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Dear Editor,

In the article “Computed Tomography Perfusion is a Use-
ful Adjunct to Computed Tomography Angiography in the
Diagnosis of Brain Death”, Sawicki et al. reported com-
puted tomography perfusion (CTP) findings in 50 patients
with the clinical diagnosis of brain death [1]. The gold
standard of the study was the clinical diagnosis of brain
death based on the following criteria: unresponsiveness,
absent brainstem reflexes, and apnea after the exclusion
of reversible confounding factors [1]. The assumption of
the study was that CTP findings of cerebral blood flow
(CBF) <10ml/100 g/min and cerebral blood volume (CBV)
<1.0ml/100g was “consistent with threshold of neuronal
necrosis” [1]. The above CBF and CBV thresholds were
chosen as the cut-off for a positive CTP study and the au-
thors reported that CTP had 100% sensitivity for brain death
diagnosis [1]. The authors also reported that, based on CTP
findings, neither CBF nor CBV were zero in the study pa-
tients with the clinical diagnosis of brain death [1]. Sawicki
et al. implicitly assumed that any residual CBF detected on
CTP at <10ml/100g/min was inadequate to prevent neu-
ronal necrosis and irreversible cessation of functions of the
whole brain including the brainstem. The irreversible ces-
sation of the functions of the whole brain, including the
brainstem, is the necessary criterion in death determination
by neurological criteria [2]. There are several concerns with
the study’s interpretations.

This Letter to the Editor refers to the original publication available
here https://doi.org/10.1007/s00062-017-0631-7.

A reply to this letter can be read here: https://doi.
org/10.1007/s00062-019-00807-y.
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Firstly, Sawicki et al. did not cite clinical studies
to verify that the residual global CBF above zero and
<10ml/100 g/min was consistent with widespread neuronal
necrosis. Also, there were no autopsy findings reported
in the study to validate the authors’ assumption of the
presence of neuronal and brain necrosis in patients with
positive CTP findings and clinical diagnosis of brain death.
Secondly, in a previous study of brain death [3], it was
reported that almost 60% of patients that were clinically
diagnosed as brain dead had histopathological findings of
either normal or minimally ischemic brainstem at autopsy.
In another case report, brain magnetic resonance imaging
(MRI) and electrophysiological studies were performed
9 months after the initial documentation of clinical brain
death and absent CBF on cerebral radionuclide scans [4,
5]. The above studies reported structural and functional
preservation of some of the brain structures in a patient
fulfilling the clinical criteria of brain death [4, 5]. Another
study of the electrophysiological responses of the human
cortex to acute reduction and complete cessation of CBF
had suggested that even zero blood flow did not necessar-
ily induce irreversible membrane depolarization, necrosis,
and cessation of neocortex neuronal electrical activity [6].
Therefore, the early detection of reduction or complete
cessation of CBF soon after a clinical diagnosis of brain
death may not imply irreversible ischemia and necrosis
of the whole brain. Thirdly, the phenomenon of global
ischemic penumbra has been documented as a potential
mimic of brain death diagnosis resulting in false positive
determination of death [5, 7]. The threshold of cerebral
ischemic insult in terms of CBF reduction to suppress
neuronal synaptic transmission and connectivity is much
higher than the ischemic threshold of CBF reduction that
will trigger irreversible neuronal membrane depolarization
and necrosis (Fig. 1; [8, 9]). These two respective ischemic
thresholds of CBF have not been fully elucidated in hu-
mans [8]. In global ischemic penumbra, the CBF is below
the threshold maintaining supraspinal synaptic transmis-
sion in the cerebral cortex and brainstem but the CBF is
maintained above the threshold for membrane depolariza-
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Fig.1 The phenomenon of global ischemic penumbra and the mimic of brain death. “The figure illustrates 2 distinct temporal patterns of CBF
(cerebral blood flow) in 2 hypothetical patients (patient 1 and patient 2). With the initial reduction in CBF, an early inactivation of supraspinal
synaptic activity and suppression of the cerebral cortex and brainstem will result in developing the clinical criteria for the diagnosis of brain
death (i.e., unresponsiveness, absent brainstem reflexes, and apnea) in both patients. Prolonged complete cessation of CBF induces irreversible
ischemia and neuronal depolarization in patient 1. Brain necrosis is observed at autopsy in patient 1, confirming the irreversibility of whole-brain
ischemia. In patient 2, the acute reduction of CBF induces reversible ischemia without triggering irreversible neuronal depolarization or the onset
of necrosis (i.e., global ischemic penumbra). Autopsy in patient 2 demonstrates normal or minimal ischemia of brain structures and no evidence
of necrosis. The temporal reversibility of the clinical findings of brain death associated with global ischemic penumbra in patient 2 is unknown.”
Figure and legend reproduced and adapted from the source [9] under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made

tion and neuronal necrosis. Patients with global ischemic
penumbra can have the clinical manifestations of brain
death (unresponsiveness, absent brainstem reflexes, and
apnea) and also have normal or minimally ischemic brain
structures at autopsy (i.e., reversible ischemia) (see Fig. 1).
The phenomenon of global ischemic penumbra can mimic
brain death and explain the preservation of brain structures
and functions found on neuroimaging and neurophysiolog-
ical studies performed in some brain dead patients who are
continued on supportive medical care for several months
after the clinical diagnosis of brain death [4, 5]. In patients
who die soon after clinical diagnosis of brain death, the
presence of normal or minimally ischemic brain structures
at autopsy may be related to the phenomenon of global
ischemic penumbra mimicking brain death in these patients
[3-5,7,9].

In conclusion, the presence of residual CBF <10ml/
100 g/min on CTP in brain death may not imply the on-
set of neuronal necrosis but may represent the phenomenon
of global ischemic penumbra and may not confirm the ir-
reversibility of ischemia and cessation of all functions of
the human brain. Residual CBF that is detected on neu-
roimaging modalities should not be ignored after the clin-
ical diagnosis of brain death. This residual CBF may be
inadequate to maintain neuronal connectivity and clinical
function acutely, but it may be adequate to maintain neu-
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ronal viability and perhaps subsequent recovery of some
neuronal functions. It is urged that histopathological exam-
ination of the brain structures at autopsy should be adopted
as the gold standard to validate neuroimaging modalities
threshold in detection of CBF reduction to confirm irre-
versible ischemia and necrosis in brain death.
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