottic
anatomy in most cases [8]. For this reason, the bronchos-
copist can have access to the patient’s airway and carry out
the procedure without lengthening its duration and without
adverse events. Therefore, we decided to compare the use of
the I-gel airway device with the endotracheal tube (ETT) for
BLVR coil treatment.
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2. Methods

Twenty-two patients diagnosed with COPD with severe
heterogeneous emphysema undergoing BLVR coil treatment
were included in the study. Thirty three procedures were
analyzed, since the technique was repeated in the contralateral
lung of 11 of the patients 45 days after the first intervention.
Demographic data and pulmonary function tests for each group
are shown in Table 1. Seventeen procedures were performed
with I-gel and sixteen with an 8 mm ETT (Rüsch; Teleflex, Co,
Westmeath, Ireland). Bronchoscope used was a 4.2 mm
Olympus Bronchoscope BF-P190.

Medical treatment protocol previous to the procedurewas the
same for every patient. In the hospital room, patients were given
theophylline 200 mg oral, methylprednisolone 40 mg IV,
levofloxacin 500 mg IV, salbutamol 2.5 mg and ipratropium
bromide 500 μg inhaled by nebulizer 60 minutes before the
procedure. On arrival at the bronchoscopy room, patients were
monitored with 5-lead electrocardiogram, pulseoxymetry,
non-invasive arterial pressure, transcutaneous CO2 (tCO2)
monitor and bispectral index. Atropine 0.01 mg×kg−1 IV and
midazolam 2 mg IV were then given to the patients. After two
minutes of preoxygenation with a face mask with 100% O2,
general anaesthesia was induced with fentanyl 3 μg × kg−1,
undacion Jimenez Diaz from ClinicalKey.com by Elsevier on 
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Fig. 1 Ten coils properly placed in the upper right lobe.

Table 2 Respiratory outcomes and adverse events.

Respiratory outcomes: I-gel group ETT group P +

TV (mL) 466.6 ± 28.2 478.7 ± 34.0 N .05
pp (cmH2O) 17.9 ± 2.5 19.4 ± 2.4 N .05
Air leakage (mL) ⁎ (a) 71 ± 17.6 (a) 79 ± 15.5 N .05

(b) 10 ± 4 (b) 9 ± 5 N .05
Adverse events:

Mild (n) (n)

139I-Gel® for bronchoscopic coil treatment
propofol 2.5mg×kg−1 and rocuroniumbromide 0.06mg× kg−1

IV. Patients were manually ventilated for 2 minutes with a face
mask and then the patient was intubated or the I-gel was inserted
according to the manufacturer’s recommendations [9]. The
decision on which airway device to use was left to the criteria of
the attendant anesthesiologist. General anaesthesia was main-
tainedwith remifentanil infusion 0.10 to 0.20μg×kg−1 ×min−1

IV, and a 50:50 mixture of fresh oxygen and air with inhaled
sevofluorane 2% to 3% to keep bispectral index value between
30 and 45. Volume-control ventilation mode (Fabius Tiro
Dräger respirator with an Infinity Delta monitor) was used with
the following respiratory parameters: tidal volume 6 to 8 mL ×
kg−1, Positive end-expiratory pressure 4 cmH2O and respiratory
rate (RR) 12 to 14 to keepEtCO2 between 30 and 35mmHgand/
or tCO2 between 35 to 45 mmHg. Once the procedure was
concluded, sugammadex 2 mg × kg−1 IV was administered and
when the patient recovered, showing adequate spontaneous
breathing, the airway device was removed. Afterwards, the
patient was moved to the post anaesthesia care unit (PACU) and
3hours laterwas discharged to the hospital room if therewere no
adverse events. In order to compare the use of both airway
devices (the I-gel and the ETT), peak pressures and tidal volume
were recorded. The existence and amount of gas leakages during
the procedure, with and without the FOB inside the patient´s
airway, were also analyzed, since gas leaks may appear in 2
moments: (a) when FOB is introduced through the airway device
(during coils delivery), and (b) when FOB is not introduced
through the airway (when coils are not being implanted).

Moreover, the duration of the surgical procedure and any
mild or severe adverse event (cough, bleeding b4 mL, sore
throat, nausea and vomiting, bronchospasm, laryngospasm,
pneumothorax…) during the procedure and in the PACU
were also recorded. The bronchoscopist was also asked if he
had found any inconvenience or difficulty in performing the
technique through the I-gel or the ETT.

For statistical analysis Fisher exact test, χ2 test, and
Student t test were used with the R 3.1.2 programming
language (The R Foundation for Statistical Computing).
Statistical significance level was set to .05.
Cough 4 6
Sore throat 1 2
Nausea vomiting 2 2
Bleeding (b4 mL) 1 2

Severe
Bronchospasm 0 0
Laryngospasm 0 1
Pneumothorax 0 1
Massive bleeding 0 0

Discharge from PACU (n) (n)
b3 h 17 16
N3 h 0 0

TV, tidal volume.
pp, peak pressure.

+ Student t test was used.
⁎ Air leakage may occur during the procedure: (a) with the

bronchoscope inserted into the patient's airway or (b) without the
bronchoscope inserted through the airway device.
3. Results

All procedures were carried out successfully by the
bronchoscopist, who didn’t find any difficulties in using the
FOB and performing the technique. The mean procedure
length was 32 ± 11 minutes. Twenty-one procedures were
carried out in the right upper lobe (Fig. 1) and 12 in the left
upper lobe. On average, 10 coils were implanted on each
procedure. Ventilation parameters, main outcomes and
recorded adverse events are shown in Table 2.

In respect to the air leakages, when the bronchoscope was
not introduced in the airway only minor gas leaks were
recorded in both groups, showing an adequate seal of the
airway devices. However, there was a small gas leak when
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the FOB was introduced to allow coils implantation. Air
leakages at the moment of coils delivery were 71 ± 17.6 mL
and 79 ± 15.5 mL for the Igel group (IgelG) and the ETT
group (ETTG), respectively, showing no statistical signifi-
cant difference between both groups.

Serious adverse events during the procedure and within
the first 3 hours after in the PACU until discharge to the room
were not reported. Only in 3 procedures (one in the IgelG and
dacion Jimenez Diaz from ClinicalKey.com by Elsevier on 
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2 in the ETTG) aminimumamount of blood– less than 4mL–
was aspired into the FOB, not clinically relevant. Two pa-
tients in each group suffered from nausea and vomiting in
the PACU, which were conventionally resolved within the
first hour after the procedure. One patient in the ETTG had
pneumothorax, which was resolved with a chest drainage
tube. The patient was sent to the hospital room from the
PACU 3 hours after the procedure and discharged home 72
hours later without further complications. Another patient in
the ETTG suffered an episode of laryngospasm at the time of
extubation, which was resolved with continuous positive
airway pressure and a dose of propofol 20 mg IV without
relevant decrease in pulse oximetry.

None of the patients required any extra medication, nor
bronchodilators neither corticoids, in the PACU, apart from
conventional analgesia and antiemetics.
4. Discussion

Minimizing risks and reducing the number of complications
or adverse events during any anaesthetic and/or surgical
procedure are one of the anaesthesiologist’s main objectives.
COPD patients are particularly prone to suffering from airway
complications during anaestheticmanagement [10], andmust be
treated with special care to prevent this type of incidents [11].
Direct laryngoscopy and ETT introduction are invasive
techniques that cause hemodynamic alterations and can also
give rise to serious airway complications more frequently than
SGA [4,12]. Therefore, it is recommended to avoid the use of
OTI in COPD patients as long as the surgical procedure enables
it and the airway is patent, thus it is more recommendable to use
regional anaesthesia [13] or a SGA device. For these reasons,
SGAs are used ever more frequently in a wide range of
procedures traditionally carried out with OTI since its
introduction into clinical practice more than 30 years ago [14].
This is the case with some ambulatory surgery procedures or
different types of otorhinolaryngology and ophthalmology
surgeries and also in some laparoscopic interventions [15–18].
Although the invasive stimuli to trachea produced by the FOB
are not negligible, the authors believe that if we add more
aggressions to the airway, such as the ETT or the laryngoscopy,
it is more likely to appear any adverse event. In fact, despite
having no statistically significant differences in our study, there
was an episode of laryngospasm in the ETTG and coughing
episodes were higher in this group than in the IgelG.

In regards to the air leakages observed in our study at the
moment of coils delivery, it must be clarified that they were
not related to the use of the I-gel or an ETT, since the leak
was produced by the FOB working channel. Another cause
of leakage could be the port connection for introducing the
FOB through de airway device, but this is a tight connection,
which allows minimal leakages. Besides, these eventual
leakages would affect both groups equally since this
connection is located in the breathing circuit system, just
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above the airway device. In fact, no statistical significant
differences in air leakages were found between both groups
according to the data analysis.

Pressures reached in the airway are another issue to consider.
It is well known that patients with COPD benefit from
ventilating with the lowest possible pressures [19]. We decided
to use volume-controlled ventilation rather than pressure-con-
trolled ventilation for ensuring proper tidal volumes. None of
our patients reached 30 cmH2O during the intervention, which
was the peak airway pressure limit established in our ventilator.
Although no significant differences were observed in our study,
mean peak pressure was lower in the IgelG than in the ETTG.
That seems logical due to the narrower channel of the ETT
compared with the wide stem of the I-gel. These reasons, along
with proper ventilation and seal pressures obtained, confirm that
I-gel airway is a particularly useful device for several types of
programmed bronchoscopic procedures [20].

Another topic of interest ismaintenance of general anesthesia.
Wedecided to use sevoflurane rather than an infusion of propofol
due to the beneficial effects that the halogenated gas offers in the
airway of COPD patients [21,22]. Moreover, the short duration
of the procedure along with the small gas leaks obtained cause
minimal environmental pollution.

One of the main limitations of the study lies in the scarce
number of patients included. Due to its relative recent
introduction in daily clinical practice, BLVR coil treatment is
not a very common procedure and it would take much more
time or it should be necessary the participation of several
institutions to introduce as many patients as possible for
upgrading the statistical analysis and confirm our findings.

In conclusion, we found no differences between the use of
the I-gel and the ETT for BLVR coil treatment. We,
therefore, consider that the use of the I-gel is an effective and
safe alternative to classical endotracheal intubation for
BLVR coil treatment in COPD patients without remarkable
adverse events and providing adequate ventilation.
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