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Synopsis
The cardiovascular response to asphyxia involves redistribution of cardiac output to maintain
oxygen delivery to critical organs such as the adrenal gland, heart and brain, at the expense of
other organs such as the gut, kidneys and skin. This results in reduced perfusion and localized
hypoxia/ischemia in these organs, which if severe, can result in multi-organ failure. Liver injury,
coagulopathy, bleeding, thrombocytopenia, renal dysfunction, pulmonary and gastrointestinal
injury all result from hypoxia, under-perfusion or both. Current clinical therapies need to be
considered together with therapeutic hypothermia and cardiovascular recovery.
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Introduction

Birth asphyxia causes hypoxic-ischemic encephalopathy and multi-organ failure. The most
studied organ affected by hypoxia is the cardiovascular system, and the resulting
hemodynamic instability that occurs due to hypoxia, either in utero or during resuscitation
and newborn transition, causing downstream effects on other organs. The clinical focus
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during the resuscitation of an asphyxiated infant is largely on the immediate changes in heart
rate and systemic blood pressure that occur at delivery, based on the seminal findings of
Dawes and associates [1-3]. The acute cardiorespiratory consequences of asphyxia require
rapid intervention in the form of stimulation, ventilation and in the extreme cases cardiac
resuscitation [4].

However, other cardiovascular consequences of asphyxia can also have long-term
consequences to asphyxic newborns. One of the profound cardiovascular responses to
asphyxia is the redistribution of cardiac output. Hypoxia diverts blood, partially through a
primitive diving reflex, from less vital organs, such as the liver, kidney, and gut, to maintain
oxygen delivery to critical organs such as the adrenal gland, heart and brain, at the expense
of other organs [5-7]. Within these organs now deprived of blood flow, local
vasoconstriction and redistribution of blood flow results in a decrease in oxygen delivery [7].
If prolonged, this can cause cellular injury and inadequate tissue function and can result in
multi-organ dysfunction after birth. Further, the fetal cardiovascular response to asphyxia
can also lead to redistribution of blood volume towards the placenta, leaving the asphyxic
newborn volume depleted, and prone to circulatory shock.

All the clinical manifestations of organ failure must be managed in the setting of therapeutic
hypothermia. While much of perinatology has been focused on the downstream
consequences of asphyxia on the brain, and the devastating consequences of hypoxic
ischemic encephalopathy (HIE), a growing appreciation of the consequences of asphyxia on
other organs is emerging (Table 1) [8-11]. which further complicates the care of the
asphyxiated infant.

Here we describe the circulatory responses to asphyxia and how they can lead to multi-organ
dysfunction. We will focus on the physiologic derangements that occur in response to
hypoxia, and the end organ damage caused by both the hypoxia and hypoperfusion caused
by responsive shunting of blood. We will also briefly outline the current clinical strategies
for minimizing multi-organ injury to attempt to reduce life-long morbidity.

Cardiovascular Response to Asphyxia

Irrespective of the cause of impaired gas exchange, there is a sequence of cardiovascular and
respiratory changes that ensue in asphyxiated infants at birth. Shortly after the onset of
asphyxia, the newborn undergoes a period of “primary apnea” which is also associated with
a profound bradycardia [1, 2, 12, 13]. Blood pressure is usually maintained during primary
apnea due to peripheral vasoconstriction and the redirection of blood from non-vital organs
towards the heart, central nervous system and adrenal glands [14-20].

If asphyxia continues, after a period of gasping the fetus enters secondary apnea or terminal
apnea [15, 21]. Secondary apnea is associated with a large decrease in blood pressure [12,
21] and without intervention, the newborn will eventually have cardiac arrest [12, 21]. The
downstream consequences of asphyxia are detrimental to multiple organ systems. The
underlying cause of multi-organ dysfunction is likely due to cardiovascular sequelae of
asphyxia.
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Heart Rate

The heart rate response to asphyxia has been well described in studies in fetal sheep. An
immediate bradycardia is initiated with acute hypoxia and this is augmented by acidosis
when the induced asphyxia is acute and severe [22]. The bradycardia associated with fetal
asphyxia is mediated by the vagus nerve — supplying parasympathetic efferent innervation to
the heart. Vagotomy will inhibit the bradycardic response to asphyxia and similar results are
obtained using a pharmacological approach with atropine (a competitive acetylcholine
muscarinic receptor antagonist) [23-26].

Debate has arisen previously over the afferent stimulus for the bradycardic response to
asphyxia. Arterial chemo- and/or baroreceptors likely provide the afferent input into the
cardiovascular control center, resulting in increased parasympathetic drive that mediates the
heart rate response. Although peripheral chemoreceptors and baroreceptors are active and
functional in the fetal sheep from 90 days gestational age, it is likely that the bradycardic
response is primarily initiated by a chemoreflex for several reasons [27, 28]. Firstly, the
increases in arterial blood pressure are gradual and occur after the more rapid decrease in
heart rate [26]. Additionally, the bradycardic response occurs during brief episodes of fetal
hypoxia without changes in blood pressure [29]. Finally, there is an absence of fetal heart
rate decrease or arterial pressure increase to acute hypoxia in carotid body and aortic body
denervated fetal lambs, suggesting the fetal bradycardic response is chemoreflex-mediated
[30].

Similar bradycardic responses to asphyxia have been demonstrated in newborn animal
model studies [3, 23, 31, 32]. These studies were conducted in animals of varying postnatal
ages (from birth to 10 days postnatally) and the method of asphyxia was induced by placing
the subjects head in a liquid-filled environment (water or normal saline) to prevent gaseous
exchange. Recent studies have demonstrated that the heart rate response to asphyxia is
altered if the asphyxia occurs with the fetus /n utero compared to ex utero[33].

Arterial Blood Pressure and Peripheral Vasoconstriction

The knowledge of the distribution of fetal cardiac output is largely due to the seminal work
of Rudolph and colleagues [34-36]. The normal organ distribution of fetal cardiac output is
shown in Figure 1. Blood is oxygenated within the placenta and returns to the heart through
the umbilical veins, bypasses the kidneys through the ductus venosus and enters the inferior
vena cava. Inferior vena caval blood flow represents about two thirds of total venous return
and is highly oxygenated; ~65% saturation. The oxygenated blood preferentially is directed
through the foreman ovale to the left atrium. Left ventricular output in the fetus is only 33%
of combined ventricular output and is distributed to the heart and upper body including the
brain with only a quarter of left ventricular output flowing into the descending aorta. Right
ventricular output makes up 66% of combined ventricular output in the fetus. The majority
of right ventricular output bypasses the lungs via the ductus arteriosus whereupon it is
distributed to the placenta, abdomen and lower body.
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In response to severe hypoxemia fetal cardiac output falls but umbilical flow remains
constant [37]. In order to maintain arterial blood pressure and adequate oxygen supply to
vital organs there is a re-direction of cardiac output to preferentially direct blood away from
non-vital organs (the gut, kidney, lungs and skin) towards the heart, central nervous system
and adrenal glands (Figure 2) [38-40]. This redistribution of cardiac output is the direct
result of vasoconstriction in non-vital organs and vasodilation in vital organs such as the
brain and heart. Increases in catecholamines and increased sympathetic activity v/a hypoxic-
induced activation of the sympathetic-adrenergic system likely mediate these changes in
peripheral vascular resistance [26, 41].

The carotid arterial chemoreceptor role in mediating peripheral vasoconstriction has been
confirmed in studies in which carotid denervation abolished femoral vasoconstriction during
hypoxia [26]. In addition, femoral vasoconstriction is inhibited using phentolamine (an a-
adrenergic antagonist), confirming an adrenergic efferent mechanism mediating this pathway
[26]. Pulmonary blood flow will decrease via pulmonary vasoconstriction in asphyxiated
fetal and newborn studies [42, 43]. The increase in pulmonary vascular resistance was
negated in sino-aortic denervated fetuses, suggesting similar chemo-reflexive mechanisms
[44].

The high peripheral vasoconstriction also can result in the preferential redistribution of
blood from the high resistance fetus, towards the low resistance placenta, resulting in a
reduction in the blood volume to the newborn [45]. As asphyxia progresses, arterial blood
pressure cannot be maintained in spite of peripheral vasoconstriction, because ventricular
function begins to decline. As a result, during secondary apnea, blood pressure begins to fall,
and will eventually lead to myocardial dysfunction and cardiac arrest.

Ventricular Output and Myocardial Dysfunction

The relative roles of heart rate and the Frank-Starling mechanism in effectively altering
cardiac output in the newborn remain controversial. In adults, the Frank-Starling mechanism
refers to the direct influence of end-diastolic volume on stroke volume; the intrinsic length-
tension relationship of increasing cardiac muscle length by increasing end-diastolic volume
will increase contractile force and therefore increase stroke volume. Some fetal studies have
demonstrated that heart rate is the major determinant of fetal cardiac output rather than
stroke volume [46-48]. These studies found that increasing preload as a means of increasing
stroke volume via blood or saline infusion had little effect on cardiac output [47]. Rudolph
and Heyman [48] further demonstrated that altering heart rate (from 160-180 bpm to 240-
270 bpm) via left atrial pacing increased right ventricular output by just 12%. It has been
suggested that the inability of the fetal heart to increase stroke volume is due to immaturity
of the fetal myocardium [49]. However, structural immaturity cannot solely be responsible
for limiting the cardiac response because left ventricular output is able to double
immediately after birth [50]. Further, increasing heart rate (HR) via left atrial pacing in the
fetus decreased right to left shunting through the foramen ovale [51]. As a result, increases
in right ventricular output associated with left atrial pacing in the studies by Rudolph and
Heyman [48] were likely to be exaggerated.
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Interestingly, Kirkpatrick and colleagues [52] demonstrated that spontaneous changes in
fetal HR (114-180 bpm) were not associated with significant changes in fetal left ventricular
output. Further, Anderson et al. [53] found that changes in end-diastolic ventricular volume
influenced ventricular stroke volume and left ventricular output in chronically instrumental
fetal lambs. These studies suggest that the Frank-Starling mechanism is a major determinant
of fetal cardiac output [52, 53].

Irrespective of the precise mechanisms effecting newborn cardiac output, ongoing severe
asphyxia is associated with significantly reduced ventricular output and stroke volume [54,
55]. It is likely that the causes of eventual myocardial dysfunction and subsequent reduced
cardiac output in the asphyxiated neonate are multifactorial; these include the low HR
associated with asphyxia, acidosis[56], as well as reduced myocardial contractility due to
poor perfusion and ischaemic cardiac injury. It is known that asphyxiated newborns are at
increased risk of ischaemic cardiac injury due to decreased cardiac output and decreased
coronary perfusion [57]. Asphyxiated newborns have increased troponin levels —a protein
located on the actin filament of myocardium and that is an indicator of myocardial cell death
and myocardial damage [58-60]. Increased serum troponin levels (taken within 24 hours of
delivery) in asphyxiated human infants have been associated with increased myocardial
damage and consequently lower left ventricular output and stroke volume[59].

Therefore, progressive asphyxia in the newborn without intervention results in ongoing
circulatory deterioration eventually leading to myocardial dysfunction, circulatory shock,
right and left ventricular failure, tricuspid regurgitation and hypotension and eventual
cardiac arrest. Clinical management of cardiac dysfunction relies on maintaining adequate
perfusion to organs, maintaining blood pressure, and assisting in cardiac contractility.
Review of cardiac management and blood pressure control in the newborn are beyond the
scope of this review but has been nicely summarized in a recent review article by Giesinger
and McNamara[61].

Liver Injury, Coagulopathy, and Bleeding

Liver injury is likely due to hypoperfusion rather than hypoxia [62]. Transaminases (AST
and ALT) often increase from initial measurements, but typically significantly improve by
end of 72 hours of therapeutic hypothermia [63, 64]. Some correlation between the severity
of the perinatal asphyxia and the elevation of liver transaminases has been seen [65].
Conversely, in a piglet model of HIE, there was a poor correlation between the serum
transaminases and the degree of tissue damage on pathologic specimens, suggesting
significant liver dysfunction can occur in the setting of normal transaminase levels [66]. In
selective head cooling trial, 53% of non-cooled asphyxiated infants had elevated liver
enzymes versus 38% in cooled group (p=0.02) [8]. There were no differences in
coagulopathies (17%) and prolonged coagulation times (46%) between infants receiving
therapeutic cooling and those that were not [33]. The overall rate of death or disability was
higher in both groups of the Cool-Cap study than other HIE cooling trials, suggesting the
infants were overall sicker than in the other studies which may explain the higher percent of
hepatic dysfunction [9-11](Table 1). A head-cooling trial from China also showed no
difference between groups with 30% demonstrating increased liver enzymes [11].
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Coagulation dysfunction in hypoxic infants was reported as early as 1971 in a subset of
infants with birth asphyxia, with the cause associated with a consumptive coagulopathy
(increased fibrin degradation products) followed by disseminated intravascular coagulation
[67, 68]. The effect on coagulation was of short duration and may only play a minor role
overall morbidity of birth aphyxia. Levels of factor XIII are lower in infants with birth
asphyxia. Plasma levels of thrombin-antithrombin complexes, D-dimer, fibrinogen, and
fibrin degradation products are higher in infants with birth asphyxia [69]. It should be noted
that levels of coagulation factors Il, VII, IX, and X, protein C, protein S and antithrombin
are also reduced in preterm compared with term plasma [70]. Prothrombin time (PT) and
activated partial thromboplastin time (aPTT) are higher in preterm infants, but there is no
correlation with increased risk of intraventricular hemorrhage (IVH) with higher coagulation
times [70].

Coagulopathy requiring fresh frozen plasma (FFP) occurred in up to 50% of infants with
HIE (Table 1) [8-11, 63]. In the National Institute of Child Health and Human Development
(NICHD) whole body cooling trial, 17% of infants had hepatic dysfunction and 14% had
disseminated intravascular coagulation (DIC) [9]. Although difficult to determine the cause
of coagulation abnormalities in the setting of perinatal asphyxia, therapeutic cooling does
not appear to increase coagulopathy. This is reassuring since hypothermia impairs
coagulation in whole blood samples and accelerates microvascular coagulation in mice [71,
72]. In a retrospective analysis of bleeding in 76 infants with birth asphyxia undergoing
therapeutic cooling, 54% had some form of active bleeding with an even distribution of
intracranial, pulmonary, gastrointestinal and hematuria [73]. Infants with bleeding had a
lower platelet count, fibrinogen level and higher maximum INR, and authors suggest levels
associated with increased bleeding were minimum fibrinogen level of 1.54 g/L, mininum
platelet count of 130,000 x106/L, and international normalized ratio (INR) of 1.98 [73]. The
bleeding was not severe enough to require surgery or neurosurgical intervention, and the rate
of major bleeding was consistent with the lower rates in the randomized trials [73]. There is
a wide range of clinical practice with regard to maintaining coagulation lab values in the
normal range in asphyxiated children and no clinical guidelines have been determined. Fresh
frozen plasma is often transfused in these infants to correct INR values or as part of fluid
resuscitation for blood pressure control.

Thrombocytopenia

Thrombocytopenia, as defined by a platelet count of <100,000 x10%/L, is common in ill
infants and infants with birth asphyxia (Table 1). It is difficult to gain consensus amongst
neonatologists about the level of thrombocytopenia which is dangerous for ill neonates or
infants with birth asphyxia. In a prospective, observational study of thrombocytopenia in all
infants admitted to seven neonatal intensive care units (NICUs), 5% of all admissions had
platelet count <60,000 x10%/L and 78% of these infants were less than 28 weeks gestational
age [74]. Although a large percent of infants born less than 1500 grams had severe
thrombocytopenia, only 9% developed a major hemorrhage [74]. In late preterm and term
asphyxiated infants, a large retrospective study found that 31% had thrombocytopenia [75].
The nadir for the platelet count in these asphyxiated infants was on day 3, but normalization
of thrombocytopenia took an average of 19 days [75]. There is a large variation in the rate of
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thrombocytopenia in the clinical trials of therapeutic hypothermia, with rate ranging from
6% to 55% of asphyxiated infants [8-11, 63].

Hypoxia is believed to have a direct effect on platelet formation for a clinical presentation
termed thrombocytopenia of perinatal asphyxia [75]. Hypoxia in adult mice causes a
decrease in the size and production of the megakaryocytes in the bone marrow [76].
Although the megakaryocytes appear to not be injured by hypoxia, the cells in the bone
marrow surrounding them are affected and decrease the release of platelet promoting factors
[77]. Increased destruction of platelets contributes importantly to role in thrombocytopenia
of birth asphyxia, as is evident by the rapid decrease in platelet number after platelet
transfusions in infants with birth asphyxia [78]. Thrombocytopenia was more common in
infants with more chronic hypoxia (>24 hours), as classified by increased nucleated red
blood cells count [73]. Infants with thrombocytopenia after asphyxia were more likely to die
in one study, but the cause of death was not due to active bleeding or hemorrhagic
consequences [73].

There are large variations in indications for platelet transfusion between NICUs in US and
Canada, with many units transfusing platelets in non-bleeding infants with platelet counts
greater than 50,000 x108/L [79]. The average response to a platelet transfusion is an increase
of 52,000 x106/L [74]. When preterm infants were randomized at platelet count of 50,000 to
ether platelet transfusion to 150,000 x108/L or left alone, there were no differences in
bleeding or IVH. Since bleeding is often not severe in infants with thrombocytopenia (3% of
infants in NICHD whole body cooling study [9]), the National Institutes of Health (NIH)
conducted an expert conference to determine whether platelet transfusions were necessary
for many of these infants. No consensus could be given since no clear randomized trial on
platelet use has been performed [80]. British guidelines suggest keeping platelet counts
greater than 20 to 30,000 x10%/L in stable newborns, and transfuse platelets if less than
50,000 x106/L in sick infants with active bleeding or coagulation defects [81, 82]. The
Platelets for Neonatal Transfusion - Study 2 (PlaNeT-2) is a randomized study of high and
low platelet transfusion thresholds in newborn and is currently being conducted in Europe
[83]. Until further studies are performed, each individual clinician must decide whether
treating thrombocytopenia in a stable, non-bleeding asphyxiated infant is necessary.

Renal Dysfunction and Electrolyte Disturbances after Birth Asphyxia

There are poor definitions for acute kidney injury (AKI) in neonates due to the variation in
serum creatinine levels at birth, which often reflect the maternal levels for the first 48 hours,
and the large changes in glomerular filtration rates that occur at birth and cause variations in
urine production [84, 85]. However, AKI after neonatal asphyxia occurs in as many as 56%
of asphyxiated infants, with a combination of oliguric and non-oliguric renal failure
complicating the clinical management. All nephrons are formed by 34 weeks gestational age
but the GFR increases 6 fold from birth until 1 year of life [86]. The renal blood flow rate is
low at 4% of cardiac output in infants at birth and increases slowly over the first six weeks to
about 15% of cardiac output (adult levels are 20 to 25%) [85]. Some studies define AKI as
creatinine as >1.5 mg/dL and decreasing urine output (<1 ml/kg/h), but oligouria only occurs
in 50% of infants with AKI [87]. Infants can often maintain urine output >1 ml/kg/hr and
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still have renal dysfunction [84]. Oliguric renal failure is associated with higher mortality
than nonoliguric failure [88], but there is no evidence that converting oliguric renal failure to
nonoliguric renal failure improves prognosis [84].

Kidney injury is common in infants with birth asphyxia (Table 1). In hypothermia trials,
50% of asphyxiated infants had increased creatinine and 18 to 39% had urine output less
than 0.5 ml/kg/hr for >24 hours [63]. In selective head cooling (CoolCap), 67% of the
infants had abnormal renal function, while in the whole-body cooling study, only 19% had
oliguria and 5% were anuric [9]. The percentage of infants with oliguria is similar to the
20% of infants in head-cooling trial from China which had increased blood urea nitrogen
(BUN) and creatinine levels [11]. The differences in the incidence of AKI between studies
may have been due to severity of HIE in CoolCap study. In a small study of 36 infants, AKI
persisted in 17% of infants at 96 hours after birth asphyxia [89]. The degree of kidney injury
is correlated with the clinical severity of the birth asphyxia and infants with AKI were more
likely to have abnormal findings on the brain MRI [90, 91]. Asphyxiated infants with AKI
are also ventilated on average for 4 days longer than infants without kidney disease [89].
Electrolyte abnormalities were seen in over 50% of infants, with hyponatremia,
hypokalemia, and hypocalcemia the most prominent [8, 63].

Since the definition of AKI is not very refined in the newborn period, the assessment of
biomarkers of kidney injury are often sub-optimal. Serum creatinine will not begin to rise
until 25 to 50% of renal function is lost, thus significant injury can occur without changes in
creatinine [92]. The change in serum creatinine levels over the first few days is predictive of
renal injury, with normal values of >50% decline or serum creatinine <0.6 is found in 70%
of infants after HIE [93]. A fractional excretion of sodium of greater than 3% is moderately
specific after 48 hours for AKI [84]. Although Cystatin C (CysC) and neutrophil gelatinase-
associated lipocalin (NGAL) are both specific markers of other pediatric kidney injury, they
can be elevated by birth asphyxia and unable to determine whether an infant will develop
AKI [93, 94]. A recent study demonstrated a NGAL level greater than 250 ng/ml was
significantly associated with severe HIE and mortality [95]. Researchers are continuing to
develop new assays for determining AKI in hopes earlier detection might alter the high rate
of persistent renal failure in survivors of pediatric acute kidney disease.

The response to asphyxia-associated Kidney disease is dependent on the clinical scenario —
as some infants have initial oliguria followed by high output renal failure from acute tubular
necrosis. Close monitoring of fluid balance, serum electroytes, and body weight can prevent
situations of hypovolemia or fluid overload [85]. Fluid overload at time of renal replacement
therapy is associated with increased mortality in multiple pediatric critical care settings [96].
Since renal dysfunction can occur with normal urine output, it is important to monitor drug
levels and avoid nephrotoxic medications. Although prophylactic theophylline was shown in
multiple randomized studies to improve AKI after birth asphyxia, it is not heavily used for
this purpose in NICUs in the US since long-term follow-up is not available and studies were
done prior to the introduction of therapeutic hypothermia [97]. The use of diuretics in AKI
was not shown to be beneficial and could be harmful [85]. Rapid fluid and electrolyte shifts
can occur after birth asphyxia, so care needs to be given to correction of hyponatremia,
hypokalemia, and hypocalcemia often seen in HIE.
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Lung and Gastrointestinal Complications

Most infants with significant birth asphyxia have injury to the lungs and many require
mechanical ventilation. Since mechanical ventilation may be necessary because of either
injury to the lung parenchyma, alterations in the blood vessels in the lung, or the respiratory
drive in the brainstem, the respiratory management will vary significantly from one patient
to the next. As with any critically ill infant, infants after birth asphyxia should have
oxygenation maximized to decrease shunting away from vital organs. The lungs, if allowed
to recover using minimal mechanical ventilation, often respond well and many infants with
severe brain injury remain on room air. Pulmonary hypertension is also common in birth
asphyxia and maybe due to the underlying cause of the birth asphyxia (in utero hypoxia with
vascular hypertrophy) or in response to the concurrent hypoxia [8, 9, 63]. Whether
pulmonary hypertension occurs during therapeutic hypothermia or during the rewarming
process, it can be treated with nitric oxide, muscle relaxation, and medications for pain and
anxiety. Occasionally an infant with birth asphyxia may require extracorporeal membrane
oxygenation (ECMO) for pulmonary reasons, but many centers use severe birth asphyxia as
a contraindication for ECMO. Pulmonary hemorrhage has been reported in severe asphyxia
and with significant coagulopathy [73]. Overall, the lung can repair itself quickly. Prolonged
ventilation is often necessary for neurologic reasons instead of intrinsic issues with the
lungs.

The gut has multiple watershed regions that are prone to hypoxic injury from birth asphyxia.
Necrotizing enterocolitis has been reported in these infants, but is a rare complication [98].
Current guidelines for therapeutic hypothermia have infants remain nothing by mouth (NPO)
until completion of the hypothermia and this delay in feeding may allow for the gut mucosa
to repair. Hypothermia might improve gut morbidities after HIE and has been considered as
therapy in older infants with necrotizing enterocolitis [99]. The ability to use total parental
nutrition in these infants has allowed clinicians to rest the gut mucosa for multiple days and
allow for reconstituting the gut barrier lost in hypoxic events [100].

Therapeutic Hypothermia and Multi-Organ Failure

In most of the clinical trials of therapeutic hypothermia to prevent death or poor neurologic
outcome, there were no differences in markers of organ failure between the asphyxiated
infants who received cooling or not (Table 1) [8-11]. A slight improvement in liver function
tests was measured in selective head cooling, but not in other trials that included slightly less
ill infants [8-11]. Proponents of selective head cooling argue that selective head cooling has
less systemic effects, whereas whole body cooling centers may believe the over-all lower
metabolic rate from hypothermia should be beneficial to all organs. In a single-center
comparative study, there were no differences in end-organ damage over the first 72 hours of
cooling between whole-body and selective head cooling [63] The rates of multi-organ
system failure also did not differ between infants with HIE that had good or poor neurologic
outcomes suggesting multi-organ failure is not a good predictor of overall outcome [64].
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ultiorgan failure is common in infants born after acute or prolonged asphyxia, and likely

results from downstream consequences of cardiovascular redistribution. The redistribution of
blood flow and oxygen delivery results in regionalized hypoxia and consequently cellular

de

ath. Current clinical therapies of multi-organ dysfunction are now conducted on a

background of therapeutic hypothermia. The efficacy of many of these therapies is yet to be
truly demonstrated in this environment. Understanding the circulatory consequences of
asphyxia may lead to improved cardiovascular stability after birth with potential benefit on
multiple organ systems.
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Best Practices Box
What is the current practice?

Current newborn resuscitation guidelines recommend therapeutic hypothermia for severe
birth asphyxia. Although neonatologists have focused on decreasing neurologic injury,
the cardiovascular derangements from birth asphyxia lead to multiorgan failure.
Therapeutic hypothermia has not changed the rate of multi-organ failure, and
coagulopathy and kidney can lead to increased morbidity and mortalities.

What changes in current practice are likely to improve outcomes?

Improvements in management of blood pressure and perfusion will improve multi-organ
failure

Although many clinicians have expanded the criteria for use of therapeutic hypothermia,
clinical studies are warranted to study whether later use (>6h) or on infants with lower
gestational age are beneficial.

Major Recommendations

Maintaining adequate circulatory support after birth asphyxia, based on blood pressure
and echocardiographic data, will help decrease multi-organ failure.

Supportive measures to maintain adequate platelet counts and correction of coagulopathy
should decrease bleeding events, but this has not been shown within clinical studies.

Renal dysfunction should be closely monitored in infants with birth asphyxia and
medication doses adjusted

Rating for the Strength of the Evidence: Moderate
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Summary Statement

Birth asphyxia leads to cardiovascular changes in heart rate, cardiac output, and
vasoconstriction that lead to multi-organ failure. In the setting of therapeutic
hypothermia, clinicians need to provide symptomatic support to other affected organ
systems as the organs recover from the hypoperfusion event.
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Key Points

. The cardiovascular consequences of asphyxia likely underlie
downstream multi-organ injury.

. The major mechanism is due to redistribution of blood flow and
oxygen delivery to vital organs, resulting in poor perfusion and hypoxia
in other organs.

. Current clinical management needs to consider the cardiovascular
effects of therapeutic hypothermia on the asphyxia mediated organ
dysfunction and recovery.
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Figure 1.
Distribution of cardiac output in the fetus; GIT = gastrointestinal tract. Data from 36, 37,

101]

Clin Perinatol. Author manuscript; available in PMC 2017 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Polglase et al.

Change from control (%)

Page 19

300

200

100

Figure 2.
Change in cardiac output (%) from control values during reduction in uterine blood flow

resulting in hypoxemia in fetal sheep. Illustrates the redistribution of cardiac output to the
brain, adrenals and heart at the expense of other organs. Data from Jensen, A., C. Roman,
and A.M. Rudolph, Effects of reducing uterine blood flow on fetal blood flow distribution
and oxygen delivery. J Dev Physiol., 1991. 15(6): p. 309-23.
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