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Abstract.

Morbidity and mortality from aspiration pneumonia continues to be a major health

problem in the elderly. A swallowing disorder, such as a delayed triggering of the swallowing re-
flex, exists in patients with aspiration pneumonia. We found that the swallowing reflex in elderly
people was temperature-sensitive. The swallowing reflex was delayed when the temperature of the
food was close to body temperature. The actual swallowing time shortened when the temperature
difference increases. The improvement of swallowing reflex by temperature stimuli could be me-
diated by the temperature-sensitive transient receptor potential (TRP) channel. The administration
of a pastille with capsaicin as an agonist stimulus of TRPV1, a warm-temperature receptor, de-
creased the delay in swallowing reflex. Food with menthol, an agonist of TRPMS, a cold-temper-
ature receptor, also decreased the delay in swallowing reflex. Olfactory stimulation such as black
pepper was useful to improve the swallowing reflex for people with low activity of daily living
(ADL) levels or with decreased consciousness. Oral care also shortened the latent time of swal-
lowing reflex presumably due to stimulating the nociception of the oral cavity. A combination of
these sensory stimuli may improve the swallowing disorders and prevent aspiration pneumonia.
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1. Introduction

The demographic trend in both developed and devel-
oping countries is moving towards a society with an in-
creasing percentage of people above 65 years of age (1).
More significant will be the shift in composition of the
elderly population over the 4 decades towards more
people above 80 years of age, attributed to increased life
expectancy and the baby-boomer generation passing the
age of 65 years. Therefore, it is important to draw special
attention to this generation in terms of their specific
health and management (2). Medicines and medication
management are much more complex and challenging in
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the elderly than younger adults due to the age-associated
change of homeostatic mechanisms, the co-morbidity,
and the increasing number of the drugs for the treatment
of different conditions. Medication of the elderly will not
only be judged by their efficacy to treat disease condi-
tions, but also should be judged on their ability to manage
the disease by reducing morbidity and mortality (3).
Moreover, in addition to the scientific aspect of the el-
derly, research on the social aspects such as needs of the
elderly and health care system for the elderly are war-
ranted (4).

Pneumonia is a major medical problem in the elderly.
The mean age of hospitalized patients with community-
acquired pneumonia is usually around 65 years, an age
that is considered the onset of old age (5). Consequently,
about 50% of admitted patients with pneumonia can be
defined as elderly. Moreover, about 20% are older than
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75 — 80 years and have been deemed very elderly patients.
In patients with dementia and in very old people, aspira-
tion was the commonest cause of pneumonia (6, 7). In a
multicenter prospective study, the incidence of aspiration
pneumonia was 80.1% (306/382) among hospitalized
Japanese patients aged >70 years (8). Therefore, it is
proposed that most pneumonia in the very old is aspira-
tion pneumonia. Aspiration pneumonia results from the
aspiration of colonized oropharyngeal or gastric contents,
leading to an infectious process. The high rate of aspira-
tion in the elderly presumably is related to an increased
incidence of dysphagia due to strokes and other degen-
erative neurologic diseases (9).

2. Bacteriology of aspiration pneumonia — normal
flora pneumoniae

Data about microbiological diagnosis of aspiration
pneumonia are disparate for the following three reasons:
First, several studies enrolled patients relatively late,
when complications such as necrotizing pneumonia, lung
abscess, or empyema had already occurred; and in these
patients, anaerobic organisms were found to be the pre-
dominant pathogens isolated alone or with aerobes (10,
11), whereas most common pathogens isolated in rela-
tively early enrolled patients with aspiration pneumonia
are Streptococcus pneumonia, gram-negative bacilli,
anaerobes, and Staphylococcus aureus (12). Second, in
many cases, it is impossible to isolate the responsible
pathogens. Mier et al. (13) studied the bacteriology of
early aspiration pneumonia with the use of protected
brushing. Positive results were obtained for only 9 of 42
patients (47%). In another study, the cultures were posi-
tive in 60% of patients (14). Notably, significant isolation
of anaerobic bacteria in patients suffering from lower
respiratory tract infection is difficult because it requires
specific sampling techniques, adequate transport condi-
tions, and specific growth media. Third, and this might
be most crucial, the diagnosis of aspiration pneumonia is
not really certain in many studies.

Although, to date, there are several studies describing
the microbiology of aspiration pneumonia (12, 14), in
these studies, the criteria for dysphagia is not really clear.
Recently, aspiration pneumonia was defined by the Japa-
nese Study Group on Aspiration Pulmonary Disease as
pneumonia in a patient with predisposition to aspiration
because of dysphagia or swallowing disorders (8). We
diagnosed one aspect of dysphagia by evaluating swal-
lowing reflex sensitivity. This type of dysphagia is
known to be closely related to silent aspiration. Here, the
swallowing dysfunction was assessed by evaluating the
latent time of the swallowing reflex, induced by an injec-
tion of a 1 ml solution into the pharynx (15), and the

etiology of aspiration pneumonia was investigated (16).
We found that most of the cases in this study with aspira-
tion pneumonia could not show obvious respiratory
pathogens. When we highlighted bacteria representing
more than 10° cfu/ml, which are more likely to be a
pathogen, 31 patients did not show more than 10° cfu/ml
bacteria. Among the bacteria that represent more than
10 cfu/ml, the normal flora is still dominant bacteria
with a detected ratio reaching 48.4% (16). Figure 1 shows
the detected ratio of bacteria that represent more than 10°
cfu/ml. It ought to be noted that even normal flora should
not present in tracheal fluid. Therefore, the pathogen of
aspiration pneumonia could be oral and/or pharyngeal
normal flora, suggesting that a large portion of aspiration
pneumonia is normal flora pneumonia. Therefore, in the
treatment of aspiration pneumonia, management of aspi-
ration may be of importance rather than choice of anti-
biotics (17).

This review is based on the symposium at the 83rd
Annual Meeting of The Japanese Pharmacological Soci-
ety held on March 17, 2010.

3. Management of food for aspiration

The management of elderly patients with dysphagia
requires an interdisciplinary team approach coordinated
by a number of health professionals, including the pa-
tients’ primary care physician, pulmonologist, speech
and language therapist, clinical dietitian, occupational
therapist, physiotherapist, nurse, and dentist, as well as
caregivers (9). The management should be directed to-
wards not only maintaining adequate nutrition and hydra-
tion but also to enhancing the quality of life by optimizing
the safety, efficiency, and effectiveness of oropharyngeal
swallowing. The management plan is developed accord-
ing to the clinical and instrumental assessment results.

However, the evidence available on the effectiveness
of many preventive strategies is limited. Although there
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Fig. 1. Detected ratio of bacteria representing more than 10° cfu/ml.
NA: Not applicable. The graph was constructed from the data of ref-
erence 16.
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are several medicines that modulate swallowing and
cough reflexes in the elderly (18 — 20), manipulation of
diet is one of the most common strategies facilitating
swallowing in dysphagic people. Patients vary in their
ability to swallow thin and thick liquids, semi-solids, and
solids. The consistency of patients’ food should be indi-
vidualized according to the findings from clinical testing.
Heretofore, dietary modification to help swallowing has
focused only on texture matters such as inconsistency
and thickness. We found several elements of meals that
should be individualized for elderly people with dys-
phagia. The swallowing reflex was delayed the most
around body temperature (30°C —40°C) and the delay
shortened as the difference from body temperature be-
came greater (21). The results of this research suggest
that the food should be prepared immediately prior to
consumption for dysphagic people. Based on the above
finding concerning the temperature sensitivity of the
swallowing reflex in the dysphagic elderly, we also found
spices play important roles in improvement of swallow-
ing in dysphagic patients. The improvement of the swal-
lowing reflex by temperature stimuli could be mediated
by the temperature-sensitive transient receptor potential
(TRP) channel. The administration of a pastille with
capsaicin as an agonist stimulus of TRPV1, a warm-
temperature receptor, decreased the delay in swallowing
reflex (22 —24). Food with menthol, an agonist of
TRPMS, a cold-temperature receptor, also decreased the
delay in swallowing reflex (15).

4. Improvement of swallowing reflex by temperature
stimulation

Peripheral sensory fibers such as vagal c-fibers are
known to have TRPV1 and/or TRPMS. Direct stimula-
tion of these TRP channels on peripheral neurons acti-
vates the neurons by opening the large-cation channels
(25).

The mechanism for how chronic stimulation of TRP
channels improves swallowing even without direct ap-
plications of those agonists is speculative. By using a
single photon emission study, we found significant cere-
bral blood flow reduction in the bilateral anterior insular
cortex compared with the group without a history of
pneumonia, suggesting the involvement of dysfunction
of the bilateral insular cortex in impaired cough reflex
sensitivity (26). Afferent neuronal pathways provide for
discriminative sensation and for homeostatic control of
body temperature. In discriminative sensation, the lami-
na-I neurons carry temperature signals to the final insular
cortex with one or two relays (27). Since we found that
the function of the insular cortex is impaired in patients
with aspiration pneumonia, we speculate that repeated

TRP channel thermoreceptor stimulation may restore the
function of the insular cortex, resulting in restoration of
the functions of the swallowing reflex.

Therefore, we speculate that TRP channel thermore-
ceptor agonists such as capsaicin and menthol have dual
effects on the neural circuit of swallowing reflex (Fig. 2).
One is the direct (acute) effects on peripheral sensory
neurons and the other is indirect (chronic) effects by re-
petitive thermal sensory stimuli to the insular cortex.
Based on the elucidation of the neural circuit of the swal-
lowing reflex, we also found that smell should be modi-
fied for the elderly with difficulty in swallowing.

5. Swallowing improvement by olfactory stimulation
using black pepper oil

Medicine for oral intake or food to improve dysphagia
patients is not applicable for individuals at risk of aspira-
tion with very low activity or decreased consciousness.
Therefore, olfactory stimulation is proposed to improve
feeding and aspiration of elderly people who cannot
orally consume food. The effectiveness of olfactory
stimulation known as aromatherapy is yet to be scientifi-
cally proven, but some evidence exists that essential oils
may have therapeutic potential (28). When we investi-
gated the effect of black pepper essential oil inhalation
on nursing residents, we found that black pepper oil im-
proved the swallowing reflex and serum substance P
concentration, suggesting that olfactory stimulation using
black pepper is an effective method to treat feeding and
swallowing disorders and to prevent aspiration pneumo-
nia (29). This beneficial effect of black pepper aro-
matherapy is confirmed not only in the elderly but also
in children (30). The single photon emission tomography
study showed that olfactory stimulation with black pep-
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Fig. 2. Neural circuit involved in the swallowing reflex. The sites of
action of capsaicin/menthol, black pepper oil olfactory stimulation,
and oral care painful stimuli are indicated by thin arrows.
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per oil increased cerebral blood flow in the right anterior
cingulate cortex and the left insular cortex (29), which is
impaired in patients with aspiration pneumonia (26).
Since olfactory stimulation using essential oil is incon-
venient for the caregiver and conducting daily aroma-
therapy is a large caregiver burden, we developed an
easier method to conduct black pepper aromatherapy
using a new drug gas delivery system (DGDS) (31).
DGDS is a novel drug delivery system of transdermal
absorption, which takes a volatile bioactive component
into the body in a gaseous condition safely and steadily.
It was developed as a technology that can safely admin-
ister a volatile component (terpenoid) of a plant second-
ary metabolite. The aroma component of black pepper is
continuously transported to the target for 24 h by a DGDS
used for black pepper essential oil (Fig. 3). This sheet
easily and stably provides olfactory stimulation using the
aroma component of black pepper oil by changing the
aroma patch sheet daily (31). It is almost equally as ef-
fective as direct black pepper oil stimulation. We experi-
enced many cases of refractory pneumonia in the elderly
treated with many antibiotics, whose swallowing reflexes
were restored by the application of black pepper oil
DGDS (black pepper aroma patch sheet) (Fig. 4).

6. Oral care and cough and swallowing reflex

Oral care has been recognized as helping to keep the
bacteria in the mouth, thereby preventing aspiration

¥y

pneumonia. Yoneyama et al. (32, 33) showed significant
results in reducing aspiration-induced pneumonia when
professional dental hygienists came to nursing facilities
on a regular basis. We investigated the effects of oral
care on airway protective reflexes and found that one-
month daily oral care significantly improved both swal-
lowing and cough reflexes in the elderly nursing home
patients (34). Our data suggest that oral care may reduce
the risk of pneumonia by improving the swallowing re-
flexes and by improving overall functional status. Tooth
brushing, pain stimuli to gingiva, is known to activate the
insular cortex in a functional MRI study (35). Since the
insular cortex function is impaired in patients with aspi-

Carbon capsule
Absorption carrier

Sheet
I%Eransformation

Nonwoven fabric

Black pepper essential oil
volatile bioactive component

Black pepper
aroma patch sheet

Fig. 3. Development of new drug gas delivery system (DGDS)
(Aroma Patch) to provide olfactory stimulation using black pepper
with less burden to the caregiver.
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ration pneumonia and severe dysphagia (26), we specu-
late that repeated oral nociceptive sensory stimulation
may restore the function of insular cortex, resulting in
restoration of the functions of the swallowing reflex.

7. Future perspectives

In addition to TRPV1 and TRPMS agonists, there
might be other food components with the ability to im-
prove swallowing function. For example, we found that
red wine polyphenol improve the swallowing reflex by
modulating the TRPV1 response (36). The study by
Watando et al. (21) suggests that TRPA1 agonists such
as allyl-isothiocyanate (wasabi) and cinnamaldehyde
(cinnamon) may be beneficial for the swallowing reflex;
Further research is needed to uncover the effects of these
agonists. Oral care and swallowing rehabilitation are also
known to improve the swallowing function and prevent
aspiration pneumonia in the elderly (34). Since the aspi-
ration pneumonia in the elderly is often very refractory
(37), we should put all these remedies together in the
treatment and prevention of aspiration pneumonia. Pa-
tients with severe aspiration pneumonia are usually given
nothing to eat at the time of admission to the hospital.
The most important and challenging step in aspiration
pneumonia treatment is restarting eating after recovery
using antibiotic treatment. We developed a protocol to
restart eating in patients with feeding and swallowing
disorders by a combination of aromatherapy, spices, oral
care, and swallowing rehabilitation (31). Implementation
of this protocol helped avoid re-aspiration as well as
gastrostomy in many elderly people.

The shift in demographic composition is supposed to
raise the costs of nursing home care service. Prescription
drug spending for the elderly is increasing. Research on
how to manage the frail elderly is crucial not only for
medical but also for economic reasons.
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