
Eur J Pediatr (1993) 152:1024-I029 European Journal of 

Pediatrics 
�9 Springer-Verlag 1993 

Correlations between radiological and cytological findings 
in early development of bronchopulmonary dysplasia 

G. Noack  1, W. Mortensson  2, B. Robert son  3, R. Ni lsson 4 

1Department of Paediatric Anaesthesiology, St. G6ran's Hospital, S-112-81 Stockholm, Sweden 
2 Department of Paediatric Radiology, St. GOran's Hospital, S-112-81 Stockholm, Sweden 
3 Research Unit for Experimental Perinatal Pathology, St. G6ran's Hospital, S 112-81 Stockholm, Sweden 
4 Department of Pathology, S6dersjukhuset, S-112-81 Stockholm, Sweden 

Received: 13 July 1992/Accepted: 4 June 1993 

Abstract.  Sequential chest radiographs from 40 newborn 
infants requiring assisted ventilation for respiratory dis- 
tress syndrome or other conditions were evaluated with a 
new scoring system aiming at identifying abnormal ex- 
pansion patterns and interstitial infiltrates representing an 
early stage of bronchopulmonary dysplasia (BPD). Age at 
examination ranged from 3 to 23 days. Tracheal effluent 
samples obtained from the babies during the same period 
of observation were examined cytologically for evidence 
of regenerating airway epithelium with squamous meta- 
plasia, indicating BPD. According to the radiological 
scoring system 24 babies (60%) developed BPD, first di- 
agnosed at a median age of 9 days. By cytological criteria 
20 babies (50%) developed BPD, first diagnosed at a 
median age of 10.5 days. The results from radiological 
and cytological diagnosis of BPD were concordant in 16 
babies (P < 0.05 by chi-square test). Using oxygen depen- 
dency at the age of 28 days as evidence of established 
BPD, the radiological scoring system alone had a sensi- 
tivity of 93% and a specificity of 53%. The corresponding 
figures for cytological assessment alone were 73% and 
58%, respectively. By combining radiological and cyto- 
logical findings, values for sensitivity and specificity 
were 67% and 68%, respectively. 
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Indroduct ion 

The term bronchopuhnonary dysplasia (BPD) was coined 
by Northway et al. [ 19] for a characteristic combination of 
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clinical, radiological, and histopathological findings in 
babies with respiratory distress syndrome (RDS) sub- 
jected to prolonged mechanical ventilation with supple- 
mental oxygen. The morphogenesis of BPD was origi- 
nally conceived as a progression from organizing hyaline 
membrane disease to a generalized disturbance of postna- 
tal lung growth and development with obliterative bron- 
chiolitis, interstitial fibroplasia, and focal hyperexpansion 
or emphysema. The associated inflammatory process in 
conducting airways causes widespread destruction of cili- 
ated cells and regenerating airway epithelium may exhibit 
varying degrees of hyperplasia and squamous metaplasia. 
These latter changes can be detected in cytological airway 
samples [7, 11, 12]. 

Since high oxygen and peak airway pressure levels 
were identified as main factors in the pathogenesis of 
BPD, clinical routines for artificial ventilation of newborn 
babies with RDS became gradually less aggressive and 
the most advanced form of BPD (Stage IV according to 
Northway et al. [19]) is only rarely observed [9]. In recent 
years, treatment with exogenous surfactant has further re- 
duced the need for ventilatory support in babies with se- 
vere RDS, but the incidence of BPD remains high among 
survivors [13]. It has also become clear that BPD may oc- 
casionally develop in babies ventilated for neonatal lung 
disease other than RDS [1, 20]. 

We initiated the present study to determine whether 
correlations exist between clinical, radiological and cyto- 
logical findings during transition from RDS to BPD and 
to assess the sensitivity and specificity of each method in 
the early diagnosis of BPD. In infants who died after re- 
ceiving mechanical ventilation we also compared the his- 
tological findings in autopsy material from the lungs with 
cytological observations in airway samples obtained shortly 
before death. 

Material  and methods 

This retrospective study is based on clinical records, chest films, 
and cytological airway samples from a total of 40 newborn infants 



Table 1. Characteristics of patients 

Clinical Number of Birth weight (g) Gestational Male 
diagnosis patients (mean + SD) age (weeks) n 

(mean + SD) 

RDS 32 1323 • 436 29.4 • 2.5 18 

MAS 2 4100 • 424 40.0 • 1.4 1 

AR 4 1046 _ 164 28.0 -+ 2.0 4 

GS 2 2050 + 636 35.0 + 1.4 2 

MAS, Meconium aspiration syndrome; AR, apnoea repetens; GS, 
gastroschisis 

with respiratory failure, admitted to the neonatal intensive care 
unit at St. GOran's Children's Hospital during the period 1983- 
1990. All babies required ventilatory assistance by intermittent 
positive pressure ventilation, with or without positive end-expira- 
tory pressure (PEEP) (n=39), or continuous positive ariway pres- 
sure (CPAP) (n=l). The initial clinical diagnosis was RDS in most 
cases, but the series also included babies with meconium aspira- 
tion syndrome, apnoea repetens, and extrapulmonary disease (Ta- 
bles 1 and 2). 

Ten of the 32 babies with RDS had been treated with exogenous 
porcine surfactant [23]. Four of these patients belonged to a pilot 
study of surfactant replacement [14, 17], three to a randomized 
controlled trial [4], and three to a subsequent non-controlled study 
[5]. Three babies with RDS served as non-treated control patients 
in the randomized trial [4]. 

During the period of artificial ventilation, fraction of inspired 
oxygen (FiO2), peak inspiratory pressure, PEEP, ventilatory frequen- 
cy, and inspiratory time were recorded every 30 rain. For infants 
treated with CPAP, only FiO2 and continuous distending pressure 
were recorded. Clinical data from the present study only concern 
the 1st month of life. Six babies in the series, all with RDS (one 
surfactant-treated, five non-treated), died at the age of 3-9 days. 

Radiological evaluation of chest films 

Radiological examinations of the chest, including both frontal and 
lateral views, were carried out at regular intervals in babies with 
RDS belonging to the randomized trial [4], otherwise on specific 
clinical indications. The chest films were evaluated by one of us 
(W.M.), without knowledge of the clinical course or cytological 
findings in tracheal aspirates. Radiological pulmonary abnormali- 
ties were scored as follows (modified from Northway et al. [19]): 

Hyperinflation (at age > 3 days): 

general and symmetrical 1 
irregular 3 

"Interstitial" parenchymal infiltrates (at age > 6 days): 
symmetrical 1 
irregular 2 
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A total score _> 3 points was considered to indicate BPD. The max- 
imum radiological score for each consecutive 3-day period was 
used as a parameter of disease severity to be correlated with the cy- 
tological findings described below. 

Cytological evaluation of airway samples 

Airway samples for cytological examination were obtained by suc- 
tioning of the major airways with a catheter (FS 6), after local in- 
stillation of 0.5-1.0 ml sterile normal saline. Suctioning was only 
performed when clinically indicated, i.e., without fixed time inter- 
vals. The aspirates were collected in test tubes, to which was added 
a volume of 50% methanol corresponding to five times the sample 
volume [6]. The material was stored at 4~ until further processed. 
Four to five consecutive aspirates were pooled for each examina- 
tion and centrifuged at 3000 x g for 10 rain. The resulting cell pel- 
let was smeared on albuminized slides and stained according to the 
Papanicolaou method. 

The cytological evaluation was performed by one of us (R.N.) 
without knowledge of clinical history or radiographic findings, us- 
ing the following grading system [11, 12]: 

Class I: Well preserved respiratory epithelium; little or no inflam- 
mation. 

Class II: Regenerative airway epithelium and presence of inflam- 
matory cells, mainly leukocytes; occasional metaplastic ceils. 

Class III: Sheets and clusters of regenerative epithelium with squa- 
mous metaplasia. 

Cytological findings rated as Class III were interpreted as evidence 
of BPD [ 11 ]. A total of 303 tracheobronchial aspirates were exam- 
ined. 

Histological examination of autopsy specimens 

Lung sections were available from four patients who died at the 
age of 3-9 days, all from RDS. These sections, stained with 
haematoxylin and eosin, were re-examined by conventional light 
microscopy with particular reference to abnormalites of airway ep- 
ithelium. The histopathological findings were compared with cyto- 
logical observations in the last airway sample obtained 0-2 days 
before death. 

Statistics 

Values are presented as mean + SD, or as median and range when 
the data were not normally distributed. Differences between the 
groups were evaluated by the chi-square test and by the Wilcoxon 
test (two-tailed). The limit level for statistical significance was de- 
fined as P=0.05. The correlation between age at radiologicai and 
cytological diagnosis of BPD was assessed by linear regression. 

Table 2. Characteristics of patients: details 
of ventilatory therapy 

Clinical Number Age at Time in 
diagnosis of respiratory FiO2 > 0.6 

patients failure (h a) 
(h ~) 

Time in Duration of FiO 2 at 
peak inspira- artificial 28 days 
tory pressure ventilation > 0.21 
> 25 cm H20 (h a) n 
(ha) . 

RDS 32 1 (1- 6) 37 (2-672) 

MAS 2 1.5 (1- 2) 67 (38-  96) 

AR 4 5 (1-96) 15 (n = 1) 

GS 2 10 24 (19- 28) 

39 (1-626) 145 (40-672) 13 

147 (86-208) 172 (106-237) 0 

- 194 (22-662) 2 

50 (37- 62) 189 (187-190) 0 

a Data are given as median (range) 
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Using oxygen dependency (FiO~ >0.21) at the postnatal age of 
28 days as evidence of established BPD, we calculated sensitivity 
and specificity [3] of the radiological and cytological parameters 
described above. 

Resu l t s  

Radiological oberservations 

In the material as a whole, 24 babies (60%) developed ra- 
diological evidence of BPD (score > 3). Twenty-one of 
these were babies with RDS, 6 of whom had received sur- 
factant. Radiological findings classified as BPD also de- 
veloped in three babies with apnoea repetens. The median 
age at radiological diagnosis of BPD in babies with RDS 
was 9 days (range 3-23 days) and in patients with apnoea 
repetens 12 days (range 9-13 days). 

Cytological observations 

Cytological findings rated as Class II developed in 36 ba- 
bies (88%) afer 2-22 days (median 4 days) of mechanical 
ventilation. Twenty of these patients showed progression 
to Class III within an additional 1-13 days of ventilation 
(median 5 days). Sixteen of the babies with cytological 
findings corresponding to Class III had RDS as primary 
diagnosis (4 of these had been treated with surfactant), 3 
had apnoea repetens, and 1 meconium aspiration syn- 
drome. Cytological findings with a maximum rating of 
Class II were found in 13 patients with RDS, and in three 
without primary pulmonary disease. The median age at 
cytological diagnosis of BPD (Class III) in babies with 
RDS was 10 days (range 5-27 days) and in infants with 
apnoea repetens 15 days (range 8-18 days). In the single 
patient with meconium aspiration syndrome who devel- 
oped BPD, the cytological diagnosis was made at the age 
of 11 days. 

Correlations between radiological 
and cytological findings 

By the chi-square test, there was a statistically significant 
COxTelation between the radiological and cytological find- 
ings (Table 3). Sixteen patients had a maximum and two 
babies a minimum score at both radiological and cytolog- 

ical evaluation. However, two babies with RDS had cyto- 
logical findings scored as Class III without developing ra- 
diological abnormalities other than those related to the 
primary disease (Table 3). There was a weak, but statisti- 
cally significant correlation between the age at which 
BPD was diagnosed radiologically and cytologically (r = 
0.54; P <  0.04). 

Correlations between cytological 
and histopathological findings 

Lung sections from the four patients who died showed or- 
ganizing hyaline membrane disease, with fragmentation 
of the membranes and regeneration of peripheral airway 
epithelium. In three of the cases the membranes contained 
varying amounts of yellow pigment, probably bilimbin. In 
the youngest case (age 3 days) desquamating, ciliated 
columnar epithelial cells were found in medium-sized air- 
ways, corresponding to the cytological findings, rated as 
Class I (Fig. 1 A, B). Fully developed squamous metapla- 
sia of airway epithelium was not observed in any of the 
four infants, but in one case (age 6 days) regenerating 
bronchial epithelium was in part irregular and hyperplas- 
tic; the cytological findings in airway samples had here 
been rated as Class II (Fig. 2 A, B). In the two remaining 
cases (age 4 days and 9 days) there was no evidence of in- 
cipient squamous metaplasia, although both had been 
rated cytologically as Class II. However, in the older in- 
fant widespread necrotizing bronchiolitis precluded a 
more detailed histological evaluation of airway epithe- 
lium. Pseudomonas aeruginosa was cultured from these 
lungs and the inflammatory process was interpreted as un- 
related to the primary disease (RDS). 

Radiological and cytoIogical findings in relation 
to prolonged oxygen dependency 

Using oxygen dependency at 28 days of age as evidence 
of established BPD, we compared the sensitivity and 
specificity of the radiological and cytological parameters. 
Radiological assessment alone had a higher sensitivity 
than cytological evaluation but a lower specificity (Table 
4). By combining radiological and cytological findings, 
values for sensitivity and specificity were 67% and 68%, 
respectively. 

Table 3. Radiological scoring versus cytological classification of 
BPD 

Radiological Cytological classification Total 
score 

I II III 

0 2 2 2 6 
1 2 3 5 
2 3 2 5 

>_ 3 8 16 24 
Total 4 16 20 40 

Z 2 = 5.1; P < 0.05 

D i s c u s s i o n  

The pathogenesis of BPD can be summarized in five 
words, "oxygen plus pressure plus time" [21]. Taghizadeh 
and Reynolds [24] related BPD primarily to barotrauma 
and suggested that ventilator peak pressures >35 cm H20 
are implicated in the development of the disease. Experi- 
ments on suffactant-defieient premature newborn rabbits 
have revealed that necrosis and desquamation of airway 
epithelium occur within only a few minutes of intermit- 
tent positive pressure ventilation [16]. These lesions, 
which are also seen during the early course of RDS in hu- 
man babies [22], are probably secondary to hyperdisten- 
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Fig. 1. Histological and cytological findings in an infant with RDS 
who died at the age of 3 days (A) Medium-sized airway contain- 
ing multiple desquamated, degenerating ciliated columnar epithe- 
lial cells, but there is no evidence of squamous metaplasia. Haema- 
toxylin and eosin, • 180 (B) Cytological findings in airway sample 
from the same case, rated as class I. Papanicolaou, x 470 

sion of airways proximal to non-expanded peripheral ai- 
spaces and could reflect simple mechanical disruption of 
the epithelium [15]. Defective healing of the disrupted 
airway epithelium may lead to squamous metaplasia or 
even to complete fibrous obliteration of seriously affected 
bronchioles [2]. 

The two diagnostic tools evaluated in the present study 
- chest radiography and airway cytology - recognize dif- 
ferent components of the parenchymal lesions in BPD. 
Radiology primarily detects disturbances of lung expan- 
sion and accumulation of fluid in the interstitial spaces, 
whereas cytological specimens provide information on 
epithelial abnormalities and ongoing inflammation in the 
airways. For reasons mentioned above, the radiological 
scoring system of Northway at al. [19] does not reflect the 
spectrum of milder abnormalities usually seen today dur- 
ing the development of chronic lung disease [18]. The 
system introduced in the present study adapts to this 

changing morphology. We classified radiological findings 
during the early course of BPD (from day 3 of postnatal 
life), with particular emphasis on moderately abnormal 
expansion patterns and accumulation of interstitial fluid. 
Widespread "rounded areas of radiolucency (resembling 
bullae)" as described by Northway at al. [19] in babies 
with severe disease surviving 10-20 days, were not found 
in our material during a 28-day period of observation, but 
prominent emphysematous areas developed later on in 
some of the patients (data not shown). To avoid false scor- 
ing in patients with uneven expansion pattern after treat- 
ment with surfactant [10], parameters regarding hyper- 
inflation were not evaluated before the age of 3 days. 

Using tracheobronchial aspirates sampled from venti- 
lated infants with FiO 2 <0.8, D'Ablang et al. [6] reported 
four stages of cytological abnormalities in an attempt to 
relate their findings to the radiological classification of 
Northway et al. [19]. They found no correlation between 
cytological stages, FiO2, and duration of oxygen exposure 
or mechanical ventilation. In contrast, Merritt and co- 
workers [ 11 ] demonstrated a correlation between cytolog- 
ical findings in airway samples and duration of mechani- 
cal ventilation, although cytological abnormalities corre- 
sponding to Class [l were occasionally seen as early as on 
the 3rd day of life. There was also a correlation between 
cytological and radiological findings. In a group of 20 in- 
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Fig.2. Histological and cytological findings in an infant with RDS 
who died at the age of 6 days. (A) Medium-sized airway with ir- 
regular, regenerating epithelium showing incipient squamous 
metaplasia. Haematoxylin and eosin, x 180. (B) Cluster of regen- 
erative respiratory epithelial cells with enlarged nuclei in cytolog- 
ical airway sample from the same patient, rated as Class II. Papan- 
icolaou, x 190 

fants with RDS who developed radiographic evidence of 
BPD, 70% had cytological abnormalities corresponding 
to Class III. Drut and Drut [8] also described a good cor- 
relation between clinical, radiological, and cytological 
findings in 77 newborn infants with a variety of  pul- 
monary disorders treated with mechanical ventilation or 
CPAP. 

Our present data are consistent with these latter find- 
ings. Most infants with radiological evidence of BPD had 
cytological findings corresponding to Class III. Neverthe- 
less, in about one third of the infants with radiological di- 
agnosis of  BPD the cytological observations were not 
rated higher than Class II. Cytological findings in tracheal 
aspirates are probably representative of  epithelial mor- 
phology in more peripheral airways (Figs. 1, 2). However, 

Table 4. Sensitivity and specificity of radiological and cytological 
parameters for early diagnosis of BPD (subsequently indicated by 
FiOz > 0.21 at 28 days) 

Diagnostic paramters Sensitivity Specificity 
(%) (%) 

Radiology (Score >_ 3) 93 
Cytology (Class III) 73 
Combined radiology' (Score _> 3) 

and cytology (Class III) 67 

53 
58 

68 

the cytological scoring system introduced by Merritt et al. 
[11] is a rather blunt instrument, as it includes only two 
classes of pathological findings. As a predictor of persis- 
tent oxygen dependency at 28 days, it is less sensitive 
than the radiological scoring system introduced in this 
study, but has a slightly higher specificity. Our data indi- 
cate that higher specificity in the early diagnosis of BPD 
can be obtained by combining data from radiographic and 
cytological examinations. 
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