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Objective: The present study aims to observe the changes in galectin-3 (Gal-3) expression 
levels in patients with an ascending aortic aneurysm and ventricular remodeling and analyze 
Gal-3’s correlation with ventricular remodeling.
Methods: A total of 102 patients with an ascending aortic aneurysm were included as the 
research subjects. Gal-3 expression levels in the peripheral blood of the patients were 
detected by an enzyme-linked immunosorbent assay before the operation and then three 
and six months after. The left ventricular ejection fraction (LVEF), left ventricular end- 
diastolic diameter (LVEDD), interventricular septal thickness, and left ventricular posterior 
wall thickness were recorded, and the left ventricular mass index (LVMI) was calculated. 
Changes in Gal-3 expression levels, LVMI, LVEF, and LVEDD were observed before and 
after surgery, and these changes were then analyzed.
Results: There were significant differences in Gal-3 expression levels, LVMI, and LVEDD 
before surgery and three months after (P < 0.001) but no significant difference in LVEF (P = 
0.887). There were significant differences in Gal-3 expression levels, LVMI, LVEDD, and 
LVEF (P < 0.05) three and six months after surgery. Before surgery and three and six months 
after surgery, Gal-3 was positively correlated with LVMI and LVEDD (R = 0.697, R = 0.571, 
and R = 0.454, respectively), and a receiver operating characteristic curve found that Gal-3 
was able to predict ventricular remodeling, with an area under the curve value of 0.721.
Conclusion: Gal-3 expression levels are correlated with ascending aortic aneurysms com-
bined with ventricular remodeling, which provides a reference value for predicting ventri-
cular remodeling.
Keywords: ascending aortic aneurysm, ventricular remodeling, galectin-3, left ventricular 
mass index, ascending aortic replacement

Introduction
Ascending aortic aneurysm-like expansion (ascending aortic aneurysm) is 
a cardiovascular disease that threatens human health. Despite the rapid develop-
ments in modern medicine, the number of patients with ascending aortic aneurysms 
is growing globally, and its prevalence increases significantly with age. In 2018, 
about 200 million people worldwide suffered from an ascending aortic aneurysm, 
resulting in the deaths of more than 2.6 million people.1 The main risk factors for 
ascending aortic aneurysms are hypertension, smoking, hypercholesterolemia, and 
type-2 diabetes, of which hypertension is the most pathogenic. Physiologically, it is 
normal for the elastic media of the aorta to become finer with age and the diameter 
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of the ascending aorta to increase. Hypertension increases 
the tension of the aortic wall and accelerates the rupture of 
the elastic media, resulting in aortic expansion and 
reduced compliance. At the same time, blood pressure 
continues to rise, aggravating the biological changes of 
the aortic wall,2 and this vicious cycle increases the left 
ventricular afterload, leading to ventricular remodeling 
and further damage to heart function, resulting in irrever-
sible heart failure, loss of surgical opportunity, and 
increased patient mortality. Current studies have shown 
that ventricular remodeling is the heart’s response to 
changes in hemodynamics and metabolic disorders,3 

which is mainly manifested as pathological changes in 
ventricular myocytes caused by hypertrophy, necrosis, 
and apoptosis of the myocardial cells. The decrease in 
myocardial parenchymal cells, the proliferation of intersti-
tial cells, and the proliferation of fibroblasts in the myo-
cardium are pathological processes closely related to 
ventricular remodeling.4 Previous studies have identified 
that there are a large number of cytokines involved in this 
pathological process. In recent years, studies on galectin-3 
(Gal-3) have shown that it is involved in the process of 
collagen deposition and fibrin aggregation in body tissue 
fibrosis. Following an injury to the myocardium, a large 
number of local macrophages infiltrate it, and Gal-3 is then 
secreted into the circulation, activating the proliferation of 
fibroblasts and myofibroblasts and the deposition of type-I 
collagen, which ultimately leads to ventricular 
remodeling.5,6 Animal experiments have also shown that 
injecting Gal-3 into the pericardium of mice can cause 
ventricular remodeling, and the higher the level of Gal-3 

expression, the more severe the degree of ventricular 
remodeling.7 However, the Gal-3 inhibitor, N-acetyl-seryl- 
aspartyl-lysyl-proline, injected into the pericardium of 
mice at the same time as Gal-3, can improve ventricular 
remodeling to a certain extent.8

Although ventricular remodeling is a highly complex 
pathophysiological process, it is becoming more common 
in clinical work. Gal-3 is very important for the occurrence 
and development of ventricular remodeling, but the rela-
tionship between Gal-3 and ventricular remodeling needs 
further study. Therefore, the present study aims to analyze 
Gal-3’s correlation with ventricular remodeling and its 
ability to predict the occurrence of ventricular remodeling, 
which has important clinical significance.

Methods
This study was conducted in accordance with the 
Declaration of Helsinki and reviewed and approved by 
the Ethics Committee of the Second Hospital of Hebei 
Medical University. Each patient signed an informed con-
sent form. The research objects were 109 patients with 
ascending aortic aneurysms at the Department of Heart 
Surgery, Second Hospital of Hebei Medical University, 
2018 to 2020; general information on these patients are 
listed in Table 1.

Inclusion criteria: patients diagnosed with ascending 
aortic aneurysms by aortic angiography and echocardio-
graphy, in accordance with the indications for surgery.

Exclusion criteria: (1) patients whose ascending aortic 
aneurysm ruptured and who died before surgery; (2) 
patients with severe heart failure who were not able to 

Table 1 General Information of the Research Subjects

Before Surgery 3 Months After Surgery 6 Months After Surgery

Cases 102 90

Gender Male 48 40

Female 54 50

Age (�x±s) 53.73±11.2 50.10±9.20

Weight (�x±s Kg) 60.07±12.27 62.13±15.02 58.16±10.70

Height (�x±s cm) 165.19±77.25 170.05±51.10

Ascending aorta diameter (�x±s mm) 51.10±6.2 / /

Blood Pressure (�x±s mmHg) 160.07±31.05 101.71±17.11 113.52±19.22

SCr (�x±s umol/l) 81.10±25.56 92.07±18.44 87.91±22.13
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tolerate surgery after drug treatment, accompanied by 
severe liver and kidney dysfunction, immune diseases, 
pulmonary hypertension, pulmonary fibrosis, acute myo-
cardial infarction, and malignant tumors; (3) patients who 
had experienced malignant heart and cerebrovascular 
events after surgery (including sudden cardiac death, 
stroke, and ventricular fibrillation); (4) patients who with-
drew from the trial for any reason.

The following data on the patients were recorded: age 
(years), gender, height (cm), weight (kg), and body surface 
area (BSA; 0.0061 × height + 0.0124 × weight − 0.0099).

The GAL-3 expression level detection method: after 
the patient was admitted to the hospital, 5 mL of blood 
was collected in the morning. The sample was centrifuged 
at 3000 rpm for 5 min. Then, 2 mL of the uppermost 
plasma was taken for the study sample and was placed 
in –30°C refrigerated preservation, enzyme-linked immu-
noadsorption method. In the expression level of GAL-3 in 
the sample, the detection machine model is MK3, and the 
kit is Shanghai Key Industrial Co., Ltd.

The cardiac ultrasound detection method: the 
patient’s chest was exposed on the left lateral position, 
and the coupling agent was applied to the detection site, 
using the cardiac phase of the US GE Logiq E8 ultra-
sound (frequency of 2–4 MHz) to scan all parameters 
measured during end-expiration. Three consecutive 
images were recorded, and the mean values of these 
measurements were used for statistical analysis. It 
detected and recorded LVEDD (left-ventricular end- 
diastolic diameter), IVST (interventricular septal thick-
ness), PWT (posterior wall thickness), LVEF (left ven-
tricular ejection fraction), and the data from video 
recordings of 10 randomly selected patients were ana-
lyzed twice by the same observer within a period 
between the two observations of approximately two 
weeks. Intraobserver variability was expressed, accord-
ing to the following formula: left ventricular mass 
(LVM) = 0.8×1.04 ([IVST + LVEDD + PWT] 3 − 
LVEDD3) + 0.6. Then, LVM/BSA was used to calculate 
the LVM index (LVMI). According to the Devereux 
standard, males LVMI were ≥125 g/m2, while females 
LVMI were ≥110 g/m2, suggesting left ventricular mus-
cle hypertrophy, we believe that it was ventricular 
reconstruction. The patients underwent general anesthe-
sia + extracorporeal circulation to replace the ascending 
aorta and were discharged after the standard treatment. 
Follow-up was conducted three and six months after 
surgery. During the follow-up, general patient 

information was recorded. Samples were then collected, 
refrigerated, and tested in the same way as mentioned 
above. The same echocardiologist examined the 
patient’s ultrasound chart for indicators, and any 
adverse cardiovascular events were recorded (including 
ventricular tachycardia, ventricular fibrillation, cardio-
genic shock, and death).

The primary observation index was Gal-3, and the 
secondary observation indicators were the LVMI, 
LVEDD, and LVEF measurements.

Statistical Methods
The measurement data were tested for normal distribution. 
The results were expressed as mean ± standard deviation. 
Comparisons between the groups were performed with the 
t-test or chi-squared test. The statistical data were pro-
cessed using SPSS 26.0 statistical software. P < 0.05 was 
considered to be statistically significant. A minor Pearson 
correlation analysis was applied to the observation 
indexes, and a receiver operating curve (ROC) was 
drawn to obtain the area under the curve (AUC) to assess 
the ability of Gal-3 expression levels to predict the occur-
rence of ventricular remodeling. A value of AUC <0.5 
meant that there was no predictive value, 0.5–0.7 had 
a low predictive value, 0.7–0.9 had a medium predictive 
value, and >0.9 had a high predictive value.

Results
2.1 Gal-3 expression levels in the peripheral blood 
increased before surgery (127.18 ± 43.88 ng/mL), and 
LVMI and LVEDD were significantly higher than normal 
values (128.63 ± 38.01 and 57.76 ± 9.42, respectively).

2.2 Gal-3 expression levels were reduced three months 
after the operation compared with before, and the LVMI 
and LVEDD were lower than before the operation. The 
difference was significant for Gal-3, LVMI, and LVEDD 
(t1 = 11.984, t1 = 5.236, t1 = 6.565, and t1 = 4.683, 
respectively; P1 < 0.001), but there was no significant 
difference in LVEF (t1 = 0.143; P = 0.887; Table 2).

2.3 Gal-3 expression levels decreased between three and 
six months after surgery, and the difference was statistically 
significant (t2 = 4.213, P2 < 0.001). At the same time, LVMI 
and LVEDD were also significantly reduced (t2 = 3.166 and 
P2 = 0.002, t2 = 4.990 and P2 < 0.001, respectively), while 
LVEF showed an increasing trend, and the difference was 
statistically significant (t2 = −4.425, P < 0.05; Table 2).

2.4 Gal-3 was positively correlated with the high- 
sensitivity C-reactive protein (hs-CRP), LVMI, and 
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LVEDD before surgery and three and six months after 
surgery, but there was no correlation with LVEF. An 
ROC curve demonstrated that Gal-3 was able to predict 
the occurrence of ventricular remodeling, with AUC = 
0.721; Yi = 126.33 ng/mL (Table 3; Figure 1).

Discussion
An ascending aortic aneurysm is a pathological change in 
the elastic media of the aorta caused by a variety of 
comprehensive and complex factors, leading to abnormal 
hemodynamics in the aorta. This pathological process 
leads to a decrease in aortic compliance and further affects 
the patient’s blood pressure. This vicious cycle gradually 
increases ventricular myocardial afterload, causing myo-
cardial inflammation, myocardial fibrosis, ventricular mus-
cle hypertrophy, and ventricular diameter increase, as well 
as other ventricular remodeling phenomena, which further 
damage cardiac function, eventually leading to end-stage 
heart failure. However, due to the early stage of ventricular 
remodeling, the patient has no apparent symptoms of dis-
comfort. After the symptoms of heart failure appear, the 
condition is often severe, and the opportunity for surgery 
is lost. Therefore, taking effective measures to diagnose 
ventricular remodeling as soon as possible plays an essen-
tial role in blocking disease progression. Some studies 
believe that ventricular remodeling is the primary 

pathological mechanism of patients with heart failure, 
and the occurrence of ventricular remodeling indicates 
a poor prognosis.9 Currently, hs-CRP and N-terminal pro- 
brain natriuretic peptides (NT-proBNP) are reliable indi-
cators for evaluating myocardial inflammation and cardiac 
function prognosis in clinical work. However, they are 
affected by factors such as the patient’s age, weight, and 
renal function.10 Furthermore, hs-CRP and NT-proBNP 
are not able to indicate ventricular remodeling in 
a patient, and they have certain limitations in clinical 
application. Therefore, it is necessary to explore 
a sensitive biological index closely related to myocardial 
inflammation and ventricular remodeling to evaluate these 
two processes.

Table 2 Comparison Table of Changes in Various Observation Indicators

Gal-3 LVMI LVDD LVEF

Before surgery 127.18±43.88 128.63±38.01 57.76±9.42 59.96±2.20*

3 months after surgery 41.83±26.68 91.86±13.62 50.80±5.10 59.90±1.90*

6 months after surgery 22.59±18.10 82.24±16.85 46.51±3.30 61.42±1.52

t t1=11.984 t1=6.565 t1=4.683 t1=0.143

t2=4.213 t2=3.166 t2=4.990 t2=−4.425

P P1<0.001 P1=0.887

P2<0.001 P2=0.002 P2<0.001 P2<0.001

Note: *Indicates that there is no statistical difference between the two groups.

Table 3 Correlation Analysis Between Gal-3 and Other 
Observed Indicators

LVMI LVDD LVEF

Before surgery R=0.571 R=0.454 R=0.271
3 months after surgery R=0.533 R=0.308 R=−0.129

6 months after surgery R=0.475 R=0.532 R=−0.096 Figure 1 The ROC curve of Gal-3 expression level for predicting the occurrence 
of ventricular remodeling.
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Previous studies have found that as the continuous 
myocardial load increases, myocardial inflammation 
occurs, and a series of reactions caused by the released 
inflammatory mediators are closely related to the occur-
rence and development of ventricular remodeling.11 

Macrophages infiltrate when myocardial inflammation 
occurs, and Gal-3 is secreted out of cells, combined with 
various extracellular matrices. At the same time, macro-
phage infiltration is induced, promoting cardiomyocyte 
fibrosis and leading to changes in ventricular morphology 
and size, ie, ventricular remodeling.12

Through an analysis of the results of this study, it was 
found that the Gal-3 expression levels of patients with an 
ascending aortic aneurysm combined with ventricular 
remodeling were high before surgery and that Gal-3, 
LVMI, and LVEDD had all decreased three months after 
surgery compared with before surgery, and these results 
were statistically significant (t1 = 11.984, t1 = 6.565, t1 = 
4.683, respectively; P1 < 0.001). When comparing the 
measurements six months after surgery with those three 
months after surgery, the Gal-3 expression levels had 
decreased, and the difference was statistically significant 
(t2 = 4.213, P < 0.001), and LVMI and LVEDD had also 
decreased significantly (t2 = 3.166, P2 = 0.002; t2 = 4.990, 
P2 < 0.001). At the same time, LVEF showed an increas-
ing trend (t2 = −4.425, P < 0.05).

The above research results indicate that after surgical 
treatment, the patient’s left ventricular remodeling gradu-
ally improved, similar to the research results of Deng 
et al,13 and previous related studies have shown that Gal- 
3 may be combined with myocardial extracellular matrix 
to release inflammation. Factor mediators induce macro-
phage infiltration, activate fibroblasts, and promote myo-
cardial fibrosis, resulting in ventricular remodeling and 
further damage to cardiac function,14 indicating that there 
may be a relationship between Gal-3, LVMI, and LVEDD. 
Further analysis demonstrated that Gal-3 was positively 
correlated with LVMI and LVEDD but not with LVEF. 
This may be because the cardiac function of the patients 
included in this study is of the ejection-fraction preserva-
tion type, and there is a problem of poor correlation. 
Patients with a reduced or intermediate ejection fraction 
should be further studied. Studies by Tunc-Ata et al have 
shown that LVEF is an important indicator of left ventri-
cular ejection function, and LVMI and LVEDD can reflect 
myocardial fibrosis and ventricular remodeling.15 Since 
Gal-3 is closely related to myocardial inflammation and 
ventricular remodeling, it should also have a certain 

reference value for predicting ventricular remodeling. 
The ROC curve indicates that Gal-3 predicts the occur-
rence of ventricular remodeling (AUC = 0.721; Yi = 
126.33 ng/mL), and these results are similar to those of 
Li et al.16 The present study shows that Gal-3 expression 
levels can reflect myocardial inflammation, ventricular 
remodeling, and prognosis in patients with an ascending 
aortic aneurysm and can therefore be used as a reference 
for predicting ventricular remodeling and evaluating the 
prognosis of cardiac function in clinical work.

However, there were some limitations to this study. 
This was a single-center, prospective study, the sample 
size was small, and 12 patients were lost to follow-up. 
The results of the study only provide a reference value, 
and there is still a lack of studies on other cardiovascular 
disease patients, so further relevant studies are needed.

Conclusion
Gal-3 expression levels are correlated with ascending aor-
tic aneurysms combined with ventricular remodeling, 
which provides a reference value for predicting ventricular 
remodeling.
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