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Abstract

Background: Carbon monoxide (CO) poisoning is a big problem and seen 
in the whole world. And, the pathological changes caused by CO poisoning is 
still investigated.

Aim: The aim of this study is to investigate the relationship between 
pathological changes and carboxyhemoglobin (COHb) levels.

Method: 127 death cases, due to CO poisoning, are included in the study. 
Lung tissue samples are examined histopathologically and evaluated in terms 
of edema, hemorrhage, congestion, pneumonia, bronchitis, emphysematous 
changes, foreign body aspiration and pleural pathology. Hemorrhage, edema 
and other specific findings in the brain are evaluated. For examination of cardiac 
tissue, secondary findings in the sectional myocardial ischemia and stenosis in 
the coronary artery sections are evaluated. And, the correlation between the 
pathological changes and COHb levels were investigated.

Results: Edema (80%), hemorrhage (27%), congestion (13%), 
emphysematous changes (42%), pneumonia (0.03%) and bronchitis (0.05%) 
were detected in the lungs. Cardiac pathologies such as coronary stenosis 
(11%), cardiac ischemia (0.007%) and fibrosis (0.08%) and brain lesions (0.03%) 
were located in the cases. However, no correlation between changes in cardiac 
and brain pathology with COHb levels were detected. A negative correlation was 
found between COHb with pneumonia and bronchitis.

Conclusions: As a result, besides damage in the central nervous system 
and heart, severe damage also occurs in the lungs and various clinical 
conditions such as edema, congestion and pneumonia can be seen. All these 
histopathologic findings may be helpful to consider planning of acute and long 
term treatment of CO poisoning.

Keywords: CO poisoning; Carboxyhemoglobin; Pulmonary edema; 
Pulmonary congestion

Introduction
Carbon monoxide (CO) occurs from incomplete combustion of 

organic substances and it is a toxic gas with the features of colorless, 
odorless and non-irritating. CO is also formed during the destruction 
of the hem group in the human body and through the binding of 
hemoglobin (Hb), carboxyhemoglobin (COHb) arises. The COHb 
level in healthy individuals lies between 1-3%. But the COHb levels 
in the blood can reach up to 10-15% in persons that smoke a lot [1-4].

CO poisoning makes up nearly half of all deadly poisonings in the 
world [5,6]. Non-intentional CO poisoning takes place in different 
regions and different seasons in the world [7]. CO poisoning in 
Turkey is the most common cause of morbidity and mortality in the 
winter months. Also, considering all age groups, CO poisoning is the 
first reason of fatal poisonings in Turkey [8-11].

Pathological findings and clinical manifestations after CO 
poisoning depend on the CO exposure conditions. CO exposure 
can differ in amount and time. Short or long term exposure to high 
concentrations of gas or long term exposure to low concentrations of 
gas can cause CO poisoning [12].
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CO shows its effect via hypoxia, cellular toxicity and free radical-
mediated cellular injury. By binding itself to hemoglobin, CO slides 
the oxygen dissociation curve to the left which leads to less oxygen 
separating from the hemoglobin resulting in cellular hypoxia. 
Cellular toxicity arises through the connection of CO with different 
proteins and enzymes inside the cell. Especially, cytochrome c oxidase 
connected CO hinders the cells to use oxygen by the mitochondria. 
When electrons don’t reach the oxygen, they are separated from the 
carrier and cause free radical-mediated cellular injury inside the cell. 
An increase in lipid peroxidation resulting from the interaction of 
unsaturated fatty acids with oxygen free radicals after CO poisoning 
in rats [13,14].

During CO poisoning, depending on the impact level of hypoxia, 
different findings can arise. If the central nervous system is affected, 
headache, syncope, loss of consciousness varying from disorientation 
to coma, seizures, ataxia, behavioral disorders, dizziness, balance 
disorders and general weakness are observed. If the cardiovascular 
system is affected, palpitations, feeling of tightness in chest, cardiac 
arrhythmia and ischemic changes are especially seen in individuals 
with coronary artery diseases. Cardiorespiratory arrest can arise due 
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to brainstem changes or severe cardiac hypoxia [15,16]. Besides the 
changes in the nervous and cardiac system, different levels of lung 
pathologies can also be observed. Pulmonary changes seen in CO 
poisoning are connected to prolonged hypoxia. These changes in the 
lungs are affected by the permeability of capillaries and cause edema 
[17,18]. Adult respiratory distress syndrome is rarely seen after CO 
poisoning [19]. Although all of these histopathological information’s 
related with CO poisoning in cardiac, lung and brain tissues, there 
are still some deficiencies in this area. Therefore, the aim of this study 
is to investigate the relationship between pathological changes in 
especially postmortem lung, heart and brain tissues and their COHb 
levels.

Materials and Methods
This is a retrospective study. Work permit was received by 

the Commission for Education and Scientific Research of the 
Forensic Medicine Institution (Date: March 12, 2013, number: 
B.03.1.ATK.0.01.00.08/157)

Cases
One hundred and twenty seven (127) death cases that resulted 

from CO poisoning, between the years of 2007 and 2012, were 

included in the study. Seventy (70) of those are men and 57 women. 
Demographic characteristics of the cases are shown in Table 1. Just, 
CO poisoning cases included in the study. The autopsies of the cases 
were conducted at the Institute of Forensic Medicine in the Morgue 
Department of the Ankara Group Presidency.

Histopathological examination
Lung, heart and brain tissue samples from the cases were 

examined histopathologically. Lung tissue samples were examined 
histopathologically and evaluated in terms of edema, hemorrhage, 
congestion, pneumonia, bronchitis, emphysematous changes, foreign 
body aspiration and pleural pathology. Hemorrhage, edema and other 
specific findings in the brain tissue were evaluated. Coronary stenosis, 
ischemia, fibrosis and other specific findings were noted in the heart 
tissue. Table 2 displays which pathologies were scored in what way.

Biochemical parameters
Besides the result of the tissue examination also postmortem 

carboxy hemoglobin (HbCO, % saturation) levels of the cases were 
noted. According to the COHb levels the cases were divided into 
three groups:

Group 1: COHb levels were between 0-29.9 %

Group 2: 30-59.9 %

Group 3: 60-90 %.

Statistical analyses
The data of the study didn’t show normal distribution. The 

correlation analyses were carried out with Spearman’s correlation 
analysis. Binary comparisons were carried out with the Mann-
Whitney U test. p≤ 0.05 was considered significant.

Results
Demoghraphic data

The average age of all cases, men and women were respectively 
49.2, 49.47 and 48.87. The age of men was between 1 and 85 and the 
age of women between 1 and 88.

Because some autopsies were conducted outside the center of the 

Age
Sex

Total
Women Men

0-10 6 3 9

11-20 5 5 10

21-30 6 10 16

31-40 3 6 9

41-50 6 9 15

51-60 8 10 18

61-70 9 10 19

71-80 8 11 19

81-90 6 6 12

Total 57 70 127

Table 1: The table shows the age and sex of the cases.

Pathological State
Scores

0 1 2 3

Lung edema Absent Focal edema Alveolar edema

Hemorrhage in the lungs Absent Focal hemorrhage Alveolar hemorrhage

Lung congestion Absent Existent

Pneumonia Absent Existent

Bronchitis Absent Bronchitis Bronchopneumonia

Emphysematous changes Absent Existent

Foreign body aspiration Absent Existent

Brain lesion Absent Existent

Coronary stenosis Absent 30-33% narrowing 34-66% 67-100%

Cardiac ischemia Absent Perivascular ischemia Interstitial ischemia Fibrosis/scarring

Cardiac hypertrophy Absent Existent

Table 2: The table shows how lung, cardiac and brain pathologies of the autopsy cases are scored.
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study and their files were kept there, we couldn’t reach the cause of 
death. The causes of death of sixty five (65) cases are presented in 
Figure 1. The most common reason is stove poisoning.

Examination of lung, cardiac and brain tissues
The all pathologies seen in lung, cardiac and brain tissues were 

showed in Table 3. The most common lung pathology was pulmonary 
edema among male and female. The second common seen was 
emphysematous changes. While coronary stenosis was the most 
common cardiac pathology among female, fibrosis was the most 
among men (Table 3).

Pleural changes in lung pathology was only detected in a case of a 
14 year old, in form of acute fibrinous pleuritis.

Examining the relationship between age and COHb levels didn’t 
reveal a significant relationship (p=0.173 and r=-0.122).

While examining the relationship between COHb and lung 
parameters hasn’t shown a significant relationship in COHb and 
lung edema (p=0.434, r=0.070), hemorrhage (p=0.307, r=-0.091), 
congestion (p=0.227, r=-0.108), emphysematous changes (p=0.944, 
r=0.006) and foreign body aspiration (p=0.661, r=-0.039), a negative 

correlation was determined between COHb and pneumonia (p=0.027, 
r=-0.196) and bronchitis (p=0.006, r=-242) (Figure 2, 6, 7).

No significant relationship was found between COHb and brain 
pathologies (p=0.179, r=-0.120).

Also no significant relationship was found between COHb and 
cardiac pathologies (coronary stenosis, cardiac ischemia and cardiac 
hypertrophy) (coronary stenosis: p=0.941, r=-0.007; cardiac ischemia: 
p=0.641, r=0.042; cardiac hypertrophy: p=0.414, r=-0.073) 

There was a positive correlation between age and coronary 
stenosis (p<0.001, r=0.308) (Figure 3).

When we look at the relationship between the lung parameters, 
there was a negative correlation between the lung edema and 
emphysematous changes (p=0.018, r=-0.21). Similar to that, there 
was a negative correlation between congestion and emphysematous 
changes (p<0.001, r=0.333) (Figure 4, 6, 7).

There was a positive correlation between bronchitis and brain 
pathologies (p<0.001, r=0.391) and coronary stenosis (p=0.001, 
r=0.296) (Figure 5).

There was a matter of positive correlation between foreign body 
aspiration and emphysematous changes (p=0.006, r=0.241) (Figure 
6, 7).

In addition to the results above, as expected, there was a positive 
correlation between coronary stenosis and cardiac ischemia (p<0.001, 
r=0.522) and a positive relationship between cardiac ischemia and 
cardiac hypertrophy (p<0.001, r=0.429).

Discussion
Most important sources of CO gas are wrongly installed heaters, 

motor vehicles, devices using carbon fuels and house fires. In Turkey; 
however, the most common reason for CO poisoning is the stove 
which is closely followed by fires caused by water heaters [7,20]. If 
the heating device is poorly or wrongly installed and the ventilation 
of the environment is inadequate, it can very quickly lead to death. 
Also CO poisoning arising from a fire can lead to sudden deaths [21]. 

%12
n=8

%2
n=1

%2
n=1

%5
n=3

%6
n=4

%43
n=28

%6
n=4

%25
n=16

Figure 1: Causes and percentage of poisoning. The biggest reason is stove 
poisoning.

Tissue Histopathologic parameters Male(%) Female (%) Total (%)

Lung Edema 76 84 80

Hemorrhage 30 23 27

Congestion 11 16 13

Pneumonia 0.01 0.05 0.03

Bronchitis 0.04 0.05 0.05

Emphysematous changes 43 40 42

Foreign body aspiration 0.09 0.04 0.06

Pleural pathology 0.01 0 0.007

Cardiac Coronary stenosis 0.04 19 11

Ischemia 0.01 0 0.007

Fibrosis 10 0.05 0.08

Other specific findings 0.04 0.02 0.03

Brain pathologies(subarachnoid hemorrhage, superficial punctate bleeding, edema) 0.03 0.04 0.03

Table 3: Pathologies in the lung, cardiac and brain tissues.
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The most common cause of death in our study was stove poisoning 
followed by fires.

The most important factor determining the intoxication level 
in CO poisoning is the inhaled CO amount and exposure time [22]. 
Healthy individuals can live 1 minute with a 40% COHb amount and 
1 week with a 20% COHb amount. The COHb level can rise up to 60% 
and higher in a subject exposed to smoke of an internal combustion 
engine which is lethal [23]. The COHb levels of only 11 cases in our 
study were below 30%. The rest of the 116 cases had COHb levels over 
30%. This shows that the COHb level in cases where death occurs is 
rather high.

Figure 2: The graph shows the relationship between COHb and pneumonia. Negative correlation draws attention on both graphs.
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Figure 3: The graph shows the relationship between age and coronary 
stenosis.

CO binds to hemoglobin with a high affinity and creates COHb. 
CO also disrupts the function of the electron transport chain and 
causes that the electrons are set free. Thus, the occurring free oxygen 
radicals are causing damage to the organic compounds within the 
cell. The fact that CO binds to myoglobin in the skeletal muscle with 
three times higher affinity contributes to extra damage on a cellular 
level. It is thought that brain lipid peroxidation plays an important 
role in neurological manifestations during CO intoxication [13,24].

Due to their high metabolic rate the brain and heart are most 
vulnerable to CO-induced hypoxia [22]. Therefore, the death is often 
resulted from cardiac. When the cardiovascular system is affected, 
changes such as palpitations, feeling of tightness in the chest, severe 
hypotension, fatal arrhythmias, electrocardiographic changes, 
pulmonary edema and especially ischemic cardiac changes in 
individuals with coronary artery disease are seen [6,15,20,25-27]. In a 
study carried by Korb et al., it is reported that a myocardial ischemia 
is seen after an at least 24 hour latent period [28]. In our study we have 
found an ischemia diagnosis after 3-7 days in a case that has resulted 
in death after a 7-day hospital treatment. If the central nervous system 
is affected; headache, syncope, fainting loss of consciousness ranging 
from disorientation to coma, seizures, ataxia, behavioral disorders, 
dizziness, balance disorders, general weakness and neuropsychiatric 
symptoms are observed. In a study from Akdemir et al., 12 cases of 
55 CO poisoning has shown increased levels of troponin because of 
myocardial damage. While 16 patients have gone into cardiac arrest 
in the emergency room, two of them has died. In the same study 
they looked at the S100B, neuron specific enolase (NSE) and glial 

 
Figure 4: The graph shows the relationship between congestion and emphysematous changes. 
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Figure 5: The graph shows the positive correlation between bronchitis and brain pathologies and coronary stenosis.

Figure 6: Autolysis findings, emphysematous changes, alveolar hemorrhage 
(star) and alveolar edema (arrow) is seen in lung sections.

Pulmonary changes seen in CO poisoning are connected to prolonged 
hypoxia. These changes in the lungs affect the permeability of capillaries 
and cause edema [18,29]. The most common clinical parameters 
seen in the respiratory system in CO poisoning is pneumonia and 
pulmonary edema [18,19,30,31]. When we examine the lung tissues 
of death cases arising from CO poisoning reported by Fink, we can see 
congestion and/or edema in 66% and hemorrhage in 7% [32]. Sones 
et al. put forth roentgenographic evidence of interstitial and alveolar 
edema in 11 of 18 patients with CO poisoning [30]. In our study we, 
supporting the literature, detected edema, hemorrhage, congestion, 
emphysematous changes, foreign body aspiration, pneumonia and 
bronchitis in the lungs. (Figure 6, 7) Presumably, hypoxia plays a 
primary and the toxicity in the cell level a secondary role in these 
pathologies detected in lung. Also, we have seen a positive correlation 
between bronchitis and brain pathologies and coronary stenosis. 
Inflammation has been seen in the bronchitis. Many different types 
and numbers of cytokine are secreted by inflammatory cells at the 
bronchitis, and these cytokines with hypoxia may aggravate the tissue 
damage at brain and cardiac levels.

As a result, in addition to the damage in the central nervous system 
and heart, very severe damage also occurs in the lungs and various 
clinical conditions such as edema, congestion and pneumonia can be 
seen. All these histopathologic findings may be helpful to consider 
planning of acute and long term treatment of CO poisoning.

Figure 7a: Foreign body aspiration (arrow), polymorphonuclear leukocytes and erythrocytes are observed in the bronchial lung sections ((H&E X 100). 
b: Polymorphonuclear leukocytes, mononuclear inflammatory cells, edema, pneumonia symptoms including erythrocytes (star) and foreign body aspiration (arrow 
head) is observed in the alveolar spaces of the lung parenchyma.

fibrillary acidic protein (GFAP) levels to see the damage in the central 
nervous system and when compared with the control group, it is 
determined that the poisoned group has had higher levels. Patients 
with loss of consciousness had higher S100B, NSE and GFAP levels 
than the control group [20]. Cardiac pathologies such as coronary 
stenosis, cardiac ischemia and cardiac hypertrophy and brain lesions 
were located in the cases of our study. However, no correlation 
between changes in cardiac and brain pathology with COHb levels 
were detected. One of the reason for this is that no autopsies could be 
carried out on cases with determined cause of death and therefore no 
histopathological examination of tissue levels is carried out.

Another tissue being affected from CO poisoning is the lung. 
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