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Cerebral Computed
Tomography in Drowning
Victims

Robert R. Murray Computed tomography in two patients who had drowned revealed bilateral basal
Ashwani Kapi|a1 ganglia and medial temporal lobe low densities. Postmortem examination in one case
Ernesto Blanco'’ showed these areas to be necrotic, probably secondary to the hypoxia and hypotension

Kathleen S. Kagan-HaIIet2 associated with drowning.

Drowning is associated with the arrest of alveolar oxygen exchange and the
development of cerebral hypoxia. Cerebral hypoxia, in turn, leads to circulatory
arrest and decreased cerebral blood flow. The resultant neuropathologic changes
reflect the effects of both hypoxia and ischemia. We had the opportunity to observe
the computed tomographic (CT) abnormalities caused by drowning in two patients.
In both, basal ganglia hypodensities were the predominant CT features.

Case Reports
Case 1

A 3-year-old boy was found after an indeterminate time in fresh water (hot tub). Cardio-
pulmonary assistance was instituted and initial blood gas analysis showed a pH of 6.67, Po,
of 19, and a Pco, of 129. He was comatose; the pupils were fixed and dilated. Corneal
reflexes, doll's eye, and caloric reflexes were absent. The initial intracranial pressure readings
were close to zero.

An unenhanced CT scan about 48 hr after the accident showed bilateral low-density
changes of the basal ganglia and medial aspect of the temporal lobes (figs. 1A and 1B). The
lateral and third ventricles were slightly dilated. Carotid and vertebral angiography was normal.
The patient remained comatose and died 6 days after the accident.

Autopsy revealed severe cerebral edema with herniation of the cerebellar tonsils, compres-
sion of the medulla, and bilateral transtentorial herniation. The periaqueductal and pontine
tegmental areas were also softened. Coronal sections showed discrete encephalomalacia of
the basal ganglia (fig. 1C).
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Fig. 1.—Case 1. Axial CT scans show low attenuation in medial temporal
lobes and midbrain (A) and upper extent of basal ganglia low attenuations (B).
C, Coronal section shows infarction of basal ganglia bilaterally.

Discussion

Because of the wide availability of CT, drowning victims
very possibly will be scanned to document hypoxic changes
and to identify possible organic results of the accident. Bilat-
eral basal ganglia changes occur in various hypoxic condi-
tions, with exposure to toxic substances, and in certain
heritable disorders. Hypoxic and ischemic states may result
from complications of anesthesia, hypnotic overdose, circu-
latory arrest, and, presumably, drowning [1-3]. Carbon mon-
oxide, hydrogen sulfide, and cyanide poisoning produce basal
ganglia lesions, predominantly in the globus pallidus, by a
similar mode of action [2, 4-7].

Basal ganglia lesions of methanol intoxication involve the
putamen and may be associated with hemorrhage [8, 9]. The
precise mechanism is uncertain. Hepatolenticular degenera-
tion (Wilson disease) is associated with low-density basal
ganglia changes most marked in the putamen [10-12]. Similar
changes have been reported in subacute necrotizing ence-
phalomyelopathy (Leigh disease), another autosomal-reces-
sive disorder [13].

The CT findings represent some of the noncortical results
of cerebral hypoxia. In drowning decreased alveolar oxygen
tension and subsequent hypoxemia (as well as obligatory
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Fig. 2.—Case 2. Axial CT scan
shows bilateral low-attenuation areas
in posterior parts of globus pallidus.

circulatory failure and cerebral ischemia) result in cerebral
hypoxia [1]. The mechanisms of selective brain damage is a
matter of considerable debate. Myers [14] divided theories
concerning the distribution of anoxic brain pathology into
circulatory and inherent metabolic differences.

A border-zone concept of cerebral vascular anatomy sug-
gests that during hypotensive episodes the border zones of
major arterial territories are areas of the brain deprived of
blood earliest and with the least possibility for significant
collateral circulation [14]. Although the basal ganglia and
medial hippocampus are not included as border-zone struc-
tures, the end-arteriole structure of basal ganglia vessels [5]
and the rakelike character of vessels supplying the hippocam-
pus [14] may be morphologically susceptible to critical reduc-
tion in blood flow during hypotension.

Considering intrinsic vascular differences of small vessels,
Ames et al. [15] noted that localized areas of brain failed to
reperfuse (no reflow) after hypotensive insults of as little as
72 min. The no-reflow phenomenon suggests that the selec-
tive vulnerability of many structures in the brain, including the
putamen and globus pallidus, may be related to hypoxic
endothelial cell swelling and obstruction to flow.

Differences in tissue metabolism may also play a role in
selective hypoxic brain damage. Tissues with higher meta-
bolic rates may show selective damage under hypoxic con-
ditions; indeed, Myers [14] showed accumulation of lactic
acid, a metabolic by-product, in brain tissue with tissue injury.
It is possible that the no-reflow phenomenon may be related
to lactic acid accumulation, thus correlating vascular mor-
phology and metabolic activity.

While the precise pathogenesis of hypoxic lesions in the
basal ganglia, thalami, and hippocampi has not been estab-
lished, it is relevant to emphasize that bilateral lucencies in
the globus pallidus on CT suggest serious hypoxic cerebral
insult. The extent of lucency may have prognostic value.

REFERENCES

1. Brierley JB. Cerebral hypoxia. In: Blackwood W, Corsellis JAN,
eds. Greenfield's neuropathology, 3d ed. London: Edward Ar-
nold, 1976:43-79

2. Jellinger K. Exogenous lesions of the globus pallidus. In: Vinken



AJNR:5, Mar/Apr 1984

PJ, Bruyn GW, eds. Handbook of clinical neurology. Vol 6:
Diseases of the basal ganglia. Amsterdam: North-Holland,
1968:652-666

. Drayer BP, Rosenbaum AE. Brain edema defined by computed
tomography. J Comput Assist Tomogr 1979;3:317-323

. Nardizzi LR. Computerized tomographic correlate of carbon
monoxide poisoning. Arch Neurol 1979;36:38-39

. Kim KS, Weinberg PE, Suh JH, Ho SU. Acute carbon monoxide
poisoning: computed tomography of the brain. AUNR 1980;
1:399-402

. Sawada Y, Ohashi W, Maemura K, et al. Computerized tomog-
raphy as an indication of long-term outcome after acute carbon
monoxide poisoning. Lancet 1980;1:783-784

. Matsuo F, Cummins JW, Anderson RE. Neurological sequelae
of massive hydrogen sulfide inhalation. Arch Neurol 1979;
36:451-452

. Aquilonius SM, Askmark H, Enoksson P, Lundberg PO, Mostrom
U. Computerized tomography in severe methanol intoxication.
Br Med J 1978;2:929-930

CT IN DROWNING

10.

L.

12.

13.

14.

15.

179

. Aquilonius SM, Bergstrom K, Enoksson P, et al. Cerebral com-

puted tomography in methanol intoxication. J Comput Assist
Tomogr 1980;4:425-428

Nelson RF, Guzman MD, Grahovac MB, Howse DCN. Comput-
erized cranial tomography in Wilson's disease. Neurology (NY)
1979;29:866-868

Ropper AH, Hatten HP, Davis KR. Computerized tomography in
Wilson's disease: report of 2 cases. Ann Neurol 1979;5:102-
1083

Selekler K, Kansu T, Zileli T. Computed tomography in Wilson's
disease. Arch Neurol 1981;38:727-728

Hall K, Gardner-Medwin D. CT scan appearances in Leigh's
disease (subacute necrotizing encephalomyelopathy). Neurora-
diology 1978;16:48-50

Myers RE. A unitary theory of causation of anoxic and hypoxic
brain pathology. Adv Neurol 1979;26:195-213

Ames A, Wright L., Kowada M, Thurston JM, Majno G. Cerebral
ischemia: the no-reflow phenomenon. Am J Pathol 1968;52:437-
447



