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Abstract

Although true subarachnoid hemorrhage (SAH) is an atypical complication owing to suicide by hang-

ing, pseudo-SAH can often develop because of hypoxic encephalopathy. Therefore, differentiating

pseudo-SAH from true SAH using brain computed tomography (CT) is often challenging. In Japan, an

individual’s cause of brain death must be determined to be eligible for organ donation, regardless of

whether true SAH is involved or not. Herein, we report a case of SAH confirmed by magnetic reso-

nance imaging (MRI) in a patient with brain death owing to hypoxic encephalopathy following suicide

by hanging. A 48-year-old man attempted suicide by hanging. Upon arrival at the hospital, he devel-

oped pulseless electrical activity with apnea. Although spontaneous circulation returned within a few

minutes of his arrival, spontaneous breathing did not recover. The patient was in deep comatose state

without response to pain stimulation, brainstem reflexes, or electrical activities on an electroencepha-

logram. Consequently, the patient met diagnostic criteria for clinical brain death based on the Japa-

nese organ transplantation law. Brain CT revealed global hypoxic injury and high density in the basal

cisterns and subarachnoid space. Brain MR T2*-weighted imaging revealed low intensity at the left

Sylvian fissure underlying the hematoma. These findings indicated brain death owing to hypoxic en-

cephalopathy following hanging, and incidental true SAH was confirmed by MRI. Donor surgery and

organ transplantation were performed. Spontaneous SAH can often develop secondary to hanging, and

brain MRI can effectively determine whether the cause of brain death involves true SAH.
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Introduction

Suicide by hanging has a higher lethality than other

methods of suicide, such as self-poisoning and

-mutilation.1,2) One study reported that of 4,024 consenting

organ donors in Australia and New Zealand, 226 died by

suicide by hanging (5.6%).3) Although the mechanism of

death may differ depending on the method used, death by

hanging usually results from cerebral ischemia caused by

airway obstruction or vascular occlusion.4) Hemorrhagic

symptoms, such as subarachnoid hemorrhage (SAH), are

rare in hanging, and a few such cases have been reported

in patients following incomplete hanging.5,6) Increased at-

tenuation of the basal cisterns and subarachnoid spaces

on computed tomography (CT) scans characterizes true

SAH. However, pseudo-SAH is also a reported phenomenon

in patients with hypoxic encephalopathy, in which in-

creased attenuation in cortical sulci and within the major

cisterns mimics the appearance of true SAH.7-9) Pseudo-

SAH is thought to be caused by difference in contrast be-

cause of decrease in signal due to brain hypoattenuation

and increase in signal due to engorgement of the venous
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structures. However, pseudo-SAH or true SAH may be chal-

lenging to diagnose using brain CT in brain death owing

to suicide by hanging. In general clinical practice, whether

the pathological condition of suicide by hanging is pseudo-

SAH or true SAH is not a concern. However, an individ-

ual’s cause of death must be determined to be eligible for

organ donation, regardless of whether true SAH is involved

or not.10) Although brain magnetic resonance imaging

(MRI) is effective for detecting bleeding lesions after a sub-

acute period,11) use of MRI to diagnose SAH in cases of

brain death owing to suicide by hanging has not yet been

reported. Herein, we report a case of SAH confirmed by

gradient recalled echo (GRE) T2*-weighted imaging (T2*-

WI) in a patient with brain death owing to hypoxic en-

cephalopathy following suicide by hanging.

Case Report

A 48-year-old man with depression attempted suicide by

hanging. His wife found him suspended from a beam with

a rope in his garage. According to the statement made by

his wife, he hung for approximately 5-8 minutes. He was

limp and cyanotic without spontaneous movement. His

wife immediately initiated cardiopulmonary resuscitation

(CPR) after the man was taken down. He was transported

to our hospital in an ambulance while undergoing CPR.

Upon arrival at our hospital (approximately 45 minutes af-

ter his discovery), he had pulseless electrical activity with

apnea. Although spontaneous circulation was recovered

following intravenous injection of first dose (using the 1:

1000 strength ampoule) of adrenaline (1 mg/mL) a few

minutes after his arrival, spontaneous breathing did not

recover owing to severe brain damage. His consciousness

remained at a Glasgow Coma Score of 3 even after the

heartbeat resumed. Responses to deep pain stimulation

were absent. His bilateral pupils were fixed and dilated to

7.5 mm. Pupillary light reflexes were absent. Moreover,

brainstem reflexes, such as eyelash, cough, and oculo-

cephalic reflexes, were absent. Electrical activities on elec-

troencephalograms were absent. The CT scans were not

obtained during the acute phase owing to his extremely

unstable general condition. His general condition stabilized

after about 2 weeks, but his brainstem reflexes and elec-

troencephalograms remained absent. The patient met the

criteria and was diagnosed as clinically brain dead based

on the Japanese organ transplantation law. Organ trans-

plantation was explained to and discussed with the do-

nor’s family. The donor’s family requested that his organs

be donated and provided informed consent for the same.

All procedures were reviewed and approved by the ethics

committee of Iwate Prefectural Ofunato Hospital and were

performed in accordance with the ethical standards of the

Declaration of Helsinki. In Japan, the cause of clinical

brain death must be strictly determined based on radio-

logical findings; therefore, he underwent a brain CT scan,10)

which was obtained on day 24, revealing findings of global

hypoxic encephalopathy, such as diffuse cerebral edema,

loss of the gray-white matter boundary, effacement of the

sulci, ventricles, and basal cisterns, and high density of CT

value in the basal cisterns and subarachnoid spaces (Fig.

1). As determining whether the CT findings reflected true

SAH or pseudo-SAH was challenging, brain MRI was per-

formed on day 26. The abnormality findings in the left

Sylvian fissure displayed low intensity on T1-weighted im-

aging and GRE T2*-WI (Fig. 2A and D), suggesting that

SAH is only in the left Sylvian fissure. Fluid-attenuated in-

version recovery (FLAIR) image showed hyperintensity in

the left Sylvian fissure and basal cistern and sulci (Figs. 2C

and 3C). T1-, T2-, and T2*-WI revealed no abnormal find-

ings in the basal cistern (Figs. 2B and 3A, B, and D), indi-

cating the presence of pseudo-SAH except for the left

Sylvian fissure. Maximum-intensity projection reconstruc-

tion of time-of-flight (TOF) MR angiography (MRA)

showed loss of the supraclinoid intracranial arterial flow

signal (Fig. 4A). In addition, intracranial TOF MRA demon-

strated external carotid artery branches and loss of vascu-

lar flow in the internal carotid arteries (Fig. 4B). These CT

and MRI findings indicated brain death owing to hypoxic

encephalopathy following suicide by hanging, and inciden-

tal true SAH was confirmed by MR GRE T2*-WI. Owing to

the absence of all brainstem reflexes, an isoelectric electro-

encephalogram, and a negative apnea test, brain death was

diagnosed according to the protocols of the Japan Organ

Transplant Network in Japan.12) Donor surgery and organ

transplantation were performed 2 days after the diagnosis

of clinical brain death.

Discussion

Suicide by hanging is a form of ligature strangulation in

which the force applied to the neck is derived from the

gravitational force on the body or parts of the body. Inde-

pendent and synergistic mechanisms exist through which

hanging can cause death. These include (1) occlusion of

the carotid or vertebral arteries, (2) venous occlusion, (3)

airway obstruction resulting from pushing the base of the

tongue against the roof of the pharynx or crushing the lar-

ynx or trachea, (4) stretching of the carotid sinus causing

reflex cardiac arrest, and (5) spinal cord-brainstem disrup-

tion.6) These mechanisms result in respiratory and cardiac

arrest, leading to hypoxic-ischemic injury. The most com-

mon abnormality is diffuse cerebral edema owing to cere-

bral ischemia, and SAH is an atypical complication that

occurs after suicide by hanging. Ikeda et al. (1989) demon-

strated the course of respiration and circulation during the

agonal period of death owing to suicide by hanging in

dogs.13) They reported that blood pressure rapidly increased

after ligature to a maximum of 1.5 times the original level,

which was maintained for approximately 1-1.5 minutes

and then gradually decreased almost simultaneously with
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Fig.　1　Noncontrast brain computed tomography reveals diffuse brain edema, loss of gray-white matter contrast, and abnormal-

ly highly dense subarachnoid spaces of the basal and Sylvian cisterns and sulci. 

respiratory arrest over 2-3 minutes. Schroder et al. (1983)

reported the histological findings of brain autopsies of sui-

cidal hanging victims.14) They identified hyperemia in 78%

of the cases owing to an abrupt blood supply to the ve-

nous and capillary parts. Additionally, minimal bleeding

into the cerebral perivascular space was observed in 50%

of cases. These reports suggest that hanging SAHs may re-

flect the spontaneous rupture of vessels within a high-

pressure venous system.

Early recognition of brain death is important to expedite

organ transplantation and prevent futile medical interven-

tions. However, concept, criteria, practice, and documenta-

tion inconsistencies exist internationally and within coun-

tries.15) For example, electroencephalogram testing neces-

sary for legally determining brain death in Japan is only re-

quired in 22 of 70 countries. Although the essential re-

quirements may change in the future based on interna-

tional consensus, the current criteria for determining brain

death in Japan are as follows: (1) deep coma and loss of

spontaneous respiration owing to brain damage; (2) dilated

and fixed pupils; (3) loss of all brain stem reflexes; (4) flat

brain waves by electroencephalogram; (5) definitive diag-

nosis of a disease resulting in brain death; (5) no possibil-

ity of recovery with all appropriate and current treatments;

and (6) two or more doctors with requisite expertise and

experience confirming no changes after a second test con-

ducted 6 or more hours later.10,12) With these criteria, the

cause of brain death must be determined by radiological

imaging of CT or MRI in Japan; however, only a few re-

ports exist on brain CT and MRI in suicide by hanging vic-

tims.5,16-19) Although brain CT is useful for diagnosing hy-

poxic encephalopathy in suicide by hanging, detecting SAH

is difficult because of the possibility of pseudo-SAH. Mean-

while, certain ancillary brain blood flow-based methods

(angiography, transcranial Doppler, and scintigraphy) have

been validated by the American Academy of Neurology to

be used as confirmation in situations of uncertainty. In

these brain blood flow-based methods, the absence of cere-
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Fig.　2　Magnetic resonance imaging obtained 26 days after the onset. Axial T1-, T2-, Fluid-attenuated inversion recovery (FLAIR), 

and T2*-weighted imaging (T2*-WI) at the anterior horn of the lateral ventricle showing diffuse cerebellar and cerebral edema

with effacement of the sulcal spaces (A-D). T1-weighted imaging reveals a small high-intensity region in the left Sylvian fissure (ar-

row) (A), and axial (T2*-WI) imaging shows a hypointense region in the same region (arrowhead) (D). These findings reveal a 

small subarachnoid hemorrhage in the left Sylvian fissure. FLAIR image showing hyperintensity in the left Sylvian fissure and the

basal cistern and sulcus (C). 

bral vessels above the supraclinoid internal carotid artery

diagnoses the brain death. Alternative methods for evalu-

ating cerebral blood flow include CT angiography and TOF

MRA. However, similar to CT angiography, insufficient di-

agnostic confidence exists with TOF MRA to be used rou-

tinely as a confirmatory test for brain death. Similar to the

other methods for assessing cerebral blood flow, the radio-

logical diagnosis of TOF MRA in brain death is based on

the absence of visualizing the intracranial internal carotid

artery, although the reliability of these tests remain contro-

versial. In our case, the blood flow in the intracranial in-

ternal carotid artery was not visualized.

Pseudo-SAH is a rare radiographic sign in marked

hypoxic-ischemic injury and spontaneous intracranial hy-

potension.7-9) The mechanism underlying the development

of pseudo-SAH on brain CT is not fully understood.7) Some

authors have suggested that severe brain edema com-

presses the dural sinuses and compromises venous drain-

age from the brain. This results in engorgement of the su-

perficial veins, which stand out against the edematous

slow-attenuated brain parenchyma and mimic SAH.8,9) Yu-

zawa et al. (2008) reported that the incidence of pseudo-

SAH in patients with traumatic cardiac arrest was 20%.20)

Lee et al. (2017) reported that the prevalence of pseudo-

SAH was about 8% in unwitnessed asystole arrest.21) Given

et al. (2003) reviewed seven cases of generalized cerebral

edema accompanied by increased basal cisternal attenu-

ation; however, none of those patients had true SAH on

lumbar puncture or autopsy.22) Although this method has

high diagnostic accuracy, it can be highly invasive. Honton

et al. (2020) diagnosed sulcal hyperdensity on CT scans as

pseudo-SAH based on the lack of hyperintensity on the
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Fig.　3　Fluid-attenuated inversion recovery image reveals hyperintensity in the basal cistern and sulcus (C), but T1-, T2-, and T2*-

WI reveals no abnormal findings in the basal cistern (A, B, D). 

Fig.　4　Maximum-intensity projection reconstruction of time-of-flight (TOF) magnetic resonance angiography (MRA) shows loss

of vascular flow within the supraclinoid internal carotid arteries but reveals opacification of the intracranial vertebral and basilar 

arteries (A). Intracranial TOF MRA demonstrates external carotid artery branches and loss of vascular flow in the internal carotid

arteries (B). The superficial temporal arteries (arrows) and occipital arteries (arrowheads) are visualized.
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FLAIR image of MRI.23) However, even a high signal on

FLAIR may not indicate bleeding because hyperintensity

on FLAIR images has been reported in some pathological

states, such as those with meningitis, meningeal carcino-

matosis, and a small amount of protein leakage in the

subarachnoid space.24) We previously reported sulcal hyper-

intensity on FLAIR in epileptic chronic subdural hemor-

rhage without abnormal findings in GRE T2*-WI.25) The

FLAIR images demonstrated diffuse hyperintensity in the

cerebral sulci and basal cistern. Conversely, GRE T2*-WI

has a higher detection rate of cerebral bleeding than con-

ventional MRI sequences and CT because GRE T2*-WI is

sensitive to paramagnetic materials; it can easily identify

and reveal details of the lesions that contain paramagnetic

matter.26-28) Furthermore, the scope of iron deposition corre-

sponding to the scope of the revealed lesions on the GRE

T2*-WI was pathologically confirmed.29) Therefore, brain

MR GRE T2*-WI is useful for diagnosing pseudo-SAH and

true SAH in patients with hypoxic encephalopathy.11,18) Al-

though hemorrhagic symptoms, such as SAH, are rare in

suicidal hanging,5,6) MR GRE T2*-WI may reveal detailed

findings of true SAH in suicidal hanging. The MR GRE

T2*-WI may be effective in diagnosing pseudo-SAH/true-

SAH in suicidal hanging, especially in determining the

cause of brain death for organ transplantation.

Conclusions

Spontaneous SAH can often develop following suicidal

hanging. Although SAH may be challenging to confirm on

brain CT in cases of brain death by suicide by hanging,

MR GRE T2*-WI is effective for differentiating true SAH or

pseudo-SAH.
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