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Abstract: Objective: To determine the diagnostic value of cardiac magnetic resonance imaging (CMRI) for myocardial 
fibrosis (MF) in patients with heart failure (HF) and its predictive value for prognosis. Methods: A total of 180 patients 
with heart failure who were hospitalized in the Cardiology Department of The First People’s Hospital of Shangqiu 
City from September 2019 to May 2021 were selected and assigned to Group B (n=80) given levosimendan and 
Group A (n=100) given levosimendan combined with ivabradine hydrochloride. The cardiac function indicators (left 
ventricular end-systolic volume (LVESV), left ventricular ejection fraction (LVEF), and left ventricular end-systolic 
diameter (LVESD) were measured by nuclear magnetic resonance (MRI). Myocardial fibrosis (MF)-related indicators 
(pyridinoline cross-linked carboxy-terminal telopeptide of type I collagen (ICTP), N-terminal propeptide of procollagen 
type III (PIIINP), connective tissue growth factor (CTGF), and hyaluronic acid (HA), inflammatory factors (Hs-CRP and 
IL-8) were measured using ELISA. Quality of life (QoL) and physical recovery (6-min walking test (6MWT), Fugl-Meyer 
Assessment (FMA), and Barthel index) of the two groups were compared. The late gadolinium enhancement (LGE) 
was used to analyze the occurrence of MF in patients. The patients were further divided into the LGE (+) group 
(cases) and LGE (-) group (cases). The changes of cardiac function indicators before treatment were analyzed, and 
their predictive value was analyzed. Results: Compared with Group B, Group A showed a lower incidence of compli-
cations, and presented a higher LVEF level and lower levels of LVESV, LVESD, ICTP, PIIINP, CTGF, HA, LN, and inflam-
matory factors. The area under the curves of LVESV, LVESD, and LVEF in predicting MF were all >0.7. Conclusion: 
Levosimendan combined with ivabradine hydrochloride can effectively alleviate MF in patients with MF, and CMRI 
has a good predictive value for MF in such patients, which is worthy of clinical promotion.
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Introduction

Heart failure (HF) is a heterogeneous syndrome 
featured by dyspnea and fatigue. It occurs 
when abnormal cardiac structure and function, 
usually myocardial fibrosis (MF), gives rise to 
insufficient cardiac output or increased ventric-
ular filling pressure [1, 2], Ischemic heart dis-
ease, diabetes mellitus, obesity, hypertension, 
and smoking are all likely to trigger HF [3]. HF 
shows an annually growing incidence and thus 
gives rise to an increasing mortality. It increas-
es medical care cost and shortens patients’ life 
span while compromising their quality of life 
(QoL) [4, 5]. Over the past few years, there is an 
increase in clinical trials associated with HF. 
These studies have substantially lowered the 

morbidity and mortality of patients, but patients 
still need repeated visits to hospitals due to 
various adverse clinical processes [6, 7]. For 
patients, early detection of symptoms of HF 
ensures a safe outcome. This study probed into 
the role of various imaging techniques in the 
therapy of patients with MF and their diagnostic 
value.

Imaging technology such as computed tomog-
raphy (CT) and intracavitary elastic ultrasound 
are extensively adopted in diseases including 
cancers and tumors [8-10]. Various kinds of 
ultrasonic imaging have been verified to be able 
to image blood vessels in many clinical studies 
of cardiovascular and cerebrovascular diseas-
es. However, the harmful radiation of these 
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technologies and their poor imaging degree 
and slightly insufficient spatial resolution are a 
nucnace [11]. Another imaging diagnosis meth-
od, magnetic resonance imaging (MRI), can 
provide a favorable resolution [12]. For all kinds 
of gynecological tumors, MRI combined with 
other methods usually provides a stronger sen-
sitivity and specificity [13]. However, the related 
research on the role of MRI in HF and its diag-
nostic and prognostic value is rare. This study 
intended to determine the role and diagnostic 
value of cardiac MRI (CMRI) based on indica-
tors including MF-related factors.

Methods

General data

A retrospective study was conducted on 180 
patients with MF who were hospitalized in the 
cardiology department of The First People’s 
Hospital of Shangqiu City from September 
2019 to May 2021, and they were assigned to 
Group A (n=100) and Group B (n=80). The two 
groups were similar in clinical data, so they 
were comparable. Inclusion criteria: Patients 
who received therapy in our hospital for the first 
time because of HF. Patients who were mental-
ly normal and able to express their feelings cor-
rectly; patients whou could cooperate effective-
ly when undergoing the testing. Exclusion crite-
ria: Patients with systolic HF triggered by alco-
hol, drugs, fast or slow arrhythmia, atrioventric-
ular block, myocardial ischemia, or nutritional 
and metabolic factors, patients with other 
types of cardiomyopathy such as hypertrophic 
cardiomyopathy, patients with congenital heart 
disease, valvular disease or a history of surgi-
cal heart surgery.

This study was conducted with approval (no. 
2018-24) of the ethics committee of The First 
People’s Hospital of Shangqiu City and informed 
consent forms were signed by all patients and 
their families after understanding this study. 

Therapy

Both groups were given routine treatments 
such as oxygen inhalation, cardiotonic, diuresis 
and vasodilation. Additionally, patients in Group 
B were treated with levosimendan injection 
(Qilu Pharmaceutical Co., Ltd., State Food and 
Drug Administration (SFDA) approval number: 
H20100043), with intravenous drip of 12 μg/
kg in the first 10 minutes, then pumping by 

micropump for 1 hour at 0.1 μg/(kg min) and 
finally pumping for 24 hours at 0.2 μg/(kg min). 
Seven days later, the patients were treated 
again two more times. Patients in Group A were 
orally given ivabradine hydrochloride tablets 
(Chongqing Decheng Yongdao Pharmaceutical 
Co., Ltd., SFDA number: H20213822), 5 mg/ 
time, twice a day, for 14 days.

Cardiac magnetic resonance imaging (CMRI)

Patients in both groups were examined by 
CMRI. The specific detection was as follows: A 
MR7503.0T scanner made by GE Company in 
the United States was used for scanning, and 
two doctors from the Radiology Department 
and Cardiology Department, respectively, were 
arranged to complete image analysis and post-
processing and routinely collect cardiac func-
tion indicators of patients such as left ventricu-
lar end diastolic diameter (LVDd). Intravenous 
gadolinium contrast agent was adopted for 
judgment of the delayed enhancement of left 
ventricle to understand cardiac fibrosis. The 
late gadolinium enhancement (LGE) imaging 
was used to determine the presence of MF. The 
180 patients were divided into the LGE (+) 
group and LGE (-) group.

ELISA

ELISA was adopted for quantifying pyridinoline 
cross-linked carboxy-terminal telopeptide of 
type I collagen (ICTP, ml062889), N-terminal 
propeptide of procollagen type III (PIIINP, 
ml063225), connective tissue growth factor 
(CTGF, ml025961-2), and hyaluronic acid (HA, 
ml057972), laminin (LN, ml028571), high sen-
sitivity C-reactive protein (hs-CRP, QK1707), 
interleukin-8 (IL-8, ml028580). Hs-CRP kits 
were purchased from American R&D company, 
and other kits from Shanghai ELISA.

Outcome measures

Primary outcome measures

Cardiac function-related indicators: The cardi-
ac function of all patients was detected at 
admission and after treatment. The related 
indicators included left ventricular end-systolic 
volume (LVESV), LVEF and left ventricular end-
systolic diameter (LVESD).

MF-related indicators: MF-related indicators  
of the two groups were determined at admis-
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sion and after 14 days of therapy, and com- 
pared. 

Serum inflammatory factors: Before the com-
mencement of the study and 30 days after  
the start of the study, 5 ml of fasting cubital 
venous blood was drawn from the patient in the 
morning, placed in a test tube without antico-
agulant, and naturally agglutinated at room 
temperature for 20-30 minutes, 1500xg at 4y 
agglutinate 5 ml then the serum was separat-
ed, and placed at 20acefor testing; ELISA was 
used to detect the levels of various inflamma-
tory factors, including hs-CRP and IL-8.

Physical recovery and QoL: The 6-min walking 
test (6WMT), Fugl-Meyer Assessment of motor 
function (FMA) score, and Barthel Index were 
adopted to evaluate the physical recovery of 
patients in the two groups before therapy and 
after 30 days of therapy [14, 15]. 

After 6 months of therapy, the QoL scale was 
adopted for evaluation of patients’ QoL [16], 
and the results were compared. 

dicting fibrosis in patients. GraphPad Prism  
8 was adopted for visualization of data into  
figures. P<0.05 indicates a significant diffe- 
rence.

Results

General data

No significant difference was observed be- 
tween the two groups with regards to general 
data including gender and age (P>0.05, Table 
1).

The improvement of cardiac function-related 
indicators in Group A was better than that in 
Group B

After therapy, the two groups showed signifi-
cant decreases in LVESV and LVESD and a sig-
nificant increase in LVEF (all P<0.05), with 
greatly lower levels of LVESV and LVESD in 
Group A than those in Group B and a greatly 
higher LVEF level in Group A than that in the 
Group B (all P<0.05, Figure 1).

Table 1. General data of the two groups

Item Group A 
(n=100)

Group B 
(n=80) t/X2 P-value

Sex 0.29 0.593
    Male 49 (49.00) 36 (45.00)
    Female 51 (51.00) 44 (55.00)
Age (Y) 49.31±6.23 50.26±5.93 1.04 0.301
BMI 26.43±1.89 26.57±1.76 0.51 0.611
Working condition 0.29 0.59
    Laid off/Retired 76 (76.00) 58 (72.50)
    Be on the job 24 (24.00) 22 (27.50)
Hypertension 0.50 0.48
    Yes 81 (81.00) 68 (85.00)
    No 19 (19.00) 12 (15.00)
Diabetes mellitus 0.09 0.762
    Yes 73 (73.00) 60 (75.00)
    No 27 (40.00) 20 (25.00)
Smoking history 0.22 0.639
    Yes 54 (54.00) 46 (57.50)
    No 46 (46.00) 34 (42.50)
Drinking history 0.78 0.781
    Yes 63 (63.00) 52 (65.00)
    No 37 (37.00) 28 (35.00)
Dietary habit 0.48 0.488
    Light 77 (77.00) 65 (81.25)
    Irritating 23 (23.00) 15 (19.75)

The changes of cardiac function indica-
tors of patients in the LGE (+) group 
(cases) and LGE (-) group (cases) before 
treatment were compared, and their 
predictive value was analyzed.

Secondary outcome measures

Complications: The incidence of com- 
plications after treatment, such as ar- 
rhythmia, respiratory infection, disloca-
tion of left ventricular lead and shock, 
were recorded and compared between 
the two groups. 

The clinical data of the two groups were 
compared.

Statistical analysis

In this study, data were analyzed sta- 
tistically using SPSS 22.0 (EASYBIO 
Company, China). Inter-group compari-
son of counting data was carried  
out using the chi-squared test, and 
inter-group comparison of measure-
ment data (mean ± SD) was condu- 
cted via the independent-samples T  
test. The receiver operating curve  
(ROC) was adopted to analyze the  
indicators of cardiac function in pre- 
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Figure 1. Ventricular indicators of the two groups. A. 
LVESV: After therapy, LVESV in both groups significant-
ly decreased, with a significantly lower LVESV level in 
Group A than that in Group B (P<0.05). B. LVESD: After 
therapy, LVESD in both groups significantly decreased, 
with a significantly lower LVESD level in Group A than 
that in Group B (P<0.05). C. LVEF: After therapy, LVEF 
in both groups significantly increased, with a signifi-
cantly higher LVEF level in Group A than that in Group 
B (P<0.05). Notes: *indicates P<0.05 vs. the situation 
before treatment; #indicates P<0.05 vs. Group B.
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The improvement of MF-related indicators in 
Group A was better than that in Group B

After therapy, ICTP, PIIINP, CTGF, HA and LN in 
both groups significantly dropped, with lower 
levels in Group A than those in Group B (all 
P<0.05, Figure 2).

The decrease in serum inflammatory fac-
tor levels in Group A was higher than that in 
Group B

According to comparison of serum inflam- 
matory factors between the two groups, aft- 
er therapy, hs-CRP and IL-8 in both groups 
dropped significantly, with lower levels in Group 
A than those in Group B (both P<0.05, Figure 
3).

The physical recovery and improvement of QoL 
in Group A were better than those in Group B

According to comparison of physical recovery 
and QoL between the two groups, after 6 
months of therapy, the total QoL score in both 
groups increased, with a higher total QoL score 
in Group A than that in Group B, and after 30 
days of therapy, 6WMT, FMA, and Barthel index 
of both groups also significantly increased, with 
higher levels of 6WMT results, FMA score, and 

Barthel index in Group A than those in Group B 
(all P<0.05, Figure 4).

The incidence of MF in Group A was notably 
lower than that in Group B

Myocardial fibrosis in the two groups was sta-
tistically analyzed. The results showed a nota-
bly lower incidence of MF in Group A than Group 
B (P<0.05, Table 2).

The predictive value of cardiac function indica-
tors for fibrosis in patients

According to the LGE imaging technology, 
patients with MF were divided into two groups, 
LGE (-) group (n=107) and LGE (+) group. The 
changes of cardiac function indicators were 
compared between the two groups before 
treatment. According to the results, the LGE + 
group showed notably higher LVES and LVESD 
levels and lower LVEF level than the LGE (-) 
group (Figure 5). Then we analyzed the value  
of LVESV, LVESD, and LVEF in predicting MF  
in patients through ROC curves. ROC curve 
analysis showed that the areas of under the 
curves of LVESV, LVESD, and LVEF for predict-
ing MF were all larger than >0.7, but the area 
under the joint detection curve was 0.781 
(Figure 6).

Figure 2. MF-associated indicators of the two groups. A. ICTP: After therapy, ICTP in both groups dropped signifi-
cantly, with a lower ICTP level in Group A than that in Group B (P<0.05). B. PIIINP: After therapy, PIIINP in both groups 
dropped significantly, with a lower PIIINP level in Group A than that in Group B (P<0.05). C. CTGF: After therapy, CTGF 
in both groups dropped significantly, with a lower CTGF level in Group A than that in Group B (P<0.05). D. HA: After 
therapy, HA in both groups dropped significantly, with a lower HA level in Group A than that in Group B (P<0.05). 
E. LN: After therapy, LN in both groups dropped significantly, with a lower LN level in Group A than that in Group B 
(P<0.05). Notes: *indicates P<0.05 vs. the situation before treatment; #indicates P<0.05 vs. Group B.

Figure 3. Serum inflammatory factors in the two groups. A. hs-CRP: After therapy, hs-CRP in both groups significantly 
dropped, with a lower hs-CRP level in Group A than that in Group B (P<0.05). B. IL-8: After therapy, IL-8 in both groups 
dropped significantly, with a lower IL-8 level in Group A than that in Group B (P<0.05) Notes: *indicates P<0.05 vs. 
the situation before treatment; #indicates P<0.05 vs. Group B.
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The incidence of complications in Group A was 
notably lower than that in Group B

Investigation of the incidence of complications 
in the two groups revealed a significantly lower 
incidence of complications in Group A than that 
in Group B (P<0.05, Table 3).

Discussion

HF is a severe complication, which can be trig-
gered by diseases including type 2 diabetes 

mellitus [17, 18]. Despite a great process in the 
treatment of HF based on clinical research [19], 
not all patients have not obtained ideal therapy 
due to their significant differences in clinical 
features, biomarkers, genetic variation, and 
protein expression [20]. For patients with car-
diovascular or cerebrovascular diseases, imag-
ing detection before treatment is of crucial 
importance [21]. Here, we discussed the value 
of CMRI in detecting MF in patients with HF and 
the prognostic factors related to HF based on 
the results of this study.

Levosimendan is a new calcium sensitizer, 
which can enhance the myocardial contractility 
of patients with MF, but the curative effect  
is not good when being used alone [22]. 
Ivabradine hydrochloride can selectively act  
on patients’ sinoatrial node, and thus reduce 
patients’ heart rate without affecting their  

Figure 4. Physical recovery and QoL of the two groups. A. QoL: After 6 months of therapy, the total QoL score in both 
group increased, with a higher total QoL score in Group A than that in Group B (P<0.05). B. 6WMT: After 30 days 
of therapy, 6WMT results of both groups were improved, with better 6WMT results in Group A than those in Group 
B (P<0.05). C. FMA: After 30 days of therapy, FMA scores of both groups were improved, with better FMA scores in 
Group A than those in Group B. D. Barthel index: After 30 days of therapy, Barthel indicators of both groups were im-
proved, with better Barthel index in Group A than that in Group B. Notes: *indicates P<0.05 vs. the situation before 
treatment; #indicates P<0.05 vs. Group B.

Table 2. Occurrence of MF
Group LGE (-) LGE (+)
Group A (n=100) 52 48
Group B (n=80) 55 25
χ2 5.172
P-value 0.023
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myocardial contraction and intracardiac con-
duction system, which is effective in treat- 
ing patients with chronic MF [23]. In this stu- 
dy, we found that the heart function and inflam-
matory response of patients with MF were  
significantly improved after levofloxacin com-
bined with ivabradine hydrochloride. This is 
because irvabradine hydrochloride can selec-
tively block the F channel of P cells in the sino-
atrial node, slow down its automatic depolariza-

For patients with HF, MF is a crucial factor that 
triggers the deterioration of the disease. MF 
can trigger impairment of the patients’ heart 
function and then the abnormal internal struc-
ture of the heart, and finally give rise to the 
impairment of ventricular diastolic or systolic 
function, further worsening the disease [26]. In 
this study, Group A showed notably lower 
MF-related indicators and a lower incidence of 
MF than Group B, indicating better relieved MF 

Figure 5. Cardiac function indicators in patients with MF. A. LVESV in patients with MF. B. LVESD in patients with MF. 
C. LVEF in patients with MF. ***P<0.001.

Figure 6. ROC curves of cardiac function indicators in predicting MF in patients. A. ROC curve of independent indica-
tors in predicting MF in patients. B. ROC curve of joint indicator in predicting MF in patients.

Table 3. Comparison of the incidence of complications between 
the two groups

Item Group A 
(n=100)

Group B 
(n=80) X2 P-value

Arrhythmia 0 (1.00) 3 (3.75) - -
Respiratory tract infection 2 (0.00) 3 (3.75) - -
Left ventricular lead dislocation 0 (0.00) 3 (3.75)
Shock 1 (2.00) 7 (8.75) - -
Incidence of complications (%) 3 (3.00) 16 (20.00) 13.60 <0.001

tion and regulate heart rate, 
but does not affect the myo-
cardial contractility and blood 
pressure of patients [24]. At 
the same time, it can also 
improve the left ventricular 
remodeling, improve the cardi-
ac function, prolong the left 
ventricular diastolic filling ti- 
me and increase the coronary 
blood flow [25]. 
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and better ventricular function recovery in 
Group A than in Group B. The inflammatory pro-
cess mediated by inflammatory factors has a 
great relationship with patients’ MF. The 
increase of inflammatory factors and the fur-
ther aggravation of inflammatory reaction will 
easily induce myocardial remodeling, leading  
to the further deterioration of patients’ MF. In 
our analysis, we also found that the levels of 
serum inflammatory factors decreased notably 
after treatment, indicating that levosimendan 
combined with Irvabradine hydrochloride can 
significantly improve cardiac function in pa- 
tients with chronic MF, reduce the inflammatory 
response and lower the incidence of MF in such 
patients.

In this study, we also analyzed the changes of 
cardiac function in patients with MF before 
treatment. Through the analysis of cardiac 
function indicators, it was found that before 
treatment, the LGE (+) group showed notably 
higher LVESV and LVESD and lower LVEF than 
the LGE (-) group. The results show that LVESV, 
LVESD and LVEF can be used as predictors of 
MF. In order to further verify their value, we 
draw corresponding ROC curves. The results 
showed that the area under the curves of 
LVESV, LVESD and LVEF in predicting MF  
was more than 0.7. This suggests that LVESV, 
LVESD and LVEF can be used as potential indi-
cators for predicting MF. However, in this analy-
sis, we also found that the area under the joint 
detection curve of the three indicators was not 
notably different from that of individual detec-
tion, which implies that joint detection will not 
increase the predictive value.

This study still has some limitations. As a retro-
spective study, we did not follow the patients 
for a period of time. In addition, as a retrospec-
tive study, the results of sample analysis may 
be biased. Therefore, we hope to carry out pro-
spective studies in the future to improve our 
conclusions.

To sum up, levosimendan combined with irva- 
bradine hydrochloride can effectively improve 
MF in patients with HF, and CMRI has a good 
predictive value for MF in patients with HF, 
which is worth popularizing in clinic.
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