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Pulmonary hypoplasia - size is not everything
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Pulmonary hypoplasia is a common problem in newbdsn for example, when it is secondary to oligohydramnios
infants. Wigglesworth and Desai reported an incidendee to prolonged premature rupture of the membranes or
of 14% in a series of perinatal autopsies [24]. Husain ambere the underlying malformation is amenable to surgi-
Hessel found that 26% of foetuses, babies and infac&$ correction, such as diaphragmatic hernia. Current
(18 weeks gestation to 2 years of age) had pulmonargnagement relies on removal of a space-occupying le-
hypoplasia at autopsy when they used a combinationsah, if one is present, and supportive care is aimed at
lung weight, post inflation radial alveolar count and hisaaintaining adequate oxygenation while pulmonary
tological assessment of lung maturity for diagnosis [14jrowth occurs. Despite the use of new technology, such as
In this second series, pulmonary hypoplasia was consgtra corporeal membrane oxygenation (ECMO) and new
ered to be the immediate cause of death in 22%. drugs, e.g. nitric oxide, there has been little improvement
Rarely, pulmonary hypoplasia may be primary, but in the outcome for these infants. CDH is the most com-
the vast majority of cases it is secondary to an undentgon malformation associated with pulmonary hypoplasia
ing abnormality. The mechanisms responsible for luagd paediatric surgeons have long been frustrated by the
growth are not completely understood, but it has beeoor results following surgery, which are frequently due
shown that a normal-sized and structured thoracic cavitythe pulmonary hypoplasia rather than the hernia itself.
foetal breating movements, foetal lung liquid at positive is tempting to think that, in these circumstances, an
pressure and normal amniotic fluid volume are prereqability to correct pulmonary hypoplasia in utero would
sites. Underlying abnormalities resulting in pulmonatyave a considerable impact on the overall prognosis.
hypoplasia can, thus, be divided into: Hypoplastic lungs have a decreased number of airway

a. Space-occupying lesions in the chest, such as Qnerations, with fewer and smaller peripheral airspaces

placed abdominal organs in congenital diaphragm iﬁm normal. Wigglesworth et al. [23] have reported that

X : . : INgs which are hypoplastic as a result of oligohydram-
Eg;n(l?x(:itl\)ﬂ?)é:gr;?:unrlé?le%sstilgnzdenomatOId malform ios are, in addition, structurally and biochemically im-

mature for gestational age. There is failure of growth and

b. Malformations of the chest wall resulting in a sma) turation of the perioheral parts of the acinus. delav in
thoracic cavity, as may occur in some skeletal dysplasi%sfjl Perp P y Y

: ; ; e development of the blood—air barrier, delay in epithe-
gb rgi)rl:gorhe)%d;wt?gslﬁz V\ZB:I(;r;eT;yrfnsgllt ;rgoerﬂézﬁsk 81; fg;‘s éél maturation, lack of elastic tissue development and
dysplasia), urinary outflow obstruction or prolonged pr W concentrations of lung phospholipids. In contrast,
mature rupture of the membranes

d. Neuromuscular disorders which prevent normal foe
breathing movements

ungs that are hypoplastic from all causes other than oli-
qhydramnios usually have a structure that is appropriate
I gestational age. The authors sugget that the matura-
tion arrest which occurs with pulmonary hypoplasia due
In many of the conditions associated with pulmonary hy-oligohydramnios may be specifically related to failure
poplasia, the underlying abnormality is so severe that sorretain foetal lung liquid. However, other studies have
vival would not be possible even if the pulmonary hypshown no difference in the structure and maturity of hy-
plasia could be corrected. However, there are some sip@plastic lungs secondary to renal agenesis or dysplasia
tions where pulmonary hypoplasia is the only abnormalempared with those associated with other types of mal-
formations [13, 18]. In animal models of CDH, the lungs
H.J. Porter are immature, hypocellular and surfactant deficient [7,
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ences among 18 human foetuses at 33—38 weeks of ge#n article in this volume elegantly demonstrates that
tation with diaphragmatic hernia and published contrvicheal occlusion for more than 2 weeks in foetal sheep
values from uncomplicated pregnancies. The auth@reduces a significant reduction in the surfactant system
concluded that human babies with CDH are not surfd8}. Type 2 pneumocytes were decreased in number and
tant deficient [21]. Wigglesworth et al. showed that ttehowed degenerative changes which were thought to be
left lung in babies with a left-sided diaphragmatic herniaeversible after six weeks of tracheal ligation. The
was surfactant deficient and less histologically matumechanism by which tracheal ligation causes lung
than the right lung [23]. growth has not yet been fully elucidated. It is postulated
It has been observed that obstruction of the upper régt it may be a combination of the raised pressure of the
piratory tract, such as occurs in laryngeal atresia, resllitsg liquid since it is known that chronic drainage of
in larger than normal lungs. This was confirmed by Cdpetal lung liquid results in pulmonary hypoplasia [1]
mel et al. who ligated the trachea of foetal rabbits in and the presence of growth factors which are likely to be
experiment to demonstrate that the lungs produce ligindreased in concentration when the trachea is obstructed
that is independent of the amniotic fluid. As an incidef4]. Gastrin-releasing peptide (GRP), which is thought to
tal finding, the authors also noted a marked increasebia pulmonary growth factor, was found to be decreased
the size of the lungs following tracheal ligation [2]. Simby a factor of five in six cases of pulmonary hypoplasia
ilar experiments have been carried out since, predomssociated with renal anomalies, three cases associated
nantly on foetal sheep. The issues that need to be wih hydrops and one case of CDH. However, GRP was
dressed before a similar approach is used in a clinisahilar to controls in a case of hypoplasia associated
setting are, first, whether the lungs will function normalith Werdnig-Hoffman disease and markedly increased
ly (a large non-functioning lung is of no more use thanraa case of hypoplasia associated with exomphalos [5].
small non-functioning lung) and, second, the practicBhe same authors found that the growth fraction, as indi-
problems of in utero surgery. The latter includes prevasated by immunohistochemistry for Ki-67 in hypoplastic
tion of pre-term labour and the development of dmngs of foetuses of greater than 24 weeks of gestation,
occlusve device that is reversible and non-traumaticvtas about 25% of that in normal controls but was normal
the trachea. before 24 weeks. They, therefore, suggest that successful
Animal experiments have shown that tracheal ligati@gmtervention might be possible before 24 weeks [22].
results in dramatic growth of hypoplastic lungs and that, Despite the problems encountered with tracheal liga-
when the hypoplasia is secondary to surgically produdezh in experimental animals, it has been used in humans
diaphragmatic hernia, the lung growth is sufficient to rée treat CDH with pulmonary hypoplasia, and this has in-
turn the abdominal organs (stomach, intestines aralved the development of reversible method of obstruct-
spleen) to the abdominal cavity [4, 12]. Descriptions ofg the trachea. Initially, a foam plug was inserted into
the histology and morphometry of the lungs followinthe trachea using an endoscopic technique which also
tracheal ligation vary in the different reports. In all casdsad the advantage that a hysterotomy was not required,
the lungs are larger than controls with increased DNHReoretically reducing the risk of pre-term labour. How-
but normal DNA/total protein ratio, indicating that thever, this produced significant tracheal damage. Subse-
increased size is due, at least in part, to cellular prolifegaently, a clip was used which did not appear to damage
tion. Some papers describe the lung histology as norrifred trachea, but there are no long-term survivors to verify
[4], others report slight increases in alveolar size atids. Eight human foetuses were operated on in the late
number [25, 11], but all describe the lungs as being ns&cond trimester [10]. In two, the lungs did not grow —
ture, with thin alveolar septa, when compared with copresumably because the trachea was not completely oc-
trols. cluded. There was one death in utero, 4 weeks after the
Assessment of lung function is less reassuring. Oinachea was clipped, and one foetus aborted 8 h after sur-
study showed normal total lung capacity but decreaggety. One baby developed a severe intraventricular
functional residual capacity and decreased lung complaemorrhage, which led to hydrocephalus, and died
ance [16]. Some foetal sheep have been ventilated vidren support was withdrawn. Three babies were deliv-
1-2 h after delivery and achieved oxygenation compaeaed alive, long enough after tracheal obstruction for
ble with the controls, but there are no reports of ventildteir lungs to have grown and their CDH to be repaired.
tion for a longer time [4, 12]. In another study, neither &ff these, one initially did well but died from postopera-
two foetal sheep could maintain adequate oxygenatibre complications following a Nissan fundoplication for
with unsupported respiration, following tracheal occluecurrent aspiration pneumonia at 4 months of age. An-
sion in utero and removal of the plug after delivery [19]other had his CDH repaired at 5 weeks of age, required 3
Biochemical analyses have shown that tracheal ligaenths of ventilatory support including ECMO, under-
tion does not increase biochemical maturity [12]. Therevient a fundoplication for gastro-oesophageal reflux and
a decreased amount of total phospolipid including pheas eventually weaned to nasal oxygen. However, a
sphotidylcholine, which is the most active component pfagnetic resonance imaging (MRI) scan showed cere-
surfactant, and levels were lower than in control animaisal atrophy and poor myelination which was presumed
with CDH but without tracheal ligation, i.e. tracheal ligao be secondary to prolonged intensive care and he died
tion has an adverse effect on surfactant levels [16]. when support was withdrawn. Both of these babies are
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reported to have had normal lungs at autopsy, but no deanical ventilation, and it has been suggested that foetal
tailed description is provided. The one long-term surtherapy with tracheal occlusion might prevent this [8].
vor required tracheal stenting for 2 months for trachebhis may be the case, but | can only agree with the au-
malacia caused by the tracheal plug and, despite sdhws of the paper in this volume who conclude that a
periventricular leucomalacia, was described as doiggeater understanding of the pathophysiology of tracheal
well at the age of 18 months. There is also a report of theelusion is required before there is widespread clinical
use of tracheal occlusion with a clip to correct pulmonapplication of its use. A previous paper by the same
ry hypoplasia associated with a right-sided diaphragmgteup showed that lung growth following tracheal occlu-
ic hernia. The clip was applied using open hysterotorsipn depended more on the composition of the lung lig-
at 27 weeks of gestation and the baby was delivereduigt than its pressure [17]. They, therefore, suggested
32 weeks by elective Caesarian section. The hernia e, if the mechanism by which tracheal occlusion af-
repaired and he was extubated at 2 weeks of age. He f@ated pulmonary growth was better understood, it might
doing well at 4 months of age when reported [6]. be possible to avoid tracheal occlusion and, instead, act
The survival rate for CDH treated with surgical codirectly on the regulatory mechanisms to reverse or pre-
rection in the neonatal period is 65% (range 44—78%)vient pulmonary hypoplasia.
the latest series which all come from centres with ECMO
[8]; therefore, only two survivors of nine attempts at in
utero foetal tracheal occlusion in the published literatuggferences
do not compare well. Open foetal repair of CDH has re-
sulted in a 29% success rate in 14 patients [9]. 1. Alcorn D, Adamson TM, Lambert TF, Maloney JE, Ritchie
There might be concerns about whether tracheal oc-BC, Robinson PM (1977) Morphological effects of chronic

; ; ; ; tracheal ligation and drainage in the fetal lamb lung. J Anat
clusion was likely to work since the voluminous lungs 193-649—660

that develop in association with laryngeal atresia are moj- carmel JA, Friedman F, Adams FH (1965) Fetal tracheal liga-
phologically abnormal with a structure that is very remi- tion and lung development. Am J Dis Child 109:452-456
niscent of a CCAM. The similarity is such that it has bee. De Paepe ME, Papadakis K, Johnson BD, Luks FI (1997) Fate

suggested that CCAM is secondary to localised bronchial©f the type Il pneumocyte following tracheal occlusion in ute-
ro: a time-course study in fetal sheep. Virchows Arch

ObStrUCtio_n [15], although r!Ot all would agree with thisA. DiFiore JW, Fauza DO, Slavin R, Peters CA, Fackler JC, Wil-
A lung with the morphological appearance of a CCAM son JM (1994) Experimental fetal tracheal ligation reverses the
would not be expected to function well since the airspac- structural and physiological effects of pulmonary hypoplasia
es are larger than normal alveoli, separated from eagh] C%UQEJ”“?'hd'aphranmLa“C h‘fm'aé\] geo“a” S.L"Sg 2(2:248_&5;
: . : uroin J, omas P, Langston C, Goswami S, reco

Othe.r by r.elatlvely wide S‘?pta. and therg is not the clo .e(1996) Gastrin-releasing peptide in hypoplastic lungs. Pediatr
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present in the normal lung. However, naturally occurring. Flake AW, Johnson MP, Treadwell M, Mason B, Cauldwell C,
laryngeal atresia is likely to have been present from thel\PAfg”'PEaf;néLMICl(JySSG;\A:H ?;E:gl(i?eé]fméﬂflglf( r’_\éi,t 'g!ggésggn
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