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Abstract

One Lung Ventilation (OLV) is often required for surgeries in the thorax; 
patients may belong to any age group. If the patients are adult, the options for 
lung isolation are many, but handicap arises when one is dealing with paediatric 
patients. While dealing with pediatric patients, Embolectomy Catheters (EC) 
may be quite useful as they are available in a wide range of sizes, making 
them appropriate for lung isolation even in neonates. Besides, ECs can be 
improvised to achieve selective lobar separation in patients who have borderline 
lung function and are at risk for intraoperative hypoxemia. Though EC is a 
versatile device, it is underutilized; only a few low-quality pieces of evidence 
are available. Among the people who have used ECs for lung isolation, the 
technique of insertion had been variable. This article is an attempt to review the 
methods of lung isolation and explore the possibility of EC becoming a universal 
device for lung isolation.

Background
One Lung Ventilation (OLV) is usually indicated in thoracic, 

oesophageal, vascular and non- thoracic surgical settings in peri-
operative period. A variety of surgeries require OLV; an indication can 
be to improve the exposure of intrathoracic structures or to prevent 
soiling of the healthy lung with contaminant from the affected lung.

Now a days, Embolectomy Catheters (ECs) are becoming more 
popular for One Lung Ventilation (OLV) because of their easy 
availability even in resource limited health care facilities. The purpose 
of this review is to provide an update on emerging evidence and 
defining the role of ECs in OLV, both in paediatric and adult patients.

Challenges of OLV in paediatric patients and available 
lung isolation techniques

OLV in paediatric patients is a challenge to all anaesthesiologists; 
smaller the airway, greater is the challenge. Antero-Posterior 
(AP) diameter of a neonatal trachea, in both males and females is 
just 4.3mm; at 15 years, the size increases to 14mm in both sexes, 
thereafter the trachea in female stops growing, while in males it grows 
to a size of 16-18mm at 19years (Table 1).

In adults, the Lung Isolation Techniques (LITs) most commonly 
used are Double Lumen Tubes (DLTs); less common options include, 
Bronchial Blockers (BB), Univent Tubes (UT), and Embolectomy 
Catheters (EC).

Double lumen tube: DLT is most popular, but it is not available 
below 26 Fr [1]. A generic interpretation of a 26Fr DLT is two 4mm 
ETTs joined together, implying thereby that in order to accommodate 
even the smallest DLT the tracheal diameter has to be more than 
8mm and the bronchial diameter has to be more than 4mm. So, a 
DLT is fit for paediatric patients of age more than 8 years, weighing 
more than 30kg or height more than 130 centimeters; recommended 
size varies with age and human race too [2]. According to Brodsky, 
appropriate size of DLT may be determined either by direct 
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measurement of bronchial diameter in a chest radiograph or by 
predicting left Bronchus Diameter (BD) based on Tracheal Diameter 
(TD) according to the formula, LBD=(0.4×TD)+ 3.3 [3].

Marraro-bilumen tube: These bilumen tubes can be used in 
smaller paediatric patients; smallest tube is made of two 2.0 mm tubes 
molded together. The sizes may go up to two 3-3.5mm tubes molded 
together, making it appropriate for 2-3 years age group. Although 
Marraro tubes may be used in neonates, it is usually unavailable and 
most anaesthesiologists are unaware that such tubes even exist.

Univent Tube (UT): A UT with an Internal Diameter (ID) of 
3.5mm has an External Diameter (ED) of 7.5-8.0mm, while the one 
with 4.5mm ID have an ED of 8.5-9.0mm. The large ED limits its use 
in Asian paediatric population smaller than 4-6years of age [4].

Bronchial blockers: Arndt’s BB are available in 5,7 and 9Fr and 
are appropriate for 6month to 6 years, 6 years to 14 years and 14-18 
years age groups respectively [5]. BBs have a low pressure cuff and a 
coaxial channel for suctioning, which allows active deflation of lung. 
Apart from its high cost and less availability, the major disadvantage 
of BBs is that the loop guide wire (which is essential for placement) 
once removed cannot be reinserted, rendering it useless if need for 
repositioning arises. In a RCT by Narayanaswamy, the misplacement 
rate of Arndt’s blocker (the most popular among the 3 BBs) was 
higher compared to other two BBs [6].

Endobronchial Single Lumen Tube (SLT): SLTs can be used for 
lung isolation in emergency situations like contralateral pneumothorax 
[7]. Some anaesthesiologists also insert two SLTs, one in trachea and 
other in the bronchus. Endobronchial SLT has a tendency to progress 
to the right side due to the more inline orientation of the right 
bronchus. It can be of concern, if surgery needs to be performed in 
the right hemithorax. In order to overcome this problem, Chengod et 
al., [8]. Suggested left endobronchial intubation using a SLT that was 
curved towards the left side (with a stylet). However, this approach 
may not be appropriate up to 2 years of age as the diameter of the left 
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main bronchus is small to accommodate an appropriate for age SLT 
(Table 1).

Embolectomy catheters: ECs although invented for a different 
purpose, is a versatile equipment, which can be improvised to effect 
OLV. EC was invented by Thomas Fogarty in 1963; patent for it was 
acquired in 1969. EC was first used by Charles Dotter in 1965 for first 
balloon angioplasty. There are few evidences in scientific literature 
to suggest the use of ECs for OLV but the technique of EC insertion 
varies in most of the cases with no consensus regarding the method 
of insertion (Table 2). ECs come in a variety of sizes; 2 and 3Fr ECs, 

do not have a guidewire in them (hence, lack the required stiffness), 
making it difficult to steer them for endobronchial placement. ECs of 
higher sizes have a guidewire and may be used for lung isolation. For 
OLV, EC is usually used in conjunction with ETT, but may be used 
along-with DLTs also.

Technical review of the ECs as LITs: LITs have used in 
various ways, but the quality of evidence regarding its 
use still remains poor

Co-axial vs Parallel techniques: ECs may be passed coaxially 
in the ETT or may be passed externally, parallel to the ETT; choice 

 
Age of the Patient 

 
 
 
 

   P aedi at ri c 

appropriate size DLT available  appropriate size DLT not available 
   or  
   patient having a limited mouth opening.  
   or 

perform fiberoptic bronchoscopy to  need  fo r s el ect ive l obar i s ol a ti on  due t o  poo r l ung  
 

function 
rule out a tracheal bronchus (TB)  

  

No TB 

  perform direct laryngoscopy 

TB present  
in s ert  an  app rop ri at e si zed  EC  ( wit h  a gu ide wi re)     

   through the glottis with distal portion bent to 

insert DLT in usual manner 

 Perform DLT insertion, keeping approximately 15-20 degree*. 

 tracheal cuff above the TB  
 

Pass appropriate size FOB through the ETT. 
 
 

under FOB vision steer the EC into the desired bronchus by twisting the extraoral part. 
 
 
 

inflate EC cuff with minimum volume of saline or air so that blanching of bronchial mucosa does not occur.  
 

 
check for isolation of the desired lung or lobe by auscultation 

 
 
 

position the patient and recheck for isolation after positioning.  
 
 
 
 
 
 
 
 
 
leave the lung to deflate on its own if the EC being inserted is not a Thru lumen 
catheter (provide approx. 15minute more than would normally be needed when 
a DLT is being used.  

 
 
 
 
 
 
 
 
 
Slow suction to be applied for active deflation of 

the lung if a Thru lumen catheter has been inserted. 

 
 *Measure the approximate angle of each main stem bronchus from the trachea.

Figure 1: Proposed algorithm for lung isolation for OLV, with the inclusion of EC.
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depends on relative size of ETT and EC. Ho et al., passed EC both 
extra and intraluminal to the ETT; in wider ETT (ID, more than 
4.5mm) the stem of EC was passed intraluminal and the distal end 
was made extraluminal through the murphy eye [9]. In thinner 
ETT, the stem of the EC was extraluminal and distal end became 
intraluminal through the murphy eye. When the distal end was made 
intraluminal, the bevel of the ETT was trimmed obliquely to decrease 
the resistance to gas flow; this practice needs to be questioned, due 
to the safety concerns that may arise. Asai et al., made a hole in the 
ETT near the connector end and passed a 3F EC through it [19]. 
This practice, seems good in the absence of proprietary three way 
airway connector, may become problematic if the EC size needs to 
be changed and more so it can used only with wider diameter ETTs. 
Sutton et al [30]. Successfully used EC extraluminally in 9 patients, 
of age less than 6months. Mohan et al. [23], tried using a 5F EC 

extraluminally and had to abandon the procedure as they could not 
negotiate the EC “smoothly”. They succeeded when they tried putting 
the EC intra-luminally. Park et al., inserted EC for lung isolation in 
adult patients with subglottic stenosis; they passed the EC within the 
tube [10].

Important consideration while deciding whether to put EC, intra 
or extraluminally is the size of EC relative to the size of ETT; care 
should be taken not to occlude more than 50% of the cross sectional 
area (i.e. 70% of the diameter) of the ETT. However, occlusion of 
even 50% CSA may compromise ventilation and oxygenation in 
relatively sick patients. As seen in Table 2, the balloon diameter of a 
EC (Fogarty Catheter - Edwards Life sciences, Irvine, CA, USA) can 
vary anywhere from 1.4 mm to 14 mm, thereby making it appropriate 
for even the smallest of the airways. Since the diameter of EC is also 
small compared to the ETT, it is less likely to cause any obstruction/ 

Age(yr) Smallest Mean AP TD (mm) Mean   Right BD (mm) Mean Left BD (mm) Predicted size of cuffed endotracheal tube=[3.5+age(yr)/4]mm

0-1 6.0 (2.9-7.7) 3.9 (2.4-6.0) 3.4 (2.1-5.7) 3.5

1-2 7.0 (4.3-9.2) 4.9 (3.8-7.5) 4.2 (2.7-6.6) 4

2-4 7.9 (4.1-10.3) 6.1 (3.0-7.9) 5.5 (2.7-8.5) 4-4.5

4-6 7.5 (5.1-10.9) 6.1 (4.4-7.8) 5.3 (4.1-6.6) 4.5-5.0

6-8 8.8 (5.7-11.0) 6.8 (4.3-9.0) 6.0 (4.5-10.1) 5.0-5.5

8-10 9.5 (7.4-12) 7.0 (5.5-9.4) 6.6 (4.9-9.1) 5.5-6.0

10-12 10.8 (10.2-15.8) 8.2 (6.6-10.0) 7.5 (5.6-11.1) 6.0-6.5

12-14 11.7 (10.3-15.8) 8.5 (7.3-10.5) 8.1 (6.5-10.0) 6.5-7

14-16 13.0 (8.9-16.8) 9.8 (6.5-12.7) 9.2 (6.2-11.5)  

Table 1: Age wise dimensions of the airways as by Szelloe et al [17], in comparison with calculated size of ETT.

S.no Author TOP YOP Region E or I ToS Age Size of EC 
(in F)

FOB 
used Lung isolated

1 Amar et al [18] CR 2001 USA E, I Esophageal surgery A 8 Y R

2 Asai et al [19] CR 2000 Japan I Lung Surgery P 3 Y L

3 Kamra et al [20] CS (N=27) 2017 India E Lung surgery P Variable Y  

4 Bakshi et al [21] CR 2013 India E Lung surgery P 3 Y R

5 Shimamoto et al 
[22] CR 2004 Japan I Lung surgery P 4 (Through 

lumen) Y L

5 Ho et al [23] CS N=10 2008 China E, I
Lung surgery, Mediastinal 

surgery, Thoracic Spine surgery, 
Oesophageal surgery.

P 5-Mar Y R(4) L(6)

6 Mohan v et al [24] CR 2002 India I Lung P 5 Y L

7 Baidya et al [25] CS (N=4) 2015 India E Lung P   R(2) L(2)

8 Vretzakis et al [26] CS (N-61) 2005 Greece I Lung A 4,5 Y R(selective right 
upper lobe)

9 Umoroglu et al [27] CR 2017 Turkey  Lung lavage P  Y L

10 Peeters et al [28] CR 2015 Belgium I Lung surgery P 3 Y L

11 Sharma et al [29] CR 2014 India I Lung surgery A 4 Y R   (middle lobe)

12 Cho et al [30] CR 2010 Korea E Lung surgery P 3 Y R

13 Sutton et al [31] CS (N=11) 2012 USA E Ling surgery P 5 Y R(3) L(8)

14 Chaitanya et al [32] CR 2016 India E Lung surgery P 4 Y L

15 Mathews and 
Sanders [33] CR 2001 UK I Lung surgery A 5 y R

16 Morikawa et al [34] CS (N=3) 2002 Japan I Lung surgery A 5 Y R and L

Table 2: Literature review with regards to use of Embolectomy catheters in lung isolation.

Abbreviations: CR: Case Report; CS: Case Series; N: Number of Patients; YOP: Year of Publication; E: Extraluminal; I: Intraluminal; TOS: Type of Surgery; A: Adults; 
P: Paediatric; Y: Yes; N: No; R: Right; L: Left.
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alteration to airflow. According to our experience, passing the EC 
extraluminally although not as smooth as passing it intra-luminal, 
does give two important advantages. Firstly, unlike the intraluminal 
approach, this approach need not be changed according to size of the 
ETT. Secondly, ETT cuff when inflated anchors the EC in position, 
preventing misplacement of EC; besides, no specialized three-way 
airway adapter is required.

Kamra et al., [11] successfully used a rigid bronchoscope to guide 
EC placement for OLV. Rigid bronchoscopy would require a deep 
plane of anesthesia which may not be appropriate when anticipating a 
difficult airway situation. More so, rigid bronchoscope is unavailable 
in the airway armamentarium of anesthesiologist. Mathews et al., 
achieved OLV by inserting EC in a tracheotomised patient, through 
the tracheostomy tube [32].

Utility of ECs in unconventional situation: EC may provide 
added advantage in conditions where the lung functions are 
compromised. Morikawa et al. [33], inserted two 8F ECs, in order 
to obtain selective lobar collapse in 3 patients, who had a poor 
lung function. Vretzakis et al., evaluated oxygenation in patient 
undergoing right lung surgery with DLT in situ and found that 13.7 
percent patients had oxygenation problem during OLV [25]. Out 
of these, oxygenation issues could be resolved with conventional 
techniques only in 50 percent patients; other half of the patients were 
managed with selective lobar ventilation preserving strategy. In order 
to achieve this, they passed EC through the tracheal lumen of DLT 
and selectively blocked bronchial opening (upper lobe ventilation was 
preserved by them, in all the cases).

Bent vs straight ECs: Ramakrishna et al., bent the tip of EC 
to make it steerable into one of the bronchus [31]. In our practice, 
we have also found the techniques of bending the distal part of EC 
useful, in cases requiring selective lobar isolation. We have proposed 
in detail, the techniques of OLV using a EC in Figure 1. The other 
authors did not describe whether they bent the EC or not.

EC insertion, whether FOB guidance is necessary: As per 
available literature, all the users (Table 3), placed EC under FOB 
guidance, except Munir et al., [12] who considered FOB guided 
placement optional. In our view, performing bronchoscopy is 
mandatory in all the cases of lung isolation, firstly, to rule out a 
tracheal bronchus [13] and secondly, inserting an EC blindly with a 
stylet predisposes the airway to injury [14,15].

Disadvantages of ECs: ECs although versatile, also have certain 
important disadvantages. Since ECs, have low volume and high-
pressure cuffs they are likely to cause mucosal ischemia if inflated at 
high pressure for prolonged duration.

EC with a hollow core: Commonly available ECs, do not have 

a hollow core and cannot be used for active deflation of the lung. 
ECs having a hollow core are available, they are called as Fogarty 
Thru-Lumen embolectomy catheter (Edwards Life Sciences, Irvine, 
CA, USA). Shimamato et al., [16] used a thru lumen EC and used 
it successfully to aspirate blood and sputum from the blocked lung. 
Based on the available literature,

ECs with or without a thru lumen seems to be the most versatile 
among all the LITs, especially in paediatric patients.

Conclusion
The omnipresence of ECs in health care facilities and, a wide range 

of available sizes make ECs suitable to be used for OLV in pediatric 
patients. When inserted parallel to the ETT (extraluminally) and 
guided by flexible fiberscope, they can be used without any specialized 
adapters. Specialized adapters shall be required if the EC is inserted 
intraluminally. Chances of misplacement of an EC inserted parallel 
to the ETT are comparatively lower, as the cuff of the ETT tends 
to keep the catheter body pressed against the tracheal wall, thereby 
reducing telescoping and misplacements. The problem of delayed 
lung deflation can be resolved by using the thru lumen ECs or by 
allowing extra time for lung deflation to occur by resorption. Though, 
there is no high-grade scientific evidence of EC’s clinical use in OLV, 
but, author’s experience of using ECs in OLV has been excellent, and 
there is low-grade scientific evidence also to suggest their use in OLV 
especially in the setting of where situations necessitating selective 
lobe isolation, to improve oxygenation. Therefore, we can conclude 
that because of their omnipresence in health care facilities, cheapness, 
and versatility in terms of different sizes, the ECs have excellent 
potential to become one stop solution for OLV. However, the authors 
also suggest that there should be a high powered Randomized control 
trial study (feasibility of such a study is trying) to generate high-grade 
scientific evidence.
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