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ABSTRACT

OBJECTIVE. Postnatal steroids (PNSs) are used frequently to prevent or treat chronic
lung disease (CLD) in the very low birth weight (VLBW) infant, and their use
continues despite concerns regarding an increased incidence of longer-term neu-
rodevelopmental abnormalities in such infants. More recently, there has been a
suggestion that corticosteroids may be a useful alternative therapy for hypotension
in VLBW infants, but there have been no prospective reports of such use for a
current cohort of VLBW infants.

METHODS. The California Perinatal Quality Care Collaborative (CPQCC) requested
members to supplement their routine Vermont Oxford Network data collection
with additional information on any VLBW infant treated during their hospital
course with PNS, for any indication. The indication, actual agent used, total initial
daily dose, age at treatment, type of respiratory support, mean airway pressure,
fraction of inspired oxygen, and duration of first dosing were recorded.

RESULTS. From April 2002 to March 2003 in California, 22 of the 62 CPQCC hospitals
reported supplemental data, if applicable, from a cohort of 1401 VLBW infants
(expanded data group [EDG]), representing 33.2% of the VLBW infants registered
with the CPQCC during the 12-month period. PNSs for CLD were administered to
8.2% of all VLBW infants in 2003, 8.6% of infants in the 42 hospitals that did not
submit supplemental data (routine data-set group, compared with 7.6% in EDG
hospitals). Of the 1401 VLBW infants in the EDG, 19.3% received PNSs; 3.6%
received PNSs for only CLD, 11.8% for only non-CLD indications, and 4.0% for both
indications. At all birth weight categories, non-CLD use was significantly greater than
CLD use. The most common non-CLD indication was hypotension, followed by
extubation stridor, for which 36 (16.3%) infants were treated. For hypotension,
medications used were hydrocortisone followed by dexamethasone. Infants treated
with PNSs exclusively for hypotension had a significantly higher incidence of intra-
ventricular hemorrhage, periventricular leukomalacia, and death when compared
with infants treated only for CLD or those who did not receive PNSs.

CONCLUSIONS. The common early use of hydrocortisone for hypotension and the high
morbidity and mortality in children receiving such treatment has not been recog-
nized previously and prospective trials evaluating the short- and long-term risk/
benefit of such treatment are urgently required.

www.pediatrics.org/cgi/doi/10.1542/
peds.2005-0796
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THE FIRST STUDIES of postnatal steroid (PNS) use for
the preterm infant with respiratory distress were

published �16 years before the initial reports of prenatal
steroids. The first study evaluated corticosteroids in 32
infants of diabetic mothers and reported that there was
no significant reduction in the incidence and severity of
respiratory distress syndrome (RDS).1 Altman2 suggested
a benefit for such treatment in infants with moderate
to severe distress in 1965, but the first controlled eval-
uation was performed by Baden et al3 in 1972. This study
was a blinded comparison of 12.5 mg/kg of hydrocorti-
sone versus placebo given at admission and 12 hours
later in 44 premature infants with RDS and reported
no significant benefit to steroid administration. In the
same year, Ewerbech and Helwig4 reported on the out-
come of 10 infants with severe RDS who were treated
with prednisolone, of whom 5 died, 3 of whom had
autopsies with evidence of massive intraventricular
hemorrhage (IVH).

There have been a plethora of studies evaluating the
effects of PNSs for the prevention or treatment of
chronic lung disease (CLD).5,6 Metaanalyses of early
(�96 hours of age)7 and later use of PNSs to reduce
CLD8,9 demonstrated significant benefits with regard to
earlier extubation and decreased risks of CLD at both 28
days and 36 weeks, death, or CLD at 28 days and 36
weeks, but there was a disturbing tendency toward an
increase in neurodevelopmental impairment consistent
with previous animal experiments, which had shown
that glucocorticoids administered during critical periods
of brain development may impair myelinization, brain
cell division, and longer-term behavioral effects.10–16 The
American Academy of Pediatrics Committee on the Fe-
tus and Newborn cautioned that PNS use outside of
randomized trials should be reserved for “exceptional
clinical circumstances.”17

The use of PNSs for the prevention or treatment of
CLD remains common, especially for the extremely low
birth weight infant (ELBW) whose birth weight is
�1000 g, and information from the Vermont Oxford
Network (VON), of which the California Perinatal Qual-
ity Care Collaborative (CPQCC) is a contributing mem-
ber, indicates that for the year 2001, 38% of ELBW
infants (22–65%) received PNSs.18 In California, the use
of PNSs for the very low birth weight (VLBW) infant was
14.3%, with an interquartile range (IQR) of 4.7 to 40.8
in 2000 and 11.8% (2.1% to 28.1%) in 2001.

There is now substantial emerging evidence that PNSs
are associated with both increased short-term neonatal
complications and long-term adverse effects. At least 2
large prospective trials of PNSs have been terminated
because of short-term toxicity, including gastrointestinal
hemorrhage and intestinal perforation requiring sur-
gery.19,20 Other prospective trials have also reported a
high incidence of other adverse effects, including an
increase in nosocomial sepsis, meningitis, and hypergly-

cemia21,22; hypertriglyceridemia; increased free fatty acid
levels23; increased protein catabolism and poorer somatic
growth24–26; and pituitary-adrenal suppression,27 which
can last for 1 month after therapy.28,29

None of the published trials evaluating PNSs were
powered to evaluate long-term follow-up. A number of
reports, many describing follow-up studies of infants
enrolled in randomized, controlled trials of PNSs to pre-
vent or ameliorate bronchopulmonary dysplasia (BPD),
noted that such use was associated with a significantly
increased occurrence of neurodevelopmental impair-
ment, especially if the risk of the development of CLD
was �35% in the control infants.30–32

Low blood pressure is frequently seen in the ELBW
infant, and it has been postulated that this may be a
reflection of adrenal insufficiency. As a result, cortico-
steroids have been used to treat hypotension in such
infants and have been found to be equivalent to dopa-
mine in 1 prospective randomized trial.33,34 These obser-
vations have led to an increased use of early PNSs to
treat such hypotension. To date, there has not been any
prospective study evaluating the overall use of cortico-
steroids, including the treatment of low blood pressure
in a population of VLBW infants and the resultant neo-
natal outcomes. In an effort to further delineate the
current indications and use of PNSs in VLBW infants,
including the use of early PNSs for the treatment of low
blood pressure, we developed a prospective expanded
data set for use within the CPQCC for a full calendar
year.

METHODS
The CPQCC data set is identical to the VON data set for
infants �1500 g at birth. The CPQCC requested that all
of its members submit, for calendar year 2003, a single
additional supplemental data form for all infants who
received any PNS during their hospital stay (see Appen-
dix). These additional data provided information about
the age of the infant in days at the first dose of PNS, its
indication, the mean airway pressure and fraction of
inspired oxygen (FIO2), and the type of ventilation for
infants treated for CLD, the initial daily dose, and the
total duration of steroids given. The cohort of infants
from those hospitals voluntarily contributing supple-
mental data on PNS use constitute the expanded data
group (EDG). The cohort of infants from those hospitals
choosing not to contribute data constitute the routine
data group (RDG). After completion of data collection
for 2003, the incidence of the use of PNSs for CLD as
reported in the CPQCC data were calculated for the
overall population and the infants �1000 g and 750 g at
birth. We calculated the number and percentage of in-
fants for whom the supplemental data were submitted.
The means, medians, SDs, and IQRs were calculated.
Comparisons between cohorts were done with �2 or
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Student’s t test as appropriate. A P value of �.05 was
considered significant.

RESULTS
For 2003, 22 of the 62 CPQCC member hospitals sub-
mitted supplemental forms for all of their infants treated
with PNSs. These hospitals cared for 33.2% of the total
4219 VLBW CPQCC cohort. In the 62 member hospitals,
PNSs were administered for CLD to 8.2% of VLBW. The
use of PNSs for CLD was 8.6% in the RDG and 7.6% in
the EDG (P � .26). Other demographic comparisons are
shown in Table 1. The only significant differences were a
higher percentage of inborn infants and a slightly lower
birth weight in the EDG group (P � .001 and P � .05,
respectively). In addition to CLD, the EDG reported that
15.8% of their infants also received PNSs for other in-
dications. Of the 1401 VLBW infants that were cared for
in the EDG hospitals, 50 (3.6%) received PNSs for only
CLD, 165 (11.8%) for only other indications, and 56
(4.0%) for both CLD and other indications. The birth
weight–specific use rates for the administration of PNSs
for CLD are shown in Fig 1. In the EDG cohort, PNSs
were used most frequently for infants of 500 to 749 g
birth weight; 117 (41.8%) of the 280 infants in this
weight group were treated with PNSs. Of these 117
infants, 94 (80.3%) received PNSs for non-CLD indica-
tions compared with 54 (46.2%) who received PNSs for
CLD. Total PNS exposure by indication in the EDG co-
hort is shown in Fig 2. At every birth weight, the use of
PNSs for non-CLD indications exceeded its use for CLD.

In the 221 EDG infants who were treated with PNSs
for other indications, the most common non-CLD indi-
cation was hypotension (n � 180 [81.5%]) followed by
“to prevent or treat extubation edema,” for which 36
infants (16.3%) were treated. Overall, 12.9% of all in-
fants cared for in the EDG received PNSs for hypoten-
sion. Of these 180 infants, 140 (77.8%) received PNSs
only for hypotension and 40 (22.2%) for both hypoten-

sion and CLD. Hydrocortisone was the most frequently
used preparation (86.4%) followed by dexamethasone
(13.1%) for this indication. The first course of PNSs for
hypotension was begun at a median age of 2 days (IQR:
1–10 days). Infants received an average of 1.6 courses
and were treated for an average of 7.8 days (median: 3;
IQR: 2–60).

Dexamethasone was used for 41.5% of EDG infants
treated for CLD, followed by inhaled steroids, which
were used for 38.7% of such infants. Before their first
dose of PNSs for CLD, administered at a median of 34
days (IQR: 23.5–45.5 days), 59 (55.7%) of 106 infants
were receiving conventional ventilation, and 41 (38.7%)
were receiving high-frequency ventilation, with a me-
dian FIO2 of 0.53 and a median mean airway pressure of
10 cm H2O. There were 2 infants receiving continuous
positive airway pressure and 2 on nasal cannula. Twelve
(11.3%) of the infants treated with PNSs for CLD had
pulmonary interstitial emphysema, 77 (72.6%) were re-
ceiving diuretics, and 7 (6.6%) were receiving broncho-
dilators. The median number of courses was 1 (IQR: 1–2)
both for infants treated only for CLD (50) and those
treated for both CLD and another indication (56). How-
ever, the total days of treatment was longer in infants
treated for both CLD and another indication (median: 27
days; IQR: 8–56) than in infants who received PNSs only
for CLD (median: 14.5 days; IQR: 5–35). For both
groups, the 25% who constituted the upper quartiles
were exposed to PNS treatment for �35 days in the
CLD-only infants and for �56 days in the dual indication
group.

Table 2 shows the treatment profiles by indication
and steroid preparation. The longest average exposure to
PNSs was 51.8 days, seen in infants treated with inhaled
steroids for CLD. The shortest average exposure was 4.1
days, seen in infants treated with hydrocortisone for
weaning from the respirator. Infants treated for hypo-
tension with hydrocortisone averaged 9 days, and those
treated with dexamethasone averaged 8.4 days of ad-
ministration (Table 2).

Comparison of Outcomes by Treatment Indication
Table 3 lists outcomes by treatment indications in the
RDG and EDG infants. RDG infants who did not receive
PNSs had a lower incidence of CLD and lesser rates of
severe IVH (P � .04). There were only 4 deaths at �14
days among the 242 RDG infants who received PNSs for
CLD and no such deaths in the 106 EDG infants treated
for CLD. The overall mortality for all of the VLBW in-
fants in the CPQCC for the year was 14.8%. Mortality
was 8.7% for the 242 RDG infants who received PNSs
for CLD compared with 4.7% among the 106 EDG in-
fants who received PNSs for CLD (P � .195). EDG infants
treated for only CLD (n � 50) had a mortality of 6.0%
compared with 29.1% for the 165 EDG infants receiving
PNSs only for other indications (P � .001). EDG infants

TABLE 1 Demographic Data Comparing Infants in
Nonsupplemental Units and the EDG Infants

Variable EDG RDG

NICUs 22 40
Inborn, % 83.4a 72.4a

No. of VLBW infants 1401 2818
Mean birth weight 1020b 1040b

Birth weight �1000 g, % 47.2 44.3
Birth weight �750 g, % 23.7 21.9
PNSs, % 7.6 8.6
Oxygen at 36 wk, % 22.6 20.6
With head ultrasound exams, % 88.8 88.8
Grade 3–4 IVH, % 9.6 10.7
PVL, % 3.2 2.2
Mortality per 1000 148.5 147.3

Comparisons are not significant unless noted otherwise.
a P � .001.
b P � .04.
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treated with PNSs only for CLD compared with EDG
infants who did not receive PNSs had a higher rate of
CLD at 36 weeks (74.0% vs 16.4%, P � .001; severe

IVH: 8.3% vs 6.9%, P � .20; periventricular leukoma-
lacia [PVL]: 4.2 vs 2.5%, not significant, P � .20) and a
lower mortality (6% vs 13.7% [not significant, P �

FIGURE 1
PNS use for CLD according to birth weight comparing the CPQCC,
EDG, and RDG. �, CPQCC; ■ , RDG group; u, EDG group.

FIGURE 2
PNS use according to birth weight and indication for the EDG
infants. �, CLD; ■ , non-CLD; u, both indications.

TABLE 2 Days and Courses of Steroid Preparation According to Type and Indication

Steroid Preparation n (%) Mean No. of Courses
(Median)

Mean Total Days
(Median, IQR)

Dex for CLD 45 (3.2) 2 (1) 18.6 (8, 4–20)
Inhaled steroid for CLD 42 (3.0) 1.4 (1) 51.8 (48.5, 30–67)
Hydro for hypotension 174 (12.4) 1.7 (1) 9 (3, 2–8)
Hydro for weaning 13 (0.9) 1.3 (1) 4.1 (3, 2–5)
Dex for hypotension 5 (0.4) 1.8 (2) 8.4 (8, 8–9)
Dex for weaning 23 (1.6) 1.5 (1) 4.9 (2, 2–5)

Dex indicates dexamethasone; Hydro, hydrocortisone.
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.20]). EDG infants who received PNSs for only non-CLD
(other) indications had a higher rate of CLD at 36 weeks
(29.7% vs 16.4%, P � .001; severe IVH: 23.4% vs 6.9%,
P � .001; PVL: 3.8 vs 2.5%, not significant, P � .20) and
mortality (29.1% vs 13.7%, P � .001) when compared
with EDG infants who did not receive PNSs. These ad-
verse outcomes were increased in infants for whom the
PNS indication was hypotension only compared with
infants who did not receive PNSs. When compared with
the EDG group with no PNSs, the EDG infants treated
with PNSs for hypotension had 35.6% vs 16.4% inci-
dence of CLD at 36 weeks (P � .001), 23.4% vs 6.9%
incidence of severe IVH (P � .001), 7% vs 2.5% inci-
dence of PVL (P � .01), and mortality of 25.6% vs
13.7% (P � .001; Table 3). Infants treated for hypoten-
sion had a lower rate of CLD (35.6% vs 75%; P � .004),
a higher rate of severe IVH (23.4% vs 17.1%; not sig-
nificant), PVL (7% vs 2.9%, not significant), and death
(25.6% vs 5.6%; P � .01) when compared with EDG
infants treated for extubation (Table 3). When compared
with EDG infants without PNS treatment, EDG infants
who were treated with PNSs for both CLD and another
indication had a higher rate of CLD at 36 weeks (82.1%
vs 16.4%; P � .001), severe IVH (18.2% vs 6.9%; P �
.001), and PVL (12.7 vs 2.5%; P � .01) and a lower
mortality (3.6% vs 13.7%; P � .05).

DISCUSSION
This report describes contemporary use of PNSs in the
VLBW infant by California neonatologists. Neonatolo-
gists were early adopters of PNSs because of tangible
short-term benefits such as decreasing the burden of
CLD35 and managing volume-resistant, pressor-resistant
hypotension.33 There has been widespread use of PNSs
for the treatment or prevention of CLD in the VLBW
infant not only in North America but in Europe as well.
Overall, 67% of 14 European centers surveyed in 1999–
2000 used PNSs: 48% initiated treatment in nonintu-
bated infants and 53% at 7 to 14 days. Treatment dura-
tion was 4 to 15 days in 62% and �15 days in 21%.36

Twenty-one percent of British consultant pediatricians
reported administering PNSs after the first week of life to

ventilated neonates.37 There have been many commen-
taries regarding the most appropriate use or nonuse of
PNSs.10 Barrington31 reviewed 8 reports describing long-
er-term outcomes of infants enrolled in prospective trials
of PNSs to prevent or treat BPD/CLD. These analyses
demonstrated that PNSs were associated with an in-
creased risk of neurodevelopmental impairment and ce-
rebral palsy, with relative risks of 1.36 (95% CI: 1.09–
1.58) and 2.01 (95% CI: 1.51–2.71), respectively, among
surviving infants. These results were consistent with
previous animal experiments, which had shown that
glucocorticoids administered during critical periods of
brain development may impair myelinization, brain cell
division, and longer-term behavioral effects.11–14,16 As a
result of these observations, neonatologists began to
abandon PNSs for CLD when they learned of the long-
term toxicities associated with PNS use for CLD.

The American Academy of Pediatrics Committee on
the Fetus and Newborn cautioned neonatologists in
March 2002 that PNS use, outside of clinical trials,
should be reserved only for “exceptional clinical circum-
stances (eg, an infant on maximal ventilatory and oxy-
gen support).”17 We describe the actual use of PNSs for
the observed calendar year of 2003, 8 to 20 months after
the Committee of the Fetus and Newborn statement and
the CPQCC’s efforts to bring this recommendation to the
attention of California’s neonatology community through
the development of a toolkit designed to inform about
the evidence for PNS use in preterm infants.38 The use of
PNSs for CLD has fallen in California from 11.8% in
2001 to 7.9% in 2003. This recent trend has also been
described for the VON, the National Institute of Child
Health and Human Development Neonatal Research
Network, and the Canadian Neonatal Network, with an
indication that, currently, �7% of VLBW infants con-
tinue to receive PNSs to prevent or treat CLD.39 Our
study indicates that there is a significant and unreported
use of PNSs for managing hypotension, and because we
do not have any antecedent information on the use of
PNSs for hypotension, we cannot comment on whether
this use is increasing.

There is evidence that the very premature infant has

TABLE 3 Outcomes Related to PNS Use Comparing the EDG and RDG Groups

Variable No. of
Infants

CLD at 36 wk,
%

Grade 3–4 IVH,
%

PVL,
%

Death,
%

RDG
No PNS 2273 16.6 10.3 2.2 16.4
PNS for CLD 242 64 14.5 2.9 8.7

EDG
No PNS 1130 16.4 6.9 2.5 13.7
PNS for only CLD 50 74 8.3 4.2 6
PNS for only other 165 29.7 23.4 3.8 29.1
PNS for hypotension 180 35.6 23.4 7 25.6
PNS for extubation 36 75 17.1 2.9 5.6
PNS for CLD and other 56 82.1 18.2 12.7 3.6
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an incomplete adrenal hormone response after birth,
which may result in an exaggerated inflammatory re-
sponse and an increased incidence of BPD at 36 weeks,
an observation that has been recently refuted.40,41

Watterberg et al evaluated the use of hydrocortisone
given for the first 12 days of life in such infants and
noted a reduction in BPD without associated morbidi-
ty.42 A subsequent multicenter study by the same inves-
tigators was stopped because of evidence of bowel per-
foration, and, to date, there has not been any report of
the long-term outcome of infants treated in these 2
trials.43 Antenatal maternal steroid has been shown to
improve blood pressure in the VLBW infant.44 Animal
models have confirmed this effect.45 More recently, Ng et
al46 demonstrated that basal, peak, and incremental rise
in serum cortisol on day 7 were associated significantly
with the lowest systolic, mean, and diastolic blood pres-
sures recorded during the first 2 weeks of life (r � 0.25;
P � .005). They also reported that the serum cortisol at
the 50th centile in hypotensive infants had high speci-
ficity and positive predictive value (0.80–0.93 and 0.81–
0.89, respectively) for predicting early neonatal hypo-
tension.

Hypotension occurs in �20% of VLBW infants and
may be associated with subsequent brain injury, and its
treatment is problematic.47 Hypotension requiring vaso-
active drug treatment occurred in the first 24 hours of
life in �40% of the infants enrolled in the Watterberg et
al trial and up to 33% of the infants of �750 g birth
weight in the Hall et al study.44,48 Dopamine is the agent
most frequently used for the treatment of low blood
pressure in the VLBW infant. However, recent studies by
Osborn et al49 have demonstrated that dopamine may
not increase cardiac output. Others have developed a
technique to measure superior vena cava flow using
ultrasound Doppler studies50,51 and reported that low
superior vena cava flow, not blood pressure, was the
only independent risk factor for late IVH in both cohorts
(1995–1996 adjusted odds ratio: 20.39; 1998–1999 ad-
justed odds ratio: 5.16).52

In a retrospective review of 21 preterm infants with
hypotension unresponsive to volume and dopamine
alone or in combination with other agents including
dobutamine or epinephrine, Seri et al53 reported rapid
normalization of the cardiovascular status and sustained
decreases in volume and pressor requirement with hy-
drocortisone treatment. Another group reported similar
results using a single dose of dexamethasone in hypo-
tensive infants unresponsive to dopamine and epineph-
rine.54 It is postulated that steroids exert their effects on
dopaminergic receptors, as well as through direct cardiac
effects. There is reason to believe that dopamine may
lead to increased splanchnic vasoconstriction, and, thus,
its use may aggravate any bowel ischemia and possibly
increase the occurrence of necrotizing enterocolitis.55

Volume alone is seldom effective in treating low blood

pressure in VLBW infants, and a low blood pressure is
not predictive of a low blood volume in the preterm
infant.56,57 In addition, volume administration may in-
crease left to right ductal shunting and is less effective
than dopamine in increasing blood pressure.58,59 There
was also a recent suggestion that volume administration
to preterm hypoxic animals may impair cerebral oxygen
delivery.60

These observations may be encouraging the use of
alternate pharmacological approaches for the hypoten-
sive VLBW infant. For the EDG units surveyed in this
study, �15% of VLBW infants received hydrocortisone
for hypotension confirming the high incidence of hypo-
tension in this population. Before the present study,
there has not been any report describing the extent of
the use of hydrocortisone, dexamethasone, or any other
steroid preparation for the treatment of early hypoten-
sion in the VLBW infant. All of the previous reports
described small numbers of infants, and none have re-
ported any clinical short- or longer-term outcomes in
infants treated with any steroid preparation for low
blood pressure. We believed that there was a substantial
use of PNSs for hypotension involving the use of single
or repeated doses of hydrocortisone for VLBW infants.
The current study represents the largest series of infants
reported for whom early PNSs were prescribed for the
treatment of low blood pressure.

Our prospective survey has confirmed that the use of
hydrocortisone for hypotension has become a common
practice, being used almost twice as often as PNSs for
CLD and that although it would appear that the use of
PNSs for CLD has fallen, the overall use of PNSs may
have actually increased in California. The infants who
received PNSs for CLD in the EDG were typically 35 days
old, ventilated on a mean airway pressure of �10 cm
H2O and a FIO2 of .53. All of the previous information on
the use of PNSs in the VLBW infant comes from pro-
spective randomized trials in which the use of the PNSs
followed a protocol for the prevention or treatment of
CLD. Current PNS use differs from previous randomized
trials, even in those where therapy began at �21 days of
age, in that treatment was begun later and was not
uniformly initiated for study indications. In many of the
previous studies of PNSs for CLD, the infants were
treated early with criteria that were felt to predict CLD.
The delay observed in our survey for treating infants
with PNSs for CLD may reflect the concern that earlier
use may be associated with greater longer-term neuro-
morbidity and the use of other respiratory approaches,
including early continuous positive airway pressure,61

early intubation for surfactant followed by extubation,62

and noninvasive ventilation support.63

A major shortcoming of our study is that only 22 of 62
units voluntarily submitted supplemental data, with
these units contributing information for �33% of all
infants for whom data were collected through the
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CPQCC in 2003. The groups differed only in the higher
percentage of inborn infants and slightly lower birth
weight seen in the EDG units. It is difficult to be certain
if the results obtained are reflective of all of the CPQCC
units, and, indeed, one may speculate that the units that
completed the supplemental forms for their infants be-
lieved that they were not frequent users of PNSs. The
overall results suggested that for PNS use for CLD, this
was true but not significantly different from the RDG
units, and we do not have a contemporary comparison
group for the non-CLD use of PNSs.

At the present time, our observations suggest that
there is significant use of PNSs for the treatment of low
blood pressure in the VLBW infant and that, overall,
19% of VLBW infants in California receive PNSs, the
majority for indications other than CLD, specifically,
hypotension. Such infants experience high mortality
and significantly greater morbidities, most likely second-
ary to the hypotension; however, this is not a proven
relationship, and caution is required regarding the pos-
sible contributing role of early PNSs. We would suggest
that there is an urgent need for large, well-designed
trials to evaluate the safety and efficacy of PNSs to treat
hypotension in the VLBW infant and to evaluate both
short- and longer-term neurodevelopmental outcomes
in such infants before this practice gains increased use.
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