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Abstract. The rela t ionship between exposure  durat ion,  
C O H b ,  b lood  glucose, pyruvate  and lactate and  the severi- 
ty of  in toxicat ion was invest igated in a group of  39 cases 
of  acute CO poisoning  t reated in the Clinical  Toxicology 
Center  in E6d~, Poland.  

On the basis of  clinical  criteria the patients were classi- 
f ied into cases of  mild,  modera te ,  severe and very severe 
CO poisoning.  C O H b  and carbohydra te  metaboli tes were 
es t imated in venous b lood  taken immedia te ly  after admis- 
sion of  the pat ient  to hospital  pr ior  to treatment.  

The severity of  in toxicat ion did not  correlate with 
b lood  C O H b ;  var ia t ion in exposure  dura t ion  seems to be 
responsible  for this phenomenon.  Severe and very severe 
poisonings  were associated with longer exposures and 
were accompan ied  by a marked ly  higher b lood lactate le- 
vel, compared  to mild and modera te  cases. Blood pyruvate  
depended  less than lactate on the severity of  intoxication.  
Blood glucose depended  neither  on exposure  durat ion nor  
on the severity of  intoxicat ion.  

A m o n g  the carbohydra te  metabol ic  parameters  stud- 
ied, b lood  lactate de te rmina t ion  can be helpful in the eval- 
ua t ion  of  the severity o f  CO poisoning in man. 
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The present study was under taken to investigate the re- 
la t ionship between durat ion of  exposure,  COHb,  b lood  
glucose, pyruvate  and lactate, and the severity of  intoxica- 
t ion in a group of  CO-intoxicated individuals.  

Material and methods 

The study was carried out in 39 cases of  acute CO poi- 
soning (18 men and 2t women),  hospi tal ized in the Clini- 
cal Toxicology Center  of  the Institute of  Occupat ional  
Medicine in -Lbd~. Twenty-five patients were intoxicated 
by household gas and 14 patients by coal-stove gas. The 
pat ients '  ages ranged from 13 to 78 years. 

The durat ion of  exposure to CO varied between less 
than 1 and 14 h; it was established on the basis of  an ep- 
idemiological  review of  the circumstances of  poisoning.  
The severity of  poisoning evaluated on admiss ion to the 
hospital  was graded according to the clinical criteria pre- 
sented in Table 1. In seven patients compl ica t ions  develop- 
ing during hospital izat ion covered mainly the central ner- 
vous a n d / o r  cardiovascular  system. Treatment  included 
adminis t ra t ion of  100% oxygen by face mask and intrave- 
nous infusion of  40% glucose and 8.4% sodium bicarbo-  
nate. 

The biochemical  determinat ions  (COHb,  glucose, py- 
ruvate and lactate) were carried out in samples of  venous 

Introduction 

Acute  carbon monox ide  (CO) poisoning in man develops 
under  various condi t ions  of  exposure,  differing with dura-  
t ion o f  exposure  and concentra t ion of  CO. 

Clinical  observat ions  suggest that the b lood  carboxy- 
hemoglob in  (COHb)  level is not  sufficient as an indica tor  
o f  the severity of  poisoning  (Roberts  1952; Burmeister  and 
Neuhaus  1970; Bogusz et al. 1972) and that length of  expo- 
sure constitutes an impor tan t  factor in CO intoxicat ion 
(Burmeister  and  Neuhaus  1970; Pach 1975). The reasons 
for these phenomena  are not fully unders tood.  

Biochemical  effects of  CO include increased levels of  
glucose,  pyruvate  and lactate in b lood  (e.g. Vitacca and 
Pagano 1955; Vyskocil  1957; Bogusz et al. 1972; D a m m  et 
al. 1972; Bogusz et al. 1975; Sokal 1975). 

Offprint requests to : J. A. Sokal 

Table 1. Classification of the severity of CO poisoning on the base 
of clinical symptoms 

Clinical degree 
of intoxication Specification of symptoms 

I Headache, vomiting, tachycardia; no disturbances 
mild of consciousness 

II Disturbances or loss of consciousness without 
moderate other neurological symptoms, tachycardia; 

nociceptive reflexes still intact 

II1 Loss of consciousness, intense muscular tonus, 
severe pathological neurological symptoms, tachycardia 

and tachypnoea; circulatory and respiratory 
disturbances not observed 

IV Loss of consciousness, clinical signs of central 
very severe nervous system damage, circulatory and respira- 

tory disturbances 



blood taken immediately after admission of the patient,  
before starting treatment. The blood COHb (in 
CO-poisoned patients) ranged from 5 to 53%. 

Determinations of blood glucose, pyruvate and lactate 
were also performed in a control group of 12 healthy indi- 
viduals (non-smokers). 

COHb was measured spectrophotometrically accord- 
ing to Briickner and Desmond (1958). Pyruvate and lactate 
were determined spectrophotometrically using commercial  
enzymic tests (from Boehringer-Mannheim G m b H  for lac- 
tate and from VEB Arzneimittelwerk Dresden for pyru- 
vate). Blood glucose was estimated enzymatically with glu- 
cose oxidase and peroxidase, using a test kit from VEB 
Arzneimittelwerk Dresden. 

Statistical analyses were conducted according to Rem- 
ington and Schork (1970) Differences in means were eval- 
uated according to Student 's  t-test. Frequency data were 
compared using the Chi-square test. The relationship be- 
tween exposure duration,  COHb and blood lactate was al- 
so evaluated by calculating correlation coefficients. 

R e s u l t s  

On the basis of clinical criteria (Table 1) 16 cases were 
classified as the first degree ("mild") of CO poisoning,  12 
patients as the second degree ("moderate"),  eight patients 
as the third degree ("severe") and four patients as fourth 
degree ("very severe") of poisoning. For statistical analysis 
the mild and moderate cases were pooled into one group 
and the severe and very severe cases into another. 

The frequencies of severe and very severe poisoning 
and  of cases with complications, in relation to exposure 
durat ion and blood COHb level, are presented in Table 2. 
Higher incidences of severe and very severe poisoning and 
of cases with complications were observed following CO 
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exposures equal to or longer than 8 h, compared to expo- 
sures below 8 h. All very severe intoxications developed 
after CO exposure longer than 8 h. Severe and very severe 
poisoning and cases with complications also tended to be 
more frequent in groups with higher blood COHb levels, 
but  the differences were not statistically significant. 

Table 3 shows the durat ion of exposure and the results 
of biochemical determinations in relation to the clinical 
severity of CO poisoning. 

Mean blood COHb levels in the group of severe and 
very severe poisonings were slightly higher than those in 
the mild and moderate group, but this difference was also 
not  statistically significant. On the other hand,  the average 
durat ion of exposure which then induced severe or very se- 
vere poisonings was about  twice as long as that associated 
with mild or moderate poisonings. 

CO poisoning results in a marked increase in blood 
lactate level. This increase was about  twice as high in the 
group of severe and very severe cases, as compared to the 
mild and moderate cases. An increase in blood pyruvate 
was less pronounced.  

The average levels of blood glucose in patients intoxi- 
cated with CO were higher than those in the controls, but  
this difference was statistically significant only for the 
group of mild and moderate cases. 

Very severe cases, associated with the longest expo- 
sure, were accompanied by the highest concentrat ions of 
blood lactate, but not  of pyruvate and  glucose. It is im- 
portant  to note that b lood COHb levels in very severe poi- 
soning were similar to those found in less severe intoxica- 
tion. 

In the analysis of the whole group of CO poisoning 
cases, a weak but  still statistically significant (0.05 > 
p > 0 . 0 1 )  correlation was detected between exposure 
durat ion and blood lactate as well as between blood 

Table 2. Frequency of severe CO poisoning (3rd or 4th degree according to Table 1) and cases 
with complications in relation to exposure duration and COHb level a 

Exposure duration Total number Number of severe or Number of cases 
and blood COHb of cases very severe cases with complications 

Exposure 
duration 

< 8h 25 
~> 8h 14 

COHb b 
< 20% 10 
t> 20% 28 

< 30% 19 
I> 30% 19 

< 40 % 27 
/> 40% 11 

Chi 2 = 
p <  

3 2 
9 5 
11.26 Chi 2 = 4.68 
0.001 p < 0.05 

2 1 
9 5 

Chi 2 = 0.53 Chi 2 = 0.34 
p > 0.05 p > 0.05 

3 2 
8 4 

Chi 2 = 3.19 Chi z = 0.79 
p > 0.05 p > 0.05 

6 3 
5 3 

Chi 2 = 2.05 Chi~ = 1.54 
p > 0.05 p > 0.05 

For criteria of the severity of poisoning, see Table 1 
b One patient was excluded from this analysis because 

cessation of exposure to blood sampling 
of the long time period elapsing from the 



198 

Table 3. COHb, exposure duration and blood levels of glucose, pyruvate and lactate in relation to the severity of CO poisoning a 

Severity of CO poisoning b 

Mild and moderate Severe and very severe Very severe g 

Control 

COHb % 27 + 12 (27) 34 _+_ 13 (11) 31 + 14 (3) n.d. h 

Exposure 
duration h 4.6 +_ 3.3 (27) 9.1 + 3.5 r (12) 10.3 + 1.3 (4) - 

Blood levels of: 
glucose mg% 129 _+ 68 c (27) 146 ___ 106 (11) 100 ___ 54 (3) 80 + 14 

pyruvate ~tmol/ml 0.20 + 0.8 a (19) 0.27 _ 0.08 (9) d,e 0.27 + 0.01 (3) 0.09 + 0.04 

lactate p.mol/ml 4.1 _+ 3.6 d (27) 8.8 _ 3.1 (11) d.f 11.0 ___ 2.2 (3) 1.4 _ 0.3 

(12) 

(12) 

(12) 

a Mean values _ SD of(n) subjects 
b For criteria of severity of poisoning, see Table 1 
c.d Statistically significant difference in relation to the control group at 0.01 > p > 0.001 and p < 0.001, respectively 
e,f Statistically significant difference in relation to the CO group of first and second degree (see Table 1), at 0.05 > p > 0.01 and 

p < 0.001, respectively 
g This group was not statistically compared with the other groups 
" n.d. - not determined. Using gas chromatographic methods we estimated in the blood of non-smokers living in L6d~, 0.77 + 0.23 and 

0.73 + 0.23% COHb for males and females, respectively (Majka et al. 1981) 

C O H b  and b lood lactate ( r  values amounted  to 0.37 and 
0.34, respectively). When  19 patients with COHb values 
equal  or  higher than 30% were considered,  the correlat ion 
between exposure  dura t ion  and b lood  lactate was higher 
( r=0 .60 ;  0.001< p <  0.01) and the correlat ion between 
C O H b  and b lood  lactate was not  observed. A similar 
correla t ion between b lood  lactate and  COHbx  exposure 
dura t ion  (r  values amount ing  to 0.54, p<0.001 and 0.60, 
0.001 < p <  0.01, respectively) was found in both groups of  
CO patients.  

Discussion 

Despi te  extensive l i terature on clinical and  biochemical  ef- 
fects o f  CO, the relat ionships between exposure durat ion,  
C O H b ,  severity of  in toxicat ion and dis turbances in carbo- 
hydra te  metabol ism in cases of  acute CO poisoning in man 
have not  been sat isfactori ly recognized. 

Burmeister  and  Neuhaus  (1970) observed no relat ion- 
ship between b lood  C O H b  and the clinical severity of  CO 
poisoning.  Severe CO intoxicat ion,  however,  was accom- 
pan ied  by metabol ic  acidosis.  In 47 pat ients  po isoned  by 
coal-s tove gas for different  t ime per iods  (Bogusz et al. 
1975) b lood  lactate tended to be higher only fol lowing 
longer  exposures,  but  was signif icantly higher in patients 
with higher COHb levels. A significant relat ionship was 
observed between clinical  symptoms of  intoxicat ion and 
b lood  lactate. Similar  tendencies  were also observed by the 
same authors in a group of  47 pat ients  po isoned  by house- 
hold  gas (Bogusz et al. 1972). In the CO-poisoned  patients 
observed in our present  study, b lood  COHb ranged from 5 
to 53%, and the dura t ion  of  exposure  to CO varied be- 
tween less than 1 and 14 h. 

The results show that  the severity of  CO poisoning de- 
pends  more on the dura t ion  of  exposure  than on the 
C O H b  level a lone (Tables 2 and 3); variat ions in exposure 
dura t ion  seem to be the most impor tan t  factor responsible  
for  the discrepancies  between the severity of  poisoning 
and  b lood  COHb level. Other factors, e.g. variat ion in 
t ime elapsing from the cessation of  exposure until admis- 

sion to hospital  (Bogusz et al. 1972) or individual  suscep- 
tibilities to CO hypoxemia,  may also be of  significance. 

The question why pro longed  CO exposures can be par-  
t icularly harmful  may be related to more p rofound  tissue 
hypoxia  under  such condit ions,  even if b lood COHb is not  
yet drast ical ly increased. Severe CO poisoning associated 
with longer exposure is therefore accompanied  by high 
b lood  lactate and pyruvate  levels (Table 3). 

In rats intoxicated with CO (long exposures) the cere- 
bral  high-energy phosphates  were not  depleted (Sokal 
1982); similar apparent ly  paradoxica l  phenomena  were 
observed in animal studies under  condit ions of  ni trogen 
hypoxia  and hypoxia  due to ischemia (Sokal 1982; Myers 
and Yamaguchi  1976; Rehncrona  et al. 1980). The detri- 
mental  effect, of  excessive cellular acidosis may be re- 
garded as a possible factor to explain these f indings (My- 
ers and Yamaguchi  1976; Siesj6 et al. 1977; Rehncrona  et 
al. 1980; Kal imo et al. 1982; Drake-Hol l and  1982). 

The impor tance  of  cellular acidosis for the clinical 
severity of  acute CO poisoning is also stressed by the rela- 
t ionship between b lood lactate (or metabol ic  acidosis mea- 
sured gasometrically) and the severity of  CO poisoning in 
man (Burmeister and Neuhaus  1970; Bogusz et al. 1975) 
and by the effectiveness of  alkal izat ion therapy (Burmeis- 
ter and  Neuhaus 1970). 

The results obta ined in the present study suppor t  the 
clinical  value of  a quanti ta t ion of  metabol ic  acidosis in 
CO poisoning,  either by b lood lactate determinat ion or by 
b lood  gasometric analysis. 

Blood pyruvate seems to be less valid as a biochemical  
cri terion of  CO poisoning,  since the relat ionship between 
this parameter  and the severity of  poisoning is not as clear 
as for b lood lactate. 

Blood glucose, in our study groups,  exhibited large 
individual  variations and a lack of  dependence  on the se- 
verity of  poisoning;  therefore its diagnost ic  value is very 
limited. 
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