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Abstract. The pathology and radiology of 19 cases 
of histologically proven pulmonary interstitial em- 
physema (PIE) were studied retrospectively. There 
was a good correlation between the pathological 
and radiological findings. Radiology therefore pro- 
vides a useful indicator of early PIE which may al- 
low more successful management and decreased 
morbidity and mortality. 

Pulmonary interstitial emphysema (PIE) is a serious 
complication of hyaline membrane disease, which 
has become more common with the improved sur- 
vival rate of very premature babies in present day 
neonatal intensive care units. 

PIE, as manifested by gas within the lymphatics 
of the peribronchovascular sheaths, interlobular 
septa and visceral pleura has been well recognised 
pathologically and was first described by Laennec 

Fig. ! a and b. Grade 1: Cystic and 
linear translucencies are seen in the 
left upper zone. e Grade I: Mini- 
mal gaseous distention of  the inter- 
Iobular and perivascular lymphat- 
ics, H and E x 36 
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in 1837 [1]. The finding was a curiosity and of little 
clinical interest until the intensive management of 
neonatal respiratory problems became a reality. The 
syndrome has been given many diverse names in- 
cluding intrapulmonary interstitial pneumatosis and 
air-block syndrome. The radiological appearances 
were first described by Prosser [2] and subsequently 
by other authors [3]. There are fewer accounts of the 
comparable pathological changes but a good de- 
scription has been given by Burnard [4]. 

Method 

A retrospective analysis of all the post-mortems reporting lym- 
phatic gas at St.Mary's Hospital, Manchester during a 3-year 
period was carried OUt and the corresponding radiographs taken 
were traced. A total of 25 post-mortem diagnoses of lymphatic 
gas were made and the radiographs (AP, supine and mobile) of 
19 cases were obtained. All the neonates with one notable excep- 
tion, a stillborn, had been ventilated and all were premature. 

The radiological appearances of lymphatic gas may change 
rapidly and therefore the appearances of the last antemortem 

Fig.2a and b. Grade II: Tubular 
branching pattern of distended lym- 
phatics is seen particularly in the 
left lung. c Grade II: Moderate 
gaseous distension of the pufmo- 
nary lymphatics. H & E x 36 

radiograph were assessed and compared with the post-mortem 
findings. The last radiograph was usually taken during final re- 
suscitative attempts and all were taken within 1 h of death. Both 
the X-ray and post-mortem findings were graded (1-III) inde- 
pendently by a radiologist and pathologist according to severity. 
The grading system was deliberately kept simple since this was 
essentially a subjective assessment. 

Grade I: This was characterised by several cystic gas spaces 
in the lung periphery which did not conform to the bronchial tree 
(Figs. I a, b). Histologically the mildest degree of PIE is illustrat- 
ed (Fig. lc) where there is minimal gaseous distention of the peri- 
vascular and intedobular lymphatics. 

Grade II: Here the radiographs showed a more widespread 
tubular branching pattern (Figs.2a, b). Histologically this grade 
required an obvious dilatation of the lymphatics to a diameter 
that increased the normal width of the interlobular septae 
(Fig.2c). 

Grade 1II: This corresponded radiologicatly to the presence 
of grossly abnormal cystic and tubular structures, often causing 
an increase in the volume of the affected area of lung (Figs.3a, 
b). The most severe histological grade required extreme gaseous 
distension of the lymphatics so that they assumed a balloon-like 
appearance several times their normal diameters (Fig.3 c). Such 
lymphatics could usually be traced at low magnification from the 
hila to the periphery of the lungs along distorted intertobular 
septae. 
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Fig.3a and b. Grade III: Abnor- 
mal cystic and linear translucencies 
causing an increase in volume of 
the left lung. The translucencies ar- 
rowed correspond to 'negative' Ker- 
ley B lines, c Grade III: Gross 
over-distension of the pulmonary 
lymphatics by gas, characteristically 
forming three irradiating spaces 
around a pulmonary blood vessel. 
H and E x 36 

Results 

The radiological features of PIE were essentially 
similar to those described by Campbell [3]. The lym- 
phatic gas had a disorganised, haphazard distribu- 
tion throughout the lungs which did not conform to 
the anatomical pattern of an air bronchogram. 
These abnormal gas collections were both linear 
and cystic. The linear spaces seldom exceeded 
2 mm in width and extended in a coarse, non- 
branching pattern from the hila to the periphery of 
the lungs. The cyst-like radiolucencies ranged from 
1 to 4 m m  in diameter and although usually 
rounded did assume ovoid or lobulated shapes. 

These radiological features are illustrated along- 
side their apparent histological counterparts in Fig- 
ures 1-3. Although the lungs showed a wide spec- 
trum of histopathology depending on the degree, 
duration and complications of hyaline membrane 
disease, they all had in common a variable disten- 
tion of the collecting lymphatic vessels within the 
interlobular and perivascular connective tissues. In 

the most severe examples medium sized branches of 
the pulmonary arteries were ensheathed by hugely 
dilated lymphatic air spaces which occasionally 
even compressed them (Fig. 4). 

Haemorrhage into the interstitial connective tis- 
sue of the lung is a characteristic of profound hy- 
poxia in infancy. In three cases where this had hap- 
pened distended lymphatics had been filled with 
blood, probably as a terminal event secondary to 
previous gaseous distension (Fig. 5 a). The chest ra- 
diograph (Fig.5b) of this case shows non-specific 
deaeration in the lung periphery corresponding with 
the areas of haemorrhage seen on histology° 

A comparison of the radiological and pathologi- 
cal grading used in this survey is shown on Table 1. 
It can be seen that 14 of the 19 cases have identical 
radiological and pathological gradings° This is sta- 
tistically significant despite the small sample size 
(Spearman correlation coefficient = 0.66). The meth- 
od of grading adopted therefore seems to indicate 
that the comparison of the radiological and histo- 
pathological features illustrated in Figures 1 to 3 is 
sufficiently accurate for clinical purposes. 
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Fig.4. Compression of a pulmo- 
nary arteriole by three distorted 
lymphatic channels. H and E x 36 

Discussion 

Twenty-four of the 25 infants in this study who had 
gaseous distention of the pulmonary lymphatics at 
post-mortem examination had had positive pressure 
ventilation during life. The remaining case was a 
single stillborn infant on whom ventilation had 
been performed in order to train medical staff in the 
technique of resuscitation of the newborn. Of the 
19 cases where antemortem radiographs were avail- 
able there was good correlation of the antemortem 
and postmortem morphology. 

Barotrauma has been recognised as a cause of 
interstitial emphysema since it was first induced 
experimentally by Kelmann in 1919 [5]. It has also 
become clear that the extent of PIE increases with 
the pressures adopted for ventilation of the neonate 
[61. 

Although the role of barotrauma in causing PIE 
is accepted not all investigators have appreciated 
that gas accumulates within the lymphatic system of 
the lungs rather than dissecting through supposedly 
artificial channels in pulmonary interstitial tissue 
around blood vessels [7]. Involvement of the lym- 
phatics is an essential element of the pathogenesis 
of the condition but the precise portal of entry of 
gas has never been clearly demonstrated. 

Thibeault et al. [8] noted that interstitial em- 
physema predominated in premature infants and 
was often complicated by pneumothorax and/or 
pneumomediastinum. In term babies pneumothorax 
and pneumomediatinum tended to occur without 
radiologically detectable interstitial gas. Plenat et al. 

[9] explained this on the basis of a looser texture of 
the interstitial tissue of the premature infant allow- 
ing gas to accumulate at lower pressures than in a 
term infant. This finding correlates well with the 
embryology of the pulmonary lymphatic system. 
Prior to 7 months gestation there are no competent 
valves in the pulmonary lymphatics [10], and pool- 
ing of lymph within these vessels is seen until the 
lymphatic valves are properly developed. It seems 
reasonable to deduce that immature incompetent 
lymphatic valves predispose the ventilated prema- 
ture infant to the gaseous distention of the lymphat- 
ics which is characteristic of PIE. 

The early detection of PIE is important in the 
management of the ventilated premature infant. The 
presence and extent of PIE is directly related to 
mortality [8]. It also predisposes to the development 
of pneumothorax [3] which if under tension may it- 
self be fatal. More recently Doppler studies of cere- 
bral blood flow in the newborn have shown an 
association between pneumothorax and cerebral 
haemodynamic changes that may precipitate intra- 
ventricular haemorrhage [11]. 

It is known that the location of an endotracheal 
tube in one main bronchus may cause unilateral 
PIE [12] with collapse of the contralateral lung. In 
such circumstances selective intubation of the cot- 
lapsed lung may be necessary in order to protect the 
lung with PIE from the adverse effects of high ven- 
tilatory pressures [13]. It has recently been suggested 
that the incidence of PIE may be reduced by paraly- 
sis in order to prevent active expiration against the 
ventilator [14, 15] and the insufflation of artificial 
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Fig.5a. Distended perivascular 
lymphatic ducts (arrowed) into 
which haemorrhage has occurred. 
H and E x 36. b Peripheral deaer- 
ation of the lung is seen more 
marked on the right 

PIE is an inevitable complication of the ventila- 
tory management of these premature babies who 
cannot be adequately ventilated without high pres- 
sures, The earlier radiological recognition of PIE 
will alert the paediatrician to the potential develop- 
ment of complications and may in some instances 
encourage altered management and the avoidance 
of the more severe complications. 
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II 1 6 2 

III 0 0 3 

Fig.6. Two-way frequency chart showing the combinations of 
radiological and pathological gradings 

surfactant [16] are both means by which the inci- 
dence of PIE may be reduced in the future. Surgical 
resection of severe, localised PIE has been under- 
taken [17], but this is rarely necessary since most 
cases resolve spontaneously if ventilatory support 
can be discontinued. 
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