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Proposed Pathogensis of
Meniere’s Disease
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J Clinical Otolaryngol 2005;16:3-13

basis, 7) High incidence of bilaterality, 8) Results of
chromosomal and molecular biologic studies, 9) Au-
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Absence of Longitudinal Enolymphatic
Volume Flow in Normal State
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Endolymph electrolyte turnover rate
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Longitudinal flow
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Fig. 1. Schematic drawing how three electrodes are
place to measure endolymph flow in the cochlea (ad-
apted from Salt's webpage http://oto.wustl.edu/co-
chlea/res1.htm).
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Pool concept of endolymph homeostasis
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Volume flows associated with volume regulation processes
(detectors and mechanisms unknown)
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Fig. 2. “Pool” analogy for the role of endolymphatic vo-
lume flows in homeostasis. Endolymphatic compartments
are represented as a number of pools connected by
small ducts. Many transport processes may impact the
volume status of each compartment as shown below
each, but in the normal state the summed influence on
volume is small. Local volume regulation processes may
exist in each compartment. In the case of volulme dis-
furbance, flow to or from the endolymphatic sac may
contribute to the restoration of normal volume. Vestibular
structures (not shown) respresent additional connected
pools that may also influence volume of the system
(adapted from Salf, 2001).
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Presence of Sinus of Endolymphatic
Duct as a One-Way Valve
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Fig. 3. Horizontal section through the vestibule of the gu-
inea pig at the location where the endolymphatic duct
enters. The duct opens into a bulb-like structure, the en-
dolymphatic sinus. The calibration bar is 25 um (adapted
from Salt and Rask-Andersen, 2004).

Fig. 4. Serial 20 um thick sections through the sinus of the endolymphatic duct. The numerals indicate the section
number, with lower numbers representing more vertical sections. The figure shows the relationship to the endolymphatic
duct (entering at the lower right of sections 113 and 115) and to the valve of Bast (section 119). Abbreviations are SO
endolymphatic sinus, U0 utricle. The calibratfion baris 25 um (adapted from Salt and Rask-Andersen, 2004).



Fig. 400 0O O 00O, endolymphatic sinusd OO
goobD 0 000 oo, ogoobob oooo
endolymphatic sinus 00 0000 0000 valve of
BastD 00O O0O0OO O0OOO, 000 endolymph-
atic sinus 00 0000 O0O0O0O OOO OOO O
0@ 0 O00). Endolymphatic sinusd 000 O 13
pLO O0O0O0O, 000 OO0 O0OODO odo 10°D
oo oogo.

0o 0oooo 000 oooo oooo, oooo o
0 000 endolymphatic sinusC OO0 OO0 OO
00 000 00 Fig. 500. O, endolymphatic sinus
O 0000000 0000 ooooo o0 barrier
goo 0 0 ood gooo. ooo oob bodg
gooo ooo Oob ooo oooo oo goo,
endolymphatic sinusd 00O OO0 OO0 OO OO
0,0, 0000 boobo oo oobo oooo og
0 ooo0O0odb oo ooo oooo oog. og
0, endolymphatic sinusO OO0 volumed O00O0O
0 ooo ooo b0 oo ooog, oo ooo o
o oogoo gb oo ooo oo oooo.,
oo, oooo oooob ooo, booo, oood

Vestibule

Utricle

Fig. 5. Schematic showing the proposed influence of fluid
manipulations on sinus of the endolymphatic duct. Inje-
ctions info endolymph (upper right) would be expected
to stretch the structure, increasing sinus volume. Increase
of perilymph pressure by injection (lower left) would coll-
apase the structure, limiting the amount of endolymph,
driven into the sac. Decrease of perilymph pressure by
withdrawl (lower right) would permit endolymph fo move
from the sac to the sinus, thereby causing pressure and
composition changes in the sac (adapted from Salt and
Rask-Andersen, 2004).
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Function of the Endolymphatic Sac
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Cellular types in the epithelium of endolymphatic
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Fig. 6. Organotypic culture of endolymphatic sac from
postnatal rat. Leff Scanning electron micrograph poly-
gonally shaped RRC and round MRC can be identified,
similar to adult native endolymphatic sac. RRC cells have
stubby microvilli and are endowed with one kinocilium
(arrow) like principal cells in the kidney collecting dutt
MRCs with numerous microvilli resemble intercalated cells
in collecting duct epithelia. RightO higher magnification
reveals clathrin-coated pits (arrow) of the luminal mem-
brane in the polygonal, flat RRC of the endolymphatic
sac (adapted from Kumagami et al, 1998).
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lon transport mechanism in the epithelial cells of
endolymphatic sac
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Macromolecule in the endolymphatic sac
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Pharmacologic and Acoustical
Models of Endolymphatic Hydrops
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0 O0O0O0O OOOOoo. 0oog, oo vasopressind
target 0000, 0 00O OO O0OO O0O.

000, 00 vasopressind targetd OO 00?0
000 K'O 0000 0000 00 0 00.000
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000 00 0Ood oooo. 0oo Oobo goog
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Oooooouo oo, 00 oo AQP-20 OODOO
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meabilityl] 0000 000, OO0 0O0O00O0O O0OO
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O,eo00 OOOOO 0O OoOoOoob 10000 7oO
0 0do 0odg oooo ooood. oo, 0d vaso-
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OO0 OO0 clathrin—coated pitsD OO collecting
ductd principal cellD 000 AQP-20 00O OO
000,* fluid—phase endocytosis 00 000 OO
0, principal cell membrane turnover] AQP—20 O
00000 apical membraned 00 traffickingd 00O
000 00.%° 000, Kumagami OO fluid—phase
endocytosis 000 0000 0000 RRCO FITC-
dextran uptaked 1 nM vasopressinl 00O 0000,
0 000 V2 receptor antagonist(H—9400)0 OO

10

rich cell (RRC) of the endolymphatic sac. Leftd Under
control conditions, RRC contain numerous coated pits
(arrow). Scale baris 1 um. Rightd Aimost no coated pits
were visible after treatment with 1 nM vasopressin, indi-
cating internalization of clathrin, prsumably clustered with
aquaporin-2 (adapted from Kumagami et al, 1998).
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