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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 
and treated early.                                                                                      [Chin J Contemp Pediatr, 2020, 22(6): 543-554]
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The possibility to ventilate independently 
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 

single lumen tube are: not easy collapse and re-
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[1].

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[2].

The arrival of the “Marraro Paediatric Endobron-
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[3-4].

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

OLV, 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.

OLV 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[5-7].

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)[8-11].

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.

Figure 1    Mallinckrodt®double-lumen tube without 
carinal hook useful for selective bronchial intubation in 
children over 6-8 years of age

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

Age
Laryngeal 
diameter 

(mm)

Tracheal 
diameter 

(mm)

ETT ID 
(mm, uncuffed)

Type  of ETT
BBs
(Fr)

Arndt 
blocker®

(Fr)

Univent™ 
tube
(Fr)

DLT
Marraro 
Bilumen 

Tubes
(ID, mm)

DLT
Bronchoport 

Rusch®

(Fr)

DLT
Bronchocath 
Mallinckrodt

(Fr)

<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 2.5+2.5 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 3+3 na na

3 years 6-12 6.3-9 (Age years/4)+4 Microlaryngeal tube 5 5 na 3+3.5 na na

5-6 years 7-12 8-10 (Age years/4)+4 Microlaryngeal tube 5 5
3.5

(uncuffed)
3.5+3.5 25-26 26-27

8-10 years 7-16 12 (Age years/4)+4 Microlaryngeal tube 5 na
4.5

(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).

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[12-13].

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[14].

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[4]. 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)[4].

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

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. 

Different sizes of mPEBT are suitable for treating 
neonates, infants and children up to 4-5 years[15]. 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).

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 (EtCO2), fiberoptic visualization, and 
chest X-ray[16-19].
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[20-24]. 
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 cuff has low-volume and high-pressure 
properties without any possibility of progressive 



 第 22 卷 第 6 期

  2020 年 6 月

中国当代儿科杂志 
Chin J Contemp Pediatr

Vol.22 No.6

June 2020

·547·

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[25-27].

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[11].

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

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.

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[28].

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[29].

Advantages, disadvantages and limitation in the 
use of the different technique of SBI are illustrated in 
Table 2.

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).

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
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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

- 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

- 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

- 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

Univent™ tube - Total exclusion of one lung
- The blocker tube can be withdrawn  

into the main tube, permitting 
bilateral lung ventilation

- O2 supplementation, bronchosuc-
tioning in excluded lung

- Can be used for selective lung 
segmental lobi isolation

- 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

-	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

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

- Total one lung isolation
- Bronchosuctioning, O2 supple-

mentation and CPAP application 
(arterioseptostomy and pulmonary 
artery catheters)

- 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

-	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 

Pediatric DLT - 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)
- O2 supplementation and CPAP 

application in the excluded lung
- Bilateral bronchosuction 

- 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

- 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 
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.

Seve re  a i rway  in ju r i e s  du r ing  OLV as 
subcutaneous emphysema, inflammatory and 

mechanical injury[30],  and acquired bronchial 
stenosis[31] 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[32].

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[33-34].

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 

‘adapting’ to them the treatment from the experience 
gained in older children and adults[35-37].
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The following is the Chinese translation of this paper, translated by Dr. MA Xiao-Lu (Department of Neonatology, Children's Hospital, 

Zhejiang University School Medicine). 以下是本文的中文摘译。

通过选择性支气管插管进行单肺通气或孤立肺通气技术在儿科的应用

重症监护、全麻或术后的儿科患者是有可能

需要进行单肺通气（one-lung ventilation）或孤立肺

通气（independent-lung ventilation）的。该技术在儿

科，特别是 6~8 岁以下患儿中的应用最主要困难是

缺乏合适的双腔导管（double-lumen tube）。支气管

封堵器（bronchial blocker） 或常规单腔管都被尝试

用来给婴儿或幼童进行选择性支气管插管（selective 

bronchial intubation）和单肺通气。封堵器和单腔导管

的主要缺陷是无法完全密封，需要中断通气的这侧肺

不容易萎陷和再次复张，治疗过程中容易异位，常需

要纤维支气管镜来引导操作。

随着视频辅助胸腔镜手术的发展，对儿童全麻

下的机械通气技术有了更灵活的要求，为了更好地开

展手术，选择性支气管插管、单肺通气技术的应用也

逐渐增加。但市面上缺乏应用于新生儿、小婴儿和幼

童的合适的导管依然是最大的问题。
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孤立肺通气技术用于单侧肺部疾病的治疗最早

始于二十世纪 80 年代后期，此后也逐渐应用于心胸

外科术后的患者。孤立肺通气对于预防术后肺部并发

症具有重要作用。限制孤立肺通气技术在儿科重症监

护中应用的最主要原因是缺乏儿科不同年龄段适用

的双腔导管以及该技术操作的复杂性。“Marraro 儿

科支气管内双腔管”（mPEBT）的发明给儿科麻醉

和重症监护领域带来了希望，因为该导管可用于新生

儿至 4~5 岁的儿童。

1　选择性支气管插管

选择性支气管插管可以将导管选择性插入一侧

主支气管，实现单肺通气。青春期患者和年龄超过

6~8 岁的儿童可以通过成人的双腔导管来实现选择性

支气管插管。由于缺乏合适的双腔导管 , 新生儿和幼

童的选择性支气管插管只能通过支气管封堵器配合

单腔管实现 , 而且只能单肺通气。

1.1　单肺通气

单肺通气指仅用一侧肺通气，让对侧肺处于

萎陷状态。该技术常用于全麻下行心胸手术时，

因为一侧肺萎陷后更利于手术操作。气管 - 支气

管瘘、严重气胸若经过胸腔引流不能改善可以尝

试单肺通气。另外，若病变（如出血、感染）仅

累及一侧，希望病变继续局限避免扩散至对侧时

也可以采用单肺通气。

当一侧肺完全萎陷且灌注也中断时，患者能

够很好地耐受单肺通气。如果肺的通气和灌注都

没有完全中断，则患者可能发生低氧和二氧化碳

潴留。

1.2　孤立肺通气

孤立肺通气可以使一侧肺独立进行通气，也

可以使双侧肺分别进行通气，分别应用不同的通

气模式、潮气量、呼气末正压（PEEP）。孤立肺

通气必须应用双腔导管或两根分别放置于气管和

一侧主支气管的单腔导管才能实现。虽然左、右

主支气管都可以进行选择性插管，但最好还是行

左侧的选择性插管，因为右侧的选择性插管容易

造成右上肺叶通气受阻后发生不张。

孤立肺通气的指征包括单侧肺部病变、双侧

病变合并单侧肺不张、气胸、气管 - 支气管瘘、

一侧感染或出血需要避免病变扩散至对侧等。术

中可以通过孤立肺通气使一侧肺萎陷以便于手术

操作，术后可以通过孤立肺通气使萎陷的肺再次

复张。孤立肺通气还可用于支气管 - 肺泡灌洗、

选择性表面活性物质给药和其他药物局部给药。

2　选择性支气管插管的方法

2.1　双腔支气管导管

通过插入双腔支气管导管可以对两侧肺分别用

不同的模式和 PEEP 进行通气，或阻断一侧肺的通气

使其萎陷，避免一侧肺的感染或出血扩散至对侧。超

过 6~8 岁的患儿可以用类似于图 1 成人用的双腔管

来进行选择性支气管插管。

成人的双腔导管分为左侧和右侧两种，原则上，

两种应该一样安全和有效，但实际上右侧双腔导管容

易导致右上肺不张，因此其应用是有争议的。对于不

同患儿年龄该选择何种型号的双腔导管，并没有简单

的判断标准，目前认为最好的方法是测量胸部平片上

气管的宽度。

双腔导管可以在直接喉镜和 / 或纤维喉镜下操

作。20 世纪 90 年代早期，随着 mPEBT 的发明，新

生儿和 4~5 岁以下的幼童也能够进行选择性支气管

插管和同步孤立肺通气，但 mPEBT 目前还属于特殊

产品，并没有上市。

mPEBT 由两根长短不同的不带囊的导管组合而

成，材料为医用级聚氯乙烯，整个管壁上都有一条不

透 X 线的蓝线可用于定位（图 2 和图 3）。有不同型

号的 mPEBT 分别用于新生儿、婴儿和 4~5 岁以下的

儿童。mPEBT 插入气道后，是以图 5 的方向穿过声

带的，因此组成 mPEBT 的两根导管上下组合在一起，

其所占的空间可以超过单腔管（图 4 为内径 3 mm 的

单腔管穿过声带，图 5 为内径 3 mm 和 2.5 mm 两根

导管组合成的 mPEBT 穿过声带）。

插入 mPEBT 的操作可在直接喉镜下完成，通常

不需要纤维喉镜。由于导管不带囊，可能会出现漏气，

使 PEEP 的水平变得不稳定。评估选择性支气管插管 

导管位置的方法有几种，包括肺部听诊、选择性呼出

气 CO2 监测、纤维镜检、胸片。

2.2　支气管封堵器

支气管封堵器可直接放入气道内，也可沿着常

规气管导管放置。有不同类型的支气管封堵器，可用

于选择性支气管插管，也可用于没有双腔导管或双腔
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导管无法置入时。支气管封堵器主要分为以下两类。

第一类：包括血栓取出术、动脉切开术、心导

管术中所用的导管。这些导管都是“超适应证”应用

的，因为设计的初衷是为了其他的临床目的。但由于

不同年龄的儿科患者缺乏相应的双腔导管，这些支气

管封堵器就成了选择之一。这些导管的远端带有可充

气的球囊，应注意球囊充气后产生的压力可能导致支

气管黏膜缺血。用于动脉切开术的导管前端带有特殊

角度，更容易成功插入支气管，是临床应用最多的导

管。需注意的是，如果这些封堵器是从常规气管导管

置入的，则会增加气管内的气流阻力，导致通气困难。

封堵器的正确位置可以通过双侧听诊来确定，有条件

进行纤维支气管镜检则更好。

第二类： 把封堵器和气管导管合并成一体或将

封堵器放入气管导管壁上的隧道内，封堵器前端带有

高容量、低压力的球囊。这一类封堵器需要在纤维支

气管镜的引导下置入正确的位置。

导 丝 引 导 的 Arndt 封 堵 器 ®、Univent™ 管、

Uniblocker™ 可用于较大患儿的选择性支气管插管 。

Cohen® 弹性尖端的支气管封堵器，Coopdech™ 支气

管 封 堵 器，EZ-blocker™、PapworthBiVent 气 管 导 管

可用于成人，但不能用于儿童。

导丝引导的 Arndt 封堵器 ® 的中央是个空腔，可

以插入导丝，导丝尖端是个环形，能够固定住封堵器

将其置入一侧主支气管。这一种封堵器有 3 种型号：

5 Fr、7 Fr 和 9 Fr。9 Fr 可用于 7.5 mm 及更粗的气管

导管；7 Fr 用于 6.0~7.0 mm 的气管导管；5 Fr 用于

4.5~5.5 mm 的气管导管。

Univent™ 导管是标准的单腔气管导管，分带囊

和不带囊两种，导管内有个单独的腔可以插入封堵

器，调整封堵器的位置，使其到达支气管内。和整个

导管的外径比起来，气管导管的内径就比较小，这就

增加了气流的阻力。Univent™ 管若内径是 3.5 mm，

其外径就要 7.5~8.0 mm，因此无法用于幼儿。图 6 是

用于 8~10 岁以上患儿的 Univent™ 管，分别为带囊

和不带囊两种。Univent™ 管中央有一个通道，可以

进行支气管吸引或送入氧气。当不需要孤立肺通气

时，可以把封堵器从气管导管内撤出，保留的气管导

管可继续进行常规通气。Univent™ 管的放置需要技

术熟练的操作者在纤维喉镜的引导下完成。

所有类型封堵器最常见的并发症是选择性支气

管插管失败、封堵器在支气管内发生移位、球囊嵌入

近端导管内、由于解剖结构异常无法实现孤立肺通

气、球囊意外破裂。这些并发症如果没有及时发现和

处理可导致严重的低氧血症。出了问题的封堵器要重

新放置难度很大，通常需要纤维支气管镜引导。

2.3　单腔支气管导管

早在 20 世纪 30 年代就有尝试用普通的或经过

改良的单腔气管导管进行支气管插管和孤立性肺通

气。该技术利用常规气管导管或特殊的带囊 / 不带囊

气管导管，至今仍用于新生儿和婴儿。在没有合适的

双腔导管或支气管封堵器时，单腔支气管导管因具有

足够的长度而被拿来试用。改良后的气管导管内径有

4.0、5.0 和 6.0 mm 3 种 , 在所有儿童患者中，当常规

气管导管长度不够时都可以尝试用改良后的气管导

管进行选择性支气管插管。

用常规气管导管进行选择性支气管插管时一般

将患儿置于半侧卧位，使支气管的解剖位置更利于置

管，还可能需要纤维支气管镜的引导。把合适的气管

导管插入气管后，逐步推进至左侧或右侧主支气管。

通过听诊来判断导管置入的位置是否正确，仅通气

侧肺部可闻及呼吸音。如果选用的是不带囊的导管，

则很难达到支气管的完全密闭。必要时气管导管很容

易从支气管撤退至气管，这样很快就能恢复双侧肺部

同时通气的状态。

临床上，对于新生儿和小婴儿也可以插入两根

常规的气管导管来进行选择性支气管插管和孤立肺

通气 。一根气管导管插入一侧主支气管，实现选择

性支气管插管，另一根插入气管对对侧肺进行通气，

如图 7 和图 8 所示。通常，经鼻插管更容易固定，能

减少脱管的风险。如果没有双腔导管而患儿又确实需

要孤立肺通气时可以试用该方法。

不同支气管导管的优缺点和应用局限性见表 2。

如果通气非常困难，可能需要重新放置气管导

管、双腔导管和 / 或支气管封堵器，需要把原有装置

移除，用面罩皮囊通气，等氧合恢复正常后才能再次

进行插管操作。单肺通气过程中，严重的气道损伤如

皮下气肿、炎症、机械损伤、获得性支气管狭窄很少

发生。气胸和其他气漏、气道出血、气管导管或支气

管导管的球囊突出进入手术部位是很罕见的并发症。

一旦发生这些并发症，应立即行支气管镜检查，并给

予合适的治疗。
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表 2　不同支气管导管的优缺点和应用局限性

导管类型 优点 缺点 应用局限性

用单腔导管进行
支气管插管

- 即使紧急情况下也容易操作
- 能完全阻断一侧肺的通气
- 不需要特殊的设备
- 只要把导管撤回至气管就可以

进行双肺通气
- 只要导管的长度足够，可以用

于所有年龄段的患儿

- 病人变换体位或肺部进行手术操
作时很容易发生导管异位

- 支气管阻塞后有可能会引起通气
不足

- 如果导管不带囊，较难达到支气
管完全密封，因此对侧病变仍可
能扩散

- 手术中肺的萎陷和复张都比较难

- 插入右主支气管时可能导致右
上支气管阻塞

- 无法进行双侧支气管吸引
- 可能需要纤维支气管镜的引导
- 不可能进行孤立肺通气
- 导管的放置需要经验和技术

Univent™ 导管 - 完全阻断一侧肺的通气
- 封堵的导管可以撤回至气管，

实现双侧通气
- 封堵侧的肺仍可以供氧和支气

管吸引
- 可用于选择性肺叶通气

- 球囊压迫可导致严重的支气管黏
膜缺血

- 手术中较难使肺萎陷或复张
- 无法进行双侧支气管吸引
- 由于封堵器占了气管导管内的很

大一部分空间，气流阻力明显增加

- 需要纤维支气管镜引导
- 需要特殊的、昂贵的设备来进

行插管
- 儿科能用的最小导管内径为

3.5 mm 
- 不能进行孤立肺通气
- 不容易操作
- 导管的放置需要经验和技术

支气管封堵器 - 可以完全封堵一侧肺
- 可以进行供氧、支气管吸引、

CPAP 支持

- 球囊压迫可导致严重的支气管黏
膜缺血

- 如果充气的球囊滑进气管内可引
起气管阻塞

- 手术操作过程中容易发生异位，
异位后不容易再次放置

- 手术中较难使肺萎陷或复张
- 不容易操作

- 需要纤维支气管镜引导
- 在低龄患儿，由于气管导管内

径较小引起通气不足
- 需要特殊的昂贵的设备来进行

插管
- 需要适合年龄的导管
- 不能进行孤立肺通气
- 导管的放置需要经验和技术

儿科用双腔导管 - 可以完全封堵一侧肺，容易使
肺萎陷或复张

- 左侧的双腔导管容易放置
- 可以孤立肺通气（双侧肺分别用

不同的潮气量和 PEEP 通气）
- 可以给封堵侧肺进行供氧和 CPAP
- 双侧支气管吸引

- 如果没有充分湿化，管径较小的
导管容易堵塞

- 术后护理需要再放置常规的单腔
导管进行持续通气

- 右侧双腔导管比较难放置，容易
导致右上肺阻塞

- 导管的放置需要经验和技术
- 受限于双腔导管的管径和长

度，支气管吸引比较困难
- 需要纤维支气管镜引导下纠正

导管位置
- 市场上的双腔导管只能用于

6~8 岁以上的患儿

3　关于改善安全性和降低并发症的思考

目前对于 NICU、PICU、麻醉、手术的患儿，大

家越来越关注治疗的安全性及质量。在应用新的生物

制剂、新的仪器设备时，若没有经过充分的实验论证，

就会出现潜在的风险和并发症，甚至带来医学 - 法律

问题。选择性支气管插管是一个很重要的技术，重症

监护、全麻、术中和术后护理的患儿都有可能需要。

婴儿和幼年患儿实施选择性支气管插管的所有

方法都是复杂的，需要很高的知识和技能的要求，必

须避免在没有充分准备的情况下实施选择性支气管

插管。在治疗全程中应结合儿科患者的解剖和生理特

点全面评估选择性支气管插管的优点、缺点、局限性，

以及各种不同的设备，并评估治疗小组中医护人员的

相关经验。

在较大儿童或青春期患者，这些技术已经有了

比较好的循证基础，但在新生儿、小婴儿和幼童，临

床经验较为欠缺，发表的文献也较少，因此需要更加

谨慎，尽量避免并发症，增加安全性。

（翻译：马晓路，浙江大学医学院附属儿童医

院 NICU）
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