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Abstract 

Intro Evidence of breath after birth is one of the main forensic issues in suspected neonaticide. 

Hydrostatic test (HT) and pathological examination are currently used to assess it, but they are 

not entirely reliable or immediately available. 

Objectif To determine the performance of post-mortem computed-tomography (PMCT) to 

assess neonatal breath in suspected neonaticide, by comparing lung CT attenuation values 

between livebirth and stillbirth cases, in correlation with HT and pathology. 

Method Cases of suspected neonaticides who underwent a PMCT and complete forensic 

autopsy with an HT were retrospectively selected from the databases of Four French Forensic 

Medicine Departments. The diagnosis of vitality (i.e. stillbirth or livebirth) was based on the 

pathological examination and/or a combination of arguments, including HT result. Lung 

density on CT was measured in Hounsfield Units (HU) by ROIs drawn in both pulmonary 

parenchyma.  

Results Eleven patients were included, six livebirth and five stillbirth cases. The result of HT 

was concordant with pathological examination when available (seven cases). Mean lung 

densities in livebirth cases (– 173 HU [-255; -91 CI 95%]) were significantly lower than in 

stillbirth cases (40 HU [28; 52 CI 95%]) (p< 0.05), with a very high degree of interobserver 

reproducibility (ICC = 0.998 (CI 95% 0.991-0.999; p <0.001). 

Conclusion PMCT and especially lung CT attenuation measurement is a reliable and easy-to-

use method for assessing neonatal breath in suspected neonaticides.  
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Introduction 

Neonaticide was defined by Resnick [1] in 1970 as the killing of a child during its first 24 

hours of life. The mother is mostly involved and the killing typically occurs after a concealed 

or denied pregnancy [2, 3]. The exact rate of neonaticide is by definition unknown and 

probably underestimated [4]. The main question of the magistrate in this situation is: was the 

child alive at birth (livebirth) or not (stillbirth)? The answer is provided by the evidence of 

effective and spontaneous respiratory movements after birth. Indeed, in France as in many 

countries, the first inspirations of a newborn result in it passing from the status of a foetus to 

the status of a child, changing the legal considerations.  

Two main tools are currently used to assess neonatal breath. First, the hydrostatic test (HT) 

also called “docimasia” or “lung floating test”, has been used for centuries [5]. If the baby has 

breathed, the lungs float when immersed in water and the test is considered as “positive”. If 

he or she has not, the lungs sink and the test is “negative”. This test has always been very 

controversial [6], mainly due to false positives, attributed to putrefaction and cardiopulmonary 

resuscitation (CPR). False negatives can occur in pulmonary pathologies. The second method 

is pathological analysis, considered to be the gold standard and usually performed to confirm 

alveolar expansion. However, its results are not immediately available as conditioning takes 

several weeks.  In recent years, post-mortem computed-tomography (PMCT) has been 

developed in routine forensic practice and may represent a useful complementary tool to help 

the forensic pathologist, but its ability to address key issues of neonaticide is not yet fully 

documented.  

The aim of this work was to determine the performance of PMCT to assess neonatal breath in 

cases of suspected neonaticides, especially by comparing lung CT attenuation values between 

livebirth and stillbirth cases. 
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Patients and Methods 

Population and clinical data collected 

We retrospectively selected cases of suspected neonaticide who underwent a complete 

forensic autopsy with hydrostatic test and a PMCT in four French Forensic Medicine 

Departments between March 2012 and September 2018. We secondarily excluded cases with 

signs of putrefaction. We noted elements of anamnesis, i.e. whether CPR was performed, the 

estimated delay between birth and the discovery of the body, and specific data from the 

autopsy, i.e. the post mortem changes, the estimated gestation term, lungs aspect and weight, 

modality of HT and its result, and the conclusion of the forensic pathologist about the cause of 

death.  

We systematically searched whether a histopathological analysis was performed and 

considered its conclusion about alveolar expansion and the cause of death. 

The conclusion about the vitality of the child (livebirth or stillbirth) was based on the 

microscopic findings when available and/or on the combination of clinical anamnesis, lungs 

aspect and HT results. 

PMCT 

Bodies were scanned using different multislice CT scanners (Optima CT 660, Lightspeed 

VCT, Revolution EVO; GE Healthcare; Chicago, Illinois, USA / Aquillion Prime, Canon, 

Tokyo, Japan / Somatom Definition; Siemens, Munich, Germany). Data acquisition was 

performed in the axial plane, with a tube voltage of 120 to 140 kV and 1mAs to 90 mAs. Slice 

thickness ranged from 0.625 mm to 1.25mm. Reconstructions were made using soft and bone 

filters. PMCT images were analysed on a Carestream® workstation by a forensic radiologist 

with multiplanar and volume rendered (VR) reconstructions on the chest and the abdomen.  
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Aeration of the pulmonary parenchyma of the newborns was determined by a qualitative 

visual appreciation and ranked as: present, absent or possible. 

We then evaluated the CT attenuation values of pulmonary parenchyma by measuring mean 

and extreme values of density per voxel of the parenchyma in Hounsfield units (HU) by 

tracing manually three “regions of interest” (ROIs) on the superior, middle and inferior 

regions in the axial plane. The ROIs were as wide as possible considering chest size, 

excluding pulmonary hilum. The global mean density of each pulmonary field was calculated 

as the mean of the six average densities collected. Measures were performed independently by 

the forensic radiologist and a forensic pathologist. 

We also evaluated the aeration of trachea and bronchi and the presence of gas in the stomach 

and gastro-intestinal tract. Finally, we noted the position of the two diaphragmatic cupola in 

relation to the ribs, assuming that the breathing could modify their height. 

Statistical analyses 

All statistical analyses were performed using Microsoft ® Excel ® 2016 (Microsoft Corp. 

Redmond, WA, USA). Quantitative variables were reported as mean, standard deviation and 

range. The mean densities of lung parenchyma measured in stillbirth cases were compared to 

those measured in livebirth cases using a Student’s t-test. An intraclass correlation coefficient 

(ICC) was used to evaluate the reproducibility of lung density measurements. Results were 

considered significant for p<0.05 (two-sided). 

Ethical considerations 

The present study’s research protocol was established in accordance with the Helsinki 

Declaration on Medical Research. 
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Results 

Population and autopsy findings 

Twelve cases were identified. One case was excluded because of advanced signs of 

decomposition, with presence of diffuse gas in intravascular and soft tissue spaces at PMCT 

(Radiological Alteration Index > 50 [7]), confirmed by external and internal examination. 

Eleven cases were therefore included in our study. Two cases received specialized CPR. The 

interval between birth and the discovery of the body was estimated at less than 36 hours in 

eight cases, based on the testimonies and the police investigation. It was unknown in the three 

other cases. One case showed signs of maceration at the external inspection and an overlap of 

the skull bones on CT scan, which could be compared to a Spalding’s sign [8]. There were no 

external or internal signs of putrefaction reported or visible on CT in the 10 remaining cases. 

The mean gestation age was 36 weeks of amenorrhea, ranging from 26 to 41, determined by 

the mensuration of head circumference, body height and in some cases by the length of long 

bones, measured on CT scan. Five cases were considered to be “full-term” babies. There was 

no significative difference between the mean gestational age in livebirth and stillbirth (i.e. 37 

and 33 weeks of amenorrhea, respectively; p=0.2). Hydrostatic test was systematically 

performed, by diving the lungs into water. It was “positive” in six cases and “negative” in five 

cases. We noted some differences in the modus operandi between centres. The whole thoracic 

block, which included the two entire lungs, the heart and the thymus, was tested in four cases, 

the entire lungs separately in four cases. The technique wasn’t specified in three cases. The 

characteristics of the population and the autopsy findings are presented in Table 1.  

 

Pathological examination 
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Pathological examination including lungs’ description was performed on seven cases. The 

pulmonary alveoli were described as expanded in four cases and not expanded in the other 

three. (Figures 1-3). The conclusions of the pathologists were always concordant with the 

result of HT. One case died of a massive meconium inhalation, with areas of condensation 

and acute emphysema. Two babies possibly deceased of mechanical asphyxia. No pulmonary 

pathology or cardiac disease was found as a cause of death in other cases. 

Conclusion about vitality 

The final conclusion was livebirth in six cases and stillbirth in five cases. 

PMCT findings 

Visual appreciation of the pulmonary parenchyma aeration was “absent" in 4/5 stillbirth 

cases, “present” in 5/6 livebirth cases (Figures 1 and 2) and “possible” in the two remaining 

cases (one livebirth, one stillbirth) who received CPR (Figure 3 and 4). Mean lung densities in 

livebirth cases (– 173 HU [-255; -91 CI 95%]) were significantly lower than in stillbirth cases 

(40 HU [28; 52 CI 95%]) (p< 0.05). These results are summarized in Figure 5. The two cases 

for which the aeration was considered as “possible” at the first reading had a global density 

concordant with these results, as the parenchyma’s density was positive (+ 25 HU) for the 

stillbirth child and negative (- 90 HU) for the livebirth child. 

Regarding the interobserver reproducibility of the measurements, the ICC was 0.998 (CI 95% 

0.991-0.999; p<0.001).  

The trachea and bronchi were aerated in five cases (3/5 i.e. 60% of livebirths, 2/6 i.e. 33% of 

stillbirths). Air was present in the stomach in all cases but noted in the gastro-intestinal tract 

further than the duodenojejunal junction only in four cases, the two in which a CPR was 

performed and two children born alive, i.e. 27% of all cases born alive. There was no 

difference in the height of the diaphragm between the livebirth and stillbirth cases: the right 
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cupola was always noted between the fifth and sixth rib and the left cupola between the sixth 

and the seventh rib. PMCT findings are resumed in Table 2. 

 

Discussion 

The development of postmortem imaging has brought many perspectives for post-mortem 

explorations [9], especially in perinatology [10]. It has become a reliable, non-invasive and 

available tool in addition to conventional autopsy techniques. In case of neonaticide, the 

potential of PMCT has already been approached to assess live birth, but the previously 

published series contain very few cases [11] or with advanced signs of putrefaction [12].  

The present study is the first to show that PMCT measurement of lung density can easily be 

used to assess neonatal breath in cases of suspected neonaticide. Our results demonstrate that 

children born alive have a mean lung density significantly lower than stillbirths. Conversely, 

the aeration of the trachea and bronchi and diaphragmatic height seem not to be reliable signs 

to use in corroborating the hypothesis of vitality. This work was based on a larger number of 

cases than previously reported, with a homogeneous repartition, considering the number of 

stillbirth and livebirth cases (five and six cases respectively), pulmonary maturity (with a 

mean gestational age of 33 and 37 amenorrhea weeks respectively) and the post-mortem 

changes (no sign of putrefaction).  

In 2013, Michiue et al. measured CT attenuation values of pulmonary parenchyma in this 

setting [13]. Their case series included three livebirth cases, one stillbirth case with CPR and 

three stillbirth cases without CPR. As in our study, their stillbirth cases had positive mean CT 

densities. However, only one of their livebirth cases had a negative mean density. Indeed, the 

two other children born alive died from pulmonary distress and cardiac failure. These two 

pathologies increased CT lung density, due to oedema and atelectasis. Contrarily, none of the 
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subjects in our series, except one, died as a result of an identified cardiac or pulmonary cause 

susceptible to change lung appearance and CT density.  

Besides, the method we describe is simple, little time-consuming and does not require specific 

software nor complex image post-processing. Its main limitation is the difficulty of 

discriminating mediastinum from the lungs to draw the ROIs when the parenchyma was 

completely non-aerated. The distribution of gas in the gastro-intestinal tract was also very 

easy to identify. As previously described [13, 14], the presence of gas in the gastro-intestinal 

tract is commonly admitted as a sign of extra-uterine life. We systematically noted the 

presence of at least one bubble of gas in the stomach, even in stillbirth cases. However, the 

presence of air located further along than the duodenojejunal junction was only noted in 

children born alive and/or who received CPR. In our opinion, the aeration of the small 

intestine can, therefore, be considered as evidence of liveborn when present, except after 

CPR. In contrast, a small amount of air in the stomach may not be used to assess extrauterine 

life. 

We highlighted a good reliability of the hydrostatic test, with a good agreement with the 

pathological examination, as previously reported[15]. Yet, we noted a certain variability in the 

practices, as either the lungs only or the entire thoracic block were evaluated; the liver or 

gastro-intestinal tract were never tested. Generally, HT is almost always performed during the 

autopsy of a deceased newborn [16] and is often mentioned in manuals of forensic science 

[14, 17, 18] but the exact protocol to carry it out is rarely detailed. In 1997, Moer [19] 

identified several techniques and found that the most reliable option was to immerge the 

whole lung, compared to the macroscopic appearance, the liver test and the compression test. 

The immersion of a piece of liver is used as a control to avoid misinterpretation of the HT due 

to the presence of putrefaction gas [11]. The interest of this practice could be discussed, as 
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PMCT is very efficient in evaluating the presence of intravascular gas due to putrefaction [11, 

20] or any other cause [21, 22].  

Pathological examination confirms or invalidates the presumptions made by the HT and thus 

represents the gold standard for the diagnosis of vitality [14]. Macroscopic inspection first 

notices the global aspect of lungs which are compact and dark red in stillbirth but rose with 

visible lobules in livebirth. Microscopic examination then seeks to identify the unfolding of 

bronchial and alveolar lumen. It can also rule out the main differential diagnoses (pneumonia, 

hyaline membrane disease) likely to negate the HT. Artefacts due to putrefaction (with 

vacuole parenchymal lysis that can mimic alveolar expansion) and CPR (ruptures of 

interalveolar walls) must in particular be known [23]. 

Only one case on 12 (8%) presented advanced putrefactive signs and was thus initially 

excluded. The literature data reports a rate of 32 % of decomposed bodies in this context [16]. 

The alteration of the body due to putrefaction is currently known to considerably interfere 

with both HT and PMCT and prevents all possibility of diagnosing neonatal breath [12]. Our 

only putrefied case presented a similar difficulty as HT was falsely positive and no cause of 

death was identified.   

The diagnosis of vitality is always questionable in children with CPR. Two cases of our series 

received CPR, for which aeration on PMCT was considered as “possible”. Measurement of 

lung parenchyma density was, however, clearly different (positive for the stillbirth case and 

negative for the livebirth case) and consistent with the diagnosis of vitality. We could 

hypothesize that, in doubtful cases, CT lung density measurement could help to achieve the 

final diagnosis. More cases would be needed to confirm this trend. Indeed, post-mortem 

ventilation could theoretically be the cause of the presence of air in the lung parenchyma. It is 

therefore classically suspected to be responsible for false positive HT [6] and could modify 

microscopic examination. Pathologist and radiologist must consequently remain cautious in 
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their conclusions and consider the possible role of CPR on the aspect of the parenchyma. On a 

prospective study, controlled post-mortem ventilation has been studied as a tool to improve 

the interpretation of PMCT parenchymal abnormalities in adults [24]. Although it appears that 

ventilation decreases the density of lung parenchyma, due to the clearing of livor mortis and 

hypostasis, it doesn’t seem to affect the appearance of the pathological lung. This would 

suggest that post-mortem ventilation alone would not be sufficient for complete and 

satisfactory lung aeration in case of stillbirth. Nevertheless, as suggested by other authors 

evaluating MRI performance in this setting [25], a further study on pulmonary PMCT density 

after post-mortem ventilation in cases of stillbirths is necessary to confirm this hypothesis. 

 

Conclusion 

This work highlights the importance of PMCT in suspected neonaticides. Lung density 

measurement seems to be a reliable and reproducible tool to help the forensic pathologist 

assess breathing after birth, in addition to autopsy and histopathology. Nowadays, CPR still 

remains a limit in interpreting PMCT and HT results.  

Besides, PMCT analysis of pulmonary parenchyma remains challenging for the forensic 

radiologist [26, 27], especially in children [28, 29]. The description of the “normal lung” in 

deceased newborns or in neonatal period would, therefore, be an interesting perspective for a 

better analysis of lung parenchyma in suspected neonaticide. 
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Legends 

Figure 1: Livebirth case 

PMCT axial (a) and coronal (b) views: diffuse ground glass aspect of the aerated pulmonary 

parenchyma.  

(c) VR reconstruction of the chest with presence of air in both lungs; presence of a bubble gas 

in the stomach, but absence of aeration behind the duodeno-jejunal junction. 

(d) Microscopic aspect of the lung (Hematein Eosin Saffron (HES) magnification x 200); 

diffuse and homogeneous expansion of the pulmonary alveoli. 

Figure 2: Stillbirth case 

PMCT axial (a) and coronal (b) views; high density of the whole pulmonary parenchyma 

without visible aeration. 

(c) VR reconstruction of the chest without any trace of air in both whole lungs; presence of a 

little bubble gas in the stomach. 

(d) Microscopic aspect of the lung (HES, magnification x 200); absence of expansion of the 

pulmonary alveoli. 

Figure 3: Livebirth case who received CPR 

PMCT axial (a) and coronal (b) views; presence of distal ground glass opacities, alternating 

with non-systematized condensations. 

(c) VR reconstruction of the chest: presence of inhomogeneous aerated zones in the lungs; 

aeration of the gastro intestinal tract behind the duodeno-jejunal junction. 

(d) Microscopic aspect of the lung (HES, magnification x5): diffuse and extensive but 

heterogenous aeration of the alveoli. Alternation of poorly aerated zones and predominant 
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well-aerated zones, with some polycyclic cavities of acute emphysema due to rupture of 

alveolar-capillary membranes. 

(e) Microscopic aspect of the lung:  upper image (HES, magnification x100): numerous 

neutrophils and scattered scales in the lumen of the alveoli; exogenous brownish and flaky 

material, compatible with meconium. Bronchi are filled with neutrophils. Lower image: 

rupture of interalveolar walls evocative of acute emphysema. 

 

Figure 4: Stillbirth case who received CPR 

PMCT axial (a) and coronal (b) views: small areas of distal ground glass opacities, mainly in 

the basis of the pulmonary fields. The major part of the parenchyma is condensed. 

(c) VR reconstruction of the chest: distal and inconspicuous presence of air in pulmonary 

fields; aeration of the gastro-intestinal tract mainly in the stomach and a small volume behind 

the duodeno-jejunal junction.  



 

Table 1. Autopsy findings 

 

* cases with cardiopulmonary resuscitation; F, Female; M, Male; RL, Right lung; LL, left lung 

+, positive ;  -,  negative 

 

 

 

case Se
x 

Gestational term 
(amenorrhea 

weeks) 

Estimated delay 
between birth and 
discovery (hours) 

Post mortem  
changes  

Lung’s weight (g) 
 
RL LL 

Result of  
Hydrostatic 
test 

Cause of death pathological 
examination 
available 

Conclusion 

1 M 35-36 < 36 Livor mortis 25 15 + lack of care,  
head and abdominal trauma 

No Livebirth 

2 F 41 (term) < 12 Rigor mortis 
Livor mortis 

35 25 + lack of care yes Livebirth 

3* M 41 (term) < 4 none 30 25 - undefined Yes Stillbirth 
4 M 30 unknown Focal skin 

slippage 
17 17 - undefined Yes Stillbirth 

5 F 38 (term) unknown Focal skin 
slippage 

28 22 + hemorrhagic asphyxia, lack of 
medical care, hypothermia 

Yes Livebirth 

6 M 36 < 12 Rigor mortis 
Livor mortis 

29 34 + mechanical asphyxia Yes Livebirth 

7 F 33-36 unknown Maceration 14 10 - In utero fetal death Yes Stillbirth 
8* F 41 (term) < 4 none 43 34 + Massive meconial inhalation Yes Livebirth 
9 F 24-26 < 12 Livor mortis - - - undefined No Stillbirth 
10 F 36 < 6 Livor mortis 27 23 - undefined No Stillbirth 
11 F 32-36 < 12 Livor mortis - - + undefined No  Livebirth 



Table 2 : CT findings 

Case Qualitative evaluation 
of the lung’s aeration 

Mean density (Hounsfield Units) Aeration of trachea 
and bronchi 

Aeration of digestive 
tract 

 
Conclusion Right Lung Left Lung Global 

1 Present -164 - 182 - 173 - Stomach Livebirth 
2 Present -98 -122 -110 + Stomach Livebirth 
3* Possible 14 35 25 - Stomach + jejunum Stillbirth 
4 Absent 36 41 39 + Stomach Stillbirth 
5 Present -4 -144 -74 + Stomach + jejunum Livebirth 
6 Present -241 -225 - 233 + Stomach Livebirth 
7 Absent 39 41 40 - Stomach  Stillbirth 
8* Possible -94 -86 -90 - Stomach + jejunum Livebirth 
9 Absent 52 50 51 - Stomach Stillbirth 
10 Absent 42 46 44 - Stomach Stillbirth 
11 Present -382 - 327 -355 + Stomach + Jejunum Livebirth 
 

* cases with cardiopulmonary resuscitation 

+, positive ;  -,  negative 
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Legends 

Figure 1: Livebirth case

PMCT axial (a) and coronal (b) views: diffuse ground glass aspect of the aerated pulmonary 

parenchyma. 

(c) VR reconstruction of the chest with presence of air in both lungs; presence of a bubble gas 

in the stomach, but absence of aeration behind the duodeno-jejunal junction.

(d) Microscopic aspect of the lung (Hematein Eosin Saffron (HES) magnification x 200); 

diffuse and homogeneous expansion of the pulmonary alveoli. 
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Legends 

Figure 2: Stillbirth case

PMCT axial (a) and coronal (b) views; high density of the whole pulmonary parenchyma 

without visible aeration.

(c) VR reconstruction of the chest without any trace of air in both whole lungs; presence of a 

little bubble gas in the stomach.

(d) Microscopic aspect of the lung (HES, magnification x 200); absence of expansion of the 

pulmonary alveoli.
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Legends 

Figure 3: Livebirth case who received CPR 

PMCT axial (a) and coronal (b) views; presence of distal ground glass opacities, alternating 

with non-systematized condensations.

(c) VR reconstruction of the chest: presence of inhomogeneous aerated zones in the lungs; 

aeration of the gastro intestinal tract behind the duodeno-jejunal junction. 

(d) Microscopic aspect of the lung (HES, magnification x5): diffuse and extensive but 

heterogenous aeration of the alveoli. Alternation of poorly aerated zones and predominant 

well-aerated zones, with some polycyclic cavities of acute emphysema due to rupture of 

alveolar-capillary membranes.

(e) Microscopic aspect of the lung:  upper image (HES, magnification x100): numerous 

neutrophils and scattered scales in the lumen of the alveoli; exogenous brownish and flaky 

material, compatible with meconium. Bronchi are filled with neutrophils. Lower image: 

rupture of interalveolar walls evocative of acute emphysema.













16 

Figure 4: Stillbirth case who received CPR

PMCT axial (a) and coronal (b) views: small areas of distal ground glass opacities, mainly in 

the basis of the pulmonary fields. The major part of the parenchyma is condensed. 

(c) VR reconstruction of the chest: distal and inconspicuous presence of air in pulmonary 

fields; aeration of the gastro-intestinal tract mainly in the stomach and a small volume behind 

the duodeno-jejunal junction.









 

Figure 5: Comparison of mean densities for stillbirth (SB) and livebirth (LB) cases (p = 0.004) 
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