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Cardiac injury after acute carbon monoxide
poisoning and its clinical treatment scheme
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Abstract. This study was designed to investigate cardiac
injury after acute carbon monoxide poisoning and its clinical
treatment scheme. Seventy patients with moderate and
severe acute carbon monoxide poisoning (ACOP) admitted
from January 2017 to December 2018 into The Affiliated
Hospital of Qingdao University were regarded as a research
group (RG), and another 30 healthy adults undergoing
physical examination in the hospital during the same period
were selected as a control group (CG). Thirty-five patients
in the RG who received hyperbaric oxygen therapy were
considered as group A, and 35 patients who received extra-
corporeal membrane oxygenation therapy were considered
as group B. The effective rates and complications of the two
groups after treatment were compared. The concentrations
of creatine kinase isoenzyme (CK-MB) and lactate dehy-
drogenase (LDH) of myocardial enzymes at different time
points before and after treatment were detected. Expression
of miR-30a in the blood of experimental subjects was
detected by time-fluorescence quantitative PCR, and the
relationship between miR-30a expression and ACOP patients
was analyzed. Patients in groups A and B achieved obvious
efficacy, but the effective rate and incidence rate of complica-
tions in the extracorporeal membrane oxygenation (ECMO)
group were better than those in the hyperbaric oxygen group.
The concentrations of CK-MB and LDH in group A and
group B were significantly higher than those in control group
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(P<0.01). The expression level of miR-30a in the RG was
significantly higher than that in the control group (P<0.05).
Both hyperbaric oxygen therapy and ECMO therapy have
obvious efficacy on ACOP patients, but the latter is better
than the former. The expression level of miR-30a in blood
of ACOP patients increased significantly, which is positively
correlated with myocardial injury, and it decreased after
treatment. It is believed that miR-30a can provide a reference
index for early diagnosis and prediction of disease progres-
sion and prognosis in cardiac injury of ACOP.

Introduction

As a colorless and tasteless gas, carbon monoxide (CO) is
difficult to find when it overflows. The concentration of CO
exceeding 35 ppm will endanger human health (1). Acute
carbon monoxide poisoning (ACOP) is a common acute disease
in clinical practice. Its clinical manifestations range from
headache, dizziness to coma and even death with a mortality
rate of 1-3%. A considerable number of patients have long-
term neurological and emotional sequelae after treatment (2).
Its pathogenesis is not completely clear and its physiological
mechanism is mainly hypoxia stress. In ACOP, the main harm
is to organs with high oxygen demand, including heart and
brain, and the severity of the disease may be related to different
concentrations of CO exposure and duration (3). Among them,
myocardial injuries such as angina pectoris and myocardial
infarction (4) are common in ACOP patients and are related to
the increase of long-term mortality rate (5). At present, clinical
treatment for ACOP includes hyperbaric oxygen therapy on the
basis of symptomatic treatment, which can effectively reduce
the mortality rate of patients (6). However, due to the lack of
efficacy basis, the application of hyperbaric oxygen to ACOP
patients still lacks relevant evidence (7). In recent years, due
to the development of extracorporeal circulation technology,
extracorporeal membrane oxygenation (ECMO) technology
has been gradually applied to the treatment of ACOP, and
Simonsen et al (8) reported that ECMO treatment can improve
the survival rate of ACOP patients with cardiogenic shock, but
its exact efficacy is currently less studied.

Physiological autophagy has a protective effect in myocar-
dial ischemia, and miR-30a can maintain autophagy reaction
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of myocardial cells after hypoxia (9), so miR-30a is bound to
have an important connection with cardiac injury of ACOP.
Therefore, this study judged myocardial injury by detecting
the miR-30a expression level before and after ACOP patients
received hyperbaric oxygen therapy and ECMO respectively,
and detected myocardial enzymes: creatine kinase isoen-
zyme (CK-MB) and lactate dehydrogenase (LDH). The aim
was further confirm the efficacy and mechanism of the two
treatment methods, to judge which treatment method is more
suitable for clinical use, and to provide more reliable reference
opinions for the future treatment of such diseases.

Patients and methods

Clinical data.Seventy patients with moderate and severe ACOP
admitted to The Affiliated Hospital of Qingdao University
(Qingdao, China) from January 2017 to December 2018 were
studied. On the basis of routine treatment, they were divided
into group A (treated with hyperbaric oxygen) with 35 cases
and group B (treated with ECMO) with 35 cases according
to different combined treatment methods. Another 30 healthy
adults who underwent physical examination in the hospital
were selected as the control group (CG). The subjects were
aged 25-60 years, with an average age of 41.53+8.71 years.
This study was approved by the Ethics Committee of The
Affiliated Hospital of Qingdao University, and all patients and
their families signed an informed consent.

Inclusion and exclusion criteria. All the patients involved
in this experiment had a history of CO exposure and met the
diagnostic criteria of moderate or severe ACOP. Exclusion
criteria were as follows: i) Mild ACOP patients; ii) patients
with a history of drug allergy; iii) patients with mental
disorders; iv) patients with severe cardiac, cerebral and renal
insufficiency before suffering from this disease; v) those who
were restless and could not cooperate with the treatment;
vi) patients with incomplete pathological data; vii) patients
with coagulation dysfunction.

Methods. On the basis of routine treatment, all patients in
group A received hyperbaric oxygen therapy: stable pres-
surization for 20 min, stable oxygen inhalation for 60 min,
intermittent rest for 5 min, gradual decompression for 20 min,
hyperbaric oxygen chamber treatment pressure of 2-2.5 ATA,
and hyperbaric oxygen therapy once a day. Patients in group B
received ECMO treatment: The vein-artery (V-A) auxiliary
mode was selected, and ECMO was composed of a temper-
ature-variable water tank, a centrifugal pump, an oxygenator
and heparin-coated cannulas. They all underwent ipsilateral
femoral artery and femoral vein incision, heparin-coated
cannulas of 15-17FR and 19-21FR were inserted, appropriate
flow paths were set, blood supply to distal limbs of the same
side was ensured, and ECMO was managed and removed
according to the guidelines.

Altogether 3 ml of peripheral blood in all subjects was
taken at different time points before and after treatment,
while from those in the CG 2 ml of venous blood was
taken during physical examination. Myocardial enzyme
detection: serum was taken by low-speed centrifugation at
4°C for 20 min at 1,000 x g, CK-MB and LDH levels were
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detected by Dx800 automatic biochemical immune analyzer
(Beckman Coulter, Inc.) and enzyme-linked immunosorbent
assay (ELISA). CK-MB and LDH kits were from Shanghai
Yubo Biotechnology Co., Ltd. miR-30a detection: Real-time
fluorescence quantitative PCR (RT-PCR) method was used
to detect the expression of target miR-30a (kit from Xiamen
Huijia Biotechnology Co., Ltd., XWCPK3043). Trizol kit
(Shenyang Wanlei Biotechnology Co., Ltd.) was used to
extract the total RNA of cells, and specific steps were strictly
carried out in accordance with the instructions. The extracted
RNA was reverse transcribed to obtain cDNA, which was
used as a template for experiments. The reaction condi-
tions were as follows: pre-denaturation at 95°C for 30 sec,
denaturation at 95°C for 5 sec, and denaturation at 60°C for
20 sec. Melting conditions: 95°C, 0 sec; 65°C, 15 sec; and
95°C, 0 sec. Samples in each group were repeated 3 times,
internal reference was performed using U6, and data analysis
was performed using 22" method. The primer sequence was
designed and synthesized by China Thermo Fisher Scientific,
Inc., as shown in Table I.

Observation index and efficacy judgment standard. The
efficacy evaluation was divided into three grade standards,
namely markedly effective, effective and ineffective.

Markedly effective: The symptoms and signs of the
patients were obviously improved, their consciousness was
clear, and the electroencephalogram basically returned to
normal. Effective: The symptoms and signs of the patients
were improved and the consciousness recovered basically,
but the EEG examination was still abnormal. Ineffective: The
symptoms and signs of the patients were not improved, even
aggravated or presenting serious complications.

The effective rate and complications of patients in the
two groups two weeks after treatment were compared. The
CK-MB and LDH levels as well as miR-30a expression in
blood samples of subjects in the three groups at different time
points before and after treatment were observed.

Statistical methods. SPSS24.0 statistical software was
used to analyze and process the data, GraphPad 5 software
package was used to draw relevant images, the counting data
were expressed in the form of rate, and Chi-square test was
used for comparison between groups. The measurement data
were expressed as mean + standard deviation. Independent-
samples t-test was used for inter-group comparison, one-way
analysis of variance was used for multi-group comparison,
LSD t-test was used for post hoc pairwise comparison,
repeated measures analysis of variance was used for multi-
time point expression, and Bonferroni test was used for back
testing. The diagnostic value was analyzed by ROC curve.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Comparison of clinical data. There was no significant differ-
ence in age, sex, white blood cell count, exposure time, typing,
smoking, and family history of heart disease between the RG,
CG and groups A and B (P>0.05), proving that subjects in the
three groups were comparable (Table II).
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Table I. miR-30a primer sequences.
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Sequence miR-30a [8]9)
Forward 5'-ACGGGCGCAACTGTAAACATCC-3' 5-GACATCAAGAAGGTGGTGAAGC-3'
Reverse 5'-CAGTGCAGGGTCCGAGGTAT-3' 5-TGTCATTGAGAGCAATGCCAGC-3'

Table II. Comparison of clinical data [n(%)].

Parameters Group A (n=35) Group B (n=35) Control group (n=30) y* or F value P-value
Age 39.88+6.41 42.25+7.56 43.18+7.29 1.910 0.154
Sex 2.190 0.335
Male 14 (40.00) 19 (54.29) 17 (56.67)
Female 21 (60.00) 16 (45.71) 13 (43.33)
White blood cell count (10°/1) 8.53+2.64 8.26+2.12 7.51£1.96 1.715 0.185
Exposure time (h) 6.43+4.57 6.67£5.19 0.205 0.838
Typing 0.245 0.621
Moderate 23 (65.71) 21 (60.00)
Severe 12 (34.29) 14 (40.00)
Family history of heart disease 0.688 0.709
Yes 5(14.29) 6 (17.14) 3 (10.00)
No 30 (85.71) 29 (82.86) 27 (90.00)
Smoking 1.476 0.478
Yes 11 (31.43) 15 (42.86) 9 (30.00)
No 24 (68.57) 20 (57.14) 21 (70.00)

Comparison of the effective rates of patients in the two groups.
The total effective rate of patients in group A was 71.43%,
and that of patients in group B was 91.43%. Compared with
patients in the two groups, those in group B were significantly
higher than those in group A (P<0.05) (Table III).

Comparison of the incidence rate of complications between
the two groups. The two groups were compared for delayed
encephalopathy, myocardial injury, urinary tract infection,
skin dystrophy and other complications. Analysis revealed
that the incidence rate of complications in group B (14.29%)
was significantly lower than that in group A (37.14%) (P<0.05)
(Table IV).

Comparison of CK-MB and LDH levels at different time points
before and after treatment. There was no significant differ-
ence in CK-MB and LDH concentrations between group A,
group B and control group before treatment (P>0.05). Three
days, seven days and two weeks after treatment, the levels of
CK-MB and LDH in group A were significantly lower than
those in group B (P<0.05) (Fig. 1).

Detection of miR-30a expression level. Blood samples of
100 subjects were collected before, and seven days after
treatment to detect the expression level of miR-30a, and the
expression level of miR-30a in ACOP patients before treat-
ment was significantly higher than that in normal samples

Table III. Comparison of therapeutic efficiency.

GroupA Group B

Efficiency (n=35) (n=35) y*value P-value

Markedly effective 14 (40.00) 18 (51.43)
Effective 11 (31.43) 14 (40.00)
Ineffective 10 (28.57) 3(8.57)

Total effective rate  71.43% 91.43% 4629 0.031

(P<0.01), at seven days after treatment it was significantly
lower than that before treatment, and the reduction level in
group B was better than that in group A (P<0.05) (Fig. 2).

Diagnostic value of miR-30a in myocardial injury of ACOP.
ROC curve analysis showed that the area under the curve
(AUC) was 0.870. When the maximum cut-off value was
3.807, the sensitivity and specificity of miR-30a in diagnosing
myocardial injury of ACOP were 68.57 and 96.67% (P<0.01)
(Fig. 3).

Correlation analysis between the miR-30a expression level
and clinicopathology of ACOP patients. The expression level
of miR-30a was not significantly correlated with age, sex,
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Table I'V. Incidence rate of complications.
Factors Group A (n=35) Group B (n=35) y* value P-value
Delayed encephalopathy 5(14.29) 3(8.57)
Myocardial injury 4(1143) 2(5.71)
Urinary tract infection 2(5.71) 0 (0.00)
Cutaneous dystrophy 2(5.71) 0 (0.00)
Incidence rate of complications 37.14% 14.29% 4.786 0.029
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Figure 1. Comparison of the CK-MB and LDH levels of myocardial enzymes at different time points before and after treatment. (A and B) Concentrations of
CK-MB and LDH in the RG were significantly higher than those in the CG (P<0.01) before treatment, and there was no significant difference between groups A
and B (P>0.05). (C and D) The levels of CK-MB and LDH in group A and group B at different time points decreased 3 days, 7 days and 2 weeks after treatment,
respectively, but the decrease level in group B was better than that in group A ("P<0.05). CK-MB, creatine kinase isoenzyme; LDH, lactate dehydrogenase;

LDH, lactate dehydrogenase; RG, research group; CG, control group.

family history of heart disease, or smoking in ACOP patients
(P>0.05), but correlated with co-exposure time and typing
(P<0.05) (Table V).

Discussion

CO is a common fatal poison that easily damage the transpor-
tation and utilization of oxygen (5). Mild ACOP symptoms
include dizziness, headache, and limb weakness. Long-term
exposure to CO can lead to central nervous system and
cardiovascular system injury and even death (10,11). ACOP
has become one of the most common types of poisoning
causing death in the world (12). As the target organ of

ACOP, heart failure is the main clinical manifestation after
poisoning (13). At present, the determination of myocar-
dial enzyme is the main clinical indicator of myocardial
cell injury (14). However, due to abnormal expression of
myocardial enzyme in various cardiac diseases and low
specificity, it is of great significance to find markers for diag-
nosing ACOP cardiac injury. MircoRNA is a kind of small
molecule non-coding RNA; previous studies have shown
that miR-30a participates in the occurrence and development
of cardiovascular diseases, and plays an important role in
myocardial function, myocardial cell necrosis and apoptosis
by regulating its target genes (15), proving that miR-30a is
abnormally expressed in blood of patients with myocardial
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Figure 2. Comparison of the miR-30a expression level before and after treatment. (A) The relative expression level of miR-30a in the RG before treatment
(4.51£1.63) was significantly higher than that in the CG (2.15+1.02); (B) The relative expression level of miR-30a (3.16+1.24) in the RG decreased significantly
7 days after treatment compared with that before treatment. (C) The relative expression level of miR-30a in the two groups after treatment with different
treatment methods, show that the relative expression level of miR-30a in group A was 3.35+1.03, that in group B was 2.86+0.95, and that in group A was
significantly lower than that in group B ("P<0.05). RG, research group; CG, control group.

infarction (16). At present, the treatment of ACOP includes
giving high concentration and high flow of oxygen, ventilation
support and detection of abnormal heart rate (17). Hyperbaric
oxygen is an effective treatment method of ACOP, which
can quickly correct anoxia. Although hyperbaric oxygen
treatment is related to the good consciousness level of CO
poisoning patients, its impact on their mortality or morbidity
rate is still unknown, and is not directly tied to their reduc-
tion of mortality rate (18). However, in ACOP multiple organ
failure of adults and children, there have been cases showing
success of extracorporeal membrane oxygenation (ECMO)
treatment (19). ECMO is an extracorporeal circulation
technology and has been clinically developed as a neces-
sary means to treat respiratory and circulatory failure (20).
Since there are few reports comparing the efficacy of the
two therapeutic methods on ACOP, this study compared the
efficacy of hyperbaric oxygen therapy and ECMO on ACOP
patients, respectively, and detects the expression of miR-30a
in cardiac injury of ACOP, proving the application value of

the two therapeutic methods, which has important reference
value for clinical ACOP treatment.

In this study, 70 patients with confirmed moderate or
severe ACOP were evaluated, the effects of hyperbaric
oxygen therapy and ECMO therapy were compared, and the
myocardial enzyme CK-MB, LDH concentration and miR-30a
expression in peripheral blood in ACOP-induced cardiac injury
were detected. The results showed that ECMO was superior to
hyperbaric oxygen in terms of treatment efficiency and compli-
cation rate, and the reason was that it could remove CO in
patients and improve hypoxia state of their tissues and organs
more effectively, which was consistent with the research results
of Choi et al (21). Furthermore, CK-MB and LDH concentra-
tions in ACOP patients increased significantly, but decreased
significantly three days, seven days and two weeks after treat-
ment, respectively. However, the degree of the decrease in the
ECMO group was better than that in hyperbaric oxygen group.
RT-PCR was used to detect the miR-30a expression level in
the blood of the study subjects. It was found that the miR-30a
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Table V. Correlation analysis of the miR-30a expression level and clinicopathological features of patients in the RG.
Parameters n miR-30a level t value P-value
Age (years)
>41.5 41 4.23+1.17 0.445 0.658
<415 29 436+1.25
Sex 0.349 0.729
Male 33 4.06+1.12
Female 37 3.97+1.04
Exposure time (h) 2.123 0.037
=6.5 28 4.56x1.41
<6.5 42 3.93+1.07
Typing 2.180 0.033
Moderate 44 4.17+1.16
Severe 26 4.82+1.28
Family history of heart disease 0.815 0418
Yes 11 4.35+1.37
No 59 4.07+0.98
Smoking 0.545 0.588
Yes 26 4.26+1.15
No 44 4.11+£1.09

RG, research group; bold, statistically significant.
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Figure 3. Early diagnostic value of miR-30a for myocardial injury of ACOP
(AUC=0.870). ACOP, acute carbon monoxide poisoning; AUC, area under
the curve.

expression level in the blood of ACOP patients was signifi-
cantly different from that of the normal control group, and that
of the ACOP patients were significantly higher than normal
people. Seven days after treatment, the expression of miR-30a
in group A and group B decreased significantly compared with
that before, but the decrease in group B was more obvious,
which showed that ECMO was better than hyperbaric oxygen
therapy in treating cardiac injury. ROC curve analysis showed
that the cut-off value was 3.807, miR-30a had a sensitivity
of 68.57% and specificity of 96.67% in diagnosing cardiac
injury of ACOP, indicating that miR-30a had certain accuracy.

Through further analysis of the correlation between miR-30a
and clinical pathology of ACOP patients, we found that the
miR-30a expression level was not linked to age, sex, family
history of heart disease, or smoking, but linked to time of
exposure to CO and ACOP typing, suggesting that miR-30a
played an important part in the proliferation and apoptosis
of myocardial cells under anoxic conditions, and myocardial
cell damage and recovery could be judged by detecting the
miR-30a expression level in peripheral blood.

Collectively, hyperbaric oxygen therapy and ECMO
therapy have obvious efficacy on ACOP patients, but the
latter is better than the former, and the expression level of
miR-30a in blood of ACOP patients increased significantly,
which is positively correlated with myocardial injury, and
it decreased after treatment. It is believed that miR-30a can
provide a reference index for early diagnosis and prediction
of disease progression and prognosis in cardiac injury of
ACOP.
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