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SECTION 6 INVESTIGATION OF NEONATAL DEATHS 

 

6.1 Introduction 

Neonatal deaths can result from disorders of the neonate, placenta or mother. The majority of neonatal 
deaths are due to major congenital abnormalities and complications of preterm birth. Due to the presence 
of a wide range of aetiological, clinical and geographic circumstances across the spectrum of neonatal 
deaths, the nature of investigations undertaken following death may vary widely. For example, the 
investigation of the sudden collapse and death of a newborn receiving standard hospital postnatal care 
will require a very different investigative approach to that of an infant born at 24 weeks gestation who 
eventually succumbs to the complications of prematurity after a lengthy course of neonatal intensive care.   
 
Therefore, a comprehensive standardised protocol on investigation of neonatal deaths accommodating all 
scenarios is not feasible or appropriate. The decisions regarding appropriate investigations should be 
made by the clinical team providing care based on the individual circumstances accessing additional 
specialist expertise as required, such as a Neonatologist (if the death occurs outside a tertiary centre), 
clinical geneticist and metabolic physician.   

 
However, the importance of a high quality autopsy in accurately determining the cause of a neonatal 
death must be stressed. Neonatal care providers are encouraged to discuss the value of an autopsy with 
the parents for all neonatal deaths.  
 
(For further discussion on post-mortem examination and placental pathology please refer to Section 4 
Perinatal post-mortem examination.) 
 
Investigation to identify the cause of neonatal death should ideally commence at the birth of all high risk 
infants. In this section of the guideline, a list of core investigations is provided, based on a consensus of 
the Working Party, which should be undertaken at the birth of high risk newborns. Investigations which 
may be considered in certain clinical scenarios are also provided. Investigations at the time of birth are 
particularly important for infants who survive for only a short time and where an autopsy examination is 
not undertaken.  
 
High risk newborns include the following:  

� Admissions to neonatal intensive care;  
� Preterm birth less than 32 weeks gestation;  
� Suspected fetal compromise including growth restriction;  
� Severe cardiorespiratory depression at birth;  
� Signs consistent with congenital infection;  
� Severe growth restriction;  
� Hydropic infants;  
� Suspected severe anaemia;  
� Suspected or known major congenital abnormalities; and 
� Other circumstances where a liveborn infant dies shortly after birth in the delivery room. 

 

A subgroup of the Guideline Working Party have worked collaboratively in the development of this 
Section, the members were: Alison Kent, David Tudehope, Ross Haslam, David Cartwright, Sue Jenkins-
Manning, Vicki Flenady and Jane Dahlstrom.  
 
 
6.2 Recommended minimal investigations for all neonatal deaths 

Clinicians should discuss the value of an autopsy with the parents in all cases of a neonatal death and 
seek consent for the procedure.  

(Please see Section 4: Perinatal postmortem examination.) 

A newborn screening blood sample should be performed for all neonatal deaths if not undertaken before 
the death occurred. 

A detailed external examination of the baby should be performed by a perinatal pathologist or an 
experienced Neonatologist or paediatrician where possible.   
 
(Please see Section 2; Appendix 1.4 Clinical examination of baby checklist) 
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Recommended core investigations for high risk newborns 

Close collaboration between the obstetric and neonatal care teams is required to ensure that relevant 
maternal and neonatal factors are considered in the investigation of the neonate.  
 
The following core investigations are recommended at the birth of high risk infants::  

• A detailed external examination of the baby by a Neonatologist or Paediatrician (where 
possible) with clear documentation of the findings in the medical record;  

• A comprehensive maternal medical, social and antenatal history including the results of 
investigations should be documented in the medical record by the obstetric staff;   

• Cord blood gas analysis including both arterial and venous samples; 
• A detailed macroscopic examination of the placenta and cord and documentation of the 

findings in the medical record by the obstetric staff; and  
• Placenta, cord and membranes sent fresh and unfixed to pathology for histopathological 

examination.  
 
 
6.4 Further investigations for high risk newborns at the time of birth  

Further investigations at the time of birth may provide valuable information in specific situations, 
particularly in the event of neonatal death, where consent for autopsy is not obtained.   
 
These scenarios and investigations include: 

  

6.4.1  Suspected congenital infection including birth after clinical chorioamnionitis and 
spontaneous preterm labour and delivery 

• Maternal low vaginal/anorectal culture for Group B streptococcus (GBS) and vaginal culture for 
other common bacterial pathogens associated with perinatal death (e.g. E coli , Klebsiella);   

• Maternal serology for Cytomegalovirus, Toxoplasma, Parvovirus B19, Rubella and Syphilis (if 
not undertaken in this pregnancy);  

• Infant blood samples for haematological assessment (full blood count with nucleated red cell 
count), blood group, DCT and antibody screen and microbiological culture; 

• Infant surface swabs from the ear and throat for microbiological cultures; 
• Placental swabs between the amnion and chorion using aseptic technique for aerobic and 

anaerobic bacterial and fungal cultures; and  
• If viral infection is supected a placental biopsy should be sent for appropriate PCR or viral 

culture. 
 

6.4.2 Suspected congenital abnormalities, hydropic and severely growth restricted infants  

• Maternal serology for Cytomegalovirus, Toxoplasma, Parvovirus B19, Rubella and Syphilis (if 
not undertaken in this pregnancy);  

• Infant blood samples for haematological assessment (full blood count with nucleated red cell 
count), blood group, DCT and antibody screen and microbiological culture; 

• Infant surface swabs from the ear and throat for microbiological cultures; 
• Placental swabs between the amnion and chorion using aseptic technique for aerobic and 

anaerobic bacterial cultures;  
• If viral infection is suspected a placental biopsy should be sent for appropriate PCR or viral 

culture; 
• Infant cord or peripheral blood sample for chromosomal analysis;  
• Clinical photographs; and  
• For hydropic infants blood test for Transferrin Isoforms for Carbohydrate deficient glycoprotein 

disorders (CDG)  
 
Following consent from the parents, clinical photographs should be taken for later review, particularly in 
the circumstance of birth in non tertiary hospital settings. These photos are additional to the bereavement 
photographs, and should be clearly labelled and filed in the medical record. The use of digital imaging for 
this purpose is optimal, however issues regarding storage and patient confidentiality should be 
considered.  
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6.4.3 Severe cardiorespiratory depression  

• Maternal low vaginal/anorectal culture for GBS and vaginal culture for other common bacterial 
pathogens associated with perinatal death (e.g. E-coli, Klebsiella);  

• Maternal serology for Cytomegalovirus, Toxoplasma, Parvovirus B19, Rubella and Syphilis if 
not undertaken in this pregnancy;  

• Infant blood samples for haematological assessment (full blood count with nucleated red cell 
count); blood group, DCT and antibody screen and microbiological culture; 

• Infant surface swabs from the ear and throat for microbiological cultures; 
• Placental swabs between the amnion 1and chorion using aseptic technique for aerobic and 

anaerobic bacterial and fungal cultures. (See Section 2 Institutional Perinatal Mortality Audit, 
Appendix 1 Perinatal Mortality Audit Package for instructions on taking a placental culture); and 

• Consider investigation for genetic metabolic disorder and blood sample for chromosomal 
analysis. 

 

6.4.4  Suspected thrombophilic disorders: pre-eclampsia, fetal growth restriction  

Studies to identify possible thrombophilic disorders should be considered in mothers with preeclampsia or 
with a personal/family history of thrombosis, or following the birth of an infant with severe growth 
restriction(1, 2). These should include initial testing followed by further testing at 8-12 weeks postpartum as 
required. Selective screening for thrombophilic disorders following birth of high risk neonate or a neonatal 
death may be helpful in assisting parents and clinicians in understanding the cause of death, planning 
future pregnancies giving consideration to the risks and benefits of antithrombotic therapy(3).  

 
Screening: 

• At birth: Anticardiolipin antibodies; Lupus anticoagulant; Activated protein C (APC) resistance. 
These tests are recommended at birth as antiphospholipid antibodies may become negative 
one to two months after pregnancy, and more importantly a number of women may not return 
for follow-up;  

• 8 to 12 weeks postpartum: If antiphospholipid antibodies were present at birth, the test should 
be repeated, also a fasting Homocysteine and test for Protein C and S deficiency and  
Prothrombin mutation G20210A should be undertaken; 

• If the APC resistance is positive testing for factor V Leiden gene mutation should be 
undertaken; and  

• If the homocysteine test is positive testing for Methylenetetrahydrofolate reductase (MTHFR) 
should be undertaken.  

 
(See Section 4 Investigation of a stillbirth for further discussion on Thrombophilia.) 
 

6.4.5 Macrosomic infant  

Investigation for maternal diabetes, if not previously undertaken, should include:  
• Maternal HbA1c level ( as soon as possible after delivery); and 

• If the HbA1c level is raised, a fasting blood glucose should be undertaken and if abnormal a  

Glucose Tolerance Test performed 6-8 weeks postnatally. 
 

The increased risk of perinatal morbidity and mortality with maternal diabetes is well known. As universal 
screening for diabetes is not currently implemented throughout Australia and New Zealand it is essential 
that the possibility of undiagnosed maternal diabetes is excluded. HbA1C monitors glycaemia over the 
previous 3 months by reflecting the average glucose concentration over the life of the red cells. 

 

6.4.6 Suspected genetic metabolic disorders 

To ensure a precise diagnosis, peri mortem evaluation of infants suspected of having genetic metabolic 
disorders is required. Parental consent is required for a post-mortem examination and for tissue and 
blood samples to be taken prior to the death. Clinicians need to counsel parents sensitively about the 
importance of an accurate diagnosis for future genetic risks in this very distressing time.  
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Due to the complexity and number of different possible diseases, it is strongly recommended that 
clinicians discuss each individual case with the State Laboratory to identify the optimum tests to request. 
Should more expert guidance be required a clinical metabolic specialist should be consulted. 

All tissue samples should be stored and transported to a Specialist Metabolic Laboratory for investigation 
as convenient. 

Peri-mortem investigation by the clinician should include the following:  
• Prior to death (Section 6; Appendix 2a Screening for genetic metabolic disorders) 

• Seek consent from the parents for a metabolic autopsy; 
• Consult metabolic physician or histopathologist before collection of samples;  
• Blood sample (0.8ml) in a lithium heparin tube and refrigerate;  
• Urine sample 5-10 ml); and 
• Skin biopsy (3 x 2 mm punch biopsies): It is not necessary for the baby to be taken from 

the nursery for this procedure. The process, which can be undertaken by a registrar, 
should only take 15-20 minutes, is minimally invasive, with the sites being covered by a 
small dressing. See Appendix 2b Components of the Genetic Autopsy for futher details of 
collection .   

 
• Immediately following the death: 

• Obtain blood sample by cardiac puncture if blood sample not already taken and only if 
parental consent has been obtained; 

• Liver and muscle biopsies (for electron microscopy, histopathology and enzymology (for 
the latter wrap in aluminium foil, snap freeze and store at -70 ºC). Collect within 4 h 
(preferably 2 h) of death; and  

• Contact the laboratory to request that all unused portions of blood or urine specimens are  
retained. If neonatal screening test has been performed, any unused portions of the 
blood spots can be requested from the State laboratory. Tandem mass spectrometry can 
identify selected disorders of fatty acid oxidation and amino acid metabolism in dried 
blood samples. 

 
A recent publication by Christodoulou and Wilcken in Seminars in Neonatology(4) highlighted the need for 
an increased index of suspicion for genetic metabolic disorders (inborn errors of metabolism) in neonatal 
care. The authors describe predominant clinical or biochemical presentations of genetic metabolic 
disorders in the neonatal period and recommend a protocol for screening for these disorders and also for 
a genetic autopsy.  
 
(Please see Section 6; Appendix 2b Components of the genetic autopsy for details of a genetic autopsy). 
 
The predominant clinical or biochemical presentations of genetic metabolic disorders are as follows: 
Acute encephalopathy: hypoglycaemia, hyperammonaemia, ketosis, disorders of acid-base balance, 
seizures as an early predominant feature; Acute hepatocellular disease; Sudden death; severe hypotonia; 
Non-immune hydrops fetalis; Facial dysmorphism, with or without congenital malformations(4).   
 

(Please see Section 6; Appendix 1 High risk newborn investigation checklist for the investigations 
checklist; Section 2 Institutional Perinatal Mortality Audit, Appendix 1 Perinatal Mortality Audit Package 
1.3 for instructions on placental examination and culture technique and Section 2 Institutional Perinatal 
Mortality Audit, Appendix 2 Instructions for taking clinical photographs for instructions on taking clinical 
photographs.)  
 

6.4.7  Sudden unexpected neonatal death  

The investigation of a sudden unexpected neonatal death should include, as a minimum, a thorough 
maternal and infant medical history; and a full autopsy examination by a forensic pathologist skilled in 
perinatal autopsy or a forensic pathologist in conjunction with a perinatal pathologist. An investigation of 
the various scenes where incidents leading to the death might have occurred including the infants 
sleeping environment.  
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For all sudden unexpected neonatal deaths, investigation for genetic metabolic disorders should be 
undertaken.  
 
The sudden unexpected death of a neonate requires comprehensive investigation as to the cause of the 
death. Although, Sudden Infant Death Syndrome (SIDS) is rare in the neonatal period since 
implementation of Back to Sleep campaigns, there has been a proportionate increase in the number of 
cases occurring at less than one month of age(4, 5). It is important that all unexpected deaths are 
investigated fully prior to designation to the category of SIDS. Recently a new classification, based on 
epidemiologial and population characteristics, has been developed(5) and incorporated in the PSANZ 
classification systems(6). The classification includes a category for unclassified sudden death where no 
cause for the death was identified and where inadequate investigation was undertaken. Classification of 
deaths into this category will hopefully decrease in number with appropriate investigations ensuring that a 
diagnosis is found in most cases.   
 
The Royal College of Pathologists and The Royal College of Paediatrics and Child Health have recently 
published a comprehensive protocol for care and investigation for sudden unexpected deaths in infancy. 
Please refer to this document for further details(7).  
 

(For further details on the classification of SIDS, please refer to Section 7 Perinatal death classifications.)  

 
  

6.5 Alternative investigations where permission for autopsy is not obtained  

If permission for an autopsy is not obtained, other less invasive testing may assist in establishing whether 
any important abnormalities have been missed. These alternatives permit detailed investigation of the 
fetus or infant while still respecting the wishes of the parents(8). However, a Working Group of the Royal 
College of Paediatrics and Child Health found little evidence for valid alternatives to the paediatric post-
mortem(9). Parents should be informed at the time of consent about the possibility of missing an important 
finding when a full post mortem investigation is not undertaken.   

 

6.5.1 External examination by a perinatal/paediatric pathologist, clinical geneticists or 
paediatrician 

An examination by an experienced clinician is of particular importance where an autopsy examination is 
declined(10). Clinicians should discuss the importance of this examination with the parents and arrange for 
an appropriately skilled clinican to undertake the examination.     
 

6.5.2 Babygram 

Parents who decline an autopsy should be asked for consent to undertake a full body X-ray (Babygram). 
A Babygram may detect abnormalities (mainly skeletal) which may not be detected on an external 
examination. The Wisconsin Stillbirth Service Program has estimated that approximately 20% of 
unselected stillborns will have abnormalities which are detectable on X-Ray(10).  
 

6.5.3  Magnetic Resonance Imaging (MRI) 

Magnetic Resonance Imaging (if available) may be offered to parents who decline an autopsy 
investigation. The investigation should be undertaken as soon as possible after a stillbirth. Clinicians 
should explain to the parents that a full autopsy remains the gold standard as the MRI does not supply 
tissue samples and therefore important information may be missed. 
 

A recent comprehensive overview presented the advantages and disadvantages of the post-mortem 
MRI(11). The major advantages of post-mortem MRI included the non-invasive nature of the examination 
and the detection of pathologies and malformations of the central nervous system. The disadvantages 
included the lack of tissue sampling; limitations in detection of complex cardiac malformations, and other 
abnormalities (e.g. tracheo-oesophageal fistula, bowel perforations) which are undetectable by post-
mortem MRI; and lack of experience in perinatal post-mortem MRI. The authors concluded that a full 
autopsy remains the gold standard; however, MRI may play an important role when an autopsy is 
declined.  
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6.5.4 Clinical photographs 

Following consent from the parents, clinical photographs should be taken for later review, particularly in 
the circumstance of birth in non tertiary hospital settings. These photos are additional to the bereavement 
photographs, and should be clearly labelled and filed in the medical record.  The use of digital imaging for 
this purpose is optimal, however issues regarding storage and patient confidentiality should be 
considered.  
 

6.5.5 Other alternatives to a full post-mortem  

Post-mortem needle biopsy; laparoscopic autopsy and small incision access are other alternatives to a 
full post-mortem for focussed investigation of suspected abnomalities.  
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Section 6; Appendix 1  High risk newborn investigation checklist 

 

  

Risk criteria at birth  

 
Investigations 

at birth 

 
 
 
 

Preterm  

 
 
 

Suspected 
Infection 

 
Suspected 
Congenital 
Abnorm-

alities 

 
 
 

Hydropic 
Infant 

 
 

Cardio-
respiratory 
depression 

 
 

Pre-
eclampsia 

Hypertension 

 
 
 
 

FGR 

 
 
 
 

Macrosomia 

 
 

Suspected 
Metabolic 
Disorder 

 

Maternal 
History 

+ + + + + + + + + 

 
External exam 
of neonate  

+ + + + + + + + + 

Exam. of 
placenta and 
cord  

+ + + + + + + + + 

Placental 
Pathology 

+ + + + + + + + + 

C
o

re
  

Cord Gas + + + + + + + + + 

Placental 
Culture 

+ + +  +/- +   +     

Placental 
Cytogenetics 

    +/-   +/-    +/-   + 

 

Ear, Throat 
Swabs 

+ + +  +/- +   +/-      

 

FBC + + +  + + + +  + 

Group DCT + +/- +/-  + +/-   +/- +/-   + 

Blood Culture + + +/-   + +     +/-   

Clinical photos +/- + + + +/- +/- +/- +/- +/- 

Baby Gram +/-  +/- +/- +/-  +/- +/- +/- 

Blood 
Chromosomes 

  + + +/-  +/-   

Genetic 
Autopsy 

  +/- +/- +/-  +/-  + 

B
ab

y 

 

Urine         +/- 

Vag Culture + +  + +  +   

Torch 
Serology 

+ + + + +  +   

Thrombophilic 
Screen 

   +/-  + +   

M
o

th
er

  

 

HbA1C   +/- +    +  
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Section 6; Appendix 2a Screening for genetic metabolic disorders  

Extract from: Christodoulou J, Wilcken B. Perimortem laboratory investigation of genetic metabolic disorders. Seminars in 
Neonatology 2004;9(4):275-280. (4) 
 
 
Screening investigations that should be performed in an acutely ill neonate suspected of 
having a genetic metabolic disorder 

 
Urine 

• Odour 
• Dipstick tests for ketones, pH, sulphite (a) 
• Reducing substances (testing for both glucose and non-glucose reducing substances) 
• Amino, organic acid screens (including acylglycines) 

 
Blood 

• Full blood count/film 
• Urea, electrolytes, anion gap, creatinine 
• Glucose 
• Calcium 
• Blood gases 
• Liver enzymes 
• Uric acid 
• Ammonium 
• Lactate and pyruvate 
• Amino acids (b) 
• Carnitine and acylcarnitines (b) 

 
Cerebrospinal Fluid 

• Lactate and pyruvate 
• Glucose 
• Amino acids (b) 

 
In the case of hypoglycaemia collect blood for the following when the child is hypoglycaemic 

• Growth hormone 
• Cortisol 
• Insulin 
• Free fatty acids 
• ß – Hydroxybutyrate 
• Acylcarnitine profile 
• Urine should always be collected at the time of hypoglycaemia 

 
(a)    Sulphite is very labile. A negative test result does not exclude sulphite oxidase deficiency or 

the molybdenum cofactor defect. 
(b)    These tests should only be ordered after consultation with a biomedical geneticist or metabolic 

physician. 
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Section 6; Appendix 2b  Components of the genetic autopsy for investigation of 
metabolic disorders 

Extract from: Christodoulou J, Wilcken B. Perimortem laboratory investigation of genetic metabolic disorders. Seminars in 
Neonatology 2004;9(4):275-280. (4) 

 
Components of the Genetic Autopsy 

• Careful family history, including three generation pedigree 
• Invite a clinical geneticist with expertise in dysmorphic syndromes to inspect the 

infant 
• Clinical photographs 
• Full skeletal survey 
• Parental investigations for a haemoglobinopathy 
• Maternal investigations for a thrombophilic disorder 

 
Samples to collect from the baby 
Blood 

• Dried blood spots on filter paper (newborn screening cards, at least two to three 
cards stored at room temperature but NOT in a plastic bag (for acylcarnitine profile 
analysis and is a source of DNA)) 

• Whole blood (5ml in lithium heparin tube (for carnitine, quantitative amino acids, very 
long chain fatty acids; separated within 20 mins of collection and stored at -70 ºC); 
AND 5ml in EDTA tube (for DNA extraction; can be stored at 4 ºC for 48 h) AND 5ml 
in lithium heparin tube (for chromosome analysis; must be commenced within 4 h of 
sample collection)) 

 
Urine 

• Freeze and store (5ml or more if possible, stored at -70 ºC; (for amino acid and 
organic acid profiles, acylglycines, orotic acid)) 

 
Cerebrospinal Fluid 

• Freeze and store (1ml stored at -70 ºC (for amino acid profile)) 
 
Skin 

• Biopsy: 3x2mm full thickness collected under sterile conditions (DO NOT use iodine-
containing preparations) into culture or viral transport, or saline soaked gauze. Store 
at 4 ºC. Best collected within 12 h of death. Cartilage may be taken for culture if there 
has been a prolonged period after death before biopsies can be taken. Send as soon 
as possible to a cytogenetics laboratory for fibroblast culture and storage. To be 
cultured for archiving in liquid nitrogen. 

 
Other biopsies 

• Liver and muscle biopsies (for electron microscopy, histopathology and enzymology 
(for the latter wrap in aluminium foil, snap freeze and store at -70 ºC). Collect within 4 
h (preferably 2 h) of death. Consult metabolic physician or histopathologist before 
collection of samples) 

• Other tissue biopsies if specific diagnoses are under consideration. 
 

 
 
 


