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From prediction to diagnosis of 
fetal hypoxia 



fetal hypoxia 

Acute 
fetal hypoxia 

Chronic 
fetal hypoxia 

Acute 
Fetal  insult  

Acute in top of chronic 
Fetal  insult  



Prediction and diagnosis with intervention and 
delivery during the first or second stage of 
labor could prevent the progression of mild 
asphyxia to moderate or severe asphyxia in 
some cases. 

(Am J Obstet Gynecol 2001;184:724-30.) 



• CTG positive predictive value for intrapartum 
fetal hypoxia is approximately only 30%. 

• The false- positive rate of the CTG is high 
(60%) 

• There has been a significant increase in 
intrapartum caesarean section and operative 
vaginal delivery rate 

A. Pinas, E. Chandraharan / Best Practice & Research Clinical Obstetrics 

and Gynaecology 30 (2016) 33e47



a good understanding of fetal physiology is 
essential to adequately interpret and manage 
the findings on the CTG

A. Pinas, E. Chandraharan / Best Practice & Research Clinical Obstetrics 

and Gynaecology 30 (2016) 33e47



Hypoxic ischemic encephalopathy (HIE) 



• CP has remained stable at two to three per 
1000 live births for more than four decades, 
despite remarkable improvements in obstetric 
and neonatal care 

• Only 10-20% of cases of CP are caused by 
intrapartum hypoxia/acidosis

Clark SL, Hankins GD. Temporal and demographic trends in cerebral 

palsyefact and fiction. Am J Obstet Gynecol 2003; 188(3):628e33.



GrahamEM,RuisKA,HartmanAL,etal.Asystematicreviewoftheroleofintra
partumhypoxia-ischemiainthecausation
of neonatal encephalopathy. Am J Obstet Gynecol 

2008;199(6):587e95.

HIE

Moderate
Grade2 

Mild 
Grad 1

Severe 
Grade 3 

-hyper alertness, 
irritability 
-a normal 
electroencephalogram
-Rare Permanent 
neurological damage i

-hypotonia, strong 
distal flexion 
-occasional multifocal 
seizures
- it has a 20-30% risk 
of death or major 
neurological sequelae 
such as cerebral palsy 
(CP)

-coma
-neonatal death 
or long-term 
neurological 
sequelae such as 
CP occur 

The long-term consequences of HIE, 14.5% of all cases were 
reported to develop CP 



Difficult to identifies, with high sensitivity and specificity, an infant in whom neonatal 
encephalopathy is attributable to an acute intrapartum event. 



Extend the scope of your vision 
Should consider neonatal status and all 
potential contributing factors
• maternal medical history
• Past obstetric history 
• intrapartum factors (including fetal heart rate 

monitoring results and issues relating to the 
delivery itself)

• placental pathology. 



Pre-pregnancy factors Antenatal factors Fetal factors Intrapartum factors

1.Socioeconomic 
status 
2.Family history of 
seizures 
3.Family history of 
neurological disease 
4.Fertility treatment 
5.Maternal thyroid 
disease 
6.Maternal obesity 

1.Bleeding 
2.Hypertensive 
disorders
3.Abnormal 

placentation
4. Viral illness 
5.Bacterial 
infection 
6.Coagulation 
disorders 

1.Multiple 
pregnancy 
2.Chromosomal 
anomaly 
3.Congenital 
abnormality
4. Fetal growth 
restriction
5. Prematurity 
6.Coagulation 
disorders
7. Post maturity
8. Breech 
presentation 
9.Male sex 

1.infection 
2.Placental 
bleeding 
3.Feto-maternal 
hemorrhage 
4.Bleeding from 
vasa praevia 
5.Uterine rupture 
6.Cord accident 
7.Maternal 
collapse
8. Prolonged 
labour 
9.Oxytocin abuse 

Risk factors for neonatal encephalopathy 



Report of the American College of Obstetricians 
and Gynecologists’ Task Force on Neonatal 

Encephalopathy 2014



hypoxic–ischemic encephalopathy

Neonatal Encephalopathy and Neurologic Outcome

I. Neonatal encephalopathy definition  

is a clinically defined syndrome of 

disturbed neurologic function in the earliest days of life 

in an infant born at or beyond 35 weeks of gestation

manifested by a subnormal level 

of consciousness or seizures

often accompanied by difficulty with 

initiating and maintaining respiration 

depression of tone and reflexes. 

Associated with an acute peripartum or intrapartum event 



NE

Hypoxia-
ischaemia

Acquired 
conditions Genetic

syndromes

Acquired conditions
-congenital infection
-Meningitis
- Haemorrhage, ischaemic or 
haemorrhagic stroke

Neurometa
bolic

disorders 

Double 
trouble’patho-

logies

Doubletrouble’pathologies where aprimary
pathology leads secondarily to a hypoxic-
ischaemic brain injury, like neuromuscular or 

cardiac disorders

s 

Neonatal

epilepsy 
syndrome

s 

Non-
accidentalinjury



• Apgar scores < 5 at 5 and 10 minutes
• Fetal umbilical artery pH < 7.0 and/or base deficit ≥ 12 mmol/L
• Neuroimaging evidence of acute brain injury consistent with 

hypoxia-ischemia
• Multisystem organ failure consistent with hypoxic-ischemic injury
• Sentinel hypoxic or ischemic event that occurs proximate to labor 

and delivery (e.g. severe abruption or uterine rupture)
• Intrapartum fetal heart rate classification that is initially Category 

I then converts to Category III
• Absence of other possible etiologies
• Developmental outcome of spastic quadriplegic or dyskinetic

cerebral palsy

Neonatal signs and contributing factors consistent 
with acute peripartum/intrapartum events include:



A. Apgar Score of Less Than 5 at 5 Minutes and 10 Minutes

most infants with low Apgar scores will not develop cerebral palsy.

If the Apgar score at 5 minutes is > equal to 7, it is unlikely to 

develop neonatal encephalopathy.

II. Neonatal Signs Consistent With an Acute 
Peripartum or Intrapartum Event 



B. Fetal Umbilical Artery 

Acidemia

II. Neonatal Signs Consistent With an Acute Peripartum or Intrapartum Event 

Fetal umbilical artery pH <=7.0, or BD >= 12 mmol/L, or both, 

increases the probability OF neonatal encephalopathy.

cord arterial gas pH levels are above 7.20, it is unlikely 

that neonatal encephalopathy.

even in the presence of significant acidemia, most 

newborns will be neurologically normal.



II. Neonatal Signs Consistent With an Acute Peripartum or Intrapartum 
Event 

Cranial ultrasonography and CT
Brain MRI or MR Spectroscopy

lack sensitivity 

Radiological investigation 



II. Neonatal Signs Consistent With an Acute Peripartum or Intrapartum 
Event 

MRI / MRS

1st MRI/MRS 2
nd

MRI / MRS

Done between 24- 96 hrs of life

no areas of injury are noted, then it 
is unlikely that significant 

Peripartum or neonatal 
encephalopathy brain injury

Done at 10-21 day post partum to
assist full delineation of the nature 
and extent of cerebral injury.



If a different pattern of brain injury 

or evolution of injury exists
1.deep nuclear gray matter 

2.water shed cortical injury. 

Acute Brain Injury 

MRI Other a typical pattern found 

1.focal arterial infarction

2.venous infarction

3. isolated intraparenchymal or intraventricular 

hemorrhage

4. Porencephaly

5.atypical patterns of metabolic encephalopathies

suggest that peripartum hypoxia–ischemia did not 

play a role in causing neonatal encephalopathy.

C. Neuroimaging Evidence of Acute Brain Injury Seen on Brain MRI 

or MR Spectroscopy Consistent With neonatal encephalopathy

MRI/MRS patterns of brain injury is 



MRI have two major weaknesses: 
1.The exact timing of the insult is generally not known .
2. There are little to no data on the neuro pathological 

correlate of the MRI pattern.

Report of the American College of Obstetricians and Gynecologists’ 

Task Force on Neonatal Encephalopathy 2014

neuroimaging cannot determine the etiology of the hypoxia-
ischemia, such as placental insufficiency or interruption of 

umbilical cord blood flow.



D. Presence of Multisystem Organ Failure Consistent With 

Hypoxic–Ischemic Encephalopathy

Multisystem organ failure can include 
*renal injury

*hepatic injury

*hematologic abnormalities

*cardiac dysfunction

*metabolic derangements

*gastrointestinal injury

*a combination of these.

The severity of brain injury seen on neuroimaging does not always correlate with 

the degree of injury to other organ systems.



1. A ruptured uterus
2. Severe abruptio placentae
3. Umbilical cord prolapse
4. Amniotic fluid embolus with coincident severe and
prolonged maternal hypotension and hypoxemia
5. Maternal cardiovascular collapse

6. Fetal exsanguination from either vasa previa or
massive fetomaternal hemorrhage

III. Type and Timing of Contributing Factors That Are 
Consistent With an Acute Peripartum or Intrapartum Event

A. A Sentinel Hypoxic or Ischemic Event Occurring 
Immediately Before or During Labor and Delivery



a. A category II fetal heart rate pattern lasting 60 minutes or more since 
admission
the patient should be evaluated for the method and timing of delivery and 

out come 

B. Fetal Heart Rate Monitor Patterns Consistent With an Acute Peripartum or 
Intrapartum Event

1. A Category I or Category II fetal heart rate tracing when associated with 
Apgar scores of 7 or higher at 5 minutes, normal umbilical cord arterial 
blood (± 1 standard deviation), or both is not consistent with an acute 
hypoxic–ischemic event.

2. There is a great distinction to be made between a patient who 
initially presents with an abnormal fetal heart rate pattern and one 
who develops an abnormal fetal heart rate pattern during labor.

b. The patient who presents with a Category I fetal heart rate pattern 
that converts to Category III is suggestive of a hypoxic–ischemic 
event.

which may suggest intrapartum timing of a hypoxic–ischemic event.



C. Timing and Type of Brain Injury Patterns Based 
on Imaging Studies Consistent With an Etiology of 
an Acute Peripartum or Intrapartum Event



A. Other subtypes of cerebral palsy are less likely to 
be associated with acute intrapartum hypoxic–
ischemic events.

B. Other developmental abnormalities may occur, 
but they are not specific to acute intrapartum 
hypoxic– ischemic encephalopathy and may arise 
from a variety of other causes.

IV. Developmental Outcome is Spastic Quadriplegia or Dyskinetic 
Cerebral Palsy



1. Apgar Score of Less Than 5 

at 5 Minutes and 10 Minutes

2. Fetal Umbilical Artery 

Acidemia

Take home message 
Neonatal Signs Consistent With an Acute Peripartum or Intrapartum Event 

4. Neuroimaging Evidence of Acute Brain 
Injury Seen on Brain MRI or MR 

Spectroscopy Consistent With IPHIE

3. Presence of Multisystem Organ 
Failure Consistent With Hypoxic–

Ischemic Encephalopathy

IPHIE intrapartum hypoxic–ischemic encephalopathy

5. Developmental Outcome is Spastic 
Quadriplegia or Dyskinetic Cerebral Palsy

1. Apgar Score >7

2. Fetal Um.2bilical 

Artery ph>7 BE<12

3. Absent of 
Multisystem Organ 

Failure

4.MRI no areas of 

injury are noted 

5. No Spastic Quadriplegia or 
Dyskinetic Cerebral neurological defect 

1. Apgar Score

2. Fetal Um.2bilical Artery ph<7 

BE>12

3. Multisystem Organ 

Failure

4.MRI/MRS

5.neurological 

defect 



Thank you


