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Abstract: Objective: To explore the effects of multimodal endoluminal interventional technology combined therapy
on clinical efficacy, pulmonary vascular resistance (PVR), pulmonary microvessel density (MVD), and long-term prog-
nosis in patients with chronic pulmonary artery stenotic pulmonary hypertension (CPAS-PH). Methods: This retro-
spective analysis included 117 CPAS-PH patients (January 2019 - December 2022) who received the combined
therapy. They were divided into a control group (n=50) and an observation group (n=67). Baseline data, preop-
erative and 6-month postoperative PVR, MVD, left ventricular ejection fraction (LVEF), left ventricular end-diastolic
diameter (LVEDD), 6-minute walking distance (6MWD), N-terminal pro-B-type natriuretic peptide (NT-proBNP), and
complications were collected. Kaplan-Meier method was used to analyze 2-year survival, Cox regression to identify
independent prognostic factors and nomogram and ROC curve to verify diagnostic efficacy. Results: The observation
group had a lower 6-month postoperative PVR, LVEDD, NT-proBNP, adverse reaction rate, and 2-year mortality (all
P<0.001), but higher MVD, LVEF, 6BMWD, and follow-up duration (all P<0.001) than the control group. Multivariate
Cox analysis showed PVR>5.305 WU (HR=4.324, 95% Cl: 1.666-11.221, P=0.003), LVEDD>56.95 mm (HR=3.632,
95% CI: 1.110-11.887, P=0.033) were prognostic factors. Having MVD>14.5 (HR=0.279, 95% CI: 0.113-0.685,
P=0.005) and LVEF>39.34% (HR=0.093, 95% CI: 0.024-0.354, P=0.001) were protective factors. The nomogram
and ROC curve confirmed good diagnostic efficacy. Conclusion: Multimodal endoluminal interventional combined
therapy effectively reduces PVR, promotes pulmonary microvascular remodeling, and improves cardiac function
and exercise tolerance, with favorable long-term prognosis. Postoperative 6-month PVR, MVD, LVEF, and LVEDD are
important evaluation indicators.

Keywords: Chronic pulmonary artery stenosis pulmonary hypertension, multimodal vascular endoluminal imaging,
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Introduction ineffective in patients with moderate-to-severe
pulmonary stenosis, rendering it difficult to
effectively reduce pulmonary vascular resis-
tance (PVR) and prevent disease progression

[3]. Interventional procedures, such as percuta-

Chronic pulmonary artery stenosis (CPAS)
refers to the loss of pulmonary artery lumen
area caused by various factors, with common

causes including endovascular obstruction,
extravascular compression, and vascular wall
inflammatory hyperplasia [1]. Without interven-
tion, this condition can lead to the development
of chronic pulmonary artery stenotic pulmonary
hypertension (CPAS-PH) [2]. Among clinical
treatments for CPAS-PH, traditional pharmaco-
therapy, while capable of dilating pulmonary
vessels and improving cardiac function, is often

neous pulmonary arterioplasty (PPA), are cur-
rently important approaches for CPAS treat-
ment. While this intervention can significantly
improve symptoms, exercise capacity, and
hemodynamic status in patients affected by
CPAS-PH, it is associated with a high postoper-
ative restenosis rate, and long-term prognosis
remains unsatisfactory [4, 5]. Thus, the search
for more effective therapeutic strategies for
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tional therapy, uses the com-
plementary advantages of mu-
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CT pulmonary angiography

accurate lesion assessment

Figure 1. Flow chart illustrating patient selection.

CPAS-PH--ones that can significantly reduce
PVR, promote pulmonary microvascular remod-
eling, and improve patient prognosis--has
become the focus of current research on this
condition.

Vascular interventional therapy relies on im-
aging assessment. Traditional imaging tech-
niques such as digital subtraction angiography
(DSA), CT angiography (CTA), and magnetic res-
onance angiography (MRA) can accurately visu-
alize vascular anatomy. However, they have
notable limitations in real-time intraoperative
dynamic assessment and post-interventional
efficacy monitoring, and these are shortcom-
ings that fail to meet the requirements for pre-
cise treatment [6]. With the advancement of
imaging technology in recent years, multimodal
vascular intraluminal imaging has developed
rapidly. It integrates optical coherence tomog-
raphy (OCT), intravascular ultrasound (IVUS),
and their dual-modality system (IVUS-OCT).
While acquiring accurate vascular structural
information on patients, it significantly improves
the capacity to comprehensively evaluate
patients’ lesions [7]. Several studies have dem-
onstrated that the use of advanced imaging
technologies (e.g., intravascular ultrasound) to
guide cardiovascular interventional procedures
of varying severity and types supports the for-
mulation of individualized treatment regimens
and enhances the precision and safety of ther-
apy [8, 9]. However, their role in the therapeutic
efficacy for patients with CPAS-PH, as well as
their effect on reducing PVR and promoting pul-
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and real-time therapeutic guid-

ance, focuses on PVR and MVD

indicators, and systematically
analyzes the combined regulatory effects of
multimodal integrated therapy on these two
measurements. In addition, it identifies inde-
pendent factors affecting long-term prognosis
through survival analysis and model construc-
tion, verifies their diagnostic efficacy, attempts
to establish a prognosis evaluation tool based
on objective indicators, and thereby provides a
quantitative basis for accurate clinical progno-
Sis assessment.

Materials and methods
Patient selection

A total of 163 patients diagnosed with CPAS
complicated with PH in Zhangye Second
People’s Hospital from January 2019 to De-
cember 2022 were retrospectively selected.
Among them, 40 patients who did not meet the
inclusion and exclusion criteria were excluded,
and another 6 patients lost to follow-up were
also excluded. Finally, a total of 117 patients
were assessed for the study (Figure 1). They
were divided into an observation group (n=67)
and a control group (n=50) according to differ-
ent treatment methods. Inclusion criteria: (1)
definite diagnosis of CPAS confirmed by CTA; (2)
conformity to the diagnostic criteria for pulmo-
nary hypertension [10]; (3) suitable for multi-
modal endoluminal intervention by imaging
assessment; (4) aged 18-80 years; (5) confor-
mity to the diagnostic criteria for pulmonary
hypertension. Exclusion criteria: (1) Combin-
ation of severe congenital heart disease, car-
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diomyopathy, valvular disease and other seri-
ous cardiac diseases; (2) combination of malig-
nant tumors, severe hepatic and renal in-
sufficiency, and coagulation dysfunction, etc.;
(3) acute myocardial infarction, stroke, or pul-
monary embolism in the last 3 months; (4) aller-
gy to the devices or drugs used in the interven-
tional therapy; (5) presence of psychiatric
disease or cognitive dysfunction. This study
was approved by the Ethics Committee of
Zhangye Second People’s Hospital. As a retro-
spective study, it was approved by the Ethics
Committee to waive the requirement for obtain-
ing informed consent from the subjects.

Surgical methods

Preoperatively, all patients underwent right
heart catheterization to measure hemodynam-
ic parameters such as pulmonary artery pres-
sure, PVR, and cardiac output. Additionally,
they received contrast-enhanced chest com-
puted tomography (CT) and pulmonary angiog-
raphy to identify the location, severity, and
extent of pulmonary artery stenosis, as well as
the condition of the pulmonary microvascular
bed.

After all patients underwent balloon dilatation
angioplasty, the observation group underwent
intravascular ultrasound (IVUS) examination.
Heparin Sodium injection was administered in
advance to prevent thrombosis. Imaging was
performed using the Boston Scientific iLab
Polaris System and Opticross coronary IVUS
probe. The Trace Assist software built into
the ultrasound machine was used for qua-
litative and quantitative analysis of image
information.

The control group underwent CT pulmonary
angiography, which was performed using a
Siemens Definition As 128-slice spiral CT
scanner.

All patients were followed up for 24 months
postoperatively. The follow-up methods includ-
ed outpatient visits, telephone follow-ups, and
inpatient reexaminations.

Outcome measures

Main outcome measures: (1) PVR of patients in
both groups were measured using a Philips
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IE33 ultrasound system and collected before
surgery and at 6 months after surgery. (2) MVD
data from patients were collected before sur-
gery and at 6 months after surgery. The data
were acquired by performing immunohisto-
chemical staining on lung tissue specimens
obtained from lung biopsy, followed by observa-
tion under a microscope.

Secondary outcome measures: (1) Cardiac
function indicators, including Left Ventricular
Ejection Fraction (LVEF) and Left Ventricular
End-Diastolic Diameter (LVEDD) were collected
before surgery and at 6 months after surgery.
(2) Serum N-Terminal Pro-B-Type Natriuretic
Peptide (NT-proBNP) levels of patients in both
groups were collected before surgery and at 6
months after surgery. (3) 6-Minute Walk
Distance (6MWD) were collected before sur-
gery and at 6 months after surgery. (4) During
the postoperative follow-up period, the occur-
rence of complications in both groups was
recorded, including pulmonary artery perfora-
tion, pulmonary artery dissection, reperfusion
pulmonary edema, and arrhythmia. Additionally,
the occurrence of death events and the time of
death in both groups during the postoperative
follow-up were collected.

Statistical analysis

Statistical analyses were conducted using
SPSS 26.0 software. Continuous data were
expressed as mean + standard deviation (x *
sd). Repeated-measures analysis of variance
was used to compare the data within the same
group at different time points, while indepen-
dent-samples t-test was applied for compari-
sons between groups. Categorical data were
presented as rates (%), and their comparisons
were performed using the chi-square (x?) test.
New York Heart Association Stage was per-
formed using the Mann-Whitney U test. Kaplan-
Meier method was employed for survival analy-
sis, and the Log-rank test was used to compare
the survival rates between the two patient
groups. Cox proportional hazards regression
model was adopted to identify the influencing
factors for 2-year prognostic survival in
patients. Furthermore, a nomogram model was
constructed and a receiver operating charac-
teristic (ROC) curve was generated to validate
its diagnostic efficacy. P<0.05 was considered
a significant difference.
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Table 1. Comparison of general data of the two groups of patients

Observation group (n=67) Control group (n=50) t/Z/x? P
Age 63.31+5.73 63.314.95 0.010 0.992
Gender 0.206 0.650
Male 35 (52.24) 24 (48.00)
Female 32 (47.76) 26 (52.00)
BMI (kg/m?) 22.68+2.45 22.69+2.19 0.023 0.982
T2DM 0.179 0.672
Yes 17 (25.37) 11 (22.00)
No 50 (74.63) 39 (78.00)
Hypertension 0.152 0.697
Yes 9(13.43) 8 (16.00)
No 58 (86.57) 42 (84.00)
Smoking 0.033 0.855
Yes 6 (8.96) 4 (8.00)
No 61 (91.06) 46 (92.00)
NYHA Stage -0.390 0.696
| 1(1.49) 3(6.00)
Il 20 (29.85) 10 (20.00)
I 38 (566.71) 36 (72.00)
v 8 (11.94) 1(2.00)
A 10+ B 20-

8 E=a Control group

PVR(WU)

6 months

Baseline

Il Observation group

Hl Observation group
E Control group

6 months

Baseline

Figure 2. PVR and MVD of 2 groups: (A) PVRof 2 groups; (B) MVD of 2 groups. Note: *, » mean compared to baseline,
and Control group P<0.05. PVR: Pulmonary Vascular Resistance; MVD: Microvessel Density.

Results
Comparison of the general information

As shown in Table 1, there were no significant
differences between the two groups in general
information (all P>0.05).

Comparison of PVR and pulmonary MVD be-
fore and after surgery

As shown in Figure 2, PVR and MVD did not dif-
fer significantly between the two groups preop-
eratively (both P>0.05). 6 months after surgery,
the PVR showed a significant downward trend
and the MVD showed a significant upward trend
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(all P<0.001) compared to the baseline data.
Notably,the observation group had a signifi-
cantly lower PVR and higher MVD than the con-
trol group, 6 months after surgery (both
P<0.001).

Comparison of cardiac function indexes before
and after surgery

As shown in Figure 3, there were no significant
differences in the aforementioned indicators
between the two groups before surgery (all
P>0.05). At 6 months postoperatively, LVEF
(Figure 3A) and 6MWD (Figure 3C) exhibited
a significant increase in both groups compared
to their preoperative levels, whereas LVEDD
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Figure 3. Cardiac function indicators of 2 groups: (A) LVEF of 2 groups; (B) LVEDD of 2 groups; (C) 6MWD of 2 groups;
(D) NT-proBNP of 2 groups. Note: *,  mean compared to baseline, and Control group P<0.05. LVEF: Left Ventricu-
lar Ejection Fraction; LVEDD: Left Ventricular End-Diastolic Diameter; NT-proBNP: N-Terminal Pro-B-Type Natriuretic
Peptid; 6MWD: 6-Minute Walk Distance.

Table 2. Comparison of the occurrence of complications between the two groups

Reperfusion

Pulmonary artery Pulmonary artery oulmonary Arrhythmias

perforation entrapment

Incidence of
complications

edema
Observation group 67 0 (0.00) 0 (0.00) 5 (7.46) 3(4.48) 8(11.94)
Control group 50 8 (16.00) 6 (12.00) 3(6.00) 3(6.00) 20 (40.00)
X2 12.384
P <0.001

Table 3. Survival and follow-up time at 2 years in both groups

Observation group (n=67)  Control group (n=50) t/x? P

Survival at 2 years 10.840 <0.001

Survival 58 (86.57) 30 (60.00)
Death 9(13.43) 20 (40.00)

Duration of follow-up (months) 21.40+2.83 18.54+4.74 4.378 <0.001
(Figure 3B) and NT-proBNP (Figure 3D) demon- was significantly lower than that of the control
strated a significant decrease (all P<0.001). group 40% (20/50) (P<0.001).

Notably, LVEF, BMWD and MVD in the observa-
tion group were significantly higher than those 2-year survival and follow-up outcomes

in the control group (all P<0.001). ) ]
As shown in Table 3, all 117 CPAS-PH patients

Comparison of adverse reactions completed follow-up. The observation group

had a significantly higher 2-year survival rate
As shown in Table 2, during the follow-up peri- and longer median follow-up time than the con-
od, the incidence of adverse reactions in the trol group (both P<0.001). Kaplan-Meier curve
observation group was 11.94% (8/67), which analysis (Figure 4) revealed that the observa-
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Figure 4. Kaplan-Meier curves for 2-year survival in both groups of patients.
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Table 4. One-way analysis of variance of factors affecting pa-
tients’ 2-year prognosis

Survival Group

Death Group

(n=29) (n=88) X2/t P
Age 63.21+5.31 63.3415.44 0.112 0.911
Gender 0.0712  0.789
Male 14 (48.28) 45 (51.14)
Female 15 (51.72) 43 (48.86)
BMI (kg/m?) 22.73+2.32 22.67+2.35 0.120 0.935
T2DM 0.001 0.976
Yes 7 (24.14) 21 (23.86)
No 22 (75.86) 67 (76.14)
Hypertension 0.017 0.897
Yes 4 (13.79) 13 (14.77)
No 25 (86.21) 75 (85.23)
Smoking 0.159 0.890
Yes 3(11.54) 7 (7.95)
No 26 (88.46) 81 (92.05)
NYHA Stage -0.092 0.926
I 1(3.45) 3(3.41)
Il 7 (24.14) 23 (26.14)
11 19 (65.52) 55 (62.50)
v 2 (6.90) 7 (7.95)
PVR (WU) 5.61+0.54 4.84+0.52 6.851 <0.001
MVD 14.17+1.20 16.07+1.08 7991 <0.001
LVEF (%) 37.64+2.35 41.35+2.03 8.203 <0.001
LVEDD (mm) 60.38+4.01 54.16+4.06 7176  <0.001
6MWD (m) 393.34+26.41 400.38+26.37 1.246 0.215
NT-proBNP (ug/L) 474.68+13.67 471.35+14.38 1.094 0.276
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tion group had a significant-
ly longer median overall surviv-
al (log Rank x2=11.929, P<
0.001).

Univariate analysis of factors
affecting 2-year prognosis

Among the 117 patients, 88
survivors at 2 years were
assigned to the survival group,
and 29 non-survivors to the
death group. As shown in Table
4, age, gender, BMI, diabetes
mellitus history, hypertension
history, smoking history, and
New York Heart Association
classification were not signifi-
cantly associated with 2-year
prognosis (all P>0.05). In con-
trast, PVR, MVD, LVEF, and
LVEDD were identified as po-
tential factors influencing 2-
year prognosis (all P<0.001).

Multifactorial Cox regression
analysis of factors affecting
patients’ 2-year prognosis

The values assigned to each
risk factor were shown pre-
sented in Table 5. Multivariate
Cox survival analysis (Table 6)
demonstrated that PVR>5.305
WU (HR=4.324, 95% CI: 1.666-
11.221, P=0.003) and LVEDD
>56.95 mm (HR=3.632, 95%
Cl: 1.110-11.887, P=0.033)
were the prognostic factors
affecting patients’ 2-year sur-
vival, and MVD>14.5 (HR=
0.279, 95% CI: 0.113-0.685,
P=0.005) and LVEF>39.34%
(HR=0.093, 95% CI: 0.024-
0.354, P=0.001) were identi-
fied as independent protective
factors for 2-year survival.

Development and validation of
a prognostic nomogram

Based on the Cox regression
results, four independent risk
factors (PVR, MVD, LVEF,
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Table 5. Risk factors and assignments

risk factors assignment

PVR 0: <5.305 WU
1: 25.305 WU

MVD 0:<14.5
1:214.5

LVEF 0: <39.34%
1:>39.34%

LVEDD 0: <56.95 mm
1: 256.95 mm

LVEDD) were used to construct a nomogram
(Figure 5A). Among these factors, LVEF had the
largest score range and the most significant
contribution to risk prediction, indicating a
strong correlation with prognosis. PVR, MVD,
and LVEDD also showed meaningful correla-
tions with prognostic risk. Validation of the
nomogram revealed an AUC of 0.961 (95% Cl:
0.926-0.997) (Figure 5B), and the calibration
curve was close to 1 (Figure 5C).

ROC curve analysis of individual prognostic
factors

To further validate the reliability of key indica-
tors improved by multimodal endoluminal inter-
ventional therapy as prognostic assessment
tools, this study employed ROC curve analysis
to evaluate the diagnostic efficacy of 6-month
postoperative PVR, MVD, LVEF, and LVEDD for
the 2-year prognosis of patients with CPAS-PH.
As shown in Table 7 and Figure 6, all four
factors exhibited significant diagnostic value:
6-month postoperative PVR (AUC=0.845,
Figure 6A), MVD (AUC=0.877, Figure 6B),
LVEF (AUC=0.893, Figure 6C), and LVEDD
(AUC=0.879, Figure 6D).

To compare further the diagnostic efficacy
among these indicators, the Delong test was
used to analyze differences in AUCs (Table 7).
Pairwise comparisons showed no statistically
significant differences in AUC between any two
indicators: PVR vs. MVD (Z=0.423, P=0.672),
PVR vs. LVEF (Z=0.891, P=0.373), PVR vs.
LVEDD (Z=0.586, P=0.558), MVD vs. LVEF
(Z=0.457, P=0.648), MVD vs. LVEDD (Z=0.062,
P=0.951), and LVEF vs. LVEDD (Z=0.401,
P=0.688). These results indicate that while
LVEF had the highest AUC, all four indicators
are equally reliable for assessing 2-year prog-
nosis in CPAS-PH patients.
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Discussion

CPAS-PH is characterized by progressive pul-
monary vascular stenosis, loss of pulmonary
artery lumen area, and elevated pulmonary
artery pressure [11, 12]. However, traditional
techniques such as CTA, while capable of clear-
ly visualizing vascular anatomy, lack the capa-
bility for real-time dynamic assessment and
post-interventional efficacy monitoring, which
in turn leads to significant variability in patients’
therapeutic outcomes and prognosis [13]. In
this study, the application of multimodal endo-
luminal imaging-assisted interventional thera-
py improved patients’ 2-year survival rate and
effectively controlled the occurrence of compli-
cations. In the following sections, by focusing
on core indicators such as PVR and MVD, we
will analyze the mechanisms through which this
imaging assessment protocol enhanced the
efficacy and prognosis of CPAS-PH.

Elevated PVR is one of the core pathologic fea-
tures in patients with pulmonary artery steno-
sis. It is caused by changes such as endothelial
dysfunction, pulmonary arteriolar spasm, and
smooth muscle cell proliferation induced by
pulmonary artery stenosis, which in turn leads
to the development of pulmonary hypertension
and right ventricular dysfunction, and even
death in severe cases [14]. This study found
that elevated PVR levels result in poor 2-year
prognostic survival in patients with CPAS-PH,
and multimodal intravascular imaging technol-
ogy (IVUS) combined with interventional sur-
gery could more effectively reduce vascular
resistance and improve hemodynamics in
patients. Two main factors contributed to this
observation: (1) percutaneous transluminal pul-
monary angioplasty (PTBA) can eliminate etio-
logical factors of pulmonary artery stenosis
(e.g., thrombi) within the pulmonary artery,
reduce endothelial dysfunction and pulmonary
arteriolar spasm caused by vascular stenosis,
thereby improving patients’ hemodynamics and
effectively alleviating resistance [15]; (2) pul-
monary angiography can only display two-
dimensional luminal contours of blood vessels,
and when assessing the degree of stenosis, it
mostly uses adjacent “apparently normal”
blood vessels as a reference, which often fails
to accurately reflect the actual degree of vascu-
lar stenosis - this easily prevents PTBA from
achieving optimal therapeutic effects [16, 17].

Am J Transl Res 2025;17(12):9956-9967
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Table 6. Cox regression analysis of risk factors related to CPAS-PH

B StdError Wald x2 P HR 95% Cl
PVR>5.305 WU 1.464 0.487 9.056 0.003 4.324 1.666-11.221
MVD>14.5 -1.277 0.459 7.757 0.005 0.279 0.113-0.685
LVEF>39.34% -2.378 0.684 12.091 0.001 0.093 0.024-0.354
LVEDD>56.95 mm 1.290 0.605 4.546 0.033 3.632 1.110-11.887
A
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Figure 5. Nomogram model construction and diagnostic efficacy assessment: (A) Nomogram model of independent
risk factors and protective factors for predicting patients’ survival within 2 years; (B) ROC curves for validating Nomo-
gram model; (C) Calibration curves for validating Nomogram model. Note: LVEF: Left Ventricular Ejection Fraction;
LVEDD: Left Ventricular End-Diastolic Diameter; PVR: Pulmonary Vascular Resistance; MVD: Microvessel Density.

In contrast, IVUS can more precisely visualize
pathological characteristics of the vascular wall
(e.g., identifying obvious vascular stenosis),
enabling PTBA to more effectively eliminate ste-
notic lesions and achieve more thorough thera-
peutic effects [18].
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Elevated PVR caused by CPAS-PH tends to redi-
rect blood flow in patients to non-stenotic or
non-obstructed vascular segments, leading to
a decrease in MVD and further exacerbation of
the patient’s condition [19]. Results of Cox
analysis in this study revealed that a high MVD

Am J Transl Res 2025;17(12):9956-9967
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Table 7. Results of ROC curves for 2-year prognosis of patients assessed by each risk and protective
factor

Factor AUC Sensitivity Specificity P 95% ClI Cut-off Youden'’s Index
PVR 0.864 0.759 0.852 <0.001 0.785-0.942 5.305 WU 0.611
MVD 0.877 0.955 0.621 <0.001 0.802-0.952 14.5 0.576
LVEF 0.893 0.864 0.897 <0.001 0.814-0.972 39.34% 0.761
LVEDD 0.879 0.862 0.761 <0.001 0.805-0.953 56.95 mm 0.623
A 10 T B 1.0

0.8+ 0.8
,é‘ 067 §‘ 064
2 =
3 0.4 g 0.4

0.2 0.2

00 T T T T 00 T T T T

00 02 04 06 08 1.0 0o 02 04 06 08 1.0
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=3 c
[ [
o) 04 o) 0.4
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Figure 6. ROC curves: (A) ROC curves of 2-year prognosis of patients assessed by PVR; (B) ROC curves of 2-year prog-
nosis of patients assessed by MVD; (C) ROC curves of 2-year prognosis of patients assessed by LVEF; (D) ROC curves
of 2-year prognosis of patients assessed by LVEDD. Note: PVR: Pulmonary Vascular Resistance; MVD: Microvessel
Density; LVEF: Left Ventricular Ejection Fraction; LVEDD: Left Ventricular End-Diastolic Diameter.

level was a protective factor for the 2-year prog- interventional surgery can promote microvas-
nosis of CPAS-PH patients, and the combina- cular regeneration. The possible mechanism
tion of multimodal imaging technology and underlying this phenomenon is as follows: IVUS
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in combination with interventional surgery can
precisely ameliorate pulmonary artery stenosis
in patients, thereby reducing PVR levels. This
improvement in turn corrects abnormal hemo-
microcirculation and pulmonary blood perfu-
sion, further promoting the repair of microcircu-
lation and an increase in MVD [20, 21]. This
study also found that IVUS-assisted interven-
tional surgery could improve patients’ cardiac
function and overall circulatory efficiency by
reducing PVR and increasing MVD, which may
be closely related to the cardiac compensatory
mechanism. Specifically, after the reduction of
pulmonary vascular resistance, right ventricu-
lar afterload is decreased, ventricular septal
deviation is reduced, and left ventricular dia-
stolic space is restored. These changes collec-
tively lead to an increase in LVEF [22, 23].
Following the recovery of cardiac function, the
increased cardiac output improves systemic
oxygen supply, which in turn enhances the
patient’s exercise tolerance [24]. Additionally,
NT-proBNP, as a ventricular wall stress-sensi-
tive indicator, shows a decrease in its level,
which further confirms the overall improvement
of cardiac function [25, 26]. Cox analysis also
showed that among the independent prognos-
tic factors (LVEF and LVEDD), LVEF exerts the
most significant protective effect, suggesting
that cardiac reserve function is crucial for long-
term survival.

In this study, the observation group had a lower
postoperative complication rate, which is con-
sistent with the findings of Kimura et al. [27]
regarding IVUS-guided percutaneous coronary
intervention, confirming that [VUS-assisted
interventional surgery can reduce the incidence
of complications in patients. Meanwhile, in
terms of long-term prognosis, the observation
group exhibited a higher 2-year cumulative sur-
vival rate, which is in line with the research by
Gao et al. [28], demonstrating that IVUS-
assisted interventional surgery could improve
the long-term clinical outcome of patients with
CPAS-PH. The underlying mechanism is that
IVUS can improve patients’ cardiac function
indicators by optimizing PVR and MVD, thereby
reducing the adverse effects of these indica-
tors on patient prognosis [29]. In addition, the
high-resolution imaging of IVUS enables more
accurate assessment of lesions and guidance
for surgery, which enhances surgical safety,
effectively prevents the occurrence of periop-
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erative complications such as pulmonary artery
perforation, pulmonary artery dissection, and
reperfusion pulmonary edema, and thus exerts
a favorable effect on improving patients’ long-
term prognosis [30].

The limitations of this study are as follows.
First, this study is a single-center retrospective
study, which may have significant limitations in
sample selection. Second, due to the small
sample size, comparisons between different
imaging modalities in multimodal technology
(such as OCT and IVUS) were not conducted.
Additionally, the follow-up duration of this study
was only 2 years, and no research on longer-
term prognostic data was performed. It is
expected that in future studies, the sample size
will be expanded and multicenter data will be
included; meanwhile, treatment regimens will
be further optimized (e.g., combining multimod-
al technology with targeted drugs) and the
effects of different imaging modalities on
patients will be compared.

In conclusion, multimodal endoluminal inter-
ventional technology combined with interven-
tional surgery can significantly improve PVR,
MVD, and cardiac function in patients with
CPAS-PH, while effectively reducing the risk of
complications and prolonging their survival
time. Meanwhile, PVR, MVD, LVEF, and LVEDD
at 6 months postoperatively can serve as
reliable prognostic evaluation indicators, pro-
viding important references for clinical de-
cision-making.
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