
CLINICAL PRACTICE IN LONG-TERM CARE
Preventing Aspiration in the Nursing
Home: The Role of Biofilm and Data
from the ICU
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Two aspiration syndromes have been identified: Aspi-
ration pneumonia is infectious caused by micro-
aspiration of oral bacteria secondary to neurogenic
dysphagia or sedation. Infectious bacteria may also
be aspirated from the stomach. Aspiration pneumoni-
tis classically follows large bolus aspiration of food,
acid, or digestive enzymes and is initially noninfec-
tious. Large bolus gastric aspiration events may have
an acute/dramatic onset. This article discusses (1) pre-
vention of recurrent aspiration events caused by 2
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common motility disorders: neurogenic dysphagia
and gastro esophageal reflux; (2) mechanical source
control (debridement/drainage) of sites that may har-
bor large collections of bacteria protected from anti-
biotics in biofilm including dental plaque, coated
tongue, and chronic sinusitis. (J Am Med Dir Assoc
2010; 11: 70–77)

Keywords: Aspirationpneumonia; prevention;nursing
home
Many of the diseases and functional impairments that lead
to nursing home (NH) placement also facilitate pulmonary
aspiration. Mylotte et al1 classified 75% of hospital admis-
sions with suspected pneumonia from NHs as ‘‘aspiration’’
on the basis of sudden onset, witnessed vomiting, tube feed-
ing, choking while eating, or dysphagia.

The title of this manuscript refers to the intensive care unit
(ICU) as a source of information to be considered by NH cli-
nicians. Why might this be a valid projection? NH and ICU
patients at high risk of aspiration share many risk factors, in-
cluding impaired mental status and swallowing, dependence
for oral hygiene, immobility, polypharmacy, recurrent pneu-
monia, colonization pressure, and multiple courses of antibi-
otics with selection of resistant organisms. One major
difference is that many ICU patients are intubated. The
ICU is a high-tech environment with intense monitoring
and frequent sampling of lower respiratory secretions. Unlike
the NH, numerous descriptive and controlled studies per-
formed in ICUs have led to data-driven clinical practice
guidelines (CPGs) that might be adapted to the NH.
CLINICAL ASPIRATION SYNDROMES

Two classic clinical aspiration syndromes have been identi-
fied, although overlap may exist. Aspiration pneumonia is infec-
tious and caused by micro-aspiration of oral bacteria secondary
to neurogenic dysphagia or sedation. However, gastric bacteria
may also be aspirated and cause pulmonary infection.

Aspiration pneumonitis classically follows large bolus gas-
tric aspiration of food, acid, or digestive enzymes and is ini-
tially noninfectious. Large bolus gastric aspiration events
may have an acute/dramatic onset and occur when the resi-
dent is lying flat (with vomit on the pillow) or may be wit-
nessed by staff after a meal. An unwitnessed acute onset
can lead to diagnostic confusion with vascular events such
as paroxysmal nocturnal dyspnea or pulmonary embolus.
The resident’s clinical condition may improve rapidly follow-
ing a noninfectious gastric aspiration event. This possibility
led an expert consensus panel to recommend withholding an-
tibiotic therapy following such an event unless symptoms per-
sisted beyond 24 hours. This recommendation has not been
prospectively validated.2,3 On the other hand, large bolus as-
piration may be followed by progressive severe respiratory dis-
tress. Similar to viral lower respiratory infections, the
damaged mucosa may be less resistant to subsequent bacterial
inoculation.

Aspiration may present as an acute illness, a subacute ill-
ness with anaerobic abscess formation, or as chronic diffuse
pulmonary lesions. Clinicians may overlook an aspiration
mechanism in these indolent cases. If foreign material
(food, medicine) is visualized in the bronchioles, aspiration
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could have been caused by pharyngeal dysphagia or regurgita-
tion from the stomach. Clinically, individuals often have risk
factors for both. The clinician can make an educated guess
based on which of the two possibilities is most prominent
clinically. In one retrospective postmortem review of 5000
autopsies, Japanese investigators identified 4.8% of cases as
aspiration pneumonia as well as 31 cases (0.6%) with recur-
rent aspiration of foreign particles. The latter cases included
scattered miliary yellowish nodules similar to those seen in
diffuse panbronchiolitis.4 In a second report, pathologists in
New York retrieved surgical or biopsy specimens in which veg-
etable or foreign material was observed in the bronchioles.
The pathologic appearance was characterized as a suppurative
and granulomatis reaction with multinucleated giant cells,
foreign body granulomas and/or acute bronchopneumonia/
bronchiolitis. The principal pathology identified in 88% was
bronchiolitis obliterans-organizing pneumonia (BOOP).
BOOP is a nonspecific reaction to a variety of toxic insults.5

Acid reflux may contribute to the pathogenesis of idiopathic
pulmonary fibrosis.6

Most clinicians can identify infiltrates in the basal seg-
ments of the lower lobes (especially the right) as potential as-
piration infiltrates. This location is classically involved if
aspiration occurred when the resident was sitting upright.
In addition, aspiration events that occur in the recumbent po-
sition produce infiltrates in the posterior-mid lung fields, spe-
cifically the posterior segment of the upper lobes and apical
segments of the lower lobes.2,7

SOURCE CONTROL-BIOFILM

Infection control includes 2 important goals: (1) The pre-
vention of transmission of multidrug-resistant organisms
(MDRO) or organisms with special virulence, such as epi-
demic Streptococcus pyogenes, capable of producing myonecro-
sis; and (2) the prevention of colonizing organisms from
causing infection. An example includes the prevention and
healing of wounds by avoiding ischemia (pressure), dead
space, excess exudates, and necrotic tissue by maintenance
debridement. This article emphasizes the latter approach in
the prevention of pulmonary infection.

During my internal medicine training I viewed the topic of
pneumonia through a microscope, with a complete emphasis
on microbiology/bacteriology and choice of antibiotic. I will
refer to this as ‘‘little stuff.’’ More recently I have been im-
pressed that the NH clinician must also pay attention to
the ‘‘big stuff.’’ This includes macroscopic, grossly visible aspi-
ration events related to pharyngeal dysfunction, vomiting, or
gastroesophageal reflux (GERD). In addition, many patients
harbor large collections of bacteria in dental plaque, pharynx,
stomach, or sinuses. Many of these sites may include biofilm,
which protects bacteria from antibiotic eradication.

In 1999 scientists from the Centers for Disease Control and
Prevention (CDC) estimated that 65% of human bacterial
infections involve biofilm.8 This field is rapidly expanding.
Biofilm may adhere/colonize biological (mucosal) surfaces
or foreign bodies.9 It is composed of layers of slow-growing of-
ten polymicrobial bacteria embedded in gummy glycocalyx
(exopolysaccarides).10 The exopolysaccarides in biofilm are
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not visualized by conventional light microscopy.11 Detection
requires scanning electron or laser microscopy. Fluorescence
in-situ hybridization is required to identify specific bacte-
ria.9,12,13 Potential biofilm sites in the respiratory tract in-
clude dental plaque, coated tongue, chronic sinusitis, and
bronchiectasis.8,9,11,12,14–17

Biofilm may function like a primitive multicellular organ-
ism. Close proximity of bacteria in biofilm facilitates chemi-
cal ‘‘cross talk’’ that allows bacteria to sense high density and
trigger production of virulence factors.18 Neighboring B-
lactamase–producing bacteria may protect bacteria sensitive
to penicillin.19 Close proximity may also facilitate transfer
of resistance factors between bacterial species.9,20

Glycocalyx interferes with antibiotic penetration and slow
growth makes bacteria relatively resistant to growth-
dependent antibiotic killing and difficult to grow using stan-
dard techniques.10,12,17 Killing bacteria in biofilm requires
antibiotic/disinfectant concentrations 10 to 1000 times those
needed to kill free-living bacteria (planktonic).21 Antibiotic
dosing based on usual culture and sensitivity data derived
from free-living bacteria should not be expected to be effec-
tive against bacteria embedded in biofilm. A biofilm site
may function like a fortress capable of launching attacks of
free-floating bacteria and recurrent exacerbations.9,10

It is well known that when bacteria are exposed to sub op-
timal antibiotic concentrations, that selection of MDRO is
facilitated. Thomas et al22 studied the pharmacodynamic
factors associated with the development of antibiotic resis-
tance in 107 patients with ventilator-associated pneumonia
(VAP). In addition to dental plaque, coated tongue, sinusitis,
and bronchiectasis, endotracheal tubes support biofilm.23

Twenty-five percent of the 128 bacteria causing pneumonia
in this study, developed antibiotic resistance during therapy.
Resistance developed during suboptimal antibiotic exposure:
area under the curve (AUC)/MIC less than 100.22 Related
data indicate that when oral tetracycline or amoxicillin is
given to patients with periodontitis (biofilm), approximately
40% of anaerobes become resistant to that antibiotic.24,25

The possibility of selecting resistant bacteria and recurrent
acute exacerbations from a biofilm cite (R 1 R; Resistan-
ce 1 Recurrance) might be diminished by not underdosing
antibiotics and performing mechanical debridement and/or
drainage.26,27 Infectious disease clinicians refer to this as
‘‘Source Control.’’

PHARYNX

The most accessible site in need of debridement and
‘‘source control’’ is the oropharynx. Dental plaque is a form
of biofilm that breeds anaerobes, Staphylococcus aureus, and
gram-negative rods (GNRs) including Pseudomonas.28,29

One cubic millimeter contains 100 million bacteria.28 Peri-
odontal pockets are stagnant sites that support plaque forma-
tion above and below the gum line.28,30,31 These pockets are
a rich source of bacterial and neutrophile enzymes including
elastase capable of destroying gum tissue; creating deeper
pockets filled with slime.31 These inflammatory enzymes
may also damage lung tissue if aspirated.28,32 Another adverse
effect of periodontal enzymes is the destruction of fibronectin,
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a molecule that facilitates binding of nonpathogens in the
pharynx. The destruction of fibronectin opens binding sites
for GNRs.33–35 The pharynx as well as dental plaque may be-
come colonized with GNRs, S aureus, and/or Pseudomonas, es-
pecially when oral hygiene is neglected. This probably
explains the shifted bacteriology of health care–associated
pneumonia versus outpatient pneumonia. In addition, Pseu-
domonas, S aureus, and Haemophilus influenzae, are potential
biofilm formers.9,15 A related point is the possibility of aspi-
rating Legionella or Pseudomonas originating from biofilm sites
in plumbing.36,37

El Solh and colleagues38 sampled dental plaque from 49 NH
residents admitted to the ICU who had received no antibiotics
for 60 days. S aureus was isolated in 15 (9 methicillin-resistant
S aureus), GNRs in 14, and Pseudomonas in 4. The proportion
with pathogens would probably be greater if residents with re-
cent antibiotic exposure had been included. Thirteen patho-
gens were subsequently recovered from bronchoalveolar
lavage (BAL) performed in residents who developed pneumo-
nia. Nine pathogens were genetically identical to the plaque
isolates including 5 S aureus and 2 Pseudomonas. Terpenning
et al39 found that the presence of S aureus in saliva was a signif-
icant risk factor for aspiration pneumonia in elderly veterans
independent of teeth.

Residents colonized with GNRs, S aureus, or yeast have de-
creased pharyngeal clearance of radio-labeled albumin from
the oropharynx (stasis).33 Mechanical clearance of the mouth
is facilitated by salivary flow and swallowing. Anticholinergic
medication and dehydration decreased salivary production
and slowed clearance of isotope during experimental studies.43

Saliva contains immunoglobulin (Ig) A, IgG, and antibacterial
agents such as lactoferrin, an iron-binding glycoprotein.35 Dry
mouth has been associated with dental decay, coated tongue (a
form of biofilm), halitosis, and in one study VAP.14,40–42

Chronic sinusitis may support biofilm formation. Tissue
specimens were obtained during surgery in 40 patients with
chronic sinusitis; 20 contained biofilm. These patients were
3 times more likely than patients without biofilm to have sig-
nificant symptoms and mucosal inflammation on endoscopy 8
months after surgery.12,15 In another study, scanning electron
microscopy was performed on tissue from sinus surgery. Bio-
film was detected in 24 of 30.13

Bacterial sinusitis is acknowledged as a cause of chronic
cough in a pulmonary CPG.44,45 It is difficult to believe that
bacteria aspirated from the sinuses could not be a source of pul-
monary infection, although this assertion is not established. A
prospective randomized study performed in the ICU found
a link between maxillary sinusitis and pneumonia.46 NH resi-
dents may have additional risk factors driving the development
of sinusitis. Oropharyngeal dysphagia can produce regurgita-
tion into the nasopharynx. Regurgitated material from
GERD is also acknowledged in a CPG as a possible cause of
sinusitis.49 It is conceivable that nasopharyngeal regurgitation
originating in the oropharynx or stomach could be an addi-
tional cause of chronic sinusitis in NH residents. In addition,
nasogastric (NG) tubes may interfere with sinus drainage
and have been identified as a risk factor for radiographic
sinusitis.47,48
72 Drinka
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Japanese investigators randomized 184 residents to an in-
tense oral hygiene program and compared them to 182 con-
trols. The intervention group had their teeth brushed and
mucosa wiped (sometimes with an antiseptic) after each
meal as well as weekly cleaning by a hygienist. Over 2 years,
pneumonia occurred in 21 oral care subjects with 14 deaths
compared with pneumonia in 34 controls with 30 deaths
(P \ .05). Edentate residents also benefited, underscoring
the need to clean the dentures, tongue, and mucosa as well
as the teeth.50 The intervention applied in this study would
admittedly require resources beyond those available in most
facilities; however, the study does provide ‘‘Proof of Princi-
ple.’’ A smaller, 24-month, randomized study that included
only weekly hygienist cleaning reported similar results. A
later 6-month study by the same group reported that dental
hygiene significantly lowered the risk of influenza diagnosed
by rapid test in elderly outpatients.16 A promising clinical ex-
perience was recently reported from an American NH. A cer-
tified nursing assistant position was dedicated to provide oral
care to residents with abnormal mental status and/or aspira-
tion potential. The authors reported that plaque and debris
usually covered two thirds of the surface of the teeth of resi-
dents who did not receive focused oral cleaning. A subse-
quent analysis revealed that pneumonia mortality in the
high-risk intervention group was the same as that of a low-
risk nonintervention group from the same facility.51

Incapacitated residents may not tolerate or allow care-
givers to clean their teeth and mouth. This task is labor inten-
sive and requires the use of gloves and barriers to prevent
splatter. The use of a rechargeable battery-powered tooth-
brush might be expected to diminish caregiver fatigue and
lessen the likelihood of oral trauma or gagging secondary to
poorly controlled caregiver movement during manual brush-
ing. If the device is not turned off before exiting the mouth
the caregiver may/will be splattered. These devices have
not been formally evaluated in the NH. In healthy subjects
battery-powered toothbrushes have reduced plaque scores
by 40% and staining by 50% compared with traditional man-
ual brushing.52

Another promising labor saving ‘‘technology’’ is the use of
xylitol or sorbitol, ‘‘sugar-free’’ sweeteners, in the form of gum
or hard candy. These products stimulate salivation and swal-
lowing. The value of salivation and clearance of saliva was
discussed earlier in this article. In one 18-month study, the
use of xylitol-sweetened hard candy decreased plaque and
gingivitis scores by 20% in disabled children.53 Xylitol pre-
vented caries more effectively than sorbitol in elderly vet-
erans; however, there was no difference between xylitol and
sorbitol regarding gingival or plaque index.54,55

Short-term topical application of antibiotics or antiseptics
has proven efficacy preventing pneumonia in hospitalized pa-
tients. Chlorhexidine mouthwash (0.12%) applied twice
a day with a sponge decreased respiratory infection by 69%
in 173 patients versus 180 controls undergoing cardiac sur-
gery.56 Chlorhexidine may have a bad taste and stain teeth.
A meta-analysis of 7 randomized studies of intubated patients
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treated with topically applied antiseptics revealed that the
relative risk of pneumonia was reduced to 0.56. The best re-
sults were obtained in surgical and trauma patients. This find-
ing raises the possibility that topical application of antiseptics
may have a more limited effect if plaque is well established
and not debrided.32,57 Of course, caregivers cleaning an envi-
ronmental body fluid spill are trained to remove visible body
fluid contamination followed by application of an antiseptic.

In 2004 the CDC published ‘‘Guidelines for Preventing
Health Care Associated (HCA) Pneumonia.’’58 The topical
application of chlorhexidine 0.12% was recommended perio-
peratively during cardiac surgery. In addition long-term care
facilities were encouraged to implement an oral hygiene pro-
gram that might include an antiseptic.56,58 The mouth is
a source of HCA pneumonia, ‘‘clean it’’! Caregivers do not al-
low rotting organic debris to elicit an inflammatory reaction
on the buttock. It’s important to maintain the same standard
for the mouth, which drains directly into the lungs, especially
in the presence of oropharyngeal dysphagia.
PREVENTION/OROPHARYNGEAL DYSPHAGIA

When NH workers hear the word ‘‘aspiration,’’ the first
thing (perhaps only thing) that comes to mind is the speech
language pathologist and oropharyngeal dysphagia. Although
this is an important part of the aspiration spectrum, I hope
this article serves to broaden the approach to this compli-
cated topic. Many of the swallowing interventions used by
speech pathologists in NH residents with dysphagia lack suf-
ficient evidence. Admittedly there are other interventions
applied to residents by physicians and occupational and phys-
ical therapists that are not evidence based.

A large randomized clinical trial that included 711 patients
with dementia and/or Parkinson’s disease who aspirated thin
liquids was recently reported. During a radiographic video
fluoroscopic evaluation, chin tuck alone demonstrated 32%
efficacy preventing thin liquid aspiration compared with
37% for ‘‘nectar’’ (tomato juice) thick liquids and 47% for
‘‘honey’’ thick liquids.66 The speed of bolus movement is re-
duced as liquids become thicker allowing some patients to
better control the bolus. During a subsequent 3-month ran-
domized intervention of 504 patients, pneumonia occurred
in 15% of those randomized to ‘‘honey’’ thick liquids, 8% in
the ‘‘nectar’’ thick group, and 9% in the chin tuck group.
The results were not statistically significant. The trial was ter-
minated on the basis of a futility analysis. Of those who devel-
oped pneumonia, median length of hospital stay was 18 days
in those drinking ‘‘honey’’ thick liquids, 6 days in those as-
signed to chin tuck, and 4 days in those drinking ‘‘nectar’’
thick liquids. Thickened liquids were associated with dehy-
dration in 6% compared with 2% in the group randomized
to chin tuck. The authors state that in addition to the possi-
bility of being unpalatable and diminishing quality of life,
that thickened liquids require greater strength to propel and
could be more difficult to clear if aspirated. The cost of 1
month of thickened liquids is approximately $200.68,69 In ad-
dition, another author contends that the chin tuck maneuver
could decrease the higher contraction pressures needed to
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swallow a thick bolus and be a problem in patients with mus-
cle weakness such as amyotrophic lateral sclerosis.67

In 1999, the Centers for Medicare and Medicaid Services
(CMS) reviewed the efficacy of swallowing evaluations ap-
plied during acute cerebrovascular accident (CVA). ‘‘Treat-
ment may yield dramatic reductions in pneumonia rates
based on historical studies. The magnitude is difficult to de-
termine. However, the effects are substantial and must be
taken as evidence of efficacy,’’70 This conclusion applies to
a situation in which temporary restriction of oral intake
may be followed by rapid recovery of swallowing function.

The application of speech pathology swallowing interven-
tion in NH residents is controversial. In my opinion, consid-
ering consultation should be a standard of care especially in
acute CVA, patients with deterioration during acute revers-
ible medical illness, and patients who can follow instructions
and perform therapeutic exercise. Therapeutic lingual exer-
cise has been followed by reduced aspiration.59

The lessons learned during the previously cited randomized
studies should be familiar to clinicians during trials of chin
tuck or thickened liquids. Trials of a swallowing intervention
might also focus on hydration, nutritional status, and the dis-
comfort of aspiration events.

Compensatory swallowing interventions (chin tuck, thick-
ened liquids) are not likely to improve swallowing secretions
between meals, a time when a large proportion of infected se-
cretions may be aspirated. Possible between-meal interven-
tions include positioning on the side to drain the mouth
(cardiopulmonary resuscitation [CPR] recovery position)
and to avoid hyperextension of the neck (a significant risk
factor in one study).71 Oral suction may be useful in some res-
idents. Five trials of subglottic suction in intubated patients
showed a risk reduction to 0.51.72

A number of medical therapies have been proposed to pre-
vent pharyngeal aspiration. Angiotensin-converting enzyme
(ACE) inhibitors increase Substance P, a neurotransmitter
implicated in cough and swallowing.60,75 A randomized
4-year trial of the ACE inhibitor, perindopril, in patients
with prior stroke or transient ischemic attack, failed to prevent
pneumonia. However, when the Asian population (n 5 2300)
was analyzed separately, pneumonia was reduced 47%.76 An
excellent review of this topic was recently published.75

CLEARANCE OF ASPIRATED SECRETIONS: COUGH
AND MOBILITY

Residents with oropharyngeal dysphagia may have associ-
ated deficits that interfere with clearing secretions following
tracheal aspiration, including cough and mobility impairment.
Patients with Parkinson’s disease or those with aspiration
pneumonia demonstrated decreased frequency of involuntary
swallowing (based on observation and electro myogram),
cough reflex sensitivity (irritant aerosol), and peak flow with
cough.60–63 The cough reflex may also be depressed following
stroke or in the presence of diabetic autonomic neuropathy.64

Like swallowing, cough is a complex motor act that requires
a deep inspiration followed by a forced expiration initially
against a closed glottis. It is likely that many individuals with
oropharyngeal dysphagia also have impairment of the cough
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mechanism. This impairment requires greater consideration.64

In one interesting study performed in the ICU, a combined as-
sessment of cough peak flow (peak flow meter), volume of se-
cretions, and mental status predicted the success of
extubation.65 Residents could be prompted to cough and
take deep breaths. Early mobilization in community-acquired
pneumonia reduced length of hospital stay 1.1 days.74 A
meta-analysis of ‘‘mobilization’’ in the ICU was conducted. Fif-
teen randomized trials of oscillating beds showed a risk reduc-
tion in the incidence of pneumonia to 0.38.73

ASPIRATION OF GASTRIC CONTENTS

GERD/regurgitation is acknowledged by pulmonary and al-
lergy CPGs as a possible cause of cough, asthmatic bronchitis
and sinusitis.44,49,77,78 In one study, 35% of deaths attributed
to GERD were from aspiration.79 However a strong associa-
tion between GERD and pneumonia is controversial. Aspi-
rated gastric contents may contain food, acid, enzymes, or
colonizing microbes. Gastric bacterial colonization by oral
flora (including GNRs and S aureus) is facilitated by achlor-
hydria and stasis (gastroparesis, bowel obstruction). The
stomach is probably an incubator for oral bacteria.37,80 Proton
pump inhibitors (PPI), H2 blockers, and antacids do not pre-
vent reflux or aspiration.81,82 Rather, they prevent the aspira-
tion of acid, possibly replaced by pH-neutral regurgitated
material colonized with bacteria.37,83–85 In a case-control
study, current PPI use increased the risk of pneumonia in out-
patients 1.9 times versus those who stopped the PPI.86

Feeding tubes support the growth of biofilm. Israeli investi-
gators sampled pharyngeal and gastric secretions in 54 percuta-
neous endoscopic gastrostomy and 52 NG-fed residents.
Respiratory pathogens were isolated from the pharynx of ap-
proximately 60% and the gastric juice of approximately 50%
in both groups. However those with NG tubes were signifi-
cantly more likely to have gastric colonization with Pseudomo-
nas, Proteus, Escherichia coli, and B-hemolytic strep. The
concordance between oral and gastric isolation of pathogens
was higher in the NG group. Pathogens were more likely to
be isolated in the presence of neutral gastric pH.87

The best data on the bacteriology of aspiration pneumonia
in NH residents is that of El-Solh et al.88 Protected BAL was
performed within 4 hours of any antibiotic in 95 residents
with risk factors for pharyngeal aspiration or regurgitation.
In 41, clinicians failed to isolate bacteria (.103 colony form-
ing units/mL). These residents may have been affected by non
bacterial pneumonitis (acid, enzymes, food). Some cases of as-
piration ‘‘pneumonia’’ are initially noninfectious. Clinicians
should reevaluate the response to antibiotics and consider dis-
continuing therapy after a food/acid aspiration event if there
is rapid, complete recovery.2,3,89,90 If a significant proportion
of cases are noninfectious with rapid recovery, clinicians
could get the impression that ineffective antibiotics were ef-
fective.

Delayed gastric emptying can exacerbate reflux/regurgita-
tion. Gastrointestinal (GI) motility is neglected. The enteric
system is the largest collection of nerve cells outside the cen-
tral nervous system. Many of the pathologies that cause neu-
ropathy or dementia, such as diabetes mellitus (DM) and
74 Drinka
Parkinson’s disease, probably effect gastrointestinal motility.
Rectal distention, DM, uremia, cirrhosis, and inflammatory
cytokines slow gastric emptying.91–94 Delayed gastric empty-
ing occurs frequently in critically ill ICU patients. Critical ill-
ness should be expected to exacerbate or precipitate reflux.95

In my experience, fecal impaction is associated with pneumo-
nia.

PREVENTION/GASTRIC ASPIRATION

Reflux may be difficult to diagnose in the elderly. Only
24% of 175 patients older than 85 years with endoscopic
reflux esophagitis gave a history of heartburn or acid regurgi-
tation.96

Elevating the head of the bed 30 to 45 degrees decreased
the rate of pneumonia by 77% in intubated patients with
NG tubes.97 Elevating the head of the bed is a standard of
care in the ICU98; however, this position increases pressure
applied to the sacral skin.99 ICU clinicians may avoid gastric
distention by monitoring gastric residual volume with an NG
tube.90,100 In the NH, gastroparesis may present as nausea,
vomiting, regurgitation, abdominal distension, or a large gas-
tric air bubble on chest x-ray.

Japanese clinicians conducted small studies in NH resi-
dents to assess the effectiveness of interventions designed to
reduce gastric regurgitation and aspiration. Twenty-eight
bed-bound residents were placed in the sitting position for
2 hours after meals and compared with 34 controls. The inter-
vention group sustained 13 febrile days per patient over the
course of the 100-day study compared with 18 days in the con-
trol group (P\ . 05).101 In a second study, PEG-fed residents
with prior CVA were studied for 12 months. Thirty-eight
received mosapride, a promotility agent, verses 37 controls.
Forty-seven percent of the intervention group developed
pneumonia compared with 81% in the control group
(P 5 .004). In addition, mortality was 26% in the interven-
tion group compared with 59% in controls (P 5 .01).102

The lungs, sinuses, and intestines have a shared entrance.
Intensivists refer to this as the ‘‘aero-digestive tract.’’ Perhaps
humanity would be better served at the end of life if we had
developed a dorsal blowhole like the dolphin to separate
the respiratory tract from the biofilm-laden teeth and the
GI tract?

PREVENTION/MEDICATION TAPER

The American Thoracic Society ICU Guideline recom-
mends daily interruption or lightening of sedative agents to
mobilize secretions.98 Antipsychotics, sedatives, benzodiaze-
pines, and anticholinergics have been identified as risk factors
for aspiration pneumonia in elderly patients.71,103–108 Obvi-
ously the risk/benefit of these medications must be considered
before a monitored taper.

PULMONARY BIOFILM

Biofilm may form in the lungs in the presence of bronchiec-
tasis in which bronchi are dilated, inflamed, and drain poorly.
Causes include foreign body or gastric aspiration and nec-
rotizing pneumonia, relatively common conditions in the
NH.109 Currently the diagnosis of bronchiectasis requires
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Table 1. Aspiration Pneumonia Prevention

TAPER MEDS
Decrease salivation (slow bacterial clearance)
Impair swallowing
Facilitate reflux (relax lower esophageal sphincter,

slow gastric emptying)
Promote gastric colonization (antacids, slow gastric

emptying)
Depress / Weaken cough
Limit mobility

PREVENT ASPIRATION OF ORAL SECRETIONS / PROMOTE
CLEARANCE
Swallowing interventions
Positioning
Suction
Mobilization
Treat bronchospasm

ORAL HYGIENE
Cleaning by hygienist
Electric brush?
Xylitol / Sorbitol /Antiseptic

ANTI-REFLUX THERAPY
high-resolution computed tomography (CT). In one series,
29% of 110 patients with suspected chronic obstructive pul-
monary disease (COPD) (mean age 67) had bronchiectasis.110

In addition, a subset of individuals with severe COPD devel-
oped chronic relapsing Pseudomonas infection. In one investi-
gation, ongoing genetic drift toward resistance as well as
biofilm formation was noted in isolates from these patients.27

The frequency and extent of pulmonary biofilm in NH resi-
dents is unresolved. I would, however, encourage NH clini-
cians to consider chronic respiratory biofilm formation as
a cause of relapsing Pseudomonas, H influenzae, or S aureus
infection.9

CONCLUSION

Many residents are aspirating. Most have airway biofilm in
dental plaque and possibly in sinusitis or bronchiectasis. Po-
tential measures to prevent aspiration pneumonia are pre-
sented in Table 1. The selection of MDROs should be
expected when oral antibiotics are administered repeatedly
to individuals with recurrent aspiration and large collections
of bacteria in biofilm without ‘‘Source Control.’’

Clinicians are encouraged to consider the ‘‘big stuff,’’ in-
cluding (1) large and/or recurrent aspiration events caused
by 2 common motility disorders: oropharyngeal dysphagia
and gastro esophageal reflux; (2) mechanical source control
(debridement/drainage) of sites that may harbor large collec-
tions of bacteria protected from antibiotics in biofilm, includ-
ing dental plaque, coated tongue, and possibly chronic
sinusitis; and (3) Prevention of gastric bacterial colonization
by maintaining emptying and acidity. However, aspirated
gastric acid may also cause significant morbidity.
REFERENCES

1. Mylotte JM, Goodnough S, Gould M. Pneumonia versus aspiration

pneumonitis in nursing home residents: Prospective application of

a clinical algorithm. J Am Geriatr Soc 2005;53:755–761.

2. Marik PE. Aspiration pneumonitis and aspiration pneumonia. N Engl

J Med 2001;344:665–671.
CLINICAL PRACTICE IN LONG-TERM CARE
3. Loeb M, Bentley DW, Bradley S, et al. Development of minimum cri-

teria for the initiation of antibiotics in residents of long-term care

facilities: Results of a consensus conference. Infect Control Hosp Epi-

demiol 2001;22:120–124.

4. Matsue T, Oka T, Kida K, Fukuchi Y. Importance of diffuse aspiration

bronchiolitis caused by chronic occult aspiration in the elderly. Chest

1996;110:1289–1293.

5. Mukhopadhyay S, Katzenstein ALA. Pulmonary disease due to aspira-

tion of food and other particulate matter: A clinicopathological study

of 59 cases diagnosed on biopsy or resection specimens. Am J Surg

Pathol 2007;31:752–759.

6. Tobin RW, Pope CE, Pellegrini CA, et al. Increased prevalence of gas-

troesophageal reflux in patients with idiopathic pulmonary fibrosis.

Am J Respir Crit Care Med 1998;158:1804–1808.

7. Drinka PJ, Crnich CJ. Pneumonia in the nursing home. J Am Med Dir

Assoc 2005;6:342–350.

8. Potera C. Forging a link between biofilms and disease. Science 1999;

283:1837–1839.

9. Prince AA, Steiger JD, Khalid AN, et al. Prevalence of biofilms-

forming bacteria in chronic rhinosinusitis. Am J Rhinol 2008;22:

239–245.

10. Gander S. Bacterial biofilms: Resistance to antimicrobial agents. J Anti-

microb Chemother 1996;37:1047–1050.

11. Kobayashi H. Airway biofilms: Implications for pathogenesis and ther-

apy of respiratory tract infections. Treat Respir Med 2005;4:241–253.

12. Psaltis AJ, Weitzel EK, Ha KR, Wormaid PJ. The effect of bacterial bio-

films on post-sinus surgical outcomes. Am J Rhinol 2008;22:1–6.

13. Sanclement JA, Webster P, Thomas J, Ramadan HH. Bacterial biofilms

in surgical specimens of patients with chronic rhinosinusitis. Laryngo-

scope 2005;115:578–582.

14. Nalcaci R, Baran I. Oral malodor and removable complete dentures in

the elderly. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2008;

105:e5–9.

15. Bendouah Z, Barbeau J, Hamad WA, Desrosiers M. Biofilm formation

by S aureus and P aeruginosa is associated with an unfavorable evolution

after surgery for chronic sinusitis and nasal polyps. J Otolaryngol Head

Neck Surg 2006;134:991–996.

16. Adachi M, Ishihara K, Abe S, Okuda K. Professional oral health care by

dental hygienists reduced respiratory infections in elderly persons re-

quiring nursing care. Int J Dent Hygiene 2007;5:69–74.

17. Kilty SJ, Desrosiers MY. The role of bacterial biofilms and the patho-

physiology of chronic rhinosinusitis. Curr Allergy Asthma Rep 2008;

8:227–233.

18. Van Delden C, Iglewski BH. Cell-to-cell signaling and Pseudomonas

aeruginosa infections. Emerg Infect Dis 1998;4:551–560.

19. Jeong JH, Lee DW, Ryu RA, Lee YS. Bacteriologic comparison of tonsil

core in recurrent tonsillitis and tonsillar hypertrophy. Laryngoscope

2007;117:2146–2151.

20. Donlan RM. Biofilm formation: A clinically relevant microbiological

process. Clin Infec Dis 2001;33:1387–1392.

21. Smith K, Hunter IS. Efficacy of common hospital biocides with biofilms

of MDRO. J Med Microbiol 2008;57:966–973.

22. Thomas JK, Forrest A, Bhavnani SM, et al. Pharmacodynamic evalua-

tion of factors associated with the development of bacterial resistance in

acutely ill patients during therapy. Antimicrob Agents Chemother

1998;42:521–527.

23. Kollef MH. Silver-coated endotracheal tubes and incidence of ventila-

tor-associated pneumonia. JAMA 2008;300:805–813.

24. Rodrigues RMJ. Antibiotic resistance profile of the subgingival micro-

biota following systemic or local tetracycline therapy. J Clin Periodon-

tal 2004;31:420–427.

25. Feres M. Antibiotic resistance of subgingival species during and after

antibiotic therapy. J Clin Periodontal 2002;29:724–735.

26. Kwon AS, Park GC, Ryu SY, et al. Higher biofilms formation in multi-

drug-resistant clinical isolates of Staphylococcus aureus. Int J Antimicrob

Agents 2008;32:68–72.

27. Martinez-Solano L, Macia MD, Fajardo A, et al. Chronic Pseudomonas

aeruginosa infection in COPD. Clin Infect Dis 2008;47:1526–1533.
Drinka 75



28. Paju S, Scannapieco FA. Oral biofilms, perodontitis, and pulmonary

infections. Oral Dis 2007;13:508–512.

29. Russell SL, Boylan RJ, Kaslick RS, et al. Respiratory pathogen coloni-

zation of the dental plaque of institutionalized elders. Spec Care Dentist

1999;19:128–134.

30. Finegold SM. Anaerobic bacteria: General concepts. In: Mandell GL,

Bennett JE, Dolin R, eds. Mandell, Douglas, and Bennett’s Principles

and Practices of Infectious Diseases. 5th ed. Philadelphia, PA: Church-

ill Livingston; 2000. p. 2519–2537.

31. Shay K. Infectious complications of dental and periodontal diseases in

the elderly population. Clin Infect Dis 2002;34:1215–1223.

32. Raghavendran K, Mylotte JM, Scannapieco FA. NH associated pneu-

monia, hospital acquired pneumonia and VAP: The contribution of

dental biofilms and periodontal inflammation. Periodontal 2000

2007;44:164–177.

33. Palmer LB, Albulak K, Fields S, et al. Oral clearance and pathogenic

oropharyngeal colonization in the elderly. Am J Respir Crit Care

Med 2001;64:464–468.

34. Dal Nogare AR, Toews GB, Pierce AK. Increased salivary elastase pre-

cedes gram-negative bacillary colonization in postoperative patients.

Am Rev Respir Dis 1987;135:671–675.

35. Estes RJ, Meduri GU. The pathogenesis of ventilator-associated pneu-

monia: Mechanisms of bacterial transcolonization and airway inocula-

tion. Intensive Care Med 1995;21:365–383.

36. Hota S, Hirji Z, Stockton K, Lemieux C. Outbreak of multidrug-

resistant Pseudomonas aeruginosa colonization and infection secondary

to an imperfect ICU room design. Infect Control Hosp Epidemiol

2009;30:25–33.

37. Safdar N, Crnich CJ, Maki DG. The pathogenesis of ventilator associ-

ated pneumonia: Its relevance to developing effective strategies for pre-

vention. Respir Care 2005;50:725–739.

38. El-Solh AA, Pietrantoni C, Bhat A, et al. Colonization of dental pla-

ques: A reservoir of respiratory pathogens for hospital-acquired pneu-

monia in institutionalized elders. Chest 2004;126:1575–1582.

39. Terpenning MS, Taylor GW, Lopatin DE, et al. Aspiration pneumonia:

Dental and oral risk factors in an older veteran population. J Am Ger-

iatr Soc 2001;49:557–563.

40. Munro CL, Grap MJ, Elswick RK, et al. Oral health and development of

VAP. Am J Crit Care 2006;15:453–460.

41. Koshimune S, Awano S, Gohara K, et al. Low salivary flow and volatile

sulfur compounds. Oral Surg Oral Med Oral Pathol Oral Radiol Endod

2003;96:38–41.

42. Almstahl A, Wikstrom M. Microflora in oral ecosystems in subjects

with hyposalivation due to medicines or of unknown origin. Oral

Health Prev Dent 2005;3:67–76.

43. La Force FM, Thompson B, Trow R. Effect of atropine on oral clearance

of a radiolabeled sulfur colloid. J Lab Clin Med 1984;104:693–697.

44. Palombini BC, Villanova CA, Araujo E, et al. A pathogenic triad in

chronic cough: Asthma, postnasal drip syndrome, and gastroesophageal

reflux disease. Chest 1999;116:279–284.

45. Pratter MR. Chronic upper airway cough syndrome secondary to rhino-

sinus diseases: ACCP evidenced based clinical practice guideline. Chest

2006;129:63S–71S.

46. Holzapfel L, Chastang C, Demingeon G, et al. A randomized study as-

sessing the systematic search for maxillary sinusitis in nasotracheally

mechanically ventilated patients. Influence of nosocomial maxillary

sinusitis on the occurrence of ventilator-associated pneumonia. Am J

Respir Crit Care Med 1999;159:695–701.

47. Rouby JJ, Laurent P, Gosnach M, et al. Risk factors and clinical rele-

vance of nosocomial maxillary sinusitis in the critically ill. Am J Respir

Crit Care Med 1994;150:776–783.

48. Desmond P, Raman R, Idikula J. Effect of nasogastric tubes on the nose

and maxillary sinus. Crit Care Med 1991;19:509–511.

49. Slavin RG, Spector SL, Bernstein IL. Sinusitis Update Workgroup,

Joint Task Force Reviewers. The diagnosis and management of sinusitis:

A practice parameter update. J Allergy Clin Immunol 2005;116:

S13–47.
76 Drinka
50. Yoneyama T, Yoshida M, Ohrui T, et al., Members of the Oral Care

Working Group. Oral care reduces pneumonia in older patients in nurs-

ing homes. J Am Geriatr Soc 2002;50:430–433.

51. Bassim CW, Gibson G, Ward T, et al. Modification of the mortality risk

of pneumonia with oral hygiene. J Am Geriatr Soc 2008;56:1601–1607.

52. Kugel G, Boghosian AA. Effects of the sonicare toothbrush for specific

indications. Compend Contin Educ Dent 2002;23:11–14.

53. Shyama M, Honkala E, Honkala S, Al-Mutawa SA. Effect of xylitol

candies on plaque and gingival indices in physically disabled school

pupils. J Clin Dent 2006;17:17–21.

54. Makinen KK, Pemberton D, Makinen PL, et al. Polyol-combinant

saliva stimulants and oral health in VA patients. Spec Care Dentist

1996;16:104–115.

55. Simons D, Brailsford SR, Kidd EAM, Beighton D. The effect of medi-

cated chewing gums on oral health in frail older people: A 1-yr clinical

trial. J Am Geriatr Soc 2002;50:1348–1353.

56. De Riso AJ, Ladowski JS, Dillon TA, et al. Chlorhexidine gluconate

0.12% oral rinse reduces the incidence of total nosocomial respiratory

infection and nonprophylactic systemic antibiotic use in patients un-

dergoing heart surgery. Chest 1996;109:1556–1561.

57. Chan EY, Ruest A, Meade MO, Cook DJ. Oral decontamination for

prevention of pneumonia in mechanically ventilated adults: Systematic

review and meta-analysis. BMJ 2007;334:889–893.

58. Centers for Disease Control and Prevention. Guidelines for prevention

of nosocomial pneumonia. MMWR Morbid Mortal Wkly Rep 2004;53:

1–36.

59. Robins J, Kays S, Gangnon R, Hewitt A, et al. The effects of lingual ex-

ercise on stroke patients with dysphagia. Arch Phys Med Rehab 2007;

88:150–158.

60. Ebihara S, Hiroshi S, Kanda A, et al. Impaired efficacy of cough in

patients with Parkinson disease. Chest 2003;124:1009–1015.

61. Sekizawa K, Ujiie Y, Itabashi S, et al. Lack of cough reflex in aspiration

pneumonia [letter]. Lancet 1990;335:1228–1229.

62. He M, Ohrui T, Azumi M, et al. Depressed involuntary swallowing and

risk of pneumonia. J Am Geriatr Soc 2004;52:1032–1033.

63. Yamanda S, Ebihara S, Ebihara T, et al. Impaired urge-to-cough in

elderly patients with aspiration pneumonia. Cough 2008;4:11–15.

64. Widdicombe J, Singh V. Physiological and pathophysiological down-

regulation of cough. Respir Physiol Neurobiol 2006;150:105–117.

65. Salam A, Tillukdharry L, Amoateng-Adjepong Y, Manthous CA. Neu-

rologic status, cough, secretions, and extubation status. Intensive Care

Med 2004;30:2231–2237.

66. Logemann JI, Gensler G, Robbins J, et al. A randomized study of three

interventions for aspiration of thin liquids in patients with dementia or

Parkinson’s. Res 2008;51:173–183.

67. Bulow M, Olsson R, Ekberg O. Videomanometric analysis of supraglot-

tic swallow, effortful swallow, and chin tuck in healthy volunteers. Dys-

phagia 1999;14:67–72.

68. Robins J, Gensler G, Hind J, et al. Comparison of two interventions for

liquid aspiration pneumonia incidence. Ann Intern Med 2008;148:

509–518.

69. Campbell-Taylor I. Oral pharyngeal dysphagia in LTC: Misperceptions

of treatment efficacy. J Am Med Dir Assoc 2008;9:523–531.

70. Diagnosis and treatment of swallowing disorders (dysphagia) in acute-care

stroke patients. Summary, evidence report/technology assessment: Num-

ber 8, March 1999. Available at: http://www.ahrq.gov/clinic/epcsums/

dysphasum.htm. Accessed February 22, 2005.

71. Pick N, McDonald A, Bennett N, et al. Pulmonary aspiration in a long-

term care setting: Clinical and laboratory observations and an analysis

of risk factors. J Am Geriatr Soc 1996;44:763–768.

72. Dezfulian C, Shojania K, Collard HR, et al. Subglottic secretion drain-

age for preventing ventilator-associated pneumonia: A meta-analysis.

Am J Med 2005;118:11–18.

73. Delaney A, Gray H, Laupland KB, Zuege DJ. Kinetic bed therapy to

prevent nosocomial pneumonia in mechanically ventilated patients:

A systematic review and meta-analysis. Crit Care 2006;10:R70.

74. Mundy LM, Leet TL, Darst K, et al. Early mobilization of patients hos-

pitalized with community-acquired pneumonia. Chest 2003;124:

883–889.
JAMDA – January 2010

http://www.ahrq.gov/clinic/epcsums/dysphasum.htm
http://www.ahrq.gov/clinic/epcsums/dysphasum.htm


75. El Solh AA, Saliba R. Pharmacologic prevention of aspiration pneumo-

nia. Am J Geriatr Pharmacother 2007;5:352–362.

76. Ohkubo T, Chapman N, Neal B, et al., for the Perindopril Protection

Against Recurrent Stroke Study Collaborative Group. Effects of an an-

giotensin-converting enzyme inhibitor-based regimen on pneumonia

risk. Am J Respir Crit Care Med 2004;169:1041–1045.

77. Irwin RS. Chronic cough due to gastroesophageal reflux disease: ACCP

evidence-based clinical practice guidelines. Chest 2006;129:80S–94S.

78. Terada K. Impact of GERD symptoms on COPD exacerbation. Thorax

2008;63:951–955.

79. Rantanen TK, Salo JA. Gastroesophageal reflux disease as a cause of

death: Analysis of fatal cases under conservative treatment. Scand J

Gastroenterol 1999;34:229–233.

80. Garrouste-Orgeas M, Chevret S, Arlet G, et al. Oropharyngeal or gas-

tric colonization and nosocomial pneumonia in adult intensive care

unit patients. Am J Respir Crit Care Med 1997;156:1647–1655.

81. Tamhankar AP, Peters JH, Portale G, et al. Omeprazole does not reduce

gastroesophageal reflux: New insights using multichannel intraluminal

impedance technology. J Gastrointest Surg 2004;8:890–898.

82. Vela MF, Camacho-Lobato L, Srinivasan R, et al. Simultaneous intra-

esophageal impedance and pH measurement of acid and nonacid gas-

troesophageal reflux: Effect of omeprazole. Gastroenterology 2001;

120:1599–1606.

83. Bonten MJM, Gaillard CA, Ven Der Geest S, et al. The role of intra-

gastric acidity and stress ulcer prophylaxis on colonization and infection

in mechanically ventilated ICU patients. Am J Respir Crit Care Med

1995;152:1825–1834.

84. Thorens J, Froehlich F, Schwizer W, et al. Bacterial overgrowth during

treatment with omeprazole compared with cimetidine: A prospective

randomised double blind study. Gut 1996;39:54–59.

85. Sanduleanu S, Jonkers D, de Bruine A, et al. Non-Helicobacter pylori

bacterial flora during acid-suppressive therapy: Differential findings in

gastric juice and gastric mucosa. Aliment Pharmacol Ther 2001;15:

379–388.

86. Laheij RJF, Sturkenboom MCJM, Hassing RJ, et al. Risk of community-

acquired pneumonia and use of gastric acid-suppressive drugs. JAMA

2004;292:1955–1960.

87. Segal R, Dan M, Pogoreliuf I, Liebovitz A. Pathogenic colonization of

the stomach in enterally fed elderly patients. J Am Geriatr Soc 2006;

54:1905–1908.

88. El-Solh AA, Pietrantoni C, Bhat A, et al. Microbiology of severe aspi-

ration pneumonia in institutionalized elderly. Am J Respir Crit Care

Med 2003;167:1650–1654.

89. el Moussaoui R, de Borgie CAJM, van den Broak P, et al. Effectiveness

of discontinuing antibiotic treatment after three days versus eight days

in mild to moderate-severe community acquired pneumonia: Random-

ized, double blind study. BMJ 2006;332:1355–1362.

90. Micek ST, Ward S, Fraser VJ, Kollef MH. A randomized controlled trial

of an antibiotic discontinuation policy for clinically suspected ventila-

tor-associated pneumonia. Chest 2004;125:1791–1799.

91. Shing-Shing Y, Blackwood K, Schuster MW. The cytokine basis of

cachexia and its treatment: Are they ready for prime time? J Am Med

Dir Assoc 2008;10:219–236.
CLINICAL PRACTICE IN LONG-TERM CARE
92. Patrick A, Epstein O. Review Article: Gastroparesis. Aliment Pharma-

col Ther 2008;27:724–740.

93. Youle MS, Read NW. Effect of painless rectal distension on GI transit

on a solid meal. Dig Dis Sci 1984;29:902–906.

94. Coremans G, Geypens B, Vos R, et al. Influence of continuous isobaric

distension on gastric emptying and small bowel transit in young healthy

women. Neurogastroenterol Motil 2004;16:107–111.

95. Nguyen NQ, Fraser RJ, Bryant LK, et al. Diminished functional associ-

ation between proximal and distal gastric motility in critically ill pa-

tients. Intensive Care Med 2008;34:1246–1255.

96. Pilotto A, Franceschi M, Leandro G, et al. Clinical features of reflux

esophagitis in older people: A study of 840 consecutive patients.

J Am Geriatr Soc 2006;54:1537–1542.

97. Drakulovic MB, Torres A, Bauer TT, et al. Supine body position as

a risk factor for nosocomial pneumonia in mechanically ventilated

patients: A randomised trial. Lancet 1999;354:1851–1858.

98. Guidelines for the management of adults with hospital-acquired, venti-

lator-associated, and healthcare-associated pneumonia. Am J Respir

Crit Care Med 2005;117:388–416.

99. Peterson M, Schwab W, McCutcheon K, et al. Effects of elevating the

head of the bed on interface pressure in volunteers. Crit Care Med 2008;

36:3038–3042.

100. Coffin SE, Klompas M, Classen D, Arias KM. Strategies to prevent VAP

in acute care hospitals: SHAE/IDSA Practice recommendation. Infect

Control Hosp Epidemiol 2008;29:S31–40.

101. Matsui T, Yamaya M, Ohrui T, et al. Sitting position to prevent aspira-

tion in bed-bound patients [letter]. J Am Geriatr Soc 2007;55:142–144.

102. He M, Ohrui T, Ebihara T, et al., and the Pneumonia Prevention Study

Group. Mosapride citrate prolongs survival in stroke patients with gas-

trostomy. J Am Geriatr Soc 2007;55:142–144.

103. Sokoloff L, Pavlakovic R. Neuroleptic-induced dysphagia. Dysphagia

1997;12:177–179.

104. Food and Drug Administration. Public Health Advisory. Available at:

www.fda.gov/cder/drug/advisory/antipsychotics.htm. Accessed July 14,

2005.

105. Knol W, van Marum RJ, Jansen PAF, et al. Antipsychotic drug use and

risk of pneumonia in elderly people. J Am Geriatr Soc 2008;56:

661–666.

106. Setoguchi S. Potential causes of higher mortality in elderly users of con-

ventional and atypical antipsychotic medication. J Am Geriatr Soc

2008;56:1644–1650.

107. Vergis EN, Brennen C, Wagener M, Muder RR. Pneumonia in long-

term care: A prospective case-control study of risk factors and impact

on survival. Arch Intern Med 2001;161:2378–2381.

108. Marrie TJ. Pneumonia in the long-term care facility. Infect Control

Hosp Epidemiol 2002;23:159–164.

109. Baydarian M, Walter RN. Bronchiectasis: Introduction, etiology, and

clinical features. Dis Mon 2008;54:516–526.

110. O’Brien Guest PJ, Hill SL, Stockley RA. Physiological and radiological

characterization of patients diagnosed with COPD in primary care.

Thorax 2000;55:635–642.
Drinka 77

http://www.fda.gov/cder/drug/advisory/antipsychotics.htm

	Preventing Aspiration in the Nursing Home: The Role of Biofilm and Data from the ICU
	Clinical Aspiration Syndromes
	Source Control-Biofilm
	Pharynx
	Prevention/Oral Care
	Prevention/Oropharyngeal Dysphagia
	Clearance of Aspirated Secretions: Cough and Mobility
	Aspiration of Gastric Contents
	Prevention/Gastric Aspiration
	Prevention/Medication Taper
	Pulmonary Biofilm
	Conclusion
	References


