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Pre-operative visceral adipose tissue radiodensity is a potentially novel prognostic biomarker for early endoscopic post-operative recurrence in Crohn’s disease
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Abstract
BACKGROUND
Evidence suggests inflammatory mesenteric fat is involved in post-operative recurrence (POR) of Crohn’s disease (CD). However, its prognostic value is uncertain, in part, due to difficulties studying it non-invasively.

AIM
To evaluate the prognostic value of pre-operative radiographic mesenteric parameters for early endoscopic POR (ePOR).

METHODS
We conducted a retrospective cohort study of CD subjects ≥ 12 years who underwent ileocecal or small bowel resection between 1/1/2007 to 12/31/2021 with computerized tomography abdomen/pelvis ≤ 6 months pre-operatively and underwent ileocolonoscopy ≤ 15 months post-operatively. Visceral adipose tissue (VAT) volume (cm3), ratio of VAT:subcutaneous adipose tissue (SAT) volume, VAT radiodensity, and ratio of VAT:SAT radiodensity were generated semiautomatically. Mesenteric lymphadenopathy (LAD, largest lymph node > 10 mm) and severe vasa recta (VR) engorgement (diameter of the VR supplying diseased bowel ≥ 2 × VR supplying healthy bowel) were derived manually. The primary outcome was early ePOR (Rutgeert’s score ≥ i2 on first endoscopy ≤ 15 months post-operatively) and the secondary outcome was ePOR severity (Rutgeert’s score i0-4). Regression analyses were performed adjusting for demographic and disease-related characteristics to calculate adjusted odds ratio (aOR) and 95% confidence interval (CI).

RESULTS
Of the 139 subjects included, 45% of subjects developed early ePOR (n = 63). VAT radiodensity (aOR 0.59, 95%CI: 0.38-0.90) and VAT:SAT radiodensity (aOR 8.54, 95%CI: 1.48-49.28) were associated with early ePOR, whereas, VAT volume (aOR 1.23, 95%CI: 0.78-1.95), VAT:SAT volume (aOR 0.80, 95%CI: 0.53-1.20),  severe VR engorgement (aOR 1.53, 95%CI: 0.64-3.66), and mesenteric LAD (aOR 1.59, 95%CI: 0.67-3.79) were not. Similar results were observed for severity of ePOR.

CONCLUSION
VAT radiodensity is potentially a novel non-invasive prognostic imaging marker to help risk stratify CD patients for POR.

Key Words: Crohn’s disease; Surgery; Visceral adipose tissue; Mesenteric adipose tissue; Creeping fat; Computed tomography
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Core Tip: Risk stratification for post-operative recurrence of Crohn’s disease (CD) remains a clinical challenge. We evaluated the prognostic value of pre-operative radiographic mesenteric parameters for post-operative recurrence of CD. Of the parameters evaluated, lower visceral adipose tissue radiodensity was independently associated with post-operative recurrence. Visceral adipose tissue radiodensity may be a novel imaging prognostic marker to help risk stratify for post-operative recurrence of CD during pre-operative work up. 

INTRODUCTION
Crohn’s disease (CD) is a debilitating chronic immune-mediated inflammatory disease (IMID) of the gastrointestinal tract that is increasing in incidence and prevalence globally[1]. CD patients often undergo surgery for disease-related complications and/or medically refractory disease. Unfortunately, surgery is not curative, and many patients develop post-operative recurrence (POR) of CD with a significant proportion eventually requiring additional surgeries. With advances in early detection and therapeutics, the contemporary 10-year risk of surgery has improved from 50% to 26%, but the risk of recurrent surgery has remained unchanged at 30%, suggesting a need to improve post-operative management strategies[2].
Presently, there are two accepted strategies to mitigate POR, but each have potential limitations. Firstly, patients start early post-operative pharmacologic prophylaxis within 4-6 wk after surgery. This strategy can potentially overtreat a subset of patient who may not develop long-term disease recurrence off therapy. Consequently, these patients are at risk of medication-related adverse events and the direct and indirect costs associated with therapy with little or no benefit[3]. The second strategy is performing early colonoscopy within 6-12 months after surgery and escalating therapy based on evidence of endoscopic POR. This strategy risks delaying treatment if CD recurs before 6-12 months. Furthermore, in those who received an anti-TNF agent before surgery, the gap in drug exposure may increase the risk of drug reaction from re-exposure and/or failure from immunogenicity[4,5]. Because data about the comparative effectiveness of each strategy is lacking[6], societal guidelines recommend strategy selection based on stratifying patients into high or low risk for POR[7,8]. However, aside from active smoking, internal penetrating disease, and prior surgeries, many risk factors for POR are variably supported by the literature[9]. Also, many patients who require surgery for medically refractory disease do not strictly fit the high risk category. The pitfalls of our current POR risk-stratification models is highlighted by a recent study that found that CD patients at high-risk for POR (defined by ≥ 1 risk factor: smoking, internal penetrating disease, and prior surgery) and low-risk for POR (no risk factors) had similar rates of early endoscopic POR at 36%[10]. These gaps in knowledge emphasize the need to identify additional risk factors. Finally, since most established POR risk factors reflect luminal disease, work is needed to evaluate if there are also extraintestinal components associated with or contributing to POR.
Historically, inflammatory mesenteric adipose tissue (MAT) was perceived as an inert pathognomonic feature of CD, but increasing evidence supports its active involvement in the pathophysiology of POR[11,12]. In fact, emerging data suggest intestinal resection with extended mesenteric excision can mitigate POR[13-16]. However, the prognostic utility of MAT is uncertain, in part, due to difficulties studying it non-invasively[12]. Most studies evaluating MAT rely on surgical resection specimens, which also limits the applicability of the findings. Several radiologic studies have provided indirect evidence that radiographic mesenteric parameters may harbor prognostic markers. For example, severe mesenteric lymphadenopathy and vasa recta engorgement (i.e., Comb’s sign) on CT enterography have been associated with large ulcers and greater proportion of ulcerated surfaces on endoscopy[17], which are risk factors for internal penetrating and medically recalcitrant CD[18]. Furthermore, increased visceral adipose tissue (VAT) on imaging, which is often used as a surrogate marker of MAT hypertrophy[12], is associated with anti-TNF response, greater anti-TNF dose requirements, and risk of surgery[19-21]. Two small studies also found increased VAT is associated with POR, but methodological limitations, such as sample size and study design, require that further investigation is necessary[22,23]. Additionally, these studies did not evaluate other radiographic mesenteric parameters such as mesenteric lymphadenopathy, vasa recta engorgement, or VAT radiodensity. Considering surgical CD patients very often require diagnostic imaging and our current POR risk-stratification models are suboptimal, establishing the prognostic value of radiographic mesenteric parameters for POR has important implications for post-operative management of CD. Thus, we aim to establish the prognostic value of pre-operative radiographic mesenteric parameters for early endoscopic POR (ePOR) as well as the severity of ePOR.

MATERIALS AND METHODS
Study design and patient population
We conducted a retrospective, single center study of adult and pediatric CD subjects who underwent ileocecal or small bowel resection at Cedars-Sinai Medical Center (CSMC) between 1/1/2007 and 12/31/2021. Subjects with available computerized tomography (CT) abdomen/pelvis performed for clinical indications ≤ 6 months pre-operatively and an endoscopic evaluation for POR performed ≤ 15 months post-operatively were included. For small bowel anastomoses that could not be evaluated via ileocolonoscopy, endoscopic evaluation for recurrence was performed by wireless capsule endoscopy or double balloon enteroscopy (n = 9). Figure 1 summarizes inclusion and inclusion criteria. To align with clinical practice, CTs performed within 6 months of surgery were selected because imaging within 6 months is clinically sufficient to make surgical decisions. Furthermore, magnetic resonance imaging was excluded because CT scans offer additional radiographic parameters, such as radiodensity, that is not possible with magnetic resonance imaging. All intestinal resections were performed with same standard surgical techniques across the study period using functional end-to-end anastomosis and preservation of as much mesentery as possible. Extended mesenteric resection was not performed during the study period. This study was approved by the CSMC IRB (IRB #3358).
Baseline demographics, disease-related characteristics, and CD medications at the time of surgery were recorded via manual chart review. Disease location and disease behavior were classified by the Montreal classification system. Post-operatively prophylaxis status was also recorded and was defined as CD-directed therapy started after the primary anastomosis or ileostomy reversal with restoration of bowel continuity but before the first post-operative endoscopic evaluation. Rutgeert’s scores were recorded from endoscopy procedure reports for both ileocecal and small bowel anastomoses as previously described[24]. When a Rutgeert’s score was not recorded, text and images of endoscopy reports were reviewed by a board-certified gastroenterologist with advanced IBD training (PG) to retrospectively assign a Rugeert’s score. Rutgeert’s score i2 was not differentiated into i2a and i2b because this was not standard of practice during the early part of the study period and could not be reliably distinguished retrospectively based on text or images.

Acquisition of radiographic mesenteric parameters
The primary exposures were the radiographic mesenteric parameters of interest, which included visceral adipose tissue (VAT) volume (cm3), ratio of VAT:subcutaneous adipose tissue (SAT) volume, VAT radiodensity [Hounsfield units (HU)], ratio of VAT:SAT ratio, severity of vasa recta engorgement (VR), and mesenteric lymphadenopathy.

VAT parameters: To generate VAT parameters, all CT scans were processed with Vitrea® Advanced Visualization Platform (Canon Medical Systems), which performs semiautomated segmentation of the abdominal VAT and SAT compartments using attenuation thresholds between -50 and -150 HU. Supplementaryl Figure 1 illustrates an example of the segmentation. VAT and SAT parameters were measured from the first lumbar vertebra (L1) to the fifth (L5), as previously described.19 The boundaries of automated CT outlined adipose tissue compartments were manually reviewed and corrected for any errors in each slice. After segmentation, VAT and SAT volumes and radiodensity were automatically calculated in Vitrea®, which were then used to calculate VAT:SAT volume and radiodensity. All VAT and SAT segmentation were performed by a certified advanced imaging analyst (NG) who was blinded to the clinical data and outcomes. Three subjects had significant image artifact that precluded VAT and SAT analysis and were excluded from the final analysis.

Severe vasa recta engorgement: Severity of vasa recta engorgement was determined by calculating the ratio of the diameter of the vasa recta supplying the inflamed bowel intended for resection to the diameter of the vasa rectal supplying health bowel. Severe vasa recta engorgement was defined as diameter of vasa recta of the inflamed bowel ≥ 2 × the diameter of the vasa recta of the healthy bowel as previously described[17]. Vasa recta diameters were manually measured in the transverse plane of the CT by a study investigator (PG).

Mesenteric lymphadenopathy: Each CT scan was reviewed by a study investigator (PG) to locate and measure the largest mesenteric lymph node in the region of the inflamed bowel intended for resection. Mesenteric lymphadenopathy was defined as the largest lymph node measuring > 10 mm along the short axis in the transverse plan of the CT as previously described[17].
Radiographic vasa recta and lymph node measurements from 48 images (32% of cohort) were reviewed and confirmed with a board-certified body imaging radiologist with over 20 years of experience (CK) to ensure accuracy and consistency.

Outcomes
The primary outcome was early ePOR defined as Rutgeert’s ≥ i2 on endoscopy performed ≤ 15 months post-operatively. The secondary outcome was severity of ePOR as determined by the Rutgeert’s score i0-i4.

Statistical analysis
Descriptive statistics were used to examine baseline cohort demographics and disease-related characteristics. For variables not normally distributed based on visual assessment, a rank-based inverse normalized transformation was applied to the variable. Univariate regression was used to assess demographic and disease-related associations with radiographic mesenteric parameters. To determine independent associations between the radiographic mesenteric parameters and early ePOR and severity of ePOR, multivariable binomial and ordinal logistic regressions were performed, respectively. Adjustment for well-established POR risk factors were determined a priori and included age at surgery, sex, time from CD diagnosis to surgery, internal penetrating disease behavior, post-operative prophylaxis status, and prior CD-related surgery.6 BMI was not included in the multivariate regression models because BMI is not an established risk factor for POR. Active smoking was not included in the models because only 4.4% subjects (n = 6) were active smokers in the cohort. The accuracy of regression models that included radiographic mesenteric parameters significantly associated with ePOR and were assessed by receiver operating characteristic (ROC) curve analysis and calculating the area under the curve (AUC). Subsequently, the thresholds of these radiographic mesenteric parameters to classify early ePOR were identified using hierarchical Bayes method[25]. P-value < 0.05 was considered statistically significant[25,26]. All statistical analyses were performed using SPSS (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.) and R version 4.2.2 (R Core Team, 2022, R: A Language and Environment for Statistical Computing, Vienna, Austria: R Foundation for Statistical Computing). 

RESULTS
Patients and demographics
A total of 139 subjects were included in the final analysis (Figure 1). The median amount of time between CT and surgery was 0.93 (interquartile range 0.33-2.43) months. Table 1 summarizes cohort demographics. Only 4.4% (n = 6) were active smokers at the time of surgery. Pre-operatively, majority of patients had evidence of stricturing disease (69.5%, n = 96), and 52.5% (n = 73) were on a biologic agent before surgery. Additionally, 28.1% (n = 39) had at least one prior CD-related surgery. Post-operatively, 86.3% (n = 120) of subjects started post-operative prophylaxis with a biologic agent being the most common (78.3%, n = 94).
On univariate analysis, there were several notable associations with the radiographic mesenteric parameters of interest (Supplemental Table 1). VAT volume was associated with older age (β: 0.49, P = 2.10e-9), longer time to surgery from CD diagnosis (β: 0.23, p=0.008), and BMI (β: 0.68, P = 7.32e-18). VAT:SAT volume was associated with older age (β:0.26, p=0.002) and negatively associated with female sex (β: -0.26, P = 0.003). VAT radiodensity was not associated with age (P = 0.46) or sex (P = 0.66) but negatively associated with BMI (β: -0.21, P = 0.02). Finally, severe vasa recta engorgement was associated with prior surgery (OR: 0.43, P = 0.04). Finally, stricturing/penetrating disease behavior (B2/3) was associated with VAT radiodensity (β: -0.38, P = 0.01) and VAT:SAT radiodensity (β: 0.31, p=0.04). Active smoking and disease location were not associated with any of the radiographic mesenteric parameters. Similarly, mesenteric lymphadenopathy was not associated with any demographics or disease-related factors.

Radiographic mesenteric parameters and early ePOR
Of the entire cohort, 45.3% (n = 63) developed early ePOR, and the median time between surgery and first post-operative ileocolonoscopy was 32.86 (IQR 26.14-43.29) weeks. On binomial logistic regression (Table 2), VAT radiodensity [adjusted odds ratio (aOR): 0.59, 95% confidence interval (CI): 0.38-0.90] and VAT:SAT radiodensity (aOR 8.54, 95%CI: 1.48-49.28) were associated with early ePOR. VAT volume (aOR: 1.23, 95%CI: 0.78-1.95), VAT:SAT volume (aOR: 0.80, 95%CI: 0.53-1.20), severe vasa recta engorgement (aOR: 1.53, 95%CI[0.64-3.66]), and mesenteric lymphadenopathy (aOR: 1.59, 95%CI: 0.67-3.79) were not associated with early ePOR.
[bookmark: OLE_LINK8416][bookmark: OLE_LINK8417]The overall AUC for the multivariable regression models including the VAT radiodensity and VAT:SAT radiodensity was 0.72 (95%CI: 0.63-0.81) and 0.73 (95%CI: 0.64-0.81), respectively, showing the similar performance of classification (Supplementary Figure 2). Using the hierarchical Bayes method accounting for covariates, the estimated normalized VAT radiodensity to classify early ePOR was ≤ -0.23 (95% credible interval: -0.53 to 0.03]) and the threshold for VAT:SAT radiodensity was ≥ 0.54 (95% credible interval: 0.50-0.59).

Radiographic mesenteric parameters and severity of ePOR
Of the subjects who did not develop ePOR, 34.5% (n = 48) and 20.1% (n = 28) had Rugeert’s i0 and i1, respectively. Of the subjects who developed early ePOR, 30.2% had Rugeert’s i2 (n = 42) while 9.4% (n = 13) and 5.8% (n = 8) had Rutgeert’s i3 and i4, respectively. On ordinal logistic regression (Table 2), VAT radiodensity (aOR 0.60, 95%CI: 0.42-0.87) and VAT:SAT radiodensity (aOR: 6.26, 95%CI: 1.43-27.42) were associated with severity of ePOR. VAT volume (aOR: 1.08, 95%CI: 0.72-1.53), VAT:SAT volume (aOR: 0.80, 95%CI: 0.56-1.14), severe vasa recta engorgement (aOR: 1.61, 95%CI: 0.75-3.46), and mesenteric lymphadenopathy volume (aOR: 2.10, 95%CI: 0.99-4.47) were not associated with ePOR severity.

DISCUSSION
POR of CD is a persistent clinical challenge, and current risk stratification models for POR remain suboptimal. Aside from active smoking, internal penetrating CD, and prior surgeries, many risk factors for POR are variably supported by the literature[9]. Emerging evidence indicates MAT is involved in POR, but its prognostic value is uncertain, in part, due to difficulties studying it non-invasively[12]. In the largest cohort of surgical CD subjects with available pre-operative CT scans and early post-operative endoscopic evaluation, we established the prognostic value of pre-operative radiographic mesenteric parameters for early ePOR and severity of ePOR and found pre-operative VAT radiodensity is associated with ePOR and ePOR severity.
Radiodensity is an imaging parameter that can quantify the degree of attenuation of different types of tissue. With current technological capabilities, radiodensity can be measured on CT but not magnetic resonance imaging (MRI). On CT, adipose tissue conventionally has lower radiodensity relative to other tissue types, and organs with greater adiposity have lower radiodensity. For example, one of the radiographic criteria for severe fatty liver is hepatic radiodensity < 40 HU[27]. VAT radiodensity has been well-studied in cardiometabolic diseases, and decreased VAT radiodensity is associated with increased risk of cardiovascular disease, metabolic syndrome, and hypertension[28,29]. Additionally, in non-IBD subjects, VAT radiodensity is negatively associated with IL-6, TNF-α, C-reactive protein, adiponectin, and resistin serum levels, which have also been implicated in CD[12,30]. The literature suggests VAT radiodensity is a imaging biomarker the reflects “fat quality,” and poor fat quality could entail a variety of histologic alterations including macrophage infiltration[31-33], decreased vascularity[34], fibrosis[35-37], and adipocyte hypertrophy[38]. Interestingly, these histologic features have also been described in CD, supporting an overlap with metabolic diseases[12].
Since MAT is the largest component of VAT, imaging studies have used VAT as a surrogate marker for inflammatory alterations of MAT in CD because MAT is challenging to segment on imaging[12]. In our cohort, decreased VAT radiodensity on pre-operative CT images was associated with early ePOR as well as increased severity of ePOR. Our findings suggest MAT quality has important prognostic and mechanistic implications for POR in CD. Since surgical CD patients often require imaging, pre-operative imaging offers an accessible and cost-efficient opportunity to extract additional prognostic information to better inform post-operative management. VAT radiodensity can be semi-automatically calculated by many imaging analysis tools, so our finding potentially identifies a novel prognostic imaging biomarker for POR that can be rapidly employed into clinical practice if validated by larger, prospective studies. In addition to its potential as a new prognostic imaging biomarker for POR, VAT radiodensity may provide insight into the biologic underpinnings of POR. Preliminary data by our group suggest certain histomorphometric features of the MAT associated with resected uninvolved ileum is associated with POR, including adipocyte size and distance between adipocytes[38]. These histologic features are potentially reflected by VAT radiodensity on imaging but requires further data to confirm. Interestingly, on univariate analysis, VAT radiodensity was not associated with CD behavior or established clinical risk factors for POR, except prior surgery. This finding supports extra-luminal processes are likely involved in POR and provides further evidence that MAT could be a therapeutic surgical target for mitigating POR as implicated by recent studies evaluating extended mesenteric resection[13-16]. Moreover, given safety concerns with manipulating inflamed MAT,  identifying pre-operative radiographic prognostic markers like VAT radiodensity can help identify candidates at high risk for POR and would derive the most benefit from extended mesenteric resection. This would also help avoid exposing patients at low risk for POR to potential complications of extended mesenteric resection. Finally, we also provide preliminary data demonstrating a multivariable regression model including radiographic mesenteric parameters yields an acceptable AUC and a possible VAT radiodensity threshold to identify high-risk POR patients, supporting larger studies to confirm our findings.
Conversely, we observed several radiographic mesenteric parameters that did not have prognostic value for POR. Contrary to two prior small studies[22,23], VAT and VAT:SAT volume was not associated with early ePOR. The discrepancies may be due to sample sizes and analytical methodologies used in the prior studies. Additionally, VAT volume can be influenced by several factors such as age, BMI, and sex, so differences in study settings amongst the studies (China vs Australia vs United States) could have contributed to the discrepancies. Similarly, severe vasa recta engorgement and mesenteric lymphadenopathy were not associated with ePOR. Clinically, these parameters are often reported to describe severe disease activity and are associated with deep ulcers on endoscopy, which has been associated with medically recalcitrant CD[18]. Thus, these parameters may have prognostic value for treatment response rather than POR.
This study has several notable strengths. First, we included a large cohort of surgical CD patients with available pre-operative imaging and early post-operative endoscopic evaluation in a US population. Prior published studies included subjects from China and Australia, and anthropomorphic composition can vary among different racial groups and countries. Moreover, practice patterns can differ among regions of the world, so findings from prior studies may not be applicable to the US patient population. Second, we used three-dimensional measures to calculate VAT metrics. This approach is more accurate compared to two-dimensional measurements because it accounts for variations in fat distribution among individuals. Additionally, the level where the inflamed mesentery is located varies between individuals, so a single slice two-dimensional measurement at a pre-specified vertebral level, which was commonly performed in prior studies, can miss the affected region. We also recognize limitations of this study. First, this was a retrospective, single center study. Second, the study only included subjects with available pre-operative CT scans, so there is a risk for selection bias. However, MRI has very limited imaging parameters that can be extracted retrospectively and measuring radiodensity is currently not technologically possible. CT has the advantage of more extractable parameters to provide more prognostic information about POR. Nonetheless, future studies with advanced imaging processing techniques with MRI are needed as CD patients often undergo MRI too. Finally, our cohort was predominantly European ancestry, so our findings must be interpreted with caution in surgical CD patients with non-European ancestry. Future studies in non-European CD patients are also needed to validate our findings.  

CONCLUSION
In conclusion, in a cohort of surgical CD patients with available pre-operative CT imaging, we described the prognostic value of several pre-operative radiographic mesenteric parameters for early ePOR and found decreased VAT radiodensity is associated with early ePOR and increased ePOR severity. If confirmed by larger, prospective studies, VAT radiodensity can potentially improve risk stratification for POR in CD. Additionally, further investigation is needed to evaluate if MAT histomorphology and dysregulated inflammatory pathways in MAT are associated with POR to better define the biologic link between MAT and POR.

ARTICLE HIGHLIGHTS
Research background
Strategies for mitigating post-operative recurrence (POR) of Crohn’s disease (CD) require accurate risk stratification of patients for POR, but aside from smoking, internal penetrating disease, and prior surgeries, many risk factors are variably supported by the literature. Inflammatory mesenteric adipose tissue has been implicated in the pathogenesis of POR in CD, but its prognostic value is uncertain, in-part, due to difficulties studying it non-invasively.  

Research motivation
Accurate risk stratification for POR of CD is important for informing post-operative management strategies to mitigate POR. Many prognostic markers have modest predictive accuracy. Thus, identifying new and accurate prognostic markers for POR is important.

Research objectives
The objective of this study was to establish the prognostic value of pre-operative radiographic mesenteric parameters for early endoscopic POR.

Research methods
We conducted a retrospective cohort study if CD patients undergoing ileocecal and/or small bowel resection with available CT abdomen/pelvis within 6 months prior to surgery and underwent endoscopic evaluation for POR within 15 months after surgery. The primary outcome was early endoscopic POR defined as Rutgeerts ≥ i2 on post-operative endoscopy within 15 months of after surgery. Multivariable regression analyses were performed to determine the independent association between pre-operative radiographic mesenteric parameters and POR.

Research results
Analysis of 139 subjects found lower visceral adipose tissue (VAT) radiodensity was independently associated with early endoscopic POR (adjusted odds ratio: 0.59, 95% confidence interval: 0.38-0.90).

Research conclusions
VAT radiodensity is a potentially novel imaging prognostic marker for POR in CD.

Research perspectives
While larger studies are needed to validate our findings, VAT radiodensity is potentially a novel prognostic marker for POR that can be easily extracted from available CT imaging and help inform risk of POR. Lower VAT radiodensity has been suggested to reflect poor fat quality, so translational studies are required to understand possible underlying mechanisms of poor mesenteric fat quality that may contribute to POR and are reflected in VAT radiodensity.
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Figure Legends
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Figure 1 Flowchart for inclusion and exclusion criteria. ICR: Ileocecal resection; SBR: Small bowel resection; CSMC: Cedars-Sinai Medical Center; CT: Computerized tomography; MRI: Magnetic resonance imaging.


Table 1 Cohort demographics (n = 139)
	
	Total (n = 139)

	Mean age (years, SD)
	39.1 (17.1)

	Female, n (%)
	66 (47.5)

	European Ancestry, n (%)
	121 (88.3)

	Mean disease duration, (months, SD)
	151.8 (136.3)

	Mean body mass index (kg/m2, SD)
	23.3 (4.8)

	Active smoking, n (%)
	6 (4.4)

	Disease location, n (%)
	

	Ileal (L1)
	61 (43.9)

	Ileocolonic (L3)
	78 (56.1)

	Upper GI (L4)
	12 (8.6)

	Disease behavior, n (%)
	

	Non-fibrostenosing, non-penetrating (B1)
	7 (5.1)

	Fibrostenosing (B2)
	54 (39.2)

	Internal penetrating (B3)
	35 (25.4)

	Stricturing and internal penetrating (B2/3)
	42 (30.4)

	Perianal disease, n (%)
	23 (16.5)

	Pre-operative medication, n (%)
	

	None
	33 (23.7)

	Corticosteroid
	48 (34.5)

	5-aminosalicylic acid
	21 (15.1)

	Immunomodulator
	32 (23.0)

	Biologic
	73 (52.5)

	Prior surgery, n (%)
	39 (28.1)

	Post-operative prophylaxis, n (%)
	120 (86.3)

	5-aminosalicylic acid
	7 (5.8)

	Immunomodulator
	23 (19.2)

	Biologic
	94 (78.3)


SD: Standard deviation.

Table 2 Multivariate regression of radiographic mesenteric parameters associated with early endoscopic post-operative recurrence and severity of endoscopic post-operative recurrence
	
	Early endoscopic POR

	Severity of endoscopic POR

	
	aOR (95%CI)
	aOR (95%CI)

	VAT Volume (cm3)
	1.23 (0.78-1.95)
	1.08 (0.72-1.53)

	VAT:SAT Volume
	0.80 (0.53-1.20)
	0.80 (0.56-1.14)

	VAT Radiodensity (HU)
	0.59 (0.38-0.90)
	0.60 (0.42-0.87)

	VAT:SAT Radiodensity
	8.54 (1.48-49.28)
	6.26 (1.43-27.42)

	Severe vasa recta engorgement
	1.53 (0.64-3.66)
	1.61 (0.75-3.46)

	Mesenteric lymphadenopathy
	[bookmark: _Hlk136932500]1.59 (0.67-3.79)
	2.10 (0.99-4.47)


Adjusted age at surgery, sex, time from Crohn’s disease (CD) diagnosis to surgery, internal penetrating disease behavior, post-operative prophylaxis status, and prior CD-related surgery. VAT: Visceral adipose t issue; SAT: Subcutaneous adipose tissue; POR: Post-operative recurrence; HU: Hounsfield units; aOR: Adjusted odds ratios; CI: Confidence interval.
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