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Ten computed tomography (CT) brain scans were evaluated in nine patients with 
acute carbon monoxide poisoning . The most common CT feature was symmetrical 
bilateral basal ganglia abnormalities. The lesions appeared as symmetrical low density 
areas, more dense than cerebrospinal fluid in the early stage and as well defined and 
more lucent lacunae in the late stage. A second feature was symmetrical and diffuse 
white matter low density areas. The low density areas, attributed to edema, were poorly 
defined and faintly lucent in the early stage. They became better defined and more 
lucent later as permanent necrotic changes developed. Ventricular dilatation and sulcal 
widening developed as late changes. 

Carbon monoxide (CO) intoxication produces hypoxia by displacing oxygen 
from hemoglobin and impeding its release from hemoglobin in tissues [1]. The 
organ most affected is the brain . Victims who survive acute CO poisoning may 
have various neuropsychiatric symptoms and signs [2]. With the advent of 
computed tomography (CT), it has become possible to demonstrate the extent 
and distribution of the morphologic brain changes in surviving patients. CT can 
safely demonstrate the dynamic aspect of the structural changes, but reports to 
date describing the CT appearances of the brain in cases with acute CO poisoning 
are few. We discuss the CT features in nine patients with acute CO intoxication. 

Subjects and Methods 

The diagnosis of acute CO poisoning was made by overwhelming circumstantial evi
dence. Seven patients with acute CO poisoning admitted to Severence Med ical Center, 
Seoul , Korea were exposed to domestic coal gas. Many Koreans have a unique home 
heating system in which smoke and heat from the coal stove goes through rock- lined 
channels under the floor of the house and out a chimney at the far end , furnishing a system 
of radiant heating. CO-containing gas can accidentally leak into th e room through cracks 
in the floor , resulting in acute CO poisoning. The accidents usually occur during sleeping 
hours. 

All the CT stud ies were made with an Ohio Nuc lear Delta 50 scanner and inc luded pre
and postinfusion contrast-enhanced scans. In five patients (cases 1-5), scans were done 
within 1 week after acute CO intoxication (early stage) and in two cases (cases 5 and 7), 
scans were obtained 2 months after the accidents (late stage). In one patient (case 6), the 
scan was obtained 6 weeks after the accident. One patient (case 5) had two scans, one in 
the early stage and the other in the late stage. 

In two patients (cases 8 and 9) with acute CO poisoning due to fire-related smoke 
inhalation, scans were obtained at Northwestern Memorial Hospital , Chicago using an EMI 
1005 scanner.The scans were performed without infusion of contrast material 3 months 
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TABLE 1: CT Features in Acute Carbon Monoxide POisoning 

Case No. Age, Gender Time from Accident to CT Neurologic Status CT Features 

Without and with contrast infu-
sion : 

2 

3 

4 . . . . . . . . . . . . 

5 . . . . . . . . . . . . . 

6 .. 

7 

Without contrast infusion: 
8 

9 

42, F 

66, M 

54, M 

22 , F 

25, M 

37, M 

55 , F 

12, F 

32, F 

Same day 

1 day 

6 days 

3 days 

1 day 

2 mos 

6 wks 

2 months 

3 months 

3 months 

Coma 

Coma 

Coma 

Coma 

Coma 

Vegetative state 

Coma for 6 hr; neurologi
cally normal for 6 
weeks; disoriented and 
confused 

Vegetative state 

Quadriparesis, severe dy
sarthria 

Poor memory, mild quadri
paresis 

Bilateral basal ganglia low den
sityareas 

Bilateral basal gang lia low den
sityareas 

Bilateral basal ganglia low den
sityareas 

Bilateral basal ganglia low den
sity areas 

Bilateral white matter low density 
areas 

White matter low density areas 
sharply demarcated and lu
cent. Bilateral basal ganglia la
cunae, ventricular dilatation 
and su lcal widening 

Bilateral basal ganglia lacunae 
and white matter low density 
areas 

Bilateral basal gang lia lacunae 
and white matter low density 
areas. Ventricular dilatation 
and su lcal widening 

Bilateral basal ganglia lacunae, 
ventricular dilatation and su lcal 
widening 

Bilateral basal ganglia lacunae 

Note. -Cases 8 and 9 had fire-related smoke inhalation; all others inhaled domestic coal gas. 

Fig . 1.-Cases 1-4, respectively. Nonconlrast scans within 1 week after accidenls. Bilateral symmetric low density areas in basal ganglia. 

after the accidents. Only patients with positive CT scans are de
scribed. 

Results 

The most common CT feature of acute CO poisoning in 
our cases was symmetric bilateral basal ganglia abnormality 
(table 1). Four of five patients scanned within 1 week after 
the accidents (early phase) demonstrated symmetrical bilat
eral low density areas in the basal ganglia with a density 
greater than that of cerebrospinal fluid (fig. 1). This coin
cided with the edematous stage of infarction. All five patients 

who had scans 6 weeks or more after the accidents (late 
phase) showed bilateral symmetrical lacunae in the basal 
ganglia. The lesions were well defined and more lucent with 
a density similar to that of cerebrospinal fluid (figs. 2C, 3 , 
and 4). The CT findings were not dissimilar to those com
monly observed in ischemic infarction secondary to arterial 
occlusion except that the lesions were bilateral in cases of 
acute CO poisoning . 

The second conspicuous CT feature was the occurrence 
of diffuse white matter low density areas in three of nine 
cases. The low density areas were remarkable in their 
symmetrical distribution (figs, 2 and 3). In the early phase, 
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A B 
Fig. 2. -Case 5 . Noncontrast scans. A and B, 1 day after acc ident. 

Bilateral symmetric low density areas in white matter. C and D, 2 months 
later. Low density areas in white matter are more sharply demarcated and 

A B 
Fig . 3. -Case 6 . Noncontrast scans 6 weeks after aCCident. ijllateral 

symmetrical low density areas in white matter and lacunae in basal ganglia. 

the lesions appeared as poorly defined and faintly lucent 
areas in the periventricular white matter and were attributed 
to cerebral edema (figs. 2A and 2B). Kondo et al. [3] 
reviewed the CT studies of 11 cases with acute CO poison
ing and observed various degrees of white matter edema in 
five cases, which cleared in 2 weeks in all five instances. 
CT studies were obtained within 2 weeks after the accidents, 
so delayed changes were not included . 

In one patient (case 5) the white matter edema appeared 
1 day after the exposure and evolved into well defined and 
more lucent lesions with a density equivalent to that of 
cerebrospinal fluid in 2 months (fig. 2) . At this stage, the CT 
appearance was believed to represent permanent necrotic 
changes with cystic formation . In another case (case 7), 

similar changes were present in the CT scan obtained 2 
months after the accident. 

In one patient (case 6) CT was performed 6 weeks after 
the episode and showed diffuse white matter and bilateral 
basal ganglia involvement (fig. 3). The density of the white 

c o 
more lucent with density of cerebrospinal fluid . Bilateral basal ganglia la
cunae, ventricular dilatation, and sulcal widening. 

Fig . 4. -Case 8. Noncontrast scans 3 months after accident. Bilateral 
symmetri cal lacunae in basal ganglia. Ventricular dilatalion and sulcal widen
ing relative to patient 's age (1 2 years old). 

matter lesions was less lucent than that of cerebrospinal 
fluid, and was considered to represent incomplete necrosis 
resulting in demyel ination and gliosis. It appeared that white 
matter edema in the early stage might be reversible [3] , but 
could progress to varying degrees of permanent necroti c 
changes. 

The third feature was dilatation of the lateral ventric les 
and widening of the cortical sulci in three of nine cases (figs. 
2 and 4). The ventricular dilatation and sulcal widening 
occurred together at the late stage . Two of the three cases 
were associated with diffuse white matter and basal ganglia 
involvement. The third case had only basal ganglia changes . 

Discussion 

Symmetric pallidal necrosis, form erly believed to be spe
cific for acute CO poisoning , has been observed in many 
other conditions including barbiturate intox icati on, trauma, 



402 KIM ET AL. AJNR:1, September / October 1980 

cyanide poisoning, hypoglycemia, and hydrogen sulfide poi
soning [4-7]. The pathogenesis of lesions located in the 
arterial border zone is generally believed to be a secondary 
complication of systemic hypotension common to all of 
these conditions, not primary oxygen defic iency. Predilec
tive involvement of the basal ganglia is not due to greater 
vulnerability of its neurons to hypoxia, but to the fact that 
the basal ganglia region is an end arteri al zone that is 
hypoperfused secondary to systemic hypotension [4, 5 , 7, 
8). 

The white matter lesions in acute CO poisoning have been 
well documented in autopsy spec imens and experimental 
animals. The lesions are symmetrical and involve the peri
ventricular centrum semiovale and the corpus callosum. The 
subcortical U-fibers are usually spared . Acidotic oligemic 
swelling develops in the acute stage and progresses to 
incomplete necrosis causi ng demyelination and gliosis or 
complete necrosis terminating in cystic lesions [4, 5, 8, 9). 
Similar white matter changes have been observed in other 
cond itions including anesthetic accidents, postoperative 
shock, hypoglycemia, and various drug intoxications [4, 5, 
10). The hemodynamic principle of the end arterial border 
zone of the basal ganglia is also applicable to the white 
matter [5, 8, 10). The periventricular centrum semiovale is 
anatomically a hypoperfused region [11). Also , the elevation 
of cerebral venous pressure secondary to right-sided heart 
failure plays an additive role in the pathogenesis of the 
lesions [5, 12). 

The ventricular dilatation and sulcal widening indicated 
diffuse white and cortical gray matter atrophy. The cort ical 
gray matter involvement, which had been well described in 
autopsy specimens [4,5] was not observed in any of the CT 
scans obtained in the early stage. This was presumably due 
to the lesions being scattered, small , or isodense. 

Nardizzi [13] reported areas of contrast enhancement in 
the basal ganglia and dentate nucleus bilaterally in a case 
when the CT scan was obtained on the eighth day after 
acute CO poisoning. There was no contrast enhancement 
in any of our cases. Contrast enhancement in infarction 
appears most often in lesions 1-4 weeks old [14], and CT 
scans in our study were obtained within the first week or 
after 6 weeks. 
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