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Abstract

This randomized controlled trial evaluates the impact of a structured preoperative nutritional optimization protocol on
postoperative outcomes in patients undergoing major abdominal surgery. From 2021-2023, 312 malnourished patients (NRS-2002
23) scheduled for gastrectomy, colectomy, or pancreatoduodenectomy were randomized to: 1) Standard Care (SC, n=104), 2) Oral
Nutritional Supplementation (ONS, n=104), or 3) Multimodal Optimization (MMO: ONS + immunonutrition + exercise, n=104). The
MMO group received 7-14 days of preoperative intervention. Primary outcomes were 30-day complications (Clavien-Dindo =II)
and anastomotic leak rate. Secondary outcomes included length of stay (LOS), wound healing, and muscle strength. Results
demonstrated significantly lower overall complications in MMO (21.2%) vs. ONS (38.5%) and SC (52.9%, p<0.001). Anastomotic
leaks decreased in MMO (1.9%) vs. SC (7.7%, p=0.048). MMO shortened LOS by 3.2 days (p<0.001), accelerated wound healing (HR
1.72, 95% CI 1.32-2.24), and preserved handgrip strength (-1.2kg vs. -5.1kg in SC, p<0.001). Preoperative optimization reduced
infectious complications by 58% and readmissions by 42%. These findings support protocolized nutritional intervention as a cost-
effective strategy to enhance surgical recovery.
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INTRODUCTION

Malnutrition affects 30-50% of surgical patients
and is an independent predictor of postoperative
morbidity, mortality, and delayed recovery
(Weimann et al, 2017). Major abdominal
procedures impose profound metabolic stress,
increasing protein catabolism by 40-80% and
elevating nutritional demands (Gillis et al., 2014).
Despite evidence linking malnutrition to
complications including anastomotic leakage,
surgical site infections (SSI), and prolonged
hospitalization systematic nutritional screening
and intervention remain underutilized (de van
der Schueren et al., 2018).

Current Enhanced Recovery After Surgery (ERAS)
guidelines emphasize preoperative carbohydrate
loading but provide limited directives for
nutritional optimization in malnourished patients

nucleotides, modulates inflammatory responses
and may enhance wound healing (Marimuthu et
al, 2012). However, the synergistic effects of
combined nutritional, metabolic, and functional
interventions are inadequately explored. This
study investigates  whether a multimodal
preoperative  optimization  protocol reduces
complications and improves recovery in high-risk
patients.

METHODS

Study Design
Single-center, triple-arm RCT (ClinicalTrials.gov:
NCT04837209) with ethical approval.

Participants

e Inclusion: Adults (218y) undergoing elective
major GI surgery; NRS-2002 =3; Albumin
<3.5g/dL or weight loss >5% in 3 months

(Gustafsson et al., 2019). Immunonutrition (IN), e Exclusion: Renal/liver failure, metastatic
containing arginine, omega-3 fatty acids, and cancer, immunosuppression
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Interventions (7-14 days preoperatively)

e Secondary: LOS, SSI, handgrip strength, CT-
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e SC: Standard dietary advice derived sarcopenia index (L3  SMI),
e ONS: High-protein supplements (40g readmissions
protein/day)
e MMO: Assessments
o ONS (40g protein/day) e Nutritional Status: NRS-2002, albumin,
o IN (Impact® Oral, 3x/day) prealbumin
o Whey protein (20g/day) e Muscle Function: Handgrip dynamometry, 6-
o Vitamin D (100,000 IU bolus) minute walk test
o Structured exercise (5x/week resistance e Inflammatory Markers: IL-6, CRP, TNF-a
training)
Statistical Analysis
Outcomes Intention-to-treat analysis; ANOVA for
e Primary: 30-day complications (Clavien- continuous variables; Chi-square for proportions;
Dindo 2II), anastomotic leak Multivariable  regression  for  outcomes.
RESULTS
Baseline Characteristics
Table 1: Patient Demographics and Surgical Details
Age (years) 68.2 £9.1 67.5 £ 8.7 66.8 + 10.2 0.62
BMI <18.5 kg/m? (%) 28.8% 26.9% 25.0% 0.85
Albumin (g/dL) 29+0.4 2.8+0.3 3.0+ 0.5 0.12
Surgery Type: 091
- Gastrectomy 32.7% 34.6% 33.7%
- Colectomy 45.2% 43.3% 44.2%
- Whipple 22.1% 22.1% 22.1%

Primary Outcomes
e Overall Complications:
o SC:52.9% (55/104)
o ONS:38.5% (40/104)
o MMO: 21.2% (22/104) (p<0.001 for MMO vs. SC)
e Anastomotic Leak:
o SC:7.7% (8/104)
o MMO: 1.9% (2/104) (RR 0.25,95% CI 0.06-0.98; p=0.048)

Secondary Outcomes
Table 2: Recovery Metrics and Complications

LOS (days) 142+51 12.1+4.3* 9.0+3.2*t <0.001
SSI (%) 18.3% 12.5% 5.8%**t 0.009
Pneumonia (%) 15.4% 9.6% 3.8%** 0.012
Handgrip A (kg) -51+1.8 -29+14* -1.2+1.1*f <0.001
Readmissions (30d) 16.3% 10.6% 7.7%* 0.04
*MMO vs. SC: *p<0.01; MMO vs. ONS: p<0.05
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Mechanistic Findings

e MMO reduced IL-6 by 48% vs. SC (p<0.001)

e Sarcopenia prevalence decreased in MMO
(18% vs. 41% in SC; p=0.002)

e Wound healing accelerated by 3.2 days in
MMO (p=0.003)

DISCUSSION

Key Findings

This study demonstrates that a 7-14 day
multimodal nutritional intervention reduces

major complications by 60% and anastomotic

leaks by 75% compared to standard care. The

synergy between immunonutrition, protein
supplementation, and exercise likely underpins
these benefits through:

o Anti-inflammatory Effects: IN suppresses
IL-6 and TNF-a, mitigating surgery-induced
cytokine storms (Braga et al., 2012)

e Muscle Preservation: Whey
stimulates mTOR synthesis,
catabolism (Prado et al., 2018)

e Microvascular Perfusion: Arginine
enhances NO production, improving tissue
oxygenation (Casas-Rodera et al., 2008)

protein
countering

Clinical Implications

¢ Anastomotic Protection: The 1.9% leak rate
in MMO approaches benchmarks for well-
nourished patients, suggesting nutritional
optimization mitigates malnutrition-related
risk (Keller et al., 2020)

e Economic Impact: Reduced LOS and
complications with MMO yielded cost savings
of $8,450/patient

e ERAS Integration: Protocols should
prioritize malnutrition screening =14 days
preoperatively to enable intervention

Limitations

e Single-center design

e Variable preoperative intervention windows
¢ Limited long-term functional outcomes

CONCLUSION

Multimodal preoperative nutritional optimization
significantly reduces complications, accelerates
healing, and preserves functional capacity in
malnourished surgical patients. Integrating

immunonutrition, protein supplementation, and
exercise for 7-14 days preoperatively is cost-
effective and should become standard care for
high-risk populations. Future guidelines must
emphasize structured malnutrition management
as a core component of ERAS pathways.
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