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We report the case of an adult patient with idiopathic pneumonia syndrome following allogeneic
hematopoietic stem cell transplantation, which was successfully managed with venovenous extracorporeal membrane oxygenation (ECMO) and immunosuppressive therapy. A 30-year-old man
with precursor B cell acute lymphocytic leukemia had received chemotherapy 10 years previously,
with complete remission. He underwent allogeneic hematopoietic stem cell transplantation 4 months
prior to enrollment, owing to leukemia relapse. One hundred thirty days post-transplant the patient
developed shortness of breath, nonproductive cough, and low-grade fever for 1 week. He subsequently developed acute hypercapnic and hypoxic respiratory failure that was unresponsive to
conventional medical therapy. He was successfully managed with venovenous ECMO for 19 days,
with complete resolution of his respiratory symptoms. Thus, judicious use of ECMO as a bridge
before steroid and other conventional therapy take effect in patients with isolated respiratory
failure appears justified. Key words: idiopathic pneumonia syndrome; extracorporeal membrane oxygenation; hematopoietic stem cell transplantation; respiratory failure; adult; acute lymphocytic leukemia.
[Respir Care 2013;58(2):e6 –e10. © 2013 Daedalus Enterprises]

Introduction
Allogeneic hematopoietic stem cell transplantation
(HSCT) is a curative treatment option for a variety of
hematological disorders. Pulmonary complications develop
in 25– 60% of HSCT recipients and account for approximately 50% of transplant-related deaths.1–3 Pulmonary
complications after HSCT include infectious or noninfectious causes, defined as early or late, according to the
time of onset after transplant. Idiopathic pneumonia syndrome describes a clinical entity of diffuse lung injury that
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occurs around 90 days post-transplant and for which no
infectious cause can be identified.4
Venovenous extracorporeal membrane oxygenation
(VV ECMO) can provide temporary lung function in patients with potentially reversible respiratory failure, while
waiting for a response to conventional therapy. ECMO
may be used as salvage therapy in critical patients with
refractory gas-exchange failure. A multicenter trial study
has demonstrated that ECMO can improve survival in adult
patients with severe respiratory failure, whose Murray
scores exceed 3.0 or who have a pH of ⬍ 7.2.5 Adult
patients with malignancy and who develop respiratory or
cardiac failure can be offered ECMO with a small but
realistic expectation of survival.6
We describe the successful use of VV ECMO in an
adult patient who developed idiopathic pneumonia syndrome with intractable respiratory failure after undergoing
HSCT. To our knowledge, this is the first case in which
VV ECMO was successfully used to remedy post-HSCT
idiopathic pneumonia syndrome in an adult patient.
Case Report
A 30-year-old man with precursor B cell acute lymphocytic leukemia received chemotherapy 10 years ago, re-
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sulting in complete remission. He had undergone allogeneic HSCT 4 months previously, following leukemia
relapse. The immunosuppressant agent cyclosporine was
administered post-transplant, and the dose was gradually
tapered over 4 months, from 800 mg/d to 200 mg/d.
One hundred thirty days post-transplant the patient developed a 1-week-long progressive shortness of breath,
nonproductive cough, and low-grade fever. On arrival his
blood pressure was 98/43 mm Hg, pulse rate 122 beats/
min, breathing frequency 32 breaths/min, and body temperature 38.2°C. A physical examination disclosed bilateral crackle breathing sounds, labored breathing, and
intercostal retractions. There was no maculopapular rash
on the skin. The chest radiograph revealed bilateral groundglass opacity and patchy infiltrates. The electrocardiogram
showed sinus tachycardia. Echocardiography showed good
biventricular function. The laboratory tests revealed mild
respiratory acidosis (pH 7.345, PaCO2 42.4 mm Hg, HCO3⫺
22.9 mmol/L, and PaO2 94 mm Hg under non-rebreathing
mask at 15 L/min). The white-blood-cell count was
11.9 ⫻ 103 cells/L, with 65% neutrophils, the platelet
count was 173 ⫻ 103 cells/L, and the hemoglobin level
was 11.9 g/dL.
Endotracheal intubation was performed, following progressive respiratory distress in the emergency department,
and the patient was admitted to our ICU, where he was
treated with a broad-spectrum antibacterial agent and ventilator support. On ICU day 7, ganciclovir was administered for the possibility of cytomegalovirus infection. However, the bilateral ground-glass opacity of chest radiography
persisted and all cultures of urine, blood, and sputum were
negative. The PaO2/FIO2 was 209 mm Hg and the Murray
score was 1.5 on ICU day 10. On ICU day 18, despite an
increase in peak inspiratory pressure (PIP) up to 26 cm H2O,
the worsening hypercapnia was persistent (pH 7.233, PaCO2
71.5 mm Hg, HCO3⫺ 29.5 mmol/L, PaO2/FIO2 131 mm Hg),
with a Murray score of 3. The ventilator mode was pressure regulated volume control, tidal volume was 6.2 mL/
kg, PEEP was 14 cm H2O, and FIO2 was 0.8. A highresolution computed tomography scan showed bilateral
ground-glass opacities and cylindrical bronchiectasis associated with lower lobe volume loss (Fig. 1A).
A neuromuscular blocking agent, cisatracurium, was initiated at a dose of 0.2 mg/kg on ICU day 18, and the
ventilation improved transiently. A tracheostomy was performed on ICU day 20. On ICU day 25 the patient’s condition was relatively stable, with a PaO2/FIO2 of 196 mm Hg,
a Murray score 2.6, and a PIP 30 cm H2O.
The patient’s family approved an open minimal thoracotomy with lung biopsy. The pathological report revealed
variable thickness of the alveolar wall, intraluminal fibroblastic tissue, diffuse uniform inflammatory infiltrates of
lymphocytes, and plasma cells in the interstitial fluid. The
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Fig. 1. A: High-resolution computed tomography scan shows bilateral ground-glass opacities and cylindrical bronchiectasis associated with lower lobe volume loss. B: Chest radiograph immediately after cannulation for venovenous extracorporeal membrane
oxygenation on ICU day 28 reveals sharply deteriorated bilateral
ground-glass opacities and patchy consolidations.

pathological report was consistent with non-specific interstitial pneumonia. No evidence of malignancy or leukemia
relapse was noted by microscopy. In addition, no bacterial,
fungal, or viral infection was found on specimen examination, culture, or by polymerase chain reaction. On ICU
day 26, steroid therapies, consisting of intravenous methylprednisolone (1,000 mg/d), were administered for 3 consecutive days and followed with 2 mg/kg/dose every
12 hours. However, the refractory hypercapnic and hypoxemic respiratory failure further worsened on ICU day 27
(PaCO2 reaching 125 mm Hg and PaO2/FIO2 89 mm Hg,
Murray score 3.75, lung compliance 8 mL/cm H2O) under
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Fig. 2. Schematic representations of the clinical course and ventilator settings in the ICU. A: Ventilator settings and blood gas values from
ICU days 1 through 27. B: Ventilator and extracorporeal membrane oxygenation (ECMO) settings from ICU days 27 through 45. PIP ⫽ peak
inspiratory pressure. FDO2 ⫽ fraction of delivered oxygen to the oxygenator.

the ventilator settings PIP 35 cm H2O, breathing frequency
35 breaths/min, PEEP 18 cm H2O, and FIO2 1.0.
We decided to add VV ECMO support for lung rest
while waiting for the patient’s response to steroid therapy. In the ICU, the right femoral vein was cannulated
with a 23 French cannula for venous drainage, and a 21
French cannula inserted into the right internal jugular
vein, for return of oxygenated blood. The circuit consisted of a centrifugal pump (Biomedicus 560, Medtronic,
Minneapolis, Minnesota) and an oxygenator (Affinity NT,
Medtronic, Minneapolis, Minnesota). The patient was anticoagulated with heparin to maintain an activated clotting
time of 160 –180 s. The patient received low-dose dopamine and a 4 unit packed red blood products transfusion
for the transient hypotension (50/30 mm Hg) while the
ECMO was starting. Dormicum and cisatracurium were
used for sedation during cannulation. The chest radiograph taken immediately after cannulation for VV ECMO
revealed sharply deteriorated bilateral ground-glass opacities and patchy consolidations (see Fig. 1B). ECMO
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was started with a median extracorporeal blood flow of
3.34 L/min and a gas flow of 7 L/min of 100% oxygen.
The patient’s initial “resting” ventilator setting was tidal
volume 4 mL/kg, FIO2 0.50, PIP 25 cm H2O, PEEP
10 cm H2O, breathing frequency 10 breaths/min, and
pressure-control mode.
On ICU day 32 we were able to progressively reduce
the extracorporeal blood flow to 1.98 L/min, the gas flow
to 4 L/min of 70% oxygen, and the ventilator settings to
FIO2 0.4, PIP 20 cm H2O, PEEP 8 cm H2O, and pressuresupport mode. The lung compliance increased to 14 mL/
cm H2O. On ICU day 36, further reduction of ECMO
settings occurred, to extracorporeal blood flow of 1.7 L/
min and gas flow of 1 L/min of 35% oxygen, with the lung
compliance at 18 mL/cm H2O. Methylprednisolone weaning involved a slow taper to a dose of 1 mg/kg/d at the
time of ICU discharge.
On ICU day 43 the follow-up chest radiograph revealed
resolution of bilateral ground glass under steroid therapy.
No obvious changes of the ventilator settings occurred
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over the next few days. On ICU day 40, breathing trials
were attempted without ECMO support. On ICU day 45
the PaO2/FIO2 could be maintained at 200 mm Hg under PIP
of 24 cm H2O, PEEP of 8 cm H2O, FIO2 0.35, and breathing frequency of 12 breaths/min, with pressure-support
mode, without ECMO support. We successfully discontinued ECMO and sedation, without ECMO-related complications, and placed the patient back on conventional
ventilation with an FIO2 of 0.4. The steroid therapy shifted
to oral prednisolone (0.8 mg/kg/d) for 2 months. The patient was weaned to a ventilator and discharged from the
ICU with a good clinical recovery on ICU day 52. Figure 2
illustrates a schematic representation of the clinical course
and ventilator settings in the ICU. Six months later the
patient was still alive and in good condition.
Discussion
The outcome of infectious pulmonary complications after HSCT has recently improved, resulting from advances
in antimicrobial therapy, including those against invasive
fungal infection.7 However, late-onset noninfectious pulmonary complications after HSCT still remain potentially
life threatening for HSCT recipients.8 In this case, ECMO
support with immunosuppressive therapy was used to rescue idiopathic pneumonia syndrome post-HSCT with intractable hypercapnic and hypoxemic respiratory failure.
ECMO provided a period of lung rest while waiting for the
patient’s response to immunosuppressive therapy.
Late-onset noninfectious pulmonary complications generally describe various pathologies that start to appear
around 90 days after transplant, and include bronchiolitis
obliterans, bronchiolitis obliterans with organizing pneumonia, and idiopathic pneumonia syndrome.9 Breathlessness, a nonproductive cough, hypoxemia, and non-lobar
radiographic infiltrates are classic presentations of idiopathic pneumonia syndrome.10 Fever is present in a minority of patients.10 The appearances of idiopathic pneumonia syndrome on high-resolution computed tomography
are bilateral, symmetric, lower lobe peripherally predominant ground-glass opacity with traction bronchiectasis,
and lower lobe volume loss.10 The key histopathologic
features of idiopathic pneumonia syndrome are the uniformity of the interstitial inflammation, which consists mainly
of lymphocytes and some plasma cells. The alveolar wall
has varying degrees of fibrosis but no honeycombing, as
seen in the usual interstitial pneumonia.10 Possible causes
of idiopathic pneumonia syndrome include chemoradiation damage, unrecognized infection, and immunologically
mediated injury related to graft versus host disease.11
The overall survival rate of HSCT recipients with
late-onset noninfectious pulmonary complications is significantly worse than HSCT recipients without late-onset
noninfectious pulmonary complications.12 The treatment
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response rate is quite low in patients with idiopathic pneumonia syndrome.13 Once patients have developed lateonset noninfectious pulmonary complications, early steroid administration is significantly associated with a better
final outcome. The recommended dosage of corticosteroid
is 0.5–1.0 mg/kg, as soon as possible after an infectious
etiology has been excluded.12 However, the time period
of reversibility of pulmonary damage after administering
steroid therapy is difficult to predict. In our patient, steroid
therapy was not administered early in the course of the
disease because of the patient’s persistent low-grade fever,
patchy infiltrate on chest radiography, and the immunocompromised status. Atypical pathogenic, fungal, and viral infections were still considered, and immunosuppressive therapy was delayed until complete lung specimen
examination was performed. Although steroid therapy was
started immediately after diagnosis of idiopathic pneumonia syndrome in our patient, it was too late to take effect
in this critical situation. In order to save the patient, who
had isolated respiratory failure, VV ECMO was used and
served as a stopgap measure until conventional treatment
could take effect.
A variety of therapies have been attempted to improve
adult respiratory failure outcomes, including lower tidal
volumes, recruitment maneuvers, high frequency oscillation, corticosteroids, inhaled nitric oxide, prone position,
and aerosolized surfactant.14,15 In patients failing all
conventional and alternative methods of treatment,
ECMO has been proposed.6 VV ECMO can supply oxygenation and ventilation, and thus it lowers the ventilator
settings and can prevent oxygen toxicity and high airway
pressure-related lung damage. The use of VV ECMO is a
rescue therapy in patients with acute, reversible, and lifethreatening respiratory failure who have been unsuccessful
with all advanced modes of mechanical ventilation.
As determined by the Extracorporeal Life Support Organization, adults with malignancy and respiratory or cardiac failure can be offered ECMO with a small but real
expectation for survival.6 A series of 72 adults with a
diagnosis of malignancy, who developed cardiac or pulmonary failure requiring ECMO, were studied. Of these,
44 patients (61%) died while on their ECMO treatments,
23 (32%) survived to hospital discharge, and 5 (7%) survived ECMO but died before discharge. Among the 72
patients, 4 patients had undergone HSCT. Two of the 4
patients survived to discharge. The survival to discharge
appears greater than the previously perceived outcomes in
cancer patients with cardiopulmonary failure, which has
been associated with a historically high risk of mortality.6
More recent case reports have demonstrated that ECMO is
life-saving in post-HSCT pediatric patients with diffuse
alveolar hemorrhage, bronchiolitis obliterans, and severe
bronchiolitis.16 –18 Reports of ECMO implantations in postHSCT adult patients have been somewhat limited. How-
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ever, when clinicians are considering ECMO, placing them
earlier may be helpful in reducing lung injury. The ideal
“resting” ventilator setting and weaning strategy for patients with severe respiratory failure, who are receiving
ECMO, are still unknown. However, PIP of 20 –25 cm H2O,
breathing frequency of 10 breaths/min, and adequate PEEP
of 8 –15 cm H2O have been suggested by experts.5,19,20
Offering ECMO in post-HSCT patients with respiratory
failure poses ethical dilemmas to clinicians and families.
Clinicians need to have detailed discussions with families,
presenting them with the current research on ECMO before proceeding. Judicious use of this technology in patients with isolated respiratory failure in a center with
established expertise in ECMO appears justified.
We report an adult post-HSCT patient with idiopathic
pneumonia syndrome, who was successfully managed with
ECMO and immunosuppressive therapy. Judicious use of
ECMO in patients with isolated respiratory failure may
serve as a bridge before steroid and other conventional
therapies take effect. Our experience has the potential to
improve the care of respiratory failure in HSCT recipients.
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