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Late-onset glucocorticoid-responsive circulatory collapse (LGCC) in infants is characterized by
sudden onset of hypotension and/or oliguria, which is resistant to volume expanders and ino-
tropes but responds rapidly to intravenous glucocorticoids. LGCC occurs after the first week of
life mainly in relatively stable very low birth weight (VLBW) infants. In Japan, the incidence of
LGCC is reported to be 8%. Relative adrenal insufficiency (AI) is considered the most likely
cause of LGCC, but its detailed pathophysiology remains unclear. Intrinsic and extrinsic factors
may affect the pathophysiological mechanism. LGCC should be recognized as one of the high-
risk complications in VLBW infants and managed promptly and properly, because if it is not, it
may cause life-long neurological problems. To diagnose relative AI, an accurate evaluation of
adrenal function is necessary; however, the interpretation of basal serum cortisol levels is
difficult in preterm infants after 7 days of life. To recognize LGCC, it is recommended that
blood pressure and urine volume be carefully monitored, even outside of the transitional
period. If no underlying causes are documented or volume expansion and inotropic support
fail, intravenous hydrocortisone should be initiated, and an additional dose of hydrocortisone
is required when the response is inadequate. There are few reports to verify or characterize
LGCC and this phenomenon has not been recognized worldwide to date. This review summa-
rizes the current knowledge about LGCC in premature infants and evaluates the most signifi-
cant new findings regarding its pathophysiology, treatment, and prognosis.
Copyright ª 2019, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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1. Introduction

Very low birth weight (VLBW) infants are at risk of circu-
latory collapse during the immediate postnatal period.
Signs and symptoms of circulatory collapse are similar to
those of septic or cardiogenic shock. Since the 1990s, a
subset of VLBW infants have experienced severe hypoten-
sion refractory to volume expanders and inotropes but
responsive to glucocorticoids.1e4 The underlying patho-
physiology may be associated with impaired adrenal func-
tion in preterm infants.5,6 Adrenal insufficiency (AI) usually
occurs just after birth or within the first week of life and
normalizes by the end of the second week.2

Since the early 2000s, cases of refractory hypotension
after the first week of life have been reported.7,8 In typical
cases, VLBW infants are stabilized within the early neonatal
period, and sudden subsequent onset of profound circula-
tory failure occurs. Most infants show sudden systemic hy-
potension and oliguria accompanied by hyponatremia and
hyperkalemia and do not respond to conventional treat-
ment with a volume expander or inotropic support. Gluco-
corticoid administration dramatically improves these
conditions. The synchrony of this dramatic clinical course
has prompted the recognition of a new condition, late-
onset glucocorticoid-responsive circulatory collapse
(LGCC), which differs from the recognized unstable circu-
latory status condition observed in premature infants soon
after birth.8 According to recent studies in Japan and
Korea, a significant proportion of preterm infants may
develop LGCC.9e13 This condition may be due to relative AI
associated with prematurity.8,14

No reports characterizing LGCC have been published in
North America or Europe15; previous studies conducted in
Japan and Korea have not provided comprehensive infor-
mation. To assist pediatricians in recognizing this condition,
our review summarizes current knowledge about the
pathophysiology, treatment, and prognosis of LGCC in
premature infants.

2. Definition and incidence

As the concept of LGCC has arisen from cumulative case
reports, its clinical diagnostic criteria have not been
established. However, the following tentative diagnostic
criteria for late-onset circulatory collapse have been
suggested by the Japanese Study Group for Neonatal
Endocrinology: circulatory collapse occurs outside of the
transitional period; a stable period exists before circula-
tory collapse onset; absence of apparent causes such as
sepsis, symptomatic patent ductus arteriosus (PDA),
massive bleeding, or necrotizing enterocolitis prior to
circulatory collapse onset; presence of sudden-onset hy-
potension and/or oliguria; and the hypotension and/or
oliguria is resistant to intravenous volume expanders and
inotropes.16,17 In the Neonatal Research Network, Japan
(NRNJ) database, LGCC is defined as a clinical diagnosis
based on the fulfilment of these diagnostic criteria and a
response to glucocorticoids.9

According to the most recent nationwide NRNJ data-
bases, LGCC incidence in VLBW infants was 8.0% in 54,893
VLBW infants between 2003 and 2016.10 In Korea, an
incidence of 5.4e6.7% was reported in infants born at <33
weeks’ gestation.12,13 According to Japanese studies
comparing LGCC with non-LGCC, gestational age and birth
weight were significantly lower in LGCC, but multivariate
analyses revealed low gestational age to be significantly
associated with an increased LGCC risk.9,18 Regarding fetal
growth, small for gestational age was shown to increase
LGCC risk.9
3. Pathophysiology and potential associated
factors

Glucocorticoid-responsive circulatory collapse in preterm
infants usually develops within the first week of life
because it represents a maladaptation to the early transi-
tion to extrauterine life.2,4 Most affected infants have
perinatal stress events leading to cortisol consumption.15

However, in a Japanese study comparing severe neonatal
conditions (e.g., low Apgar score, respiratory distress syn-
drome, pulmonary hemorrhage, and grade III/IV intraven-
tricular hemorrhage) in LGCC and non-LGCC patients, there
were no significant differences.17 It is unclear why LGCC
develops after 7 days of life in relatively stable VLBW in-
fants. Intrinsic and extrinsic factors may affect the patho-
physiological mechanism (Fig. 1). Underlying molecular
mechanisms require further exploration.
3.1. Immature hypothalamic-pituitary-adrenal axis

Hormone activity in the hypothalamic-pituitary-adrenal
(HPA) axis can be detected between 8 and 12 weeks’
gestation and is established by 20 weeks’ gestation.19

However, the fetal adrenal cortex does not express 3-b-
hydroxysteroid dehydrogenase (3b-HSD) before 23 weeks’
gestation, and fetal adrenal glands use placental proges-
terone to bypass 3b-HSD and produce cortisol before 30
weeks’ gestation.3,19

After birth, the major physiological roles of the adrenal
cortex are to provide glucocorticoids for maintaining
metabolic homeostasis and responding to stress, and to
provide mineralocorticoids for maintaining fluid and elec-
trolyte balance. As the adrenal axis is not fully functional
by 30 weeks’ gestation, premature infants born before 30
weeks have two factors contributing to adrenal dysfunc-
tionddevelopmental immaturity of adrenal enzyme
expression and relative AI related to the HPA axis.19,20 This
hyporesponsive status of the adrenals is only transient; in
most cases, the adrenal glands recover their function sub-
stantially by 14 days of life.2,21 However, in some very
premature infants, inadequate adrenocortical response
may be prolonged beyond the second week of life.1,6 A
study found that serum cortisol levels did not differ in LGCC
and non-LGCC infants but that LGCC infants had signifi-
cantly elevated cortisol precursors, suggesting limited 3b-
HSD.14 Moreover, limited response to corticotrophin-
releasing hormone (CRH) tests at 2 weeks of life in infants
born before 30 weeks’ gestation was reported,22 suggesting
that relative AI is likely even after the transitional period in
very preterm infants.
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Figure 1 Mechanism of late-onset glucocorticoid-responsive circulatory dysfunction in preterm infants.
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3.2. Antenatal glucocorticoids

Synthetic glucocorticoids, such as betamethasone, are
widely administered to pregnant women at risk of prema-
ture delivery to improve lung development and survival in
premature infants born before 34 weeks’ gestation.23

Antenatal glucocorticoid use, which suppresses neonatal
adrenal function in the early period after birth, is a cause of
transient AI of prematurity.2,15 Some studies in Japan
demonstrated that antenatal glucocorticoid use was
significantly higher in LGCC infants than in non-LGCC in-
fants.9,18 Previous studies have shown suppression of the
HPA axis at baseline and in response to a physiologic
stressor during the first postnatal week following antenatal
corticosteroid therapy.23 Although these studies demon-
strated a return to normal baseline cortisol levels within a
week after antenatal glucocorticoid treatment, some long-
lasting programming effects of this treatment on the HPA
axis and stress responses have been observed in humans.23

Infants exposed to antenatal glucocorticoids may have
lower responses to CRH tests approximately 2 weeks after
birth.22 Therefore, antenatal steroids may increase the risk
of relative AI beyond the transitional period. However, no
alternative to antenatal glucocorticoids exists for acceler-
ating fetal lung maturation.

3.3. Transition from early respiratory insufficiency
to chronic respiratory failure

VLBW infants often have gradual deterioration of gas ex-
change and require respiratory support and increased
inspired oxygen concentrations during the weeks following
birth, even though acute respiratory disease initially im-
proves.24 In a Japanese study, at the time of LGCC
diagnosis, a higher percentage of infants required respira-
tory support and experienced respiratory status deteriora-
tion before the onset of LGCC compared to gestational age-
matched non-LGCC patients.17 Cortisol might be a key
factor in respiratory course after the acute period,
although multiple pathogenic factors may be involved. A
study revealed insufficient adrenal responses to stress in
sick and ventilated infants born at <30 weeks’ gestation
compared with nonventilated less sick preterm infants.5

Moreover, weak HPA axis responses to CRH tests at 7 days
of life were shown in VLBW infants requiring mechanical
ventilation,21 suggesting that these neonates are unable to
secrete adequate amounts of cortisol under increased
stress, leaving them vulnerable to continuing lung injury.

3.4. Late hyponatremia

Late hyponatremia, frequently occurring between 2 and 6
weeks of life in VLBW infants, is explained by excessive loss
of renal sodium due to unresponsiveness of the distal renal
tubule to aldosterone.25,26 In this condition, glucocorticoids
have a mineralocorticoid-like action in defending infants
against hyponatremia.27 If glucocorticoid does not increase
because of an inadequate adrenal response when hypona-
tremia is refractory to aldosterone, circulatory collapse
due to AI may develop. A study found that infants with
LGCC had significantly lower serum sodium levels than
those without LGCC at 7e14 days of life.18

3.5. Thyroid hormone supplementation

Transient hypothyroxinemia of prematurity is a common
problem in VLBW infants after 7 days of life.11 However,
effectiveness of thyroid hormone supplementation in these
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infants remains controversial because several cases of cir-
culatory collapse associated with levothyroxine adminis-
tration to VLBW infants have been reported.11 AI becomes
apparent if patients with panhypopituitarism receive thy-
roid hormone replacement without glucocorticoids.28 This
is because thyroid hormones increase cortisol metabolism
and clearance, as well as glucocorticoid requirement. As
premature infants are at high risk for AI, levothyroxine may
induce relative AI.

4. Clinical characteristics

4.1. LGCC onset

A Japanese study reported a median age at the time of
LGCC diagnosis of 16 days of life and 29 weeks of post-
menstrual age.17 In a Korean study, LGCC developed a
median of 16.5 days after birth and the onset peaked at
11e15 days after birth.12 All infants in these studies were in
a relatively stable condition without prodromal signs at the
time of LGCC onset.

4.2. Generalized edema and weight gain

Besides hypotension and oliguria, peripheral edema is one
of the most remarkable symptoms of LGCC. At LGCC onset,
body weight significantly increases, probably because of
edema.29 Blood volume does not increase, and cardiac
failure is not seen in LGCC. The use of intravenous normal
saline in infants with LGCC usually aggravates edema
without improving intravascular blood volume or uresis,7

suggesting that increased vascular permeability or
increased capillary leakage contribute to the underlying
pathophysiology of edema in LGCC. In sick preterm neo-
nates, protein leakage occurs in numerous clinical situa-
tions due to prematurity. In this case, latently decreased
colloid osmotic pressure due to persistent hypo-
albuminemia may have caused the development of capil-
lary leak and contributed to edema formation. However, to
our knowledge, hypoalbuminemia has not been reported in
LGCC patients. Therefore, it may be possible to distinguish
relative AI from simple protein leakage based on the pres-
ence of a normal serum albumin level. However, normal
serum albumin levels have proved difficult to define in
neonates because serum albumin levels increase with
gestation.30

4.3. Electrolyte imbalance

One study reported a 52% rate of hyponatremia (serum
sodium <130 mEq/L) and 34% rate of hyperkalemia (serum
potassium >6.0 mEq/L) in LGCC patients.12 In a study
comparing LGCC infants with gestational age-matched
non-LGCC controls, hyponatremia (serum sodium <130
mEq/L) and hyperkalemia (serum potassium >5.5 mEq/L)
incidences were significantly higher in LGCC infants.17 In
many patients with LGCC, hyponatremia is resistant to
sodium supplementation.17,18 The amount of supple-
mented sodium excreted into urine suggests that renal
tubular dysfunction is an underlying pathophysiology of
LGCC.16 In AI, inactivated Naþ/Kþ-ATPase in the distal
tubule results in renal sodium wasting and potassium
retention and can lead to hyponatremia and
hyperkalemia.

4.4. Ultrasonographic findings

Ultrasonographic examination of myocardial functions and
organ blood flow is useful for assessing hemodynamic con-
ditions in LGCC. Significantly increased ejection fractions
and decreased end-systolic wall stress were shown in pa-
tients with LGCC,31 suggesting decreased afterload in a
hyperdynamic state. Moreover, diastolic blood flow velocity
was significantly decreased in the renal and anterior cere-
bral arteries, whereas systolic velocity was maintained.
Additionally, mean blood flow velocity increased in the
superior mesenteric artery and decreased in the anterior
cerebral arteries.31 Therefore, the hemodynamic condition
in LGCC is neither cardiogenic nor hypovolemic shock, but
circulatory insufficiency with blood flow maldistribution,
resembling distributive shock in sepsis.32

4.5. X-ray findings

Chest X-ray often reveals a hazy opacity, likely due to
pulmonary edema with clinical manifestations such as
generalized edema and weight gain. In a single-center
Japanese study, 74% of LGCC patients showed a hazy
pattern of increasing lung density.33

5. Challenges in relative adrenal insufficiency
diagnosis

There are no definitive diagnostic criteria for relative AI in
preterm infants. To diagnose relative AI, accurate evalua-
tion of adrenal function is necessary, i.e., measuring serum
cortisol levels during periods of stress.14,25 Neither CRH nor
ACTH stimulation testsdalthough they may provide the
most reliable information on the HPA axis2,21dare practical
in an acute clinical setting. Therefore, estimating unsti-
mulated circulating serum cortisol is probably the most
practicable laboratory test in an emergency situation of
circulatory collapse. A serum cortisol level of <415 nmol/L
is frequently used for diagnosing AI, but this level is based
on relative AI in critically ill adults and critically ill term
neonates.34 An inappropriately low serum cortisol
<200 nmol/L level is an essential feature highly suggestive
of relative AI, and serum cortisol >350 nmol/L may indicate
alternative diagnoses during the first 7 days of life.2,15

However, the question remains as to what is an appro-
priate stress control level in a preterm infant. The refer-
ence range for cortisol values in healthy preterm infants
within 2 weeks of life is reported to be 165 � 25 nmol/L.20

Preterm infants who are not actually ill may have low basal
cortisol levels without apparent compromise,35 making it
less clear what a “normal” cortisol level should be.
Regarding evaluation of basal cortisol levels after 7 days of
life, preterm infants at 24e27 weeks’ gestation show sig-
nificant decreases in cortisol values with advancing post-
natal age.36 Moreover, basal cortisol levels do not differ in
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preterm infants with or without late-onset relative AI.14,37

As there is no consensus on the appropriate serum cortisol
cut-off value that can reliably indicate relative AI in pre-
term infants outside of the transitional period, caution
should be exercised when using a single measurement of
cortisol to reflect the dynamic status of the HPA axis.38

While it is useful to determine cortisol levels, blood sam-
pling in preterm infants is limited by small blood volume,
and the decision to start hydrocortisone should not depend
on a result which may take hours or days to generate.
Therefore, endocrinological assessments are not performed
in most cases.
6. Challenges in prediction and prevention of
LGCC

As LGCC occurs in the absence of obvious causes in infants
who have overcome major respiratory and circulatory
problems during the early neonatal period, LGCC onset is
very difficult to predict. In most patients, indications of
LGCC onset are not noticed, despite careful physical ex-
amination.17 At this stage, it is recommended that only
blood pressure and urine volume be carefully monitored,
even outside the transitional period.

One previous study investigated the correlation between
adrenal size and LGCC in VLBW infants using ultrasonogra-
phy and concluded that infants with immature adrenal
glands with no involutional change within 3 weeks after
birth are vulnerable to LGCC.39 The results suggested that
ultrasonography can be useful in predicting subsequent
occurrence of LGCC, without hormonal assessment.
Sudden hypotension and/or oliguria after 7 days of life
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Figure 2 An approach to the management of late-onset
Regarding the prevention of LGCC, prophylactic use of
hydrocortisone for LGCC has not been studied to date.
Based on randomized clinical trials enrolling extremely low
birth weight infants, prophylaxis of early AI using low-dose
hydrocortisone reduced the incidence of hypotension
without adverse effects on neurodevelopment.40 In these
studies, prophylactic hydrocortisone was initiated at <48 h
after birth and continued for 5e15 days.40 However, in
many cases, LGCC develops later than 2 weeks after
birth.17 If hydrocortisone prophylaxis for LGCC is planned, a
long duration of administration might be required, and
short- and long-term outcomes of this treatment have not
been determined.
7. Treatment

To prevent tissue hypoperfusion and the resultant end
organ damage, initial treatment for LGCC should be for
prompt stabilization of circulation. A flow-chart for man-
aging late-onset circulatory collapse is summarized in
Fig. 2. If VLBW infants suddenly exhibit hypotension and/or
oliguria after 7 days of life, treatable causes, such as
hypovolemia due to sudden blood loss, poor cardiac
contractility secondary to symptomatic PDA, infection, or
high positive pressure ventilation impeding venous return
to the heart, must be excluded. Hypovolemic infants should
initially be treated with volume expanders (e.g., normal
saline or 5% albumin 10e20 mL/kg/dose).41 Infants with
poor cardiac contractility should initially be treated with
conventional doses (2e20 mg/kg/min) of dopamine and
dobutamine to maintain acceptable blood pressure.
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In VLBW infants, hemodynamic effects and the clinical
response to vasopressors and inotropes are altered by
adrenergic receptor downregulation caused by critical
illness-associated receptor stimulation.42 In contrast, as
cardiovascular adrenergic receptor expression is regulated
by corticosteroids, relative AI contributes to the attenu-
ated hemodynamic response and the development of
vasopressor resistance in preterm neonates.42 When un-
derlying causes are not documented or volume expansion
and conventional inotropic support fail, several therapeutic
approaches have been attempted including additional
escalation of dopamine treatment (>20 mg/kg/min),42

addition of epinephrine,43 and initiation of steroid admin-
istration.4 However, high dopamine dose or epinephrine
addition could theoretically carry the risk of severe a
receptor-mediated vasoconstriction, resulting in decreased
cardiac output and organ blood flow.42 In that case, steroid
administration offers a powerful tool to reverse adrenergic
receptor downregulation because expression of cardiovas-
cular adrenergic receptors is inducible by glucocorticoids.
This transcriptional effect indirectly induces protein
expression via transactivation through intracellular corti-
costeroid receptors (genomic effect). However, this effect
is likely delayed because transactivation is a slow process
that may take hours or even days.44 In addition to this
transcriptional effect, steroids exert certain non-genomic
effects mediated by membrane-bound receptors, without
transactivation, which affect the cardiovascular system
without delay.44 Therefore, in cases with volume- and
pressor-resistant circulatory insufficiency in preterm in-
fants, intravenous hydrocortisone should be administered.
Although various dosage regimens have been used previ-
ously (Table 1),1,3,4,15,16,45e50 common recommendations
are 1e2 mg/kg (physiologic replacement dose: approxi-
mately 10e15 mg/m2) every 8e12 h for 3e5 days.

Preterm infants with volume- and pressor-resistant
shock may respond to hydrocortisone with a rapid in-
crease in blood pressure within 1e2 h (non-genomic ef-
fects).4,47 A study revealed that the median time from
Table 1 Dosing of hydrocortisone therapy for neonatal refracto

Study Initial therapy

Hellbock et al., 19931 24e60 mg/m2/dose
Bourchier et al., 199745 2.5 mg/kg/dose
Seri et al., 20014 1 mg/kg every 12 h for 1e3 days

3e6 mg/kg/day twice or
four times daily for 2e3 days

Efird et al., 200546 1 mg/kg every 12 h for 2 days
Noori et al., 200647 2 mg/kg/dose
Fernandez et al., 20093 1 mg/kg/dose

Johnson et al., 201548 15 mg/m2 or 1e2 mg/kg every 6e

Watterberg, 201649 1 mg/kg/dose

Ng, 201615 1e2 mg/kg/dose

Peeples, 201750 1 mg/kg/dose
Kawai, 201716 1e2 mg/kg/dose
initial hydrocortisone administration to clinical condition
improvement was 4 h (interquartile range: 3e5 h).7

Therefore, when the response of an LGCC infant is inade-
quate within 2e4 h after the initial hydrocortisone dose is
administered, re-dosing should be considered. Thus, after
initial therapy, steroid responsiveness must be assessed.
The parameters include improvement in blood pressure,
improvement in urine output, and, ideally, improvement in
splanchnic blood flow on ultrasonography. If such clinical
responses are not confirmed, additional hydrocortisone
administration (1e2 mg/kg/dose) is recommended. If there
is still no response 2e4 h after the second hydrocortisone
dose, an increased hydrocortisone dose (5 mg/kg/dose:
approximately 50 mg/m2/dose) should be administered.
This dose is based on a recommendation for when adrenal
crisis is suspected in a neonate with congenital adrenal
hyperplasia.51 If the infant responds, therapy continues at
that dose. Timing of subsequent doses and weaning should
be guided by the infant’s clinical condition.

Alternatively, dexamethasone at a dose providing
equivalent glucocorticoid potency as low-dose hydrocorti-
sone can be used. However, since mineralocorticoids play
an important role in the non-genomic effects of hydrocor-
tisone, hydrocortisone is greatly preferred over dexa-
methasone for LGCC treatment.52 A switch from
hydrocortisone to dexamethasone therapy should be avoi-
ded because dexamethasone is associated with serious
short- and long-term adverse effects, including growth re-
striction and neurodevelopmental impairments.53

When a stress dose of hydrocortisone is ineffective,
intravenous vasopressin infusion (0.001e0.01 units/kg/h)
may be considered.54,55 Vasopressin is an anti-diuretic hor-
mone analog that acts as a pure peripheral vasoconstrictor
via vascular V1 receptor stimulation.54 It safely increases
blood pressure and is associated with increased urine output
in VLBW infants with refractory hypotension.55 Reported side
effects of vasopressin with analog use include tissue hypo-
perfusion (mainly splanchnic) and digital and skin ischemia.54

Vasopressin may prove promising for treatment of
ry hypotension.

Subsequent therapy

e

Reducing dose over a 6-day period
e

0.3 mg/kg every 12 h for 3 days
1 mg/kg every 12 h
0.5 mg/kg every 12 h (if blood pressure
improves within 2e6 h)

12 h 0.5 mg/kg/dose (if blood pressure and urine
output improve within 24 h)
0.5 mg/kg every 12 h (if blood pressure
improves within 2e4 h)
1 mg/kg every 8 h for 5 days
0.5 mg/kg every 12 h for 3 days
0.5e1 mg/kg every 8e12 h
e
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hypotension in neonates with additional data; however, it is
not currently recognized as a standard of care. Additional
research is needed to determine appropriate timing and
length of treatment, efficacy, and side effects.

8. Prognosis

8.1. Periventricular leukomalacia

As LGCC occurs at the most vulnerable time for white
matter injury and some studies have demonstrated that
central nervous system blood flow is decreased in LGCC
patients,31,56 LGCC may lead to periventricular leukoma-
lacia (PVL), the most important cause of cerebral palsy in
premature infants. A caseecontrol study demonstrated
that LGCC was a significant risk factor in the development
of PVL.57 Moreover, brain ultrasonographic findings of LGCC
infants showed increased periventricular echogenicity after
LGCC and PVL with rapid progression to macrocystic ence-
phalomalacia.13 Regarding long-term prognosis of LGCC, a
Japanese study reported that LGCC infants were more
likely to have cerebral palsy at 3 years of age than control
infants.29

8.2. Retinopathy of prematurity

Retinopathy of prematurity (ROP) is still a leading cause of
visual loss in childhood. As LGCC may mostly occur before
ROP, circulatory and pulmonary failures due to LGCC can
increase oxygen supply and thus worsen ROP. In a previous
single-center study, comparisons between an LGCC and
non-LGCC group indicated that the main problem related to
LGCC might be frequent onset of subsequent ROP, and most
LGCC cases developed severe ROP.39 Moreover, LGCC was
shown to be a useful predictive factor for treatment-
requiring ROP and independently related to ROP
severity.58 Regarding the relationship between ROP and
relative AI, a relationship between ROP and low cortisol
response at 7 days of life is reported.59 In addition, another
study revealed that, in the presence of dopamine-resistant
hypotension, low serum cortisol levels were significantly
associated with severe ROP.60 However, the influence of
corticosteroid treatment for ROP in preterm infants is
controversial as it has been variously reported as protec-
tive, harmful, and ineffective.59

9. Conclusions

Although LGCC may be due to relative AI associated with
prematurity, it is very unique in terms of its onset after
the transitional period and occurrence in relatively stable
infants. LGCC should be diagnosed and treated rapidly
because it may be a risk factor for PVL, cerebral palsy,
and ROP. LGCC is well-known in Japan, but not widely
recognized. Further research is required to improve the
understanding of its pathophysiology and management.
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