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ABSTRACT 
 

Background and Objective: The symptoms of carbon monoxide (CO) poisoning are nonspecific; 
symptoms can mimic those of other common diseases such as nonspecific viral illness, flu- like 
syndrome and hypertensive attack. Elevated blood carboxy-hemoglobin (COHb) measurements 
are used to confirm a clinical diagnosis of exposure to CO. The main objective of this study is to 
study the correlation between carboxy-hemoglobin (COHb) levels and clinical manifestations in 
patients with acute (CO) poisoning. 
Subjects and Methods: Over 6th month’s period, eighty patients who presented to Poison Control 
Center, Ain Shams university Hospital due to CO intoxication were included. Examination of             
vital signs, skin, cardiovascular (CVS), central nervous (CNS), gastrointestinal (GIT), and 
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musculoskeletal systems were performed as well as arterial blood gases (ABG), 
carboxyhemoglobin level (COHb), random blood sugar, serum of sodium (Na), potassium (K+), 
alanine aminotransferase (ALT), serum creatine phosphokinase (CPK), serum urea and creatinine, 
hematological parameters (red blood cells, white blood cells and hemoglobin),  serial cardiac 
markers (serum of aspartate aminotransferase (AST), creatine kinase-MB, lactate dehydrogenase 
(LDH),  and cardiac troponin-I (cTnI) quantitative determination).  
Results: Tachycardia was present in 46.3% of patients, cyanosis in 10%, tachypnea in 73.8%, 
headache in 67.5%, vomiting in 75%. There was a statistical significant negative (inverse) 
correlation between the mean COHb level and pH. & mean COHb level and K+. There is no 
correlation between COHb level and clinical presentation. There is no correlation between COHb 
level and the outcome in patients with CO intoxication. 
Conclusions: COHb cannot be used as a prognostic marker of CO intoxication and, therefore, 
patients must be monitored closely. 
 

 
Keywords: Carbon monoxide intoxication; COHb level; clinical manifestations; acidosis. 
 
1. INTRODUCTION 
 
Serious consequences of acute carbon 
monoxide poisoning are cardiac, neurologic and 
other delayed effects [1]. Carbon monoxide 
cardiotoxicity may be clinically occult and often 
remain undiagnosed. Conventionally diagnostic 
tests such as ECG and standard biochemical 
markers appear in some cases inadequate [2]. 
CO is the leading cause of poisoning mortality in 
the United States and may be responsible for 
more than half of all fatal poisonings worldwide, 
an estimated 5000 to 6000 people die in the 
United States each year as a result of CO 
exposure [3]. Although most accidental deaths 
are due to house fires and automobile exhaust, 
consumer products contribute to approximately 
180 to 200 annual deaths [4].   
 
The incidence of CO- related mortality and 
morbidity is similar worldwide, and CO may be 
responsible for more than half of all fatal 
poisoning. When normalized to regional 
population densities, fatality rates are around 0.5 
to 1 per 100,000 in Belgium, Denmark, France, 
South Korea, Switzerland, Taiwan, United 
Kingdom, and the United States [5]. There            
are approximately 50,000 ED (Emergency 
Department) visits for CO poisoning in the USA 
annually, 3-5 times the numbers previously 
estimated. As this disease can result in 
significant long-term morbidity even when 
treated, enhanced prevention efforts are 
warranted [6].   
 
CO binds with hemoglobin with an affinity about 
200 to 250 times greater than that of oxygen to 
form COHb. Arterial oxygen content will be 
reduced and leftward shift of the oxygen 

hemoglobin dissociation curve occurs. This can 
explain the acute hypoxic symptoms which are 
seen in patients with CO poisoning [7]. Acute CO 
poisoning indicates those cases of poisoning that 
have come to the attention of medical 
practitioners immediately after exposure. This 
usually occurs after a single, large exposure to 
the gas, and may involve one or more people [8].   
The signs and symptoms of non-lethal CO 
exposure may mimic nonspecific viral illness i.e. 
influenza like. Since viral illness and CO 
exposure both peak during the winter, a 
substantial number of initial misdiagnoses may 
occur [9]. Overt signs and symptoms usually 
appear at COHb level of 10 to 20% with 
headache, and dyspnea on exertion and 
weakness. Those with COHb levels of 20 to 30% 
have severe headache and nausea. Levels of 30 
to 40%, show severe headache, nausea, 
vomiting and impaired judgment, above 50 
percent; confusion, syncope, seizures, and coma 
may occur. Death can occur at level more than 
70 percent COHb [10]. 
 
Carbon monoxide poisoning is also frequently 
misdiagnosed as food poisoning, gastroenteritis 
and even colic in infants. In one study, the 
diagnosis of CO poisoning was initially missed in 
up to 30% of cases; the most common incorrect 
diagnosis, food poisoning was made in 43% of 
these cases [11]. With longer exposures, 
syncope, seizures, or coma can result. Patients 
may present with symptoms of an acute stroke. 
The EEG can show   diffuse frontal slow-wave 
activity [12]. Continued exposure to CO can lead 
to symptoms attributable to oxygen deficiency in 
the heart. Myocardial infarction, life-threatening 
dysrhythmias, and cardiac arrest are commonly 
described in victims of CO poisoning [13].         
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Shortness of breath, dyspnea on exertion and 
tachypnea are common. Lung examination is 
almost free but in severe CO intoxication 
respiratory depression, pulmonary edema and 
hemorrhage may be seen secondary to left 
ventricular dysfunction or due to direct CO effect 
on the lung parenchyma [14,15]. Blurring of 
vision, decreased dark adaptation up to frank 
blindness may occur due to the effects of CO on 
the CNS. Retinal affection may also occur 
including optic disk edema, venous engorgement 
and hemorrhages [16]. 
 
COHb levels do not correlate well with clinical 
severity, outcome, or response to therapy. The 
role of a COHb level is documented concurrently 
with history, signs, and symptoms suggestive of 
poisoning [11]. Although high COHb levels 
confirm exposure to CO, particular levels are not 
predictive of symptoms or outcome. COHb                                 
can return to normal or be zero if the patient                      
was treated with oxygen prior to the blood test 
[17].            
                                                             
This prospective study examined the correlation 
between carboxy-hemoglobin levels and clinical 
manifestations in patients with acute carbon 
monoxide intoxication. 
 
2. SUBJECTS AND METHODS 

 
2.1 Study Population  

 
The present prospective study included eighty 
selected patients exposed to CO poisoning and 
admitted to the Poison Control Center (PCC) of 
Ain Shams University Hospitals in Cairo during 
the period from 1-11- 2007 to 30-4-2008. They 
were admitted to the PCC with history or 
presentation of acute CO poisoning symptoms 
which were variable starting from headache, 
dizziness, weakness, nausea up to confusion, 
cardiorespiratory depression and coma. The 
diagnosis was confirmed by serum level of 
carboxyhemoglobin on admission. The cases 
under study were chosen to have no past history 
of neurological, cardiovascular, gastrointestinal, 
respiratory or renal disorders. Those with risk 
factors such as hypertension, diabetes and 
smoking were also excluded from this study to 
exclude their effects. All cases with acute          
CO poisoning were subjected to full                             
medical history and clinical examination. As 
regards ethical consideration, written informed                             
consent was obtained from patients or from their 
next kin.    

2.2 Study Assessment  
 
Patient age, gender, delay time, presenting 
symptoms, vital signs, CVS, CNS, GIT, skin and 
musculoskeletal manifestations, arterial blood 
gases (ABG), carboxyhemoglobin level (COHb), 
random blood sugar, serum of sodium (Na), 
potassium (K+), alanine aminotransferase (ALT), 
serum creatine phosphokinase (CPK), serum 
urea and creatinine, hematological parameters 
(red blood cells, white blood cells and 
hemoglobin),  serial cardiac markers (serum of 
aspartate aminotransferase (AST), creatine 
kinase-MB, lactate dehydrogenase (LDH),  and 
cardiac troponin-I (cTnI) quantitative 
determination), treatment and outcome were 
assessed. 
 
2.3 Statistical Analysis  
 
Statistical analyses were carried out using the 
SPSS® software package, version 15.0 (SPSS 
Inc., Chicago, IL, USA) for Windows®. Numerical 
variables are shown as mean ± SD, and 
qualitative variables are shown as number and 
percentage. The χ2-test and Pearson’s 
correlation test (r) were used to determine 
differences between qualitative variables. One 
way ANOVA (Analysis of Variance) was used to 
compare between means of more than two 
groups. A P-value of < 0.05 was considered to 
be statistically significant. 
 
3. RESULTS 
 
A total of 80 patients were included in the study. 
The mean age ± SD was 36.22 ± 13.65 years. 
The present study included 42 males and 38 
females with acute CO poisoning. There was no 
statistical significant difference for the mean 
COHb level in males and females. There was no 
significant difference between COHb levels in 
patients with normal body temperature, 
hypothermia and hyperthermia as in Table 1. 
 
The highest percentage of cases with 
tachycardia, bradycardia, and normal pulse 
(29.7%, 28.6% and 30% respectively) were 
occurred in COHb level 21-30%.  There was no 
statistically significant difference between                 
COHb levels in patients with bradycardia, 
tachycardia and normal pulse as shown in          
Table 2.  
 
The highest percentage of cases with 
hypotension, hypertension and normal blood 
pressure (25%, 66.7% and 29.5% respectively) 
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were occurred with COHb level (21-30%). There 
was no statistically significant difference between 
COHb levels in patients with different blood 
pressure categories.  
 
The highest percentage of palpitation occurred in 
5 cases (45.5%) at COHb level (11-20%). The 
highest percentage of dyspnea occurred in 3 
cases (75%) at COHb level (21-30%). There was 
no statistically significant difference between 
COHb levels in patients with dyspnea and 
palpitation as shown in Table 4.  
 

Table 5 showed that, the highest percentages of 
cases with tachypnea (28.8% and 25.4%) were 
occurred in the COHb level 21-30% and 0-10% 
respectively, while the highest percentages of 
cases with bradypnea (60% and 20%) were 
occurred in the COHb level 21-30% and 11-20% 
respectively. The highest percentages of cases 
with normal respiratory rate (31.3%, 25%) were 
occurred in the COHb level 11-21% and 41-50%. 
there was no statistically significant difference 
between COHb levels in patients with different 
respiratory rates. 

Table 1. The relation between carboxy-hemoglobin (COHb) level and temperature in the 
studied acute carbon monoxide poisoned cases 

 
 
 
COHb%  

Temperature P-value 
Normal 

(No. = 57) 
Hypothermia 

(No. = 14) 
Hyperthermia 

(No. = 9) 
Frequency % Frequency % Frequency % 

0 – 10  12 21.1 0 0 4 44.4 0.081 
11 – 20 8 14 4 28.6 0 0 
21 – 30 17 29.8 4 28.6 3 33.3 
31 – 40 12 21.1 3 21.4 2 22.2 
41 – 50 7 12.3 3 21.4 0 0 
51 – 60 1 1.8 0 0 0 0 

P>0.05 = Non signifiant; No.: Number of cases; COHb: Carboxyhemoglobin 
 
Table 2. The relation between carboxy-hemoglobin (COHb) level and pulse in the studied acute 

carbon monoxide poisoned cases 
 
 
 
COHb% 

Pulse P-value 
Bradycardia 

(No.  = 7) 
Tachycardia  
(No.  = 37) 

Normal 
(No.  = 36) 

Frequency % Frequency % Frequency % 
0 – 10 2 28.6 7 18.9 7 19.4 0.955 
11 – 20 2 28.6 8 21.6 6 16.7 
21 – 30 2 28.6 11 29.7 11 30.6 
31 – 40 0 0 7 18.9 8 22.2 
41 – 50 1 14.3 3 8.1 4 11.1 
51 – 60 0 0 1 2.7 0 0 

No.: Number of cases 
 

Table 3. The relation between carboxy-hemoglobin (COHb) level and blood pressure in the 
studied acute carbon monoxide poisoned cases 

  
 
 
 
COHb% 

Blood pressure P-value 
Hypotension 

(No. = 16) 
Hypertension  

(No. = 3) 
Normal 

(No. = 61) 
Frequency % Frequency % Frequency % 

0 – 10 4 25 1 33.3 11 18 0.946 
11 – 20 3 18.8 0 0 13 21.3 
21 – 30 4 25 2 66.7 18 29.5 
31 – 40 3 18.8 0 0 12 19.7 
41 – 50 2 12.5 0 0 6 9.8 
51 – 60 0 0 0 0 1 1.6 

 

 

No.: Number of cases; COHb: Carboxyhemoglobin; P>0.05 = Non signifiant 
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Table 4. The relation between carboxy-hemoglobin (COHb) level and cardiovascular symptoms 
in the studied acute carbon monoxide poisoned cases 

 
 
 
COHb% levels  

Cardiovascular symptoms 
          Dyspnea (No.  = 4)      Palpitation (No.  = 11) 
Frequency % Frequency % 

0 – 10 0 0 2 18.2 
11 – 20 0 0 5 45.5 
21 – 30 3 75 2 18.2 
31 – 40 1 25 2 18.2 
41 – 50 0 0 0 0 
51 – 60 0 0 0 0 
P-value 0.405 0.289 

P>0.05 = Non signifiant;  COHb: Carboxyhemoglobin; No.: Number of cases 
 

Table 5. The relation between carboxy-hemoglobin (COHb) level and respiratory rate in the 
studied acute CO poisoned cases 

 
 
 
COHb%  

Respiratory rate P-value 
Tachypnia 
(No. = 59) 

Bradypnia 
(No. = 5) 

Normal 
(No. = 16) 

Frequency % Frequency % Frequency % 
0 – 10 15 25.4 0 0 1 6.3 0.298 
11 – 20 10 16.9 1 20 5 31.3 
21 – 30 17 28.8 3 60 4 25 
31 – 40 12 20.3 1 20 2 12.5 
41 – 50 4 6.8 0 0 4 25 
51 – 60 1 1.7 0 0 0 0 

P>0.05 = Non signifiant 
 
The highest percentage of cases that need 
mechanical ventilation (29.03%) was occurred in 
level 21-30%, while 14.7% occurred in COHb 
level 0-10%. The highest percentage of cases 
with respiratory distress (33.3%) and pulmonary 
edema (37.5%) were occurred in COHb level 21-
30%. There was no statistically significant 
difference between COHb levels in patients with 
different respiratory manifestations as shown in 
Table 6. 
 

Table 7 showed that, the highest percentage of 
cyanosis (62.5%) occurred in COHb level (21-
30%). There was no statistical significant relation 
between COHb level and skin manifestations.  
 

As regard the neurological manifestations, the 
most common manifestation was headache 
where it was presented in 54 cases (67.5%). 
There was no statistically significant difference 
between COHb levels in patients with different 
neurological manifestation as shown in Table 8.   
 

Table 6. The relation between carboxy-hemoglobin (COHb) level and respiratory 
manifestations in the studied acute CO poisoned cases 

 
 
 
COHb% 

Respiratory manifestations 
Mechanical ventilation 

(No.  = 31) 
Respiratory distress 

(No.  = 15) 
Pulmonary edema 

(No.  = 16) 
Frequency % Frequency % Frequency % 

0 – 10 5 14.7 2 13.3 1 6.3 
11 – 20 5 14.7 3 20 4 25 
21 – 30 9 29.03 5 33.3 6 37.5 
31 – 40 7 20.6 3 20 4 25 
41 – 50 4 11.8 2 13.3 1 6.3 
51 – 60 1 2.9 0 0 0 0 
P-value 0.739 0.968 0.629 

P>0.05 = Non signifiant; No.: Number of cases; COHb: Carboxyhemoglobin 
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Table 7. The relation between carboxy-hemoglobin (COHb) level and skin manifestations in the 
studied acute CO poisoned cases 

 
 
 
 
COHb% 

Skin manifestations P-value 
Normal 

(No. = 68) 
Sweating 
(No. = 1) 

Cyanosis 
(No. = 8) 

Pallor 
(No. = 2) 

Blister 
(No. = 1) 

No. % No. % No. % No. % No. % 
0 – 10 16 23.5 0 0 0 0 0 0 0 0 0.120 
11 – 20 14 20.6 0 0 1 12.5 1 50 0 0 
21 – 30 19 27.9 0 0 5 62.5 0 0 0 0 
31 – 40 12 17.6 0 0 2 25 1 50 0 0 
41 – 50 6 8.8 1 100 0 0 0 0 1 100 
51 – 60 1 1.5 0 0 0 0 0 0 0 0 

P>0.05 = Non signifiant;  COHb: Carboxyhemoglobin 
No.: Number of cases; PSS: Poisoning severity score 

 
Table 9 showed that, the level of consciousness 
was graded according to Glasgow coma scale 
(GCS). Twenty nine cases (36.3%) had (13-15) 
GCS, 27 cases (33.8%) had (4-8) GCS, 19 cases 
(23, 8%) had (9-12) GCS, and 5 cases (6.3%) 
had (3) GCS. The highest statistical significant 
prevalence, 19 cases (23.8%) had score (9-12), 
27 cases (33.8%) had score (4-8) and 5 cases 
(6.3%) had score (3). 
 
Table 10 showed that, there was non-statistical 
significant inverse correlation between COHb 
level and GCS. 
 
The most common gastrointestinal manifestation 
was vomiting (75%). The highest percentage of 
cases with nausea (33.3%), vomiting (30%), 
diarrhea (33.3%) and colic (33.3%) occurred in 
COHb level 21-30%. There was no significant 
difference between COHb levels in patients with 
different gastrointestinal manifestations as shown 
in Table 11. 
 
As regard musculoskeletal manifestations, Table 
12 showed that, 17 cases (21.3%) had malaise. 
The highest percentage of weakness (40%) 
occurred with COHb (11-20%), the highest 
percentage of asthenia (60%) and malaise 
(47.1%) occurred with COHb (21-30%).  While 
no musculoskeletal manifestations were met with 
COHb (51-60%). There was no statistically 
significant difference between COHb levels in 
patients with different musculo-skeletal 
manifestations.  
 
Table 13 showed that, there was a statistical 
significant negative (inverse) correlation between 
the mean COHb level and pH & the mean           
COHb level and K+. Oxygen treatment was 
administered to all patients in the present study 
on presentation to the emergency department.   

Hyperbaric oxygen treatment was administered 
to 17 (21.25%) of the patients. there was no 
statistically significant difference between the 
means of COHb level with different treatment 
modalities as shown in Table 14. 

  
Histogram 1 showed that recovered cases had 
significant highest mean of pH (7.3 ± 0.07) in 
contrast to mortal (7.1±0.04) and IHMC 
(7.1±0.02) cases. There was no statistical 
significant difference between patients with IHMC 
and mortality cases which showed the statistical 
significant lowest mean of pH values.  
 

 
 

Histogram 1. The relation between mean 
carboxy-hemoglobin (COHb) level and the 

outcome in the studied acute carbon 
monoxide poisoned patients 

 

4. DISCUSSION  
 
Carbon monoxide (CO) poisoning is a worldwide 
environmental toxin. It may be the cause of more 
than one half of the fatal poisonings reported in 
many countries [18]. An Egyptian study done at 
the Poison Control Center (PCC), Ain Shams 
University Hospitals in Cairo, showed that CO 
poisoning represented the 6th most frequent toxic 
exposure of cases admitted to the PCC in the 
year 2004 [19].  
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Table 8. The relation between carboxy-hemoglobin (COHb) level and neurological manifestations in the studied acute CO poisoned cases 
 
      
 
 
COHb% 

Neurological manifestations 
Headache 
(No. = 54) 

Flu-like symptoms 
(No. = 21) 

Dizziness 
(No. = 29) 

Confusion 
(No.= 32) 

Convulsions 
(No. = 13) 

Agitations 
(No. = 14) 

Blurred vision 
(No. = 10) 

No. % No. % No. % No. % No. % No. % No. % 
0 – 10 11 20.4 7 33.3 7 24.1 7 21.9 1 7.7 1 7.4 1 10 
11 – 20 11 20.4 7 33.3 9 31 6 18.8 2 15.4 4 28.6 2 20 
21 – 30 15 27.8 2 9.5 8 27.6 11 34.4 8 61.5 3 21.4 5 50 
31 – 40 11 20.4 4 19 3 10.3 4 12.5 2 15.4 2 14.3 1 10 
41 – 50 6 11.1 1 4.8 2 6.9 3 9.4 0 0 3 21.4 1 10 
51 – 60 0 0 0 0 0 0 1 3.1 0 0 1 7.1 0 0 
P-value 0.729 0.070 0.309 0.683 0.139 0.089 0.745 

P>0.05 = Non signifiant; COHb: Carboxyhemoglobin; No.: Number of cases  
 
Table 9. Frequency and percentages and results of chi-square test of Glasgow Coma scale (GCS) evaluated in the studied acute carbon monoxide 

poisoned cases 
  

GCS Number  % P-value 
 (13-15) 29 36.3 <0.001* 
 (9-12) 19 23.8 
 (4-8) 27 33.8 
 (3) 5 6.3 
Total  80 100 

*: Significant at P ≤ 0.05; GCS: Glasgow Coma Scale 
  

Table 10. The correlation between carboxyhemoglobin (COHb %) levels in the studied acute carbon monoxide poisoned cases and Glasgow coma 
scale 

 
Correlation coefficient (r) between COHb level and Glasgow coma scale P-value 
-0.166 0.140 

 

*: Significant at P ≤ 0.05 
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Table 11. The relation between carboxy-hemoglobin (COHb) level and gastrointestinal 
manifestations in the studied acute CO poisoned cases 

 
 
 
COHb% 

Gastrointestinal manifestations 
Nausea 

(No. = 36) 
Vomiting 
(No. = 60) 

Diarrhea 
(No. = 15) 

Colic 
(No. = 21) 

Frequency % Frequency % Frequency % Frequency % 
0 – 10 8 22.2 10 16.7 4 26.7 4 19 
11 – 20 9 25 13 21.7 4 26.7 5 23.8 
21 – 30 12 33.3 18 30 5 33.3 7 33.3 
31 – 40 5 13.9 10 16.7 1 6.7 2 9.5 
41 – 50 2 5.6 8 13.3 1 6.7 3 14.3 
51 – 60 0 0 1 1.7 0 0 0 0 
P-value 0.527 0.389 0.737 0.777 

P>0.05 = Non signifiant; COHb: Carboxyhemoglobin; No.: Number of cases 
 

Table 12. The relation between carboxy-hemoglobin (COHb) level and musculo-skeletal 
manifestations recorded in the studied acute carbon monoxide poisoned cases 

  
 
 
 
 
COHb% levels  

Musculo-skeletal manifestations 
Musculoskele
tal edema 
(No. = 1) 

Weakness 
(No. = 10) 

Asthenia 
(No. = 5) 

Malaise 
(No. = 17) 

Tenderness 
(No. = 1) 

No. % No. % No. % No. % No. % 
0 – 10 0 0 1 10 0 0 1 5.9 0 0 
11 – 20 0 0 4 40 1 20 4 23.5 0 0 
21 – 30 0 0 2 20 3 60 8 47.1 0 0 
31 – 40 1 100 1 10 0 0 1 5.9 1 100 
41 – 50 0 0 2 20 1 20 3 17.6 0 0 
51 – 60 0 0 0 0 0 0 0 0 0 0 
P-value 0.495 0.417 0.512 0.167 0.495 

P>0.05 = Non signifiant; COHb: Carboxyhemoglobin; No.: Number of cases 
                                                                                                                              
As regard sex, the present study included 42 
(52.5%) males and 38 (47.5%) females with 
acute CO poisoning. The above mentioned 
observations find agreement with those of 
Homer, who recorded that males represented the 
majority of cases in both groups (accidental 
exposures and suicidal attempts) [20]. In addition 
Handa and Tai, stated that males to females’ 
ratio were 3:1 CO poisoning [21]. Henry reported 
that males represented 77% of the study 
population [13]. 
 
This could be attributed to that the males may be 
exposed to CO during high risk activities such as 
working in enclosed garages with generators or 
power tools [21]. On the contrary, males 
represented 44% in the study performed by 
Hampson and Zmaeff, and 37.5% in the study 
done by Deschamps [22,23].  
 
In the present study females had higher COHb 
levels (23.5 ± 12.9%) than males (22.9 ± 12.4%) 
but with no statistical significance difference 
between mean COHb level in males and 

females. While Cevik, reported that, males had 
higher COHb levels (24.7 ± 14.9%) than females 
(19.9 ± 11.3%) with no statistical significance 
[24].  
 
There was no statistically significant difference 
between COHb levels in patients with             
normal body temperature, hypothermia                       
and hyperthermia. Hypothermia actually 
increases mortality in animals with CO poisoning 
[25]. 
 
As regard skin manifestations in the form of 
cyanosis, pallor, blister, sweating. Sixty eight 
patients in the present study (85%) showed 
normal skin. Eight patients (10%) showed 
peripheral cyanosis. Cyanosis may be due to 
decreased oxygen tension [26]. 
 
One patient (1.25%) had bullae. This agreed with 
Tomaszewski, who stated that another classic 
but uncommon phenomenon is the development 
of cutaneous bullae following severe exposures. 
These bullae are thought to be caused by a 
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combination of pressure necrosis and possibly 
direct CO effects in the epidermis [25].  
 

None of the cases presented with cherry red 
coloration and this agreed with the opinion of 
Carson and Esslinger, who stated that the classic 
cherry red appearance of the skin and mucous 
membranes was uncommon in acute CO 
poisoning [27]. When you're cherry red, you're 
dead [28].  
 

Table 13. Correlation coefficients between  
the mean of carboxyhemoglobin level and 
laboratory investigations recorded in the 

studied acute carbon monoxide  
poisoned cases 

 
Laboratory 
investigation 

Correlation 
coefficient (r) 

P-
value 

pH -0.332 0.003* 
PaCO2 (mmHg) 0.015 0.895 
PaO2 (mmHg) -0.015 0.892 
HCO3 (mEq/L) -0.209 0.063 
Glucose (mg/dl) -0.040 0.725 
Na (mEq/L) -0.151 0.181 
K+ (mEq/L) -0.324 0.003* 
ALT (U/L) -0.143 0.205 
CPK (U/L) -0.146 0.195 
Urea (mg/dl) -0.139 0.218 
Creatinine (mg/dl) -0.114 0.316 
WBCs -0.074 0.513 
RBCs 0.059 0.601 
Hb% 0.025 0.826 
AST (U/L) -0.095  0.400 
CPK MB (U/L) 0.021 0.850 
LDH (U/L) 0.111 0.326 
cTnI  -0.114 0.202 

 P>0.05 = non signifiant;  
*: Significant at P ≤ 0.05 

 

As regard the pulse in the present study, the 
highest percentage of cases with tachycardia, 
bradycardia, and normal pulse (29.7%, 28.6% 
and 30% respectively) were occurred in COHb 
level 21-30%. There was no statistically 
significant difference between COHb levels in 
patients with bradycardia, tachycardia and 
normal pulse. Meert, reported that tachycardia 
was one of the most common presenting signs in 
CO poisoning [29]. Swank, stated that CO-
induced sinus tachycardia was reported in a 
study in Ruby Memorial Hospital in the United 
States [30]. Aslan, found that sinus tachycardia 
was present in 26.5% of patients with CO 
poisoning [31]. Hampson and Zmaeff, stated that 
bradycardia was found among 10 cases out of 18 
cases (55.5%) in a study done to examine the 

outcome of group of patients with extreme CO 
poisoning in the United States [22]. Gandini, 
reported that, although tachycardia is a common 
finding in CO poisoning and usually considered 
as a compensatory response to systemic hypoxia 
and cardiac dysfunction, yet bradycardia may be 
present, indicating rhythm disturbances [32]. 
 
Regarding to the neurological manifestations in 
the current study, they were in the form of 
headache, flue like symptoms, confusion, 
dizziness, seizures, blurring of vision and 
agitation,    headache was the most outstanding 
feature presented in fifty-four patients (67.5%). 
And this coincided with that mentioned by 
Hampson and Hampson, who described 
headache as the most commonly reported 
symptom in acute CO poisoning which was often 
throbbing, continuous, diffuse and mostly located 
in the frontal area [33]. In addition, Kao and 
Nanagas, reported that, headache, particularly 
frontal and flu-like illness in the winter time with 
symptomatic cohabitants should raise the 
suspicion for CO poisoning [4]. Regarding 
grading of the clinical picture by Glasgow coma 
scale (GCS), in the present study, there were 29 
cases (36.3%) had score (13-15) which showed 
the highest statistical significant prevalence, 19 
cases (23.8%) had score (9-12), 27 cases 
(33.8%) had score (4-8) and 5 cases (6.3%) had 
score (3).  Concerning the GIT affection in the 
presented CO poisoned patients, vomiting was 
observed in (75%) of the studied patients, 
nausea in (45%), diarrhea in (18.8%) and 
abdominal colic in (26.3%). These findings 
agreed with those of Felta-Zaragozano et al. [34], 
who recorded that, gastrointestinal symptoms 
such as nausea, vomiting and abdominal pain 
were observed in children hospitalized for acute 
CO poisoning, also, stated that vomiting and 
nausea were considered manifestations of both 
CNS and gastrointestinal tract involvement due 
to hypoxic effect of CO poisoning. 
 
In the present study, there was no statistically 
significant difference of the means 
carboxyhemoglobin (COHb) level between 
recovered (23±11.8), mortality (29.6±12.1) and 
IHMC (20.4±18.3). There was a statistical 
significant negative (inverse) correlation between 
mean COHb% and pH levels & the mean COHb 
level and K+. The emerged results in the present 
work find agreement with those of many authors 
suggested that there was no correlation between 
the COHb level and the severity of the cases. 
Hampson and Hauff, concluded that, despite the 
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Table 14. The relation between the mean carboxyhemoglobin (COHb) levels with different 
treatment modalities in the studied acute carbon monoxide poisoned patients 

 
Modalities of 
treatment 

Oxygen    
(n = 49) 

Mechanical 
ventilation 
(n = 14) 

Mechanical 
ventilation + HBO 
(n = 17) 

P-value 

COHb% 
 
 

Mean 
COHb 

SD Mean 
COHb 

SD Mean 
COHb 

SD 

22.9 10.1 25.1 11.4 22.4 11.7 0.307 
P>0.05 = Non signifiant 

 
fact that statistically significant differences in 
average COHb measurements were seen with 
regard to a number of variables, the clinical 
significance of these differences appeared to be 
minimal. Moreover, the utility of COHb 
measurements as predictors of clinical status in 
CO poisoning was not apparent [35]. At least in 
part, this likely relates to delay and interval 
oxygen administration before obtaining COHb 
measurements. 
 
The general belief is that COHb is not a reliable 
indicator of either the severity of intoxication or 
prognosis [36]. Also Turner et al. [37] found that 
measurement of COHb concentration is indicated 
to confirm the diagnosis, but the percentage of 
COHb in the blood is not always a good indicator 
of severity. Dan Hatlestad, also concluded that, 
an elevated carboxyhemoglobin level is a 
diagnostic of poisoning, but does not predict the 
mortality or severity of clinical signs and 
symptoms [38]. Also in clinical practice the 
precise time measurement are rarely known, 
making the assessment of COHb level 
insignificant and also once the patient is removed 
from the CO source, levels fall rapidly with time. 
These results also in agreement with Lam et al., 
who performed a study on 148 patients suffering 
from CO poisoning [39]. They found 25 patients 
(16.9%) were unconsciousness (GCS ≤ 8) on 
arrival. The mean initial carboxyhemoglobin 
(COHb) level was 21.0%. And there was no 
relationship between initial COHb with 
consciousness level on arrival. This poor 
correlation between COHb levels and neurologic 
presentation is related to unmeasured tissue 
uptake of CO which increases during hypoxia 
because of competition between carbon 
monoxide and oxygen at the oxygen-binding 
sites on hemoproteins [40].  
 
The severity of clinical symptoms is related not 
only to the concentration of CO, but also to the 
duration of exposure. A patient who attains a 
high COHb level after a brief, high-level exposure 
may not manifest any clinical toxicity, whereas a 

patient who attains the identical COHb level after 
a prolonged lower level exposure may be 
significantly symptomatic [4]. Cevik, reported in 
their study that, COHb levels by outcome were 
not different. COHb levels were 25.2 ± 7.0, 
25.5 ± 13.7 and 21.7 ± 12.9 in mortality, IHMC 
and recovered cases, respectively [24]. 
 
On the contrary, Varon and Marik, reported a 
categorised COHb levels, and symptoms related 
to the level of COHb. In his report, it was 
mentioned that the clinical presentation of acute 
COP is variable, but in general, the severity of 
observed symptoms correlates roughly with the 
observed level of COHb. In his report, with levels 
less than 10% the patients are usually 
asymptomatic. As COHb levels increase above 
20%, the patients may develop headache, 
dizziness, nausea and dyspnea. Visual 
disturbance is found with levels over 30%. 
Confusion, coma and seizures are common with 
levels greater than 40% [41]. 
 
Also Turner et al. [37] found that the              
initial carboxyhemoglobin (COHb) concentration 
showed only a trend to being higher in those who 
needed multiple sessions of HBO treatment than 
those needed one session. In addition, Chou, 
concluded that high COHb level together with 
cardiac or respiratory arrest were highly 
associated with poor outcome and death 
indicating that they are predictors of the severity 
of CO poisoning [42].  
 
Raub, stated that the symptoms, signs and 
prognosis of acute CO poisoning correlated 
poorly with the level of COHb [18].  
 
Richardson stated that, in mild CO poisoning 
COHb may reach 20% [43]. Blumenthal, stated 
that, the levels above 40% are associated with 
severe manifestations such as coma or death 
[44]. Meert, considered that, alteration of 
consciousness level, metabolic acidosis, 
tachycardia, hypertension and COHb level more 
the 25% are indication of severe CO toxicity [29]. 
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Estella investigated the link between the 
hazardous effects of CO on the respiratory 
system using COHb level as a marker for (CO) 
exposure. Their findings provided strong 
evidence of the relationship between COHb level 
and susceptibility to respiratory system affection 
[45]. 
 
Cevik et al. [24] reported in their study that, there 
is moderate correlation between COHb levels 
and PSS grade. COHb levels of PSS grades 
were found: 33.2 ± 13.9% in grade 3, 
24.9 ± 11.1% in grade 2, 19.9 ± 12.0% in grade 
1, 12.8 ± 15.1% in grade 0. Grade 3 had 
significantly higher COHb levels than other 
grades (from 0 to 2) (p < 0.05, p < 0.001 and 
p < 0.05, respectively). Headache, dizziness and 
blurred vision were found in 37.8, 27.2 and 
55.6% of cases, respectively, in 10% COHb and 
below levels. In addition, they found negative 
correlation of headache and nausea with COHb. 
Dyspnea was seen equally in all levels up to 50% 
COHb, confusion and syncope distribution 
between levels of COHb did not show any 
difference. The most of the comatose patients' 
COHb level was between 21 and 30% in this 
study. There results showed that common and 
severe symptoms may be evident in lower level 
of COHb. They found that only coma has 
significantly positive correlation with COHb 
levels. Particular COHb levels are not predictive 
of symptoms or final outcome [25]. 
 
In the present study, there was no statistically 
significant difference between the means of 
COHb levels with different treatment modalities 
so the treatment modalities not determined by 
the COHb level. The emerged results concerning 
treatment modalities in the current work were in 
agreement with those of Cevik, who reported, 
one hundred sixty-eight cases (92.3%) received 
oxygen by mask. Nine cases (4.9%) required 
endotracheal intubation. Four of nine intubated 
cases did not receive HBO therapy. Ten cases 
(5.4%) received HBO therapy (with mask or 
intubated). Minor cases were mostly treated with 
oxygen by mask. Mean COHb levels of cases by 
treatment modalities (mask and oxygen, 
intubated with HBO and HBO) were different 
(20.9 ± 12.0, 32.5 ± 10.8 and 35.0 ± 16.5%, 
respectively, p = 0.001) [24].  
 
5. CONCLUSION  
 
Elevated carboxyhemoglobin level is a diagnostic 

of CO poisoning, but does not predict the 

mortality or severity of clinical signs and 
symptoms. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Gorman D, Drewry A, Huang YL, Chris S. 

The clinical toxicology of carbon monoxide. 
Toxicol. 2003;187:25-38.  

2. Zhang JG, Zhang HR, Shi XY, Zhao Y, Li 
XZ, Su XC, Miao ZY. Changes of 
myocardial enzymes in patients with acute 
carbon monoxide poisoning. Zhonghua 
Lao Dong Wei Sheng Zhi Ye Bing, Za Zhi. 
2003;21(1):51-53.  

3. Tomaszewski C. Carbon monoxide. In: 
Goldfranks’s Toxicologic Emergencies 
(Nelson LS, 8Hoffman RS, Lewis NA, et al, 
eds), 7th edn. New York: McGraw Hill 
Lange. 2002;1478 –1491. 

4. Kao LW, Nanagas KA. Carbon monoxide 
poisoning. Emerg. Med. Clin North Am. 
2004;22(4):985-1018. 

5. Thom SR. Carbon monoxide. In: Critical 
care toxicology diagnosis and 
management of the critically Ill patients. J 
Brent, KL Wallace and KK Burkhart 
(Editors), Elsevier/Mosby, Philadelphia. 
2005;419-428. 

6. Hampson NB, Weaver LK. Carbon 
monoxide poisoning: A new incidence for 
an old disease. Undersea Hyperb Med. 
2007;34(3):163-8. 

7. Kals SN, Christiani DC. Acute chemical 
emergencies. N Engl J. Med. 2004;350: 
800-808. 

8. Wright J. Chronic and occult carbon 
monoxide poisoning: We don’t know what 
we’re missing. Emerg. Med. J. 2002;19: 
386-390.  

9. Abelsohn A, Sanborn MD, Jessiman BJ, 
Weir E. Identifying and managing adverse 
environmental health effects: 6. carbon 
monoxide poisoning. Can Med Assoc J.  
2002;166:1685–90.  

10. Raw E, Hudsmith L, Aithal GP, Jaspan T. 
A not-so-simple collapse. J. R. Soc Med. 
2003;96:459-460. 

11. Lavonas EJ. Carbon monoxide poisoning. 
In Haddad and Winchester's clinical 
management of poisoning and Drug 
overdose. Shanon MW, Borron SW, Burns 



 
 
 
 

Barghash et al.; BJMMR, 18(9): 1-13, 2016; Article no.BJMMR.26047 
 
 

 
12 

 

MJ (editors), Fourth edition. Philadelphia. 
2007;1297-1307. 

12. Prockop LD.  Carbon monoxide brain 
toxicity:  Clinical, magnetic resonance 
imaging, magnetic resonance 
spectroscopy, and neuropsychological 
effects in people. J Neuroimagin. 2005; 
15(2):144-9. 

13. Henry CR, Satran D, Lindgren B. 
Myocardial injury and long-term mortality 
following moderate to severe carbon 
monoxide poisoning. JAMA. 2006;295(4): 
398-402. 

14. Piantadosi CA. Carbon monoxide 
poisoning. N. Eng. J. of Med. 2002;       
347(10):1054-1055.  

15. Ryter SW, Alam J, Choi AM. Heme 
oxygenase-1/carbon monoxide from basic 
science to therapeutic applications. Physiol 
Rev. 2006;86(2):583-650. 

16. Ersanli D, Yildiz S, Togrol E, Ay H, Qyrdedi 
T. Visual loss as a late complication of 
carbon monoxide poisoning and its 
successful treatment with hyperbaric 
oxygen therapy. Swiss Med Wkly. 2004; 
134:650–655. 

17. Suner S, Partridge R, Sucov A. Non-
invasive pulse CO-oximetry screening in 
the emergency department identifies occult 
carbon monoxide toxicity. J Emerg Med. 
2008;34(4):441-50. 

18. Raub JA, Mathieu-Nolf M, Hampson NB, 
Taorn SR. Carbon monoxide poisoning- a 
public health perspective. Toxicol. 2000; 
145(1):1-14. 

19. Gamalludin HA, El-Seddawy AH, Sakr ML, 
El-Guindi KH. Evaluation of the magnitude 
of acute poisoning problem through 
analysis of cases received at Poison 
Control Center Ain Shams University 
Hospitals during 2004. PCC, Ain Shams 
University Hospitals, Cairo, Egypt; 2005. 

20. Homer CD, Engelhart DA, Lavins ES. 
Carbon monoxide-related deaths in a 
metropolitan county in the USA: an 11-year 
study. Forens. Sci, Int. 2005;149(2-3):159-
165. 

21. Handa PK, Tai DY. Carbon monoxide 
poisoning: A five years review at Tan 
Tonck Serg hospital, Singapore. Ann. 
Acad. Med. Singapore.  2005;34(10):611-
614. 

22. Hampson NB, Zmaeff JL. Outcome of 
patients experiencing cardiac arrest with 
carbon monoxide poisoning treated with 
hyperbaric oxygen. Ann Emerg Med. 2003; 
38(1):36-41. 

23. Deschamps D, Geraud C, Julien H, Baud 
FJ, Dally S. Memory one month after  
acute carbon monoxide intoxication: A 
prospective study. Occup Environ Med.  
2003;60:212–6. 

24. Cevik AA, Unluoglu I, Yantuali S, Kalkan S, 
Sahin A. Interrelation between the 
Poisoning Severity Score, carboxy-
haemoglobin levels and in-hospital clinical 
course of carbon monoxide poisoning. 
Intern. J. of Clin. l Pract.  2006;60(12): 
1558-1564. 

25. Tomaszewski C. Carbon monoxide. In: 
Goldfrank LR, Flomenbaum NE, Lewin NA, 
Howland MA, Hoffman RS, Nelson               
LS, editors. Goldfrank’s toxicologic 
emergencies. 8th edition. New York: 
McGraw-Hill. 2006;1704:1689.  

26. Ernst A, Zibrak J. Carbon monoxide 
poisoning. Eng. J. of Med.  1998;339(11): 
1603–1608. 

27. Carson HJ, Esslinger K. Carbon monoxide 
poisoning without cherry red. Livor Am. J. 
Forensic Med. Pathol.  2001;22(3):233-
235. 

28. Shochat G. Toxicity, carbon monoxide. 
eMedicine Aug 8, htm; 2008. 

29. Meert KL, Heidemann SM, Sarnaik AP. 
Outcome of children with carbon monoxide 
poisoning treated with normobraic oxygen. 
J. Trauma. 1998;44(1):149-154. 

30. Swank G, Jain AC, Morise AP, Schmidt S. 
Carbon monoxide poisoning: A case report 
of reversible cardiomyopathy. WV Med J.  
2004;100(6):228-231.  

31. Aslan S, Erol MK, Karcioglu O, Meral M, 
Cakir Z, Katirci A. The investigations                  
of ischemic myocardial damage in        
patients with carbon monoxide poisoning. 
Anadolu. Kardiyol. Derg. 2005;5(3):189-
193. 

32. Gandini C, Castoldi AF, Candura SM, 
Locatelli C, Butera R, Priori S, Manzo L. 
Carbon monoxide cardiotoxicity. J. Toxicol. 
Clin Toxicol. 2001;39(1):35-44. 

33. Hampson NB, Hampson LA.  
Characteristics of headache associated 
with acute carbon monoxide poisoning. 
Headache. 2002;42:220-223. 

34. Felta-Zaragozano J, Fons-Estupina C, 
Arnauda-Espatolero P, Ferrer-Dufol A, 
Lopez JL. Carbon monoxide poisoning. An. 
Pediatr.  2005;62(6):587-590.  

35. Hampson NB, Hauff NM. Risk factors for 
short-term mortality from carbon monoxide 
poisoning treated with hyperbaric oxygen. 
Crit Care Med. 2008;36(9):2523-7. 



 
 
 
 

Barghash et al.; BJMMR, 18(9): 1-13, 2016; Article no.BJMMR.26047 
 
 

 
13 

 

36. Hardy KR, Thom SR. Pathophysiology and 
treatment of carbon monoxide poisonings. 
J Toxicol Clin Toxicol. 1994;32:613–29.  

37. Turner M, Hamilton-Farrell MR, Clark RJ. 
Carbon monoxide poisoning: An update. B 
M J. 1999;16:92–6. 

38. Dan Hatlestad A. Carbon monoxide 
poisoning: Incidence, diagnosis & 
treatment. Toxicol Appl Pharmacol. 2005; 
105(2):340. 

39. Lam K, Fung H, Kam C. The severity and 
prognostic markers of 148 cases of carbon 
monoxide poisoning by burning charcoal. 
Hong Kong J of Emerg Med. 2006;13(1): 
6-16. 

40. Claude A. Carbon monoxide poisoning. 
NEJM. 2002;347(14):1054.  

41. Varon J, Marik PE. Carbon monoxide 
poisoning. The Intern J of Emerg and 
Intensive Care Med. 1997;1:2. 

42. Chou KJ, Fisher JL, Sliver EJ. 
Characteristics and outcome of children 
with carbon monoxide poisoning with and 
without smoke exposure referred for 
hyperbaric oxygen therapy. Pediatr. 
Emerg. Care.  2000;16(3):151-155. 

43. Richardson RS, Noyszewski EA, Saltin B, 
Gonzalez-Alonso J. Effect of mild 
carboxyhemoglobin on exercising skeletal 
muscle: Intravascular and intracellular 
evidence. Am J Physiol. 2002;283:R1131–
9.  

44. Blumenthal I. Carbon monoxide poisoning. 
JR. Soc. Med.  2001;94:270-272. 

45. Estrella B, Estrella R, Oviedo J.                  
Acute respiratory diseases and 
carboxhemoglobin status in school 
children of Quite, Eciador. Environ. Health 
Presect.  2005;113(5):607-611. 

_________________________________________________________________________________ 
© 2016 Barghash et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 
 Peer-review history: 

The peer review history for this paper can be accessed here: 
http://sciencedomain.org/review-history/16846 


