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Patient Question: What Controls
Normal Swallowing and What Is
“Aspiration”?

Answer to patient: Swallowing is a highly orga-
nized bodily function. A healthy adult can swal-
low up to 2000 times a day. Each act of swallowing
involves the fine coordination of 30 separate
pairs of nerves and muscles and is under both
our voluntary (conscious) and involuntary con-
trol (controlled by central nervous system with-
out our awareness). There are four separate
stages of swallowing. The first stage allows the
sensation of “taste” and involves the breakdown
of food into smaller, more digestible, particles
with the help of teeth (mechanical grinding) and
enzymes that are released from salivary glands in
the mouth (chemical digestion). These smaller
digested food particles form a “food bolus” that
is propelled by a forceful motion of the tongue to
the back of the mouth (oropharynx). Up until this
point swallowing is under conscious control.
Further stages of swallowing are controlled by
the central nervous system and are not under
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voluntary (conscious) control. The next, and most
complex stage, involves movement of the epiglot-
tis and voice box (larynx) into a position that pre-
vents the food bolus from entering the lungs and
is conducted with a coordination of muscles such
that the “windpipe” is temporarily sealed off—
preventing entry into the lungs. Once past this
stage, food enters the esophagus and progresses
to be digested further. As is clear, a miscoordina-
tion in any of these steps can lead to ineffective
swallowing and “aspiration.”

(1-2-min evidence-based reading for clini-
cian): Epidemiology, genetics and pathophysiol-
ogy, diagnostic test results, treatment options, etc.

Normal healthy adults swallow ~30 times per
hour while awake [1] and each act of swallowing
lasts approximately 10+ seconds. Swallowing
occurs in four phases and requires the fine coor-
dination of more than 30 pairs of nerves and mus-
cles [2, 3].

An initial “oral phase” is under voluntary con-
trol and is divided into the “preparatory” and “pro-
pulsive” stages. The preparatory stage accumulates
the food within a closed chamber (oral cavity
bound by lips anteriorly, hard palate superiorly, and
pharyngeal wall posteriorly) to form a bolus. With
the help of dentition and enzyme-rich saliva, food
is broken down to smaller particles. It is during this
phase that chemoreceptors, located on the tongue
and the palate, detect taste and other aesthetics of
food—Ieading to pleasure (or displeasure). During
the “propulsive” phase the palate moves upwards
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to seal off the nasopharynx (preventing nasal regur-
gitation) and the tongue moves downwards, hence
establishing a wide continuum between the oral
and pharyngeal cavities. Then, with a forceful pis-
ton-like motion of the tongue, the food bolus is pro-
pelled into the oropharynx [2].

The “pharyngeal phase” is a reflexive (neural-
mediated) and most complex stage of swallow-
ing. With the nasopharynx sealed off, contraction
of the superior constrictor muscles propagates
the bolus downwards towards the upper esopha-
geal sphincter (UES). The suprahyoid muscles
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Fig. 17.1 Phases of swallowing

pull the hyoid bone (and the larynx) up and out-
wards and the epiglottis rapidly flips downwards
whereby allowing a temporary closure of the
laryngeal vestibule for approximately 0.6-0.7 s
during deglutition [2]. The cricopharyngeus mus-
cle (makes up the UES) relaxes allowing the
bolus to the next “esophageal phase.” Esophageal
peristalsis then moves the bolus downwards
towards the lower esophageal sphincter (LES)
which relaxes to allow food into the stomach.

Figure 17.1 depicts the four phases of
swallowing.
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Swallowing is finely coordinated with respira-
tion in order to prevent aspiration, and swallow-
ing is dominant over respiration in health.
Physical closure of the laryngeal vestibule, as
described above, and a temporary neural-
mediated suppression of respiration (for about
0.5-1.5 s) [4] allow this to take place in a safe
manner [4, 5] in healthy adults. Problems arise
when there are structural and/or functional
defects in this highly coordinated act.

“Aspiration” refers to the inadvertent inhala-
tion of oropharyngeal secretions or gastric con-
tents below the level of the true vocal cords and
into the lower respiratory tract [6, 7]. Penetration
is the term used to describe entry of food material
into the larynx but above the vocal cords [7].
Aspiration is also distinct from regurgitation
which implies a “reflux” of gastric contents into
the esophagus and oropharynx without contami-
nation of the lower respiratory tract.

Patient Question: What Are the Risk
Factors That Predispose
to Aspiration?

Answer to patient: Almost half of healthy adults
routinely aspirate small volumes of oral or stom-
ach contents (see questions 4 and 5 below) dur-
ing sleep. Several important conditions and risk
factors predispose patients to aspiration. Patients
at risk can be divided into the young adult popu-
lation versus a more elderly and dependent
population.

Firstly, young adults with chronic conditions
such as a seizure disorder, or those with gut
motility (bowel movement) problems such as
scleroderma (a condition that causes slow bowel
movement), chronic constipation (such as cystic
fibrosis patients), those with feeding tubes or oth-
ers with drug or alcohol use and overdose prob-
lems, are more likely to aspirate.

It is perhaps easier to think of elderly patients
in terms of those residing in the community ver-
sus those residing in nursing homes. In general
increasing age is an independent risk factor for
aspiration. With age, the body becomes frail,
loses coordination, and may develop weaknesses

such as outpouchings in the upper digestive tract
that can “hide” or sequester food and later cause
regurgitation (vomiting) of food leading to aspi-
ration. Older patients also have a higher risk for
having acid reflux disease (heartburn) that is
associated with an increased risk for aspiration.

In particular, nursing home residents have
poorer oral hygiene and have several potentially
dangerous bacteria in their mouth that when
aspirated lead to pneumonia. They are also more
likely to suffer from disorders such as stroke,
Parkinson’s disease, and dementia (memory
loss)—all of which lead to their inability to safely
carry out the act of swallowing.

Another important group of patients at risk for
aspiration pneumonia are patients on long-term
acid-suppressive medications (such as omepra-
zole, zantac). These medications work to suppress
the acidic contents of the stomach in an attempt
to prevent injury when acidic stomach contents
reflux—however they also allow harmful bacteria
to flourish within the stomach environment.
Without stomach acid, these bacteria are more
readily able to cause pneumonia after aspiration
takes place.

(1-2-min evidence-based reading for clini-
cian): Epidemiology, genetics and pathophysiol-
ogy, diagnostic test results, treatment options,
etc.

Some degree of aspiration is inevitable—and
even “normal.” As described in detail later in this
chapter, almost half of healthy normal adults
aspirate routinely during the night. However, sev-
eral structural and functional abnormalities in the
aerodigestive tract place certain populations at a
higher risk for aspiration.

Amongst these, the elderly are an especially
high-risk group. They may be further subdivided
into those living independently in the commu-
nity, and those who are institutionalized.

For elderly patients living in the community, a
risk for aspiration may stem partly from the phys-
ical age-related changes that take place in the
human body. Structural abnormalities such as
cervical osteophytes (bony outgrowths of the ver-
tebra indenting the oropharyngeal tract) [8],
Zenker’s diverticula (pharyngeal outpouching
representing weakened muscular spots) [9], and
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esophageal strictures and webs [10] can lead to
misdirection of the food bolus and hence aspira-
tion. Gastroesophageal reflux disease (GERD) is
also more common in the elderly and increasing
age correlates with the severity of GERD and its
complications (erosive esophagitis, Barrett’s
esophagus) [6, 11].

To demonstrate this increased risk, Kikuchi
et al. studied 14 otherwise healthy elderly
patients (averaging 77 years) hospitalized with
community-acquired pneumonia and compared
their aspiration events with age-matched con-
trols without pneumonia. They concluded that
elderly patients hospitalized with community-
acquired pneumonia were seven times more
likely to have aspirated than their age-matched
controls (71 vs. 10%) [12]. Other studies too
have correlated increasing age (independent of
neurological disease) with a higher incidence of
impaired oropharyngeal deglutition [13]. Based
on these observations, one may argue that age
(and associated physiological changes in the
body) alone is a risk for aspiration [14].

Institutionalized elderly patients are a differ-
ent story. They are reported to suffer from poor
oral hygiene and care [15, 16] and harbor serious
pathogens (Enterobacteriaceae, Pseudomonas
aeruginosa, and Staphylococcus aureus) in their
oral cavity [6]. In a study on the dental health of
patients living in 55 residential homes in the
United Kingdom, large numbers of patients were
found to have an increased incidence of oral
ulcers, glossitis, and coronal and root caries [16].
Consequently, improving oral care is shown to
reduce the incidence of pneumonia by almost one
and a half times in such groups [17].

The institutionalized elderly are also more
likely to suffer from neurological complaints or
use of medications that impair swallowing. An
interesting study of 1946 patients found that
10% of patients with community-acquired pneu-
monia and 30% of patients with continuing-care
facility (CCF)-associated pneumonia were due
to aspiration [18]. Amongst the CCF-pneumonia
group, as many as 72.4% of patients had dyspha-
gia secondary to a neurological disease (i.e.,
stroke, dementia, multiple sclerosis, mental
retardation, brain tumors, movement, Parkinson’s

disease, and Alzheimer’s disease) that posed a
risk for their aspiration. In addition many of the
CCF patients were taking centrally acting medi-
cations that could cause sedating or xerogenic
(drying) effects reducing salivary flow [18].
Depending on the methods used, up to 78% of
patients who have had a stroke exhibit dysphagia
and may aspirate at least in the acute phase after
a CVA [19].

For adults with community-acquired pneumo-
nia it appears that factors that lead to an altered or
a decreased level of consciousness (i.e., alcohol
use, 12.9%; drug overdose, 21.3%; or hepatic
encephalopathy 7.7%) are the main risk factors
leading to aspiration [18, 20].

Other risk factors in the community affect-
ing all ages include the aggressive use of acid-
suppressive medications (such as proton pump
inhibitors (PPIs) and H2 receptor blockers).
Approximately 40-70% of medical inpatients
receive acid-suppressive medications and as
many as 50% are new prescriptions. PPIs are
linked with an almost 1.5-1.89 times higher
risk for community-acquired pneumonia [21,
22]. In a large hospital-based epidemiological
cohort, use of PPIs was associated with 30%
increased odds of hospital-acquired pneumo-
nia (HAP) in non-ventilated patients and this
risk was highest within the first few days to a
week of PPI use [23]. Acid suppression allows
survival of bacterial pathogens (that would
normally be killed in acidic contents). Reflux
and further aspiration events allow these patho-
genic bacteria to find their way into the lungs
and cause infection.

This risk from acid suppression has also
been demonstrated in critically ill, mechani-
cally ventilated patients. In a randomized con-
trolled trial, patients were assigned to use of
sucralfate, antacid, or H2 receptor blocker use.
The group with sucralfate use was demon-
strated to have significantly lower rates of gas-
tric colonization and late-onset pneumonia
(4 days later) when compared to the antacid
and H2 blocker groups [24]. These data sup-
port the hypothesis that suppression of gastric
pH leads to higher rates of gastric bacterial
colonization and higher rates of hospital-
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acquired pneumonia [25] and current guide-
lines recommend against use of stress ulcer
prophylaxis in patients without a clear indica-
tion for their use [26].

Patient Question: How Common
Are Aspiration and Aspiration
Pneumonia?

Answer to patient: As described earlier, small-
volume aspiration takes place routinely in almost
half of healthy normal adults. About 15% of
patients in the community setting develop pneu-
monia as a result of aspiration and aspiration
pneumonia is associated with worse survival
than other community-acquired pneumonias.

Larger volume aspiration pneumonia is also
the second most common reason for nursing
home patients to require admission to a hospital
and is the leading cause of death in this group of
patients. Aspiration complicates 1 of every 3000
cases of general anesthesia and continues to be
not only a significant financial burden on health
care costs but also associated with high rates of
death.

(1-2-min evidence-based reading for clini-
cian): Epidemiology, genetics and pathophysiol-
ogy, diagnostic test results, treatment options,
etc.

Aspiration is very common and can occur in
both health and disease. The incidence depends
on the methods used to detect aspiration, with
some sensitive techniques detecting clinically
insignificant “microaspirations” while others
(e.g., swallow studies) identifying larger boluses
of material passing the vocal cords (see question
4 for details). Huxley et al. studied aspiration in
20 normal and 10 patients with depressed con-
sciousness by injecting indium'?! chloride (radio-
active tracer) via a catheter directed into their
nasopharynx. Radioactive tracer uptake was seen
on post-sleep lung scans (as evidence of noctur-
nal aspiration) in 45% (9 out of 20) of healthy
subjects and 7 out of 10 (70%) patients with
depressed consciousness during sleep [20].

In a similar experiment, Gleeson et al. also
studied aspiration events in ten healthy adults

using radioactive tracer uptake in lungs and
sleep patterns using sleep polysomnography
over two separate nights [27]. Radioactive
tracer solution was instilled in the nasopharynx
of all subjects during nocturnal sleep. Although
no particular sleep behavior (time spent in bed,
sleep efficiency, supine sleep time, etc.) was
associated with a higher risk, it was demon-
strated that 5 of 10 (50%) healthy subjects
silently aspirate on at least one of every two
nights while asleep.

However, as described earlier, certain popula-
tions are much more likely to aspirate and suffer
from clinical consequences of this aspiration.

Epidemiological studies indicate that approxi-
mately 5-15% of all community-acquired pneu-
monia is secondary to aspiration [6]. Aspiration
pneumonia has a significantly higher 30-day
mortality (21%) when compared to community-
acquired pneumonia and patients are more likely
to be admitted to the intensive care unit (ICU)
and require mechanical ventilation [28].

Aspiration pneumonia has been reported to be
the second most frequent principal diagnosis
amongst Medicare patients [29]. Amongst nurs-
ing home residents aspiration pneumonia is the
second most common infection (21%) after uri-
nary tract infections, has an annual incidence of
new cases between 18 and 48%, and has a higher
mortality rate than that of any other nosocomial
infection [30].

Aspiration is also well recognized as a com-
plication of general anesthesia occurring in 1 of
every 2000-3000 cases in adults [31]. Anesthetic
agents can suppress airway protective reflexes
and predispose patients to aspiration. Aspiration
pneumonia accounts for as many as 10-30% of
all deaths associated with anesthesia [6, 32].

It comes as no surprise that “aspiration
pneumonia” is considered by some to be an epi-
demic. Admission rates and health care costs
for patients with the diagnosis have risen rap-
idly. Aspiration pneumonia is associated with
longer hospital stays (mean increase of 9 days),
increased total hospital charges (mean increase
of $22,000), higher ICU admission rates (odds
ratio 4.0), and a higher in-hospital mortality
(OR; 7.6) [30, 33].
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Patient Question: What Are
the Symptoms of Aspiration
and How Is It Diagnosed?

Answer to patient: Some aspiration has no signs
or symptoms, and thus is called “silent.” When
present, symptoms of aspiration can range from
subtle, unexplained coughing that persists over
several weeks to wheezing similar to that seen in
asthma. Choking may be obvious when a patient
eating suddenly develops breathing difficulty and
distress for no other clear reason. Aspiration
may occur in small amounts (microaspiration)
and go unwitnessed or be obvious when a patient
actively vomits and inhales contents into his/her
lungs (macroaspiration).

Bedside swallow evaluations can be per-
formed by trained speech specialists, nurses, and
physicians. Concerning signs include drowsy
mental state or a cough brought on with swallow-
ing. While very helpful in directing therapy when
positive, bedside measures can be falsely reas-
suring when negative and should be followed
with more advanced testing when suspicion for
aspiration is high. Advanced tests can be con-
ducted in the presence of a speech therapist and
a radiologist and involve recording a video while
observing a patient swallow. Direct observation
of swallowing allows a much closer look at the
problem and can also help with real-time feeding
with different consistencies and food types to
observe which foods and which swallowing tech-
niques make swallowing safest for the patient.

(1-2-min evidence-based reading for clini-
cian): Epidemiology, genetics and pathophysiol-
ogy, diagnostic test results, treatment options, etc.

Aspiration may be asymptomatic (silent or
unwitnessed) or symptomatic (micro- or mac-
roaspiration). Microaspiration refers to aspira-
tion of small amounts of gastric contents or
oropharyngeal secretions (usually <1 mL).
Macroaspiration, on the other hand, refers to the
visible aspiration of large amounts of bowel or
gastric contents [7]. Signs of acute aspiration
include sudden choking, shortness of breath, or
chest pain while eating. Most adults, however,
are likely to have subtle symptoms—such as a
chronic unexplained cough or wheezing.

A diagnosis of aspiration pneumonia requires
a high index of suspicion and can be challenging.

Historically bedside evaluation of swallowing
has evolved from the care of patients suffering
from stroke and resultant dysphagia [19].

A direct observation of swallowing; special
attention to certain indicators of altered swallow-
ing such as decreased consciousness, dysarthria,
coughing, or choking while eating; and presence
of a weak and delayed cough in response to aspi-
ration can alert the physician to a potential prob-
lem. However, bedside evaluations are insensitive
[6, 34]. In a study by Smithard et al., bedside
clinical assessment had a sensitivity of only
47-70% (depending on who performed the
assessment) and missed approximately 30-53%
aspirators [34]. Such patients are likely to silently
aspirate (without any overt signs of distress) and
evaluation of ineffective swallowing for these
patients must be combined with objective instru-
mental tests.

A modified barium swallow study (MBSS) or
video fluoroscopic swallow (VFS) is a noninva-
sive test that reviews the oral, pharyngeal, and
cervical esophageal stages of swallowing while
the patient is upright and swallowing varying
consistencies of barium-coated or water-soluble
contrast mediums. This test is performed by
speech therapists in conjunction with radiolo-
gists who acquire a video of swallowing to help
elucidate a physiological reason for dysfunc-
tional swallowing. This test has been tradition-
ally considered a gold standard for diagnosing
dysphagia.

A barium swallow is conducted by the radiol-
ogist while the patient is upright or, less com-
monly, supine. The esophageal phase of
swallowing is observed for any structural or
motility etiologies as a causation of aspiration.

FEES (or flexible endoscopic evaluation of
swallowing) was first described in 1988 by
Langmore et al. [35]. This modality can be per-
formed by a trained speech therapist and involves
viewing the oropharyngeal and laryngeal phases
of swallowing via a nasally inserted laryngo-
scope. A FEES has several parts to it. First a pre-
liminary assessment of anatomy is conducted and
the movement of structures inside the mouth in
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response to secretions, etc. is observed. The sec-
ond part includes observing the patient to swal-
low meals of varying consistencies and bolus
sizes of liquids and solids. This allows the exam-
iner to try several different combinations of con-
sistencies and volumes and different strategies to
determine which is handled best by an individual
patient. Laryngeal penetration (appearance of
contrast in the laryngeal vestibule) and aspiration
(food below the vocal cords) can be identified
using this technique. The esophageal phase can-
not be assessed using this technique. This test is
portable and can easily be conducted in the
patient’s home environment with family/care-
giver participation [14].

Lastly, esophagogastroduodenoscopy (EGD)
is an invasive test that can be performed by a gas-
troenterologist and can help identify mucosal and
other structural abnormalities along the esopha-
geal tract.

Studies evaluating the consistency of results
using FEES versus video fluoroscopy (VFS/mod-
ified barium swallow (MBSS) suggest a great
degree of agreement between the two tests. A
study on 21 patients by Langmore et al. [36] eval-
uating four features (aspiration, penetration,
spillage, and residue) concluded that FEES
agreed with the results of video fluoroscopy in
90% of cases (sensitivity 0.88, specificity 0.5,
positive predictive value 0.69, negative predictive
value 0.63). In general both tests complement
one another and are considered “therapeutic” in
that they allow a greater patient feedback during
the test and real-time modification of behavioral
strategy and bolus type—in order to achieve the
most effective, safest swallowing. FEES may be
considered superior for patients with severe dys-
phagia who have not had any oral intake for sev-
eral weeks [14].

Patient Question: What Can Happen
to Me as a Result of Aspiration?

Answer to patient: Harmful effects of aspiration
depend on the amount and nature of the materi-
als aspirated. Aspiration of acidic liquid stomach
contents can lead to an inflammation of the

smaller airways that presents with wheezing and
shortness of breath—very similar to the tell-tale
signs of asthma.

Aspiration of solid contents such as solid for-
eign objects can lead to a blockage of one of the
main or central airways leading to asphyxiation
or choking. Aspiration of a foreign object is con-
sidered a medical emergency as it can lead to
death. It requires urgent steps to remove the aspi-
rated materials. Recently aspirated iron tablets
or potassium pills have become a focus of atten-
tion as these are particularly corrosive (causing
chemical burn) and can seriously damage the lin-
ing of the airways. If a foreign object is not
promptly removed, it can lead to long-term prob-
lems of causing stenosis (narrowing) of the bron-
chial tubes as well as formation of fistulae
(abnormal connection between the lungs and
other organs) that are extremely difficult to repair
and treat.

As explained later in this chapter, the majority
of patients who aspirate have no signs or symp-
toms or develop pneumonia. Some patients have
repeated aspiration, and large amounts of bacte-
ria in their oral cavity. Patients whose immune
systems are otherwise depressed are more likely
to develop pneumonia after aspiration.

(1-2-min evidence-based reading for clini-
cian): Epidemiology, genetics and pathophysiol-
ogy, diagnostic test results, treatment options,
etc.

Aspiration can result in several different clini-
cal syndromes—and pH and volume of aspirated
contents are critical determinants of the degree of
lung injury [6, 37]. Both micro- and macroaspira-
tion can result in immediate and long-term injury
to the lungs.

Some acute consequences of aspiration
include aspiration pneumonitis, aspiration pneu-
monia, and asphyxiation (or choking).

Aspiration or chemical pneumonitis (also
known as Mendelson’s syndrome) was described
in 1946 while observing obstetric patients under-
going general anesthesia. Patients suffered from
an acute asthma-like reaction likely from aspira-
tion of liquid contents. By instilling 0.1 N hydro-
chloric acid into rabbit lungs, Mendelson elicited
a pattern of lung injury similar to that seen in
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humans and highlighted the importance of acidic
gastric contents in causing acute lung injury or
pneumonitis [38]. Since then several experiments
have shown that neutralizing acidic contents of
aspirate can mitigate the extent of lung injury [6].
Most authors agree that a volume of more than
20-25 mL and a pH less than 2.5 are critical to
causing chemical pneumonitis in adults [6, 37—
39]. Studies in rats have demonstrated this to be a
biphasic process. There is an initial phase of
intense direct chemical burn from acidic contents
causing increased capillary permeability and
leakage—followed by a quiescent period over the
next 2-3 h. At4 to 6 h an aggressive neutrophilic
response peaks and the release of inflammatory
mediators leads to lung injury much like the adult
respiratory distress syndrome (ARDS) [37].

It is important to differentiate aspiration pneu-
monitis from pneumonia—as the latter involves
pathogenic bacteria development of a distinct
radiographic infiltrate in a patient at risk for aspi-
ration and entails antimicrobial therapy.

Table 17.1 depicts differentiating points
between aspiration pneumonia and pneumonitis.

In general a bacterial infection is not thought
to play a primary role early in the process of aspi-
ration as acidic contents suppress gastric flora.
During silent aspiration adults aspirate volumes
in the range of 0.01-0.2 mL [27] and although
this may introduce bacteria in sufficient amounts
(10*~10° organisms per milliliter) [27, 40] host
defenses are usually able to combat disease.
Bacterial infection (aspiration pneumonia) devel-
ops in situations where host defenses are com-
promised (impaired glottis closure, cough reflex,

acid suppression with medications, impaired cili-
ary clearance, depressed humoral or cell-
mediated immunity) or when a bacterial inoculum
is large and deleterious enough to overwhelm
defenses [6].

Aspiration of solid components (foreign-
body aspiration or FBA) is more common in
children and adults with advanced age. In 2014,
approximately 4864 people died from choking
in the United States and 2751 of them were over
the age of 75 [41]. Acute aspiration of a large
FB into a central airway can result in asphyxia-
tion and even death—and requires immediate
intervention to relieve obstruction. Depending
on the size, type, and location of aspirated con-
tents patients can develop serious long-term
consequences such as recurrent post-obstructive
pneumonias, hemoptysis, and bronchial stenosis
from chronic obstruction. Pills (iron and potas-
sium chloride tablets in particular) are being
increasingly recognized for causing extensive
chemical burn and inflammation in the bron-
chial epithelium [42, 43].

Patient Question: What Are
the Long-Term Consequences
of Aspiration?

Answer to patient: Unfortunately, aspiration can
harm us in both the short and the long term. The
chronic, repetitive damage from inhalation of
acidic stomach contents and bacteria can lead to
chronic lung conditions such as bronchiectasis.
Bronchiectasis refers to an abnormal enlarge-

Table 17.1 Key differential points between aspiration pneumonia and aspiration pneumonitis®

Aspiration pneumonitis

Aspiration pneumonia

Mechanism of injury
gastric acid

Chemical “burn” from aspiration of sterile acidic

Bacteria burden from
oropharyngeal contents

Bacteria involved Not initially, may be later Yes
Clinical symptoms Asymptomatic to dry cough, wheezing Productive cough, fever, putrid
(“bronchospasm”), hypoxemia, respiratory distress | smell

Resolution Within 12-36 h

Usually within a week

Empiric antimicrobials | Usually not

Yes

Complications

Acute lung injury, ARDS (15-30%)

Empyema, lung abscess

“Table adapted from Marik PE. Aspiration pneumonitis and aspiration pneumonia. N Engl J Med. 2001;

344(9):665-71
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ment (dilation) of the smaller airways that leads
to a difficulty in clearing mucus and secretions.
This in turn can become a nidus for infections.

Patients with untreated or inadequately
treated aspiration pneumonia can develop a lung
abscess, a known complication of aspiration.
Signs and symptoms of a lung abscess can include
unexplained fevers, foul-smelling breath, chest
pain, etc.

Importantly, aspiration is being linked to the
development of lung fibrosis (also known as idio-
pathic pulmonary fibrosis or IPF) and it is pos-
sible that early control and treatment of aspiration
can lead to an improved survival in this formi-
dable disease.

(1-2-min evidence-based reading for clini-
cian): Epidemiology, genetics and pathophysiol-
ogy, diagnostic test results, treatment options, etc.

Aspiration can be injurious in both the short
and the long term. While acute effects of mac-
roaspiration are usually self-evident and can be
addressed promptly (i.e., choking or acute bron-
chopneumonia)—the effects of chronic microaspi-
ration may be more occult and a diagnosis may be
missed until late into disease progression.

Microaspiration is a repetitive and insidious
insult that is shown to cause lung damage in the
form of diffuse aspiration bronchiolitis [44],
bronchiolitis obliterans in lung transplant recipi-
ents [45, 46], refractory asthma [47], bronchiec-
tasis [46, 48], lipoid pneumonia [49], and
idiopathic pulmonary fibrosis [50]. Some of these
chronic effects are reviewed below.

Exogenous lipoid pneumonia can develop
from the inhalation of animal or vegetable oils—
such as mineral oil (laxatives), petroleum-based
lubricants, and  decongestants  (Vaseline
(Unilever), Vicks VapoRub, or lip gloss). Clinical
presentation may include a dry cough, dyspnea,
fever, or unexplained weight loss and radio-
graphic findings range from subtle ground-glass
opacities to dense consolidation and a “crazy-
paving” pattern. A CT evidence of fat attenuation
(=30 HU (Hounsfield units)) within areas of con-
solidation is considered to be pathognomonic for
this process [49]. Patients may have undergone
several rounds of antibiotics without improve-
ment for a non-resolving pneumonia before an

accurate diagnosis is made. Therefore a high
clinical suspicion, familiarity with clinical situa-
tions that predispose patients (i.e., patients with
chronic constipation likely to be using mineral
oils), and an awareness of key radiographic find-
ings are critical to making an accurate and timely
diagnosis. Long-standing inflammation can lead
to secondary fibrosis and result in end-stage lung
disease, even cor pulmonale.

In a study on 25 patients, Cardasis et al. [46]
reviewed histological specimens from patients
with chronic occult aspiration and demonstrated
that recurrent bronchiolitis (multi-lobar, centri-
lobular nodules and tree-in-bud appearance), per-
sistent patchy pneumonias with fat attenuation
(lipoid), and bronchiolar thickening were some of
the most common changes seen with aspiration.
Severe and chronic cases developed frank bron-
chiectasis and fibrosis, and on histology, poorly
formed granulomas, exogenous lipoid pneumo-
nia, and foreign body-type multinucleated giant
cells with or without foreign material were seen.
The authors highlighted that lower lobe distribu-
tion alone should not be relied upon to “rule in” a
diagnosis of aspiration as almost 73% of patients
in this study had upper lobe involvement. They
also emphasized that occult aspiration should not
only be considered in the differential of chronic
fibrotic interstitial pneumonitis (i.e., idiopathic
pulmonary fibrosis (IPF), nonspecific interstitial
pneumonitis (NSIP), hypersensitivity pneumoni-
tis (HP)) but also especially in the case of an
undifferentiated ILD with histological evidence
of poorly formed granulomas.

Importantly, there is considerable ongoing
debate surrounding the association of microaspi-
ration and idiopathic pulmonary fibrosis (IPF).
Although there is no direct evidence that micro-
aspiration causes IPF, studies have identified an
association between risk factors for aspiration,
such as GERD, and advanced lung disease.

It has been shown that GERD is associated
with aspiration [51], chronic cough [52], and
aspiration-related lung injury [6, 53, 54]. Newer
studies also reveal a high prevalence of GERD
(almost 67-88%) amongst patients with IPF [53,
55, 56]. If left untreated, GERD can lead to
allograft rejection and bronchiolitis obliterans
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syndromes amongst lung transplant recipients
[45, 57]—all of which are considered unfortunate
rate-limiting steps in the survival of lung trans-
plant recipients. It is hence not surprising that
aggressive treatment of reflux alone is shown to
achieve clinical stability in the form of reduced
oxygen dependence [58], reduced rate of lung
function decline [56], and improved survival [59]
amongst IPF and lung transplant populations.
Despite these advances—there are many
unanswered questions regarding the role of aspi-
ration and lung fibrosis. Does microaspiration
cause IPF or does IPF cause microaspiration?
Does microaspiration lead to acute exacerba-
tions of IPF? Studies on surrogate markers for
aspiration such as reflux disease help to extrapo-
late that chronic microaspiration is perhaps one
of the many pathogenic mechanisms for the
development and progression of IPF. It is clear,
however, that much work still remains to be done.

Patient Question: Do | Need
Antibiotics for Aspiration?

Answer to _patient: It is important to recognize
that not all aspiration events require antimicro-
bial therapy. In fact, an overuse of antibiotics
over the last era has led to significant problems
of drug-resistant infections and other antibiotic-
associated side effects. Hence both physicians
and patients need to be very careful when pre-
scribing or taking antibiotics.

Many initial aspiration events are simply an
inhalation of gastric acid and a “chemical burn”
of the lung tissue. This can lead to a range of
responses spanning the spectrum from a com-
plete lack of symptoms (asymptomatic) to an
intense inflammatory reaction that leads to fever,
cough, low oxygen measurements, and distress.
Most patients recover from this initial episode
with the help of oxygen and supportive care.
However a smaller group of patients do not
improve immediately and may require artificial
respirators (mechanical ventilators) to support
their breathing until their lung injury resolves.
With time and supportive measures most patients
completely recover from this injury.

Physicians are trained to recognize which
patients are at a higher risk for a bacterial

infection after an aspiration event. For example,
residents of nursing homes (who may be unable to
perform their own oral cares) or elderly patients
who suffer from a stroke or younger adults with a
history of seizures or alcohol/drug use are also
more likely to have harmful bacteria in their
mouth that can soil their lungs during an aspira-
tion. It is these patients who should be identified
as they may benefit from a timely use of antibiotics
in the event of an aspiration.

(1-2-min evidence-based reading for clini-
cian): Epidemiology, genetics and pathophysiol-
ogy, diagnostic test results, treatment options,
etc.

All aspiration does not necessitate antimicro-
bial therapy, and as elaborated earlier, a bacterial
infection is usually not considered a primary
event early in the course of an aspiration.

It is simpler perhaps to think of aspiration as
potentially leading to one of the three injurious
and separate clinical syndromes [60]:

e Chemical pneumonitis (chemical “burn” or
injury)

e Primary bacterial pneumonia

e Secondary bacterial pneumonia

Chemical injury can cause no symptoms or
precipitate a dramatic clinical deterioration with
the onset of fevers, cough, severe hypoxemia, and
new radiographic infiltrates (upper or lower lobes
depending on the position during which aspira-
tion takes place) [6, 32]. However a large major-
ity of patients (~ 60%) undergo complete
resolution of hypoxemia and radiographic infil-
trates within 2—4 days of the initial insult [60,
61]. These patients demonstrate an inflammatory
reaction to a pure chemical injury [6, 62] and
good supportive care (airway clearance therapy,
supplemental oxygen, and positive pressure (if
needed)) is usually sufficient to resolve their lung
injury.

Not everyone is as fortunate. Up to 12% of
patients are reported to die shortly after an acute
aspiration event [61] and about 15-30% of
patients develop an acute respiratory distress syn-
drome (ARDS) within the first 24-36 h from
chemical injury alone [6, 54, 60]. These patients
frequently have larger numbers of comorbid con-
ditions and develop a very sudden and severe
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inflammatory reaction that causes pulmonary
capillary leakage, development of proteinaceous
edema, and severe hypoxemia necessitating
mechanical ventilation (see Table 17.1). In clini-
cal practice these patients benefit from empiric
broad-spectrum antimicrobials up front—as
intense chemical injury disrupts the integrity of
the pulmonary capillary membranes, weakening
host defenses and increasing the risk of nosoco-
mial pneumonia [63].

A smaller subset of patients (~25%) undergo
clinical worsening a few days after an initial
improvement from chemical pneumonitis [60,
61]. These patients have developed a secondary
bacterial pneumonia that is associated with a
much higher mortality (~60%) [60, 61]. Prompt
antimicrobial therapy is necessary and empiric
agents should target the organisms that are likely
to be acquired in the specific clinical setting. For
example patients who suffer from an aspiration
event within the health care setting (hospital,
nursing homes, dialysis centers, etc.) are more
likely to acquire resistant organisms like
methicillin-resistant ~ Staphylococcus — aureus
(MRSA) or resistant gram-negative rods such as
Pseudomonas aeruginosa than patients who aspi-
rate in the community setting [60].

A small proportion of patients develop a true
bacterial pneumonia as a primary event during
aspiration (primary bacterial pneumonia). To
illustrate this, a study by Mier et al. revealed that
only 19 out of 52 patients with aspiration pneu-
monia have bacterial pathogens in substantial
counts (>1000 colony-forming units (CFUs/mL))
on respiratory sampling [64]. These patients
inhale a bacterial burden sufficient enough to
launch disease. In general primary aspiration
pneumonia has all the features of any other bacte-
rial pneumonia (fevers, cough, and foul-smelling
sputum) but may be more indolent in onset than
chemical pneumonitis.

Chemical pneumonitis can be difficult to dif-
ferentiate from a primary bacterial pneumonia.
The decision to initiate antimicrobials early in
the course can be guided by knowledge of the
actual aspiration event (i.e., a clearly witnessed
macroaspiration or a questionable microaspira-
tion) as well as awareness of the high-risk condi-
tions that predispose patients to a large bacterial
burden. For example patients suffering from sei-

zure disorders, stroke, chronic alcoholism,
esophageal dysmotility, severe constipation, or
bowel obstruction [6, 65]; those using tube feed-
ings/gastrostomy tubes [66], histamine H2 antag-
onists, or proton pump inhibitors; or elderly and
nursing home patients who suffer from poor den-
tition and oral health—all are predisposed to a
higher bacterial burden and appear to benefit
from early empirical antibiotics after aspiration.

In general, the IDSA guidelines recommend
the use of B-lactam/f-lactamase inhibitor combi-
nation or clindamycin as first-line agents for
aspiration pneumonia (insert IDSA). There are
no definite recommendations but in general a
7-10-day course can be employed for uncompli-
cated pneumonias.

The idea that all aspiration pneumonias
involve anaerobic pathogens has been challenged
and largely discounted. Data from the 1970s
(when transtracheal aspirates were used for respi-
ratory sampling) suggested that anaerobes played
a central role in aspiration pneumonia [67].
Moreover, the risks of such “blind” antibiotic
therapy have come to light [68] and have
prompted a more judicious use of these agents.
The medical community now agrees that most
cases of aspiration pneumonia do not involve
anaerobic pathogens and studies demonstrate
good recovery without use of specific anti-
anaerobe treatment [67, 69].

Several reviews have looked at risks in special-
ized populations for specific pathogens. For exam-
ple elderly patients, in particular nursing home
residents (receiving poor oral care) may be colo-
nized with pathogens such as Enterobacteriaceae,
Pseudomonas aeruginosa, and Staphylococcus
aureus [6]. A study by El Solh et al. demonstrated
a preponderance of gram-negative enteric bacilli
as the predominant pathogen amongst nursing
home patients who aspirated [69]. This study also
concluded that, although the risk for anaerobic
pathogens is probably overestimated, a poorer
functional status correlates with a higher risk for
anaerobic pathogens.

Hence according to the IDSA guidelines
anaerobic coverage is only clearly indicated in
patients with a classic pulmonary aspiration syn-
drome such as after a seizure event or stroke and
alcohol or drug overdose, or in patients with aspi-
ration with known gastroesophageal dysmotility
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syndromes or gingival disease (such as the elderly
from nursing homes) [70]. In addition anaerobic
coverage should be considered in patients with an
indolent course, complicated pneumonias, putrid
discharge, or necrotizing pneumonias or lung
abscess formation [65].

Another important consideration includes
aspiration events taking place in the hospital set-
ting. The bacteriology of hospital-acquired pneu-
monia includes gram-negative flora (47%),
Staphylococcus aureus (31%), and anaerobic
bacteria (35%) [65]. Hence these aspiration

events should include antimicrobials targeted
against resistant gram negatives as well as an
anti-staphylococcal agent [60].

When using anaerobic coverage, several stud-
ies have highlighted clindamycin as a superior
agent, especially when a lung abscess is sus-
pected [71]. Other agents such as metronidazole
have anaerobic coverage but do not penetrate
lung tissue as well and should be used in con-
junction with a p-lactam/p-lactamase inhibitor.

Figure 17.2 presents an overview of empiric
antimicrobial coverage in aspiration pneumonia.

‘ Aspiration event ‘

Witnessed macroaspiration ‘

‘ Un-witnessed event or microaspiration ‘

i

* High risk for a large bacterial burden ‘

‘ Start empiric antimicrobials 4 

/\

‘ Community-setting aspiration

[ T~

Health care setting aspiration ‘

|

Consider coverage for staphylococcus
aureus, resistant gram negative enteric

bacilli (Pseudomonas aeroginose) and

Consider Clindamycin, Quinolones ‘ 1 High risk for anaerobic pathogens anaerobic coverage

(Levofloxacin (not Moxifloxacin),
B-lactam/B-lactamase inhibitors)

l

Cosider anaerobic coverage with
clindamycin or metronidazole (only
with concomitant B-lactam/B-
lactamase inhibitor) or extended
spectrum penicillin

* 1 Risk factors for a large bacterial burden or

H2 receptor blockers.

seizure, stroke, alcoho/drug overdose, bowel dysmotility, gingival disease, elderly, nursing-home
residents, use of feeding tubes, patients on outpatient acid suppressive medications such as PPIs and

anaerobic pathogens include an altered consciousness,

Fig. 17.2 Suggest algorithm for empiric antimicrobial therapy for a suspected aspiration event
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Patient Question: What Can
Be Done to Prevent Aspiration
Pneumonia?

Answer to patient: Several steps can be taken to
prevent aspiration in vulnerable patients. A bed-
side swallow evaluation can be performed by
your health nurse or a physician. Advanced tech-
niques (such as video fluoroscopy or FEES) can
also help guide an assessment of this risk.
Patients can be taught to use a “chin-tuck” or
“head-tilt” approach or have thin liquids in a
honey or nectar-thickened consistency to reduce
aspiration. In addition, family and health care
workers can be trained to identify those at a
higher risk of aspiration such as patients with
stroke, Parkinson’s disease, bowel movement dis-
orders, or seizure disorders or the elderly who
are unable to function on their own.

In some cases patients with advanced demen-
tia (memory loss) and difficulty with swallowing
(dysphagia) may benefit from the placement of a
feeding tube (PEG; percutaneous endoscopic
gastrostomy tube). PEG tubes help with a better,
more consistent delivery of medications in these
patients; however it is important to note that they
do not reduce the risk of aspiration. Despite all
attempts to minimize risks in this patient popula-
tion, aspiration is frequently the immediate cause
of death.

Patients who are on artificial respirators
(mechanical ventilators) may have a higher rate
of gastric acid reflux and this may increase their
risk for aspiration. Several studies have now
shown some things that can be implemented to
reduce this risk. For instance, frequent oral cares
provided by bedside nurses using antiseptics
such as chlorhexidine or a ‘head-of-bed’ eleva-
tion while on a respirator can reduce the risk for
developing pneumonia while on a respirator.

(1-2-min evidence-based reading for clini-
cian): Epidemiology, genetics and pathophysiol-
ogy, diagnostic test results, treatment options,
etc.

Patients with dysphagia, stroke, abnormalities
of the aerodigestive tract, etc. are at a much
higher risk for aspiration. Once identified to be at
a higher risk, several dietary and behavioral

measures can be instituted to reduce the risk for
aspiration [14]. Methods such as instituting a
honey-thickened or nectar consistency of thin liq-
uids have been shown to reduce the risk of aspira-
tion amongst patients with dementia and
Parkinson’s disease [72]. Other modifications
such as keeping the chin tucked or reducing bite
size may be helpful [6, 14].

Patients who continue to aspirate despite these
measures may be candidates for placement of a
feeding tube. It is important to note that although
percutaneous gastrostomy (percutaneous endo-
scopic gastrostomy or PEG tube) placement is
more effective in delivering oral medications and
achieving prescribed nutrition in patients with
dysphagia—several studies have now established
that they do not reduce the risk or incidence of
aspiration pneumonia in comparison with naso-
gastric or post-pyloric tubes [6, 73]. In fact treat-
ment of chronic aspiration in patients particularly
with altered mental status outside the acute care
setting is difficult. A consequence of aspiration is
the most common immediate cause of death in
this patient population [74].

Patients who are mechanically ventilated and
on enteral nutrition (with nasogastric tubes) are
also at a higher risk for aspiration. These patients
are consistently demonstrated to have a high inci-
dence of GERD [6, 75] that promotes pneumonia
by retrograde oropharyngeal colonization and
aspiration into the lower airways. In addition, the
presence of a NG tube impairs closure of the
lower esophageal sphincter and further increases
this risk. A randomized clinical trial on 86 intu-
bated patients on enteral nutrition was interrupted
early when it was clear that a semi-recumbent
positioning, in comparison with supine position-
ing, substantially reduced the risk of a nosoco-
mial aspiration pneumonia/ventilator-associated
pneumonia (VAP) (3 of 39 [8%] vs. 16 of 47
[34%]; 95% CI for difference 10.0-42.0,
p =0.003) [76]. Hence head-of-bed elevation is a
standard and relative inexpensive practice to
reduce the risk of aspiration-related nosocomial
pneumonias in mechanically ventilated patients.

Other factors such as suctioning of subglottic
drainage and use of silver-coated endotracheal
tubes have not been shown to be associated with
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a mortality benefit. Measurement of gastric vol-
ume does not correlate with aspiration risk and is
associated with poorer caloric feeding due to fre-
quent interruptions and is not routinely recom-
mended [77]. Another trial looked at the role of
instituting VAP bundle using five interventions:
semi-recumbent position, stress ulcer prophy-
laxis, deep-vein thrombosis prophylaxis, adjust-
ment of sedation so that the patient can follow
command, and daily assessment for extubation—
and demonstrated a substantial (71%) reduction
in VAP rates amongst mechanically ventilated
patients [78].

The risk of aspiration may be highest peri-
extubation due to the lingering effects of sedative
agents, laryngeal muscle edema, or injury and it
is recommended that enteral nutrition be held at
least 6 h after extubation in case of need for re-
intubation and that diet be slowly progressed
starting with pureed soft foods [6].
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