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Abstract: Acute interstitial pneumonia (AIP) is a rare
idiopathic interstitial lung disease with rapid progressive
respiratory failure and high mortality. In the present
report, three cases of AIP complicated by refractory
respiratory failure supported with extracorporeal
membrane oxygenation (ECMO) are presented. One
male and two female patients (ages 27–59) were
included. Venovenous ECMO support was provided
using miniaturized systems, with two-site femoro-jugular
circuit configuration. Despite lung protective ventilation,
prone position and neuromuscular blockade, refractory
respiratory failure of unknown etiology supervened
(ratio of arterial oxygen partial pressure to fractional
inspired oxygen 46–130) and ECMO was initiated
after 3–7 days of mechanical ventilation. AIP diagnosis
was established after exclusion of infectious and
noninfectious acute respiratory distress syndrome on the
basis of clinical and analytical data, bronchoalveolar
lavage analysis and lung imaging, with a confirmatory
surgical lung biopsy revealing diffuse alveolar damage of
unknown etiology. Immunosuppressive treatment consisted
in high-dose corticosteroids and cyclophosphamide in
one case. Two patients survived to hospital discharge.
ECMO allowed AIP diagnosis and treatment in the
presence of refractory respiratory failure, therefore
reducing ventilator-induced lung injury and bridging lung
recovery in two patients. ECMO referral should be
considered in refractory respiratory failure if AIP is sus-
pected. Key Words: Acute interstitial pneumonia—
Acute respiratory distress syndrome—Extracorporeal
membrane oxygenation—Acute respiratory failure.

Acute interstitial pneumonia (AIP) is a rare idi-
opathic interstitial lung disease, first described in
1965 by Hamman and Rich (1). It has a poor prog-
nosis with a mortality >50% in the first 2 months
after disease onset (2). It mostly occurs in previ-
ously healthy individuals without lung disease, has
neither gender predominance nor association with
smoking habits and can occur at any age with a
mean age occurrence of 50 years (2). The onset of
AIP is usually rapid, with a prodromal illness that
typically lasts 7–14 days prior to presentation (3,4).
The most common presenting signs and symptoms
are fever, cough, and progressive severe shortness
of breath, affecting 75, 79, and 90%, respectively
(3,5,6). The majority will have hypoxemia at pre-
sentation and most will require intubation and
mechanical ventilation within a few days. Patients
may also report prodromal symptoms of myalgias,
arthralgias, chills, and malaise (2). However, the
clinical and radiological presentation of AIP is
nonspecific, frequently mimicking acute respiratory
distress syndrome (ARDS) and the term idiopathic
ARDS appears to be quite appropriate (2). There-
fore, diagnosis requires a confirmatory lung biopsy
showing a diffuse alveolar damage (DAD) histo-
logic pattern. Known causes of DAD such as infec-
tion, acute exacerbation of idiopathic pulmonary
fibrosis, acute hypersensitivity pneumonitis, con-
nective tissue disorders, drug toxicity, aspiration,
inhalants toxins, and pancreatitis need to be
excluded in order to establish the diagnosis of
AIP (7).

Extracorporeal membrane oxygenation (ECMO),
referring to an extracorporeal circuit that directly
oxygenates and removes carbon dioxide from the
blood, may be considered in refractory respiratory
failure when positive-pressure ventilation alone is
insufficient to maintain adequate gas exchange, or
when adherence to lung-protective ventilation strat-
egies, neuromuscular blockade, prone position, and
conservative strategy of fluid management results in
unacceptable levels of hypoxemia, hypercapnia, and
acidemia (8). In most cases of ECMO for severe
acute respiratory failure, venovenous ECMO is uti-
lized, in which blood is withdrawn from and
returned to a central vein (9). Recently, there has
been increasing interest in ECMO as a result of

doi: 10.1111/aor.13075

Received July 2017; revised August 2017; accepted October
2017.

Address correspondence and reprint requests to Gabriela
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advances in extracorporeal technology, with more
efficient oxygenators and lower rates of complica-
tions, along with multiple reports of improved sur-
vival with ECMO for severe ARDS (10–13).

The use of ECMO for acute respiratory failure
in interstitial lung disease is controversial (14),
with reports of ECMO for refractory respiratory
failure in AIP uncommon (15). To widen the
knowledge in this field, a series of three cases of
AIP complicated by refractory respiratory failure is
presented in detail, with an emphasis on the role
of ECMO as a bridge to definitive diagnosis and
treatment initiation, as well as to eventual native
lung recovery.

PATIENTS AND METHODS

The Ethics Committee of the Hospital S. Jo~ao
approved the study and waived the requirement
for patient consent.

Case 1
A 27-year-old woman with a past medical history

of obesity presented with 1-week of odynophagia,
fever, and purulent cough that persisted despite
antibiotic therapy with levofloxacin (Supporting
Information Table S1). She evolved with prostra-
tion, asthenia, worsening dyspnea and went to the
emergency department of a secondary hospital. On
admission she was alert and had a respiratory rate
of 30–40 breaths per minute, peripheral saturation
of 56% breathing air, crackles in the right hemi-
thorax, blood pressure 110/60 mm Hg, heartbeat of
110 pm, and a tympanic temperature of 39.58C.
Arterial blood gas analysis showed severe respira-
tory failure (pH 7.50, PaO2 17 mm Hg, PaCO2

32 mm Hg, and HCO2
3 26 mEq/L). Blood tests

revealed an elevated C-reactive protein (129 mg/
dL), normal white blood count and no renal,
hepatic or hematological dysfunction. Chest X-ray
showed consolidation of the right pulmonary base.
A provisional diagnosis of severe community-
acquired pneumonia (CAP) was made and antibi-
otic treatment with meropenem and oseltamivir
started. The patient was then intubated and trans-
ferred to our hospital for ICU admission. Severe
respiratory failure (pH 7.46, PaO2 46 mm Hg,
PaCO2 38 mm Hg, and HCO2

3 24 mEq/L) per-
sisted after adjustment of mechanical ventilation
(fraction of inspired oxygen [FiO2] of 100%, posi-
tive end-expiratory pressure [PEEP] of 15 cm
H2O, tidal volume of 380 mL, respiratory rate of
22 cpm, and plateau pressure of 29 cm H2O).
Chest X-ray showed an evolving consolidation of

the right and of the inferior two-thirds of the left
lungs (Fig. 1). Neuromuscular blockade and prone
position were then initiated with no patient
improvement (Supporting Information Table S2).
Antibiotics were later changed to piperacillin/tazo-
bactam, azithromycin, and oseltamivir was main-
tained. Cultural and noncultural microbiological
results from BAL were negative, including virus
and atypical agents. Oseltamivir was stopped and
the antibiotics were kept for 8 and 5 days, respec-
tively. The clinical status continued to worsen and
a chest CT scan was performed, showing diffuse
bilateral ground glass pattern and inferior lobar
consolidation. At Day-6 of invasive mechanical
ventilation, refractory hypoxemia under aggressive
mechanical ventilation persisted and venovenous
ECMO was then initiated (23-Fr. outflow can-
nula—from the patient—in the femoral vein and a
17-Fr. inflow cannula—to the patient—in the inter-
nal jugular vein) (Supporting Information Table
S3). A surgical lung biopsy was performed on the
ECMO Day-2 revealing DAD pattern in organiz-
ing phase (Fig. 2), with negative microbiological
and cancer results (Supporting Information Table
S4). Immunosuppressive therapy was started with
methylprednisolone (1 g/day during 5 days and
then 2 mg/kg/day) and intravenous cyclophospha-
mide (2 g/month), on ECMO Day-3. Right hemop-
neumothorax developed as a consequence of the
lung biopsy and was managed with chest tubes
(two) and hematologic support. After 15 days of
progressive improvement on ECMO, decannula-
tion was safely performed and the patient weaned
from invasive mechanical ventilation in the next 5
days. She was then transferred to a level II-ICU on
ICU Day-28, where she stayed for more than 11
days, recovering from critical illness myopathy and
residual respiratory failure, and treating a recur-
rent pneumothorax and Proteus mirabilis acute
pyelonephritis (5 days meropenem). Later she was
transferred to the pulmonology ward where respi-
ratory failure fully resolved, completing 51 days of
hospital stay. Currently she remains without respi-
ratory symptoms and without any immunosuppres-
sive therapy, after a 2-year course of azathioprine.

Case 2
A 59-year-old man with a past medical history of

ulcerative colitis managed with mesalazine and
prednisolone, came to our Emergency Department
with a 3-day history of progressive worsening dys-
pnea, asthenia, and dry cough (Supporting Infor-
mation Table S1). On admission, he presented a
respiratory rate of 30–40 breaths per minute,
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peripheral saturation of 70% breathing air, and
diminished breath sounds and crackles in both lung
bases on auscultation. He was alert and hemody-
namically stable, with a tympanic temperature of
38.48C. Arterial blood gas analysis showed severe
respiratory failure (pH 7.45, PaO2 35 mm Hg,
PaCO2 33 mm Hg, and HCO2

3 25 mEq/L). Blood
tests revealed leukopenia (WBC 3000/mm3), ele-
vated C-reactive protein (91 mg/dL) and no renal,
hepatic or hematologic dysfunction. Chest X-ray
showed heterogeneous infiltrates in both inferior
halves of the lungs (Supporting Information Fig.
S1). A provisional diagnosis of CAP was made and
treatment with ceftriaxone, azithromycin, and osel-
tamivir started, together with ICU admission for
noninvasive mechanical ventilation support. Due to
negative cultural and noncultural microbiological
results and confirmation of recent exposure to
prednisolone, antibiotics were changed to piperacil-
lin/tazobactam plus azithromycin. The patient
evolved with worsening respiratory failure despite
invasive mechanical ventilation, neuromuscular
blockade, prone position, negative fluid balance,
and an attempt of protective ventilator strategy

with permissive hypercapnia. On ICU Day-5,
ECMO was started (Supporting Information Table
S3). A flexible bronchoscopy showed no signs of

FIG. 2. Lung biopsy of Patient 1: Diffuse alveolar damage with
uniform-appearing widening of alveolar septa by fibrosis and
pneumocytes hyperplasia (hematoxylin and eosin-stained sec-
tion; 3100). [Color figure can be viewed at wileyonlinelibrary.
com]

FIG. 1. Chest X-ray (A) and thoracic computed tomography (B) at admission and chest X-ray of the last pulmonology consultation of
Patient 1. (A) Consolidation of the right and of the inferior two-thirds of the left lungs. (B) Diffuse bilateral ground glass pattern and
inferior lobar consolidation. (C) Complete resolution of bilateral infiltrates.
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typical and atypical infections and the microbiolog-
ical (cultural and noncultural) and histologic results
were unrevealing. Bronchoalveolar lavage fluid
showed neutrophil predominance with mild eosino-
philia (11%) and no lymphocytosis. A right pneu-
mothorax subsequent to bronchoscopy led to
pleural drain insertion. A thoracic CT-scan per-
formed on ECMO Day-3 showed right pneumotho-
rax with well-placed drain, minor bilateral pleural
effusion, inferior and superior lobes consolidation
with a ground glass pattern in the remaining paren-
chyma (Supporting Information Fig. S1). A surgical
lung biopsy was performed on ECMO Day-9 show-
ing pulmonary parenchyma with DAD pattern in
organizing phase (Supporting Information Fig. S2),
with negative microbiological, and cancer results.
Methylprednisolone was then started (2 mg/kg/day)
and the patient evolved favorably in the next days,
being successfully decannulated on ECMO Day-15.
He stayed for more 16 days in the ICU due to dif-
ficult mechanical ventilation weaning associated
with a bronchopleural fistula and ICU-acquired
weakness. He was transferred to a level II-ICU on
ICU Day-37, where he stayed for 22 days and was
transferred to an internal medicine ward on Hospi-
tal Day-59, and 7 days later he was transferred to a
rehabilitation center. Currently he remains on hos-
pital follow-up as a rheumatology and gastroenter-
ology outpatient, with no respiratory symptoms.

Case 3
A 56-year-old woman with a past medical history

of unilateral renal agenesis and major depressive
disorder treated with quetiapine, sertraline, clomip-
ramine, and lorazepam, went to the emergency
department of a secondary hospital with a 3-day his-
tory of fever, dry cough, dizziness, and respiratory
difficulty (Supporting Information Table S1). On
admission she was alert with a respiratory rate of
30–40 breaths per minute, presented a peripheral
saturation of 81% with a nonrebreathing facemask
with reservoir (FiO2 �85%), crackles on the right
hemithorax and presented hemodynamic stability.
Arterial blood gas analysis showed severe respira-
tory failure (pH 7.41, PaO2 48 mm Hg, PaCO2

41 mm Hg, and HCO2
3 26 mEq/L). Blood tests

revealed normal white blood count (with neutro-
philia), elevated C-reactive protein (350 mg/dL),
and no renal, hepatic, or hematological dysfunction.
Chest X-ray showed diffuse bilateral infiltration
(Supporting Information Fig. S3). A provisional
diagnosis of severe CAP was made and ceftriaxone,
azithromycin, and invasive mechanical ventilation
initiated with the following parameters: FiO2 of

100%, PEEP of 14 cm H2O, tidal volume of 420 mL,
respiratory rate of 24 cpm and plateau pressure of
32 cm H2O. Cultural and noncultural microbiologi-
cal results were negative. She evolved with persis-
tent hypoxemia refractory to prone position,
neuromuscular blockade, recruitment maneuvers,
and negative fluid balance. ECMO was started (Sup-
porting Information Table S3) in loco on ICU Day-
7, followed by patient transport to our hospital. Rest
ventilation was initiated and antibiotic sustained for
a total of 8 days, according to negative microbiologi-
cal results. She persisted on ECMO with multiorgan
dysfunction and with an increasing inflammatory
syndrome. Vesicles and ulcers developed on the oral
mucosa and acyclovir initiated after a blood positive
molecular result to Herpes simplex virus 1. The
patient showed no signs of improvement and a tho-
racic and abdominal CT scan showed extended areas
of consolidation and ground glass pattern more exu-
berant in the inferior pulmonary lobes. A surgical
lung biopsy (access by minithoracotomy, with chest
tube insertion under direct visualization) was held,
revealing a morphologic picture of DAD in organiz-
ing phase (Supporting Information Fig. S4), without
evidence of infection or cancer. Methylprednisolone
(1 g/day in the first 5 days, then 2 mg/kg/day) was
started. The patient developed signs of intubation
associated pulmonary infection and imipenem plus
vancomycin were initiated. Multiresistant Acineto-
bacter baumannii (only susceptible to imipenem and
aminoglycosides) was isolated in bronchial lavage,
and combined therapy with meropenem plus sulbac-
tam initiated. A bronchopleural fistula with a persis-
tent pneumothorax developed, despite multiple
chest tube placements. A massive hemothorax
emerged and the patient was disconnected from the
ventilator during 3 days, remaining on ECMO, in a
conservative attempt to solve the hemopneumo-
thorax, without success. A surgery (access by right
lateral thoracotomy) was tried for closure of the fis-
tula and clot removal, but during the procedure tis-
sues were very friable and marked blood loss was
seen, forcing massive blood transfusion. After sur-
gery the patient was admitted in the ICU in circula-
tory shock and progressive multiple organ failure.
Withdrawal of ECMO in anticipation of death was
then performed on ECMO Day-73.

DISCUSSION

In the present report, we describe three patients
with AIP complicated by refractory respiratory
failure and rescued with venovenous ECMO.
ECMO allowed minimization of further ventilator-
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induced lung injury and the prosecution of a diag-
nostic work-up that included a surgical lung biopsy,
bridging the patient to a definitive diagnosis,
immunosuppressive treatment, and lung recovery
in two patients.

All three patients had no previous lung disease,
did not smoke and had an acute onset of disease,
although with shorter median times for dyspnea
development than those usually presented in the
literature (2). The evaluation on hospital admission
highlights severe acute respiratory failure with an
accompanying inflammatory syndrome, without
hemodynamic instability or other concomitant
major organ dysfunction. The chest X-rays showed
alterations consistent with pneumonia, and this
diagnosis was erroneously made, leading to an
inadvertent use of antibiotics and delaying defini-
tive diagnosis. The diagnostic work-up for AIP is
very laborious, requiring the exclusion of other dis-
eases, and requiring a confirmatory lung biopsy
revealing DAD of unknown etiology (7).

Trudzinski et al. (15) recently published a retro-
spective analysis of 40 patients with interstitial lung
disease and acute respiratory failure, of which 21
received ECMO support. Given the high mortality
of patients treated with ECMO that did not undergo
lung transplantation (93.3%), the authors concluded
that ECMO is a lifesaving option for patients with
interstitial lung disease and acute respiratory failure
provided they are candidates for lung transplanta-
tion. However, in this relevant case series, only two
patients that received ECMO support had AIP. In
our case series, two patients survived without respi-
ratory insufficiency suggesting that in the specific
case of AIP complicated by acute respiratory failure,
ECMO support should also be considered a bridge-
to-recovery. In fact, interstitial lung diseases are a
broad category of lung diseases of varied causation,
treatment, and prognosis.

Controversies exist regarding the need and safety
of lung biopsy in ICU patients, in an era of better
laboratory expertise and techniques that can contrib-
ute to a more accurate diagnosis in the majority of
pulmonary diseases. However, lung biopsies are still
highlighted as the only way to establish a definitive
diagnosis in some patients, namely those with persis-
tent ARDS with negative blood and BAL results,
with potential impact on treatment decisions and out-
come (16). The most frequent complications of lung
biopsies are pneumothorax, low-grade air leak, and
hemothorax (16). This is particularly relevant during
ECMO support, given the higher risk of these
patients for bleeding complications. That was the case
of Patient 3 in which lung biopsy complicated with

bronchopleural fistula, persistent pneumothorax, and
massive hemothorax, with a direct negative impact in
clinical outcome. In this context, and given the
absence of relevant findings after a very thorough
diagnostic workup in our patients, a valid alternative
clinical strategy could eventually have been one of
immunosupressants without performing a lung biopsy.

There is no proven effective treatment for AIP
(2). In patients requiring invasive mechanical venti-
lation a lung-protective strategy consisting of tidal
volumes less than 6 mL/kg predicted body weight
and a plateau pressure below 30 cm H2O is recom-
mended in order to minimize ventilator-induced
lung injury, as in ARDS (17). Regarding the phar-
macological treatment, the use of glucocorticoids
remains controversial (2). The use of high dose ste-
roids in the treatment of AIP is based on a lower
mortality described in lupus pneumonitis (6) and
ARDS (7). However, some authors have not found
benefits of glucocorticoid therapy in the treatment
of AIP (18). In this regard, high-dose steroids were
used in all three patients, with steroid pulse ther-
apy given only in patients 1 and 3. Some authors
advocate the addition of immunosuppressive ther-
apy, such as cyclophosphamide or vincristine in
AIP (3). In our study, additional immunosuppres-
sive therapy with cyclophosphamide was performed
on Patient 1. Of note, patients 1 and 2 improved
under high-dose steroids. This favorable clinical
response to immunosuppressive treatment could be
particularly relevant, given that AIP is a type of
idiopathic interstitial pneumonia without clinical,
serologic, and morphologic autoimmune features,
such as those observed in interstitial pneumonia
with autoimmune features (IPAF) (19).

CONCLUSIONS

Our report highlights the potential role of
ECMO support in the diagnosis and management
of suspected acute interstitial pneumonia compli-
cated by refractory respiratory failure. ECMO
allowed minimization of ventilator-induced lung
injury and establishment of AIP diagnosis, bridging
the patients to definitive diagnosis, immunosup-
pressive treatment, and eventual native lung recov-
ery. Therefore, our results suggest a role for
ECMO support in patients with acute and poten-
tially reversible interstitial lung diseases compli-
cated by refractory respiratory failure as a bridge
to native lung recovery, in addition to its use as a
bridge to lung transplantation in progressive inter-
stitial lung diseases.
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SUPPORTING INFORMATION

Additional Supporting Information may be found
in the online version of this article at the publish-
er’s web-site:

FIG. S1. Chest X-ray (A) at admission at the
emergency room, thoracic computed tomography
(B) pre-ECMO, and chest X-ray of the last rheu-
matology consultation of Patient 2. (A) Heteroge-
neous infiltrates in both inferior halves of the
lungs. (B) Diffuse bilateral ground glass pattern
with lobar consolidation and right pneumothorax.
(C) Complete resolution of bilateral infiltrates.
FIG. S2. Lung biopsy of Patient 2: Diffuse alveolar
damage with alveolar collapse with interstitial
fibroblast proliferation (hematoxylin and eosin-
stained section; 340).
FIG. S3. Chest X-ray (A) at Centro Hospitalar S~ao
Jo~ao admission, first (B) and fourth (C) day after
admission. Thoracic computed tomography and
last chest X-ray of Patient 3. (A) Diffuse bilateral
infiltration. (B) Extended areas of consolidation
and ground glass pattern more 20 exuberant in the
in the inferior pulmonary lobes. (C) Persistent
pneumothorax with hemothorax and persistent
consolidation. (D) Diffuse bilateral infiltration.
FIG. S4. Lung biopsy of Patient 3: Diffuse alveolar
damage with extensive interstitial fibroblast prolif-
eration along with alveolar collapse and scant
inflammatory cells (hematoxylin and eosin-stained
section; 3100).
Table S1. Clinical presentation, diagnosis, and out-
come of patients with AIP.
Table S2. ICU admission and treatment.
Table S3. Venovenous ECMO specifications.
Table S4. Diagnostic work-up for acute interstitial
pneumonia.
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