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Purpose: Early outcome prediction after suicidal hanging is challenging in comatose survivors. We analysed the
early patterns of brain diffusion-weighted magnetic resonance imaging (DWI) abnormalities in comatose survi-
vors after suicidal hanging.
Methods: After suicidal hanging, 18 comatose survivors were prospectively evaluated from January 2013 to De-
cember 2016. DWI was performed within 3 h after hanging in comatose survivors. We evaluated Utstein style
variables and analysed abnormal spatial profile of signal intensity on DWI, brain apparent diffusion coefficient
(ADC) values, and qualitative DWI scores to predict neurological outcomes.
Results:All hanging associated cardiac arrest (CA) patients demonstrated bad neurological outcomes; 80% of non-
CA comatose patients experienced good neurological outcomes. In hanging survivors with CA, cortical greymat-
ter structures and deep grey nuclei exhibited profound ADC reductions and high DWI scores within 3 h after
hanging, which was associated with diffuse anoxic brain damage with poor cerebral performance categories
scores. CA comatose survivors had significantly lower ADC values and higher DWI scores compared to non-CA
comatose survivors in the cortex and deep grey nuclei.
Conclusion: Although the presence of CA is the most important clinical prognosticator in hanging-associated co-
matose survivors, HSI abnormalities and low ADC values in the cortex and deep grey nuclei on DWI performed
within 3 h after hanging arewell-correlatedwith unfavourable outcomes regardless of therapeutic hypothermia.
Therefore, early DWI may increase the sensitivity of poor outcome prediction and may be an effective combina-
torial screening method when available prognostic variables are not reliable or conclusive.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Hanging is one of the most common methods of attempted suicide
worldwide, and hanging-associated cardiac arrest (CA) is a common
cause of asphyxial CA in Korea. The suicide rate has remained the
highest among the 35 numbers of the Organization for Economic Coop-
eration and Development for 10 consecutive years, with 29.1 people out
of every 100,000 having committed suicide [1]. Although advances in
cardiopulmonary resuscitation (CPR) and critical care medicine have
considerably increased the survival chances after CA, the neurological
prognosis of hanging-associated CA has been shown to be very poor
[2,3]. Victims of hanging without CA may present a broad spectrum of
injuries, with the most common ones being cervical soft tissue trauma
Medicine, Chungbuk National
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).
and hypoxic brain damage. The Glasgow Coma Scale (GCS) is the best
independent predictor of neurological outcomes in patients admitted
for hanging injuries with decreased consciousness but without CA
[3,4]. Comatose survivors without CA may demonstrate different func-
tional outcomes in contrast to those with CA. The degree of anoxic
brain injury in comatose survivors after hanging needs to be determined
as early as possible to plan and perform appropriate post-resuscitation
therapy and to counsel family members; however, it can be difficult to
estimate their prognosis on admission. Additional tools, including clini-
cal examination, electroencephalogram, somatosensory evoked poten-
tials, neuroimaging, and the measurement of biochemical markers,
such as neuron-specific enolase and S-100β protein, have been assessed
to predict the neurological outcomes of comatose survivors after hang-
ing. However, there are several limitations in the early accurate predic-
tion of the presence and severity of brain injury encountered by
healthcare providers and patients' families after resuscitation from CA
[5].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajem.2018.04.027&domain=pdf
https://doi.org/10.1016/j.ajem.2018.04.027
nichekh2000@chungbuk.ac.kr
https://doi.org/10.1016/j.ajem.2018.04.027
http://www.sciencedirect.com/science/journal/07356757
www.elsevier.com/locate/ajem


6 D.W. Choi et al. / American Journal of Emergency Medicine 37 (2019) 5–11
In contrast to conventional MRI, diffusion-weighted magnetic reso-
nance imaging (DWI) can reveal acute or early sub-acute findings fol-
lowing a focal ischemic stroke or global cerebral hypoxia. Recently,
DWI has been studied as a prognostic modality for comatose survivors
after return of spontaneous circulation (ROSC) after CA by identifying
hypoxic-ischemic brain injury [6-8]. DWI provides a quantitative value
to estimate the severity of brain injury by means of measuring the ap-
parent diffusion coefficient (ADC). If abnormally high signals of DWI
are observed in large areas, including the cerebral cortex, basal ganglia,
and cerebellum, it suggests devastating diffuse hypoxic-ischemic necro-
sis with poor clinical prognosis [6]. However, a pattern of DWI abnor-
mality restricted to the basal ganglia or selected cortical regions
suggest mild hypoxic brain damage [8]. Preliminary scan studies have
shown widespread abnormalities observed on DWI in poor-outcome
patients at 1 week or more post CA [8,9]. However, we found no pub-
lished data on DWI abnormality patterns and DWI usefulness as a prog-
nostic modality in the acute stage (b3 h of hanging) in comatose
survivors after suicidal hanging.

Thus, in this study, we analysed the early patterns of DWI and ADC
abnormalities within 3 h of hanging in comatose survivors, according
to whether CA occurred or not, and determined the prognostic utility
of DWI through a clinically applicable qualitative DWI scoring system.

2. Methods

2.1. Study design and population

We received the approval of the institutional review board. All pa-
tients were presented to Chungbuk National University Hospital (a
university-affiliated, 650-bed hospital in Chungju, Korea) from January
2013 to December 2016. They were prospectively enrolled in the
study if they met the following inclusion criteria: age ≥18 years, inten-
tional hanging, comatose state in which a patient is unable to voluntar-
ily open the eyes, unresponsive in spite of strong tactile (painful) or
verbal stimuli, and scores between 3 and 8 on the GCS.

2.2. Data acquisition

Patient data were collected from the cardiopulmonary cerebral re-
suscitation (CPCR) registry, where patient information is registered
whenever advanced cardiac life support is provided at our ED. We
reviewed and analysed patient medical charts, CPCR registries, and
emergency medical services (EMS) records for Utstein style variables.
Parameterswhichwere examined are: age; sex; hanging place; hanging
time; time from arrest to ROSC; CPR time; GCS at the time of admission;
the initial electrocardiogram; laboratory tests including arterial blood
gas analysis, complete blood count, and blood chemistry. For imaging
studies, we examined the diagnosis of cerebral edema from brain com-
puterized tomography (CT) and fracture on cervical spine from spine
CT.

2.3. DWI protocol and imaging processing

All comatose hanging patients with early brain DWIs obtained
within 3 h after hanging are included in this study. We excluded those
with delayed brain DWIs after 3 h from hanging. MRIs were obtained
using a 1.5 T system (Achieva 1.5 T; Philips Medical System, The
Netherlands). For DWI, whole-brain axial plane, single-shot spin-echo
planar imagingwas acquired by applying diffusion-sensitising gradients
along three orthogonal directions with a diffusion weighting factor b=
1000 s/mm2 plus one reference scan with b = 0. The section thickness
was 5mm and the section gap was 1mm. In ADCmaps, pre-defined re-
gions of interest (ROIs) weremanually outlined bilaterally by two inde-
pendent and blinded investigators in the cortex, corona radiata, internal
capsule, hippocampus, pons, caudate, putamen, and thalamus. We cal-
culated the mean and standard deviation (SD) of the ADC value in the
outlined ROIs (Fig. 1). Images were assessed by a certified neuroradiol-
ogist and an emergency physician. The adjudicators were blinded to pa-
tient information, outcome, and readings of other adjudicators.

Images were scored using a DWI scoring system, created to assess
the severity of cerebral abnormalities in our previous study [8]. The 10
brain regions were scored using DWI sequences according to the extent
and severity of the signal abnormalities on a scale of 0–4. A score of 0, 1,
2, 3, and 4 indicated no abnormality, possible abnormality, mild abnor-
mality, moderate abnormality, and severe abnormality, respectively.
T2WI was used to detect old hyperintense abnormalities to exclude
chronic infarction, or it was used as a reference image for this study.
The presence of abnormal high signal intensity (HSI) in the brain paren-
chyma was defined by a combination of high DWI and low ADC signal
and was distinguished by the same neuroradiologist who did not see
the patient information. The MRIs were reviewed on a standard picture
archiving and communication system workstation (Maroview;
Marotech, Seoul, Korea).

2.4. Outcome

Neurological outcome was assessed using the Glasgow–Pittsburgh
Cerebral Performance Categories (CPC) scale at discharge. Good out-
come was defined as a CPC score of 1 or 2 and poor outcome was de-
fined as a CPC score of 3, 4, or 5. Scoring was assessed by a trained
paramedic coordinator who was blinded to study hypothesis.

2.5. Data analysis

Categorical variables were presented as frequencies and percent-
ages. Comparisons of categorical variables were performed using Chi-
squared or Fisher exact tests, as appropriate. Continuous variables
were reported as themedian and interquartile range (IQR) (non-normal
distribution) or themean and standard deviation (normal distribution).
The Mann–Whitney U test was conducted for comparisons of two con-
tinuous variables. Data were analysed using the PASW/SPSS™ software,
version 18 (IBM Inc., Chicago, USA) andGraphPad Prism5.01 (GraphPad
Prism Software, San Diego, CA, USA). A two-sided significance level of
0.05 was used to determine statistical significance.

3. Results

3.1. Patient demographics

During the 4-year study period, a total of 53 patients presented to
our emergency department (ED) after a hanging injury (Fig. 2). Of
these, 35 patients experienced CA prior to or at the time of ED, and of
these, 13 patients experienced restored spontaneous circulation. In 18
non-CA hanging patients, 5 demonstrated comatose mentality on ar-
rival at the ED. As a result, 16 comatose hanging patients underwent
DWI imaging (early imaging, 14; delayed imaging, 2). The mean age
of hanging patients was 43.4 ± 15.6 years, and 61.0% were male. The
most common location where comatose patients were found was
their residence (73.2%). All CA hanging patients showed poor outcome
and 80% of non-CA hanging comatose patients experienced good out-
come (Fig. 2).

3.2. Clinical characteristics of hanging patients

Table 1 shows the comparisons between CA and non-CA groups
among comatose hanging survivors who arrived at the ED, and Table 2
presents 14 comatose hanging survivors. Age, sex, the number of wit-
nesses of CA, location, and hanging timewere similar in both groups. Ar-
terial blood gas analysis revealed a significant difference in arterial pH
(6.9 vs. 7.3, P = 0.020), base excess (−20.5 vs. −7.5, P = 0.006), and
lactic acid (13.8 vs. 7.2, P = 0.027) values. Blood chemistry revealed a
significant difference in ammonia (204.0 vs. 71.0, P = 0.011) value.



Fig. 1. Pre-defined brain regions of interest manually outlined for apparent diffusion coefficient (ADC) value analyses. These regions were selected for quantitative measurement of the
apparent diffusion coefficient values. (1) cerebellum, (2) pons, (3) hippocampus, (4) temporal lobe, (5) occipital lobe, (6) putamen, (7) caudate, (8) internal capsule, (9) thalamus,
(10) corona radiata, (11) parietal lobe, (12) frontal lobe.
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AmongCAhanging survivors, 10 (76.9%) and 2 patients (15.4%) demon-
strated asystole and PEA, respectively. All patients underwent cervical
spine CT. No patient had a cervical spine fracture, and one patient was
diagnosedwith a fracture of the temporal styloid process. Eight of 16 co-
matose survivors who underwent brain CT had cerebral edema. DWI
was conducted at 65min after hanging. Eleven of 18 comatose survivors
received therapeutic hypothermia post CA. Only one among hanging
patientswho suffered OHCA and all non-CA patientswerewho survived
were discharged.

3.3. Qualitative analysis of early DWI in comatose hanging survivors

HSI on early DWI was present in all 10 CA survivors, who showed
bad outcomes at discharge. In the non-CA comatose hanging group, 1
Fig. 2. The number and neurological outcome of suicidal hanging patients. CA, cardiac arrest; DW
DOA, death on arrival; CPR, cardiopulmonary resuscitation; CPC, cerebral performance categor
patient demonstrated noHSI on early DWI but demonstratedHIS on de-
layed DWI, with bad outcomes at discharge. Three (75%) patients had
negative high signal and demonstrated good outcomes at discharge. In-
terestingly, 1 patient with right middle cerebral infarction on early DWI
was excluded from our study because of alert mentality on arrival at the
ED (Fig. 3B). Early DWI of CA patients showed diffuse signal abnormal-
ities in the cortex in both hemispheres, frontal and parietal lobes, cere-
bellum, thalamus, and hippocampus (Fig. 3A). As shown in Table 3, the
average DWI scores of CA comatose patients in the cortical grey matter
structures and deep grey nuclei were 3.9 (3.3, 4.0) and 3.0 (2.8, 3.5), re-
spectively. The average DWI scores of non-CA comatose hanging pa-
tients in the cortical grey matter structures and deep grey nuclei were
1.0 (1.0, 1.0) and 1.0 (1.0, 1.0), respectively. There was a significant dif-
ference between the two groups (P b 0.005) (Table 3).
I, diffusion weight magnetic resonance imaging ROSC, return of spontaneous circulation;
y.



Table 1
The clinical characteristics of the 18 comatose survivors after suicidal hanging

Characteristics Cohort CA Non-CA p-value

Patients, n (%) 18 13 (72.2) 5 (27.8)
Age, year, median, (IQR) 45.5 (36.8, 53.3) 46.0 (21.0,55.5) 45.0 (41.0, 60.5) 0.702
Sex, male, n (%) 12 (66.7) 8 (61.5) 4 (80.0) 0.600
Location 0.603

Place of residence, n (%) 12 (66.7) 9 (69.2) 3 (60.0)
Public place, n (%) 1 (5.5) 1 (7.7) 0 (0.0)
Others, n (%) 5 (27.8) 3 (23.1) 2 (40.0)

Hanging time (min), n (%) 0.345
≤10 2 (11.1) 1 (7.7) 1 (20.0)
N10 7 (38.9) 6 (46.2) 1 (20.0)
Unknown 9 (50.0) 6 (46.2) 3 (60.0)

Time from EMS call to ED arrival, min, median, (IQR) 23.0 (14.5, 32.5) 23.0 (14.5, 32.5)
Time from arrest to ROSC, min, median, (IQR) 32.0 (26.0, 48.0) 32.0 (26.0, 48.0)
CPR time (min)

Out of hospital 20.0 (15.0, 28.0) 20.0 (15.0, 28.0)
In hospital 6.5 (2.0, 22.25) 6.5 (2.0, 22.25)
Total 31.0 (24.0, 40.6) 31.0 (24.0, 40.6)

Initial GCS after ROSC 0.109
3, n (%) 17 (94.4) 13 (100.0) 4 (80.0)
≤4, n (%) 1 (5.6) 0 (0.0) 1 (20.0)

Initial rhythm
VF/pulseless VT, n (%) 0 (0.0) 0 (0.0)
PEA, n (%) 2 (15.4) 2 (15.4)
Asystole, n (%) 10 (76.9) 10 (76.9)
Unknown, n (%) 1 (7.7) 1 (7.7)

ABGA, median, (IQR)
pH 7.0 (6.8, 7.3) 6.9 (6.8,7.1) 7.3 (7.1, 7.3) 0.020
pCO2 (mmHg) 56.0 (35.3, 89.5) 80.7(32.1. 100.5) 48.8(35.1, 62,3) 0.206
pO2 (mmHg) 65.8 (26.7, 87.9) 55.7 (14.8, 107.9) 78.2 (52.8, 87.9) 0.922
Base excess (mmol/L) −28.8 (−23.0,-9.8) −20.5 (−25.1, −15.8) −7.5 (−15.0,-4.7) 0.006
Lactic acid (mmol/L) 13.0 (7.3, 17.0) 13.8 (11.4, 18.8) 7.2 (4.0, 11.7) 0.027

CBC & Chemistry, median, (IQR)
Ammonia (ug/dL) 132.0 (70.5, 227.0) 204.0 (97.5, 260.0) 71.0 28.9, 94.5 0.011
CRP (mg/dL) 0.1 (0.1, 0.3) 0.1 (0.1, 0.3) 0.1 (0.1, 0.3) 0.565
WBC(×103/uL) 11.1 (9.3, 15.9) 10.2 (9.1, 15.4) 12.1 (9.5, 19.7) 0.852
CK (IU/L) 142.0 (109.0, 225.3) 166.0 (114.0, 228.5) 109.0 (78.5, 206.5) 0.522
CK-MB (ng/mL) 2.0 (1.2, 5.1) 2.4 (1.5, 5.2) 1.0 (0.7, 4.0) 0.446
Troponin T (pg/mL) 0.0 (0.0, 0.0) 9.0 (7.0, 15.0) 6.0 (3.5, 17.5) 0.507
Cortisol (ug/dL) 13.3 (7.3. 30.1) 13.3 (7.3. 30.1)
NSE (ng/ mL) 55.5 (29.6, 139.2) 55.5 (33.9, 148.2)

Fracture on C - spine CT, n (%) 0/18 (0.01) 0/13 (0.0) 0/5 (0.0) 1.000
Cerebral edema on brain CT, n (%) 8/16 (50.0) 7/12 (58.3) 1/4 (25.0) 0.278
From hanging to Brain DWI, min, median, (IQR) 65.0 (20.0, 114.3) 82.5 (42.6. 114.3) 58.5 (28.0, 107.0) 0.437
Therapeutic hypothermia, n (%) 11/18 6/13 (46.2) 5/5 (100.0) 0.037
Survival to discharge, n (%) 6/18 (33.3) 1/13 (7.7) 5/5 (100.0) b0.001

CA, Cardiac arrest; ROSC, Return of spontaneous circulation; CPR, Cardiopulmonary resuscitation; ED, Emergency department; ROSC, Return of spontaneous circulation; GCS, Glasgow
Coma Scale score; CBC, Complete blood count; CRP, C-reactive protein; CPK, Creatine kinase; CK-MB, Creatine kinase MB isoenzyme; CT Computerized tomography; C – spine; Cervical
spine; GCS, Glasgow coma scale; DWI, Diffusion weight magnetic resonance imaging; *p-value means statistical comparisons between CA and Non-CA group.

Table 2
Overview of hanging associated comatose survivors to hospital admission (Case 1–10, hanging associated CA patients; Case 11–14, hanging associated non-CA patients)

Case
No

Age
(yr)

Sex Location Hanging
Time
(min)

Arterial
pH

Base
excess
(mmol/L)

Lactic
acid
(mmol/L)

Ammonia
(ug/dL)

NSE
(ng/ml)

Fracture on
cervical
spine
CT

Brain
CT

DWI
Time
(min)

DWI TH Hospital
Stay
(days)

CPC

1 64 M R ≤10 min 6.89 −24.6 12.8 204 – N Edema 165 Ischemia N 12 expire
2 75 M R N10 min 6.78 −22.3 18 224 – N Normal 42 Ischemia N 1 4
3 50 F R N10 min 6.77 −26.4 19 230 – N Edema 118 Ischemia N 1 5
4 51 M R N10 min 6.78 −25.6 20 – – N Normal 103 Ischemia Y 6 expire
5 30 M other N10 min 6.87 −16.3 16 204 25.33 N Normal 65 Ischemia Y 11 expire
6 41 F R unknown 7.31 −15.3 10.9 70 159.4 N Edema 61 Ischemia Y 26 5
7 46 F R N10 min 6.99 −10.4 10.4 132 36.69 N Normal 41 Ischemia N 6 5
8 27 F R unknown 6.88 −22.4 13.8 270 60 N Edema 100 Ischemia N 1 expire
9 21 M other unknown 7.10 −18.5 13.7 358 51.08 N Edema 37 Ischemia Y 5 expire
10 60 M other unknown 7.12 −19.1 13 86 – N Edema 113 Ischemia N 1 expire
11 38 M R unknown 6.91 −22.1 16 105 123.7 N Edema 121 Normal Y 46 5
12 51 M R unknown 7.23 −7.5 7.4 71 27.25 N Normal 56 Normal Y 8 1
13 44 M other N10 min 7.32 −7.8 7.2 84 – N Normal 40 Normal Y 4 1
14 70 M R unknown 7.32 −2.8 3.7 51 – N Normal 52 Normal Y 12 1

CPR, Cardiopulmonary resuscitation; R, Place of residence; P, Public place; CT, Computerized tomography; DWI, Diffusion weighted magnetic resonance imaging; DWI time, Time from
hanging to Brain DWI; GHIE, Global hypoxic ischemic encephalopathy; TH, Therapeutic hypothermia; CPC, cerebral performance category at discharge; HCD, herniated cervical disc;
ROSC, Return of spontaneous circulation; NSE, Neuron specific enolase.
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Fig. 3.Representative brain DWI and corresponding ADCmapwithin 3 h after hanging. (A)DWI of Case 1 (CA patient) in Table 2 showing diffuse high signal in the cortex and low signal in
the corresponding ADCmap. (B) DWI of non-CA patient showing the acute infarctions on left middle cerebral artery territory with low signal in ADCmaps at the same levels. (C) DWI of
case 12 (non-CA patient) in Table 2 showing the multifocal acute infarctions with low signal in ADC maps at the same levels. (D) DWI of case 14 (non-CA patient) in Table 2 showing
normal findings.
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3.4. Qualitative analysis of the ADC values in comatose hanging survivors

ADC mapping and quantification are shown in Table 3. Normal
values are 700–800 × 10−6 mm2/s; decreased ADC values represent
areas of restricted diffusion, presumably because of infarction. ADC
values were measured in 14 patients: 11 had unfavourable outcomes
and 3 had favourable outcomes. In CA patients (average ADC value,
582 ± 45 × 10−6 mm2/s), the thalamus showed the lowest mean ADC
value (521 ± 105 × 10−6 mm2/s), while the temporal cortex had the
highest mean ADC value (641 ± 88 × 10−3 mm2/s). None of the CA pa-
tients recovered beyond a severely disabled state. The average ADC
value of non-CA patients was 727 ± 81 × 10−6 mm2/s. The CA group
had significantly different mean ADC values than the non-CA group in
the frontal, parietal, temporal, occipital, thalamus, caudate nucleus, pu-
tamen, hippocampus, pons, putamen, and cerebellum (P b 0.05). One
non-CA patient had normal MR images on early DWI, but he experi-
enced abnormalities 48 h after early DWI.
Table 3
The ADC (apparent diffusion coefficient) values and Qualitative DWI scores in the individual b

Case no
Quantification apparent diffusion coefficie

Frontal
lobe

Parietal
lobe

Temporal
lobe

Occipital
lobe

Corona
radiata Thalamus Internal

capsule Caudate

1 349 350 328 352 289 328 645 299

2 605 611 635 595 631 533 455 625

3 771 564 685 543 582 485 724 411

4 605 648 662 615 647 560 635 657

5 286 281 721 648 604 485 680 659

6 639 648 701 550 596 703 632 669

7 675 629 601 519 652 583 576 669

8 688 495 650 515 622 – – –

9 588 441 419 328 536 318 691 571

10 672 676 696 617 633 499 687 700

Ave 614 555 641 548 611 521 635 620

11 786 756 727 731 677 814 717 762

12 718 719 731 711 616 742 755 715

13 750 689 747 699 579 636 626 721

14 848 774 868 792 778 769 720 734

Ave 776 735 768 733 663 740 705 733

p value 0.030 0.003 0.003 0.002 0.374 0.004 0.199 0.003
Case 1–10, hanging associated CA patients; Case 11–14, hanging associated non-CA patients; D
4. Discussion

For comatose patients after hanging, understanding of the outcomes
by the physicians, who are required to make medical decisions
concerning their disposal, is important. Our data suggest that the pat-
tern of brain injury on early DWI (b3 h after hanging) and quantitative
measurements of regional ADC may help predict the clinical outcomes
of comatose survivors after hanging.

DWI detects early cytotoxic edema by measuring the random mo-
tion of water protons, a process that is reduced by failure of the
energy-requiring active water transport mechanism [7,10]. Therefore,
it can show restricted diffusion associated with acute ischemia within
30 min after acute stroke. However, there are limited data available on
its utility in comatose patients with global ischemic brain injury
5 days [6], 7 days [9], 15 days [11] after resuscitation or at a median
(IQR) of 80 h (55–117) after CA [7]. Additionally, there is no study on
its usefulness as an early prognostic predictor in comatose survivors
rain regions in the patients (mean ADC; ×10−6 mm2/s).

nt mapping DWI scores

Putamen Hippoc
ampus Pons Cerebe

llum Ave Cortex
(24)

DGN
(16)

Total
(40)

240 365 577 322 370 24 16 40

692 520 623 568 591 22 9 31

420 428 624 590 569 23 14 37

658 518 636 668 626 20 12 32

372 554 585 578 538 19 11 30

577 696 639 601 638 24 12 36

583 627 586 528 602 24 14 38

– – – – 594 24

508 512 631 317 488. 24 13 37

730 667 582 651 596 19 16 25

485 565 613 563 582 22 13 33

815 838 702 689 751 6 4 10

701 638 624 616 691 6 4 10

663 710 716 655 683 6 4 10

899 794 733 700 784 6 4 10

770 745 694 665 727 6 4 10

0.020 0.011 0.022 0.020 0.002 0.001 0.003 0.003
GN, Deep grey nuclei.



10 D.W. Choi et al. / American Journal of Emergency Medicine 37 (2019) 5–11
after hanging [6-9,12]. In our study, DWI was conducted within 2.5 h
after arrival at the ED, and cerebral diffusion abnormalities in diffuse
brain area, including cortical areas, basal ganglia, and cerebellum,
were observed in all hanging-associated CA survivors, which was asso-
ciated with poor neurological outcomes. We assumed that the diffuse
HIS on DWI scanning immediately after resuscitationmay be significant
in predicting poor neurological outcome from hanging-associated CA
survivors. Clinical literature has showed that hanging-associated CA
demonstrated low rate of ROSC and poor neurological outcomes at dis-
charge compared to OHCA from cardiac aetiology [2,13]. Severe hypoxic
- ischemic injury in hanging induced CA could be related to the long du-
ration of critical abruptness of the anoxic insult more than that in non-
asphyxial CA.

Hanging patients without CA presented a broad spectrum of DWI
findings, such as normal, focal high signal density, and mixed pattern
of injury (cortex and deep grey nuclei). Three comatose patients with
normal early DWI findings have good outcomes, but one case with nor-
mal early DWI findings showed diffuse HSI in delayed DWI and had
poor outcomes. Because of the small number of patients, we were un-
able to determine the prognostic power of DWI in the early stage after
hanging without CA; however, the pattern on early DWI could help to
predict the outcome of hanging patients without CA. Depending on
the time of suspension, the patient may experience cerebral hypoxia
and ischaemia with different severity. Wee JH, et al., [4] reported that
a total of 21 hanging patients with decreased consciousness butwithout
CA had an initial GCS score between 3 and 11, and all regained con-
sciousness spontaneously without receiving therapeutic hypothermia
and were discharged with cerebral performance category 1. In contrast,
other studies demonstrated that 7.5% of non-CA hanging patients with
altered mentality showed bad outcomes [13]. In our 5 comatose pa-
tients with a GCS score of 8 or less, 1 patient was discharged with
cerebral performance category 5, despite receiving therapeutic hypo-
thermia. As an interesting case of hemodynamic stroke caused by stran-
gulation from suicidal hanging, the patient presented with a left
hemiparesis with grade III motor deficit. DWI revealed an ischemic
stroke on the region of the right distal middle cerebral artery. There
was no evidence of injury to cervical vessels. There were two case re-
ports on hemodynamic stroke secondary to manual strangulation
[14,15].

Together with the high cortical signal of DWI, a marked ADC de-
crease in the early phase of global cerebral hypoxia correlates with irre-
versible tissue injury or cortical laminar necrosis, and it may be an early
marker of the clinical outcome [6,11,16]. Recent studies reported quan-
titative ADC analyses of thewhole brain or regional brain as a significant
prognostic tool for predicting poor outcomes in comatose survivors
after CA [6,9].

The reported normal ADC values in the grey matter and white mat-
ter were 780 to 1090 × 10−6 mm2/s and 620 to 790 × 10−6 mm2/s, re-
spectively [17]. In all patientswith CA, the ADC valueswere significantly
decreased compared to those in non-CA hanging patients, and the re-
ported normal DWI value within 3 h after hanging led to poor outcome
(CPC 5) at discharge. All of them showed a mean ADC value of 582
× 10−6 mm2/s in the 12 pre-defined brain regions. Thus, hanging-
associated CA patients have a high tendency to report low ADC values
in early DWI, which have prognostic poor outcomes, despite receiving
therapeutic hypothermia.

TH has been known to improve the survival and neurological out-
comes of CA survivors, but its effect on hanging-associated CA is unclear
[18,19]. Recent case reports and small retrospective studies have sug-
gested that TH may lead to beneficial neurological outcomes in adult
survivors who sustained asphyxial CA [20-22]. Cindy H et al., [23] re-
ported that there were no significant differences between the overall
survival and patients discharged with good neurological outcome be-
tween the therapeutic hypothermia and non- therapeutic hypothermia
CA groups after hanging. Of 13 CA patients, 6 received therapeutic hypo-
thermia but all patients showed poor outcomes, despite receiving
therapeutic hypothermia. However, a multi-centre retrospective study
is required to determine the impact of therapeutic hypothermia on
the outcomes of hanging-associated CA because the patients size in
our study was small.

Our previous results derived from a prospective study of 19 patients,
indicate that qualitative brain DWI scoresmay be a useful adjunct in the
prediction of neurological outcomes for comatose OHCA patients in
early phase after CA [8]. At 100% specificity, the overall, cortex and cor-
tex plus deep grey nuclei scores predicted poor patient outcomeswith a
sensitivity of 91.7–100% (95% CI). There was a significant difference of
the average DWI scores in the cortical grey matter structures and deep
grey nuclei between the good outcome and bad outcome groups.

However, our study had some limitations. First, the study involved a
small number of patients since the studywas conducted at a single cen-
tre, because the incidence comatose survivors from suicidal hanging are
rare. Second, it was difficult for the physician to obtain precise informa-
tion to include in the medical record in an emergency situation; there-
fore, there are some missing variables, such as hanging time, height of
hanging, hanging type, and hanging mark. Third, we did not follow-up
DWI among the patients. Finally, the neurological outcomes in our
study were based on the CPC score at the time of hospital discharge,
which may differ from the long-term neurological outcomes.

5. Conclusions

The presence of CA is the most important clinical prognosticator in
hanging patients. Our study demonstrated that HSI abnormalities and
low ADC values in the cortex and deep grey nuclei on DWI performed
within 3 h after hanging are well-correlated with unfavourable out-
comes regardless of therapeutic hypothermia. The recognition of brain
injury pattern using DWI and ADC may be important to predict clinical
outcome of OHCA hanging patients. Additionally, quantitativemeasure-
ment of DWI scores in the cortex and deep grey nuclei may help in
distinguishing an unfavourable outcome from a favourable outcome in
comatose hanging patients. Therefore, early DWI may increase the sen-
sitivity of poor outcome prediction and may be an effective combinato-
rial screening method when available prognostic variables are not
reliable or conclusive.
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