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Abstract : Here, we report two cases involving a neonate and child in which a slip joint section was used to 
thread a Fogarty catheter into the endotracheal tube for one-lung ventilation (OLV). Both the neonate and in-
fant required OLV, and were placed under general anesthesia. A Fogarty catheter was used for OLV. The Fog-
arty catheter was passed into the intraluminal side of the endotracheal tube through a slip joint section. OLV 
was maintained successfully without severe air leakage or Fogarty catheter displacement. The neonate had 
been intubated pre-operatively with a 3.5-mm inner diameter endotracheal tube, and we used that tube. These 
cases indicate that the technique can be applied to pre-operatively intubated patients and does not require 
surgeons to exchange endotracheal tubes. Use of the slip joint section technique facilitates Fogarty catheter 
fixation without additional dead space. J. Med. Invest. 68 : 209-212, February, 2021
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INTRODUCTION
 

One-lung ventilation (OLV) provides a better surgical view 
than two-lung ventilation in patients undergoing thoracic sur-
gery (1). Bronchial blockers have been administered in neonates 
and infants requiring OLV (2). Although the Weili endobronchial 
blocker has been reported to be useful (2), the device has a mini-
mal size of 4 French and requires an endotracheal tube with an 
inner diameter > 4 mm. Because neonates sometimes require a 
narrow endotracheal tube with an inner diameter of 3.5 mm, a 
Weili endobronchial blocker cannot be administered. To treat 
these patients, Fogarty catheters have been used as endobron-
chial blockers based on empirically tested methods. Fogarty 
catheters can be inserted into an endotracheal tube (intralumi-
nal technique) or into the trachea alongside an endotracheal tube 
(extraluminal technique). This clinical report describes both a 
neonate and an infant who underwent OLV via Fogarty catheter 
insertion through a slip joint section (Figure 1). 

Procedure of the slip joint section technique
Following intubation, an endotracheal tube and a slip joint 

were detached, and a Fogarty catheter was inserted into the 
endotracheal tube. The endotracheal tube and slip joint were re-
attached, and the position of the balloon of the Fogarty catheter 
was confirmed via use of a fiberscope through the elbow connec-
tor with a fiberscope port. After the Fogarty catheter balloon 
was inflated under fiberscope guidance, the elbow connector 
with a fiberscope port was removed and OLV was initiated. This 
technique can be used to anchor a Fogarty catheter and requires 
no additional dead space. Moreover, it can be applied to neonates 
who were intubated before arrival in the operating room, which 

eliminates the risk associated with exchanging endotracheal 
tubes.
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Figure 1.　Three methods for inserting a Fogarty catheter include 
extraluminal, intraluminal, and the slip joint section techniques. 
A Fogarty catheter is shown as an orange line. In the extraluminal 
technique, a Fogarty catheter must be inserted into the trachea before 
intubation, and an endotracheal tube must be intubated through its 
side.
The intraluminal technique requires Fogarty catheter insertion 
into the trachea through a multiple airway adapter with a Fogarty 
catheter port and fiberscope port after intubation. This adapter 
cannot be removed while the Fogarty catheter is in use. When using 
the slip joint section technique, the Fogarty catheter is inserted into 
the trachea through the slip joint's connection after intubation. This 
method requires a multiple airway adapter with a fiberscope port. 
After the Fogarty catheter is positioned and adjusted, the adaptor 
can be removed. The catheter is held in place by the slip joint, and 
no intraoperative misalignment occurred in the abovementioned two 
cases.
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CASE DESCRIPTION
This off-label use of a Fogarty catheter for OLV in a neonate 

was approved by the local Ethics Committee of Tokushima Uni-
versity (Approval Number : R2-1). Written informed consent was 
obtained from the parents of each patient. 

Case 1
A 4-day-old boy with a congenital diaphragmatic hernia (left 

Bochdalek hernia) was scheduled for diaphragmatic repair using 
a thoracoscopic surgery technique. He did not have any coexist-
ing systemic illnesses. After delivery, he was intubated in the 
neonatal intensive care unit using a single-lumen endotracheal 
tube with an inner diameter of 3.5 mm, and it was determined 
that the patient required mechanical ventilation. He entered the 
operating room while being ventilated using a bag-valve unit 
providing 5 L / min oxygen. His vital signs at that time were as 
follows : 100% oxygen saturation (SpO2) and 30 mmHg carbon 
dioxide. General anesthesia comprised sevoflurane, midazolam, 
and rocuronium, with intermittent boluses of fentanyl. After he 
lost spontaneous respiration, mechanical pressure-controlled 
ventilation with a fraction of inspired oxygen of 1.0, an in-
spiratory pressure of 20 cmH2O, and a respiration rate of 30 
breaths / min was initiated. 

The slip joint was detached, and a 3-French Fogarty catheter 
was inserted into the endotracheal tube. The slip joint and endo-
tracheal tube were reconnected (Figure 2A, B), and mechanical 
ventilation was reinitiated. A fiberscope was inserted into the en-
dotracheal tube using an elbow connector with a fiberscope port. 
The Fogarty catheter was advanced into the left bronchus under 
fiberscope guidance. The balloon was inflated with 1 mL of air. 
After the slip joint was tightened and the Fogarty catheter was 
fixed, the elbow connector was removed to reduce mechanical 
dead space and OLV was initiated. Throughout this procedure, 
the patient had an SpO2 of 100%. The leakage of air around 
the Fogarty catheter was low enough to maintain mechanical 
ventilation. The patient was placed in the right lateral position. 
The position of the Fogarty catheter was rechecked using a fi-
berscope. Intraoperatively, an artificial pneumothorax was used, 
and pneumothorax pressure was initially 4 mmHg. Throughout 
the operation, the Fogarty catheter remained fixed, and severe 
desaturation did not occur. During OLV the lung of operative 
side was not inflated and the intraoperative collapse of the lung 
was good that the hernia was repaired thoracoscopically. 

Case 2
A 1-year-old girl with left pulmonary sequestration was sched-

uled to undergo sequestrated lung removal on the left side via 
thoracoscopic surgery. After slow induction of general anesthe-
sia, the patient was intubated with a single-lumen endotracheal 
tube with an inner diameter of 4.5 mm. We selected a 4-French 
Fogarty catheter for this patient, and we separated the left lung 
using the same procedure as described in Case 1. While first 
attempting to advance the Fogarty catheter to the left bronchus, 
the procedure failed because the Fogarty catheter contacted the 
right bronchus. In another attempt, we bent the Fogarty catheter 
chip by about 30° and twisted the Fogarty catheter to the left 
bronchus. Using this technique, we facilitated Fogarty catheter 
entry to the left bronchus. After inflating the balloon of the Fog-
arty catheter, OLV was successfully maintained (Figure 3). Air 
leakage around the Fogarty catheter was minimal enough to 
maintain mechanical ventilation. In this case, artificial pneu-
mothorax was also used. However, it was somewhat difficult 
to maintain sufficient pneumothorax pressure due to port area 
leakage. However, during OLV the lung of operative side was not 
inflated and the lung collapse was good enough to keep surgical 

Figure 2B.　Closer view of the slip joint section. Red arrow shows 
the slip joint section.

Figure 3.　Magnified image of a Fogarty catheter that is inserted 
through a slip joint into the tracheal tube in case 2. A 4-French Fogarty 
catheter is inserted into an inner diameter 4.5 mm cuffed tracheal tube 
via the slip joint. The tip of the Fogarty catheter is guided into the left 
bronchus using a fiberscope that is inserted through an elbow joint 
removed to reduce mechanical dead space. One lung ventilation is 
successfully maintained with a small volume of air leakage.

Figure 2A.　Fogarty catheter inserted through the slip joint to 
the endotracheal tube. The Fogarty catheter is inserted into an 
endotracheal tube through the slip joint section. An elbow connector 
with a fiberscope port is inserted between the slip joint and artificial 
nose to facilitate the assessment of balloon position with a fiberscope. 
First, the slip joint is detached from the endotracheal tube. Second, 
a Fogarty catheter is inserted into the endotracheal tube. The slip 
joint is loosely connected, and mechanical ventilation reinitiated. A 
fiberscope is then inserted into the endotracheal tube through an elbow 
connector port. The Fogarty catheter is advanced into the bronchus 
under fiberscope guidance, and the balloon is inflated with air.
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view, and the operation was completed thoracoscopically.
 

DISCUSSION

We reported neonatal and infantile cases who underwent OLV 
using the slip joint section technique.

Video-assisted thoracic surgery in neonates and infants is 
becoming a standard procedure (3), thus increasing the need 
for OLV in these patients. A Fogarty catheter may be inserted 
directly into an endotracheal tube (intraluminal technique) or 
into the trachea alongside an endotracheal tube (extraluminal 
technique). 

Several techniques have been described for the extraluminal 
placement of Fogarty catheters (4, 5). Extraluminal techniques, 
which require insertion of a Fogarty catheter into the trachea 
before intubating an endotracheal tube, require a long unven-
tilated time, with an attendant risk of severe desaturation (6). 
When using the extraluminal technique, however, use of a Foga-
rty catheter is prone to mispositioning (5).

The intraluminal technique requires a multiple airway adap-
tor with a blocker, fiberscope, and ventilation ports (7, 8). This 
adaptor constitutes a relatively large mechanical dead space 
for neonates. Another intraluminal technique uses a small hole 
close to the slip joint on the endotracheal tube side (9). However, 
this technique requires that the hole be made before intubation, 
necessitating an exchange of endotracheal tubes in patients intu-
bated before being brought to the operating room. 

In this report, the method of threading the Fogarty catheter 
through the slip joint section (the slip joint section technique) 
did not require formation of a new hole in the tube. Further, the 
method did not require additional elbow adapters during OLV. 
Therefore, the Fogarty catheter may be passed through a slip 
joint section after intubation, and the duration of ventilation 
disruption is relatively short.

It has been reported that Fogarty catheters may dislodge 
easily when a fiberscope is inserted into or removed from an 
endotracheal tube. We used a fiberscope with an outer diameter 
of 2.1 mm (Olympus). We felt some resistance during fiberscope 
insertion and removal without intraluminal Fogarty catheter 
slippage. Insertion through a slip joint section may anchor the 
Fogarty catheter and may prevent its intraoperative migration.

This report describes a neonate and an infant who required 
insertion of a Fogarty catheter into the left bronchus. In case 2, 
insertion of the Fogarty catheter into the left bronchus was chal-
lenging, and our first attempt was unsuccessful. To overcome 
difficulties, we bent the tip of the Fogarty catheter about 30° and 
tried again, twisting the tip of the Fogarty catheter toward the 
left bronchus to facilitate its advance. As a result of these chang-
es, the attempt was successful. 

There are two types of thoracoscopic surgery : pure thoraco-
scopic surgery (under artificial pneumothorax) and video-assist-
ed thoracoscopic surgery (with small chest opening). Both cases 
involve pure thoracoscopic surgeries. Congenital esophageal 
atresia and other diseases are treated with right thoracoscopic 
surgery. In most cases, patients may undergo artificial pneumo-
thorax and two-lung ventilation. When the artificial pneumotho-
rax works correctly, the lung expands only minimally, even with 
two-lung ventilation. Therefore, it may be possible to operate 
without OLV. The two cases reported may not have absolutely 
required OLV. In addition, in neonatal Bochodalek hernia, the 
left side of the lung is often hypoplastic and inflates only min-
imally. Therefore, it is necessary to consider whether there is a 
need for OLV.

It is thought that even a small amount of collapse will have 
a positive impact on surgery. The method is associated with 

reduced risk of hypoxia ; therefore, it is worth attempting at least 
once. In addition, when video-assisted thoracoscopic surgery is 
used or when it is difficult to maintain an artificial pneumo-
thorax due to a leak, the positive impact of OLV is particularly 
significant and attempting the method is considered useful. The 
slip joint section technique may also help reduce gastric disten-
tion in cases of type C congenital esophageal atresia via trache-
al-esophageal fistula closure using a Fogarty catheter.

The technique described in this study has some limitations. 
First, because Fogarty catheters are not designed for use in the 
airways, they have high pressure and low volume cuffs. Using a 
low-pressure, high-volume occlusive cuff may be safer than using 
a high-pressure cuff (10). To avoid trauma to the airway, the 
balloon was inflated after careful inspection of the fiberscope. 
Second, because a Fogarty catheter does not have a lumen, it 
does not allow for the surgical lung to be adequately deflated. 
Moreover, severe desaturation cannot be treated using contin-
uous positive airway pressure or high-frequency jet ventilation.

In conclusion, the slip joint section technique can be used to 
anchor a Fogarty catheter without requiring additional dead 
space. Moreover, it can be applied to a neonate who has been 
intubated before arrival to the operating room and eliminates 
the risk associated with exchanging endotracheal tubes. This 
technique may solve issues caused by additional dead spaces 
and allows for Fogarty catheter fixation using an intraluminal 
technique for OLV.
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