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Abstract One of the advantages of postmortem imaging

is its ability to obtain diagnostic findings in a non-

destructive manner when autopsy is either difficult or may

destroy forensic evidence. In recent years, efforts have

been made to incorporate computed tomography (CT)

based postmortem angiography into forensic pathology;

however, it is not currently clear how well the modality can

determine sites of bleeding in cases of subarachnoid

hemorrhage. Therefore, in this study, we investigated the

utility of postmortem cerebral angiography using multi-

detector row CT (MDCT) by injecting a contrast medium

through a catheter inserted into the internal carotid and

vertebral arteries of 10 subarachnoid hemorrhage cases.

While postmortem MDCT angiography (PMCTA) was

capable of detecting aneurysms in a non-destructive man-

ner, it was sometimes difficult to identify the aneurysm and

bleeding sites because of a large amount of contrast med-

ium leaking into the extravascular space. To overcome this

problem, we developed the novel contrast imaging method

‘‘dynamic cerebral angiography,’’ which involves scanning

the same area multiple times while injecting contrast

medium to enable real-time observation of the contrasted

vasculature. Using multiphase contrast images acquired by

this method, we successfully captured the moment when

contrast medium leaked from the hemorrhage site. This

method will be useful for identifying exact bleeding sites

on PMCTA.

Keywords Postmortem computed tomography (PMCT) �
Postmortem computed tomography angiography

(PMCTA) � Subarachnoid hemorrhage (SAH) � Traumatic

subarachnoid hemorrhage (tSAH) � Vertebral artery injury

Introduction

The key aim in the forensic diagnosis of subarachnoid

hemorrhage (SAH) is to determine whether the cause was

intrinsic or extrinsic because of the legal implications of

the different causes of SAH [1]. For example, traumatic

SAH, which is secondary to an impact to the face or head

and sometimes has the appearance of an intrinsic SAH on

CT, could point to a criminal act as the cause of death. To

make this determination, the circumstances of death are

taken into consideration when an autopsy is conducted to

identify the site of the aneurysm, which generally indicates

whether there was intrinsic onset or bleeding from a rup-

tured vertebral artery, which is the most frequent site of

bleeding in traumatic SAH. However, identifying these

sites, especially on the vertebral artery, can be extremely

difficult at times and there is a risk of destroying forensic

findings [2]. Therefore, for definitive forensic diagnosis of

SAH, a non-destructive postmortem angiographic tool is

needed that allows such lesions to be evaluated without

destroying any evidence. With the introduction of post-

mortem diagnostic imaging into the field of forensic

medicine, the number of postmortem angiographic studies

using multi-detector row computed tomography (MDCT)

has been increasing in recent years [3–8]. However,

because only a few cases of SAH were investigated in these

studies, it is not clear how well postmortem MDCT angi-

ography (PMCTA) can determine the site of bleeding in

SAH. Therefore, in this study we developed postmortem
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selective cerebral CT angiography, which we refer to as

dynamic cerebral angiography, to use in cases of SAH.

Based on our results, we discuss the utility of, and current

issues associated with PMCTA in the forensic diagnosis of

SAH.

Materials and methods

This study examined 10 cases of SAH diagnosed by pre-

autopsy CT imaging conducted at our institute. As described

below, we performed selective cerebral, but not whole body,

CT angiography by injecting contrast medium through a

catheter inserted into the internal carotid artery to perfuse

the anterior brain and the vertebral artery in the posterior

brain. Postmortem selective cerebral CT angiography was

performed in the first seven cases to acquire post-injection

images as preliminary angiograms. In the last three cases,

our newly developed imaging modality, dynamic angiogra-

phy, was used to establish the exact bleeding site.

Preliminary selective cerebral angiography

On autopsy, prior to opening the skull, a 6Fr catheter was

inserted into the internal carotid artery. Another was

inserted into the vertebral artery on the contralateral side

and both were tightly ligated.

Water was then injected into each artery to confirm that

the catheters were correctly inserted into the target arteries,

and to expel any air in the vasculature before the contra-

lateral end was clamped.

After this preparation in the autopsy room, the body was

moved to the CT room. CT scans were performed using a

16-MDCT (ECLOS, Hitachi Medical Systems, Tokyo,

Japan). Raw data were acquired at 120 kV, 200 mAs, and

collimation 0.625 9 16 mm, and images were reconstructed

at 0.625 mm slice thickness in the craniocervical region.

Angiography was preceded by non-contrast imaging.

After non-contrast imaging, a contrast medium was

injected at 2 ml/h (20–40 ml each; total 40–80 ml) using

an injector for clinical use and was immediately followed

by image acquisition. The non-ionic water-soluble contrast

medium Iohexol (Omnipaque 300�; Daiichi Sankyo Co.,

Tokyo, Japan) was prepared by dilution with water and

polyethylene glycol (ratio of contrast medium:water:poly-

ethylene glycol = 1:5:10).

Immediately after scanning, planar images and volume

rendering images, which were generated by the CT work-

station software, were interpreted by the operator. Image

findings were then compared with the corresponding

autopsy findings by the dissector.

After autopsy, volume renderings were generated again

using imaging analysis software (SYNAPSE VINCENT 3D

image analysis system; Fujifilm Medical, Tokyo, Japan). We

also used the subtraction method to visualize the blood

vessels. In this method, only blood vessels are presented, by

subtracting the information of bones by performing pre- and

post-contrast imaging in the same position.

Dynamic selective cerebral angiography

Autopsy preparation was performed using the same meth-

ods as the preliminary selective cerebral angiography.

Raw data acquisition and image reconstruction were

performed at 120 kV, 200 mAs, collimation 1.25 9 16 mm,

and reconstruction at 1.25 mm slice thickness. Scanning

range was set to 275 mm to cover the entry site of the

vertebral artery into the vertebral column and the blood

vessels at the top of the skull. A total of five scans were

performed at 2, 25, 48, 71, and 117 s during the injection of

contrast medium. This was the shortest scanning interval

that the 16-MDCT used in this study could achieve at the

abovementioned settings.

Using two injectors, 25 ml of the same contrast medium

as above was injected into the catheter of the internal

carotid artery at a rate of 0.2 ml/s, and 12.5 ml of contrast

medium was injected into the catheter of the vertebral

artery at a rate of 0.1 ml/s. Therefore, the amount of the

contrast medium injected into the body at the time of each

scan was 0.6, 7.5, 14.4, 21.3, and 35.1 ml. Imaging analysis

was performed as described above.

Radiographic interpretation of the preliminary and

dynamic angiographic images was performed by a radiol-

ogy specialist with over 5 years of experience in post-

mortem CT image interpretation.

Identification of bleeding sites on autopsy

The sites of bleeding were determined on autopsy

according to the method of Ikegaya et al. [2]. In brief, the

brain was removed while injecting milk through the cath-

eters used in angiography to determine the site of milk

leakage as the bleeding site.

Results

Table 1 summarizes the details of all 10 cases. Preliminary

angiography in three of the seven cases revealed the site of

the aneurysm. Of these three cases, two had findings

indicative of aneurysmal bleeding, but it was not possible

to identify bleeding in the remaining case. In two of the

other four cases, a large amount of contrast medium in the

extravascular space made it difficult to identify the site of

the aneurysm. One of these two cases was a case of sus-

pected traumatic SAH, where there were no aneurysms or
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no bleeding sites present in the circle of Willis and contrast

medium had accumulated around the vertebral artery. This

strongly suggested that the bleeding originated from the

vertebral artery; however, we were unable to identify the

exact bleeding site on the artery. In the other case of brain

death, the bleeding site and almost all of the cerebral blood

vessels could not be visualized. In two of the three cases of

dynamic cerebral angiography, multiphase CT-angiogra-

phy allowed us to identify the exact vessel rupture site. In

the other case, however, despite determining the site of the

enlarged artery, the phase images did not capture the

leakage of contrast medium.

The detailed results of preliminary angiography are

presented as Cases A–D, and those of dynamic angiogra-

phy as Cases E and F.

Case A

A 43-year-old man was found dead on the bed of a hotel

room.

PMCTA findings: Post-contrast axial images revealed a

right middle cerebral artery aneurysm and contrast medium

leakage from the same site into the intraventricular space

(Fig. 1a, arrow). Subtraction 3D CT images generated by

the image analysis software confirmed a clear saccular

aneurysm at the bifurcation of the right middle cerebral

artery (Fig. 1b, arrow) as well as complex patterns of blood

vessels inside the skull, which were difficult to visualize

even with volume rendering imaging (Fig. 1b, circle).

Autopsy findings: Autopsy successfully identified a

saccular aneurysm (0.5 cm in diameter) at the bifurcation

of the right middle cerebral artery (yellow circle) and this

site was the bleeding site (Fig. 1c).

Case B

A 72-year-old woman crossing the street was hit by a

motorcycle and immediately went into cardiopulmonary

arrest.

PMCTA findings: Post-contrast axial images revealed a

large amount of accumulated contrast medium in the basal

cistern, with no obvious aneurysm or bleeding sites

(Fig. 2a, question-marked arrow). The same leakage was

confirmed on 3D volume rendering images, but no aneu-

rysm or bleeding site was detected because the artery was

not visualized (Fig. 2b).

Autopsy findings: Autopsy identified the site of the

ruptured aneurysm as the bifurcation of the left internal

carotid-posterior communicating artery (Fig. 2c).

Case C

A 23-year-old man lost consciousness and went into car-

diopulmonary arrest after being struck with an iron bar

during an argument.

PMCTA findings: Leaked contrast medium was

observed in the vicinity of the left vertebral artery on axial

images (Fig. 3a). Subtraction images also revealed the

accumulation of contrast medium around the vertebral

arteries inferior to the junction with the basilar artery, with

no obvious aneurysms in other parts of the vasculature

including the circle of Willis (Fig. 3b). Although imaging

findings suggested bleeding from the left vertebral artery, it

was difficult to determine the exact bleeding site or the

presence of an aneurysm.

Autopsy findings: On autopsy, a tear (0.2 cm in length)

running longitudinally on the posterior wall of the left

vertebral artery was successfully located (Fig. 3c). No

lesions indicative of intrinsic SAH were observed even on

histological examination, suggesting that the cause of death

was extrinsic SAH.

Case D

A 49-year-old man with a psychiatric disorder stuck a

chopstick into his eye. Because cerebral angiography per-

formed in the hospital suggested SAH caused by damage to

the bifurcation of the posterior cerebral artery, coil

Fig. 1 Angiography reveals bleeding from an aneurysm in the

middle cerebral artery (a, arrow). A subtraction image clearly shows

the site of the aneurysm (b, arrow) as well as the cerebral arteries

located deep in the skull (b, circle) that are difficult to examine non-

destructively. The ruptured aneurysm in the right middle cerebral

artery was identified on autopsy (c, circle)

490 Forensic Sci Med Pathol (2014) 10:487–495
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embolization was performed to treat the site. The patient

died after being brain-dead for 9 days.

PMCTA findings: Even though post-contrast axial

images were suggestive of SAH, brain swelling was

substantial, which narrowed the ventricles and cisterns

(Fig. 4a). Subtraction images also failed to visualize the

cerebral vasculature properly, except for those close to the

contrast medium injection sites (Fig. 4b).

Fig. 2 A post-contrast axial image (a) and volume rendering image

(b) show leakage of a large amount of contrast medium into the

cisterns, with no obvious aneurysm or bleeding site (question-marked

arrow). Autopsy, however, revealed the presence of an aneurysm at

the bifurcation of the internal carotid artery and posterior commu-

nicating artery (c)

Fig. 3 Leakage of contrast medium around the left vertebral artery

on axial images (a, arrow). Subtraction images also show the

accumulation of contrast medium around the vertebral artery with no

obvious ruptured site (b, question-marked arrow). No aneurysm or

bleeding sites were observed on other blood vessels including the

circle of Willis. Autopsy revealed a ruptured vessel lesion on the

posterior wall of the left vertebral artery (c, circle)

Fig. 4 Although SAH was

observed, the brain was

considerably swollen, with

narrowing of the cisterns and

ventricles (a), and the blood

vessels were poorly contrasted (b)
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Autopsy findings: Autopsy could not locate the site of

the bleeding because of severe brain malacia. The cause of

death was considered to be cerebral edema caused by brain

contusion.

Case E

A 59-year-old woman was discovered deceased by her

husband in their bedroom.

PMCTA findings: Among five phase images obtained by

dynamic angiography, the second-phase image (25 s after

injection of a total of 7.5 ml contrast medium) captured the

moment when contrast medium leaked from a saccular

aneurysm in the left vertebral artery. At this point, the

blood vessels were partially contrasted. Later-phase images

clearly showed contrast medium accumulating in the

extravascular space. In the fourth phase (71 s, 21.3 ml), it

was not possible to identify the exact bleeding site because

of contrast medium leakage, even though the majority of

the cerebral arteries had contrast at this point (Fig. 5).

Autopsy findings: Autopsy successfully detected a rup-

tured saccular aneurysm in the left vertebral artery.

Case F

A 56-year-old man went into cardiopulmonary arrest

immediately after being hit by car and was pronounced

dead in the hospital 17 h after the accident.

PMCTA findings: Because CT imaging in the hospital

revealed SAH, dynamic cerebral angiography was per-

formed. Axial images were remarkable, showing an

enlarged left vertebral artery compared with that in the

contralateral side, and a fusiform-like aneurysm was

clearly observed on 3D volume rendering images (Fig. 6a,

b). However, none of the phase images captured the con-

trast medium leaking into the extravascular space.

Autopsy findings: On autopsy, we confirmed an

enlarged artery at the same site, and subsequent histopa-

thological examination revealed fibrin clot formation and a

rupture extending to all layers of the vertebral artery with

no vascular disease such as medial degeneration or dis-

section (Fig. 6c).

Discussion

Interest in the use of PMCTA is growing in the field of

forensic medicine. Whole body angiography, developed by

a Swiss group, has greatly advanced the capability of

postmortem imaging [3, 5–8, 17], and other groups have

started to report studies on PMCTA [4, 13–16]. The main

feature of recent postmortem angiographic research is a

focus on minimizing the invasiveness of contrast imaging,

with the view that postmortem imaging, including angi-

ography, will eventually replace traditional autopsy [4, 17].

These challenges are bold attempts and we also believe that

postmortem imaging combined with certain techniques

such as angiography or biopsy might reduce the need for

many full autopsies in the future. In this study, we pre-

sented a new approach for PMCTA that is quick and easy

to perform with improved diagnostic quality, especially in

SAH cases. We utilized PMCTA, one of the useful post-

mortem diagnostic tools at present, in combination with

autopsy. Regardless of the different postmortem methods

available to investigate the vasculature, this study offers

new insight into the application of PMCTA in autopsy.

Fig. 5 Dynamic angiography was performed to obtain five-phase

subtraction images (2 (1), 25 (2), 48 (3), 71 (4), and 117 s (5)). The

second-phase image shows the presence of an aneurysm in the left

vertebral artery with leakage of contrast medium (arrow, 2). Images

in the later phases show increasing amounts of leaked contrast

medium. Most blood vessels in the anterior brain are not visible at the

second phase. Although the fourth-phase image shows almost all of

the major vessels, the exact bleeding site cannot be determined

because of the large amount of contrast medium leakage

492 Forensic Sci Med Pathol (2014) 10:487–495
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Preliminary cerebral angiography

To evaluate the diagnostic value of PMCTA in SAH, we

performed preliminary angiography after filling the blood

vessels with contrast medium. The results showed that

PMCTA, as illustrated in Case A (Fig. 1), allowed us to non-

invasively identify vascular lesions that are difficult to dissect

and thus are at risk of being destroyed during autopsy. On the

other hand, this study also showed that a large amount of

leaked contrast medium may obstruct the view of the bleeding

site and the cause, such as an aneurysm, as illustrated in Case B

(Fig. 2). In Case C (Fig. 3), CT angiographic findings clearly

eliminated the circle of Willis as a possible site for the aneu-

rysm and as a bleeding site, leaving the vertebral artery as the

potential bleeding site; thus, the finding was extremely useful

for the subsequent autopsy even though leakage of the contrast

medium prevented us from locating the exact bleeding site or

properly observing the artery.

In the field of forensic medicine, care must be taken

during autopsy because extrinsic SAH may occasionally be

encountered (i.e., traumatic rupture of the vertebral artery)

in cases of suspected intrinsic SAH, despite no obvious

external injuries on non-contrast CT imaging or external

examination [10, 11]. Consequently, forensic pathologists

need to establish the mechanism of the SAH based on

information obtained from the investigation of the scene,

external findings, and the presence of an aneurysm and

bleeding site. If identification of the exact location of the

bleeding site is difficult because of a large amount of

contrast medium leaking into the extravascular space, this

is a huge setback in the forensic diagnosis of SAH.

In antemortem CT angiographic imaging of SAH, the

leakage of contrast agents from a ruptured blood vessel is

reportedly extremely rare [12]. In Case F, because the

individual was alive for 17 h after the onset of SAH, clot

formation at the rupture site completely prevented leakage

of contrast medium in postmortem angiography. When the

patient is alive, active bleeding from a blood vessel tear is

stopped by hemostasis, which involves vascular contrac-

tion and clot formation. A major cause of the large amount

of leakage of contrast medium after death is the lack of

hemostasis, and this is particularly true in cases of sudden

death where death occurred almost instantaneously after

the onset of an acute event. Although we did not strictly

define the injection pressure of contrast medium in this

study, a previous X-ray angiographic study of the vertebral

artery conducted using vital pressure also reported similar

leakage of contrast medium [18]. Therefore, regardless of

the method used, the use of contrast medium can result in

problematic leakage during postmortem angiography.

Dynamic cerebral angiography

After being inspired by reading about ‘‘dynamic CT angi-

ography’’ used in clinical practice [9], we developed the

novel method of ‘‘dynamic cerebral angiography’’ to

overcome the abovementioned problems. In this method,

we inject contrast medium at a low rate and scan the area of

interest multiple times, starting immediately after the

injection, to capture the moment when the contrast medium

leaks into the extravascular space, as illustrated in the

second phase in Case E (Fig. 5). The subsequent phases

Fig. 6 Dynamic angiography

was performed to obtain five-

phase subtraction images of the

vertebral artery. The fifth-phase

image shows an enlarged left

vertebral artery compared with

the right artery, and a fusiform-

like aneurysm is clearly visible

on 3D volume rendering

images. However, none of the

phase images shows contrast

medium leakage (a, b). Post-

autopsy histopathological

examination using Elastica van

Gieson stain revealed fibrin clot

formation at the site and a

rupture extending to all layers of

the vertebral artery with no

vascular disease such as medial

degeneration or dissection
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confirm the accumulation of contrast medium over time,

suggesting that this method not only overcomes the prob-

lem of contrast media leakage but can visualize the exact

site of vessel rupture. Therefore, this may be an effective

tool for forensic pathologists in autopsies for SAH.

Because our dynamic cerebral angiography method

requires multiple scans over a short period, it might be

difficult to apply this method in whole body angiography.

However, such application may be possible if 64-MDCT or

320-MDCT scanners, which are commonly used in clinical

practice, become more readily available in the field of

forensic medicine.

In the dynamic angiography cases, we noticed a char-

acteristic finding from the pattern of spread of extravasated

contrast medium. In Case 8 (Case E; Fig. 5) and Case 10,

accumulation of contrast medium spread to a low level not

to high level from the bleeding point. Specifically, contrast

medium was seen at the subtentorial level around the

vertebral artery in Case 8 and at the level of the circle of

Willis in Case 10. A similar phenomenon was seen in Case

B and C where a large amount of leaked contrast medium

was seen on preliminary angiography. In standard PMCTA

for SAH cases, this finding may be used to identify the

bleeding site.

In Case F (Fig. 6), even though we observed an enlarged

left vertebral artery resembling a fusiform aneurysm, none

of the phase images showed contrast medium leakage from

the blood vessel. Subsequent autopsy and detailed histo-

logical examination finally revealed a transmural rupture of

the vertebral artery with no vascular disease such as medial

degeneration or dissection, suggesting traumatic rupture of

the vertebral artery. We believe the failure to observe this

leakage was because the hemostatic and repair mechanisms

were activated as part of physiological reactions and stopped

the bleeding in the antemortem period. In antemortem

imaging diagnosis, artery diameter enlargement is consid-

ered to be an indicator of a fusiform aneurysm or dissecting

aneurysm. However, great care must be taken because of the

potential for false-positive findings [19, 20]. In fact, this case

was not diagnosed as intrinsic SAH due to ruptured aneu-

rysm, but as traumatic rupture of the vertebral artery. We

believe it is necessary to assess ruptured blood vessels using

both imaging and histological findings, even in future

studies, to correctly distinguish intrinsic from extrinsic

cases. At present, postmortem angiography can be used as

an effective tool to aid determination of the cause of death.

In this study, we also found that the contrast medium

hardly penetrated into the brain arteries when intracranial

pressure was significantly increased. A similar phenome-

non has been reported in a PMCTA study in a case of SAH

with increased intracranial pressure and on a heart–lung

machine [21]. In the present study, the cerebral arteries

could be visualized in most cases because we injected

contrast medium directly into the cerebral arteries at a

constant flow rate without setting the infusion pressure,

except in Case D (brain death with increased intracranial

pressure) (Fig. 4) in which no intracranial blood vessels

were contrasted. An increase in flow rate and infusion

pressure may overcome this problem. However, we were

concerned about unexpected extravasation, leading to an

artifact, with the increase in the intravascular pressure

rather than a filling defect. We believe this phenomenon

may be a limitation of PMCTA.

Limitations

There are some limitations of the present technique. The

first limitation is that this technique is selective angiogra-

phy for the cerebral arteries, not for the whole vascular

system. For this reason, we cannot assess other vascular

pathology that might be detected by whole body angiog-

raphy. This would be important if the decedent had an

underlying disease, such as one that involved the systemic

vasculature other than the cerebral vessels (e.g., systemic

disease such as Marfan syndrome, Ehlers-Danlos syndrome

or fibromuscular dysplasia, and arteritis), or conditions that

spread to involve the cerebral vessels from other vascular

lesions (e.g., aortic dissection secondary to both intrinsic

and traumatic causes). The second limitation is a failure to

assess lesions at the proximal level of the internal carotid

artery and vertebral artery due to the placement of the

catheter. Future research should also evaluate angiography

of the venous system to assess venous lesions that could be

sources of hemorrhage.

Conclusion

In this study, we showed that PMCTA is useful for the non-

destructive observation of ruptured blood vessels and

aneurysms. This new imaging modality, especially the

dynamic protocol, is easy to perform and is an effective

tool to aid determination of the cause of death, and it has

the potential to distinguish between intrinsic and extrinsic

causes by correctly identifying the bleeding site or the

presence of aneurysm. The number of examined cases was

quite small and we encountered a case that required both an

autopsy and histological examination to achieve a diag-

nosis, therefore further studies on the diagnostic value of

PMCTA are needed.

Key points

1. PMCTA enables observation of aneurysms in a non-

destructive manner and provides the forensic
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pathologist with useful diagnostic information about

the cause of death.

2. If a large amount of contrast medium leaks, PMCTA

may not be effective for visualizing the vasculature,

thus complicating identification of the aneurysm and

bleeding site. Dynamic cerebral angiography has the

potential to overcome these problems.

3. The findings of the present, albeit small, study indicate

that even if aneurysms are identified on PMCTA, the

bleeding site (leakage of contrast medium) may not be

observed and thus the cause cannot be correctly

diagnosed as intrinsic or extrinsic without detailed

histopathological examination.

4. Blood vessels may be poorly contrasted on dynamic

cerebral angiography in cases of markedly increased

intracranial pressure.
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