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ABSTRACT: This review describes the phenomenon of the nasal cycle, which con-
sists of periodic congestion and decongestion of the nasal venous sinusoids.

The hypothesis is put forward that the nasal venous sinusoids participate in res-
piratory defence by generation of plasma exudate. This hypothesis is based on recent
studies, which have shown that the nasal venous sinusoids have a fenestrated endo-
thelium and that the nasal cycle is increased during periods of nasal infection; and
also on a series of older observations in the literature, which link the generation of

nasal fluid to the decongestion of nasal venous sinusoids.

It is proposed that the periodic congestion and decongestion of nasal venous sinu-
soids may provide a pump mechanism for the generation of plasma exudate, and
that this mechanism is an important component of respiratory defence.

Eur Respir J., 1996, 9, 371-376.

The airflow through the nasal passage is normally
asymmetrical, with one nasal passage having the domi-
nant airflow. This asymmetry of nasal airflow is not
fixed, as the dominant airflow alternates from one nasal
passage to the other over a period of several hours [1-3].
The asymmetry in nasal airflow is exaggerated with nasal
infection and one nasal passage may become completely
obstructed whilst the other remains patent [4, 5]. The
spontaneous reciprocal changes in nasal airway resis-
tance are often described as the "nasal cycle".

The functional significance of the nasal cycle is obscure
and textbooks on the nose offer no real explanation for
this unusual phenomenon [6-9].

Recent studies on the generation of nasal plasma exu-
date as a first line of respiratory defence by PErsson and
co-workers [10-13], together with some elegant anato-
mical studies on the structure of nasal blood vessels by
GRrEVERs and co-workers [14-20], and reports that the
amplitude of the nasal cycle is increased during nasal
infection [4, 5], have provided new knowledge, which
may help explain the functional basis of the nasal cycle.

The present review will integrate this new knowledge
into previously reported information about the nasal cycle
and put forward the hypothesis that the periodic con-
gestion and decongestion of the nasal mucosa associated
with the nasal cycle is an important component of respi-
ratory defence.

Nasal cycle

The airflow through the two nasal passages is normally
asymmetrical and this asymmetry is exaggerated with
viral infection of the nose [4, 5], and on adoption of a
supine posture [21]. The dominance in nasal airflow
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alternates from one passage to the other over a period
of several hours and this phenomenon is often referred
to as the "nasal cycle". Examples of spontaneous reci-
procal changes in nasal airway resistance in one subject
in health and disease are illustrated in figure 1, which
demonstrates the increased amplitude of the changes in
unilateral nasal resistance associated with symptoms of
acute upper respiratory tract infection [5]. The changes
in nasal resistance associated with the nasal cycle are not
always as regular as those illustrated in figure 1, and the
term nasal cycle may be a misnomer, as there is little
evidence to indicate a regular periodicity to the changes
in nasal resistance. The changes in nasal resistance are
not always reciprocal and some subjects may exhibit
changes in nasal resistance which are in phase or appear
to have no relationship at all between the two sides of
the nose. Some patients with nasal infection may com-
plain of bilateral nasal obstruction, especially if there is
a deviated nasal septum, but this type of complete nasal
obstruction was not found in the study by EccLEs et al.
[5], or in the study by BENDE et al. [4].

One of the first studies on the nasal cycle was report-
ed in 1895 by Kayser [22], who measured the resistance
of the nose by timing the period required to withdraw a
definite volume of air through the nose via the oral cav-
ity. Kayser found consistent measurements for total nasal
resistance but found that the resistance of the separate
nasal passages greatly fluctuated. On the basis of his
findings, KaYSER [22] established that the nasal passages
are subject to continual rhythmic changes in nasal resis-
tance. The reciprocal spontaneous changes in unilateral
nasal airway resistance, which constitute a nasal cycle,
have been well documented by subsequent investigators
[1-3, 23-29]. The term "nasal cycle" is perhaps mis-
leading as the spontaneous reciprocal changes in nasal
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Fig. 1. — Spontaneous reciprocal changes in unilateral nasal airway

resistance recorded in one subject: a) whilst suffering from symptoms
of acute upper respiratory tract infection; and b) 6-8 weeks later when
healthy. ——O— : left nasal resistance; — @ : right nasal
resistance. Each point represents the mean nasal airway resistance cal-
culated from 12 breaths. (Redrawn from EccLEs et al. [5] 1995).

airway resistance have only rarely been shown to exhi-
bit any regular pattern [25], and there is little support for
a regular cycle [26, 28, 30]. The nasal cycle is not only
limited to the human nose, as it has been found in the
rat and rabbit [31], the domestic pig [32, 33], the cat
[34] and the dog [35], and appears to be a universal phe-
nomenon at least in all mammals and possibly other ani-
mals.

We are not normally aware of the alternation in nasal
airflow between the two nasal passages as the total nasal

resistance remains relatively constant because of the reci-
procal relationship between the two sides of the nose [36].

The changes in nasal airway resistance are under the
control of the autonomic nerve supply to the blood ves-
sels of the mucosa.

Autonomic control of nasal venous sinusoids

The spontaneous reciprocal changes in nasal airway
resistance associated with the nasal cycle are caused by
congestion and decongestion of the venous sinusoids lin-
ing the nasal mucosa. The nasal venous sinusoids form
a spongy tissue, similar to erectile tissue, which is par-
ticularly well-developed at the anterior end of the nasal
septum and the inferior turbinate [37-39].

The nasal venous sinusoids have a dense sympathetic
adrenergic innervation, and there is evidence that the fill-
ing of the venous sinusoids and changes in nasal airway
resistance are controlled by the sympathetic nerves to the
nose. Electrical stimulation of the cervical sympathetic
nerve causes a pronounced nasal vasoconstriction and a
decrease in nasal airway resistance [32, 40-46]. The
spontaneous reciprocal changes in nasal airway resis-
tance, which constitute the nasal cycle, have been report-
ed to be abolished after section of the cervical sympathetic
nerve or local anaesthesia of the stellate ganglion [32,
47, 48]. In 1953, StoksTeD [3] speculated that oscilla-
tions in sympathetic tone regulated the nasal cycle and
that there was a nasal control centre in the hypothala-
mus. Experiments on anaesthetized cats have demon-
strated that pronounced nasal vasoconstriction can be
induced on electrical stimulation of localized areas of the
hypothalamus [49]. Stimulation of the hypothalamus
normally caused a bilateral vasoconstrictor response but
in another series of experiments on the cat reciprocal
changes in nasal vasomotor activity were induced by
electrical stimulation of the brain stem [34], and this area
of the brain which regulates respiration is a more likely
site for a nasal control centre.

The role of the nasal cycle in the production of
nasal fluid

The earliest theory on the generation of nasal fluid was
that it was derived from the cranial cavity and slowly
filtered through the cribriform plate into the nasal cavity.
This concept prevailed until the discovery of glandular
tissue in the respiratory mucosa and this tissue was then
assumed to be the only source of nasal fluid [50]. The
early reports on the origin of nasal fluid and its rela-
tionship to the nasal cycle, therefore, refer to nasal secre-
tions rather than nasal fluid, and it is only relatively
recently that the nasal fluid lining the nasal cavity has
been understood to be a mixture of several elements,
including secretions from glands and plasma exudate
from nasal blood vessels. The close relationship between
the generation of nasal fluid and the decongestion of the
nasal venous sinusoids has been described independently
by several eminent clinicians.
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In 1895, WriGHT [51] reported that a mucous nasal
secretion was associated with the decongestion phase
of the nasal venous sinusoids but he ascribed this to a
valve-like action of the veins at the mouth of the glands.
HEeeTDERKS [2] (1927) carefully observed the vasomotor
and secretory activity of the nasal mucosa in healthy vol-
unteers and reported that the nasal secretions over the
mucous membrane had a definite relation to the con-
gestion of the turbinal structures. He stated that "in the
nasal mucous membrane, however, there is an apparatus
capable of furnishing water, namely, the erectile tissue
of the turbinate bodies". This was not the first time that
the production of nasal secretion had been linked to the
nasal venous sinusoids, as LiLLIE [52] (1923) stated that
"the mucous membrane of one nasal cavity is filling to
a point approaching obstruction while the other is throw-
ing off its secretion". A similar link between the vaso-
motor activity of the nasal venous sinusoids and secretion
was also reported by BEICKERT [47] 1951, who stated "that
in many normal cases the stronger secretion of the nasal
mucous membranes coincides with the concha showing
decreased swelling".

The early descriptions by LiLLIE [52] (1923), HEETDERKS
[2] (1927) and BeickerT [47] (1951) linking the forma-
tion of nasal fluid to the congestion and decongestion of
nasal venous sinusoids appear to have been overlooked
by later investigators, as the fenestrated nasal capillaries
are implicated by Cauna [39] (1982) as the source of
plasma exudate involved in the humidification of inspired
air. Studies on the generation of nasal plasma exudate
associated with rhinitis or nasal challenge have, in gene-
ral, explained the production of plasma exudate as being
dependent on an increase in capillary permeability due
to the actions of mediators of inflammation, and the nasal
venous sinusoids have not been implicated as a source
of plasma exudate [11, 53].

Interest in the nasal venous sinusoids as a source of
nasal fluid has been reawakened by some elegant mor-
phological studies by Grevers and HerrmaAN [15, 17].
The morphological studies have demonstrated that there
are fenestrated endothelial walls in the smooth muscle
around the nasal venous sinusoids. The authors specu-
lated that "these fenestrations, which are also located
underneath the epithelium, might be even more impor-
tant for secretory mechanisms of the nasal mucosa because
of a much higher fluid capacity of these structures com-
pared to vessels of the microcirculatory system" [17].

These observations on the role of the venous sinusoids
in the production of nasal fluid, together with the anatom-
ical evidence for endothelial fenestrations, implicate the
nasal venous sinusoids in the generation of plasma exu-
date.

Nasal venous sinusoids and plasma exudation

The nasal venous sinusoids form a dense subepithelial
plexus throughout the nasal mucosa and constitute a large
reservoir of capacitance vessels, which contain a rela-
tively much larger volume of blood than the nasal cap-
illaries [14, 54]. The presence of fenestration in these

sinusoids and their polarization towards the epithelium
supports a role in nasal fluid exchange similar to that
which is generally accepted for the nasal capillaries [17].

One of the earliest reports that the nasal venous sinu-
soids could be involved in the generation of nasal fluid
was made by WriGgHT [51] (1895), who accounted for
the watery nasal secretion at the start of a nasal infec-
tion as "transudation directly from the blood vessels
through the areolar tissue and the surface epithelium".

The periodic congestion and decongestion of the nasal
venous sinusoids associated with the nasal cycle may
contribute to plasma exudation and nasal fluid formation
in two ways: firstly, by physically stretching the nasal
epithelium; and, secondly, by increasing the hydrostatic
pressure within the nasal venous sinusoids.

In the congestive phase of the nasal cycle, the venous
sinusoids on one side of the nose are grossly distended,
to such an extent that the anterior tip of the inferior
turbinate may move forwards up to 5 mm [55]. This
gross congestion of the nasal sinusoids will have two
main effects, which may influence nasal fluid formation.
Firstly, the distension of the venous sinusoids will physi-
cally stretch the smooth muscle around the sinusoids and
the capillary plexus beneath the epithelium. The "unzip-
ping" effect on cellular tight junctions and distension of
fenestrations both in capillaries and veins is likely to in-
crease permeability and facilitate plasma exudation onto
the surface of the nasal epithelium. Secondly, conges-
tion of the nasal venous sinusoids will be associated with
an increased hydrostatic pressure within the sinusoids
and this will facilitate the filtration of plasma and the
formation of a plasma exudate. Relatively small dis-
tending pressures, as low as 5 cmH,0, have been shown
to increase the permeability of tracheal epithelium and
cause the transfer of macromolecules across the epithe-
lium [10, 56, 57], and a similar increase in permeabili-
ty is likely to occur across the nasal epithelium.

Those clinicians who have reported a relationship
between the nasal cycle and nasal secretions (WRIGHT
[51] (1895), LiLuie [52] (1923), HEeTDERKS [2] (1927),
BEickerT [47] (1951)) have all commented that the nasal
secretions are generated during the period of deconges-
tion when the venous sinusoids are actively contracting
under the influence of an increased sympathetic tone.
During the period of decongestion, the blood held in the
venous sinusoids will be subject to an increase in hydro-
static pressure due to the contraction of the smooth mus-
cle surrounding the sinusoid and this could act to squeeze
out plasma through the fenestrated endothelium towards
the epithelium. Thus, the periodic congestion and decon-
gestion of the nasal venous sinusoids associated with the
nasal cycle may act as a "pump" or "filtration" mecha-
nism to form a plasma exudate. The operation of an
active pumping mechanism for the venous sinusoids,
under the control of the sympathetic nervous system, is
supported by the observation that the nasal mucosa is
dry following ipsilateral interruption of the sympathetic
nerve supply to the nose associated with Horners syn-
drome or stellate ganglion blockade [47]. Studies on the
anaesthetized cat have shown that, on simultaneous elec-
trical stimulation of parasympathetic and sympathetic
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nerves to the nose, a watery nasal fluid is formed dur-
ing a pronounced vasoconstrictor response and that the
fluid formation is reduced by ipsilateral sympathectomy
[58].

The increased nasal fluid formation during the decon-
gestion phase of the nasal cycle could be due to an oscil-
lation in parasympathetic tone to the nasal glands in the
same way that the sympathetic tone alternates from one
side of the nose to the other. However, this seems un-
likely, as there is no evidence to support an oscillation
in parasympathetic tone to the nose, and the abolition of
the nasal cycle on blockade of the sympathetic nerves to
the nose also tends to eliminate the involvement of para-
sympathetic nerves in the periodic generation of nasal
fluid associated with the nasal cycle. The glandular secre-
tions appear to be mainly controlled by nasal reflexes,
and physical or chemical irritation of nasal sensory nerves
triggers sneezing and a profuse watery nasal fluid [36].

The various observations that nasal secretion is increased
during the decongestion phase of the nasal cycle may,
therefore, be explained by an increased formation of plas-
ma exudate as the venous sinusoids contract and squeeze
out a cell-free plasma filtrate. This does not mean that
plasma exudation only occurs during the decongestion
phase of the nasal cycle but it does indicate that there
may be an increase in plasma exudation during this phase.

Experimental confirmation of a relationship between
the nasal cycle and plasma exudation could be made by
serial measurements of nasal airway resistance and nasal
lavage to determine any correlation between nasal air-
way resistance (i.e. congestion/decongestion of venous
sinusoids) and plasma protein content of nasal lavage.

The tracheobronchial venous sinusoids form a dense
plexus beneath the respiratory epithelium of the lower
respiratory tract and these sinusoids also become con-
gested when the airway is inflamed. It is interesting to
speculate that these blood vessels may also participate
in the generation of plasma exudate, as has been pro-
posed for the nasal venous sinusoids in this review.

The role of nasal plasma exudate in respiratory
defence

The nose acts as the first line of defence for the respi-
ratory system as it filters and conditions the 10-20,000 L
of air that we breathe each day. The particulate matter
continuously deposited in the nose exposes the nasal
mucosa to a continuous threat of infection as the inspired
air contains numerous pathogenic viruses, bacteria, yeasts
and fungi. The nasal mucosa is the most commonly
infected tissue in the body, with over 200 viruses caus-
ing the common cold syndrome. If one considers the
nose as the primary site of infection for other common
illnesses, such a influenza, measles, mumps, chicken pox
and many other childhood infections, then the impor-
tance of the nose as a first line of defence against res-
piratory infection becomes clear. Mucociliary clearance
of deposited particulate matter and the immunoglobulin
and bacteriostatic components of glandular secretions
provide important defences against infection but one

should also consider plasma exudation as another vital
line of defence.

The plasma exudate in the nose and lower respiratory
tract has been proposed to constitute an important com-
ponent of respiratory defence [11] rather than merely a
side-effect of inflammation. The mechanism for move-
ment of the plasma exudate across the epithelium has
not been determined in detail but there is sufficient evi-
dence to indicate that the epithelial cells may separate
or "unzip" to allow the intracellular movement of plas-
ma [12]. This flow of plasma through the epithelium
and around epithelial cells would provide an excellent
mechanism to flush out invading microorganisms, such
as viruses and bacteria. As well as this physical cleans-
ing mechanism, the plasma contains immunoglobulins
which would bind to viruses and bacterial cell walls and
aid their neutralization. Without a mechanism for plas-
ma exudation, it is difficult to see how plasma immuno-
globulins would interact with infectious agents outside
the vascular system. Plasma proteins are involved in the
generation of inflammatory mediators, such as bradykinin
and the complement system, and these are important com-
ponents of the inflammatory response and defence against
infection.

Plasma exudation through the nasal epithelium and onto
the surface of the nasal mucosa provides a first line of
defence against respiratory infection, and it is not surpri-
sing that plasma exudation is increased by physical and
chemical challenges to the nose as any disruption of the
normal nasal epithelium will open the way for infection.

In conclusion, the hypothesis put forward in this review
is that the nasal cycle has a role in respiratory defence.
The term nasal cycle may be a misnomer, as there is lit-
tle evidence to indicate a regular periodicity to the rec-
iprocal changes in nasal airway resistance, which constitute
the nasal cycle. However, it is firmly established in the
literature that each nasal passage undergoes periods of
congestion and decongestion related to the filling and
emptying of venous sinusoids in the nasal mucosa.

The relationship between the state of congestion of
the nasal venous sinusoids and the formation of nasal
secretions has been reported on several occasions and as
discussed above could represent an oscillation in para-
sympathetic tone to nasal glands. The involvement of the
parasympathetic nerve supply in the generation of these
"periodic secretions" is, however, unlikely, as the nasal
cycle and associated secretions are abolished after sec-
tion or blockade of the sympathetic nerves to the nose.

The periodic congestion and decongestion of the nasal
venous sinusoids provides a mechanism for the forma-
tion of plasma exudate. During the congestion phase,
the bulk flow of plasma from the nasal capillaries and
venous sinusoids onto the nasal epithelium will be facil-
itated both by stretching of the nasal blood vessels and
an increase in the hydrostatic pressure within the blood
vessels. Active vasoconstriction of the venous sinusoids
during the decongestion phase of the cycle will tend to
squeeze out a plasma exudate and this may represent the
nasal "secretions" described by several authors.

The nasal plasma exudate has been described as a first
line of respiratory defence by PErsson and co-workers
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[10-13]. Therefore, contribution of the nasal cycle to the
generation of plasma exudate may be seen as a contri-
bution to respiratory defence.

The increase in amplitude of the nasal cycle associated
with nasal infection may increase the generation of plas-
ma exudate by increasing the distension of the nasal epi-
thelium and the hydrostatic filtration pressure within the
nasal blood vessels.

The present review, therefore, proposes that the peri-
odic congestion and decongestion of nasal venous sinu-
soids may provide a mechanism for the generation of
plasma exudate and that this mechanism is an important
component of respiratory defence.
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