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ABSTRACT. The follow-up records of 605 infants with
birth weights of less than 1,500 g, with data available for
2 years after birth, were examined for evidence of abnor-
ma! pulmonary signs or symptoms. A total of 119 infants
were identified and the neonatal oxygen requirements of
these infants were compared with those of 486 infants
who had normal pulmonary function. A requirement for
oxygen at 28 days of life had a positive predictive value
for abnormal pulmonary fmdings at the time of follow-
up of only 38%, whereas 31% of those with normal
pulmonary fmdings at the time of follow-up were still
receiving oxygen at this age. The need for oxygen at 28
days was a good predictor of abnormal findings in infants
of �3O weeks’ gestational age at birth but became increas-
ingly less useful as gestational age decreased It was found
that, irrespective of gestational age at birth, the require-
ment for additional oxygen at 36 weeks’ corrected post-
natal gestational age was a better predictor of abnormal
outcome, increasing the positive predictive value to 63%.
The prediction of a normal outcome remained 90% for
infants not receiving oxygen at this corrected gestational
age. Pediatrics 1988;82:527-532; premature infants, ox-

ygen, abnormal pulmonary outcome.

In 1967, Northway et a!’ described the clinical,
radiologic, and pathologic findings in infants with
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severe respirathry distress syndrome treated with
prolonged artificial ventilation and high concentra-
tions of inspired oxygen. They coined the term
bronchopulmonary dysplasia to describe the
chronic stage of the disease that was characterized
by cyanosis, radiologic changes ofhyperlucent areas
alternating with areas of increased density, and a
requirement for additional oxygen beyond 1 month

of age.

Throughout the years, the definition of the con-

dition has become less, rather than more, precise
as increasingly immature infants have survived the
neonatal period. Toole? in 1979 suggested that any
infant who required additional oxygen at 1 month

or 30 days of age could be considered to have
bronchopulmonary dysplasia with any radiologic

abnormality of the lung parenchyma.
Several authors have pointed out that the radio-

logic abnormalities in extremely low birth weight
infants do not seem to be similar to the original
description by Northway et al.3’4 O’Brodovich and
Mellins5 suggested that, in these extremely prema-

ture infants, the term “prolonged respiratory insuf-
ficiency” be used because of the poor correlation

between radiologic and pathologic criteria.
Despite the variability in diagnostic criteria, the

requirement for oxygen at 28 or 30 days has become

synonymous with bronchopulmonary dysplasia or

chronic lung disease and has been used to compare
therapies6 and, indeed, to compare the incidence of
chronic lung disease between different centers.7
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Although follow-up pulmonary function studies

of premature infants have shown abnormalities
compared with term infants, there have been con-
flicting reports as to whether those surviving bron-

chopulmonary dysplasia have increased, or the
same incidence of, abnormalities when compared

with control premature infants without the criteria

for the diagnosis of bronchopulmonary dysplasia8’9
It has become apparent to us that the radiologic

findings in few extremely low birth weight infants
follow the graded progression of abnormalities de-
scribed by Northway et a!. The length of time of
requirement for additional oxygen in these infants

may be as much a function of immaturity and the
policies of individual units as reflective of intrinsic

lung pathology. It also seems appropriate that the
diagnosis of bronchopulmonary dysplasia or
chronic lung disease should reflect an increased
likelihood of abnormal pulmonary signs and symp-
toms in infancy. Therefore, we undertook a study
to identify those infants with abnormal pulmonary
findings when followed-up and to examine their
neonatal intensive care unit course for the predic-
tive value of neonatal oxygen exposure.

MATERIALS AND METhODS

During the years 1981 through 1985, 758 infants
with birth weights of 1,500 g or less (range 480 to
1,500 g) were born in the perinatal unit at Women’s
College Hospital. This weight group was chosen
because all survivors were enrolled in our follow-up
program and followed for at least 2 years. Of these,
101 infants died during the first week of life, 16 of
whom had congenital anomalies incompatible with
life. An additional 13 infants (five with congenital
anomalies) died between eight and 28 days of life.
There were, therefore, 644 infants who survived the
first 28 days potentially available for follow-up
data. Thirty-nine infants were lost to follow-up,
leaving 605 infants for whom outcome data were
available, and these formed the study population.

The breakdown of the total group of infants by
100-g weight categories is shown in Fig 1. It can be
seen that the infants lost to follow-up were mainly
in the 1,000- to 1,500-g birth weight range.

Abnormal pulmonary findings during follow-up
examination were defined prior to chart review as
one or more of the following in the first 2 years of
life: (1) death due to nonanomalous cause; (2) re-
quirement for oxygen at 40 weeks’ corrected gesta-
tional age; (3) surgical procedure involving the res-
piratory tract; (4) two or more hospital admissions
for respiratory disease; (5) wheezing requiring drug
therapy; (6) x-ray film changes or persistent wheez-
ing/intercostal retractions/tachypnea with one or
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more of the following growth failure, neurodevel-
opmental handicap, or hypotoma at 1 year of age.

These criteria were chosen in an attempt to iden-
tif�y all infants with morbidity in the first 2 years
of life which could possibly be related to pulmonary
disease in the neonatal period. We recognize the
these may identify some infants with nonpulmo-
nary pathology.

These criteria were used to identify 119 infants
(19.7%) with abnormal pulmonary findings. Six-
teen infants died, ten because of complications of
chronic lung disease, five sudden infant death syn-
drome, and one complications of a shunt inserted
for posthemorrhagic hydrocephalus. Twelve infants
still required oxygen therapy at corrected term gas-
tational age, two required respiratory tract surgery
(one tracheotomy and one cricoid split), 28 had two
or more admissions to the hospital for respiratory
disease, and 55 had wheezing severe enough to
require medical therapy. Respiratory symptoms
with growth failure were seen in 24 cases, with
neurodevelopmental delay in eight and with hypo-
tonia in six instances. These numbers add up to
more than 119 because several infants met two or
more criteria.

The neonatal charts of all 605 infants were ex-
amined for gestational age, sex, initial respiratory
diagnosis, race, length of time receiving mechanical
ventilation, and length of time of oxygen therapy.

The durations of mechanical ventilation and oxy-
gen therapy were taken as the days of life on which
these were finally discontinued. Need for oxygen
was determined by intermittent transcutaneous
P02 monitoring during the first 3 years of the study
and by pulse oximetry during the last 2 years. Our
aim was to maintain transcutaneous P02 in the
range of 50 to 60 mmHg or saturation in the range
of87% to 93%.

All data were organized and analyzed using
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dBaseIIIPLUS and the Systat statistical package.
Prevalence data were compared using x2 analysis
with Yates correction and numerical data were
compared using two-tailed Student’s t test.

RESULTS

The overall means and standard deviations of the
groups with normal and abnormal data are shown
in Table 1. Those children with abnormal pulmo-
nary findings as defined by the criteria were signif-
icantly smaller and of lower gestational age than
the children with normal findings. They were more
often boys and more likely to have had respiratory
distress syndrome as their primary diagnosis in the
neonatal period. No effect of race was seen in this
study, but there were few nonwhite infants. There
were highly significant increases in the number of
days that mechanical ventilation and oxygen ther-
apy were required in the group with abnormal fmd-
ings, and this was reflected in the corrected post-
natal gestational ages at which these therapies were
no longer required. The difference between the
abnormal group and the normal was greater for
oxygen requirement than for the need of mechani-
cal ventilation.

Because our neonatal intensive care unit has a
policy of aggressive resuscitation and ventilatory
support for infants with birth weights less than
1,500 g, only two infants in the follow-up group
with abnormal findings were not mechanically yen-
tilated compared with 34 in the normal findings
group. Because the requirement for oxygen in both
groups seemed to be related to gestational age at
birth, this was examined more closely (Table 2).

The group with abnormal findings required oxy-
gen significantly longer at all gestational ages, ex-
cept 26 weeks, when compared with infants with
normal lung function. This was reflected in the

mean postnatal gestational age at which the infants
no longer required oxygen therapy. There appeared
to be remarkable consistency in the mean gesta-
tional age at which infants in the normal outcome
group no longer required oxygen therapy irrespec-
tive of starting gestational age, with a range from
30.7 to 33.3 weeks.

The gestational age groups with the corrected
postnatal gestational age at which, for those infants
still requiring oxygen, the chances of an abnormal
outcome were greater than 50% are shown in Fig 2.
This point was reached in all groups between 34
and 36 weeks of corrected gestational age. Although

the requirement for oxygen at 28 days of life ap-
pears to be a reasonable predictor of abnormal
pulmonary signs and symptoms when followed-up
in infants born with initial gestational ages of �30
weeks, it becomes less useful with increasing im-
maturity.

In the total group of 119 infants with abnormal
pulmonary outcomes, 25 infants (21%) no longer
required oxygen therapy by 28 days oflife compared
with 337 of the 486 infants with normal pulmonary
function (69%). The value of the requirement for
oxygen at 28 days as a predictor of abnormal pul-
monary outcome in this study population (using

the 2 X 2 diagnostic test table’#{176}),can be described
as follows: sensitivity, 79%; specificity, 69%; posi-
tive predictive value, 38%; and negative predictive
value, 93%.

In an attempt to define a better positive predictor
than this, we calculated the same values for infants
still requiring oxygen therapy at each corrected
gestational age and requiring oxygen for at least 28
days (Table 3). For example, all infants s27 weeks’
initial gestational age requiring oxygen for at least
28 days and requiring oxygen at 31 weeks’ corrected
age or more compared with those not requiring
oxygen are shown in the first line of Table 3. All

TABLE 1. Infants With Normal Versus Abnormal Pulmonary Outcomes

Characteristic Follow-u p Results P Value

Normal Abnormal
(n=486) (n=119)

Birth wt (mean g ± SD) 1132 ± 243 992 ± 223 <.005
Gestational age (mean wk ± SD) 28.9 ± 2.4 27.7 ± 2.1 <.005
Male/female (No.) 226/260 82/37 <.05
Race: white/black/Asian (No.) 398/39/49 101/8/10 NS
Respiratory distress syndrome (No.) 185 74 <.05
Assisted ventilation

No. of infants 452 117 <.05
Duration (mean d ± SD) 17.6 ± 18.9 50.9 ± 44.9 <.005
Postnatal gastational age when ventilator discon- 31.4 ± 2.2 34.7 ± 6.8 <.005

tinued (mean wk ± SD)
Oxygen therapy

Duration (mean d ± SD) 19.5 ± 23.6 82.7 ± 110.4 <.005
Postnatal gestational age when 02 discontinued 31.7 ± 2.7 38.6 ± 11.8 <.005

(mean wk ± SD)
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TABLE 2. Oxygen Requirements by Initial Gestational Age
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Gestations! Age
at Birth (wk)

and Pulmonary

No. of
Infants

Oxyge n Therapy (d) Oxygen Therapy
Discontinued at

Po�na�i GestationalMean ± SD Median Range

Outcome Age (mean d ± SD)

25
Normal 31 56.8 ± 24.1 58.0 3-96 32.9 ± 3.3
Abnormal 16 170.9 ± 229.1 114.0 43-980 45.3 ± 17.0

26
Normal
Abnormal

44
24

52.1 ± 20.4
83.9 ± 81.1 �

53.0
69.0

12-92
3-401

33.3 ± 2.9
36.5 ± 14.4 �

27
Normal 56 29.9 ± 24.1 27.5 1-83 31.2 ± 3.5
Abnormal 18 64.9 ± 27.9 72.0 8-116 36.4 ± 4.1

28
Normal 83 19.5 ± 18.4 11.0 0-74 30.7 ± 2.7
Abnormal 22 51.6 ± 35.0 54.0 0-120 35.3 ± 5.1

29
Normal 79 13.8 ± 16.5 5.0 1-66 30.8 ± 2.5
Abnormal 15 69.1 ± 88.6 42.0 3-360 38.4 ± 10.7

30
Normal 70 8.1 ± 12.0 3.0 0-50 31.0 ± 1.7
Abnormal 13 83.4 ± 89.7 75.0 5-341 41.8 ± 12.6

31
Normal 49 3.9 ± 7.0 2.0 0-36 31.5 ± 1.2
Abnormal 5 88.4 ± 128.6 27.0 5-310 43.6 ± 18.2

32
Normal 37 4.2 ± 7.8 2.0 0-39 32.5 ± 1.1
Abnormal 4 56.5 ± 74.3 33.0 0-160 39.8 ± 9.7

a Not significant. All other differences significant, P < .05.

* 28 days oxygen

I > 500/0 abnormal

T pulmonary follow-up

TABLE 3. Pulmonary Outcome Versus Oxygen Re-
quirement5

Corrected
Postnatal

Gestational
Age (wk)

Abn
Ou

02

ormal
tcome

No 02

No
Ou

02

mini

tcome

No 02

31 51 7 90 41
32 64 15 106 108
33 72 23 106 187
34 75 33 80 283
35 74 39 60 349
36 71 46 42 407
37 60 58 24 448
38 51 68 15 464

infants �28 weeks’ gestational age at birth requir-
ing oxygen 28 days or more and at 32 weeks’ post-
natal age are below this, and so on. It can be seen
that few of those with an abnormal outcome did
not require oxygen at �31 weeks’ corrected post-
natal gestational age. However, 90 of 131 with
normal outcomes still required oxygen. When these
data are examined by the 2 x 2 diagnostic test, the
proportions shown in Table 4 are found.

Sensitivity, ie, the proportion of those with ab-
normal outcome who require oxygen therapy at the
corrected postnatal gestational ages stated, de-
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TABLE 4. Diagnostic Tests for Oxygen Requirement
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Postnatal Sensitivity Specificity Predi ctive Value
Gestational

Age (wk)
at Which

(%) (%) (%)

Positive Negative

02 Still
Required

31 88 31 36 85
32 82 51 38 88

33 76 64 40 89
34 70 78 48 90
35 66 85 55 90
36 63 91 63 90
37 51 95 71 89
38 43 97 77 87

creases from 31 to 38 weeks, but the positive pre-
dictive value, ie, the proportion of these requiring
oxygen who will have abnormal outcomes, increases
from 36% to 77% during this period. The specificity,
ie, the proportion of those with normal outcomes
who did not require oxygen, increases from 31% to
97%, and the negative predictive value, ie, the pro-
portion of those who did not require oxygen who
will have normal outcomes, remains fairly constant
at approximately 85% to 90%.

The same data in graphical form with the values
for the 28-day criterion superimposed on the y axis
are shown in Fig 3. If one assumes equal weighting
for each of the tests (in other words, we wish to
predict both normal and abnormal outcomes with
the least number assigned by error to the wrong
category), it would appear that the criterion of
oxygen requirement at a corrected postnatal gesta-
tional age of 36 weeks is the best predictive marker.

When compared with the 28-day criterion alone,
this improves positive predictive value from 37% to
63% and sensitivity decreases from 79% to 63%.
The prediction of a normal outcome if not receiving
oxygen changes only from 93% to 90%. Whereas
the prevalence, or percentage ofabnormal outcomes
in the total at the two time periods, remains at
21%, the accuracy of the test in assigning true
normal and abnormal outcomes to the correct
groups improves from 71% at 28 days in oxygen to
85% using the 36-week marker.

DISCUSSION

The original description by Northway et aP of
the chronic stage of bronchopulmonary dysplasia
was based on the findings in 19 infants dying fol-
lowing, and 13 infants surviving, mechanical yen-
tilation for hyaline membrane disease. The gesta-
tional age and weight for those dying were 31.2 ±
4.2 weeks and 1,660 ± 515 g (mean ± SD), respec-
tively, and for the survivors were 34.0 ± 3 weeks
and 2,235 ± 490 g, respectively. It is probably

31 32 33 34 35 36 37 38

Corrected gestation (weeks)

Fig 3. Diagnostic test table results for oxygen require-

ment at corrected postnatal gestational age.

inappropriate to apply the same criteria to the
population of infants currently being cared for in
an inborn perinatal unit because the requirement
for prolonged respiratory support and oxygen ther-
apy is seen more commonly now in infants with
birth weights of less than 1,000 g and especially in
those weighing less than 800 g.

Any definition of chronic lung disease based on
neonatal course should have implications for pul-
monary outcome in infancy. We realize that the
inclusion criteria for abnormal pulmonary outcome
used in this study probably identified some infants
whose outcome was unrelated to neonatal respira-
tory disease. However, by using these broad criteria,
we believe that we have certainly included all of
these with morbidity secondary to neonatal lung
problems. Two groups with clearly different neo-
natal characteristics and clinical courses have been
defmed (Table 1).

Results ofthis study demonstrate that, in a single
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unit population of infants with birth weights of less
than 1,500 g, the predictive value ofoxygen require-
ment at 28 days for abnormal pulmonary outcome
was only 38%, whereas 31% of those destined to
have normal outcomes still required oxygen therapy
at this time.

The 28-day criterion appears to have useful pre-
dictive value in those infants older than 30 weeks’
gestational age at birth and may have some value
overall in comparing approaches to management of
very low birth weight infants between institutions.
Differences in this variable will reflect policies re-
garding the management of recurrent apnea, ac-
ceptable levels of arterial oxygen and whether mon-
itoring is performed by invasive or noninvasive
procedures.

However, the need for oxygen at 28 days of life
becomes an increasingly poor predictor of subse-
quent pulmonary outcome as gestation decreases
and, therefore, appears to be an inappropriate
measure of bronchopulmonary dysplasia or chronic
lung disease if one assumes that these diagnoses
imply a chronicity beyond the neonatal period.

When oxygen requirement at 36 weeks’ corrected
postnatal gestational age is used to predict outcome,
irrespective of the initial gestational age, 63% of
those receiving oxygen had abnormal lung fmdings
and 63% of the total with abnormal pulmonary
outcomes still required oxygen therapy. At the same
time, 91% of those destined to have normal pul-
monary outcomes were not receiving oxygen and
90% of those infants not receiving oxygen subse-
quently had normal outcomes.

The policies of individual neonatal care units
may have less effect on this predictor than on the
more widely used 28-day criterion, but this will
require testing in other populations. We found that

when the same analysis was performed using the
duration of ventilatory assistance this was not as
good a predictor as the requirement for oxygen.

Our results suggest that the requirement for ad-
ditional oxygen at a corrected postnatal gestational
age of 36 weeks in infants born with a birth weight
of less than 1,500 g may be a useful predictor of
abnormal pulmonary outcome in the first 2 years
of life. These data are readily available from neo-
natal records and may form a suitable parameter
for comparisons between centers and different
treatment modalities.
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