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Objective: This study aims to investigate the role of perivascular adipose tissue (PVAT) attenuation in predicting residual false lumen formation following thoracic endovascular aortic repair (TEVAR) in patients with Stanford Type B aortic dissection (TBAD). The focus is on the association between PVAT attenuation (HUΔand HUratio) and postoperative outcomes, particularly the development of residual false lumen.



Methods: A retrospective analysis was conducted on 132 patients who underwent TEVAR for TBAD at Fujian Provincial Hospital between 2016 and 2024. Patients were classified into two groups based on postoperative imaging findings: those with residual false lumen and those with completely closed false lumen. Data collected included demographic, biochemical, and imaging parameters. PVAT was assessed using computed tomography angiography (CTA), with the TotalSegmenter deep learning model used for automatic segmentation. Two indicators-Hounsfield unit difference (HUΔ) and Hounsfield unit ratio (HUratio)-were calculated.



Results: Patients with residual false lumen showed significantly higher HUΔ (8.75 ± 3.29 vs. 5.16 ± 2.84, P < 0.001) and lower HUratio (0.73 ± 0.13 vs. 0.85 ± 0.11, P < 0.001) compared to those with closed false lumen. Multivariate logistic regression identified HUΔand HUratio as independent predictors of residual false lumen formation after TEVAR. ROC curve analysis revealed optimal cut-off values for predicting residual false lumen: HUΔ > 7.170 (sensitivity 0.895, specificity 0.762) and HUratio ≤ 0.790 (sensitivity 0.947, specificity 0.667).



Conclusions: PVAT attenuation, reflected by HUΔ and HUratio, serves as a significant, non-invasive imaging biomarker for predicting residual false lumen formation after TEVAR in TBAD patients. These findings suggest that preoperative evaluation of PVAT characteristics can help identify high-risk patients and guide postoperative management strategies. Further prospective studies are needed to validate these findings and explore the potential of PVAT modulation in improving long-term outcomes following TEVAR.
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Introduction

Aortic dissection (AD) is a life-threatening vascular disorder whose incidence has risen steadily in recent years (1, 2). Although the pathogenesis of AD is still not fully clarified, it is known to correlate closely with hypertension, hyperlipidaemia and inherited connective-tissue disorders such as Marfan syndrome (3, 4). Clinically, AD most often presents with sudden-onset chest or back pain described as a tearing sensation (5).Today, computed-tomography angiography (CTA) of the thorax and abdomen remains the diagnostic gold standard for AD because it clearly delineates intimal tears and the true-and false-lumen channels. According to the extent of intimal-tear involvement, AD is classified into Stanford Type A aortic dissection (TAAD), Stanford Type B aortic dissection (TBAD) and “non-A non-B” variants (6, 7). This anatomical distinction directs therapy: open surgical replacement is generally required for TAAD, whereas thoracic endovascular aortic repair (TEVAR) has become the first-line treatment for TBAD (8–10).

Despite the advantages of TEVAR, a frequent and clinically important complication is the persistence of a residual false lumen around the implanted stent graft. Such a persistent channel promotes late aortic aneurysm formation, raises rupture risk and can ultimately prove fatal (11–13). Elucidating the mechanisms that drive residual false-lumen formation after TEVAR, and intervening early, are therefore critical to improving long-term prognosis and quality of life for these patients.

Emerging evidence highlights the pathophysiological importance of perivascular adipose tissue (PVAT) in a spectrum of vascular diseases, including coronary artery disease and aortic aneurysms (14–16). Situated immediately adjacent to the vessel wall, PVAT mirrors local inflammatory and atheromatous activity and thus offers a promising, non-invasive window into vascular health. In abdominal aortic aneurysm progression, for instance, PVAT that lies closest to the wall displays larger density shifts than more distant adipose tissue (17, 18). Nonetheless, the influence of PVAT characteristics on vascular remodelling and clinical outcomes after TEVAR remains largely unexplored.

Accordingly, the present study investigates whether PVAT attenuation indices are associated with the development of a residual false lumen following TEVAR for TBAD. By clarifying this relationship, we aim to provide an early-warning biomarker that can guide surveillance intensity and inform timely adjunctive interventions in high-risk patients.



Material and methods


Patients

This study adhered to the ethical guidelines outlined in the Declaration of Helsinki and was approved by the Ethics Committee of Fujian Provincial Hospital (approval number K2025-02-111). Written informed consent was obtained from all participants.



Patient selection and characteristics

We performed a retrospective analysis of patients with type B aortic dissection (TBAD) who underwent thoracic endovascular aortic repair (TEVAR) at the Department of Cardiovascular Surgery, Fujian Provincial Hospital, from January 1, 2016, to June 2024. The inclusion criteria were: (1) patients aged over 18 years with a diagnosis of TBAD; (2) presence of multiple ruptures between the true and false lumens of the dissection; (3) failure of the TEVAR stent to seal the distal rupture intraoperatively; (4) availability of comprehensive baseline clinical data, including age, gender, body mass index (BMI), smoking and alcohol history, diabetes, and hypertension; (5) laboratory data, including white blood cell count, neutrophil count, lymphocyte count, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides, prothrombin time, activated partial thromboplastin time, and D-dimer levels; and (6) detailed surgical data, such as the time from diagnosis to surgery, stent oversizing rate, stent length/tear length, membrane material used for the stent(expanded polytetrafluoroethylene,ePTFE or Dacron).

Exclusion criteria included: (1) the presence of aortic ulcers or hematomas; (2) incomplete baseline or imaging data; (3) poor-quality CTA imaging data; and (4) patients undergoing immunotherapy (e.g., chemotherapy or radiotherapy). Patients were then classified into two groups: Group 1 (residual false lumen group) and Group 2 (closed false lumen group) based on the presence or absence of a residual false lumen after TEVAR. The residual false lumen around the stent post-TEVAR is shown in Figure 1.


[image: Figure 1]
FIGURE 1
Sagittal CTA of the aorta post-TEVAR surgery. (A) Residual false lumen around the stent following TEVAR; (B) closure of the false lumen around the stent after TEVAR.


Clinical and laboratory variables were collected as follows: demographic data (age, gender, BMI, smoking and drinking history, diabetes, and hypertension), and blood biochemistry data including white blood cell count, neutrophil count, lymphocyte count, lipid profile (LDL, HDL, triglycerides), and coagulation-related markers such as prothrombin time, activated partial thromboplastin time, and D-dimer. Blood biochemistry data were collected postoperatively, with the first measurements taken on the day after TEVAR surgery. The lipid profile was measured on admission.The patient selection flowchart is shown in Figure 2.


[image: Figure 2]
FIGURE 2
Flowchart of patient screening and inclusion criteria.




Image acquisition

CTA examinations were performed on a 64-detector row CT system (Brilliance 64; Philips Healthcare, Best, NL). Acquisition settings were identical for every patient: detector collimation 64 × 0.625 mm, pitch 0.90, rotation time 0.60s, tube voltage 120 kVp, and automated tube-current modulation targeting 300 mAs. Images were reconstructed with a medium-soft tissue convolution kernel B and iDose^4 iterative reconstruction (level 3), matrix 512 × 512, field-of-view 350 mm. Axial datasets were generated at 0.625-mm slice thickness with 0.3-mm increments. Daily phantom calibration was performed, and the same arterial-phase bolus-tracking protocol (trigger 120 HU, ROI at the descending thoracic aorta) was applied to all scans.



Image annotation and AI automation

To improve segmentation efficiency and standardize post-operative analysis, we used the open-source, pre-trained TotalSegmenter model built on the nnU-Net framework (19, 20). The model automatically delineated the aorta—from the right coronary ostium to the iliac bifurcation—and perivascular adipose tissue (PVAT) on contrast-enhanced CT, as shown in Figure 3. Although TotalSegmenter has not been externally validated for PVAT segmentation in this specific dataset, it has been widely validated across multiple other datasets. To ensure the accuracy of the segmentation, all automatic masks were independently reviewed by two radiologists. Any discrepancies were resolved by a senior cardiovascular radiologist. Additionally, manual corrections were made around the endovascular stent grafts to exclude metal-induced artefacts, ensuring the integrity of the segmentation results.


[image: Figure 3]
FIGURE 3
Automated aortic segmentation, range selection, and 3-D visualization workflow. (A) Sagittal CT slice showing the automatically segmented aortic mask (red overlay); (B) straightened (centerline-reformatted) aorta; the segment between the two red bars defines the quantitative analysis range. (C) Three-dimensional surface rendering of the aorta, with the same proximal and distal limits (red bars) demarcating the analysis segment. (D) Composite 3-D rendering of the selected aortic segment and its surrounding PVAT: the aorta is displayed in red, HU close voxels in green, and HU distance voxels in yellow.




PVAT segmentation workflow

Starting from the outer aortic adventitia generated by TotalSegmentator, we applied two concentric 3-D dilations (radial offsets 2–5 mm and 10–12 mm) to define the proximal (HUclose) and distal (HUdistant) PVAT rings, respectively. Voxels with attenuation between −180 HU and −30 HU were retained to identify adipose tissue (21). This workflow was executed by a single Python batch script, ensuring identical radial offsets and density thresholds across all patients.

Two quantitative indices were derived: HUΔ = HUclose −HUdistant and HUratio = HUclose/HUdistant (17). The resulting PVAT masks are illustrated in Figure 4. Three-dimensional centreline extraction and visualisation of aortic dissection were performed with 3D Slicer and CREALIFE software (http://www.crealifemed.com) (22).


[image: Figure 4]
FIGURE 4
Multiplanar CT segmentation of perivascular adipose tissue (PVAT). (A) shows an axial (transverse) slice, (B) a coronal slice, and C a sagittal slice. The aortic lumen is delineated in red (aortic mask); PVAT immediately adjacent to the aortic wall is highlighted in green (HU close mask), while PVAT located farther from the wall is indicated in yellow (HU distance mask).




Statistical analysis

Statistical analyses were conducted with Python 3.12 (pandas 2.2, SciPy 1.13, statsmodels 0.15). Baseline characteristics were compared between the two groups. Normality of continuous variables was evaluated with the Shapiro–Wilk test; data conforming to a normal distribution were analysed with the independent-samples t-test, whereas non-normal data were compared with the Wilcoxon rank-sum test. Categorical variables were assessed using the χ² test. All tests were two-sided and a P < 0.05 denoted statistical significance. Patients in whom either the proximal or distal PVAT thickness was <0.3 cm were excluded to avoid measurement error.

Subsequently, univariate logistic regression was performed for each candidate predictor, with results reported as odds ratios (OR), 95% confidence intervals (CI) and P-values. Predictors with P < 0.05 advanced to multivariate Logistics modelling, where collinearity was assessed via the variance-inflation factor (VIF); variables with VIF >10 were removed or combined. Finally, receiver-operating characteristic (ROC) analysis was applied to identify the optimal cut-off for predicting a residual false lumen after TEVAR, using Youden's index to maximise sensitivity and specificity.



HU visualization of PVAT

Using the custom Python tool built on SimpleITK 2.3, NumPy and Matplotlib 3.9, the adipose mask voxels filtered between −180 HU and −30 HU are rendered slice-by-slice with a perceptually uniform rainbow colour-map. An interactive slider scrolls through the axial volume, a colour-bar anchors the HU scale, and the title line updates in real time with the mean attenuation of the displayed slice, giving an at-a-glance view of regional PVAT heterogeneity around the stent, as shown in Figure 5.


[image: Figure 5]
FIGURE 5
Interactive visualization of perivascular adipose tissue (PVAT) surrounding the stented aorta.





Result


Baseline comparison

Among the 132 patients, 56 (42.4%) were classified into Group 1 (residual false lumen) and 76 (57.6%) into Group 2 (closed false lumen); demographic variables—age, BMI, sex distribution, smoking and drinking status—and comorbid conditions such as diabetes and hypertension were comparable between the two groups (all P > 0.05); postoperative laboratory tests revealed a higher white-blood-cell count in Group 1 (15.27 ± 3.76 × 10⁹/L vs. 13.69 ± 4.28 × 10⁹/L, P = 0.026) together with a shorter activated partial-thromboplastin time (40.10 ± 10.60 s vs. 44.12 ± 11.44 s, P = 0.039) and lower D-dimer levels (1,262 ± 643 ng/L vs. 1,502 ± 639 ng/L, P = 0.036), whereas lipid profiles and other hematologic indices did not differ significantly; regarding imaging data, Group 1 exhibited a larger HUΔ (8.75 ± 3.29 vs. 5.16 ± 2.84, P < 0.001) and a smaller HUratio (0.73 ± 0.13 vs. 0.85 ± 0.11, P < 0.001); with respect to TEVAR procedural variables, the interval from admission to surgery (3.96 ± 2.10 d vs. 4.44 ± 2.28 d, P = 0.216) and graft oversizing rate (10.41 ± 2.13% vs. 9.70 ± 3.18%, P = 0.126) were similar, but Group 2 received a longer stent relative to tear length (86.43 ± 8.87% vs. 82.43 ± 8.40%, P = 0.009), and the choice of graft covering material (ePTFE vs. Dacron) did not differ significantly between the cohorts (P = 0.216), as shown in Table 1.


TABLE 1 Demographic characteristics of the two groups.

[image: Table 1]



Logistic regression and predictors

Univariate logistic regression confirmed significant associations between residual false lumen and WBC count, APTT, D-dimer, HUΔ, HUratio, and the stent-to-tear length ratio (all P < 0.05); after verifying that multicollinearity was acceptable for these candidates (VIF < 10), a multivariate model showed that only the two CT attenuation metrics remained independently predictive—each unit decrease in HUratio markedly reduced the odds of a residual false lumen (β = –9.01, 95% CI −13.796 to −4.876, P < 0.001), while each unit increase in HUΔ increased the odds (β = 0.343, 95% CI 0.183–0.530, P < 0.001); inflammatory (WBC) and coagulation markers (APTT, D-dimer), together with the stent-coverage variable, lost statistical significance after adjustment, suggesting their apparent effects were largely mediated through the imaging-derived parameters, as shown in Table 2.


TABLE 2 Univariate and multivariate modeling for prediction of distal endoleak after TEVAR.
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ROC analysis

ROC curve analysis identified optimal cut-off values for predicting residual false lumen: HUΔ > 7.170 and HUratio ≤ 0.790, with an AUC of 0.79, as shown in Figure 6.


[image: Figure 6]
FIGURE 6
ROC curve analysis. (A) ROC curve for HU Δ; (B) ROC curve for HU ratio.


All continuous variables are reported as mean ± standard deviation and categorical variables as count (percentage); white-blood-cell count (WBC), neutrophil count, lymphocyte count, prothrombin time (PT), activated partial thromboplastin time (APTT) and D-dimer were obtained from the first postoperative laboratory panel after thoracic endovascular aortic repair (TEVAR), whereas low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL) and total cholesterol (TC) were measured on admission; imaging metrics include HUratio—the ratio of mean arterial-phase CT Hounsfield-unit attenuation in the false lumen to that in the true lumen—and HUΔ, the absolute HU difference between those two measurements; in the TEVAR section, surgery time (day) represents the interval in days from diagnosis to completion of the procedure, oversizing rate (%) = (nominal stent-graft diameter—native aortic diameter)/(native aortic diameter) × 100%, and Stent length/tear length × 100% denotes the percentage of stent length relative to the length of the primary intimal tear; stent-graft membrane material is classified as expanded polytetrafluoroethylene (ePTFE) or Dacron; length of stay (day) is defined as the total duration from hospital admission to discharge; comparisons between Group 1 and Group 2 were performed with appropriate statistical tests, and P < 0.05 was considered statistically significant; abbreviations: APTT, activated partial thromboplastin time; BMI, body-mass index; D-dimer, fibrin degradation product; ePTFE, expanded polytetrafluoroethylene; HDL, high-density lipoprotein cholesterol; HU, Hounsfield unit; LDL, low-density lipoprotein cholesterol; PT, prothrombin time; TC, total cholesterol; TEVAR, thoracic endovascular aortic repair; WBC, white-blood-cell count.

All continuous variables are reported as mean ± standard deviation and categorical variables as count (percentage); white-blood-cell count (WBC), neutrophil count, lymphocyte count, prothrombin time (PT), activated partial thromboplastin time (APTT) and D-dimer were obtained from the first postoperative laboratory panel after thoracic endovascular aortic repair (TEVAR), whereas low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL) and total cholesterol (TC) were measured on admission; imaging metrics include HUratio—the ratio of mean arterial-phase CT Hounsfield-unit attenuation in the false lumen to that in the true lumen—and HUΔ, the absolute HU difference between those two measurements; in the TEVAR section, surgery time (day) represents the interval in days from diagnosis to completion of the procedure, oversizing rate (%) = (nominal stent-graft diameter—native aortic diameter)/(native aortic diameter) × 100%, and Stent length/tear length × 100% denotes the percentage of stent length relative to the length of the primary intimal tear; stent-graft membrane material is classified as expanded polytetrafluoroethylene (ePTFE) or Dacron; length of stay (day) is defined as the total duration from hospital admission to discharge; comparisons between Group 1 and Group 2 were performed with appropriate statistical tests, and P < 0.05 was considered statistically significant; abbreviations: APTT, activated partial thromboplastin time; BMI, body-mass index; D-dimer, fibrin degradation product; ePTFE, expanded polytetrafluoroethylene; HDL, high-density lipoprotein cholesterol; HU, Hounsfield unit; LDL, low-density lipoprotein cholesterol; PT, prothrombin time; TC, total cholesterol; TEVAR, thoracic endovascular aortic repair; WBC, white-blood-cell count.




Discussion

In this study, we explore the role of PVAT in the development of residual false lumen formation following TEVAR in patients with TBAD. Our findings indicate that the attenuation of PVAT, particularly the difference in density between regions near and far from the aortic wall (HUΔ) and the ratio of these values (HUratio), are significant predictors of residual false lumen formation post-TEVAR. These results suggest that PVAT could serve as a valuable non-invasive biomarker for predicting postoperative vascular outcomes and identifying high-risk patients. The association between PVAT and residual false lumen formation underscores the potential of PVAT as a key indicator of the vascular environment following TEVAR and highlights the need for further investigation into its underlying pathophysiological mechanisms.

The basic principle of TEVAR is to deploy a covered stent within the true lumen of the aortic dissection, which expands the true lumen and reduces the false lumen by promoting thrombosis (23). This reduces the risk of aortic rupture by sealing the proximal rupture site. With advances in TEVAR technology, postoperative complications such as endoleaks, stroke, and organ ischemia have been significantly reduced (24, 25). However, challenges remain, particularly the issue of residual false lumen formation at the distal end of the stent. This complication arises because the stent generally seals only the proximal rupture, leaving the distal decompression port uncovered. As a result, residual channels remain between the true and false lumens. While most of these residual false lumens undergo thrombosis over time, some may progress to form aneurysms, which carry the risk of rupture and potentially fatal outcomes (26, 27). Identifying high-risk patients with residual false lumen in the early postoperative period and providing timely intervention could significantly improve treatment outcomes and long-term prognosis.

Previous studies have primarily focused on factors such as the geometric structure of the aorta, inflammatory markers, platelet activation markers, coagulation factors like D-dimer, coated stent material and hemodynamics (28, 29). These factors are all closely related to the structural remodeling of the aortic dissection and are implicated in its occurrence, progression, treatment, and prognosis. Recently, there has been increasing recognition of the critical role of perivascular adipose tissue in the development of vascular diseases such as coronary artery disease and aortic aneurysm (17, 18). PVAT, a specialized type of adipose tissue, surrounds most blood vessels, excluding the cerebral vasculature (30). This metabolically active tissue consists of both white and brown adipose tissue (31). White adipose tissue serves as an energy reservoir and secretes various hormones, cytokines, and enzymes that influence inflammation, metabolism, and vascular homeostasis. Brown adipose tissue is thought to contribute to thermogenesis (32, 33). Studies have shown that the thoracic aorta is primarily composed of brown adipose tissue, while the abdominal aorta is mainly composed of white adipose tissue (34, 35). Under normal physiological conditions, PVAT is involved in the regulation of vascular tone. However, under pathological conditions, PVAT can exacerbate oxidative stress, leading to adverse vascular remodeling. Although studies have established the role of PVAT in the development and prognosis of abdominal aortic aneurysms following endovascular repair, its role in false lumen remodeling after TEVAR remains underexplored (36). This study aims to address this gap by investigating the correlation between PVAT and residual false lumen formation post-TEVAR.

We retrospectively analyzed a cohort of 132 patients with TBAD who underwent TEVAR at our institution. We collected baseline data, biochemical indicators, and imaging data. The patients were classified into two groups: those with residual false lumen and those with closed false lumen, based on the status of the aortic dissection around the stent at discharge. There were no significant differences in baseline characteristics such as age, gender, BMI, comorbidities, or blood lipid levels between the two groups, ensuring comparability. Comparison of early postoperative blood tests revealed that white blood cell count (WBC), activated partial thromboplastin time (APTT), and D-dimer levels were significantly higher in the residual false lumen group compared to the closed false lumen group. This finding is consistent with the work of Kimura et al., which emphasized the impact of inflammatory factors on the long-term outcome of the false lumen following TEVAR (37). This study further corroborates that early postoperative coagulation parameters, such as D-dimer and APTT, significantly influence residual false lumen formation and should be closely monitored during the early postoperative period.

Although our multivariate analysis identified HUΔ and HUratio as independent predictors, several unmeasured or incompletely adjusted variables may confound the observed associations. First, BMI influences both the quantity and metabolic phenotype of PVAT; obesity-induced whitening of brown PVAT can lead to lower CT attenuation values regardless of dissection status (31, 32). Second, the widespread perioperative use of statins and other lipid-lowering or anti-inflammatory agents in TBAD patients may reduce PVAT density through pleiotropic effects, potentially attenuating HUΔ and HUratio and blunting their predictive accuracy. Third, systemic inflammatory states—ranging from postoperative systemic inflammatory response syndrome to chronic low-grade inflammation associated with metabolic syndrome—could simultaneously increase PVAT attenuation and impair false-lumen thrombosis, thereby acting as a mediating pathway. Propensity-matched or longitudinal designs that explicitly control for these variables will be essential for isolating the true causal contribution of PVAT characteristics to false-lumen persistence.

Our quantitative analysis demonstrated that patients with residual false lumen had significantly higher HUΔ values and lower HUratio values compared to those with closed false lumen (P < 0.001 for both). Moreover, logistic regression confirmed that early postoperative HUΔ and HUratio are independent risk factors for residual false lumen formation around the stent in the short term after TEVAR. ROC curve analysis indicated that the optimal threshold for HUΔ was 7.170, with a sensitivity of 0.895 and a specificity of 0.762, while the optimal threshold for HUratio was 0.790, with a sensitivity of 0.947 and a specificity of 0.667.

Translating these findings into practice, HUΔ and HUratio can be incorporated into a tiered surveillance algorithm. Patients exceeding the high-risk cut-offs (> 7.170 for HUΔ or ≤ 0.790 for HUratio) could undergo an intensified imaging schedule—CTA or MRA at 1–3 months, followed by 6-monthly scans during the first year—while those below the thresholds continue with standard follow-up. Likewise, knowledge of an adverse PVAT profile pre-operatively or on immediate postoperative CTA may encourage more aggressive intra-operative strategies, such as extended-coverage stent grafting, adjunctive distal bare-metal stenting, or prophylactic left subclavian revascularization (23, 28). From a medical-management standpoint, early initiation or up-titration of statins, β-blockers, ACE inhibitors, and anti-inflammatory agents might help modulate PVAT activity and foster false-lumen thrombosis (38–40). Finally, serial assessment of PVAT attenuation during routine scans provides a dynamic biomarker that could trigger timely re-intervention—endovascular fenestration, coil embolization, or open conversion—before aneurysmal degeneration ensues.

Previous research has shown that HUΔ and HUratio values reflect the degree of vascular wall inflammation by quantifying the attenuation of adipose tissue around the aortic wall (41). Our study further elucidates that greater attenuation may correlate with more severe inflammation in the vascular wall, contributing to adverse remodeling of the false lumen following TEVAR. In addition, HUΔ and HUratio values may also be related to local coagulation changes within the vessel, suggesting a complex interplay between inflammation and coagulation that warrants further investigation. These findings provide valuable insights into the pathophysiological mechanisms underlying residual false lumen formation and underscore the potential of PVAT as a non-invasive biomarker for predicting postoperative outcomes in TEVAR-treated patients.

Looking ahead, targeting PVAT represents a promising supplementary treatment approach following TEVAR (42). Given its significant role in vascular inflammation and remodeling, modulating PVAT could help reduce the risk of residual false lumen formation post-surgery. Therapeutic strategies aimed at reducing oxidative stress, modulating the release of inflammatory cytokines, or enhancing PVAT's regenerative potential could be integrated into TEVAR treatment regimens. By targeting PVAT, clinicians may be able to further improve postoperative vascular health and reduce long-term complications such as aneurysm formation or rupture. However, further research is needed to explore the safety, feasibility, and efficacy of PVAT-targeted therapies as adjunctive treatments in TEVAR. The integration of such strategies could provide a significant improvement in the long-term outcomes for patients undergoing TEVAR.



Limitation

One limitation of this study is its retrospective design, which may introduce selection bias and limit the generalizability of the findings. The sample size, while adequate, is relatively small, and larger, multicenter studies are needed to validate the results. Additionally, while we focused on the early postoperative period, the long-term effects of PVAT attenuation on false lumen remodeling were not assessed. Another limitation is the reliance on imaging techniques for measuring PVAT density, which, despite advances in technology, may still be subject to variability in interpretation and resolution. Finally, although the TotalSegmenter model provides a novel approach for extracting PVAT density values, it has not been extensively validated in a broader clinical context, and further refinement and testing of this tool are required to ensure its widespread applicability.



Conclusion

In conclusion, this study highlights the significant role of perivascular adipose tissue (PVAT) attenuation, particularly HUΔ and HUratio, as key predictors of residual false lumen formation following TEVAR in patients with Stanford Type B aortic dissection. PVAT attenuation may serve as a valuable non-invasive biomarker for identifying high-risk patients and predicting postoperative outcomes. These findings underscore the potential of PVAT in guiding clinical decision-making and highlight the need for further research into PVAT's underlying mechanisms and its potential role in adjunctive therapies for improving long-term TEVAR outcomes.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethics Committee of Fuzhou University Affiliated Provincial Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

XH: Writing – original draft. YZ: Writing – original draft, Data curation, Conceptualization. HC: Validation, Supervision, Writing – review & editing. ZC: Writing – review & editing, Funding acquisition, Resources.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the internal matching fund of the Fuzhou University Affiliated Provincial Hospital. This project is funded under the National Natural Science Foundation’s Talent Pool Program by Fuzhou University Affiliated Provincial Hospital, with the project code: 00802750.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Sen I, Erben YM, Franco-Mesa C, DeMartino RR. Epidemiology of aortic dissection. Semin Vasc Surg. (2021) 34(1):10–7. doi: 10.1053/j.semvascsurg.2021.02.003

2. Yamaguchi T, Nakai M, Yano T, Matsuyama M, Yoshino H, Miyamoto Y, et al. Population-based incidence and outcomes of acute aortic dissection in Japan. Eur Heart J Acute Cardiovasc Care. (2021) 10(7):701–9. doi: 10.1093/ehjacc/zuab031

3. Luo S, Kong C, Zhao S, Tang X, Wang Y, Zhou X, et al. Endothelial HDAC1-ZEB2-NuRD complex drives aortic aneurysm and dissection through regulation of protein S-sulfhydration. Circulation. (2023) 147(18):1382–403. doi: 10.1161/CIRCULATIONAHA.122.062743

4. Narula N, Devereux RB, Arbustini E, Ma X, Weinsaft JW, Girardi L, et al. Risk of type B dissection in Marfan syndrome: the Cornell aortic aneurysm registry. J Am Coll Cardiol. (2023):S0735-1097(23)07569-1. doi: 10.1016/j.jacc.2023.08.055

5. Rylski B, Schilling O, Czerny M. Acute aortic dissection: evidence, uncertainties, and future therapies. Eur Heart J. (2023) 44(10):813–21. doi: 10.1093/eurheartj/ehac757

6. Zhu Y, Lingala B, Baiocchi M, Tao JJ, Toro Arana V, Khoo JW, et al. Type A aortic dissection-experience over 5 decades: JACC historical breakthroughs in perspective. J Am Coll Cardiol. (2020) 76(14):1703–13. doi: 10.1016/j.jacc.2020.07.061

7. Howard C, Ponnapalli A, Shaikh S, Idhrees M, Bashir M. Non-A non-B aortic dissection: a literature review. J Card Surg. (2021) 36(5):1806–13. doi: 10.1111/jocs.15349

8. Xia J, Luo C, Khan A, Long C, He D, Feng Y, et al. The impact of sun’s procedure on postoperative aortic remodeling in patients with retrograde and classic type A aortic dissections. Heart Surg Forum. (2025) 28(2):E212–8. doi: 10.59958/hsf.8235

9. Dokollari A, Sicouri S, Rodriguez R, Meisner R, Hirsch H, DiGiovanni V, et al. Long-term outcomes in patients undergoing thoracic endovascular aortic repair: Single center experience. Heart Surg Forum. (2025) 28(1):E086–95. doi: 10.59958/hsf.8099

10. Yu Y, Wang J, Duan B, Wang P. Thoracic endovascular aortic repair versus open surgery for Stanford type B aortic dissection: a meta-analysis and systematic review. Heart Surg Forum. (2023) 26(3):E303–10. doi: 10.59958/hsf.5333

11. Nienaber CA, Kische S, Rousseau H, Eggebrecht H, Rehders TC, Kundt G, et al. Endovascular repair of type B aortic dissection: long-term results of the randomized investigation of stent grafts in aortic dissection trial. Circ Cardiovasc Interv. (2013) 6(4):407–16. doi: 10.1161/CIRCINTERVENTIONS.113.000463

12. Haji-Zeinali AM, Mansouri P, Raeis Hosseini N, Abbasi K, Shirzad M, Jameie M, et al. Five-year survival and complications of thoracic endovascular aortic repair (TEVAR): a single tertiary center registry for all-comers patients. Cardiovasc Revasc Med. (2023) 51:23–30. doi: 10.1016/j.carrev.2023.01.020

13. Gao Z, Qin Z, Qian D, Pan W, Zhou G, An Z, et al. Risk factors for incomplete thrombosis in false lumen in sub-acute type B aortic dissection post-TEVAR. Heart Vessels. (2022) 37(3):505–12. doi: 10.1007/s00380-021-01926-8

14. Antonopoulos AS, Angelopoulos A, Papanikolaou P, Simantiris S, Oikonomou EK, Vamvakaris K, et al. Biomarkers of vascular inflammation for cardiovascular risk prognostication: a meta-analysis. JACC Cardiovasc Imaging. (2022) 15(3):460–71. doi: 10.1016/j.jcmg.2021.09.014

15. Adachi Y, Ueda K, Nomura S, Ito K, Katoh M, Katagiri M, et al. Beiging of perivascular adipose tissue regulates its inflammation and vascular remodeling. Nat Commun. (2022) 13(1):5117. doi: 10.1038/s41467-022-32658-6

16. Watling C, Gotlieb AI. The pathobiology of perivascular adipose tissue (PVAT), the fourth layer of the blood vessel wall. Cardiovasc Pathol. (2022) 61:107459. doi: 10.1016/j.carpath.2022.107459

17. Antonopoulos AS, Sanna F, Sabharwal N, Thomas S, Oikonomou EK, Herdman L, et al. Detecting human coronary inflammation by imaging perivascular fat. Sci Transl Med. (2017) 9(398):eaal2658. doi: 10.1126/scitranslmed.aal2658

18. Ginzburg D, Nowak S, Attenberger U, Luetkens J, Sprinkart AM, Kuetting D. Computer tomography-based assessment of perivascular adipose tissue in patients with abdominal aortic aneurysms. Sci Rep. (2024) 14(1):20512. doi: 10.1038/s41598-024-71283-9

19. Isensee F, Petersen J, Klein A, Zimmerer D, Jaeger PF, Kohl S, et al. Abstract: nnU-Net: self-adapting framework for U-net-based medical image segmentation. In: Handels H, Deserno T, Maier A, Maier-Hein K, Palm C, Tolxdorff T, editors. Bildverarbeitung für die Medizin 2019. Informatik aktuell. Wiesbaden: Springer Vieweg (2019). doi: 10.1007/978-3-658-25326-4_7

20. Wasserthal J, Breit HC, Meyer MT, Pradella M, Hinck D, Sauter AW, et al. TotalSegmentator: robust segmentation of 104 anatomic structures in CT images. Radiol Artif Intell. (2023) 5(5):e230024. doi: 10.1148/ryai.230024

21. Yamaguchi M, Yonetsu T, Hoshino M, Sugiyama T, Kanaji Y, Yasui Y, et al. Clinical significance of increased computed tomography attenuation of periaortic adipose tissue in patients with abdominal aortic aneurysms. Circ J. (2021) 85(12):2172–80. doi: 10.1253/circj.CJ-20-1014

22. Fedorov A, Beichel R, Kalpathy-Cramer J, Finet J, Fillion-Robin JC, Pujol S, et al. 3D Slicer as an image computing platform for the Quantitative Imaging Network. Magn Reson Imaging. (2012) 30(9):1323–41. doi: 10.1016/j.mri.2012.05.001

23. Nissen AP, Huckaby LV, Duwayri YM, Jordan Jr WD, Farrington WJ, Keeling WB, et al. Extended thoracic endovascular aortic repair is optimal therapy in acute complicated type B dissection. J Vasc Surg. (2024) 80(4):1055–63. doi: 10.1016/j.jvs.2024.05.009

24. Afifi RO, Sandhu HK, Leake SS, Boutrous ML, Kumar 3rd V, Azizzadeh A, et al. Outcomes of patients with acute type B (DeBakey III) aortic dissection: a 13-year, single-center experience. Circulation. (2015) 132(8):748–54. doi: 10.1161/CIRCULATIONAHA.115.015302

25. Aras T, Tayeh M, Aswad A, Sharkawy M, Majd P. Exploring type IIIb endoleaks: a literature review to identify possible physical mechanisms and implications. J Clin Med. (2024) 13(15):4293. doi: 10.3390/jcm13154293

26. Xie LF, Lin XF, Wu QS, Xie YL, Zhang ZF, Qiu ZH, et al. Risk prediction and prognostic analysis of post-implantation syndrome after thoracic endovascular aortic repair. Sci Rep. (2024) 14(1):17376. doi: 10.1038/s41598-024-65877-6

27. Wang J, Chen B, Gao F. Exploring hemodynamic mechanisms and re-intervention strategies for partial false lumen thrombosis in Stanford type B aortic dissection after thoracic aortic endovascular repair. Int J Cardiol. (2024) 417:132494. doi: 10.1016/j.ijcard.2024.132494

28. Hanna AG, Contreras FJ, Sharaf OM, Stinson GP, Hess PJ. Biomarkers to predict the outcomes of surgical intervention for aortic dissection. J Cardiothorac Surg. (2025) 20(1):116. doi: 10.1186/s13019-024-03226-4

29. Shi M, Fang H, Wu Y, Li H, Sheng C, Li S, et al. Optimal antiplatelet therapy after revascularization of left subclavian artery during TEVAR. J Cardiothorac Surg. (2024) 19(1):402. doi: 10.1186/s13019-024-02932-3

30. Abu Bakar H, Robert Dunn W, Daly C, Ralevic V. Sensory innervation of perivascular adipose tissue: a crucial role in artery vasodilatation and leptin release. Cardiovasc Res. (2017) 113(8):962–72. doi: 10.1093/cvr/cvx062

31. Pan X, Zhang R, Lu B, Chen S, Chen H, Li M, et al. SM22α-lineage perivascular stromal cells contribute to abdominal aortic aneurysm. Circ Res. (2025). doi: 10.1161/CIRCRESAHA.124.325750

32. Gozal D, Gileles-Hillel A, Cortese R, Li Y, Almendros I, Qiao Z, et al. Visceral white adipose tissue after chronic intermittent and sustained hypoxia in mice. Am J Respir Cell Mol Biol. (2017) 56(4):477–87. doi: 10.1165/rcmb.2016-0243OC

33. Qi XY, Qu SL, Xiong WH, Rom O, Chang L, Jiang ZS. Perivascular adipose tissue (PVAT) in atherosclerosis: a double-edged sword. Cardiovasc Diabetol. (2018) 17(1):134. doi: 10.1186/s12933-018-0777-x

34. Padilla J, Jenkins NT, Vieira-Potter VJ, Laughlin MH. Divergent phenotype of rat thoracic and abdominal perivascular adipose tissues. Am J Physiol Regul Integr Comp Physiol. (2013) 304(7):R543–52. doi: 10.1152/ajpregu.00567.2012

35. Gil-Ortega M, Somoza B, Huang Y, Gollasch M, Fernández-Alfonso MS. Regional differences in perivascular adipose tissue impacting vascular homeostasis. Trends Endocrinol Metab. (2015) 26(7):367–75. doi: 10.1016/j.tem.2015.04.003

36. Huang S, Liu D, Deng K, Shu C, Wu Y, Zhou Z. A computed tomography angiography-based radiomics model for prognostic prediction of endovascular abdominal aortic repair. Int J Cardiol. (2025) 429:133138. doi: 10.1016/j.ijcard.2025.133138

37. Kimura N, Machii Y, Hori D, Mieno M, Eguchi N, Shiraishi M, et al. Influence of false lumen status on systemic inflammatory response triggered by acute aortic dissection. Sci Rep. (2025) 15(1):475. doi: 10.1038/s41598-024-84117-5

38. Laio KM, Shen CW, Huang YH, Lu CH, Lai HL, Chen CY. Prescription pattern and effectiveness of antihypertensive drugs in patients with aortic dissection who underwent surgery. Front Pharmacol. (2023) 14:1291900. doi: 10.3389/fphar.2023.1291900

39. Chen SW, Chan YH, Lin CP, Wu VC, Cheng YT, Chen DY, et al. Association of long-term use of antihypertensive medications with late outcomes among patients with aortic dissection. JAMA Netw Open. (2021) 4(3):e210469. doi: 10.1001/jamanetworkopen.2021.0469

40. Tian C, Wang X, Tao L, Chen Y, Tan X. Association of neutrophil to high density lipoprotein cholesterol ratio with aortic dissection and aneurysm risk: epidemiological insights from prospective cohort study based on UK biobank. BMC Public Health. (2025) 25(1):886. doi: 10.1186/s12889-025-22061-3

41. Meekel JP, Dias-Neto M, Bogunovic N, Conceição G, Sousa-Mendes C, Stoll GR, et al. Inflammatory gene expression of human perivascular adipose tissue in abdominal aortic aneurysms. Eur J Vasc Endovasc Surg. (2021) 61(6):1008–16. doi: 10.1016/j.ejvs.2021.02.034

42. Zhang ZB, Cheng YW, Xu L, Li JQ, Pan X, Zhu M, et al. Activation of β3-adrenergic receptor by mirabegron prevents aortic dissection/aneurysm by promoting lymphangiogenesis in perivascular adipose tissue. Cardiovasc Res. (2024) 120(17):2307–19. doi: 10.1093/cvr/cvae213



OPS/images/fcvm-12-1633817-t002.jpg
Variable Univariate analysis Multivariate
analysis

95% P: 95% P
confidence |value | confidence |value
interval (CI) interval (CI)

Demographic data

Age (years) (=0.001, 0.061)
(=1.206, 0.395)
(<0194, 0.089)
(=097, 0637)
(166, 0257)

Complication

Diabetes (~1.893, 0537)

Hypertension (=0352, 1.057)

Blood biochemistry data

'WBC(x10°/L) (0.009, 0.185) (~0.076, 0.160)

Neutrophil count (=0.004, 0.192)

(x10°/L)

Lymphocyte count (=032, 0507)

(x10°/L)

LDL(mg/dl) (=0.006, 0.025)

HDL(mg/d}) (<0002, 0.044)
(<0013, 0.023)
(~0.041, 0.074)
(=0.065, ~0.001) (~0.062, 0.026)

D-Dimer(ng/L) (=0.001, 0.000) (~0.002, 0.001)

Image features
HU, (0239,0540) | <0001 | (0183, 0530) | <0001
HUpia (~12533, ~5.395) | <0.001 | (~13.796, ~4.876) |
TEVAR surgical data

Surgery time(day) (=0.264, 0.058)
Oversizing rate (%) | (=3.167, 22.647)
Stent length/tear length | (~9.618, —1.264) (~10382, 0.106)
x 100%(%)

Stent graft membrane | (~1370, 0.211)
material

<0.001






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Evaluation of perivascular fat density and residual false lumen formation following TEVAR in Stanford type B aortic dissection

		Introduction



		Material and methods



		Patients



		Patient selection and characteristics



		Image acquisition



		Image annotation and AI automation



		PVAT segmentation workflow



		Statistical analysis



		HU visualization of PVAT











		Result



		Baseline comparison



		Logistic regression and predictors



		ROC analysis











		Discussion



		Limitation



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Evaluation of perivascular fat
density and residual false lumen
formation following TEVAR in
Stanford type B aortic dissection





OPS/images/fcvm-12-1633817-t001.jpg
Variable
Demographic data

Overall (n =132)

Group 1 (n = 56)

Group 2 (n=76)

P-value

Age (years)

6238+ 1171

6464 1115

60.71 % 11.90

BMI (kg/m?)

22.97+247

22794235

23.10+2.56

Gender (n, %)

Female

32 (24.24%)

16 (28.57%)

16 (21.05%)

Male

100 (75.76%)

40 (71.43%)

60 (78.95%)

Smoke (n, %)

Non

99 (75%)

43 (76.79%)

56 (73.68%)

Yes

33 (25%)

13 (23.21%)

20 (26.32%)

Drink (n, %)

Non

108 (81.82%)

49 (87.50%)

59 (77.63%)

Yes

24 (18.18%)

7 (12.50%)

17 (2237%)

Length of Stay (day)

13.50£3.93

13.50 +3.85

1350 +4.07

Complication

Diabetes (1, %)

Non

118 (89.39%)

52 (92.86%)

66 (86.84%)

Yes

14 (10.61%)

4 (7.14%)

10 (13.16%)

Hypertension (, %)
Non

56 (42.42%)

21 (37.50%)

35 (46.05%)

Yes

76 (57.58%)

35 (62.50%)

41 (53.95%)

Blood biochemistry data

WBC(x10°/L)

1436+4.12

1527 +3.76

1369 +4.28

Neutrophil count(x10°/L)
Lymphocyte count(x10°/L)

9.87+3.71
1.88 +0.94

1059 =3.59
1.95+0.85

935+3.73
183+ 1.01

LDL(mg/d])

126742228

129.36 +24.92

124.81 20,07

HDL(mg/dl)

37711557

40.60 = 14.99

3558+ 1575

TC(mg/dl)

202.79 % 18.97

203.79 +2021

202.05+18.11

PT(s)

18.18+6.08

18.53 +4.70

17.93 +6.94

APTT(s)

4242+1123

4010 = 10.60

44.12% 1144

D-Dimer(ng/L)

1,400.47 * 649.28

1,262.28 = 643.65

1,502.30 + 638.56

Image features

HUuuo

080+0.13

0.73%0.13

085+0.11

HU,

668 =351

875329

5.16+2.84

TEVAR surgical data

Surgery time(day)

423+221

396210

4442228

Oversizing rate (%)

10.00 = 2.80

1041 +2.13

970318

Stent length/tear length x 100% (%)

84.73%8.87

8243 %840

8643 +8.87

Stent graft membrane material

Dacron (r, %)

98 (74.24%)

60 (78.95%)

38 (67.86%)

ePTFE (n, %)

34 (25.76%)

16 (21.05%)

18 (32.14%)






OPS/images/fcvm-12-1633817-g006.jpg
Logue: 0788

— Lo o)





OPS/images/fcvm-12-1633817-g005.jpg






OPS/images/fcvm-12-1633817-g004.jpg
B Aortic mask HU g, mask HU e mask






OPS/images/fcvm-12-1633817-g003.jpg






OPS/images/fcvm-12-1633817-g002.jpg
201602024 (n=425)

168 patients excluded:

Remaining patients (n=257)

around the stent on the first postoperative
CTA

125 patients excluded:
50 with only one inimal tear,

!

5 with poor-quality CTA images,

Inclusion of study patients (132)

33 with stent coverage of the distal rupture.







OPS/images/fcvm-12-1633817-g001.jpg





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





