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Perioperative evaluation of CT-based body composition as predictors of postoperative outcome following pancreaticoduodenectomy
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Background: Although malnutrition is a concern for incremental morbidity in pancreatic surgery, there has been a lack of consensus on nutritional assessment and body composition suitable for prediction of postoperative complications following pancreaticoduodenectomy (PD). Our study was performed to assess whether perioperative CT-based body composition were predictors of morbidity after PD.

Methods: 231 patients who underwent PD between 2020 and 2024 were enrolled to evaluate perioperative body composition. Uni and multivariate logistic regression models were applied to analyze the correlation between major complications, clinically relevant postoperative fistula (CR-POPF) and body composition abnormalities.

Results: For 231 patients, the incidence of sarcopenia and visceral obesity was 151 (65.4) and 97 (42.0). The incidence of complications, major complications and CR-POPF was 68.0, 33.3 and 10.8%. SMI was the only risk factor for complications [odds ratio (OR), 0.92, 95% confidence interval (CI), 0.85–1.00, p = 0.04]. Neither sarcopenia, visceral obesity nor the other body composition had a significant impact on major complications or CR-POPF, while the patients exhibited wide variation in body composition after the surgical trauma. Soft pancreatic texture was the exclusive independent prognostic factor for CR-POPF (OR, 3.23, 95% CI, 1.17–8.89, p = 0.02).

Conclusion: Patients with depleted skeletal muscle mass were more likely to develop postoperative complications, while there was no association between perioperative sarcopenia or visceral obesity and major complications or CR-POPF. The study highlights that the highly homogenized and fully managed surgical quality may offset the negative effects of nutritional high-risk factors.
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Introduction

Despite remarkable advancements in perioperative care, 6-month morbidity in pancreaticoduodenectomy (PD) did not significantly improve with morbidity rates between 38 to 73%, while other more specific morbidity indicators, for example clinically relevant postoperative pancreatic fistula (CR-POPF) rates, showed a large variation (0–35%) (1). Furthermore, major surgical complications after PD impact patient recovery and delay the timing of adjuvant treatments with potential implications on the long-term prognosis in periampullary cancer (2, 3). Therefore, early identifying and intervening of populations at risk of complications is of the utmost importance.

Although malnutrition is a concern for incremental morbidity, mortality, and costs in pancreatic surgery, there has been no fundamental consensus on diagnostic criteria and nutritional assessment suitable for prediction of postoperative complications in PD (4, 5). More recently, the evaluation of the nutritional status of patients undergoing pancreatic surgery has been suggested considering the measurement of sarcopenia and visceral obesity at CT. Depleted lean muscle mass, known as sarcopenia in pancreatic cancer surgery provides prognostic value but, more importantly, may provide a basis for therapeutic prehabilitation (6). Sarcopenia can also serve as a useful predictor of pancreatic fistula risk in patients undergoing PD (7, 8). A few studies have revealed that visceral obesity is a risk factor for CR-POPF (9, 10). These results highlight the potential of sarcopenia and visceral obesity improve the incidence of major complications or pancreatic fistula after PD. However, variation in the methods of assessing and reporting sarcopenia or visceral obesity in this patient group has shown inconsistent and inconclusive results (11, 12). CT is now routinely incorporated into the preoperative evaluation and postoperative management for the pancreatic cancer patients. Every patient undergoing pancreatic surgery routinely has an abdominal CT imaging evaluation for abdominal infection, pancreatic fistula, abdominal effusion, and other abdominal conditions 1 week postoperatively in our hospital as well as in most high volume pancreatic centers. Most previous studies investigated only the impacts of preoperative body composition components on surgical outcomes, it is expected that the perioperative assessment of CT-based body composition may improve risk stratification after PD.

Therefore, we designed a retrospective cohort study with the aim of assessing whether perioperative evaluation of CT-based body composition were independent predictors of postoperative complications, especially CR-POPF following PD for periampullary tumors.



Methods


Patients and baseline characteristics

This retrospective study was conducted at Jinling Hospital, Affiliated Hospital of Medical School, Nanjing University. Data from all 231 patients who underwent PD between March 2020 and May 2024 were prospectively collected from a database and retrospectively analyzed. The retrospective body composition evaluation was collected at the prospective CT within 30 days before scheduled surgery and on postoperative day (POD) 7. The study protocol was approved by the Ethics Committee of the Jinling Hospital (approval no. 2024NZKY-038-02). Information on the characteristics and clinical courses of the patients was obtained from their medical records at a single institution. Written informed consent was obtained from all patients.

Inclusion criteria: (1) Age ≥18 years; (2) Patients pathologically or clinically diagnosed with pancreatic tumors, periampullary tumors, chronic pancreatitis, or other conditions requiring pancreaticoduodenectomy (PD); (3) Availability of two abdominal CT scan datasets with image quality meeting the requirements for body composition analysis, specifically: slice thickness ≤5 mm, no obvious motion artifacts, and clear visualization of key tissues such as the psoas major muscle, liver, and adipose tissue. Exclusion criteria: (1) Presence of massive ascites, pleural effusion, or limb edema before surgery; (2) History of diseases affecting muscle metabolism, such as myasthenia gravis, uncontrolled hyperthyroidism, end-stage chronic renal failure, etc.

The following baseline variables were collected: age, sex, weight, body mass index (BMI), comorbidities (hypertension, coronary artery disease, diabetes, pulmonary and others), tumor characteristics, preoperative biliary drainage, operative time, blood loss, texture of the pancreas, and postoperative complications according to the Clavien-Dindo classification system. Preoperative blood tests contained white blood cell count (WBC), hemoglobin (Hb), C-active protein (CRP), albumin (Alb), aspartate aminotransferase (AST), alanine transaminase (ALT), total bilirubin (TBil), direct bilirubin (DBil), serum amylase (AMY), and CA19-9 (see Figure 1).
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FIGURE 1
 Assessment of body composition parameters on axial CT at the level of the inferior endplate of the third lumbar vertebra. Distribution of abdominal skeletal muscle (purple); abdominal intramuscular adipose tissue (brown); paraspinal muscle (yellow); paraspinal intramuscular adipose tissue (red); subcutaneous adipose tissue (green); visceral adipose tissue (blue) at CT before surgery (A) and postoperative day (POD) 7 (B).




Assessment of perioperative body composition at CT

All CT images were retrieved from the Picture Archiving and Communication System (PACS) at our institution. A clinically trained radiologists (Changsheng Zhou) analyzed the unenhanced CT scans with slice thickness of 1 mm, and another radiologist (Jing Zhong) double-checked the results. Both of them were blinded from the study design or patient information. The areas of subcutaneous adipose tissue (SAT), visceral adipose tissue (VAT), skeletal muscle at CT were evaluated using the Bone density CT imaging auxiliary detection software (HY-QCT, V2.5.0; Huiying Medical Technology Co., Ltd., Beijing, China). Two consecutive axial CT images at the level of the inferior endplate of L3 lumbar vertebra were processed and then averaged for each patient. The range of Hounsfield units (HU) was defined as −29 to +150 HU for skeletal muscle, −190 to −30 HU for SAT, and −150 to −50 HU for VAT (6). Using the HY-QCT software, the skeletal muscle area (SMA) (cm2), including the abdominal skeletal muscle and paraspinal muscle on the selected axial images was normalized to stature by dividing the muscle area by the patient’s height squared, and which is termed the skeletal muscle index [SMI = SMA (cm2)/height (m2)]. The visceral adipose tissue (VAT) (cm2) and the subcutaneous adipose tissue (SAT) (cm2) were also normalized for height in meters squared and are termed visceral fat index (VATI) and subcutaneous adipose tissue index (SATI). The absolute SMI/VATI/SATI variation, defined as the difference between values at POD7 and preoperative (∆SMI/∆VATI/ΔSATI), was also considered a potential prognostic marker for postoperative morbidity in Table 1.


TABLE 1 Descriptive statistics of the whole cohort and patients with or without complications.


	Variables
	Overall (n = 231)
	Without complications (n = 74)
	With complications (n = 157)
	p-value*

 

 	Age, years 	62 (54, 69) 	62 (51, 67) 	63 (54, 69) 	0.34


 	Sex 	0.47


 	Male, n (%) 	142 (61.5) 	43 (58.1) 	99 (63.1) 	/


 	Female, n (%) 	89 (38.5) 	31 (41.9) 	58 (36.9) 	/


 	Weight, kg 	60.0 (55.0, 68.0) 	60.0 (55.0, 65.8) 	60.0 (54.5, 69.0) 	0.83


 	BMI, kg/m2 	22.23 (20.20, 24.39) 	22.37 (20.52, 24.76) 	22.15 (20.04, 24.22) 	0.38


 	PNI 	44.10 ± 7.12 	43.32 ± 6.58 	44.47 ± 7.35 	0.25


 	Comorbidities


 	Hypertension 	76 (32.9) 	21 (28.4) 	55 (35.0) 	0.32


 	Cardiac 	10 (4.3) 	3 (4.1) 	7 (4.5) 	1.00


 	Diabetes 	44 (19.0) 	18 (4.3) 	26 (16.6) 	0.16


 	Pulmonary 	2 (0.9) 	0 (0) 	2 (1.3) 	1.00


 	Other comorbidities 	24 (10.4) 	11 (14.9) 	13 (8.3) 	0.13


 	PBD, n (%) 	42 (18.2) 	10 (13.5) 	32 (20.4) 	0.21


 	NAT, n (%) 	8 (3.5) 	1 (1.4) 	7 (4.5) 	0.41


 	Disease Type 	0.13


 	Malignant tumors, n (%) 	190 (82.3) 	59 (79.7) 	131 (83.4) 	/


 	Borderline tumors, n (%) 	29 (12.6) 	8 (10.8) 	21 (13.4) 	/


 	Benign diseases, n (%) 	12 (5.2) 	7 (9.5) 	5 (3.2) 	/


 	Operative time, min 	240 (210, 310) 	245 (210, 310) 	240 (210, 320) 	0.62


 	Estimated blood loss, ml 	400 (300, 600) 	400 (300, 525) 	400 (300, 600) 	0.53


 	Clavien–Dindo classifications, n (%)


 	1 	22 (9.5) 	NA 	22 (14.0) 	/


 	2 	58 (25.1) 	NA 	58 (36.9) 	/


 	3A 	46 (19.9) 	NA 	46 (29.3) 	/


 	3B 	29 (12.6) 	NA 	29 (18.5) 	/


 	4 	1 (0.4) 	NA 	1 (0.6) 	/


 	5 	1 (0.4) 	NA 	1 (0.6) 	/


 	Major complications (CDC ≥ 3), n (%) 	77 (33.3) 	NA 	77 (49.0) 	/


 	CR-POPF, n (%) 	25 (10.8) 	NA 	25 (15.9) 	/


 	SMI, cm2/m2 	40.40 ± 7.43 	42.06 ± 6.38 	39.62 ± 7.78 	0.019


 	SATI, cm2/m2 	38.47 (26.91, 53.96) 	40.13 (27.36, 56.20) 	38.46 (26.59, 52.25) 	0.50


 	VATI, cm2/m2 	37.90 (26.80, 56.12) 	39.08 (28.72, 56.33) 	36.99 (25.16, 56.07) 	0.58


 	SMA, cm2 	110.50 ± 24.72 	114.32 ± 23.43 	108.70 ± 25.18 	0.11


 	SAT, cmP2 	108.26 (74.13, 143.53) 	110.65 (81.73, 143.70) 	105.77 (73.55, 143.09) 	0.50


 	VAT, cm2 	102.63 (70.95,150.29) 	107.28 (75.94, 152.74) 	101.21 (68.05, 151.48) 	0.67





*p values lower than 0.05 are indicated in bold. Values are median (interquartile range) or number (%). NA, Not applicable; BMI, Body mass index; PNI, Prognostic nutritional index; PBD, Preoperative biliary drainage; NAT, Neoadjuvant chemotherapy; CDC, Clavien-Dindo classifications; CR-POPF, Clinically relevant postoperative pancreatic fistula; SMI, Skeletal muscle index; SATI, Subcutaneous adipose tissue index; VATI, Visceral adipose tissue index; SMA, Skeletal muscle area; SAT, Subcutaneous adipose tissue; VAT, Visceral adipose tissue.
 



Perioperative management and definitions

The indications for preoperative biliary drainage (PBD) in our institution include cholangitis, delayed surgery, and relief of jaundice in patients planned to receive neoadjuvant therapy (NAT). All the pancreatoduodenectomy procedures with or without pylorus preservation were performed or supervised by the same experienced surgeon (Xinbo Wang). A two-layer duct-to-mucosa pancreato-jejunostomy with Child technique was used for reconstruction. At the end of operation, two abdominal closed suction drains were then positioned to the bilio-jejunal anastomosis and the pancreato-jejunal anastomosis. Perioperative care was provided per the Enhanced Recovery After Surgery (ERAS) recommendations as we conferred before.2 Drainage tubes were removed when the routine evaluation CT scan at POD7 indicated no evidence of an encapsulated effusion in the abdominal cavity.

Postoperative complications were defined according to Clavien-Dindo classification (CDC), validated in pancreatic surgery (13, 14). Major complications were considered for CDC ≥ 3. Postoperative pancreatic fistula (POPF) was defined according to the International Study Group for Pancreatic Fistula (ISGPF) criteria as biochemical (grade A) or clinically relevant fistula (CR-POPF; grades B or C) (15). Postoperative mortality and morbidity were defined as occurring during hospital admission or within 30 d after discharge.

Sarcopenia was defined using the sex-specific SMI cutoff values of SMI < 43 cm2/m2 with BMI < 25 kg/m2 or SMI < 53 cm2/m2 with BMI ≥ 25 kg/m2 in males and SMI < 41 cm2/m2 in females (16). The thresholds for sarcopenia derived from Western population standards was really well studied in the Chinese population (17). Visceral obesity was defined as visceral adipose tissue (VAT) > 136 cm2 in men and > 95 cm2 in women as there were established for a cohort of patients similar to ours (18). As an indicator of nutritional status, prognostic nutritional index (PNI) was assessed using the following equation as described previously: PNI = 10 * serum albumin (g/dl) + 0.005 *total lymphocyte count in the peripheral blood (/mm3) (19).



Statistical analysis

Statistical analysis was performed by SPSS 25.0 software (IBM Corp., Armonk, NY, United States). Continuous variables with normal distribution were presented as mean ± SD and compared with independent t test, Mann–Whitney U test was used when they showed skewed distribution and expressed as median (Interquartile range, IQR). For categorical variables were presented as absolute values and percentages and χ2 test or Fisher exact probability method was used for comparison between groups. Univariate and multivariate logistic regression model was applied to identify factors associated with major complications and CR-POPF in PD. Indices with statistically significant differences (p value< 0.05) in univariate analysis were included in the multivariate analysis, and gender, age, and BMI were also included as covariates in the multivariate analysis. The degree of association was estimated using corresponding odds ratios (OR) and their 95% confidence intervals. Statistical significance was considered at a p value < 0.05.




Results


Clinical characteristics of all patients

Between 2020 and 2024, there were 250 eligible patients underwent pancreaticoduodenectomy for periampullary tumors in this surgical registry in our hospital. Among these patients, 231 consecutive patients were selected based on the inclusion/exclusion criteria for this study. The reasons for exclusion were that a lack of preoperative CT performed within 30 days before surgery (n = 10) and postoperative CT at POD7 (n = 9). Among the 231 patients (142 males and 89 females) included, there were no missing data on the main variables in the analysis. Patient demographics are summarized in Table 1. The median age and BMI were 62 years and 22.23 kg/m2. Tumor patients accounted for 94.8%, the total morbidity rate was 68.0%, and the incidence of major complications (CDC ≥ 3) was 33.3%. Of these, 25 patients (10.8%) fulfilled the CR-POPF ISGPF definition postoperatively, while 206 patients (89.2%) had POPF 0/A. There was 1 case of postoperative mortality in this cohort in the figure.

Patients with complications had a lower SMI values (p = 0.019) than patients without complications. Other body composition-derived variables were not significantly different between the two groups. Moreover, after dichotomizing the cohort in complication and noncomplication patients, there were no significant difference on the baseline, surgical and histopathological data.



Perioperative distribution of body composition

Patients exhibited wide variation in body composition after the surgical trauma (Table 2). In particular, at POD7, there was a drop in SAT and SATI, while SMI, SMA, VATI and VAT increased with respect to the preoperative values, although only VAT appeared somehow without reaching statistical significance. Moreover, the rate of sarcopenia has significantly decreased while the rate of visceral obesity has significantly increased postoperatively. These changes indicate the characteristics of postoperative short-term distribution of body composition after PD.


TABLE 2 Perioperative distribution of body composition of the whole cohort (n = 231).


	Variables
	Preoperative period
	Postoperative period
	p-value*

 

 	SMI, cm2/m2 	40.40 ± 7.43 	41.72 ± 6.38 	0.000


 	SMA, cm2 	110.50 ± 24.72 	113.86 ± 21.30 	0.000


 	SATI, cm2/m2 	38.47 (26.91, 53.96) 	37.43 (25.46, 51.06) 	0.000


 	SAT, cm2 	108.26 (74.13, 143.53) 	101.34 (72.52, 134.22) 	0.000


 	VATI, cm2/m2 	37.90 (26.80, 56.12) 	46.24 (32.57, 62.87) 	0.000


 	VAT, cm2 	102.63 (70.95,150.29) 	110.81 (77.81, 145.52) 	0.051


 	Sarcopenia, n (%) 	151 (65.4) 	136 (58.9) 	0.000


 	Visceral obesity, n (%) 	97 (42.0) 	107 (46.3) 	0.000





*p values lower than 0.05 are indicated in bold. Values are median (interquartile range). SMI, Skeletal muscle index; SMA, Skeletal muscle area; SATI, Subcutaneous adipose tissue index; SAT, Subcutaneous adipose tissue; VATI, Visceral adipose tissue index; VAT, Visceral adipose tissue.
 



Risk factor analysis for complications, major complications and clinically relevant pancreatic fistulas

Risk factor analysis was conducted to determine the risk factors of complications, major complications and development of CR-POPF. Table 3 illustrates the risk factor analysis for complications. Sarcopenia and visceral obesity were noted in 111 (70.7%) and 66 (42.0%) of patients with complications and 40 (54.1%) and 31 (41.9%) of patients without complications, respectively. In univariate analysis, low SMI and sarcopenia were significantly related to the occurrence of complications. The low SMI was an independent risk factor for complications in multivariate analysis (odds ratio [OR], 0.92, 95% confidence interval [CI], 0.85–1.00, p = 0.04). However, visceral obesity and other body composition behavior were not statistically related to the occurrence of complications.


TABLE 3 Univariate and multivariate analyses of potential predictors associated with complications.


	Variables
	With complications (n = 157)
	Without complications (n = 74)
	Univariate(p-value*)
	Multivariate



	OR
	95% CI
	p-value*

 

 	Sex, male, n (%) 	99 (63.1) 	43 (58.1) 	0.47 	2.27 	1.11–4.68 	0.03


 	Age, years 	63 (54, 69) 	62 (51, 67) 	0.30 	1.00 	0.98–1.03 	0.83


 	BMI (kg/m2) 	22.15 (20.04, 24.22) 	22.37 (20.52, 24.76) 	0.65 	1.11 	0.98–1.26 	0.11


 	SMI (cm2/m2) 	39.62 ± 7.78 	42.06 ± 6.38 	0.02 	0.92 	0.85–1.00 	0.04


 	SATI (cm2/m2) 	38.46 (26.59, 52.25) 	40.13 (27.36, 56.20) 	0.35 	 	 	


 	VATI (cm2/m2) 	36.99 (25.16, 56.07) 	39.08 (28.72, 56.33) 	0.63 	 	 	


 	PBD, n (%) 	32 (20.4) 	10 (13.5) 	0.21 	 	 	


 	Albumin (g/L) 	37.36 ± 6.46 	35.88 ± 6.30 	0.11 	 	 	


 	Hemoglobin (g/L) 	120.09 ± 18.54 	123.81 ± 18.47 	0.16 	 	 	


 	Sarcopenia, n (%) 	111 (70.7) 	40 (54.1) 	0.01 	1.33 	0.59–3.00 	0.49


 	Visceral obesity, n (%) 	66 (42) 	31 (41.9) 	0.98 	 	 	





*p values lower than 0.05 are indicated in bold. Values are median (interquartile range) or number (%). Values are median (interquartile range) or number (%). OR, Odds ratio; CI, Confidence intervals; BMI, Body mass index; SMI, Skeletal muscle index; SATI, Subcutaneous adipose tissue index; VATI, Visceral adipose tissue index; PBD, Preoperative biliary drainage.
 

As exploratory analysis, the comparison of perioperative distribution of body composition between patients with and without major complications is shown in Table 4. There were not any independent risk factors for major complications (CDC ≥ 3) after PD in this cohort. Even those patients with sarcopenia or visceral obesity did not experience much more major complications. Regarding specific pancreatic complications, we also performed a risk factor analysis of CR-POPF development (Table 5). Univariable analysis showed statistical significance with high BMI, PNI, SMI and VATI, visceral obesity, lower ∆VATI between POD7 and before surgery, soft pancreatic texture, and high blood albumin in the occurrence of CR-POPF. After multivariate analysis, soft pancreatic texture was the exclusive independent prognostic factor for development of CR-POPF (OR, 3.23, 95% CI, 1.17–8.89, p = 0.02).


TABLE 4 Univariate analyses of potential predictors associated with major complications.


	Variables
	CDC < 3 (n = 154)
	CDC ≥ 3 (n = 77)
	p-value*
	Odds ratio
	95% CI

 

 	Sex, male, n (%) 	92 (59.7) 	50 (64.9) 	0.45 	1.25 	0.71–2.20


 	Age, years 	62.0 (52.8, 69.0) 	64.0 (54.5, 69.0) 	0.52 	1.01 	0.98–1.03


 	BMI (kg/m2) 	22.37 ± 2.97 	22.59 ± 3.04 	0.60 	1.03 	0.94–1.12


 	PNI 	44.16 ± 6.74 	43.98 ± 7.87 	0.86 	1.00 	0.96–1.04


 	SMI (cm2/m2) 	40.35 ± 7.56 	40.49 ± 7.22 	0.89 	1.00 	0.97–1.04


 	SATI (cm2/m2) 	38.43 (25.93, 54.94) 	39.20 (28.67, 52.90) 	0.89 	1.00 	0.99–1.01


 	VATI (cm2/m2) 	37.74 (27.18, 55.36) 	37.90 (26.75, 60.79) 	0.32 	1.01 	0.99–1.02


 	∆SMI (cm2/m2) 	0.02 (−0.03, 0.08) 	0.03 (−0.04, 0.13) 	0.39 	2.77 	0.28–27.85


 	∆SATI (cm2/m2) 	−0.06 (−0.13, 0.03) 	−0.05 (−0.15, 004) 	0.83 	1.20 	0.23–6.29


 	∆VATI (cm2/m2) 	0.18 (−0.04, 0.59) 	0.12 (−0.04, 0.36) 	0.18 	0.62 	0.31–1.24


 	Sarcopenia, n (%) 	100 (64.9) 	51 (66.2) 	0.85 	0.94 	0.53–1.68


 	Visceral obesity, n (%) 	61 (39.6) 	36 (46.8) 	0.30 	1.34 	0.77–2.33


 	Albumin (g/L) 	36.76 ± 6.37 	37.13 ± 6.60 	0.69 	1.01 	0.97–1.05


 	Hemoglobin (g/L) 	120.84 ± 19.13 	122.17 ± 17.44 	0.61 	1.00 	0.99–1.02





*p values lower than 0.05 are indicated in bold. Values are median (interquartile range) or number (%). CI, Confidence intervals; CDC, Clavien-Dindo classifications; BMI, Body mass index; PNI, Prognostic nutritional index; SMI, Skeletal muscle index; SATI, Subcutaneous adipose tissue index; VATI, Visceral adipose tissue index; ∆SMI/∆SATI/∆VATI defined as the difference between values (SMI/SATI/VATI) at POD 7 and preoperative.
 


TABLE 5 Univariate and multivariate analyses of potential predictors associated with clinically relevant postoperative pancreatic fistula (CR-POPF).


	Variables
	Non CR-POPF (n = 206)
	CR-POPF (n = 25)
	Univariate (p-value*)
	Multivariate



	OR
	95% CI
	p-value*

 

 	Sex, male, n (%) 	126 (61.2) 	16 (64) 	0.78 	0.71 	0.22–2.29 	0.57


 	Age, years 	62 (53,69) 	65 (54.5, 69.5) 	0.60 	0.30 	0.98–1.08 	0.30


 	BMI (kg/m2) 	22.25 ± 2.88 	24.02 ± 3.45 	0.007 	1.04 	0.83–1.31 	0.73


 	PNI 	43.59 ± 6.60 	48.28 ± 9.67 	0.003 	1.14 	0.97–1.35 	0.11


 	SMI (cm2/m2) 	39.96 ± 7.36 	44.02 ± 7.23 	0.01 	1.06 	0.96–1.17 	0.29


 	SATI (cm2/m2) 	41.02 ± 20.50 	49.45 ± 20.57 	0.06 	 	 	


 	VATI (cm2/m2) 	36.67 (25.68, 53.32) 	60.16 (32.83, 83.30) 	0.001 	1.01 	0.98–1.04 	0.64


 	∆SMI (cm2/m2) 	0.03 (−0.03, 0.11) 	−0.01 (−0.06, 0.05) 	0.07 	 	 	


 	∆SATI (cm2/m2) 	−0.05 (−0.13, 0.04) 	−0.04 (−0.12, 0.05) 	0.88 	 	 	


 	∆VATI (cm2/m2) 	0.16 (−0.03, 0.54) 	0.08 (−0.11, 0.29) 	0.04 	0.83 	0.18–3.83 	0.81


 	Sarcopenia, n (%) 	136 (66.0) 	15 (60) 	0.55 	 	 	


 	Visceral obesity, n (%) 	80 (38.8) 	17 (68) 	0.008 	0.80 	0.19–3.37 	0.76


 	Pancreatic texture, soft, n (%) 	93 (45.1) 	19 (76) 	0.006 	0.31 	0.11–0.89 	0.03


 	Albumin (g/L) 	36.50 ± 6.14 	40.05 ± 7.96 	0.01 	0.93 	0.77–1.11 	0.42


 	Hemoglobin (g/L) 	120.80 ± 18.21 	125.24 ± 21.25 	0.26 	 	 	





*p values lower than 0.05 are indicated in bold. Values are median (interquartile range) or number (%). OR, Odds ratio, CI, Confidence intervals; BMI, Body mass index; PNI, Prognostic nutritional index; SMI, Skeletal muscle index; SATI, Subcutaneous adipose tissue index; VATI, Visceral adipose tissue index; ∆SMI/∆SATI/∆VATI defined as the difference between values (SMI/SATI/VATI) at POD 7 and preoperative.
 




Discussion

This retrospective study allowed us to evaluate perioperative distribution of body composition at CT in stratifying the risk of postoperative morbidity following pancreaticoduodenectomy (PD) for periampullary tumors. In particular, we have observed that skeletal muscle index (SMI) was an independent risk variable for postoperative complications. In univariable analysis, there were some associations between muscle and adipose behavior and clinically relevant postoperative pancreatic fistula (CR-POPF), while soft pancreatic texture was the sole independent risk factor for CR-POPF in the multivariable analysis. Surprisingly, no one of the perioperative body composition parameters were able to identify patients in a state of major complications after PD.

Sarcopenia and other body composition abnormalities are increasingly recognized not only as the progressive and generalized muscle and adipose disorders in pancreatic cancer, but also ones associated with a range of short-term and long-term oncological outcomes (20–23). This cohort study confirmed the important role of SMI as a prognostic factor for outcomes after PD. The prevalence of sarcopenia in pancreatic cancer patients range between 20 and 65% due to the heterogeneous groups of patients, difference in disease stage, and the different methods of measuring sarcopenia (11). Relationship between sarcopenia and outcome following PD is debated. The prognostic value of sarcopenia on postoperative complications and survival is clinically relevant as it can be objectively and reliably measured and is a potentially modifiable risk factor (24). It can be assessed by the routine preoperative staging computed tomography (CT) but its role in surgical outcome in particular the occurrence of POPF is still unclear and debatable. In some case, sarcopenia alone did not have any impact on the outcome of these complications post pancreatic surgery, while sarcopenic obesity was independently associated with 90-day mortality (25). The other two cohort studies also reported that sarcopenic obesity rather than sarcopenia itself, was associated with an increased risk of major complications after PD (26, 27).

The results of this study are surprising and controversial. Multiple studies have demonstrated that sarcopenia and sarcopenic visceral obesity exert negative prognostic effects on oncologic outcomes in PDCA. However, in this cohort, neither sarcopenia, visceral obesity, nor other body composition parameters showed a significant association with major complications or CR-POPF. In fact, the percentage of patients at high risk for malnutrition varies between the nutritional assessment metrics, and the patients assigned as high risk by these scores might be not significantly prone to more postoperative complications (5). There are some possible reasons why the present study found no association between perioperative body composition parameters and clinically relevant postoperative mortality and morbidity.

First, all patients in our study were managed according to ERAS principles. On admission, preoperative risk stratification for the occurrence of postoperative clinically relevant morbidity will be carefully evaluated, along with the identification of modifiable risk factors such as patient nutritional status. The ERAS programs integrated with multimodal prehabilitation strategies have been conceived to improve nutritional and functional capacity, reduce visceral obesity in cancer patients, minimize the surgical insult and reduce the extent of postoperative inflammation (28, 29). Our previous study confirmed that ERAS programs lower the risk of major complications in PD, and subsequently advance the time of initiation of adjuvant chemotherapy (2). Furthermore, high-risk patients identified through nutritional screening tools should be prioritized for perioperative nutritional support. Notably, subtle improvements in nutritional status and functional capacity may not be fully captured by CT-based body composition analysis performed before surgery, potentially limiting its sensitivity to short-term physiological changes (30). This discrepancy might lead to either underestimate or overestimate the value of malnutrition in risk stratification. Second, given the complexity of the procedure, the rate of postoperative morbidity following PD is usually higher when compared with other gastrointestinal operations. Any malnutrition or body composition abnormalities, however defined, has only a minor influence on the postoperative outcome. Hence, it is not surprising that the univariate analysis identified some body composition parameters including BMI, PNI, SMI, VATI and visceral obesity presence as independent determinants of CR-POPF onset while the effect of soft pancreatic texture remained the exclusive risk factor at the multivariate analyses (31, 32). Third, this study retrospectively recruited the consecutive patients nearly 4 years in a prospective surgical registry. The long span of retrospective recruitment in other studies might interfere with the analysis results, especially when the prognostic role of body composition was some extent not much clear in stratifying the risk of major complications and CR-POPF after PD. Furthermore, all the procedures in this study were performed or supervised by the same experienced surgeon. PD is highly invasive procedures with an inherent risk of complications. Taking this into consideration, the highly homogenized and fully managed surgical quality in the study greatly reduces the clinically relevant postoperative morbidity and mortality, which may also offset the negative effects of nutritional high-risk factors such as BMI, SMI, visceral obesity indicated in other studies. However, this would not contradict much of the evidence on the impact of malnutrition. We cannot emphasize the importance of nutritional management too much in the era of ERAS. There is also an urgent need for new and comprehensive nutritional assessment score and evaluation methods most suitable for prediction of postoperative complications in patients undergoing PD (12).

In our study, body composition parameters such as SMI and VATI increased after surgery, while SATI decreased, which may reside in the early postoperative proinflammation. Although the intraoperative management of intravenous fluid was standardized for each patient, thus reducing the risk of fluid overload in the extracellular compartment. Recently, studies have confirmed the usefulness of body composition measurements in assessing nutritional status and predicting prognosis in critically ill (33), post-gastrectomy (34), and pancreatic trauma patients (35). It was found that on day 3, 6, and 9 after PD, the extracellular water level based on bioimpedance vectorial analysis (BIVA) was significantly higher than the preoperative level (36). The increasing popularity of neoadjuvant therapy today may also interfere with the accuracy of skeletal muscle measurements (37). Early postoperative CT-measured sarcopenia and visceral obesity demonstrates an undiscernible correlation with an elevated risk of postoperative morbidity and mortality in the context of PD. The ready availability of sequential CT offers a valuable opportunity for body composition assessment and a potential surrogate for blood inflammatory biomarkers as well as sequential BIVA. However, the quality of assessment and interpretation must improve before the impact of body composition on treatment-related outcomes and survival can be assessed (38). It is well known this attitude to reduced tolerance to stressful events underlies how the sarcopenia and visceral obesity has been widely associated with the concept of frailty (39).

The current study has important limitations. First, CT has an innate uncertainty to whether the same cross-sectional area, such as L3 level used in the study, captures treatment effects, especially if strength exercise intervention cooperated with nutritional support in prehabilitation program mainly involves large muscle groups in the upper and lower extremities when measuring body composition (40). Considering fat mass, previous study has reported that a single CT image slice may not accurately predict adipose tissue changes during weight loss in cancer patients (41). Second, the application of our perioperative absolute variation of body composition at CT should be further investigated and validated with different body composition analyzers and proinflammatory markers. Dedicated software to process the images and interpretation from a trained radiologist are required. Certain body conditions provoking extreme hyperhydration or dehydration in the early postoperative proinflammatory status after PD may bias the assessment of muscle mass. Third, we only evaluate the risk stratification of muscle mass quantification at CT without assessing muscle strength, which is increasingly being recognized as a risk factor for major complications after gastrointestinal surgery (42) or PD (7). Future prospective studies may more accurately assess sarcopenia by utilizing both imaging and clinical data, such as frailty. Finally, it was restricted to one center that specialized in PD based on a homogenous Chinese population, and the results may have limited applicability to other institution. In future multicenter prospective studies, we will include more patients to mitigate this limitation and further assess the utility of the respective thresholds using both Eastern and Western criteria.



Conclusion

To our knowledge, this is the first study to retrospectively evaluate perioperative body composition behavior as an important prognostic marker and its relationship with nutritional status, in patients who underwent pancreaticoduodenectomy surgery. We did not see an association between sarcopenia or visceral obesity based on CT and major complications or CR-POPF, but there was a relation with the skeletal muscle index and postoperative complications. The study provides the most robust evidence to date that the highly homogenized and fully managed surgical quality in the era of ERAS greatly reduces the clinically relevant postoperative morbidity and mortality following PD, which may also offset the negative effects of nutritional high-risk factors such as BMI, SMI, visceral obesity indicated in previous studies. Future prospective studies may not only more accurately assess sarcopenia and visceral obesity, but also provide a basis for therapeutic prehabilitation by utilizing both imaging and functional assessment data for prediction of postoperative complications in patients undergoing PD.



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 the Ethics Committee of the Jinling 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.



Author contributions

LC: Formal analysis, Software, Writing – original draft. SW: Methodology, Writing – review & editing, Supervision. YeX: Data curation, Supervision, Writing – review & editing. HZ: Software, Writing – review & editing. DZ: Data curation, Writing – review & editing. YiX: Data curation, Writing – review & editing. XW: Supervision, Writing – review & editing. XY: Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Natural Science Foundation of China (82373296) and Jinling Hospital Clinical Research Endurance Project (22LCYY-XH3).



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 authors declare that no Gen 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. Sanchez-Velazquez, P, Muller, X, Malleo, G, Park, JS, Hwang, HK, Napoli, N , et al. Benchmarks in pancreatic surgery: a novel tool for unbiased outcome comparisons. Ann Surg. (2019) 270:211–8. doi: 10.1097/SLA.0000000000003223 
	 2. Li, M, Wang, X, Shen, R, Wang, S, and Zhu, D. Advancing the time to the initiation of adjuvant chemotherapy and improving postoperative outcome: enhanced recovery after surgery in Pancreaticoduodenectomy. Am Surg. (2020) 86:293–9. doi: 10.1177/000313482008600424 
	 3. Sandini, M, Ruscic, KJ, Ferrone, CR, Qadan, M, Eikermann, M, Warshaw, AL , et al. Major complications independently increase long-term mortality after Pancreatoduodenectomy for Cancer. J Gastrointest Surg. (2019) 23:1984–90. doi: 10.1007/s11605-018-3939-y 
	 4. Min, L, Wang, X-b, Wang, S-z, Shen, R-x, Zhu, D-j, Li, N , et al. Clinical study of enhanced recovery after surgery for pancreatoduodenectomy. Chin J Pract Surg. (2015) 35:863–6. doi: 10.7504/CJPS.ISSN1005-2208.2015.08.18
	 5. Probst, P, Haller, S, Bruckner, T, Ulrich, A, Strobel, O, Hackert, T , et al. Prospective trial to evaluate the prognostic value of different nutritional assessment scores in pancreatic surgery (NURIMAS pancreas). Br J Surg. (2017) 104:1053–62. doi: 10.1002/bjs.10525 
	 6. Pecorelli, N, Carrara, G, De Cobelli, F, Cristel, G, Damascelli, A, Balzano, G , et al. Effect of sarcopenia and visceral obesity on mortality and pancreatic fistula following pancreatic cancer surgery. Br J Surg. (2016) 103:434–42. doi: 10.1002/bjs.10063 
	 7. Nakajima, T, Ikuta, S, Fujikawa, M, Ikuta, L, Matsuki, G, Ichise, N , et al. High hand grip strength is a significant risk factor and a useful predictor of postoperative pancreatic fistula following pancreaticoduodenectomy. Langenbeck's Arch Surg. (2024) 409:85. doi: 10.1007/s00423-024-03274-3 
	 8. Guarneri, G, Pecorelli, N, Bettinelli, A, Campisi, A, Palumbo, D, Genova, L , et al. Prognostic value of preoperative CT scan derived body composition measures in resected pancreatic cancer. Eur J Surg Oncol. (2024) 50:106848. doi: 10.1016/j.ejso.2023.02.005 
	 9. Ryu, Y, Shin, SH, Kim, JH, Jeong, WK, Park, DJ, Kim, N , et al. The effects of sarcopenia and sarcopenic obesity after pancreaticoduodenectomy in patients with pancreatic head cancer. HPB (Oxford). (2020) 22:1782–92. doi: 10.1016/j.hpb.2020.04.004 
	 10. Cai, Z, Yang, Y, Fu, X, Mao, L, and Qiu, Y. Predictive value of body composition parameters for postoperative complications in patients who received Pancreaticoduodenectomy. Eur Surg Res. (2023) 64:252–60. doi: 10.1159/000529429 
	 11. Bundred, J, Kamarajah, SK, and Roberts, KJ. Body composition assessment and sarcopenia in patients with pancreatic cancer: a systematic review and meta-analysis. HPB (Oxford). (2019) 21:1603–12. doi: 10.1016/j.hpb.2019.05.018 
	 12. Phillips, ME, Robertson, MD, Bennett-Eastley, K, Rowe, L, Frampton, AE, and Hart, KH. Standard nutritional assessment tools are unable to predict loss of muscle mass in patients due to undergo Pancreatico-Duodenectomy: highlighting the need for detailed nutritional assessment. Nutrients. (2024) 16:1269. doi: 10.3390/nu16091269 
	 13. Dindo, D, Demartines, N, and Clavien, PA. Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg. (2004) 240:205–13. doi: 10.1097/01.sla.0000133083.54934.ae 
	 14. Ekstrom, E, Ansari, D, Williamsson, C, Andersson, R, Tingstedt, B, Aronsson, L , et al. Impact of body constitution on complications following pancreaticoduodenectomy: a retrospective cohort study. Int J Surg. (2017) 48:116–21. doi: 10.1016/j.ijsu.2017.10.035 
	 15. Bassi, C, Marchegiani, G, Dervenis, C, Sarr, M, Abu Hilal, M, Adham, M , et al. The 2016 update of the international study group (ISGPS) definition and grading of postoperative pancreatic fistula: 11 years after. Surgery. (2017) 161:584–91. doi: 10.1016/j.surg.2016.11.014 
	 16. Martin, L, Birdsell, L, Macdonald, N, Reiman, T, Clandinin, MT, McCargar, LJ , et al. Cancer cachexia in the age of obesity: skeletal muscle depletion is a powerful prognostic factor, independent of body mass index. J Clin Oncol. (2013) 31:1539–47. doi: 10.1200/JCO.2012.45.2722 
	 17. Wang, J, Dong, P, Qu, Y, Xu, W, Zhou, Z, Ning, K , et al. Association of computed tomography-based body composition with survival in metastatic renal cancer patient received immunotherapy: a multicenter, retrospective study. Eur Radiol. (2023) 33:3232–42. doi: 10.1007/s00330-022-09345-7 
	 18. Kim, HI, Kim, JT, Yu, SH, Kwak, SH, Jang, HC, Park, KS , et al. Gender differences in diagnostic values of visceral fat area and waist circumference for predicting metabolic syndrome in Koreans. J Korean Med Sci. (2011) 26:906–13. doi: 10.3346/jkms.2011.26.7.906 
	 19. Roy, LB, Edwards, PA, and Barr, LH. The value of nutritional assessment in the surgical patient. J Parenter Enteral Nutr. (1985) 9:170–2. doi: 10.1177/0148607185009002170
	 20. Chen, LK, Woo, J, Assantachai, P, Auyeung, TW, Chou, MY, Iijima, K , et al. Asian working Group for Sarcopenia: 2019 consensus update on sarcopenia diagnosis and treatment. J Am Med Dir Assoc. (2020) 21:300–7.e2. doi: 10.1016/j.jamda.2019.12.012 
	 21. Prado, CM, Batsis, JA, Donini, LM, Gonzalez, MC, and Siervo, M. Sarcopenic obesity in older adults: a clinical overview. Nat Rev Endocrinol. (2024) 20:261–77. doi: 10.1038/s41574-023-00943-z 
	 22. Babic, A, Rosenthal, MH, Sundaresan, TK, Khalaf, N, Lee, V, Brais, LK , et al. Adipose tissue and skeletal muscle wasting precede clinical diagnosis of pancreatic cancer. Nat Commun. (2023) 14:4317. doi: 10.1038/s41467-023-40024-3 
	 23. Cruz-Jentoft, AJ, and Sayer, AA. Sarcopenia. Lancet. (2019) 393:2636–46. doi: 10.1016/S0140-6736(19)31138-9 
	 24. Peng, YC, Wu, CH, Tien, YW, Lu, TP, Wang, YH, and Chen, BB. Preoperative sarcopenia is associated with poor overall survival in pancreatic cancer patients following pancreaticoduodenectomy. Eur Radiol. (2021) 31:2472–81. doi: 10.1007/s00330-020-07294-7 
	 25. Pecorelli, N, Capretti, G, Sandini, M, Damascelli, A, Cristel, G, De Cobelli, F , et al. Impact of Sarcopenic obesity on failure to rescue from major complications following Pancreaticoduodenectomy for Cancer: results from a multicenter study. Ann Surg Oncol. (2018) 25:308–17. doi: 10.1245/s10434-017-6216-5 
	 26. Sandini, M, Bernasconi, DP, Fior, D, Molinelli, M, Ippolito, D, Nespoli, L , et al. A high visceral adipose tissue-to-skeletal muscle ratio as a determinant of major complications after pancreatoduodenectomy for cancer. Nutrition. (2016) 32:1231–7. doi: 10.1016/j.nut.2016.04.002 
	 27. Jang, M, Park, HW, Huh, J, Lee, JH, Jeong, YK, Nah, YW , et al. Predictive value of sarcopenia and visceral obesity for postoperative pancreatic fistula after pancreaticoduodenectomy analyzed on clinically acquired CT and MRI. Eur Radiol. (2019) 29:2417–25. doi: 10.1007/s00330-018-5790-7 
	 28. Gillis, C, Fenton, TR, Sajobi, TT, Minnella, EM, Awasthi, R, Loiselle, SE , et al. Trimodal prehabilitation for colorectal surgery attenuates post-surgical losses in lean body mass: a pooled analysis of randomized controlled trials. Clin Nutr. (2019) 38:1053–60. doi: 10.1016/j.clnu.2018.06.982 
	 29. Molenaar, CJL, Minnella, EM, Coca-Martinez, M, Ten Cate, DWG, Regis, M, Awasthi, R , et al. Effect of multimodal Prehabilitation on reducing postoperative complications and enhancing functional capacity following colorectal Cancer surgery: the PREHAB randomized clinical trial. JAMA Surg. (2023) 158:572–81. doi: 10.1001/jamasurg.2023.0198 
	 30. Gianotti, L, Besselink, MG, Sandini, M, Hackert, T, Conlon, K, Gerritsen, A , et al. Nutritional support and therapy in pancreatic surgery: a position paper of the international study group on pancreatic surgery (ISGPS). Surgery. (2018) 164:1035–48. doi: 10.1016/j.surg.2018.05.040 
	 31. Saravana-Bawan, B, Goplen, M, Alghamdi, M, and Khadaroo, RG. The relationship between visceral obesity and post-operative complications: a meta-analysis. J Surg Res. (2021) 267:71–81. doi: 10.1016/j.jss.2021.04.034 
	 32. Kamarajah, SK, Bundred, JR, Lin, A, Halle-Smith, J, Pande, R, Sutcliffe, R , et al. Systematic review and meta-analysis of factors associated with post-operative pancreatic fistula following pancreatoduodenectomy. ANZ J Surg. (2021) 91:810–21. doi: 10.1111/ans.16408 
	 33. Razzera, EL, Marcadenti, A, Rovedder, SW, Alves, FD, Fink, JDS, and Silva, FM. Parameters of bioelectrical impedance are good predictors of nutrition risk, length of stay, and mortality in critically ill patients: a prospective cohort study. JPEN J Parenter Enteral Nutr. (2020) 44:849–54. doi: 10.1002/jpen.1694 
	 34. Nishida, Y, Tokunaga, M, Kameyama, A, Miyamoto, M, Yoshifuku, S, Sasahara, K , et al. A prospective clinical study evaluating short-term changes in body composition and quality of life after gastrectomy in elderly patients receiving postoperative exercise and nutritional therapies. BMC Surg. (2023) 23:181. doi: 10.1186/s12893-023-02086-4 
	 35. Wang, X, Chu, C, Wang, L, Chen, F, Yang, C, Deng, Y , et al. Sequential changes in body composition and metabolic response after pancreatic trauma. Nutrition. (2023) 111:112036. doi: 10.1016/j.nut.2023.112036 
	 36. Petrolo, M, Rangelova, E, Toilou, M, and Hammarqvist, F. Body composition, muscle function and biochemical values in patients after pancreatic surgery: an observational study. Clin Nutr. (2021) 40:4284–9. doi: 10.1016/j.clnu.2021.01.021 
	 37. Griffin, OM, Bashir, Y, O'Connor, D, Peakin, J, McMahon, J, Duggan, SN , et al. Measurement of body composition in pancreatic cancer: a systematic review, meta-analysis, and recommendations for future study design. Dig Surg. (2022) 39:141–52. doi: 10.1159/000524575 
	 38. Sandini, M, Gianotti, L, Paiella, S, Bernasconi, DP, Roccamatisi, L, Famularo, S , et al. Predicting the risk of morbidity by GLIM-based nutritional assessment and body composition analysis in oncologic abdominal surgery in the context of enhanced recovery programs: the PHase angle value in abdominal surgery (PHAVAS) study. Ann Surg Oncol. (2024) 31:3995–4004. doi: 10.1245/s10434-024-15143-w 
	 39. Park, B, Bhat, S, Xia, W, Barazanchi, AWH, Frampton, C, Hill, AG , et al. Consensus-defined sarcopenia predicts adverse outcomes after elective abdominal surgery: meta-analysis. BJS Open. (2023) 7:zrad065. doi: 10.1093/bjsopen/zrad065 
	 40. Solheim, TS, Laird, BJA, Balstad, TR, Stene, GB, Bye, A, Johns, N , et al. A randomized phase II feasibility trial of a multimodal intervention for the management of cachexia in lung and pancreatic cancer. J Cachexia Sarcopenia Muscle. (2017) 8:778–88. doi: 10.1002/jcsm.12201 
	 41. Balstad, TR, Brunelli, C, Pettersen, CH, Schonberg, SA, Skorpen, F, Fallon, M , et al. Power comparisons and clinical meaning of outcome measures in assessing treatment effect in Cancer Cachexia: secondary analysis from a randomized pilot multimodal intervention trial. Front Nutr. (2020) 7:602775. doi: 10.3389/fnut.2020.602775 
	 42. Simonsen, C, De Heer, P, Bjerre, ED, Suetta, C, Hojman, P, Pedersen, BK , et al. Sarcopenia and postoperative complication risk in gastrointestinal surgical oncology: a meta-analysis. Ann Surg. (2018) 268:58–69. doi: 10.1097/SLA.0000000000002679 


Copyright
 © 2025 Cai, Wang, Xie, Zheng, Zhu, Xiao, Wang and Ye. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Perioperative evaluation of CT-based body composition as predictors of postoperative outcome following pancreaticoduodenectomy



		Introduction



		Methods



		Patients and baseline characteristics



		Assessment of perioperative body composition at CT



		Perioperative management and definitions



		Statistical analysis









		Results



		Clinical characteristics of all patients



		Perioperative distribution of body composition



		Risk factor analysis for complications, major complications and clinically relevant pancreatic fistulas









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fnut-12-1576144-g001.jpg
| Body composition

() @n

Analyzing area: L3 vertebra

Tissue Mask volume(cm3) CT(Hu)
Adipose tissue

subcutaneous

adipose tissue 5436 -83.00
| adif

e e e 1 01197 #7113

abdominal

intramuscular 1322 -3194

adipose tissue

r intra-

Mischaradpose 831 -4581

6 6 ¢

©

tissue
Skeletal muscle tissue
distribution of

abdominal skeletal M
muscle

3249 4301

- 3593 7125

paraspinal muscle

Body composition
0 )

D

Analyzing area: L3 vertebra

©

)

Tissue Mask volume(cm3) CT(Hu)

Adipose tissue
subcutaneous
adiposetissue B 4367 -80.71
pisceralaciposs N W1 03.26 273 15,
abdominal
intramuscular w867 -5233
adpose tezie

ra-
Muscilar adipose ™ 593 -59.12
fissue

Skeletal muscle tissue
distributi f
abdominal skeletal ™  37.71 24,07
muscle

m 4685 3616

paraspinal muscle

© 6 6

)

©






OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Perioperative evaluation of
CT-based body composition as
predictors of postoperative
outcome following
pancreaticoduodenectomy












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






