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Malnutrition has an unfavourable effect on recovery, wound healing, frequency of complications (e.g.

infections, decubitus), prognosis, mortality, tolerability of therapies, quality of life, and healthcare use (e.g.
visits, consultations, number and length of hospital stays) (Martyn et al. 1998, Löser 2010). Studley has
demonstrated a direct relationship between preoperative weight loss and surgical mortality already in 1936

(Studley 1936).

Surgery is a great metabolic stress for the patient that can induce numerous metabolic and physiologic changes.
In response to such stress, the body increases its basal metabolic rate (BMR), uses its nitrogen stores up and

creates a negative nitrogen balance (Bozzetti et al. 2011). The body scavenges for the required nutrients during
such times of stress, which if continue unchecked for prolonged periods of time could lead to adverse
consequences (Abunnaja et al. 2013). The increase in intestinal permeability during periods of surgical stress,

which can be even fourfold greater in some patients, is paralleled a decrease in villous height, leading to
malabsorption and an impaired ability of the gut to act as a barrier against endogenous bacteria and toxins
(Ward et al. 2003, Beattie et al. 2000, Fujita et al. 2012, van der Hulst et al. 1998). Malnutrition and surgery can

also both present a stress on the heart. Patients undergoing cardiac surgery are frequently found to be
malnourished, resulting in alteration in the structure of myocytes and depleting the substrates utilized by the
heart for mechanical work. It is therefore hypothesized that by addressing the undernourished state of the

patient prior to surgical intervention, cardiovascular performance can be improved and cardiac complications
after surgery as well as perioperative mortality can be lowered (Thorell et al. 1999).

Perioperative nutritional supplementation, therefore, should blunt the catabolic effects of such a high energy

state (Martyn et al. 1998).

Preoperative fasting has been an established practice aimed to mitigate the risk of pulmonary aspiration and
ensuing pulmonary injury in surgical patients. ‘Nil by mouth from midnight’ of the day preceding elective

surgery was the empirically enforced traditional method used to assure a fasted state (Pillinger et al. 2018).
However, perioperative fasting generates an unfavourable metabolic state additive to that caused by surgical
stress (Carli 2015).

Short-term fasting (<12 hours) reduces insulin-mediated glucose uptake into skeletal muscle, slows metabolism
and reduces total energy expenditure by 5%–10%. After an overnight fast, most of the body’s energy is derived
from free fatty acids, but the body continues to consume glucose – the source of which is glyconeogenesis

performed by the liver. Six hours of preoperative fasting induces peripheral insulin resistance (Pillinger et al. 
2018). Prolonged fasting (>12 hours) leads to a proportional increase in peripheral insulin resistance and hepatic
glycogen consumption. The glycogen stores get depleted after 18–24 hours, meaning that there is no readily

available energy substrate for critical tissues (e.g. nervous system) (Pillinger et al. 2018).

Skeletal muscle is used to generate a pool of amino acids, adding to the protein loss due to surgical stress. 
Increase of the inflammatory citokines (interleukin-6 / IL-6, tumor necrosis factor / TNF) is likely to facilitate the
development of postoperative insulin resistance, that in turn leads to an impaired glucose transporter type 4 

(GLUT4) translocation in skeletal muscle cells. Due to these changes, a catabolic cascade may be initiated that
may lead to an even clinically significant muscle loss (Pillinger et al. 2018). In normal adults, the loss of protein 
may be as much as 300 g of protein per day during starvation (Pillinger et al. 2018).

1. Metabolic changes caused by surgery
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Thus, surgical trauma and perioperative fasting both contribute to the development of perioperative insulin

resistance that positively correlates to surgical invasiveness and occurs even after minor surgery, such as
laparoscopic cholecystectomia and open inguilnal hernia repair (Pillinger et al. 2018). Mitochondrial defects are
also thought to be related to the development of insulin resistance (Pillinger et al. 2018). Persistence of the

insulin resistant state depends on the length of surgery – in upper gastrointestinal tract surgery, insulin
resistance has been found to persist for at least 5 days and could exist for even weeks (Thorell et al. 1994).

The consequence of insulin resistance, postoperative hyperglycemia, originates not solely from postoperative

insulin resistance – other metabolic processes taking place during fasting (glycogenolysis, glyconeogenesis,
increased serum glucagone level), and increased serum cortisol and catecholamine levels (as part of the stress
response to surgery) also contribute to the development of postoperative hyperglycemia (Pillinger et al. 2018).

In a study of 10 patients undergoing elective cholecystectomy, all patients showed markedly decreased insulin
sensitivity on the first day after operation, and there was no correlation between the preoperative sensitivity to
insulin and the relative reduction found on the first day after surgery, nor did the duration of surgery correlate

with the extent of the decrease after surgery. The decreased insulin sensitivity was present during at least the
first 5 days after surgery (Thorell et al. 1994). The type and duration of surgery performed, perioperative blood
loss, and also the degree of postoperative insulin resistance significantly influence the length of hospital stay in

elective surgery patients (Thorell et al. 1999).

In the analysis of 16,404 postoperative glucose measurements for 2,447 nondiabetic surgery patients, 66.7% of

patients experienced postoperative hyperglycemia. Degree of hyperglycemia correlated with increasing
American Society of Anesthesiologists class and surgical severity measured by blood loss. Hyperglycemia was
associated with infectious and noninfectious complications and mortality, the rates of these complications

increasing with the degree of hyperglycemia. Hyperglycemia was independently associated with septic
complications (p=0.024) (Kiran et al. 2013).
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2. The consequences of postoperative hyperglycemia

Postoperative hyperglycemia increases complications in nondiabetic surgery patients (Kiran et al. 2013)



In 143 nondiabetic and 130 diabetic patients scheduled for elective cardiac surgery, diabetic patients with poor

glycemic control had a greater incidence of major complications (p=0.010) and minor infections (p=0.006),
received more blood products and spent more time in the intensive care unit (p=0.030) and in the hospital
(p=0.001) than nondiabetic patients. For each 1 mg/kg/min decrease in insulin sensitivity, the incidence of

major complications increased significantly (p=0.004) (Sato et al. 2010).

One strategy to overcome postoperative hyperglycemia would be to administer parenteral insulin. However, to
achieve the same glucose uptake during total parenteral nutrition, even 8 times more insulin might be needed

after surgery (Brandi et al. 1990, Thorell et al. 1994).
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The scientific basis for the ”nil by mouth from midnight” practice has lately been questioned and attitude

towards preoperative fasting changed (Ljungqvist & Soreide. 2003). Recent guidelines support a more liberal
approach and patients are now encouraged to consume clear fluids (water, carbonated drinks, clear tea, black
coffee, pulpfree juices) up to two hours before elective surgery (Smith et al. 2011, American Society of

Anesthesiologists Committee 2017). The aim of this strategy is to ensure that patients are in a fed status during
surgery, and thus to prevent the unwanted metabolic changes induced by fasting and surgical trauma and
therefore improve clinical outcomes. A more recent approach is to provide carbohydrate supplementation for

surgery patients with specifically designed clear carbohydrate-rich foods for special medical purposes.

In a randomised, crossover, unblinded study of 6 healthy volunteers, the participants underwent four protocols
in a crossover-randomised order. In protocol CC (Control-Control) no drink was given. In protocol LC (Loading-

Control) the volunteers ingested 800 ml of 12.6% carbohydrate drink (50 kcal/100 ml) between 7 PM and
midnight during the evening before the day of the clamp. In protocol CL, 400 ml of the drink was ingested at
8 AM in the morning before the clamp, and in protocol LL the volunteers received the drink both in the previous

evening (800 ml) and in the morning before the measurement (400 ml). In the evening before all investigations,
the volunteers were allowed food intake until 7 PM after which only intake of water was allowed ad libitum.
After basal blood sampling, the drink was given to CL and LL immediately before the time point 0 minute. Blood

sampling for glucose and insulin was collected at 30, 60, 90, 120, 180, 210 and 240 minutes. Additional samples
for measurement of blood glucose were taken every 5–10 minutes after commencement of insulin infusion
(after 120 min). Insulin sensitivity was higher in CL and LL (9.2±1.5 and 9.3±1.9 mg/kg/min, respectively)

compared to CC and LC (6.1±1.6 and 6.6±1.9 mg/kg/min, p<0.01 vs. CL and LL). The authors concluded that a
carbohydrate-rich drink enhances insulin action 3 h later by approximately 50% (Svanfeldt et al. 2005).

3. Preoperative carbohydrate loading in surgery patients



5

Insulin sensitivity and glucose turnover were measured using hyper-insulinemic, normoglycemic clamps before

and after elective surgery in 16 patients undergoing total hip replacement, and 14 patients undergoing elective

colorectal surgery. Total hip replacement patients were randomly assigned to preoperative oral carbohydrate

administration (CHO-H, n=8) or the same amount of a placebo drink (n=8) before surgery. Insulin sensitivity was

measured before and immediately after surgery. Patients undergoing elective colorectal surgery were studied

before surgery and 24 h postoperatively (CHO-C (n=7), and fasted (n=7), groups). The fasted group underwent

surgery after an overnight fast. In both studies, the CHO groups received 800 ml of an isoosmolar carbohydrate

rich beverage the evening before the operation (100 g carbohydrates), as well as another 400 ml (50 g

carbohydrates) 2 h before the initiation of anesthesia. Patients given a carbohydrate drink shortly before

elective surgery displayed less reduced insulin sensitivity after surgery as compared to patients undergoing

surgery after an overnight fast (Nygren et al. 1999).

Carbohydrate drink given in the evening and in the morning prior to surgery increases insulin sensitivity 

(Svanfeldt et al. 2005)
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In a double-blind clinical trial, 52 patients undergoing elective open colorectal surgery have been randomised to

preoperative carbohydrate loading (n=18), to placebo (n=17) or to fasting (n=17). Median blood glucose and
insulin levels were significantly lower for carbohydrate loading than for fasting (p=0.002) and placebo (p=0.001)
by the end of surgery. Although median levels of HOMA-IR in all three groups had increased significantly by the

end of surgery, they were significantly lower in the carbohydrate loading group than in the other two groups
(p<0.001). Subjective well-being measured on a 100-mm visual-analogue scale (VAS) was significantly better in
the carbohydrate and placebo groups compared the fasting group, mainly due to the reduction in thirst

(p=0.005) and hunger (p=0.041) (Wang et al. 2010).

In a study of patients admitted for elective bowel resections (n=48), patients were randomized into 3 groups to
12.5% carbohydrate-rich drink preoperatively, to 12.5% carbohydrate + 3.5% hydrolyzed sy protein drink, or to

fast overnight with water allowed only. The basic postoperative regimen for all groups were immediate oral
nutrition and early enforced mobilization. A significant decrease in the glycogen synthase (rate-limiting enzyme
of glucose storage) activity (p<0.05) was found in the vastus lateralis muscle in the fasting group, while

remained unchanged in the intervention groups. A 10—11% decrease in voluntary strength occurred after the
first postoperative week in the two intervention groups as compared to a 16% decrease in the control group.
After 1 month, both intervention groups were 5% below the initial level, whereas the control group was still

13% below (p<0.05). After 2 months, the two intervention groups were above the preoperative level, and the
control group was still slightly below (Henriksen et al. 2003).

Carbohydrate drink given shortly before surgery attenuates insulin sensitivity reduction after surgery 

(Nygren et al. 1999)
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In a study of patients with elective abdominal surgery, patients were randomised to receive either a 12.6%

carbohydrate drink (n=31) or placebo (n=34) preoperatively (800 ml on the evening before surgery and 400 ml
on the day of surgery 2–3 hours before the induction of anaesthesia). Postoperatively, no significant difference
in the change in BMI between the two groups occurred, but loss of muscle mass (measured by change in mid-

arm muscle circumference) from baseline to discharge, was significantly greater in the control group (1.1±0.15
cm vs 0.5±0.16 cm, p<0.05) (Yuill et al. 2005).

Preoperative carbohydrate drink helps retain quadriceps strength in elective surgery patients 

(Henriksen et al. 2003)

Preoperative carbohydrate drink may attenuate muscle mass depletion after surgery

(Yuill et al. 2005)



Glucose and protein kinetics and substrate oxidation (indirect calorimetry) were studied at baseline and during

hyperinsulinaemic normoglycaemic clamping before and on the first day after colorectal resection in a
randomised clinical trial of 15 patients who received a preoperative carbohydrate beverage with high
(125 mg/ml) or low (25 mg/ml) carbohydrate content. After surgery, whole-body protein balance did not

change in the high oral carbohydrate group, whiles it was more negative in the low oral carbohydrate group
after surgery at baseline (p=0.003) and during insulin stimulation (p=0.005). Insulin-stimulated endogenous
glucose release was similar before and after surgery in the high oral carbohydrate group, but was higher after

surgery in the low oral carbohydrate group (p=0.013) and higher compared to the high oral carbohydrate group
(p=0.044). The authors cocluded that whole-body protein balance and the suppressive effect of insulin on
endogenous glucose release are better maintained when patients receive a carbohydrate-rich beverage before

surgery (Svanfeldt et al. 2007).
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Vitamin C has important functions in the synthesis of collagen connective tissue protein at the level of

hydroxylation of procollagen, in fibroblast proliferation, in capillary formation, and in neutrophil activity.
Vitamin C deficiency results in clinical scurvy, which is characterized, among other complications, by poor
wound healing (Stechmiller JK. 2010).

Vitamin C supplementation at 100 to 200 mg/d isrecommended for patients who have vitamin C deficiency or
wounds, including stage I or II pressure ulcers. For more complex wounds, including stage III or stage IV pressure
ulcers or severe trauma, supplementation of 1,000 to 2,000 mg/d orally has been suggested until healing

occurs. Vitamin C supplementation has also been shown to enhance healing of wounds and burns (Stechmiller
JK. 2010).

4.1. Vitamin C

4. Micronutrients in wound healing

Zinc is an essential mineral required for the catalytic activity of approximately 100 enzymes, and playing a role

in immune function, DNA synthesis, protein and collagen synthesis, cellular proliferation, and wound healing
(Stechmiller JK. 2010).

The recommendation for zinc supplementation to enhance wound healing is up to 40 mg (176 mg zinc sulfate)

for 10 days. Zinc sulfate 220 mg twice daily (25-50 mg elemental zinc) has been used as a standard adult oral
replacement dose, but no specified duration of therapy is available in the literature (Stechmiller JK. 2010). In a
retrospective, controlled study of 16 inpatients with a stage 2, 3, or 4 pressure ulcer, only patients receiving

additional arginine (9 g/day), vitamin C (500 mg/day), and zinc (50 ng/day) demonstrated a clinically significant
improvement in pressure ulcer healing (9.4±1.2 vs. 2.6±0.6; baseline and week 3, respectively; p<0.01)
(Desneves et al. 2005).

4.2. Zinc



MediDrink OpLoad is a 1.0 kcal/ml, ready-to-consume food for special medical purposes for the preoperative

dietary management of surgery patients.

MediDrink OpLoad must be used under medical supervision. 

5. MediDrink OpLoad

5.1. Product description
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MediDrink OpLoad is indicated for the preoperative carbohydrate loading of adult surgery patients and

pediatric surgery patients above 3 years of age.

MediDrink OpLoad is lactose-free, and is gluten-free, therefore, can be administered to patients with lactose- or
gluten-intolerance.

Medidrink OpLoad should be used with caution in patients with insulin resistance or diabetes and in children
aged 3-6 years.

5.2. Target groups

Recommended dosage for adults is 2 packs (400 ml) 12 hours prior to surgery, and an additional 1 pack (200 ml)

2 hours before surgery. MediDrink OpLoad must not be consumed within 2 hours prior to surgery.

5.3. Recommended dosage

MediDrink OpLoad is not suitable for patients with insulin resistance, diabetes mellitus, delayed gastric

emptying, hereditary fructose intolerance (fructosemia), and for children below 3 years of age.

5.4. Precautions
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6. Efficacy, safety, and adherence

6.1. Efficacy

The efficacy of MediDrink OpLoad has been investigated in a randomized, controlled, open-label trial of adult

patients scheduled for elective surgery. Of the 50 patients enrolled, 25 patients received 400 ml MediDrink
OpLoad in the evening prior to surgery and 200 ml MediDrink OpLoad 2 hours prior to surgery, and 25 patients
were required to fast the night and morning prior to surgery (Enyedi et al. 2022).

Patients were recruited at the Department of Surgery, University of Debrecen. Patients were randomized to the
interventional carbohydrate drink, or to standard dietary management (fasting prior to surgery) according to
their order of appearance at the treating physician. Study visits were performed at the night before surgery, the

morning of surgery, and prior to the first meal after surgery. Data of well-being and blood sugar level (only if
measured independently of the study) were collected at each visit. The primary endpoint was thirst in the
morning of surgery. Secondary endpoints consisted of hunger, thirst, weakness, tiredness, anxiety, and nausea

at the night prior to surgery; hunger, weakness, tiredness, anxiety, nausea, and blood sugar level (if measured
independently of the study) in the morning prior to surgery; and hunger, thirst, weakness, tiredness, anxiety,
nausea, and blood sugar level (if measured independently of the study) prior to the first meal after surgery.

Adherence to the clear, carbohydrate-rich drink has also been measured at each timepoint (Enyedi et al. 2022).

Descriptive statistics were used for the presentation of results: mean and standard error in case of continuous
variables, and distribution in case of discrete variables. To perform the descriptive statistics-related hypothesis

testing, parametric statistical probes, such as independent paired-sample t-test, one-way ANOVA in case of
continuous variables, while χ2 test and Fisher’s exact test in case of discrete variables have been used.
Regression analyses were applied when multiple variables were concerned. The type of regression analysis was

defined on the basis of the outcome tested (e.g., in case of survival-like data, Cox regression model was used).
The applicability criteria were examined during the statistical hypothesis analyses (Enyedi et al. 2022).

There was no significant difference (p=0.052) detected between the two groups when assessing thirst during

the morning of surgery. There were significant differences between the two populations regarding hunger
(p<0.001), feelings of agitation (p=0.012), feelings of fatigue (p<0.001) and overall well-being both before
(p=0.001) and after surgery (p<0.001). No significant difference (p=0.398) was detected between the two

populations regarding feelings of weakness (Enyedi et al. 2022).

6.1.1. Clinical trial in thoracic surgery patients
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Ninety consecutive hip and knee arthroplasty patients at or above the age of 18 years were enrolled into a

randomized, controlled, open-label, single centre clinical audit at the Practice Plus Group Hospital Barlborough
between January and December 2025. Based on their order of appearance, patients were randomly assigned to
either preoperative carbohydrate loading (PCL) with MediDrink OpLoad (n=45, 25 hip and 20 knee arthroplasty

patients), or to standard preoperative dietary management (n=45, 25 hip and 20 knee arthroplasty patients).
Patients with pregnancy, diabetes or impaired glucose tolerance, medication influencing insulin sensitivity,
>10% weight loss in the past 6 months, active cancer treatment, proven gastro--oesophageal reflux, conditions

slowing gastric emptying, comorbidity with special dietary requirements, oral or parenteral steroid (expect local
and inhalation steroids) within 1 month prior to surgery, known intolerance or allergy to any component of
MediDrink OpLoad and participating in any other clinical trial were excluded from the audit (Tóth et al. 2026).

In addition to the standard dietary preoperative protocol, patients receiving PCL had to consume 2 packs of
MediDrink OpLoad (400 kcal, 100 g carbohydrates in 400 ml) 1 hour after last meal at the night prior to surgery,
and 1 additional pack (200 kcal, 50 g carbohydrates in 200 ml) within 2 to 3 hours prior to surgery. Patients in

the control group were instructed to follow the standard preoperative dietary protocol (not to eat after 00:00
AM on the day of surgery). Patients in each group were encouraged to consume clear liquids, preferably water
for more than 2 hours before surgery (Tóth et al. 2026).

Data on subjective well-being and adverse events were recorded at Visit 2 (1 hour after dinner on the evening
preceding surgery), Visit 3 (1 hour prior to surgery), and Visit 4 (prior to the first meal after surgery, well-being
only). Evaluation happened with using a 10-point Visual Analogue Scale (VAS), where 0 represented the absence

of symptoms and 10 represented the maximum severity. Patients self-reported scores were collected for thirst,
hunger, anxiety, fatigue, nausea and weakness via a standardised questionnaire. At first mobilisation after
surgery (visit 5), systolic and diastolic blood pressure and pulse rate were recorded. Additionally, patients were

screened for clinical symptoms of orthostatic hypotension. Patient adherence to the audit protocol was
evaluated using a self-administered questionnaire. To verify intake, the investigator quantified the volume of
the PCL product consumed. In cases of non-compliance or incomplete consumption, patients were interviewed

to identify specific barriers, including forgetfulness, loss of appetite, nausea, vomiting, abdominal pain,
diarrhoea, bloating, feeling of fullness, bad taste, malaise. Upon hospital discharge, total intravenous (IV) fluid
requirements and a comparison of pre- and postoperative haemoglobin levels were collected from the patients’

medication charts. Haemoglobin levels were obtained through routine clinical monitoring. Data points were
extracted from laboratory tests conducted during the preoperative assessment and on the first postoperative
morning. Linear mixed-effects models, likelihood ratio tests, and Benjamini-Hochberg correction were used in

the statistical analysis (Tóth et al. 2026).

6.1.2. Clinical audit in hip and knee arthroplasty patients
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Flowchart of clinical audit procedures (Tóth et al. 2026)

Of the well-being parameters, consumption of MediDrink OpLoad (PCL) prior to surgery significantly decreased

thirst (p=0.001), hunger (p=0.023), and anxiety (p=0.023) compared to preoperative fasting. Tiredness, nausea,
and weakness were not significantly different between the PCL and the fasting groups (Tóth et al. 2026).

PCL with MediDrink OpLoad significantly improved thirst (A), hunger (B) and anxiety (C) 

in hip and knee arthroplasty patients. (Tóth et al. 2026)
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PCL with MediDrink OpLoad significantly decreased intravenous fluid need in hip and knee 

arthroplasty patients. (Tóth et al. 2026)

PCL with MediDrink OpLoad significantly decreased the amount of postoperative IV fluids compared to controls

(1157 ± 418 ml vs 1441 ± 585 ml, p<0.001) (Tóth et al. 2026).

Symptoms of orthostatic hypotension, such as blurry vison, dizziness, light-headedness, tremor/muscle

weakness, fainting, and mental confusion, at the first mobilisation were significantly less frequent after PCL with
MediDrink OpLoad than after fasting (p=0.025) (Tóth et al. 2026).
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Assessment of the patient's gastric contents is the key to avoiding aspiration incidents. Studies have shown that

preoperative oral carbohydrate loading can improve the discomfort induced by fasting, but there are different
perspectives on their safety (Jin et al. 2023).

In a study of 12 patients scheduled to undergo elective laparoscopic cholecystectomy (n=11) or parathyroid

surgery (n=1), consumption of 400 ml 12.0% carbohydrate drink compared to 400 ml water 4 hours prior to
surgery led to no difference in gastric emptying despite the increased anxiety experienced by patients before
surgery. Initially, water emptied more rapidly than the carbohydrate drink, but after 90 minutes, the stomach

was emptied regardless of the solution administered (3.2±1.1% remaining in the stomach in the carbohydrate
group versus 2.3±1.2% remaining in the stomach in the water group) (Nygren et al. 1995).

Effect of ingesting 400 ml of a carbohydrate drink at midnight and freely up to 2 hours before anesthesia (n=32)

compared to nil per os after midnight before surgery (n=32) has been investigated in a study of 64 patients
scheduled for elective laparoscopic benign gynecologic surgery. When measured by ultrasound, gastric antral
cross-sectional area in right lateral decubitus position was not different between the nil per os group (6.25±3.79

cm2) and the carbohydrate group (6.21±2.48 cm2; p=0.959), thus, preoperative carbohydrates ingested up to
2 hours before anesthesia did not delay gastric emptying compared to midnight fasting, as evaluated with
gastric ultrasound (Cho et al. 2021).

In a non-randomized, non-inferiority comparative study of 60 patients aged over 65 years scheduled for total
knee arthroplasty. patients either fasted from midnight (fasting group) drank 400 ml of a carbohydrate-
containing fluid (carbohydrate ingestion group) two hours prior to surgery. The mean (standard deviation)

gastric volume measured by ultrasound was not significantly different between the groups (mean difference in
gastric volume -1.9 ml, 95% confidence interval [CI]: -17.9 - 14.2) (Shin et al. 2022).

A prospective, randomized, controlled study of 180 cirrhotic patients with gastroesophageal varices scheduled

for elective therapeutic endoscopy under intravenous anesthesia found that patients randomised to no
carbohydrate supplementation and to carbohydrate supplementation 4 hours prior to endoscopy had no
residual gastric volume >1.5 ml/kg, while 6 patients (11%) in the group randomised to carbohydrate

supplementation 24 hours before endoscopy had a residual gastric volume of >1.5 ml/kg, hence, were at a risk
of regurgitation and aspiration. VAS scores for 6 parameters (thirst, hunger, mouth dryness, nausea, vomiting,
and fatigue) in the 2 hours group and 3 parameters (thirst, hunger, and mouth dryness) in the 4 hours group

were significantly lower than those in the control group, suggesting a beneficial effect on cirrhotic patients’
well-being. The study concluded that avoiding preoperative fasting by consuming carbohydrates 4 hours prior to
anesthesia had considerable advantages in improving the well-being of patients with cirrhosis undergoing

therapeutic endoscopy, without increasing their risk of regurgitation (Wang et al. 2021).

Paediatric patients younger than 18 yr old undergoing elective surgery were enrolled in a study investigating the
gastric volume measured by ultrasound before and after drinking carbohydrate fluids before surgery. Initial

ultrasound assessment of gastric volume was performed after fasting for 8 hours. Two hours before surgery,
patients were given carbohydrate drinks: 15 ml/kg for patients younger than 3 years old and 10 ml/kg for those
more than 3 yr old. Carbohydrate fluids ingested 2 hours before surgery reduced the gastric volume (mean±SD

1.85±0.94 vs 2.09±0.97 cm2, p=0.01) and did not cause serious complications in paediatric patients. Parents
were satisfied with the preoperative carbohydrate drink (Song et al. 2016).

6.2. Safety
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In a randomized, controlled trial, 120 children (mean age 11 years, range 2-18 years) scheduled for gastroscopy

under general anaesthesia were randomised to either a control group of standard preoperative fasting or to
receive a carbohydrate beverage. Compared with fasting, carbohydrate loading was associated with significantly
less gastric content (p=0.01), and fewer patients experiencing postoperative nausea (p=0.028), with no

significant difference in postoperative vomiting. High preoperative VAS scores (>5) were recorded for 1 child in
the carbohydrate group vs 5 children in the fasting group (Tudor-Drobjewski et al. 2018).

The effects of preoperative carbohydrate loading with a 12.5% carbohydrate fluid was investigated in 25

patients (45–73 years) with type 2 diabetes and 10 healthy control subjects (45–72 years. Type 2 diabetic
patients showed no signs of delayed gastric emptying, suggesting that a carbohydrate rich drink may be safely
administrated 180 minutes before anaesthesia without risk of hyperglycaemia or aspiration pre-operatively

(Gustafsson et al. 2008).

6.2.1. Clinical trial in thoracic surgery patients

No treatment-related death, serious, or other significant adverse events were reported in the MediDrink

OpLoad randomized, controlled, open-label, single-centre clinical trial. On the MediDrink OpLoad arm, 1 patient
reported nausea, fullness, abdominal pain and feeling unwell (Enyedi et al. 2022).

Of the 45 patients receiving PCL with MediDrink OpLOad, 15 patients (33.3%) reported 21 adverse events (AE)

in total at Visit 2 (1 hour after dinner in the evening the day before surgery), with 4 patients (8.9% of all PCL
patients) reporting 2 AE, and 1 patient (2.2% of all PCL patients) experiencing 3 AE. One patient (2.2%) reported
feeling fullness at Visit 3 (1 hour prior to surgery) - this patient reported feeling fullness at Visit 2 as well. The

most common adverse event reported was feeling full (42.9% of all AE), followed by bloating (28.6% of all AE),
burping (14.3% of all AE), flatulence (9.5% of all AE), and nausea (4.8% of all AE). All reported AE were deemed
mild by the treating physicians. Since patients had dinner before Visit 2, the causative role of dinner for the

reported AE cannot be ruled out. No death, serious, or other significant AE occurred during the PCL therapy
with MediDrink OpLoad (Tóth et al. 2026).

6.2.2. Clinical audit in hip and knee arthroplasty patients
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In the clinical trial, 1 patient refused to consume MediDrink OpLoad in the morning prior to surgery due to

nausea, abdominal pain, and feeling full and unwell. The patient later consumed the required dose of
MediDrink OpLoad (Enyedi et al. 2022).

6.3. Adherence

Though PCL is deemed beneficial, the volume of the liquid to be consumed may disadvantageously affect

adherence to, and thus effectiveness of the method. The adherence to different PCL protocols widely vary: it
was 71.6% in patients with fresh fracture (Sun et al. 2022), 81.1% in bariatric surgery patients (Brethauer et
al. 2019), 66.7% - 87% in colorectal surgery patients (Fagard et al. 2020, McKenna et al. 2011, Braga et al.

2017), 71.7% in elective colorectal cancer resection patients (ERAS Compliance Group. 2015), 79.4% in open
gynecologic surgery patients (Hayek et al. 2022), and 43% - 88.6% in diabetic patients undergoing surgery
(Laffin et al. 2017, Festejo Villamiel et al. 2019). Higher compliance (≥80%) to ERAS including PCL has been

associated with lower rates of complications, 30-day hospital readmission, and decreased length of stay
(Brethauer et al. 2019, ERAS Compliance Group. 2015, Hayek et al. 2022). The main barriers against PCL
adherence were early satiety, hyperviscosity of the drinks. Taste was rated only 5.3/10 in an elective colorectal

surgery trial (McKenna et al. 2011). A study of 30 patients undergoing gastrointestinal surgery found that only
53% of patients who had received PCL were willing to take it again if indicated (Veziant & Slim 2014).

6.3.1. Clinical trial in thoracic surgery patients

Adherence to PCL with MediDrink OpLoad was 95.6% in the evening prior to surgery. No patient reported

missed drinks, while adherence data were missing for 2 patients. All patient consumed the prescribed
MediDrink OpLoad prior to surgery, adherence was reported as 100% at this timepoint. In total, adherence to
MediDrink OplOad was calculated as 97%, since missing data on adherence was considered as if the drinks had

not been consumed (Tóth et al. 2026).

6.3.2. Clinical audit in hip and knee arthroplasty patients



Numerous clinical guidelines recommend preoperative carbohydrate loading.

The guidelines of the European Society of Anaesthesiology endorse a 2-hour fasting interval for clear fluids and
a 6-hour interval for solids. They recommend that adults and children should be encouraged to drink clear fluids
(including water, pulp-free juice and tea or coffee without milk) up to 2 hours before elective surgery including

caesarean section, since drinking carbohydrate-rich fluids before elective surgery improves subjective
wellbeing, reduces thirst and hunger and reduces postoperative insulin resistance. Moreover, drinking
carbohydrate-rich drinks up to 2 hours before elective surgery is deemed safe for patients including diabetics

(Smith et al. 2011).

The European Society of Clinical Nutrition and Metabolism (ESPEN) guidelines for clinical nutrition in surgery
(Weimann et al. 2017, Weimann et al. 2021) state that preoperative fasting from midnight is unnecessary in

most patients. Patients undergoing surgery, who are considered to have no specific risk of aspiration, shall drink
clear fluids until 2 hours before anaesthesia. Solids shall be allowed until 6 hours before anaesthesia
(recommendation 1). To reduce perioperative discomfort including anxiety oral preoperative carbohydrate

treatment (instead of overnight fasting) the night before and 2 hours before surgery should be administered. To
impact postoperative insulin resistance and hospital length of stay, preoperative carbohydrates can be
considered in patients undergoing major surgery (recommendation 2).

According to the 2023 American Society of Anesthesiologists Practice Guidelines for Preoperative Fasting (Joshi
et al. 2023), fasting duration is often substantially longer than recommended and prolonged fasting has well
described adverse consequences. Therefore, to avoid prolonged fasting in children, efforts should be made to

allow clear liquids in healthy children as close to 2 hours before procedures as possible. The task force reaffirms
the previous recommendations for clear liquids until 2 hours preoperatively. Simple or complex carbohydrate-
containing clear liquids appear to reduce hunger compared with noncaloric clear liquids.

The Enhanced Recovery After Surgery (ERAS) guidelines also recommend the preoperative carbohydrate
loading 12 hours and 2 hours prior to surgery. Such perioperative carbohydrate loading is recommended in the
ERAS guidelines for gastrointestical surgery (Feldheiser et al. 2016), for colorectal surgery (Gustafsson et al.

2019), for liver surgery (Melloul et al. 2016), for pancreatoduodenectomy (Melloul et al. 2020), for gastrectomy
(Mortensen et al. 2014), for gynecologic oncology surgery (Nelson et al. 2019), for vulvar and vaginal surgery
(Altman et al. 2020), for cytoreductive surgery with or without hyperthermic intraperitoneal chemotherapy

(Hübner et al. 2020), and by the American Society for Enhanced Recovery and Perioperative Quality Initiative
Joint Consensus Statement on Nutrition Screening and Therapy (Wischmeyer et al. 2018).
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Total preoperative starvation has not been shown to reduce the risk of perioperative aspiration and related

diseases.

Surgical stress enhances postoperative insulin resistance, immunosuppression, and patient discomfort.
Recommendations from the European Society of Anaesthesiology and Intensive Care (ESAIC), the European

Society for Clinical Nutrition and Metabolism (ESPEN), the American Society of Anaesthesiologists, the
American Society for Enhanced Recovery and Perioperative Quality, and the Enhanced Recovery After Surgery
(ERAS) guidelines all recommend the preoperative use of clear, carbohydrate-rich fluid as it reduces

perioperative discomfort, postoperative insulin resistance, the risk of postoperative complications, length of
hospital stay, postoperative muscle loss, and consequential hospital costs.

Developed in accordance with ESAIC, ESPEN and ERAS guidelines, MediDrink OpLoad is a food for special

medical purposes for the preoperative dietary management of patients undergoing major surgery.

MediDrink OpLoad has been shown to be effective and safe for preoperative carbohydrate loading in clinical
trials in thoracic surgery and hip and knee arthroplasty patients (Enyedi et al. 2022, Tóth et al. 2026).

Adherence to MediDrink OpLoad was so far the highest adrenece to PCL reported in the literature that may
have had a direct causative role in the improved well-being of patients and reduced symptoms of orthostatic
hypotension seen in the UK clinical audit trial. In addition, the reduction in intravenous fluid requirements can

also represent cost savings for hospitals, even if the costs of PCL MediDrink OpLoad must be covered (Tóth et
al. 2026).

8. Summary
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