
[bookmark: _Hlk35584749]Preoperative Fasting for Liquids — Systematic Review Protocol 

I. Background 
[bookmark: _Hlk35591113][bookmark: _Hlk35590988]With the loss of protective laryngeal reflexes during anesthesia, aspiration of gastric contents can occur. Pulmonary aspiration can cause pneumonitis, pneumonia, and airway obstruction resulting in significant morbidity and mortality.1,2 During elective surgery, the incidence of aspiration is 3 to 5 per 10,000 in adults and 4 to 8 per 10,000 in children.3 In the general surgical population, morbidity and mortality range from 1 to 2.5 per 100,000 and 0.4 to 2.0 per 100,000, respectively.4 Among healthy (ASA physical status I-II) patients undergoing elective surgery (population addressed in the 2017 guidelines), the aspiration incidence appears lower. For example, results from two studies5,6 (n = 164,518) suggest an aspiration rate of 1.1 per 10,000 (95% CI, 0.7 to 1.8); a study of ASA physical status I-II children7 (n = 55,616) reported a rate of 1.3 per 10,000 (95% CI, 0.6 to 2.6). 
Minimizing gastric volume can decrease the risk of pulmonary aspiration, but clinical evidence defining the relationship between volume and risk is limited. Based on animal models, avoiding a low gastric pH lowers the risk of pneumonitis following aspiration. 
There is general agreement concerning the duration of fasting following a meal that minimizes the risk of pulmonary aspiration. However, due to the variety of liquid compositions, synthesizing evidence and developing recommendations on the duration of fasting following liquids is challenging.
The 1999 guideline surveyed 84 consultants concerning the length of fasting times judged appropriate for various age and liquid or food combinations.8 Figure 1 displays the correspondence of expert opinion with fasting times. The recommended fasting times (e.g., 2-4-6-6-6 rules) remained unchanged in the 2011 and 2017 updates. 
[bookmark: _Ref35351663]Figure 1. Consultant survey (n = 84) of appropriate fasting times included in the 1999 guidelines—percentages agreeing with different fasting times. 
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[bookmark: _Hlk35592273]The 2017 guideline update reviewed evidence examining the association between fasting duration (liquids or solids) and gastric volume, pH, and adverse consequences of fasting (hunger, thirst, serum glucose, and insulin).9 Evidence was rated for 21 PICOs across adults, children, and infants—16 were judged equivocal or insufficient. Recommendations accordingly appear supported by limited strength of evidence and rely on intermediate outcomes (Figure 2). Table 1 summarizes the ratings and meta-analytic results for liquids from the 2017 guideline.
[bookmark: _Ref34911217]Table 1. Summary of 2017 ASA strength of evidence ratings for fasting in adults.
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II. Key Questions
1. [bookmark: _Hlk37944629]For adults undergoing elective procedures with general anesthesia, regional anesthesia, or procedural sedation, what are the benefits and harms of carbohydrate-containing clear liquids ingested until 2 hours prior to the procedure compared with fasting and non-caloric clear liquids?
2. For adults undergoing elective procedures with general anesthesia, regional anesthesia, or procedural sedation, what are the benefits and harms of protein-containing clear liquids ingested until 2 hours prior to the procedure compared with fasting and non-caloric clear liquids?
3. For adults undergoing elective procedures with general anesthesia, regional anesthesia, or procedural sedation, what are the effects of chewing gum on residual gastric volume, gastric pH, and pulmonary aspiration prior to anesthesia induction?
4. For pediatric patients undergoing elective procedures with general anesthesia, regional anesthesia, or procedural sedation, what are the benefits and harms of 1- versus 2-hour clear liquid fasting?

III. PICOTS
Population(s):
· Patients undergoing general anesthesia, sedation, or regional anesthesia for elective procedures (intended population same as 2017 guideline, “healthy” patients)
· Subgroups of interest
· [bookmark: _Hlk30766969]Age 
· Adult
· Adolescent 12 to < 16 years
· Children 2 to 12 years
· Infant 1 month to 2 years
· Neonate (birth – 1 month)
· Health status
· ASA I-II
· ASA III or higher
· Groups with potentially higher risk of aspiration
· Obesity
· Pregnancy
· Diabetes
Interventions:
· [bookmark: _Hlk37941760]Type of liquid
· Water
· Carbohydrate-containing clear liquids
· Complex carbohydrates
· Simple carbohydrates
· Protein-containing clear liquids
· Chewing gum or hard candy
· Duration of fasting
· Amount of ingested liquid
Comparators:
· NPO
· Placebo
· Other clear liquids (for example, black tea, black coffee, broth, fruit juice without pulp)
· Quantity of liquid 
· Duration of fasting 
Outcomes:
· Pulmonary aspiration
· Aspiration-related morbidity including pneumonia, pneumonitis
· Mortality
· Adverse effects of fasting: hunger, thirst, pain, postoperative nausea and vomiting, fatigue, irritability (children)
· Patient comfort and satisfaction
· Length of stay
· Complications
· Intermediate
· Regurgitation
· Gastric emptying
· Gastric volume
· Gastric pH
· Insulin resistance
Timing:
· Perioperative period
Settings:
· In-patient or ambulatory

Analytic Framework (Evidence Model)
[bookmark: _Ref34911744]Figure 2. Analytic framework for preoperative fasting. Dotted arrows indicate the strength of the link between intermediate and final outcomes is uncertain.
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Methods
Task Force
The director of ASA’s Committee on Practice Parameters assembled a guideline task force of anesthesiologists, methodologists, and a patient representative. Members were asked to disclose relevant relationships (industry and other entities) that might pose a conflict of interest. The task force was responsible for developing the key questions; the PICOTS; and the study inclusion/exclusion criteria for the systematic review.
The task force will be asked to prioritize outcomes by key question on a scale of 1 to 9 (1-3, limited importance; 4-6, important; 7-9, critical).10 These prioritizations will be used to guide the evidence synthesis.

Criteria for Inclusion/Exclusion of Studies
1. Publication Types
· Published journal articles, reports 
· Language restrictions: English language only
· Limited to humans
· Grey literature
2. Study Designs
· Include
· Randomized and clinical trials
· Non-randomized clinical trials
· Quasi-experimental studies
· Observational studies 
· Exclude
· Case reports and case series
· Letters
· Editorials
· Comments
· Systematic reviews and meta-analyses [for bibliographies]
3. Settings
· Any practice setting

Search Strategies
[bookmark: _Hlk109064664]Comprehensive bibliographic database searches will be conducted by a medical librarian of the following: PubMed, EMBASE, and SCOPUS. For key questions 1 and 2, studies examining carbohydrate- and protein-containing clear liquids published in January 2000 or later will be eligible for inclusion. For key questions 3 and 4, studies examining gum chewing and 1-hour fasting in pediatric patients published from January 1990 and later will be eligible for inclusion. In addition, the Cochrane Central Register of Controlled Trials (cochranelibrary.com/central) will be searched; task force members will be queried for potential studies; references from systematic reviews and meta-analyses will be hand-searched; and trial registries (clinicaltrials.gov and apps.who.int/trialsearch) will be searched.
Data Abstraction and Management
DistillerSR will be used to conduct title and abstract screening, full-text screening, data abstraction, and data management.11 Screening will be performed independently by two methodologists. Conflicts will be discussed, and when necessary, a third methodologist will be included to resolve all conflicts. Finally, potential inclusion-exclusion discrepancies will also be examined using the DistillerAI tool. Eligible studies will include randomized and nonrandomized trials, quasi-experimental, cohort (prospective and retrospective), and case-control designs. Case reports and case series, conference abstracts, letters not considered research reports, non-English publications, and animal studies will be excluded.
A single methodologist will abstract the data into DistillerSR which will be reviewed by a second methodologist for quality control. Data elements of interest include: study design (randomized controlled trial, nonrandomized comparative study, observational study); number in study; type of procedure; type of anesthesia; patient characteristics (age, BMI, co-morbidities, ASA physical status); intervention (fasting duration, type of liquid or solid ingested, quantity of liquid or solid); outcomes (aspiration, regurgitation, gastric volume, gastric pH, physiologic measures such as insulin and glucose, adverse events of fasting, patient comfort and satisfaction), and outcome measurement method (scintigraphy, ultrasound, gastric suctioning, magnetic resonance imaging). Conflicts will be resolved by consensus. When relevant data is not reported in the published work, attempts will be made to contact authors. Figures will be digitized as necessary to obtain quantitative results for synthesis.
Risk of Bias of Individual Studies
Quality assessment of randomized clinical trials will be conducted using the Cochrane Risk of Bias (RoB) tool, version 1.12 For non-randomized studies, the Risk Of Bias In Non-randomised Studies of Interventions (ROBINS-I) tool will be used.13 RoB and ROBINS-I include bias assessments on confounding, selection of participants, classification of interventions, deviations from interventions, missing data, outcome measurements, and selection of reported results. In addition, RoB assesses the randomization process.
Evidence Synthesis
Study characteristics and treatment arm details will be tabulated by key question. Results will be summarized in tabular form by outcome. Pairwise and network random-effects meta-analyses of results from randomized designs will be performed.14,15 Small study effects and the potential for publication bias will be evaluated using funnel plots and regression-based tests.16 Analyses will be conducted in R (R Foundation for Statistical Computing, Vienna, Austria, 2022).17-19
Grading the Strength of Evidence
The strength of evidence for select important and critical outcomes will be appraised using both the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)20 and ACCF/AHA frameworks.21 In GRADE, RCTs start as high strength of evidence and nonrandomized studies start as low. The strength is downgraded based on risk of bias, inconsistency, indirectness, imprecision, and publication bias. Strength may be upgraded if the effect is large, a dose-response is present, or if unaccounted residual confounding would likely have increased the effect.20 For network meta-analyses, the strength of evidence will be assessed with the Confidence in Network Meta-Analysis tool.22
Strength of Recommendations
The GRADE system will be used to determine the strength of the recommendations: strong in favor, conditional in favor, conditional against, and strong against an intervention. Strong recommendations reflect the task force believing all or almost all clinicians would choose the specific action or approach. Conditional recommendations are those where most, but not all, would choose the action or approach.23 When the task force judges the body of evidence inconclusive, a best practice statement may be considered.24

Table 2. Protocol development timeline
	Date
	Section
	Modification

	January 2020
	
	First outline

	April 2020
	Analytic Framework
	Add complications from pulmonary aspiration (pneumonia and pneumonitis) to analytic framework

	November 2020
	Key questions
	Key questions refined to carbohydrate-containing clear liquids, protein-containing clear liquids, and gum chewing

	December 2021
	Key questions
	Key question on pediatric 1-hour fasting added
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Studies N RR MD 95% CI I2



Assigned ASA 
Evidence 
Category



Adults
2–4 vs > 4 hrs



Clear Liquids
Gastric volume < 25mL 7 555 1.13 (0.90, 1.40) 54% A1-E
Gastric volume 12 1107 -2.46 (-5.50, 0.59) 44%
pH 9 881 0.21 (-0.06, 0.49) 0% A1-E
pH > 2.5 7 533 1.02 (0.91, 1.14) 0%
Gastric volume < 25mL & pH < 2.5 6 441 1.20 (0.95, 1.52) 0% A1-B
Thirst A2-B
Hunger A2-B



Nutritional CHO drinks
Gastric volume < 25mL A2-E
pH > 2.5 A2-E
Thirst A2-E
Hunger A2-E
Serum glucose A2-E



Children
2–4 vs > 4 hrs



Clear Liquids
Gastric volume < 0.4mL/kg 7 521 1.11 (0.93, 1.32) 3% A1-E
Gastric volume 9 788 -0.06 (-0.13, 0.02) 31% A1-E
pH 8 652 0.14 (0.03, 0.24) 0% A1-B
pH > 2.5 5 321 0.87 (0.64, 1.20) 0% A1-E
Gastric volume < 25mL & pH < 2.5 8 744 1.02 (0.89, 1.18) 0% A1-E
Glucose A3-E
Insulin A3-E



Abbreviations: RR, relative risk; MD, mean difference; CI, confidence inrterval; hrs, hours; CHO, carbohydrate.
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Gastric 
volume 



Hunger, thirst, pain, 
postoperative nausea and 



vomiting, fatigue, irritability 
(children), patient comfort 
and satisfaction, length of 



stay, complications



Pulmonary 
Aspiration



Morbidity
Mortality



Ingested liquid and volume 
Duration of fasting



Elective procedures with 
general anesthesia, sedation, 
or regional anesthesia



Types*
 Water
 Clear liquids
 Carbohydrate
   Simple carbohydrates
   Complex carbohydrates
   Carbohydrate with protein    
  Immunonutrition
(combined with premedication)
*Chewing gum or hard candy
also included



Gastric 
emptying



Gastric  pH



Pneumonia
Pneumonitis



Regurgita-
tion











