


ON THE NASAL CYCLE

PROEFSCHRIFT

TER VERKRUGING VAN DE GRAAD VAN DOCTOR
IN DE GENEESKUNDE AAN DE
RIJKSUNIVERSITEIT TE LEIDEN, OP GEZAG VAN DE
RECTOR-MAGNIFICUS, PROF. DR. P. MUNTENDAM,
HOOGLERAAR IN DE FACULTEIT DER GENEESKUNDE,
TEGEN DE BEDENKINGEN VAN DE FACULTEIT DER GENEESKUNDE
TE VERDEDIGEN OP WOENSDAG 22 ME| 1968 TE 14.00 UUR.

DOCR
JOHANNES KEUNING

GEBOREN TE DRACHTEN IN 1931.



1"
!
CONTENTS : INDEX
Chapter-l : .« . <« a4 & & ai TRt
§1 Literature . . . . . ..
4 §< 2 Anam]“y % ; o & 4 P z ‘ . ‘ 2 ? : % B 10
] § 3 Rhinometry Terminology . . o5 ow % @ W ow o4 % o= 12
A. Direct study of intra nasal velume 5 A % ¥ & 8 @ & =z = Iy
B. Indirect study of intranasal velume . . . . . . . . . . 13
| Indirect rhinometry " wow m W o e v % ®m o  be
; I Bitedk hineMelry & = = w = = ® ® & = & # w & 1%
‘@) rhinomanometry . . . . . . . . . o ... . 14
b) rhinorheomanometry . : % oW & & o % 5 o 14
if. Dr, H. A. E. van Dishoec ) b I} passive rhinorheﬁmanameml g, & &2 & & L& A & [
ERrHAE s bil} active rhinorheomanometry . . . . . . . . . . 14
author's method . . . . . . . . . . . . 18
§ 4 The nose-piece . . . . . . . . ..o
a. The naris-nozzle . . . . . . . . . . . . . . . 18
b. The vestibule-nozzle . . . . . . . . . . . . . . 18
s § 5 Calculation of total nasal patency . . . . . . . . . . . 20
3
- Chapter Il Own investigations on the nasal cycle . . . . . . . . 22
§ 1 Minor fluctuations in patency . . . . . . . . . . . 22
§ 2 Normal nasal eycle . . . . 22
I ’ . § 3 The nasal cycle inchildren . . . . . . . + & + « . . 25
’ & 4 Posture and nasal eyele. . . o . w w28
a. Recumbent position . . . . . . . . 5 .26
b. Side position: lying down . 26
G Umight position: head |ncl|nad aideways TR
d. Discussion . . . . s owm om % & o= mow 2L
§ 5 Parasympathetic denervation : o v ow @ & = 8 ow = = = 28
a. Introduction . | @ K & & W oW ¥ B OB OF e oz oz 28
b. Results of axparhnem:s ¥ £ 8 o 4o B 4 & b o by oo 3 EE
] c. Discussion . . e o u ow ow SO
§6 Nasal cycle during ural breathing and after mucosal anesthesia gow o w R0
. Introduction . oG B % ¥ M G g B G % oD
b ‘Results . s B e om o os o4 FoB g OFowm o5 N8
& Anesthesia of the Iaryr.rx S
| d. Discussion . . . . . @ @ m o= % w W & o @ M5
§ 7 Bilateral effects of homolateral mﬁuaneats Wow @ W ® W s W w0 9a
a. Adrenaline-Histamine experiments . . 5 s
b. Horner syndrome and interrupted n. patmeus superfac«alls maior . .. 33
o, Diseussion . . . . . . . v ow w ow o om e e OB

nd conclusions . . . . . . . . . . . 38



Introduction.

Occasionally a patient comes to see us because he complains about a one-
sided obstruction of his nose, which in the course of a few hours will shift
to the other side, while the previously-obstructed side opens up. His ability
to breathe through his nase remains normal however, and he does not have
to resort to mouth breathing. The history and examination being otherwise
within normal limits, this patient's attention has been drawn toward a normally
occurring mechanism which is the nasal cycle.

This normal phenomenon practically always goes on unnoticed, even doctors
have been noted to be unaware of its existence in their own noses. This
unfamiliarity may explain the often apparently misunderstood implications of
the finding, at subsequent routine nasal examinations, of grossly swollen
turbinates on different sides. It also may explain why this phenomenon, which
was described for the first time in 1889 by Kayser still is waiting for an
explanation, After Heetderks in 1927, in recent years only Stoksted and Flot-
tes studied the nasal cycle.

The gross demonstration of the obstruction of one nasal side as compared
to the other, is easy, even the layman can do it, by alternately compressing
the nares and expiring forcefully, whereby the more obstructed side emits a
sound with a higher pitch. For a more sophisticated demonstration of the
degree of patency of both nasal sides artificial devices (rhinometry) are
indispensable. A discussion of these, among which the one developed by the
author, will be found in the following pages, as well as the study of several
aspects of the nasal cycle, which still is a not well understood phenomenon.
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CHAPTER |

§ 1. Literature on the nasal cycle.

Kayser (1895) found alternating changes in patency in both nasal cavities,
which he called the nasal cycle. He ascribed these to a continuously changing
blood volume in the nasal mucosa, which he felt was due to a continuous
shifting in tonus between the two body-halves. He stated that the nasal cycle
did not influence the total nasal patency. Lillie (1923) described how patients
often complain of obstruction on alternate sides, but that this is normal, and
that there appears to be a cycle of reaction: while the mucous membrane of
one nostril is filling to a point approaching obstruction, the other nostril is
opening and throwing off its secretion. Heetderks (1927), in a rhinoscopic
investigation on the influence of various climatic conditions on the nasal
mucous membranes, found a definite cycle of reaction in 809 of his test-
persons. In general, damp, cold atmosphere brought about the greatest swell-
ing of the turbinates, and dry warm air a little less, while optimal atmospheric
conditions (humidity 50—609, temperature 13°—18°) caused cycles of least
degree.

The cycle is most active during adolescence which is explained by the hor-
monal activity at this age.

In older persons a rather superficial cycle was observed. The same nose
responded differently at various times under apparently the same conditions.
These cycles, including both the phase of filling as well as the phase of
emptying on the same side, occurred over periods from fifty minutes to four
hours. In general more time was required under favourable conditions, when
the cvcle was of less degree. Heetderks explains these reactions of the tur-
binates by the great amount of airconditioning the nose has to perform and
also as a reflex mechanism in preventing too free an admission of the air.
The average time under all atmospheric conditions for a complete cycle was
two and a half hours.

He also examined the effect of sleeping postures, and found that the lower
nasal side filled to its maximum size of swelling in an average of twenty five
minutes, By turning the patients over, the other side could be made to swell.
He concluded that the distribution of the nasal vascular contents must be
largely cantralled by gravitation.

Stoksted (1952) alsc found a regular cycle in 80% of his normal test persans.
He was the first to study the cycle rhinomanometrically. He was also able
to calculate the total nasal resistance and to show experimentally that this
figure remained practically constant, notwithstanding the bilaterally changing
conchal volumes. This was an important addition to rhinologic examination,
the total nasal passage being ultimately the most important. He showed and
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ulrannid the importance of the total resistance along with the cyclical curves
In puthologleal cases (Stoksted 1953, Stoksted and Nielsen, 1957).

Au to the nervous regulation of tha cycle Stoksted assumes that the rhythmic
uyole (n maintained through the peripheral vegetative centers, sphenopalatine
und wtellate ganglion, with eventual connections through which an increase
In tenue In one set of centers may give a decrease in tonus in the other two.
Ihe two peripheral centers must be regulated by a central sympathetic
uanter possibly situated in the hypothalamus. By increasing or decreasing
the tonug this center will give increased or decreased nasal passage, so that
It booomes possible to regulate the total nasal volume according to the
tafnporature and moisture of the external atmosphere, in keeping with the
teguiremaent of the organism for intake of oxygen or discharge of carbon
tionycla, Thia (s probably & reflex arising in the respiratory centers which, by
notlng on the central center in the hypothalmus, elicits vasomotor changes
In the naaal mucosa.

Ogurn nnd Stoksted (1958) investigeted the nasal cycle in pathological
nouen, Whan one nasal cavity is anatomically wide and the other one narrow
the vontribution of the narrow side to the total nasal respiration is small, so
that the respiration through the wide side runs parallel to the total nasal
tonplration. Due to the cyclical changes of the turbinates of the wide nasal
aavity the total nasal passage shaows the same cyclical fluctuations, and during
the nwollen phase the patient may complain about obstruction of his wide side,
“which might seem improbable to the ill informed examiner who sees the
pattent during the shrunken phase. In the case of an important septum
daviation, one gide is usually fairly normal and shows regular cyclical changes;
the narrowar aide will show cyclical changes due to the contact which occurs
liotwoenn the turbinates and the septum during the swelling-phase of the
turhinates, In vasomotor rhinitis both nasal cavities react synchronously to
axtarnnl influences 1o an exaggerated degree, so that the cyclical pattern
I disturbed, and the total nasal patency is decreased. It is pointed out, that
In the normal nose these bilateral synchronous conchal reactions take place
(o n limited degree and during a relatively short time of adaptaticn so that
the oyelical rhythm is not obscured. In ozena anly very limited turbinal swelling
whi oheerved, along with a very low total nasal resistance.

Flottes e.a, (1961) studied the nasal cycle in 25 persons aged 20—30 years,
having normal noses, Patency measurements were done svery 10 minutes.

Ihiy found a eyele duration of 2 hours in 4 persons
3 hours in
4 hours in
5 hours in
6 hours in
7 hours in i
8 hours in 2 :

=W ® -~

Ho B0%, ol the testpersons had a cycle duration between 2 and 5 hours, with
an avarage of 84 hours, 209% had a cycle duration of up to 8 hours. The
duratian of the oycla seemed to be constant in the same person at repeated
sraminations, The total patency waes not determined; no subjective sensation
of noaeal abstruction had been experiencoed by the testpersons, The amplitude

ot the cycles in normal noses was identical on both sides and the cycle
evolved in a regular and harmonious way. In persons having subacute or
chronic sinusitis or an important septumdeviation the cycle was irregular;
the amplitudes differed on both sides while the maximal amplitudes exceeded
those of cycles in normal noses.

Grobler (1966) found a nasal cycle in 5 normal testpersons while in 5 patients
“with nasal and chest complaints” no alternating cycle was observed.
Factors influencing the nasal cycle by their action on the nasal mucosa as a
whole are manifold and diverse. Some have already been mentioned, such
as the influence of posture.

Runderantz (1964} studied the influence of increesed hydrostatic pressure of
the blood in the head when lying down in a head-high position (157 angle
with the floor) and a head-low position (also in a 15" angle with the floor).
In normal persons he found no change in the total nasal patency but in 17
out of 25 cases having atopic vasomoter rhinitis he found a considerable
decrease in total nasal patency in the head-low position which rapidly in-
creased again in the head-high position. The rapidity with which this happens
points to vasodilatation, and not to extravascular escape of fluid as the cause
for the decreased nasal patency. As an explanation vascular hypotonicity due to
parasympathetic prependerance, as is believed to be existing in vasomotor
rhinitis, is mentioned. The same mechaniem may be responsible for the well-
known side-effect of sympathicolytic and ganglionblocking agents and of
Reserpine, e.g. nasal obstruction especially on lying down (Connor e.a.,
1957). In these cases a parasympathetic predominance exists, as is also the
case in Horner's syndrome. (Milloning e.a., 1950).

Emotional influences were studied by Holmes e.a. (1950) who found vaso-
constriction, a sympathetic reaction, in sudden fright situations, and vaso-
dilatation, a parasympathetic reaction, in anxiety situations.

Drettner (1963 a.) beautifully demonstrated the vasoconstriction in the nasal
mucosa of a patient upon the entrance of the surgeon in the operating room.
An extensive study on the effect of cooling was undertaken by Dretiner
(1961). Cooling of the back, cooling of the feet, cooling of the inspi-
ratory air, general cooling of the skin with or without cocling of the
inspiratory air, all were followed by a narrowing of the nasal passage.
Local warming of the nasal mucosa by infra-red rays with long wavelengths
causes a swelling of the mucosa while shorter wave-lengths cause an initial
widening of the nasal passage (nose opening and nose shutting rays, Hill,
1933, v. Dishoeck, 1935, Drettner, 1983 b).

Local skin warming causes an initial widening of the nasal passage followed
by mucosal swelling {Ralston and Kerr, 1945). General warming causes muco-
sal swelling (Drettner, 1963, b, Ralston and Kerr). Hyperventilation causes
swelling of the nasal mucous membranes and dyspnoea a widening of the
nasal airway (Tatum, 1925).

Stoksted (1954, 1960) and Stoksted and Nielsen (1957) studied the influence
of nasal stenosis on the respiration. According to them an important function
of the nose besides its airconditioning function is to offer a resistance to
breathing In correlation to the function of the lung. This rheostatic effect
influences the exchange of air in the alvecli and contributes to building up a
sufficiently great Oxygen partial-pressure in the alveoll as well as to en-
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unurage the diffusion of oxygen in the blood, and the venous reflux to the
Hght ehamber of the heart, According to Killik (1935) an increased respiratory
(aulslance gives rise to an increase in the carbon-dioxyde content of the
Llaud which, by its action an the respiratory center, effects a deeper and
ulowor breathing rate; at this level the patient can again breathe without
dilioulty. Beyond a certain resistance this compensation fails. So, according
0 Stokueted, oral breathing will supervene when lung-compensation of a nasal
slononle falls. The ability of the individual patient to compensate for a nasal
ulunonls ls varied. In some patients the type of respiration changes, while
uthers completely or partially lack this ablity, and quickly resort to mouth-
hreathing even in the presence of a very moderate stenosis.

Ogurn and Stoksted (1958) found that a patient may have to resort to mouth-
broathlng while having a normal nose, when, because of a bad pulmonary
funution, the normal nasal resistance cannot be overcome by the lungs. So
narmal thinometric values may give a suspicion in a patient with mouth-
bronthing of an underlying pulmonary or cardiac deficiency, and also of a
nanal neurosis.

Ogura 0.0, (1964) made a detailed study on the effect of varying degrees of
naenl stenosis on several lungfunctions.

Compronslon of the jugular vein causes swelling of the homaolateral turbinates,
which doos not occur in sigmoid sinus thrombosis (v. Dishoeck, 1957).
Dysttner (1963 a) found vasoconstriction in the nasal mucous membranes
nltur the Ingestion of either cold or warm food, even after tube-feeding.
Flottes e.n. (1961) studied the action of nasal vascoconstrictor drops. They
loudd that the eycle stopped after the application, to resume its activity when
the diug's activity was over. So they found a precise means to test the
diration of activity of the several nasal vasoconstrictor agents. They also
ulated that the so called rebound-effect of nose-drops, a period of nasal
utulliness after the vasoconstriction phase, is nothing but the resumption
ul eyelicnl activity, The influence of the sympathetic and parasympathetic
innervation will be discussed later.

What notunlly goes on in the turbinates during the cycle has not received
much attention, The matter was discussed by Drettner, (1960). A swelling of
e mucous membranes may be due to arterial hyperemia, venous engorge-
munt, adema or to combinations of these. In measuring the mucosal tem-
porature slmultaneously with the resistance of the nasal air passage he found
lhat the temperature of the mucosa of the swollen side usually is higher than on
the ahrunken aide, but he adds that this does not necessarily mean that the
pwalling s caused by arterial hyperemia. The nasal mucosa is cooled by the
[mpiratory alr, and the cooling is less on the swollen side. That the turbinal
volume chinges are due to changes in blood volume, at least at the moment
al revarsal, seems to be beyond doubt because of the rapidity with which
thin ooours, In all, clarity does not exist regarding this essential point.

2 Anatomy.

_ The nawenl cavity proper is covered by its mucous membrane, consisting of
raupliatory apithelium, e.g. columnar ciliated epithelium. The nasal cavity is
vasoulariend for the greatest part by the branches of the sphenopalatine
nrtary, which run close to the periesteum or perichondrium, From here
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artericlae branch off at right angles towards the mucosa. In the submucosa
periglandular and mucosal capillary networks branch off, which collect into
veinules which empty into the veins running in the periosteal layer. In the
turbinates quite specialized structures are encountered, pseudo-erectile tissue
or swell-bodies, where large sinusoids have muscular walls.

Woustrow (1959) studied the turbinates in embryo's and describes how in the
last fetal months the cavernous tissue is already discernible, and that post-
natally the swell-bodies proper develop.

Thelr classical localisation is according to Zuckerkandl (1885): along the in-
ferior-interior side of the Inferior turbinate from head to tail, along the
underside of the middle turbinate from head to tail, on the posterior part
of the superior turbinate, and on the tuberculum septi. The latter swell
body was described in more detail by Wustrow (1951) who states that its
extent depends on the size of the inferior and middle turbinates, and that
in extreme states of swelling the lateral and medial walls of the nasal cavity
fit exactly into each other. Sphincters are present at many points in this
vascular network, in the arteriolas and at the in- and outlets of the sinusoids.
Furthermore, direct arterio-venous anastomoses are present, so that a great
variety of vascular reactions is possible.

Negus (1958) gives four possible modes of reaction:

1. Hyperemia, as a result of artericlar dilatation, with an increase of the
muccsal temperature and & swelling of the cavernous spaces, in order to
warm and humidify cold dry air.

2. lschemia, as a result of artericlar constriction and shrinkage of the caver-
nous spaces, with a decrease of the mucosal temperature, in order to
respire warm moist air.

3. Swelling, with a decrease in mucosal temperature, and congestion of the
cavernous spaces and constriction of the artericlae, in order to humidify
warm air.

4. Increased mucosal temperature with arteriolar dilatation and shrinking of
the cavernous spaces, in order to warm moist cold air.

The sensory innervation of the nasal cavity is supplied by the trigeminal nerve,
lts nuclei in the pons are connected with the vasomotor centers, and the
motaor-nuclei of the nn. 111, 1V, VII, IX, X and XII, thus constituting many passible
reflex-arcs (Mitchell, 1954).

The vasomotor regulation Is carried out by the sympathetic and parasym-
pathetic systems. The sympathetic fibers arise in the first two thoracic seg-
ments of the spinal cord, they synapse in the superior cervical ganglion, and
reach the nose via the internal carotid plexus and the n. petrosus profundus
through the sphenopalatine ganglion. The parasympathetic fibers arise in the
nucleus lacrymo-nasalis and reach the nose via the intermedial nerve portion
of the facial nerve, the n. petrosus superficialis maior, the vidian nerve and
the sphenopalatine ganglion where they synapse, and then are further distri-
buted to the nasal cavity (Malcolmson, 1859). The exact termination of the
nerve fibers is uncertain. (Naumann, 1961).

Terracol (1958) and Temesrekasi (1959) described nervous structures in the
nasal mucosa to which a receptor-action may be ascribed.
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[he erectile vessels have a very rich Innervetion, to such a degree that it
noome that each smooth muscle fiber receives its own innervation (Ardouin
niel Malllet, 1964). Dahlstrém, (1965) could demonstrate a very rich sympathetic
Ihervation of the wide wveins of the erectile tissue, in contrast to the sparse
ntlrenergie innervation in most other tissues. She concludes that this unusually
ligh developed innervation apparatus must be of greatimportance in regulating
the blood flow. So the nose, and especially the turbinate apparatus, appears
an an organ having an abundant and intricate blood-supply as well as ner-
vaus supply.

i 4 RHINOMANOMETRY

Duetarmination of nasal patency,
lorminalogy.

o ol . nasopharynx pressure = the pressure occurring in the nasopha-
rynx by breathing through the nose. This pressure depends upon the
Volume (V), the Time (T), and the Resistance (R) according to the

PXT
armula R v

(Zwaardemaker) and so, when T and V are constant c.q. known,
upon the degree of patency of the nose.

Anterlor rhinometry

[ha nawopharynx pressure occurring by breathing through one nasal cavity
can be messured through the other nasal cavity by connecting the latter via
0 lube to a manometer, so that this nasal cavity becomes a closed system
with the manometer, and an elongation so to speak, of the tube from the
munometar, now reaching down to the nasopharynx.

Posterlor rhinometry.

Ihe nasopharynx pressure may also be measured through the mouth by way
ol o tube, which s tightly enclosed by the lips, reaching the pharynx. In this
wiy Il In possible to measure the nasopharynx-pressure created by breathing
thraugh the whole nose.

|-"rl « prennsal pressure = the pressure occurring at the naris ¢.g. ostium
Internum by breathing through the nose. In expiration P is smaller

n
thar P
ph.

by way of a side-tube from the nozzle = nose piece which connects
the naris with the tube to the manometer.

,and in inspiration Pn is higher than P b Pn can be measured
ph.

Nasal pressure-drop = AP = |P — P

n ph
. A the llterature abounds with methods to measure the patency of the nose,
nne practically every rhinologist uses his own, it will be clear that the ideal
mathod hae not yvet besn found, but at the same time that an obvious need
pxlute 1o be more or leas objectively informed about the actual patency of the
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nasal airway, either for physiological purposes, or for the evaluation of com-
plaints about nasal obstruction and of the pre- and postoperative state of the
nose.

The following description is an attempt to classify different methods.

A. Direct study of intranasal-volume.

1. Inspection (anterior rhinoscopy). The state of swelling of the turbinates is
noted. (Heetderks, 1927). Holmes e.a. (1950) gave five stages in the evolution
from the wide open to the obstructed nasal cavity.

By inspection only the gress changes in turbinal volume can be determined.
We found that in the wide nose, with constricted turbinates, the method is
quite exact, because even small volume changes can be noted against the
background of a practically always present small septal irregularity,

2. Plethysmography. The nose is converted into a closed chamber (Tschalus-
sow, 1913) fillad with saline (Aviado, 1959), or with an inflated balloon (v. Dis-
hoeck, 1957) and the volume changes of the nasal cavity are transmitted to
a measuring device,

B. Indirect study of intranasal volume.
{= Rhinometry)

l. Indirect rhinometry.
Various sequelae of a certain degree of patency of the nose are estimated.

a. Hygrometric methods.

Expiration through both nares onto a cold mirror gives rise to two breathing
spots the sizes of which depend on the amount of vapour being exhaled
through the nares, which in turn is dependent on the respective patencies
(Zwaardemaker, 1894 and modifications). The size of the breathing spots
depends on many more parameters, so that it can only be used in a gualitative
sense. As such it Is very simple and useful and we have used it in children,
and during sleep.

b. Varia.

1. Sound-test (Bruch, 1801). The pitch of the sound caused by forced expira-
tion through the nostrils changes with the patency. It is still often used routinily
as a quick orientation.

II. Direct rhinometry.

PxT
A%
made known or are constant, so that measuring the third one gives a direct

relation to the resistance.

In direct rhinometry in the fermula R = ¢ , two parameters can be

a. T measured, P and V known. Kayser (1895) measured the time needed
to force a known volume of air through the nose at a given pressure.

b. V measured, T and P known. Jacohson (1891) used a kind of spirometer
out of which an amount of water is forced, in a given time and at a given
pressure, during expiration, which corresponds to the volume of air.
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0. I measured, T and V canstant or known. This is the usual procedure.

1. V and T constant.
(+ rhinomanometry).

[ rthinomanometry it is assumed that when basal conditions prevail during
the examination and the patient is at rest, V and T remain constant. Usually
I | In measured anteriorly with a water manometer. More modern is to
fah,

ragistar P n electronically so that a PT curve is obtained in which P forms

the nbules and T the ordinate (Stoksted, 1953; Cottle, 1963).

Hinlketed slaborated on this, and had R computad electronically. The problem
In thinomanometry is to keep V constant. In a well informed testperson the
fuppltations can be made fairly constant by making the same breathing excur-
slone with the respiratory muscles and the chest-wall (proprioceptive memory).
Ihin I possible to a certain degree when both nasal cavities do not differ
giaatly in patency. But rhinomanometry fails especially when one nasal side is
gioatly obstructed, hecause here it is simply impossible to breathe the same
volume ns through the wider side, so quantitative comparison becomes im-
poasible,

lo wecribe far reaching canclusions to the breathing pattern of a PT curve
fram on obstructed nasal cavity seems illogical, because a patient breathes
thraugh the unobstructed side (Ogura and Stoksted, 1958; v. Dishoeck, 1965)
und In bilateral obstruction through the mouth (Uddstrémer, 1940; Stoksted,
1954),

2V oand T known
{+ rhino-rheo-manometry).

Hore P la measured at a known flow (PE¥= to flow) (= V/T), so that all
the parameters can be known exactly, and all determinations become repro-
dusible and comparable.

20, Passive rhino-rheo-manometry.

Hore the alrflow is caused artificially, the patient does not breathe himself.
insuftflation, anteriorly (v. Dishoeck, 1957; Malcomson, 1959). The air is
inuufflatee into one naris; the soft palate must me flaccid and the patient
must stop breathing. It is done either with the mouth open and the other
noetill cloged, or with the mouth closed, so that the air leaves by way of
the other nostril, Thus the inflow-resistance of one side and the outflow-
tenlntance of the other side are measured. Pn is measured via a side-tube

from the nose plece,
~nuulflation, posteriorly (Seebohm and Hamilton, 1958). Two tubes are in-
lraducad in the mouth, one to insufflate a known flow, the other to measure

|::l
[h,
« fuplration, postariarly (Scheideler, 1940].

2. Actlve rhino-rheo-manometry.

Mare the patent breathes himeelf at a known flow rate,

"

2.b. 1. Measuring pph

— Zwaardemaker’s rhinodromometer (1909). In a gless tube, connected to
the nasal side to be measured, a small aluminum plate is hung between
two coil-springs. The respiratory air can pass along the plate, and moves
it in proportion to the flow rate. Pph is measured through the other nostril.

— Semarak (1958) used as a flowmeter a large number of tubes of small
internal diameter, so that whithin the flowmeter the flow regime was always
laminar. The flow is measured, after calibration, proportionate to the pres-
sure drop along the tubes. Pph is measured via the other nostril. Flow

and pressure are registrated photo-kymographically.

2.b. 2. Measuring AP

— Cottle (1957) introduced this principle. The flow is measured via a rotatory
flow meter, which is connected to the nasal side toc be measured. Fn

is transmitted via a side tube near the nozzle to one end of an U-type
oilmanometer. P h is led to the other end of the manometer via the other

nostril. The disadvantage of the actual apparatus is its very high internal
resistance which is very often higher than that of a greatly obstructed
nasal cavity (Spoor, 1865).
— Guillerm (1961) a.o.

The flowmeter consists of a tube which is partly closed by a diaphragm.
The flow-pressure is led via a side tube to a marey-capsule bearing a
long needle which directly indicates the flow on an calibrated scale.

2 P is measured by means of two marey-capsules enclosing a common
membrane. Pn is led to one side of the membrane via & side tube near

the nostril of the side to be measured; P h is led to the other side of the

membrane via the other nostril. The differential pressure is indicated
on a calibrated scale by a long needle which is borne by the mem-
brane. A gadget the importance of which is stressed is the triple
blocking switch, which obviates the need for an intricate electronic
registering device (Stoksted, 1953, Semarak, 1958; Drettner, 1961) which
is used because it is very difficult to keep the respiratory flow constant,
so that normally oscillations of the flow meter and the differential mano-
meter are observed, The blocking switch can be turned at the exact
moment the desired flow is reached, and then the connections between
the circuit and the capsules are interrupted simultaneously so that the
needles also stop at the position they occupied at the moment the switch
was turned, /P can now be read at leisure.

— Drettner (1961) who was interested in the patency of the nose as a whole,
used a nasal mask to allow for free breathing through both nostrils. The
flow was determined by measuring the pressure-drop across a plate orifice
situated in an open tube leading from the mask, and through which
respiration takes place. Pn is transmitted from the mask via a tube, and

& | via a tube In the mouth, both to a differential manometer.
ph,
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- Guillerm a.o. (1967) also developed a method utilizing a nasal mask, about
similar to Drettner's method.

Clenerally speaking a nasal mask is ideal for rhinometric purposes be-
oauBe no manipulations within the nose are necessary, and there are no
problems with nozzles, which always have to be used with diligence and
intelligence. Besides the need to have a mask which fits toc every face,
the difficulty In using a mask is the fact that, in order to measure the
nunopharynx-pressure, an oral tube is necessary and for its functionning
propaerly, the palate must be kept flaccid, and this is sometimes hard to
nehlove,

Yol for practical use the nasal mask is to become the method of choice,
bocouse it is easier to use in the average patient.

- Bpoor (1965). Flow- and /AP curves are obtained in a way resembling
Diettner's method, only nozzles are used. Moreover the nasal conductivity
cnn be read directly from a separate tracing. Spoor defines nasal con-
ductivity as the discharged flow in cc per second at a /A P of 1 cm. of
waler; Il is computed electranically.

Ihis I8 & very valuable addition because now the nasal patency can be
ubtained at any prevailing V and /A P. The apparatus is intricate and
uxpensive,

Kouning (1963). Author's methad.
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Flgure 1. Authar's rhinorheomanometer, schematically. The nasal cavity to be measured
I vonneeted via o nozzle to a pressure tube. Pn is transmitted via a side tube to one

wnd of an obligue water manometer, Pph via the other nostril to the other end, so
thit & P (Pph — Pn) can be read on the manometer, Pn serves also es the flow-
presnure, and (o led to another oblique water manometer, which aftar ealibration serves
o o flow moter, The double switch (s turned whan o desired flow 8 reached, the
menieel 0 the flow meter and differantial manomater than atop (netantly, so that the
(rmankire ot the desired flow can be read at the preciss moment and st lelsure,

16

A copper tube, length 9% cm., internal diameter 11 mm., with a smaller open
tube at the end, length 5 cm., internal diameter 4%, mm., serves as a flow
meter. The flow pressure caused by expiring through the tube, is led via a
side tube to an obligue watermanometer, with a scale reading in L/min.
("flow-manometer”). At the same time this side tube transmits F"r1 to one end

of another oblique watermanometer. pph is led to the other end of the latter

manometer, thus enabling to read /A P in mm. H,O (“pressure-manometer”).
A double blocking switch adapted from Guillerm (1861) is interposed in the
circuit, Perspex nozzles fit onto the tubes for introduction inte the nares.
A concomitant advantage of using two nozzles is the fact that the nostril
through which the flow occurs is not distorted by having one nozzle in the
other nostril (Grobler, 1966).

Calibration of the “flow-manometer” was done by leading known flows of up
to 30 L{min. through the pressure tube and marking the menisci corresponding
with certain flows. Calibration of the “pressure-manometer” was done by
making a parallel connection with an upright watermanometer.

The actual measurement is carried out as follows: a suitable nozzle is selected
for each nostril, and mounted on to the tubes. The nozzles are lubricated
with a little vaseline to prevent leaking, and tc avoid irritation of the skin
after repeated introductions, and introduced into the wvestibule.

The testee is now requested to graduelly raise his expiratory flow up to
around 20 Lfmin. (a flow easily reached). When the meniscus in the flow-
mancmeter reaches 20 exactly, the blocking switch is turned quickly and the
corresponding /. P is read at leisure. The average of three readings is taken
as the result. The spreading is not more than 5 mm. in the lowser regions,
and not more than 2 mm. in the higher. Care has to be taken that the nozzle
is introduced in the right manner, that is, in the long axis of the nasal cavity,
otherwise the lumen of the nozzle may become blocked partially by the nose
wirngs or the septum, with a resulting pressure which is too high. (The partially
occluded nozzle now being the narrowest part in the nasal cavity, (v. Dishoeck,
1957).

For the same reason in a greatly obstructed nasal cavity a small drop of
mucous may narrow the small lumen considerably, so the testee has to sniff
this out.

In the greatly obstructed nose, in spite of all precautions, relatively large
spreading sometimes occurs in the readings. This must be due to the small
fluctuations in the blood content of the turbinates (Drettner, 1961) which for
the same reason produce relatively marked changes in /. P.

8 4. The nose piece.

An essential part in the rhinomanometric examination is the ncse-piece or
nozzle, which is the snugly-fitting connection between the tubing of the mano-
meter and the nose. A brief discussion of the structure of the nasal vestibule
s necessary, because it has a direct bearing on rhinometric methodology.
Ag described by Cottle (1960) the frame work of the vestibule is formed by
the lower lateral ar lobular cartilage, the cartilaginous and membranous sep-
tum and the upper lateral or roof-cartilage. The lower lateral cartilages later-
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ully wnd medially encircle the naris and thus uphold the lobule. The cartilagi-
fials septum stands in the midline. The upper lateral cartilages form the roof
ul the veutibule; they are attached cephalically underneath the nasal bones,
madially I their cephalic two thirds they are cartilaginously fused with the
unplal dorsum, while in the caudal third the attachment to the septum is
[Ibrous, allowing for a certain amount of movement, and the fermation of a
vilve muechaniam (Mink, 1920). The caudal ends of the upper lateral cartilages
uxlond nto the vestibule, forming the lateral wall of the ostium internum. The
unudal tip extends underneath the lower lateral cartilage from which it is
nuspendaed by a dense aponeurosis.

Thun pressure exerted by a nozzle upon the naris will diminish the valve-
Aren hooause the upper lateral cartilage will be inverted by the pressure of
e averrlding lower lateral cartilage. This will result in a measured nasal
ronlstanoe which s higher than it actually is.

The mont commonly used nozzle is the nasal olive, which has a round blunt
and, which can be applied to, or slightly introduced into the naris. Always a
compromise has to be sought between a too light contact with the naris
(Launlng leakage) and too much pressure against the naris (causing distortion).
Il would seem more logical to use a nozzle which is more adapted to the oval
uhinpe of the naris, because in that way a better contact with less pressure
may by abtained. Therefore we use oval - shaped nozzles, tapering slightly
towards the and, the lumina of which are only slightly wider than the ostium
Intsrnum, For noses of different dimensions nozzles of different sizes are
nvailable,

The lumen of the nozzle transmitting the nasopharyngeal pressure is of no im-
portnnon, but the lumen of the second nozzle, as used in rhino-rhec-mane-metric
tdutarminations is of great importance especially in an anatomically or cyclically
witde nowso, As was shown by Van Dishoeck (1957) the resistance of the nose
Ih waused (0 its narrowest area, which in a wide nose is the ostium internum.
When n nozzle having a lumen of considerably smaller dimensions than that
ol the oatium Internum is used a considerable resistance is measured, which
in only caused by the nozzle (according to Spoor, 1965 a up to a conductivity
ol 00, which corresponds to a greatly blocked nose).

Two types of nozzles have to be distinguished, because they serve different
purponss. (The actual difference is only in size).

#. The narls nozzle,

[hin I8 npplied onte the naris in rhino-rheo-mano-metric determinations of the
ihulstance of one whaole nasal half (vestibule + nasal cavity). We use an oval-
shaped nozzle which is slightly larger than the naris.

b, The vestibule nozzle.

Ihis nazzle s slightly smaller than the naris, and is introduced up to the astium
Mor thinarheometric determinations of the resistance In the nasal cavity only
(0. ayalo-datarminations).

The differances that are found In using the different nezzles are illustrated
by Fig. 2. The curves are nasopharyngeal prossures, as measured through

iU

T
D

Figure 2. a. Free breathing. b. Breathing through naris nozzle. There exists only a
slight difference between a and b.

¢. Breathing through vestibule nozzle. d. Breathing through spread speculum (speculum-
teat, Van Dishoeck),

The difference between ¢ and d exists because the speculum dilates the ostium inter-
num alightly. The difference between a, b and ¢ d exists, because In ¢ and d the
vantibule has been aliminated.
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aiin nostril, and caused by breathing through the nasal side to be measured,
which was in the cyclically decongested phase.

1, lree breathing.
2. nhirls nozzle.

4. vestibule nozzle.
4, wpeculum-test.

Van Dishoeck (1957) uses the speculum-test, to differentiate between a tur-
Linnl resistance and a vestibular (ostial) resistance. When after introduction
ol the speculum the resistance does not decrease, the resistance of the nasal
ulvily 18 due to turbinal swelling; when it does decrease, the resistance is
tlum Lo the vestibular (ostial) resistance.

An follows from v. Dishoeck's observations and experiments on cadaver
material and with the artificial nose, the upper limit of patency of the nasal
ulivity which it is possible to measure rhinorheomanometrically is when the
nisnl cavity has a hydraulic diameter not exceeding the diameter of the ostium
tarnum c.q. that of the nozzle.

| i Calculation of total nasal patency.

Htokated (1957) stressed the importance and demonstrated the clinical value
ol the total nasal resistance in correlation with the resistance of the left and
tlght nide, and he demonstrated specifically that in the normal nose the total
(onlntance remains constant in the face of the everchanging bilateral resistan-
oih. Spoor (1965 b) states that the total conductivity can be calculated simply
un the sum of the left and right conductivities.

Wa oxpress the total nosal patency as the pressure-drop /A P which would
ouour If the flow V would pass through both nasal sides simultaneously,
und s caleulated fram the following formula:

PR PL
[ = or
st P 2 3 >
o A 2 NI
Fig PR
whivh hos been arrived at as follows:

cross-section CH

I wlcla flow
pressure-drop PH
cross-section CL

| nlde flow v
pressure-drop PL

LU cross-section c =G w4 E (the total cross-

nidn pat i = section),
flow
prosaure-drop K (the total pressure-drop, aver

tot

the nose as a whole).
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At the flow rates used, the flow-regime always is turbulent (Spoor, 1965}, so
according to Venturi's law for turbulent regimes

— & L2 "
p=108Y"  andp =10%V PH=106V2
2 5
c oy o
?
So: P G
p_H - _L2 0}
L i
2
and Pn _ C ot _ (CR +CL) i
P 2 2
tot CH CH
2 2
_ B Pg Cg B PaCr B 2
So: P = == = 5 : Cg
(CH +CL) CH+2CHCL +CL
PR
= 2
.
+ T2
Cr  Cg
Gy 2
1 + E_H'
PR
- —
(1+ \/—H
PL
p

(VEL)

As can be seen from the formula the more PLincreases, the more Ptot

approximates P R
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CHAPTER II

Own investigations on the Nasal Cycle.

i | Minor fluctuations.

Drettner (1961) described spontaneous and relatively regular variations of the
hloae flaw in the nasal mucosa with a time interval of between 5 and 2
iinuten, In order to investigate whether small fluctuations in nasal patency
auclitad woe did patency determinations twice every minute,

mm H’o o P,
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20 LRRLEEN * Piot,

10 .
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Figure 9 Minor patency-fluctuations. PH and F‘1 determined with the author's rhino-

theamanometer; P computed from the foregoing formula

Lot

Il appears that small fluctuations take place, especially on the more swollen
plde ot about every 1—3 minutes. They tend to be more or less antagonistic
11 phase, and therefore practically do not alter the total patency. The cyclical
pattern con be seen to continue independent of these smaller fluctuations.
An thewse fluctuations are greater than the measuring error, it seems likely
that they are due to spontaneous turbinal valume changes caused by changes
i blood flow as described by Drettner.

I ¥  Normal nasal cycle.

Avoording to Heetderks (1927), Stoksted (1953) and Flottes (1961) 80%, of
thalr casen showed an average cycle-length of about 3 hours, In the remaining
20%, Flottes found cyele lengthe of up to 8 hours, Heetderks states that in

about 209, of the cases there was fluctuation without a cycle of reaction,
that is, one side of the nose was swelling and emptying without the opposite
ohase on the other side. Heetderks (1927) states that in the same individual
the cycle was not the same under apparently the same conditions, while
Flottes (1961) found the cycle-lengths about the same at repeated examinations.
We did cycle determination in 17 test-persons having nasal cavities within
normal morphological limits and no history of allergy or recurring sinusitis.
They were all males and in their twenties. They were chosen, because ac-
cording to Heetderks in this agegroup active turbinal movements may be
expected. This we wanted for further experiments, so that these would not
be too time-consuming. After a period of acclimatization of half an hour, we
tested during 3 hours, a measurement was done every 15 minutes. We did
cycle determinations twice in all testpersons, and three times in a few cases,
on separate occasions. Examples of a normal and a long cycle are found in
Fig. 4 and 5.

Results.
— time.

As only 2 persons showed a complete regular cycle on two separate
occasions, within the measuring period of 3 hecurs, we regarded a patency-
reversal resulting in a symmetrical pattern as normal cyclical activity.

mm Hp0
[4] Pr
30 = Py :
A . F'._ [N

tot. L
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&

Figure 4. Example of a normal nasal cycle. The phases of turbinal swelling and
canstriction last about the same. The amplitudes in the swelling phase are about the
same on both sides. The total patency, as expressed by Ptm remains practically the

samae throughout the cyele,
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Flgure 5. Example of a long, but otherwise fairly normal nasal cycle.

When an asymmetrical pattern followed the patency-reversal, an irregular

oyole was present, The total cycle length was approximated by extra-
palation,

In thin way, out of 37 determinations in 17 persons:

In 7/ porsons 16 reqular cycles were observed; the individual duration was
nbout constant, ranging from 2—7 hours. The average duration of all
togular cyeles was 4 hours 20 minutes.

fi parsons had no patency reversal in 12 determinations.

| poraon
| poraon
I parson
I peraon

had 2 regular and 1 irregular cycles.

had 2 irregular cycles.

had 2 irregular cycles and once no reversal.
had 1 irregular cycle and once no reversal

Ho oul of 37 determinations came 17 regular cycles, 6 irregular cycles
and 14 times no patency reversal.

- Amplitudes.

The amplitude of the curves, whether they showed nice cyclical movements,
(evarunle or no reversals was generally remarkably canstant for the same
pareon,

Among the testpersons the maximum applitudes ranged from around 25 mm
MO ot Vg to around 80 mm H;O at Va.

«= Tatal patency.

The total patency was practically constant in all cases, whether they
showad nice cyclical movements, reversals or no raversals. The individual

kL

total patencies ranged close together. The average total patency for all
cases was 3.24 (Ptgout ); the extreme individual averages being 4.82 and
212 mm H,0.

Discussion.

To our surprise only 7 out of 17 testpersons showed a nice nasal cycle on
at least two occasions in the measuring time of 3 hours, or after extrapolation.
If one considers cyclical activity alone, it appears that 12 out of 17 test-
persons showed a nasal cycle on one or more occasions. As for the 6
persors who did not show a patency-reversal on two occasions, it is probable
that among them there have been some with & very long cycle who were
examined twice in the same phase of that cycle.

So probably about 80% of the testpersons showed cyclical activity as was
the case In Heetderks' and Stoksted's series while Flottes’ 80% is the per-
centage of his testperscns which showed a nasal cycle lasting 2—5 hours.

§ 3. The nasal cycle in children,

In order to investigate a possible cyclical activity in children, which has not
been done before, we did cycle determinations in 19 children, aged 4—10 years
with apparently normal noses. The children were either sitting up in bed or
playing quietly at a table. Zwaardemaker's mirror was used, and the appearing
breathing spots delighted the children, so they cooperated easily. A test was
done every 15 minutes for 2 hours.

O R.side x L.side
Wider

Equal

Narrower

1 1
g 15 30 45 60 75 90 105 120 min.

Figure 8. Qualitative patency-determinations in children with Zwaardemaker's test,
as judged from the two breathing spots. Four patency reversals can be seen.

It appeared that patency-reversals appeared very rapidly, so that cycle lengths
as short as 30 minutes were observed. Only one child showed one reversal,
all other children had at least one full cycle during 2 hours, 6 children had
two oycles In 2 hours,
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i 4 Posture and nasal cycle.

It s known (Heetderks, 1927) that in lying down on one side the lowermost
ninal cavity becomes engorged and that the uppermost nasal cavity opens
up. Ciravity is assumed to be responsible for this.

0, According to Winslow e.a., (1939) in the recumbent position the nasal
mucona swells up, and does not alter after changing from the head high to
the hend low position (Rundcrantz, 1964). He states that before lying down
the nasal patency was determined in the sitting position, but unfortunately
ne mantion is made of that value, so we assume that it did not change.

h. we studied the influence of the side position as in sleeping. In the just
doveloped phase of the cycle the testperson was laid on the side to which
the upposite phase could be expected. It appeared that a reversal in turbinate
[ling oceurred within a few minutes and could be reserved as quickly, by
turring the testperson cover on the other side.

30 Left side
| Right side
| Left side
Right side

20

10

T T T T T T

gt & 10 15 20 25 30 35 40 45 min,

Flgde /. Influence of the side positions when lying down. The right side is the
syolienlly swallan side. Turning over on the other side produces a patency-reversal,

0. In the up-right pesition inclining the head sideways, as it would be in the
slele ponition, did not affect the turbinate Filling,
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Figure B. In the wvertical position, inclining the head to the side with the swollen
side up, no patency-reversal occurs.

In the supine position no change in the total nasal patency could be found
nor & change in the cyclical rhythm.

d. Discussion.

The finding of decreased nasal patency in the supine position in patients with
Horner's syndrome, getting reserpine therapy, and vasomator rhinitis, in which
the vasomotor balance is upset (v. Dishoeck and v. Lier 1960) suggests,
according to our findings, that in normal noses in the supine position the
increased hydrostatic pressure is counteracted by the normal local vasao-
motor tonus, because here no change in patency results. In the side position
the cyclical pattern becomes rapidly deranged. The speed with which volume
changes of the turbinates occur suggests that these are due to changes in blood
content (Drettner). The hydrostatic pressure differences between the upper
and lowar nasal cavities now cannot be overcome either by the |local vaso-
maotor tenus, or by the eyclical mechaniam. This view ls supportad by the
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fnot that in the upright position, where the hydrostatic pressure differences
ure relatively much smaller, a side position of the head is not able to change
tha cyclical pattern. Many complaints about nasal obstruction in the sleeping
position In noses without vasomotor troubles thus are not likely to be due
directly to turbinate factors but to anatomical deviations in the nose. A
vilvular defect is accentuated by gravity when one lies on the side opposite
fo It (It {8 surprising how many deficlent valves there are, when the valve
meen (o Inspected, not with a nasal speculum, but with a wide earspeculum
0r wpecial retractor when does not efface the valvuler pathology by the
uxamining act (Cottle, 1862) ) or, in the case of an important septum deviation
(i which the other side is anatomically wide, when one lies on the side of
Ihe anatomically wide nasal cavity, the ensuing turbinate swelling will soon
[ilock the nasal respiration where it would be anatomically possible.

Bo Il Is a good advice — besides operation — to sleep on the side of the
anntomically least patent nasal cavity, ¢.q. the least optimal valve, because
olten the patient has no important reason for sleeping on the rhinologically
wirong sldel

I & Parasympathetic denervation.
n, Introduction.

Alter Interruption of the parasympathetic supply to the nose the turtinates
buoome shrunken due to sympathetic predominance (Milloning, 1947; Golding-
Wood, 1963). After interruption of the sympathetic supply to the nose, as in
Fomaer's Syndrome, the turbinates become swollen, due to parasympathetic
pradominance. Stoksted (1953) studied the nasal cycle after blocking of the
uinllnte ganglion, The cycle stopped rapidly and a strong swelling appeared.
The oycle continued again after the block had worn off.

Ho It I8 obvious to assume, that during the swelling phase of the nasal cycle
{he parssympathetic |s deminating, and that during the shrunken phase the
aympathetic dominates.

Cyele determinations have not been done before in cases with a parasym-
puthetic denervation on one side. We investigated 5 patients with an anatomi-
oally certaln Interruption of the n. petrosus superficialis major. In one patient
tha nerve had to be sacrificed at operation for an extensive cholesteatoma,
in another patient a middle ear carcinoma had completely infiltrated the facial
nerve beyond the geniculate ganglion and in three patients the facial nerve
el to be sacrificed at operation for a pontine angle tumor.

Iwo patients had a facial paralysis (Bell's palsy) with a strongly decreased
[sarimation as shown by the Schirmer test, so that at least a decreased
funation of the n, petrosus superficialis major might be assumed.

i the Schirmer test a strip of filtrating-paper is hung in both lower conjunctival
wien nnd after 5 minutes the lengths of the wetted areas are compared.

b, HResults:

In all cases practically no turbinal changes were present on the affected side,
while the heterolateral side showed cyclical fluctuations,

R SIDED PARASYMPATHETIC DENERVATION
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Figure 9. Right sided parasympathetic denervation after the n. petr. sup. maj. had
been avulsed during operation for extensive cholesteatoma. This determination has
been done with Spoor's conductivity-meter.

Note that a lower conductivity means a lesser patency, and a higher conductivity
means a grealer patency.

At repested anterior rhinoscopies no turbinal changes could be detected. The
turbinates appeared shrunken and pale, the mucous membrane appeared
rather dry. In only cne case more pronounced dryness and some crust-for-
mation was encountered. This was also the only patient who after operation
for pontine angle tumor spontaneously had observed this symptom.

We had an interesting experience regarding the Schirmer test: a patient came
to the out-patients department one morning with a Bell's palsy on the left
side. The Schirmer test was strongly decreased on the same side and so was
the size of the turbinates. We wanted her for rhinometric studies, but the
apparatus being out of crder, she came beack the next day. In the meantime
the rhinoscopic picture was checked regulary during several hours, the tur-
binates remaining shrunken on the affected side. At the cycle determination
the next morning the turhinates on the left side were shrunken as before,
but after 75 minutes & patency-reversal occurred, This did not fit into the
picture, but now the Schirmer test was repeated and found to be the same
on both sides, Consequently a functional recovery must be assumed to have
taken place in the n, petrosus superficialis major,
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o Discussion.

Golding-Wood (1963) performed section of the n. petrosus superficialis, in
canan of therapy resistant vasomotor rhinitis. The mucosa became shrunken,
hut no undue dryness was observed. The cases described by Gardner and
Stowaell (1947), who performed section of the n. petrosus superfacialis major
for migraine, and the case described by Malcomson (1959) with a Bell's palsy
showed dryness and crust-formation. Milloning, Harris and Gardner (1947)
ulna doescribed shrunken dry mucosae after section of the nmerve. Our own
obnorvations tend to fall within the range of these cbservations.

An roguards the nasal cyele, it appears that in the parasympathetically dener-
viled nasal cavity, where now the sympathetic acts alone, cyclical activity is
ubwont, This means that the sympathetic alone cannot effect the cyclical
mechaniam.

The nasal cycle seems to be brought about by a mechanism where & sym-
puthetle predominance exists on one side and parasympathetic predominance
on the other side, while the predominance alternates regularly from one side
un the other.

{| i, Nasal cycle during oral breathing and after mucosal anesthesia.

0 Introduction.

[t hae been stated by most investigators that the function of the nasal cycle
{0 the alr-conditioning of the respiratory air. On the shrunken side the tur-
binaten glve off their secretions, while on the swollen side the air is warmed.
[t must be remarked, however, that these suppositions have not been provad,
by examination of the humidity and temperature of the air of each nasal cavity
turing o eycle, In view of the rhinoscopic findings (dry mucosa in the swollen
phuose, molst muecosa in the shrunken phase) end of the important part ap-
purently played by the nose in the air-conditioning of the air (e.g. Ingelstedt
nnd Toremalm, 1960) however, these suppositions seem likely to be true,
I view of the Important function of the cycle for the respiration, most authors
place the orlgin of the nasal cycle In the respiratory center.

The sensory endings of the trigeminal nerve in the nose might be the trig-
guring mochanism as well (Scubeyrand, 1963; Melon, 1964; Golding-Wood,
1006,

In ardar to further investigate the role of nose-breathing in the mechanism
ul the nasal eyele, we carried out two experiments in both of which irritation
ul the mucosa by the airstream was absent: (1) The nasal cycle was deter-
mined while the nasal mucous membranes were anesthesized with Stovaine
~ n loonl anesthetic which has no vasomotor activity according to Flottes
(1061) — and (2) the cycle was determined during oral breathing only, nasal
brwathing being prevented, in persons whose cyclical patterns were known
from provious determinations,

The noses were sealed off with plastic tape, as this was found to be the

nurent way of blocking all nasal air passage, without any Irritative procedures
within the nose, After initial values had been obtained, patency detarminations

were done every 15 minutes. The tape was removed, and only one expiration
was allowed, during which the measuring was done. Then the nose was sealed
off again.

b. Results.

1. 4 determinations were done.
2. 7 determinations were done.
It appeared from all cases that:
a. the total patency did not change form the previously known normal values.
b. the cyclical patterns did not change materially, and that persons who had
a nice cycle beforehand also showed the same cycle during nasal
obturation.

mm Hy0
22 frewnasal breathing nares oblurated Itee nasal breathing

A ’/X stovaine anesthesia
5 s b

R Pre

PR LK T il

P PR TR TN N TR ST T

T ™ T . - e
AR = 10 e IS 15 S 1500 o5 1 IBAS 16 Mmes i g
W 15 % i 15 16 i 14 15 w0 e

Figure 10. During normal nose-breathing, during mouth-breathing, and during nosa-
breathing while the mucosa was anesthisized with Stovaine, nasal cycles in the same
person are practically identical.

C.) The influence of the larynx on the nose.

Several studies have been done on the influence of the nose on the larynx
(naso-laryngeal reflexes) but the influence of the larynx on the nose has
received scant attention. Sternberg (1924, 1925), from experiments on dogs,
concluded that the larynx has an inhibiting influence on the nasal vasoconstric-
tors, In man he found the nasal mucosa a little anemic after tracheotomy and
pale and shrunken after laryngectomy, as a sign of atraphy by inactivity.
We could confirm this in 4 laryngectomees. At repeated rhinoscopies not a
slgn of eyelical activity could be found.

S0 |t seems that breathing through a tracheostoma after laryngectomy
abolinhes the turbinal activity.
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To new whether the sensory innervation of the larynx has any direct influence
on the turbinates, we measured the nasal patency after local anesthesia of
e larynx (at a suggestion by prof. Luyendyk).

Ihinorheomanometric determinations were done on 6 persons *) having ap-
parently normal noses. After initial patency values were obtained the larynx
wiin nnesthesized with a 1% 9%, Tetracain-solution. Patency determinations were
intln directly and then every 5 minutes, as well as anterior rhinoscapy. The
axamination lasted from 15—30 minutes, which is about the duration of the
luonl anesthesia as testified by the testpersons.

Honults,

In wll cases it appeared that the cyclical curves did not change nor the
tolal patencies. The rhinoscepic picture did not change.

d. Discussion.

It appeared that the nasal cycle is neither influenced directly by mouth-
breathing, nor by anesthesizing the nasal mucosa. Moreover, local anesthesia
al the larynx had no direct influence on the turbinates. These ara arguments
afninat the cycle originating in the nose, either by irritetion by the airstream
al the trigeminal nerve endings or in some other way, whereas a direct in-
fluonce from the larynx seems improbable. Possibly some mechanism is pre-
nant 11 the bronchi which could be directing the nasal cycle, although it would
uaom more probable that at this level in the airway this mechanism would
have more to do with the general nasal resistance to breathing (see chapter
1.4 1)

On the other hand, the cycle is absent after laryngectomy. Studies of the
nikal mucous membranes after laryngectomy have to be done after the nose
han boeen In disuse for some time. Examination right after the operation is
tulte impractible, because the patient has to be fed by way of an indwelling
nanal tube for at least a week ar two, after which it tekes some time for the
nose to recover from the traumatization by the tube. So, judging from the
feuults of the immediate stopping of nasal respiration upon the mucosa, it
apponrs that the nonfunctional state of the mucosa must be of longer duration
for all turbinal activity to become absent, and we assume that the cyclical
mechunism peters out in that time.

ludging from the fact that the cycle continues after local anesthesia of the
nusal ne wall as laryngeal mucous membranes, and during temporary preven-
tlun of nosge breathing, it must be concluded that, apart from a possible
bronehinl factor, the initiating mechanism of the nasal cycle has not been
luented, The possibility must be kept in mind, however, that some unknown
lnotor may be present in the larynx, and especially in the nose — e.g. the
“rpoaptor“atructures in the nasal mucosa (Temesrekasi, 1959), — which was
not put out of action by local anesthesia, or which, in the case of nasal ob-
Lupation, may have been kept going behind the obturation in the nasal vestibule
by the pressure changes In the nasal cavity caused by mouth-breathing.

S My thinke are clue to the nurses of the Jullana Hospital, Apeldoorn, who so willingly
underwant thin axperimant,

& 7. Bilateral effects of homolateral influences.

a. Adrenaline - histamine experiments.

The impression that some balancing mechanism must be in existence when
one looks at nasal eycles, is strong. Indeed, the French term for the nasal
cycle, rhinite & bascule, seems to be aptly chosen, Beickert (1850) investigated
this. He applied adrenalin to one nasal cavity, and observed homolateral
shrinking and heterolateral swelling of the turbinates, histamine effected the
reverse. On repeating this, we could confirm these findings. The heterolateral
reaction was less intense, and of shorter duration than the homolateral
reaction.
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Figure 11. Spraying Adrenalin 1/10.000 aon the swollen side produces a marked
decongestion homolaterally, and a slight relative congestion heterolaterally.

b) Horner syndrome and interruption of the n. petrosus superficialis maior.

In order to try to gain insight into this balancing-mechanism, we did experi-
ments on patients having a one-sided interruption of either the sympathetic
or tha parasympathetic innervation of the nose (Horner syndrome and inter-
tuption of the n. petrosus superficialis maior respectively),
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Figure 12, Spraying the decongested side with Histamine 19 produces a marked
drop In conductivity homolaterally, and a slight decongsstion heterclaterally.

1. Morner syndrome. *)

0 patients having a Horner syndrome from various causes — one patient had
0 central Horner, two had a cervical trauma, one had had a resection of a
Zuanker diverticulum, two patients were seen after a stellate ganglion block
~ wore examined. Only 3 patients had complete rhinorheocmanometric as
woll ns rhinoscopic examinations, in the others rhinorhecmanometry was felt
1o bo unreliable, so only anterior rhinoscopy was dene. At anterior rhinoscopy
Il nppeared that the mucosa on the affected side was swollen, but that the
cusen of longer duration showed less swelling than the recent cases, e.q.

iltar wtellate ganglion block.

Houults,
I all patients spraying the homolateral side with Adrenalin gave rise to a
subatantial widening of the nasal cavity and to a moderate narrowing of the

8 My thanks are due to Prof, W, Luyendyk, Leyden, and A. J. Froeling, MD., . S. F.
wel, M. and ) Th, Voeorpoal, M.D,, Apeldoorn, for thelr interest in this study and

thelr sonsent to examine thelr patients,
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heterolateral nasal cavity, except In one case where the patency remained
the same. Spraying the heterolateral side with Histamine 19 resulted in a
narrowing of that side and in a moderate widening of the homolateral side
in one case — the patient who had a central Horner; in the other patienis
no clear reaction of the homolateral side could be observed.

2. Parasympathetic denervation.

In 2 patients with a one-sided interruption of the n.petrosus superficialis
maior spraying the affected side with Histamine 1% produced homolateral
swelling of the turbinates and shrinking of the heterolateral turbinates.
Spraying the heterolateral side with Adrenalin 1:10.000 resulted in swelling
of the turbinates on the affected side and shrinking on the heterolateral side.
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Figure 13, Left sided parasympathetic denervation after operation for pontine angle
tumour, Bpraying Histamine 1% on the left side is followed by congestion homolaterally

nne decangestion heterolaterally.
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Figure 14, Left sided parasympathetic denervation after operation for pontine angle
timour, Spraying Adrenalin 1/10.000 on the right, congested, side is followed by de-
vangestion homelaterally and a, slighter, congestion heterolaterally.

v.) Discussion,

Ihuso findings suggest again that some balancing mechanism, in other words
firabably the mechanism which effects the nasal cycle, must exist. However,
the heterolateral reaction above described is not the same as the patency-
fovaranl which is the essence of the normal nasal cycle. But this may only
Lo quantitative difference because in normal noses after spraying with
donen of Histamine 1% or Adrenaline 1/000 higher than those previously used
an reapectively the cyclically shrunken and swollen sides it is possible to
ublnln o complete patency reversal. From the experiments on the one-sided
puranympathetically or sympathetically denervated nasal cavities it appears
that o reaction on the affected side may be obtained in the parasympathe-
tonlly donervated nasal cavity but not on the sympathetically denervated side.
Ihis seems to imply that an intact sympathetic is essential for this reaction.
The Importance of the sympathetic in mediating vascular reactions In the
nannl mueosa was also demonstrated by Drettner (1961) who found that the
(nitlel renction in the nasal mucosa on local skin-cooling, “e.g. a decrease” in
the bloadflow, was absent on the side where a stellate ganglion block had
baan porformed,

As a general — mare or less teleological — conclusion, the view may be
offered that the nose takes care, or is taken care of, to present a conglant
respiratory resistance (Cottle, e.a., 1958, Stoksted, 1960, Ogura e.a., 1964),
In the case of an existing one-sided sympathetic or parasympathetic dener-
vation this state of the nose — cne side being narrow, the other wide —
can remain as it is, because the respiratory resistance remains the same.
When this situation is altered artificially, the nose adapts itself so as to again
offer the same respiratory resistance. So may also be viewed the involuntary
disturbance of the nasal cycle as on lying down on the side, and even the
situation when a normal cyclical reversal takes place. All this is possibly due
to a central regulating mechanism which creates a constant nasal resistance
to breathing. But, for the mere occurence of these cyclical reversals or rather
for the nasal cycle itself, no ready explanation offers itself at the moment.
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CHAPTER il

Summary.

Alter an Introduction, the literature on the nasal cycle, and factors influencing
I, nre discussed. A description of the pertaining anatomy is given.
Mathods for measuring the degree of patency of the nose are systematically
prosanted, and the preference for rhinc-rheo-manometry is stressed. The
nuthor's rhino-rheo-manometer is described, and his formula presented with
which the total nasal patency can be calculated from the patency of the right
und Inft nasal cavity. The structure of the nasal vestibule and its importance
whon nozzles are used for rhinometric measurements is discussed. A distinc-
lon s mode between a vestibule-nozzle and a naris-nozzle. Rhino-rheometric
Invaatigations were done on several aspects of the nasal cycle. Minor fluctua-
lonw in nasal patency appeared to teke place in the course of a few minutes,
I'tom repeated cycle determinations lasting 3 hours we obtained less regular
tytlon thans previous authors. The amplitudes and total patencies were
[amarkably similar in the same individual at repeated occasions. Children
inppenred to have a very lively cyclical activity.

B lying down in the side position a patency reversal occurred in a few
minutes, This could be reversed as guickly by turning the testpersen over on
[he other side. In the upright position Inclining the head to the side appeared
not to affect the patency of either nasal cavity. [n the recumbent position no
chunge could be found either in cyclical rhythm or in the total patency as
compared with the upright position.

Liyole determinations done in patients having a one-sided interruption of the
paranympathetic nerve supply to the nose revealad that cyclical activity was
nhaont on the affected side, the turbinates being constricted. The absence
ol oyclical activity could be used in topodiagnosis of facial nerve lesions.
During temporary occlusion of the nose, the cyclical activity remained the
nime ns during nose-breathing. This was also the case during nose-breathing
whan the mucous membranes were anesthesized, After laryngectomy no
uycllonl activity was apparent on either side.

Aller lognl anesthesia of the larynx the state of the turbinates was not altered.
I the normal nose it was possible by applying unilateral vasoconstriction or
vimndilatation, to elicit the reverse reaction in the other nasal cavity.

I the unilaterally parasympathetically denervated nose it was possible to
aliglt this opposite reaction on the affected side. In the unilaterally sym-
pathetically denervated nose it was not possihle to elicit this opposite reaction
un the wffected side. The possibility is mentioned that the sympathetic is
tpnponaible for the heterolateral reaction.

CONCLUSIONS

1. In a measuring time of 3 hours less regular nasal cycles are found than
by previous authors,

2. Minor fluctuations in nasal patency take place.

3. Children have a lively cyclical activity.

4. In the recumbent positicn no change in cyclical pattern occurs.

5. On lying down on the side a patency reversal occurs rapidly, and is
caused by gravity. '

6. In a nasal cavity without parasympathetic innervation cyclical activity is

absent, the turbinates remaining constricted. This is an aid in the topo-
diagnosis of facial nerve lesions.

7. The nasal cycle is not affected by temporary occlusion of the nares, or
by anesthesia of the mucosa or by anesthesia of the larynx.

8. In laryngectecmees no nasal cycle was found.

9. Reversing the state of patency in one nasal cavity by vascoconstrictor or
vasodilating agents effects the opposite state in the other nasal cavity.
This “hetero lateral reaction” may be dependent on an intact sympathetic
innervation.

10. The mechanism of the nasal cycle is probably, that in the swollen phase
the parasympathetic dominales and in the constricted phase the sym-
pathetic.

RESUME

Aprés l'intreduction suit une discussion de la bibliographie concernant le
cycle nasal, ainsi que les facteurs qui influencent le cycle nasal. L'anatomie
concernant ce sujet est présentée briévement. Les méethodes pour mesurer
la permeéahilité nasale sont décrites et la preference fut accordae a la rhino-
rhéomanometrie.

La méthode propre de la rhinorhéomanomeétrie est décrite. On y trouve la
formule qui permet de calculer la perméabilité nasale totale par la permeabilite
nasale gauche et droite. La différence entre I'clive narinaire et I'olive vesti-
bulzire y est indiquee.

Les propres recherches sur les aspects différents du cycle nasal sont
décrites.

De |égeres fluctuations dans la perméahilité nasale semblent apparaitre pen-
dant guelgues minutes,

Des examens du cycle nasal fuent établis sur plusieurs sujets et refaits au
moins une fois. Comparé avec les autres auteurs on observa un nombre
inferieur de cycles réguliers, quoique le pourcentage total ol I'activité cyclique
fut constaté etait probablement 4 peu prés pareil c'est a dire 80%.
L'amplitude du cycle et la perméabilité nasale totale chez les mémes per-
sonnes coordinaient d'une fagon surprenante avec les valeurs acquises aprés
un secand examen. Des enfants semblaient avoir une activité cyclique vive,
La position couchée sur le coté amena un renversement de la perméabilité
en quelques minutes; cet renversement fut observé aussi rapidement en sens
inverse, dés que la position sur l'autre coté fut prise. Assis une inclinaison
de |la téte vers I'épaule ne semblait guére influencer la perméabilité daucune
den deux cavités nasales. Couché sur le dos aucune moclification dans 'actl-
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vile oyellque ou la perméabilité nasale totale, par rapport & la position assise,
ne fut constatée.

Lon examons du cycle chez les malades ayant une interruption unilatérale
ta l'lnnervation parasympathique du nez ont prouvé que l'activité cyclique
atait nbuonte du coté atteint; les cornets furent degonflés. Cette absence
e I'notivité cyclique peut &tre utile pour la topodiagnostic des affections
du nerl facial,

L wupptimant temporairement la respiration nasale, I'activité cyclique resta
[0 mbme que pendant la respiration nasale. Le méme résultat fut observeé
uveo o respiration nasale lors d'une anesthésie locale de la mugueuse
nannle,

Apron une laryngectomie 'activité cyclique était absente. L'anesthésie locale
i lurynx ne semblait guére influencer les cornets. Une vasoconstriction ou une
vinadilation unilatérale dans un nez normal provogqua une rdaction inverse
tane I'mutre cavité nasale. Cette réaction inverse pouvait dtre provoguee
du cate alteint lors de la dénervation parasympathique unilatérale mais pas
[ore de la dénervation sympathique. On suggere la possibilité que le sym-
pathique goit la cause de la réaction hétéro-latérale.

SAMENVATTING

N van Inleiding volgt een litteratuuroverzicht betreffende de neuscyclus, en
lactoren die de neuscyclus beinvioeden. In het kort wordt de van belang
slnde nnatomie besproken.

Do methoden om de doorgankelijkheid van de neus te meten worden be-
nproken waarbij de voorkeur wordt uitgesproken veor rhinorheomanometrie.
0o wlgen methode van rhinorheomanometrie wordt beschreven. De formule
wordl gegeven, waaruit de totale neus-doorgankelijkheid berekend kan wor-
an ult de doorgankelijkheid van de linker en de rechter neusholte. Het onder-
neheld tussen naris-neusstuk en vestibulum-neusstuk wordt aangegeven.
Figen onderzoekingen worden beschreven over verschillende aspecten van
o nouscyclus. Kleinere fluctuaties in neus-doorgankelijkheid bleken veor te
komaon in het verloop van enige minuten, Neuscyclusbepalingen werden ver-
flaht blj een aantal proefpersonan, en bij allen tenminste eenmaal herhaald.
[ word een kleiner aantal regelmatige cycli gevonden dan bij andere auteurs,
[lomwal hel totale percentage waarin cyclische activiteit werd gevonden waar-
nolilnltjle ongeveer gelijk was, namelijk 80%,. De amplitudo van de cycli en de
lotule neus-doorgankelijkheid bij dezelfde proefpersanen bleken opvallend
gelijls te zijn aan de waarden die bij een herhaald onderzoek werden gevonden.
Kindoran bleken een levendige cyclische activiteit te hebben.

I 2lligging bleek een amslag in doorgankelijkheid op te treden binnen enige
minuten; deze omslag kon even snel omgekeerd worden door zijligging op
o nndere zijde. In zittende houding bleek zijwaarts neigen van het hoofd
o daorgankelijkheid van geen van beide neusholten te beinvioeden. In rug-
llgping kon geen verandering in cyclische activiteit of totale neus-doorganke-
lllkhald ton opzichte van de zittende houding worden aangetoond.
Cyolusbopalingen bij patisnten met een eenzijdige onderbreking van de
phranympathische nnervatie van de neus lieten zlen dat eyclische activiteit
niwezlg was aan de aangedane kant; de conchae waren hier ontzwollen, Deze
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afwezigheid van cyclische afwezigheid kan van nut zijn bij de topodiagnostiek
van n.facialis-aandoeningen.

Bij tijdelik uitgeschakelde neusademhaling bleef de cyclische activitelt dezelf-
de als bij neusademhaling. Dit bleek ook het geval bij neusademhaling, tarwl]l
het neussljjmvlies plaatselijk verdoofd was.

Na laryngectomie was cyclische activiteit afwezig. Plaatselijke verdoving van
de larynx bleek geen invioed te hebben op de conchae.

In de normale neus bleek eenzijdige vasoconstrictie of vasodilatatie in de
endere neusholte de tegengestelde reactie teweeg te brengen Deze tegen-
gestelde reactie bleek apgewekt te kunnen worden aan de aangedane kant
bij eenzijdige parasympathische denervatie van de neus, maar niet bi] een-
zijdige sympathische denervatie van de neus. De mogelijkheid wardt genoemd
dat de sympathicus verantwoardelijk is voor de heterclaterale reactie.
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