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Sununary. MRI findings are described in 24 cases of hy¬
poxic coma. In this study hypoxic damage has occurred as
a consequence of diverse conditions such as cardiac arrest,
anaesthetic accidents, carbon monoxide poisoning, high
altitude brain oedema, drowning, suicidal hanging, hypo-
glycaemia and shock. The main forms of cerebral damage
were watershed infaretion and bilateral selective neuronal
necrosis within the globus pallidus, putamen, nucleus cau-
datus, thalamus, parahippocampal gyrus, hippocampus,
cerebellum and brainstem nuclei. Whereas watershed in¬
faretion indicated failure of circulation, the pattern of
damage within the basal ganglia, thalami, temporal lobe
and brain stem could not be related to any of the under-
lying pathogenetic processes. No typical pattern of lesion
could be found in regard to the cause of the disease. How¬
ever, arterial boundary zone involvement indicates the
underlying pathogenetic mechanism. The sensitivity of
MRI in the detection of hypoxic lesions was greatly supe-
rior to that of CT, while specificity based on signal be¬
haviour allowed differentiation of acute and chronic
alterations. Based on serial MRI studies prediction of
prognostic outcome will be improved.
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Disturbance in oxygen supply to the brain can be divided
into anoxie or hypoxic anoxia, anaemic anoxia and
ischaemia. Though caused by different conditions and dis¬
eases, all three categories share equally the potential for
depriving brain tissue of its oxygen supply. Until now only
a few neuropathological and neuroradiological studies
have been reported. The aim of this retrospective study
was to analyse MRI findings and their evolution in hy¬
poxic comatose patients and to describe vulnerable areas
of brain and the distribution of hypoxic lesions in vivo.

Materials and methods
The median age of the patienis was 34 years, ranging from 1 to
78 years, male/female ratio being 1:1 .The study was performed dur¬
ing a 16-month period, from February 1989 to May 1990. MRI was
performed on a 1.5 T Magnetom (Siemens). The current protocol
includes sagittal and axial Tl-weighted images (550/15) as well as
proton density and T2-weighted spin echo images (2400/40/90).

The patients' blood pressure and ECG were conünuously moni-
tored and pulsoxymetry and capnography were performed. Nine pa¬
tients were investigated under general anaeslhesia.

Results
The causes and aetiological factors of hypoxia in the 24
comatose patients examined are listed in Table 1. Four pa¬
tients were investigated in the acute stage, presenting with
the clinical signs of decortication, and in 5 the diagnosis of
organic brain Syndrome was made, whereas the majority
were investigated in the chronic stage with an apallic Syn¬
drome corresponding to a chronic vegetative state [1].

MRI examinations in all patients revealed multiple,
symmetrical and bilateral, focal damage; in 6 the lesions
were haemorrhagic (Fig. 1). In order to delineate a distinct
pattem of lesions related to aetiology six main regions
were defined (cortical border zone, deep white matter,
basal ganglia and thalamus, temporal lobe, brain stem,
cerebellum and corpus callosum) and correlated with the
aetiology. In regard to the aetiology the distribution of le¬
sions was quite various and unspecific, but cortical bound¬
ary zones involvement was found only in the cardiovascu¬
lar group (Fig.2). There was no significant difference in
the number of involved regions in the acute and chronic
phases. Patients in the chronic State, however, tend to have
more regions involved. Based on signal behaviour, oede-
ma, ischaemia and haemorrhage could be differentiated
from cysts, gliosis and necrosis. Oecurrence and degree of
brain shrinkage increased with the duration of the apallic
Syndrome.

Discussion
Only recently has MRI been introduced for the assess¬
ment of intensive care unit patients. The most important
prerequisite is the capability to monitor continuously
blood pressure and ECG, to perform oxymetry and cap-
nography. This study documents the apphcability of MRI
in severely ill patients.

Table L Aetiology of hypoxic coma
Drowning aeeident
Carbon monoxide poisoning
Inhalation of inert gases
High altitude brain oedema

4
2
2
1

failure of
oxygenation

Cardiac arrest
Hanging
Anaphylaxis

4
2
1

cardiac and
circulation arrest

Hypoglycaemia
Septicaemia
Drug intoxication
Anaesthesia aeeident

1
1
2
2

various
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Fig.la-c. A 44-year-otd man. MRI performed 47 days after
cerebral hypoxia due to anaphyiactic shock. a Axial Tl -weighted
image (TR = 550 ms, TE = 15 ms) showing bilateral haemorrhagic
lesions of the basal ganglia within areas of increased signal
(methaemoglobin effect, small arrows). b,c Axial proton density,
T2-weighted image (TR - 2400 ms, TE = 15/90 ms). Haemorrhagic
lesions within the basal ganglia. Bilateral watershed infaretion in
the parieto-occipital region (curved arrows)

Multiple focal, symmetrical, bilateral damage was
found in most of the patients; 6 cases demonstrated
haemorrhagic lesions. Shrinking ofthe brain was another
prominent finding in this study. Based on the clinical data
and signal behaviour acute changes like oedema, water¬
shed infaretion and haemorrhage could be differentiated
from cyst, gliosis and necrosis. The appearance and the de¬
grees of brain shrinkage indicate a trans-synaptical de¬
generation due to decreased input [2].

In acute anoxie coma, CT usually fails to show any ab-
normality. Some time later focal infarets and diffuse and
focal atrophy may be evident [3,4]. The sensitivity of MRI
in detecting acute and chronic hypoxic lesions is superior
to that of CT [5]. Additional serial MRI studies allow dif-

ferentiation of acute and chronic alterations of the brain
and increase specificity by monitoring the disease.

No typical pattern of lesions could be found in relation
to the determining factors of the various conditions caus-
ing hypoxic coma. However, arterial boundary zone in-
volvement indicates an underlying pathogenetic mecha¬
nism. The reasons behind areas ofdifferential damage and
the distribution ofhypoxic injury are phylogeneticfactors,
immaturity and selective vulnerability [6,7]. Beside these
intrinsic factors different levels of toxic metabolites and
neurotransmitters may also determine the pattern of hy¬
poxic lesions. In addition, factors such as the degree and
duration of circulatory arrest, cerebral energy require-
ments and pre-existing cerebrovascular morbidity also
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Fig. 2. Anatomical distribution of lesions with regard to aetiology.
GBZ, Cortical border zone; Z>W^ deep white matter; ßG<£ Th, basal
ganglia and thalamus; TL, temporal lobe; B & C, brain stem and
cerebellum; C. C, corpus callosum

grees of anoxia: pyramidal cells in Sommer's sector of the
hippocampus, Purkinje cells of the cerebellum and the
third and fifth layers of the cerebral cortex. More severe
degrees of anoxia affect neurons in the amygdala,
putamen, caudate nucleus, thalamus and substantia
nigra. Profound anoxia affects even brain stem nuclei.
The pattern of lesions could be observed in this in vivo
MRI study.
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affect the distribution and severity of anoxie cerebral
damage.

Neuropathological studies show that the following
groups of neurons are vulnerable to even moderate de-
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Summary

MRI findings are described in 24 cases of hypoxic coma. In this study hypoxic damage has

occurred as a consequence of diverse conditions such as cardiac arrest, anaesthetdc accidents,

carbon monoxide poisoning, high altitude brain oedema, drowning, suicidal hanging, hypo-

glycaemia and shock. The main forms of cerebral damage were watershed infaretion and

bilateral selective neuronal necrosis within the globus pallidus, putamen, nucleus cau-datus,

thalamus, parahippocampal gyrus, hippocampus, cerebellum and brainstem nuclei. Whereas

watershed infaretion indicated failure of circulation, the pattern of damage within the basal

ganglia, thalami, temporal lobe and brain stem could not be related to any of the underlying

pathogenetic processes. No typical pattern of lesion could be found in regard to the cause of

the disease. However, arterial boundary zone involvement indicates the underlying

pathogenetic mechanism. The sensitivity of MRI in the detection of hypoxic lesions was

greatly superior to that of CT, while specificity based on signal behaviour allowed

differentiation of acute and chronic alterations. Based on serial MRI studies prediction of

prognostic outcome will be improved.
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