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Abstract
Giant lung bullae are usually seen in patients with severe chronic obstructive pulmonary disease. Over time, air trapping 
leads to severe dyspnea and  CO2 accumulation. In severe cases, overinflation and rupture of the bulla can cause secondary 
life-threatening tension pneumothorax. Since positive pressure ventilation exerts deleterious effects on the bulla, general 
anesthesia is always challenging in patients with giant bullae. We encountered remarkable intraoperative hypercapnia and 
decreased tidal volume in a 58-year-old male patient with bilateral bullae who underwent right upper bullectomy, due to 
overinflation of a bulla located in the upper lobe of the ventilated side. Through this experience, to avoid further overinfla-
tion, we devised an original, unique and simple airway management strategy using a standard double lumen tube (DLT), 
which only requires slightly deeper advancement of the DLT to achieve selective lobar blockade during one lung ventilation 
(OLV). Following the first case, we used this strategy in a 48-year-old male patient who underwent left giant bullectomy, 
resulting in successful airway management without overinflation during OLV. We recommend our strategy as an option for 
successful intraoperative airway management during OLV in select bullectomy patients with bilateral giant bullae.
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Introduction

Background

A bulla is an abnormal collection of air within the lung 
parenchyma, which is defined pathologically as a dilated air 
space more than 2 cm in diameter [1], and as a giant bulla 
when it occupies more than one third of the lung volume 
[2]. Giant lung bullae are located unilaterally or bilaterally, 
typically in the upper lung lobe, usually in patients with 
severe chronic obstructive pulmonary disease (COPD). Over 
time, air trapping leads to severe dyspnea and  CO2 retention 
and, sometimes, life-threatening secondary tension pneumo-
thorax. Since positive pressure ventilation (PPV) can cause 
further distension of bullae, general anesthesia is challeng-
ing in these patients.

Here, we describe our experience with a case where we 
devised a unique strategy of one lung ventilation (OLV) 
in a patient with bilateral lung bullae, and another similar 
case in whom we preemptively used the strategy. The insti-
tutional review board of our hospital approved these case 
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presentations, and the patients gave written informed con-
sent for publication of this case report and any accompany-
ing images.

Case presentations

Case 1

A 58-year-old male patient, 174 cm tall, weighing 69 kg, was 
scheduled for right upper lobe bullectomy due to recurrent 
infection in the bulla for 6 months. He had a 38 pack-per-
year smoking history with COPD (Fig. 1a, b). The results of 
preoperative examinations are shown in Table 1.

Preoperatively, after epidural catheter insertion, general 
anesthesia was induced and maintained with propofol (2–3 
mcg/mL by target-controlled infusion) and remifentanil 
(0.1–0.25 mcg/kg/min), and muscle relaxation was achieved 
with a 50 mg bolus of rocuronium. After adequate mus-
cle relaxation, a 37F left-sided double lumen tube (DLT) 
(Blueline/Portex, Smiths Medical, Minneapolis, USA) 
was inserted into his trachea under laryngoscopy and was 
advanced into his left main bronchus under bronchoscopic 
guidance. The left-sided DLT was accurately positioned so 
that the tip of the bronchial lumen remained just above the 
secondary carina of the left bronchus, so that both the left 
upper and lower lobes could be fully ventilated. The initial 
tidal volume during left-sided OLV was more than 350 mL 
with pressure controlled ventilation (PCV) delivered at the 
settings shown in Table 1.

Approximately halfway through the surgery, end-tidal 
 CO2  (EtCO2) increased to 90 mmHg, and tidal volume 
decreased to below 100 mL. After ruling out DLT malpo-
sition, pneumothorax and airway obstruction, we assumed 
that some of the inspiratory volume passed into the bulla 
in the left upper lobe, with a simultaneous decrease in 
effective ventilation. Further application of PPV could 
have led to potential rupture of the bulla. Hence, as a 
rescue procedure, we decided to advance the bronchial 
lumen of the left-sided DLT more deeply, and inserted it 
into the left lower bronchus under bronchoscopic guid-
ance, placing it above the next bifurcation without caus-
ing damage, to achieve selective left lower lobe ventila-
tion (Fig. 2a). Subsequently, the effective tidal volume 
recovered to 300 mL, and  EtCO2 decreased to 55 mmHg 
at 60 min after the rescue procedure (Fig. 3). The patient 
was extubated immediately postoperatively and shifted 
to the intensive care unit (ICU). After staying in the ICU 
overnight, he was discharged from the hospital in an 
ambulatory condition on the 13th postoperative day with 
home oxygen therapy. 

Case 2

A 48-year-old male patient, 182 cm tall, weighing 79 kg, 
was scheduled to undergo resection of a giant bulla in 
the left upper lobe. His giant bulla repeatedly developed 
infections, resulting in abscess formation (Fig. 4a, b). He 
had a family history of bullous disease and an episode of 
spontaneous pneumothorax at the age of 23 years. He had 
a 28 pack-per-year smoking history, and well-controlled 
asthma with 5 mg steroid and 40 mg theophylline. The 
results of preoperative examinations are shown in Table 1. 
Anesthesia induction and maintenance were performed in 

Fig. 1  a, b bilateral bulla in Case 1. Bilaterally, the upper lobes were 
occupied with giant bullae. The left side was ventilated in Case 1
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almost the same way as described for Case 1. A 37F right-
sided DLT (Shiley/Mallinckrodt, Medtronic Inc., Minne-
apolis, USA) was inserted into his trachea above the carina 
under laryngoscopic visualization, and further inserted into 
the right main bronchus under bronchoscopic guidance. 
Based on our previous experience in Case 1, unusually 
deep placement of the right-sided DLT to just above the 
right middle lobe and basal bronchi was performed, ensur-
ing that the lateral hole was not aligned with the upper 
bronchus, so that the giant bulla located in the right upper 
lobe would not be ventilated (Fig. 2b). During OLV via 
the right middle and lower lobes, the initial tidal volume 
was approximately 350 mL with PCV at the settings shown 
in Table 1. Ventilator settings and tidal volume remained 
unchanged throughout the entire OLV period. Maximal 
 PaCO2 remained at 55 mmHg during OLV in Case 2. The 
patient had a good postoperative course and was discharged 
on the 14th postoperative day.

Discussion and conclusions

Since the diameter of the DLT is smaller than that of a stand-
ard single lumen tube, plateau pressure and peak inspiratory 
pressure increase by 24% and 55%, respectively, with OLV 
compared to bilateral ventilation [3]. Even during non-tho-
racic surgery under general anesthesia with PPV, air trapping 
and further expansion of bullae can occur. Hence, anesthe-
siologists sometimes avoid PPV in patients with giant bul-
lae. Partial blockade of the lung lobe occupied by the bulla 

[4] and spontaneous breathing have also been described 
as alternative management strategies [5]. Previous reports 
described the use of a combination of a left-sided DLT and 
bronchial blocker (BB) to perform selective blockade of the 
right upper lobe in a patient with a giant right-sided bulla 
who underwent non-thoracic surgery, and in thoracic abscess 
patients who underwent thoracic surgery [5, 6]. Another 
report described the performance of volume reduction sur-
gery (VRS) using video-assisted thoracic surgery (VATS) 
in a non-intubated, spontaneously breathing subject under 
light sedation [4].

In our case series, successful airway management was 
achieved by inserting the DLT slightly deeper than the con-
ventional placement used to occlude the upper lobe bron-
chus. OLV with ventilation of the lower lobes is typically 
associated with hypoxemia in patients without a giant bulla. 
Hence, hypothetically, hypoxia would be similarly expected 
during OLV in patients with bullae. Conversely, however, 
OLV with our strategy to limit air leakage into the bulla 
might lead to maintenance or improvement of oxygenation 
due to reduction in ventilation/perfusion mismatch. Our 
novel strategy also reduces the risk of bulla rupture due to 
overinflation during PPV.

In our first case, we had not anticipated severe intraop-
erative hypercapnia and decreased tidal volume because we 
underestimated the degree of preoperative respiratory dys-
function based on the patient’s good daily activity levels. 
We hypothesized that the changes occurred due to reduc-
tion of effective ventilation secondary to expansion of the 
bulla in the left upper lobe, which indicated the urgent need 

Table 1  Preoperative 
examination and perioperative 
data

FEV 1.0 forced expiratory volume/ vital capacity

Case 1 Case 2

Preoperative pulmonary function Vital capacity (L)
(% of expected value)
Forced expiratory vol-

ume (FEV)1.0 (L)
(% of value expected)
FEV1.0%

1.9
(45)
1.07
(31)
56.3

3.17
(65.4)
1.03
(25.4)
32.5

Preoperative arterial blood gas evaluation
(under room air)

pH
PaCO2 (mmHg)
PaO2 (mmHg)
BE (mEq/L)
HCO3 (mEq/L)
SpO2%

7.386,
48
72
2.3
28.2
94.7

7.5
33
93
2.8
25.3
97.8

Intraoperative ventilator settings
for pressure-controlled ventilation
during OLV

Peak pressure  (cmH2O)
Respiratory rate ( /min)
Inspiration to expiration 

ratio
Positive end-expiratory 

pressure  (cmH2O)

23–25
12–14
1:1.5–2.5
4

23
14/min
1:2
4

Anesthesia /surgical duration (min) 264/221 413/374
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for avoiding further overinflation of the bulla. Initially, we 
explained the emergency situation to the surgeons and asked 
them to allow bilateral ventilation to reduce inspiratory pres-
sure. Although we considered performing selective blockade 
of the upper lobe with a BB combined with the DLT, this 
was considered difficult with the type of DLT being used in 
the patient due to incompatibility with the connector. For-
tunately, however, we realized that it was possible to insert 
the DLT more deeply into the left lower bronchus, achiev-
ing selective upper lobe blockade without using a bronchial 
blocker, which was a strategy that we had considered in 
advance as a worst case scenario.

Following our experience in the first case, we planned to 
perform selective blockade of the upper lobe in the second 
case. We preoperatively confirmed the feasibility of using the 
right-sided DLT in this case by measuring the length of the 
bronchial balloon directly and that of the right intermedius 
bronchus from a preoperative CT scan. The DLT used in 
Case 2 was also confirmed to be usable with a BB. The meas-
urements indicated that the length of the bronchial balloon 
of the DLT was sufficient for it to be accommodated in his 
intermedius bronchus, without occlusion of the middle and 
lower lobe bronchus. Although we did consider the alterna-
tive method of inserting a left-sided DLT into the right main 
bronchus, we considered this too difficult due to the antici-
pated mismatch between the form of the left-sided DLT and 
angulation of the right main bronchus. With our strategy, the 
patient’s tidal volume and oxygenation during OLV remained 
stable intraoperatively despite the more than 6 h surgical 
duration. It should be cautioned that the safety and reliabil-
ity of our strategy depends on the individual patient’s height 
and bronchial anatomy, particularly the length of left main 
bronchus in right lung surgery, the kind of DLT product, and 
the anesthesiologist’s skill, since excessively deep insertion 
of the DLT can cause bronchial damage. Hence, although 
we cannot strongly recommend our technique in all cases, it 
might be a valuable alternative in certain cases. Particularly 
in left-sided pulmonary surgery cases, our strategy of using 
a right-sided DLT might be acceptable and recommendable 
from a safety and utility perspective.

In conclusion, this report highlights the utility of our 
unique strategy, which only requires slightly deeper than 
usual advancement of the DLT, for successful airway man-
agement during anesthesia in select patients with giant bul-
lae in the upper lobe of the ventilated lung.

Fig. 2  a schematic showing advancement of the bronchial cuff of the 
left-sided DLT up to the left lower bronchus in Case 1. A Blue line 
double lumen tube (DLT) (Smiths Medical) was used in Case 1. b 
schematic showing of advancement of the bronchial cuff of the right-
sided DLT up to the right bronchus intermedius in Case 2. A bron-
cho-cath DLT (Medtronic) was used in Case 2
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