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Objective: The aim of the present study was to assess
the technical feasibility and safety of the unilateral
pulmonary artery occlusion (UPAO) test in pre-operative
evaluation of pneumonectomy or pleuropneumonec-
tomy for lung or pleural tumours.

Methods: The UPAO test was performed on 91 patients
who were scheduled to undergo or were being consid-
ered for pneumonectomy or pleuropneumonectomy
between June 2003 and July 2016. There were 74 males
and 17 females, with a median age of 65 years (range,
23-80). The technical success rate, procedure time and
complication rate were evaluated. Technical success was
defined as completion of the UPAO test.

Results: The diagnoses of the 91 patients were as follows:
lung cancer in 63, malignant pleural mesothelioma in 21,

INTRODUCTION

After surgical resection of a lung or pleural tumour, the
decrease in lung volume leads to reduced ventilation
and a smaller pulmonary vascular bed, resulting in an
increased risk of complications, such as acute respira-
tory distress syndrome, respiratory failure and pulmo-
nary hypertension."? The unilateral pulmonary artery
occlusion (UPAO) test is a method used to evaluate
cardiopulmonary function and pre-operatively establish
whether patients will be able to tolerate pneumonec-
tomy or pleuropneumonectomy.®” The UPAO test simu-
lates the condition of a decreased pulmonary vascular
bed after lung resection, and evaluates the reserve
power of right heart function. When the mean pulmo-
nary artery pressure (PAP) is 30 mmHg or higher after
15 min, the cardiopulmonary function of the patient
is considered to be intolerable for pneumonectomy

thymoma in 5, lung metastasis in 1 and lung carcinoid in
1. The UPAO test was performed successfully on 88 out
of 91 patients (technical success rate: 97%). The median
procedure time was 57min (range, 34-120). Cardiac
arrest due to migration of the balloon catheter to the
pulmonary trunk occurred in 1 patient (complication
rate: 1.1%).

Conclusion: The UPAO test in pre-operative evaluation
of pneumonectomy or pleuropneumonectomy for lung
or pleural tumours appears to be technically feasible.
However, it needs to be performed with care in order to
avoid severe complications.

Advances in knowledge: The UPAO test can be safely
performed and is helpful in evaluating patients for pneu-
monectomy or pleuropneumonectomy.

and pleuropneumonectomy, according to previously
reported evidence.®” This criterion is supported by the
following findings: in patients with pulmonary hyper-
tension or thromboembolism not undergoing pneu-
monectomy or pleuropneumonectomy, 5-year survival
rates were 10-54% with mean PAP > 50 mmHg, 50-63%
with mean PAP of 30-50 mmHg and almost 100% with
mean PAP < 30 mmHg® In cardiology, pulmonary
hypertension is diagnosed when the mean PAP is higher
than 25 mm Hg at rest or 30 mm Hg during physical
activity.®

Recent advances in MRI have made it possible to evaluate
pulmonary hypertension and estimate PAP°~'? However,
difficulties are still associated with estimating PAP under
occluded conditions. Therefore, the UPAO test remains a
relevant procedure. The purpose of the present study was
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to assess the technical feasibility and safety of the UPAO test in a
pre-operative evaluation of pneumonectomy or pleuropneumo-
nectomy for lung or pleural tumours.

METHODS AND MATERIALS

Patients and endpoints

This retrospective study was approved by the Institutional
Review Board. Written informed consent for the procedure was
obtained from each patient. The UPAO test was performed on
all 91 patients who were scheduled to undergo or were being
considered for pneumonectomy or pleuropneumonectomy
between June 2003 and July 2016. 74 patients were males and 17
were females, and their median age was 65 years (range, 23-80).
The technical success rate, procedure time and complication rate
were evaluated. Technical success was defined as completion of
the UPAO test. Close observations for complications associated
with the UPAO test were conducted during the procedure and
post-procedural admission.

Technique of the UPAO test

All procedures were performed via an ultrasound guided
common femoral vein 12-Fr. sheath (SuperSheath; Medikit,
Tokyo, Japan). In order to prevent the formation of thrombus
during the procedure, 3,000 units (1,000 units ml™!) of heparin
was administered intravenously, with an additional 1,000 units
being added every hour. Carbon dioxide was used to inflate
the balloon catheters instead of a contrast. It enables quicker
inflation and deflation of the balloon. In the event of a balloon
rupture carbon dioxide is safe as it is absorbed in the pulmonary
bed. Initially, a 7-Fr. balloon catheter (Balloon Angiographic
Catheter, Harmac Medical Products, Buffalo, NY) was advanced
into the pulmonary artery (PA), because it is easier to manip-
ulate owing to its small balloon size and soft shaft, compared
with the triple-lumen balloon catheter (Serecon MP catheter II;
Terumo, Tokyo, Japan), which was used for the UPAO test. On
inflation of the 7-Fr. balloon catheter in the PA on the side of
the planned pneumonectomy or pleuropneumonectomy, it was
carried into the PA by the blood flow. Pulmonary angiography
was performed after the balloon was deflated. The 7-Fr. balloon
catheter was then exchanged for the triple-lumen balloon cath-
eter over a hydrophilic guidewire (Radifocus; Terumo, Tokyo,
Japan).

The triple-lumen balloon catheter has three roles in the UPAO
test: (1) measuring proximal PAP via a proximal side hole; (2)
occlusion of the target PA with the balloon and (3) distal hepa-
rinized saline perfusion (5,000 units heparin in 500 ml saline)
to prevent thrombus formation during the time of arrested flow.
Following carbon dioxide inflation of the balloon, the prox-
imal PAP was measured immediately after inflation and then at
5, 10 and 15 min. The balloon was then deflated, and PAP was
measured immediately after deflation. The inferior vena cava
(IVC) pressure was also measured.

If the mean PAP at 15 min was 30 mmHg or higher, the cardio-
pulmonary reserve was considered to be insufficient for pneu-
monectomy and pleuropneumonectomy. During the UPAO
test, the patient was closely observed for any clinical symptoms
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Table 1. Summary of unilateral chest abnormality

CT finding (n =91)

Emphysema 36
Partial atelectasis 7
Pleural effusion 19
Hilar/mediastinal nodal enlargement 49
Stenosis of the pulmonary artery” 7
Distant metastases 0

History of smoking (n = 91)

Yes 71

Sputum analysis (n = 46)

Presence of bacterium 24

9Stenosis of the pulmonary artery of the side of planned
pneumonectomy or pleuropneumonectomy due to nodal en-
largement or tumour.

and the peripheral oxygen saturation was monitored via pulse
oximetry. In addition to the UPAO test, cardiopulmonary func-
tion was assessed with spirometry, electrocardiography and
echocardiography.

RESULTS

The diagnoses of the 91 patients were as follows: lung cancer
in 63, malignant pleural mesothelioma in 21, thymoma in 5,
lung metastasis in 1 and lung carcinoid in 1. The UPAO test
was performed successfully on 88 out of 91 patients (technical
success rate: 97%). In the remaining 3 patients, the UPAO
test was terminated because of difficulties encountered when
advancing the catheter to the PA on the side of planned pneumo-
nectomy or pleuropneumonectomy in 2, and procedure-related
cardiac arrest in 1. Unilateral chest abnormalities evaluated with
CT, smoking history and sputum analysis results are summarized
in Table 1. Stenosis of the PA on the side of planned surgery due
to nodal enlargement or a tumour was detected in 7 out of 91
patients (7.7%); the UPAO test was successfully performed on
these 7 patients. The median procedure time was 57 min (range,
34-120). Cardiac arrest due to migration of the balloon catheter
to the pulmonary trunk occurred in one patient who underwent
UPAO test for left lung cancer (complication rate: 1.1%). In this
case, the balloon was deflated immediately, and the patient’s
cardiac beat recovered spontaneously. Pneumonectomy was then
performed without the UPAO test as initially scheduled based on
informed consent.

In 88 patients subjected to the UPAO test, the median values of
mean PAP, systolic PAP and diastolic PAP after 15 min were 20
(range, 12-42), 33 (range, 19-64) and 11 mmHg (range, 3-36),
respectively. Details of UPAO test results are summarized in
Table 2. Mean PAP was less than 30 mmHg in 79 out of the 88
patients; in the remaining nine patients, the mean PAP after
15 min was 30-42 mmHg (median, 31). In practice, pneumo-
nectomy was performed on 34 patients and pleuropneumo-
nectomy on 19. The UPAO test was performed on 17 patients
because pneumonectomy or pleuropneumonectomy was a

2 of 5 birpublications.org/bjr

Br J Radiol;90:20160775


http://birpublications.org/bjr
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Table 2. PAP (mmHg) at UPAO test (median and range)

Before inflation Imm'ediat'ely after 5 min 10 min 15 min Immediate.:ly IVC
inflation after deflation
Mean 16.5 (5-34) 21 (8-41) 21 (12-40) 20 (12-42) 20 (12-42) 17 (8-42) 6 (0-14)
Systolic 24 (14-58) 32 (18-71) 33 (18-70) 32.5 (17-69) 33 (19-64) 27 (15-58) 9 (1-25)
Diastolic 11 (3-32) 13 (1-26) 13 (4-36) 12 (4-36) 11 (3-36) 10 (2-36) 4(0-17)

IVC, inferior vena cava; PAP, pulmonary artery pressure; UPAO, unilateral pulmonary artery occlusion.

treatment option; however, lobectomy or segmental resection
was ultimately conducted based on intraoperative findings. Eight
patients did not complete the planned surgery: 7 were deemed
inoperable due to excessively invasive tumours in 5 and intraop-
erative bleeding and ventricular tachycardia in one each. In one
patient, chemoradiation therapy was considered more appro-
priate than surgery after the UPAO test because of tumour inva-
sion to the esophagus and heart, even though the mean PAP after
15 min was 18 mmHg. In one patient with lung cancer, mean
PAP after 15 min was 28 mmHg and oxygen saturation in the
peripheral artery decreased from 97 to 83% during the UPAO
test. Thus, pneumonectomy was avoided and radiation therapy
was administered.

In 52 out of the 53 patients (98%) who underwent pneumonec-
tomy or pleuropneumonectomy after passing the UPAO test,
cardiopulmonary complications did not occur during a median
follow-up period of 29 months (range, 1-160). The remaining
one patient underwent pneumonectomy for lung cancer because
his mean PAP after 15 min was 23 mmHg. He developed exer-
tional dyspnea 70 months later. His systolic, diastolic and mean
PAP measured through a pulmonary catheter were 67, 19 and
40 mmHg, respectively, and he was diagnosed with pulmonary
hypertension (1/53 = 1.9%). On the next day of the examination,
he died of arrhythmia.

Pneumonectomy or pleuropneumonectomy was avoided in nine
patients with mean PAP of 30 mmHg or higher. Among these
patients, lobectomy or segmental resection was performed on
seven, and chemotherapy and/or radiation therapy was admin-
istered to the other two patients. In patients who underwent
lobectomy or segmental resection, no cardiopulmonary compli-
cations occurred in a median follow-up period of 22 months
(range, 2-133). In all three patients who were unable to complete
the UPAO test due to one cardiac arrest and two technical fail-
ures, pneumonectomy or pleuropneumonectomy was performed
successfully based on informed consent, and cardiopulmonary
complications did not occur during a median follow-up period
of 36 months (range, 30-74).

DISCUSSION

The UPAO test for pre-operative evaluation of pneumonectomy
or pleuropneumonectomy for lung or pleural tumours had a
technical success rate of 97% in this study. A major complication,
procedure-related cardiac arrest due to migration of the balloon
catheter to the pulmonary trunk, occurred in one left UPAO
test (1.1%), with spontaneous cardiac recovery on balloon defla-
tion. In this case, we suspected that the balloon was placed too

proximally in the left PA and occluded the pulmonary trunk. We
recommend that the position of the balloon be checked using a
left anterior oblique view, which shows the left PA longitudinally
when performing a left UPAO test (Figure 1).

In the present study, we measured PAP at 5, 10 and 15 min in all
patients. If PAP at 5 or 10 min had been extremely high (e.g. >50
mmHg), the procedure would have been terminated. Further-
more, if it is not possible to continue this procedure for 15 min
for some reason such as the appearance of symptoms or catheter
migration, PAP at 5 and 10 min still provides useful information
to consider indications for surgery. IVC pressure was measured
in order to confirm the accuracy of the measurement system for
the UPAO test; an extremely high IVC pressure may indicate an
issue with the measurement system, and the UPAO test needs to
be performed again or the system recalibrated.

In this present study, 52 out of the 53 patients (98%) who under-
went pneumonectomy or pleuropneumonectomy after passing
the UPAO test did not develop pulmonary hypertension. The
procedure time of the UPAO test was relatively short (median,
57 min). Thus, we consider the UPAO test to be a useful exam-
ination before surgery. On the other hand, no cardiopulmo-
nary complications were observed in patients who underwent
lobectomy in our cohort. However, Wei et al'> reported that

Figure 1. A 43-year-old male presented with left malignant
pleural mesothelioma. (a) Left anterior oblique view of angi-
ography performed before the UPAO test showing the left PA
longitudinally. (b) Angiography shows compete occlusion of
the left PA. The balloon was placed at the distal site of the
main left PA (arrow), and there was a sufficient distance to the
pulmonary trunk as a margin (arrow heads). The UPAO test
was then performed successfully. Mean PAP at 15 min was 15
mmHg, and cardiopulmonary function was considered tolera-
ble for pleuropneumonectomy. This patient then successfully
underwent surgery. PA, pulmonary artery; UPAO, unilat-
eral pulmonary artery occlusion.

a
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pulmonary hypertension may occur even after lobectomy;
patients who developed pulmonary hypertension had a lower
pre-operative forced expiratory volume in 1 s and diffusion
capacity of the lung for carbon monoxide and a higher incidence
of tricuspid regurgitation and mitral regurgitation than patients
without pulmonary hypertension. Thus, the UPAO test may have
a role for patients with these risks, even when they are scheduled
for lobectomy.

In one case report, pulmonary thrombosis developed during the
UPAO test after 15 min of occlusion.'® In that case, the inside of
the catheter was flushed with heparinized saline only once before
occlusion. We recommend systemic heparinization and contin-
uous heparinized saline flushing of the tip hole of the balloon
catheter to prevent thrombus formation. Furthermore, PA injury
induced by a PA catheter has been reported, particularly by Swan-
Ganz catheters."”™” This may be caused by over-inflation of the
balloon or inadvertent partial inflation of the balloon in a small
branch vessel. When performing the UPAO test in patients with
pulmonary hilar tumours, the possibility of tumour invasion to
the right or left PA needs to be considered. In the present study,
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stenosis of the PA due to nodal enlargement or a tumour was
detected in 7 out of 91 patients (7.7%). Cautious manipulation
of the balloon catheter and appropriate inflation of the balloon
is important to avoid PA injury. In the present study, one patient
who underwent pneumonectomy after passing the UPAO test
developed pulmonary hypertension 70 months later; his mean
PAP after 15 min after balloon inflation was 23 mmHg. Since this
only occurred in one out of the 53 patients who underwent pneu-
monectomy or pleuropneumonectomy after passing the UPAO
test (1.9%), its incidence was low. Therefore, the threshold of this
test appears to be appropriate; but the results obtained indicate
that the UPAO test does not definitely predict the absence of
post-operative pulmonary hypertension. Finally, limitations of
this study include the relatively short follow up on some patients.

In conclusion, the UPAO test is a useful additional investigation
to be considered in the pre-operative evaluation of pneumonec-
tomy or pleuropneumonectomy for lung or pleural tumours and
has a high technical success rate. Careful procedure technique is
required to avoid major complications.
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