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Abstract: Background and aim: Preoperative fasting leads to metabolic stress and causes insulin
resistance in patients undergoing cardiac surgery. The aim of this study was to assess the effect of
preoperative oral carbohydrate loading (OCH) on outcome in patients undergoing planned cardiac
surgery by systematically reviewing the literature and synthesizing evidence from randomized
controlled trials (RCTs). Methods: Systematic search of PubMed/MEDLINE/Embase/Cinahl/Web of
Science/ClinicalTrials databases was performed to identify relevant RCTs from databased inception
until 05/03/2020. We included studies that compared outcome measures between OCH with control
(placebo or standard starvation). We conducted a random-effect meta-analysis of clinical and
biochemical parameters. Results: Nine studies (N = 9) were included with a total of 507 patients.
OCH significantly decreased aortic clamping duration (n = 151, standardized mean difference
(SMD) = —0.28, 95% confidence interval (CI) = —0.521 to —0.038, p = 0.023 and differences in
means (DM) = —6.388, 95%CI = —11.246 to —1.529, p = 0.010). Patients from treatment groups had
shorter intensive care unit (ICU) stay (n = 202, SMD = —-0.542, 95%CI = -0.789 to —0.295, p < 0.001
and DM = -25.925, 95%CI = —44.568 to —7.283, p = 0.006) and required fewer units of insulin
postoperatively (n = 85, SMD = -0.349, 95%CI = —0.653 to —0.044, p = 0.025 and DM = —4.523,
95%CI = —8.417 to —0.630, p = 0.023). The necessity to use inotropic drugs was significantly lower
in the OCH group (risk ratio (RR) = 0.795, 95%CI = 0.689 to 0.919, p = 0.002). All other primary
outcomes did not reveal a significant effect. Conclusions: Preoperative OCH in patients undergoing
cardiac surgery demonstrated a 20% reduction in the use of inotropic drugs, a 50% reduction of the
length of ICU stay, a 28% decrease in aortic clamping duration and a 35% decrease of postoperative
insulin requirement.

Keywords: cardiac surgical procedures; coronary artery bypass grafting (CABG); enhanced recovery
after surgery (ERAS); carbohydrate loading; insulin; inotropes; fasting
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1. Introduction

1.1. Preoperative Fasting

Major cardiac surgery causes metabolic stress and insulin resistance that can be exacerbated
by preoperative fasting [1]. Insulin resistance may lead to hyperglycemia and decreased tissue
responsiveness to the biological activity of insulin, a metabolic problem that induces catabolic state and
may lead to increased morbidity, prolonged hospital and intensive care unit (ICU) stay and decreased
survival [2-5]. Stress hyperglycemia, even in non-diabetic patients, is a marker of stress response
in critically ill patients and results from a release of contra-insulin hormones (i.e., glucocorticoids
and catecholamines) [6]. Hyperglycemia after cardiac surgery can be detrimental to the heart due to
glucose toxicity that causes increased oxidative stress via the hexosamine metabolic pathway and by
elevated levels of advanced glycation end-products [7-9].

Preoperative fasting, defined as no solid food six hours prior to surgery and no clear liquids
two hours prior to surgery, is the standard approach in elective surgery aimed at reducing the risk
of aspiration during induction of anesthesia and intubation [10,11]. On the other hand, evidence
has shown that fasting not only contributes to catabolic state of stress response related to surgery,
but also causes gastrointestinal (GI) problems after surgery and may lead to postoperative delirium
and cognitive dysfunction [12-16]. It is noteworthy that monitoring of GI function is very challenging
in the ICU [17]. Fasting times are often exceeded due to organizational issues; therefore, limiting the
time without oral intake of food or liquids is of major importance in order to improve postoperative
outcome and patient satisfaction [18-20].

1.2. Oral Carbohydrate Loading

One of the measures to improve post-operative outcome is oral carbohydrate loading (OCH)
treatment, initiated to optimize the nutritional status of the patient prior to elective surgery as part of the
Enhanced Recovery After Surgery (ERAS) pathway [21-23]. ERAS is a multimodal, multidisciplinary
initiative to improve perioperative care with the effect of substantial improvements in clinical outcomes
and cost savings [21]. It is especially relevant to cardiac surgery and includes issues related to human
nutrition and metabolism during the preoperative preparation (fasting, preoperative carbohydrate
treatment), intraoperative management (blood glucose monitoring and treatment) and postoperative
approach (treatment of nausea and vomiting, early nutrition and gastrointestinal stimulation) [22,24-27].

Many studies have evaluated the effect of preoperative use of an oral drink of simple and/or
other digestible carbohydrates on clinical and metabolic outcomes. Their results have shown that
OCH decreases postoperative insulin resistance and improves glucose kinetics [28,29], facilitates
return of bowel function [13], preserves skeletal muscle mass [30,31], modifies hormonal and
metabolic response [32-34], prevents surgery-induced immunodepression [35], decreases surgical
site infections [36], improves patients’ satisfaction [37] and lowers the total number of complications
and the length of hospitalization time [36]. It is important to limit the OCH use for patients without
contraindications, including known gastroesophageal reflux disease, disorders of gastric motility or
diabetes associated with diabetic gastroparesis [38].

As has been shown by Brady et al., clear fluids are removed from the stomach within one hour
(up to 90 min) [39]. Administration of clear liquids up to two hours before elective operations does
not expose patients to greater risk of aspiration, regurgitation or related morbidity as compared to
those fasted for 12 h or longer before surgery [39]. For this reason, anesthesiology societies issued
recommendations that allow patients to drink an oral carbohydrate (OCH) drink. The procedure called
“oral carbohydrate loading” typically allows the patient to drink a volume of 400-800 mL of OCH the
night before surgery and a volume of 200400 mL up to 2 h before elective surgery, with the exception
of patients with special risk of aspiration, e.g., with gastro-esophageal reflux or delayed gastric
emptying (for any reason) [39,40]. Also fruit-based drinks (i.e., 400 mL of over-the-counter fruit-based
lemonade, containing 48 g carbohydrates, mainly fruit-associated saccharides, 805 mOsm/kg) or drinks
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enriched with glutamine (50 g maltodextrin plus 40 g GLN), antioxidants, and green tea extract
(70 g), Vitamin C (750 mg), Vitamin E (250 mg), Selenium (150 mg), Zinc (10 mg), 3-Carotene (5 mg),
Green tea extract (1 g), Glutamine (15 g) and Maltodextrin/saccharose (50 g) may be considered as
a safe alternative to CHO drink with no difference in the gastric emptying time [41-43]. Typical
preoperative oral carbohydrate-rich drink (e.g., for colorectal patients) is a hypo-osmolar solution and
contains 12.5 g-100 mL! carbohydrate (12% monosaccharide, 12% disaccharide, 76% polysaccharide,
285 mOsm kg~1) [44] or 12.5 g:100 mL~! carbohydrate (2.1 g-100 mL~! monosaccharide, 10 g'mL ™"
polysaccharide, 240 mOsm, sodium 50 mg-mL_l, potassium 122 mg'mL_l, chloride 6 mg'mL_l, calcium
6 mg-mL_l, phosphorus and magnesium 1 mg-mL_l, pH of 4.9) [45].

Many studies regarding OCH have been performed involving a wide range of outcomes, but their
quality is unsatisfactory, therefore the evidence that preoperative carbohydrate treatment reduces
major endpoints—hospital stay and mortality—is still lacking. Despite the high importance of the
problem, a meta-analysis of studies concentrating on the effects of preoperative carbohydrate treatment
on clinical and metabolic endpoints in cardiac surgery has not been performed.

1.3. Specific Aims

The aims of this meta-analysis were to evaluate the influence of pre-operative carbohydrate loading
in patients undergoing elective cardiac surgery on clinical (length of hospital and ICU stay, mortality,
post-operative surgical complications, post-operative non-surgical complications, post-operative
nausea and vomiting (PONV)) and metabolic outcomes (i.e., glycemia, development of postoperative
insulin resistance, effects of starvation).

2. Materials and Methods

We performed a systematic review and a meta-analysis of randomized controlled trials (RCTs) in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [46].

2.1. Search Strategy and Inclusion Criteria

At least two independent authors (K.S.-Z., D.J.-M., M.F.) searched PubMed/MEDLINE/Embase/
Cinahl/Web of Science/ClinicalTrials from database inception until 05/03/2020 without language
restriction for randomized controlled trials (RCTs) comparing carbohydrate loading with placebo/fasting
to counteract particular clinical and biochemical outcomes in patients undergoing cardiac surgery.

The following search terms were used in PubMed: (surgery* OR operation* OR operation care OR
operative intervention OR operative surgical procedure OR operative treatment OR research surgery
OR resection OR surgery, operative OR surgical care OR surgical correction OR surgical exposure OR
surgical intervention OR surgical management OR surgical operation OR surgical practice OR surgical
procedures, operative OR surgical repair OR surgical research OR surgical restoration OR surgical
service OR surgical therapy OR surgical treatment) AND (carbohydrate load* OR oral carbohydrates
OR “carbohydrate solution” OR “carbohydrate drinks”) AND (RCT OR random*) AND “humans”.

In Embase, the following search string was used: (‘surgery’/exp OR ‘operation” OR “operation
care’ OR ‘operative intervention” OR ‘operative surgical procedure” OR ‘operative treatment” OR
‘research surgery” OR ‘resection” OR “surgery” OR ‘surgery, operative’ OR ‘surgical care” OR ‘“surgical
correction” OR ‘surgical exposure” OR ‘surgical intervention” OR ‘surgical management” OR ‘surgical
operation” OR ‘surgical practice” OR ‘surgical procedures, operative’” OR ‘surgical repair’ OR
‘surgical research” OR ‘surgical restoration” OR ‘surgical service” OR ‘surgical therapy” OR ‘surgical
treatment’) AND (‘carbohydrate loading” OR ‘oral carbohydrates” OR ‘carbohydrate solution”) AND
(‘randomized controlled trial’/exp OR “controlled trial, randomized” OR ‘randomized controlled study’
OR ‘randomized controlled trial”’ OR ‘randomized controlled study’ OR ‘randomized controlled trial’
OR ‘trial, randomized controlled”) AND “humans”.
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For the ClinTrials.Gov search, the following two search terms were utilized: carbohydrate loading
AND surgery. The electronic search was supported by a manual review of the reference lists from
relevant reviews and publications.

The following inclusion criteria were applied:

(i) Randomized controlled trial,

(ii) Populations containing >15 patients,

(iii) Intervention comprising of oral carbohydrate loading maximum 2 h prior to surgery,

(iv) Randomization to carbohydrate loading versus fasting/placebo (e.g., water),

(v) Available meta-analyzable change score/endpoint data on any biochemical and clinical outcomes,
in particular any of the following: surgical stress response (e.g., white blood cells count, C-reactive
protein (CRP) concentration, proinflammatory cytokines levels), postoperative complications
(e.g., postoperative nausea and vomiting, surgical site infection, GI tract complications, blood loss),
non-surgical complications (e.g., pneumonia/urinary tract infections, delirium, antibiotic therapy
duration, insulin treatment), mortality, ICU length of stay, inotropic drugs usage, time to
extubation, atrial fibrillation and arrythmia.

We excluded studies that randomized patients suffering from insulin-dependent diabetes (Type 1
diabetes mellitus—T1DM). Data from more than 2 arm studies (studies with more than one type of
intervention) were abstracted separately for comparators [47].

2.2. Data Extraction

Data on sponsorship, blinding, setting, focus of the study, as well as patient and intervention
characteristics were independently extracted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [46] standard by two independent investigators
(D.J.-M., K.S.-Z.). For evaluation of the risk of bias (ROB) [48], we assumed that the higher the number
of low risk-of-bias assessments, the greater the quality of the study. Data from figures was extracted by
means of WebPlotDigitizer software (https://automeris.io/WebPlotDigitizer/). Whenever data were
missing for the review, authors were contacted for additional information twice, via corresponding
authors’ emails, two weeks apart. Inconsistencies were resolved by the first author (K.K.), who acted
as a clinical guarantor of the article.

2.3. Outcomes

Primary outcomes were: acute atrial fibrillation (AAF), aortic clamping time (AC), acute myocardial
infarction (AMI), any infectious complications, arrythmia, blood loss, cardio-pulmonary bypass (CPB)
duration, duration of mechanical ventilation, duration of surgery, exogenous insulin treatment,
intensive care unit (ICU) stay, inotropic drugs usage, postoperative nausea and vomiting (PONV),
vasoactive drugs usage and transfusion requirement.

Secondary outcomes were: bronchial aspiration during induction of anesthesia, stroke, in-hospital
mortality, thirst, any complication intra-operatively, post-surgery complication, reoperation, encephalic
vascular accident, hospital length of stay, intra-operative and post-operative gastric drainage,
Homeostasis Model Assessment for Insulin Resistance (HOMA-IR) index endpoint, CRP endpoint,
interleukin-6 (IL-6) endpoint and blood glucose level post-operatively.

2.4. Data Synthesis and Statistical Analysis

We conducted a random effects [49] meta-analysis of outcomes for which >3 studies contributed
data, using Comprehensive Meta-Analysis V3 (http://www.meta-analysis.com). We evaluated study
heterogeneity using the chi-square test of homogeneity, with p < 0.05 indicating significant heterogeneity.
All analyses were two-tailed with alpha = 0.05. Group differences in continuous outcomes were
analyzed as the pooled standardized mean difference (SMD) or for significant effects and where
relevant, as differences in means (DM) in endpoints using observed-cases (OC) data. Categorical
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outcomes were analyzed by calculating the pooled risk ratio (RR). At last, funnel plots and Egger’s
regression test [50] followed by the Duval and Tweedie’s trim and fill method [51] to quantify whether
publication bias could have influenced the results were done.

2.5. Risk of Bias

The quality of each study methodology was classified by two independent investigators (E.S. and
D.J.-M.) based on selection, performance, attrition and reporting bias assessment. This was done by
means of the Cochrane Collaboration’s tool [48]. We arbitrarily assumed that the quality of a study
increased along with the higher number of low risks of bias assessments.

2.6. GRADE (Grading of Recommendations, Assessment, Development and Evaluation)—Quality of
Evidence Assessment

The GRADE approach enables the assessment of quality of evidence in systematic reviews and
guidelines. Overall quality of the evidence for each outcome was graded as high, moderate, low or very low,
depending on the assessment of the following domains: risk of bias, inconsistency, indirectness, imprecision
and publication bias [52,53]. The GRADEpro software was used (https://gdt.gradepro.org/app/).

3. Results

3.1. Search Results

The initial search yielded 2155 hits. A total of 2145 studies were excluded, being duplicates
and/or after evaluation on the title/abstract level. There was 1 additional article identified via hand
search. Overall, 11 full-text articles were incorporated into the final, abstraction level. Of those, 2 were
excluded due to not fitting inclusion criteria: the reasons for exclusion were diabetes (N = 1) and too
small sample size (N = 1) (Figure 1). This yielded 9 studies that were included in the meta-analysis.
However, in two trials [54,55], the same study cohort was reported with a percent of identical results,
thus in present work, these results were not used in duplicate where applicable.

Number of hits in Number of hits in Number of Number of hits in Numb_er ofhits n
g Pub Med Embase Cinahl Web of Science ClinTrials
2 — — = =3
£ (N=2022) (N=76) (N=10) (N l11) (Nl 36)
-E ‘ Potentially relevant articles identified and screened (N=2155) |
Duplicates and articles excluded at
abstract level (N=2145)
=
§ Potentially eligible full text articles identified from electronic search (N=10)
L
3
w1
Potentially eligible articles
identified via hand search (N=1)

Full text articles retrieved for evaluation of eligibility (N=11)
2 Articles excluded because of (N=2):
z_"‘ —>| » diabetic patients (N=1)
2 + Too small sample size (N=1)
=
k=
L
=
g

‘ Articles included in the meta-analysis (N=9) ‘

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) study
flowchart depicting search strategy and study selection.
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3.2. Study, Patient and Treatment Characteristics

Altogether, nine studies (N = 9) were included [45,47,54-60] comprising 11 interventions. However,
as mentioned previously, two studies comprised the same study group and presented similar results in
separate papers, thus the numbers of studies and interventions are 8 and 10, respectively. These were
double-blind [54-56] or open-label prospective trials [45,47,57-59]. In the majority of studies [45,47,54-58],
12.5% oral carbohydrate (OCH) solution was used. In two studies, 12.8% [59] and 12.6% [60] OCH was
ingested. Patients received a different amount of OCH drink, varying from 200 to 1200 mL, either once
before the surgery or at various times. The most frequent comparator in the studies included into the
qualitative synthesis was fasting [45,47,57-60]. In three trials (including a duplicate study by Feguri
et al. 2017 and Feguri et al. 2019), patients received water instead of OCH load [54-56].

A total of 507 patients took part in the included trials. A mean number of randomized patients
was equal to 63 per trial, while the analyzed group comprised of 62 patients on average. These were
predominantly men (n = 469, 76.3%), aged between 57 and 68.5 years. In the majority of studies,
coronary artery bypass grafting with cardio-pulmonary bypass and general anesthesia with endotracheal
intubation was performed [45,47,54-58]. A subgroup of patients in a study by Sokolic et al. [60] underwent
off-pump coronary artery bypass grafting (OPCAB). In a study by Lee et al. [59], OPCAB revascularization
was also performed. The mean number of low risks of bias assessments was 4.5, with the highest
quality scored at 6 and lowest scored at 3. Only one study scored high risk for allocation concealment
(selection bias) and blinding of participants and personnel (performance bias) [57]. The highest number
of domains (four) assessed as unclear risk of bias was obtained by four studies [45,47,58,60]. The risk of
bias assessments for each study (listed in Table 1) is presented in Supplemental Table S1 Study and
patients’ characteristics are shown in Table 1.

3.3. OCH Effects on Clinical and Biochemical Parameters

There were no trials retrieved from the search that provided data for all of the primary outcomes.
Primary outcomes that were subjected to meta-analysis included: aortic clamping time, arrythmia,
cardio-pulmonary bypass (CPB) duration, ICU length of stay, blood loss, duration of mechanical
ventilation, duration of surgery, exogenous insulin treatment in the ICU postoperatively, arrythmia,
acute myocardial infarction (AMI), acute atrial fibrillation (AAF), any infectious complications, inotropic
drugs usage, postoperative nausea and vomiting (PONV), transfusion requirement and vasoactive
drugs usage. All secondary outcomes were not meta-analyzable.

Out of all evaluated indices, the OCH intake significantly affected the duration of aortic clamping,
postoperative insulin dose in the ICU, along with the length of ICU stay and finally, the use of inotropic
drugs. The OCH drink significantly decreased the aortic clamping (AC) duration (minutes) (n = 151,
SMD = —0.28, 95% confidence interval (CI) = —0.521 to —0.038, p = 0.023 and differences in means (DM)
= —6.388, 95%CI = —11.246 to —1.529, p = 0.010). Patients from treatment groups had shorter length
of ICU stay (hours) (n = 202, SMD = —0.542, 95%CI = —0.789 to —0.295, p < 0,001 and DM = —-25.925,
95%CI = —44.568 to —7.283, p = 0.006) and required fewer units of insulin postoperatively (IU) (n = 85,
SMD = —0.349, 95%CI = —0.653 to —0.044, p = 0.025 and DM = —4.523, 95%CI = —-8.417 to —0.630,
p=0.023). Similarly, the necessity to use inotropic drugs was significantly lower in OCH-treated patients
as compared with controls (risk ratio (RR) = 0.795, 95%CI = 0.689 to 0.919, p = 0.002). For these results,
the forest plots are presented in Figures 2-8. In one case, the Egger’s test did indicate a significant
publication bias (p = 0.007). After applying the Trim and Fill method, the statistics remained unchanged
(missing studies to right of mean). All other primary outcomes did not reveal a significant effect.

The Supplementary Tables S2 and S3 present all other meta-analyzed results. Other not
meta-analyzable outcomes abstracted by the authors are depicted in Tables 2 and 3.
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Table 1. Study characteristics.
Overall Study Study Design Intervention Patients Characteristics
No. Characteristics (First Age—Years;
. Surgery OCH Oral K Male,
Author, Year, Country)  Blinding/ROB Focus of the Study Technique/Anesthesia Specification, % Dose, mL Comparator  R/A (n) Ml\e/;:::lgasr?)’ %/[T2DM, %
Feguri et al., 2017, morbidity (especially POAF) in ICU CABG with CPB/GA .
1 Brazil [54] DB/6 patients with ETT 125 200 water 30/28 6210.7) 78.6/25
Feguri et al., 2019, morbidity, blood glucose, CABG with CPB/GA M
2 Brazil [55] DB/6 inflammation, recovery with ETT 125 200 water 6210.7) 78.6/25
Feguri et al., 2012, perioperative glycemic control and IR CABG with CPB/GA +
3 Brazil [56] DB/5 of nondiabetic patients with ETT 125 600 water 40/40 585(72) 65/0
Jarvela et al., 2008, perioperative insulin requirements in CABG with CPB/GA N .
4 Finland [57] OL/4 non-diabetic patients with ETT 125 400 fasting 1017101 654 (102) 83.2/0
Lee et al., 2017, Korea insulin resistance and free-fatty acid . 1 .
5 (59] OL/6 (FFA) concentrations OPCAB/GA with ETT 12.8 800 fasting 60/57 64.5 (8.5) 86/0
Savl;k Et al';} §017a' postoperative insulin requirements, CABG V\gg%}) B/GA 12.5 1200 § fasting 77/77 58 (11.6) 83/0
6 Savl 111(r fyl[ 2(])17[) OL/3 postoperative patient discomfort, CABC‘QNI ith CPB/GA
N et inotropic support, length of the ICU R ETT / 125 4001 fasting 76/76 57.5 (11.5) 81.2/0
Savl lLr fyl[ 22)17 stay, the duration of postoperative CABGWI ith CPB/GA
avluk et al., (e : o wi .
Turkey [47] mechanical ventilation with ETT 12.5 400 * fasting 77/77 57 (11) 81.8/0
, S"k‘ém ett,alt'(f)‘]maf oL frequency and perforin expressionin  OPCAB/GA with ETT 12.6 200" fasting 40/40 6616755 72.5/0
roatia peripheral blood lymphocytes .
Sokolic et al., 2019b, CABG with CPB/GA 126 fasti 4040 68.5 1 66 58 67.5/0
Croatia [60] with ETT : asting T :
glucose and insulin levels, insulin
resistance, markers of inflammation
(CRP, IL-6), FFA levels, time of .
8 Tran etal,, 2013, OL/3 mechanical ventilation, incidence of CABG Wlth CPB/GA 12.5 1200 ** fasting 26/26 55 #; 59 §§ 80.8/0
Canada [45] . . . . with ETT
infection, blood transfusions, LOS in
the ICU, LOS in the hospital,
subjective feelings of discomfort (VAS)
Rapp-Kesek et al., 2007, Muscle strength, insulin resistance, CABG with CPB/GA H .
? Sweden [58] OL/3 stress hormone response with ETT 125 800 fasting 18/18 72(1.4) nd/0

* 2 h before the surgery, t 400 mL—6 h before the surgery, ¥ 400 mL—between 9:00 and 11:00 p.m. in the evening before the surgery, and 400 mL—2 h to 3 h before the surgery, and 200 mL
2 h before induction of anesthesia, § 800 mL—S8 h before the surgery and 400 mL—2 h before the surgery, 1 8 h before the surgery, ** 800 mL—at the evening before surgery between
21:00 and 23:00 h, and 400 mL consumed over a ten minute period—2 h before the surgery, 400 mL in the evening before surgery and 400 mL in the morning on the day of surgery, #
treatment group, 88 control group A—number of analyzed patients. CABG with CPB—Coronary Artery Bypass Grafting with Cardio-Pulmonary Bypass, OCH—oral carbohydrate,
CRP—C-reactive protein, DB—double blinding, FFA—free-fatty acid, GA with ETT—General Anesthesia with Endotracheal Intubation, ICU—intensive care unit, II-6—interleukin 6,
LOS—Ilength of stay, nd—no data, OL — open label study, OPCAB—Off-Pump Coronary Artery Bypass Grafting, POAF—postoperative atrial fibrillation, R—number of randomized
patients, ROB—risk of bias, as number of Low assessments, SD—standard deviation, SB—single blinding, T2DM—type 2 diabetes mellitus, VAS—visual analog scale.
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Aortic Clamping Duration

Model  Study name Statistics for each study Std diff in means and 95% Cl
Standard Std diff Lower Upper
error inmeans  Variance limit limit Z-Value  p-Value
Feguri et al., 2017 [54], Brazil 0,380 0,203 0,144 -0,452 1,038 0771 0,441 I .
Feguri etal., 2012 [56], Brazil 0,316 0,018 0,100 -0,602 0,637 0,056 0,956 —
Savluk et al , 2017a, [47], Turkey 0,231 -0,465 0,053 -0,818 -0,012 2,013 0,044
Savluk et al., 2017b, [47] Turkey 0,231 0,314 0,053 0,766 0,139 -1,358 0,174 .
Savluk et al., 2017¢, [47] Turkey 0,231 -0,456 0,053 -0,908 -0,003 -1,974 0,048
Fixed 0,117 -0,286 0,014 -0,515 -0,057 -2,448 0,014
Random 0,123 -0,280 0,015 -0,521 -0,038 -2,266 0,023
1,00 0,50 0,00 0,50 1,00
Favours CHO Favours Control

Figure 2. An effect size standardized mean difference, for aortic clamping (AC) duration (minutes) in
patients taking oral carbohydrates (OCH) drinks vs. controls. Std diff in means—standardized mean
difference; 95%C1—95% confidence interval.

Aortic Clamping Duration

Model Study name Statistics for each study Difference in means and 95% CI
Standard Difference Lower Upper
error in means Variance limit limit Z-Value p-Value
Feguri et al., 2017 [54], Brazil 8,843 6,850 78,196  -10,482 24,182 0,775 0,439 I .
Feguri et al., 2012 [56], Brazil 7,187 0,400 51,652 -13,686 14,486 0,056 0,956 h
Saviuk et al., 2017a, [47], Turkey 4,755 -9,700 22,611 -19,020 -0,380 -2,040 0,041
Savluk et al., 2017b, [47] Turkey 5124 -7,000 26,251 -17,042 3,042 1,366 0,172 '
Savluk et al., 2017c, [47] Turkey 4,552 -9,100 20,718 -18,021 -0,179 -1,999 0,046
Fixed 2,479 -6,388 6,145  -11,246 -1,529 -2,577 0,010
Random 2,479 -6,388 6,145  -11,246 -1,529 -2,577 0,010
8,00 -4,00 0,00 4,00 8,00
Favours CHO Favours Control

Figure 3. An effect size, difference in means, for aortic clamping (AC) duration (minutes) in patients
taking oral carbohydrates (OCH) drinks vs. controls. 95%C1—95% confidence interval.
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ICU Length of Stay

M Stu name Statistics for each S[ley Std diff in means and 95% CI
std diff Standard Lower  Upper
in means error Variance  limit limit  ZValue  p-Value
Feguri et al,, 2012 [56], Brazil -1,265 0,348 0120 1244 058  -3651 0,000 e
Feguri st al,, 2017 [54], Brazil 0,219 0,379 0144 08962 0524 0578 0,563 .
Jarvela et al., 2008 [[57], Finland Finland ~ -0,297 0,200 0040 -0,689 0,096 -1.483 0138 .
Savluk et al., 2017a [47], Turkey 0712 0,235 0055 -1,173  -0251 3,028 0,002 * —
Saviuk et al., 2017b [47], Turkey -0,469 0,233 0054 -0825 -0013 2016 0,044
Savluk et al,, 2017c [47], Turkey -0,496 0,231 0054 -0,949 -0,042 2,142 0,032
Fixed -0,526 0,102 0010 0727 -0326 5145 0,000
Random -0,542 0,126 0016 -0,789  -0295  -4,307 0,000
-1,00 0,50 0,00 0,50 1,00
Favours CHO Favours Control

Figure 4. An effect size standardized mean difference, for intensive unit care (ICU) stay (hours) in
patients taking oral carbohydrates (OCH) drinks vs. controls. Std diff in means—standardized mean
difference; 95%C1—95% confidence interval.

ICU Length of Stay

Model Study name Statistics for each study Difference in means and 95% CI
Difference. Standard Lower Upper
in means error Variance limit limit 2Z-value p-Value
Feguri et al., 2012 [56], Brazil -24,000 6,000 36,000 -35,760 -12,240 -4,000 0,000
Feguri et al., 2017 [54], Brazil -13,680 23,585 556,251 59,906 32,546 0,580 0,562
Jarvela et al., 2008 [[57], Finland Finland -2,100 1,409 1,984 -4,861 0,661 1,491 0,136 — —.— b
Saviuk et al., 2017a [47], Turkey 65,200 17,674 312,367 -89,840 -20,560 3,123 0,002
Saviuk et al., 2017b [47), Turkey -38,400 18,795 353,043 75,237 1,563 2,043 0,041
Saviuk et al., 2017c [47], Turkey -47,280 21,743 472,742 -89,895 -4,665 2175 0,030 O —
Fixed -3.941 1,359 1,846 6,604 -1,278 2,901 0,004
Random 25,925 9,512 90,470 -44,568 7,283 2,726 0,006
8,00 -4,00 0,00 4,00 8,00
Favours CHO Favours Control

Figure 5. An effect size, difference in means, for intensive care unit (ICU) stay (hours) in patients taking
oral carbohydrates (OCH) drinks vs. controls. 95%Cl—95% confidence interval.
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Exogenous Insulin in ICU Postoperatively
Model  Study name Statistics for each study Std diff in means and 95% Cl
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Feguri et al., 2012 [56], Brazil -0,208 0.317 0,101 -0.830 0413 -0.657 0511 .
Jarvela et al_, 2008 [57], Finland -0,307 0,200 0,040 -0,699 0,086 -1,531 0,126 — '——
Feguri et al., 2019 [55], Brazil -0.721 0,390 0,152 -1,486 0,043 -1,849 0,064 m
Fixed -0,349 0.155 0,024 -0.853 -0,044 -2,248 0,025
Random -0,349 0155 0,024 -0,653 -0,044 -2,246 0,025
1,00 -0,50 0,00 0,50 1,00

Favours CHO Favours Control

Figure 6. An effect size standardized mean difference, for exogenous insulin units (IU) in intensive care
unit (ICU) postoperatively in patients taking oral carbohydrates (OCH) drinks vs. controls. Std diff in
means—standardized mean difference; 95%Cl—95% confidence interval.

Exogenous Insulin in ICU Postoperatively

Model Study name

Feguri et al., 2012 [56], Brazil

Jarvela et al., 2008 [57], Finland

Feguri et al., 2019 [55], Brazil

Fixed

Random

Difference
in means

-2,600

-4,000

-9,430

-4,523

-4,523

Standard
error

3,948

2,597

4,941

1,987

1,987

Statistics for each study

Variance

15,591

6,744

24,415

3,947

3,947

Lower

limit

-10,339

-9,090

-19,114

-8,417

-8,417

Upper

limit

5,139

1,090

0,254

-0,630

-0,630

Z-Value

-0,658

-1,540

-1,908

-2,277

-2,277

p-Value

0,510

0,123

0,056

0,023

0,023

Difference in means and 95% CI

=

Favours CHO Favours Control

Figure 7. An effect size, difference in means, for exogenous insulin units (IU) in intensive care unit
(ICU) postoperatively in patients taking oral carbohydrates (OCH) drinks vs. controls. 95%C1—95%

confidence interval.
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Model Study name

Feguri et al., 2012 [56], Brazil

Lee et al.,, 2017 [59], Korea

Savluk et al., 2017a [47], Turkey

Savluk et al., 2017b [47], Turkey

Savluk et al., 2017¢ [47], Turkey

Tran et al., 2009 [45], Canada
Fixed

Random

Risk
ratio

0,400
0,414
0,746
0,862
0,809
1,000
0,795

0,795

Statistics for each study

Lower Upper
limit limit Z-Value p-Value
0,150 1,066 -1,833 0,067
0,087 1,963 -1,110 0,267
0,566 0,985 -2,087 0,039
0,680 1,093 -1,222 0,222
0,627 1,043 -1,639 0,101
0,246 4,070 0,000 1,000
0,689 0,919 -3,116 0,002
0,689 0,919 -3,116 0,002

Risk ratio and 95% CI

<* o

0,1 0,2 0,5 1 2 5

Favours CHO

Favours Control

Figure 8. An effect size, risk ratio, for inotropic drugs use in patients taking oral carbohydrates (OCH)

drinks vs. controls.

Table 2. Qualitative clinical outcomes that were not subjected to meta-analysis. Values are number

of patients.
Ti 1
Outcomes reatment Group  Control Group References
Cases n Cases n
B hial L. 0 14 0 14 Feguri et al., 2017, Brazil [54]
r;nc. 1al acslp “t”.‘“on 0 14 0 14 Feguri et al., 2019, Brazil [55]
“rfmg mthuc.lon 0 20 0 20 Feguri et al., 2012, Brazil [56]
otanesthesia 0 50 0 51 Jarvela et al., 2008, Finland [57]
Strok 0 14 1 14 Feguri et al., 2017, Brazil [54]
Toke 0 20 0 20 Feguri et al., 2012, Brazil [56]
. . 0 14 1 14 Feguri et al., 2017, Brazil [54]
In-hospital tal
n-hospital mortality 0 20 0 20 Feguri et al., 2012, Brazil [56]
Thirst 0 20 3 20 Feguri et al., 2012, Brazil [56]
Acute atrial fibrillation 6 14 8 14 Feguri et al., 2019, Brazil [55]
Anv post-surger nd nd 2 14 Feguri et al., 2019, Brazil [55]
C}ég s fn Y 8 28 12 29 Lee et al., 2017, Korea [59]
P 34t 13 51 13 Tran et al., 2013, Canada [45]
Transfusion 7 14 14 Feguri et al., 2017, Brazil [54]
intra-operatively 6 28 4 29 Lee et al., 2017, Korea [59]
Transfusion 6% 14 5 14 Feguri et al., 2017, Brazil [54]
post-operatively
P . 3 14 3 14 Feguri et al., 2019, Brazil [55]
neumonia 0 13 0 13 Tran et al., 2013, Canada [45]
Reoperation 1 28 1 29 Lee et al., 2017, Korea [59]
Any complication 1 14 2 14 Feguri et al., 2017, Brazil [54]
intra-operatively
EVA (encephalic 0 14 2 14 Feguri et al., 2017, Brazil [54]

vascular accident)

* at ICU; ' number of complications, nd—no data.
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Table 3. Quantitative clinical outcomes that were not subjected to meta-analysis. Values are mean

(standard deviation (SD)) or median (interquartile range (IQR)).

Treatment Group

Control Group

Outcomes Mean (SD); Mean (SD); References/Country
Median (IQR) " Median (IQR) "
Postoperative blood 4 ~4
) 820 (670; 1010) 28 720(530; 830) 29 Lee et al., 2017, Korea [59]
loss; mL
Duration of 10 (9;10) 20 10 (10; 15) 20 Sokolic et al., 2019a, Croatia [60]
mechanical ventilation; 10 (10; 13.5) 20 9(7.510)" 20 Sokolic et al., 2019b, Croatia [60]
h 6(4.1;11.2)" 13 6.7 (4.6;12.5)" 12 Tran et al., 2009, Canada [45]
8.42 (7.79) 14 8.07 (4.5) 14 Feguri et al., 2017, Brazil [54]
Hospital length of stay; 7.8 (1.4) 20 9.7(3.1) 20 Feguri et al., 2012, Brazil [56]
days 11 (10; 14) 28 11 (0;14) 29 Lee et al., 2017, Korea [59]
4(4;5)" 12 5(5;6) 13 Tran et al., 2009, Canada [45]
48 (48;72)" 28 72 (48;72) 29 Lee et al., 2017, Korea [59]
ICU stay (hours) 24 (24; 48) ) 20 24 (24; 24) . 20 Sokoliic etal., 2019a, Croat'{a [60]
24 (24; 24) 20 24 (24; 24) 20 Sokolic et al., 2019b, Croatia [60]
21.3 (20.4;22.9)" 13 23.1(21.8;25.6) 12 Tran et al., 2009, Canada [45]
Duration of the 220 (197.5;242.5)" 13 220 (195; 240)° 13 Tran et al.,, 2009, Canada [45]
surgery; min
Postoperative blood 200 (0; 295) 28 200 (0; 420) 29 Lee et al., 2017, Korea [59]
transfusion; mL
CPB duration; min 59 (50.5; 81.5) 13 61 (51.8;72.5)" 12 Tran et al., 2009, Canada [45]
Intra-operative gastric 26.8 (57.9) 50 163 (37.9) 51 Jarvela et al., 2008, Finland [57]
drainage; mL
Post-operative gastric 88.8(75.4) 50 499 (63.4) 51 Jarvela et al., 2008, Finland [57]
drainage; mL
Exogenous insulin 5.9 (5.7) 20 7.5 (5) 20 Feguri et al., 2012, Brazil [56]
intra-operatively; [U 0 28 0 29 Lee et al., 2017, Korea [59]
11.2 (8.2) 20 11.6 (7.6) 20 Feguri et al., 2012, Brazil [56]
HOMA-IR endpoint 3.2(0.9;6.3)" 12 1.8(1.1;3.8)" 13 Tran et al., 2013, Canada [45]
7.56 (1.48) 1 9 7.2 (2.44) 9 Rapp-Kesek et al., 2007, Sweden [58]
CRP endpoint; 3.75 (nd) 14 5.15 (nd) 14 Feguri et al., 2019, Brazil [55]
mgdlfl -0.25 (-0.47;0.21) 8 10 -0.1(0.34; 0.39) 8 13 Tran et al., 2013, Canada [45]
IL'S;?E_TM; 1.92 (1.68-2.03) 8 7 179(173191)8 6 Tran et al., 2013, Canada [45]
8.15 (nd) 1) 14 8.91 (nd) 14 Feguri et al., 2019, Brazil [55]
Blood glucose 6.44 (0.99) *+(@) 50 6.32 (nd) 51 Jarvela et al., 2008, Finland [57]
post-operatively; 7.8(7.0;8.2) 28 7.3(7.8;63) 29 Lee et al., 2017, Korea [59]
mmol-L™! 6.7 (5.4;7.1) # 13 6.6 (5.9;8.1)" 13 Tran et al., 2013, Canada [45]
7.9 (0.5)F 9 8.2(0.7) 9 Rapp-Kesek et al., 2007, Sweden [58]

" median (interquartile range); t postoperative 24 h;  measured in the first POD (postoperative day); §as logarithm;
CRP (mg-L™), interleukin-6 (IL-6) (pg-mL~1); T in the first hour in the postoperative period at the ICU; ** in the
first six hours in postoperative period at the ICU; ™' median of six measurements over 48 h in the postoperative
period; # immediate postoperative period; @ data from the graph; ® converted from mg-dL~! to mmol-L7};
CPB—cardiopulmonary bypass; CRP—C-reactive protein; HOMA-IR- Homeostasis Model Assessment for Insulin
Resistance; nd—no data.

3.4. The Quality of Evidence Assessment (GRADE)

All studies in the meta-analysis were RCTs; therefore, the outcomes start as high-quality evidence.
Three out of four outcomes’ evidence are moderate quality (AC duration, units of the exogenous
insulin and the ICU stay) and were downgraded because of the overall low quality of the studies (ROB),
detected publication bias, inconsistency or imprecision. The evidence of use of inotropic drugs was

graded as low. The GRADE assessment of evidence of statistically significant outcomes: AC duration,
length of ICU stay, units of exogenous insulin postoperatively and inotropic drugs, is presented in
Table 4. The quality of evidence assessment of all other results are provided in Supplementary Table S4.
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Table 4.
Certainty Assessment No of patients Effect
OCH Fasting or . Certaint
Ne (?f Stu.d y Risk of Bias  Inconsistency Indirectness Imprecision (?ther . Loading Water Re})atlve Absolute (95% CI) y
Studies Design Considerations (95% CI)
(Treatment)  (Control)
AC duration (min)

35 randomized L a ) ) b publication bias MD 6.388 lower (11.246 PP PO

interventions) trials not serious notserious  notserious  not serious strongly suspected © 147 73 ) lower to 1.529 lower) MODERATE
ICU stay (hours)
. MD 25.925 SD lower

. 46 . randgmlzed not serious ¢ serious © not serious not serious f none 197 124 - (44.568 lower to DdDbo

interventions) trials MODERATE
7.283 lower)
Exogenous insulin postoperatively (IU)
randomized . ) . ) MD 4.523 lower (8417  HHPHo
8 -
3 trials not serious not serious not serious serious none 84 85 lower to 0.63 lower) MODERATE
Inotropic drugs overall
4(6 randomized Ch not serious o ot serious one 82/174 51/101 RR 0.795 104 fewer per 1000 (from @00
interventions) trials serious serious (47.1%) (50.5%)  (0.689t00.919) 157 fewer to 41 fewer) LOW

CI: Confidence interval; MD: Mean difference; RR: Risk ratio; SMD: Standardized mean difference; AC—aortic clamping; ICU—Intensive Care Unit; # unclear risk of bias in selection bias,
performance bias and detection bias in one study; ? wide confidence intervals; ¢ publication bias detected; ¢ unclear risk of bias in selection bias, performance bias and detection bias in one
study; € significant heterogeneity; f wide confidence intervals; & small sample size and wide confidence intervals; h unclear risk of bias in selection bias, performance bias and detection bias
in two studies; ! different time and oral dose of carbohydrate drink; HEPEDEP high quality of the evidence; PDEPHEPO moderate quality of the evidence; PPEDOO low quality of the

evidence; OO0 very low quality of the evidence.
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4. Discussion

4.1. Principal Findings

To our knowledge, this study is the first systematic review and meta-analysis of RCTs investigating
the effect of oral carbohydrate treatment on outcome in patients undergoing cardiac surgery.
This meta-analysis included 9 moderate randomized controlled trials, comprising 11 interventions,
with a total number of 507 patients. The results show that oral preoperative carbohydrate treatment in
patients undergoing elective cardiac surgery demonstrated a significant 20% reduction in the use of
inotropic drugs, nearly 50% reduction of the length of ICU stay, a 28% decrease in the aortic clamping
duration time and a 35% decrease of the postoperative insulin requirement in the cardiac ICU. The
interventions differed between studies, yet preoperative OCH was safe (no occurrence of drink-related
complications), associated with reduced development of postoperative insulin resistance, but the latter
was not associated with any effect on surgical complications.

4.2. Results in the Context of other Meta-Analyses

As mentioned previously, no other meta-analysis concentrated solely on the cardiac surgery
population. The results of analyses that included all different types of surgical procedures are
inconsistent. An analysis performed by Amer et al. showed that OCH loading before elective surgery
conferred a small reduction in the length of postoperative hospital stay compared with fasting, and no
benefit in comparison with water or placebo [61]. A meta-analysis provided by Li et al. in 2012 reported
data provided by 22 studies, with only two regarding elective cardiac surgery [36]. According to their
analysis, the OCH increased the insulin and glucose levels on the first postoperative day as compared
to patients who fasted overnight. The pooled results showed a greater decline in the level of insulin at
anesthesia induction and a smaller increase in the level of glucose at the end of surgery. The results
also showed fewer episodes of a decrease of the insulin sensitivity index in the postoperative period in
the OCH loading group as compared with the group with placebo. The quality of most of the trials
was poor. No aspiration was reported by the authors. The two RCTs included by Li et al. [36] that
reported data regarding cardiac surgery (Jarvela et al. [57] and Breuer et al. [62]) and comparing OCH
with overnight fasting or placebo showed no significant differences in the levels of glucose at the
anesthesia induction, the length of ICU and hospital stay or the incidence of PONV. In cardiac surgery
patients, there were no significant differences in the rate of preoperative hunger, nausea, or mouth
dryness in the OCH group as compared with placebo or overnight fasting, yet less thirst was reported
in the carbohydrate drink group as compared with overnight fasting [36].

One other analysis yielded results similar to our report. A meta-analysis performed in the
year 2012 by Awad et al. [63] of twenty-one randomized controlled trials (1685 patients) regarding
patients undergoing all types of elective surgery included only two studies involving cardiac surgery
patients—Rapp-Kesek et al. [58] and Jarveld et al. [57]. No statistically significant differences in
the length of hospitalization (mean difference (MD) —0.19, 95%CI —0.46 to 0.08; 12 trials; I> = 83%)
or the incidence of postoperative complications (RR 0.88, 95%CI 0.50 to 1.53; nine trials; I? = 41%)
was reported. A statistically significant reduction in the length of hospital stay was found among
patients who received CHO prior to open abdominal surgery as compared with the controls (MD —1.08,
95%CI —1.87 to —0.29; seven trials; I> = 60%). An increase in the length of hospital stay was reported
among patients who received OCH treatment prior to orthopedic surgery, as compared with the
controls (MD 0.48, 95%CI 0.23 to 0.73; two trials; I> = 0%). Six out of seven clinical trials that
evaluated postoperative insulin resistance reported significantly lower rates among the treatment
groups. There was no evidence of publication bias and no occurrences of drink-related pulmonary
complications. The authors concluded that the preoperative carbohydrate treatment may be linked to
a reduction in the length of hospital stay in patients undergoing major abdominal surgery, attenuation
of insulin resistance in all patients, however, the strength of the evidence was unsatisfactory (low for
primary meta-analysis and moderate for subgroup analyses) [63].
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4.3. Strengths of the Meta-Analysis

This is the first meta-analysis to examine the effects of preoperative carbohydrate treatment on
clinical outcomes in patients undergoing elective coronary artery bypass grafting surgery. Therefore,
for the primary outcomes of acute atrial fibrillation (AAF), aortic clamping time (AC), acute myocardial
infarction (AMI), any infectious complications, arrythmia, blood loss, cardio-pulmonary bypass
(CPB) duration, duration of mechanical ventilation, duration of surgery, exogenous insulin treatment,
intensive care unit (ICU) stay, inotropic drugs usage, postoperative nausea and vomiting (PONV),
vasoactive drugs usage and transfusion requirement, the data from this group of patients is of clinical
importance and comprises the largest population of patients available in the literature. The assessment
of the quality of individual studies and the reported outcomes further strengthens the methodology.

4.4. Limitations of the Meta-Analysis

This meta-analysis has some limitations. The main limitation of this meta-analysis is the quality of
included studies graded as moderate. The patient populations were small and significant heterogeneity
in the study design occurred, such as inclusion and exclusion criteria, timing of randomization and
the type and timing of the intervention. Moreover, the definitions of outcomes and postoperative
complications vary between studies. Similarly, different measures in the included studies were used to
define insulin resistance, making the comparisons difficult. Not all outcomes were reported by the
included studies, we included studies that reported at least one outcome of interest. These limitations
resulted in a small number of studies eligible for inclusion in this meta-analysis.

4.5. Implication for Clinical Practice

The idea of preoperative carbohydrate loading is a part of multimodal protocols gathering
guidelines for perioperative management of surgical patients. Most data concerning cardiac surgery
were extrapolated from studies on patients undergoing abdominal surgery. Starting from Kehlet’s
studies in 2002, several fast-track surgery protocols have been proposed like the ACERTO Project
(Acceleration of Total Postoperative Recovery) or ERAS [64-66]. Studies confirm that compliance
with only a few elements of those protocols results in fewer benefits for outcome improvement.
CHO loading, early nutrition support and avoiding fluid overload are key factors contributing to the
decreased length of hospital stay, number of postoperative complications and readmission rates in
abdominal surgery [67-69].

Postoperative nausea and vomiting (PONV) are defined as either occurring within the first 24
to 48 h after surgery. A systematic review and meta-analysis provided by Amirshahi et al. showed
that the prevalence of nausea, vomiting and combined PONV among surgical patients was 7%, 4%
and 8%, respectively [70]. Inconsistent data are showing that PONV is related to the type of surgery,
with a high occurrence in breast and abdominal surgery. Several scales to predict postoperative PONV
are proposed in the studies summarizing known risk factors [71-73]. Three studies included in the
meta-analysis reported no influence of OCH loading on PONV incidence. However, no data of PONV
risk factors like history of migraine, motion sickness or history of PONV were recorded. Perioperative
use of drugs preventing PONV was also not described in study protocols.

The heterogeneity of the OCH loading intervention was high. The following OCH administration
protocols were proposed: (a) 8 h fasting for solid foods, then 2 h fasting for liquids plus 200 mL
of oral intake of 12.5% maltodextrin dissolved in water [54,55,60], (b) fasting overnight, then at
6:00 h, 2 h before induction of anesthesia, the patients ingested 400 mL of fluid (12.5% carbohydrates,
50 kcal/100 mL, 240 mOsm/L [57]). (c) On the evening prior to surgery (between 9:00 and 11:00 p.m.),
400 mL dose of iso-osmolar preoperative fluid containing 12.8% CHO (0.5 kcal mL™!, 290 mOsm kg™1)
and an additional 400 mL CHO within 2 to 3 h prior to surgery [58,59], (d) 8 h before the procedure,
800 mL of a carbohydrate-rich drink containing 12.5 g/100 mL of carbohydrates (12% monosaccharides,
12% disaccharides, 76% polysaccharides and 285 mOsm/kg~!), and 2 h before the surgery, 400 mL of
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carbohydrates or 400 mL of the same CHO drink (containing 12.5 g/100 mL carbohydrates) 8 h before
the procedure only, or, 400 mL of carbohydrates 2 h before the surgery only [47], (e) 800 mL of an
iso-osmolar preoperative supplement (12.5 g/100 mL CHO) between 9:00 and 11:00 p.m. the evening
before surgery and 400 mL 2 h before the procedure [45] and (f) fasting for solids starting at 22 h the
day before surgery and then 400 mL 6 h and 200 mL 2 h before induction of anesthesia [56].

Despite the recommendations from ERAS Guidelines, not all studies included in our analysis
reported preoperative levels of Hbalc. Halkos et al. [74] reported that a Hbalc level of 8.6% was
associated with 4-fold greater mortality in elective coronary artery bypass grafting. Approximately 10%
of patients qualified for cardiac surgery may have undiagnosed diabetes [64,74,75], therefore ERAS
guidelines recommend the assessment of HbAlc in the preoperative period. Only two studies included
in the meta-analysis reported baseline Hbalc levels. Uncontrolled glucose metabolism may influence
the effect of CHO loading. Jarvela et al. reported that patients with a HbAlc value of 6% or more had
higher glucose levels and needed more insulin compared with the patients with HbA1C < 6% [57].

Postoperative introduction of oral, enteral or parenteral nutrition was not mentioned in the studies
included in our meta-analysis. Rapp-Kesek [58] reported providing breakfast on the first postoperative
day, and Jarvela et al. [57] reported removal of the naso-gastric tube together with extubation.
Studies show that preoperative nutritional status is an independent risk factor of postoperative
complications and mortality in cardiac surgery [76,77].

4.6. Implications for Future Research

As the quality of evidence presented in this meta-analysis is moderate, it is obvious that further
well-designed randomized trials including homogenous groups of patients are necessary to specifically
examine the biochemical and clinical effects of preoperative carbohydrate loading in cardiac surgery.
Further studies should be performed in patients with sufficiently long postoperative length of stay in
the ICU and in the hospital. It must be noted, however, that further randomized clinical trials regarding
preoperative carbohydrate loading as the only intervention may prove difficult to perform as this
intervention is not used in isolation. In majority of cases, OCH treatment has been incorporated into the
ERAS protocols, therefore the effect associated with preoperative carbohydrate loading demonstrated
in these studies may be difficult to distinguish from the effect of other interventions within ERAS.

5. Conclusions

Based on the findings of this meta-analysis, preoperative oral carbohydrate treatment in patients
undergoing elective cardiac surgery demonstrated a significant 20% reduction in the use of inotropic
drugs, nearly 50% reduction of the length of ICU stay, a 28% decrease in the aortic clamping duration
and a 35% decrease of the postoperative insulin requirement in the cardiac ICU. However, because the
quality of evidence was moderate, further well-designed randomized trials are warranted. Moreover,
the results of this meta-analysis must be interpreted with caution due to heterogeneity of the included
studies. Most importantly, preoperative OCH loading is a safe, simple and cheap intervention,
associated with no or minimal harm, and therefore, the use of OCH should be recommended in
cardiac surgery, with careful consideration for contraindications, such as diabetes or gastrointestinal
reflux disease.

Supplementary Materials: http://www.mdpi.com/2072-6643/12/10/3105/s1, Table S1: The risk of bias assessment,
Table S2: The results of continuous outcomes meta-analysis, Table S3: The results of categorical outcomes
meta-analysis, Table S4. GRADE analysis: quality assessment of evidence.
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Abbreviations

AAF Acute atrial fibrillation

AC Aortic clamping

AMI Acute myocardial infarction

CABG Coronary Artery Bypass Grafting

CABG with CPB Coronary Artery Bypass Grafting with Cardio-Pulmonary Bypass
CPB Cardio-Pulmonary Bypass

CRP C-reactive protein

DB Double blinding

DM Differences in means

ERAS Enhanced Recovery After Surgery

GA with ETT General Anaesthesia with Endotracheal Intubation

GI Gastrointestinal

GLN Glutamine

ICU Intensive care unit

LOS Length of stay

ocC Observed cases

OCH Oral carbohydrate

OPCAB Off-Pump Coronary Artery Bypass Grafting

POAF Postoperative atrial fibrillation

PONV Post-operative nausea and vomiting

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCTs Randomized controlled trials

ROB Risk of bias

SB Single blinding

SMD Standardized mean difference

T2DM Type 2 diabetes mellitus

VAS Visual analog scale

References

1. Sato, H.; Carvalho, G.; Sato, T.; Lattermann, R.; Matsukawa, T.; Schricker, T. The association of

preoperative glycemic control, intraoperative insulin sensitivity, and outcomes after cardiac surgery. J. Clin.
Endocrinol. Metab. 2010, 95, 4338-4344. [CrossRef]

Van Cromphaut, S.J. Hyperglycaemia as part of the stress response: The underlying mechanisms. Best Pract.
Res. Clin. Anaesthesiol. 2009, 23, 375-386. [CrossRef]

Kotfis, K.; Szyliniska, A.; Listewnik, M.; Brykczynski, M.; Ely, EEW.; Rotter, I. Diabetes and elevated
preoperative HbAlc level as risk factors for postoperative delirium after cardiac surgery: An observational
cohort study. Neuropsychiatr. Dis. Treat. 2019, 15, 511-521. [CrossRef]

Awad, S.; Constantin-Teodosiu, D.; Macdonald, I.A.; Lobo, D.N. Short-term starvation and mitochondrial
dysfunction—A possible mechanism leading to postoperative insulin resistance. Clin. Nutr. 2009, 28, 497-509.
[CrossRef]

Czyz-Szypenbejl, K.; Medrzycka-Dabrowska, W.; Kwiecieri-Jagus, K.; Lewandowska, K. The Occurrence of
Postoperative Cognitive Dysfunction (POCD)—Systematic Review. Wystepowanie zaburzen poznawczych
po zabiegach chirurgicznych przeglad systematyczny. Psychiatry Pol. 2019, 53, 145-160. [CrossRef]
Koyfman, L.; Brotfain, E.; Erblat, A.; Kovalenko, I; Reina, Y.Y.; Bichovsky, Y.; Borer, A.; Friger, M.; Frenkel, A.;
Klein, M. The impact of the blood glucose levels of non-diabetic critically ill patients on their clinical outcome.
Anaesthesiol. Intensive Ther. 2018, 50, 20-26. [CrossRef] [PubMed]

Ng, KW.,; Allen, M.L.; Desai, A.; Macrae, D.; Pathan, N. Cardioprotective effects of insulin: How intensive
insulin therapy may benefit cardiac surgery patients. Circulation 2012, 125, 721-728. [CrossRef] [PubMed]


http://dx.doi.org/10.1210/jc.2010-0135
http://dx.doi.org/10.1016/j.bpa.2009.08.005
http://dx.doi.org/10.2147/NDT.S196973
http://dx.doi.org/10.1016/j.clnu.2009.04.014
http://dx.doi.org/10.12740/PP/90648
http://dx.doi.org/10.5603/AIT.2018.0004
http://www.ncbi.nlm.nih.gov/pubmed/29637989
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.063784
http://www.ncbi.nlm.nih.gov/pubmed/22311884

Nutrients 2020, 12, 3105 18 of 21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

Muniyappa, R.; Montagnani, M.; Koh, K.K.; Quon, M.J. Cardiovascular actions of insulin. Endocr. Rev. 2007,
28,463-491. [CrossRef] [PubMed]

Furnary, A.P.; Wu, Y.; Bookin, S.O. Effect of hyperglycemia and continuous intravenous insulin infusions
on outcomes of cardiac surgical procedures: The Portland Diabetic Project. Endocr. Pract. Off. J. Am. Coll.
Endocrinol. Am. Assoc. Clin. Endocrinol. 2004, 10, 21-33. [CrossRef] [PubMed]

American Society of Anesthesiologists Committee. Practice guidelines for preoperative fasting and the
use of pharmacologic agents to reduce the risk of pulmonary aspiration: Application to healthy patients
undergoing elective procedures: An updated report by the American society of anesthesiologists task force
on preoperative fasting and the use of pharmacologic agents to reduce the risk of pulmonary aspiration.
Anesthesiology 2017, 126, 376-393.

Bouvet, L.; Cercueil, E.; Barnoud, S.; Lilot, M.; Desgranges, F.-P; Chassard, D. Relationship between the
regurgitated and the aspirated volume of water. A manikin study. Anaesthesiol. Intensive Ther. 2019, 51, 121-125.
[CrossRef] [PubMed]

Blaser, A.; Padar, M.; Tang, J.; Dutton, J.; Forbes, A. Citrulline and intestinal fatty acid-binding protein as
biomarkers for gastrointestinal dysfunction in the critically ill. Anaesthesiol. Intensive Ther. 2019, 51, 230-239.
[CrossRef] [PubMed]

Moonen, P-J.; Blaser, A.R.; Starkopf, J.; Oudemans-van Straaten, H.M.; Van der Mullen, J.; Vermeulen, G.;
Malbrain, M.L.N.G. The black box revelation: Monitoring gastrointestinal function. Anaesthesiol. Intensive Ther.
2018, 50, 72-81. [CrossRef] [PubMed]

Radtke, EM.; Franck, M.; MacGuill, M.; Matthes, S.; Alawi, L.; Westhoff, S.; Neumann, U.; Wernecke, C.D.;
Spies, C.D. Duration of fluid fasting and choice of analgesic are modifiable factors for early postoperative
delirium. Eur J. Anaesthesiol. 2010, 27, 411-416. [CrossRef]

Marra, A.; Kotfis, K.; Hosie, A.; MacLullich, A.M.; Pandharipande, P.P; Ely, EW.; Pun, B.T. Delirium
Monitoring: Yes or No? That is the question. Am. J. Crit. Care 2019, 28, 127-135. [CrossRef]

Kotfis, K.; Marra, A.; Ely, EW. ICU delirium—A diagnostic and therapeutic challenge in the intensive care
unit. Anaesthesiol. Intensive Ther. 2018, 50, 160-167. [CrossRef]

Reintam Blaser, A.; Starkopf, J.; Moonen, P-J.; Malbrain, M.LN.G.; Oudemans-van Straaten, H.M.
Perioperative gastrointestinal problems in the ICU. Anaesthesiol. Intensive Ther. 2018, 50, 59-71. [CrossRef]
Wu, C.L.; Benson, A.R.; Hobson, D.B.; Claro, P.D.; Demski, R.; Galante, D.].; Pronovost, P.J.; Wick, E.C.
Initiating an enhanced recovery pathway program: An anesthesiology department’s perspective. Jt. Comm.
J. Qual. Patient Saf. 2015, 41, 447-456. [CrossRef]

Wick, E.C.; Galante, D.]J.; Hobson, D.B.; Benson, A.R.; Ken Lee, K.H.; Berenholtz, S.M.; Efron, J.E.;
Pronovost, PJ.; Wu, C.L. Organizational culture changes result in improvement in patient-centered outcomes:
Implementation of an integrated recovery pathway for surgical patients. J. Am. Coll. Surg. 2015, 221, 669-677.
[CrossRef]

Gupta, R.; Gan, T.]J. Preoperative nutrition and prehabilitation. Anesthesiol. Clin. 2016, 34, 143-153. [CrossRef]
Ljungqvist, O.; Scott, M.; Fearon, K.C. Enhanced recovery after surgery: A review. JAMA Surg. 2017,
152,292-298. [CrossRef] [PubMed]

Coleman, S.R.; Chen, M,; Patel, S.; Yan, H.; Kaye, A.D.; Zebrower, M.; Gayle, ].A.; Liu, H.; Urman, R.D.
Enhanced recovery pathways for cardiac surgery. Curr. Pain Headache Rep. 2019, 23, 28. [CrossRef] [PubMed]
Grant, M.C,; Isada, T.; Ruzankin, P.; Whitman, G.; Lawton, J.S.; Dood, J.; Barodka, V. Results from an
enhanced recovery program for cardiac surgery. . Thorac. Cardiovasc. Surg. 2020, 159, 1393-1402. [CrossRef]
[PubMed]

Li, M,; Zhang, J.; Gan, T]J.; Qin, G.; Wang, L.; Zhu, M.; Zhang, Z.; Pan, Y.; Ye, Z.; Zhang, F; et al. Enhanced
recovery after surgery pathway for patients undergoing cardiac surgery: A randomized clinical trial. Eur. J.
Cardio. Thorac. Surg. Off. ]. Eur. Assoc. Cardio. Thorac. Surg. 2018, 54, 491-497. [CrossRef] [PubMed]

Noss, C.; Prusinkiewicz, C.; Nelson, G.; Patel, P.A.; Augoustides, ].G.; Gregory, A.]. Enhanced recovery for
cardiac surgery. J. Cardiothorac. Vasc. Anesth. 2018, 32, 2760-2770. [CrossRef] [PubMed]

Yang, L.; Kaye, A.D.; Venakatesh, A.G.; Green, M.S.; Asgarian, C.D.; Luedi, M.M.; Liu, H. Enhanced recovery
after cardiac surgery: An update on clinical implications. Int. Anesthesiol. Clin. 2017, 55, 148-162. [CrossRef]
[PubMed]

Krzych, L.; Kucewicz-Czech, E. It is time for enhanced recovery after surgery in cardiac surgery. Pol. Heart ].
2017, 75, 415-420. [CrossRef]


http://dx.doi.org/10.1210/er.2007-0006
http://www.ncbi.nlm.nih.gov/pubmed/17525361
http://dx.doi.org/10.4158/EP.10.S2.21
http://www.ncbi.nlm.nih.gov/pubmed/15251637
http://dx.doi.org/10.5114/ait.2019.85953
http://www.ncbi.nlm.nih.gov/pubmed/31268273
http://dx.doi.org/10.5114/ait.2019.86049
http://www.ncbi.nlm.nih.gov/pubmed/31418255
http://dx.doi.org/10.5603/AIT.a2017.0065
http://www.ncbi.nlm.nih.gov/pubmed/29152710
http://dx.doi.org/10.1097/EJA.0b013e3283335cee
http://dx.doi.org/10.4037/ajcc2019874
http://dx.doi.org/10.5603/AIT.a2018.0011
http://dx.doi.org/10.5603/AIT.a2017.0064
http://dx.doi.org/10.1016/S1553-7250(15)41058-X
http://dx.doi.org/10.1016/j.jamcollsurg.2015.05.008
http://dx.doi.org/10.1016/j.anclin.2015.10.012
http://dx.doi.org/10.1001/jamasurg.2016.4952
http://www.ncbi.nlm.nih.gov/pubmed/28097305
http://dx.doi.org/10.1007/s11916-019-0764-2
http://www.ncbi.nlm.nih.gov/pubmed/30868281
http://dx.doi.org/10.1016/j.jtcvs.2019.05.035
http://www.ncbi.nlm.nih.gov/pubmed/31279510
http://dx.doi.org/10.1093/ejcts/ezy100
http://www.ncbi.nlm.nih.gov/pubmed/29514224
http://dx.doi.org/10.1053/j.jvca.2018.01.045
http://www.ncbi.nlm.nih.gov/pubmed/29503121
http://dx.doi.org/10.1097/AIA.0000000000000168
http://www.ncbi.nlm.nih.gov/pubmed/28901988
http://dx.doi.org/10.5603/KP.a2017.0014

Nutrients 2020, 12, 3105 19 of 21

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Wang, Z.G.; Wang, Q.; Wang, W.J.; Quin, H.J]. Randomized clinical trial to compare the effects of preoperative
oral carbohydrate versus placebo on insulin resistance after colorectal surgery. Br. J. Surg. 2010, 97, 327.
[CrossRef]

Soop, M.; Nygren, J.; Myrenfors, P.; Thorell, A.; Ljungqvist, O. Preoperative oral carbohydrate treatment
attenuates immediate postoperative insulin resistance. Am. ]. Physiol. Endocrinol. Metab. 2001, 280,
E576-E583. [CrossRef]

Svanfeldt, M.; Thorell, A.; Hausel, J.; Soop, M.; Rooyackers, O.; Nygren, J.; Ljungqvist, O. Randomized
clinical trial of the effect of preoperative oral carbohydrate treatment on postoperative whole-body protein
and glucose kinetics. Br. J. Surg. 2007, 94, 1342-1350. [CrossRef]

Yuill, K.A.; Richardson, R.A.; Davidson, H.I.M.; Garden, O.].; Parks, R.W. The administration of an oral
carbohydrate-containing fluid prior to major elective upper-gastrointestinal surgery preserves skeletal
muscle mass postoperatively—A randomised clinical trial. Clin. Nutr. 2005, 24, 32-37. [CrossRef] [PubMed]
Awad, S.; Constantin-Teodosiu, D.; Constantin, D.; Rowlands, B.J.; Fearon, K.C.; Macdonald, I.A.; Lobo, D.N.
Cellular mechanisms underlying the protective effects of preoperative feeding. Ann. Surg. 2010, 252, 247-253.
[CrossRef] [PubMed]

Awad, S.; Blackshaw, PE.; Wright, ].W.; Macdonald, I.A.; Perkins, A.C.; Lobo, D.N. A randomized crossover
study of the effects of glutamine and lipid on the gastric emptying time of a preoperative carbohydrate drink.
Clin. Nutr. 2011, 30, 165-171. [CrossRef] [PubMed]

Awad, S.; Fearon, K.C.H.; Macdonald, I.A.; Lobo, D.N. A randomized cross-over study of the metabolic and
hormonal responses following two preoperative conditioning drinks. Nutrition 2011, 27, 938-942. [CrossRef]
Melis, G.C.; van Leeuwen, PAM.; von Blomberg-van der Flier, BM.E.; Goedhart-Hiddinga, A.C;
Uitdehaag, B.M.; van Schijndel, R.J.; Wuisman, PL1J.M.; van Bokhorst-de van der Schueren, M.A.E.
A carbohydrate-rich beverage prior to surgery prevents surgery-induced immunodepression: A randomized,
controlled, clinical trial. J. Parenter. Enter. Nutr. 2006, 30, 21-26. [CrossRef]

Li, L.; Wang, Z,; Ying, X,; Tian, J.; Sun, T.; Yi, K.; Zhang, P.; Zhang, J.; Yang, K. Preoperative carbohydrate
loading for elective surgery: A systematic review and meta-analysis. Surg. Today 2012, 42, 613-624. [CrossRef]
Hausel, J.; Nygren, J.; Lagerkranser, M.; Hellstrom, PM.; Hammarqvist, E; Almstréom, C.; Lindh, A,;
Thorell, A.; Ljungqvist, O. A carbohydrate-rich drink reduces preoperative discomfort in elective surgery
patients. Anesth. Analg. 2001, 93, 1344. [CrossRef]

Nygren, ].; Thorell, A.; Ljungqvist, O. Preoperative oral carbohydrate nutrition: An update. Curr. Opin. Clin.
Nutr. Metab. Care 2001, 4, 255-2559. [CrossRef]

Brady, M.; Kinn, S.; Stuart, P. Preoperative fasting for adults to prevent perioperative complications.
Cochrane Database Syst. Rev. 2003, 4. [CrossRef]

Weimann, A.; Braga, M.; Carli, F; Higashiguchi, T.; Hiibner, M.; Klek, S.; Laviano, A.; Ljungqvist, O.;
Lobo, D.N.; Martindale, R.; et al. ESPEN guideline: Clinical nutrition in surgery. Clin. Nutr. 2017, 36, 623-650.
[CrossRef]

Vermeulen, M.A.R.; Richir, M.C.; Garretsen, M.K,; van Schie, A.; Ghatei, M.A.; Holst, ].J.; Heijboer, A.C.;
Uitdehaag, B.M.].; Diamant, M.; Eekhoff, EM.W.; et al. Gastric emptying, glucose metabolism and gut
hormones: Evaluation of a common preoperative carbohydrate beverage. Nutrition 2011, 27, 897-903.
[CrossRef] [PubMed]

Dock-Nascimento, D.B.; de Aguilar-Nascimento, J.E.; Magalhaes Faria, M.S.; Caporossi, C.; Slhessarenko, N.;
Waitzberg, D.L. Evaluation of the effects of a preoperative 2-hour fast with maltodextrine and glutamine
on insulin resistance, acute-phase response, nitrogen balance, and serum glutathione after laparoscopic
cholecystectomy: A controlled randomized trial. J. Parenter. Enter. Nutr. 2012, 36, 43-52. [CrossRef]
[PubMed]

Braga, M.; Bissolati, M.; Rocchetti, S.; Beneduce, A.; Pecorelli, N.; Di Carlo, V. Oral preoperative antioxidants
in pancreatic surgery: A double-blind, randomized, clinical trial. Nutrition 2012, 28, 160-164. [CrossRef]
[PubMed]

Soop, M.; Nygren, J.; Thorell, A.; Weidenhielm, L.; Lundberg, M.; Hammarqvist, F.; Ljungqvist, O. Preoperative
oral carbohydrate treatment attenuates endogenous glucose release 3 days after surgery. Clin. Nutr. 2004,
23,733-741. [CrossRef]

Tran, S.; Wolever, TM.S.; Errett, L.E.; Ahn, H.; Mazer, C.D.; Keith, M. Preoperative carbohydrate loading in
patients undergoing coronary artery bypass or spinal surgery. Anesth. Analg. 2013, 117, 305-313. [CrossRef]


http://dx.doi.org/10.1002/bjs.6963
http://dx.doi.org/10.1152/ajpendo.2001.280.4.E576
http://dx.doi.org/10.1002/bjs.5919
http://dx.doi.org/10.1016/j.clnu.2004.06.009
http://www.ncbi.nlm.nih.gov/pubmed/15681099
http://dx.doi.org/10.1097/SLA.0b013e3181e8fbe6
http://www.ncbi.nlm.nih.gov/pubmed/20622656
http://dx.doi.org/10.1016/j.clnu.2010.09.008
http://www.ncbi.nlm.nih.gov/pubmed/20971535
http://dx.doi.org/10.1016/j.nut.2010.08.025
http://dx.doi.org/10.1177/014860710603000121
http://dx.doi.org/10.1007/s00595-012-0188-7
http://dx.doi.org/10.1097/00000539-200111000-00063
http://dx.doi.org/10.1097/00075197-200107000-00002
http://dx.doi.org/10.1002/14651858.CD004423
http://dx.doi.org/10.1016/j.clnu.2017.02.013
http://dx.doi.org/10.1016/j.nut.2010.10.001
http://www.ncbi.nlm.nih.gov/pubmed/21255977
http://dx.doi.org/10.1177/0148607111422719
http://www.ncbi.nlm.nih.gov/pubmed/22235107
http://dx.doi.org/10.1016/j.nut.2011.05.014
http://www.ncbi.nlm.nih.gov/pubmed/21890323
http://dx.doi.org/10.1016/j.clnu.2003.12.007
http://dx.doi.org/10.1213/ANE.0b013e318295e8d1

Nutrients 2020, 12, 3105 20 of 21

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

PRISMA. Available online: http://www.prisma-statement.org/Protocols/ (accessed on 19 March 2020).
Savluk, O.F; Kuscu, M.A; Giizelmeric, F.; Gurcu, M.E.; Erkilinc, A.; Cevirme, D.; Kocak, T. Do preoperative
oral carbohydrates improve postoperative outcomesin patients undergoing coronary artery bypass grafts?
Turk. J. Med Sci. 2017, 47, 1681-1686. [CrossRef]

Higgins, ].P.T.; Altman, D.G.; Getzsche, P.C.; Jiini, P; Moher, D.; Oxman, A.D.; Savovi¢, J.; Schulz, K.F;
Weeks, L.; Sterne, J.A.C. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials.
BM]J 2011, 343, d5928. [CrossRef]

DerSimonian, R.; Laird, N. Meta-analysis in clinical trials. Control Clin. Trials 1986, 7, 177-188. [CrossRef]
Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical
test. BMJ 1997, 315, 629-634. [CrossRef]

Duval, S.; Tweedie, R. A nonparametric “Trim and Fill” method of accounting for publication bias in
meta-analysis. J. Am. Stat. Assoc. 2000, 449, 89-98. [CrossRef]

GRADE Handbook. Available online: https://gdt.gradepro.org/app/handbook/handbook.html (accessed on
25 September 2020).

Guyatt, G.; Oxman, A.D.; Akl, E.A.; Kunz, R;; Vist, G.; Brozek, J.; Norris, S.; Falck-Ytter, Y.; Glasziou, P;
DeBeer, H.; et al. GRADE guidelines: 1. Introduction—GRADE evidence profiles and summary of findings
tables. |. Clin. Epidemiol. 2011, 64, 383-394. [CrossRef] [PubMed]

Feguri, G.R.; de Lima, PR.L.; de Cerqueira Borges, D.; Toledo, L.R.; Batista, L.N.; Carvalho e Silva, T,;
Segri, N.J.; de Aguilar-Nascimento, ].E. Preoperative carbohydrate load and intraoperatively infused omega-3
polyunsaturated fatty acids positively impact nosocomial morbidity after coronary artery bypass grafting:
A double-blind controlled randomized trial. Nutr. J. 2017, 16, 24. [CrossRef] [PubMed]

Feguri, G.R.; Lima, PR.L.; de Franco, A.C.; de la Cruz, ER.H.; Borges, D.C.; Toledo, L.R.; Segri, N.J.;
de Aguilar-Nascimento, ].E. Benefits of fasting abbreviation with carbohydrates and omega-3 infusion during
cabg: A double-blind controlled randomized trial. Braz. . Cardiovasc. Surg. 2019, 34, 125-135. [CrossRef]
[PubMed]

Feguri, G.R.; Lima, PR.L.; Lopes, A.M.; Roledo, A.; Marchese, M.; Trevisan, M.; Ahmad, H.; de Freitas, B.B.;
de Aguilar-Nascimento, J.E. Clinical and metabolic results of fasting abbreviation with carbohydrates in
coronary artery bypass graft surgery. Braz. |. Cardiovasc. Surg. 2012, 27, 7-17. [CrossRef] [PubMed]
Jarveld, K.; Maaranen, P.; Sisto, T. Pre-operative oral carbohydrate treatment before coronary artery bypass
surgery. Acta Anaesthesiol. Scand. 2008, 52, 793-797. [CrossRef]

Rapp-Kesek, D.; Stridsberg, M.; Andersson, L.-G.; Berne, C.; Karlsson, T. Insulin resistance after
cardiopulmonary bypass in the elderly patient. Scand. Cardiovasc. . Sci. 2007, 41, 102-108. [CrossRef]

Lee, B.; Soh, S.; Shim, J.-K.; Kim, H.Y.; Lee, H.; Kwak, Y.-L. Evaluation of preoperative oral carbohydrate
administration on insulin resistance in off-pump coronary artery bypass patients: A randomised trial.
Eur. |. Anaesthesiol. 2017, 34, 740-747. [CrossRef]

Sokolic, J.; Knezevic, D.; Kuharic, J.; Medved, L; Sustic, A.; Zupan, Z.; Laskarin, G.; Tadin, T.; TokmadZi¢, V.S.
Decrease of perforin expressing lymphocytes after on-pump coronary artery bypass grafting surgery
irrespective of carbohydrate preoperative oral feeding. Heart Surg. Forum 2019, 22, E218. [CrossRef]

Amer, M.A,; Smith, M.D.; Herbison, G.P.; Plank, L.D.; McCall, ].L. Network meta-analysis of the effect
of preoperative carbohydrate loading on recovery after elective surgery. Br. J. Surg. 2017, 104, 187-197.
[CrossRef]

Breuer, ].-P.; von Dossow, V.; von Heymann, C.; Griesbach, M.; von Schickfus, M.; Mackh, E.; Hacker, C.;
Elgeti, U.; Konertz, W.; Wernecke, K.D.; et al. Preoperative oral carbohydrate administration to ASA III-IV
patients undergoing elective cardiac surgery. Anesth. Analg. 2006, 103, 1099-1108. [CrossRef]

Awad, S.; Varadhan, K.K.; Ljungqvist, O.; Lobo, D.N. A meta-analysis of randomised controlled trials
on preoperative oral carbohydrate treatment in elective surgery. Clin. Nutr. 2013, 32, 34-44. [CrossRef]
[PubMed]

Engelman, D.T.; Ben Ali, W,; Williams, J.B.; Perrault, L.P.; Reddy, V.S.; Arora, RK. Roselli, E.E.;
Khoynezhad, A.; Gerdisch, M.; Levy, ].H.; et al. Guidelines for perioperative care in cardiac surgery:
Enhanced recovery after surgery society recommendations. JAMA Surg. 2019, 154, 755-766. [CrossRef]
[PubMed]

Kehlet, H.; Wilmore, D.W. Multimodal strategies to improve surgical outcome. Am. J. Surg. 2002, 183, 630-641.
[CrossRef]


http://www.prisma-statement.org/Protocols/
http://dx.doi.org/10.3906/sag-1703-19
http://dx.doi.org/10.1136/bmj.d5928
http://dx.doi.org/10.1016/0197-2456(86)90046-2
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.2307/2669529
https://gdt.gradepro.org/app/handbook/handbook.html
http://dx.doi.org/10.1016/j.jclinepi.2010.04.026
http://www.ncbi.nlm.nih.gov/pubmed/21195583
http://dx.doi.org/10.1186/s12937-017-0245-6
http://www.ncbi.nlm.nih.gov/pubmed/28427403
http://dx.doi.org/10.21470/1678-9741-2018-0336
http://www.ncbi.nlm.nih.gov/pubmed/30916121
http://dx.doi.org/10.5935/1678-9741.20120004
http://www.ncbi.nlm.nih.gov/pubmed/22729296
http://dx.doi.org/10.1111/j.1399-6576.2008.01660.x
http://dx.doi.org/10.1080/14017430601050355
http://dx.doi.org/10.1097/EJA.0000000000000637
http://dx.doi.org/10.1532/hsf.2003
http://dx.doi.org/10.1002/bjs.10408
http://dx.doi.org/10.1213/01.ane.0000237415.18715.1d
http://dx.doi.org/10.1016/j.clnu.2012.10.011
http://www.ncbi.nlm.nih.gov/pubmed/23200124
http://dx.doi.org/10.1001/jamasurg.2019.1153
http://www.ncbi.nlm.nih.gov/pubmed/31054241
http://dx.doi.org/10.1016/S0002-9610(02)00866-8

Nutrients 2020, 12, 3105 21 of 21

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

de-Aguilar-Nascimento, J.E.; Salomao, A.B.; Waitzberg, D.L.; Dock-Nascimento, D.B.; Correa, M.LT.D.;
Campos, A.C.L.; Corsi, PR.; Filho, PE.P,; Caporossi, C. ACERTO guidelines of perioperative nutritional
interventions in elective general surgery. Revista Colégio Brasileiro Cirurgioes. 2017, 44, 633—-648. [CrossRef]
Ban, K.A ; Berian, ].R.; Ko, C.Y. Does implementation of enhanced recovery after surgery (ERAS) protocols in
colorectal surgery improve patient outcomes? Clin. Colon Rectal Surg. 2019, 32, 109-113. [CrossRef]

van der Geest, L.G.M.; Lemmens, V.E.PP; de Hingh, LH.].T.; van Laarhoven, C.J.H.M.; Bollen, T.L.; Nio, C.Y,;
van Eijck, C.H.J.; Busch, O.R.C.; Besselink, M.G.H. Nationwide outcomes in patients undergoing surgical
exploration without resection for pancreatic cancer. Br. |. Surg. 2017, 104, 1568-1577. [CrossRef]

Ueland, W.; Walsh-Blackmore, S.; Nisiewicz, M.; Davenport, D.L.; Plymale, M.A.; Plymale, M.; Roth, J.S.
The contribution of specific enhanced recovery after surgery (ERAS) protocol elements to reduced length of
hospital stay after ventral hernia repair. Surg. Endosc. 2019, 34. [CrossRef]

Amirshahi, M.; Behnamfar, N.; Badakhsh, M.; Rafiemanesh, H.; Keikhaie, K.R.; Sheyback, M.; Sari, M.
Prevalence of postoperative nausea and vomiting: A systematic review and meta-analysis. Saudi |. Anaesth.
2020, 14, 48. [CrossRef]

Champion, S.; Zieger, L.; Hemery, C. Prophylaxis of postoperative nausea and vomiting after cardiac surgery
in high-risk patients: A randomized controlled study. Ann. Card. Anaesth. 2018, 21, 8-14. [CrossRef]
Apfel, C.C,; Laard, E.; Koivuranta, M.; Greim, C.A.; Roewer, N. A simplified risk score for predicting
postoperative nausea and vomiting: Conclusions from cross-validations between two centers. Anesthesiology
1999, 91, 693-700. [CrossRef]

Koivuranta, M.; Ladrd, E.; Sndre, L.; Alahuhta, S. A survey of postoperative nausea and vomiting. Anaesthesia
1997, 52, 443-449. [CrossRef] [PubMed]

Halkos, M.E.; Puskas, ].D.; Lattouf, O.M.; Kilgo, M.; Kerendi, E; Song, HK.; Guyton, R.A.; Thourani, V.H.
Elevated preoperative hemoglobin Alc level is predictive of adverse events after coronary artery bypass
surgery. J. Thorac. Cardiovasc. Surg. 2008, 136, 631-640. [CrossRef] [PubMed]

Wong, J.; Zoungas, S.; Wright, C.; Teede, H. Evidence-based guidelines for perioperative management of
diabetes in cardiac and vascular surgery. World . Surg. 2010, 34, 500-513. [CrossRef] [PubMed]

Stoppe, C.; Goetzenich, A.; Whitman, G.; Ohkuma, R.; Brown, T.; Hatzakorzian, R.; Kristof, A.; Meybohm, P;
Mechanick, J.; Evans, A.; et al. Role of nutrition support in adult cardiac surgery: A consensus statement
from an International Multidisciplinary Expert Group on Nutrition in Cardiac Surgery. Crit. Care 2017, 21.
[CrossRef]

Wernio, E.; Malgorzewicz, S.; Dardziriska, J.A.; Jagielak, D.; Rogowski, J.; Gruszecka, A.; Klapkowski, A.;
Bramlage, P. Association between nutritional status and mortality after aortic valve replacement procedure
in elderly with severe aortic stenosis. Nutrients 2019, 11, 446. [CrossRef]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1590/0100-69912017006003
http://dx.doi.org/10.1055/s-0038-1676475
http://dx.doi.org/10.1002/bjs.10602
http://dx.doi.org/10.1007/s00464-019-07233-8
http://dx.doi.org/10.4103/sja.SJA_401_19
http://dx.doi.org/10.4103/aca.ACA_122_17
http://dx.doi.org/10.1097/00000542-199909000-00022
http://dx.doi.org/10.1111/j.1365-2044.1997.117-az0113.x
http://www.ncbi.nlm.nih.gov/pubmed/9165963
http://dx.doi.org/10.1016/j.jtcvs.2008.02.091
http://www.ncbi.nlm.nih.gov/pubmed/18805264
http://dx.doi.org/10.1007/s00268-009-0380-0
http://www.ncbi.nlm.nih.gov/pubmed/20076958
http://dx.doi.org/10.1186/s13054-017-1690-5
http://dx.doi.org/10.3390/nu11020446
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Preoperative Fasting 
	Oral Carbohydrate Loading 
	Specific Aims 

	Materials and Methods 
	Search Strategy and Inclusion Criteria 
	Data Extraction 
	Outcomes 
	Data Synthesis and Statistical Analysis 
	Risk of Bias 
	GRADE (Grading of Recommendations, Assessment, Development and Evaluation)—Quality of Evidence Assessment 

	Results 
	Search Results 
	Study, Patient and Treatment Characteristics 
	OCH Effects on Clinical and Biochemical Parameters 
	The Quality of Evidence Assessment (GRADE) 

	Discussion 
	Principal Findings 
	Results in the Context of other Meta-Analyses 
	Strengths of the Meta-Analysis 
	Limitations of the Meta-Analysis 
	Implication for Clinical Practice 
	Implications for Future Research 

	Conclusions 
	References

