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To develop and validate a clinical prediction model for Iliac Vein Compression Syndrome (IVCS) in 
outpatients with Varicose veins of the lower extremities (VVLE), to aid clinical decision-making and 
early identification of high-risk patients. A retrospective cohort study was conducted, including 732 
outpatients diagnosed with VVLE between 2014 and 2023. Independent predictors of IVCS were 
identified through multivariable logistic regression, and a nomogram was developed. The model 
was evaluated using receiver operating characteristic (ROC) curve analysis, calibration curves, and 
decision curve analysis (DCA). Four independent predictors for IVCS were identified: history of deep 
vein thrombosis (DVT), history of vascular interventions, pain symptoms, and Clinical Etiological 
Anatomical Pathophysiological (CEAP) grade. The nomogram showed strong performance, with an 
area under the ROC curve (AUC) of 0.79 in the training set and 0.74 in the validation set. of 0.79 in 
the training set and 0.74 in the validation set. Calibration curves confirmed good agreement between 
predicted and observed outcomes. DCA demonstrated the clinical utility of the model across different 
risk thresholds. A simple and cost-effective nomogram for predicting IVCS in VVLE patients was 
developed and validated. This tool helps outpatient clinicians identify high-risk IVCS patients early, 
supporting personalized treatment strategies. Further validation is needed, but the model holds 
promise for improving early diagnosis and patient outcomes.
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Varicose veins of the lower extremities (VVLE) are a prevalent peripheral vascular condition marked by the 
dilation, tortuosity, and reflux in the veins of the legs1,2. As individuals age, the function of the venous valves 
gradually deteriorates, leading to the expansion of the venous walls and the obstruction of blood flow, ultimately 
resulting in varicose veins and associated complications such as skin ulcers, phlebitis, and deep vein thrombosis 
(DVT)3. The global prevalence of varicose veins is approximately 25–30%, with a notably higher incidence 
among the elderly population 4,5. Beyond affecting the appearance and quality of life, varicose veins can cause 
long-term leg pain, edema, and restricted mobility, imposing a persistent health burden on patients6,7.

A lesser-recognized pathological condition associated with varicose veins is iliac vein compression syndrome 
(IVCS), also known as May-Thurner syndrome. IVCS is a condition caused by the mechanical compression 
of intra-abdominal vessels, primarily at the junction of the right iliac artery and the left iliac vein8,9. The 
compression of blood vessels in this area leads to impaired venous return, resulting in lower limb edema, pain, 
and venous distention. Although the diagnosis and treatment of IVCS have gained some attention in recent 
years, many patients with varicose veins have not been promptly diagnosed with coexisting IVCS, leading to 
suboptimal treatment outcomes10.

There exists a complex interplay between IVCS and VVLE. In some cases, IVCS may serve as a primary 
pathogenic factor for varicose veins, particularly when venous dilation is more pronounced in the left leg11. Since 
iliac vein compression typically presents with chronic progressive symptoms and its clinical manifestations are 
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relatively subtle, many patients are not diagnosed until the condition worsens or complications such as deep vein 
thrombosis arise12. Therefore, timely recognition of varicose vein patients with concomitant IVCS is crucial for 
early intervention and the formulation of personalized treatment plans.

Currently, the clinical diagnosis of IVCS relies mainly on imaging techniques, such as CT venography, 
magnetic resonance imaging (MRI), and ultrasound. However, these methods have limitations, including high 
costs, low accessibility, and operational complexity, which make them difficult to apply in large-scale population 
screenings13. Given the limitations of expensive and complex diagnostic tests, a simple, cost-effective, and 
reliable clinical prediction model based on outpatient clinical characteristics would significantly enhance clinical 
decision-making and improve patient outcomes.

Therefore, this study aims to investigate the clinical characteristics associated with IVCS among outpatients 
diagnosed with VVLE and to establish a predictive model based on routinely available clinical data. Identifying 
relevant risk factors and constructing a practical screening tool may contribute to improved early recognition of 
IVCS and support individualized management approaches in outpatient settings.

Methods
Study population
This retrospective cohort study included 732 outpatients diagnosed with VVLE who sought either initial or 
follow-up care at our institution between 2014 and 2023. The cohort consisted of patients with and without a 
history of vascular interventions. Inclusion criteria were: (1) age ≥ 18 years; (2) a diagnosis of VVLE confirmed 
by imaging studies (ultrasound, CT, or MRI); and (3) no history of severe infections or other significant diseases. 
Exclusion criteria included: (1) incomplete clinical records; (2) presence of severe infections or other significant 
comorbidities (e.g., acute venous inflammation, uncontrolled diabetes); and (3) postoperative complications that 
could interfere with IVCS diagnosis (e.g., severe bleeding, critical infections, ICU admissions, or neurological 
complications).

Data collection
Data were extracted from patient medical records, including demographic information, medical history, clinical 
symptoms, and imaging results. The following clinical variables were collected: gender, age, body mass index 
(BMI), smoking history, diabetes, hypertension, history of vascular interventions, history of DVT, pain symptoms, 
and Clinical Etiological Anatomical Pathophysiological (CEAP) grade. History of vascular interventions was 
defined as any prior invasive procedure targeting the lower extremity venous system, including superficial venous 
ablation (e.g., endovenous laser or radiofrequency therapy), foam or liquid sclerotherapy, surgical ligation or 
stripping, and deep venous interventions such as stenting or angioplasty. Central venous catheterization or 
unrelated vascular procedures were not included. Imaging data, including venous ultrasound, CT angiography, 
and MRI scans, were reviewed, with particular attention to the degree of iliac vein compression. All data were 
retrieved from the hospital’s electronic medical records and cross-checked for accuracy through dual review. 
Pain symptoms were documented as a binary variable (present/absent) based on the clinical encounter notes. 
No standardized pain scale or qualitative description was used in this dataset.

Definition of IVCS
IVCS was defined as the mechanical compression or obstruction of the iliac vein in patients with VVLE, leading 
to symptoms such as lower limb edema, pain, and venous distention. The diagnosis was confirmed through 
imaging studies (CT or MRI) showing compression of the iliac vein, in conjunction with clinical presentation14,15.

IVCS diagnostic criteria
Iliac vein compression was diagnosed when cross-sectional imaging (CT or MRI) demonstrated a luminal 
narrowing of ≥ 50% at the site of arterial crossover, typically between the right common iliac artery and the left 
common iliac vein, in conjunction with relevant clinical symptoms such as unilateral lower limb edema, pain, 
or varicosities. This diagnostic threshold is supported by prior studies indicating that a ≥ 50% compression is 
clinically significant and associated with symptomatic IVCS16–18.

Imaging protocol
All patients initially underwent duplex ultrasound examination of the lower extremity veins to evaluate 
venous reflux, valve insufficiency, and vessel dilation. For patients with clinical suspicion of proximal venous 
obstruction—such as unilateral lower limb edema, pain, or severe varicosities—further imaging with contrast-
enhanced computed tomography venography (CTV) or magnetic resonance venography (MRV) was performed 
to assess for iliac vein compression. CTV was performed in the venous phase using a multi-slice CT scanner, 
with scanning coverage from the abdominal aorta to the femoral veins. Intravenous contrast was administered at 
a rate of 3–4 mL/s, and imaging was timed to capture optimal venous enhancement. MRV utilized a 3D contrast-
enhanced gradient-echo sequence with similar anatomical coverage. Both imaging modalities were interpreted 
by two experienced radiologists blinded to clinical outcomes. Conventional venography or intravascular 
ultrasound was not employed in this outpatient cohort due to the non-invasive nature of the diagnostic workflow 
and the limited availability of these procedures in routine outpatient settings.

Statistical analysis
Statistical analyses were performed using SPSS 26.0 and R 4.2.2. Patients were randomly assigned to training 
(512) and validation (220) groups in a 7:3 ratio using the createDataPartition() function from the caret package 
in R (version 4.2.2), with set.seed(123) applied to ensure reproducibility. Continuous variables were presented 
as mean ± SD, and categorical variables as frequency (percentage). Univariate analysis, including chi-square and 
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t-tests, identified potential risk factors. Variables with P < 0.05 were entered into multivariable logistic regression 
to identify independent IVCS predictors. A nomogram for IVCS risk was developed using the ‘rms’ package in 
R. Model performance was assessed using the concordance index (C-index), receiver operating characteristic 
(ROC) curves, and calibration curves. The area under the ROC curve (AUC) was calculated to quantify model 
discrimination. Decision curve analysis (DCA) evaluated the model’s clinical utility.

Ethics statement
This study was approved by the Medical Ethics Committee of the Affiliated Hospital of Jiujiang University 
(Approval No. [20240108]). The research was conducted in accordance with the ethical standards of the 
Declaration of Helsinki. Given the retrospective nature of this study, the requirement for informed consent was 
formally waived by the Medical Ethics Committee of the Affiliated Hospital of Jiujiang University.

Results
Clinicopathologic characteristics
Between 2014 and 2023, a total of 943 outpatients diagnosed with VVLE were initially identified from the 
electronic medical records at our center. After applying the predefined inclusion and exclusion criteria, 732 
patients were ultimately included in the final analysis. The patient selection process is illustrated in Fig.  1. 
As shown in Table 1, these patients were randomly assigned to the training group (512 cases) and validation 
group (220 cases) using R software, with no significant differences observed between the two groups regarding 
gender, age, BMI, smoking history, and other clinical characteristics (P > 0.05). Among the 732 patients, 42 were 
diagnosed with IVCS, and 690 did not meet the criteria for IVCS. Significant differences were found between 
the IVCS and non-IVCS groups in terms of history of DVT, history of vascular interventions, left side affected, 
pain symptoms, intermittent claudication and CEAP grade. Specifically, the IVCS group had a higher prevalence 
of DVT (P = 0.001), a higher rate of vascular interventions (P < 0.001), and more severe CEAP grading (≥ 4) 
compared to the non-IVCS group (P < 0.001). Pain symptoms were also significantly more common in the IVCS 
group (P = 0.003). However, no significant differences were found between the two groups regarding age, BMI, 
and other factors.

Independent predictive factors for IVCS
Multivariable logistic regression analysis identified four independent predictive factors for IVCS: a history of 
DVT (OR = 3.66, 95% CI: 1.69–7.94, P = 0.001), history of vascular interventions (OR = 4.63, 95% CI: 2.80–7.65, 
P < 0.001), pain symptoms (OR = 1.61, 95% CI: 1.01–2.67, P = 0.048), and CEAP classification ≥ 4 (OR = 3.38, 
95% CI: 1.80–6.35, P < 0.001) (Table 2). These factors were significantly associated with the occurrence of IVCS 
and were used to develop the clinical prediction model.

Development and validation of the nomogram
A nomogram was developed based on four key predictive factors for IVCS: history of DVT, history of vascular 
interventions, pain symptoms, and CEAP grade. As shown in Fig. 2, each variable was assigned specific scores: 
history of DVT (No: 0 points, Yes: 66 points), history of vascular interventions (No: 0 points, Yes: 100 points), 
pain symptoms (No: 0 points, Yes: 42.5 points), and CEAP classification (< 4: 0 points, ≥ 4: 90 points) (Table 3). 
The total score was calculated by summing these individual scores, providing a tool to predict IVCS risk and 
assist in clinical decision-making.

The nomogram’s performance was evaluated using the C-index, which was 0.79 for the training set and 0.74 
for the validation set. ROC curve analysis showed an AUC of 0.79 (95% CI: 0.69–0.88) for the training set and 
0.74 (95% CI: 0.63–0.85) for the validation set (Fig. 3A and B). Calibration curves confirmed strong agreement 
between predicted and observed outcomes (Fig. 3C and D). DCA demonstrated the model’s clinical usefulness, 
with threshold probabilities ranging from 7 to 75% in the training set and 5–47% in the validation set (Fig. 3E 
and F).

Discussion
This study successfully developed and validated a clinical prediction model for IVCS in outpatients with VVLE, 
aimed at helping clinicians identify high-risk IVCS patients in routine clinical practice. IVCS, a less-recognized 
complication, often coexists with VVLE but remains underdiagnosed due to its subtle symptoms and reliance 
on expensive, complex imaging for diagnosis. Through retrospective analysis of clinical data from 732 VVLE 
patients, we identified four independent predictors associated with IVCS and constructed a practical, cost-
effective nomogram model. This model enables outpatient clinicians to make quick and reliable clinical decisions 
without complex diagnostic tools, offering a valuable screening tool for clinical practice.

IVCS is a condition caused by mechanical compression leading to impaired venous return, and it is often 
associated with VVLE11. Previous studies have demonstrated a complex interplay between IVCS and VVLE, 
particularly in patients with more pronounced left-sided venous dilation19,20. Our findings align with this, 
showing that a history of DVT, prior vascular interventions, pain symptoms, and severe CEAP grading (≥ 4) 
were significantly associated with the presence of IVCS. In our cohort, the incidence of DVT and vascular 
interventions was notably higher in the IVCS group, highlighting the important role of these factors in the 
development of IVCS. Moreover, CEAP grade ≥ 4 was a strong indicator of IVCS, suggesting that more severe 
venous disease is closely linked to the occurrence of IVCS17,21. Although CEAP classification does not directly 
reflect the site or mechanism of venous obstruction, we selected a threshold of ≥ 4 to capture clinically significant 
chronic venous changes, such as skin damage and ulceration, which may prompt consideration of proximal 
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venous outflow compromise in outpatient settings. This threshold, while not specific, enhances the model’s 
practical utility by flagging patients likely to benefit from further evaluation for IVCS.

A key discovery in our study was that IVCS may serve as a primary pathogenic factor for VVLE, particularly 
when left-sided venous dilation is more pronounced. Previous research also supports the notion that iliac vein 
compression can contribute to worsening venous insufficiency, especially in patients with prominent left-sided 

Fig. 1.  Flow diagram of study design. VVLE, Varicose veins of the lower extremities; IVCS, Iliac Vein 
Compression Syndrome.
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Variables
Total
N =732 (%)

Training group
N = 512 (%)

Validation group
N = 220 (%) P

IVCS
N = 42 (%)

Non-IVCS
N = 690 (%) P

Gender 0.393 0.878

 Male 357 (48.8) 255 (49.8) 102 (46.4) 20 (47.6) 337 (48.8)

 Female 375 (51.2) 257 (50.2) 118 (53.6) 22 (52.4) 353 (51.2)

Age
(yrs) 0.529 0.150

 < 60 586 (80.1) 413 (80.7) 173 (78.6) 30 (71.4) 556 (80.6)

 ≥ 60 146 (19.9) 99 (19.3) 47 (21.4) 12 (28.6) 134 (19.4)

BMI
(kg/m2) 0.968 0.292

 < 25 440 (60.1) 308 (60.2) 132 (60.0) 22 (52.4) 418 (60.6)

 ≥ 25 292 (39.9) 204 (39.8) 88 (40.0) 20 (47.6) 272 (39.4)

Smoking 0.701 0.880

 Yes 219 (29.9) 151 (29.5) 68 (30.9) 13 (31.0) 206 (29.9)

 No 513 (70.1) 361 (70.5) 152 (69.1) 29 (69.0) 484 (70.1)

Diabetes 0.853 0.058

 Yes 89 (12.2) 63 (12.3) 26 (11.8) 9 (21.4) 80 (11.6)

 No 643 (87.8) 449 (87.7) 194 (88.2) 33 (78.6) 610 (88.4)

Hypertension 0.576 0.359

 Yes 183 (25.0) 125 (24.4) 58 (26.4) 13 (31.0) 170 (24.6)

 No 549 (75.0) 387 (75.6) 162 (73.6) 29 (69.0) 520 (75.4)

Hyperlipidemia 0.932 0.786

 Yes 145 (19.8) 101 (19.7) 44 (20.0) 9 (21.4) 136 (19.7)

 No 587 (80.2) 411 (80.3) 176 (80.0) 33 (78.6) 554 (80.3)

History of DVT 0.679 0.001

 Yes 30 (4.1) 22 (4.3) 8 (3.6) 6 (14.3) 24 (3.5)

 No 702 (95.9) 490 (95.7) 212 (96.4) 36 (85.7) 666 (96.5)

Surgical history
of limb 0.879 0.478

 Yes 65 (8.9) 46 (9.0) 19 (8.6) 5 (11.9) 60 (8.7)

 No 667 (91.1) 466 (91.0) 201 (91.4) 37 (88.1) 630 (91.3)

Vascular intervention
history 0.775 < 0.001

 Yes 87 (11.9) 62 (12.1) 25 (11.4) 18 (42.9) 69 (10.0)

 No 645 (88.1) 450 (87.9) 195 (88.6) 24 (57.1) 621 (90.0)

Left side
affected 0.637 0.023

 Yes 534 (73.0) 371 (72.5) 163 (74.1) 37 (88.1) 497 (72.0)

 No 198 (27.0) 141 (27.5) 57 (25.9) 5 (11.9) 193 (28.0)

Pain 0.848 0.003

 Yes 163 (22.3) 113 (22.1) 50 (22.7) 17 (40.5) 146 (21.2)

 No 569 (77.7) 399 (77.9) 170 (77.3) 25 (59.5) 544 (78.8)

Intermittent
claudication 0.771 0.016

 Yes 15 (2.0) 11 (2.1) 4 (1.8) 3 (7.1) 12 (1.7)

 No 717 (98.0) 501 (97.9) 216 (98.2) 39 (92.9) 678 (98.3)

Edema 0.962 0.241

 Yes 96 (13.1) 67 (13.1) 29 (13.2) 8 (19.0) 88 (12.8)

 No 636 (86.9) 445 (86.9) 191 (86.8) 34 (81.0) 602 (87.2)

Skin pigmentation 0.887 0.498

 Yes 403 (55.0) 281 (54.9) 122 (55.5) 21 (50.0) 382 (55.4)

 No 329 (45.0) 231 (45.1) 98 (44.5) 21 (50.0) 308 (44.6)

Eczema 0.915 0.127

 Yes 59 (8.1) 41 (8.0) 18 (8.2) 6 (14.3) 53 (7.7)

 No 673 (91.9) 471 (92.0) 202 (91.8) 36 (85.7) 637 (92.3)

Lipoid necrobiosis 0.849 0.774

 Yes 61 (8.3) 42 (8.2) 19 (8.6) 4 (9.5) 57 (8.3)

 No 671 (91.7) 470 (91.8) 201 (91.4) 38 (90.5) 633 (91.7)

Continued
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varices22,23. Thus, clinicians should be particularly vigilant in identifying IVCS in patients with severe left-sided 
VVLE, particularly those with a history of DVT or prior vascular interventions.

In this study, we used multivariable logistic regression analysis to identify four independent predictors for 
IVCS: history of DVT, history of vascular interventions, pain symptoms, and CEAP classification. Based on 
these factors, we developed a simple and effective clinical prediction model, represented as a nomogram. While 
the predictors incorporated into the nomogram are part of routine clinical assessment, the model’s value lies in 
quantifying their combined contribution to IVCS risk, thereby offering a structured and objective framework to 
guide further diagnostic evaluation, especially in outpatient settings where imaging resources may be limited. 
The model demonstrated strong predictive performance, with AUC values of 0.79 for the training set and 0.74 for 
the validation set, indicating that the model can effectively distinguish between patients with and without IVCS. 
The calibration curves confirmed a high degree of agreement between predicted probabilities and observed 
outcomes, further validating the model’s robustness. DCA showed that the model provides significant clinical 
utility across various risk thresholds, particularly in high-risk patient groups, supporting its role in clinical 
decision-making in outpatient settings.

The clinical significance of this study lies in the development of a simple, reliable, and cost-effective tool to 
assess the risk of IVCS in VVLE patients, particularly in outpatient settings. Traditionally, IVCS diagnosis relies 
on expensive imaging techniques such as CT venography, MRI, and ultrasound, which are not always accessible 
or practical for routine use in outpatient care. Our model, however, only requires basic clinical variables—such as 
history of DVT, history of vascular interventions, pain symptoms, and CEAP classification—enabling rapid risk 
screening for IVCS without the need for complex imaging tests. This provides a quick and cost-effective method 
for outpatient clinicians to identify high-risk patients and determine whether further imaging or interventions 
are necessary, thereby improving patient outcomes.

Variables Beta S.E Z P
OR
(95%CI)

History of DVT

 No 1.00 (Reference)

 Yes 1.30 0.40 3.28 0.001 3.66 (1.69 ~ 7.94)

Vascular intervention history

 No 1.00 (Reference)

 Yes 1.53 0.26 5.98 <0.001 4.63 (2.80 ~ 7.65)

Left side affected

 No 1.00 (Reference)

 Yes 0.48 0.32 1.53 0.127 1.62 (0.87 ~ 3.03)

Pain

 No 1.00 (Reference)

 Yes 0.48 0.26 1.86 0.048 1.61 (1.01 ~ 2.67)

Intermittent claudication

 No 1.00 (Reference)

 Yes 0.45 0.51 0.88 0.380 1.57 (0.57 ~ 4.28)

CEAP grade

 < 4 1.00 (Reference)

 ≥ 4 1.22 0.32 3.77 <0.001 3.38 (1.80 ~ 6.35)

Table 2.  Multivariable logistic regression analysis of the predictors for IVCS. IVCS, Iliac Vein Compression 
Syndrome; DVT, deep vein thrombosis; CEAP, Clinical Etiological anatomical pathophysiological; OR, Odds 
Ratio; CI, Confidence Interval.

 

Variables
Total
N =732 (%)

Training group
N = 512 (%)

Validation group
N = 220 (%) P

IVCS
N = 42 (%)

Non-IVCS
N = 690 (%) P

Ulcer 1.000 0.890

 Yes 110 (15.0) 77 (15.0) 33 (15.0) 6 (14.3) 104 (15.1)

 No 622 (85.0) 435 (85.0) 187 (85.0) 36 (85.7) 586 (84.9)

CEAP grade 0.928 < 0.001

 < 4 278 (38.0) 194 (37.9) 84 (38.2) 6 (14.3) 272 (39.4)

 ≥ 4 454 (62.0) 318 (62.1) 136 (61.8) 36 (85.7) 418 (60.6)

Table 1.  Patient characteristics for the 732 study participants. IVCS, Iliac Vein Compression Syndrome; DVT, 
deep vein thrombosis; CEAP, Clinical Etiological anatomical pathophysiological.
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Despite its promising results, this study has several limitations. Given the relatively small number of IVCS 
events (n = 42), there is an inherent risk of overfitting in logistic regression modeling. To mitigate this, we 
intentionally limited the number of final predictors to four, based on both statistical significance in univariate 
analysis and clinical relevance. While this approach balances parsimony and interpretability, future studies with 
larger sample sizes could consider using penalized regression techniques such as LASSO to improve model 
stability. As a single-center retrospective analysis, it may be subject to selection bias, and external validation 
in larger, multicenter cohorts is needed to confirm its generalizability. Additionally, the model is based solely 
on routine clinical variables; incorporating biomarkers such as hematological, genomic, or imaging data may 
further enhance its predictive performance. While the nomogram offers practical value for IVCS risk assessment, 
it remains a screening tool and should not replace imaging for definitive diagnosis. The inclusion of pain as a 
predictor also requires cautious interpretation due to its subjective nature and potential variability. In this study, 
pain was recorded as a binary variable (present/absent) based on outpatient clinical records, without quantifying 
severity or specifying type. This limited granularity may reduce its discriminative power. Future studies 

Predictor variables Points

History of DVT

 No 0

 Yes 66

Vascular intervention 
history

 No 0

 Yes 100

Pain

 No 0

 Yes 42.5

CEAP grade

 < 4 0

 ≥ 4 90

Table 3.  A scoring system for predicting IVCS. IVCS, Iliac Vein Compression Syndrome; DVT, deep vein 
thrombosis; CEAP, Clinical Etiological anatomical pathophysiological.

 

Fig. 2.  The graph showed nomogram for predicting IVCS. IVCS, Iliac Vein Compression Syndrome.
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should adopt standardized assessment tools (e.g., VAS scores or pain subtyping) to improve the robustness 
and reproducibility of this predictor across clinical settings. Further research is warranted to explore whether 
combining this model with imaging techniques can improve diagnostic accuracy and guide early intervention. 
Evaluating its impact on long-term outcomes—such as symptom recurrence, quality of life, and thrombotic 
complications—will help optimize IVCS management and support evidence-based clinical decisions.

Fig. 3.  Model validation using ROC curves (A, B), calibration plots (C, D), and decision curve analysis (DCA) 
(E, F) in the training and validation sets.
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Conclusion
This study successfully developed and validated a clinical prediction model for IVCS in VVLE patients, 
identifying key factors such as history of DVT, history of vascular interventions, pain symptoms, and CEAP 
classification as strong predictors of IVCS risk. The model provides outpatient clinicians with a simple, cost-
effective, and reliable tool for early identification of high-risk IVCS patients, supporting personalized treatment 
strategies. While further validation and refinement are necessary, this model holds promise for improving early 
diagnosis and intervention in IVCS, ultimately enhancing patient outcomes and quality of life.

Data availability
The main data can be obtained from the corresponding authors while adhering to privacy and ethical guidelines.
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