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Abstract
Objectives Ventilated postmortem computed tomography
(vPMCT) is associated with improved pulmonary imaging
compared to standard PMCT in adults. We aimed to evaluate
the feasibility of performing ventilated PMCT in children.
Methods Postmortem thoracic CT was performed before
(PMCT) and after ventilation (vPMCT). We used a range of
mouthpieces, including endotracheal tubes, bag and mask and
laryngeal mask airway (LMA). Hounsfield units of the lungs
at PMCTwere measured for normal and abnormal lung areas,
before and after ventilation. All patients underwent full con-
ventional autopsy and histology.
Results Twelve patients underwent ventilated PMCT, median
age 52 days (range 3–304 days). Ventilated PMCT provided
diagnostic lung images in all 12 cases, compared to only three
unventilated PMCT examinations (p<0.005). In all cases,
ventilated PMCT improved the image quality of aerated lungs
irrespective of the method used. Average lung Hounsfield
units decreased significantly with ventilation from pre-
vPMCT values (−134.1±215.1 vs post-vPMCT −531.8±
190.1; p<0.001). LMAwith continuous positive pressure ven-
tilation subjectively provided the best results.
Conclusion Ventilated PMCT significantly improves lung
aeration in children and can aid recognition of areas of

abnormality in paediatric lungs. Such advances will improve
accuracy and uptake of imaging-assisted autopsies in children.
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Abbreviations
HU Hounsfield units
LMA Laryngeal mask airway
PEEP Positive end expiratory pressure
(PM)MR (Postmortem) magnetic resonance imaging
vPMCT Ventilated postmortem computed tomography

Introduction

Postmortem imaging now plays a significant role in the pae-
diatric and perinatal less invasive autopsy, with postmortem
magnetic resonance imaging (PMMR) demonstrating high
overall diagnostic accuracy [1]. However, accuracy is greater
for some organs than others, with postmortem changes in the
lungs in particular being difficult to distinguish from patholo-
gy; pneumonia in particular is both over- and under-diagnosed
on paediatric PMMR [2].

Postmortem computed tomography (PMCT) has not been
evaluated in detail in this regard, since in general, PMCT
typically provides a lower diagnostic yield in children for
several reasons. As PM imaging examinations are acquired
in natural expirationwhich increases pulmonary opacification,
together with normal postmortem changes (inner lividities),
this can make the lungs appear densely opaque and imaging
diagnostically uninterpretable.

There is now interest in expanding the lungs at postmortem
in adult cadavers, using ventilation-assisted CT. Germerott
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et al. published the first description of using ventilation during
PMCT (vPMCT), which other groups have now adopted
[3–7]. They used a ventilator to give continuous positive pres-
sure ventilation, effectively mimicking a breath-hold in in-
spiration during imaging, although gastric dilatation was a
complication. Robinson et al. have recently shown that by
ventilating adult lungs during postmortem CT using a
supraglottic airway and clinical portable ventilator, signifi-
cant lung expansion and reduction in lung density was
achieved, with an overall improvement in diagnostic yield
for thoracic pathology [5].

Here, we evaluated vPMCT in the paediatric setting to
determine whether this was feasible in this patient popula-
tion and whether the technique was associated with im-
provement in imaging appearances in children. All patients
underwent conventional autopsy and histology to verify the
imaging findings.

Methods

Study design and population

vPMCTwas performed in patients for whom parental consent
for conventional autopsy including imaging was available.
Inclusion criteria were documentation of prior spontaneous
lung inflation in life, and therefore, we excluded all foetuses,
stillbirths or perinatal deaths where there was any doubt. All
cases underwent two thoracic CT examinations (pre-PMCT
and vPMCT using a ventilator). Five cases were scanned
twice following ventilation, with an additional intermediate
vPMCT (‘first stage’) following artificial breaths using a con-
ventional paediatric self-inflating resuscitation bag and then a
second stage using a ventilator.

Imaging protocols

All bodies were stored in standard mortuary refrigeration
units at 4 °C before postmortem imaging. Whole-body
PMCT imaging was performed on a 64-slice multidetector
system (Siemens SOMATOM Definition; Siemens
Healthcare, Erlangen, Germany). All patients were examined
using our standard PMCT protocol which consists of brain
PMCT imaging at contiguous 1 mm axial slice thickness
with 5 mm gap at 120 kV and variable milliamps, followed
by volumetric whole-body PMCT from the vertex down to
the toes at 120 kV with variable milliamps, a pitch of 1 and
0.625 mm collimation.

Airway

Some children had been unsuccessfully resuscitated prior to
death and had an appropriately sized endotracheal (ET) tube in

situ. We attempted to use this where possible, but there was a
significant leak around the ET tube, and gastric dilatation oc-
curred in two patients almost immediately. These were there-
fore removed to allow other airway access to be attempted.

In some cases (n=5), a two-stage ventilation procedure was
employed. A conventional paediatric self-inflating resuscitation
bag (Lifesaver® Disposable Manual Resuscitator; Teleflex,
Buckinghamshire, UK) with an added filter was used to give
several inflation breaths, until the chest was seen to inflate fully,
and the CT thorax was repeated (‘first stage’; Table 1).

The second stage in some patients (n=5), and the only
technique tried in the majority of patients (n=7), was to use
a ventilator to generate continuous positive end expiratory
pressure (PEEP) in an attempt to maintain chest wall height
for the duration of the scan, to evaluate whether PEEP was
necessary for good results. For this, we inserted a supraglottic
single-use Integral Silicone Laryngeal Mask airway (Fannin
UK Ltd, Wellingborough, Northamptonshire, UK), which is
in routine clinical use in our hospital. A radiologist with neo-
natal intubation experience performed the insertion (OJA),
with a laryngeal mask airway (LMA) tube size selected appro-
priate to the weight of the patient (e.g. size 1.5, 5–10 kg; size
2, 11–20 kg, etc.). The LMA was lubricated with water-
soluble lubricant and then inserted into the mouth with the
neck in an extended position until resistance was met at the
entrance to the airway. Inflation of the cuff provided confir-
mation of appropriate location, as well as giving airway sta-
bility and obscuring the oesophagus. Correct position was
checked by palpation of the anterior neck and confirmed on
CT imaging. The thoracic CTwas repeatedwith the chest fully
mechanically inflated.

Image reporting

Images were reconstructed with a mediastinal, lung and
bone algorithm to provide 5 and 1 mm slice thicknesses
and viewed on standard soft tissue, lung and bone window
settings. Further 3D reconstruction of the body was per-
formed on an Apple Mac workstation using Osirix MD soft-
ware (Pixmeo, Switzerland; open source code; http://www.
osirix-viewer.com). Conventional reporting of PMCT was
performed according to normal clinical institutional
standards by a single paediatric radiologist with 8 years of
radiology experience and 3 years of postmortem imaging
experience (OJA), blinded to the autopsy findings, which
were only revealed at the end of the study. In addition,
images were recorded as being diagnostic or non-
diagnostic (normal or abnormal lung parenchyma could not
be distinguished by the reporter), and the Hounsfield units
(HU) of lung parenchyma in the densest and least dense
areas were measured using a 1-cm region of interest. Lung
volumes were not measured as they could not be accurately
identified in all pre-ventilated cases.
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Autopsy

All cases subsequently underwent full autopsy with standard
routine histological lung sampling, performed by one of two
experienced perinatal/paediatric pathologists (LK, NJS; 8–
27 years of experience) in accordance with national guidelines
[8]. All organs (heart, lungs, liver, etc.) were routinely exam-
ined in the unfixed state, and tissue samples obtained from all
major organs for subsequent histological examination using
routine haematoxylin and eosin staining. Autopsy findings
were reported with all clinical information available including
pre-vPMCT findings (e.g. fractures, intracranial changes), but
vPMCT findings were not yet revealed.

Statistical analysis

Primary outcomes were diagnostic or non-diagnostic imaging,
pre- and postventilation and change in Hounsfield units fol-
lowing ventilation. Results are presented using mean percent
changes and standard deviation of the mean. SPSS (Version
19 for Macintosh, SPSS Inc., IBM, NY, USA) was used for
data analysis, using Student’s paired t test (or chi-squared test
to test between proportions) at the p<0.05 significance level.
Preliminary sensitivity and specificity data with 95 % confi-
dence intervals (CIs) were obtained.

Results

Demographics

Twelve patients underwent vPMCT, median age 52 days
(range 3–304 days), consisting of six males and six females.
Full demographic details are provided in Table 1.

Airways and complications

Two cases (cases 1 and 4) had ET tubes in situ, which had
been placed during resuscitation prior to demise. In both of
these cases, there was a leak around the tip of the airway
and air was seen to distend the stomach following ventila-
tion, and thus, they were replaced by LMAs. LMAs were
successfully introduced in all patients and used for all sub-
sequent vPMCT attempts. An LMA airway, compared to an
ET tube, produced an adequate seal around the epiglottis
and airway which prevented air from entering the stomach
and bowel (Fig. 1). Using the LMA, no patient needed a
nasogastric tube passing to reduce gastric or bowel disten-
sion. However, there were two cases of pneumothorax after
PEEP vPMCT (Table 1; Fig. 2).

There were no differences between left and right lung
values pre-vPMCT (overall mean −134.1±215.1; left lung
−122.9±210.1 vs right lung −145.3±228.8; p=0.81) nor

post-vPMCT (overall mean −531.7±190.1; left lung −539.6
±180.6 vs right lung −523.9±207.0; p=0.85), and therefore,
we used mean values from both normal lungs (n=24) for
further comparisons to identify the effects of ventilation.

Diagnostic PMCTand lung abnormalities

Seventy-five percent (9/12) of examinations were judged non-
diagnostic (typically a ‘white-out’) prior to ventilation, com-
pared to 100 % (12/12) judged diagnostic following ventila-
tion (p<0.005; Fig. 3).We were unable to distinguish between
normal and abnormal lung areas on the basis of HU on the
conventional PMCT images as most were non-diagnostic.
Seven patients had lung parenchymal abnormalities identified
on vPMCT images, although only four of these had these
abnormalities confirmed at autopsy. On pre-vPMCT images,
mean HU for normal lungs (−134.1±215.1) were lower (more
aerated) but not significantly different from abnormal lungs
(−45.3±135.2; p=0.22; Fig. 4). We did not find a relationship
between postmortem interval and lung opacification nor an
effect on ventilation, although our range of postmortem inter-
val values was narrow (Table 1).

Effect of ventilation on normal lungs

Five patients underwent a two-stage vPMCT, the first
stage involving vPMCT scan after being given several
inflation breaths using a bag and mask system. Mean nor-
mal lung HU decreased significantly with bag/mask venti-
lation from pre-vPMCT values (−213.4±270.8 vs post-
vPMCT −464.5±217.4; p<0.05).

All 12 patients underwent vPMCT using PEEP ventilation,
to maintain lung volumes. Overall mean normal lung Houns-
field units decreased significantly with PEEP ventilation from

Fig. 1 Example of accurate laryngeal mask airway (LMA; L) placement
in a 3-day-old infant (case 3). The LMA cuff ideally lies over the larynx
for ventilation into the trachea (T), but blocks the oesophagus (E), thus
preventing gastric dilatation during ventilation

1116 Int J Legal Med (2015) 129:1113–1120



pre-vPMCT values (−134.1±215.1 vs post-vPMCT −531.8±
190.1; p<0.001) and further decreased significantly from
first-stage vPMCT values in five patients (−464.5±217.4 vs
−659.1±146.4; p<0.05; Fig. 4).

Effect of ventilation on abnormal lung areas

Seven patients had areas of lung abnormalities identified on
vPMCT. Mean abnormal lung HU did not change significant-
ly with ventilation (pre-vPMCT −45.3±135.2 vs post-PEEP
vPMCT −70.5±164.5; p=0.70; Fig. 4; Table 1). In two cases,
lung consolidation or collapse was identified on vPMCT but
not confirmed at autopsy; in one case, this may have been due
to a sampling error as the lingula was not sampled at autopsy
(Fig. 5; case 9). In one other case, patchy consolidation was
identified in a child who also developed a pneumothorax fol-
lowing vPMCT, which may have led to under-aeration of the
lungs and a false positive diagnosis. All five cases in which
the vPMCT appearances were normal were confirmed as nor-
mal at autopsy. Preliminary sensitivity and specificity of
vPMCTwere 100 % (95 % CI 51.5, 100) and 62.5 % respec-
tively (95 % CI 30.6, 86.2; Table 2). The negative predictive
value was 100 % (95 % CI 56.5, 100).

Discussion

The findings of this study have demonstrated that vPMCT is
feasible and relatively straightforward and gives good results
in children with minimal complications. Where other imaging
techniques such as PMMR are not available, vPMCTcan help
to identify areas of abnormality in paediatric lungs at autopsy
and should be considered. Such advances in PM imaging ap-
proaches will improve uptake of imaging-assisted autopsies in
children in the future.

Although this is a preliminary study, several important find-
ings are apparent. Laryngealmasks were superior to facemask or
direct intubation in this clinical group for achieving lung expan-
sion. Rutty et al. reported that a surgical tracheostomy provided
the best, most secure and reliable airway in adults, primarily due
to its ease of use, andwas not associatedwith gastric air dilatation
from inappropriate tube placement [6]. In children, laryngeal
masks achieved good results without encountering gastric air
dilatation as a common complication. Whilst we did not test
surgical airways, it was felt that a non-surgical supraglottic air-
way would be more in keeping with the concept of less invasive
autopsy which is currently being developed for children [7, 9].
As in previous studies, the airway can be imaged prior to venti-
lation if there is concern about accurate placement [6].

Fig. 2 Example of complication
during vPMCT. A 7-month-old
infant (case 4) underwent
vPMCT, and a pneumothorax
(asterisk) was identified on axial
(a) and coronal (b) vPMCT
immediately following simple
breaths with a bag and mask
technique

Fig 3 Example of two-stage
vPMCT in a 28-day-old infant
(case 6). Axial (a–c) and coronal
(d–f) PMCT are shown: before
ventilation (a, d), after a bag/
mask ventilation (b, e) and after
PEEP ventilation (c, f). The ET
tube tip was in the right main
bronchus prior to ventilation
(black arrow) and therefore
removed. A nasogastric tube is
also demonstrated (white arrow)

Int J Legal Med (2015) 129:1113–1120 1117



Secondly, in contrast to adult PMCT imaging, the major-
ity of paediatric PMCTs were non-diagnostic for the lungs
prior to ventilation, largely due to almost complete white-out
of the lungs on non-ventilated imaging. The reasons for this
are currently unclear but are likely to involve a combination
of small airway collapse and loss of elastic recoil in the
paediatric chest in the postmortem state, perhaps
compounded by the weight of the anterior chest wall. The
near total white-out on pre-vPMCT allowed us to make sig-
nificant differences with a minimum of ventilator effort, with
only a few breaths giving good distension of the lungs in
some cases. Delineation of the ‘minimum effective’ ventila-
tion in this setting is an area for future research. We also
acknowledge that in adults, increasing lung opacification,
including pleural fluid, has been demonstrated with increas-
ing postmortem interval [10, 11]. We did not find a

relationship between postmortem interval and lung
opacification nor an effect on ventilation, although our range
of postmortem interval values was narrow (Table 1). There
is no evidence from our preliminary study that ventilation
was less effective with increasing postmortem interval.

Thirdly, whilst simple bag/mask ventilation improved lung
aeration compared to no ventilation, better results (significant
reduction in lung HU) were associated with the use of PEEP
ventilation. This is similar to the findings in adults [5], and
thus, we also recommend the use of PEEP ventilation to opti-
mise vPMCT lung imaging in children.

Following ventilation and lung expansion, PMCTcould be
used to distinguish between normal and abnormal lungs in
children, since inflation of the normal lung helped to identify
abnormal areas of uninflated lung. The HU of lung areas
which did not change significantly following ventilation were
associated with true lung pathology, including pneumonia and
chronic lung disease of prematurity, although this finding was
also associated with false positive diagnoses. Interestingly,
one of these false positives was made in a case which
underwent a pneumothorax as a complication of vPMCT, im-
plying that the lungs were incompletely inflated (Table 1),
which may lead to over-interpretation of collapsed or under-
inflated lungs.

Previous studies have attempted to use unventilated
PMCT in the paediatric setting. Proisy et al. found a high
concordance between PMCT and autopsy in a group of 47
children, although the cause of death remained unexplained
in over 60 % of cases [12], similar to the 50 % unexplained
rate in our study. Specifically assessing the lungs, they also
identified ground glass opacification in almost all (41/47;
87 %) subjects, which they considered to be a normal

Fig. 4 Mean HU of the normal
(grey) and abnormal (white) lung
areas pre-vPMCT (n=24), after
the first stage (n=10) and
following PEEP vPMCT (n=24).
There were significant differences
between pre- and postventilation
in normal lung but not abnormal
lung, as outlined in the text. ns
non-significant

Fig. 5 Example of false positive diagnosis made on vPMCT in a 5-
month-old boy (case 9). There was lingular atelectasis (asterisk) which
persisted following vPMCT, which was not confirmed at autopsy. This
may have been due to sampling error of the lungs
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postmortem finding where no other lung changes were iden-
tified. Only two cases had pneumonia at autopsy, but 10
others had appearances suggestive of bilateral consolidation
which represented pulmonary oedema in nine cases and
pneumonia in only one. Noda et al. performed PMCT on
38 children, with discordance identified in the majority of
thoracic lung pathology: they reported that PMCT could not
differentiate between aspiration pneumonia, cardiac failure
and infectious pneumonia [13]. One study of almost 100
paediatric forensic PMCTs revealed only four respiratory
deaths, with several false negatives, and the authors ac-
knowledge that postmortem consolidation and livor mortis
interfere with assessment of the lungs, which postmortem
ventilation might improve [14].

These studies are largely in agreement with other PM
imaging modalities: PMMR has been evaluated to detect
lung pathology in the paediatric autopsy setting and has
been shown to be relatively insensitive to several different
types of pathology, with pneumonia particularly difficult to
identify on conventional PMMR imaging [2]. Our results
suggest that vPMCT may be of use in differentiating nor-
mal from abnormal lung areas, although ventilated PMMR
may give similar results, provided MR-compatible airways
and ventilation techniques are used, although this remains
to be evaluated.

Limitations

We acknowledge that this is a preliminary feasibility
study; however, these are good initial results using a sim-
ple airway insertion technique, which may be useful in
future clinical practice. Initial sensitivity and specificity
data from this study have confidence intervals that are
too wide to be meaningful due to small sample size, but
the high negative predictive value likely suggests that
vPMCT could be useful to exclude lung pathology in fu-
ture clinical use. Although only demonstrated in a small
numbers of patients, we would expect that the additional
use of vPMCT would be useful in differentiating normal
and abnormal lung areas in larger studies of PM imaging

in this patient group, which may be useful in directing the
pathologist to areas of abnormality for potential tissue
sampling or image-guided biopsy.

Conclusion

vPMCT is feasible, relatively simple to perform and associat-
ed with good results in children, with minimal complications.
vPMCT may help to highlight areas of abnormality in the
paediatric lungs at autopsy and, therefore, may be useful to
exclude paediatric lung disease and to guide sampling if re-
quired. Together with other imaging techniques, vPMCT may
encourage wider uptake of imaging-assisted autopsies in
children.
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