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Objective: The value of low-pressure balloon occlusion (LPBO) technology was investigated to evaluate the necessity of percuta-
neous coronary intervention (PCI) and the improvement of postoperative clinical symptoms in patients with intermediate lesions.
Furthermore, the feasibility and safety of this technique were validated.

Methods: Forty-eight patients with intermediate lesions identified during angiography at the Department of Cardiology, Nanjing First
Hospital, Nanjing Medical University, were enrolled and randomly assigned to the treatment group and the control group. In the
treatment group, PCI was guided by LPBO. In the control group, PCI was guided by intravascular ultrasound (IVUS) or optical
coherence tomography (OCT). Symptom intensity, symptom similarity scores, and PCI implantation rates were collected during the
procedure. The clinical symptom improvement rate and the incidence of major adverse cardiovascular events (MACE) were observed
during hospitalization and follow-up.

Results: In the treatment group (n=24), 10 patients experienced symptoms similar to their pre-hospitalization condition during LPBO
and subsequently underwent PCI, resulting in symptom resolution. The remaining 14 patients with low symptom similarity scores
showed good prognosis after intensive medical therapy. In the control group (n=24), 18 patients met the minimum lumen area (MLA)
criteria via IVUS/OCT and received PCI. The PCI implantation rate in the treatment group was significantly lower than that in the
control group (P < 0.05). Significant improvement in Seattle Angina Questionnaire (SAQ) scores was observed in 18 patients (75%) in
the treatment group compared to 8 patients (33.3%) in the control group (P < 0.05). At the 6-month follow-up, no MACE occurred in
the treatment group (n=24, 0.0%). In the control group, 2 cases of target vessel revascularization (TVR) occurred (2/24, 8.3\%), with
no cardiac deaths or non-fatal myocardial infarctions. No significant difference in MACE incidence was found between the two
groups. No complications related to LPBO, such as dissection or plaque rupture, were observed.

Conclusion: LPBO technology effectively correlates coronary stenosis with clinical symptoms. It provides a reliable basis for PCI
decision-making in patients with intermediate lesions. This technique is safe and feasible. It has the potential to reduce unnecessary
stent implantation and improve patient prognosis.
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Introduction

Cardiovascular disease (CVD) has become the leading cause of death among chronic non-communicable diseases in
China. There are 11.39 million patients with coronary heart disease (CHD), and the number of patients undergoing
percutaneous coronary intervention (PCI) reached 1.636 million in 2023."* As an important method for revascularization
in CHD, PCI effectively improves patient symptoms and prognosis. However, residual chest pain after the procedure
remains a prominent issue, with an incidence ranging from 14.2% to 59%.>° Postoperative chest pain increases the risk
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of cardiovascular events. It also leads to negative emotions such as anxiety and depression, which seriously affect
treatment outcomes and quality of life.

Patients with intermediate lesions are a high-risk group for residual symptoms after PCI. Coronary intermediate
lesions refer to lesions with a lumen diameter stenosis of 50% to 70% as shown by angiography. Due to anatomical
diversity, evidence-based medical data for these lesions are insufficient, making clinical treatment decisions difficult.
Currently, methods such as intravascular ultrasound (IVUS), optical coherence tomography (OCT), and fractional flow
reserve (FFR) are commonly used. These methods can evaluate the anatomical or functional status of lesions. However,
they cannot directly establish a correlation between stenosis and clinical symptoms. Consequently, some patients
experience recurrent symptoms even after undergoing ineffective PCI. Therefore, a new evaluation method is urgently
needed to accurately link coronary stenosis with symptoms and guide treatment decisions.

Transient low-pressure balloon occlusion (LPBO) induces controlled, reversible myocardial ischemia by temporarily
obstructing coronary blood flow with a non-compliant balloon inflated at low pressure (2—4 atm) to occlude the target
vessel. This brief ischemia can precisely reproduce the patient’s baseline clinical symptoms (eg, chest pain, chest
tightness) if the stenosis is functionally significant, directly linking anatomical narrowing to symptomatic ischemia. As
validated in the ORBITA-STAR trial, the symptom similarity score derived from LPBO-induced symptoms strongly
predicts PCI-related symptom relief, confirming the causal relationship between stenosis and symptoms.” Based on
previous clinical observations, this study found that patients with severe coronary stenosis can experience ischemic
symptoms similar to their preoperative symptoms during short-term expansion with a small balloon. Accordingly, the use
of low-pressure balloon occlusion (LPBO) technology is proposed. Ischemic symptoms are induced and compared with
preoperative symptoms to evaluate the necessity of PCI in patients with intermediate lesions. This study provides a new

perspective for clinical treatment.

Subjects and Methods
Study Subjects

Forty-eight patients with intermediate lesions were selected. These patients were hospitalized in the Department of Cardiology
at Nanjing First Hospital, Nanjing Medical University, between January 2025 and June 2025. The lesions were identified
during coronary angiography. Intermediate lesions were defined as lumen diameter stenosis >50% and <70% as shown by
coronary angiography. The patients were scheduled for PCI evaluation. Informed consent forms were signed by the patients
and their relatives. The experiment followed guidelines outlined in the Declaration of Helsinki and obtained written informed
consent from participants. The study was approved by Nanjing First Hospital, Nanjing Medical University (20180517).

Sample Size Calculation

Based on preliminary data and relevant literature reports, the PCI implantation rate for patients with intermediate lesions
guided by traditional IVUS/OCT is approximately 80%. It was hypothesized that LPBO technology could reduce the PCI
implantation rate to 40%. The parameters were set as a = 0.05 and f = 0.2. The sample size was calculated using the

formula for comparing two independent sample rates:
2
n= \frac{Z X (Z{%} —l—Z{/;}) x p(1 —p)}{(pl —pz)z}

where p = (0.8 + 0.4) / 2 = 0.6, and p; - p, = 0.4. The calculated sample size was 20 cases per group. A dropout rate of

10% was considered. Finally, 48 patients were included, with 24 patients in each group.

Research Methods

Patients were divided into a treatment group and a control group using a random number table method, with 24 cases in
each group. The treatment group underwent PCI guided by LPBO. The control group underwent PCI guided by IVUS
or OCT.
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Treatment Group (LPBO-Guided PCI)

Routine Coronary Angiography: Left and right coronary angiography was performed using the Judkins technique to
determine the lesion location and the degree of stenosis.

Low-pressure Balloon Occlusion: A semi-compliant balloon (balloon-to-artery ratio of 1:1) was placed at the stenosis.
The balloon was inflated to the minimum pressure required to occlude the distal vessel (usually 2—4 atm). Complete
vessel occlusion was confirmed by angiography showing no blood flow distal to the occlusion. The occlusion time was
calculated using the Digital Subtraction Angiography (DSA) screen display. Generally, the occlusion lasted at least 60s
and up to 180 s. After 60s, the patient was asked about their symptoms and the similarity to their pre-admission
symptoms. Electrocardiogram (ECG) and hemodynamic changes were observed. If similar symptoms were induced or
blood pressure dropped, the occlusion was stopped immediately.

Scoring System: Pain intensity and similarity were assessed using a numeric rating scale. Intensity Score (0-10): 0
indicates no sensation perceived; 10 indicates the worst pain imaginable. Similarity Score (0-10): This measures the
similarity between the characteristics of the induced sensation and the patient’s daily symptoms. 0 indicates not similar;
10 indicates identical to daily symptoms.

PCI Decision: If similar symptoms appeared, PCI was performed (drug-eluting stent implantation). If similar symptoms
did not appear or the similarity score was low, PCI was abandoned. Conservative medical therapy was administered (aspirin
and statins; beta-blockers or nitrates were added if necessary). The specific procedure is illustrated in Case 1.

Case 1: The patient was a 58-year-old male. He was admitted due to “recurrent chest tightness for 1 year, aggravated
for 1 month”. He was diagnosed with CHD and unstable angina. Coronary angiography showed intermediate stenosis in
the left anterior descending artery (LAD). A 3.0x12 mm pre-dilation balloon was used for occlusion at 4 atm. Symptoms
appeared after 90s. The symptom similarity score was 2. Consequently, PCI was not performed. Intensive medical
therapy was recommended. Repeated IVUS showed no dissection or plaque rupture at the site of low-pressure dilation, as
shown in Figure 1.

Control Group (IVUS/OCT-Guided PClI)

Routine Coronary Angiography: The procedure was identical to that in the treatment group.

Intravascular Imaging: IVUS or OCT examinations were performed on the intermediate lesions. The Minimum
Lumen Area (MLA) was evaluated by IVUS and OCT. PCI was recommended if the MLA was < 2.4 mm? in vessels with
a diameter < 3.0 mm?, or if the MLA was < 2.8 mm? in vessels with a diameter > 3.0 mm?.%

PCI Decision: The decision to perform PCI was based on the IVUS/OCT results. The PCI procedure and post-
operative medication were identical to those in the treatment group. The specific process is illustrated in Case 2.

Case 2: The patient was a 72-year-old male. He was admitted due to “recurrent chest pain for six months, aggravated for
one week”. He was diagnosed with CHD and unstable angina. Coronary angiography showed intermediate stenosis in the
LAD and the diagonal branch. OCT examination revealed an MLA of 0.8 mm? in the LAD. Consequently, PCI was performed
on both the LAD and the diagonal branch. Angina attacks persisted during the follow-up period, as shown in Figure 2.

Figure | IVUS. (A) Intermediate stenosis in the middle segment of the LAD; (B) Low-pressure balloon occlusion; (C) IVUS examination; (D) IVUS revealed no dissection or
plaque rupture at the occlusion site.
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Figure 2 Angina attacks persisted. (A) Intermediate stenosis in the middle segment of the LAD and the proximal segment of the diagonal branch; (B) OCT examination; (C)
OCT revealed fibrous plaque with an MLA of 0.8 mm?, arrow: guidewire artifact, the white line: the measurement line; (D) Angiography after PCI.

Primary Endpoints
PCI Implantation Rate: The proportion of patients who finally received PCI treatment in both groups.

Six-month Postoperative Chest Pain Improvement Rate: This was evaluated using the Seattle Angina Questionnaire
(SAQ). The assessment included four dimensions: degree of physical limitation, angina stability, angina frequency, and
treatment satisfaction. A score increase of > 20 points from baseline was defined as “significant improvement”. The
proportion of patients with significant improvement was calculated.’

Secondary Endpoints

Incidence of MACE at 6 months post-procedure: MACE included cardiac death, non-fatal myocardial infarction (defined
as Troponin I elevation > 5 times the Upper Limit of Normal [ULN] accompanied by ischemic symptoms or ECG
changes), and Target Vessel Revascularization (TVR, defined as repeat PCI or Coronary Artery Bypass Grafting [CABG]
due to target vessel stenosis > 50%).

Incidence of procedure-related complications: This included coronary dissection (NHLBI classification type > B),
vessel perforation, and contrast-induced nephropathy (defined as a serum creatinine increase > 25% from baseline or an
absolute increase > 44 pumol/L within 48 hours post-procedure).

Success rate of LPBO technology: This was defined as the proportion of patients in the treatment group who
successfully completed LPBO and obtained definitive ischemia evaluation results (absence of severe complications
and ability to clearly determine the presence or absence of ischemia).

Follow-Up Protocol
1 month post-procedure: Outpatient follow-up was conducted. SAQ scores were completed. ECG, myocardial enzymes,
and liver and renal function were reviewed.

3 months post-procedure: Outpatient follow-up was conducted. ECG and echocardiography (evaluating Left
Ventricular Ejection Fraction [LVEF]) were reviewed.

6 months post-procedure: Outpatient follow-up was conducted. SAQ scores were completed. Coronary angiography (if
necessary), ECG, and myocardial enzymes were reviewed. The occurrences of MACE and complications were recorded.

Statistical Analysis

Data analysis was performed using SPSS 26.0 software. Continuous variables were expressed as mean + standard
deviation (x+s). Comparisons between groups were performed using the independent samples #-test. Categorical variables
were expressed as frequency (percentage) [n (%)]. Comparisons between groups were performed using the Chi-square
(%) test or Fisher’s exact test (when the theoretical frequency was < 5). A P-value < 0.05 was considered statistically
significant.
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Table | Baseline Characteristics

Baseline Characteristics Treatment Group (n=24) | Control Group (n=24) | t/y* Value | P value
Age (years, mean SD) 62.318.5 60.7£9.2 0.452 0.656
Male [n (%)] 14 (58.3) 16 (66.7) 0.218 0.640
History of Hypertension [n (%)] 16 (66.7) 14 (58.3) 0.218 0.640
History of Diabetes [n (%)] 10 (41.7) 8 (33.3) 0.184 0.668
History of Hyperlipidemia [n (%)] 18 (75.0) 16 (66.7) 0.218 0.640
History of Smoking [n (%)] 8 (33.3) 10 (41.7) 0.184 0.668
Baseline SAQ Score (points, mean + SD) 58.6+10.3 60.2+9.8 0.385 0.704
Results

Comparison of Baseline Characteristics

Baseline characteristics were compared between the two groups. These included age, gender, history of hypertension,
history of diabetes, history of hyperlipidemia, history of smoking, distribution of target vessels (Left Anterior
Descending artery [LAD], Left Circumflex artery [LCX], Right Coronary Artery [RCA]), and baseline SAQ scores.
No statistically significant differences were found (all P > 0.05). The two groups were comparable (Table 1).

Comparison of Primary Endpoints

PCI Implantation Rate: In the treatment group (n=24), 10 patients (41.7%) were indicated for ischemia by LPBO
assessment and underwent PCI. In the control group (n=24), 20 patients (83.3%) met the MLA criteria assessed by IVUS/
OCT and underwent PCI. The PCI implantation rate in the treatment group was significantly lower than that in the control
group (x> = 4.44, P = 0.038).

Improvement Rate of Chest Pain Symptoms at 6 Months Post-procedure: In the treatment group (n=24), significant
improvement in SAQ scores compared to baseline was observed in 18 patients (75%). In the control group (n=24),
significant improvement was observed in 8 patients (33.3%). The difference between the two groups was statistically
significant (y* = 4.20, P = 0.041).

Comparison of Secondary Endpoints

Incidence of MACE at 6 months post-procedure: No MACE occurred in the treatment group (n=24, 0.0%). In the control
group, 2 cases of Target Vessel Revascularization (TVR) occurred (2/24, 8.3%); no cardiac deaths or non-fatal
myocardial infarctions occurred. No statistically significant difference was found in the incidence of MACE between
the two groups (Fisher’s exact test, P = 1.000).

Incidence of procedure-related complications: No coronary dissection or vessel perforation occurred in either group.
Contrast-induced nephropathy occurred in 2 patients (8.3%) in the treatment group and in 2 patients (8.3%) in the control
group. No statistically significant difference was found in the incidence of complications between the two groups
(Fisher’s exact test, P = 1.000).

Success rate of LPBO technology: All 24 patients in the treatment group successfully completed the LPBO
assessment. No procedural failures or severe complications occurred. The technical success rate was 100.0% (24/24).
Details are shown in Table 2.

Table 2 Comparison of Primary and Secondary Endpoints

Variables Treatment Group (n=24) | Control Group (n=24) | t/y* Value | P value
PCI Implantation Rate [n (%)] 10 (41.7%) 20 (83.3%) 4.44 0.038
SAQ Score Improvement Rate [n (%)] 18 (75%) 8 (33.3%) 4.20 0.041
MACE Incidence [n (%)] 0 (0.0%) 2 (8.3%) 1.000
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Discussion

Intermediate coronary lesions are usually defined as lesions with coronary artery lumen diameter stenosis of > 50% and <
70% as evaluated by coronary angiography. Although coronary angiography is the “gold standard” for anatomical
evaluation of coronary arteries, it has significant limitations in judging lesion severity and identifying vulnerable plaques.
Currently, it is generally considered that coronary artery stenosis greater than 70% accompanied by evidence of
myocardial ischemia is an indication for coronary stent implantation. Epidemiological data show that among patients
with acute coronary syndrome (ACS), 60% to 70% have underlying lesion stenosis between 30% and 70%.'%"" Given the
anatomical diversity of intermediate lesions, evidence-based medical data are scarce. Furthermore, clinical management
tends to be individualized. Considering the invasive nature of PCI and the potential risk of complications, defining
intermediate lesions, evaluating their significance, and deciding on intervention are difficult challenges for interventional
cardiologists. Decisions must be made after careful consideration, weighing of pros and cons, and comprehensive
evaluation. Current methods for evaluating intermediate lesions include imaging techniques (IVUS, OCT) and functional
assessment (FFR). However, these results cannot directly indicate the relationship between lesions and symptoms, and
they are expensive. Therefore, a more prudent management strategy should be adopted for intermediate lesions.

Consequently, for patients with intermediate lesions, there is an urgent need for a method to link stenosis with
symptoms. In previous PCI procedures, it was observed that patients with severe coronary stenosis experienced ischemic
symptoms similar to their pre-operative symptoms even during short-term expansion with a small balloon. Therefore, the
following question arises: can active balloon occlusion be performed in patients with intermediate lesions to induce
relevant ischemic symptoms? By judging whether the induced symptoms are similar to the patient’s pre-operative
symptoms, the necessity of PCI and the possibility of symptom recurrence after PCI can be evaluated. This approach
aims to reduce patient suffering, anxiety, and potential doctor-patient disputes.

The results of this study showed that LPBO technology significantly reduced the PCI implantation rate in patients
with atypical chest pain and intermediate lesions (41.7% vs 83.3%, P = 0.038). Simultaneously, it significantly increased
the improvement rate of chest pain symptoms at 6 months post-procedure (75.0% vs 33.3%, P = 0.041). No significant
differences were found in the incidence of MACE and complications between the two groups. This result validates the
core value of LPBO technology: by directly assessing the correlation between myocardial ischemia and clinical
symptoms, patients who will truly benefit from PCI are screened, and stent treatment is avoided for patients without
evidence of ischemia.

Mechanistically, the correlation between symptoms and coronary lesions in patients with intermediate lesions is weak.
In some patients, symptoms may be caused by non-cardiac factors. Even if intermediate anatomical stenosis exists, it
does not necessarily lead to myocardial ischemia.'? Through the direct evidence of “symptom reproduction”, LPBO
technology clarifies the functional significance of the lesion. This approach fits clinical needs better than the morpho-
logical assessment of IVUS/OCT. In this study, ischemia was not detected by LPBO assessment in 58.3% (14/24) of
patients in the treatment group, thus avoiding unnecessary stent implantation. This is consistent with the concept of
“functional revascularization” guided by FFR. However, LPBO does not require special equipment and is more suitable
for promotion in primary hospitals.'® This study is the first to apply LPBO technology to PCI decision-making in patients
with atypical chest pain and intermediate lesions. It fills the technical gap for simple functional assessment in such
patients and provides a new “symptom-oriented” evaluation method. This not only reduces medical costs and the risk of
stent-related complications but also saves medical resources, aligning with the development direction of “precision
medicine” and “value-based medicine”. It lays the foundation for the subsequent development of standardized ischemia
assessment processes and related devices, while providing clinical data support for the construction of ischemia models.

Disclosure
The authors report no conflicts of interest in this work.
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