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Purpose: The aim of this study was to characterize the brain ultrasonographic findings of late-
onset circulatory dysfunction (LCD) due to adrenal insufficiency (Al) in preterm infants.

Methods: Among the 257 preterm infants born at <33 weeks of gestation between December
2009 and February 2014 at our institution, 35 preterm infants were diagnosed with Al. Brain
ultrasonographic findings were retrospectively analyzed before and after LCD in 14 preterm
infants, after exclusion of the other 21 infants with Al due to the following causes: death (n=2),
early Al (n=5), sepsis (n=1), and patent ductus arteriosus (n=13).

Results: Fourteen of 257 infants (5.4%) were diagnosed with LCD due to Al. The age at LCD
was a median of 18.5 days (range, 9 to 32 days). The last ultrasonographic findings before LCD
occurred showed grade 1 periventricular echogenicity (PVE) in all 14 patients and germinal
matrix hemorrhage (GMH) with focal cystic change in one patient. Ultrasonographic findings
after LCD demonstrated no significant change in grade 1 PVE and no new lesions in eight (57%),
grade 1 PVE with newly appearing GMH in three (21%), and increased PVE in three (21%)
infants. Five infants (36%) showed new development (n=4) or increased size (n=1) of GMH. Two
of three infants (14%) with increased PVE developed cystic periventricular leukomalacia (PVL)
and rapid progression to macrocystic encephalomalacia.

Conclusion: LCD due to Al may be associated with the late development of GMH, increased PVE
after LCD, and cystic PVL with rapid progression to macrocystic encephalomalacia.
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Introduction

Late-onset systemic hypotension and oliguria without obvious cause following stable circulation and
respiration are not rare in preterm infants, and such episodes are referred to as late-onset circulatory
dysfunction (LCD) of premature infants [1]. LCD due to adrenal insufficiency (Al) is one of the major
causes of late-onset hypotension [2]. Recently, several studies performed in Japan have reported that
preterm infants develop LCD that responds to glucocorticoid therapy, but not to volume expansion
or vasopressors, after the first week of life [3-6]. The main problem associated with LCD is the
subsequent onset of periventricular leukomalacia (PVL) and poorer neurologic development [1,3]. The
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Brain ultrasonographic findings of LCD due to Al

purpose of this study was to characterize the brain ultrasonographic
findings of LCD due to Al in preterm infants.

Materials and Methods

This retrospective study was performed with the approval and under
the guidelines of the Institutional Review Board. Informed consent
was waived.

Definition of LCD

The definition of LCD due to Al is the acute onset of hypotension or
oliguria requiring treatment without obvious causes such as sepsis,
patent ductus arteriosus (PDA), or intraventricular hemorrhage (IVH)
in preterm infants with circulatory and respiratory conditions that
had been stable for several days. Such sudden collapse was resistant
to conventional treatment using volume expanders and inotropic
agents, whereas there was a rapid response to intravenous steroids
(glucocorticoids) [1,3]. We defined late-onset hypotension as a
decrease in systolic blood pressure to below 30 mm Hg occurring
after the first week of life, and oliguria as a decrease in the urine
output to <0.5 mL/kg/hr over the past 8 hours or to <1.0 mL/kg/hr
over the past 24 hours [2,7].

Patients
Between December 2009 and February 2014, 257 preterm infants
with gestational age (GA) less than 33 weeks were hospitalized in
our neonatal intensive care unit (NICU). Thirty-five preterm infants
were diagnosed with Al based on clinical and laboratorial findings.
Among them, 21 infants were excluded for the following reasons:
death (n=2), early Al (n=5, <1 week), sepsis (n=1), and PDA (n=13).
Among the cases of PDA, a state of closure after using indomethacin
(n=8) or a ligation operation (n=3), and sustained PDA (n=2) were
all excluded. The ultimate study group comprised 14 infants.
Fourteen of 257 infants (5.4%) were diagnosed with LCD due
to Al. They were six male and eight female infants and nine infants
(64%) were a twin (n=7) or triplet (n=2). The mean GA at birth was
30.6 weeks (range, 29.1 to 32.4 weeks) and the mean birth weight
was 1,433 g (range, 540 to 1,790 g). The median Apgar scores at 1
minute and 5 minutes were 6.0 and 7.5, respectively. None of the
cases showed any evidence of hypoxic ischemic encephalopathy,
sepsis, PDA, or IVH before the occurrence of LCD. However, five
infants who experienced spontaneous closure of PDA at less
than 1 week of postnatal age, before LCD, were included in this
study. None of the patients had any other abnormalities on cranial
ultrasonography, anomalies elsewhere in the body, or underlying
disease, except two patients with mild bronchopulmonary dysplasia.
We reviewed clinical data at the date of the occurrence of LCD.
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Ultrasonography Image Analysis

The ultrasonography examination was performed by one pediatric
radiologist (with 10 years of experience) using an iU22 (Philips,
Bothell, WA, USA) with a 5-8 MHz sector and 5-12 MHz linear
transducers. The patients were laid supine on the bed in the NICU
and not sedated. The ultrasonographic findings were retrospectively
reviewed by two radiologists (with 10 and 8 years of experience,
respectively) at a picture archiving and communication system
workstation (Maroview, Marotech, Seoul, Korea). We reviewed
the interval between the ultrasonographic examinations before
and after LCD occurred, the interval between LCD and the first
ultrasonography after LCD occurred, and the interval between the
first ultrasonography and the next follow-up ultrasonography after
LCD occurred.

In this retrospective study, the time schedule of routine brain
ultrasonography in preterm infants in our institution was as follows:
All preterm neonates born at <33 weeks of gestation routinely
underwent brain ultrasonography within the first week of life and
then follow-up brain ultrasonography was performed at least once
a week until about 2-4 weeks after birth. In stable preterm infants
after 2-4 weeks of age, the interval of follow-up ultrasonography
was usually lengthened to 2-4 weeks. Serial brain ultrasonographic
findings were analyzed before and after the occurrence of LCD,
focusing on the change in periventricular echogenicity (PVE),
the occurrence and date of hemorrhage, and the development
of cystic changes in the white matter (cystic PVL). The definition
of ultrasonography before the occurrence of LCD was the last
ultrasonography before LCD.

Results

The ultrasonographic findings of 14 preterm infants with LCD due to
Al are shown in Table 1. LCD occurred at a median of postnatal age
18.5 days (range, 9 to 32 days) and a mean of 33.4 weeks (range,
31.9 to 35.0 weeks) of postmenstrual age. The serum cortisol
concentration before hydrocortisone administration was median
5.342.6 pg/dL (range, 1.7 to 9.2 pg/dL; normal reference, 5 to 25
ug/dL). All 14 patients were stable before the onset of LCD and there
was no history of birth asphyxia or hypoxic ischemic encephalopathy.
The interval of ultrasonographic examination before and after LCD
was a mean of 10.1 days (range, 4 to 18 days), the interval between
LCD and ultrasonography was a mean of 2.6 days (range, 0 to 11
days), and the interval of next follow-up ultrasonography after LCD
was a mean of 10.3 days (range, 3 to 25 days).

The last brain ultrasonographic findings before the occurrence
of LCD showed grade 1 PVE in all 14 patients and germinal matrix
hemorrhage (GMH) with focal cystic change in one patient. Brain
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Table 1. Ultrasonographic findings of 14 preterm infants with LCD due to Al

Serial ultrasonographic findings before and after the event of LCD

Age at
No. Sex GA (wk) BW(g) I?CD Before LCD After LCD occurred
(day)  pyg GMH PVE  GMH (day) PVL (date)
1 M 303 1,750 19 Gr1 - Gr1 - -
2 M 32.1 1,750 14 Gr1 = Gr1 = =
3 F 309 1,230 24 Gr1 - Gr2 New GMH (35)  Cystic PVL with macrocystic encephalomalacia (42nd day)
4 F 300 540 32 Gr1 = Gr1 New GMH (34) =
5 F 29.7 1,350 18 Gr1 - Gr1 - -
6 F 300 1,490 13 Gr1 = Gr1 = =
7 F 29.1 1,160 28 Gr 1 - Gr1 - -
8 M 29.1 1,255 31 Gr 1 - Gr3 New GMH (42)  Cystic PVL with macrocystic encephalomalacia (42nd day)
9 F 324 1,790 17 Gr1 - Gr1 - -
10 F 313 1,640 15 Gr 1 - Gr2 - Non-cavitary PVL on MRI at 20 months (corrected age)
11 F 306 1,670 19 Gr1 - Gr1 - -
2 M 30.6 1,360 9 Gr GMH with Gri Increased size -
cystic change of GMH (16)
13 M 324 1,620 18 Gr1 - Gr1 - -
14 M 299 1,450 19 Gr1 - Gr1 New GMH (19) -

LCD, late-onset circulatory dysfunction; Al, adrenal insufficiency; GA, gestational age; BW, birth weight; PVE, periventricular echogenicity; GMH, germinal matrix hemorrhage;

PVL, periventricular leukomalacia; Gr, grade.

ultrasonographic findings after LCD demonstrated no significant
change in grade 1 PVE and no new lesions in eight (57%), grade
1 PVE with newly appearing GMH in three (21%) (Fig. 1C, D),
and increased PVE in three (21%) infants (Figs. 2C, D, 3E, F). Five
infants (36%) showed new development (n=4) or increased size
(n=1) of GMH (Figs. 1C, D, 3D). The date of occurrence of GMH in
the five patients was a median of 34 days (range, 16 to 42 days)
after birth (Figs. 1C, D, 3D). Two of three infants with increased PVE
developed cystic PVL and showed rapid progression to macrocystic
encephalomalacia (Figs. 2, 3), especially in both parieto-occipital
lobes. Periventricular cyst formations were noted at the 11th (Fig. 3,
case 8) and the 18th (Fig. 2, case 3) days after LCD occurrence, that
is, in both cases, the 42nd day of life. The remaining one infant (case
10) with increased PVE developed non-cavitary PVL on magnetic
resonance imaging (MRI) at a corrected age of 20 months.

Discussion

In this study, the incidence of LCD due to Al was 5.4%. Kusuda et al.
[8] reported an incidence of LCD due to Al of 4% in 2,145 infants
with very low birth weight (<1,500 g) in Japan during a stay in the
NICU in 2003. Choi et al. [7] reported the incidence was 7.6% in
128 preterm infants in Korea from January 2007 to August 2009.
Characteristic ultrasonographic findings in our study are the late
development of GMH after 2 weeks of age, increased PVE after
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the occurrence of LCD, and late development of PVL. GMH-IVH
in premature infants is typically diagnosed during the first days of
life, 50% on the first day and 90% within the first 4 days [9]. New
development or increased size of GMH in five patients occurred at
16-42 days of life in our study. Delayed hemorrhage (GMH-IVH)
after 2 weeks of life may be related to postnatal events or insults
and should not be overlooked.

The three patients who showed increased PVE after the
occurrence of LCD all developed PVL (cystic PVL with macrocystic
encephalomalacia [n=2] and non-cavitary PVL [n=1]) associated
with adverse neurodevelopmental outcomes. Severe cystic PVL
and rapid progression to macrocystic encephalomalacia were
found unexpectedly on routine follow-up ultrasonography in two
patients, although they had a good clinical response to steroid
and had no other causes of hypotension except the occurrence of
Al. The cystic changes were more rapid and extensive than typical
PVL and predominantly involved both parieto-occipital lobes. The
periventricular cyst formations were noted at the 11th and the 18th
day after LCD occurred, that is, the 42nd day of life in both of these
two infants. Kobayashi et al. [1,3] reported that in infants with PVL,
those with LCD had more severe MRI findings and developed more
severe cerebral palsy than those without LCD. The pathogenesis of
PVL development in patients with LCD is thought to be remarkable
hypotension that might lead to a striking decrease in cerebral blood
flow (CBF) to the white matter. They presumed the hypotension
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during LCD is associated with the development of PVL. Young et
al. [10] demonstrated that the regional CBF to periventricular and
occipital (visual radiations) white matter significantly decreases
during severe hypotension in newborn dogs, whereas regional CBF
to all gray matter structures is preserved. Although our two cases
with severe cystic PVL and macrocystic encephalomalacia are well
correlated with previous reports [1,3,10,11], the number of patients
is too small to draw conclusions.

In stable preterm infants after 2-4 weeks of age, the interval
for follow-up ultrasonography was usually lengthened to 2-4
weeks. However, when LCD occurs due to Al, the interval of
ultrasonography should be shortened. Kobayashi et al. [3] reported
that periventricular cysts were initially detected far later in cases of
PVL with LCD than in those without LCD. This might be attributed
to the decreased frequency of ultrasonography performed once
an infant has reached 1 month of age. In our study, the interval
of ultrasonographic examination before and after LCD was as
long as 18 days (mean, 10.1 days; range, 4 to 18 days) and the
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interval of next follow-up ultrasonography after LCD was up to
25 days (mean, 10.3 days; range, 3 to 25 days). In seven cases,
even if ultrasonography was performed shortly after LCD (the
interval between LCD and ultrasonography was 0-1 day), the
ultrasonographic changes were subsequently detected later because
the interval of next follow-up ultrasonography after the occurrence
of LCD was up to 25 days (mean, 10.3 days; range, 3 to 25 days).
Therefore, if hypotension is suspected to be associated with LCD due
to Al, we think the interval of ultrasonographic examination should
be shortened to 1 week, at least for 1 month after LCD occurs.

This study had several limitations, such as its retrospective design
and small number of patients. Further research is needed to specify
the ultrasonographic findings of LCD due to Al in a large population
with a control group.

In conclusion, LCD due to Al may be associated with the late
development of GMH (36%) after 2 weeks of age, increased PVE
(21%) after LCD, and the development of cystic PVL with rapid
progression to macrocystic encephalomalacia (14%).

Fig. 1. A preterm infant (30 weeks' gestational
age) with bilateral germinal matrix
hemorrhage (GMH) after the occurrence
of late-onset circulatory dysfunction (LCD).
A, B. At age 20 days, sagittal brain sono-
grams show no evidence of GMH before
LCD. C, D. At age 34 days, sagittal brain
sonograms show newly noted bilateral GMH
(arrows) after LCD which occurred at 32
days of age.
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Fig. 2. Preterm infant (30.9 weeks' gestational
age) with macrocystic encephalomalacia
after late-onset circulatory dysfunction
(LCD) which occurred at 24 days of age.
A, B. At age 25 days, coronal brain sono-
grams show normal range of periventricular
echogenicity (PVE), grade 1, next day after
LCD at 24 days of age. C-F. At 35 (C, D)
and 42 (E, F) days of age, coronal and
sagittal brain sonograms show an increase
of PVE (C, D, arrows) and development
of cystic periventricular leukomalacia
and rapid progression to macrocystic
encephalomalacia (E, F, arrowheads) after
LCD. G, H. At 43 days of age, axial fluid-
attenuated inversion recovery magnetic
resonance images show severe macrocystic
encephalomalacia (arrows) in both parieto-
occipital lobes.
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Fig. 3. Preterm infant (29.1 weeks' gestational
age) with macrocystic encephalomalacia
after late-onset circulatory dysfunction
(LCD) which occurred at 31 days of age.
A, B. At 25 days of age, coronal (A) and
sagittal (B) brain sonograms show a normal
range of grade 1 periventricular echogenicity
(PVE) before LCD. C-F. At 42 days of age,
coronal brain sonograms show a marked
increase of PVE (white arrows), cystic
periventricular leukomalacia (arrowheads),
and newly developed germinal matrix
hemorrhage (black arrows) after LCD
which occurred at 31 days of age. G, H.
On day 45, axial fluid-attenuated inversion
recovery magnetic resonance images show
rapid progression to severe macrocystic
encephalomalacia (arrows) at both of the
fronto-parieto-occipital lobes.
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