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Abstract: Airway management for one-lung ventilation may be challenging for anesthe-
siologists depending on the location of the tracheal bronchus orifice and possible anatomical
distortions. Polyvinyl chloride double-lumen tube Broncho-Cath™ has been successfully
used for one-lung ventilation in most cases of tracheal bronchus arising within 2 cm above
the carina. However, there have been reports of occasional failure. A 78-year-old male
patient diagnosed with secondary pneumothorax was scheduled for video-assisted thoracic
surgery, and the tracheal bronchus originating 1.9 cm above the carina was shown in the
preoperative chest computed tomography. Although a left-sided Broncho-Cath was initially
placed, one-lung ventilation could not be achieved. Under bronchoscopy view through the
tracheal lumen, the tracheal bronchus orifice was found to be partially obstructed.
Furthermore, the bronchial cuff was herniated from the left main bronchus, leading to
a failure of one-lung ventilation. The Broncho-Cath was replaced with a silicone double-
lumen tube Human Broncho®, which has more flexible bronchial segment and an increased
marginal gap between the bronchial cuff and the tracheal lumen opening. The Human
Broncho was successfully placed in an optimal position within the left main bronchus
without blocking the tracheal bronchus orifice, thereby achieving the successful one-lung
ventilation. The structurally unique Human Broncho may be considered as an alternative
option in thoracic surgery of tracheal bronchus patients if lung isolation cannot be achieved
with the Broncho-Cath.
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Introduction
A tracheal bronchus (TrB) is one of the most common congenital anomalies of the
central airway.! Most cases are asymptomatic and of little clinical significance in
non-thoracic surgery. However, a TrB can make airway management challenging in
cases requiring one-lung ventilation (OLV) and thus require extra care.”’
Fortunately, successful OLV with the use of a double-lumen tube (DLT) has been
reported in most cases of thoracic surgery complicated by a TrB,> particularly
when the TrB and carina are close enough that the orifice of the TrB is not blocked
by the tracheal lumen of the DLT and the main bronchi do not show excessive
anatomical distortion.”

Here, we report a TrB patient who was initially intubated with a left-sided polyvinyl
chloride (PVC) DLT Broncho-Cath™, but failed lung isolation, and so the problem was
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resolved by replacing the tube with a silicone DLT Human
Broncho® with different structural characteristics.

Case Presentation

A 78-year-old male patient (168 cm, 70 kg) was scheduled
for video-assisted thoracoscopic wedge resection due to
recurrent secondary right-sided pneumothorax despite the
insertion of a chest tube. In the preoperative chest com-
puted tomography (CT) scan, the take-off of a TrB could
be identified in the tracheal wall on the right side, approxi-
mately 1.9 cm above the carina (Figure 1). This originat-
ing level was based on the lower margin used in previous
reports,>* and it has been reported that OLV could be
successfully performed with a DLT in most cases of the
TrB originating within 2 ¢cm from the carina.* Therefore,
the left-sided Broncho-Cath (Covidien, Mansfield, MA,
USA), and a 37-Fr tube was chosen based on the left
main bronchus (LMB) diameter on chest CT. Standard
monitoring (including electrocardiography, pulse oximetry,
and non-invasive blood pressure) was performed. Total
intravenous anesthesia was performed using propofol and
remifentanil, and 70 mg of rocuronium was administered
intravenously for muscle relaxation. Tracheal intubation
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Figure | A preoperative chest computed tomography showing a tracheal bronchus
originating 1.9 cm above the tracheal carina. The diameter of the orifice of the
tracheal bronchus was measured as 1.4 cm.

Abbreviations: TrB, Tracheal bronchus; Bl, Bronchus intermedius; LMB, Left
mainstem bronchus.

was performed using a video-laryngoscope (UEscope”™,
Zhejiang UE Medical Co., Zhejiang, China), and then
a flexible bronchoscope (aScope™ 4 Broncho Large 5.8/
2.8, Ambu® A/S, Ballerup, Denmark) was used to confirm
the DLT position. When the bronchoscope was inserted
into the tracheal lumen of the DLT, to the right of the
tracheal carina a ridge and a partially obstructed orifice
could be seen in the bottom right of the monitor of the
bronchoscopy system (Figure 2). The DLT was located to
the left of tracheal carina; however, there was a slight
herniation of the bronchial cuff of the DLT out of the
LMB, which is not shown clearly in Figure 2. The pro-
blems in this case can be summarized as follows. 1)
Because the tube depth at contact with the patient’s teeth
had already been indicated as 31 cm, the DLT could not be
advanced any further to optimally reposition the herniated
bronchial cuff—the Broncho-Cath was short to be used in
this patient. 2) Moreover, the TrB orifice was already
partially obstructed when viewed through the tracheal
lumen, indicating that it could become completely
obstructed if the tube was advanced further. An air leakage
occurred while clamping the connector for the non-
dependent lung, and satisfactory OLV required for surgery
could not be achieved. Therefore, we decided to replace
the existing DLT with a 37-Fr left-sided Human Broncho
(Insung Medical Co., Wonju, Korea) that differs from
a Broncho-Cath in terms its structure. Under broncho-
scopic view after replacing, the bronchial cuff of the
DLT showed no herniation and was located to the left

just below the tracheal carina, and the TrB orifice was
not obstructed by the tracheal lumen (Figure 3). The
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Figure 2 Bronchoscopy view via the tracheal lumen of the double-lumen tube. The
orifice of the tracheal bronchus (TrB) was partially obstructed by the tracheal
lumen.
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Figure 3 In the bronchoscopy view through the tracheal lumen, the bronchial
segment of the Human-Broncho was visible in the left visual field, and the bronchial
cuff was well positioned without herniation. Relative to the carina, the first orifice
was the bronchus intermedius (Bl) and the second orifice was the tracheal
bronchus (TrB).

patient’s vital signs and respiratory parameters were unre-
markable without any air leakage during clamping of the
connector for the non-dependent lung. In the thoracoscopic
view after starting surgery, the operative lung collapse was
accomplished, and right upper lobe apex and right lower
lobe superior segment bullectomies were performed suc-
cessfully without any other events. There were no findings
of postoperative air leakage; the patient was discharged
after chest tube removal and is currently healthy. The
patient has provided informed consent for the publication
of this case report.

Discussion

A TrB is an aberrant, accessory, or ectopic bronchus that
branches directly from the lateral wall of the main trachea.
The incidence is reported to be between 0.1% and 5%.*°
A TrB can originate anywhere between the carina and the
cricoid cartilage, but is most commonly observed within
2 cm above the carina.>>**® Depending on the level at
which the TrB arises, anesthesiologist need to use different
methods for airway management. The Conacher classifica-
tion system describes TrB based on the potential chal-
lenges to intubation." In this widely used system, Type 1
TrB originate at the mid-tracheal level and are accompa-
nied by distal tracheal narrowing,'>° while Type 3 TrB,
which are also known as carina trifurcations, arise from
the carina."® The level of origin of a Type 2 TrB, char-
acterized by a distal trachea of normal diameter, has been
reported as being from 1 cm above the carina to as much

as 6 cm from the carina."'® The present case can be
classified as Type 2 TrB.

As previously described, successful lung isolation can
be achieved using a DLT, when the distance between the
TrB and carina is close enough to avoid obstruction of the
TrB orifice and when the main bronchi do not show
anatomical distortion.* If not, it may be necessary to use
a combination of instruments, such as a single-lumen
endotracheal tube (SLT) with a bronchial blocker (BB) or
a Fogarty catheter.”*>**° However, this presents difficul-
ties when right-sided thoracic surgery is performed in the
presence of a right-sided TrB, as two BBs are required to
block the TrB and bronchus intermedius orifices in order
to secure the surgical field of view.*> In fact, in thoracic
surgery requiring OLV, DLTs are preferred over other
devices such as BB. A DLT provides excellent lung isola-
tion and can also be used to suction the operative lung
when necessary and to apply continuous positive airway
pressure.” Moreover, it allows intraoperative broncho-
scopic visualization without interfering with ventilation.®
Therefore, when possible, use of a DLT may be safer for
the patient as well as more convenient for the clinician.
Lee et al reported three cases of patients with a TrB within
2 cm of the carina (2 cm, 0 cm, and 1 cm above the carina)
in which OLV was unsuccessful when using an SLT with
BB; the problems were resolved by using a Broncho-
Cath.* On the other hand, in one case, OLV using
a Broncho-Cath was not possible even for Type 3 TrB
originating next to the carina.” This case is thought to
have resulted from the bronchial lumen of the Broncho-
Cath obstructing the bronchial wall due to a left-shifted
carina and an apically retracted LMB, causing an exces-
sively acute angle of entry from the carina to the LMB.
The authors explained that a flexible DLT with a wire-
reinforced bronchial lumen might not have obstructed the
bronchus, but that such a product was not available.’

The Human Broncho is a DLT made of silicone. In
general, silicone DLTs have a softer body and a more flex-
ible bronchial tip, which helps reduce the incidence of post-
operative sore throat.'' Additionally, the Human Broncho
has an obtuse angled, non-beveled, and wire-reinforced
bronchial segment, and a recent study reported that it
showed superior performance of tube railroading over fiber-
optic bronchoscope compared to PVC SLTs during tracheal
intubation.'? The soft but wire-reinforced bronchial segment
is expected to respond flexibly, even if the angle formed by
the bronchial cuff with respect to the trachea becomes more
acute. Another structural feature of the Human Broncho is
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that it has a shorter and more distally located bronchial cuff
compared to the Broncho-Cath, which reduces the risk of
left upper lobe bronchus obstruction, increasing the margin
of safety.'? It also makes the gaps between the upper edge of
the bronchial cuff and the tracheal lumen opening (distal and
proximal end) denoted as (a) and (b) longer in the Human
Broncho (3.4, 4.0 cm) than Broncho-Cath (1.8, 2.9 cm;
Figure 4A and B). Moreover, the distance from the upper
edge of the bronchial cuff to the end of the tracheal segment
denoted as orotracheal segment is longer in the Human
Broncho (33.5 cm) than the Broncho-Cath (30 cm;
Figure 5).

The fact that the orotracheal segment distance is longer
means that there is more potential space that could be
accommodated from the carina to the mouth corner. In
the Broncho-Cath that was initially placed, the bronchial
cuff was herniated, but it was impossible to advance the
DLT to solve this problem. In a previous study, when

determining the permeable range without TrB occlusion,
the space from the bronchial cuff to the tracheal cuff'*
corresponding to the distance in (c) rather than (a) or (b) of
Figure 4 is used. According to this concept, the permeable
range (c) in both types of DLT could involve the TrB
orifice of our patient (origin height and diameter of
1.9 cm and 1.4 cm, respectively), since the length of (c)
is 4.0 cm for the Broncho-Cath and 4.7 cm for the Human
Broncho. However, the distance up to the distal edge of
the tracheal cuff is only theoretically the most proximal
allowable position, and the air flow could be interrupted at
the TrB orifice of between (b) and (c) depending on the
diameter and deviation of the trachea. Thus, in fact, the
TrB inlet was partially blocked from the end of the tra-
cheal lumen of the Broncho-Cath in our patient.
Additionally, a 39-Fr Broncho-Cath differs only in dia-
meter, but not in length, from a 37-Fr Broncho-Cath.
Therefore, replacing the tube with a 39-Fr Broncho-Cath

Figure 4 The gap between the upper edge of the bronchial cuff and the tracheal lumen opening (distal and proximal end), is denoted as (a) and (b). The gap between the
upper edge of the bronchial cuff and the tracheal cuff is denoted as (c). (A) The distance of (a), (b) and (c) of the Human Broncho was 3.4, 4.0 and 4.7 cm, respectively. (B)
The distance of (a), (b) and (c) of the Broncho-Cath was 1.8, 2.9 and 4.0 cm, respectively.
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Figure 5 The distance from the upper edge of the bronchial cuff to the end of the tracheal segment denoted as orotracheal segment was 30 cm for the Broncho-Cath and

33.5 cm for the Human Broncho.
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would not have solved this problem. Fortunately, we suc-
ceeded by selecting the Human Broncho as an alternative
due to the advantages of DLT over a BB or Fogarty
catheter. However, if a Human Broncho is not available
or if OLV cannot be achieved due to anatomical problems,
traditional alternatives including a BB or Fogarty should
be applied, despite being inconvenient.

The structural properties of the Human Broncho,
including the greater tracheal orifice gap and the longer
orotracheal segment, allowed it to be placed optimally
within this patient’s LMB while ensuring enough space
to avoid obstruction of the present patient’s TrB orifice
originating from 1.9 cm and whose upper margin located
up to 3.3 cm over the carina. In conclusion, the use of
a Human Broncho for lung isolation in thoracic surgery in
patients with a TrB not far from the carina, to which
a DLT can be applied, can be considered a useful alter-
native to a Broncho-Cath.

Ethics Approval and Consent to
Participate

Written informed consent was obtained from the patient
for publication of this case. Since this study used only de-
identified patient data, no approval from the institutional
review board (IRB) was required.
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The authors report no conflicts of interest in this work.
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