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Delayed Encephalopathy of Acute Carbon
Monoxide Intoxication: Diffusivity of Cerebral
White Matter Lesions

Ji-hoon Kim, Kee-Hyun Chang, In Chan Song, Keon Ha Kim, Bae Ju Kwon, Hyo-Cheol Kim,
Jae Hyoung Kim, and Moon Hee Han

BACKGROUND AND PURPOSE: Carbon monoxide intoxication has delayed effects on the
cerebral white matter characterized by bilateral, confluent lesions that reflect diffuse demyeli-
nation. To increase our understanding of this process, we assessed the diffusion characteristics
of these lesions.

METHODS: Five consecutive patients with delayed encephalopathy of CO intoxication were
examined with diffusion MR imaging. Diffusion-weighted images (DWIs) were obtained 25-95
days after their exposure to CO and during a relapse of neuropsychiatric symptoms, which
occurred after an initial recovery. Imaging was performed at 1.5 T by using a spin-echo
echo-planar sequence with diffusion gradients of 0, 500, and 1000 s/mm>. DWIs and apparent
diffusion coefficient (ADC) maps were visually evaluated, and mean ADCs were calculated from
the periventricular white matter and the centrum semiovale, where confluent hyperintensity
was seen on T2-weighted images. Findings were compared with those of normal-looking white
matter.

RESULTS: 1In all five patients, both T2-weighted images and DWIs showed the white matter
lesions as bilateral, diffuse, confluent areas of hyperintensity in the periventricular white
matter and centrum semiovale. On ADC maps, these lesions were isointense, with focal areas
of hypointensity (n = 4) or diffuse hypointensity (n = 1). Mean ADC values of the white matter
lesions were significantly lower than those of normal-looking white matter, regardless of their
isointensity or hypointensity on ADC maps (P < .05).

CONCLUSION: Bilateral, confluent, white matter lesions in patients with delayed encepha-
lopathy of CO intoxication show decreased diffusivity.

Delayed encephalopathy of carbon monoxide intoxi-
cation is clinically characterized by a recurrence of
neurologic or psychiatric symptoms. This recurrence
is preceded by a temporary asymptomatic period (lu-
cid interval) of variable duration (usually 2-3 weeks)
after a recovery from the acute stage of CO intoxica-
tion (1, 2). Similar postanoxic delayed encephalopa-
thies may also be seen in cases of respiratory arrest
(3), strangling (4), drug overuse, exposure to toxins,
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anaphylaxis, seizures, or anesthesia (2). The course of
the delayed encephalopathy varies with the severity of
CO intoxication, ranging from full recovery to a pro-
gressive deterioration ending in coma or death. Clin-
ical symptoms and signs include the characteristic
symptom triad of mental deterioration, urinary incon-
tinence, and gait disturbance, as well as other neuro-
psychiatric manifestations (1, 2, 5). The underlying
pathologic lesion is thought to be diffuse demyelina-
tion of the cerebral white matter (5, 6); however, the
pathogenic mechanism remains unexplained. Con-
ventional MR imaging findings of delayed encepha-
lopathy of CO intoxication have been well described
(7, 8). T2-weighted images typically show bilateral,
symmetric, confluent areas of high signal intensity in
the periventricular white matter and centrum semi-
ovale.

Two case reports (9, 10) suggest reduced diffusion
in the cerebral white matter in patients with delayed
encephalopathy of CO intoxication. The purpose of
this study was to investigate these findings on diffu-
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TABLE 1: Summary of clinical features in five patients with delayed encephalopathy of CO intoxication

Patient/Age, Lucid
y/Sex* Initial Manifestations of Acute CO Intoxication Interval, wk Major Clinical Findings of Delayed Encephalopathy

1/54/F Coma with multiple burn injury 3 Short-term memory loss, confabulation; much improved
at 7-mo follow-up

2/711/M Sudden decrease of verbal output, free voiding 1 Aphasia, gait disturbance; much improved at 5-mo
follow-up

3/63/M Abnormal repetitive behavior, progressive abulia 3 Abulia, akinetic mutism; much improved at 8-mo
follow-up

4/65/F Coma, decrease of verbal output and cognitive 4 Urinary/fecal incontinence, short-stepped gait; persistent

dysfunction clinical symptoms at 6-mo follow-up
5/63/F Coma, free voiding, and defecation 4 Abulia, bradykinesia, free voiding; much improved at

5-mo follow-up

*In all patients except patient 4, the cause of their exposure to CO gas was a gas leakage from an under-the-floor home heating system. Patient

4 was exposed to exhaust gas from a car.

sion-weighted images (DWIs) and on apparent diffu-
sion coefficient (ADC) maps and to assess ADC val-
ues in the bilateral, confluent lesions in the cerebral
white matter in patients with delayed encephalopathy
of CO intoxication.

Methods

We retrospectively reviewed six DWIs and ADC maps in
five patients (two men, three women; mean age, 63.2 years; age
range, 54-71 years) with delayed encephalopathy of acute CO
intoxication. In our patients, CO intoxication was diagnosed on
the basis of clear evidence of their exposure and a consistent
clinical course. Four of the five patients were exposed to CO
gas, which leaked from an under-the-floor home heating sys-
tem, and one patient was exposed exhaust gas in a car. Three
patients were found unconscious. They underwent hyperbaric
oxygen therapy and then awakened within 24 hours. Two pa-
tients had neuropsychiatric symptoms of acute onset, without
coma. All patients completely or partially recovered from the
initial symptoms within several days to weeks. After apparent
lucid intervals of 1-4 weeks, sudden or progressive neuropsy-
chiatric impairments developed again. The patients’ clinical
features are summarized in Table 1.

MR images were obtained 25-95 days after CO exposure. In
one patient (case 4), images were acquired two times, on days
55 and 82. MR imaging was performed by using a 1.5-T unit
(Magnetom Vision Plus; Siemens, Erlangen, Germany). Con-
ventional MR images were obtained with axial T2-weighted
fast spin-echo (TR/TE, 4000/98), axial fluid-attenuated inver-
sion recovery (FLAIR) (TR/TE/TI, 9000/110/2200), and sagit-
tal T1-weighted spin-echo (500/20) sequences. DWIs and ADC
maps were obtained in the axial plane by using a single-shot
spin-echo echo-planar imaging sequence with the following
parameters: TR/TE/NEX of 6500/98.9/1, a 128 X 128 matrix, a
24 X 24-cm field of view, and a 5-mm section thickness with a
1-3-mm gap. Diffusion gradients were applied along three
orthogonal directions (x, y, and z axes) with three b values (0,
500, and 1000 s/mm?). Iterative nonlinear least-squares fit of a
monoexponential decay was used to produce a trace ADC map,
which was written on an IDL platform.

Conventional MR images, DWIs, and ADC maps were
visually evaluated with the focus on the signal intensity of
the white matter lesions. The mean and range of ADC values
in the white matter lesions were calculated and compared
with those of normal-looking white matter. To obtain the
mean values of ADCs in each patient, the ADC value of the
white matter lesion was measured in eight regions of interest
(ROIs) placed in the lesions in the periventricular white
matter and centrum semiovale, as depicted on T2-weighted
and FLAIR images. Four ROIs were placed in the areas of

low signal intensity, and the other four ROIs were posi-
tioned in the areas of isointensity on the ADC map. ADC
values of the white matter that appeared normal on T2-
weighted and FLAIR images were measured in three ROIs
located in the periventricular or subcortical white matter or
in the centrum semiovale. The size of each ROI was 2.25
cm?, or 1.125 cm?, containing 64 voxels.

The statistical significance of differences in the mean ADC
values of the white matter lesions and the values of normal-
looking white matters was calculated with the Mann-Whitney
test. A P value of < .05 was considered to indicate a significant
difference.

Results

In all five patients, DWIs showed bilateral areas of
confluent high signal intensity in the periventricular
white matter and centrum semiovale. These areas
were similar to those seen on T2-weighted and
FLAIR images (Figs 1-3). The hyperintensity varied
from slight to severe. In three patients, the finding
was more intense and prominent in the frontal lobes
than in other regions (Fig 1). In four patients, images
showed diffuse, symmetric distribution of the lesions
throughout the cerebral white matter. In the remain-
ing patient (case 2), the white matter lesions ap-
peared asymmetric (Fig 2). The abnormality had
slight hypointensity or isointensity.

In four patients, most of the white matter lesions
appeared isointense relative to the normal-looking
white matter on ADC maps, as seen on T2-weighted
and FLAIR images. Focal areas of low signal intensity
were located mainly in the frontal lobes (Figs 1, 2). In
the remaining patient (case 4), who had persistent
neuropsychiatric impairment at 6-month clinical fol-
low-up, the white matter lesions had diffuse low signal
intensity on the ADC maps (Fig 3). The 1-month
follow-up MR image of these lesions showed no sub-
stantial interval changes in the ADC.

In all five patients, mean ADC values of the
white matter lesions were significantly lower than
those of normal-looking white matter, regardless of
their isointensity or hypointensity on ADC maps
(P < .05). Mean ADC values of the hypointense or
isointense white matter lesions, as seen on ADC
maps, were 0.46-0.68 107> mm?s or 0.70-0.85
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Fic 1. Case 1. MR images obtained in a
54-year-old woman on day 25 after CO
exposure.

A and B, T2-weighted images (TR/TE/
NEX, 4000/98/1) show bilateral, symmet-
ric, confluent areas of high signal intensity
in both the centrum semiovale (A) and
periventricular white matter (B). The high
intensity appears more prominent in the
frontal lobes than elsewhere.

C and D, ADC maps (calculated from
DWiIs [6500/98/1, b = 0 and 1000 s/mm?])
obtained at the same levels as in A and B,
respectively, show focal areas of low signal
intensity (decreased diffusion) in the bilat-
eral frontal lobes. Most of the remaining
centrum semiovale and periventricular
white matter appears isointense. DWIs at
the same levels showed confluent high sig-
nal intensity in the centrum semiovale and
periventricular white matter. The appear-
ance was similar to that on the T2-
weighted images (not shown) and mainly
resulted from a T2 shine-through effect.

Fic 2. Case 2. MR images obtained in a 71- year-old man on day 41 after CO exposure.

A, FLAIR image (TR/TE/TI/NEX, 9000/110/2200/1) shows asymmetric distribution of the high-intensity lesions in the periventricular
white matter and corpus callosum.

B, DWI (TR/TE/NEX, 6500/98/1; b = 1000 s/mm?) shows similar high signal intensity in the periventricular white matter and corpus
callosum. The high intensity is more prominent in the right frontal lobe and on the right side of the genu of the corpus callosum than
elsewhere.

C, ADC map shows a focal area of subtle low signal intensity in the right frontal lobe (arrow). Other white matter lesions appear
isointense.
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Case 4. MR images obtained in a 65-year-old woman on day 55 after CO exposure.
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A, FLAIR image (TR/TE/TI/NEX, 9000/110/2200/1) shows diffuse high-intensity lesions in the periventricular white matter.
B, DWI (TR/TE/NEX, 6500/98/1; b = 1000 s/mm?) shows confluent high signal intensity in the same periventricular white matter.
C, ADC map shows diffuse low signal intensity in the periventricular white matter.

TABLE 2: Summary of findings on conventional MR images, DWIs, and ADC maps, with ADC values in five patients with delayed encephalopa-

thy of CO intoxication

Interval to Findings on T2-Weighted and Findings on ADC Mean ADC Values,
Patient Imaging, d* FLAIR Images Findings on DWIs Maps X107 mn
1 25 Diffuse high intensity in the Diffuse high intensity in the Focal areas of low 0.61 (0.53-0.70)/0.89
PVWM and centrum semiovale, PVWM and centrum semiovale, intensity in both
more prominent in both frontal more prominent in both frontal frontal lobes
lobes; high intensity in both lobes
globi pallidus
2 41 Asymmetric high intensity in the Asymmetric high intensity in the Focal areas of low 0.65 (0.53-0.75)/0.91
PVWM, centrum semiovale, PVWM, centrum semiovale, intensity in R
and corpus callosum; more and corpus callosum; more frontal lobe
prominent on R side prominent on the R side
3 56 Diffuse high intensity in the Diffuse high intensity in the Focal areas of low 0.64 (0.55-0.73)/0.93
PVWM and centrum semiovale PVWM and centrum semiovale intensity in both
frontal lobes
4 55 Diffuse high intensity in the Diffuse high intensity in the Diffuse low intensity  0.56 (0.46-0.71)/0.86
PVWM and centrum semiovale PVWM and centrum semiovale in the PVWM
4* 82 No change No change No change 0.53 (0.41-0.71)/0.91
5 95 Diffuse high intensity in the Diffuse high intensity in the Focal areas of low 0.75 (0.68-0.85)/0.94

PVWM and centrum semiovale,
more prominent in both frontal
lobes; high intensity in both
globi pallidus

PVWM and centrum semiovale

intensity in both
frontal lobes

Note.—PVWM indicates periventricular white matter.
* Interval between CO Exposure and MR Imaging.

" Data are the value in the WM lesions (range)/value in normal-looking WM on T2-weighted images.
* Follow-up MR examination.

1073 mm?/s, respectively, whereas the mean ADC
value of normal-looking white matter was 0.86—
0.94 1073 mm?/s, P < .05). The mean ADC value was
the lowest in the patient with persistent neuropsychiatric
impairment on follow-up (case 4), whereas it was the
highest in the patient with relatively mild neuropsychi-
atric symptoms (case 5).

The findings on conventional MR images, DWIs,
and ADC maps and the ADC values in the white
matter lesions are summarized in Table 2.

Discussion

The principal neuropathologic feature of delayed
encephalopathy of CO intoxication is diffuse white
matter abnormalities. Three types of white matter
abnormalities have been described (5, 6): multifocal
necrotic lesions predominantly within the centrum
semiovale and commissures, extensive necrotic zones
in the periventricular white matter with extension
across the corpus callosum and commissures, and
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patchy or extensive demyelination of the periventricu-
lar and deep central white matter. Selective white
matter demyelination is thought to be more closely
associated with delayed postanoxic encephalopathy,
whereas white matter necrosis is more closely associ-
ated with a monophasic, nonrelapsing illness. How-
ever, the clinical and pathologic findings may overlap.
The pathogenesis of the delayed encephalopathy of
CO intoxication remains uncertain.

The results of the present study indicate that the
white matter lesions have decreased diffusivity, al-
though in four patients, most white matter lesions
appeared isointense on the ADC map. In those pa-
tients, the high signal intensity on DWI is thought to
be mainly due to a T2 shine-through effect. Our
results suggest that, in delayed encephalopathy of CO
intoxication, the restricted diffusion of the white mat-
ter lesion develops late after the patient’s exposure to
CO and persists longer than usual 2-3 weeks after an
acute ischemic infarct. In acute stroke, the ADC
value is most reduced at 832 hours, it remains mark-
edly reduced for 3-5 days, and it returns to baseline at
1-4 weeks (11). Acute cell necrosis with cytotoxic
edema, as seen in acute ischemic infarction, does not
seem to occur. However, tissue injury caused by
slowly progressive cytotoxic edema related to the di-
rect toxic effect of CO gas or some other unknown
mechanism results in reduced diffusion in the delayed
encephalopathy of CO intoxication. The latency of
the clinical symptoms, the delayed appearance of MR
imaging findings (including decreased diffusivity),
and the pathologic findings might reflect late-devel-
oping biochemical changes that becomes evident
when some metabolites are accumulated.

Murata et al (9) described serial diffusion imaging
findings in a case of delayed encephalopathy of CO
poisoning. ADC values in the frontal white matter
appeared to be within the normal range on day 23
after CO exposure, but they progressively decreased
until day 38 after exposure, then slowly increased.
The values were higher values at day 118 after expo-
sure than they were immediately after the appearance
of sequelae. In one of two patients with CO intoxica-
tion reported by Teksam et al (10), follow-up MR
imaging was performed 2 months after their initial
admission, when the neurologic symptoms of delayed
encephalopathy developed. The images showed addi-
tional aggravation of the lesions in bilateral periven-
tricular white matter and centrum semiovale, with
new development of subtle restriction of water diffu-
sion in the cerebral white matter. This last finding
completely resolved on another follow-up image ob-
tained 10 months after the initial admission. The MR
imaging findings in our cases were similar to those of
the previous reports (10, 11). One patient (case 4)
(Fig 3) of the present series did not have clinical
improvement at 6-month follow-up, and the mean
ADC values of the white matter lesions remained
decreased on days 55 and 82.

Singhal et al (12) reported diffusion MR imaging
findings in three patients of anoxic encephalopathy.
One had acute CO intoxication, and diffusion MR
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imaging performed 3 days after the patient’s exposure
to CO gas showed decreased ADC values in the
bilateral globi pallidus, the hippocampus, and tempo-
ral and occipital cortices. No abnormality was ob-
served in the periventricular white matter or centrum
semiovale, unlike the white matter lesions noted in
delayed encephalopathy of CO intoxication. How-
ever, Chalela et al (13) described symmetric areas of
restricted diffusion in the periventricular white matter
and centrum semiovale, which were observed in seven
patients with anoxic-ischemic encephalopathy. These
patients included one with acute CO intoxication who
underwent brain MR imaging within 7 days of the
insult. The authors speculated that, in their patients,
the low ADC values related to acute myelinopathy
likely represented early cytotoxic edema secondary to
cellular energy failure. Unfortunately, further fol-
low-up imaging was not performed in their study.

The duration and degree of the decreased diffusiv-
ity in the white matter may vary, and it may be
correlated with the clinical outcome, depending on
the severity of the CO intoxication. In the present
study, patient 4 (Fig 3) had the lowest ADC value and
an area of low signal intensity on the ADC map that
was wider than that of the other patients. This patient
also had a poorer clinical course and a smaller area of
focal low signal intensity on the ADC map. This
observation suggests that the extent and degree of low
ADC values in the white matter are correlated with
the clinical course, and such findings may possibly
enable us to predict the prognosis. Further systematic
studies of diffusion imaging, including diffusion ten-
sor imaging, with larger number of patients are
needed to assess the prognosis and to clarify the
pathogenesis of delayed encephalopathy of CO intox-
ication.

Conclusion

In all five patients with delayed encephalopathy of
CO intoxication, DWIs showed diffuse, confluent ar-
eas of high signal intensity in the periventricular white
matter and centrum semiovale. These areas were sim-
ilar to those seen on T2-weighted and FLAIR images.

On ADC maps, the white matter lesions appeared
as either diffuse isointensity with focal hypointensity
(n = 4) or diffuse hypointensity (n = 1). Mean ADC
values of the white matter lesions were significantly
lower than those of normal-looking white matter in
all five patients, regardless of the isointensity or hy-
pointensity on ADC maps. We speculate that late-
developing cytotoxic edema or some other mecha-
nism related to the accumulation of unknown toxic
biochemical products results in reduced diffusion.
Further studies of diffusion imaging with larger num-
bers of patients are needed to correlate the extent
and degree of low ADC values in the white matter
with the clinical outcomes and prognosis.
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