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implicated as protective, deleterious, or insignificant

regarding oncological outcomes. Ultimately, akin to oncolo-

gists selecting the most efficacious systemic therapy by

tumour-type, the field of onco-anaesthesia may evolve to-

wards balancing analgesia based upon anticipated oncological

impact. Pending prospective trials, this may mean reducing

intraoperative opioid use for RCC.
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EditordBrain death is a clinical state of complete, irreversible cannot be fulfilled, France, Italy, and Japan mandate ancillary
loss of cerebral function, given a known cause.1 Brain death is

recognised and accepted in most developed countries,

although some variability exists in the exact criteria.2 In

Singapore, brain death certification requires a single test

fulfilling seven clinical criteria: absent pupillary, corneal,

oculocephalic, vestibulo-ocular, and gag reflexes; absent

response to pain; and an apnoea test to a carbon dioxide

tension of 6.7 kPa.3 This is performed by two independent

physicians not involved in the patient’s care. In the context

of potential organ procurement, neither can be part of the

transplant team nor involved in the recipient’s care.3

Jurisdictions, such as the UK and Japan, require repeat

testing.2 4

As brain death testing usually precedes withdrawal of

extraordinary life support measures or organ procurement, it

is an emotive topic of profound legal, ethical, and social

import. Clinical testing of brainstem function alone suffices in

many countries1e4; however, confounders, such as cervical

spine instability, drug toxicity, or inability to perform apnoea

testing, may preclude this.5 Such situations require confir-

mation with ancillary tests demonstrating either electrical

activity loss or cerebral blood flow arrest.5

Studies demonstrating cerebral circulatory arrest, such as

cerebral angiography, are generally accepted for diagnosing

brain death, as a brain with no blood supply becomes ischae-

mic and eventually progresses to cellular death. However,

persistent cerebral perfusion provides little information on

cellular metabolic activity or viability. Whilst Singapore and

the UK4 do not require ancillary tests unless clinical criteria
Fig 1. Anteroposterior views of the (a) right common carotid and (b) le

angiography images obtained from the first selective four-vessel angiog

obtained from the second cerebral angiography study of Case 1. In all im

flow to produce a venous phase angiogram.
testing to diagnose brain death.2 4 Here, we describe residual

intracranial perfusion on cerebral angiography in two clini-

cally brain-dead patients after decompressive craniectomy

(informed consent for publication was obtained from a legally

responsible representative for each patient).

In Case 1, a 74-yr-old gentleman was admitted after a fall

with a past medical history of arterial hypertension, dyslipi-

daemia, diabetes mellitus, and a previous subcortical infarct.

His Glasgow Coma Scale (GCS) was 5, and CT showed acute

bilateral subdural haematoma, with midline shift and marked

mass effect. Emergency left decompressive craniectomy was

performed, and an intraparenchymal catheter revealed intra-

cranial pressure (ICP) of 56 mm Hg. Immediate CT imaging

showed new pontine and midbrain haemorrhages, worsening

midline shift, and uncal herniation. Urgent right decom-

pressive craniectomy was performed, and ICP was 70 mm Hg.

Pupils were fixed and dilated. Sedation was stopped at 16 h;

GCS remained at 3, with absent cough and gag reflexes.

Intracranial pressure remained 63e84 mm Hg. At 72 h, all

seven clinical criteria for brain death were fulfilled.

To provide the family with closure, four-vessel angiog-

raphy was performed at 78 h. Bilateral common carotid and

the left vertebral arteries were cannulated, demonstrating

flow in bilateral internal carotid arteries, vertebrobasilar sys-

tem, and posterior cerebral arteries, with attenuation of

cortical branches (Fig. 1). During the study, cerebral perfusion

pressure was 39e71 mm Hg (Supplementary Appendix A).

However, local guidelines require the angiographic catheter to

be positioned just proximal to the origin of the innominate
ft common carotid, and (c) lateral view of the left vertebral artery

raphy study of Case 1, and (d) anteroposterior and (e) lateral images

ages, no cortical perfusion was present, and there was insufficient
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artery.6 Thus, a repeat study was performed at 95 h as the

catheter was placed more cranially than stipulated. From a

catheter in the ascending aorta, proximal to the innominate

artery, sluggish flow was seen in bilateral middle and anterior

cerebral arteries, but absent in the cortex, posterior circula-

tion, and venous system (Fig. 1) with cerebral perfusion pres-

sures of 19e40 mmHg (Supplementary Appendix A).

Withdrawal of care was discussed with the patient’s family in

view of the poor prognosis, with terminal extubation per-

formed and ensuing cardiac death.

In Case 2, a 72-yr-old gentleman with a history of arterial

hypertension, diabetes mellitus, and hyperlipidaemia was

admitted after an unwitnessed fall. His GCS was 8, and CT

imaging revealed bilateral subdural and right extradural hae-

matoma with midline shift. Emergent decompressive cra-

niectomy was performed, during which the brain was

oedematous and herniated through the durotomy. Profound

hypotension requiring high-dose inotropes and vasopressors

ensued. An intraparenchymal catheter demonstrated an ICP of

60 mm Hg on closure. Pupils were fixed and dilated. Sedation

was discontinued and GCS was 3, with absent cough and gag

reflexes. At 48 h, all seven clinical criteria for brain death were

met. However, as levetiracetam was administered on admis-

sion, the patient underwent cerebral angiography as required

by local guidelines.6 A catheter in the aortic arch demon-

strated sluggish contrast flow into the intracranial arteries

insufficient to produce a venous phase angiogram, with cere-

bral perfusion pressures of 41e43 mm Hg (Supplementary

Appendix A). Withdrawal of care was discussed with the pa-

tient’s family in view of the poor prognosis, and terminal

extubation was performed with subsequent death.

Cerebral angiography has been regarded as a reference

standard amongst ancillary tests for brain death.5 However,

persistent intracranial blood flow has been reported in clini-

cally brain-dead patients on cerebral angiography,6 CT angi-

ography,7 and radionuclide scanning,8 despite absent

electrical activity on electroencephalography in one report.7

One study reported proximal opacification on four-vessel

angiography in nine out of 32 patients certified brain dead.6

Residual cerebral blood flow in brain death seems to occur in

certain situations, such as where the cranium is no longer an

enclosed space (e.g. craniectomies and ventricular drains)9

and if insufficient time has elapsed for changes to fully

develop. A 6 h interval between clinical testing and imaging

has been suggested,1 which was present in both cases. Cere-

bral angiography also carries the potential for injection

artifacts.

We postulate that severely raised ICP reduced cerebral

perfusion below critical thresholds, causing a period of cere-

bral circulatory arrest sufficient to cause significant, irrevers-

ible ischaemic neuronal damage, cellular death, and tissue

fragmentation. Craniectomy opens the intact, rigid cranium

that allows elevated ICP, and restores regional non-viable flow

to irreversibly injured brain that may otherwise not occur with

a closed skull. In both cases, persistent flow can be seen on

cerebral angiography despite cerebral perfusion pressure

below 60 mm Hg. The decision to repeat cerebral angiography

in Case 1 further delayed withdrawal of care, which may have
been unnecessary as residual flow in the context of decom-

pressive craniectomy does not meanmeaningful survivability.

Cerebral angiography was performed in Case 2 because of

levetiracetam therapy, but at therapeutic levels, levetiracetam

does not cause respiratory depression and should not interfere

with clinical brain death testing.

Patients clinically brain-dead with a decompressive cra-

niectomy may show residual, but not completely absent,

intracranial blood flow on cerebral angiography that is none-

theless incompatible with a non-vegetative outcome. Physi-

cians should counsel families appropriately about this

possibility of some residual flow that is nonetheless compat-

ible with brain death.
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