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ABSTRACT
Background: This study was undertaken to determine the usefulness, safety, and most appropriate timing of open lung biopsy in in-
fants and children considered for and on extracorporeal membrane oxygenation (ECMO) for respiratory failure.

Methods: A retrospective review of children referred for consideration of and placed on ECMO in our institution in the period 1996-
2002.

Results: 506 patients were referred, 15 (3%) of whom underwent antemortem open lung biopsy (eight neonatal, four paediatric, and
three cardiac patients). In the neonatal group open lung biopsy contributed to clinical decision making in all patients. Four neonates had a
fatal lung dysplasia (three alveolar capillary dysplasia and one surfactant protein B deficiency) and treatment was withdrawn. Of the other
four neonates, two had pulmonary hypoplasia, one had pulmonary lymphangiectasia, and one had meconium aspiration with mild baro-
trauma. Treatment was continued in these four patients and two survived. In the paediatric group the biopsies were of clinical relevance
in two infants with pertussis who had lung infarction on biopsy in whom treatment was withdrawn. In the other two paediatric patients
the biopsies were equivocal, treatment was continued, but both patients died. In the cardiac group, who presented perioperatively with
pulmonary hypertension, the biopsies excluded a fatal lung dysplasia and severe pulmonary vascular disease but all three infants died. One

patient had non-fatal bleeding complications.

Conclusion: Open lung biopsy is clinically most useful when performed to diagnose fatal lung dysplasias in neonates and to confirm
the presence of viable lung tissue in patients with acute lung injury due to pertussis

INTRODUCTION

Pneonates, the lung pathology is often known, reversible, and
improves rapidly with a period of lung rest— for example, meco-
nium aspiration. Secondly, patients may be considered too sick for
an open lung biopsy to be performed before ECMO, and ECMO can
provide a way to support the patient without inducing ventilator
associated lung injury while diagnosing and managing the under-
lying disease process. However, there are clear advantages in mak-
ing a histological diagnosis in some infants and children referred
for ECMO support. In neonatal respiratory failure, 6% of infants
referred for ECMO have an underlying irreversible lung dysplasia
which is incompatible with life.1 Older children may have irrevers-
ible pulmonary vascular or parenchymal disease. Open lung biopsy
with histological diagnosis could provide a way to develop logical
management pathways for patients with these conditions.

The aim of this study was to determine the usefulness, safe-
ty, and most appropriate timing of open lung biopsy in infants and
children considered for and on ECMO for respiratory failure.

METHODS

A retrospective review was performed of the records of all chil-
dren referred for and placed on ECMO who also underwent open
lung biopsy in the period 1996-2002. Patients were excluded if
their biopsy was taken after death or if it was an abnormal lobe or
lung excised at surgery for therapeutic rather than diagnostic pur-
poses. Information obtained included the age, gestation, admission
diagnosis, length of stay, timing of the biopsy, diagnosis at discharge
or death, and clinical usefulness of the biopsy. Biopsies were de-
fined as being clinically useful if they yielded a histological diagno-
sis which aided clinical management.
Neonatal ECMO

The indication for biopsy for neonates before or during their
ECMO run was to confirm or exclude the presence of a fatal lung
dysplasia (for example, a clear chest radiograph with severe hypox-
ia suggesting alveolar capillary dysplasia, a chest radiograph with
extensive alveolar shadowing suggestive of surfactant protein B
deficiency) or irreversible lung pathology (such as pulmonary hy-
poplasia or pulmonary lymphangiectasia). The aim of this strategy
was to use the results to help to decide if ECMO should be offered or

withdrawn. The purpose of the biopsies taken after decannulation
was to determine if a further period of lung rest on ECMO should be
offered or if treatment should be withdrawn.
Paediatric ECMO
The indication for biopsy for older children on ECMO com-
menced for acute hypoxaemic respiratory failure due to infection
was to try to determine the severity of the acute lung injury and
hence the potential for lung recovery. Biopsy specimens were tak-
en from these children after 14-21 days of ECMO support when no
lung recovery had occurred.
Cardiac ECMO
The indication for biopsy in patients with cardiac disease was
to determine the cause of unexplained hypoxaemia or pulmonary
hypertension when surgically remediable residual lesions had been
excluded by echocardiography or cardiac catheterisation.
SURGICAL METHODOLOGY
Before and 48 hours after performing a lung biopsy our practice
is to maintain a platelet count of .1506109/], fibrinogen .2 g/1, and
activated clotting time 160-180 s. All procedures were performed
in the intensive care unit or in the operating room under gener-
al anaesthesia. Depending on the macroscopic appearance of the
lung tissue and ease of mobilisation, operators chose differing tech-
niques to take the biopsy specimen and seal the lung. As diffuse dis-
ease was present in all cases, ease of surgical access was the prime
consideration in determining the site of the biopsy. A single biopsy
specimen was taken for histopathological examination in all cases.
The suture line was tested for air leaks and careful haemostasis was
performed. A chest drain was left in the pleural space and connect-
ed to an underwater seal drainage system.
HISTOPATHOLOGICAL METHODOLOGY
Biopsy specimens were fixed in 1% formaldehyde and em-
bedded in wax. Sections 4 mm thick were taken and stained with
haemotoxylin and eosin and van Gieson’s stain. Surfactant protein
B staining was performed using previously described immunohis-
tochemical techniques.2
RESULTS
Demographic data



During the review period (1996-2002) 310 patients were treated
with ECMO, of whom 136 were neonatal, 66 were paediatric, and
106 were cardiac. Of these, 68%, 62%, and 44% respectively sur-
vived to hospital discharge. 196 patients were also referred for con-
sideration for ECMO support but did not receive it either because
they improved with conventional management or because ECMO
was contraindicated. Of the total of 506 patients, 15 (3%) under-
went antemortem open lung biopsy and fell within the entry cri-
teria. We retrospectively reviewed the case notes and biopsy spec-
imens of these patients. Of these 15 patients, eight were neonatal,
four paediatric, and three cardiac. Three biopsies were performed
before ECMO, nine during ECMO, and three after decannulation. Of
the nine biopsies carried out while on ECMO, the median time from
ECMO cannulation to biopsy was 7 days (range 1-28 days).

Surgical considerations

A limited anterolateral thoracotomy incision was the approach
in 12 of the 15 cases. The side of the chest opened depended on
factors such as the presence of pneumothorax/ effusions or chest
drains. One of these 12 cases (case 8) was biopsied at the same
time as surgical pleurodesis was performed for uncontrolled air
leak following ECMO decannulation. Two biopsies were performed
through a midline sternotomy as part of a primary open heart sur-
gical procedure, when the possibility of additional lung pathology
had been raised due to suprasystemic pulmonary artery pressures
either preoperatively (case 15) or postoperatively (case 13). Video
assisted thoracoscopy was used in one case (case 9) while on ECMO
due to an organised haemothorax which was present before the bi-
opsy. This procedure was used for diagnostic and therapeutic pur-
poses. This patient had further haemorrhage following the biopsy
and later died from failure of lung recovery and progressive right
ventricular failure.

Clinical usefulness, safety, and timing of lung biopsies Neonatal
ECMO

All three neonates who underwent open lung biopsy before
ECMO for a suspicion of irreversible lung dysplasia had this con-
firmed. Two with persistent pulmonary hypertension of the new-
born (PPHN), clear chest radiographs, and normally compliant
lungs had alveolar capillary dysplasia (cases 2 and 3, fig 1). One
with PPHN and bilateral alveolar shadowing on the chest radio-
graph had surfactant protein B deficiency (case 1, fig 2). None of
these infants was offered ECMO support due to the irreversible na-
ture of their lung pathology and all died.

Two neonates had an open lung biopsy while on ECMO support
(at days 3 and 7 of their ECMO runs). The indication for the first of
these (case 4) was bilateral chylous effusion and her biopsy con-
firmed the clinical suspicion of pulmonary lymphangiectasia. This
infant later died despite aggressive conventional management af-
ter ECMO decannulation. The indication for the second biopsy was
pulmonary hypoplasia on a background of intrauterine obstructive
uropathy (case 5). This infant was biopsied after a week on ECMO
as minimal lung recovery had occurred. The biopsy confirmed pul-
monary hypoplasia, the infant was weaned from ECMO support and
is a long term survivor.

Biopsy specimens were taken from three neonates following
ECMO decannulation. The biopsy in the infant with meconium as-
piration and uncontrolled air leak following ECMO decannulation
(case 8) excluded a fatal lung dysplasia and the infant would have
been offered ECMO again, had it been required. However, she was
weaned from mechanical ventilation and is a long term survivor.
Two neonates with PPHN were suspected of having a fatal lung
dysplasia as they could not be weaned from mechanical ventilation
after decannulation from ECMO. The first of these (case 7) had al-
veolar capillary dysplasia and the second (case 6, fig 3) had severe
pulmonary hypoplasia. Treatment was withdrawn in both of these
infants and both died. Thus, of the eight neonates from whom biop-
sy specimens were taken, six had a clinical suspicion of a fatal lung
dysplasia confirmed and in all eight the biopsy result contributed to
clinical decision making (table 1).
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Figure 1 Alveolar capillary dysplasia. Elastic van Gieson stain show-
ing widened alveolar walls with a marked deficiency of alveolar
capillary vessels. Branches of pulmonary veins are side by side
with and invested with the same adventitia as small pulmonary ar-
teries, in contrast to their normal position in the interacinar septa.
Branches of small interacinar arterioles show muscularisation of
their walls.
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Figure 2 Surfactant protein B (SP-B) deficiency at low power show-
ing alveolar proteinosis. Immunostaining (not shown) for sur-
factant B showed absent staining of type 2 pneumocytes. Studies
carried out by Dr Nogee at Johns Hopkins University indicated that
this patient was homozygous for a nonsense mutation in codon 9 of
exon 1 in the SP-B gene.

Figure 3 Pulmonary hypoplasia. There is failure of development
of the terminal bronchioles, some of which extend almost to the
pleural surface. Alveolar spaces are sparse, poorly developed, and
separated by connective tissue containing a scattering of chronic
inflammatory cells.

Paediatric ECMO
Biopsy specimens were taken from all four paediatric patients

while receiving ECMO support to determine the reversibility of
the acute lung injury. Three had pertussis and biopsies were per-
formed after 14, 17 and 28 days of support following failure of lung
recovery on ECMO (cases 10, 11 and 12, respectively). The biopsy
specimen in case 11 showed interstitial fibrosis and alveolar wall
thickening. On the basis of this result, the patient was continued on
ECMO. He was later successfully decannulated from ECMO but died
of progressive respiratory failure 7 days later. A post mortem exam-
ination revealed widespread lung infarction. The biopsy specimens
of the other two infants with pertussis showed lung infarction (case
12, fig 4) and treatment was withdrawn. The remaining child (case
9), who had adult respiratory distress syndrome (ARDS) secondary
to pneumovirus infection, had a biopsy after 17 days of ECMO sup-
port which showed features of fibroproliferative ARDS. This patient
had been started on steroid therapy for ARDS and would have been
continued on ECMO had he not died of other causes (see above, ta-
ble 2).
Cardiac ECMO

Biopsy specimens were taken from all three infants in this group
to exclude an associated lung dysplasia or irreversible pulmonary
vascular disease. Two infants with transposition of the great arter-
ies (one with a ventricular septal defect, one with an



intact ventricular septum) were placed on ECMO postoperatively
after arterial switch procedures because of severe pulmonary hy-
pertension. In one (case 13) the biopsy

Caseno Admission diagnosis Age at

referral (days) Length of
ECMO run
(days) ECMO day

biopsy performed Histological diagnosis
change Outcome Cause of death

Management

1 PPHN 1 - Pre ECMO Sur -
factant protein B deficiency ECMO not offered Died Respira-
tory failure

2 PPHN 9 - Pre ECMO Alveolar
capillary dysplasiaECMO not offered Died Respiratory failure
3 PPHN 18 - Pre ECMO Alveolar
capillary dysplasiaECMO not offered Died Respiratory failure
4 Meconium

aspiration 1 9 3 Pulmonary  lym-
phangiectasia Decannulated from ECMO as no reversible
pathology Died Respiratory failure

5 Potter’s

syndrome,

PPHN 0 9 7 Pulmonary hypoplasia
Decannulated from ECMO as no reversible

pathology Survived

6 PPHN 1 11 ECMO +10 Pulmo -
nary hypoplasia Withdrawal of intensive care Died
Respiratory failure

7 PPHN 2 5 ECMO +2Alveolar capillary
dysplasiaWithdrawal of intensive care Died Respira-

tory failure

8 Meconium

aspiration 7 6 ECMO +7Meconium aspira-
tion, barotrauma Treatment continued Survived

lung architecture.

was performed as ECMO was started in the operating room after
failure to wean from cardiopulmonary bypass. The biopsy ruled out
a fatal lung dysplasia and had no features of pulmonary hyperten-
sive disease. A cardiac catheter performed after ECMO was com-
menced showed bilateral pulmonary artery stenosis which was
successfully stented. This infant was weaned from ECMO support
but died later from intracranial haemorrhage. The second infant
(case 14) had preoperative pulmonary hypertension which re-
sponded to medical treatment. However, his pulmonary hyperten-
sion recurred following an arterial switch and ventricular septal de-
fect closure performed at 5 weeks of age. A biopsy was performed
in this infant 2 days later in the ICU. The biopsy specimen showed
mild pulmonary hypertensive changes and the infant later died of
progressive pulmonary hypertensive disease despite continuing ac-
tive treatment. The third infant (case 15), who had total anomalous
pulmonary venous drainage, was placed on ECMO preoperatively
as she was impossible to oxygenate. Her biopsy specimen, which
was taken after 3 days of ECMO, showed neither a lung dysplasia
nor pulmonary hypertensive changes and, on the basis of this,

treatment was continued. She survived her run on ECMO but died 2
weeks later from a low cardiac output state after reoperation for an
obstructed pulmonary venous anastomosis (table 3).

DISCUSSION

We found that open lung biopsy has two broad roles in aiding
decision making in patients referred for and on ECMO—to make a
diagnosis of fatal lung dysplasia in neonates and to determine the
presence of viable lung tissue in older infants with acute lung injury
due to pertussis.
Table 2 Paediatric ECMO cases

Caseno Admission diagnosis Age at

referral (days) Length of
ECMO run
(days) ECMO day

biopsy performed Histological diagnosis
change Outcome Cause of death

Management

9 Pneumovirus

ARDS 2116 12 11 Fibroproliferative ARDS
Treatment continued Died Respiratory failure

10 Pertussis 34 17 14 Lung infarction
Withdrawal of intensive care Died Respiratory failure
11 Pertussis 25 38 17 Fibroproliferative
ARDS  Treatment continued Died Respiratory failure
12 Pertussis 66 32 28 Lung infarction
Withdrawal of intensive care Died Respiratory failure
Inwald, Brown, Gensini, et al

Table 3 Cardiac ECMO cases

Caseno Admission diagnosis Age at

referral (days) Length of
ECMO run
(days) ECMO day

biopsy per-formedHistological diagnosis
change Outcome Cause of death

Management

13 TGA, pulmonary hyper-tension postop 17

8 1 Non-specific features Treatment contin-
ued Died Intracranial

haemorrhage

14 TGA, VSD, pulmonary hypertension postop 28

11 2 Mild pulmonary hypertensive changes
Treatment continued Died Pulmonary hyper-tension

15 TAPVD 1 9 3 Non-specific  fea-
tures Treatment continued Died Low cardiac output

state following

reoperation for TAPVD

TGA = transposition of the great arteries; TAPVD = total anomalous
pulmonary venous drainage; VSD = ventricular septal defect.

Figure 5 Algorithm for open lung biopsy in persistent pulmonary
hypertension of the newborn (PPHN).

pertussis and all developed histological changes of lung infarction
(although in case 11 these changes were only found on post mor-
tem examination). Survival has been reported with ECMO runs of
up to 29 days in pertussis but 13 of the 16 survivors so far re-ported
to the Extracorporeal Life Support Organisation (ELSO) were de-
cannulated after less than 21 days of ECMO0.12 We therefore suggest
that a lung biopsy should be considered in infants with pertussis
who fail to improve after 3-4 weeks of lung rest on ECMO. If the
biopsy reveals lung infarction, the chest radiograph shows a diffuse
process, and other features of fatal disease are present, we would
advocate withdrawal of intensive care.

The aim of performing a lung biopsy in infants on ECMO follow-
ing cardiac surgery was to exclude an associated fatal lung dysp-
la-sia or pulmonary vascular disease. However, the clinical useful-
ness of this is impossible to determine from the small number of
cases in our series.

In spite of our concerns regarding safety, no patient died as a
result of open lung biopsy and postoperative bleeding occurred in
only one patient. This bleeding did not contribute to that patient’s
death. Air leak was not a complication in any patient, perhaps be-



cause of the low lung compliance and the low inflation pressure
delivered by the ventilator during ECMO support. Our finding
that open lung biopsy is a safe procedure to perform in patients
on ECMO is in concordance with that of Jaklitsch et al13 who per-
formed open lung biopsies on eight patients on ECMO and also re-
ported no complications.

There have been five previous reports of open lung biopsy
during ECMO in children. Ombrellaro et al14 reported a single case
of an 11 month old burns victim with ARDS in whom a biopsy was
performed before ECMO cannulation. The biopsy specimen showed
severe but histologically reversible lung disease and, as a conse-
quence, the patient was placed on ECMO and survived. Bond etal15
reviewed eight infants and children who had open lung biopsies
performed while receiving ECMO support for respiratory failure
and found that, in five cases, the biopsy results led to major treat-
ment interventions. Ryan and Finer16 reviewed the ELSO registry
from 1986 to 1994 and found 18 infants in whom open lung bi-
opsies had been performed while receiving ECMO from the 6000
neonatal cases in the registry for that period (3 per 1000 ECMO
patients). They confirmed the usefulness and safety of open lung
biopsy in patients on ECMO when the diagnosis was not certain or
when the infant was not improving, but were unable to comment in
detail on the histological findings as the data were not available in
the ELSO registry. Jaklitsch et al13 performed open lung biopsies
on eight infants and children on ECMO but they neither reported
the histological findings in detail nor discussed the optimum tim-
ing for biopsy. Cassidy et all reviewed the UK experience of neo-
natal respiratory failure from 1997 to 2000 and found that, of 173
term infants who received ECMO for respiratory failure, 10 had an
underlying lung dysplasia which was incompatible with life. They
suggested that open lung biopsy and surfactant protein analysis
should be performed on any neonate who was unable to be weaned
from ECMO support within 10 days to 2 weeks.

Our results suggest that open lung biopsy is safe whether per-
formed before, during or after ECMO. Lung biopsy is of greatest
use in the neonatal population for excluding a fatal lung dysplasia.
It also has a role in infants with pertussis who fail to improve af-
ter 3-4 weeks of ECMO support, to confirm the presence of via-
ble lung tissue. The clinical usefulness of lung biopsy in patients
with non-pertussis ARDS and in infants following cardiac surgery
remains uncertain.
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