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Neonatal Hypotension, the Role

of Hydrocortisone and Other

Pharmacological Agents in its

Management

Abstract

Neonatal hypotension remains one of the most commonly encoun-
fered problems in neonatal intensive care units. Pharmacologic
agents used in the management of neonatal hypotension include vol-
ume expanders, inotropes and vasopressors. Hydrocortisone can be
used in resistant cases. Hydrocortisone acts both via genomic (slow)
and non-genomic (fast) effects, however it is not recommended for ur-
gent control of hypotension in neonates because its effects are usually
delayed. Although the addition of hydrocortisone for the treatment of
neonatal hypotension improves clinical outcomes, prolonged use of
hydrocortisone may lead to suppression of the hypothalamic-pituitary
axis and should be weaned gradually. Hydrocortisone in minimal dos-
ages and for the shortest duration of therapy may prevent potential
short and long-term side effects of its use.

Abbreviations

PDA: Patent Ductus Arteriosus; HPA: Hypothalamic-Pituitary
Axis; NEC: Necrotizing Enterocolitis; TSH: Thyroid Stimulating
Hormone; ELBW: Extremely Low Birth Weight; INO: Inhaled
Nitric Oxide; PPHN: Persistent Pulmonary Hypertension of
The Newborn; ACTH: Adrenocorticotrophic Hormone; CRH:
Corticotrophin Releasing Hormone; AVP: Arginine-Vasopressin;
CBG: Corticosteroid Binding Globulin; GRE: Glucocorticoid
Response Elements; VLBW: Very Low Birth Weight; TAP: Transient
Adrenocortical Insufficiency of Prematurity; CIRCI: Critical Illness
Related Corticosteroid Insufficiency; HPA: Hypothalamic Pituitary
Adrenal

Definition of Hypotension

The establishment of normal blood pressure ranges specific
to gestational and postnatal age remains an elusive goal [1]. One
suggested definition for neonatal hypotension is any value that falls
below the tenth percentile for gestational and postnatal age (Table
1) [2,3]. Cayabyab et al. defines hypotension as any systolic blood

Table 1: Table showing 10" percentile for mean blood pressure (mm Hg) for
neonates at different gestational (weeks) and postnatal ages [values adapted
from 3].

natal age (hours)
Gestationa 0 12 24 36 48 60 72
age (weeks)
23-26 24 25 26 27 28 29 30
27-32 30 31 32 33 34 35 36
33-36 36 37 38 39 40 41 42
37-43 43 44 45 46 47 48 49
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pressure at which there is loss of auto-regulation of organ blood flow
resulting in tissue ischemia [2]. Shead provides yet another working
definition by suggesting that a mean blood pressure less than the
neonate’s gestational age can be considered hypotension [4]. Hence,
there is no clear consensus on the definition for neonatal hypotension.
Currently, proper diagnosis and management of neonatal hypotension
necessitates the use of clinical judgment following a careful review of
physiological parameters.

Causes of Neonatal Hypotension

Neonatal hypotension is most commonly seen in premature
neonates and its incidence is inversely related to the gestational age
at delivery [5]. The causes of hypotension in both term and preterm
neonates are summarized in Table 2.

Hypotension in preterm infants is predominantly due to either
abnormal peripheral vaso-regulation or myocardial dysfunction.
Hypovolemia as a primary cause is observed less frequently [6].
Since the autonomic nervous system that regulates the peripheral
systemic resistance is immature in preterm infants [7], these patients
are likely to develop peripheral vasodilatation and hypotension [6].
In addition, the immature myocardium of a preterm infant also has
less mitochondria than a term infant. This decreases the ability of the
myocardium to adapt from pumping against a low resistance circuit
(placenta) to pumping against a high resistance circuit (systemic
circulation) after delivery, thus leading to hypotension [4,8].

Some other etiologies of hypotension in this population include
both physiologic/anatomic factors as well as pathologic factors.
Physiologic factors include the presence of a patent ductus arteriosus
(PDA) and relative adrenal insufficiency secondary to an immature
hypothalamic-pituitary axis (HPA) [9]. Pathologic factors include
perinatal depression, maternal chorioamnionitis, hypovolemia
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Table 2: Causes and pathophysiology of hypotension in the preterm and term neonates.

Cause

Immature myocardium
Abnormal peripheral vaso-regulation

Relative adrenal insufficiency
Patent ductus arteriosus (PDA)

Necrotizing enterocolitis (NEC)
Sepsis
Perinatal depression

Maternal chorioamnionitis

Pathophysiology
Less mitochondria—less ability to adapt to pumping against a high
systemic resistance

Immature autonomic nervous system— inability to maintain
peripheral vascular tone — peripheral vasodilatation hypotension

Immature HPA* Axis and TAP#—inability to appropriately secrete
cortisol in response to stress/illness

Left to right shunting —hypotension

Release of inflammatory mediators — increased vascular
permeability and vasodilatation — hypovolemia and hypotension
Release of inflammatory mediators —increased vascular
permeability and vasodilatation — hypovolemia and hypotension
Myocardial hypoxemia— myocardial damage — histamine release
—vasodilatation and increased capillary permeability —hypotension
Release of inflammatory mediators — increased vascular
permeability and vasodilatation — hypovolemia and hypotension

Patient Population

Preterm

Preterm

Preterm
Preterm > term

Preterm > term

Preterm = term

Preterm = term

Preterm = term

References
[3.7]

[5]

[8,24]

[8]

[9]

[9]

[9]

[9]

a) Tight nuchal cord— impaired flow in umbilical vein —hypovolemia

Hypovolemia and hypotension.

hypotension.

‘HPA: Hypothalamic Pituitary Adrenal Axis
*TAP: Transient Adrenocortical Insufficiency of Prematurity

secondary to placental abruption or a tight nuchal cord, neonatal
sepsis and necrotizing enterocolitis (NEC) [10].

Maagement Strateies for Nonatal Hypotension

Volume expansion: Cautious volume administration of 10-
20 ml/kg of a normal saline bolus is a reasonable approach in the
initial management of hypotension in infants showing clinical
evidence of hypovolemia and inadequate perfusion (Table 3)
[6,11]. Since hypovolemia is a less common cause of hypotension
in preterm infants, their response to volume expansion may be
suboptimal [6]. Overzealous administration of fluids to preterm
infants may be harmful. In a case-control study, Van Marter et al.
found an association between excessive fluid administration and
bronchopulmonary dysplasia [12]. Given the fact that hypovolemia
is infrequent in hypotensive preterm babies, it would be prudent to
recommend that no more than one fluid bolus between 10 and 20
mL/kg be used for treatment of hypotension unless there is evidence
of significant fluid losses and/or hypovolemia [12]. Other conditions
should also be considered, i.e. congenital heart disease, as further
volume expansion may be detrimental in these patients as well [11].
Volume expansion in these cases may lead to fluid overload, signs of
pulmonary edema and worsening of the clinical course.

Dopamine: Dopamine is a naturally occurring precursor of
norepinephrine, and 50% of its effects are due to the release of
stored norepinephrine from terminal nerve endings [13]. Dopamine
increases myocardial contractility and after load through dose
dependent actions [6]. At low dosages, dopamine (0.5-2 ug/kg/min)
dilates renal and splanchnic blood vessels leading to increased blood
flow [6]. Medium dosages (2-10 ug/kg/min) predominantly increase
the myocardial contractility by stimulation of p1 receptors [6]. High
dosages (>10 ug/kg/min) increase peripheral vascular resistance
by stimulation of al receptors [6]. Typically, medium or high dose
dopamine is suggested for the treatment of hypotension in neonates.

Dobutamine: Dobutamine (2-15 ug/kg/min) increases cardiac

b) Placental abruption — impaired placental flow — hypovolemia and

Preterm = term [9]

output by augmenting stroke volume [14,15] and decreases the
peripheral vascular resistance via stimulation of peripheral (2
receptors [16]. In addition, dobutamine increases myocardial
contractility by stimulating myocardial 1 receptors. The major
indication of dobutamine usage is in the treatment of hypotension in
asphyxiated preterm infants with myocardial dysfunction [6].

A recent article by Gupta and Donn addresses the effectiveness
of dopamine and dobutamine as first-line treatments of neonatal
hypotension [13]. Proponents of dopamine suggest that it brings
about a faster and more effective increase in blood pressure secondary
to its potent vasoconstrictor effects especially at high doses. On
the other hand, opponents suggest that tissue perfusion could be
compromised by such intense vasoconstriction. The Cochrane Meta-
Analysis [17] and the European Consensus Guidelines [18] both
suggest that dopamine is more effective than dobutamine. Osborn
et al. showed a greater increase in superior vena caval flow with
dobutamine than with dopamine in term infants [19]. However, the
effect of dobutamine on the blood flow in cerebral blood vessels or
superior vena cava in preterm infants has not been evaluated. Filippi
etal. showed that dopamine produced reversible reductions in thyroid
stimulating hormone (TSH), T4 and prolactin, which may further
lower blood pressure, while dobutamine did not show such effects
[20]. Unfortunately, without larger, multi-centered trials comparing
dopamine with dobutamine, no consensus on which agent is best for
the treatment of neonatal hypotension can be reached.

Epinephrine and norepinephrine: Both epinephrine (0.1-0.3

Table 3: Clinical signs of inadequate perfusion [10].

Clinical signs of inadequate perfusion

1) Tachycardia

2) Weak pulses

3) Capillary refill > 3 seconds
4) Mottled skin

5) Oliguria
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Figure 1: A diagram illustrating the negative feedback mechanism of cortisol
secretion.

*CRH: Corticotrophin Releasing Hormone

#ACTH: Adrenocorticotrophic Hormone

ug/kg/min) [21] and norepinephrine (0.02-0.1 ug/kg/min) [21] are
used in the treatment of hypotension in preterm neonates who do
not respond to high-dose dopamine and/ordobutamine [6,21].
Stimulation of al receptors causes vasoconstriction and an increase
in systemic vascular resistance [6]. p1 receptors are cardio-selective
and their stimulation causes increased myocardial contractility [6].
On the other hand, stimulation of peripheral B2 receptors causes
vascular smooth muscle relaxation and broncho-dilatation [6].
Both epinephrine and norepinephrine induce similar increases in
myocardial contractility and heart rate by stimulating p1 receptors [6].
Norepinephrine is a more potent vasoconstrictor as it predominantly
stimulates al receptors.

In clinical practice, epinephrine administered at low dosages
stimulates { receptors, leading to positive inotropic effects. However,
an elevation in blood pressure may not be seen until epinephrine
infusion is given at higher doses, which will also stimulate the o
receptors in the peripheral vasculature. Although there is a lack of
randomized clinical trials concerning epinephrine administration,
some published data suggest that simultaneous infusions of
epinephrine and dopamine increases blood pressure and urine output
in preterm, hypotensive neonates [22]. Though epinephrine is widely
used in neonatal resuscitation and blood pressure management, there
are concerns regarding its safety. Current studies in adults suggest
that high dosages of epinephrine may alter mesenteric blood flow to
the bowel. It is unclear if the adverse effects of epinephrine observed
in the adult population translate to the neonatal population. However,
epinephrine and norepinephrine remain vital agents in the treatment

of neonatal hypotension [23].

Vasopressin: Vasopressin (0.018-0.12 units/kg/h) [21] is an
anti-diuretic hormone analogue that acts as a pure peripheral
vasoconstrictor via stimulation of V1 receptors [21]. It has recently
been suggested that vasopressin may be as effective as dopamine
as an initial therapy for hypotension in extremely low birth weight
(ELBW) infants [24]. The largest study to date was conducted by
Choong et al. This multicenter, double blind, randomized controlled
trial included 65 children ages 1 month-17 years and evaluated the
safety and efficacy of vasopressin as an agent in the management
of pediatric vasodilatory shock. This trial determined that low-
dose vasopressin did not demonstrate any beneficial effects [25].
Vasopressin and its analogues may prove promising for use in the
treatment of 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.

Milrinone: Milrinone is a phosphodiesterase-III inhibitor
that increases myocardial contractility and causes peripheral
vasodilatation. Milrinone (0.5-0.75 ug/kg/min) may be used as
a rescue treatment for hypotension in infants even though its
mechanism of action remainsunclear [21]. Milrinone increases
cardiac index, stroke volume and oxygen delivery [26]. It should
be used carefully in infants with hypotension as its peripheral
vasodilatory action may further lower the blood pressure [26].
Milrinone also has vasodilator effects on the pulmonary vasculature
through a cyclic adenosine monophosphate-mediated signaling
pathway. This effect is synergistic with the administration of inhaled
nitric oxide (iNO) [23]. In a case series with 7 infants, milrinone
improved oxygenation index and achieved a reduction in iNO dose
within 24 hours of its administration. There was also a reduction in
pulmonary pressure assessed by echocardiogram and a concomitant
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Figure 2: The mechanism of genomic and non-genomic pathways of
corticosteroids.

Genomic pathway: The corticosteroid (CC) molecule enters the cell
cytoplasm and binds with a glucocorticoid receptor (GR). The complex then
diffuses to the nucleus, binds to specific DNA sequences, and increases the
synthesis of messenger RNA (mRNA) leading to increased protein synthesis.

Non-genomic pathway: The corticosteroid (CC) molecule binds to a receptor
(R) on the cell membrane. This complex activates protein kinases leading
to increased expression of second messengers such as cyclic adenosine
monophosphate (CAMP).
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Table 4: A summary of the various physiological effects of hydrocortisone.

System
Carbohydrate and protein metabolism
Lipid metabolism

Electrolyte and water balance

Cardiovascular system
Central nervous system
Formed elements of blood

Anti-inflammatory actions

‘GH: Growth Hormone
*PMN’s: Polymorphonuclear Leukocytes

increase in pulmonary venous return [24]. Another study showed that
milrinone led to improved oxygenation in patients with suboptimal
response to iNO. Serial echocardiograms performed as a part of the
study demonstrated lower pulmonary artery pressures, improved
right and left ventricular output and reduced right to left shunting
[27]. A Cochrane Database systemic review assessing the role of
milrinone in the treatment of persistent pulmonary hypertension
of the newborn (PPHN) determined that the efficacy and safety of
milrinone in the treatment of PPHN was not clearly determined
and recommended that its use be restricted and judicious [28].
Milrinone, used prophylactically (75-ug/kg bolus followed by a 0.75-
ug/kg per min infusion), has also been shown to reduce the risk of
low cardiac output syndrome after pediatric congenital heart surgery.
Although hypotension, thrombocytopenia, and arrhythmias have
been reported side effects in adult patients, these events occurred
less frequently in pediatric patients [29]. Milrinone has diverse and
complex effects on systemic and pulmonary hemodynamics. We do
not recommend milrinone as a first choice agent for the treatment of
neonatal hypotension as further review is necessary to determine its
role in PPHN.

Though there are a myriad of agents that maybe used in neonatal
hypotension, this review article will focus mainly on hydrocortisone.

Hydrocortisone

Pharmacology: Hydrocortisone is an identical molecule to the
glucocorticoid hormone cortisol, which is secreted by the adrenal
cortex [5,30]. Cortisol’s secretion is regulated by adrenocorticotrophic
hormone (ACTH) released from the anterior pituitary gland, and by
corticotrophin releasing hormone (CRH), which is released by the
neurons of the hypothalamus [30]. The release of cortisol is regulated
by a negative feedback mechanism (Figure 1). The human stress
response involves a complex signaling pathway among neurons
and somatic cells resulting in the release of two peptide hormones,
CRH and arginine-vasopressin (AVP), from the hypothalamus. The
roles of the two peptide hormones, CRH and AVP, have been widely
studied [31]. Stress stimulates the release of both CRH and AVP
from neurons in the hypothalamus. CRH is then transported to the
anterior pituitary gland where it stimulates the secretion of ACTH.
ACTH then stimulates the secretion of corticosteroids, including
cortisol. Together, CRH and AVP are involved in the activation of
the hypothalamic-pituitary-adrenal (HPA) axis; a complex system of

Actions and Effects

Stimulates gluconeogenesis in liver, diminishes glucose utilization and stimulates
proteolysis in muscles — hyperglycemia [17]

Enhances lipolytic effects of GH*—redistribution of body fat [17]

Although mineralocorticoids are more important, hydrocortisone may decrease
the renal excretion of free water [17]

Increases expression of adrenergic receptors in the myocardial and vascular

walls. Enhances vascular reactivity to other vasoactive substances [17] (see text)

Mood changes after prolonged use [17]

Lymphocytopenia, reduced number of eosinophils, monocytes and basophils
even after a single dose [13]. Increase in circulating PMN's# [17]

Profoundly suppresses the immune function of lymphocytes [17]

feedback interactions reviewed in Figure 2 [31]. The various actions
of hydrocortisone are summarized in Table 4.

Although hydrocortisone is usually effective orally, other routes
of administration can be advantageous. Certain water-soluble
esters of hydrocortisone maybe administered intravenously to
attain rapid and high concentrations in the body fluids. In addition,
intramuscular administration leads to a prolonged duration of action
of hydrocortisone. After absorption, 90% of hydrocortisone is bound
to proteins (corticosteroid binding globulin (CBG) and albumin) and
only the 10% unbound fraction is free to enter the cells to mediate
its effects. At low concentrations, most of the hydrocortisone is
protein bound, leading to reduced effects. In contrast, when the
binding capacity of the proteins is exceeded at higher concentrations
of hydrocortisone, free-state hydrocortisone is available to mediate
physiologic action. Hydrocortisone is metabolized mostly in the liver
and to a lesser degree in the kidney yielding water-soluble sulfate
esters and glucouronides, which are then mainly excreted in the urine
[30].

Mechanisms of action of hydrocortisone

Corticosteroids mediate their actions via parallel genomic and
non-genomic pathways (Figure 2).

Genomic pathway: In the genomic pathway, hydrocortisone
utilizes transactivation to produce cellular proteins. Transactivation
begins as hydrocortisone diffuses across target cell membranes and
binds with corticosteroid receptors located in the cytoplasm [31]. The
hydrocortisone-receptor complex is then transported to the nucleus,
where it binds with a specific DNA sequence known as glucocorticoid
response elements (GRE) located in the promoter region of the
target genes. This new complex then regulates the transcription of
mRNA molecules and gene expression [32]. This process leads to
the production of new proteins that have a wide range of effects [33].
Specific examples include the anti-inflammatory proteins lipocortin-1
and secretory leukoprotease inhibitor-1, along with gluconeogenic
proteins such as glucose-6-phosphate and tyrosine amino-transferase
[34]. Transactivation is a slow process that may take hours or even
days before significant quantities of new proteins are produced [32].
As a result, most of the genomic effects of hydrocortisone are delayed
[30]. Therefore, hydrocortisone is not recommended for urgent
control of blood pressure. Consideration should be given to early
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administration of hydrocortisone given its delayed onset of action.

Non-genomic pathway: The non-genomic pathway was first
reported as a separate mechanism in 1942 when it was observed
that certain corticosteroids had an anesthetic effect within minutes
of administration [32]. This pathway is predominantly mediated
by receptors located on the cell membrane, which serve to generate
cyclic adenosine monophosphate or protein kinases that act as
second messengers in the cytoplasm [32]. In contrast to the genomic
pathway, this alternative route leads to more rapid effects that occur
within minutes of onset [32]. Even though these effects are relatively
rapid in onset, they are still slower than volume expansion or
vasopressors. The effects mediated by the non-genomic pathway are
usually short lived (<60 minutes) and its mechanism is still not clearly
understood [32]. Therefore, hydrocortisone is not recommended to
urgently control hypotension in neonates.

The mechanisms of hydrocortisone in the treatment of
hypotension

During the course of a critical illness, downregulation of the
adrenergic receptors [6,35] leads to a gradual desensitization of
the cardiovascular system to the effects of catecholamines [6]. In
addition, a relative or absolute adrenal insufficiency may contribute
to hypotension that is resistant to vasopressor treatment [6,36,37]. In
this setting, hydrocortisone works through the following mechanisms:

a) Induction of the expression of cardiovascular adrenergic
receptors (genomic effect) [6].

b) Inhibition of the expression of inducible nitric oxide synthase
and vasodilatory prostaglandin action (genomic effect) [38].

¢) Inhibition of catecholamine metabolism, reuptake and the
release of vasoactive factors (non-genomic effect) [5,6,38].

d) Increase in the intracellular calcium concentration leading
to enhanced myocardial and vascular responsiveness to
catecholamines (non-genomic effect) [6,38].

A special consideration in preterm infants

In some very low birth weight (VLBW) infants, hypotension is
refractory to both volume expansion and vasopressor treatment
[39]. A study by Ng et al. showed an increase in plasma ACTH with
the use of inotropes and volume expanders in VLBW infants with
hypotension. In addition, a low serum cortisol was also found in
these patients [39]. Due to this finding, the authors hypothesized
that the adrenal cortex is the primary site of dysfunction in this
patient population; not the hypothalamus or pituitary gland. Overall,
these findings suggested a normal response of the pituitary gland to
hypotension, while the adrenal glands were ‘transiently’ unable to
maintain cortisol secretion in the immediate postnatal period. This
phenomenon is known as transient adrenocortical insufficiency of
prematurity (TAP) [39].

Transient adrenocortical insufficiency is characterized by the
following:

a) Commonly presents in the 1 week of life in extremely
preterm infants [39].

b) Resistant to conventional volume expansion and inotropic

support [39].

c) Prompt and efficient
administration [40-43].

response to  hydrocortisone

d) Adrenal recovery and normalization of circulating cortisol
levels by 2 weeks of life [40-43].

The transient nature of TAP may be attributed to the
adrenocortical immaturity in preterm infants leading to a deficiency
of intermediate enzymes of cortisol synthesis (21-hydroxylase and
11B-hydroxylase) [44-47]. However, TAP may be prolonged in some
extremely low birth weight infants [39].

Indications and dosing

Hydrocortisone is recommended in the treatment of hypotensive
neonates if volume resuscitation with isotonic saline and dopamine
treatment (10 mcg/kg/min) is unsuccessful [5]. The recommended
starting dose is 1-2 mg/kg every 12 hours intravenously [43,44].
The dosing intervalis 6-8 hours for infants >35 weeks of gestation
and 8-12 hours for infants <35 weeks of gestation [5]. Parameters of
improvement within 24 hours of administration of hydrocortisone
include: a) improvement in blood pressure, b) improvement in urine
output and c) ability to reduce vasopressor support [5]. When all of
these parameters are achieved, reducing the dose to 0.5 mg/kg/dose
is recommended [5]. If the duration of treatment is three days or less,
hydrocortisone may be discontinued without tapering as the HPA
axis is not suppressed [48,49].

Side effects

Short Term (<3 days): These include hypokalemia, esophagitis,
impaired wound healing, hypertension and hyperglycemia [5]. Gastric
bleeding and gut perforation are possible side effects if hydrocortisone
is administered in combination with non-steroidal anti-inflammatory
drugs such as in domethacin, which is commonly used to induce
PDA closure [50]. Hydrocortisone is contraindicated in infants with
systemic fungal infections, as secondary hyperglycemia provides
an enriched medium for candida growth [51]. Hydrocortisone also
reduces phagocytosis and the number of functional lymphocytes
leading to decreased immune competency [52].

Long Term (22 weeks): Prolonged use may be defined as
constant administration for 2 weeks or intermittent administration
for a total of 3 weeks during a 6 month period or longer [53]. Patients
exposed to long-term hydrocortisone therapy are likely to develop
adrenal insufficiency secondary to hypothalamic-pituitary-adrenal
axis suppression. Although there is evidence of neurodevelopmental
impairment after prolonged use of hydrocortisone in ELBW infants
(<1000 gm) [54], the use of low dose hydrocortisone (1 mg/kg/day
for 12 days followed by 0.5 mg/kg/day for 3 days) for the treatment
of adrenal insufficiency in extremely low birth weight infants has not
been found to be associated with an increased incidence of cerebral
palsy [55].

Clinical outcomes of infants treated with hydrocortisone

Various studies have shown that hydrocortisone improves the
hemodynamic status in neonates. The clinical effects of hydrocortisone
include:
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a) Increase in arterial blood pressure [56].

b) Ability to reduce dose of inotropes-in one study, authors
noted significant and progressive reduction in total doses of
dopamine and dobutamine at 6 (p=0.017), 12 (p<0.0001) and
24 (p<0.0001) hours after starting hydrocortisone [56].

¢) Improvement in diuresis [56].

d) Ability to reduce dopamine dose by 62% 24 hours after
starting hydrocortisone (21 ug/kg/min to 8 ug/kg/min) and
by 72% 48 hours after starting hydrocortisone (21 ug/kg/min
to 6 ug/kg/min) [57].

Who is likely to benefit from hydrocortisone?

Preterm infants: Cortisol values vary inversely with gestational
age [58]. The reference range for cortisol values in preterm infants
within the first 2 weeks of life is reported as 165+25 nmol/l [59]. Since
the hypothalamic-pituitary axis is immature in preterm infants, a
normal cortisol level during periods of stress may indicate relative
adrenal insufficiency [60]. Sick preterm infants with low/normal
cortisol levels, or those not responding to vasopressor therapy,
may benefit from the use of hydrocortisone [60]. In addition, a
2010 meta-analysis suggested that hydrocortisone administration
significantly increases blood pressure in hypotensive, preterm infants
who exhibit vasopressor resistance [48]. However, it is still unclear
as to whether hydrocortisone’s beneficial cardiovascular actions
lead to clinically relevant medium to long-term outcomes. Although
prophylactic hydrocortisone therapy was not examined in this meta-
analysis, hydrocortisone’s efficacy for increasing blood pressure and
decreasing vasopressor dependence in hypotensive, preterm infants
suggests that prophylactic use of hydrocortisone may be beneficial in
preventing hypotension in the preterm neonates [61].

Term infants: The published reference value for cortisol in
term infants within 2 weeks of life is171+27 nmol/l [59]. However,
a careful consideration of the patient’s clinical picture remains vital
as different studies have reported a range of reference values similar
to values seen in preterm infants. In a study of hydrocortisone use
in vasopressor-resistant, hypotensive, term (=37 weeks) infants,
Fernandez et al. found that a majority of critically ill, term infants
had low cortisol concentrations consistent with relative adrenal
insufficiency [49]. In addition, these infants displayed low endogenous
ACTH concentration, while exhibiting a normal response to low
dose, exogenous ACTH. Taken together, these findings showed
that a secondary insufficiency due to inadequate stimulation of the
adrenal gland, not an insufficiency of the adrenal gland itself, was
responsible for these patients’ symptoms. One possible explanation
for this inadequate stimulation may be due to withdrawal of placental
CRH during delivery. This suggests that low dose hydrocortisone
replacement may be a more appropriate therapy than vasopressors
in these infants. In addition, infants with cortisol levels <15 mcg/dl
were more responsive to hydrocortisone therapy. This was proven by
improvement in blood pressure, decreased heart rate and the ability
to wean vasopressor and volume support [49,60].

The issue of ACTH stimulation testing

Based on available studies, a dose of 1 ug/kg of ACTH is the most
effective dose in discerning adrenal insufficiency in neonates [62,63].

Recently, the American College of Critical Care Medicine proposed
the term “critical illness related corticosteroid insufficiency” (CIRCI)
to replace the former use of “relative adrenal insufficiency”. CIRCI
is defined by an inadequate increase in corticosteroid activity in
response to the severity of the patient’s illness. CIRCI is diagnosed
by obtaining a cortisol level of less than 9 ug/dl (248 nmol/l) after
administering a dose of ACTH [59]. At this time, there are no specific
recommendations regarding whether ACTH stimulation testing
is warranted if cortisol levels do not normalize by 2 weeks of life.
The clinical picture, as well as the signs and symptoms of cortisol
deficiency, should be considered prior to obtaining this test.

Role of dexamethasone in neonatal hypotension

A double-blinded placebo-controlled study showed that a single
dose of 0.25 mg dexamethasone improved severe hypotension in
preterm infants unresponsive to volume expansion and dopamine
infusion within 12 hours of administration [64]. As discussed
previously, a relative cortisol deficiency may be the reason for
severe hypotension in premature and severely ill preterm neonates.
The rapid and sustained effect of dexamethasone observed in
this study corresponded with a relative adrenal insufficiency.
Although the study did not evaluate the safety of dexamethasone
administration, it showed that dexamethasone might be as effective as
hydrocortisone in treating hypotensive preterm infants who have not
responded to dopamine. The dose of dexamethasone corresponded
to approximately 60 mg/m* of hydrocortisone. In this study,
dexamethasone administration was limited to a single dose, whereas
all other available studies included repeated dexamethasone doses
[65,66]. Single-dose administration may be preferable because of the
reduced incidence of undesired side effects.

Conclusion

Multiple agents are used in the management of neonatal
hypotension. The majority of the pharmacologic effects of these
agents is dose dependent and requires careful attention to dosing
in order to obtain desired outcomes. Current data supports volume
expansion as the first-line treatment of hypotension, followed by the
administration of dopamine. More studies are needed to establish
the safety and efficacy of agents such as milrinone and vasopressin
in the management of hypotension. Hydrocortisone should be
used if standard volume expansion and pressor support is not
effective. Hydrocortisone is not recommended for urgent control of
hypotension. It should be discontinued as soon as clinical parameters
permit to prevent suppression of the hypothalamic-pituitary-adrenal
axis. Close monitoring for potential side effects and complications of
hydrocortisone exposure should be implemented.
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