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Abstract: Objective: The aim of the current study was to investigate the cardiotoxic effects of carbon monoxide
poisoning. Three-dimensional speckle tracking imaging (3D-STI) has been used in the literature to analyze left
ventricular systolic function of patients with carbon monoxide poisoning. 3D-STI may be a potentially more sensitive
technique. Methods: This prospective study included 36 hospitalized patients with carbon monoxide poisoning and
35 healthy volunteers were selected as the control group. All patients with carbon monoxide poisoning received 3DSTI examination at admission and at the time of 1 week after admission to the emergency department. Parameters
were measured by 3D-STI technique which included the global longitudinal strain (GLS), global area strain (GAS),
global circumferential strain (GCS) and global radial strain (GRS). Left ventricular ejection fraction (LVEF) was measured by Simpson’s method. Peripheral blood was tested within 24 hours after admission and cardiac troponin I
(cTn I) was measured. Femoral artery blood was collected at admission and one week after admission to the emergency department, and arterial blood gas analysis was performed to determine carboxy hemoglobin (HbCO). T-test
or Wilcoxon rank-sum tests, Chi-square test, and Pearson correlation were performed for data analysis. Results:
Compared to the control group, GLS and GAS were significantly lower at admission in patients with carbon monoxide
poisoning (P < 0.05), but there was no significant difference between GCS, GRS, and LVFE at admission between the
carbon monoxide poisoning group and the healthy control group (P > 0.05). HbCO and cTn I increased significantly
at admission in patients with carbon monoxide poisoning (P < 0.05). There was no significant difference in GLS,
GAS, GCS, GRS, LVEF, HbCO, and cTn I between the carbon monoxide poisoning group and the healthy control group
at the time of 1 week after admission (P > 0.05). cTn I was negatively correlated with GLS and GAS, and GAS correlation (r = -0.483) was better than GLS correlation (r = -0.345). Conclusion: Heart is one of the most susceptible
organs in carbon monoxide poisoning. Cardiotoxic effects with carbon monoxide poisoning can be evaluated early by
3D-STI technical. Left ventricular systolic dysfunction can be induced by carbon monoxide poisoning. GLS and GAS
decreased with the increase of cTn I. Impairment of left ventricular function caused by carbon monoxide poisoning
is reversible.
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Introduction
Carbon monoxide is a colorless, odorless toxic
gas. Excessive inhalation can lead to carbon
monoxide poisoning [1]. Brain and heart are
two of the most oxygen consuming organs in
the body and they are always involved. Heart is
a critical and susceptible organ in carbon monoxide poisoning. Myocardial involvement is common and is often associated with a higher

risk of death [2-5]. Therefore, cardiac dysfunction caused by carbon monoxide poisoning is
attracting more and more attention by researchers around the word. Three-dimensional speckle tracking imaging (3D-STI) can track the movement of myocardial spots in three-dimensional
space and accurately assess the overall myocardial deformation. Compared with traditional
methods, it is a potentially more sensitive technique to evaluate myocardial contractile func-
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tion [6, 7]. In this study, the cardiotoxic effects
of carbon monoxide poisoning were investigated via three dimensional speckle tracking imaging. Myocardial toxicity induced parameter
changes of 3D-STI were studied in patients with
carbon monoxide poisoning.
Object and method
Subjects
A prospective study was conducted. Thirty-six
cases of carbon monoxide poisoning in Shanxi
Provincial People’s Hospital and General
Hospital of the Taiyuan Iron and Steel from
January 2017 to July 2018 were selected as
the study group. Inclusion criteria were based
on the guidelines for clinical treatment of carbon monoxide poisoning issued by the Minister
of Health of China in 2012. None of the selected patients had a history of smoking. All
patients were admitted to the hospital within 1
hour after intoxication. No hyperbaric oxygen or
artificial ventilation was required. Oxygen was
supplied through the mask and the oxygen flow
rate was 2-5 L/min.
Thirty-five subjects were selected as healthy
control group. The healthy control group subjects all came from a health check-up population in the medical center of the hospital.
Echocardiogram, electrocardiogram, serological and physical examination were performed
in the control group. With all of the above examinations, subjects with related diseases that
could affect the structure and function of the
heart were excluded in the healthy control
group. This study was performed in accordance
with the ethical standards established by the
Shanxi People’s Hospital ethics committee and
approved by the committee. The subjects or
their relatives have signed the informed consent.
Method
Echocardiography was performed using the
color Doppler ultrasound diagnostic instrument
produced by GE Company of America, the
equipment type is Vivid E9. All data were collected by the same senior physician. All the
subjects were in a left lying position, breathing
evenly, and the examination room was quiet.
Using 4V-D mode, the probe frequency was
between 1.5 and 4 MHz and frame rate is

6442

greater than 25 frames/s. The standard apical
four cavities were collected and the left ventricular 3D images were recorded continuously
in 3 cardiac cycles. The left ventricular systolic
function parameters were obtained by built-in
software analysis: global longitudinal strain
(GLS), global area strain (GAS), global circumferential strain (GCS), global radial strain (GRS).
The above four indicators can reflect the deformation of myocardium during the cardiac cycle,
which are all strain indicators. The positive
strain indicates the prolongation or thickening
of the myocardium, while the negative strain
indicates the shortening or thinning of the myocardium. The absolute value of strain represents the degree of myocardial deformation.
Left ventricular ejection fraction (LVEF) was
measured by Simpson’s method.
Two milliliters of peripheral venous blood was
extracted within 24 hours of admission, and
the concentration of cTn I was measured. Arterial blood was collected at admission and 1
week after admission respectively, and blood
gas analysis was performed to determine
HbCO.
Statistical analysis
The SPSS 24.0 software (SPSS Inc., Chicago,
IL, USA) was used for statistical analysis. Summaries according to patient characteristics
are primarily descriptive. For continuous variables, all the data are expressed as means ±
SD or median (interquartile range), depending
on data distribution. Comparisons of indicators
measured categorically are based on Chi-squared test. Comparisons between groups of indicators measured on a continuous scale are
based on T-test or Wilcoxon rank-sum tests.
Pearson Correlation Coefficient was used to
analyze the correlation between cTn I and GLS
or GAS. All P values reported are two-tailed and
P < 0.05 was set as the level of significance.
Results
General data comparison
The study group was comprised of 19 males
and 17 females, with the average age being
(45.42 ± 7.13) years old, and an average body
mass index of (21.61 ± 3.15) kg/m2; Healthy
control group has 18 males and 17 females,
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the average age was (44.79 ± 7.92) years old,
and the average body mass index was (21.17 ±
3.23) kg/m2. There was no significant difference in the gender composition, age composition and body mass index between the carbon
monoxide poisoning group and the healthy control group (P = 0.935, 0.852, 0.472 respectively; all P > 0.05). The HbCO concentration in
patients with carbon monoxide poisoning was
(35.76 ± 9.43)%.
Comparison of parameters between the carbon monoxide poisoning group and the healthy
control group at admission
Compared with the healthy control group, GLS
and GAS were significantly lower at admission
in patients with carbon monoxide poisoning (P
= 0.026, 0.017 respectively; all P < 0.05), but
there was no significant difference between
GCS, GRS, and LVFE at admission between the
carbon monoxide poisoning group and the
healthy control group (P = 0.152, 0.087, 0.057
respectively; all P > 0.05). HbCO and cTn I increased significantly in patients with carbon
monoxide poisoning at admission in patients
with carbon monoxide poisoning (P = 0.001,
0.008 respectively; all P < 0.05). The details
are shown in Table 1.
Comparison of parameters between carbon
monoxide poisoning group and healthy control
group after 1 week of admission
There was no significant difference in GLS,
GAS, GCS, GRS, LVEF, HbCO and cTn I between
the carbon monoxide poisoning group and the
healthy control group at the time of 1 week
after admission (all P > 0.05). The details are
shown in Table 1. cTn I was negatively correlated with GLS and GAS, and GAS correlation (r =
-0.483) was better than GLS correlation (r =
-0.345).
Discussion
Carbon monoxide poisoning occurs occasionally in daily life. Incomplete combustion of carbonaceous substances may produce carbon
monoxide [8]. It is a potentially fatal form of poisoning, which can cause myocardial toxicity,
and cause cardiac autonomic nervous system
dysfunction [9-12]. It can be manifested as angina pectoris, arrhythmia, cardiomyopathy, ventricular systolic dysfunction, heart failure and
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myocardial infarction, and even cardiogenic shock and sudden death. Especially in patients
with coronary heart disease, there is a greater
risk of infarction and arrhythmia [3, 13]. Cardiac
dysfunction in some patients with carbon monoxide poisoning is reversible [14]. The occurrence of myocardial damage has been used as
a predictor of long-term adverse events in carbon monoxide poisoning [15]. Mild myocardial
hypoxia, direct effects of carbon monoxide and
ischemia-reperfusion injury can lead to myocardial injury and cardiac dysfunction [15-17]. Among them, mild myocardial hypoxia is most closely related to cardiac function changes associated with carbon monoxide poisoning. Coronary artery stenosis may not be the main cause
of carbon monoxide cardiomyopathy [18]. The
affinity of carbon monoxide gas to hemoglobin
is about 240 times than that of oxygen [19],
The oxygen carrying capacity of hemoglobin
decreased and the oxygen dissociation curve
shifted to the left. Moreover, carbon monoxide
hemoglobin formed by carbon monoxide poisoning can lead to difficulty in dissociating
hemoglobin from oxygen and aggravate tissue
hypoxia.
Previous studies have documented changes in
serology and electrocardiogram caused by carbon monoxide poisoning, but the quantitative
assessment of cardiac function changes caused by carbon monoxide poisoning by echocardiography is rare. 3D-STI is a new technique
of echocardiography, which has been developed in recent years. By tracking the acoustic
speckle motion of myocardial tissue in threedimensional space, the deformation of the myocardium was evaluated accurately, and myocardial contractile function was evaluated quantitatively [20-23]. Many studies have reported application of two-dimensional speckle tracking to evaluate left ventricular systolic function [24-27]. Compared with 2D-STI, 3D-STI has
no angle dependence. It can reflect the whole
movement and deformation of myocardium
and evaluate the changes of myocardial function more accurately. Compared with 2D-STI,
the time required for examination was significantly reduced, with good repeatability and
less bias [6, 7].
In this study, GLS and GAS in carbon monoxide
poisoning were lower than that of the healthy
control group at admission. The difference was
statistically significant (P < 0.05), indicating
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Table 1. Comparison of parameters between the carbon monoxide poisoning group and the healthy control group
Group
Healthy control group
Study group at admission
Study group after 1 week of admission

GLS (%)
-20.13 ± 2.37
-16.86 ± 2.07*
-19.82 ± 1.95

GAS (%)
32.71 ± 2.82
28.19 ± 3.11*
31.67 ± 2.15

GCS (%)
-18.47 ± 2.58
-18.03 ± 2.34
-18.26 ± 2.51

GRS (%)
44.29 ± 4.13
43.90 ± 4.28
44.17 ± 4.25

LVEF (%)
63.52 ± 4.54
62.67 ± 4.36
62.86 ± 4.49

HbCO (%)
1.69 ± 0.27
35.76 ± 9.43*
1.66 ± 0.45

cTn I (ng/ml)
0.03 ± 0.01
0.11 ± 0.06*
0.03 ± 0.02

*P < 0.05 versus Healthy control group.
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that carbon monoxide poisoning could lead to
the decrease of left ventricular systolic function. However, the difference of LVEF in the two
groups was not significant at admission (P >
0.05). In this study, the LVEF measured by Simpson’s method failed to reflect the decrease
of left ventricular systolic function in time. The
sensitivity of GLS and GAS was higher than that
of LVEF which was measured by Simpson’s
method, so that GLS and GAS can reflect the
decrease of left ventricular systolic function at
the early stage in carbon monoxide poisoning
patients. There was no significant difference in
GCS and GRS between carbon monoxide poisoning group and healthy control group at the
time of admission (P > 0.05). Among the parameters of 3D-STI, GAS, and GLS are more accurate and more sensitive than GCS and GRS in
reflecting the early cardiac contractile function
changes in patients with carbon monoxide poisoning.
The concentrations of cTn I and carboxy hemoglobin in the patients with carbon monoxide
poisoning were higher than those in healthy
control group (P < 0.05). GAS and GLS were
negatively correlated with cTn I, and the correlation of GAS (r = -0.483) was better than GLS (r
= -0.345). GAS is more sensitive to the decrease
of systolic function in the left ventricle. Maybe
this is because GAS reflects the overall movement of longitudinal and circular movements of
the myocardium. However, GLS reflects the
overall situation of longitudinal myocardial motion.
One week after admission, there was no significant difference in GAS, GLS, HbCO, and cTn I
between carbon monoxide poisoning group and
healthy control group (P > 0.05). It showed that
within one week after carbon monoxide poisoning, the left ventricular systolic function recovered and showed a reversible change. The
increase of cTn I caused by carbon monoxide
poisoning gradually decreased to the normal
level with recovery of left ventricular systolic
function, and the concentration of carbooxy
hemoglobin could also be restored to a normal
level within one week after admission.

quantitatively assess cardiac systolic dysfunction caused by carbon monoxide poisoning.
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