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急性 -顧化뚫素中毒後追tJE을 보이는 11 例에 서 磁氣共嗚影像 (MRI)과 電算化斷層擬影 (CT) 을 

시행 하여 각각 그 所見을 관찰 분석하고， 융?짧I的 않{直을 8 1교 검토하였 다. 

MRI 는 0 .15 T esla 常電향型을 이용하여 部分館和回復， T2 행調스판에코 또는 反轉回復등의 마 

%택f 펄스시권스로 촬영하였다. 白質의 脫廣質을 암시하는 白質의 이상소견이 M RI 에서는 4例에 

서 관찰펀 반면， CT에서는 2例에서만 관찰되었다. 白質의 이상소견은 특히 T2 彈調스판에코像과 

反轉며復像에서 對照、度가 가장 뚜렷하였으며 部分짧和回復像파 CT像에서는 對照度가 낮았마 

淡蒼球病짧을 보인 1 例와 腦쫓縮을 보인 3 例는 MRI 와 CT에서 모두 함께 판찰되었다. 

白質病變의 발견율은 CT보다 MRI 가 높으므로 -醒化뚫素中毒後道tJE으호 白質病變이 의심될 때 

는 MRI 를 먼저 시행하는 것이 바랑직하다고 생각된다. 

Eleven magnetic resonance (MR) and computed tomographic (CT) imagings were performed in nine patien ts 

w ith mi ld to moderate degree of delayed neuropsychiatric symptoms loll owing acute carbon monoxide (CO) 

poisoning, to evaluate the capability 01 MR in demonstrating any add itional lind ing to CT. The MR images were 

。btained using 0.15 Tesla res ist ive system with various co mbination 01 three pulsle sequences, including partial 

saturation recovery, T2-weighted spin echo and inversion recovery 

Bilateral wh ite matter abnormalities suggesting demyelination were demonstrated in 4 patients with MR and 

in only 2 patients w ith CT. The contrast discrimination between normal and abno rmal white matter proved 

to be better w ith T2-weighted spin echo and inversion recovery than with partial saturation recovery and CT 

But necrosis 01 the glob us pallidus (1 patient) and di ffuse atrophy (3 patients) were equally demonstrated 

on both MR and CT 

It is suggested that MR be used as a initial imaging method in the evaluation of the delayed encephalopathy 

fo llowing acute CO poison ing, especial ly for the detection of the possibl e whi te matte r les ions 

* 본 논문은 1985년도 서울대학병원 특진연구비의 보조로 이루어진 것 임 . 
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Acute carbon monoxide (CO) poisoning produces Nine palie nl s were aged 1‘rO I11 201068 ycars (5 l11en 

hypoxia by c1 isplacing oxygen from hemoglobin and and 4 wOllle n). Onc pal ienl (casc 1) had 3 sludies; th c 

preventing its release from hemoglobin in tissues , often fi rst stud y in lhe 2 weeks , lhe scιond inlhc 1 ι’ monlh 

res ulting in fetal even t.' and the las t in lhe 5 Illonths a l‘ tcr thc aιc idcn t. F ou J 

Victims who su rvive acute C O poi so ning may have patients wcre Sllldicd 2 to 3 J11 0nths aflCI. lh c accidcnts. 

var ious delayed sympt o ms and signs. Occasionally , a n In the 이 her 4 pal i cnl 、 1 hc "ιIJl S IVCïC ohl ‘ lill Cd 7 10 

apparent recovery is foll。、ved within two days to three 48 month s a ft er the aιιi d c n ts. 

weeks by a sudden neuro log ica l deterioration. ' Th e A lI the MR st udi es wc re per forlll cd u 、 i ng a ()‘ 15 

degree of neuropsychia tric symptom s clepends upon Tes la res isti ve magnet cleveloped by Korca ^d va nccd 

the extent and severity 0 1' th e pat ho logic cha nges in Institut e of Science & T echnology , Seo ul , Korca ‘ wilh 

the b ra in. a aperture of 25c l11 head ιo i l. 

The pathologic e ffects of CO poi so nin g a re pre- Using a two-cI imensio na l Fo urier trans form mClhod 

sent in a lmost a ll o rgans of patients. However , the with 256 phase-encocI ing data lines, va ri o us co mbin a 

most important cha nges occur in lhe brain , which con- tions 0 1' following three pu lse seq uences were lIscd; 

sist of necrosis of the globus pallidus a nd reticu lar zone partial sat ura tion recovery (spin echo T E 30 , TR 

of the substantia nigra , an d the degeneration o f the 二 500ms) , in vers ion recovery (TE 30 , TI 400 , 

cerebral white matte r. '.J TR 1,400ms) ancl T2 weight ecl spin echo (TE 

The cliagnosti c superiority of magnetic reson a nce 60 , TR 1 ,000m s) tec hniqu es . A tota l o f 8- 12 axial 

(MR) over CT has already been shown for variou s slices of abo ut 13mm sli ce thickness 、ve r e ob la in ed in 

neurological disease. 4 - 7 But we co uld not find a ny MR each pulse sequence. 

d escription on CO poiso nin g in the literatures , eve n In all pa ti ents the X-ray CT scans were obtained 

thoug h the computed tomography (CT) findin gs and within 1 day to 1 week o f the MR stud y. The C T scans 

their co rrelation with neuropathologic findings in CO were macle with an G E C T / T 8,800 ancl in clucl ecl 

poisoning have previously been desc ribed. 8 . " precontrast ancl postcontrast enhancecl-sca ns. The CT 

To eva luate the capabi lity of M R in demonstrating sca nner was o perated at 120k Vp with cont iguou 

any addit ional findin g to C T in d e layed 10mm sect io ns 

encephalopathy of CO poi so nin g , we st udied M R in 

nin e patients and compared th e MR wit h CT res ult s. 

Subjects and Methods 

Nine patient s with a cliag nos is of delayed 

e ncephalopathy of acute CO poisoning were stud ied. 

The diagnosis of acute CO poisoning was reacli ly made 

by overwhelming circum stantial evidence. In Korea , 

ma ny people have a unique , traditiona l home heat ing 

system using coal briquette as a fu el. C O-containing 

coal briquette gas can accidentally leak into the room 

through the crack s, resu lting in acute C O poi soning 

There are so m a ny victims in the winter season. Our 

nin e patients who survived acute C O po isoning has 

had mild to moderate neuropsychiatric symptoms and 

signs, after recovery from th e initi a l coma state. There 

is no patient with grave sy mptom s such as vegetat ive 

or quaclr iplegic pat ient s in o ur series 

Results 

The c linical , MR an d CT find ings were su mmari z­

ed in Table 1. 

Four of 5 patient s exa mined with in 3 month after 

the accidents showed sy mmetrical bilateral abnor­

malities in the white matter of the periventricular area 

and centrum ovale. These white matter abnormaliti es 

are seen as bright signal intensities on T2 weighted spin 

echo im age and dark , low signal intensities on Tl 

weighted inversion recovery images , representing long 

T2 and Tl relaxation times , retrospect ively. 

In one patient with 3 times follow-up st udies (case 

1) , there were no abnorma li ties on th e initia l M R 

studied iri the complete recovery state (l ucicl int ern a l) , 

2 weeks after the accicl en t. But on the second M R 

studied 1 씨!ee k after the delayed symptoms of urina ry 

incontin ence a ncI confusio n appea red , symm et rica l 
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Table 1. SlIl1l mary of Clinical , MR ancl CT Fincl ings in Oelayed Encephalopathy of Acute CO Poisoning 

Case No Age , Genclel 
Ti l1le frolll Clinical Sylllptollls 

MR CT 
Acciclent to MR & Signs 

39 , Male 2 weeks Poor memroy Normal Norl1lal 
Poor calcll lation abili ty 

1 1
;' Illonths Urinary incont inence Whi te Illatter* Normal 

conflls ion abnormality 

5 months Poor memory Normal Normal 

2 58. Male 2 months U rinary incontinence White matter* Bilateral 、、l hite
mlltlsm abnormal ity Illatter low c1 ensities 

3 68 , Female 2 months Poor orientation White Illatte r* Eqll ivocal bi lateral 
Poor Illelllory abnorlllality periventriclllar low 

c1ensities 

4 48 , mlae 3 months Personality change White Illatter* Bilateal white 
Poor orientat ion abnormality Illatter low c1 ensities 

5 33. Felllal e 15 months Cog、.v h eel rigiclity Basal 
ganglia ** Bilateral basal 

Bracl ykinesia abnormality ganglia lacllnae 

6 20 , Felllal e 2 mon ths Oepression Normal Norlllal 

7 43, Male 10 11l0nlh, POOr melllory Oiffllse atrophy Oiffuse atrophy 

8 46 , Male 7 months POOr melllory Oiffll se atrophy Oiffllse atrophy 

40 , Felllale 48 11l 0nths Poor memory Oiffllse atrophy Oiffllse atrophy 
Bradykinesia 

White matter abnormality on MR represents bilateral low signal intensities in inversion recovery illlages ancl/or bilateral 
high signal intensities in T2-weightecl spin echo ill1ages in the white matter of c1eep periventriclllar area ancl centrum ovale 

* * Basal ganglia abnormality on M R represents bilateral foca llo\V signal intensitips in globlls pallicllls on inversion recovery 

bilateral white m a tt e r abnor ll1 alitie s were were changes of attenuation on CT. Subtle low den-

demonstrated . The white ll1 at ter abnor ll1alities di sa p- sities on CT were easi ly de ll10nstrated on MR 

peared on the 3rd MR studied 5 1l1 0nth after the acci- (F ig. 2). 

dent (Fig. 1). Only one patient who was examined 15 1l10nths 

In general , the T2 weighted spin-echo and inver- after the accident de ll10 nstrated bi latera1 sym ll1etrical 

sion recovery techniques were useful in detecting the 10w densiti es in the globus pallidus, which was seen 

white matter abnorma1ity itsel f. A lthough part ial on the both CT and inversion reco very im ages of MR 

saturation recovery ill1 ages provided exce llent (Fig . 3). 

anatomic definition , they were no t help ful in Three patients examined 7 months or more after 

separating the lesion fro ll1 nor ll1a l surround ing the accidents de ll10nst rated dilatation of the lat era l 

structures. ventricles and widen ing of the sulci , indicating diffuse 

On the CT scans , only two of 4 patient s with the a trophy. 

white ll1 atter abnormalities on MR showed diffuse 

periventricular white matter low den sities. The other Discussion 

two pat ient showed nor ll1 al to subt le low densiti es on 

CT , which is very difficult to differentiate the nor ll1 al The neuropathologic changes including necrosis of 

from the abnormal white matte r. the basa l ganglia and degen eration of the white mat-

Contrast discrimination between normal and ab- ter in CO poisoning have been well documented in 

normal white m a tter was more appa rent on MR than autopsy specill1ens a nd ex peri ll1ent a l animals . The le-
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A 

C 

E 

B 

D 

Fig. 1. Case 1. 
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A. 2 weeks after acciden t. SE 1000/60 ‘ No abnor­
mality. A black dot in periventricular area of 
left parietal lobe is an artifact. 

B,C,D. 10 month after acciden t. 
B. SE 1000/60 . Bilateral symmetrical areas of in­

creased signal intensity in white matter 
C. IR 1400/400/30. Bilateral symmetrical areas of 

decreased signal intensity in white matter ‘ 

D. Constrast enhanced CT. No apparent abnor­
mality. 

E. 5 months after acciden t. SE 1000/60. Bilateral 
white matter abnormalities disappeared. A 
black dot in left periventricular area is an ar­
tifact. 
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A 

Fig. 2. Cäse ::J. 2 l1l onlhs afte r acciclent 

A 

A. SE 1000/(,0 . ßilä te räl sY Jll1ll e lricäl areas of inc reasecl s igna l in tens ity in w hite ll1atter. A 、v hite c1 0t 

in lefl late ral venlr icle is an a rtifac t. 
B. Contrasl -enhäncecl CT. Eq l1 ivocal white matter lesions showing bilate ra l periventric111ar low c1e nsities 

Fig. 3 . Case ii. 1:ï mon ths a fLe r acciclent 
A . IR I .J OO/4ll0/::J OO. ßilate ral äreas of 

focal 1 。、v clensity in glob l1s pa llid l1s 
ß. Non-contrasl CT. ßi laleral g lob l1s 

pallicl l1s lacunae 
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sions are symmetrical , and involve the globus pallidus 

and the deep w hit e matter of the periventricular cen 

trum semiovale and the corpus callosum. In acute state 

of CO poi soning the p a tholog ical a lteration is 

characteristic of the hypoxic change producing aciclot ic 

이 igemic ed e ma , which progresses to incomplete 

necrosi s ca using d em yelinalion and glios is , 0 1' com­

p lete nec rosis terminating in cys lic lesions in late l 

state. 2 ‘ A II the abnormal M R findings in our cases 

were attr ibuted 10 the la le palho logic change; the white 

matter abnormalities in our 4 cases were probably due 

to the demyelination , but no t to the acute edematolls 

change. The demyelina tion may be reversible . In OUI 

case 1 with 3 times follow-up MR , th e white matt e r 

a bnorma li ties shown o nly on the 2nd MR (1 01 month) 

highly suggest reversible. incomplete d em yelination. 

The superior sensiti vit y of MR to CT has bee n 

report ed previously in a va riety of d em yelina ting 

with mild neuropsychiatric symptoms and sign s , lik e 

those in our patient s. 

Most of the patients show ing prom inent abnorm aì 

CT features report ed in the lit e rat비 e had grave 

neuro logic sequelae .8 

With except io n of the w hite malt er les ions , the M R 

finclin gs appearecl to be.generall y co rre latecl w ith the 

CT fïnclings. Th e basal gang li a lacunae ancl c1 ifTu se 

atroph y could be equally demon strated in bo th M R 

and C T . 

Th e M R is sugges tecl to be used as a initial imag­

ing m ethocl in the eva lua tion of the del ayecl 

encephalopathy follo wing ac ut e CO poi so nin g , 

especial ly for th e cl e tection of the poss ible white ma t-

ter les io ns . 
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