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Characteristics and Outcomes of Patients
Hospitalized Following Pulmonary Aspiration
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BACKGROUND: Pulmonary aspiration is an important recognized cause of ARDS. Better char-
acterization of patients who aspirate may allow identification of potential risks for aspiration
that could be used in future studies to mitigate the occurrence of aspiration and its devastating
complications.

METHODS: We conducted a secondary analysis of the Lung Injury Prediction Score cohort to
better characterize patients with aspiration, including their potential risk factors and related
outcomes.

RESULTS: Of the 5,584 subjects at risk for ARDS and who required hospitalization, 212 (3.8%)
presented with aspiration. Subjects who aspirated were likely to be male (66% vs 56%, P <.007),
slightly older (59 years vs 57 years), white (73% vs 61%, P =.0004), admitted from a nursing
home (15% vs 5.9%, P<<.0001), have a history of alcohol abuse (21% vs 8%, P<<.0001), and
have lower Glasgow Coma Scale (median, 13 vs 15; P <<.0001). Aspiration subjects were sicker
(higher APACHE [Acute Physiology and Chronic Health Evaluation] II score), required more
mechanical ventilation (54% vs 32%, P<.0001), developed more moderate to severe ARDS
(12% vs 3.8%, P<.0001), and were twofold more likely to die in-hospital, even after adjust-
ment for severity of illness (OR = 2.1; 95% CI, 1.2-3.6). Neither obesity nor gastroesophageal
reflux was associated with aspiration.

CONCLUSIONS: Aspiration was more common in men with alcohol abuse history and a lower
Glasgow Coma Scale who were admitted from a nursing home. It is independently associated
with a significant increase in the risk for ARDS as well as morbidity and mortality. Findings from
this study may facilitate the design of future clinical studies of aspiration-induced lung injury.
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The Lung Injury Prediction Score (LIPS) study identi-
fied aspiration as among the leading risk factors for
ARDS.'” However, most of our knowledge on aspira-
tion and its associated risks and outcomes is based on
observational studies where aspiration is determined
retrospectively or concurrent to the clinical conse-
quence (eg, ARDS).8° We systematically and prospec-
tively characterized patients who aspirated and required

hospitalization from the LIPS cohort, with the goal of
identifying the burden of illness, consequences of aspi-
ration, and risk factors associated with aspiration. Find-
ings from this study are meant to be descriptive and
hypothesis-generating to support the design of future
clinical trials on aspiration, with long-term goals to
identify potential therapeutic targets to mitigate aspira-
tion-induced lung injury and its other consequences.

Materials and Methods

This is an a priori planned secondary analysis of the LIPS17 cohort to
characterize patients who aspirated and required hospitalization. The
LIPSI study developed and validated the LIPS to facilitate clinical trials
aimed at preventing ARDS. Because only deidentified clinical data were
collected and aggregated, a formal informed consent was waived per
each center’s institutional review board.” This secondary analysis was
approved under Mayo Clinic institutional review board #08-008726.
Subjects were enrolled prospectively at 19, and retrospectively at three,
centers over 6 months (starting March 2009), and were followed to hos-
pital discharge or death.

Every patient admitted with a predisposing condition (e-Appendix 1)
for ARDS,’ including those with aspiration, was identified.” We aimed
to further characterize this subgroup in-depth, including an analysis
of risks for aspiration, its associations, and outcomes specific to aspi-
ration that were not reported in the primary study. Aspiration was
defined as “witnessed or suggestive history of inhalation of food or
regurgitated gastric contents”? and was determined along with all base-
line covariates from review of medical documentation and clinically
obtained tests, within 6 h of hospital. Principal outcomes included
acute lung injury (Pao,/Fio, <300) and ARDS (Pao,/Fio, <200) per
the prevailing definition'! and mortality. Given the interval update in
the definition,'2 henceforth, ARDS will refer to Pao,/Fio, <300, and
moderate to severe ARDS to Pao,/Fio, <200. Covariates and out-

comes were predefined and systematically captured: demographics,
ARDS “risk modifiers” (e-Appendix 1), medications, APACHE (Acute
Physiology and Chronic Health Evaluation ) IT at admission, LIPS,
ventilator settings, length of hospital and ICU stay, and costs of hos-
pitalization. Comparisons were done between patients who aspirated
(“aspirators”) vs those who did not aspirate (“nonaspirators”), as well
as between those who aspirated (with or without pneumonia) vs those
who met Centers for Disease Control and Prevention (CDC) criteria
for pneumonia®® (without aspiration).

This is primarily a descriptive report, and all analytic statistics should
be considered exploratory. Descriptive statistics are summarized as
medians and interquartile ranges (IQRs), and exploratory statistical
hypothesis testing was performed using nonparametric assumptions:
Mann-Whitney or Fisher exact tests. ORs with 95% CI are reported
as appropriate. Bivariate analyses distinguishing aspirators from non-
aspirators were the primary hypothesis-generating aim of the report.
Particular hypotheses of interest included whether aspirators would
have more gastroesophageal reflux disease (GERD) and be on agents
that suppress consciousness (eg, benzodiazepines, opiates, alcohol).
Multivariate logistic regression models were used to identify indepen-
dent predictors of aspiration from baseline covariates (e-Appendix 1).
We also analyzed whether medications that affect acid reflux, the cough
reflex, and host response to aspiration would influence outcomes (inva-
sive ventilation, ARDS, death). Statistical analyses were completed using
JMP10 (SAS Institute Inc).

Results

The LIPS1 cohort enrolled 5,584 subjects and has been
previously described.” The mean age was 56 years, and
57% were men, with 5.1% overall mortality. ARDS
developed in 377 (6.8%).7

Aspiration was identified in 212 patients (3.8%) at
admission, 41% of whom also met CDC criteria for
pneumonia (Fig 1). Aspirators were more likely to be
male, older, white, and admitted from nursing home,
compared with nonaspirators (Table 1). There was no
difference in BMI or smoking status, but aspirators had
more excessive alcohol use than nonaspirators. Aspira-
tion was also associated with both higher APACHE II
score and base risk for ARDS (modified LIPS) at hospi-
tal admission. The Glasgow Coma Scale (GCS) was
slightly lower among aspirators (Table 1).

Among the predefined ARDS risk modifiers, prior
chest radiation was the only preexisting condition
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that was more common among aspirators, while
active immunosuppression was less common
(Table 2). Despite more aspirators taking proton
pump inhibitors (PPIs), there was no difference in
the frequency of clinically documented GERD. The
prehospital use of opiates and benzodiazepines
were no more common among aspirators than
nonaspirators, but antipsychotics were more com-
mon in univariate though not adjusted analyses
(Table 3).

Independent predictors significantly associated with
aspiration in the multivariate logistic regression model
included male sex (OR = 1.5), white (OR = 2.0), admis-
sion from a nursing home (OR = 2.9), excessive alcohol
use (OR =2.8), and prior history of chest radiation
(OR=3.7). GCS (OR = 0.77), admission for sepsis
(OR=0.57), and high-risk trauma (OR = 0.13) were
inversely associated with likelihood of being diagnosed
with aspiration.
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Acutely hospitalized with Aspiration

and/or another risk factor for ARDS

Figure 1 — Lung Injury Prediction
Score 1 cohort.
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Aspirators vs Nonaspirators

For the primary outcomes, ARDS occurred more fre-

quently among subjects who aspirated compared with
those who did not (17% vs 6.4%; OR = 2.9; 95% ClI,
2.0-4.2), and ARDS was more likely to be of at least mod-
erate severity (12% vs 3.8%; OR = 3.6; 95% CI, 2.3-5.5)
(Table 4). Mortality was threefold higher among aspira-
tors than nonaspirators (15% vs 4.8%; OR = 3.4; 95% CI,
2.3-5.1), including ICU deaths (9.9% vs 3.5%; OR = 3.1;
95% CI, 1.0-4.9). After adjusting for age, sex, APACHE
II score, and baseline risk for developing ARDS (modi-

Despite higher severity of illness scores, subjects who
aspirated were no more likely to be admitted to the ICU
than patients with other predisposing risks for ARDS
(55% vs 59%, P = .29). However, among the 3,274 sub-
jects who eventually required ICU admission, those
with clinically defined aspiration at the time of admis-
sion had longer ICU (median, 4 days vs 2 days;
P<.0001) and hospital length of stay (LOS) (median,
8 days vs 6 days; P<<.0001). Additionally, aspirators
required significantly more noninvasive (17% vs 9.6%,
P=.0012) and invasive ventilatory support (54%

vs 32%, P<.0001) (Table 4).

fied LIPS score), aspiration remained a significant risk
for the development of moderate to severe ARDS
(OR=1.8;95% CI, 1.1-2.9) and death (OR=1.8; 95% ClI,

TABLE 1 | Baseline Characteristics

Characteristics Any Aspiration (n=212) No Aspiration (n=5,372) P Value
Age, median (IQR), y 59 (43-77) 57 (43-70) .05
Male sex, % 66 56 .0072
Hispanic, % 8.3 10 .53
White, % 73 61 .0004
Black, % 13 21 .004
BMI, median (IQR), kg/m? 26 (22-30) 27 (23-31) .066
Nursing home 15 5.9 <.0001
Smoking, % .58

Never 51 50

Former 21 24

Current 28 26
Excessive alcohol 21 8.0 <.0001
APACHE II score, median (IQR) 13 (8-19) 8.0 (5-13) <.0001
LIPS, median (IQR) 5.5 (4-7.5) 2.5 (1.5-4) <.0001
Modified LIPS? 3.5 (2-5.5) 2.5 (1.5-4) <.0001
GCs 13 (7-15) 15 (15-15) <.0001

APACHE = Acute Physiology and Chronic Health Evaluation; GCS = Glasgow Coma Scale; IQR = interquartile range; LIPS = Lung Injury Prediction Score.
aLIPS without the numerical contribution from aspiration.
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TABLE 2 | Predefined Predisposing Conditions for ARDS and ARDS Risk Modifiers

Conditions Any Aspiration (n=212) No Aspiration (n=5,372) P Value
Predisposing conditions for ARDS, %
Pneumonia 41 21 <.0001
Pancreatitis 0.9 6 .0005
Sepsis 27 33 .085
Shock 13 7 .0016
Lung contusion 2 3 .56
Smoke inhalation 0.9 0.5 27
Near drowning 0 0.1 1.0
Long-bone fractures 0.5 6 <.0001
Brain injury 5 9 .063
Acute abdomen 0.9 5 .0014
High-risk trauma 7 18 <.0001
Emergency surgery 3 6 .10
ARDS risk modifiers, %
GERD 13 13 .75
DM 20 23 .36
Cirrhosis 4 .053
Chronic hemodialysis 4 4 1.0
CHF (NYHA 1V) 2 3 .56
COPD 11 11 91
Asthma 6 8 43
ILD 2 0.9 .12
Immunosuppression 3 9 .0019
Lymphoma 0.5 1.6 .26
Leukemia 0.5 1 .73
Metastatic solid cancer 8 5 11
Chest radiation 3 1 .018
Sleep apnea 4 5 .74

CHF = congestive heart failure; DM = diabetes mellitus; GERD = gastroesophageal reflux disease; ILD = interstitial lung disease; NYHA = New York

Heart Association.

1.1-2.8), though not statistically significant for mild
ARDS (OR=1.5;95% CI, 1.0-2.3). Although blacks
were less likely to aspirate than other races, they were
more likely to develop moderate to severe ARDS

(26% vs 10%, P = .03) if they did aspirate. Also, among
those who aspirated, an increased weight (P =.012)
though not BMI (P =.15) was associated with devel-
oping ARDS.

Of the 212 subjects who aspirated, approximately two-
thirds (n = 139) had another of the predefined predis-
posing conditions for ARDS, most commonly
pneumonia, sepsis, and shock (Fig 1). We explored
whether there would be any differences between those
who just aspirated without any other predisposing con-
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dition (n = 73) vs those who aspirated and had another
predisposing condition for ARDS (n = 139). In unad-
justed comparisons, those who just aspirated were
younger (median age, 52 years vs 65 years; P =.015),
less sick (median APACHE II score of 11 vs 15,

P =.0006), at a lower risk for ARDS (median modified
LIPS 2 vs 3, P<.0001), and had a diagnosis of GERD
more frequently (21% vs 9.4%, P =.032). ARDS was
much less common in those who aspirated without any
other predisposing condition for ARDS (8.2% vs 21%,
P =.020), though no statistically significant differences
in death (8.2% vs 18%, P =.066) or the need for invasive
ventilation (52% vs 55%, P =.77) was noted. When
adjusted in a multivariate logistic regression model for
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TABLE 3 | Prehospital Medication Use in Aspirators vs Nonaspirators

Medication Use Any Aspiration (n=212) No Aspiration (n=5,372) P Value

Prehospital medications, % (No.=5,584)
Proton pump inhibitor 29 23 .045
H2 antagonist 4 5 .64
ACE inhibitor 19 20 .73
ARB 5 6 .76
Inhaled B-agonist 12 14 .61
Inhaled steroids .18
Systemic steroids .20
Statin 21 25 .20
Aspirin 25 27 .64
Amiodarone 2 0.8 LI
Oral hypoglycemic 10 11 .82
Insulin 9 10 .73

Other medications, % (No.=4,609)
Benzodiazepines 11 12 .91
Opiates 18 20 .53
Antipsychotics 4 .0090
Metoclopramide .13
Macrolide 0 1 .18
ACE inhibitor 19 20 .73
B-Blocker 26 26 .99

Prehospital medications were obtained systematically on all enrolled patients per protocol. Other medications was a manually extracted list of other
medications submitted by centers. ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; H2 = histamine-2.

age, sex, APACHE II score, and the modified LIPS, with
or without the significant covariates identified in the
univariate analyses, there were no significant differences
in the risk for ARDS, death, nor invasive ventilation,
between those who aspirated with, from those without,
any other predisposing condition for ARDS.

Aspiration vs Pneumonia Alone

In unadjusted analyses comparing patients admitted
with aspiration (with or without other predisposing con-
ditions for ARDS) vs pneumonia alone, ARDS was still
more common (17% vs 7.9%; OR = 2.3; 95% CI, 1.5-3.5)
and was more moderate to severe in severity (12% vs
4.7%; OR = 2.8; 95% CI, 1.7-4.6) among aspirators.
Overall mortality was also higher among aspirators
compared with those with pneumonia alone (15% vs
5.2%; OR = 3.1; 95% CI, 2.0-4.9), as was the ICU mor-
tality (9.9% vs 2.8%; OR = 3.8; 95% CI, 2.2-6.8). After
adjusting for age, sex, modified LIPS, and APACHE II
score, mortality remained significantly higher among
aspirators, doubling the risk over those admitted with
pneumonia alone (OR = 2.1; 95% CI, 1.2-3.6); the risks
for ARDS (OR = 1.0; 95% ClI, 0.6-1.6) or moderate to

journal.publications.chestnet.org

severe ARDS (OR = 1.3; 95% CI, 0.7-2.2) were no longer
significant.

Prehospital Medications

Among the 212 subjects who aspirated, we explored
whether the prehospital use of specific medications that
affect GERD (PPI), the cough reflex (angiotensin-con-
verting enzyme [ACE] inhibitors), or our host response
to aspiration (corticosteroids, (3-blockers) might influ-
ence the risk for invasive ventilation, ARDS, and death.
Figure 2 summarizes the unadjusted risk of these out-
comes from the use of PPI, histamine-2 antagonists,
B-blockers, ACE inhibitors, and systemic steroids. In
univariate analyses, both PPI and -blockers appear to
be protective against the need for invasive ventilation,
though not significantly for ARDS. Steroids had no sig-
nificant effect on respiratory outcomes, and increased
the risk of death. After adjusting for age, sex, LIPS, and
APACHE, PPI was no longer protective against the need
for invasive ventilation (OR = 0.52; 95% CI, 0.25-1.1),
while 3-blockers remained protective (OR = 0.45;

95% CI, 0.20-0.97). Neither of these had significant
effects on ARDS or death in the adjusted analyses.
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TABLE 4 | Outcomes Between Those Who Aspirated vs Nonaspirators

Outcomes Any Aspiration (n=212) No Aspiration (n=5,372) P Value
LOS, median (IQR), d

Hospital 8 (4-14) 6 (4-10) <.0001

ICU (No.=3,262) 4 (2-6.5) 2 (1-5) <.0001
Ventilatory support, %

Noninvasive 17 9.6 .0012

Invasive 54 32 <.0001
ARDS, % 117 6.4 <.0001

Mild 4.3 2.6 .18

Moderate to severe= 12 3.8 <.0001
Mortality, %

Hospital death 15 4.8 <.0001

ICU death 9.9 SE5 <.001
Costs, median, $

Hospital (No.=1,313) 44,915 27,300 .021

ICU (No.=765) 44,960 18,360 .025

LOS = length of stay. See Table 1 legend for expansion of other abbreviations.

sModerate to severe = Pao,/Fio, <200.

Hospital and ICU Costs

Among the four US centers that collected cost data
(n=1,313), aspiration was associated with higher abso-
lute hospital and ICU costs when compared with non-
aspirators (Table 4). When comparing to the more
analogous group of patients with pneumonia (without
aspiration), the absolute hospital cost associated with
aspiration was more than fivefold higher (median,
$44,915 vs $8,559; P =.0009). However, when adjusted
for age, sex, modified LIPS, and APACHE, there was no
significant difference in the adjusted costs.

Discussion

To our knowledge, this study represents the largest and
most complete characterization of a cohort of patients
who aspirate and require hospitalization. Not unexpect-
edly, aspiration was associated with older age, admis-
sion from a nursing home, excessive alcohol use, a lower
GCS, and higher severity of illness scores. Somewhat
unexpectedly, neither obesity nor a history of GERD
was a significant risk factor for all aspirators, while prior
chest radiation was more common in those who aspi-
rated. We also identified potential racial differences,
with whites being more likely to present with aspiration,
though once aspiration occurred, blacks were more
likely to progress to ARDS. Regarding medications
that may mitigate aspiration-induced lung injury, we
found that B-blockers may be protective against the

904 Original Research

need for invasive mechanical ventilation, though not
mortality. Although the subset of patients who aspirate
and have another predisposing condition for ARDS are
older and sicker, there were no significant differences in
outcomes between those who aspirated with or without
other predisposing condition for ARDS. Finally, our
study indicated that aspiration in unadjusted analyses
was associated with higher absolute hospital costs,
longer hospital LOS, and almost double the risk for
moderate-to-severe ARDS and death.

Significant limitations are inherent in this type of obser-
vational report and the findings from the analytic statis-
tics must be considered cautiously. The temporal
relationship of the baseline variables to the aspiration
event or the subsequent outcomes cannot be firmly
established in an observational design. Patients are also
influenced by helpful interventions and potentially
harmful “hits” (eg, transfusion, excessive fluid adminis-
tration, iatrogenic infections) during the course of hos-
pitalization (ie, health-care systems factors) that further
displace the precise effect of aspiration to its outcomes.
Specifically, we did not capture all interventions nor
medications administered during the hospital course
that may have affected patient outcomes. To correct for
this, we attempted to adjust for this with global markers
of severity of illness and the subject’s predilection for lung
injury. Furthermore, this is possibly the only study in
which aspiration was comprehensively and systematically
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Figure 2 - Effect of prehospital medications on need for invasive ventilation, ARDS, and death among patients who aspirated. ORs are shown with their
95% Cls. **Statistically significant. ACEI = angiotensin-converting enzyme inhibitor; BB = B-blocker; H2A = H2 antagonist; PPI = proton pump

inhibitor.

identified at the time of hospital admission, and then
followed for outcomes. Although we captured acute
neurologic emergencies and a consciousness scale,
another important limitation was the lack of capture of
chronic neurologic conditions that may impair swallow-
ing such as Parkinson disease, prior strokes, and
advanced dementia. These may have confounded our
findings with respect to patients admitted from nursing
homes.

Another limitation is in the definition of aspiration
used. Aspiration is clinically defined, clinician depen-
dent, and often a disease of exclusion. Without a
confident biomarker or validated clinical criteria, mis-
classification bias is likely present. In particular, our
findings are confined to “gross” or macroaspiration, and
not microaspiration. Although there is renewed interest
in biomarkers to more objectively diagnose and quan-
tify aspiration (eg, pepsin),'416 none has been validated,
and the clinical impact of unwitnessed aspiration or
microaspiration events remains uncertain.'” Despite the

journal.publications.chestnet.org

difficulties in the diagnosis, the findings of this study
suggest that the simple definition for aspiration, used in
this and prior ARDS epidemiologic studies,”# is highly
clinically relevant.

Similarly, the distinction between aspiration and
pneumonia is also challenging.!o Bacteria can be isolated
following aspiration, but most suggest that infection is a
secondary consequence, resulting from a reduction in
bacterial clearance following aspiration.'8 As bronchos-
copy and or tracheal aspirates are inappropriate for
most community-acquired pneumonia, the CDC clin-
ical criteria®® was used, independent of their diagnosis
of aspiration. Despite the difficulties in distinguishing
uncomplicated aspiration from infectious pneumonia
complicating aspiration from aspiration-induced lung
injury, we were able to demonstrate the relative validity
of these simple clinical definitions given the significantly
worsened prognosis among aspirators, along with a
longer LOS and higher hospital costs, compared with
patients with pneumonia alone. Despite these and other
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inherent weaknesses of an observational study, the large
multicentered sample, the complete and systematic char-
acterization starting from the “exposure” of aspiration at
the time of admission, and the utilization of clinically
simple definitions are the major strengths of this study. A
randomized controlled trial of aspiration is not possible.

Although some findings were consistent with prior
observations, several are noteworthy. The median GCS
among aspirators in this cohort was 13, significantly
higher than the dogmatic 8 threshold where elective
endotracheal intubation is often considered to prevent
aspiration. However, the effect of a single unit increase

in GCS is not trivial, resulting in a 23% decrease in the
odds of aspiration. Based on this and others," there is
unlikely to be a single threshold in which the risk of
aspiration can be confidently assessed by GCS alone.
Another notable negative finding was the lack of rela-
tionship between aspiration and clinically diagnosed
GERD. GERD is a prerequisite for “gastropulmonary”
aspiration,? but additional “hits,” such as infection, the
quantity and nature of the aspirate material, and the host
immune response, combine to determine the actual con-
sequence of aspiration.”” While reducing acidity may
protect against respiratory complications, PPI did not
appear to significantly benefit patients who aspirated. It
may be because nonacidic gastric contents are critical
and synergistic with acid in the development of lung
injury.?-» Hence, approaching aspiration as a problem
of acid-induced lung injury and treating with acid sup-
pression alone may be inadequate, while potentiating
the risk of pneumonia.2* Once aspiration occurs, ACE
inhibitors, by increasing the cough reflex,??” may poten-
tially protect against pneumonia; however, no protec-
tive effect was observed in our cohort. Although ACE
inhibitors may protect against microaspiration, it is
unlikely that a “more sensitive” cough reflex will protect
against gross aspiration, as identified and defined in this
study. Host response is also likely critical in determining
whether clinical pathology develops.!7:23 As with prior
reports, steroids proved possibly harmful,'s but 3-blockade
appeared to reduce the respiratory sequelae of aspira-
tion in this study. B-blockade has been suggested to be
helpful in other conditions with significant systemic
inflammatory response®'3%; and in one animal model of
aspiration, B-blockers protected against pneumonia,
bacteremia, and death.?* Thus, host response could
potentially be targeted to lessen the clinical consequences
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of aspiration. In the subgroup within aspirators who did
not have any other comorbid predisposing condition for
ARDS, it was notable that they were younger, had more
GERD, and were less ill as compared with other aspira-
tors with additional risks for lung injury. This confirms,
not unsurprisingly, the heterogeneity and complexity

of aspirators, and may imply that aspiration could be
potentially be viewed as two broad subgroups: one in
which aspiration is a “complication” of other acute ill-
nesses, chronic comorbidities, aging, and health-care
associated factors, and another in which aspiration is a
primary event potentiated by issues directly related to
the pathway from the stomach to the airways, such as
GERD and swallow function. Distinguishing such phe-
notypes among aspirators in the future may theoretically
be helpful toward systematic investigations trying to
identify potential interventions. Finally, it was inter-
esting to note that chest radiation appeared to be inde-
pendently associated with the risk for aspiration,
although we are unable to tease out whether this was an
effect of acute radiation injury (eg, to the esophagus,
lungs, airways, vagus nerve, mucositis) or whether this
is also a potential concern for patients with more distant
chest radiation from chronic radiation damage to these
same structures. Further investigations on these associa-
tions would be of interest.

Conclusions

In summary, aspiration is a heterogeneous!®162234 disor-
der with a variety of manifestations that depend on the
nature of the aspirate material, the quantity aspirated,
host defenses against aspiration, and the host immune
response. To impact on aspiration, the traditional view
of aspiration as solely an acid-induced lung injury must
be discarded, and each of these steps in the evolution to
complications must be better explored. Future targets or
interventions may be behavioral at the patient level,
process-related at the health-care systems level, and
potentially pharmacologic or surgical. We provide here
a comprehensive and systematic characterization of
gross aspiration and its clinical consequences that
should prove informative to both clinicians and
researchers. Future studies should further elaborate on
characterizing different aspiration syndromes, the con-
tinued development of reliable biomarkers, and clinical
trials to prevent and mitigate the devastating conse-
quences of aspiration.
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