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INTRODUCTION
In our previous study, we found that lowering temperature
decreased the isometric tension recorded in isolated turbinate
mucosa (1). In the above experimental setting, such tension
changes were deemed to be a reflection of vasodilation or
vasoconstriction of the nasal mucosa (2). If the tension decreas-
es as the nasal mucosa temperature drops, it may suggest
vasodilation of the nasal mucosa with resultant increased
blood flow in response to cold air temperature in vivo.
Exposure to cold causes cutaneous vasoconstriction to reduce
body-heat loss, whereas the nasal cavity warms up the inspired
cold air. With its potentially conflicting physiological roles of
both air-conditioning and body-heat recovery, the response of
the nasal mucosa blood flow (NMBF) to cold ambient air is
not well understood. In the literature, NMBF decreased when
cold stimuli were applied to the forehead (3) and feet (4).
However, the response of the NMBF to ambient cold air had
not been investigated. Thus, the aim of the study is to eluci-
date the response of the NMBF to ambient cold air.

METHODS
Participants

The study was performed with nine healthy participants, (4
women and 5 men, aged 38 to 22 years, mean age 29 years).
They were taking no medication before the study and had a
normal rhinoscopic examination. All participants had neither
symptoms of the common cold nor of allergic nasal disease.
No physical activity was allowed before the test.

Blood flow measurement

The participants were asked to remain in an upright sitting
position while the NMBF was recorded. The laser Doppler
flowmeter (Periflux 4001, Perimed, Sweden) with the standard
probe was applied at a right angle to the anterior part of the
inferior turbinate mucosa. Gentle placement of the probe with-
out pressure is important to avoid compression of the superfi-
cial blood vessels. The probe was held immobile and in posi-
tion by attachment to a head mirror modified with stationary
metal bars. The participants were asked to sit quietly and
breathe normally exclusively through the nose for 10 minutes
in a room held at a temperature of 24°C with 65% humidity.
Then the participants moved to the cold-air room (4°C), which
was 3 meters away from the 24°C room, with continuous mea-
surement of NMBF. The participants were asked to wear a
jacket before entering the cold-air room.

Statistical analysis

Results were expressed as mean ± SEM. Student’s paired t-test
was used for statistical evaluation. The difference was assumed
to be significant at p < 0.05.

RESULTS
All the tests in the nine participants were conducted smoothly
without any difficulty. Although there were some variations
between each participant, the value of the NMBF at 4°C was
lower than that at 24°C for each individual (Table 1). The aver-
age value of the NMBF at 24°C was 306.1 ± 182.5 (arbitrary
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units); and the average of the NMBF at 4°C was 188.9 ± 143.4.
The NMBF at 4°C was significantly decreased when compared
with that at 24°C (p < 0.01; Figure 1).

DISCUSSION
The effects of ambient temperature on the nose have been the
subject of numerous studies (5,6). However, the response of
human NMBF to cold ambient air was rarely explored. The
microvasculature of the nose consists of dense subepithelial
fenestrated capillaries; highly developed venous sinusoids
which, when overdistended, may lead to nasal obstruction; and
arteriovenous anastomoses, which are believed to be important
in air-conditioning (7). At present, there are two techniques that
are useful for measuring the microcirculatory parameters of
the NMBF: the radioactive Xenon washout method and laser
Doppler flowmetry (8). The radioactive Xenon washout method
involves the injection of a Xenon tracer into the nasal mucosa.
Theoretically, increases in NMBF generate more rapid
decreases in the radioactivity recorded by a gamma counter in
front of the nasal cavity. The disadvantages of the Xenon
washout method in detecting NMBF include the pain reflex
evoked by the injection needle, which may activate the sympa-

thetic nervous system and trigger unwanted vasoconstriction in
the nasal mucosa, and injection-induced swelling of the nasal
mucosa. On the other hand, the laser Doppler flowmetry
method involves laser light emitted by the transmitting fiber
that is scattered and partly absorbed by the nasal mucosa.
Some of the light hits the moving red blood cells within the
blood vessels, producing a change in wavelength (Doppler shift
effect); while light that hits motionless objects is unchanged.
The frequency and magnitude distribution of these changes in
wavelength are directly related to the number and velocity of
the blood cells in the tissue sample. The information is gath-
ered by a receiving fiber, converted into an electronic signal,
and analyzed (Figure 2). The advantages of laser Doppler
flowmetry include noninvasiveness and its ability to provide a
dynamic impression of mucosal blood flow response to specific
provocation challenges over time.

In our previous study, we demonstrated that moderate cooling
(24°C) enhanced the in vitro vascular contractile responsive-
ness of the nasal mucosa, suggesting a similar vascular
response to cooling between the nasal mucosa and the cuta-
neous blood vessels (9). In this study, we demonstrated that the
NMBF decreased as the ambient air temperature dropped
from 24°C to 4°C. The decreased NMBF at low temperature
may facilitate heat recovery because it leads to a greater tem-
perature difference between the turbinate mucosa and the
expiratory airflow. Thus, cooling the warm expiratory air may
be regarded as an important factor for heat recovery (10). The
nose acts as a heat conservation mechanism in cold environ-
ment by cooling of the expired air as it travels toward the out-
side. One study indicated that cold inspired air was rapidly
warmed in the nose (6). Another study revealed that nasal air-
flow resistance was not affected by a change in the tempera-
ture of the inhaled air only (5), whereas a warm environment
caused a fall and a cold environment possibly caused a rise in

Table 1. The gender, age, nasal mucosa blood flow (NMBF) in 24°C
and 4°C, and difference of the 9 subjects.
No. Gender Age NMBF NMBF Difference

in 24°C in 4°C
1 M 38 219 66 153
2 F 22 503 305 198
3 F 30 571 385 186
4 M 34 423 311 112
5 M 27 163 57 106
6 M 29 212 99 113
7 F 24 120 59 61
8 F 30 201 110 91
9 M 31 84 27 57

Figure 1. The average of nasal mucosa blood flow in different tempera-

ture measured by laser-Doppler flowmeter. Each point represents

mean ± SEM (n = 9). The difference of the means was statistically

 significant.

Figure 2.  Theory of laser Doppler flowmeter. The laser light hit the

moving red blood cells within the blood vessels and thus have a

change in wavelength (Doppler shift effect, dotted line) while light hit-

ting motionless objects is unchanged (solid line).
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nasal airflow resistance. No effect on the lower airways was
observed with inspired air temperature. Nevertheless,
decreased NMBF in cold environments also leads to further
cooling of the nasal airway, which compromises nasal defense
mechanisms against infection and, theoretically, causes
increased susceptibility to viral infections of the upper-respira-
tory tract (11). A moderate fall in nasal flow rate of the nose was
observed with temperature below 23°C. Cold air might cause
an increased susceptibility to airborne infection. The infection
might result through impaired mucociliary function or resort
to mouth breathing secondary to increased nasal airflow resis-
tance (5). Also, rhinoviruses have been shown to be associated
with about half of all common colds throughout the year (12);
and lower airway temperatures will facilitate their replication
(13). Therefore, it appears that decreasing the NMBF in cold
environments is a trade-off between body-heat recovery and
susceptibility to viral infections of the upper respiratory tract.
Interestingly, one study suggested that warming of the feet ele-
vates the surface temperature of the nasal mucosa, which is
believed to be associated with mucosal vasodilation, and leads
to a reduced response to challenge with nasal allergens (14). It
seems that keeping the feet warm can also keep the nose warm
and, thus, enhance the appropriate immune response of the
nasal cavity. Our study demonstrated that the response of
NMBF to cold air is similar to that of the body surface.
Further study is needed to elucidate the detailed mechanism
responsible for this response.

REFERENCES
1. Chu YH, Wu CC, Kao CH, Wang HW. Low temperature

decreased tension in isolated hypertrophic human nasal mucosa.
Am J Rhinol 2006; 20: 84-86.

2. Jackson RT. An in vitro technique for testing nasal vasodilating
agents. Otolaryngol Head Neck Surg 1980; 88: 434-438.

3. Porter M, Marais J, Tolley N. The effect of ice packs upon nasal
mucosal blood flow. Acta Otolaryngol 1991; 111: 1122-1125.

4. Olsson P, Bende M, Ohlin P. The laser Doppler flowmeter for
measuring microcirculation in human nasal mucosa. Acta
Otolaryngol 1985; 99: 133-139.

5. Proctor DF, Andersen I, Lundqvist GR. Human nasal mucosal
function at controlled temperature. Respir Physiol 1977; 30: 109-
124.

6. Webb P. Air temperatures in respiratory tracts of resting subjects
in cold. J Appl Physiol 1951; 4: 378-382.

7. Widdicombe J. Microvascular anatomy of the nose. Allergy 1997;
52 suppl 40: 7-411.

8. Druce HM. Nasal blood flow. Ann Allergy 1993; 71: 288-291.
9. Chu YH, Wu CC, Wang HW. Effect of cooling on electrical field

stimulation and norepinephrine-induced contraction in isolated
hypertrophic human nasal mucosa. Am J Rhinol 2006; 20: 471-475.

10. Pless D, Keck T, Wiesmiller K, Rettinger G, Aschoff AJ, Fleiter
TR, Lindemann J. Numerical simulation of air temperature and
airflow patterns in the human nose during expiration. Clin
Otolaryngol 2004; 29: 642-647. 

11. Eccles R. An explanation for the seasonality of acute upper respi-
ratory tract viral infections. Acta Otolaryngol 2002; 122: 183-191.

12. Makela MJ, Puhakka T, Ruuskanen O, Leinonen M, Saikku P,
Kimpimaki M, Blomqvist S, Hyypia T, Arstila P. Viruses and bac-
teria in the etiology of the common cold. J Clin Microbiol 1998;
36: 539-542. 

13. Papadopoulos NG, Sanderson G, Hunter J, Johnston SL.
Rhinoviruses replicate effectively at lower airway temperatures. J
Med Virol 1999; 58: 100-104.

14. Assanasen P, Baroody FM, Naureckas E, Naclerio RM. Warming
of feet elevates nasal mucosal surface temperature and reduced the
early response to nasal challenge with allergen. J Allergy Clin
Immunol 1999; 104: 285-293.

Hsing-Won Wang 
Department of Otolaryngology-Head
and Neck Surgery 
Tri-Service General Hospital 
No.325, Sec.2, Cheng-Gung Rd. 
Neihu District
Taipei City 114 
Taiwan, R.O.C.

Fax: +886-2-87927193
E-mail: w0512n@ms15.hinet.net


