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Abstract

Introduction: Right ventricular outflow tract obstruction (RVOTO) is linked
to right ventricular hypertrophy and fibrosis, which can lead to significant
cardiovascular complications. Clg-tumor necrosis factor-related protein-9
(CTRP9) may serve as a biomarker for cardiac remodeling. This study ex-
amined CTRP9 expression in a rat model of RVOTO and its association with
hypertrophy and fibrosis.

Material and methods: Thirty male Sprague Dawley rats were divided
into three groups: operation, sham operation, and control (10 rats each).
The operation group underwent pulmonary arterial constriction, while the
sham group had thoracotomy without pulmonary arterial constriction. After
4 weeks, heart specimens were collected for plasma CTRP9 quantification
with ELISA, myocardial thickness measurement, and collagen fiber volume
assessment. CTRP9 expression was analyzed using immunohistochemistry
and Western blot. Statistical evaluations included t-tests and Pearson cor-
relation analysis.

Results: The operation group showed a significantly (p < 0.001) higher col-
lagen fiber volume ratio in right ventricular hypertrophy than the sham and
control groups, indicating notable myocardial fibrosis. CTRP9 levels in plas-
ma were significantly lower in the operation group (p < 0.001) as compared
to the sham and control groups. Moreover, plasma CTRP9 showed a negative
correlation with hypertrophy (r = -0.910, p = 0.029). Western blotting and
immunohistochemical analysis confirmed significantly higher myocardial
CTRP9 concentrations in the operation group compared to the sham (p =
0.032) and control (p = 0.029) groups, correlating strongly with hypertrophy
(r=0.948, p = 0.036) and fibrosis (r = 0.947, p = 0.027) respectively.
Conclusions: In this RVOTO model, decreased circulating plasma CTRP9 lev-
els were observed alongside increased myocardial expression, suggesting
a vital role for CTRP9 in the pathological processes of right ventricular hy-
pertrophy during the remodeling process.

Key words: right ventricular outflow tract obstruction, myocardial
hypertrophy, myocardial fibrosis, C1g-tumor necrosis factor-related
protein-9.
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Introduction

Congenital heart diseases involving obstruction
of the right ventricular outflow tract are among
the most prevalent forms of congenital anoma-
lies, with conditions such as pulmonary stenosis,
pulmonary atresia, and tetralogy of Fallot (TOF)
being particularly common [1]. These conditions
lead to significant right ventricular (RV) myocardi-
al remodeling, adversely impacting cardiac func-
tion and often resulting in right ventricular failure.
Studies indicate that children with obstructive
right ventricular outflow tract (RVOT) lesions face
increased postoperative complications, including
heart failure and mortality, underscoring the ur-
gent need for a deeper understanding of the un-
derlying pathological mechanisms [2, 3]. Despite
the clinical significance of RVOT obstruction, there
is a notable lack of research focused on the spe-
cific pathological changes associated with cardiac
hypertrophy in these conditions. The expression
of cytokines and other molecular factors involved
in the progression of right ventricular hypertrophy
is critical to elucidating the mechanisms behind
this condition and could reveal new therapeutic
targets for delaying or alleviating hypertrophy and
fibrosis [4, 5].

Clg-tumor necrosis factor-related protein-9
(CTRP9) has emerged as a promising biomarker
for cardiac remodeling. Studies have shown that
CTRP9 plays a protective role in cardiac hypertro-
phy and heart failure by modulating inflammation
and fibrosis [6]. Elevated CTRP9 levels have been
associated with improved cardiac function in pa-
tients with heart failure, suggesting its potential
as a therapeutic target [7, 8]. Given its role in mod-
ulating cardiac remodeling, CTRP9 is a key candi-
date for this study, particularly in the context of
right ventricular outflow tract obstruction (RVOTO),
where understanding its expression and regulato-
ry mechanisms may offer insights into hypertro-
phy and fibrosis associated with the condition.

Furthermore, clinical observations reveal that
children with these congenital conditions of-
ten exhibit obesity, indicating a potential link to
metabolic dysregulation [9]. This observation un-
derscores the need to consider metabolic factors
when studying cardiac conditions. Research has
shown that obesity can exacerbate cardiovascular
issues through mechanisms such as inflamma-
tion, oxidative stress, and altered adipokine secre-
tion, which can further contribute to cardiac re-
modeling [10, 11]. Understanding how altered fat
metabolism influences cardiac remodeling could
illuminate the interplay between obesity and car-
diac pathology. Additionally, recognizing the role
of obesity suggests that interventions aimed at
weight management or metabolic regulation could
also impact CTRP9 expression and, consequently,

cardiac remodeling, thereby unveiling new thera-
peutic strategies for improving outcomes in this
vulnerable population [12, 13].

Consistently, this study aims to investigate the
expression of CTRP9 in a rat model of RVOTO and
its correlation with right ventricular hypertrophy
and fibrosis. By examining these relationships, we
seek to clarify the role of CTRP9 in the pathological
changes associated with RVOTO, ultimately identi-
fying potential intervention targets that may help
mitigate cardiac remodeling and improve clinical
outcomes for affected children.

Material and methods
Chemicals and reagents

The following materials were utilized; Masson
trichromatic staining solution (G1340, Solarbio,
Beijing, China), TKR-200C small animal respirator
(Jiangsu Teli Anaesthetic Respiratory Equipment
Co,, Ltd,, Jiangsu, China), self-made U-shaped alu-
minum clips (width: 0.8 mm), 10% chloral hydrate
(Qingdao Yulong Seaweed Co., Ltd., Qingdao, Chi-
na), BCA protein quantification kit (Kangwei Cen-
tury CW0014S, Nanjing, China), CIQTNF9 (CTRP9)
(RPR877Hu01, Cloud-Clone Corp, Wuhan, China),
and rabbit polymerized HRP-labeled anti-rabbit
IgG (SV0002, PhD, Shanghai, China).

Study design, grouping and RVOTO model
establishment

This study employed a randomized controlled
animal experimental design involving a RVOTO
rat model. Thirty male Sprague Dawley (SD) rats,
weighing between 100 g and 150 g, were obtained
from the Shanghai Experimental Animal Center.
The sample size was determined based on a pre-
vious study [14], taking into consideration power
testing and ethical considerations. The sample size
was calculated to achieve 80% power (8 = 0.2) and
a significance level of 0.05 (a), assuming a medi-
um to large effect size (0.8). Variability estimates
were based on pilot data, and a 10% dropout rate
was assumed. A minimum of 8 SD rats per group
was determined to be sufficient, and the sample
size was increased to 10 SD rats per group for ro-
bustness, totaling 30 SD rats across the operation,
sham, and control groups. The RVOTO model was
established by constricting the main pulmonary
artery to a transverse diameter of 0.8 mm using
a self-made aluminum clip. In the sham operation
group, the chest was opened without arterial con-
striction. The control group underwent no surgical
intervention. All animals were maintained under
identical environmental conditions for 4 weeks.
The study was approved by the animal ethics com-
mittee of Fujian Medical University, Fuzhou, Fuji-
an, China under approval number FMU/AS/620.
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Anesthesia and surgical procedure

Anesthesia was induced with 0.1 ml/100 g of
chloral hydrate. Rats were fixed on the surgical ta-
ble using a standard surgical setup, and a longitu-
dinal incision was made in the neck to access the
trachea. A 6G venous cannula (for tracheal puncture)
was used to establish a connection for respiratory
assistance, and a TKR-200C small animal respirator
(Jiangsu Teli Anaesthetic Respiratory Equipment Co.,
Ltd., Jiangsu, China) was connected to assist with
breathing at a rate of 30 breaths/min witha 1: 3 in-
halation-to-exhalation ratio. This respirator ensured
controlled ventilation throughout the procedure.

Following thoracic disinfection, a left thora-
cotomy was performed at the third intercostal
space using standard surgical instruments. After
entering the pleural cavity, a cotton strip was in-
serted to compress the left lung. The pericardium
was punctured, and a U-clip was placed under the
main pulmonary artery using a nerve hook. Af-
ter removing the cotton strip and ensuring lung
re-expansion, the chest was closed, and the neck
incision was sutured. Post-operative anti-infection
treatment was administered using intraperitoneal
cefazolin sodium for 3 days.

Measurement of right ventricular thickness

Right ventricular myocardium fixed in parafor-
maldehyde was sectioned and analyzed using the
9-point method. Myocardial thickness was mea-
sured across nine designated areas, including the
right ventricular outflow tract and the anterior
and lateral walls. The mean myocardial thickness
and outflow tract thickness among the groups
were statistically analyzed.

Calculation of right ventricular hypertrophy
index (RVMI)

The right ventricle (RV), left ventricle, and ven-
tricular septum (LV + S) were separated, excess
moisture was absorbed, and RVMI was calculated
using the formula: RVMI = RV/(LV + S + RV).

Collagen fiber volume measurement

Masson staining was performed on paraf-
fin-embedded sections of the right ventricular
myocardium. Myocardial cells were stained dark
red, while collagen fibers appeared blue. Images
were captured under a light microscope at 200x
magnification. The collagen fiber volume ratio was
calculated using Image-Pro-Plus 6.0 software (Me-
dia Cybernetics, Rockville, MD, USA).

Measurement of CTRP9 in plasma by ELISA

The concentration of CTRPY in rat plasma was
quantified using a double-antibody sandwich ELISA.

The procedure was conducted according to the
manufacturer’s instructions (Cloud-Clone Corp,
Wuhan, China). Briefly, plasma samples were di-
luted and added to the wells of a 96-well plate
pre-coated with CTRP9 antibodies. After incuba-
tion, a secondary antibody conjugated to an en-
zyme was added. Following another incubation
and washing step, a substrate solution was added,
and the reaction was stopped with a stop solution.
The absorbance was measured at 450 nm using
a microplate reader. The concentration of CTRP9
in the samples was calculated by comparing the
absorbance values to a standard curve generated
from known concentrations of CTRP9.

Immunohistochemical analysis

For immunohistochemical analysis, myocardial
tissue sections were prepared and mounted on
slides. Antigen retrieval was performed by incu-
bating the slides in a citrate buffer (pH 6.0) and
heating in a microwave. Following cooling, the
slides were treated with 3% hydrogen peroxide to
block endogenous peroxidase activity for 10 min.
After washing with PBS, the sections were incu-
bated with 5% BSA for 30 min to block non-spe-
cific binding. The primary antibody against CTRP9
(diluted 1 : 40, Cloud-Clone Corp, Wuhan, China)
was added and incubated overnight at 4°C. After
washing, a polymerized HRP-labeled anti-rabbit
IgG secondary antibody was applied for 30 min at
room temperature. The sections were then devel-
oped using a diaminobenzidine (DAB) substrate to
visualize the antibody binding. Finally, the slides
were counterstained with hematoxylin, dehydrat-
ed, and mounted for observation under a light
microscope. Quantitative analysis of CTRP9 ex-
pression was performed using Image-Pro-Plus 6.0
software (Media Cybernetics, Rockville, MD, USA).

Western blotting

The right ventricular myocardial tissue was
quickly frozen in liquid nitrogen and homogenized
in RIPA lysis buffer supplemented with PMSF
(1 mM) for protein extraction. The homogenate
was incubated on ice for 30 min and then cen-
trifuged at 12,000 rpm for 15 min at 4°C to iso-
late soluble proteins. Protein concentrations were
measured using a BCA protein assay kit (Kangwei
Century, CW0014S, China). Equal amounts of pro-
tein (30 ug) were loaded onto a 10% SDS-PAGE
gel for electrophoresis. After separation, proteins
were transferred to a PVDF membrane using a wet
transfer method. The membrane was blocked for
1 h at room temperature with 5% non-fat dry milk
in PBS-Tween 20 to reduce non-specific bind-
ing. It was then incubated overnight at 4°C with
a primary antibody against CTRP9 (1 : 1000 dilu-
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tion, Cloud-Clone Corp, Wuhan, China). Following
washing, a HRP-conjugated secondary antibody
(1 : 2000 dilution, PhD, China) was applied for
1 h at room temperature. Protein detection was
achieved using a chemiluminescent substrate
(Chemi Doc XRS+, Bole Life Medical Products,
Shanghai, China). Band intensities were ana-
lyzed with Image ) software (National Institutes
of Health, Bethesda, MD, USA) to quantify CTRP9
expression relative to a loading control, GAPDH.

Statistical analysis

All data are presented as mean * standard
deviation (SD). The Shapiro-Wilk test was used
to assess the normality of data distribution. For
normally distributed data, independent sample
t-tests were employed to compare differences be-
tween groups, with p < 0.05 indicating statistical
significance. Levene’s test was used to check for
homogeneity of variances before applying para-
metric tests. For non-normally distributed data,
appropriate non-parametric tests were applied.
Pearson correlation analysis and linear fitting
were utilized to evaluate relationships between
variables using least-squares regression. All sta-
tistical analyses were conducted using SPSS 21.0
software (IBM Corp., Armonk, NY, USA).

Results
Right ventricular hypertrophy thickness

Gross examination revealed significant thicken-
ing of the right ventricle in the operation group, as
shown in Figure 1 A and Table I. The average thick-
ness measurements shown in Table Il highlight-
ed significant differences between the operation
group and both the sham operation and control
groups (p < 0.001). Specifically, the thickening of
the right ventricular outflow tract was particularly

A

Control group

Sham operation group ~ Operation group

pronounced in the operation group compared to
the sham and control groups, as illustrated in Fig-
ure 1 B. Statistical analysis confirmed significant
differences across all groups (p < 0.001), reinforc-
ing the impact of pulmonary arterial constriction
on right ventricular hypertrophy.

Right ventricular hypertrophy index

The operation group exhibited significantly (p =
0.001) higher values of right ventricular mass and
hypertrophy index compared to both the sham and
control groups, indicating that pulmonary arterial
constriction effectively induced hypertrophy. Spe-
cifically, the right ventricular mass was 0.349 g,
and the hypertrophy index was 0.293, both sig-
nificantly higher than the values in the sham
(0.192 g and 0.228 g) and control groups (0.198 g
and 0.229 g). In contrast, no significant differenc-
es were found between the sham operation and
control groups (p = 0.925), suggesting that the
surgical procedure without pulmonary arterial
constriction did not lead to structural changes.
Detailed comparisons in Table Il underscore the
pronounced hypertrophy observed in the opera-
tion group, reinforcing the impact of pulmonary
arterial constriction on the right ventricle.

Myocardial cell fiber volume ratio

Masson staining effectively visualized the myo-
cardial tissue, revealing clear structural details,
with collagen fibers stained blue and myocardi-
al cells appearing red (Figure 2 A). The analysis
showed that the myocardial collagen fiber volume
ratio was significantly higher in the operation
group compared to both the sham operation (p <
0.001) and control groups (p < 0.001) (Figure 2 B).
There was no significant difference between the
sham operation and control groups (p = 0.380),

B

Control group

Sham operation group ~ Operation group

Figure 1. Right ventricular hypertrophy thickness. A — Gross examination showing thickness of the right ventricle
in different study groups. B — Thickening of the right ventricular outflow tract in different study groups (n = 10 for

each group)
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Table I. Average thickness of each part of right ventricle (mm + SD) in different study groups (n =10)

Group Mean value Outflow passage Anterior wall Lateral wall
Control group 0.249 +0.587 0.250 +0.082 0.249 +0.059 0.248 +0.064
Sham operation group 0.260 £0.436 0.242 +0.052 0.270 £0.042 0.268 £0.222
Operation group 0.938 +0.054 1.147 £0.233 0.853 +0. 134 0.795 +0.093

Table II. Body weight, whole heart mass, right ventricular mass and right ventricular hypertrophy index in different

study groups (g + SD, n = 10)

Group Weight Whole heart mass Right ventricular RVM1

[g] [g] mass [g]
Control group 277.500 £16.029 0.860 £0.049 0.198 £0.029 0.229 +0.026
Sham operation group 274.100 £17.553 0.852 +0.054 0.192 £0.024 0.228 £0.019
Operation group 268.200 +21.238 1.183 +0.092 0.349 +0.065 0.293 +0.039

B
*
0.4 *
2
€03 A
0
@
2
o
fr=
5§97
7
1]
=
0.1 A
0 T T T
Control Sham Operation
group group group

supporting the validity of the animal model em-
ployed in this study.

Plasma CTRP9 concentration

ELISA results indicated a marked reduction in
the plasma concentration of CTRP9 in the opera-
tion group compared to both the sham operation
and control groups (p < 0.001). The sham opera-
tion and control groups did not exhibit significant
differences (p = 0.956), highlighting a significant
alteration in plasma CTRP9 expression during
right ventricular remodeling (Figure 3). Addition-
ally, Pearson correlation analysis demonstrated
a negative correlation (r = -0.910, p = 0.29) be-

Sham operation group

Figure 2. Myocardial cell fiber volume ratio.
A — Masson staining of myocardial tissue in differ-
ent study groups, B — Masson fibrosis rate in differ-
ent study groups. Results are presented as mean +
SD (*p < 0.00, n = 10 for each group)

tween plasma CTRP9 concentration and the hy-
pertrophy index (Figure 1 B).

CTRP9 expression in myocardial tissue

Western blot analysis demonstrated signifi-
cantly elevated CTRP9 expression in the myocardi-
um of the operation group compared to the sham
(p = 0.032) and control (p = 0.029) groups (Fig-
ures 4 A, B). No significant differences were noted
between the sham operation and control groups
(p = 0.899). Furthermore, Pearson correlation
analysis revealed a positive correlation between
CTRP9 expression in myocardial tissues and hy-
pertrophy (r = 0.948, p = 0.036) (Figure 4 C).
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Plasma CTRP9

T T T T T
0.20 0.25 0.30 0.35 0.40
Hyperthrophy index

Figure 3. Plasma CTRP9 levels. A — Plasma CTRP9 levels in different study groups as determined by ELISA. B — Pear-
son correlation analysis between plasma CTRP9 levels and hypertrophy index. Results are presented as mean + SD
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CTRP9 detection in myocardial tissue

Immunohistochemical analysis revealed that
the distribution of CTRP9 in the right ventricular
myocardium was markedly elevated and uniform,
particularly around blood vessels, suggesting its
involvement in the remodeling processes associat-
ed with right ventricular hypertrophy (Figure 5 A).
Moreover, average immuno-optical density of
CTRP9 in cardiac tissue from the operation group
was significantly (p < 0.05) higher than in both the
sham operation and control groups (Figure 5 B).
Interestingly, the immuno-optical density of CTRP9

1.2 7 *

Relative CTRP9 expression

Control
group

Sham
group

Operation
group

Figure 4. CTRP9 expression in myocardial tissues.
A — Western blot analysis showing expression of
CTRP9 in myocardial tissues of different study
groups. B — Densitometric analysis showing rela-
tive expression of CTRP9 in different study groups.
C — Pearson correlation between myocardial CTRP9
and hypertrophy index. Results are presented as
mean + SD (*p = 0.029 for operation group vs.
Sham group and *p = 0.032 for operation group vs.
control group; n = 10 for each group)

positively correlated with fibrosis (r = 0.947, p =
0.027) (Figure 5 C).

Discussion

Congenital heart disease remains a significant
concern in pediatric cardiology, particularly condi-
tions leading to right ventricular hypertrophy such
as TOF, pulmonary artery stenosis, and pulmonary
artery atresia. These conditions not only present
challenges during surgical interventions but also
contribute to long-term complications, including
right heart failure and impaired post-surgery recov-
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Figure 5. Immunohistochemical analysis (A). Expression of CTRP9 in myocardial tissues of different study groups as
determined by immunohistochemistry (B). Immuno-optical density of myocardial tissues of different study groups
(€). Pearson correlation analysis between immuno-optical density and fibrosis rate. Results are presented as mean

+SD (*p < 0.05, n = 10 for each group)

ery. Mortality rates associated with congenital heart
diseases often stem from right ventricular dysfunc-
tion, fibrosis, and inadequate recovery of right heart
function, underscoring the need for effective moni-
toring and management strategies [15, 16].

The present study underscores the pathologi-
cal remodeling of the right ventricle in response to
outflow tract obstruction. Our findings reveal sig-
nificantly increased right ventricular thickness in
the operation group compared to both the sham
and control groups. This observation is consistent
with existing literature that documents right ven-
tricular hypertrophy as a common adaptation to
increased afterload conditions [17]. The right ven-
tricle’s response to pressure overload differs from
that of the left ventricle, often failing to adhere to
the classical Starling curve [18]. This divergence
highlights the importance of understanding the
unique physiological characteristics of the right
heart, which are critical for guiding post-surgical
treatment strategies.

In our analysis, we noted significantly high-
er values of both right ventricular mass and the
hypertrophy index in the operation group. These
findings corroborate studies linking elevated right
ventricular mass to adverse clinical outcomes in
pediatric populations with congenital heart de-

fects [19]. Regular monitoring of right ventricular
parameters, including mass and hypertrophy in-
dex, is essential to predict and mitigate potential
complications following surgical interventions.

Our investigation into myocardial cell fiber
volume ratios provided further insights into the
structural changes associated with right ventric-
ular hypertrophy. The presence of increased col-
lagen deposition, indicated by Masson staining,
reflects myocardial fibrosis — a well-documented
predictor of poor cardiac outcomes [20]. Previous
studies have established a strong correlation be-
tween myocardial fibrosis and the transition from
hypertrophy to heart failure, where elevated col-
lagen levels can disrupt normal cardiac function
and lead to arrhythmias [21]. The data support
the notion that the degree of myocardial fibrosis
is a critical factor influencing prognosis in patients
with congenital heart disease, emphasizing the
necessity for accurate assessment tools to evalu-
ate myocardial remodeling.

A key focus of our study was the examination
of CTRP9 levels in plasma and myocardial tissue.
The observation of lower plasma CTRP9 con-
centrations in the operation group was striking.
CTRP9, known for its cardioprotective properties,
is associated with improved endothelial function
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and anti-inflammatory effects [22]. The reduction
of CTRP9 in the context of RVOTO suggests its po-
tential role as a biomarker for myocardial stress
and remodeling. The disparity between systemic
and local levels of CTRP9 raises intriguing ques-
tions about the underlying mechanisms driving
these changes.

While plasma CTRP9 levels were significantly
lower in the operation group, we found a corre-
sponding elevation in CTRP9 expression within
the myocardial tissue. This finding suggests that
the myocardium may attempt to compensate for
increased stress by upregulating protective fac-
tors locally, despite the systemic decline in CTRP9
levels. Previous research supports this notion, in-
dicating that local upregulation of adipokines, in-
cluding CTRP9, may act as an intrinsic response to
myocardial injury [23]. However, this compensa-
tory mechanism may not be sufficient to prevent
the overall progression of heart failure, indicating
a complex interplay between local and systemic
factors influencing cardiac health.

Moreover, the immunohistochemical analysis
demonstrated a significantly higher average opti-
cal density of CTRP9 in cardiac tissue from the op-
eration group. This increased expression around
blood vessels suggests a role for CTRP9 in promot-
ing angiogenesis and enhancing myocardial per-
fusion during states of increased stress [24]. The
findings align with studies that propose CTRP9 as
a critical factor for vascular function and recovery
following myocardial injury, reinforcing its poten-
tial importance in therapeutic strategies for cardi-
ac conditions.

Correlational analyses revealed a negative re-
lationship between plasma CTRP9 levels and the
right ventricular hypertrophy index. At the same
time, there is a strong correlation of myocardial
CTRP9 with hypertrophy index and fibrosis. This
suggests that CTRP9 may serve as a valuable bio-
marker for assessing the severity of right ventric-
ular remodeling. The association between lower
plasma CTRP9 and increased myocardial fibrosis
aligns with literature that highlights the signifi-
cance of myocardial stress markers in predicting
adverse outcomes in patients with congenital
heart disease [25]. Given the correlation between
elevated myocardial fibrosis and the likelihood of
heart failure, further investigation into the clinical
utility of CTRP9 as a prognostic marker for right
ventricular health is warranted.

The implications of our findings extend beyond
merely identifying biomarkers; they underscore
the need for a holistic approach to managing con-
genital heart disease. By integrating the assess-
ment of biomarkers like CTRP9 with traditional
measurements of cardiac function and structure,
clinicians may enhance their ability to predict

outcomes and tailor interventions for pediatric
patients with congenital heart diseases. Under-
standing the relationship between right ventricu-
lar hypertrophy, myocardial fibrosis, and biomark-
ers such as CTRP9 can inform future research and
clinical practice, ultimately improving the care of
these vulnerable populations.

Although the results are interesting, there are
some limitations that should be acknowledged.
Firstly, the use of a rat model, while providing
valuable insights, may not fully replicate the com-
plex pathophysiology of congenital heart disease
in humans. Translating these findings to clinical
practice requires cautious interpretation. Sec-
ondly, the sample size, though statistically deter-
mined, was relatively small and may not capture
the full spectrum of variability in biological re-
sponses. Lastly, the study design did not include
long-term follow-up to assess the progression
from right ventricular hypertrophy to heart failure,
which limits our ability to draw conclusions about
the chronic effects of RVOTO.

In conclusion, significant insights into the
pathological remodeling of the right ventricle in
response to pulmonary arterial constriction were
provided in this study. Pronounced right ventric-
ular hypertrophy and increased myocardial colla-
gen fiber deposition were observed in the oper-
ation group, accompanied by notable structural
and biochemical changes. Plasma CTRP9 levels
were markedly reduced, while myocardial CTRP9
expression and immuno-optical density were ele-
vated, suggesting a dual role in systemic and lo-
calized responses to myocardial stress. Significant
correlations were identified between CTRP9 levels,
the hypertrophy index, and myocardial fibrosis,
highlighting its potential as a biomarker for as-
sessing right ventricular remodeling. The findings
highlight involvement of CTRP9 in the compensa-
tory mechanisms of the myocardium and its rele-
vance as a target for future therapeutic interven-
tions in congenital heart disease.
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