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Abstract

To determine the diagnostic bias between clinical and forensic radiology in cases of nonfatal hanging and determine and
describe typical underreported imaging findings. In a retrospective, single-center study, all patients admitted for attempted
suicide with near-hanging or fatal hanging between January 2008 and December 2020 who received CT or MRI of head
and neck were reviewed and missed findings in the original report were documented. A binary regression with disagree-
ment as dependent variable was fitted for the imaging modality, fatality, age, and sex. A total of 123 hanging incidents were
retrospectively analyzed. The vast majority (n=108; 87.8%) had attempted suicide with a nonfatal outcome. Fatal outcome
occurred in 15 (12.0%). The extra- and intracranial injuries documented on CT and MRI scans were laryngeal (n=8; 6.5%),
soft tissue (n=42; 34.1%), and vascular injuries (n=1; 0.8%). Intracranial pathology was evident on 18 (14.6%) scans. Disa-
greement occurred in 36 (29.3%) cases and represented 52 (69.2%) of all cases with a radiological finding. Disagreement
was strongly associated with fatality (OR: 2.7-44.9.4, p=0.0012). In most cases, nonfatal hangings cause no or only minor
injuries. Fatal cases are associated with a greater probability of missed minor imaging findings. This suggests that findings
deemed clinically irrelevant are probably not reported in such severe emergency cases. This association indicates that minor
abnormalities are underreported when major pathologies are evident on imaging in victims of strangulation.
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from this fundamental difference: important forensic find-
ings in clinical imaging may be overlooked due to being
irrelevant for clinical radiology.

While (neuro-)radiologists read the images they obtain
with a clinical motivation, forensic radiologists focus on
findings important for medico-legal reconstructions and pur-
poses, which are not necessarily important from a clinical
point of view. Forensic radiologists are also able to explain
certain phenomena visible on images due to their knowledge
of thanatology.

Advanced forensic imaging is increasingly used in the
courts and juries have responded positively to the presenta-
tion of forensic data. For these reasons, forensic imaging
and image interpretation in the clinical context are becom-
ing a regular part of forensic investigations. The increase
in the use of forensic imaging presents a unique opportu-
nity for (neuro-)radiologists to collaborate with forensic
pathologists.

The existence of the diagnostic bias between clinical and
forensic radiology is particularly interesting when studying
the different forms of strangulation, which can be divided
into hanging, ligature strangulation, and manual strangula-
tion. In clinical emergencies, nonfatal strangulation (NFS) is
an indication for contrast-enhanced craniocervical computed
tomography (CT) to diagnose possible laryngeal injury and
carotid dissection. Soft-tissue hematomas, which are clini-
cally irrelevant, may also be detected during such an exami-
nation, but not reported. Such underreporting of forensic
evidence represents a loss of information that could be rel-
evant, especially for the forensic evaluation of NFS: in up
to 50% of cases of NFS, patients show no external forensic
findings [2]. Even fewer patients show injuries when only
clinically relevant findings in alert patients are considered
[3]. However, in the forensic assessment of NFS, additional
radiologic findings can play a significant role [4-9].

A previous study [5] identified underreporting of foren-
sic findings during clinical examinations in cases of manual
strangulation. Clinical radiologists detected assault-related
injuries in 21 of 114 cases (18.4%), whereas forensic radiolo-
gists detected such injuries in 49 (43.0%) of the cases. The
present study aimed to further investigate this diagnostic bias
in cases of strangulation, in this case hanging. It also sought
to describe typical injuries observed in such cases to demon-
strate the difficulty of their diagnosis in an emergency setting.

Methodology

This study was a retrospective, longitudinal single-center
study of all patients admitted for attempted suicide with near-
hanging or fatal hanging to our Department of Emergency
Medicine. It is a level 1 trauma center with 50,000 patients
per year and a catchment area of 2 million inhabitants.
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Patients seen between January 2008 and December 2020
who received computed tomography (CT) or magnetic reso-
nance imaging (MRI) of the head and neck were eligible.

In total, 123 patients, who had received an emergency
craniocervical CT or MRI were selected from the medi-
cal report database of the hospital using the search terms:
strangulation, nonfatal strangulation, hanging, CT, and
MRI. The medical report of every hit in our computerized
database (Ecare, Turnhout, Belgium) was then manually
screened by one clinician to check whether the defined
inclusion criterion of hanging plus an emergency CT or
MRI scan was fulfilled. Patients who refused, or revoked
general consent were excluded from the study.

Following the collection of eligible cases, one board-
certified neuroradiologist (17 years expertise in radiology
and 11 years expertise in neuroradiology; with European
board head and neck certification) and one board-certified
general radiologist (17 years of radiology experience with
special focus on forensic radiology for 14 years) reviewed
the images for: 1. signs of dissection of the cervical arteries,
2. injuries to the brain, 3. soft tissue, and 4. laryngeal car-
tilages. Both reviewers were blinded to the initial reporting
performed during routine practice and had no knowledge
of future reevaluation. The original and reevaluated reports
were then compared, and any case of disagreement with
regard to the four defined injury locations was documented.

The initial reports on the retrospectively analyzed patients
were written by a resident in radiology training supervised by
board-certified general radiologists or a resident in neurora-
diology training supervised by board-certified neuroradiolo-
gists, depending on the body region examined. In the emer-
gency setting the general radiologists are responsible for the
neck and spine examinations whereas the neuroradiologists
are in charge of the scans of the brain and extra- and intrac-
ranial vessels, independent of the modality (CT versus MRI).

Ethical statement

This study was approved by the local ethicscommittee, fol-
lowed the guidelines of the Declaration of Helsinki and ethi-
calprinciples for conducting medical research with human
subjects. No individualinformed consent was obtained. All
data were anonymized prior to analysis.

Statistical analysis

To determine associations between disagreement and pre-
dictor variables, a generalized linear model with a logit
link and a binomial likelihood (binary regression) with
the occurrence of disagreement (binary) as the dependent,
and age (continuous), sex (categorical), outcome (died or
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Table 1 Summary of data

) Level No disagreement Disagreement
stratified by the presence of
radiological disagreements Number (%) 87 (70.7) 36 (29.3)
Sex (%) Female 45 (51.7) 11 (30.6)
Male 42 (48.3) 25 (69.4)
Age in years (mean (SD)) 3591 (15.43) 37.10 (14.18)
Imaging (%) CT 65 (74.7) 30(83.3)
MRI 19 (21.8) 3(8.3)
CT and MRI 3334 3(8.3)
Outcome (%) Survived 83 (95.4) 25 (69.4)
Died 4 (4.6) 11 (30.6)
Any (%) No injury 71 (81.6) 0(0.0)
Injury 16 (18.4) 36 (100.0)
Larynx (%) No injury 80 (96.4) 30 (85.7)
injury 3(3.6) 5(14.3)
Superficial soft tissue (%) No injury 76 (89.4) 3(8.3)
Injury 9 (10.6) 33 (91.7)
Vascular injury (%) No injury 81 (100) 35(97.2)
Injury 0(0.0) 1(2.8)
Brain (%) No injury 60 (90.9) 18 (60.0)
Injury 6(9.1) 12 (40.0)

CT computed tomography, MRI magnetic resonance imaging

survived), and imaging modality (CT, MRI or both) was
fitted. A significance level alpha of 0.05 was chosen in
accordance with convention. Statistical analysis was per-
formed using R statistical software (R Core Team) [10].

Results

Table 1 shows the distribution of findings among the 123
patients who (temporarily) survived hanging, stratified by
the presence of diagnostic disagreements (missed findings).

Fig. 1 Axial and coronal
non-enhanced CT (NECT);
soft-tissue window with a slice
thickness (ST) of 3 mm. The
axial (A) and coronal (B) NECT
images show a subtle stranding
of the subcutaneous fat in the
left submandibular region and

a slight thickening of the cutis
(arrows)

The 123 near-hanging or fatal hanging incidents were ana-
lyzed. Most (n=108; 87.8%) had attempted suicide, with
nonfatal outcome. Fifteen cases (12.0%) were fatal. In 52
(42.3%) of cases, one or more radiological findings were
present: 8 (6.5%) laryngeal injuries, 42 (34.1%) soft-tissue
injuries, 18 (14.6%) intracranial injuries and one (0.8%) vas-
cular injury.

Disagreement occurred in 36 (29.3%) cases, which
represents 69.2% of all cases with a radiological finding
(n=152). Figures 1, 2, 3, 4, 5, 6, and 7 illustrate cases
with missed findings and Fig. 8 shows the distribution
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Fig.2 Axial and coronal NECT; soft tissue (3 mm ST) and bone win-
dow with a ST of 1 mm; axial and paracoronal slices. Non-enhanced
CT and MRI of the brain with DWI (ST 3 mm) and ADC maps and
a T2-weighted axial image (ST 3 mm). The axial (A) and coronal (B)
NECT images reveal marked edema and stranding of the subcutane-
ous fat and cutis in the left submandibular region with edematous
thickening of the cutis (arrows). The bone window of the larynx
brought up a left-sided fracture of the thyroid cartilage with a clear

of missed findings. The vast majority of missed disa-
greements were related to injuries to the soft tissue (31,
77.5%), followed by laryngeal injuries (5, 12.5%), and
intracranial findings (4, 10.0%).

The odd ratios (OR) of the coefficients of predictor
variables of the binary regression are shown in Table 2.
The coefficients for sex, imaging modality, and age were
not significantly associated with diagnostic disagreement.
Disagreement was highly associated with later fatality
from near-hanging (OR: 2.7-44.9.4, p=0.0012).

Discussion

The purpose of this retrospective study was to report typical
findings in cases of near-hanging and investigate possible
underreporting of forensic findings in a cohort of survivors
of attempted suicide by hanging.

@ Springer

kinking (arrows in C and D). On the non-enhanced emergency CT
scan of the brain, diminished corticomedullary differentiation (E) is
seen. The MRI scan of the brain (36 h after the initial event) con-
firmed the severe hypoxic-ischemic encephalopathy with diffusion
restriction of the fronto-temporo-parieto-occipital cortex bi-hem-
ispherically symmetric with involvement of the thalami and basal
ganglia (F and G) with hyperintense demarcation on the T2-weighted
image (H)

Altogether, 123 hanging incidents were analyzed. The
vast majority of patients had attempted suicide, with a non-
fatal outcome. CT and MRI scans revealed the following
extra- and intracranial injuries: laryngeal, soft-tissue, vas-
cular, and intracranial pathologies. Disagreement occurred
in 36 (29.3%) cases, and in 52 (69.2%) of all cases with a
radiological finding. Disagreement was highly associated
with fatality (p=0.0012).

Our results imply that in most cases, nonfatal hangings
will lead to no or only minor injuries, consistent with the lit-
erature. Relatively few cases of near-hanging show radiologi-
cal findings [11]. This is similar to the findings in patients
who survived manual strangulation, as summarized by
Gascho et al. [4]. In cases of strangulation, the distribution of
findings is highly dependent on the severity of the incident.
Mild strangulation cases do not present with any findings, either
externally or radiologically. In cases of fatality, the opposite
is true, and all cases show external and radiological findings
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Fig.3 Axial and coronal NECT;
soft tissue (3 mm ST) and bone
window with a ST of 1 mm
(axial and paracoronal image).
The axial (A) and coronal (B)
CT images demonstrate slight
edema and stranding of the
subcutaneous fat in the left
perimandibular region with
edematous thickening of the
cutis (arrows). The bone win-
dow of the larynx brought up a
bilateral fracture of the thyroid
cartilage with buckling (arrows
in C and D)

related to strangulation. Due to this duality, it is very difficult
to define what constitutes life-threatening strangulation [12].

Conditional on the presence of a radiologic finding, in
69.2% of patients with radiological findings, forensic find-
ings were underreported. Several reasons why these findings
were underreported are possible.

Disagreement was strongly associated with fatality.
Likely fatal outcome is predicted by the clinical radiologist
as, for example, severe brain edema on the images. It is not
surprising that a clinical radiologist would not specifically
look for mild injury to the soft tissue when confronted with a
very likely fatal outcome for a patient, without being directly
prompted to do so.

Similarly, this imaging is performed in an emergency set-
ting. In this setting, the central need is to rapidly exclude
the possibility of (treatable) imminent death—i.e., an upper
airway obstruction due to laryngeal or tracheal compression,
or the presence of a carotid artery dissection. This entails
a focus on important findings, while minuscule trauma
not connected to the emergency diagnosis is not reported.

Within the categories of bias in radiology coined by Busby
et al. [13], this underreporting would come under “satis-
faction of search,” as the important, clinical questions have
been answered.

Thirdly, underreporting is common in settings in which
the theoretical probability of a radiological finding, such as
reported for cases of near hangings, is not very high [11].
This means, that a radiologist already has the hypothesis that
there will be no important findings, an example of “confir-
mations bias” [13].

The very high proportion of underreporting in cases of
near-hanging indicates that a forensic assessment of clinical
radiologic imaging should always be followed by a second
forensic radiological review to serve as evidence in foren-
sic pathology. The results further indicate that forensic and
clinical radiologists have fundamentally different percep-
tions of the same imaging material, which leads to differ-
ences between the forensic and clinical radiological reports.

At present, there is no authorized path to becom-
ing a board-certified forensic radiologist in Europe. The
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Fig.4 Axial NECT of the brain
(ST 3 mm) with perfusion maps
and MRI of the brain with DWI
(ST 3 mm) and ADC maps and
a FLAIR-weighted axial image
(ST 4 mm). The axial native CT
image of the brain shows dimin-
ished corticomedullary dif-
ferentiation with involvement of
the basal ganglia (A), confirmed
in the CT perfusion maps (B).
The MRI scan of the brain (28 h
after the initial event) confirmed
the severe hypoxic-ischemic
encephalopathy with diffusion
restriction of basal ganglia
(arrows C and D) with demarca-
tion on the FLAIR-weighted
image (arrows in E)

Fig.5 Axial and coronal NECT; soft tissue (3 mm ST) and bone win-
dow (axial and paracoronal) with a ST of 2 mm. The axial (A) and
coronal (B) NECT images demonstrate slight edema and stranding of
the subcutaneous fat in the right submental region with slight edema-
tous thickening of the cutis (arrows). The bone window of the larynx
brought up a left-sided undislocated fracture of the cricoid cartilage
with buckling (arrows in C and D)

@ Springer

International Society of Forensic Radiology and Imaging
unites the interests of this growing subdiscipline (https://
www.isfri.org/). Currently, a few universities offer continu-
ing education programs in forensic radiology, such as the
virtopsy course and the Certificate of Advanced Studies in
Forensic Imaging and Virtopsy at the Forensic Institute at
the University of Zurich, Switzerland. Other examples are
the MSc program “Post-Mortem Radiology for Natural and
Forensic Death Investigation™ at the University of Leicester
(UK) and the “Post Mortem CT Interpretation Short Course”

Fig.6 Axial and paracoronal NECT scan; bone window with a ST of
2 mm. The axial (A) and paracoronal (B) NECT images of the larynx
reveal a left-sided subtle undislocated fracture line of the cricoid car-
tilage (arrows)


https://www.isfri.org/
https://www.isfri.org/

Forensic Science, Medicine and Pathology

Fig.7 Non-enhanced MRI scan of the neck with a coronal STIR (ST
4 mm), an axial T2-weighted image with fat suppression (ST 3 mm)
and a T1-weighted image (ST 3 mm). The MRI scan shows a marked
hyperintense edema of the right-sided supraglottic larynx (arrows
in A and B). The arrows in the T1-weighted image (C) point to the
undislocated fracture of the left thyroid cartilage

at Monash University in Melbourne, Australia. The Euro-
pean Society of Radiology offers a 90-min online forensic
radiology course: Radiology of the Afterlife (https://connect.
myesr.org/course/adult-postmortem-imaging/). We believe
that especially radiologists and neuroradiologists in emer-
gency services should be better trained in forensic radiology
in the future. Forensic radiology should be an integral part
of the general radiology curriculum.

This retrospective study has some limitations. First, the
overall number of patients studied was relatively small,
limiting statistical analysis. Second, we are aware that the
interpretation of a craniocervical CT or MRI scans in an
emergency setting depends on the experience of the reader.
Both study raters have long-standing experience in emer-
gency radiology and might be more aware of subtle imaging
findings. Finally, the retrospective nature of this study and
the fact that images were acquired in clinical emergency set-
tings over a period of 12 years, during which protocols and
scanners were upgraded, means that the data consist of CT
scans and MRI sequences obtained using varying scanning
parameters and protocols.

Fig. 8 Bar plot of the distribu-
tion of disagreements by ana-
tomical location of radiologic 304
findings
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Table2 Overview of 95% confidence intervals of odds ratios of
binary regression coefficients

2.50% 97.50%
(Intercept) 0.1 1.42
Sex - Male 0.91 5.78
Outcome - Fatal 2.65 449
Age 0.95 1.01
Imaging - MRI 0.04 1.08
Imaging - Both (CTand 0.1 9.22

MRI)

CT computed tomography, MRI magnetic resonance imaging

Conclusion

Similar to manual strangulation, a large proportion of cases
of nonfatal hanging do not present with any radiologic find-
ings. If findings are present, they are mostly soft-tissue
hematomas and laryngeal fractures. This study revealed
statistically significant underreporting of forensic findings
during emergency craniocervical CT and/or MRI in victims
of strangulation. This underreporting is associated with
fatality of the attempted hanging, which indicates that less
severe injuries are likely not considered important or clini-
cally relevant in the emergency setting.

The combination of scarce findings in all modalities of
NFS and increasing evidence for clinical underreporting of
forensic findings indicates a need for a forensic review of
radiologic images, particularly if they are to serve as evi-
dence in forensic pathology.

Key points

1. Most cases of nonfatal hanging cause no or only minor
injuries.

2. Missed imaging findings are strongly associated with
a bad outcome prognosis, indicating that these missed
imaging findings are clinically irrelevant in the emer-
gency setting.

3. The scarce findings in cases of nonfatal hanging, com-
bined with increasing evidence for clinical underreport-
ing of forensic findings, suggests a need for a forensic
review of radiologic images in nonfatal hanging.
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