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An Epidemiological Study on the Neurological Sequelae of Acute
Carbon Monoxide Poisoning

Byung Joo Park, Soo Hun Cho, Yoon Ok Ahn, Young Soo Shin, and Dork Ro Yun

Department of Preventive Medicine, College of Medicine, Seoul National University

There has been an immense need for elaborate studies on the complications and the neuological
sequelae generated by acute carbon monoxide (CO) poisoning which is highly prevalent in Korea
due to widespread adoption of the anthracite coal briquette as domestic fuel for heating and for
cooking. ]

For this epidemiological study, a total of 444 subjects who received hospital emergency care for
acute CO poisoning during the period of March 1982 to February 1983 were randomly selected
from the emergency patients’s lists of 13 general hospitals in Seoul area.

Informations on the neurological sequelae were elucidated by means of home visiting with pre-
arranged questionnaire consisting questions and concise neurological examination.

The findings obtained were summarized as follows;

1. The complications were found in 18% of the surveyed and acute decubitus was comprised
67.5% of the complications.

2. The total cumulative incidence of the neurological sequelae was 41.2 per 100 patients and
the absolute incidence rate regardless of the duration after poisoning was 40.8%.

3. The incidence of the neurological sequelae was higher in the older age than in the younger
and also higher in female than in male. Twice higher incidence was observed in the admitted
patients than in the non-admitted patients and the incidence became higher in proportion to
the duration of CO exposure, coma and admission. The poorer the consciousness level of
patients found, at emergency room and at discharge, the higher the incidence. The incidence
of the neurological sequelae by emergency care was higher in hyperbaric oxygen therapy
group(51.9%) than in 100% O, group(38.0%).

4. - A total of five variables significantly associated with the occurrence of the neurological seq-
uelae were selected by the stepwise discriminant analysis. The variables were following course
of emergency care, age, consciousness level at discharge, admission duration, and conscious-
ness level at emergency room in their sequence of discriminant power. Eight variables were
selected as those associated with the degree of the neurological sequelae through the stepwise

multiple regression analysis. Of these variables, the acute decubitus alone explained 21.1%
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of the tolal variationt and all the eight variables could explain 36.5% of the same. The re-

maining seven variables listed in the order of their relative importance were: age, consciou-

sness level at discharge, admission duration, coma duration and Consciousness level at emer-

gency room.

5. It was postulated that unexpectedly high incidence of the neurological sequelae of the CO

poisoning in this epidemiological study was mainly due to the inadequate emergency care and

the lack of efficient and sophisticated treatment measure. In the effort to minimize the incid-

ence of grave neurological sequelae of acute CO poisoning, new guidelines for the emergency

care and treatment should be pursued with efficient ways.
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Table 1. Comparison of Age and Sex Distribution
between Follow-up and Non-follow-up

Cases
. - Follow-up Cases Non-
Characteristics Non follow-up Total
Voluntary Voll?ntary Cases
Age 0~ 9 4 5 19 28
10~19 20 33 43 96
20~29 39 . 3 8 154
30~39 9 15 18 42
40~49 13 9 18 40
50~59 7 9 13 29
60
Sex Male 41 .35 66 142
Female 68 84 150 302
Total 109 119 216 444
Age : by X?—test, X?=12.96 d.f.=10 P>0.05
Sex : by X2—test, X?= 2.13 d.f.= 2 P>0.05
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Table 2. General Status of the Subjects Studied

Characteristics No. of Subjects Percent
Total 228 100. 0
Sex
Male 76 33.8
Female 152 66.2
Age in years
0~9 9 3.9
10~19 53 23.2
20~29 74 32.5
30~39 24 10.6
40~39 22 9.6
50~59 16 7.0
60+ 30 13.2
Education Level
No 28 12.3
Primary 48 21.1
Middle & High 102 44.7
College 37 16.2
Not Specified 13 5.7
Family size
1~2 27 11.8
3~4 81 35.5
5~6 76 33.3
7~8 21 9.2
9+ 12 5.3
Not Specified 11 4.8
House Ownership
Owned 129 56. 6
Tenant 57 25.0
Monthly Rent 20 8.8
Others 18 7.9
Not Specified 4 1.8
Materials of Wall
Concrete 25 11.0
Cement block 136 59.6
Mud plaster 47 20. 6
Wood 14 6.1
Others 0.9
Not Spcified 1.8
Materials of Floor )
Oiled paper 71 3.1
Vinyl 145 63.6
Others 4 1.8
Not Spciﬁed 3 3.5
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Table 3. Exposure Duration to CO

Exposure Duration(hour) Number Percent

<2 10 4.4
2~3.9 46 202
4~5.0 50 21.9
6~7.9 53 23.2
8~9.9 33 14.5

10 28 12.3

Unknown 8 3.5
Total 228 100.0
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Table 4. Consciousness Level of Patients when found

Consciousness level Number Percent
Coma 136 59.6
Stupor 36 15.8
Drowsiness 40 17.5
Alertness Bt 6.6
Unknown 1 0.4
Total 228 100. 0

Table 5. Symptoms of Patients when found

Positive Patients

Symptom Total Patients Number Percent
Headache 92 80 87.0
Vomiting 228 63 27.6
Incontinence 228 52 22.8
Convulsion 228 21 9.2

Table 6. Management of Acute CO Poisoning

at Home
Type Number Percent
No Management 92 40. 4
Management 136 59.6
Removal from contaminated 74 54. 4
environment
Fermented vegetable sap 25 18.4
(Gimchi sap)
Vinegar 39 28.7
Drug 11 8.1
Others 15 11.0

Table 7. Transportation of Patients to Hospitals

Number

Method Percent

On foot 5 2.2
Taxi 155 68.0
Ambulance 28 12.3
119 Rescue Squad* 30 13.2
Patrol Car . 6 2.6
Unknown 4 1.8

Total 228 100.0

* run by fire stations in Seoul area since Mar. 1982
to transfer emergency patients to hospitals.
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Table 8. Consciousness Level of Patients at
Emergency Room

Consciousness Level Number Percent
Coma 21 9.2
Semicoma 44 19.3
Stupor 17 7.5
Drowsiness 48 21.1
Alertness k 79 - 34.6
Unknown 19 8.3

Total 228 100.0

Table 9. Major Emergency Cares

Treatment Method Number = Percent
Hyperbaric Oxygen Therapy 79 34.6
100% Oxygen Therapy 637 60.1
Others 6 2.6
No 2. 0.9
Unknown 4 1.8

Total 228 100.0




Table 10. Major Emergency Cares by Consciousness Level of Patients at Emergency Room

- HBO* 100% Oxygen Therapy Total
Consciousness Level
Number % Number % Number %
Coma 17 85.0 15.0 20 100.0
Semicoma 36 81.8 18.2 44 100.0
Stupor 7 43.7 56. 3 16 100.0
Drowsiness 6 12.8 41 87.2 47 100.0
Alertness 6 8.2 67 91.8 73 100.0
Total 72 36.0 128 64.0 ) 200 100.0

by X2 test: X2=89.8 df.=4 p<0.01

*HBO: Hyperbaric Oxygen Therapy
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Table 11. Course of Acute co Poisoning
after Treatment

Course Number Percent
Discharged after E.C.* 151 66.2
Transferred to other 5 ) 2.2

Hospital after E.C.
Admitted after E.C. 72 31.6

Total 228 100.0
Admission duration(day) 72 100.0

of admitted cases
1 12 16.7
2~3 . 22 30.6
4~T 24 33.3
8 and over 14 19.4

* Emergency Care
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Table 12. Outcome of Emergency Treatment in Ter-
ms of Consciousness Level at Discharge

Consciousness Level Number Percent
Coma 2 0.9
Drowsiness 15 6.6
Alertness 207 90.8
Unknown 4 1.8
Total 228 100.0

Table 13. Complications in Acute CO Poisoning

Patients

Complication " Number Percent
No 188 82.5
Yes 40 17.5

Acute decubitus 27 67.5

Aspiration pneumonia & 6 16.0

Respiratory diseases
Others 7 17.5
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Fig. 2. Cumulative Incidence Rate of Neurologic Se-
quelae of Acute CO Poisoning by Follow-up
Interval.
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Table 14. Cumulative Incidence Rate of Neurological Sequelae of Acute CO Poisoning by

Follow-up Interval

Observed Total Number =~ Number of  Number of Probability of Incid-  Cumulative Incidence
Interval of Patients Occurrence  Withdrawal  ence within the Int-  per 100 Patients
(in Months) (1z) (dz) (Wz) erval (gz)* (goz)**

0 221 58 — 26.2 26.2
0~1 : 163 18 — 11.0 34.4
1~2 145 6 — 4.1 37.1
2~3 139 5 3.6 39.3
3~4 131 1 0.8 39.8
4~5 125 1 15 0.9 40.3
5~6 109 — 32 0.0 40.3
6~7 77 1 22 1.5 41.2
7~8 54 — 11 0.0 41.2
8~9 43 — 15 0.0 41.2

*, Pr=]1—qz. qz‘—‘-ﬂ—_——f};——ﬁ,—;‘
*%: goxr=1—pox, Pox=PoxP1xPyX - - X Pz



Table 15. Incidence of Neurological Sequelae by Age, Sex and Previous CO Poisoning History

Grade I¥** Total**+*

No.* Months Grade IV*** Grade II[*** Grade II***
Attributes Observed
Observed (mean®S.D.) No.* LR.* No* LR.** No.* LR.* No* LR* No* LR**
Age(year)
0~14 38 7.633.55 1 2.6 — - 1 2.6 5 13.2 7 18.4
15~29 100 7.9+3.81 2 2.0 1 1.0 12 1220 20 20,0 35 350
30~44 33 7.4%£3.13 — — 3 9.1 7 21.2 27.3 19 57.6
45~59 29 7.7£3.16  — — 6 20.7 10 34.5 13.8 20 69.0
60 and over 28 7.342.98 — — 2 7.1 8 28.6 7.1 12 42.9
Sex
Male 7 7.1£3.30 — — 3 3.9 11 14.3 16 20.8 30 39.0
Female 151 8.0+43.65 3 2.0 9 6.0 27 17.9 24 1569 63 417
Previous CO Poisoning History _
Yes 49 8.7+3.65 1 2.0 6.1 10 20.4 12 245 26 53.1
No 151 7.513.48 2 1.3 9 6.0 25 16.6 25 16 61  40.0
Total 228 7.743.52 3 1.3 12 5.3 38 16.7 40 17.5 93  40.8
*: Non-specified cases excluded **%: Grade IV Vegetative state
**: Incidence rate per 100 Patients Grade III: Severe Impairment
Grade II : Moderate impairment
Grade I : Mild impairment
80 39 )4 \
8 70 ‘ L
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Fig. 3. Incidence of Neurological Sequelae by Age
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Table 16. Incidence-of Neurological Sepuelae by Attribute related to Status of Poisoning

No* Months

Attributes Observed

Grade IV*** Grade IIT***

Grade II***  Grade I*** Total***

Observed (mean+S.D.)

No.* LR.** No.*

LR* No* LR** No. LR** No* LR**

Exposure Duration(hour)

less than 4 56 6.5+2.34 — — 1 1.8 5 8.9 8 14.3 14 25.0
4~8 103 8.143.93 1.0 7 1.0 13 12.6 17 16.5 38 36.9
more than 8 61 7.9243.41 2 3.3 3 4.9 19 31.1 14 23.0 38 62.3
Consciousness Level of patients found
Coma 146 7.7+3.35 2 1.5 11 8.1 30 22.1 23 16.9 66 48.5
Stupor 36 8.444.00 1 2.8 1 2.8 13.9 5 13.9 12 33.3
Drowsiness 40 7.84+4.01 — — — — 7.5 10 25.0 13 32.5
Alertness 15 5.641.34 — — — — — — 2 13.3 2 13.3
Coma Duration (hour)
less than 4 43 7.2+3.12 -— — — — 7 16.3 18.6 15 34.9
4~8 27 8.243.27 — — 14.8 6 22.2 ‘ 22.2 16 . 59.3
more than 8 34 8.243.47 1 2.9 17.6 12 35.3 6 17.6 25 73.5
Total 228 7.7+3.52 3 1.3 12 5.3 38 16.7 40 17.5 93 40.8
2 f
% ! E :::le * r . D V8h
§ 3 ’ 4=8h
I H | <.
2 £
£ 8
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5, J-l - :
Grade I  Grade I  Grade II Grade Iv - » - )
Fig. 5. Incidence of Neurological Sequelae by Sex 0 % e [L.__Dﬂ;.
Grade 1 Grade I Grade II Grade IV
w0 q{ Fig. 7. Incidence c'>f Neurological Sequelae by Expo-
y sure Duration
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Table 17. Incidence of Neurogical Sequelae by Attribute related to Patients Management

No.* Months Grade IV***  Grade III*** Grade II***  Grade [*¥** Total***
Attributes Observed el
Observed (mean+S.D.) No.* LR.** No.* LR** No.* LR* No* LR* No* LR.*

Consciousness Level at Emergency Room

Coma 21 7.843.30 1 4.8 4 19.0 4 19.0 3 14.3 12 57.1
Semicoma 44 8.443.62 1 2.3 5 11.4 13 20.5 7 15.9 26 59.1
Stupor 17 6.713.69 — — — — 3 17.6 3 17.6 6 35.3
Drowsiness 48 7.743.21 1 2.1 2 4.2 6 12.5 7 14.6 16 33.3
Alertness 76 7.613.74 — — 1 1.3 6 7.6 16 20.3 23 20.1
Consciousness Level at Discharge )
Coma -2 14.523. 54 1 50.0 - = — — 1 50.0 2 100.0
Semicoma — — — —_ — — — — —_ - — —
" Stupor —_ — — — — — — — — — — —
Drowsiness 15 7.613.48 — — 1 6.7 8 53.3 3 20.0 12 80.0
-Alertness 207 7.7+3.50 1 0.5 11 5.3 29 140 35 169 76  36.7
Major Emergency Care
HBO**#** 79 8.413.83 2 2.5 6 7.6 22 27.8 11 13.9 41 51.9
1009 O Tx. 137 7.4%3.37 1 0.7 6 4.4 15 10.9 28 20.4 52 38.0
Following Course of Emergency Care )
Discharge 151 7.643.47 1 0.7 5 3.3 17 11.3 26 17.2 49 32.5
Admission 73 7.813.71 2 2.7 6 8.2 18 26.0 14 192 41 56.2
Admission Duration(day)
1~3 34 8.0+3.98 _ 1 2.9 - — 4 11.8 6 17.6 11 32.4
4~7 23 7.6+%3.57 — — — — 12 52.2 6 26.1 18 78.3
8 and over 10 6.9+3. 38 1 10.0 4 40.0 2 20.0 1 10.0 8 80.0
Total 228 7.7+3.52 3 1.3 12 5.3 38 16.7 40 . 17.5 93 40.8

*+4¥ UBO:. Hyperbaric Oxygen Therapy
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Table 18. Incidence of Neurological Sequelae by Level of Carboxyhemoglobin. Saturation and Arterial blood pH

No.* Months Grade IV¥** Grade III*** Grade II**  Grade I*** Total***

 Attributes Observed ——
Observed (mean+S.D.) No.* LR* No.* LR* No* LR* No* LR** No.* LR.**

Level of Carboxyhemoglobin Saturation(%)

lessthan20.0 5 6.8+1.64 - = - e 2 40.0 2 40.0 4 80.0

20.0~39.9 31 6.02.00 — - 1 3.2 3 9.7 6 19.4 10 32.3

40 and over 28 7.4+2.47 1 3.6 1 3.6 3 10.7 6 21.4 11 39.3
Arterial Blood pH

lessthan 7,35 13 5.6%1.45 —_ — — — 4 30.8 — — 4 30.8

7.35~7.45 10 8.4+43.92 1 10.0 —_ — 1 10.0 1 10.0 3 30.0

more than 7. 45 3 8.7%3.79 — — — — 1 33.3 — — 1 33.3

Table 19. Wilks’ Lambda and Univariate F-ratio of 16 Independent Variables expected to be
associated with the Occurrence of Neurogical sequelae.

Variable
Wilks’ Lambda F-ratio Significance
No. Name
V6 Sex 0. 9995 0.10 0.747
V7 Education Level 0. 9885 2.61 0. 107
V20 Consciousness Level of Patients found 0. 9517 11.42 0. 000**
V22 Management at found ' 0. 9996 0.09 0.769
V24 Coma Duration 0. 9790 4.82 0. 029*
V29 Previous CO Poisoning History 0. 9961 0.88 0. 350
V31 Age 0.9516 11.46 0. 001%*
V32 Date of CO Poisoning 0. 9992 0.19 0. 664
V33 Consciousness Level at Emergency Room 0. 9539 10.87 0. 001**
V34 Consciousness Level at Discharge 0. 9591 9.59 0. 002**
V35 Major Emergency Care 0. 9940 1.35 0.246
V36 Following Course of Emergency Care 0. 9320 16. 42 0.-0000**
V40 Level of HbCO Saturation 0. 9996 0.10 0.752
V46 Acute Decubitus 0. 9878 2.77 0. 097
V48 Admission Duration 0. 9528 11. 14 0. 001**
V49 Arterial Blood pH 0. 9969 0.70 0. 402
*P<0. 05 ++P0. 01
11) ffisk Carboxyhemoglobinfafilg 2 BHikm B%— BEE HiE RBdFA a7 42 Aoz S
B E ot BB E(Table 18 2 Fig. 128 "t
MO kbR MfTR A8 BES A COTEA EE COdEaEY BRm=4547¢ F3o Larkin®

FEiAl A AE= 2 9+ e CarboxyhemoglobingaFn 20 B 2 vElhd BEELE T @EIAo,
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s E u), jfisp CarboxyhemoglobingfE: #EREE el Aol wEel B—EEEC hEAEY BEBS
Rt HES WS 2oiA ggtEd o= CO JeE £ RER A4S 5 dE Aojele F3dg e,
WRER btel kT AAAY Beel —&sA gob Strohl%-2% EfifE-S RE% BEE H#fE) =¥
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Table 20. Summaty of Stepwise Discriminant Analysis on the Occuttence of Neurological Sequelae

Variable Wilks®
Step SCDFC** . USCDFCH**
No. Name Lambda*
1 V36  Following Course of Emergency Care 0.932 0. 265 —0. 468
2 V3l Age 0.895 ~-{. 462 —0.025
3 V34 Consciousness Level at Discharge 0.871 0.519 0.379
4 V48 Admission Duration 0.837 —0.494 —0.055
5 V33 Consciousness Level at Emergency Room 0.823 —0. 320 —0. 143

* All were highly significant (P<(0.001)

** SQCDFC=Standardized Canonical Discriminant Function Coefficient
*#% JSCDFC="Unstandardized Canonical Discriminant Function Coefficient

AAE PER MK B—-EEE dot REERER
el FEY ERIL EhdA ggs] ARl @K B
—EFEETo 2 COFFE o BEE AEste e
a7k et fiEE o
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* PIAEHSHY  BEIL  AFIEH (discriminating
variables) Bo Weight® FE4 ez FHHF
oA % HES FIENeR 3 23 Bask =
Aoleh. HPHEES] HHoz FGIEEA o
Az, °] EHWEE 2 (analysis) 2% (classifica-
tion)ell AT FIFIEEE A7) A% B
gizk= SPSSel Subprogramit Hel Q&wl, —F
3 o] o8 BB AMNBEESS Hyiz 8
Eote] viel A R Hol A ARl BEL FHR
£ dlx B¢ W #MBEEES BN Hikeld.

PPl FHE & FAEY Bke g5

2.

Wilks’ lambda: an inverse measure of the discrim-
inating power in the original variables which
has not yet been removed by the discriminant
functions-the larger lambda is, the less inform-
ation remaining.

Standardized Canonical Discriminant Function
Coeflicient: represent the relative contribution
of its associated variable to the discriminant

BRRE FERESFERN, S6 RERERRE,
BERESKRE ARBERRE ARUN £ 789 #
B 5% BERREE Al FER ANNE e Aoz
et ykel(Table 19 2R).

o & 7{Ee] BBHES ¥ BEHEMS BB
g BRALH & B ARHE BEz,  F5
EEE Tl Ashe]  BREENAEES T (Stepwise
Agg A, 5@ BT

Discriminant Analysis) &

wEsged A0 SH A 2 BiE ARBRRTE

e, dfez &, BREERRE AL,
FERERRBIRL2 dehges, o 94749 BH
£ g 2 AGNEER Aoz oh(Table 20 2
).

Table 21. Comparison of Classification Results betw-
een Actual Group and Predicted Group by
Discriminant Function

No. of Predicted Group Membership
Without With

Actual Group
Cases

Sequelae Sequelae
Without Sequelae 131 98 33
With Sequelae 96 42 54 ,
Total 227 140 87

* Percent of “Grouped” cases correctedly classified :
66. 96%

function.

Unstandardized Canonical Discriminant Function
Coefficient: 1) multiplied by the raw values of
the associated variables to arrive at a discrim-
inant score 2) do not report the relative impo-
rtance of variables since they have not been
adjusted for the measurement scales and varia-
bility in the original variables.



Table 22. Pearson’s Correlation Coefficients of 16 Independent Viariables expected to be associated
with the Degree of Neurological Sequelae.

Variable Pearson’s

- Correlation P-Value
No. ' Name Coefficient
Vé Sex 0.0187 0 390
v7 Education Level —0. 0624 0.174
V20 Consciousness Level of Patients found 0. 3853 0. 000*
V22 Management at found —0.0757 0.128
V24 Coma Duration 0. 1698 0. 005*
V29 Previous CO Poisoning History 0. 0156 0. 407
V31 Age ' 0. 3375 0. 000*
V32 Date of CO Poisoning 0. 0802 0.114
V33 Consciousness Level at Emergency Room 0.1919 0. 002*
V34 Consciousness Level at Discharge —0.1749 0. 004*
V35 Major Emergency Care _ —~0.0835 0.104
V36~ Following Course of Emergency Care 0. 2673 0. 000*
V40 Level of Carboxyhemoglobin Saturation 0. 0908 0.238
V46 Acute Decubitus ' 0.3385 0. 000%
V48 Admission Duration 0. 2601 0. 000*
V49 Arterial Blood pH 0. 3109 0. 061

*P<0.01

a=—0. 468V3s—0. 025V3;+0. 379V 3. —0. 055V 45
—0. 143V33—0. 257
ojghzko]l FEedR HMEHE A WiREH

BREREREE fEstd BE BRERERTY

B3l fER 67% 9 —3E L Vel gLk (Table 21 258).
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Table 23. Summary of Stepwise Multiple Regression Analysis on the Degree of Neurological Sequelae

: Variable
Step Multiple R* R R2change
No. Name
1 V6 Acute Decubitus 0. 458 0.210 0.210
2 Vi3l Age 0.541 0.293 0. 083
3 Va0 Consciousness Level of Patients found 0.578 0.334 0.041
4 V36 Following Course of Emergency Care 0.594 0.353 0.019
5 V34 Consciousness Level at Discharge 0.597 0. 356 0.003
6 V48 Admission Duration 0. 601 0. 361 0. 005
7 Va4 Coma Duration 0.603 0.364 0. 003
8 V33 Consciousness Level at Emergency Room 0. 604 0. 365 0. 001

* Multiple R=Mutltiple Correlation Coefficient
** R?=coefficient of Determination

B BEEESWRER sEY Byl =57 %
3 RUENE REHJeH, 2% 2MEEC 21.0%
8 REHE e HREfEY] BEEEREY g £
e A= BRoZ fHEx, dgort: £
B, BEBRERRE ARBERT, BREERRE,
AR, EEREEENE, RKERERRE Hez
v gem, ol 23k 8fEe] #E= RIHE Wl 36.
5%¢} °l 23 t}. (Table 23 2M]R)
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