
145        SAJCH     SEPTEMBER 2019    Vol. 13    No. 3

ARTICLE

Although rare, diffuse lung disease (DLD) is increasingly recognised 
as a cause of respiratory distress and impaired gaseous exchange in 
the newborn period.[1] However, the clinical presentation and imaging 
are non-specific in this heterogeneous group of diseases, and further 
testing is usually necessary to make a definitive diagnosis.[1,2] DLD 
may occur in both premature and term newborns. Many clinicians 
may not consider DLD as a cause of respiratory distress in a newborn, 
and the American Thoracic Society has therefore developed a clinical 
practice guideline to prompt further investigation in some newborn 
infants.[3,4] In all cases where DLD is suspected, a multidisciplinary 
approach (clinical, radiological and histological) is essential in 
making the correct diagnosis.[2]

This review article and case report demonstrates the diagnostic 
challenges and management dilemmas of a newborn with DLD.

Approval from the Research Ethics Committee, Faculty of Health 
Sciences of the University of Pretoria was obtained to prior to 
publication (ref. no. 389/2018). Additionally, consent to publish 
clinical details, photographs, radiographs and histology was obtained 
from both parents.

Case report 
An early-term female infant was born to non-consanguineous 
parents at 37 weeks’ gestation weighing 2 840 g (appropriate for 
gestational age). She was born by caesarean section at a district 
hospital with no specialised neonatal services. Her Apgar scores were 
recorded as 9/10 and 9/10 at 1 and 5 minutes, respectively, and she 
did not require resuscitation at delivery. The parents have one other 
healthy child, a boy of school-going age. 

She developed signs of respiratory distress (tachypnoea and 
recession) ~24 hours after birth, and was managed with supplemental 
nasal prong oxygen and antibiotics (penicillin G and gentamycin) 
for a presumed congenital pneumonia, although there were no 
risk factors for sepsis and her septic markers were low. Despite this 
treatment her distress worsened, and she was transferred to a tertiary 
institution on day 9 of life for invasive ventilation (Fig. 1). Her chest 
radiograph (Fig. 2) was typical of respiratory distress syndrome 
(as seen in premature newborns), and a congenital surfactant 
deficiency was considered. However, owing to prolonged hospital 
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Fig. 1. Deep sternal recession while receiving positive pressure ventilation via an 
endotracheal tube (photograph supplied by parents). 

Fig. 2. Chest radiograph taken on day 9 of life, after intubation, showing diffuse 
ground-glass opacification.
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admission, a nosocomial pneumonia 
could not be excluded immediately, and 
meropenem was initiated, but stopped 
after 72 hours as her C-reactive protein 
(CRP) was <1 mg/L and the blood culture 
was negative. Echocardiography revealed 
a structurally normal heart with trivial 
tricuspid regurgitation.

On the ninth day of invasive ventilation, 
the chest X-ray (CXR) showed perihilar 
consolidation with air bronchograms. 
The septic screen was repeated and oral 
erythromycin was initiated for a possible 
atypical pneumonia. The following day 
meropenem, vancomycin and fluconazole 
were added to her antimicrobial management. 
Her infective markers remained low (CRP 
<10 mg/L), and two additional peripheral 
blood cultures were negative. The 
vancomycin and fluconazole were stopped 
after 72 hours; however, the meropenem and 
erythromycin were continued for 7 days.

Two tracheal aspirates were taken 
to attempt to identify local pathogens in 
the lungs. The first aspirate cultured both 
Pseudomonas aeruginosa and Serratia 
marcescens, which were sensitive to Cefepime. 
The second aspirate cultured P. aeruginosa 
only. A bronchoscopy with bronchoalveolar 
lavage was considered, but the newborn was 
too unstable for this diagnostic intervention. 
Although her infective markers remained 
low, she received 7 days of Cefepime. The 
respiratory virus multiplex polymerase 
chain reaction was negative. A high vaginal 
swab, rectal swab and urine culture were 
performed on her mother to identify any 
possible causative pathogens, but none of 
these tests were helpful.

During her neonatal intensive care unit 
stay, her respiratory distress and respiratory 
function (oxygenation and ventilation) 
continued to deteriorate, resulting in 
changing from pressure assist-control 
conventional ventilation to high-frequency 
oscillation ventilation (HFOV), 11 days after 
admission (day 20 of life). At this stage it 
was agreed to give a dose of exogenous 
surfactant; however, there was still no 
improvement in her respiratory function. 
Although administration of systemic 
corticosteroids has been recommended only 
by anecdotal evidence, she was given a 7-day 
trial of intravenous methylprednisolone 
(10 mg/kg daily), but again showed 
no clinical response. Due to the side-
effect profile of hydroxychloroquine, 
this immunosuppressant drug was not 
considered in the case of this newborn.

Although a diagnosis of congenital 
surfactant deficiency was strongly suspected, 
it could not be confirmed as genetic testing 
was not available. Additionally, a high-
resolution computed tomography (HRCT) 

scan of the chest was planned, but could not 
be performed as the infant was receiving 
HFOV. Although she had no neurological 
symptoms, thyroid function tests were 
performed to exclude a possible thyroid 
transcription factor-1 (TTF-1) mutation, 
which may cause congenital surfactant 
deficiency presenting in the newborn period. 
The results were normal.

Redirection of care was considered due to 
worsening respiratory failure, poor response 
to antimicrobials and systemic steroids and 
the recognised poor prognosis of surfactant 
dysfunction disorders presenting soon after 
birth. The family consented and the patient 
died peacefully on day 48 of life, soon after 
extubation. The diagnosis of ATP-binding 
cassette protein A3 (ABCA3) mutation was 
made based on immunohistochemistry and 
electron microscopy (Fig. 3 a - d) of the 
postmortem lung biopsy specimens.

Aetiology of diffuse lung 
disease
An aetiological approach to classifying 
DLD, proposed by the chILD Research 
Co-operative,[1] has been accepted by the 
American Thoracic Society,[2,3] and divides 
them into two large groups: (i) those 
more prevalent in infancy; and (ii) those 
not specific to infancy.[3] Recently, it was 

suggested that ~68% of lung biopsies taken 
from infants <1 year of age were classified 
as ‘disorders more prevalent in infancy’,[4] 

and this discussion will therefore focus on 
this group of diseases. DLD that presents 
most commonly in the newborn includes 
diffuse developmental disorders, pulmonary 
interstitial glycogenosis and surfactant 
dysfunction mutations.[2,4] Although the 
usual presentation of neuroendocrine cell 
hyperplasia of infancy (NEHI) is later in 
infancy, one case series describes six patients 
with NEHI that presented in the newborn 
period,[5] and NEHI is therefore also included 
in the discussion. Similarly, surfactant-
protein-C mutation (SFTPC) commonly 
presents later in infancy or childhood, but 
cases of newborn presentation have been 
described,[6,7] and it is therefore included. 
The classification, age at presentation and 
associated findings of DLD more common 
in infancy are listed in Table 1.

Diagnostic approach
Firstly, the clinician must identify those 
newborns who require further investigation. 
Common aetiologies for respiratory distress 
of the newborn should be excluded, such as 
pulmonary infection,[3] recurrent aspiration[3] 

(which may be related to tracheo-
oesophageal fistula),[16] congenital cardiac 

a b

c d
Fig. 3 a - d: Electron microscopy of alveolar type II cells demonstrating small lamellar bodies with eccentrically 
placed, tightly packed electron dense aggregates (‘fried egg appearance’). Magnification of images: a, ×4 000; 
b, ×9 000; c, ×18 500; d, ×26 900.
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disorders,[3] congenital diaphragmatic hernia,[16] lung hypoplasia and 
persistent pulmonary hypertension of the newborn. The American 
Thoracic Society clinical practice guideline requires at least three 
of the following four criteria to be met (in the absence of other 
known disorders) to prompt further investigation: (i) the presence 
of respiratory symptoms (cough, difficult breathing); (ii) the 
presence of respiratory signs (tachypnoea, recession, added sounds 
on auscultation, respiratory failure); (iii) hypoxaemia; and (iv) the 
presence of diffuse abnormalities on CXR or CT.[3] If a newborn or 
infant has DLD meeting these criteria, they are regarded as having 
‘childhood interstitial lung disease (chILD) syndrome’.[3] Fig. 4 shows 
a simplified approach to investigating these newborns.

Radiology
When a newborn presents with unexplained severe respiratory 
signs that are out of proportion to the presumed diagnosis, rapidly 
progressive disease or with a family history of chronic respiratory 

signs or interstitial lung disease, investigations should be done 
early to make a diagnosis. CXR is usually the first investigation 
to be done in the newborn presenting with respiratory distress, 
and although it may show diffuse abnormalities, it is not able to 
confirm the definitive diagnosis of DLD. HRCT of the chest is useful 
in identifying NEHI,[3,10] preventing the need for more invasive 
testing (lung biopsy).[3,8,10] However, in diseases such as surfactant 
dysfunction mutations,[4,10] diffuse developmental disorders[9,10] and 
pulmonary interstitial glycogenosis (PIG),[10,17] HRCT is unable to 
make a definitive diagnosis and further testing is necessary. HRCT 
of the chest does not appear to be helpful in distinguishing between 
the growth abnormalities either.[4] Table 2 illustrates the nonspecific 
radiological features of DLD more prevalent in infancy.

Bronchoalveolar lavage
Bronchoscopy with bronchoalveolar lavage is not very helpful 
in making a diagnosis in neonatal DLD. However it is useful in 

Table 1. Prevalence, time of presentation and associated findings in DLD

DLD 
Proportion of 
total, % Age at presentation Associated findings

Diffuse developmental disorders 11.1[1]

Acinar dysplasia Newborn[2] -
Congenital alveolar dysplasia <2 months[2] -
ACD-MPV Newborn[2,3] Significant pulmonary 

hypertension,[3,8,9] cardiac, 
gastrointestinal or genito-
urinary abnormalities[3,8-10]

Congenital pulmonary lymphangiectasia[2] Newborn[2,3] Noonan, Down, Turner and 
Ehlers-Danlos syndromes, 
chylothorax[2]

Growth abnormalities 46.5[1] Newborn - 22 months[2] Significant pulmonary 
hypertension[2]

Pulmonary hypoplasia Newborn (prenatal onset) - 22 
months[2]

Oligo-/anhydramnios, 
congenital diaphragmatic 
hernia, skeletal abnormalities, 
neuromuscular 
abnormalities[1,2]

Chronic neonatal lung  disease Newborn - 22 months[2] -
Structural pulmonary  changes with chromosomal 
abnormalities 

Newborn - 22 months[2] ~92% associated congenital 
heart disease[1]

Associated with congenital heart disease Newborn - 22 months[2] Congenital heart disease with 
limited pulmonary blood 
supply[1]

Undefined aetiology 24.2%[1]

Pulmonary interstitial glycogenosis Newborn case series[3,11]

<3 months (not >6 months)[2] 
-

NEHI/NEHI syndrome* Newborn case series;[5] <24 
months[2,4] 

May be precipitated by 
lung infection;[2] male 
predominance[1]

Surfactant dysfunction mutations 18.2%[1]

SP-B Newborn[2,3] -
ABCA3 Newborn;[3,8] <3 months[2] -
SP-C Newborn;[6,7,12]  2 - 22 months[2] -
TTF-1[4] Newborn;[3,13,14] infancy[15] Hypothyroidism, neurological 

abnormalities, [3,8]† recurrent 
pulmonary infections[4,15]

*NEHI syndrome used when diagnosis based on characteristic clinical and  high-resolution computed tomography findings, not lung biopsy.[8]

†Neurological abnormalities in ‘brain-thyroid-lung’ syndrome include hypotonia (infants), cerebral dysgenesis, chorea (movement disorder) and developmental delay.[8]

DLD = diffuse lung disease; ACD-MPV = alveolar capillary dysplasia with misalignment of the pulmonary veins; NEHI = neuroendocrine cell hyperplasia of infancy;  
SP-B = surfactant protein B; ABCA3 = ATP-binding cassette protein A3; SP-C = surfactant protein C; TTF-1 = thyroid transcription factor-1.
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excluding infective causes, airway abnormalities and pulmonary 
haemorrhage.[3,4]

Genetic testing
After a HRCT chest scan has been done, genetic studies are 
usually the next investigation if a gene mutation is suspected 
(Table  2).[3,4] Congenital surfactant dysfunction disorders such as 
surfactant-protein-B mutation (SFTPB), ABCA3 mutation, and TTF-1 
mutation (NKX2.1) can all be diagnosed by genetic testing.[3] In these 
disorders, there is a positive family history in approximately one-third 
of cases.[1] Alveolar capillary dysplasia with misalignment of the 
pulmonary veins (ACD-MPV) can also be diagnosed genetically 
(FOXF1 mutation).[3] However, genetic results may take weeks to 
become available, and genetic diagnostic laboratories are not available 
in all countries, making a genetic diagnosis impossible in some patients. 

Lung biopsy
Lung biopsy remains the gold standard in making the diagnosis for all 
cases of DLD where a genetic mutation is not suspected, the genetic 
analysis is negative or the HRCT of the chest is not diagnostic.[3] In 
cases with rapid clinical deterioration, and where genetic testing is 
not available, an early lung biopsy is warranted, and paramount in 
order to make a specific diagnosis[3,4] to guide management strategies, 
which are often based on the perceived prognosis of many of these 
diseases.[3] Patients with suspected growth abnormalities should only 
be biopsied if the symptoms are disproportionate to the clinical 
circumstances.[1,4] Histology mostly reveals alveolar enlargement 
and simplification[2] with ‘patchy’ PIG  in 41 - 58% of cases.[1,8] 
Although there are some overlapping features on light microscopy, 
the surfactant dysfunction mutations may be differentiated with 

the use of immunohistochemistry and electron microscopy.[13,14] 
The quality of the histology is dependent upon adequate specimen 
preservation (formalin and glutaraldehyde) and processing, which 
should be done by an experienced professional.[2,3] The histological 
features of DLD more prevalent in infancy are shown in Table 2.

Management 
The mainstay of management is supportive, and may include ventilation 
(invasive and non-invasive), extracorporeal membrane oxygenation, 
nutritional support and infection control measures.[3,4] Pharmacological 
treatment is based on anecdotal evidence, as there have been no 
controlled trials of therapeutic interventions.[3,4] Immunosuppressive 
therapy in the form of pulse systemic methylprednisolone  
(10 - 30 mg/kg/day for 3 days)[4,19] and steroid-sparing agents such 
as hydroxychloroquine (5 - 7 mg/kg/day)[4,19] and azithromycin[4,19] 

have been useful in isolated cases; however, owing to the lack of 
controlled trials, decisions about initiating this therapy should 
be made on a case-by-case basis.[3,4] Disease severity, progression, 
ultimate prognosis and other comorbidities should all be taken into 
account when considering a trial of immunosuppressive therapy, as 
these drugs are not without side-effects.[3,4] Pulmonary hypertension 
may be a prominent feature of some of these diseases and may 
require treatment with pulmonary vasodilatory therapy.[9] Lung 
transplantation is an option if end-stage lung disease is present;[3] 

however, the 5-year survival rate after lung transplantation is 
only 51%,[3] and lung transplantation is not available at all 
facilities. Supportive services, including social work, pastoral and 
psychological support should be offered to the family.[3] Table 3 
indicates which management strategy is most appropriate for each 
specific DLD.

Respiratory distress in the newborn: Exclude common aetiologies 

(pulmonary infection, recurrent aspiration (tracheo-oesophageal �stula), 
congenital cardiac disorders, congenital diaphragmatic hernia, lung hypoplasia, 

persistent pulmonary hypertension of the newborn)

Further testing justi�ed if:
respiratory signs out of proportion to presumed diagnosis/rapid progression/

rapid deterioration/positive family history

OR

Three of the following four are met: (i) presence of respiratory symptoms; 
(ii) presence of respiratory signs; (iii) hypoxaemia; (iv) presence of di�use 

abnormalities on radiological exam (chILD syndrome)

Lung biopsy with immunohistochemistry and electron microscopy

HRCT chest scanGenetic analysis

Suggestive of surfactant
dysfunction mutation Non-diagnostic DLD

Normal, or another 
diagnosis Suggestive of NEHI

Observe. 
However, if clinical 

course not consistent with 
NEHI, progress to next step
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Fig. 4. Investigative approach to diffuse lung disease (DLD) presenting in the newborn (adapted from Kurland et al.[3]). (chILD = childhood interstitial lung disease; 
HRCT = high-resolution computed tomography; NEHI = neuroendocrine cell hyperplasia of infancy.)
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Prognosis
DLD presenting in the newborn period usually has a poor prognosis, 
with 100% mortality reported for the SFTPB mutation, the ABCA3 
mutation (if respiratory signs are present early after birth) and the 
diffuse developmental disorders.[2] Mortality rates are summarised 
in Table 3.

Conclusion
DLD should be considered in the differential diagnosis of a 
newborn with respiratory distress not responding to conventional 
management. A structured diagnostic approach should be followed 
whereby a multidisciplinary team (consisting of a neonatologist, 
pulmonologist, geneticist, radiologist and histopathologist) is 

Table 2. Diagnostic investigations for DLD
DLD Diagnostic investigation
Diffuse developmental disorders 

Acinar dysplasia CXR: nonspecific hazy bilateral opacification;[10] histology: pseudoglandular or early canicular 
stage of lung differentiation; airway limited to bronchial or bronchiolar structures[2]

Congenital alveolar dysplasia CXR: nonspecific hazy bilateral opacification;[10] histology: late canalicular or early saccular 
stage of lung differentiation[2]

ACD-MPV CXR: normal, hazy or diffuse ground-glass opacification;[9] histology: interstitial thickening, 
alveolar capillaries abnormally placed within the thickened septa, misalignment of pulmonary 
veins, lymphangiectasia may be prominent;[2] may have  alveolar growth arrest and pulmonary 
interstitial glycogenosis;[2] genetics: AR[4] (FOXF1 ~40%)[9]

Congenital pulmonary lymphangiectasia[2] CXR: diffuse bilateral hazy opacification;[10] HRCT: thickening of septa and bronchovascular 
bundles, patchy perihilar and subpleural ground-glass opacification, pleural thickening and 
effusions;[10] histology: dilated lymphatic channels in bronchovascular bundle, inter-lobular 
septa and pleura[2]

Growth abnormalities
Pulmonary hypoplasia -
Chronic neonatal lung disease HRCT: premature – hyperlucent areas, linear opacities, triangular subpleural opacities; term – 

perilobular opacities and lobules of variable attenuation[10]

Structural pulmonary changes with 
chromosomal abnormalities

HRCT: subpleural cysts (36%), perilobular opacities and lobules of variable attenuation;[10] 
histology: subpleural alveolar simplification;[2] genetics: trisomy 21 most frequent[1,3,8]

Associated with congenital heart disease HRCT: perilobular opacities and lobules of variable attenuation[10]

Undefined aetiology
Pulmonary interstitial glycogenosis CXR: diffuse interstitial infiltrates, progressive hyperinflation;[8,10] HRCT:  ground-glass 

opacification  (diffuse and ‘patchy’), cystic lucencies, interlobular septal thickening;[17] 
histology: diffuse expansion of interstitium with round mesenchymal cells with cytoplasmic 
clearing;[2] may have alveolar growth arrest;[2,8,17] electron microscopy: most reliable diagnostic 
method to demonstrate intracellular glycogen[2,4,8,11]  

NEHI/NEHI syndrome* HRCT: characteristic ground-glass opacification involving RML and lingula (‘bat-wing 
deformity’), air trapping (mosaic pattern;[2,8]histology: usually normal-appearing lung 
biopsy on H&E stain;[2,8] increased number of bombesin-immunopositive neuroendocrine 
cells in bronchioles;[2,4,8] genetics: possible[8]/heterozygous NKX2.1 mutation[18]†

Surfactant dysfunction mutations
SP-B mutation CXR and HRCT: diffuse, hazy, ground-glass opacification;[4] histology: granular proteinaceous 

deposits, anti-SP-B antibodies demonstrate absent SP-B expression in pneumatocytes;[2] 
electron microscopy: deficient mature lamellar bodies;[2] genetics: SFTPB mutation; AR[19,20]

ABCA3 mutation CXR and HRCT: diffuse, hazy, ground-glass opacification;[4] histology: ‘glassy’ intra-
alveolar proteinaceous deposits;[2] electron microscopy: presence of distinctive electron-
dense bodies within small lamellar bodies (‘fried egg’ appearance);[2]  genetics: ABCA3 
mutation; AR[19,20]

SP-C mutation CXR and HRCT:  diffuse, hazy, ground-glass opacification;[4] histology: interstitial 
inflammatory infiltrate, oedema and type II pneumatocyte hyperplasia;[2] electron microscopy: 
no characteristic changes;[2] genetics: SFTPC mutation; AD[19,20]/sporadic 50%[8]

TTF-1 HRCT: bilateral ground-glass opacification[13,14] and diffuse bronchial wall thickening;[13] 
histology: may have alveolar growth arrest;[2] genetics: AD/sporadic (NKX2.1 gene deletion or 
mutation)[2]

DLD = diffuse lung disease; CXR = chest X-ray; ACD-MPV = alveolar capillary dysplasia with misalignment of the pulmonary veins; AR = autosomal recessive;            
HRCT = high-resolution computed tomography; NEHI = neuroendocrine cell hyperplasia of infancy; RML = right middle lobe; H&E = haematoxylin and eosin;                      
PAP = pulmonary alveolar proteinosis; DIP = desquamative interstitial pneumonia; SP-B = surfactant protein B; ABCA3 = ATP-binding cassette protein A3;                     
SP-C = surfactant protein C; AD = autosomal dominant; TTF-1 = thyroid transcription factor-1.
*NEHI syndrome used when diagnosis based on characteristic clinical and HRCT findings, not lung biopsy.[8]

†Heterozygous NKX2.1 gene mutation identified in a family with NEHI (without thyroid or movement disorders).[18] Speculated, however, that the NKX2.1 mutation is not 
the mechanism underlying NEHI, but rather that the gene(s) responsible for NEHI are regulated by TTF-1.[18] 
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involved. The mainstay of management is mostly supportive in the 
majority of cases where DLD is confirmed.
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Table 3. Management approach and mortality in DLD
DLD category Management Mortality
Diffuse developmental disorders 
• Acinar dysplasia 
• Congenital alveolar dysplasia
• ACD-MPV
• Congenital pulmonary lymphangiectasia

Supportive[3,4]*
Genetic counselling[3] 
Pulmonary vasodilator therapy[8] 
Lung transplantation[3]

100%[2,9]

Growth abnormalities
• Pulmonary hypoplasia
• Chronic neonatal lung disease
• Associated with congenital heart disease
• Structural pulmonary changes with chromosomal 

abnormalities

Supportive[3,4]*
Anti-failure therapy if cardiac 
abnormalities
Surgical cardiac interventions
Genetic counselling[3]

Overall 34%[1,2]

Prematurity is an independent predictor 
of mortality[1]

Mortality increased with congenital 
heart disease[1]

Undefined aetiology
• PIG

• NEHI/NEHI syndrome

Supportive[3,4,8]*
Systemic steroids controversial in PIG,[8,11] 
and not recommended in NEHI[4,10]

0% in pure diffuse PIG and NEHI[1,4] 
Mortality variable if growth 
abnormalities and pulmonary 
hypertension present[4,11]

Morbidity is significant[18]

Surfactant dysfunction mutations
• SP-B 
• ABCA3 
• SP-C 
• TTF-1

Supportive[3,4]*
Systemic steroids[4,14,19] 
Steroid-sparing agents[4,14,15,19]†

Lung transplant (except for SP-C 
mutation)[3,4] 
Genetic counselling[3]

Overall ~41%[1]

100% for SP-B mutation[2] 
100% for ABCA3 mutation if newborn 
presentation[1] 
0% for SP-C mutation[1]

Unknown in TTF-1

*Supportive management includes oxygen therapy, ventilation (non-invasive and invasive), extracorporeal membrane oxygenation, nutritional support and infection 
control measures.
†Steroid-sparing agents are hydroxychloroquine and azithromycin.
DLD = diffuse lung disease; ACD-MPV = alveolar capillary dysplasia with misalignment of the pulmonary veins; NEHI = neuroendocrine cell hyperplasia of infancy; PIG = pulmonary 
interstitial glycogenosis; SP-B = surfactant protein B; ABCA3 = ATP-binding cassette protein A3; SP-C = surfactant protein C; TTF-1 = thyroid transcription factor-1.
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