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Selective bronchial intubation for one-lung ventilation
and independent-lung ventilation in pediatric age:
state of the art
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Abstract: Selective bronchial intubation (SBI) to ventilate a single lung (one-lung ventilation, OLV) or to apply
separate lung ventilation (independent-lung ventilation, ILV) can be frequently required under general anesthesia in
pediatrics, mainly in video assisted thoracoscopy surgery, in the postoperative care of cardio-thoracic surgery, and for
the treatment of lung pathologies with unilateral prevalence in intensive care. In children over 6-8 years of age SBI,
OLV and ILV can be performed using marketed double-lumen tubes (DLTs). In neonates, infants and younger children
the application of ILV is limited due to the lack of DLTs. For children of this age, a specific DLT for ILV was developed
(Marraro Paediatric Endobronchial Bilumen Tube®) but is currently available only as a special product. The DLT
represents the device of choice for OLV and ILV while the use of bronchial blocker is suggested as an alternative to
achieve the SBI and the OLV when suitable DLTs are not available. Different catheters types can be used as bronchial
blocker. If SBI is not possible using DLT or bronchial blocker, a conventional single-lumen tube of adequate length can
allow SBI in all pediatric ages. Using the bronchial blocker and single lumen tube it is possible to perform OLV but it is
impossible to apply ILV. The main complications of SBI and DLT are largely due to limited operator experience. Airway
trauma, dislodgment and obstruction of the devices are quite frequent and can lead to severe hypoxia if not recognized
[Chin J Contemp Pediatr, 2020, 22(6): 543-554]
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The possibility to ventilate independently single lumen tube are: not easy collapse and re-

one or both lungs—one-lung ventilation (OLV) and
independent-lung ventilation (ILV)—can be required in
intensive care, in general anesthesia, and in the post-
operative care of all pediatric patients.

While for the adult the Carlen's double-lumen
tube (DLT) has largely solved the technical problem
that arises for selective bronchial intubation (SBI), for
pediatric patients and especially for children below 6-8
years of age technical difficulties remain due to the
unavailability of suitable DLTs. Bronchial blockers or
conventional single lumen tubes have been proposed
and are used for SBI and OLV in infants and younger

children. The main limits of bronchial blockers and
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expansion of the lung if required; easy dislodgement
during the treatment; and frequent need of fiberscope
for appropriate positioning.

The demand for greater flexibility in the
ventilation during general anesthesia increased with
the development of video assisted thoracoscopy
surgery, and SBI and OLV have become important
procedures to facilitate the surgery. But SBI remains
still an open problem due to the difficulty of having
on the market appropriate devices for the selective
intubation of newborns, infants and younger
children!".

Since the first application in the treatment of
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lung disease in intensive care in the late 1980s, the
separate lung ventilation for the treatment of lung
pathologies with unilateral prevalence has encouraged
the indication of ILV in the post-operative care (i.e.
post cardio-thoracic surgery). In this context ILV
can play an important role in the prevention of post-
operative lung complications so far as lung areas
not perfectly re-ventilated can persist at the end of
anesthesia. Not complete lung re-expansion and post-
operative atelectasis are called into question in the
origin of post-operative pneumonia and consequently
in the final outcome of the surgery.

The limitations in the use of ILV in intensive
care still remain due to the lack of suitable DLTs
useful for all pediatric ages, for the need to use two
synchronized ventilators, and for the complexity of
the treatment”,

The arrival of the “Marraro Paediatric Endobron-

®9s

chial Bilumen Tube ” (mPEBT) opened large hopes
both in anesthesia and intensive care because it
allowed the treatment of children from neonates to 4-5

years of age”™.

1 SBI

SBI is the possibility of intubating selectively a
single main bronchus in order to perform ventilation
in only one lung. SBI can be done using DLTs in
adolescents and children over 6-8 years of age similar
to those used in adults. In neonates and younger
children SBI can be done only using bronchial
blockers and single lumen tube due to the lack of
suitable DLTs. In these age groups only OLV is
possible.

1.1 OLV

OLYV, also known as single lung ventilation,
means the possibility to ventilate only one lung
while the other is kept unventilated or collapsed.
The ventilation of one lung is frequently required in
general anesthesia for cardio-thoracic surgery because
allows the possibility to ventilate only one lung and

exclude the contralateral to the ventilation favouring

the surgery.

OLV is indicated in intensive care for the
treatment of pneumothorax which does not resolve
with the application of thoracic drainage, in tracheo-
bronchial fistula, in lung hemorrhage that affects only
one lung, when is necessary to keep one lung separate
from the other, i.e. to avoid the spread of unilateral
lung pathology (hemorrhage, infection) to both lungs,
and for recruitment lung maneuvers.

OLYV is well tolerated when the excluded lung is
completely collapsed and perfusion is absent. If the
lung is not completely excluded from ventilation and
perfusion, hypoxia and hypercapnia can occur.

1.2 ILV

ILV allows the isolation of one lung from
the other and favors the ventilation of both lungs
separately. Different ventilation models, tidal volume
and levels of positive end-expiratory pressure (PEEP)
can be applied to each lung. ILV can only be done
through the use of a DLT or two single lumen tubes,
positioned one in the trachea and the other in a main
bronchus.

Right and left SBI can be performed but the
selective left bronchial intubation is preferred because
right main bronchus intubation exposes to the risk
of exclusion to ventilation of the upper right lobe
favouring the development of atelectasis.

ILV is indicated in unilateral lung disease,
bilateral lung pathology complicated by unilateral
atelectasis, pneumothorax, tracheo-bronchial fistula,
and to avoid the diffusion of contamination or
bleeding from one lung to the contralateral. In the
post-operative care is useful to re-expand and keep
open the lung collapsed and/or manipulated during
surgery. ILV can be used also for lung recruitment,
selective broncho-alveolar lavage, selective surfactant

supplementation and for local drug application””".

2 Methods to achieve SBI

OLV and ILV can be carried out mainly using

three devices: double-lumen endobronchial tube,
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bronchial blockers and single-lumen endotracheal tube
(ETT)*.

Anatomical characteristic of pediatric airways

and recommended devices for SBI, OLV and ILV in
pediatric age, according to the devices available on the

market, are described in Table 1.

Table 1 Characteristic of pediatric airways and available devices for SBI, OLV and ILV

DLT DLT DLT
Laryngeal Tracheal ETT ID ¢ Arndt Univent™ Marraro Bronchoport Bronchocath
Age diameter diameter Type of ETT blocker®  tube Bilumen  Rusch®  Mallinckrodt
(mm, uncuffed) (Fr)
(mm) (mm) (Fr) (Fr) Tubes (Fr) (Fr)
(ID, mm)
<28 weeks GA 2.2-3.1 2.5-5 2.5 Normal ETT na na na 2.0+2.0 na na
28-<34 weeks GA  2.9-3.5 2.7-5.5 2.5 Normal ETT na na na 2.0+2.5 na na
34-<38 weeks GA  2.7-5.5 3-6 2.5-3 Normal ETT na na na 2.542.5 na na
38-41 weeks GA  3.7-6.4 3.7-6.5 3-3.5 Normal ETT 2-3 na na 2.5+3 na na
1 year 4.5-10 5.2-7.8 3.5-4.0 Microlaryngeal tube 3 na na 343 na na
3 years 6-12 6.3-9  (Age years/4)+4 Microlaryngeal tube 5 5 na 3+3.5 na na
3.5
5-6 years 7-12 8-10 (Age years/4)+4 Microlaryngeal tube 5 3.543.5 25-26 26-27
(uncuffed)
. 4.5 .
8-10 years 7-16 12 (Age years/4)+4 Microlaryngeal tube 5 na (cuffed) 25/26-28 26-27 27-28

Legenda: [SBI] selective bronchial intubation; [OLV] one-lung ventilation; [ILV] independent-lung ventilation; [ETT] endotracheal tube; [ID]
internal diameter; [Fr] French size; [DLT] double-lumen tube; [BBs] bronchial blockers: fogarty embolectomy catheter, arterioseptostomy catheter,

embolectomy catheters; [GA] gestational age; “25/26-28 Fr.

2.1 Double-lumen endobronchial tube

The double-lumen endobronchial tube allows
access to the two lungs separately in order to apply
different ventilation modes and different PEEP levels
to each lung, to collapse and exclude one lung to
the ventilation, to avoid the spread of infection or
hemorrhage from one lung to the other.

Over 6-8 years of age, SBI is possible using
DLTs similar to that used in adults (Bronchocath
Mallinckrodt” and Bronchoport Rusch®) (Figure 1).

Mallinckrodt®double-lumen tube without

carinal hook useful for selective bronchial intubation in

Figure 1

children over 6-8 years of age

Adult DLTs are available for both right and left
SBI. In principle, the left-sided and right-sided DLTs
should be similarly safe and efficacious. However, in
fact, the use of the right-sided DLT is controversial
due to the high risk of excluding to ventilation the
upper lobe of the right lung and consequently to the
development of atelectasis'*"!.

No single predictor can determine which size of
DLT can be used at different pediatric ages. The best
predictor to estimate the size of a DLT is the tracheal
width highlighted from the posterior-anterior chest
X-ray",

The positioning of the DLT can be done under
direct laryngoscopy and/or by the flexible fiberscope.

In the early 1990s the development of the
mPEBT has allowed the possibility to carry out SBI
and synchronized ILV in neonates and infants below

4-5 years of age'". The mPEBT is currently available
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only as special product.

The mPEBT consists of two separate uncuffed
tubes of different length, attached laterally to each
other. This DLT is made in medical grade polyvinyl
chloride (PVC), has no spur for anchoring to the
carina and presents for its entire length a radiopaque
blue line for radiological visualization (Figures 2 and
3).

Figure 2 mPEBT with separate connectors to

ventilate the two lungs individually with two ventilators

Figure 3 The same double-lumen tube of Figure 2
with a single connector to ventilate both lungs at the same
time with only one ventilator

Different sizes of mPEBT are suitable for treating
neonates, infants and children up to 4-5 years'"”. It is
possible to use an mPEBT tube of larger diameter than
would be supposed because the two branches of the
tube after positioning are allocated one above the other

between the vocal cords (Figures 4 and 5).

Figure 4  Position of single lumen tube of 3 mm

internal diameter through the vocal cords

Figure 5 Position of the mPEBT through the vocal
cords The two lumens, 3 mm and 2.5 mm, are one over the
other.

The insertion of mPEBT takes place under direct
laryngoscopy and normally does not need the use of
fiberscope. The absence of cuffs allows the use of
tubes of a larger size but the applied PEEP level could
be unstable for the possible leakage. If a high level
of PEEP is applied in the selectively intubated lung,
the leakage that is achieved does not allow to keep
different PEEP levels in each lung.

There are several evaluation methods to confirm
the correct SBI including lung auscultation, selective
capnography (EtCO,), fiberoptic visualization, and
chest X-ray"*"".

2.2 Bronchial blockers

Bronchial blockers are special devices designed
to be placed in the airway through or alongside
the conventional ETT. Different types of bronchial
blockers are available and can be used for SBI and
represent an alternative when suitable DLTs are not
available or cannot be positioned.

Bronchial blockers can essentially be classified
into two main groups.

First group: includes catheters used for embolec-
tomy, arterioseptomy and cardiac catheterization. They
are used as “off-label” because they are originally
designed and intended for other clinical purposes”™~".
These bronchial blockers are the choice of option
when DLTs are not available for all pediatric ages.

These catheters have an inflatable balloon-cuff at
distal end. The cuft has low-volume and high-pressure

properties without any possibility of progressive
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inflation. This characteristic increases the risk of
ischemia of the bronchial mucosa.

Fogarty embolectomy catheter do not have a
central lumen useful for bronchial suctioning and
oxygen supplementation. Central lumen is present in
arterioseptostomy and pulmonary artery catheters.
Arterioseptostomy catheter presents also a special
angled tip that can favor the bronchial positioning.
Due to the specific characteristics, it is the one that is
most used in clinical practice.

These blockers if positioned through the ETT
increases the resistance to the gas flow and may cause
difficulty in ventilation.

The correct positioning of these bronchial
blockers can be confirmed by simple auscultation
of both lungs but preferentially with fiberoptic
bronchoscopy.

Second group: includes devices which incorpor-
ate a dedicated blocker channel within the wall
of the tube. The blocker has incorporated a high-
volume, low-pressure cuff at the tip. It is necessary
to use fiberoptic guidance to confirm proper device
placement.

Wire-guided endobronchial Arndt blocker”,
Univent™ tube and Uniblocker™ are used as
bronchial blockers for SBI in older children. Cohen”
Flexitip Endobronchial Blocker, Coopdech™
endobronchial blocker tube, EZ-blocker™ and
Papworth BiVent ETT are available for adults but their
use in pediatric age has not been demonstrated”>>”.

Wire-guided endobronchial Arndt blocker® is
a bronchial blocker with a central lumen, through
which a wire with a looped end can be pass for fixing
the blocker to the tip of fiberscope and subsequently
positioned in one main bronchus.

This blocker is available in 3 sizes: 5 Fr, 7 Fr,
and 9 Fr. Size 9 Fr is recommended for ETTs of 7.5
mm and above; 7 Fr for ETTs of 6.0 to 7.0 mm; and
5 Fr for ETTs of 4.5 to 5.5 mm. A new extra-luminal
5 Fr Arndt blocker” is available and suggested to
overcome the traditional limit of its use below 6 years

of age!'"l.

Univent™ tube is a standard single lumen
tracheal tube, cuffed and uncuffed, with an additional
internal lumen incorporating a movable blocker
that can be advanced into a bronchus. The internal
diameter (ID) of the ETT is smaller compared the
total outer diameter of entire tube which results in
high resistance to gas flow (Figure 6). Univent™ tube
with 3.5 mm ID has an external total cross-sectional
diameter of 7.5-8.0 mm which makes it unusable in

children.

Figure 6 Cuffed and uncuffed Univent™ tube useful
for children over 8-10 years of age

The Univent™ tube has a central channel,
useful for favoring the collapse of the lung, for
bronchosuction and to insufflate oxygen into the lung.
The blocker can be withdrawn from the bronchus
allowing the possibility to ventilate both lungs
contemporarily. In post-operative ventilation, the
bronchial blocker can be removed and the tube can be
left in place like a standard ETT.

The placement of Univent tube™ can be critical
and can require the use of flexible fiberscope and
skilled and experienced operators'™"!

The most commonly encountered complications
with all types of bronchial blockers are the failure to
SBI, the dislodgment of the blocker from the selected
bronchus, the proximal herniation of the cuff at
level of tracheal carina (particularly during patient
positioning), the failure to achieve lung separation
because of abnormal anatomy, and accidental
breakage of the cuff. These complications can lead to

severe hypoxemia if not immediately recognized and
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appropriately treated. Repositioning of a problematic
blocker can be difficult and frequently requires
fiberoptic guidance to solve the problem.
2.3 Single-lumen endobronchial tube

Endobronchial intubation using a normal or
modified single-lumen ETT for lung isolation was
described in the early 1930s. This method, using
conventional or special cuffed or uncuffed ETT, is still
applied in neonates and infants due to the sufficient
length of the tubes when appropriate DLT or bronchial
blockers are not available.

Modified ETTs, microlaryngeal tubes, available
in three sizes, 4.0, 5.0 and 6.0 mm ID, can be used
in all children when conventional tubes have not
sufficient length to obtain selective intubation.

SBI using a conventional ETT is favored placing
the child in semi-lateral posture that accentuates
the anatomic location of the bronchi (i.e. raising the
shoulder opposite to the bronchus to be intubated)
and/or using fiberscope.

The suitable ETT is advanced into the trachea
and progressively in the left or right main bronchus.
The correct position is confirmed by auscultation of
the ventilation only in the selectively intubated lung
and absence of ventilation to the contralateral lung.
Using uncuffed tube is difficult to obtain complete
adequate bronchial seal.

The ETT can be easily withdrawn from the
bronchus into the trachea allowing the immediate
possibility of ventilating both lungs. The return
to bilateral lung ventilation does not allow the
appropriate re-expansion of both lungs due to the
change of compliance and resistance of the collapsed/
non ventilated lung.

Two conventional tubes can be used in clinical
practice for SBI and ILV in neonates and younger
infants. One tube is positioned into one main bronchus
for obtaining the SBI and the other is kept into the
trachea to ventilate the contralateral lung (Figures 7
and 8). Generally, nasal intubation is preferred because

allows a better stability of the tubes and reduces the

risk of dislodgement. The method can be helpful if
suitable DLT is not available and ILV is indicated.

The positioning of a single lumen uncuffed
tube via tracheostomy for endobronchial intubation
and another positioned nasally in the trachea for
ventilation of contralateral lung has been recently
described in literature with successful result™”.

Advantages, disadvantages and limitation in the
use of the different technique of SBI are illustrated in

Table 2.

Figure 7 One month old baby treated with indepen-
dent-lung ventilation using two single uncuffed tubes for the
treatment of pneumothorax not resolved with conventional
drainage treatment

Figure 8 The chest X-ray of the same case to
Figure 7 shows an endotracheal tube positioned in the
trachea (upper arrow) while the other is placed in the right
bronchus (lower arrow).
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Table 2 Advantages, disadvantages and limitations of selective endobronchial devices
Device Advantages Disadvantages Limitation in the use

Bronchial intubation
using a single tube

Univent™ tube

BBs (fogarty embo-
lectomy, arteriosep-
tostomy and pulmo-
nary artery catheters)
and Arndt blocker”

Pediatric DLT

- Easy to perform also in emergency

- Total exclusion of one lung

- No need of special equipment or
devices

- The tube can be withdrawn into
the trachea permitting bilateral
lung ventilation

- Can be used in all ages when suitable
length of tube is available

- Total exclusion of one lung

- The blocker tube can be withdrawn
into the main tube, permitting
bilateral lung ventilation

- O, supplementation, bronchosuc-
tioning in excluded lung

- Can be used for selective lung
segmental lobi isolation

- Total one lung isolation

- Bronchosuctioning, O, supple-
mentation and CPAP application
(arterioseptostomy and pulmonary
artery catheters)

- Total exclusion of one lung and
easy collapse and re-expansion of
collapsed lung

- Easy placement of left sided DLT

- Allows ILV (different tidal volu-
me and PEEP in each lung)

- O, supplementation and CPAP
application in the excluded lung

- Bilateral bronchosuction

Easy dislodgement of the tube chang-
ing patien's position or surgical
manipulations of the lung
Inadequate ventilation in case of
obstruction

Slow collapse of lung and difficult
bronchus seal (uncuffed tube) and
risk of contamination of contralateral
lung

Difficult collapse and re-expand
lung during surgery

Severe bronchial mucosa ischemia
if low volume/ high pressure cuff
is used

Difficult collapse and re-expand
the lung during surgery

Impossible bilateral bronchosuctioning
High resistance to gas flow because
the blocker channel occupies large
part of the ETT

Severe bronchial mucosa ischemia
if low volume/ high pressure cuff
is used

Total airway obstruction if inflated
balloon slips back into the trachea
Easy dislocation during surgical
operation and difficult re-positioning
Difficult collapse and re-expand
the lung during surgery

Not easy to use

Easy obstruction of the tube for
small ID if active humidifier is not
used

Need for re-intubation with con-
ventional single lumen tube for
continuing ventilation in post-
operative care

Right sided DLTs are difficult to
place without obstruction of the
right upper lobe bronchus

- Possible obstruction of upper lobe

bronchus, when right mainstem is
intubated

- Impossible bilateral bronchosuctioning
- Can require use of fiberscope

- ILV is impossible

- Positioning requires skill and expertise

- Needs the fiberscope for positioning
- Requires special and high costly

devices

- The smallest available size for pedia-

trics is 3.5 mm ID

- ILV is impossible
- Not easy to use
- Positioning requires skill and expertise

- Needs the fiberscope for positioning
- Insufficient ventilation for tracheal

ID in younger children

- Requires special and high costly

devices

- Can be used in the age when suit-

able catheter is available

- ILV is impossible
- Positioning requires high skill and

expertise

- Positioning needs skills and experi-

ence

- Bronchosuctioning could be diffi-

cult due to the small size and length
of the DLT

- Correct positioning or dislocation

could need fiberscope

- The use is limited >6-8 years of age

for marketed DLT

Legenda: [ID] internal diameter; [ILV] independent lung ventilation; [ETT] endotracheal tube; [CPAP] continuous positive airway pressure;
[DLT] double-lumen tube; [PEEP] positive end-expiratory pressure; [BBs] bronchial blockers.

In case of severe difficulty in ventilation and

mechanical injury

stenosis®!

[30]

, and acquired bronchial

need for re-positioning of the ETT, DLT and/or a
bronchial blocker, it is necessary to remove the applied
device, ventilate the patient using a bag and mask, and
when oxygenation has normalized proceed to a new
SBI attempt. Frequently the previously positioned
device cannot be used for the second attempt.

Severe airway injuries during OLV as

subcutaneous emphysema, inflammatory and

are rare occurrence. Unexpected air leak
and pneumothorax, airway bleeding or protrusion
of the endotracheal or endobronchial cuff into the
surgical field are very rare complications. If any of
these complications occurs, a bronchoscopy must be
immediately performed and appropriate treatment

must be applied.
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3 Considerations to improve safety and
reduce complications using medical devices

Great attention is currently being paid to treat-
ments received by infants and children in intensive
care (NICU and PICU), in anesthesia, and in surgery
in order to address issues of safety and quality of care.
There are intrinsic risk and potential complications
associated with the use of biomedical products and/or
introduction of new devices in the clinical practice if
they are not appropriately experimented””.

Medico-legal issues often derive from disagree-
ment over the timeliness or appropriateness of diag-
nosis and treatment, which includes the prevention
of harm from critical care procedures. Complying
with protocols for clinical treatments in critical care
and anesthesia of pediatric patients can contribute to
reduce mobility, mortality and the risk of medical-
legal issues™ .

Selective bronchial intubation is a crucial metho-
dology that can be indicated in intensive care, in
general anesthesia, during and after surgery, in post-
operative care of infants and children.

All the methods to achieve SBI in infants and
younger children are complex and require adequate
knowledge and specific technical skills. Improvisation
in performing SBI must be avoided because expose
at risk of severe complications. Specific advantages,
disadvantages, limitations of SBI and different
devices to be used must be carefully evaluated before,
during and after the treatment, taking into account
the anatomical and physiological characteristics of
pediatric patients, the experience of physicians and
nurses team in the specific treatment.

In older children and adolescents evidence-based
practice and knowledge has been well established
while in neonates, infants and younger children due to
the limited clinical experience and existing literature
the approach must suggest a more prudence and great
caution in order to improve patient safety and reduce
side effects. In children below 2-3 years of age, more

large studies are necessary to overcome the limits of

550~

‘adapting’ to them the treatment from the experience

gained in older children and adults™"".
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