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CASE REPORTS/CASE SERIES

Should ancillary brain blood flow analyses play a larger role
in the neurological determination of death?

Les analyses secondaires du débit sanguin cérébral devraient-elles
jouer un role plus important dans le diagnostic de déces

neurologique?
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Abstract
Purpose We present two patients who regained sponta-
neous  respiration  following  clinical neurological

determination of death (NDD) while ancillary radiological
imaging demonstrated brain blood flow.

Clinical features A 26-yr-old male with chronic otitis
media presented with a Glasgow Coma Scale (GCS) score
of 3 and fixed 7-mm pupils. Computed tomography
demonstrated right-sided mastoiditis and a temporal lobe
abscess associated with uncal herniation. The patient was
diagnosed brain dead seven-hr later when motor responses
and brainstem reflexes were absent and his apnea test was
positive.  Approximately 28-hr after NDD, during
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post-declaration organ resuscitation, the patient regained
spontaneous respiration and magnetic resonance imaging
revealed brain blood flow. Spontaneous respirations
persisted for five-days before cardiovascular collapse
occurred. In the second case, a 50-yr-old female presented
with a GCS score of 3 and fixed 6-mm pupils following a
traumatic brain injury and a five-minute cardiac arrest.
The patient was deemed clinically brain dead six-hr later
when physical
responses and brainstem reflexes and her apnea test was
positive. As confirmation of brain death, a cerebral
radionuclide  angiogram  was  performed,  which
surprisingly revealed intracranial arterial flow. During
organ resuscitation, 11-hr after NDD, the patient regained
spontaneous respiration. She expired hours after family
decision to withdraw treatment.

Conclusion For both patients, several unrecognized
confounding factors for NDD were present. These cases
illustrate the difficulties encountered by experienced
clinicians in determining brain death using clinical criteria
alone, and they suggest that more routine use of ancillary
brain blood flow analyses should be recommended.

examination revealed absent motor

Résumé

Objectif Nous presentons les cas de deux patients qui ont
recommence d respirer spontanement apres avoir recu un
diagnostic de deces neurologique clinique alors que
I’imagerie radiologique secondaire demontrait un debit
sanguin cerebral.

Eléments cliniques Un homme de 26 ans souffrant
d’otite moyenne chronique s’est presente avec un score de
3 sur l’échelle de coma de Glasgow (GCS) et des pupilles
fixes a 7 mm. La tomodensitometrie a montre une
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antro-mastoidite droite et un abces au lobe temporal
associe d une herniation uncinee. La mort cerebrale a ete
diagnostiquee chez le patient sept heures plus tard, lorsque
les reponses motrices et les reflexes du tronc cerebral ont
cessé et que le test d’apnee etait positif. Environ 28 h apres
le diagnostic du deces neurologique, pendant la
reanimation pour preserver les organes, le patient a
recommence d respirer spontanement et l’imagerie par
resonance magnetique a revele un debit sanguin cerebral.
Les respirations spontanees ont continue’ durant cing jours
avant la survenue d’un collapsus cardiovasculaire. Dans le
deuxieme cas, une femme de 50 ans s’est presentee avec un
score de 3 sur I’échelle GCS et des pupilles fixes a 6 mm a
la suite d’une lesion cerebrale traumatique et d’un arrét
cardiaque de cing minutes. La mort cerebrale a ete
diagnostiquee chez la patiente six heures plus tard lorsque
I’examen physique a revele qu’il n’y avait plus de reponse
motrice ni de reflexe du tronc cerebral et que le test
d’apnee etait positif. Pour confirmer la mort cerebrale, une
angiographie isotopique cerebrale a ete realisee, laquelle
a curieusement revele un debit arteriel
Pendant la reanimation des organes 11 h apres le
diagnostic du deces neurologique, la patiente a
recommence d respirer spontanement. Elle est decedee
quelques heures apres la decision de la famille de ne pas la
traiter.

Conclusion Chez les deux patients, plusieurs variables
parasites non reconnues pour le diagnostic du deces
neurologique etaient presentes. Ces cas illustrent les
difficultes rencontrées par des cliniciens d’experience
lorsqu’ils doivent determiner la mort cerebrale sur la base
de criteres cliniques seulement, et suggerent qu’une
utilisation plus frequente d’analyses secondaires du debit
sanguin cerebral pourrait étre de mise.

intracrdnien.

Guidelines for neurological determination of death (NDD) in
adults vary both nationally and internationally.'™ Most
guidelines emphasize that brain death is a clinical diagnosis
requiring exclusion of confounding factors, presence of an
irreversible coma without motor responses, lack of all
brainstem reflexes, and apnea.'® Apnea should be confirmed
with an apnea test, which verifies a lack of spontaneous res-
piration during induced acute hypercarbia.'”"’

Although clinical examination and judgement are pri-
marily recommended for NDD, they are frequently
confounded by metabolic disturbances, ocular injuries or
pupillary paralysis, heavy sedation, and trauma to the
middle or inner ears, among others.® Even the apnea test
uncommonly yields false-positive results, such as when
patients have diseases that result in carbon dioxide reten-
tion.” Furthermore, apnea testing is precluded in 7% of
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patients due to cardiorespiratory instability, necessitating
use of confirmatory tests.”

Radiological studies that demonstrate absent brain blood
flow are utilized for confirmation of neurological death
when clinical examination and/or apnea testing is incon-
clusive or when confounding factors are present.®
However, such ancillary studies are not universally rec-
ommended for NDD in present Canadian guidelines.”
Herein, we report two patients who regained spontaneous
respiration following clinical NDD while ancillary radio-
logical imaging demonstrated the presence of brain blood
flow. As there were several unrecognized confounding
factors, these cases illustrate the difficulties encountered by
experienced clinicians in determining brain death using
clinical criteria alone, and suggest that more routine use
of ancillary brain blood flow analyses should be
recommended.

Case reports

The authorized legal next of kin provided written informed
consent to allow publication of each respective case report.

Case 1

History, clinical examination, initial neuroimaging,
and results of the apnea test

A 26-yr-old male with a three-month history of otitis media
was taken to a regional Emergency Department (ED) after
becoming rapidly unresponsive. On arrival, his temperature
was 40.3°C, his blood pressure and heart rate were normal,
and he had a Glasgow Coma Scale (GCS) score of 3 and
fixed 7-mm pupils. The airway was secured with an
endotracheal tube while rocuronium, acetaminophen,
dexamethasone, and mannitol were given. A computed
tomography (CT) scan of the patient’s head revealed a right
temporal lobe abscess associated with perilesional edema,
leftward midline shift, uncal herniation, and mastoiditis
(Fig. 1). Clindamycin and vancomycin were administered,
and the patient was airlifted to the Queen Elizabeth II
Health Sciences Centre (QEII HSC), the major tertiary
neurosurgical centre for the Atlantic Provinces.

Seven-hr after coma onset, the patient was indepen-
dently assessed for the presence of brain death by an
intensivist and a neurosurgeon according to Canadian
Forum recommendations.” No sedative agents had been
administered and a train-of-four test indicated normal
neuromuscular function. The patient had a GCS score of
3 and fixed 7-mm pupils. He lacked respiratory efforts,
corneal reflexes, and motor responses to pain. Otoscopy
was normal without evidence of middle ear effusion.
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Fig. 1 Presenting contrast-enhanced (A) and bone window (B) axial
computed tomography images for Case 1. A) There is a 3.3-cm
irregular and minimally-enhancing encapsulated lesion in the right
temporal lobe associated with surrounding vasogenic edema, local
mass effect, uncal herniation, and leftward midline shift of approx-
imately 1.3-cm. B) Note also the presence of mastoid air cell
destruction representing mastoiditis

Vestibulo-ocular reflexes were absent bilaterally, as were
oculocephalic, gag, and cough reflexes. The patient’s
temperature was 36.5°C, and there was no evidence of
shock or drug intoxication (serum levels of amphetamines,
barbiturates, benzodiazepines, cannabinoids, cocaine, eth-
anol, and opioids were undetectable, and there were no
tricyclic antidepressants present in urine).

An arterial blood gas (ABG) sample was drawn and
revealed the following: pH 7.35, PaCO, 42 mmHg, PaO,
234 mmHg, and HCO3; 23 mmoL-L™'. The patient was
pre-oxygenated for five-min with a F O, of 1.0 and was
subsequently removed from the ventilator. He was placed
on 4 L of oxygen per minute via a cannula placed in the
endotracheal tube, and ABG samples were then obtained
every two-min. At two-min, the ABG results were: pH
7.26, PaO, 468 mmHg, and PaCO, 56 mmHg; at four-min,
they were: pH 7.21, PaO, 457 mmHg, and PaCO,
63 mmHg; and at six-min, they were: pH 7.18, PaO,
393 mmHg, and PaCO, 69 mmHg. For a total of 10-min,
an intensivist and a neurosurgeon continuously observed
the patient to be apneic. He was subsequently diagnosed
brain dead.

Intensive care unit management post-NDD

The family agreed to organ donation. Due to Escherichia
coli growth in blood cultures, the plan was to reassess
eligibility for donation after 48-hr. Patient management
post-declaration included mechanical ventilation, intrave-
nous fluids, use of a Bair Hugger® as needed to maintain
body temperature within normal range, dopamine and
vasopressin infusions to maintain mean arterial pressure
from 65 to 70 mmHg, and administration of clindamycin,
ceftriaxone, metronidazole, methylprednisolone, Humulin

R (as required to maintain a plasma glucose of 4.4 to 6.1
mmoL-Lfl), and potassium chloride (as needed based on
plasma electrolyte values).

To further delineate the anatomy of the temporal lobe
abscess and to exclude involvement of extracranial vas-
cular structures (which could have precluded consideration
for donation), magnetic resonance imaging (MRI) of the
patient’s brain was performed two-hr after declaration. The
MRI revealed the temporal lobe abscess with associated
uncal and tonsillar herniation, descent and deformation of
the brainstem, effacement of the basal cisterns, and gen-
eralized cerebral edema (Fig. 2A-B). Surprisingly,
however, brain blood flow was present (Fig. 2B-D).

Fig. 2 Magnetic resonance images obtained two-hr following the
apnea test and neurological determination of death for Case 1. A)
Sagittal T1-weighted image demonstrating generalized cerebral
edema with loss of grey-white matter differentiation, effacement of
the anterior basal cisterns, and tonsillar herniation. B) Axial T2-
weighted image revealing a right-sided temporal lobe abscess with
hypointense abscess capsule and surrounding hyperintense vasogenic
edema. Local mass effect with distortion and shift of the brainstem is
also identified along with uncal herniation. Hypointensity in the
middle cerebral artery (MCA) flow void indicates the presence of
arterial flow in the MCA, whereas the hyperintense signal in the
sigmoid sinus flow void represents absent or near-absent sigmoid
sinus flow. C) Axial T1-weighted pregadolinium image is shown for
comparison with the postgadolinium image. D) Axial T1-weighted
postgadolinium image demonstrates enhancement of the MCA,
particularly on the left, indicative of intracranial arterial flow (albeit
slow arterial flow given the lack of abscess capsule enhancement)
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Fig. 3 Magnetic resonance (MR) and MR venography (MRV) M
images obtained following the return of spontaneous respiration for
Case 1. A) Sagittal T1-weighted MR image demonstrating worsening
of the previously identified generalized cerebral edema with further
tonsillar herniation, distortion of the brainstem, and obliteration of the
anterior basal cisterns. B) Sagittal raw data image of a phase contrast
MRV revealing absent venous outflow. C) Anterior view of a three-
dimensional MRV showing absent intracranial venous outflow; the
flow seen is entirely extracranial (of note, although there is a lack of
intracranial venous outflow, we have no T2-weighted or postgado-
linium images to prove that brain arterial flow was also absent)

Return of spontaneous respiration and subsequent
neuroimaging

Approximately 28-hr after coma onset, the patient began o
triggering the ventilator and was found to have a sponta- Stk
neous respiratory rate of > 10 breaths - min~' (ABG result
20 min prior: pH 7.40, PaO, 100 mmHg, PaCO, 35 mmHg
on a FO, of 0.3). The mode of ventilation was switched
from assist control to pressure support. His neurological
status was reassessed by a second neurosurgeon, and no
change from his previous NDD examination was found
aside from spontaneous respirations.

The patient was removed from the organ donor list. A
repeat MRI demonstrated worsening of cerebral edema,
further tonsillar herniation, and the complete absence of
intracranial venous outflow (Fig. 3A-C). After five-days,
the spontaneous respirations decreased and the patient
underwent cardiovascular collapse and expired.

Neuropathological findings

An autopsy was performed. The right temporal bone
revealed changes consistent with chronic otitis media with
secondary chronic osteomyelitis. There were no acute
inflammatory changes in the middle ear or middle ear
effusion. There was a necrotic cavity in the right temporal
lobe from which colonies of gram-positive diplococci were
cultured. Sections of right temporal lobe revealed recent
infarction, while more selective neuronal necrosis was seen
in remaining cortical regions. There were also ischemic
changes in the pons and medulla.

Case 2

History, clinical examination, initial neuroimaging,
and results of the apnea test

A 50-yr-old female was found unresponsive following a fall
down one flight of stairs. Upon arrival of Emergency Med-

DFONV:200
ical Services personnel, her GCS score was 3 and she had 1.5thk/

fixed 6-mm pupils. Her electrocardiogram showed pulseless ’

electrical activity, and after five-min of advanced cardiac life
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Fig. 4 Presenting axial computed tomography images for Case 2. A) »

Unenhanced image demonstrating right-sided extracranial soft tissue
swelling, loss of grey-white matter differentiation with sulcal
effacement indicative of generalized cerebral edema, layering of
subdural blood along the tentorium cerebelli, and effacement of the
anterior basal cisterns. B) Unenhanced image showing sulcal
effacement, loss of grey-white matter differentiation (left side worse
than right), traumatic subarachnoid hemorrhage, and a left frontal
acute subdural hematoma. C) Image filmed in bone windows
revealing a right occipital bone fracture and a left-sided foramen
magnum fracture

support, there was return of sinus rhythm. After arrival at a
regional hospital, endotracheal intubation was performed
and the patient was transferred to the QEII HSC. A head CT
demonstrated a basal skull fracture, a subdural hematoma,
traumatic subarachnoid hemorrhage, generalized cerebral
edema, and effacement of the basal cisterns (Fig. 4A-C).

Six-hr following onset of coma, two intensivists inde-
pendently assessed the patient for the presence of brain
death, as above.” The patient had a GCS score of 3 and
fixed 6-mm pupils. She lacked corneal reflexes, spontane-
ous respirations, and motor responses to pain. Otoscopy did
not reveal otorrhea or hemotympanum. Vestibulo-ocular
reflexes were absent bilaterally, as were oculocephalic,
gag, and cough reflexes. The temperature of the patient was
36.5°C and her blood pressure and heart rate were normal.
No sedative or neuromuscular blocking agents had been
administered. Toxicology screening was negative, basic
laboratory testing did not reveal any abnormality, and
blood cultures were negative.

An ABG sample was drawn and revealed the following:
pH 7.28 and PaCO, 56 mmHg. The patient was pre-oxy-
genated, and then an oxygen cannula was placed in the
endotracheal tube following disconnection from the venti-
lator, as was described above. The subsequent ABG results
at three-min were: pH 7.20 and PaCO, 68 mmHg, and the
results at six-min were: pH 7.15 and PaCO, 80 mmHg. The
patient was continuously observed to be apneic for a total
of eight-min. She was subsequently deemed clinically brain
dead.

Intensive care unit management post-NDD, subsequent
neuroimaging, and return of spontaneous respiration

Organ resuscitation, as described above (see Case 1), was
initiated.'"” Given our experience with the first case
(including family request after discussion) and in accor-
dance with Canadian Forum guidelines,5 a cerebral
radionuclide angiogram was performed as radiological
confirmation of brain death and, surprisingly, intracranial
arterial flow was visualized (Fig. 5).

Eleven-hr after coma onset, the patient began triggering
the ventilator and spontaneous respirations were noted with
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Fig. 5 Technetium 99 m-DTPA cerebral radionuclide angiogram
performed following the return of spontaneous respiration for Case 2.
There is uptake of the radionuclide on the right consistent with the
presence of blood flow to the right cerebral hemisphere

a respiratory rate > 10 breaths-min~' (ABG result 20-min
subsequent: pH 7.41, PaO, 216 mmHg, PaCO, 34 mmHg
on a FO, of 0.5). The family was informed of the change,
and a neurologist was consulted who found no evidence of
brain or brainstem activity other than spontaneous respi-
rations. After discussion with family, life support was
withheld and the patient underwent cardiocirculatory col-
lapse hours later.

Discussion

Herein, we present two patients who regained spontaneous
respiration following NDD using clinical criteria (Table 1).
For both cases, two physicians with considerable training
and experience in NDD performed the primary declaration
and a second neurosurgeon or neurologist subsequently
confirmed their findings. Due to the presumed rarity of
such cases, readers may question whether confounders
were present that precluded the validity of the performed
declarations or whether guideline recommendations were
mis-applied.

For both cases, several unrecognized confounding fac-
tors were indeed present. First, although we know of no
study that describes whether contrast enhancement is spe-
cific for brain blood flow, the presenting CT for Case 1
revealed mild perilesional ring enhancement, likely indi-
cating slow cerebral arterial flow. In retrospect, this finding
was associated with the return of spontaneous respiration
and middle cerebral artery flow on MRI, and thus should
have prompted use of a validated brain blood flow study.
Despite our oversight on this, however, the clinical criteria
for NDD (with the possible exception of the vestibulo-
ocular reflex on the side affected by otitis media) appeared
to have been met, which questions the sensitivity of the
clinical examination for NDD.

@ Springer

By promoting recession of cerebral edema and/or by
limiting further abscess expansion, the glucocorticoids and
antibiotics given prior to NDD may have permitted the first
patient’s slow cerebral flow to continue. It is unknown
whether this flow would have been sufficient to supply a
subpopulation of more ischemia-resistant neurons within
the medullary respiratory centre and induce spontaneous
breathing.'" Aside from the fact that MRI has a low sen-
sitivity for detecting low flow in patients with arterial
stenosis (and is therefore not a recommended brain blood
flow investigation), we have no explanation for ongoing
respiration following receipt of the second MRI docu-
menting absent brain blood flow.'?

The return of spontaneous respiration with treatment in
Case 1 could imply that a temporal lobe abscess was not an
irreversible cause of acute brain injury. The Canadian
Forum guideline states that an “established etiology
capable of causing neurological death in the absence of
reversible conditions capable of mimicking neurological
death” must be present, and a prerequisite for NDD is “the
absence of clinical neurological function with a known
proximate cause that is irreversible.”> However, an intra-
cranial mass with resultant brain herniation, which was the
CT finding in our patient, is a common etiology and
pathway of brain death.® Xiao et al. reported that 62% of
patients with a brain abscess and a GCS score < 9 either
died or fell into a vegetative state (unfortunately, these
outcomes were not segregated), suggesting to us that a
brain abscess was an etiology “capable” of causing neu-
rological death.'® In support of this, two Royal College
certified neurosurgeons at our tertiary centre felt that the
patient’s brain herniation syndrome was irreversible and
capable of causing brain death.

Despite this, we know of few causes of absent neuro-
logical function that are universally “irreversible,” aside
from decapitation and permanent global ischemia with
necrosis of whole brain. Most known proximate causes of
brain death (e.g., traumatic intracranial hematoma) culmi-
nate in brainstem injury through brain herniation
syndromes, but even these are occasionally reversible.
Despite their overall dismal prognosis, some patients with a
traumatic intracranial hematoma who present with a GCS
score of 3 and fixed and dilated pupils can survive with
treatment.'*'° Moreover, survival and even functional
neurological recovery has been reported following pre-
dominantly medical reversal of transtentorial herniation
secondary to a supratentorial mass lesion from a variety of
causes.' ' Survival with good outcome has even been
reported after advanced cerebral herniation with Duret
hemorrhage (a secondary brainstem hemorrhage that
results from stretching and rupture of pontine perforating
vessels during herniation), a condition commonly linked
with brain death.'®
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Table 1 Canadian Forum recommendations fulfilled, investigations, and confounding factors for Cases 1 and 2°

Recommendation,’ investigation, or
confounding factor

Description or comment

Case 1

Case 2

Established etiology capable of causing
neurological death

Deep unresponsive coma with pupils
mid-size or greater

Absent brainstem reflexes and motor
responses bilaterally

Absent respiratory efforts based on the apnea
test

Absent confounding factors

Present confounding factors

Two physicians declaring brain deathll

Ancillary brain blood flow analysis when it is
not possible to confirm brain death by
clinical criteria

Autopsy neuropathology findings

Otogenic brain abscess with transtentorial
and tonsillar herniation*

GCS score of 3 with fixed 7-mm pupils

Absent corneal, cough, gag, oculocephalic,
pupillary, and vestibulo-ocular reflexes;
absent motor responses to pain

Absent respiratory efforts over 10-min with
PaCO; rising from 42 mmHg to 69 mmHg
(rising > 20 mmHg) with pH 7.18

Absent shock, hypothermia (temperature
36.5°C), metabolic or biochemical
abnormality, neuromuscular dysfunction
(train-of-four test negative), or drug
intoxication; no sedative agents given

Otitis media with mastoiditis{
Mild perilesional ring enhancement on CT§
An intensivist and a neurosurgeon

Not recommended;§ CT suggesting and MRI
revealing the presence of bilateral cerebral
blood flow

Not necessary, but requested; necrosis of
temporal lobe and select other hemispheric
regions along with ischemic changes in the
pons and medulla

Intracranial hemorrhage with generalized
cerebral edema and effaced basal cisterns
along with a five-minute cardiac arrest

GCS score of 3 with fixed 6-mm pupils

Absent corneal, cough, gag, oculocephalic,
pupillary, and vestibulo-ocular reflexes;
absent motor responses to pain

Absent respiratory efforts over eight-min
with PaCO, rising from 56 mmHg to
80 mmHg (rising > 20 mmHg) with pH
7.15

Absent shock, hypothermia (temperature
36.5°C), metabolic or biochemical
abnormality, or drug intoxication; no
sedative or neuromuscular blocking agents
given

A five-minute cardiac arrest

Two intensivists

Recommended; cerebral radionuclide
angiogram showing blood flow to the right
cerebral hemisphere

Not necessary and not requested

*In one study, approximately 62% of patients with a brain abscess and a GCS score < 9 either died or fell into a vegetative state, which suggests
to us that a brain abscess was “capable” of causing neurological death."

tAlthough assessment of this reflex is not recommended by Canadian Forum guidelines and some have questioned its sensitivity, its absence
supports the lack of clinically detectable brainstem function.’

tAlthough we found no otoscopic or pathological evidence of acute middle ear disease or middle ear effusion, in theory this condition could
impact assessment of the vestibulo-ocular reflex. A search of the existing medical literature, however, revealed no specific study or mention of
otitis media with mastoiditis as a confounding factor.

§The presence of mild perilesional ring enhancement likely indicated slow cerebral arterial flow and thus should have prompted use of a
validated brain blood flow analysis.

[IThere are approximately 15 to 20 such declarations per year at our centre, and the physicians involved had considerable training and experience
in NDD.

CT = computed tomography; GCS = Glasgow Coma Scale; MRI = magnetic resonance imaging or image; NDD = neurological determina-

tion of death; PaCO, = partial pressure of carbon dioxide.

A second finding that possibly influenced the NDD in
the first case was the presence of chronic otitis media with
mastoiditis. Although we found no otoscopic or patholog-
ical evidence of acute middle ear disease or middle ear
effusion in our patient, in theory this condition could have
impacted assessment of the vestibulo-ocular reflex. How-
ever, a search of the existing medical literature revealed no
specific study or mention of otitis media with mastoiditis as
a confounding factor. Such possible, but unstudied and thus
unsubstantiated, confounding factors are where superior
clinical judgement (a concept supported by the Canadian

Forum guideline) is imperative.” However, we argue that
clinical judgement is a vague and imprecise recommen-
dation for a NDD guideline. The common occurrence of
confounding factors, both proven and unproven, combined
with a requirement for high diagnostic specificity, suggest
to us that use of clinical criteria and judgement alone is
problematic.

Finally, the NDD in the second case could have been
influenced by a cardiac arrest within six-hr. In cases of
acute hypoxic-ischemic brain injury, the Canadian Forum
recommends that “clinical evaluation for NDD should be
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delayed for 24-hr subsequent to the cardiorespiratory arrest
or an ancillary test could be performed”.” However, it is
difficult to apply this recommendation to our patient and
possibly to all patients with traumatic brain injury due to
limitations of the study on which this recommendation
appears to be based. The study, a systematic review and
meta-analysis, reported that assessments of motor respon-
ses and ocular reflexes in post-cardiac arrest coma were
unreliable for determining brain death or poor prognosis in
the subsequent 24-hr.?° However, few of the patients in this
meta-analysis also had traumatic brain injuries.”” The
prognosis of those with a brain injury who subsequently
arrest is likely far worse than that reported in this study as
hypotension in these patients is a powerful predictor of
poor outcome.”! An episode of hypotension in a patient
with a traumatic brain injury is associated with a two- to
five-fold higher rate of mortality compared with those
without hypotension.*!'**

Although our clinical experience suggests that these are
unusual cases, we wonder if they might become more
prevalent with changing organ donor management.
Aggressive hormonal resuscitation and increased efforts to
utilize organs of older, high-risk, and bacteremic (as in the
first case) donors may narrow the gap between needed and
available organs.”>** However, these therapies could also
prolong the time interval from NDD to organ retrieval and
thus create previously unforeseen situations, such as we
described herein. Kohrman and Spivak® presented a case
of a three-month-old girl who also fulfilled criteria for
brain death and subsequently regained spontaneous respi-
ration. These authors urged for prolonged observation
before NDD in infants, and we wonder whether a similar
recommendation is warranted for adults. However, we
appreciate that a prolonged declaration process could lead
to increased financial costs and loss of potential organs. We
believe that brain blood flow analyses, in combination with
clinical examination and apnea testing, should play a larger
role than they do currently. This approach could alleviate
concerns about increasing observation times while simul-
taneously providing reassurance to all that brain death has
occurred.

Herein, we present two cases of patients who had a
return of spontaneous respiration following clinical NDD,
as several confounding factors were overlooked, including
perilesional ring enhancement on CT, chronic otitis media
with mastoiditis, and a cardiac arrest within six-hr. How-
ever, with the possible exception of a recent cardiac arrest,
these confounding factors are both unstudied and unsub-
stantiated, which is likely the case for many of the
confounding factors for the clinical examination for NDD.
Therefore, these cases highlight the difficulties encountered
by experienced clinicians in determining brain death by
clinical criteria alone. It is our suspicion that other such
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cases exist and likely reflect the present knowledge defi-
ciencies regarding confounding factors and the inherent
errors in relying primarily on clinical examination and
judgement for most cases of NDD. We hope that our
findings encourage colleagues to come forward with their
experiences if similar to ours and that they stimulate dis-
cussion and promote ongoing critical examination of
existing guideline recommendations. As the state of brain
death can only be guaranteed by the persistent absence of
brain blood flow, it leads us to recommend the requirement
for validated ancillary radiological studies in the routine
declaration of neurological death.
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