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Abstract

Objectives—There is debate regarding the timing of procedural sedation and analgesia (PSA)
in relation to fasting status. Point-of-care ultrasound (POCUS) provides the ability to measure
gastric content and is being used as a surrogate for aspiration risk in anesthesia. We sought to
evaluate the gastric content of Pediatric Emergency Department (PED) patients undergoing PSA
using POCUS.

Methods—We performed a prospective observational study using a convenience sample of
pediatric patients undergoing PSA between July 1, 2018 and June 30, 2019. Following a brief
history, gastric content was measured using POCUS in both supine and right lateral decubitus
positions at 2-hour intervals until the time of PSA. Qualitative content and calculated volume were
classified based on the Perlas Model of anesthesia ‘Risk’ assessment.

Results—93 patients were enrolled with 61.3% male and mean age of 6.5 years. Gastric content
was determined in 92 patients. 79.3% had ‘High Risk’ content at the time of PSA, with a median
fasting time of 6.25 hours and no serious adverse events. Fasting duration had a weak to moderate
ability to predict ‘Risk’ category (AUC = 0.73), with no patient (n=17) who underwent multiple
evaluations awaiting PSA progressing from ‘High’ to ‘Low Risk.’

Conclusion—The majority of PED patients undergoing PSA at our institution had ‘High Risk’
gastric content with no clinically-significant change occurring during serial evaluations. This calls
into question the utility of delaying PSA based upon fasting status, and lends support to a more
comprehensive risk-benefit approach when planning pediatric PSA.
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Introduction

Procedural sedation and analgesia (PSA) is a common procedure in the Pediatric Emergency
Department (PED) for patients requiring urgent noxious interventions. It allows both
increased procedural success as well as minimizes the short and long term physical and
psychological detrimental effects that can be incurred from uncontrolled pain and anxiety.1—3
Reported PSA outcomes are overwhelmingly favorable; however, adverse events can occur.
Much work has been done to characterize these events and identify factors contributing to
them.4-9

One particular adverse event deserving attention involves aspiration of gastric contents.
Pulmonary aspiration carries risk of serious morbidity and mortality and has been estimated
to account for 9% of all general anesthesia-related deaths.1911 While potentially causing
serious harm, the actual incidence of aspiration is overall quite low, occurring in 3.8-10.2
per 10,000 pediatric general anesthesia patients,12-13 and only 0.9 per 10,000 pediatric PSA
patients.14

In general anesthesia, which typically involves relaxation of protective airway reflexes,

a major contributor to aspiration risk is the quality and quantity of stomach contents.

To address this risk, the American Society of Anesthesiologists (ASA) provides fasting
guidelines, also known as ni/ per os (NPO) guidelines, for patients prior to elective
procedures.1® While these guidelines are not meant for application to non-elective, emergent
situations, they have historically been applied to PSA despite the fact that, in contrast to
operative anesthesia, fasting status has been shown repeatedly to portend no increase in
adverse events in pediatric PSA.1416-22 More consistent with this data, multiple guidelines
from the fields of emergency medicine?3 and pediatrics?4 advise a balanced risk-benefit
approach to NPO guidelines and PSA. In its 2014 clinical policy on procedural sedation, the
American College of Emergency Physicians (ACEP) included a Level B recommendation,
“Do not delay procedural sedation in adults or pediatrics in the ED based on fasting time,”25
which they reiterated in their recent 2019 unscheduled procedural sedation guidelines.2:
While these competing guidelines can be a source of consternation, the Centers for Medicare
and Medicaid Services (CMS) endorses a system in which both ASA and ACEP guidelines
are used in their respective arenas.26

Central to the debate regarding aspiration risk and gastric content is the lack of a
standardized non-invasive method for easily and reproducibly assessing gastric content in
real-time. Current standard of care relies on patient/parent report of last oral intake, which

is open to any number of inaccuracies and requires an alert and communicative patient.
Further, studies have shown parental recall of medical visits and perception of time during
stressful situations to be poor,27-28 which raises question as to the accuracy of this data in the
emergency room setting.

Ultrasound (US) has been used since the mid 1980s to assess gastric volume and emptying
within the field of gastroenterology.2%:30 Over the past decade the field of general anesthesia
has evaluated the use of point-of-care ultrasound (POCUS) to assess gastric content in

both adult and pediatric patients.31-42 This work has resulted in development of a model

Pediatr Emerg Care. Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moake et al. Page 3

(the Perlas Model) to define the “at-risk’ stomach for purposes of pre-operative general
anesthesia planning, 3435 which is now being used to better understand peri-operative gastric
content*3-46 and to guide anesthesia airway management.4’-51 Additionally, gastric POCUS
has been used to assess stomach content in critically-ill ICU patients®253 and more recently
in emergency department patients.>4-58 Importantly, while the Perlas Model is now being
used to evaluate gastric content in these settings, the applicability and implication of the
model’s assigned ‘Risk’ categories outside of the anesthesia arena are entirely unknown,
although for the sake of consistency with prior literature we will continue to use the model’s
terminology.

The use of POCUS to better understand the gastric content of pediatric patients undergoing
PSA is intriguing and could help to better inform decisions and debate surrounding NPO
timing and PSA. We sought to use POCUS to assess the stomach content of PED patients
undergoing PSA using the Perlas Model. Our primary goals were to determine the gastric
content of pediatric patients at the time of PSA, and to describe how gastric content changed
over time in patients awaiting PSA. We hypothesized that PED patients frequently have
‘non-empty’ stomachs at the time of PSA even when meeting ASA guidelines, and that
patients awaiting PSA have little change in their gastric content.

Materials and Methods

Study Design and Setting

This was a prospective observational study using a convenience sample of pediatric patients
presenting to the PED at our single tertiary care pediatric hospital which sees approximately
28,000 PED patients and performs about 500 PSA procedures annually. The institutional
review board at the Medical University of South Carolina approved this study.

Study Population

Pediatric patients undergoing intravenous PSA between July 1, 2018 and June 30, 2019 were
recruited for the study. Inclusion criteria included: (1) age 6 months or greater; (2) English
speaking; and (3) ASA physical status I-111. Patients were excluded if they: (1) had known
abnormal upper gastrointestinal anatomy or prior upper gastrointestinal surgery; (2) were
pregnant (by self-reported or PED tested); (3) had vomited since most recent oral intake;
(4) had wounds of the epigastrium precluding probe placement; (5) were deemed unable to
tolerate US positioning; and (6) were deemed critically ill by the treating team. Potential
participants were identified by the PED staff during hours when then primary investigator
(P — Dr. MMM) was present in the PED or could be in the PED prior to planned PSA.
The PI performed all study enrollment and consent procedures in person with families in
the PED prior to any study data collection. All patient care decisions were made by the
treating team with no involvement or influence by study personnel. The treating team was
kept blinded to all POCUS results.

Study Protocol and Data Collection

After enrollment and informed consent, a brief history was obtained which included age,
gender, height, presenting complaint, past medical/surgical history, medications and timing
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of last administration, allergies, current and worst level of pain (0-10 FACES scale), and
timing of most recent oral intake. Timing of last oral intake was determined separately

for clears, thick liquid, breast milk, and solids. All times were recorded to the nearest
quarter hour. Timing of planned PSA, and whether PSA was being delayed due specifically
to concerns over NPO timing, were obtained from the attending physician. For patients
anticipated to undergo PSA within 2 hours of enrollment, a single POCUS study was
performed at the time of PSA (30 minutes before or after). In patients anticipated to undergo
PSA beyond 2 hours from enrollment, serial measurements were made at 2-hour intervals
(+/- 30 minutes) until the time of PSA. Following patient disposition from the PED,

review of the electronic medical encounter was performed to record measured weight, final
diagnosis, disposition, details of medications received, and relevant sedation data, including
indication, timing, medications used, duration, outcome, and adverse events. All data were
recorded using a standardized data collection instrument (Supplemental Figure 1).

All ultrasound studies were performed by the PI, a combined Pediatric Emergency Medicine
and Emergency Ultrasound Fellow who had previously completed over 30 gastric POCUS
scans and attended a full day in-person training seminar with Dr. Perlas prior to study
enrollment. A Sonosite Edge (Sonosite; Bothell, WA) portable ultrasound machine equipped
with both low-frequency curvilinear and high-frequency linear probes was used for all
studies. Patients were imaged in the sagittal plane first in the supine position followed by
the right lateral decubitus (RLD) position (Figure 1) following the technique described by
Perlas31-35 and previously reviewed by our group.42 All patients were imaged with the
curvilinear probe to establish a wide view of abdominal anatomy, with addition of the
high-frequency linear probe to allow for increased resolution of gastric anatomy and content
when patient habitus was amenable. A minimum of one live clip and three still images

were obtained in each position. Stomach content was assigned as empty, clear liquid, or
solid/thick liquid as shown in Figure 2. Antral cross-sectional area (CSA) at the level of the
aorta was measured in the RLD position using a free-traced circumference. Gastric volume
was determined via average of three individual CSA measurements using the pediatric
equation:38 Volume = -7.8 + (3.5 x RLD CSA) + (0.127) x age (months). Final ‘Grade’ and
‘Risk’ category were assigned for all studies per the Perlas Model34:3542 (Figure 3) using

a volume cutoff of 1.25 ml/kg. All POCUS images were saved to the HIPAA-compliant
web-based archiving system QPath (Telexy Healthcare; Maple Ridge, British Columbia,
Canada).

Data Analysis

At the outset of this study, there were no reported studies evaluating gastric content in

the PED context to guide sample size calculations. Prior studies from operative anesthesia
had reported approximately 50% of non-elective surgery patients to have ‘High Risk’
content.4>51 With a total population of roughly 500 PSA patients annually, we calculated
that an enrollment of 93 patients would allow us to estimate a 95% confidence interval for
the proportion of ‘High Risk’ patients with a width of + 10%. We estimated that we could
successfully enroll 20% of our annual PSA volume for a total of 100 patients, which would
allow for patients with indeterminate gastric content.
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Descriptive statistics were calculated to describe the study population’s demographic

and clinical characteristics. Categorical variables were described using frequencies and
proportions, and continuous variables were described using either means with standard
deviations (SD) or medians with interquartile ranges (IQR) as appropriate. The primary
outcome of interest was the proportion of "High Risk’ patients and the 95% confidence
interval for the proportion was estimated using Clopper-Pearson exact confidence intervals.
Association between length of stay and delayed PSA based upon NPO status was

evaluated using a Wilcoxon rank sum test. As an exploratory analysis, we also examined
the association between fasting duration of solids and whether or not a patient was
considered "High Risk’ using a univariate logistic regression model. The predictive ability
of fasting duration was assessed using the 10-fold cross-validated area under the receiver
operating characteristics curve (cvAUC) calculated using the predicted probabilities from the
validation data excluded in fitting the 10-fold models. The 95% confidence intervals for the
cvAUC were calculated using the method proposed by LeDell et al.>®

POCUS images for all PSA patients were independently evaluated via QPath by two
additional sonographers (BCP, Director of Emergency Ultrasound, and JGH, Director of
Pediatric Radiology), to determine inter-rater agreement for gastric content interpretation
using Fleiss’s kappa. Analyses were conducted in SAS v.9.4 (SAS Institute; Cary, NC) and
R v. 3.5.2 (The Comprehensive R Archive Network, https://cran.r-project.org/).

Patient & PSA Characteristics

A total of 101 patients were screened and 93 enrolled (Figure 3). During our 1-year
enrollment period our department performed 339 total intravenous procedural sedations, and
thus we captured 27.4% of all PSA patients during that window. Table 1 highlights major
patient demographics and clinical characteristics of the study cohort. The overall population
was predominantly male (61.3%) with a mean age of 6.5 + 4.1 years. All patients were ASA
class 1 (90.3%) or Il (9.7%). The median worst pain score was 10/10, with 81.7% of patients
endorsing severe pain (= 7/10). 47.3% of patients received narcotics prior to PSA.

39.8% of patients were considered fasting by ASA guidelines (>8 hours for solids and >2
hours for clears) at the time of sedation, with median fasting times of 6.25 and 5.75 hours
for solids and liquids, respectively. 15 patients had their PSA delayed specifically due to
provider concerns over NPO timing. Median LOS was 307 minutes overall. Patients whose
PSA was delayed due to NPO concerns had an overall longer median LOS relative to those
who did not (338 (IQR = 128; range: 244—712) versus 301 (IQR = 110; range 152-905)
minutes, respectively; p = 0.039).

The most common indications for PSA were orthopedic reduction (61.2%) and laceration
repair (23.7%). PSA was accomplished primarily with ketamine alone (73.1%) or
combination of ketamine and propofol (24.7%). 3 patients had emesis during recovery,

19 patients received ondansetron, 2 had emergence agitation, and 1 patient sedated with
ketamine and propofol had mild hypoxia to 89% that resolved with airway adjustment as
well as mild hypotension that did not require intervention. There were no cases of aspiration.
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Gastric Content at the Time of and Awaiting Sedation

A definitive Perlas ‘Risk’ category was successfully assigned in 92 of 93 patients at the time
of PSA, with 1 patient failing to tolerate awake RLD positioning and subsequently refusing
any further attempts. Overall, 79.3% (73/92; 95% CI = 69.6%—87.1%) of evaluable patients
were classified as ‘High Risk,” all due to the presence of solid content, 17 were classified as
‘Suggests Low Risk,” and 2 were classified as ‘Low Risk.” While 4 patients were classified
as ‘Suggests High Risk’ based on Perlas ‘Grade’ alone, no patient was classified as such
after evaluation of CSA, with all 4 having volumes < 1.25 ml/kg. Figure 3 outlines the
breakdown of PSA patients based upon their Perlas ‘Grade’ and ‘Risk’ categories. Amongst
patients who were fasting by ASA guidelines, 67.6% (25/37) were found to have ‘High
Risk’ content. Of the 15 patients who had their PSA specifically delayed due to concerns
over NPO timing, 13 (86.7%) had ‘High Risk’ content. All three patients with emesis during
recovery had ‘High Risk’ content on US.

In addition to assessment of gastric content at the time of PSA, 17 patients were imaged 2
hours prior to sedation, and another 2 of these patients were imaged 4 hours prior. While in
some cases a clearing of air artifact and/or decrease in gastric content could be appreciated,
no patient had a transition in gastric content from ‘High Risk’ to ‘Low Risk.” 4 patients did
transition from an ASA classification of non-fasting to fasting during this time frame (Table
2). Figure 4 displays the gastric content progression for one such case, a 7-year old boy who
presented for evaluation of a forearm fracture approximately 4 hours after eating “a lot of
pizza.” POCUS demonstrated solid/thick liquid content with heavy air artifact at 4.25 and
6.25 hours NPO, and at 8.5 hours, when he underwent PSA, demonstrated clearing of air
artifact but persistent solid/thick liquid content. A 1-hour increase in solid fasting duration
was associated with a 14% decrease in the odds of being categorized as ‘High Risk’ at initial
evaluation (OR: 0.86, 95% CI: 0.78-0.96; p = 0.005). The cvAUC for fasting duration was
0.73 (95% CI: 0.61-0.84) suggesting weak to moderate ability of fasting duration to predict
‘Risk’ category.

Review of all PSA studies by three independent physicians yielded an exact agreement
for Perlas Risk category of 87.4% with a Fleiss’s kappa for inter-rater agreement of 0.75,
suggesting good agreement. 52 of 93 patients were scanned after PSA per parent request.
Total scan time was not directly measured but was approximately 5 minutes.

Discussion

In this study we investigated the use of gastric POCUS to evaluate stomach content

in pediatric PSA patients both at the time of PSA and over time while awaiting PSA.

We identified nearly 80% of patients undergoing PSA in our department to have gastric
content that would be classified as ‘High Risk’ using the Perlas Model of anesthesia risk-
stratification34:3%:42 despite a median fasting time of over 6 hours. Even in patients who
were conservatively (>8 hours solid intake) considered fasting per ASA guidelines,1® over
60% had ‘High Risk’ content, indicating that fasting by NPO time is a poor prognosticator
of ‘Low Risk’ gastric content in the PED PSA setting. This is further supported by our
regression model showing only a weak to moderate ability of fasting duration to predict
‘Risk’ category. These findings resemble those of the recently published study by Leviter
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and colleagues®® who reported 69% of 107 pediatric patients to have a ‘Full Stomach’ at
the time of PSA with a median fasting time of 5.8 hours and a weak predictive ability

of fasting duration in discriminate amongst ‘Risk’ categories (C-index 0.66). In addition

to gastric content at the time of PSA, we were able to perform repeat evaluations in

17 patients. Recognizing that these represent a relatively small population, none of these
patients demonstrated a transition in ‘Risk’ category, all remaining ‘High Risk’ throughout
their serial evaluation. To our knowledge this is the first study to serially evaluate gastric
content in the PED or PSA contexts.

In contrast to our data, studies from the elective surgery arena consistently show fasting
elective surgical patients to have ‘High Risk’ content in less than 5% of both pediatric and
adult patients,32:44:46 including rates of only 1% in 200 pediatric patients presenting for
non-Gl related elective surgical procedures*® and 0% in 75 pediatric patients presenting

for elective ear, nose, and throat procedures.** Even fasting pediatric patients presenting

for scheduled upper endoscopy, a population with an increased incidence of gastrointestinal
pathology, had a rate of only 9% ‘High Risk’ content.38 Two small studies have evaluated
serial measurements of gastric content in adult elective surgery patients who endorsed
fasting non-compliance and demonstrated rapid gastric emptying in this context.*84% The
larger of these two studies reported 18 of 22 patients transitioning from ‘High Risk’ to ‘Low
Risk’ following repeat POCUS measurements performed 1-4 hours later with a median
fasting time of 6 hours for the second exam.*® However, in non-elective surgical patients,
studies have shown that 56% of adult*> and 46% of pediatric®! patients had ‘High Risk’
gastric content despite average fasting times of 18 and 11 hours, respectively; numbers
much more akin to those of our study and the study by Leviter.5¢ Thus, there seems to

be something inherent about patients in the emergent setting that causes gastric emptying

to be very different from the elective setting. Multiple factors likely explain this. Prior
studies have identified pain, stress, trauma, diabetes, obesity, increasing ASA status, and
pre-operative opioid administration to delay gastric emptying.13:45.60.61 |n our ongoing work
we hope to further evaluate some of these factors using a larger cohort of PED patients.

The incidence of recovery emesis in our study is on par with prior reported studies.*~9 The
fact that these occurred in patients with ‘High Risk’ content is not surprising given the
vast majority of our cohort had such content. Larger studies would be needed to determine
if there is a link between ‘High Risk’ content and recovery emesis. While there were no
significant adverse events in our study, it was vastly underpowered to evaluate this, nor
was that our intention. The overwhelming preponderance of evidence already indicates
that fasting status does not have implication on adverse events in pediatric PSA, and

that pediatric PSA is incredibly safe.1416-22 Our data shows that the majority of patients
undergoing standard of practice PSA do so with ‘High Risk’ gastric content, and that

this content is unlikely to change significantly during the PED encounter. While perhaps
counterintuitive, we believe this fact adds further support against delaying PSA in order
to meet operative fasting guidelines. Such delays will likely provide little decrease in
gastric content and perhaps give providers a false sense of reassurance when a patient is
fasting, while at the same time have been shown to have negative consequences including
procedural delays, decreased sedation efficacy, and increased anxiety, resource utilization,
length of stay, and sedative dosing.62-65 Providers should instead balance patient risk
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factors, procedural urgency, and sedative technique to guide appropriate PSA timing as
recommended by multiple recent consensus statements.21:22

Further studies are needed to expand upon the generalizability of these findings and to
determine what role gastric US can provide in the clinical and research settings. Prior
studies have utilized this technique to guide use of pre-intubation gastric decompression

in controlled surgical®® and intensive care®3 settings. This is unlikely to be of utility in

the emergent setting of most PED intubations, but may be of benefit in the rare cases
when advanced airway management is adequately anticipated. In these same instances,
knowledge of stomach content may also help guide selection of induction agent or
preoxygenation method, favoring those agents with retained airway protective reflexes and
avoiding/minimizing bag-mask ventilation in patients with ‘High Risk’ content, respectively.
Regarding pediatric PSA, the extremely low rate of adverse events in current practice
likely precludes benefit of incorporating gastric US into routine use. It may have a role in
augmenting recent clinical decision-making algorithms22 for select patients with identified
patient and procedural risk factors such as severe systemic disease, obesity, procedures
involving the upper airway, or use of airway relaxing agents such as propofol. Gastric US
may further have a role in helping to identify additional risk factors, such as severe pain,
trauma, and opioid analgesia, to aid in pre-sedation patient assessment.

Limitations

This study is subject to a number of limitations. First, we utilized a convenience sample of
patients at a single institution, and as such our study population may not be representative of
our own full population or those at other institutions. While we did not reach our enrollment
goal by number (93 versus 100), due to an overall decrease in intravenous PSA volume, we
were able to exceed our estimated catchment fraction (27.4 % versus 20%), making our own
internal generalizability good. The causes for our decreased PSA volumes are not entirely
known, but likely include increased patient volume at a competing private hospital as well
as our own recent introduction of inhaled nitrous oxide. Our data as a whole resemble those
from recently published studies from other institutions,5%:56 supporting perhaps a broader
generalizability.

We relied on patient and/or parent report of last PO intake. This is likely fraught with
inaccuracy as parental recall of medical visits and perception of time during stressful
situations has been shown to be poor,27:28 and the quality and quantity of routine PO intake
is highly subjective. This limitation is, however, currently the standard of care for both
operative anesthesia and PSA planning and not a specific limitation to this study. We did not
attempt to discriminate a ‘light” versus “full” meal in this study, opting to assign all solid
intake as a “full” meal requiring 8 hours to be considered fasting. This simplification was
chosen to provide as conservative an estimate of fasting as possible. Use instead of a 6-hour
fasting definition for light meals would result in an increase in fasting patients with ‘High
Risk’ gastric content in our study.

A single investigator with significant US experience performed all POCUS examinations,
and our inter-rater reliability was assessed on saved digital images, both limiting broader
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applicability to general PEM providers. However, training on this specific modality was
consistent with standard ACEP and PEM recommendations for POCUS competency.56-68
Prior studies have demonstrated learning curves similar to other POCUS modalities®® as
well as high intra- and inter-rater reliability.”0 For the sake of study consistency, we
utilized both curvilinear and linear probes when patient body habitus was amenable. In
many patients no additional information was gained with this approach, and future studies
or applications could likely forego use of both probes to save scan time. 52 of 93 PSA
patients were scanned a max of 30 minutes after PSA. This delay may have allowed for

a small change in gastric content that likely would have had little implication on ‘Risk’
categorization. Importantly, the option for post-PSA POCUS was presented to families
during study enrollment and does not represent patient intolerance of the POCUS protocol.

There is no known safe aspiration volume. Prior studies have debated this cutoff and used
anywhere between 0.8 and 1.5 ml/kg.33-35.37-38,42,44,46,56,71,72 \\e chose our cutoff of 1.25
ml/kg based on data by Cook-Sather’? in which 95% of 611 fasting pediatric patients
undergoing elective surgery demonstrated a volume <1.25 ml/kg. Implications of various
quality and quantity of solid content have also not been quantified. The Perlas Model
assigns the presence of any solid content as being ‘High Risk’ regardless of volume. This
binary classification of “‘High Risk’ versus ‘Low Risk’ is convenient but overly simplistic of
content that exists on a continuum.’® Further work may allow finer delineation of content
classification and ‘Risk” implications beyond the model utilized here.

Conclusions

The majority of PED patients undergoing PSA at our institution had ‘High Risk’ gastric
content based on the Perlas Model of pre-operative anesthesia ‘Risk’ assessment, even
in those meeting ASA fasting guidelines, with no clinically significant change occurring
during serial evaluations. This calls into question the utility of delaying PSA based upon
fasting status, and lends further support to a more comprehensive risk-benefit approach
when planning pediatric PSA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Patient positioning and probe placement for gastric POCUS. A curvilinear or linear probe

is placed in the midline sagittal plane inferior to the xiphoid process with the probe marker
towards the patient’s head. Imaging is performed first in the supine position (A) and then the
right lateral decubitus position (B).
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Figure 2.
Gastric content and volume assessment. Using the curvilinear probe, gastric content can

be seen as (A) empty with opposing hyperechoic layers of antral mucosal, (B) hypoechoic
clear fluid, or (C) heterogeneous hyperechoic solid/thick liquid with additional air artifact

obscuring the posterior antral wall. Antral cross-sectional area can be calculated as shown

in (B) using the free-tracing caliper (dotted line) to outline the circumference of the gastric
antrum. G = Gastric antrum; L = Liver; Ao = Aorta.
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Figure 3.

Study flow diagram and Perlas Model ‘Risk’ stratification. Patient gastric content was
assigned a ‘Grade’ (0, 1, 2, solid/thick) based on qualitative content seen in the supine and
right lateral decubitus (RLD) positions. This was further refined based on qualitative volume
measurements in patients with clear liquid content (‘Grades’ 1 and 2). Risk status was then
assigned, with ‘Low Risk’ being those with empty content or clear liquid content < 1.25
ml/kg, and “High Risk’ being those with solid/thick liquid content or clear liquid content >

1.25 ml/kg.
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Figure 4.
Serial gastric content measurements in a procedural sedation (PSA) patient. Serial

ultrasound (US) examinations were performed on a healthy 7-year-old male awaiting PSA to
reduce a forearm fracture. US demonstrated solid/thick liquid content with heavy air artifact
at (A) 4.25 and (B) 6.25 hours fasting, and at (C) 8.5 hours, when he underwent PSA,
demonstrated clearing of air artifact but persistent solid/thick liquid content. G = Gastric
antrum; L = Liver; Ao = Aorta.
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Table 1.

Population Demographic and Clinical Characteristics.

Total patients, n 93
Sex, male, n (%) 57 (61.3)
Age, years, mean (SD) 6.54 (4.14)
Height, m, mean (SD) 1.20 (0.28)
Weight, kg, mean (SD) 26.6 (14.6)
BMI, mean (SD) 17.2 (3.08)
GERD, n (%) 2(2.15)
ASA Score, n (%)

I 84 (90.3)

I 9(9.7)
ESI, n (%)

2 3(3.23)

3 89 (95.7)

4 1(1.08)
Worst pain, median (IQR) 10 (3)
Pain at PSA, median (IQR) 2 (6)
Pain score = 7, yes, n (%) 76 (81.7)
Narcotics given prior to ED, yes, n (%) 13 (14.0)
Narcotics given in ED, yes, n (%) 39 (41.9)
Any Pre-PSA narcotics, yes, n (%) 44 (47.3)
Admitted, n (%) 10 (10.8)
Length of stay, minutes, median (IQR) 307 (108)
ASA fasting guidelines met, n (%) 37 (39.8)
Fasting duration, hours, median (IQR)

Clears 5.75 (3.25)

Solids 6.25 (4)
Sedation delayed for fasting status, n (%) 15 (16.1)
Sedation indication, n (%)

Orthopedic reduction 57 (61.3)

Laceration 22 (23.6)

Incision & drainage 7(7.5)

Burn 3(3.2)

Other 4 (4.3)
Sedation agent, n (%)

Ketamine 68 (73.1)

Ketamine & propofol 23(24.7)

Other 2(2.2)

Sedation complication, n (%)
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Post-PSA emesis 3(3.2)

Emergence agitation 2(2.2)

Aspiration 0(0)
Ondansetron given, n (%) 19 (20.4)

Data are reported as number (n) and percentage (%), mean and standard deviation (SD), or median and interquartile range (IQR). BMI = body
mass index; ESI = emergency severity index; GERD = gastroesophageal reflux disease; ASA = American Society of Anesthesiologists; PSA =

procedural sedation and analgesia.
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