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ABSTRACT: Background: In Canada, ancillary tests, such as selective four vessels angiography (S4VA), are sometimes necessary for
brain death (BD) diagnosis when the clinical exam cannot be completed or confounding factors are present. Recent Canadian guidelines
assert that brain death is supported by the absence of arterial blood flow at the surface of the brain and that venous return should not be
considered. However, neuropathologic and angiographic studies have suggested that arteries might still be patent in BD patients. Current
clinical practices in BD diagnosis following S4VA need to be better understood. Methods: We conducted a retrospective study of all
S4VA performed for the determination of BD in a level 1 NeuroTrauma centre from 2003 to 2007. The objective of the study was to
describe the prevalence of intracranial arterial, capillary (parenchymogram) and venous opacification in our study population. All tests
were reviewed independently by two neuroradiologists. Disagreements were resolved by consensus. Results: Thirty two patients were
declared BD following S4VA during the study period. Nine of these patients (28%) presented some proximal opacification of
intracranial arteries (95% CI 15-45%). As opposed, none had a cerebral capillary and deep venous drainage opacification (95% CI 0-
10%). Conclusion: The absence of cerebral deep venous drainage or parenchymogram might represent a better objective marker of
cerebral circulatory arrest for brain death diagnosis when the use of S4VA is required. These findings open the path for further research
in enhancing our interpretation of angiographic studies for brain death diagnosis.

RESUME: Etude rétrospective de 1'angiographie sélective des 4 vaisseaux pour le diagnostic de la mort cérébrale. Contexte : Au Canada, des
tests complémentaires tels 1'angiographie sélective des 4 vaisseaux (AS4V) sont parfois nécessaires pour poser le diagnostic de mort cérébrale (MC)
quand l'examen clinique est impossible ou lorsque des facteurs confondants sont présents. Selon des lignes directrices canadiennes récentes, la mort
cérébrale est confirmée par l'absence de flux sanguin artériel a la surface du cerveau sans tenir compte du retour veineux. Cependant, des études
neuropathologiques et angiographiques ont suggéré que les arteres pourraient encore étre perméables chez les patients en état de MC. Les pratiques
cliniques actuelles pour le diagnostic de la MC a I’aide d’une AS4Vdoivent étre mieux comprises. Méthodes : Nous avons effectué une étude
rétrospective de I’ensemble des AS4V effectulés pour déterminer la MC dans un centre de neuro trauma de niveau 1 de 2003 a 2007. Le but de 1'étude
était de décrire la prévalence de l'opacification artérielle, capillaire (par parenchymographie) et veineuse intracranienne dans la population étudiée. Tous
les tests ont été révisés indépendamment par deux neuroradiologistes. Les divergences d'opinion ont été résolues par consensus. Résultats : Un
diagnostic de MC a été posé chez trente-deux patients suite a 1'AS4V pendant la période de I'étude. Un certain degré d'opacification proximale des
artéres intracraniennes était présente chez neuf de ces patients (28% ; IC 2 95% : 15% a 45%). Par contre, aucun n'avait une opacification des capillaires
cérébraux et du drainage veineux profond (IC a 95% : 0% a 10%). Conclusion : L'absence de drainage veineux cérébral profond ou de
parenchymographie pourraient constituer un meilleur marqueur objectif de l'arrét de la circulation cérébrale pour le diagnostic de MC quand on doit
recourir a I'AS4V. Ces observations ouvrent la voie a des recherches plus poussées sur l'interprétation des études angiographiques dans le diagnostic de
la MC.
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In Canada, neurologic determination of death (NDD) or brain
death (BD) diagnosis is based on five clinicals criteria:
established etiology capable of causing NDD, deep unresponsive
coma, absent brainstem reflexes, absent breathing reflex and
absent confounding factors.! However, ancillary tests are
sometimes necessary when the clinical exam cannot be
completely performed or when confounding factors are present.
Recently, a Canadian workforce of experts in brain death and
organ donation published guidelines on the use of ancillary tests
for NDD.2 Among their recommendations, they stated that
“Absence of brain blood flow is the imaging and physiological
correlate of brain arrest and brain death. From an imaging point
of view, brain blood flow refers to intra-arterial filling and the
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visualisation of large vessels in the hemispheres and the
posterior fossa”. In the Key considerations the Canadian expert
report mentioned “(...) brain blood flow should be absent in the
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large vessels of the cerebral hemispheres and posterior fossa
structures” but that ““blood flow to the portion of the intracranial
space that lies exterior to the surface of the brain, but interior to
the cranium, may still be detectable. This does not contradict the
diagnosis (of NDD). (...) There is no need to consider the venous
phase in this clinical setting.” By contrast, the 2007 guidelines
of the French Society of Neuroradiology on the use of computed
tomographic angiography (CTa), a country where ancillary tests
are mandatory to declare BD, stated that NDD should be based
on the absence of opacification of deep venous drainage of the
brain and no bilateral opacification of cortical branch of the
middle cerebral artery (M4, MCA) at 60 seconds.?

Interestingly, it was observed in cadavers a few decades ago
that arteries could still be patent in BD patients.* Moreover, the
performance of selective four vessels angiography (S4VA)
requires intra-arterial contrast injected under pressure, which
could exceed the intracranial pressure.’> Thus, the presence of
some contrast media in proximal intracranial arteries could still
be compatible with NDD diagnosis, as proposed by data from
angiographic studies.>!! Furthermore, the absence of contrast in
the capillary circulation (parenchymogram) and in the
intracranial deep venous drainage system at the S4VA seems
sufficient to support intracranial circulatory arrest, compatible
with BD.

In order to better describe the prevalence of intracranial
arterial filing in BD patients, we conducted a retrospective study
of all S4VA performed in our centre in presumed BD patients
over a period of five years. We hypothesized that some patients
may show angiographic evidence of intracranial arterial
opacification, but none during the intracranial capillary and deep
venous drainage.

METHODS

All S4VA performed as an ancillary test for NDD in a single
level 1 NeuroTrauma centre (Hopital de I’Enfant-Jésus, Quebec
City, Quebec, Canada), between January 1st 2003 and December
31st 2007 were reviewed. Patients were identified through an
organ donation database, which contains information collected
by one of three nurses dedicated to the hospital donation
program. Patient identification was then cross-validated with the
database from Québec-Transplant, the organisation managing
organ donation and transplants programs in the province of
Quebec, Canada. This study was approved by the hospital
Research Ethic Board.

Rational for S4VA and BD diagnosis

During the study period, all S4VA were requested by the
attending intensivist as brain death ancillary tests when
considered necessary in patients with suspected but unconfirmed
BD. A diagnosis of BD was suspected with the presence of: 1) an
established etiology capable of causing BD, 2) a deep
unresponsive coma, 3) an absence of all brainstem reflexes that
can be evaluated, 4) a positive apnea test, and 5) an absence of
confounding factor. The criteria for performing S4VA studies
were mainly the followings: 1) incapacity to perform a complete
neurological examination, or 2) presence of a confounding factor
precluding NDD diagnosis. Brain death was confirmed when
intracranial arterial opacification was absent. When opacification
of intracranial arteries was present, the absence of intracranial
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capillary and of deep venous drainage opacifications were
mandatory in order to confirm BD.

Data collection

Demographic and clinical data were collected by one of the
investigators (SL) both from the hospital organ donation
database and from patient charts. Intracranial pressure (ICP) and
blood pressure were defined as the highest values recorded once
fixed bilateral mydriasis was observed (or unilateral when only
one eye could be assessed). Suspicion of BD diagnosis was
defined as the time when cranial nerve reflexes were absent,
associated with either a positive apnea test or absence of the
cough reflex. High blood pressure associated with transtentorial
herniation was defined as any event of high blood pressure over
160/90 mm Hg following fixed mydriasis in adults (i.e. in
patients over 16-years-old) and two standard deviations over the
normal blood pressure in younger patient.!” A significant
comminuted skull fracture was defined as any cranial
comminuted fracture seen at the CT scan, with the limitation that
we could not be sure that there was a dura mater defect. The
cause of death and reasons why an ancillary test was required
were also collected. All clinical data were collected prior to the
performance of the S4VA.

S4VA technique

All S4VA studies were performed by one of three
neuroradiologists with selective injection of contrast media in
both carotids and vertebral arteries through catheterisation of the
right femoral artery. Injections used 8 mL of iodine contrast

Table 1: Anatomic classification of cerebral angiography

Carotid : C1 : Cervical
C2 : Petrous
C3 : Lacerum
C4 : Cavernous
CS5 : Clinoid
C6 : Ophtalmic
C7 : Terminal
Vertebral : V1 : Proximal
V2 : Foraminal
V3 : Extraspinal
V4 : Intradural
Basilary trunk (BT)
Anterior cerebral artery (A1-3)
Middle cerebral artery (M1-4)
Posterior cerebral artery (P1-4)
Anterior communicant (AC)

Posterior communicant (PC)
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Table 2: Characteristics of the study population

Patient without arterial
intracranial opacification

Female gender 11/23
Median age (range) 17 (3-61)
Comminuted skull fractures 3/23
Craniectomy with no flap replacement 1/23
Ventriculostomy 14/23
Use of ICP monitoring 14/23

- Median highest ICP (range)
Presence of diabetes insipidus (vasopressin use
among patient without diabetes insipidus)
Documented HBPAH 9/23
Use of vasopressors after BD diagnosis 23/23

92 (35-150) mm Hg
18/23 (4/5)

Patient with arterial
intracranial opacification

3/9

42 (5-64)

3/9

1/9

1/9

1/9

102 mm Hg (1 patient)
8/9 (1/1)

5/9
8/9

ICP: intracranial pressure; HBPAH: high blood pressure associated with transtentorial herniation; BD: brain death

media (Visipaque 270) at 4mL/sec in each of the four vessels,
using a 5-French catheter. Cervical and intracranial images were
acquired in order to assess intracranial arterial, capillary
(parenchyma) and deep venous drainage vascular system over a
minimum of a 20-second period. The angiographic classification
used to evaluate the arterial system is described in Table 1.
Intracranial opacification was defined as any contrast seen above
the C5 and/or V4 levels. An intracranial capillary opacification
was defined as the presence of contrast media in nervous tissue
between the arterial and venous drainage phase. A deep venous
drainage opacification was considered when any profound vein
(septal, anterior caudate, terminal, thalamostriate, internal
cerebral, Galen, inferior ventricular, Rosenthal, inferior sagittal
sinus, straight sinus, medial atrial, medullary) showed contrast
media.

Independent radiological evaluation

All S4VA studies were reviewed and interpreted
independently by two neuroradiologists (JLG and FT) using a
standardized case report form. Disagreement was defined as a

difference of one level according to a standardized classification
of the intracranial arteries (see Table 1), or any different opinion
concerning the presence of intracranial capillary (parenchymal)
or deep venous drainage opacification. Disagreements were then
resolved by consensus.

Statistical Analyses

Data are presented in a descriptive manner. Inter-rater
reliability between the two observers was evaluated for each one
of the four vessels (left and right carotids and vertebral arteries)
using Kappa statistics. A Weighted Kappa >0.40 was considered
a moderate agreement, when a Weighted Kappa >0.60 was
considered a good agreement.'3

RESULTS

Over the study period, 141 patients had a diagnosis of BD.
Thirty two of them (23%) required an ancillary test for NDD,
which was S4VA in all cases, performed on average less than
four hours following suspicion of BD diagnosis. Patients were
aged between 3 and 64 years old (see Table 2). The main cause

Table 3: Causes of death among patient population

Causes of death

Patients without arterial
intracranial opacification

Patients with arterial
intracranial opacification

Traumatic brain injury 19/23
Subarachnoid hemorrhage 3/23
Anoxic-ischemic injury 0/23
Spontaneous cerebral bleeding 1/23

6/9
1/9
2/9
0/9
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Table 4: Reasons to perform S4VA

Reasons to use an ancillary test

Patients without arterial
intracranial opacification

Patients with arterial
intracranial opacification

Inadequate clinical exam* 11/23
Barbituric coma 9/23
Sedation (other than barbiturics) 2/23
Hypoxemia 2/23
Hemodynamic instability 0/23
Eye opening to peripheral pain 1/23
Suspected intoxication 0/23

5/9
1/9
1/9
0/9
1/9
0/9
1/9

* include unsatisfactory apnea test; Note: Reasons are not mutually exclusive; 2 patients had 2 reasons

justifying the use of S4VA.

of death was traumatic brain injury (see Table 3). The most
frequent clinical justification for ancillary test was an incomplete
cranial nerves evaluation for BD diagnosis (inadequate clinical
exam) and the use of barbiturates in the setting of intracranial
pressure control (see Table 4).

The median number of images obtained per angiographic
study was 37 (range 24-54). Inter-observer agreement
concerning the absence of intracranial capillary and the deep
venous drainage between the two neuroradiologists was 100%.
A good agreement was observed in the evaluation of the arterial
opacification of left and right carotids, and of left vertebral
arteries (Weighted Kappa = 0.76, 0.72 and 0.71, respectively),
while a moderate agreement was observed for the right vertebral
arteries (Weighted Kappa = 0.40). However, a consensus was
obtained for each cases.

None of these 32 patients had visible opacification of
intracranial capillary or deep intracranial veins. Likewise, there
was no opacification of the superior sagittal sinus. However, 9 of
these 32 patients had some intracranial arterial opacification (see
Table 5; Figures 1 and 2). Among patients with intracranial
arterial opacification, the clinical justification for performing a
S4VA in five of these was an incomplete cranial nerves
evaluation for BD diagnosis and/or unsatisfactory apnea test (see
Table 4). The presence of confounding factors was the main
justification for the remaining patients. Finally, we observed a
higher incidence of comminuted skull fractures among patients
with intracranial arterial opacification (see Table 2). No decom-
pressive craniectomy were performed in any of the patients.

The absence of contrast in both intracranial capillaries and

deep veins, added to the clinical exam, convinced both clinicians
and neuroradiologists that these nine patients met BD diagnosis
criteria, which is consistent with the French experience with CTa
as related before. This was also supported by the presence of
surrogate markers of brain death including diabetes insipidus and
the clinical need for vasopressors (see Table 2). In accordance
with the findings, all 32 patients included in this study were
considered for organ donation. As per provincial law, a second
evaluation for BD diagnosis was performed by a certified
neurologist. The original BD diagnosis was supported in all 32
patients.

DiscussioN

This retrospective study of 32 cases of BD showed that when
S4VA was used as an ancillary test for NDD, intracranial arterial
opacification was a common finding occurring in close to 30%
of the study population. However, opacification of intracranial
capillaries and deep veins was never observed in any of these
patients, thus this specific observation is likely compatible with
intracranial circulatory arrest. Consequently, despite these
findings, these patients were declared brain dead by a group of
experienced physicians including intensivists, neurologists and
neuroradiologists.

Our findings are consistent with previously published studies
where opacification of intracranial arteries was observed in
patients with proven BD from clinical exam.>*-!' In none of these
studies patients had venous filling, except for some with
longitudinal sagittal sinus or lateral sinus contrast, usually
reported to occur with the presence of shunt through emissary

Table 5: Area perfused on S4VA

Arteries N= Perfused area

Distal trunk of left internal carotid 4 C7:2;AIM1 : 1; A2M2: 1
Distal trunk of right internal carotid 5 C7:4,AIM2: 1

Distal trunk of left vertebral 2 Pl:1;PIPC: 1

Distal trunk of right vertebral 2 P3M3:1;P3P4: 1
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Figure 1: Left vertebral artery angiogram, lateral view in capillary
phase, showing opacification of the basilar artery with no
parenchymogram or venous opacification in later phase.

vein from the external carotid circulation.>'® However, in one
study performed in 140 BD patients using intravenous
angiography, nine of them (6%) demonstrated the delayed
presence of some contrast in the posterior fossa venous system;
supracavernous arterial contrast was observed in 37% of vessels
studied while vertebrobasilar arterial contrast was observed in
17% of patients.!°

A possible explanation for intracranial arterial opacification
could be the progressive increase of intracranial pressure and its
effect on the intracranial circulatory system. As ICP rises to
uncontrolled values, intracranial vessels are compressed in a
sequential manner. We can hypothesize that capillaries and small
veins are compressed first, followed by other vessels depending
of their size and compliance. When intracranial capillaries and
small veins are compressed, intracranial circulatory arrest
occurs. At this time, the intracranial arteries and parts of
intracranial sinuses are still patent.* The absence of opacification
of intracranial arteries might then occur as a late phenomenon by
progressive collapse and/or thrombosis. The circulatory arrest
theory is also supported by studies using transcranial dopplers to
evaluate intracranial vascular flow.'*!7 With this modality,
specific intracranial flow patterns associated with no forward
blood flow but necessarily with the presence of mobile red blood
cells in the brain (the “to and fro” and the narrow systolic spike
flow) were found to be 89% sensitive and 99% specific to help
confirm BD in a recent meta-analysis of ten studies.'® These
observations are also supported by studies using CTa in clinically
proven BD patients where absence of venous opacification
showed a higher sensitivity (86-100%) to support NDD as
compared to absence of arterial opacification (52-77%).!%-
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Figure 2: Right internal carotid artery, lateral view in late arterial
phase, showing opacification of supraclinoid internal carotid artery and
sylvian artery, without parenchymogram or venous opacification in later
phase.

Furthermore, it was suggested that only considering the venous
phase in either CTa or S4VA could minimize the delay for the
diagnosis of BD.?2

The angiographic technique could also provide another
explanation for the commonly encountered proximal arterial
filling when, in certain situations, a high number of angiographic
images are required to adequately evaluate the intracranial
perfusion over a variable period of time following contrast media
injection. The duration of the technique might then be in relation
with the observation of late arterial filling. Two recent studies
supported this argument.>!® In one study where images were
acquired 20 seconds following contrast injection, the authors
reported a 2.5% (1/40) incidence of proximal artery opacification
with S4VA as opposed to 24% (34/120) when these images were
acquired 60 seconds after injection.”!? In addition, the injection
pressure could also be a factor involved since a high injection
pressure might overcome the intracranial pressure leading to a
certain degree of intracranial arterial opacification, as described
previously.’ Finally, the timing of the S4VA study following the
presumed clinical diagnosis of BD might be a factor explaining
why intracranial arterial opacification might be present.

This study has limitations. First, its retrospective design
precluded obtaining additional angiographic images to clarify
perfusion in some specific intracranial areas, such as in the
presence of extracranial herniation of cerebrum that could
account for some blood flow within the herniated tissue. Second,
despite the fact that only three neuroradiologists performed the
S4VA technique, the latter was not perfectly standardized for the
quantity of contrast media injected and time of the acquisition of
images. Third, the two neuroradiologists reviewing the S4VA
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knew that all included patients became organ donors and were
involved in performing most of these S4VA procedures. In
addition, the level of agreement between the two neuro-
radiologists was good for most vessels, but moderate for one,
regarding the arterial evaluation phase for their initial
independent evaluation. We hypothesize that irregularities and
thread-like picture (see Figures 1 and 2) are more often observed
with arterial vessels leading to a certain degree of inter-observer
variability. Moreover, the use of a more detailed anatomic
definition of the different arterial segments compared to the
dichotomous capillary and venous phase definitions could also
explain part of the difference observed between our experts.
However, because an agreement was reached after discussion, it
might reflect the difficulty pertaining to the interpretation of the
arterial phase and the need for better standardized definitions. On
the other hand, only one patient in the group with arterial
opacification had an intracranial pressure (ICP) monitoring thus
precluding to clearly correlate our findings with an objective
intractable increased ICP. Moreover, the higher incidence of
comminuted skull fractures was higher in patients with arterial
opacification which could have lead to a certain level of
decompression in this group of patients. However, it was not
known if the dura mater was disrupted or not and thus if there
was decompression or not with these fractures. More
importantly, whether this impact is clinically significant in
patients with persistent increased ICP remains unknown.??
Finally, since all S4VA studies were performed in patients with
factors precluding clinical BD diagnosis, we cannot compare our
results with the gold standard diagnostic test. The systematic
presence of surrogate markers of BD, however, helps confirm
their BD status.

CONCLUSION

In this retrospective cohort study, we observed that some patients
were declared BD following S4VA by experienced neuroradiologists
despite the presence of some proximal intracranial arterial
opacification. Considering that all patients had a clinical
presentation suggestive of BD, however not confirmed by a
complete clinical examination, it might suggest that the presence of
proximal intracranial arterial opacification, when associated with
absence of contrast media in the capillary and venous circulation,
may not be clinically significant to preclude the diagnosis of
intracranial circulatory arrest and BD in most patients. Considering
the impact and importance of BD declaration, along with the
necessary use of ancillary tests in many situations, we think that the
definition of positive BD criteria using S4VA should be clearer than
the one proposed in the current Canadian Guidelines. Thus, a
prospective study evaluating angiographic imaging modalities in
clinically proven BD patients using a standardized protocol is
warranted to evaluate the presence and clinical significance of
proximal intracranial arterial opacification, especially with the
emergence of new technologies.
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