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It is known from clinical experience that during anaesthesia for surgery 
on the nasal septum vertigo, sw eating, or eventually loss o f consciousness m ay  
occur. It is also well-known that common cold is often associated with headache. 
In single cases of retrobulbar neuritis recovery was achieved by painting cocaine  
on the nasal mucous membrane (Gabányi [4]). Reagen et al. [13] have reported 
that the intranasally instilled Newcastle disease virus produced sym ptom s 
similar to those seen after intracerebral adm inistration. These facts made us 
to study the existence o f an eventual close connection between the nasal and 
the cranial cavity.

As early as 1875, Key and Retzius [9] dem onstrated the connection  
between subarachnoidal space and nasal lym phatics, by injecting a dye into  
the CSF space. Ivanow and Romodanowsky [7] injected China ink into the 
subarachnoidal space o f live and dead dogs and found considerable amounts 
of the dye in the nasal mucosa. The experiments of Schwalbe [14] also proved 
the existence of a circulatory connection between subarachnoidal space and 
nasal mucosa ; his results, however, could not be reproduced by Quincke [12].

The divergence in results appears to have been due to differences in the 
molecular size of the various dyes used. According to Weed [17], ferri ammo­
nium  citrate and potassium  ferrocyanide injected into the cerebrospinal fluid 
appears in the perineural space o f cranial nerves, in  the cervical lym ph nodes 
and in the nasal mucosa. Tchoudnosovyetov [3] has obtained evidence in 
live animals and fresh cadavers concerning the existence of connections between  
subarachnoidal space and nasal cavity. These findings have been substantiated  
by the results reported by Speransky [15]. In contrast w ith the retrograde 
experim ents, Vendég [16] used the so-called anterograde technique in cadavers 
and found that m ethylene blue injected into the nasal mucosa appeared in 
the base of the skull, expecially so in the region o f the sella turcica, lamina 
cribrosa and clivus. Raum and Trautmann [2] have dem onstrated in detail 
the lym phatic system  o f the nasal cavity in live and dead horses, dogs, calves, 
pigs and suggested that the nasal lymphatics m ay be connected with the 
intracranial space.
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The mentioned data originate from studies made partly in live, and 
p artly  in  dead subjects. In  live subjects exclusively the retrograde injection  
techn ique has been em ployed for dem onstrating the com m unication between 
intracranial space and nasal mucosa. Therapeutic considerations have made it 
necessary to demonstrate th e  existence of this connection in the live subject, 
b y  th e  anterograde technique. An account o f the first part of our investigations 
has been given at the 20th M eeting of the Hungarian Physiological Society, 
in 1954 [10].

M aterials anil methods

Albino rats, rabbits and cats were studied.
In  the rat experiments, 65 albino rats were involved. Under ether or Evipan anaesthesia, 

a hypodermic needle was introduced into the nose and China ink or trypan blue, diluted 1 : 10, 
was injected under the nasal mucosa, in a volume of ]/% ml. In the 10 control experiments the 
dyes were injected either intravenously (into the femoral or the tail vein), or were administered 
into the carotis communis artery. Both the controls and the test animals were killed within 
15 to  120 minutes after injection. To avoid passing of the needle through the nasal cavity, and 
injection of the dye directly into the brain we have determined the optimum site of injection. 
This was found to be in the central region of the nasal septum, 12 mm from the nostril, taking 
the distance betwen nostril and lamina cribrosa to be 22 mm. A relatively large volume (500 
cu. mm) of dye had to be applied to provide constant pressure. During injection pressure did 
not exceed 100 mm water. In a few cases pressure was measured by a physicist. The animals 
were killed by giving an excess of anaesthetic or by exposure to coal gas. The nasal septum, the 
walls of the nasal cavity and the brain were fixed in 4 per cent formaldehyde, Carnoy’s fluid, 
or 80 per cent alcohol. The specimens were then either embedded in paraffine, or were frozen, 
cut up into sections and stained with haematoxylin-eosin, azan, or carmine.

In 5 rabbits we used a similar method, whereas in 2 rabbits frontal craniotomy was 
performed under Evipan anaesthesia and aseptic conditions. The frontal lobe was raised,1, 5 ml. 
China ink was injected into the septal mucosa and the coloration of the base of the skull was 
examined. In cats the method was similar to that described for rats.

Results
Gross findings

After injection into the anterior one-thiril of the nasal septum  the dye 
appeared in the anterior one-third of the septum , in the mucosa of the conchae 
n asi, o f the lateral Avail o f  the nasal cavity, as "well as in the submandibular, 
sublingual, para- and retropharyngeal, cervical lym ph nodes and in the two 
tonsillae palatinae. No coloration was visible in the base of the skull and on 
the basal aspect of the brain.

After injection into the middle one-third of the septum , the septum  
turned black in an area reaching to the lam ina cribrosa, just as it  happened 
w ith  the scala anterior, particularly with the lam ina cribrosa. On the basal 
surface of the brain, along the olfactory lobe, on both sides o f the chiasma 
opticum  and hypothalam us, up to the pons black lines were v isib le , just like 
in  the two aspects o f the bilateral frontal lobes facing each other (Fig. 1). In 
th e  rabbit gross exam ination after frontal craniotom y revealed the presence 
o f  a black coloration at the lam ina cribrosa, the finer distribution of which 
could not be observed.



LYMPHATIC CONNECTIONS BETWEEN THE NASAL MUCOSA AND INTRACRANIAL SPACE 3 6 3

Histological fin d in gs

In stained preparations of the nasal septum  the following were seen. 
I. Respiratory region. On the surface there was m ultinucleated villous  

cylindrical epithelium  below which in the tu n ica  propria lym phocytes pre­
dominated. The tunica propria had no acute outlines toward the subm ucosa. 
In th is area were found the mixed glands of the nasal mucosa. In deeper layers,

Fi g .  1.  Gross appearance of the basal aspect of the brain in the rat. The passage of China ink 
can be followed along the olfactory lobe, in the subarachnoidal cavum, on both sides of the 

hypothalamus, to the pons. Magnification, 1 : 5

Fi g .  2 .  Microphotographie appearance of the respiratory region of the nasal septum.
)  Tunica propria, b j  Lymph vessel filled with China ink. c )  Submucosa. Haematoxylin-eosin,

X 480
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a t  th e  subm ucosal-perichondrial or p e rio s tea l ju nc tion , d ila ted  venous sinuses 
w ere  seen in  loose connective tissue. A bove th e  lym phocytic zone, as well as

Fig. 3. Microphotographie appearance of the respiratory region of the nasal septum . 
a )  System  of lymphvessels under tunica propria, b)  System  of lymphvessels between subm ucosa 
an d  perichondrium, c)  Perichondrium , d )  Cartilage. The network of com m unication betw een 

th e  two lymphatic system s is visible in the submucosa. Haematoxylin-eosin, X 250

Fig . 4. M icrophotographie appearance of the olfactory region of the nasal septum , a)  O lfactory 
lobe, b)  China ink perineurally. Haematoxylin-eosin, X 480

a t  th e  perichondrial o r periosteal an d  subm ucosal junction  the dye  ap p eared  
in  th e  lym ph  plexi. The tw o layers co m m u n ica ted  in  the  form  o f a ne tw ork  
su rro u n d in g  the  end  cham bers of g lands a n d  th e  veins, b u t no dyre w as visib le 
e i th e r  in  the lum ina of g lands or in  th e  veins (Figs. 2, 3).
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II. Olfactory region. In this region the dye was distributed m ainly as 
in the respiratory region. It was also found along the fila olfactoria, perineurally
(Fig. 4).

III. Subarachnoidal cavity . The brain com plete with leptom eninx was 
worked up system atically. In the subarachnoidal space the dye was detectable  
both on the basal and the convex aspect. From the subarachnoidal space the 
passage of dye into the brain could be followed alone the vessels (Fig. 5). But

Fig. 5. M icrophotographie appearance of a section cut parallel w ith the lam ina cribrosa, from 
the frontal lobe. Perivascularly China ink is visible. Haematoxylin-eosin, X 120

from the cerebral m atter proper it was only in the hypothalamus that dye 
could be demonstrated. Here fine China-ink granules were found extracellularly. 
To exclude interference by formaldehyde crystals, specimens fixed in 80 per 
cent alcohol and Carnoy’s fluid were also exam ined.

Control tests

After intraarterial and intravenous injection of the dye the brain turned 
black in colour. The dye was i.i the cerebral blood vessels ; no dye was dem on­
strable in the cerebral m atter, or subarachnoidallv.

Discussion

The evidence obtained confirmed the results of other authors, according 
to which a lym phatic connection exists between nasal mucosa and intracranial 
cavity . As regards these results, they were gained partly on dead material
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( V e n d é g  [16], B a u m  and T r a u t m a n n  [2], K e y  and R e t z i u s  [9], S p e r a n s k y  

et al. [15]), and partly on live  anim als ( B a u m  and T r a u t m a n n  [2], S p e r a n s k y  

e t al. [15], H o f f m a n n  and T h i e l  [20], Y o f f e y  [18, 19]). The m ethod used 
for unm asking the com m unication was m ostly the retrograde one, i. e. per­
fu sion  from the subarachnoidal and subdural spaces. However, the residts were 
not unequivocal. The cause o f  this has been suggested to be in the variability  
o f  CSF pressure in the subarachnoidal space (S p e r a n s k y  et al [15]). This 
sta tem en t calls attention to  two factors. 1. It is known that i f  CSF pressure 
is increased, for example during an epileptic seizure, the CSF is conducted 
also tow ard the nasal ca v ity , thus injection o f dye into the subarachnoidal 
space gives rise to a pathological condition. 2. The pressure of the CSF must 
overcom e the resistance o f th e  valves in the nasal lym ph vessels. This is shown, 
am ong others, by the fact th at in cases w ith low pressure only little , or even  
no, d ye  appears in the nasal cavity . For this reason perfusion from the nasal 
m ucosa seems to be more physiological. In perfusion from the nasal mucosa 
pressure is not the sole factor. This was shown by the investigations c f  
K r o m p e c h e r  et al. [10], w ho found that after introducing a cotton swab with  
streptom ycin  on the septum  of normal children the resulting concentration  
o f  streptom ycin in the CSF was much higher than after parenteral adm inis­
tra tion . The investigations w ith this anterograde mode of adm inistration  
y ie ld ed  information as to the optim um  site o f injection. B a u m  and T r a u t  - 

m a n n  [2] already made attem pts at dividing the nasal cavity into areas with  
regard to  lymph outflow. Our studies in rats revealed that the lym phvessels 
in  th e  anterior one-third o f  the nasal septum  communicate first of all with 
the cervical, submandibular, para- and retropharyngeal lymph nodes, whereas 
th ey  are in  no direct com m unication w ith the intracranial cavity. In the middle 
th ird  is  found the most dense lym phatic network, located in the area o f the 
tu n ica  propria next to the epithelium  and especially in the subm ucosa. 
T hese networks com m unicate w ith each other and extend toward the lam ina  
cribrosa. According to Y o f f e y  [18, 19], as well as H o f f m a n n  and T h i e l  [20], 
th is  lym phatic network com m unicates w ith the perineural spaces, creating  
th ereb y  the connection betw een nasal mucosa and intracranial cavity . W e have 
been unable to confirm the existence of a connection between the venous and 
lym p h atic  networks claim ed by S p e r a n s k y  [15] and by B a u m  und T r a u t ­

m a n n  [2]. No dye was v isib le in the lum ina of vessels 15 to 60 m inutes after 
in jection . However, the dye did appear in the lym phatic spaces of the conchae 
n asales, too. From the hind third o f the septum  the outflow  toward the intra­
cranial cavity is m echanical ; in this the perineural route appears to be also 
in v o lv ed  beside the flow through the lym phatics. The lym phvessels o f the nasal 
m ucosa pass through the lam ina cribrosa and em pty into the subarachnoidal 
space. This is confirmed b y  the variable in tensity  of coloration o f the nasal 
m ucosa after injecting the dye into the subarachnoidal or subdural space.
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From the subarachnoidal space the dye enters the cerebral m atter alongside 
the cerebral blood vessels. I f  the dye granules are small, the brain is probably 
entered also by diffusion, or via  the plasma bridges described by L e o n h a r d t  [1 1 ] . 

The dyes used by us appeared extracellularly in the basal part o f  the hypo­
thalam us but no elsewhere in the brain. This phenomenon is due to  the well- 
known difference in perm eability existing between the hypothalam us and other 
parts o f the brain ( B a k a y  [ 1 ] ,  H e v e s y  [ 5 ,6 ] ) .

Accordingly, in our experim ents the dye was demonstrable in  the brain. 
The m ethods used by us revealed granules o f dye only in the hypothalam us. 
N evertheless, the possibility is given to carry out not only qualitative, but also 
quantitative studies in other parts of the brain by some im proved technique.

Summary

In view of its practical significance, we have subjected to study the lym phatic  commu­
nication between nasal septum and intracranial space in 65 albino rats, 7 rabb its  and 3 cats. 
10 control experiments were also carried out. China ink and trypan blue, in jected  under the 
mucosa of the nasal septum , were used for dem onstrating  communications. In  paraffine- 
embedded or frozen sections, stained with haem atoxylin-eosin, carmine or azan th e  following 
were found.

1. The dye injected into the anterior one-third of the septum appeared in  the  subm andi­
bular, sublingual, parapharyngeal lymph nodes and in the tonsilla palatina.

2. The dye injected in to  the middle th ird  of the septum was found in
a) the lym phatic netw ork of the nasal septum ,
b) the  subarachnoidal space,
c) in the hypothalam us, extracellularly.

3. The dye was never dem onstrable in  blood vessels.
4. Communication is by the following rou tes:

a) D irect lym phatic connection from the nasal mucosa to the subarachnoidal space.
b)  Perivascularly.
c) Perineurally.
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С В Я ЗЬ МЕЖДУ Л И М Ф О О БРА Щ ЕН И ЕМ  СЛИ ЗИ С ТО Й  ОБОЛОЧКИ НОСА 
И Ч Е РЕП Н О Й  ПОЛОСТЬЮ

Ч . КОШ А, И. ФЕЛДЕШ  и А. ОРОС

В ви ду больш ого з н а ч е н и я  д л я  практики, авторы  и ссл ед о в а л и  связь м е ж д у  л и м ­
ф о о б р а щ ен и ем  носовой п е р е г о р о д к и  и черепной п о л о ст ь ю . П одопы тны ми ж ивотны м и  
о б ы л и  : 65 белых крыс, 7  к р о л и к о в  и 3 кошки. О д н о в р ем ен н о  проводились т а к ж е  и 10  
к о н т р о л ь н ы х  эксперим ентов. Д л я  вы явления связи ав то р ы  при м ен я ли  туш ь, тр и п ан ов ую  
с и н ь к у , вводя эти кр аск и  п о д  сл и зи стую  оболочку н о с о в о й  перегор одк и . Н а за л и ты х в 
п а р а ф и н  или ж е з а м о р о ж е н н ы х  ср еза х  получались п о с л е  окраш ивания гем атоксили н- 
э о зи н о м , кармином или а зо к р а с и т е л е м  следую щ ие р езу л ь та т ы  :

1. Введенные в п е р е д н ю ю  треть  носовой п е р е г о р о д к и  краски появляю тся в с у б ­
м а н ди б у л я р н ы х , подъ язы ч ны х, параф арингеальны х л и м ф ати ч еск и х  у зл а х  и в н ебн ой  
м и н д а л и н е.

2 . Введенные во в т о р у ю  треть  носовой п е р е г о р о д к и  краски об н а р у ж и в а ю тся  :
а )  в лим ф атической с и стем е  носовой п е р е го р о д к и ,
б)  в п одп аути нн ом  простр ан стве,
в) в ги поталам ич еск ом  вещ естве внеклеточно.

3 . В кровеносны х с о с у д а х  появления краски н и к о г д а  н е  наблю далось.
4 . Связь о су щ еств л я ется  нескольким и путям и :

а) непосредственны м  лим ф атическим  путем  и с х о д я щ и м  и з слизистой н оса в п о д ­
паутинное п р о с т р а н с т в о ,

б)  пери васк уляр н о,
в) периневрально.

V ERBIN DU NG  ZWISCHEN D EM  LYM PHKREISLAUF D E R  NASENSCHLEIMHAUT 
U N D  DEM  DER SC HÄ DELHÖ HLE

C S . K Ó S A , I . FÖ LD ES u n d  A. O R O S Z

E s wurden — in A n b e trach t ih rer praktischen B edeutung  — die Verbindungen zwischen 
dem  Lymphkreislauf der N asenscheidew and und jedem der Schädelhöhle an 65 weissen R a tten , 
7 K aninchen  und 3 K atzen u n te rsu ch t. Es wurden 10 K ontrollversuche vorgenommen. U m  
die V erbindung zu bezeichnen, w u rd e  Tusche oder T rypanblau  u n te r die Schleimhaut der N asen­
scheidew and injiziert. An P a ra ff in -  oder Gefriersschnitten w urde nach H aem atoxylin-Eosin, 
K arm in  oder Azanfärbung das folgende beobachtet :

1. In  das erste D ritte l d e r Nasenscheidewand e ingeführter Farbstoff erscheint in  den 
subm andibulären, sublingualen u n d  parapharingealen L ym phkno ten  und in der Gaumentonsille.
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2. Der in das zweite D rittel der Nasenscheidewand injizierte Farbstoff erscheint :
a) im Lymphgefässnetz der Nasenscheidewand,
b) im Cavum subarachnoideale,
c) extrazellular im H ypothalam us.

3. In den Blutgefässen wurde niem als F arbstoff beobachtet.
4. Die Verbindung kom m t auf m ehreren Wegen zustande :

a) d irekter Lymphweg ausgehend von der Nasenschleim haut im Cavum subarach­
noideale,

b) perivaskulär,
c) perineural.

Dr. Csaba Kosa, 
Dr. István F öldes 
Dr. Árpád Orosz

Debrecen, 12. Anatóm ia, Hungary
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