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ARDS remains a lethal complication after major lung resections. The reported mortality ranges
from 50% to 100%, with increased incidence and mortality rates in pneumonectomy patients. The
pathogenesis of early ARDS is still not fully understood, and the majority of patients will require
mechanical ventilation. A review of the literature reveals that the role of noninvasive ventilation
(NIV) in ARDS after lung resection is unclear, in contrast to its well established benefits in other
types of respiratory failure. NIV is a technique of augmenting alveolar ventilation delivered by face
mask, without introducing an endotracheal tube. NIV may reduce the need for endotracheal me-
chanical ventilation and improve clinical outcome in patients with acute respiratory failure after
lung resection, avoiding complications related to intubation. We present a case of early ARDS
following left-sided pneumonectomy, where bi-level positive airway pressure ventilation prompted
a successful outcome. Key words: ARDS; post-pneumonectomy edema; post-pneumonectomy lung in-
jury; acute respiratory failure; noninvasive ventilation; bi-level positive airway pressure; endotracheal
intubation; mechanical ventilation. [Respir Care 2012;57(9):1514–1516. © 2012 Daedalus Enterprises]

Introduction

Despite improvements in patient selection and in surgi-
cal, anesthetic, and critical care management, lung injury
remains a leading cause of death from major pulmonary
resection.1 This complication has most commonly been
described after pneumonectomy,2 with a range of reported
incidence, due to variability in lung injury definition.1

The incidence of ARDS, the most severe form of lung
injury, after lung resection is 2–5%, and post-pneumonec-
tomy increases the occurrence up to 4–15%.1-4 Patients
with ARDS require ventilatory assistance, usually escalat-
ing to endotracheal intubation and mechanical ventilation
(ETMV), which is associated with increased mortality rate.

Noninvasive ventilation (NIV) is an effective technique
of augmenting alveolar ventilation delivered by face mask,
for improving gas exchange and avoiding ETMV, in se-
lected patients with acute respiratory failure (ARF). The
highest success rates are recorded in patients with exacer-
bation of COPD, particularly in patients presenting pri-
marily with hypercarbic ARF.5 Success has been more
limited in hypoxemic ARF,5 and there are only few reports
of NIV on ARDS.6,7 Even though data exist on NIV in
ARF after lung resection, it is not clear whether all cases
meet the criteria of the American-European consensus con-
ference on ARDS.8

We report a case of early ARDS after left-sided pneu-
monectomy treated successfully with noninvasive bi-level
positive airway pressure (BPAP).

Case Report

A 75-year-old male was referred to our department suf-
fering from T2N2M0 squamous cell lung cancer. He was a
smoker with history of hypertension and negative cardiac
diagnostic studies. Preoperative spirometry values were
FEV1 2.17 L (81% of predicted) and FVC 3.21 L (90% of
predicted), whereas the predicted postoperative FEV1 was
1.2 L. The patient underwent an uncomplicated left-sided
pneumonectomy, and postoperatively was mechanically
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ventilated for 6 hours, with no need of perioperative blood
transfusion. On the first postoperative day he was trans-
ferred to the high dependence unit, hemodynamically sta-
ble, with negative fluid balance, breathing comfortably, on
4 L/min oxygen delivered through nasal cannula.

On the second postoperative day he became acutely
short of breath, and, despite treatment with diuresis and
administration of nebulized bronchodilators and intrave-
nous corticosteroids, there was a dramatic decrease of ox-
ygen saturation (to 85%) and need for increased oxygen
delivery through non-rebreathing mask at 15 L/min. Arte-
rial blood gas analysis showed severe hypoxemia: pH 7.30,
PO2

60 mm Hg, PCO2
50 mm Hg, HCO3

– 25 mEq/L. His
dyspnea quickly worsened, with respiratory rate of
35 breaths/min and active contraction of accessory respi-
ratory muscles. The chest radiograph also revealed global
infiltrates of the right lung (Fig. 1). The patient was apy-
rexial, with negative inflammatory markers. A bedside 2-di-
mensional echocardiography showed good left ventricular
function, no diastolic dysfunction, and systolic pulmonary
arterial pressure at 45 mm Hg.

BPAP was applied on spontaneous mode via full face
mask; the ventilation support system used was a Vector
Bilevel ST20 (Hoffrichter, Schwerin, Germany). The ini-
tial inspiratory positive airway pressure to achieve patient
comfort was set at 18 cm H2O, and expiratory positive
airway pressure was at 6 cm H2O, with high flow oxygen
(15 L/min) to obtain percutaneous oxygen saturation above
90%. The head of the bed was kept elevated at a 45° angle
to minimize the risk of aspiration. Within the first 2 hours
of BPAP, arterial blood gas analysis showed substantial
improvement: pH 7.41, PO2

130 mm Hg, PCO2
42 mm Hg,

HCO3
– 24 mEq/L. For 2 days BPAP was given continu-

ously, with decreased inspiratory pressure, to 16 cm H2O,
and oxygen flow at 12 L/min, and for the next 3 days

intermittently, with lowered oxygen flow at 10 L/min, de-
pending on response and for reduced duration. Our patient
was gradually able to tolerate several daily chest physio-
therapy sessions with physical manipulations and breath-
ing techniques. On the next 4 days oxygen delivery was
provided only through a simple mask at 8–10 L/min, and
for the last 2 days intermittently through a nasal cannula at
4 L/min. Even though symptoms were attenuated in the
first 3 days, radiographic findings were evident for more
than 5 days. Radiographic findings were gradually im-
proved, and the patient also had negative sputum cultures
and remained apyrexial. The patient was discharged on
postoperative day 14 without need of supplemental oxy-
gen therapy. The chest radiograph at discharge had normal
post-pneumonectomy findings (Fig. 2).

Discussion

Post-pneumonectomy lung injury is a clinical entity that
is difficult to manage and is associated with substantial
mortality. In our case, the patient met the criteria of the
American-European consensus conference on ARDS,
which include acute clinical onset, PO2

/FIO2
� 200 mm Hg,

acute pulmonary infiltrates on frontal chest radiograph,
and absence of signs of left cardiac failure.8 Echocardiog-
raphy was the only safe and reliably applied method to
assess the hemodynamic profile of our patient, since Swan-
Ganz catheterization in pneumonectomy patients can be
hazardous and also may provide misleading values of left
atrial pressure.9 The development of ARDS has been as-
sociated with certain perioperative risk factors such as
excessive fluid administration, inappropriate ventilatory
settings, and large surgical times.1-3 Available data also
suggest that decreased postoperative predicted lung func-
tion, as in our case, is an independent risk factor.3

Fig. 1. Chest radiograph at the second postoperative day shows
the global infiltrates of the right lung.

Fig. 2. Chest radiograph before discharge shows that imaging
findings have improved.
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The main objective of using NIV as a first-line inter-
vention in our patient was to avoid ETMV and subsequent
complications. A recent prospective study and retrospec-
tive evaluations of lung resection patients who required
ETMV found mortality rates ranging from 67% to 80%.10

However, although the use of NIV is well established in
ARF of non-surgical origin, data on efficacy in ARDS,
especially following major thoracic resections, are limited.
In everyday clinical practice of centers expert on NIV, no
more than 31% of patients with ARDS are treated with
NIV.7 In a comparative study on conservative treatment
with and without NIV in acute hypoxemic respiratory in-
sufficiency following lung resection, provision of NIV de-
creased the rate of ETMV from 50% to 20.8%, and in-
hospital mortality from 37.5% to 12.5%.10 Of course, 2
observational NIV studies reported an intubation rate of
50%, which was similar in ARDS of pulmonary or extra-
pulmonary origin.6,7 It has also been reported that strong
predictive factors associated with NIV failure are previous
cardiac comorbidities and no initial response to NIV. The
high severity scores and the inability to improve PO2

/FIO2

after the first hour of NIV in ARDS were independently
associated with NIV failure.7,11

Despite concerns about the early use of NIV after lung
resection, because it may negatively interfere with pleural
leaks,12 our patient had a further uncomplicated postoper-
ative course, with no NIV-related adverse outcome.

Studies on NIV with different interfaces suggest that
mask tolerance may play a role in the success rate, with an
almost full-day dependence on ventilatory support.13 We
feel that most patients can tolerate oronasal mask, as de-
livered in our patient, with the need of slight sedative
administration, should the occasion arise. Another issue is
the fact that our patient was manipulated in a high depen-
dence unit with a ventilation support system, without ox-
ygen blender. In this setting of severe post-pneumonec-
tomy hypoxemia, the FIO2

delivered was not stable and
was titrated based only on pulse oximetry.14

Despite the age of our patient, the initial need for high
levels of pressure and longer duration for weaning due to
compromised respiratory compliance, NIV was well tol-
erated and proven to be safe and effective. However, ex-
perience with NIV for this ARF etiology is less extensive.

Therefore, management in an ICU with ready availability
of intubation in case of failure is strongly recommended.
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