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ABSTRACT. We prospectively assessed and compared
the vitamin A status of two groups of preterm neonates
(<1500 g birth weight, <32 wk gestation), one who devel-
oped clinical and radiographic evidence of bronchopulmo-
nary dysplasia (BPD) (#n = 10), and the other (control)
who developed no significant lung disease (n = 8). The
infants with BPD in this study required prolonged mechan-
ical ventilation and supplemental O, therapy, and had a
higher incidence of cardiorespiratory complications when
compared to controls. Their mean plasma vitamin A con-
centrations were significantly lower than those of controls
at four sampling times in the 1st postnatal month. In
contrast to the controls, infants with BPD showed a sub-
stantial decline in their plasma vitamin A concentrations
from the initial values, and a high percentage of individual
values of plasma vitamin A concentration in these infants
were <10 pg/dl during the 8-wk postnatal period of obser-
vation. Delayed establishment of gastrointestinal feeding
and a lower vitamin A intake in these infants relative to
controls may have accounted for this decline. Our data
show that preterm neonates who develop BPD have sub-
optimal plasma vitamin A concentrations for extended
periods of time postnatally. We speculate that the necro-
tizing bronchiolitis and squamous metaplasia of conducting
airways associated with vitamin A deficiency could influ-
ence the orderly repair of lung injury in susceptible neo-
nates who are mechanically ventilated and could contribute
to the pathophysiology of BPD in these infants. Further
studies are needed to determine whether more efficient
management of these neonates with regard to their vitamin
A nutrition and early achievement of vitamin A sufficiency
could result in a decrease in the incidence and severity of
BPD. (Pediatr Res 19: 185-189, 1985)

Abbreviations

BPD, bronchopulmonary dysplasia
HMD, hyaline membrane disease
PDA, patent ductus arteriosus
RBP, retinol-binding protein

Vitamin A (retinol) influences the orderly growth and differ-
entiation of epithelial cells. Severe vitamin A deficiency results
in changes in the tracheobronchial tree that include basal cell
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proliferation leading to necrosis of lining epithelium, followed
by squamous metaplasia (1, 2). Necrotizing bronchiolitis and
squamous metaplasia of the epithelium of conducting airways
are frequently seen in infants dying with BPD, following venti-
latory management of conditions such as HMD (3, 4). The
pathophysiologic consequences of these changes would include
a lack of the mucociliary transport mechanism for removal of
foreign material, including pathogenic organisms (5, 6), and
abnormalities of water transport across the trachea (7). These
abnormalities may influence orderly repair of lung injury and
contribute to the pathophysiology of BPD in preterm infants.

The plasma concentrations of vitamin A and RBP of preterm
infants at birth are low when compared to those of term neonates
(8-10). Their liver vitamin A reserves are also low, suggesting
that their potential ability to offset an inadequate vitamin A
intake is poor (11). The provision of vitamin A to sick neonates
who require protracted mechanical ventilation may be difficult
by the oral route and the infants who are maintained exclusively
on intravenous nutrition may be compromised by substantial
losses of the vitamin by its adsorption to intravenous tubing and
by its photodegradation (12). These observations prompted us to
examine the role of vitamin A deficiency in the development of
BPD in susceptible preterm neonates. This study was designed
to prospectively assess and compare the vitamin A status of two
groups of preterm neonates, one who developed clinical and
radiographic evidence of BPD, and the other who developed no
significant lung disease.

MATERIALS AND METHODS

Subjects. Ten infants who developed BPD were the subjects of
the study. These infants were selected prospectively by using
criteria proposed by Bancalari et al. (13) to identify infants at
risk for development of BPD. These criteria were birth weight
<1500 g, gestational age <32 wk, and requirement for mechan-
ical ventilation during the 1st wk of life for a period of at least
72 h. HMD was the cause of respiratory insufficiency in 6/10
infants; the remainder had pulmonary edema as the initial di-
agnosis. The diagnosis of BPD was based on clinical criteria and
the need for protracted mechanical ventilation and high inspired
O, concentrations (F10, = 0.3) at 28 days postnatal age (14). All
infants showed chest radiographic features of BPD as described
by Edwards (15).

Eight control infants of similar birth weight and gestation were
enrolled concurrently in the study. These infants had mild car-
diorespiratory abnormalities that were resolved by 7 days post-
natal age. None developed progressive lung disease as evidenced
by a lack of a need for supplemental O, or mechanical ventilation
at 28 days postnatal age. Their chest radiographs were normal at
that time.

The two groups of infants did not differ statistically with
respect to mean gestational age or birth weight (Table 1). The
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Table 1. Clinical characteristics of infants*

BPD Control
Group (n=10) (n=28)
Sex (male/female) 6/4 5/3
Race (white/ 8/2 6/2
black)
Gestation (wk)} 28.1 £ 1.5 294+ 1.2
Birthweight (g)t 946 + 218 1138 + 150
OFC (cm)t 257+ 1.6 26.7+ 1.1

* Abbreviation: OFC, occipitofrontal circumference.
+ Mean =+ SD; no significant differences were noted between groups.

gestational age ranged from 28 to 31 wk in 8/10 infants from
the BPD group and 8/8 infants from the control group. Their
birth weights ranged from 850 to 1320 g. Two infants from the
BPD group were 26 wk gestational age and weighed 580 and 640
g at birth, respectively. The clinical course in these two infants
and their nutritional vitamin A intake and plasma vitamin A
concentrations were similar to those of other infants in the BPD
group. The distribution of infants with regard to sex and race
was similar in the two groups. None of the infants had congenital
anomalies or evidence of intrauterine growth retardation.

Procedures. Informed consent was obtained from the parents
of each infant. The study was approved by the Committee for
the Protection of Human Subjects—Health Sciences of the In-
stitutional Review Board of Vanderbilt University. The neonatal
intensive care unit staff was responsible for all decisions related
to diagnostic and therapeutic aspects of clinical management of
these infants. The general management of infants with respira-
tory problems in this unit has been previously described (16).
Baby Bird Pediatric Ventilators were used throughout the study
period. Clinical monitoring consisted of assessment of ventilatory
status, cardiorespiratory status, growth, nutritional intake, med-
ications, and complications.

All infants were maintained exclusively on intravenous glucose
in the early postnatal period. Parenteral nutrition was started
within the 1st wk of life. The vitamins in the parenteral solution
were derived from the addition of 2.0 ml of an aqueous multi-
vitamin preparation (MVI, USV Pharmaceutical) to 1.0 liter of
the solution at the time of preparation. The vitamin A concen-
tration of the parenteral solution was 400 IU/dl. Oral feedings
were begun in all infants as soon as their clinical condition

permitted. Continuous transpyloric infusion was the preferred |

mode of feeding for ventilator-dependent infants. Intermittent
orogastric gavage was the choice for ventilator-free infants. In-
fants were fed either human milk or infant formula. The vitamin
A concentration of the milk was 240-550 IU/dl. Approximately
1.0 ml of an oral multivitamin preparation (Poly-Vi-Sol, Mead
Johnson) was added to the diet from 5th day of oral feeding. The
oral supplemental vitamin A intake was 1500 IU/day.

Approximately 0.7 ml of blood was drawn from each infant
by venous puncture at 4, 14, 21, and 28 days postnatal age.
Blood samples were drawn into heparinized collection vessels at
a specific time of the day in all infants. Plasma was separated
from each sample by centrifugation and stored at —20° C prior
to the analysis. Plasma vitamin A concentration was determined
in duplicate by the fluorometric method described by Thompson
et al. (17). Additional blood samples for plasma vitamin A
determination were drawn at 35, 42, 49, and 56 days postnatal
age from infants in the BPD group. Early discharge to other
medical facilities precluded blood sampling of control infants at
these postnatal ages.

Statistical analysis. Hewlett-Packard HP-55 programmable
calculator was used for data analysis. Student’s unpaired ¢ test
and Wilcoxon nonparametric test were used to determine the
significance of differences between mean values.
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RESULTS

Clinical course. Infants with BPD required supplemental O,
therapy and mechanical ventilation for significantly longer pe-
riods of time than the control infants (Table 2). In infants with
BPD, the Fio, requirement was =0.3 for approximately 73% of
the duration of O, therapy, and the ventilator rate was =30/min
for approximately 38% of the duration of mechanical ventilation.
The maximal peak inspiratory pressure was 20-32 cm H,O, and
the maximal peak end-expiratory pressure was 4-8 cm H,O. The
corresponding pressures in the control infants were 12-20 and
3-4 cm H,0, respectively. In the period following withdrawal of
mechanical ventilation, infants with BPD required continuous
positive airway pressure (4~8 cm H,0O) by nasal route for a
significantly longer period of time than the control infants.

Infants with BPD had a higher incidence of cardiorespiratory
complications than the control infants (Table 3). Pulmonary air
dissection was diagnosed by radiographic criteria. The protocol

Table 2. Ventilatory requirements of infants*

Group BPD Control D
O; therapy (days)t )
Total duration 56.4 £ 21.1 104+£9.3 <0.001
(32-97) (1-28)
Fio, 20.3 41.2 £20.3 3024 <0.001
(15-84) (1-7)
IPPV (days)t
Total duration 40.0 = 18.9 39+27 <0.001
(18-75) 0-7)
VR <10/min 23+33 0.5+0.8 NS
(0-10) (0-2)
VR 11-29/min 225+145 2522 <0.01
(6-47) (0-6)
VR =30/min 152 +9.38 1.6+1.8 <0.01
(5-36) 0-4)
CPAP (days)t
Duration 8074 1.3+£15 <0.05
(0-23) (0-4)

* Abbreviations: IPPV, intermittent positive pressure ventilation; VR,
ventilator rate (breaths/min); CPAP, continuous positive airway pressure
(by nasal route).

+ Values are mean + SD (range).

Table 3. Cardiorespiratory complications*

Group BPD Control
Pulmonary air dissection 5/10 0/8
PIE 5/5 0
Pneumothorax 2/5 0
sPDA 9/10 2/8
Medical treatment 8/9 2/2
Surgical treatment 1/9 0/2
Sepsis
No. of episodes
per infant} 23+£0.7 1.1 £0.6
Antimicrobial 37.1 £21.7 11.1 £6.8
treatment (days)}
Airway infection§ 8/10 0/8

* Abbreviations: PIE, pulmonary interstitial emphysema; sPDA,
symptomatic patent ductus arteriosus.

t Clinically suspected sepsis with or without confirmation by culture.
Values (mean + SD) were significantly different between groups (p <
0.01).

1 Cumulative antimicrobial treatment. Values (mean * SD) were
significantly different between groups (p < 0.01).

§ Confirmed by cultures of airway secretions.
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Fig. 1. Average total (oral + intravenous) daily vitamin A intake (mean + SEM). Asterisk denotes significant difference between groups (p <

0.05).

Table 4. Plasma vitamin A concentrations of infants
Postnatal age (days)

Group 4 14 21 28
BPD* 13360 120+x39 106+6.3 103=+38.7
Control* 233+£13.1 293+£99 18.1%£83 189%6.7
)4 <0.05 <0.001 <0.05 <0.05

Postnatal age (déys)
35 42 49 56
BPD* 11497 148+85 17.2+80 195+10.3

* Values (ug/dl) are mean + SD.

for diagnosis and management of symptomatic PDA has been
described previously (18). The medical management of this
complication included one to four doses of intravenous indo-
methacin (0.2 mg/kg/dose). One infant from the BPD group
underwent surgical ligation of the ductus following failure of
response to medical management. Secondary airway infection
confirmed by cultures of airway secretions occurred only in
infants from the BPD group. The prevalent microorganisms
included Coagulase-negative Staphylococcus, Enterococcus, and
Pseudomonas aeruginosa.

Nutritional intake. The mean (+SD) age at commencement of
oral feeding was 22.4 + 15.3 days in infants with BPD and 8.1
+ 2.6 days in control infants (p < 0.02). The mean (£SD) age at
commencement of oral vitamin A supplementation was 29.8 +
14.5 days in infants with BPD and 15.5 + 5.0 days in control
infants ( p < 0.02). The average daily vitamin A intake in infants
is shown in Figure 1. In wk 2- through 4, the total intake of
vitamin A was significantly lower in infants with BPD (p < 0.05)
due largely to a difference in the oral intake of vitamin A. The
maximum vitamin A intake in infants with established oral
feeding ranged from 2020 to 2370 IU/kg/day in both groups. In
infants with BPD, a mean vitamin A intake >2000 IU/kg/day
was achieved in the 7th postnatal wk in comparison to the 4th
postnatal wk in control infants.

Plasma vitamin A. The mean plasma vitamin A concentrations
were significantly lower .in infants with BPD than in control
infants at 4, 14, 21, and 28 days postnatal age (Table 4). During

this period, a higher percentage of individual values of plasma
vitamin A concentration was <10 wg/dl in infants with BPD
(45% of all values) than in control infants (6% of all values). All
infants with BPD showed a progressive fall in their plasma
vitamin A concentrations. The percent decrease in these concen-
trations from the initial values exceeded 40% in 7/10 infants.
The lowest concentrations in these infants ranged from zero
(below detection) to 12.3. ug/dl. In contrast, in 4/8 control
infants, the plasma vitamin A concentrations showed a progres-
sive increase from the initial values, while in the remainder, the
percent decrease in these concentrations from the initial values
was less than 40%. Although a gradual rise in plasma vitamin A
concentrations was seen in a majority of infants with BPD during
the following 4-wk period, a high percentage (29%) of individual
plasma vitamin A values continued to be <10 ug/dl.

DISCUSSION

The etiology of BPD in newborn infants is considered to be
multifactorial. Mechanical ventilation and supplemental O, ther-
apy for conditions such as HMD have been implicated as the
major etiologic factors (3, 19-21). Congestive heart failure sec-
ondary to left-to-right shunting through a PDA (22), excessive
intravenous fluid administration (23), and pulmonary interstitial
air dissection (4) are suggested as contributing factors. Infants
with HMD have epithelial necrosis of the lining cells of the
terminal conducting airways, respiratory bronchioles, and alveo-
lar ducts (24, 25). Vascular endothelial cells are also affected,
with increased permeability and exudation of protein-rich fluid
into the terminal air spaces. During the repair phase, the denuded
epithelial surfaces are rapidly relined over a 2-3 day period with
migrating new type II cells, which presumably differentiate from
a residual stem cell population. The important function of vita-
min A in preserving the structural and functional integrity of the
epithelial cells could have a favorable effect in the healing process
of preterm neonates recovering from HMD. In mechanically
ventilated neonates, several factors such as barotrauma, airway
infection, and chronic endotracheal intubation can cause exten-
sive damage to the more proximal parts of the tracheobronchial
tree and increase the risk of BPD. The potential role of vitamin
A in promoting normal reepithelialization of damaged airways
could have a favorable effect in the healing process of preterm
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neonates susceptible to BPD and in avoiding the potentially
harmful effects of squamous metaplasia in these infants. We
therefore chose to evaluate sequentially the vitamin A status of
a group of preterm neonates who developed clinical and radi-
ographic evidence of BPD. A control group of neonates of similar
birth weight and gestation without significant lung disease was
studied for comparison.

The infants with BPD in this study are representative of infants
with advanced BPD (26). Their characteristics include need for
prolonged mechanical ventilation and supplemental O, therapy,
and significant morbidity resulting from a variety of complica-
tions such as pulmonary interstitial air dissection, symptomatic
PDA, and recurrent airway infection.

Normal concentrations of vitamin A in blood range from 25-
90 pg/dl in healthy adult humans. In children, including infants,
a concentration <20 pg/dl is generally considered to be suggestive
of a suboptimal vitamin A status, and <10 ug/dl is indicative of
vitamin A deficiency (27). We have previously shown that a high
percentage of preterm neonates have plasma vitamin A concen-
trations <20 pg/dl in cord blood (9). The present study provides
data on sequential determinations of plasma vitamin A concen-
tration in preterm neonates in the early postnatal period.

In this study, during the 1st postnatal month, preterm neonates
who progressed to develop BPD had significantly lower plasma
vitamin A concentrations when compared to neonates without
significant lung disease. Moreover, the vitamin A status of infants
with BPD showed a biphasic pattern in the postnatal period. The
initial phase was characterized by declining plasma vitamin A
concentrations. The lowest plasma vitamin A concentrations
were seen at 3-5 wk postnatal age and were markedly below the
optimal level. The subsequent phase was characterized by a
gradual rise in plasma vitamin A concentrations as seen in a
majority of these infants. However, a high percentage of individ-
ual values of plasma vitamin A concentration in these infants
continued to remain in the suboptimal range. These postnatal
changes in plasma vitamin A concentration appear to be second-
ary to the varying amounts of vitamin A in the diet and the
varying modes of its provision. During the initial phase of
declining plasma vitamin A concentrations, the average daily
vitamin A intake was <700 IU/kg/day and the mode of feeding
was predominantly intravenous. During the subsequent phase of
increasing plasma vitamin A concentrations, the average daily
vitamin A intake was >1500 IU/kg/day and the mode of feeding
was predominantly by the gastrointestinal route. Other possible
reasons for low plasma vitamin A concentrations in infants with
BPD may include depleted liver reserves of vitamin A, subopti-
mal concentrations of plasma RBP, and increased tissue utiliza-
tion of vitamin A. In contrast, the preterm infants without
significant lung disease in our study did not show a substantial
decline in their plasma vitamin A concentrations from the initial
values. A higher vitamin A intake and an earlier establishment
of oral feeding in these infants may have prevented such a
decline.

Animal studies (1, 2) of induced vitamin A deficiency have
shown initial basal cell layer proliferation of the epithelium of
the conducting airways followed by necrosis of the columnar
ciliated and nonciliated lining cells. These cells are subsequently
sloughed into the lumen, as the basal cells become confluent and
differentiate into typical squamous layers. Infants dying with
early BPD show a similar necrotizing bronchiolitis (3). Those
dying at later stages of the disease may demonstrate basal cell
layer proliferation and squamous metaplasia of conducting air-
way epithelium (3). The sequence of events of these changes due
to vitamin A deficiency in animals and that associated with the
development of BPD in human infants appear to be remarkably
similar. In our study, we have shown an association between low
plasma vitamin A concentrations and BPD in preterm neonates.
It remains to be confirmed, however, whether the low plasma
vitamin A concentrations are a cause of BPD or an effect of a
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deficient intake secondary to events associated with BPD. Further
studies are needed to determine whether more efficient manage-
ment of sick neonates with regard to their vitamin A nutrition
and early achievement of vitamin A sufficiency could result in a
decrease in the incidence and severity of BPD.

In summary, vitamin A status was assessed and compared in
two groups of preterm neonates of comparable maturity, one
who developed clinical and radiographic evidence of BPD, and
the other who developed no significant lung disease. Our data
show that infants who progress to develop BPD have suboptimal
concentrations of plasma vitamin A for extended periods of time
postnatally, largely as a result of an inadequate vitamin A intake.
The cause and effect relationship between vitamin A deficiency
and BPD remains to be studied.
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