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Abstract

Background. Although pulmonary aspiration complicating operative general anaesthesia has been extensively studied, little

is known regarding aspiration during procedural sedation.

Methods. We performed a comprehensive, systematic review to identify and catalogue published instances of aspiration
involving procedural sedation in patients of all ages. We sought to report descriptively the circumstances, nature, and out-

comes of these events.

Results. Of 1249 records identified by our search, we found 35 articles describing one or more occurrences of pulmonary as-
piration during procedural sedation. Of the 292 occurrences during gastrointestinal endoscopy, there were eight deaths. Of
the 34 unique occurrences for procedures other than endoscopy, there was a single death in a moribund patient, full recov-
ery in 31, and unknown recovery status in two. We found no occurrences of aspiration in non-fasted patients receiving pro-

cedures other than endoscopy.

Conclusions. This first systematic review of pulmonary aspiration during procedural sedation identified few occurrences
outside of gastrointestinal endoscopy, with full recovery typical. Although diligent caution remains warranted, our data in-
dicate that aspiration during procedural sedation appears rare, idiosyncratic, and typically benign.
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Procedural sedation is widely performed in patients of all ages
to facilitate procedures that include dental extraction, endos-
copy, bronchoscopy, fracture reduction, abscess drainage, lacer-
ation repair, bone marrow aspiration, arthrocentesis, and
radiological and cardiac imaging."® Pulmonary aspiration is a
rare but potentially life-threatening complication of sedation,
avoidance of which is the goal of preprocedural fasting guide-
lines. Although aspiration complicating general anaesthesia in
theatre has been extensively studied,’'® there are few publica-
tions regarding aspiration during procedural sedation.? ** *° The
existing literature comprises occasional case reports and rare

mentions in retrospective sedation audits, most of which are
related to gastrointestinal endoscopy.

Past and present strategies to avoid aspiration during pro-
cedural sedation have by default paralleled those traditionally
advocated for theatre, including the specification of nil by
mouth (NBM) guidelines.*® ™ ?° If the circumstances, nature,
and outcomes of aspiration during procedural sedation do not
parallel conditions associated with aspiration during general
anaesthesia, then modification of aspiration strategies
(prophylaxis, management, and treatment) may be war-
ranted.” *°
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We therefore performed a comprehensive, systematic review
designed to identify and catalogue all published instances of as-
piration during procedural sedation, including gastrointestinal
endoscopy but focusing in particular on other settings. Our ob-
jective was to detail the circumstances, nature, and outcomes of
these events, search for similarities, and then contrast them to
the features reported for theatre-related aspiration.

Methods

We performed this review in accordance with the MOOSE guide-
lines for systematic reviews of observational data.”’ This study
was registered with the International Prospective Register of
Systematic Reviews (PROSPERO; www.crd.york.ac.uk/PROSPERO/),
registration number: CRD42016039039. This analysis was exempt
from institutional ethics committee review.

Our medical librarian conducted a search of PubMed, Web of
Science, and the Cochrane Library from January 1985 to May 10,
2016, limited to human subjects and the English language. Our
specific search strategy in PubMed was as follows: (sed-
ation[tiab] OR “monitored anaesthesia care”[tiab]) AND
aspiration[All Fields] AND “humans”’[MeSH Terms]. For the
other two sources, was the search strategy was as follows: (sed-
ation OR “monitored anaesthesia care”) AND aspiration.

We screened titles and abstracts of all articles identified by
the search, with full-text review of reports including trials, case
series, and case reports of patients receiving procedural sed-
ation. We reviewed the reference lists of identified publications
and consulted with topic experts to identify additional reports.

We separately searched the sequential publications of the
ASA Closed Claims Database, and searched for applicable closed
claims analyses from other locations and specialties.

We searched to identify reports that described one or more
specific occurrences of pulmonary aspiration associated with
procedural sedation. We defined procedural sedation as ‘the use
of anxiolytic, sedative, analgesic, or dissociative drugs to attenu-
ate pain, anxiety, and motion to facilitate the performance of a
necessary diagnostic or therapeutic procedure, provide an ap-
propriate degree of amnesia or decreased awareness, and en-
sure patient safety’.’”” We included only procedural sedation
performed outside of the operating theatre using natural air-
ways (i.e. no tracheal intubation or laryngeal mask airway
support).

Pulmonary aspiration is defined as ‘inhalation of oropharyn-
geal or gastric contents into the larynx and lower respiratory
tract’,'* with aspiration pneumonitis defined as an ‘event where
emesis was noted or food material was found in the oral/pha-
ryngeal cavity—associated with any of the following: new
cough, wheeze, increase in respiratory effort, change in chest
radiograph indicative of aspiration, or new need for oxygen
therapy after recovery from sedation’.?

Gastrointestinal endoscopy procedures were evaluated sep-
arately, because they are distinct from other procedural sed-
ation in that they involve manipulation and stimulation of the
airway/oral cavity. For pulmonary aspiration during gastrointes-
tinal endoscopy, we summarized the information provided re-
garding aggregate instances described in each report. We
pursued greater detail for aspiration during other procedures,
extracting—when available—information about the patient
(age, co-morbidities, aspiration risk factors, ASA physical status,
and fasting), procedure (type, provider, and primary sedative),
aspiration event (nature, timing, and presence of pneumonitis),
interventions (admission and intubation), and outcomes (death

and neurological disability). We also noted when such informa-
tion was missing or ambiguous and contacted the authors of
the reports to request clarification.

Results

Our search and screening process (Fig. 1)*” identified 35 articles
describing one or more occurrences of pulmonary aspiration
during procedural sedation.

Our search of the sequential publications of the ASA Closed
Claims Database yielded numerous occurrences of aspiration
associated with general anaesthesia. The single potentially
qualifying instance for the present study was that of a morbidly
obese patient who aspirated during ‘non-operating room anaes-
thesia’;®> however, it was not specified whether his or her
preplanned management was a natural airway or tracheal in-
tubation. No further details were provided, including procedure,
age, outcome, and the anaesthetic or sedative agents used.”” An
analysis from this closed claims database focused specifically
on monitored anaesthesia care did not include any instances of
aspiration.”*

An anaesthesia closed claims analysis of the UK National
Health Service described no occurrences of aspiration associ-
ated with procedural sedation.”® Major closed claims databases
do not exist for dentistry, intensive care medicine, paediatrics,
or emergency medicine; however, three limited close claims
analyses (one dental and two emergency medicine)’®*® do not
include occurrences of aspiration during procedural sedation.

Our search identified 292 occurrences of aspiration during
gastrointestinal endoscopy described in 22 different reports
(Fig. 2).°** Most of the identified instances were in adult pa-
tients who had substantial underlying illness, with propofol as
the principal sedative. The eight deaths resulted from proced-
ures performed for percutaneous endoscopic gastrostomy tube
placement (n=4), active gastrointestinal bleeding (n=3), or endo-
scopic submucosal dissection (n=1).

For procedures other than endoscopy, we identified 34
unique occurrences of aspiration in 17 different reports (Fig. 1).”
8 34 39 5262 oy gdditional details, we contacted 16 of these au-
thors with our questions, with 14 providing clarifications.
Aspiration during non-endoscopic procedures was more fre-
quently identified in children overall (Table 1), but adults domi-
nated the more serious instances. A variety of indications and
providers were represented, with propofol as the most common
sedative.

The single death identified for non-endoscopic procedures
was in an adult with advanced cancer and substantial underly-
ing illness who underwent colonoscopy, and aspirated despite
low sedative doses (midazolam 1mg plus fentanyl 25 pg). He did
not receive aggressive intervention for ensuing respiratory fail-
ure. There were no reports of permanent neurological disability.
Four other patients required intubation but ultimately re-
covered; none was ASA physical status I. There were 29 other
patients who did not require intubation, including many appar-
ently with minimal symptoms (Table 1).

Discussion

We report the first systematic review of aspiration in procedural
sedation and descriptively review this largest available sam-
pling, contrasting these events with what is known about pro-
cedural sedation practice and with what is known about
aspiration during general anaesthesia. However, a review of this
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1249 records identified:
s |° 410 Pubmed
< | ® 727 Web of Science > Minus 483 duplicates between databases
@ |e 111 Cochrane Library
e 1 other source
Vv
Format excludes new report of patients : review article (49),
animal study (30), editorial (8), survey (7), letter to the
editor (6), practice guideline (5)
Study not of procedural sedation: needle aspiration or biopsy
o 766 citations (173), general anesthesia (43), aspiration complicating
'g screened using > mechanical ventilation (34), tissue vacuum aspiration (23),
o titles and endotracheal intubation techniques (16), foreign body
1os] abstracts aspiration (14), regional anesthesia (13), aspiration
pneumonia prevention strategies (11), body fluid aspiration
(4), study other than above of sedation without procedures
(33), study other than the above of procedures but without
sedation (42)
Vv
Format excludes new report of patients : review article (18),
practice guideline (4), letter to the editor (4), editorial (3),
255 articles survey (3)
retrieved for => | Study not of procedural sedation: general anesthesia (9), needle
full-text review aspiration or biopsy (1), study of sedation without
procedures (7), study of procedures without sedation (12)
g Unavailable: Article and abstract no longer accessible (2)
5 v
S5
w 192 articles No acute aspiration: full-text article reports no patients with
containing > aspiration (147), citation is meeting abstract only but no
procedural aspiration described (6), citation describes aspiration with
sedation patients delayed onset multiple days after procedural sedation (4)
Vv
35 articles describing aspiration pneumonia associated with procedural sedation
B | e 18 articles describe occurrences during endoscopy only
5 e 13 articles describe occurrences during procedures excluding endoscopy; exclude 1
E billing study with no clinical details*
e 4 articles describe occurrences during both endoscopy and non-endoscopy
Vv Vv
292 instances of aspiration 47 reported instances
during endoscopy (Figure 2): of aspiration during > | 13duplicates
e 8deaths procedures other than between reports
e 284 recoveries endoscopy
Vv
34 unique instances of aspiration during procedures other than endoscopy (Table 1):
o | 1death
g e 4 recovered after intubation
% e 26 recovered without intubation
O | e 1 recovery, but intubation status unknown
e 2 outcomes unknown

Fig 1 Flow diagram of study selection process. *This study®” was a search of a Medicare billing database that identified 173 occurrences of ‘aspiration pneumonia’
billing code within 30 days after colonoscopy; no clinical details are available.
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Reports including Deaths Resulting From Aspiration:

Ayres and colleagues (2014):29 13 adults aspirated during either midazolam or general anesthesia-
facilitated PEG tube placement; 4 resulting deaths.

Barbara and colleagues 2015:30 A 50-yr-old ICU patient aspirated during fentanyl and midazolam
facilitated endoscopy for active Gl bleeding and suffered cardiac arrest; despite

resuscitation he died shortly thereafter of multi-organ failure.

Kawanishi and colleagues 2016:3! 24 adults aspirated during diazepam-facilitated endoscopy for active
Gl bleeding; 3 were intubated and 1 died.

Park and colleagues 2013:32 38 adults aspirated during propofol or midazolam-facilitated endoscopic
submucosal dissection; 1 death.

Sakai and colleagues 2006:33 an 82-yr-old ASA IV patient with underlying cirrhosis, ascites, and
coronary artery disease status post coronary artery bypass grafting underwent endoscopy

for Gl bleeding after fasting 8 h. An anaesthist provided propofol 75 pg kg~! min~"

mcg/kg/min. The patient aspirated and was intubated, developed pneumonia and ARDS

and later died. Three other older adults with major underlying medical problems

recovered after aspiration pneumonia complicating endoscopy facilitated by
anaesthetist-administered propofol infusions. two of these three were intubated.

Reports of aspiration without death:

Fig 2 Endoscopy-associated aspiration noted in literature search. GI, gastrointestinal; ICU, intensive care unit; PEG, percutaneous endoscopic gastrostomy; ARDS,

Agostoni and colleagues 2011 :34 13 adults aspirated during propofol-facilitated endoscopy for various
indications; no mention of death or outcome other than recovery.

Beach and colleagues 2016:8 A 3-yr-old status post visceral transplant aspirated during propofol and
ketamine-facilitated endoscopy and required intubation. A 21-month-old with gastric

reflux aspirated during propofol-facilitated endoscopy but did not require intubation.

both recovered.

Bosanko and colleagues 2010:%5 11 adults aspirated during midazolam-facilitated PEG tube placement;
no mention of death or outcome other than recovery.

Byeon and colleagues 2012:36 2 adults aspirated during propofol-facilitated double-balloon enteroscopy;
both recovered.

Friedrich and colleagues2014:37 29 adults aspirated during propofol-facilitated endoscopy for various
indications; none was hospitalized and all recovered.

Hsieh and colleagues 2011 :38 5 adults (3 asymptomatic) developed radiographic aspiration during
propofol or midazolam-facilitated endoscopy for unknown indications; no mention of

death or outcome other than recovery.

Kamat and colleagues 2014:39 3 children aged 21 months, 36 months, and 11 years aspirated during
propofol-facilitated endoscopy for unspecified indications; 1 was intubated but all recovered.

Mao and colleagues 2014:40 17 adults aspirated during propofol-facilitated endoscopy for various
indications; no mention of death or outcome other than recovery.

Nayar and colleagues 2010:4! A 73-yr-old patient aspirated during propofol-facilitated endoscopy for
oesophageal cancer staging; she was hospitalized without intubation and recovered.

Park and colleagues 2013:42 32 adults aspirated during propofol or midazolam-facilitated endoscopic
submucosal dissection; no deaths.

Park and colleagues 2014:43 9 adults aspirated during propofol and remifentanil-facilitated endoscopic
submucosal dissection; no deaths.

Prout and Metreweli (1972):4* 16 adults aspirated during diazepam-facilitated endoscopy for unspecified
indications; all recovered.

Tanaka 2007:%5 2 adults aspirated during pethidine and flunitrazepam-facilitated double-

balloon enteroscopy; both recovered.

Thapa and Mehta (1990):%6 2 children with aspirated during diazepam-facilitated endoscopy for active
variceal bleeding; both recovered.

Tohda and colleagues 2006:47 4 adults aspirated during propofol-facilitated endoscopy for active Gl
bleeding and were hospitalized; no mention of death or outcome other than recovery.

Tohda and colleagues 2006:48 2 adults aspirated during propofol-facilitated endoscopy for active Gl
bleeding and were hospitalized; both recovered.

Walker (2003):49 1 adult aspirated during propofol-facilitated endoscopy and required

hospitalization.

Yoo and colleagues 2015:%0 10 adults aspirated during propofol and remifentanil-facilitated endoscopic
submucosal dissection; no mention of death or outcome other than recovery.

Acute respiratory distress syndrome.
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format does not permit us to determine the prevalence of aspir-
ation or to establish risk factors quantitatively.

We identified 292 occurrences during gastrointestinal endos-
copy and 34 during other procedures. Gastrointestinal endos-
copy clearly entails higher risk, particularly in patients with
serious underlying illness, active gastrointestinal bleeding, or
both (Fig. 2). For this reason, it is common in most settings to
perform such procedures under anaesthesia with airway protec-
tion. Four of the eight deaths observed during gastrointestinal
endoscopy were in patients undergoing percutaneous endo-
scopic gastrostomy tube placement. It is unclear whether the
apparent greater risk is attributable to the gastric insufflation
required to perform the percutaneous endoscopic gastrostomy
procedure, the substantial co-morbidities of the patients
involved, or both.

The 34 identified non-endoscopic instances represent a
spectrum of ages, procedures, underlying illness, and sedation
providers (Table 1). We identified fewer reports of aspiration
than anticipated, which probably reflects the appropriate skills
and experience of the providers most frequently providing such
sedation (i.e. anaesthetists or intensivists). Procedural sedation
has been widespread for decades, spanning across ages, differ-
ent sedation providers (physicians and non-physicians), the ex-
tremes of health conditions (ASA status), varied NBM
conditions, and a wide range of procedures in different contexts.
Procedural sedation is administered millions of times annually
worldwide. Judging from the published literature, the incidence
of aspiration is extremely rare.

In the non-endoscopic subset, it is noteworthy that we found
only a single death, and then only in a moribund patient
(Table 1). The four other patients who required intubation were
also not healthy. We identified no ASA I or II patients who suf-
fered death or permanent disability, and no ASA I patients who
required intubation, suggesting a lower risk than is widely pre-
sumed among generally healthy patients undergoing proced-
ural sedation.

The largest series identified in our review was that of Beach
and colleagues,® in which 10 aspirations were noted during
139 142 paediatric procedural sedations (0.0072%). This preva-
lence is lower than that reported with general anaesthesia, with
pooled studies from 1980-1999 noting a prevalence of 0.03%,*°
with later estimates slightly lower: 0.021% (22/102 425),® 0.020%
(24/118 371),°* and 0.014% (10/73 007).* Aspiration during moni-
tored anaesthesia care has been reported as 0.015% (4/26 434).>
Accordingly, the best available estimate of the aspiration risk
with procedural sedation would appear to be approximately
one-third to one-half that of operative anaesthesia. There are
theoretical reasons why sedation should entail lesser risk, pri-
marily the decreased frequency of active airway manipulation,
the retention of protective airway reflexes as an intended sed-
ation end point, the preferential selection of healthier patients
excluding the extremes of age, the avoidance of emetogenic in-
halation agents, and the brevity of the sedation required for
these simpler procedures.™ *°

Although the reporting of co-morbidities and aspiration risk
factors™ ?° was uneven between reports and often vague, such
co-morbidities and risk factors were found in the majority of as-
piration occurrences (Table 1). Only two of 34 non-endoscopic
patients were described as having no underlying medical condi-
tions. Most patients were at the extremes of age, although this
may simply reflect their greater need for medical services.

Aspiration during non-endoscopic procedures was noted in
a variety of sedation providers (Table 1). Intensivists were dis-
proportionately represented, probably reflecting the greater

underlying illness of their patient population and their greater
contribution of observational data to the sedation literature.

The procedures and sedatives used (primarily propofol) re-
flect a predominant target of deep sedation, supporting the gen-
eral assumption that this state presents a higher aspiration risk
than moderate or mild sedation. Neuroimaging was also a fre-
quently noted indication, and it is possible that elevated intra-
cranial pressure might have been a contributing factor in some
occurrences.

Although propofol is likely to be the most common proced-
ural sedation agent used in most settings, ketamine remains a
common first or second choice, particularly in children.*® It is
noteworthy that our only occurrence of ketamine-associated as-
piration was in subdissociative doses as a secondary adjunct to
propofol (Table 1). Ketamine is well known to preserve protect-
ive airway reflexes, and our review fails to counter the previous
observation that, despite almost 50 yr of continual worldwide
use, there are no documented reports—except in medically
compromised neonates—of clinically significant aspiration
when ketamine is used as the principal sedative.®® Accordingly,
dissociative sedation with ketamine may be an alternative in
circumstances of heightened aspiration risk or concern, while
recognizing its well-described disadvantages relative to propofol
of prolonged recovery, vomiting, and recovery agitation.®®

Fasting is widely regarded as essential to mitigate aspiration
risk and is widely practised for elective sedation. However, large
procedural sedation series (including one with 139 142 sedation
events)® have failed to identify any relationship between fasting
and aspiration or other adverse events.® ®*7*

In our review, every patient with aspiration conformed to
NBM guidelines; one exception could be considered in the two
children who presented NBM and received oral magnetic reson-
ance imaging contrast agent (Table 1). This administration of
oral contrast agent for imaging has been a common practice for
decades, and our finding of only two occurrences of aspiration
in this setting, both without significant morbidity, supports the
previous reports and current practice of accepting minimal to
no additional risk from oral contrast materials.”*’* If foregoing
NBM were a clinically important risk factor for aspiration, as
widely presumed, adverse events associated with such non-
compliance would have been expected to be captured in our
sample.

Many regard existing NBM requirements as unnecessarily
strict.”® 7® Fasting is uncomfortable, particularly for children, for
whom parents are often non-compliant,”” and can promote de-
hydration and hypoglycaemia.”® ’° There is also evidence to
suggest that prolonged fasting, by creating a state of unease, in-
creases the risk of failed sedations.®’ There are a number of sed-
ation settings in which preprocedural fasting is often
overlooked or unenforced without reported problems, such as
dentisty,®" therapeutic abortions,®” cardiac catheterization,®
echocardiography,®® and cataract surgery.®” Likewise, emer-
gency departments must of necessity sedate patients for urgent
or emergent procedures despite the absence of fasting,’® ?° 4559
and one might reasonably expect that such patients would be
disproportionately represented in our sample. The only two
emergency department patients in our sample had both been
fasted before their presentation, although one was inebriated.
Although our data support the interpretation that current NBM
guidelines have less impact than widely assumed, they do not
suggest that fasting should be abandoned or that providers
should pay any less attention to screening the preprocedural
oral intake of their patients.
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Can we predict aspiration? Gastrointestinal endoscopy
clearly introduces greater risk, as does deep sedation as the tar-
geted sedation depth. Healthy (i.e. ASA I) patients were uncom-
mon in our non-endoscopic sample, and thus appear to be at
particularly low risk.

This review does not suggest greater risk from specific sed-
ation providers or from non-compliance with preprocedural
fasting. Underlying illness does appear to be a risk factor (as ex-
pected and previously observed);® *° ?° however, many of the
medical conditions observed (Table 1) are common in patients
requiring procedural sedation. Accordingly, aspiration appears
largely idiosyncratic and unpredictable. There are likely to be
other contributory factors that cannot be quantified in a review
of our format, including the frequency and contribution of
intraprocedural airway manipulations, such as forceful bag-
and-mask ventilation for upper airway obstruction.

The principal limitation of our review is that it identified
only the reported instances of aspiration, and not the sedation
denominator such that aspiration prevalence could be esti-
mated. Additionally, we could only access occurrences of aspir-
ation reported in the medical literature, and thus cannot
exclude the possibility of death or permanent disability compli-
cating aspiration that went unreported in peer-reviewed jour-
nals. However, it is noteworthy that a compilation of anecdotal
‘sedation disasters’ failed to identify a single instance of associ-
ated aspiration during a 27 yr study period.*® ®’

A further limitation is that our report cannot provide in-
sights into the experience and judgment of the providers.
Although many of our patients were low risk, others were
clearly not (e.g. active gastrointestinal bleeding, higher ASA
physical status), and it is not clear why sedation was chosen in
these latter circumstances rather than anaesthesia with airway
protection. We believe that the aspiration-related morbidity and
mortality in our present report can further inform such
decision-making, and strongly supports the advisability of refer-
ring high-risk patients whenever possible for anaesthetic
management.

The NBM guidelines differ between specialties and settings,
and therefore we are unable to specify the fasting intervals for
each report. Finally, we were limited by the details of these pa-
tients that either were originally reported or could be later iden-
tified by their authors.

Conclusion

This systematic review identified rare occurrences of pulmon-
ary aspiration complicating non-endoscopic procedural sed-
ation, with full recovery being typical. There were no
occurrences of aspiration in patients non-compliant with NBM
criteria. Although diligent caution remains warranted, our data
indicate that aspiration during procedural sedation appears
rare, idiosyncratic, and typically benign.
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