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ABSTRACT

Traditional preoperative fasting reduces aspiration risk but contributes to catabolism, insulin resistance and patient
discomfort. Enhanced recovery after surgery (ERAS) protocols increasingly endorses preoperative carbohydrate
loading (PCL) as an alternative. This systematic review, conducted according to PRISMA guidelines, evaluated
randomized controlled trials (RCTs) published between 2020-2025 comparing PCL versus standard fasting in adult
general surgery populations. Eligible studies included abdominal, colorectal and bariatric procedures. Data extraction
covered trial design, carbohydrate regimens, recovery endpoints (time to gastrointestinal function, oral intake,
ambulation, hospital stay), metabolic markers, complications and patient-reported outcomes. Six RCTs (sample sizes
63-240) met criteria. PCL was consistently safe, with no evidence of delayed gastric emptying or aspiration. Across
trials, PCL improved patient comfort (reductions in hunger, thirst, fatigue, anxiety), attenuated insulin resistance and
dampened inflammatory stress responses. Several studies demonstrated earlier gastrointestinal recovery and reduced
hospital stay, though findings were inconsistent. Complication rates were lower in some cohorts, particularly
colorectal surgery, but unchanged in others. In diabetic patients, PCL with individualized insulin protocols was safe
and improved perioperative comfort, though bowel recovery was unaffected. Integration of PCL with other ERAS
components, such as goal-directed fluid therapy, appeared to amplify benefits. In summary, PCL is a safe, well-
tolerated alternative to prolonged fasting in general surgery. It consistently improves comfort and metabolic
outcomes, while effects on length of stay and complications remain variable. Evidence supports incorporating PCL as
part of multimodal ERAS pathways, with further research warranted in high-risk subgroups such as elderly and
diabetic patients.

Keywords: Carbohydrate loading, Enhanced recovery after surgery, Insulin resistance, Postoperative recovery,
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INTRODUCTION

Prolonged preoperative fasting has traditionally been
used to reduce the risk of pulmonary aspiration during
anesthesia induction.! However, fasting can increase
patient discomfort, worsen metabolic stress and
contribute to postoperative insulin resistance.>* ERAS
protocols now recommend allowing clear carbohydrate-
rich fluids up to two hours before anesthesia to mitigate
catabolism and discomfort, potentially improving
recovery.>’ Several earlier systematic reviews and meta-

analyses demonstrated that preoperative carbohydrate
drinks are safe, reduce insulin resistance and improve
patient comfort.*!? Yet, uncertainty remains regarding
their effects on clinical endpoints such as bowel recovery,
hospital length of stay (LOS) and postoperative
complications. Moreover, recent trials in diabetic and
elderly populations warrant updated synthesis. This
systematic review therefore evaluated blinded RCTs
published from 2020-2025 that compared PCL with
standard fasting in adult general surgery populations. We
aimed to clarify the consistency of evidence regarding
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patient comfort, metabolic outcomes, gastrointestinal
recovery, complications and LOS, while identifying
knowledge gaps and future research directions.

METHODS

This review followed PRISMA guidelines for systematic
reviews. PubMed and PMC databases were searched for
RCTs published between January 2020 and March 2025
using the terms:  “preoperative  carbohydrate,”
“carbohydrate  loading,”  “surgery,”  “randomized
controlled trial,” and “fasting.”

Inclusion criteria

It includes peer-reviewed blinded RCTs comparing oral
PCL versus fasting or placebo in adult general surgery
(including abdominal, colorectal and bariatric surgery).
Relevant trials were identified via keywords (e.g.,
“preoperative carbohydrate randomized controlled trial”,

surgical outcomes, fasting) and cross-references from
systematic reviews.

Exclusion criteria

non-randomized studies, pediatric populations, non-
general surgery (e.g., orthopedic, cardiac), reviews or
meta-analyses, non-blinded designs, trials without PCL as
intervention and articles not available in English.

For each trial, we extracted methodology (population,
surgery type, carbohydrate regimen vs control) and
results (recovery endpoints, metabolic markers,
complications), two reviewers independently extracted
study characteristics, interventions, outcomes (GI
recovery, metabolic markers, complications, patient
comfort) and safety findings. A comparative synthesis
identified common conclusions and conflicts across
studies.
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Figure 1: PRISMA 2020 flow diagram.

A PRISMA flowchart of the screening process is shown
in Figure 1.

RESULTS
Suh et al (bariatric surgery)

Single-center RCT (n=134) in minimally invasive Roux-
en-Y gastric bypass or sleeve gastrectomy patients.'

Intervention: Two 400 ml carbohydrate drinks (evening
before and 3 h pre-op).

Control: NPO after midnight. Primary outcomes were
postoperative nausea/vomiting (PONV), LOS and
complications. Results showed no significant differences
in LOS or overall complications. No aspiration occurred
in the PCL group. Among RYGB patients, PCL
shortened the duration of nausea. Glycemic control (even
in diabetic patients) was similar between groups.
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Conclusion: Pre-op CHO drinks are safe and can reduce
PONYV duration, but had no detectable effect on LOS or
major outcomes.

Liu et al and Fan et al (open GI surgery, elderly)

Prospective RCT (n=120, age >65) undergoing open
gastrointestinal surgery.? All patients had standard
anesthesia.

Intervention: 200 ml CHO drink 2 h pre-op+goal-directed
intraoperative fluid therapy (guided by advanced
monitors).

Control:  Fastingtliberal IV~ fluids. Compared
intra/postoperative fluids, time to flatus and oral intake,
complications and LOS. The CHO+GDFT group used
significantly less intra-op crystalloids and had shorter
time to first flatus (56+14 h vs 64+22 h, p=0.002) and
oral intake (72+17 h vs 85427 h, p=0.011). Postoperative
complication rate was lower in the CHO + GDFT group
(25% vs 48%, p=0.013).

Conclusion: Combined perioperative optimizations (CHO
and GDFT) improved GI recovery and reduced
complications (Note: The study changed two variables, so
CHO’s isolated effect is confounded by fluid strategy).

Li et al (diabetic GI surgery)

Single-center RCT (n=63) of type-2 diabetic patients
undergoing elective GI surgery.’

Intervention: 50 g dextrose and individualized insulin
dosing 2 h pre-op.

Control: Standard overnight fasting.
Primary outcome: Time to first flatus.

Secondary: Patient comfort scores (thirst, hunger, fatigue
by VAS) and PONV. Time to flatus was not different
(median 41 h vs 43 h; HR 1.24, p=0.411). However, the
PCL group reported significantly lower scores for
preoperative thirst, hunger and fatigue and postoperative
thirst and hunger (all p<0.01). They also had less
intraoperative hypotension (16% vs 41%, p=0.031) and
less PONV in 24 h (9.7% vs 31.3%, p=0.034).

Conclusion: In diabetic patients, PCL (with insulin) did
not hasten GI recovery but improved perioperative
comfort and reduced PONV and hypotension.

Vishak et al (general elective surgery)

Prospective RCT (n=240, age 40-65, mixed surgeries
under regional anesthesia).® Patients stratified by

diabetes.

Intervention: 400 ml drink with 50 g dextrose 2 h pre-op.

Control: 400 ml plain water.

Outcomes: Gastric volume (ultrasound), blood glucose,
thirst/discomfort. Gastric volume was similar between
CHO and water groups for both diabetic and non-diabetic
patients, confirming safety. As expected, diabetic
subjects receiving CHO had a transient blood glucose rise
(183 vs 139 mg/dl after 2 h) that normalized by 6 h
(managed with insulin). Importantly, the CHO groups
(both diabetic and non) reported significantly less
preoperative thirst and discomfort than fasting groups.

Conclusion: Pre-op CHO is safe (no delayed gastric
emptying) and markedly improves patient comfort, even
in diabetics, without adverse glycemic or safety issues.

Rizvanovié et al (open colorectal cancer surgery)
RCT (n=60) for open colorectal resection.’

Intervention: CHO solution night before and 2 h pre-op;
Control: NPO after midnight.

Primary outcomes: Neutrophil/lymphocyte ratio (NLR)
and postoperative complications (Clavien—Dindo up to 30
days). Postoperative NLR and ANLR were significantly
lower in the CHO group (p<0.001). The control group
had six major complications (five grade IV, one grade V),
whereas the CHO group had none.

Conclusion: Pre-op CHO loading substantially dampened
inflammatory response (lower NLR) and was associated
with fewer and less severe complications.

Kumar et al (elective colorectal surgery)

Open-label RCT (n=72) in elective colorectal
procedures.®

Intervention: Standard ERAS CHO drink 2 h pre-op.

Control: Fasting. Measured insulin resistance (IR), 1L-6,
clinical well-being, intestinal recovery, ambulation,
morbidity and LOS.

Results: The CHO group had significantly reduced
postoperative IR on day-of-surgery and PODI/3
(p=0.0336) and markedly lower inflammatory markers
and GPS (p<0.001). They also reported less thirst, hunger
and dry mouth and had a shorter hospital stay.

Conclusion: PCL in colorectal surgery significantly
reduced metabolic stress and improved multiple clinical
outcomes, including shortened LOS and better patient
comfort.

Summary of randomized controlled trials evaluating the
effects of preoperative carbohydrate loading (PCL). This
table presents key design elements, interventions,
outcomes and conclusions across six recent RCTs
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investigating PCL. Common findings include improved
patient comfort and reduced postoperative nausea and
metabolic stress, while effects on length of stay and
complications vary by study design and patient
population (Table 1).

Commonalities (top 5)

Safety: PCL did not increase gastric volume or aspiration
risk.

Patient comfort: Consistent reductions in preop
discomfort (hunger, thirst, anxiety).
Metabolic  effects:  Lower  postoperative  insulin

resistance/inflammation.

Early GI recovery: Several studies noted earlier return of
GI function.

Enhanced ERAS integration: PCL aligns as a key ERAS
component.

Divergences (top 5)

Length of stay: Mixed results shorter in some vs. no
change in others.

Complications: Reduced in some vs. unchanged in
others.

Diabetics: Variable insulin protocols and outcomes.

Study designs: Differences in CHO dosing, adjunctive
therapies (e.g., GDFT confounder).

Endpoints: Focus ranged from metabolic markers to
patient-reported outcomes.

Table 1: Randomized controlled trials of preoperative carbohydrate loading in general surgery.

Population

Intervention
and surger

Author, year

Control

Main outcomes

Key findings

. Reduced nausea;
36 Liatists 490 iR GIE0 NPO after PONV, LOS, safe in diabetics; no
Suh et al, 2021 surgery night before+3 h . S .
B midnight complications LOS/complication
(n=134) pre-op .
difference
Elderly open 200 ml . . GI recovery, Faster flatus/oral
Liu et al, 2021 GI surgery CHO+goal- flisi‘zll:gﬂweral fluids, LOS, intake, fewer
(n=120) directed fluids complications complications
No GI difference;
S 50¢g improved comfort;
Li et al, 202238 IDiElsie G_I dextrose+insulin  Fasting Sl ey reduced
surgery (n=63) comfort, PONV .
protocol hypotension &
PONV
. . Gastric volume,  No gastric delay;
Vishak et al, 2023 M1_xed elective 400 ml50g Water glycemia, safe in diabetics;
(n=240) dextrose .
comfort improved comfort
. Lower NLR, zero
Rizvanovic et al, Colorectal g;l‘gg%lﬁ re- NPO after NLR, severe
20234 cancer (n=60) p midnight complications complications in
op
PCL
Elective Reduced,
. IR, IL-6, LOS IR/inflammation;
41 _ 9 ) 9 ’
Kumar et al, 2024 colorectal CHO 2 hpre-op  Fasting comfort shorter LOS:
(n=72) .
improved comfort
Trends toward consensus Emerging insights

Safety of PCL, metabolic benefits, improved patient-
centered outcomes.

Trends away from consensus

Consistent LOS reduction, universal
reduction, clear long-term glycemic benefits.

complication

Subgroup (elderly/diabetic) benefits, PCL’s role in
holistic ERAS bundles.

DISCUSSION

This review highlights consistent evidence supporting the
safety and metabolic benefits of PCL in general surgery,
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while outcomes for bowel recovery, LOS and
complications remain heterogeneous.

Patient comfort

All six recent RCTs confirmed reductions in preoperative
thirst, hunger and fatigue with PCL.33-12232432 Thege
findings corroborate earlier reports by Hausel et al,
Yilmaz et al, Ludwig et al and Smith et al, reinforcing
comfort as the most reliable benefit.*!1:12:21.24.32

Metabolic stress

Kumar et al and Rizvanovi¢ et al demonstrated reductions
in postoperative insulin resistance and inflammatory
markers, aligning with prior studies by Nygren et al,
Ljunggqvist et al, Ljungqvist et al, Noblett et al, Wang et
al, Dock-Nascimento et al and Breuer et al.23->6:15-18.20.27.34
Such effects may contribute to faster functional
recovery.»1922

Length of stay and complications

Mixed results were observed. While Rizvanovié et al,
reported markedly fewer severe complications, Suh et al
and Li et al, did not.>%3 Earlier meta-analyses by Bilku
et al and Smith et al, also showed inconsistent LOS
benefits, suggesting context-specific effects depending on
surgical type and ERAS implementation,>%10-21.29

Diabetic patients

Li et al and Vishak et al showed that PCL with insulin
protocols is safe in type-2 diabetics, improving comfort
without worsening glycemic control.3%3°

This builds on earlier evidence by Jones et al, Gustafsson
et al, Cho et al and Svanfeldt et al supporting broader
inclusion of diabetic patients in ERAS nutrition
protocols, 3142526

Integration with ERAS

The Liu et al, trial highlighted that combining PCL with
goal-directed fluid therapy yields stronger improvements,
suggesting synergy with multimodal optimization
strategies.’” This reflects ERAS guidelines by Fearon et
al, Gustafsson et al, Nelson et al and Lassen et al, which
emphasize bundled care over isolated interventions.>%2%30
Similar findings were reported in Zhuang et al and Osugi
et al, reinforcing the concept of synergistic perioperative
optimization.?>?’

Limitations

Heterogeneity in surgical populations, sample sizes and
CHO regimens limits generalizability.>® Blinding is
inherently difficult due to taste differences.?>?* Longer-
term outcomes, such as sustained glycemic control and
late complication rates, remain underexplored. 33333

CONCLUSION

In adult general surgery, preoperative carbohydrate
loading is a safe, well-tolerated alternative to prolonged
fasting. It reliably improves patient comfort and
metabolic stress profiles, though effects on length of stay
and complications vary.

The strongest evidence supports its role as part of
multimodal ERAS pathways rather than as a stand-alone
intervention. Future research should refine protocols for
elderly and diabetic patients and explore synergistic
benefits with fluid therapy, early feeding and other
perioperative strategies.
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