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ABSTRACT. This study evaluated the relationships among copeptin,
ischemia-modified albumin (IMA), and extent of myocardial injury
in patients with acute carbon monoxide poisoning (ACOP). A total
of 110 patients with different degrees of ACOP were selected as the
poisoning group, and 30 healthy individuals as the control group. The
levels of troponin I (cTnl), IMA, and copeptin were detected. Based
on the presence of complications, the patients were assigned to the
complication (26 patients) or non-complication (84 patients) group.
Levels of cTnl, IMA, and copeptin were compared among the control,
complication, and non-complication groups. Compared with the
control group, in the 2 h after admission, the IMA levels decreased and
copeptin levels increased in the poisoning group; these changes were
more significant in patients with severe ACOP than in those with mild
ACOP, and the difference was statistically significant (P < 0.05). There
were no differences in the IMA and copeptin levels between the groups
7 days after admission; the cTnl levels increased more significantly in
patients with severe ACOP than in patients with mild and moderate
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ACOP, and the differences were statistically significant (P < 0.05).
In the complication group, at 7 days after admission, the IMA levels
decreased whereas the copeptin and cTnl levels were significantly
higher than in the non-complication group, with a statistically significant
difference (P < 0.05). IMA was negatively correlated with copeptin.
IMA and copeptin detection is clinically useful in the early diagnosis
and prognosis of ACOP-related myocardial injury and in guiding early
clinical drug application.

Key words: Acute carbon monoxide poisoning; Copeptin; [schemia-
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INTRODUCTION

Acute carbon monoxide poisoning (ACOP) is a common clinical emergency in which
the heart is one of the most commonly affected organs, leading to acute myocardial injury
followed by disease progression and sudden death. Copeptin is the precursor of arginine vaso-
pressin (AVP), with a similar trend as that of AVP in plasma. In a previous study, it was found
to be significantly higher in acute myocardial ischemia patients (Zhang, 2012). Ischemia-
modified albumin (IMA) has been shown to increase within minutes of myocardial ischemia
(Ma and Li, 2013), which was detected before irreversible damage had occurred. This study
was designed to study the relationships among copeptin, IMA, and the extent of myocardial
injury in patients with ACOP.

MATERIAL AND METHODS
Subjects

A total of 110 ACOP patients [58 men, 52 women; age, 18-74 (mean age, 43.2 +
13.7) years] who were diagnosed and classified based on the “Occupational ACOP Diagnostic
Criteria” by the Ministry of Health”were selected from our hospital emergency department
during May 2011 to May 2013 (Wang, 2010). The patients in the poisoning group were fur-
ther classified into mild poisoning (22 patients), moderate poisoning (50 patients), and severe
poisoning (38 patients) groups. Thirty healthy individuals [16 men, 14 women; age, 27-74
(mean age, 45.6 + 12.5) years] were selected as the control group. Based on the presence or
absence of complications, the patients were divided into complication (26 patients) and non-
complication (84 patients) groups. Patients with a history of severe heart and lung diseases,
acute and chronic infectious diseases, sepsis, cardiovascular and cerebrovascular diseases,
diabetes insipidus, and other metabolic diseases were excluded. There were no differences in
age, gender, and weight among the groups.

Methods and indicators

Venous blood (3 mL) was collected intermittently from all patients within 2 h (4 h
after poisoning) to 7 days after admission, and troponin I (cTnl 0-1.7 ng/mL) and IMA (IMA
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> 65 U/mL) levels were detected using the 7600 automatic biochemical analyzer by Hitachi
(Tokyo, Janpan). Another sample of blood collected (3 mL) was centrifuged at 3000 r/min for
10 min and separated. The plasma specimens were stored at -80°C for detecting the copeptin
level. Copeptin was detected using ELISA test assay, and the kit was provided by Phoenix
Pharmaceuticals (San Francisco, CA, USA).

Statistical analysis

Statistical analysis was carried out using the SPSS 16.0 software (Chicago, IL, USA).
Measurement data of the two groups were compared using the #-test, and that of multiple
groups were compared using variance analysis; count data were compared using the chi-
square test; and correlation analysis was carried out using the Pearson correlation test. P <
0.05 was considered to be statistically significant.

RESULTS
Comparison of IMA, copeptin, and c¢Tnl in patients with different degrees of ACOP

Compared with the control group, within 2 h after admission, the IMA level of the
poisoning group decreased and the copeptin level increased in the poisoning group, with se-
vere ACOP patients showing a more significant increase than those with mild ACOP, and the
difference was statistically significant (P < (0.05). No statistically significant difference existed
in the levels of cTnl between the two groups. There was no significant difference in the levels
of IMA and copeptin between the groups 7 days after admission. However, the cTnl concen-
tration increased more significantly in patients with severe ACOP than in those with mild and
moderate ACOP, with statistically significant differences (P < 0.05) (Table 1).

Table 1. Comparison of cTnl, IMA, and copeptin in patients with different degrees of ACOP (means + SD).

Group Control (30) Mild (22) Moderate (50) Severe (38)

2h 7 days 2h 7 days 2h 7 days 2h 7 days
¢Tnl (ng/mL) 127028 1.31+03 1.33+0.23 1.8+0.17" 1.26+0.27 2.34+046" 1.22+041 2.66 + (.54 4%
IMA (>65U/mL) 6723+14 67.93+134 6250+2.17" 6795125 59.04+3.1"  66.5+1.63 56.01 +8.85%** 65.51+10.08

Copeptin (ng/mL) ~ 0.87+0.19  086+0.17  2.82+0.73" 239+£0.37  7.31+£095% 252+£0.58  13.08+1.96"%*  2.65+0.57

Compared with the control group, P < 0.05; compared with the mild group, “P < 0.05, compared with the moderate
group, *P < 0.05.

Comparison of IMA, copeptin, and cTnl between complication and non-complication
groups

There were 26 patients with complications, which accounted for 24% of the total
number. Compared with the non-complication group, the IMA level of the complication group
decreased, and the copeptin level increased. The cTnl levels of the complication group, at 7
days after admission, were significantly higher than those of the non-complication group. The
difference was statistically significant (P < 0.05) (Table 2).
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Table 2. Comparison of ¢Tnl, IMA, and copeptin between complication and non-complication groups (means = SD).

Group Complication (26) Non-complication (84)

2h 7 days 2h 7 days
cTnl (ng/mL) 1.27+0.28 3.10+0.22% 1.30+0.27 1.87+0.27
IMA (>65 U/mL) 54.62 +1.534 60.65 +3.614 57.89 +4.02 66.84 £ 1.78
Copeptin (ng/mL) 13.88 + 1.45% 6.65 +1.82% 6.99 +3.39 2.47+0.61

Compared with the non-complication group, *P < 0.05.

Correlation between copeptin, IMA, and the extent of myocardial injury

Myocardial injury in ACOP patients increased with a corresponding increase in the
copeptin level and decrease in the IMA level. Correlation analysis showed that during the
early stage in patients with different degrees of ACOP, IMA had a negative correlation with
copeptin (r=-0.560, P <0.01).

DISCUSSION

ACOP is a common medical emergency with the highest mortality among acute poi-
soning cases (Chen and Lin, 2009). It primarily causes tissue hypoxia and multiple organ
damage, with heart damage such as arrhythmia, heart failure, and myocardial infarction being
the most common. This may be due to: 1) increasing cardiac load and increasing oxygen de-
mand caused by stimulation of the adrenergic system; 2) energy deficiency in myocardial cells
caused by vascular endothelial damage and damage to the mitochondrial function; 3) oxygen
tension reduction in capillaries due to the oxygen dissociation curve lofting and reduced oxy-
gen release from blood to tissues; 4) myocardial cell surface ion channel dysfunction and in-
ability to restore the physiological state due to various ions inside and outside the myocardial
cells causing ion distribution imbalance and Ca overload in the cytoplasm, thereby triggering
myocardial cell lysis; 5) possible production of large amounts of oxygen-free radicals, causing
intracellular acidosis, inhibition of oxidative phosphorylation, and ATP depletion, which dam-
ages myocardial function. As a specific marker of myocardial dysfunction, serum concentra-
tion of ¢cTnl was elevated at 4-6 h, reached a peak at 18-24 h, and dropped to normal after 4
weeks, when it was used for diagnosis of ACOP myocardial injury. Therefore, it is particularly
important to explore novel sensitive markers for myocardial ischemia and necrosis.

Copeptin, which is secreted by the hypothalamus, consists of a 39-amino acid se-
quence of glycoprotein and serves as a new biochemical marker. It correlates with the occur-
rence, development, and prognosis of many diseases. The functions of copeptin are uncertain;
it probably assists the misfolded monomer to refold by calnexin/calreticulin protein systems to
ensure the stability of their biological effects. The function of copeptin is unclear; it is likely
that based on the calnexin/calreticulin role of protein systems, it assists in auxiliary misfolded
monomer refolding in order to ensure the stability of its biological effects. Copeptin correlates
with myocardial ischemia (Chai et al., 2009). It increases in 0-4 h and decreases after 6 h.
Another previous study also demonstrated (Reichlin et al., 2009) that copeptin was a stress
hormone. A disorder of the copeptin level can affect the development of many diseases. It is
clinically useful in the early diagnosis, assessment, and prognosis of disease. Because of its
relatively high sensitivity but poor specificity, combined IMA detection was used to make up
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for the shortcomings of specificity in the early diagnosis of AOCP-related myocardial injury.
IMA is formed by changes in human serum albumin flowing through ischemic tissue. When
local tissue ischemia produces oxidative stress, sequence undergoes oxidative modification
to form IMA. It reflects a substantive change before cell necrosis, which develops 5-10 min
after myocardial ischemia. In a previous study, peripheral blood IMA concentrations increased
rapidly and continued to rise in the ischemic process, which lasted 2-4 h, and then returned to
baseline level within 6-10 h (Cao et al., 2011). The detection of myocardial ischemia before
irreversible damage will be helpful for early prediction and detection. However, IMA did not
show a high degree of tissue or clinical specificity in myocardial injury. The specificity in-
creased in non-cardiac myocardial injury, and copeptin was expected to fill the gap.

In this study, dynamic monitoring of serum IMA and copeptin levels in patients with
ACOP showed that in the early stage, varying degrees of changes occurred in the concentra-
tions of IMA and copeptin in patients with different degrees of poisoning, and the changes
were related with the extent of CO poisoning. More severe poisoning and more severe heart
and other organ damage were found to be associated with lower IMA levels and higher co-
peptin levels. Due to the short duration, markers of myocardial injury were not increased,
which did not reflect the degree of the lesion. At 7 days after admission, the IMA and copeptin
levels began to decrease, and there was no difference between the poisoning groups. With
the occurrence of ACOP complications, the copeptin level increased significantly. There was
a significant difference in the IMA and copeptin levels between the complication and non-
complication groups, suggesting that there may be multiple organ damage in ACOP patients.
Because of the disease progression, IMA and copeptin levels in the complication group contin-
ued to rise, or rose again after decline, indicating severe myocardial injury and poor prognosis
in the patients. Differences in the levels of IMA and copeptin were consistent with the disease
outcome in this study. There was a negative correlation between IMA and copeptin in patients
with ACOP myocardial injury; the lower the IMA level, the higher was the copeptin level, and
the more severe the myocardial injury, the more severe was the tissue hypoxia. The results of
this study, to some extent, prompted that IMA and copeptin levels may reflect the extent of
ACOP-related myocardial injury and occurrence of complications. Some studies have shown
(Kao et al., 2009) the occurrence and severity of myocardial injury after CO poisoning in-
creased with the severity of poisoning, and it was closely related to short-term complications
and prognosis. In patients with moderate and severe CO poisoning, the degree of myocardial
injury can predict the incidence of complications, as seen in this study. Most myocardial injury
is reversible in ACOP patients, with the standard treatment resuming in a few days. Some in-
dicators continued to rise, or rose again after decline, during the dynamic monitoring process,
indicating disease progression and the need of timely adjustments for treatment, which is
important in guiding early clinical drug application.

In summary, the higher the levels of IMA and copeptin, the more severe were the
ACOP myocardial injury and tissue hypoxia. With increase in the severity of poisoning, a
significant increase occurs in cardiac injury, which can be used to assess mortality in patients.
Dynamic monitoring of IMA and copeptin levels can be used in the early diagnosis of myo-
cardial injury and as a reference for ACOP prognosis.
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