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Abstract
Background: Pulmonary resection is occasionally performed in
postpneumonectomy patients with contralateral lung lesions, such as
metachronous or metastatic lung cancer. Careful intraoperative respiratory man-
agement is essential in such patients. This study evaluated the respiratory man-
agement of postpneumonectomy patients who underwent contralateral
pulmonary resection with selective bronchial blockade of the lobe or segment to
be resected.
Methods: We retrospectively analyzed the surgical findings and safety of surgery
in six patients who underwent contralateral pulmonary resection with selective
bronchial blockade after pneumonectomy for non-small cell lung cancer (NSCLC).
Results: The percutaneous oxygen saturation did not decrease in any of the
patients during bronchial blockade under high oxygen concentration. The
median blockade time was 57.5 minutes. The operative field was tolerable
secured under conditions of partial lung collapse, and partial pulmonary re-
section was performed as planned. Postoperatively, one patient developed acute
respiratory distress syndrome due to acute exacerbation of interstitial pneumo-
nia; however, no patients died within one month postoperatively. Two patients
underwent pulmonary resection in order to obtain adequate tissue specimens to
evaluate the biomarkers of multiple lung metastases. On histopathology, one
patient tested positive for anaplastic lymphoma kinase (ALK) and was subse-
quently administered an ALK inhibitor, which prolonged survival.
Conclusions: In all patients, intraoperative respiratory condition under partial
lung collapse remained stable, and all partial pulmonary resections were safely
performed. However, surgical indications should be carefully reviewed preopera-
tively in patients with interstitial pneumonia.

Key points

Significant findings of the study:
• Contralateral partial pulmonary resection was performed using selective bron-

chial blockade in postpneumonectomy patients.
• Percutaneous oxygen saturation did not decrease during the bronchial block-

ade under high oxygen concentration, and the operative field was tolerable
secured under conditions of partial lung collapse.

What this study adds
• Oxygen concentration can be set to the minimum level, sufficient to maintain

oxygenation, during contralateral partial pulmonary resection with selective
bronchial blockade.
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Introduction

The standard surgical treatment for primary lung cancer is
lobectomy; however, 3%–7% of patients with lung cancer
require pneumonectomy.1, 2 Reports show that the risk of
tumor recurrence after complete resection of lung cancer is
2%–5% per year,3, 4 depending on the stage. Moreover,
metachronous lung cancer occurs in 1%–5% of cases of lung
cancer.5, 6 In postpneumonectomy patients, contralateral
pulmonary resection may be required to manage new lung
lesions, such as in cases of metachronous or metastatic lung
cancer. Pulmonary resection can provide a chance to cure
lung cancer, and it is suggested that contralateral pulmonary
resection after pneumonectomy may be useful in some
patients.7 However, it requires multispecialty evaluation,
with emphasis on the patient’s performance status, cardio-
pulmonary function, and tumor stage and location.8 Pneu-
monectomy has been reported to increase the total vascular
resistance of the pulmonary circulation and may increase
the right ventricular load9; therefore, a history of pneumo-
nectomy is considered a relative contraindication for further
pulmonary resection.2

Careful intraoperative respiratory management is essential
during contralateral pulmonary resection in
postpneumonectomy patients. During normal respiratory
management, the operative field is suboptimal due to venti-
lation of the operative side10; therefore, thoracotomy is per-
formed in most patients.11 In general, video-assisted
thoracoscopic surgery (VATS) causes lesser postoperative
respiratory complications than thoracotomy.12 VATS is per-
formed by repeated inflation and deflation of the operative
lung in postpneumonectomy patients.10 However, the apnea
time is limited to only a few minutes. Extracorporeal mem-
brane oxygenation (ECMO)13 and selective bronchial block-
ade of the lobe to be resected14, 15 have been reported as
respiratory management strategies during contralateral pul-
monary resection in postpneumonectomy patients. ECMO

allows complete lung collapse on the operative side; however,
administration of heparin is necessary to minimize the risk of
thromboembolic events.13 Furthermore, the use of extracorpo-
real circulation in patients with cancer increases the possibility
of cancer progression because of cancer cell dissemination or
involvement of the immune system.16 On the other hand,
selective bronchial blockade leads to partial lung collapse;
however, the intraoperative respiratory management and
safety of surgery under partial lung collapse remains to be
established. To date, no study has reported which respiratory
management strategy can be safely adopted for contralateral
pulmonary resection in postpneumonectomy patients.
In this study, we retrospectively analyzed the surgical

findings and safety of surgery in postpneumonectomy
patients who underwent contralateral pulmonary re-
section with selective bronchial blockade, which to our
knowledge, is the largest single-center case series to be
published to date.

Methods

Patient enrolment

Patients with a history of pneumonectomy for primary
lung cancer, who underwent contralateral pulmonary re-
section with selective bronchial blockade at the Depart-
ment of Thoracic Surgery of Yamaguchi Ube Medical
Center between May 2013 and October 2017, were enrolled
in this study. Six patients were considered eligible for
inclusion (no patients were excluded). The patient charac-
teristics are listed in Table 1. The cohort consisted of five
men and one woman, with a median age of 62 years
(range, 49–70 years). Three patients had previously under-
gone right pneumonectomy, while the other three patients
had undergone left pneumonectomy. The site of the new
lesion was the right upper lobe in one patient, right lower

Table 1 Clinical background of postpneumonectomy patients

No.
of case Age Sex

Pneumonectomy
(right/left)

Past
diagnosis

Interval after
pneumonectomy (months)

Tumor
site

Tumor
size (mm)

Preoperative
FEV1.0 (L)

1 61 Male Right Ad 12 Left S6 20 1.41
2 63 Female Left Atypical

carcinoid
45 Right

S2
20 1.60

3 59 Male Right ACC 128 Left S6 17 1.22
4 69 Male Left SqCC 93 Right

S10
14 1.80

5 49 Male Left AdSq 83 Right
S8

5 2.11

6 70 Male Right Ad 39 Left
S10

32 1.69

ACC, adenoid cystic carcinoma; Ad, adenocarcinoma; AdSq, adenosquamous carcinoma; FEV1.0, forced expiratory volume in the first second; SqCC,
squamous cell carcinoma.
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lobe in two patients, and left lower lobe in three patients.
The median preoperative forced expiratory volume in the
first second (FEV1.0) was 1.65 L (range: 1.22–2.11 L). Pre-
operative lung comorbidity included one case of interstitial
pneumonia (case 1). None of the patients required home
oxygen therapy before the surgery. Preoperatively, all
patients had an Eastern Cooperative Oncology Group per-
formance status score of 0, and transthoracic echocardiog-
raphy revealed absence of right heart failure or pulmonary
hypertension. A pulmonary resection was performed
12–128 months (median, 64 months) after initial pneumo-
nectomy. Four patients (Cases 1–4) had a solitary pulmo-
nary nodule of 2 cm or less, but no lymph node metastasis,
and underwent pulmonary resection as radical treatment
for suspected metastatic or metachronous lung cancer. In
two patients (Cases 5 and 6), the lung cancer recurred as
multiple lung metastases. Therefore, pulmonary re-
section was performed to obtain adequate tissue to evaluate
biomarkers associated with recurrent lung cancer.

Ethics, consent, and permissions

All included patients provided written informed consent
for the publication of their medical data. The institutional
review board of the Yamaguchi Ube Medical Center
approved this study (IRB-30-2).

Anesthetic management

Under general anesthesia, the patients were intubated with a
9 mm Mallinckrodt Lo-Contour Reinforced Tracheal Tube

(Covidien Japan Co., Ltd., Tokyo, Japan) with direct laryn-
goscopy guidance. A wire-guided Arndt endobronchial
blocker with a spherical-shaped balloon (Cook Japan Co.,
Ltd., Tokyo, Japan) was used for segmental lung isolation
(Fig 1). A wire-guided endobronchial blocker (Arndt
Blocker) was advanced through the blocker port of the Arndt
Multiport Adapter, and a fiberoptic bronchoscope, which
had been introduced through the fiberoptic port, was
inserted through the wire loop. The bronchoscope was then
advanced into the target bronchus, and the Arndt Blocker
was placed into position. The bronchoscope was then
removed, and the balloon of the Arndt Blocker was inflated.
The ventilator was set to volume control ventilation mode.
Selective bronchial blockade reduced the ventilated lung vol-
ume; therefore, the anesthesiologist reduced the ventilation
volume and increased the ventilation frequency.
Intraoperative monitoring included electrocardiography, per-
cutaneous oxygen saturation (SpO2) measurement, arterial
blood pressure monitoring, and end-tidal carbon dioxide
monitoring.

Outcomes

We retrospectively examined the surgical findings, safety of
surgery, postoperative course, and prognosis.

Results

Surgical and postoperative information are listed in
Table 2. In all six patients, single partial pulmonary re-
section with selective bronchial blockade was performed as

Figure 1 Selective bronchial
blockade method. The wire-
guided endobronchial blocker is
advanced through the blocker
port (yellow arrow), and a bron-
choscope is passed through the
wire loop of the endobronchial
blocker (red arrow). The broncho-
scope is then inserted into the
desired bronchus, and the
endobronchial blocker is placed
into position. The bronchoscope
is removed, and the balloon of
the blocker is inflated.
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originally planned. Three patients underwent thoracotomy
and three underwent VATS. In two of the patients who
underwent VATS, a 21-G guiding-marker system (Hakko
Co., Ltd., Nagano, Japan) was percutaneously placed as a
VATS marker near the target lung nodule under computed
tomography (CT) guidance before the surgery. No patient
developed complications associated with placement of the
VATS marker. The bronchial blockade areas were the right
upper lobe in one patient, right lower lobe in one patient,
left lower lobe in two patients, right basal segment in one
patient, and left basal segment in one patient. The median
blockade time was 57.5 minutes (range, 30–111 minutes).
The fraction of inspired oxygen (FiO2) was set to 1.0 dur-
ing the bronchial blockade. However, FiO2 was set to
0.6–0.9 for one patient with interstitial pneumonia (Case
1). Almost 100% SpO2 was maintained intraoperatively in
all patients during the bronchial blockade; interruption of
blockade was not required to improve oxygenation. All
patients were extubated immediately after surgery.
One patient (Case 1) developed acute exacerbation of

interstitial pneumonia after surgery (Fig 2a–c). Respiratory
distress in this patient was managed by high-dose cortico-
steroid pulse therapy and blood purification therapy; how-
ever, supplemental oxygen was required at discharge. The
postoperative course was uneventful in the other patients.
The median postoperative hospital stay was 13 days (range,
3–53 days). In four patients, the histopathological findings
were the same as those observed after the previous pneu-
monectomy. In Case 2, the lesion was diagnosed as a pul-
monary carcinoid tumor by preoperative bronchoscopy
with transbronchial biopsy, but subsequent postoperative
histopathological examination established a diagnosis of
nontuberculous mycobacteriosis.
Among the two patients who underwent repeat biopsy

of the lung metastatic lesions, the histopathology report of
one patient (Case 5) was positive for echinoderm
microtubule-associated protein-like 4 and anaplastic lym-
phoma kinase (EML4-ALK). This patient received alectinib
therapy, which resulted in long-term survival. In Case
6, epidermal growth factor receptor (EGFR) exon 19 dele-
tion mutation was detected in the previous pneumonec-
tomy specimen, and the patient received afatinib therapy
for multiple lung metastases. Because the lung metastases
increased in size after temporary shrinkage, a repeat biopsy
was performed to assess EGFR T790M mutation. However,
the results for EGFR gene mutations were the same as those
obtained earlier. The patient died 18 months after surgery,
despite receiving chemotherapy and immune checkpoint
inhibitor therapy. In five patients diagnosed with lung can-
cer (excluding Case 2), the overall median survival after sur-
gery was 34 months (range, 18–75 months).
Case 4 involved a 69-year-old man who underwent

pneumonectomy for left lung squamous cell carcinomaTa
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(Fig 3a). CT revealed a 1.4 cm lung nodule in the right
10th segment of the lower lobe (Fig 3b). A percutaneous
VATS marker was placed near the lung nodule under CT
guidance, and partial pulmonary resection was performed
by VATS with right basal segmental blockade (Fig 3c,d).
FiO2 was set to 1.0 during the bronchial blockade. SpO2

was maintained at 100%, and the operative field was tolera-
ble secured under conditions of partial lung collapse. The
partial pressure of arterial oxygen (PaO2) before, during,
and after the bronchial blockade was 547, 410, and
542 mmHg, respectively. The partial pressure of arterial
carbon dioxide (PaCO2) before, during, and after the

Figure 2 Computed tomography images of Case 1. (a) Interstitial pneumonia is observed in the left lower lobe before surgery. (b) Acute exacerba-
tion of interstitial pneumonia developed on postoperative day 5. (c) After high-dose corticosteroid pulse therapy and blood purification therapy, the
ground-glass shadow improved on postoperative day 38.

Figure 3 Clinical findings of
Case 4. (a) Chest radiography
after left pneumonectomy. (b)
Computed tomography image
shows a 1.4 cm sized lung tumor
in the right 10th segment (red
arrow). (c) In respiratory manage-
ment, the endobronchial blocker
is positioned in the right basal
segmental bronchus. (d) Surgical
findings show that partial pulmo-
nary resection is performed under
partial lung collapse by video-
assisted thoracoscopic surgery
(VATS). The white arrow indicates
a VATS marker. The yellow
arrows indicate the nonventilated
lung of the right lower lobe,
which is the right basal segment.
S6, right sixth segment.
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bronchial blockade was 41.8 mmHg, 40.1 mmHg, and
51.6 mmHg, respectively. The postoperative course was
uneventful, and the patient was discharged on postopera-
tive day 12. The histopathological diagnosis was squamous
cell carcinoma and the patient was diagnosed with
metachronous primary lung cancer according to the defini-
tion proposed by Martini et al.17 Carbon-ion radiotherapy
was performed for stump recurrence at 21 months after
surgery; no recurrence was observed thereafter.

Discussion

Herein, we report a case series of postpneumonectomy
patients who underwent pulmonary resection using selec-
tive bronchial blockade. Their respiratory condition
remained stable intraoperatively, and no patient required
interruption of bronchial blockade to improve oxygenation.
The operative field was secured under conditions of partial
lung collapse, and partial pulmonary resection was safe in
all patients.
In this study, pulmonary resection was performed using

VATS in three patients. VATS has been shown to cause
less damage to the inspiratory muscles than thoracotomy,
which consequently leads to better postoperative respira-
tory function.18 Therefore, VATS is useful for patients with
limited lung function, such as those who have undergone
pneumonectomy. As it is difficult to locate pulmonary
nodules during VATS under conditions of partial lung col-
lapse, placement of a VATS marker is useful. However,
CT-guided percutaneous marking has been reported to
cause iatrogenic pneumothorax in 18.6%–23.0% of
cases.19, 20 Pneumothorax can be life-threatening for
postpneumonectomy patients.10 It is advisable to prepare
for thoracic drainage when placing a percutaneous VATS
marker. Recent studies have reported the usefulness of
bronchoscopic marking.21, 22 Unlike percutaneous VATS
marking, bronchoscopic marking does not damage the vis-
ceral pleura. Although bronchoscopic marking was not
used in this study, the procedure is significantly superior to
CT-guided percutaneous marking because of the lower
incidence of iatrogenic pneumothorax.
With regard to the criteria for preoperative evaluation of

contralateral pulmonary resection in postpneumonectomy
patients, previous reports recommend a preoperative per-
formance status score of 0, with a preoperative FEV1.0 of
0.8–1 L or more.23, 24 All of the patients in this study met
these criteria. Pulmonary resection is recommended for
postpneumonectomy patients with tumors that are 2 cm or
less in diameter but without lymph node metastasis.2, 8

Single partial resection has been reported to have a better
prognosis than more extensive surgeries, such as multiple
partial resections, segmentectomy, and lobectomy.2, 23–25

In general, complications after pulmonary resection occur

in 24%–41% of patients, and the postoperative mortality
rate with partial pulmonary resection is <1%.26 In
postpneumonectomy patients, postoperative complications
occur in 12.5%–41% of patients, and the one-month post-
operative mortality rate is 0%–11.1%.2, 10, 11, 24, 27 In this
study, one patient (Case 1) developed acute respiratory dis-
tress syndrome due to acute exacerbation of interstitial
pneumonia. However, it is possible that the high oxygen
concentration administered intraoperatively caused the
exacerbation. Therefore, in patients with interstitial pneu-
monia, we recommend setting the oxygen concentration to
the minimum level that maintains oxygenation. Moreover,
in such patients, the indications for surgery should be
carefully reviewed.
Stereotactic body radiotherapy (SBRT) is an alternative

to surgery for patients who cannot tolerate pulmonary
resection. In postpneumonectomy patients, the three-year
survival rate after pulmonary resection has been reported
to be 46%–61%,2, 24, 27 which is comparable to the three-
year survival rate of 36%–63% after SBRT.28, 29 Biopsies
should also be performed before SBRT to obtain a patho-
logical diagnosis of the lung lesions. However, iatrogenic
pneumothorax has been reported to occur in 13%–25% of
the patients who undergo percutaneous lung biopsy11, 30

and 1%–6% of those who undergo bronchial lung biopsy.31

Therefore, SBRT is often performed only on the basis of
imaging diagnosis, without pathological diagnosis.32, 33

Because biopsy and surgery may show different histological
tumor types, as observed in Case 2, the imaging and patho-
logical diagnoses are often different. With regard to the
prognosis reported for SBRT, previous studies might have
included patients with benign disease; therefore, the prog-
nosis could be overestimated. Additionally, radiation pneu-
monitis can be life-threatening for postpneumonectomy
patients.28 The risk of radiation pneumonitis due to unnec-
essary radiation therapy must be avoided; therefore, patho-
logical examination is essential before SBRT.
Recently, the treatment strategy reported for recurrent

lung cancer has been based on molecular biomarkers, such
as EGFR mutation, EML4-ALK fusion gene, and PD-L1
expression, etc.34, 35 In Cases 5 and 6, pulmonary re-
section was performed as a repeat biopsy to evaluate the
biomarkers of lung metastases. In Case 5, ALK-targeted
therapy resulted in long-term survival. The prognosis after
contralateral pulmonary resection for metastatic lung can-
cer in postpneumonectomy patients is reported to be
poor.11, 24 However, the development of personalized
targeted therapies can improve long-term survival; and
accordingly, a repeat biopsy using this procedure is worth
considering.
In conclusion, intraoperative respiratory condition of

postpneumonectomy patients who underwent selective
bronchial blockade remained stable. Partial pulmonary
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resections were safe under partial lung collapse, and there
were no one-month postoperative mortalities. However,
surgical indications should be carefully reviewed in patients
with interstitial pneumonia. Pulmonary resection can be
curative in patients with early stage lung cancer. Moreover,
evaluation of biomarkers is essential in patients with recur-
rent lung cancer. Therefore, it is anticipated that this surgi-
cal procedure should be increasingly utilized in the future.
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