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Factors Associated with Delayed Neuropsychological Sequelae in Acute
Carbon Monoxide Poisoning Patients Treated by Hyper baric Oxygen

Dong-Ha Lee, M.D., Woo-lk Choi, M.D.
Department of Emergency Medicine, School of Medicine, Keimyung University, Dongsan Medical Center, Daegu, Korea

Purpose: Delayed neuropsychological sequelae (DNS) commonly occurs after recovery from acute carbon monox-
ide poisoning. The aim of this article is to identify the factors associated with DNS development.

Methods: We retrospectively evaluated patients, admitted to the medical center emergency department from June
2005 to March 2011, who were suffering from acute carbon monoxide (CO) poisoning. We categorized the patients
into two groups - those with DNS, and those without DNS. Multiple regression analysis was performed to identify the
factors related to manifestation of DNS.

Results: Of the total one hundred fifty seven patients (157) recruited for the study, twenty two (22) developed DNS.
Longer CO exposure times and lower GCS scores were positively associated with development of DNS symptoms.
Conclusion: Our study identified two potential factors which are predictive of DNS development in CO intoxication,
however, more studies are needed. Adequate follow-up after hospital discharge to monitor for and accurately identi-
fy manifestation of DNS, is also important.
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23 XAl (cognitive impairment)7} 112,
H31&% S5 (parkinson-like syndrome)o] 4
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Table 1. Signs and symptoms of DNS

Signs and symptoms n (%)*

cognitive impairment 11 (50.0)
parkinson-like syndrome 4(18.2)
recurrent headache 3(13.6)
gait & motor disturbance 3(13.6)
personality change 2(9)
memory |0ss 2(91
epilepsy 1( 45)
dysarthria 1(45)
intensional tremor 1(45)
psychosis 1( 45)

DNS: delayed neuropsychological sequelae
* : overlapping-permissible value
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Aol (gait & motor disturbance)”} 34|, AAH3} (per-
sonality change), 71944 (memory loss)o] Z} 2], 7t
A (epilepsy), T2 ol (dysarthria), &% 29 (inten-
sional tremor), A1 (psychosis) 7} Z} 18]¢] o0&
WAL Tk (Table 1),

DNS9| 2 Al71& E 9 § 15 o|uj7} 44, 25 o[
7} 74, 35 o7t 68, 45 o7} 34|, 6F olui7} 23
2 ZAFE I (Table 2).

2. DNS7} SAKSHR| 2 T} LhAlSt
8% M E0] 2 bl a

of 7], of

ALY 84 1579 F FAbel of#be] exb= DNS7F
A ELA] ¢k T (Non-DNS group) oAl 667, 697 o] 2]
3L DNS7} 28 Z(DNS group)ellA] 159, 7802 F
T Atolof|A] A ztol= HolA] eigkth(p=0.11). i/ &
Zke] it vrol= DNS7F A eEA] 92 oA 4575+
21.85, DNS7} #AI3H ol A] 53.86+17.282 GA| F
Atololl Lo zfolE HolA] etth(p=0.099). T% 74
o] W2 BFME Atz Qg A97l 11082 A=
At B9-9f 478 Bt wokow, FAEA I 2pol= Kol
A % krh(p=0.314) (Table3).

Table 2. Onset time of DNS

Onset time n (%)

within 1 week 4(18.2)
1~2 weeks 7(31.8)
2~3 weeks 6(27.3)
3~4 weeks 3(13.6)
4~6 weeks 2(9)

DNS: delayed neuropsychologica sequelae

Table 3. Comparison of epidemiological data

3. DNS7t & 4SHA| B2 o} Srilist o] ™ =2

Off LHE H|

ZAH 2 341 1579 S Ul BAl galeEe
scoreZ} 130]7431 739+ =
1239, DNS7} A3 ol 119 0]¢lal, GCS score?}
120]3}¢1 7$-= DNS7} 2AsHA] gko
DNS7} Agh ol 113 e 2 & 15 7 f2lg B4
kA Ql zto]l & K ITH(p=0.00). =& T APAAAF I
Al7MA A- A|7E2 DNS7F A SHA] -2 oA 4.473
+3 49A1ZF, DNS7F BB oA 3.30+1 41410 2
Uehg o {23t apolE HPtH(p=0.007). =&AL
DNS7} AY3}A] 9h-2 Thol|A| 3.83+4 44417k, DNS7}
gL Folld 559+550 2 BAHH 07 F2]3k 2}o]r}
AN (p=0.099), =EAITHS 3AIZE gk 3417 o]
Zo 2 RN = g ApolE K TH(p=0.000).
T4 grsteth S5 At 2] FA4oR oA w3t
7} 868(54.8%) 2 71§ Bkon, FFo] 25#(15.9%),
7hs 99 164(10.2%), oJA -3 138(8.3%), 79 Z
TE 128(7.6%)c0l L, 7 L& Atolol {2l xtol&
B AcH(p=0.045).

4, ZRIAE] #17|2MS S5 DNS LHA0] ZZHIE 1A
= olxjoj| Ciat £

Absteta: FE oAl DNS7F HAstA] 92 w3 Al
gk Abolof] o3k Ao 2 YEhd QIAES e s g

3] AEA A= Table 59 23t} =23 A17H3
3} 3|7 o] F o' H7)o] p=0.0022 A A2
o] QaL, = AIgbo] 3AIZE o] wf 1¥A] &
73-¢-Hrt 85214 | @o] DNS7}F A= 2o = v}
ElEtTE W BA] o A5F 02 GCS scoreZ} 130]7421

All patients (n=157) non-DNS group (n=135) DNS group (n=22) p-vaue
Sex
Male 81 (51.6) 66 (48.9) 15 (68.2) 0.11*
Female 76 (48.4) 69 (51.1) 7(31.8)
Age (year) 46.89+21.40 45.75+21.85 53.86+17.28 0.099°
Context
Accidental 110(70.1) 97 (71.9) 13(59.1) 0.314*
Suicidal 47 (29.9) 38(28.1) 9(40.9)
* : Pearson’s Chi-Square test
T T-test
DNS: Delayed neuropsychological sequelae
No.(%)

90/ J KoreaN Soc CLIN ToxicoL



O0lSot 2 DYMAXZE gt

i
o
0y
0x

A%} 120152 4
= Aoz deh
(p=0.000).

UAISHERA

$7F 9.3974) © Bo] DNS7} &4
ov FAtAes st Atk

ZS BNSOIA L4EH KON AARADSN SKT LMD A X

g 7k A A daksted @4 X](CO-Hb), pH,

s

o] FX|](HCO3), 97172 (Base excess) & &

A vl 2 Z2Hl(serum myoglobin), 3 (serum glu-

cose), 8F 92AAX(BUN), o}Au = o|Eolu| =AY

5. DNS7} SHAUGIA| Sbe 2} wrast
Zajol| w2 H|@

DNS7} b ApalA) e T A 2o vlaelA] S

Table 4. Comparison of clinical data

A2(AST)o] TAIF o= fro3t A3E K ltH(Table 6).

All patients (n=157) non-DNS group (n=135) DNS group (n=22) p-value
Mental status (GCS score)
13~15 134 (85.4) 123 (91.1) 11 (50.0) 0.000%
<12 23(14.6) 12( 8.9) 11 (50.0)
Time from exposure until HBO 4.309+3.26 4.473+3.45 3.30+141 0.007"
< 3hours 46 (29.3) 41 (30.4) 5(22.7)
3~5 hours 54 (34.4) 46 (34.1) 8(36.4) 0.602*
> 5 hours 57 (36.3) 48 (35.5) 9 (40.9)
Exposed time 4.076+4.623 3.83+4.44 5.586+5.50 0.099°
< 3hours 79 (50.3) 76 (56.3) 3(13.6) 0.000%
> 3 hours 78 (49.7) 59 (43.7) 19 (86.4)
Symptom on ED arrival
chest discomfort 16 (10.2) 16 (11.9) 0( 0.0
headache 25(15.9) 23(17.0) 2(91
dizziness 13( 8.3) 13( 9.6) 0( 0.0)
nausea & vomiting 12( 7.6) 12( 8.9 0( 0.0 0.045*
syncope 3( 19 3(22 0( 0.0
general weakness 2( 13 2( 15 0( 0.0
mental change 86 (54.8) 66 (48.9) 20 (90.9)
Number of HBO
1 38(24.2) 32(23.7) 6(27.3) 0.789*
3 119 (75.8) 103 (76.3) 16 (72.7)
* : Pearson’s Chi-Square test
T T-test
DNS: Delayed neuropsychological sequelae
HBO: Hyperbaric oxygen therapy
ED: Emergency department
No.(%)
Table5. Logistic regression of the associating factors for development of DNS
95% Confident Interval
B p-vaue oddsratio Lower Upper
Exposed time (3<or>3) 2.143 0.002 8.521 2222 32.677
GCS score (12<0r>13) 2.240 0.000 9.397 3.043 29.012
Time from exposure until HBO -0.154 0.124 0.857 0.704 1.043

DNS: Delayed neuropsychological sequelae
HBO: Hyperbaric oxygen therapy
ED: Emergency department
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Table 6. Comparison of laboratory data
;?Agi;izrigwamv o non-DNS group (n=135) DNS group (n=22) p-value*
CO-Hb (%) 20.49+14.52 33.12+16.50 0.002'
serum myoglobin (ng/mL) 652.50+2918.26 5560.82+10225.05 0.036'
WBC (x 10¢mm?) 11.28+5.46 19.58+25.82 0.148
Hemoglobin (g/dL) 13.09+1.68 13.72+1.62 0.099
Platelet (x 10% «L) 286.54+78.76 298.27+89.22 0.526
aPTT (sec) 24.06+3.17 24.17+5.44 0.928
PT (sec) 10.78+1.01 12.54+7.71 0.278
lipase (U/L) 34.88+26.21 49.00+51.43 0.220
CK (U/L) 735.34+2729.46 4511.91+9011.73 0.064
CK-MB (ng/mL) 7.36+£23.32 62.31+169.62 0.144
amylase (U/L) 192.19+372.19 293.14+390.16 0.243
glucose (mg/dL) 129.40+40.44 180.64+90.42 0.016'
BUN (mg/dL) 15.41+6.13 20.45+7.67 0.001°
Cr (mg/dL) 1.61+8.62 1.29+0.32 0.861
protein (g/dL) 7.30+£0.70 7.38+0.82 0.604
albumin (g/dL) 4.23+0.40 417+0.36 0.490
AST (IU/L) 43.3655.18 109.91+146.41 0.047"
ALT (IU/L) 29.13+£33.76 60.05+73.85 0.066
pH 7.40+0.072 7.33£0.14 0.026"
pCO2 (mmHg) 34.45+581 33.96+8.33 0.762
pO2 (MmHg) 183.47+99.94 164.18+90.43 0.397
HCO3 (mmol/L) 21.06+£3.94 17.78+£5.16 0.009"
BE (mmol/L) -2.94+4.29 -7.16+6.73 0.009"
tro-l (ng/mL) 0.67+1.88 0.97+1.62 0.485

ED: Emergency department, DNS: Delayed neuropsychological sequelae, WBC: White blood cell, aPTT: activated partial thromboplas-
tin time, PT: Prothrombin time, CK: creatine kinase, creatine kinase-MB, BUN: blood urea nitrogen, AST: aspartate transaminase, ALT:

alanine transaminase, BE: Base excess, tro-1: Troponin-I
* T-test
" p-value< 0.05
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