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Nulla Per Os (NPO) guidelines: time to revisit?

Sabine Friedrich, Patrick Meybohm, and Peter Kranke

Purpose of review

Preoperative fasting guidelines are generalized to elective procedures and usually do not distinguish
between the ambulatory and inpatient setting. Prevalence of aspiration is low while prolonged preoperative
fasting is common clinical reality. Recently, changes in preoperative fasting guidelines have been widely

discussed.

Recent findings

Rates of prolonged clear fluid fasting (>4 h) prior to surgery are reported in up to 80% of patients with
mean fasting duration of up to 16 h and beyond. Prolonged fasting may result in adverse effects such as
infraoperative hemodynamic instability, postoperative delirium, patient discomfort, and extended hospital
length of stay. Liberal approaches allowing clear fluids up to 1 h prior to anesthesia or until
premedication/call to the operating room have shown no increase in adverse events among children.
Various anesthesia societies now encourage clear fluid intake up to 1 h prior to pediatric elective
anesthesia. Similar reports in the adult cohort are scarce.

Summary

Allowing sips of water until call to the operating room may help reducing prolonged preoperative fasting
and improving patient comfort while keeping a flexibility in operating room schedule. The feasibility and
safety of a liberal clear fluid fasting regimen among adults undergoing elective anesthesia needs to be

evaluated in future studies.

Keywords

aspiration of gastric content, aspiration pneumonia, clear fluid fasting, elective anesthesia, NPO
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INTRODUCTION

To avoid aspiration events in patients undergoing
nonemergent procedures, preoperative fasting prac-
tice originated as ‘Nulla per os’ (NPO), also known as
‘nil-by-mouth from midnight’. This practice has
since then developed to current recommendations
across the globe ranging from allowing clear fluid
intake for up to 2, and milk and solids for up to 6 h
preoperatively [1,2%,3,4]. However, actual preopera-
tive fasting times often exceed these recommenda-
tions and prolonged fasting is a common clinical
reality [S—8"]. This s the case even in highly planned
settings because of the fear that when a sip of fluid is
ingested and the procedure is moved to an earlier
time the attending anesthesiologist would eventu-
ally delay or even cancel the surgical procedure.

Prevalence of perioperative pulmonary aspira-
tion is low [9"%,10",11"] and there is a lack of direct
evidence if current guidelines actually help to
reduce adverse outcomes. Gastric volume and gas-
tric pH determined by techniques such as gastric
ultrasound are often used as surrogate endpoints
[12].
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Recently, alterations of preoperative fasting
guidelines have been widely discussed seeking to
avoid prolonged preoperative fasting duration and
potentially liberate preoperative clear fluid intake
up to 1 h, especially in the pediatric population
[13,14%=,15-17].

Procedures performed in an outpatient setting
continue to be on the rise [18]. The evidence of
preoperative fasting practice and its effects in the
ambulatory surgical population is low [19,20]. Also,
current preoperative fasting guidelines rarely distin-
guish between different elective procedure settings
such as ambulatory versus inpatient, individual
patient characteristics or the anticipated anesthesia
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KEY POINTS

e Preoperative fasting guidelines do not discriminate
between the outpatient and inpatient setting, but are
tailored to elective procedures in general.

e Prevalence of aspiration is low while prolonged
preoperative fasting is common clinical reality, which
may adversely affect hemodynamic stability during
anesthesia, postoperative delirium, perioperative
patient discomfort, and length of stay.

e Various anesthesia societies have recently changed
their guidelines encouraging clear fluid intake up to 1 h
prior to elective anesthesia for children.

o Multiple studies in the pediatric cohort demonstrate no
increase in perioperative pulmonary aspiration with
liberal clear fluid fasting regimens for elective
anesthesia. Similar evidence among adults is scarce.

e Some evidence suggests that allowing sips of clear
fluids until called to the OR may be the way to go in
elective surgery to prevent prolonged fasting periods.

plan such as general anesthesia versus regional anes-
thesia versus monitored anesthesia care (Fig. 1).
Taking into account these factors, which may influ-
ence risk of aspiration, may allow to develop a risk-
adapted algorithm for preoperative fasting practice.

One approach could be to allow for patients at
low risk of aspiration to take sips of clear liquids
until being called to the operating room (OR). This
may help to avoid prolonged fasting, improve

patient comfort, and decrease anxiety as well as
reduce preoperative dehydration and subsequent
cardiovascular instability especially in the elderly
[21]. Although the type of procedures performed in
the ambulatory setting may vary internationally
and even across different healthcare facilities,
patients qualifying for outpatient procedures are
characterized by being healthy or having well con-
trolled comorbidities and being at low risk of peri-
operative complications in order to ensure safe
same-day discharge [22-24]. Therefore, patients
undergoing ambulatory surgery may benefit from
adaptations in NPO guidelines that ensure hydra-
tion and reduce adverse sequelae of prolonged fast-
ing [7,19].

PREOPERATIVE FASTING: CURRENT
GUIDELINES VERSUS CLINICAL REALITY

Internationally recommended preoperative fasting
times range from 2 h for clear liquids to 6 h for milk
and solids [1,2%3] and even up to 8h for meals
including meat, fatty, or fried food [4]. Although
clinicians debate liberating recommended preoper-
ative clear fluid limitation [13,14"%,15-17], pro-
longed preoperative fasting is common clinical
reality with reported mean fasting times of clear
liquids ranging between S5 and 16h in adults
[5,6,25] and between 3 and 12h in children
[7,8",26%,27%,28] and reported rates of prolonged
clear fluid fasting (>4 h) in up to 80% of patients.

Recommending and even encouraging clear
fluid intake up to 1 h before anesthesia for elective
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FIGURE 1. Overview of current international preoperative fasting guidelines and recent developments. (a) An overview of

current international preoperative fasting guidelines on a rough timeline with a special focus on recommended preoperative
fasting time by oral intake and specifications made in regards to children versus adults and type of anesthesia. (b) Focusses on
recent developments published through updated guidelines and consensus statements within the past 3 years. Novel
developments since 2018 include allowance of clear fluid intake in children up to 1 h prior to surgery and a risk-adapted
algorithm for the setting of procedural sedation. Number in parentheses indicate citations as detailed in the reference section.
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pediatric cases has been widely debated and
recently statements endorsing this recommenda-
tion have been published by the Association of
Paediatric Anaesthetists of Great Britain and
Ireland, the European Society for Anaesthesiology,
and l’Association des Anesthésistes-Réanimateurs
Pédiatriques d’Expression Frangaise and the Cana-
dian Pediatric Anesthesia Society [29%,30,31"]
(Fig. 1). Such recommendations are in line with
recommendations of the ERAS mindset to interact
as little as possible with normal homeostasis [22].

But what about rethinking clear fluid intake in
adults prior to elective anesthesia and would grow-
ing numbers of ambulatory anesthesia cases quality
as a setting for special considerations in preoperative
fasting guidelines? Or should preoperative fasting
times be tailored in a more detailed algorithm con-
sidering different factors such as planned anesthetic
approach, type of procedure and patient character-
istics which may increase aspiration risk similar to
what has been proposed recently for the setting of
procedural sedation [14"%]?

In the pediatric population, there have been
quality improvement efforts successful in reducing
duration of clear fluid fasting before anesthesia
[7,8%27"] and studies reporting liberalization of
clear fluid intake until called to the operating room
[28,32,33], without noting a difference in aspiration
events or cancellation/postponement of procedures
[9%"]. Unfortunately, the evidence of similar pub-
lished reports in the adult population is scarce [6]
and yields opportunity for future research efforts.

ADVERSE EFFECTS OF PROLONGED
FASTING

Excessive preoperative fasting with patients going
up to 16h and longer without a drink is clinical
reality [6], which is accompanied by various adverse
effects.

It may be intuitive that preoperative dehydra-
tion caused by excessive fluid fasting may contribute
to hypotension after anesthesia induction. A recent
study by Simpao et al. [34™] of 15 543 children
demonstrated an association of duration of fluid
fasting prior to surgery with higher odds of low
systolic blood pressure following inhalational anes-
thesia induction in multivariable analysis. A ran-
domized controlled trial of 219 patients undergoing
minor surgery under general anesthesia found that
an additional bolus of intravenous fluids of 8 ml/kg
prior to the induction of anesthesia resulted in
significantly decreased hemodynamic instability
during induction [35]. Prolonged preoperative fluid
fasting has previously been identified as an indepen-
dent predictor of early postoperative delirium [5]
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and shown to be associated with patient discomfort
including hunger, thirst, experiences of anxiety,
sadness, and even pain and nausea [19,25,36] and
extended hospital length of stay [37].

In order to avoid these adverse effects, it is
important to understand the underlying mecha-
nisms leading to preoperative fasting way beyond
the recommended NPO times such as all aspects of
communication of preoperative fasting recommen-
dations to the patient (e.g. clarity, form of commu-
nication - written/verbal, body language from
clinicians and nurses), individual patient factors
(personality traits, living situation, support system,
and so on) and factors relating to preoperative care
on the day of surgery [38,39]. Some of these have
been successfully addressed by counter measures in
recent quality improvement efforts to reduce pre-
operative fasting duration in the pediatric cohort
[7,8%,27"].

In addition, variability and short notice changes
of the OR schedule are common and may largely
contribute to prolonged fasting times by both pro-
cedures being postponed and clinicians prescribing
prolonged fasting times in the first place in order to
keep a certain flexibility in procedure scheduling:
e.g. the international fasting recommendations may
allow for intake of clear fluids up to 2h prior to
surgery, but patients may start being called to the
OR at 7 am; consequently clinicians may allow
patients to drink until 5 am on the morning of
surgery; as the patient may still be sleeping at this
time, they end up taking the last drink the night
before surgery resulting in prolonged fasting.

Keeping a flexibility in procedure scheduling is
also areason why clinicians remain hesitant towards
suggestion of liberating preoperative clear fluid
intake further. Allowing patients to take sips of
water until being called to the OR would help reduce
duration of fluid fasting, avoid dehydration, and
ameliorate patient comfort without causing delay
in the OR schedule [19,28,32,33]. It may even be
speculated that small amounts of liquids being
allowed until transfer to OR might result in smaller
overall volume of preoperative fluid ingestion as
opposed to quickly drinking a large amount at once
when faced with a strict deadline after which fluid
intake is forbidden all together.

GASTRIC EMPTYING PHYSIOLOGY AND
RESIDUAL GASTRIC VOLUME

The goal of preoperative fasting is to reduce the risk
of gastrointestinal regurgitation by reducing gastric
content. The main focus of this goal is on the
reduction of gastric volume and on elevating gastric
pH. Gastric emptying physiology is complex and in
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absence of pathologies delaying gastric emptying
the time for oral intake to be emptied from the
stomach differs by ingested volume, composition,
and caloric content [40]. Although water clears from
the stomach with a t;, (i.e. 50% remaining in the
stomach) of 10 min and being fully cleared after
around 40 min, the gastric emptying time of other
liquids depends on their caloric content and ranges
from 1 to 2h with an average rate of 1-4 kcal/min
[40-42].

Gastric volume has been shown to be around
0.2-1.7ml/kg in fasted patients undergoing elective
cholecystectomy [43""], which is in line with previ-
ously established residual volume in healthy fasted
individuals [44]. Gastric ultrasound has become a
useful tool with established methodology to evalu-
ate gastric content and volume [45,46%] and has
been trialed in various scenarios to guide in estima-
tion of aspiration risk and help in individual clinical
decision making [43"",47,48]. A residual gastric vol-
ume > 1.5ml/kg for fluid content has been sug-
gested to signal an increased risk of gastrointestinal
regurgitation and pulmonary aspiration [44] and
this cut-off value has been utilized in various studies
[43"",49]. This would translate to a residual volume
of 105 ml for an adult of 70kg. But there is a lack of
direct evidence in research studies demonstrating
which residual gastric volume may be safe with
certainty.

A randomized controlled trial of 138 children
between the ages of 1-16 years old with an ASA
status of I or Il undergoing general anesthesia found
no significant difference in gastric pH or gastric
volume after endotracheal intubation as determined
through sampling with an orogastric tube between a
group allowed clear fluids until premedication
(median fasting duration: 48 min [interquartile
range, 18.5-77.5]) compared to those allowed clear
fluids until 2 h preoperatively as per guidelines [28].
Even adhering to current preoperative fasting rec-
ommendations does not guarantee an empty stom-
ach as demonstrated in a recent study by Chang et al.
[43"] utilizing gastric ultrasound to examine gastric
content of fasted patients prior to anesthesia induc-
tion for elective laparoscopic cholecystectomy. This
study found absence of an empty stomach in 18 of
138 patients (13%), which was defined as either
solid gastric content (9%) or fluid content >
1.5 ml/kg (4%). These finding are in line with data
of aretrospective cohort study examining the gastric
content of 538 fasted patients [49].

A study in healthy volunteers identified sip
volume for thin liquids to be 10-14 ml [50]. So
allowing sips of water until being called to the
operating room is unlikely to contribute to an
increased risk of perioperative pulmonary aspiration

0952-7907 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

in healthy patients undergoing elective surgery not
otherwise at an increased risk of aspiration, consid-
ering a gastric clearance time of 40 min for water
and a residual gastric volume of 105 ml in an
adult of 70kg not increasing risk of gastrointestinal
regurgitation.

Of note, guidelines published by the Scandina-
vian Society of Anaesthesiology and Intensive Care
Medicine in 2005 allow for a volume of 150 ml of
water for adults and 75 ml for children to take their
medication with up to 1 h prior to anesthesia [3].
Extent of damage to the lung tissue and subsequent
manifestation of disease after pulmonary aspiration
depend on chemical properties and volume of the
aspirate [51]. Which amount of clear fluid may
actually cause harm is a matter of debate. However,
it should be noted that during bronchoalveolar
lavage, a procedure performed routinely in various
lung diseases, the instillation and suctioning of
physiological saline in three to five sequential repet-
itive volumes of 100—-300 ml each are recommended
per subsegment of lung tissue [52].

PERIOPERATIVE PULMONARY
ASPIRATION

NPO guidelines seek to reduce the risk of gastroin-
testinal regurgitation and pulmonary aspiration.
Prevalence of periprocedural aspiration is low with
recently reported rates of 0.014-0.021% in adults
undergoing procedural sedation [53] and 0.01% in
adults undergoing general anesthesia [11"] with
0.5-0.6% in high-risk cases undergoing rapid
sequence induction [54]. Similarly, in the pediatric
population perioperative pulmonary aspiration has
recently been reported to occur in only 0.01-0.12%
of patients undergoing general anesthesia [9"%,10™,
26"]. Sequelae of aspiration events range from ICU
admission and increased length of stay to a reported
mortality rate of 1.5-6.6% [10"%,11"].

One factor consistently shown to be associated
with an increased risk of aspiration is emergency
procedure [9%%,10*%,11%]. Other factors named to
characterize an increased risk of aspiration are listed
in Table 1. No aspirations have been reported in
nonfasted patients or those with shortened fasting
status undergoing ambulatory cataract surgery [20]
or procedures other than endoscopy performed with
procedural sedation [53]. But because of the very low
rate of perioperative aspiration events, a poor degree
of evidence remains.

CONCLUSION

In summary, there are no specific guidelines on
preoperative fasting for the ambulatory setting.
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Table 1. Risk factors for perioperative gastrointestinal regurgitation and pulmonary aspiration

Category

Examples

Procedure fype or circumstantial sefting

Upper endoscopy, bronchoscopy [11%,14™",53]

Emergency procedure/nonfasted patient [1-4,9"",10"%,11%]
Women in labor [1-4]

Relating to the airway

Anticipated difficult airway management [4,14"%]

Airway abnormalities [14""]

Relating to gastrointestinal system

Gastro-esophageal reflux [3,4,30]

Hiatal hernia [3,4,14™"]

Hyperemesis [3,14""]

Functional dyspepsia [3]

Bowel obstruction including ileus, tumor, stricture and esophageal disorders

Other factors delaying gastric emptying

including achalasia [3,4,14"%,30]

Gastroparesis through systemic disease such as diabetes mellitus [3,4,30]

Pain [3]
Use of opioids [3]
Severe obesity [4,14""]

This table lists factors named in context with an increased risk of pulmonary aspiration. Numbers in brackets represent according references.

Although perioperative pulmonary aspiration can
be a detrimental event, recently reported aspiration
rates in elective surgery are low and subsequent
aspiration-related mortality even lower. Prolonged
fluid fasting of up to 16 h and longer is common and
may in turn cause the patient harm and discomfort.
A residual gastric volume of 105 ml in an adult of
70kg is deemed safe for induction of anesthesia. And
considering a typical sip volume of up to 15 ml and
gastric clearance of water after around 40 min,
allowing patients to drink water in sips until call
to the operating room would be a reasonable clinical
practice that can help to reduce preoperative fluid
fasting time while keeping a certain flexibility in the
OR schedule.

This has been trialed on multiple occasions in
children undergoing anesthesia and there is no
reason this should not be extended to adults under-
going elective surgery. Various healthcare professio-
nals are involved in realization of recommended
fasting times. Straight-forward and universally
applicable recommendations are more likely to be
put into practice, which would help avoiding pro-
longed fasting.

Please consider, these suggestions should by no
means imply that appropriate measures mitigating
aspiration risk should not be applied in cohorts of
patients in which elective planning of a surgical
procedure may not be ensured, e.g. in the obstetric
setting.

Acknowledgements
None.

Financial support and sponsorship
None.

744 www.co-anesthesiology.com

Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm of outstanding interest

1. Smith |, Kranke P, Murat |, et al. Perioperative fasting in adults and children:
guidelines from the European Society of Anaesthesiology. Eur J Anaesthesiol
2011; 28:556-569.

2. Dobson G, Chow L, Filteau L, et al. Guidelines to the Practice of Anesthesia -

m  Revised Edition 2020. Can J Anaesth 2020; 67:64-99.

Updated Canadian preoperative fasting guidelines recommending clear fluid
intake in children up to 1 h prior to elective general anesthesia.

3. Sereide E, Eriksson LI, Hirlekar G, et al. Preoperative fasting guidelines: an
update. Acta Anaesthesiol Scand 2005; 49:1041-1047.

4. 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. An-
esthesiology 2017; 126:376-393.

5. Radtke FM, Franck M, MacGuill M, et al. Duration of fluid fasting and choice of
analgesic are modifiable factors for early postoperative delirium. Eur J Anaes-
thesiol 2010; 27:411-416.

6. Davies A, Pang WS, Fowler T, et al. Preoperative fasting in the department of
plastic surgery. BMJ Open Qual 2018; 7:¢000161.

7. Newton RJG, Stuart GM, Willdridge DJ, Thomas M. Using quality improve-
ment methods to reduce clear fluid fasting times in children on a preoperative
ward. Paediatr Anaesth 2017; 27:793-800.

8. Isserman R, Elliott E, Subramanyam R, et al. Quality improvement project to

m reduce pediatric clear liquid fasting times prior to anesthesia. Paediatr
Anaesth 2019; 29:698-704.

A quality improvement project in 16 000 pediatric elective cases successfully
increasing the proportion of patients fasting clear fluid for a maximum of 4h
preoperatively from 20 to 63%.

9. Beck CE, Rudolph D, Mahn C, et al. Impact of clear fluids fasting on pulmonary

mm  aspiration in children undergoing general anesthesia: results of the German
prospective multicenter observational (NiKs) study. Paediatr Anaesth 2020.
[Epub ahead of print]

A recent large prospective, observational multicenter study of more than 12 000

pediatric anesthesia cases investigating events of gastrointestinal regurgitation

and pulmonary aspiration across different clear fluid fasting regimens.

10. Pfaff KE, Tumin D, Miller R, et al. Perioperative aspiration events in children: a report

mm  from the Wake Up Safe Collaborative. Paediatr Anaesth 2020. [Epub ahead of print]

A report of perioperative aspiration events including related risk factors and

outcomes in more than 2 000 000 pediatric procedures across multiple institutions

between 2010 and 2017

Volume 33 o Number 6 o December 2020

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.



€20Z/ET/70 U0 =197ZIMNZIDBPXZOBBAROATOAEIOVIASALLIAIPOOAEIEAHION/O AUMY TX DOMADUOINX

OHI1SABZ3yT1eA+erNIOITWNOTIZTARMHJSSHAAUG Ag ABojoIsayisaue-09/Woo’ MM| sfeulnol//:dny wolj papeojumod

NPO guidelines: time to revisit? Friedrich et al.

11. Kluger MT, Culwick MD, Moore MR, Merry AF. Aspiration during anaesthesia

= in the first 4000 incidents reported to webAIRS. Anaesth Intensive Care
2019; 47:442-451.

A report of 129 perioperative aspiration cases in adults and children, adverse

outcomes, and contributory factors.

12. Brady M, Kinn S, Stuart P. Preoperative fasting for adults to prevent perio-
perative complications. Cochrane Database Syst Rev 2003; Cd004423.

13. Morrison CE, Ritchie-McLean S, Jha A, Mythen M. Two hours too long: time to
review fasting guidelines for clear fluids. Br J Anaesth 2020. [Epub ahead of
print]

14. Green SM, Leroy PL, Roback MG, et al. An international multidisciplinary

mm consensus statement on fasting before procedural sedation in adults and
children. Anaesthesia 2020; 75:374-385.

First guideline-type publication focusing on fasting recommendations prior to

procedural sedation in adults and children by the International Committee for

the Advancement of Procedural Sedation, suggesting an algorithm stratified by
estimated aspiration risk

15. Kannan S. Will one hour less make any difference? Eur J Anaesthesiol 2020;
37:52.

16. Andersson H, Schmitz A, Frykholm P. Preoperative fasting guidelines in
pediatric anesthesia: are we ready for a change? Curr Opin Anaesthesiol
2018; 31:342-348.

17. Thomas M, Engelhardt T. Think drink! Current fasting guidelines are outdated.
Br J Anaesth 2017; 118:291-298.

18. Hollenbeck BK, Dunn RL, Suskind AM, et al. Ambulatory surgery centers and
outpatient procedure use among Medicare beneficiaries. Med Care 2014;
52:926-931.

19. McCracken GC, Montgomery J. Postoperative nausea and vomiting after
unrestricted clear fluids before day surgery: a retrospective analysis. Eur J
Anaesthesiol 2018; 35:337-342.

20. Popovic M, Schlenker MB, Goldshtein D, et al. Preoperative fasting for
ambulatory cataract surgery: asystematic review. Can J Ophthalmol 2019;
54:145-149.

21. White PF, White LM, Monk T, et al. Perioperative care for the older outpatient
undergoing ambulatory surgery. Anesth Analg 2012; 114:1190-1215.

22. Novitch MB, Cornett EM, Kaye AD, Urman RD Enhanced recovery in the
ambulatory surgery setting. In: Ljungqvist O, Francis N, Urman R, editors.
Enhanced recovery after surgery. Cham.: Springer; 2020. https://doi.org/
10.1007/978-3-030-33443-7.54.

23. Walsh MT. Improving outcomes in ambulatory anesthesia by identifying high
risk patients. Curr Opin Anaesthesiol 2018; 31:659-666.

24. Teja B, Raub D, Friedrich S, et al. Incidence, prediction, and causes of
unplanned 30-day hospital admission after ambulatory procedures. Anesth
Analg 2020; 131:497-507.

25. Tosun B, Yava A, Agikel C. Evaluating the effects of preoperative fasting and
fluid limitation. Int J Nurs Pract 2015; 21:156—-165.

26. Beck CE, Rudolp D, Becke-Jakob K, et al. Real fasting times and incidence of

m  pulmonary aspiration in children: results of a German prospective multicenter
observational study. Paediatr Anaesth 2019; 29:1040-1045.

A prospective, multicenter cohort study of more than 3000 pediatric anesthesia

cases reporting duration of preoperative fasting and incidence of perioperative

pulmonary aspiration.

27. Nye A, Conner E, Wang E, et al. A pilot quality improvement project to reduce

m  preoperative fasting duration in pediatric inpatients. Pediatr Qual Saf 2019;
4:246.

A quality improvement project among children undergoing elective inpatient

surgery successful at reducing mean preoperative fasting time of clear fluids from

12,5 to 5.7h.

28. Schmidt AR, Buehler KP, Both C, et al. Liberal fluid fasting: impact on gastric
pH and residual volume in healthy children undergoing general anaesthesia
for elective surgery. Br J Anaesth 2018; 121:647-655.

29. Rosen D, Gamble J, Matava C. Canadian Pediatric Anesthesia Society

m  statement on clear fluid fasting for elective pediatric anesthesia. Can J
Anaesth 2019; 66:991-992.

Statement by the Canadian Pediatric Anesthesia Society endorsing allowance of

preoperative clear fluid intake up to 1 h prior to elective anesthesia and sedation.

30. Thomas M, Morrison C, Newton R, Schindler E. Consensus statement on
clear fluids fasting for elective pediatric general anesthesia. Paediatr Anaesth
2018; 28:411-414.

31. Disma N, Thomas M, Afshari A, et al. Clear fluids fasting for elective paediatric

mm anaesthesia: the European Society of Anaesthesiology consensus statement.
Eur J Anaesthesiol 2019; 36:173-174.

A consensus statement by the European Society of Anaesthesiology endorsing

clear fluid intake up to 1 h prior to pediatric elective general anesthesia except in

case of particular medical or surgical contraindications

32. Andersson H, Hellstrom PM, Frykholm P. Introducing the 6-4-0 fasting regi-
men and the incidence of prolonged preoperative fasting in children. Paediatr
Anaesth 2018; 28:46-52.

0952-7907 Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

33. Andersson H, Zarén B, Frykholm P. Low incidence of pulmonary aspiration in
children allowed intake of clear fluids until called to the operating suite.
Paediatr Anaesth 2015; 25:770-777.

34. Simpao AF, Wu L, Nelson O, et al. Preoperative fluid fasting times and

mm  postinduction low blood pressure in children: a retrospective analysis. An-
esthesiology 2020; 133:523-533.

A retrospective cohort study of more than 15 000 children undergoing elective

surgery, demonstrating an association between duration of preoperative fluid

fasting and higher odds of low systolic blood pressure during surgical preparation
after anesthesia induction.

35. Kratz T, Hinterobermaier J, Timmesfeld N, et al. Preoperative fluid bolus for
improved haemodynamic stability during minor surgery: a prospectively
randomized clinical trial. Acta Anaesthesiol Scand 2018; 62:1215-1222.

36. Al-Robeye AM, Barnard AN, Bew S. Thirsty work: Exploring children’s
experiences of preoperative fasting. Paediatr Anaesth 2020; 30:43-49.

37. Nossaman VE, Richardson WS, Wooldridge JB Jr, Nossaman BD. Duration of
Nil Per Os is causal in hospital length of stay following laparoscopic bariatric
surgery. Surg Endosc 2017; 31:1901-1905.

38. Brockel MA, Kenny MC, Sevick CJ, Vemulakonda VM. The role of preoperative
instructions in parents’ understanding of preoperative fasting for outpatient
pediatric urology procedures. Pediatr Surg Int 2020; 36:1111-11186.

39. Singla K, Bala I, Jain D, et al. Parents’ perception and factors affecting
compliance with preoperative fasting instructions in children undergoing
day care surgery: A prospective observational study. Indian J Anaesth
2020; 64:210-215.

40. Goyal RK, Guo Y, Mashimo H. Advances in the physiology of gastric
emptying. Neurogastroenterol Motil 2019; 31:e13546.

41. Okabe T, Terashima H, Sakamoto A. A comparison of gastric emptying of
soluble solid meals and clear fluids matched for volume and energy content: a
pilot crossover study. Anaesthesia 2017; 72:1344-1350.

42. Grimm M, Koziolek M, Saleh M, et al. Gastric emptying and small bowel water
content after administration of grapefruit juice compared to water and iso-
caloric solutions of glucose and fructose: a four-way crossover MRI Pilot
Study in healthy subjects. Mol Pharm 2018; 15:548-559.

43. Chang JE, Kim H, Won D, et al. Ultrasound assessment of gastric content in
um fasted patients before elective laparoscopic cholecystectomy: a prospective
observational single-cohort study. Can J Anaesth 2020; 67:810-816.

A prospective, single center observational study of 138 patients undergoing
elective laparoscopic cholecystectomy demonstrating a full stomach as evaluated
by gastric ultrasound in 13% of fasted adult patients prior to anesthesia induction.
44, Van de Putte P, Perlas A. The link between gastric volume and aspiration risk.

In search of the Holy Grail? Anaesthesia 2018; 73:274-279.

45. Perlas A, Arzola C, Van de Putte P. Point-of-care gastric ultrasound and
aspiration risk assessment: a narrative review. Can J Anaesth 2018;
65:437-448.

46. Bouvet L, Zieleskiewicz L, Loubradou E, et al. Reliability of gastric suctioning

m  compared with ultrasound assessment of residual gastric volume: a prospec-
tive multicentre cohort study. Anaesthesia 2020; 75:323-330.

A prospective, multicenter study of 61 patients with mechanical ventilation and

feeding through a nasogastric tube, which indicated the clinical applicability of

gastric ultrasound for evaluation of gastric content in comparison to gastric
suctioning.

47. Haskins SC, Kruisselbrink R, Boublik J, et al. Gastric ultrasound for the
regional anesthesiologist and pain specialist. Reg Anesth Pain Med 2018;
43:689-698.

48. Alakkad H, Kruisselbrink R, Chin KJ, et al. Point-of-care ultrasound defines
gastric content and changes the anesthetic management of elective surgical
patients who have not followed fasting instructions: a prospective case series.
Can J Anaesth 2015; 62:1188-1195.

49. Van de Putte P, Vernieuwe L, Jerjir A, et al. When fasted is not empty: a
retrospective cohort study of gastric content in fasted surgical patientst. Br J
Anaesth 2017; 118:363-371.

50. Steele CM, Peladeau-Pigeon M, Barbon CAE, et al. Reference values for
healthy swallowing across the range from thin to extremely thick liquids. J
Speech Lang Hear Res 2019; 62:1338-1363.

51. Neill S, Dean N. Aspiration pneumonia and pneumonitis: a spectrum of
infectious/noninfectious diseases affecting the lung. Curr Opin Infect Dis
2019; 32:152-157.

52. Meyer KC, Raghu G, Baughman RP, et al. An official American Thoracic
Society clinical practice guideline: the clinical utility of bronchoalveolar lavage
cellular analysis in interstitial lung disease. Am J Respir Crit Care Med 2012;
185:1004-1014.

53. Green SM, Mason KP, Krauss BS. Pulmonary aspiration during procedural
sedation: a comprehensive systematic review. Br J Anaesth 2017;
118:344-354.

54. Birenbaum A, Hajage D, Roche S, et al. Effect of cricoid pressure compared
with a sham procedure in the rapid sequence induction of anesthesia: the IRIS
randomized clinical trial. JAMA Surg 2019; 154:9-17.

www.co-anesthesiology.com 745

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.


https://doi.org/10.1007/978-3-030-33443-7-54
https://doi.org/10.1007/978-3-030-33443-7-54
https://doi.org/10.1007/978-3-030-33443-7-54



