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 The Eustachian tube (ET) or auditory tube is a 
slender tube that connects the middle ear cavity 
with the nasopharynx and serves to equalize air 
pressure on either side of the eardrum. 

 It is a hollow structure of bone and cartilage, 
lined with a mucous membrane, and equipped by 
a muscular opening mechanism. 

 It is part of a system of contiguous organs, 
including the nose, the middle ear, and the mastoid 
air cells. This system is devoted to middle ear 
 ventilation, its protection, and its clearance. 
Impairment of this system leads to middle ear 
 dysventilation, which is the primary cause of the 
development of chronic otitis media. 

    7.1   Eustachian Tube Development    

 The ET lumen develops from the persistence of 
the  fi rst pharyngeal pouch. Between the second 
and third week of gestation, the  fi rst pharyngeal 
pouch extends laterally between the  fi rst and 
the second branchial arches to make contact 
with the  fi rst branchial groove which is the ori-
gin of the external auditory meatus (Fig.  7.1 ). 
The distal part of this pouch expands to form 
the tubotympanic recess which is the primor-
dium of the middle ear cavity. The proximal 
part becomes constricted to connect the future 
middle ear to the pharynx.  

 The structures associated with ET lumen 
develop from the mesenchyme surrounding the 
 fi rst pharyngeal pouch in a predictable sequence: 

      The Eustachian Tube                
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142 7 The Eustachian Tube

 Before the 10th week of gestation, only the 
epithelial lining of the lumen has differentiated. 
Between the 10th and 12th week, the levator veli 
palatini (LVP) and tensor veli palatini muscles 
(TVP) develop and become delineated from the 
surrounding mesenchyme  [  1,   2  ]  (Fig   .  7.2 ).  

 The initial differentiation of the cartilage begins 
at the 14th week. By the 20th week, the initial cen-
ter of chondri fi cation has increased in size and a 

perichondrium is clearly differentiated in the 
anteromedial portion of the tube  [  1,   2  ]  (Fig.  7.3 ).  

 These processes yield an ET structure very 
similar to that observed in an adult. Later during 
the rest of fetal life, morphometric changes occur 
among the ET structures. The most pronounced 
change is the increase in the length of the carti-
laginous portion of the tube from 1 mm at the 
10th week of gestation to 13 mm at birth. 

  Fig. 7.1    The tubotympanic 
recess (TR) in a mouse 
embryo of gestation day 12. 
 HM  handle of malleus,  Ph  
pharynx,  OC  otic capsule, 
 TTR  tubotympanic recess, 
 FBG   fi rst branchial 
ectodermal groove. This 
horizontal section demon-
strates the continuity between 
the pouch and the pharynx. 
Incorporation of radioactive 
sulfur with hematoxylin-
eosin counterstaining       

  Fig. 7.2    Frontal section of 
the auditory tube rudiment in 
a 27-mm human embryo (end 
of the second month).  TVP  
tensor veli palatine muscle 
anlage,  LVP  levator veli 
palatine muscle anlage. 
Hematoxylin-eosin staining       
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 While the fetus is growing, the tube deviates 
from the horizontal plane only about 10°, because 
the fetal cranial base is relatively  fl at; this situa-
tion persists until early childhood  [  1–  4  ] .  

    7.1.1   Postnatal Growth (Fig.  7.5 )    

 The ET lengthens rapidly during early childhood: 
In infants, it is about half as long as that in adults; 
it is about 18 mm  [  5  ]  and it reaches adult size by 
7 years of age  [  6,   7  ] . 

 The cartilaginous portion increases dramati-
cally: The ratio of the length of the cartilaginous 
portion to the osseous portion is 8:1 in the infant, 

but this ratio becomes 4:1 in the adult due to the 
growth of the bony portion  [  8  ] . 

 In infants, the cartilaginous and bony por-
tions are aligned with a line that connects the 
pharynx and middle ear; however, due to the 
craniofacial growth, the cartilaginous tube is 
angled inferiorly from the osseous portion to 
form an angle of approximately 45° related to the 
horizontal plane  [  1,   9  ] . 

 The LVP muscle increases in cross-sectional 
area and in volume and assumes a more suitable 
vector for an ef fi cient active tubal dilatation. 

 The ET of the infant is  fl oppy, very distensi-
ble, and lacks recoil phenomena of the hinge 
region. With time, the tubal cartilage stiffens and 
the elastin component develops in the hinge 
region; this will result in a reduced tubal compli-
ance and an increased recoil, which raise the pro-
tective mechanism of the ET  [  10  ] . 

 The lumen of the ET increases almost  fi ve 
times from the newborn to persons aged 20 years 
old; the cross-sectional length of the lumen 
increases signi fi cantly with age, especially in the 
pharyngeal area of the tube. 

 The lumen in most of the cartilaginous portion 
of the ET is signi fi cantly smaller in children than 
in adults  [  11  ] . 

  Fig. 7.3    A transverse cut 
of the base of skull in a 
6-month fetus showing the 
Eustachian tube. Note the 
cartilaginous part is well 
developed ( white arrows ) and 
is in the same plane as the 
bony Eustachian tube ( ET ). 
 LPM  lateral pterygoid 
muscle,  Sph  sphenoid bone, 
 ICA  internal carotid artery, 
 TVP  tensor veli palatini 
muscle       

  Clinical Application  
 An arrest of the development of the tubotym-
panic recess when the normal constriction 
of the tube is de fi cient may lead to a persis-
tent wide open Eustachian tube all over its 
length. This is illustrated in this case of an 
adult female of 35 years old (Fig.  7.4 ). The 
developmental arrest concerns the whole 
left ear, associated to microtia, and external 
auditory canal atresia.  
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  Fig. 7.4    Transversal computed tomographic view of both 
ears in a patient presenting left ear microtia ( white arrow ) 
and atresia of the external auditory canal ( black arrows ), 
also an abnormally large Eustachian tube ( arrow heads ) 

due to the arrest of constriction of the tubotympanic recess 
in contrast to the normal right side ( empty arrow head ). 
 ICA  internal carotid artery       

     Fig. 7.5    Photomicrographs of cross sections through the 
midcartilaginous portion of the Eustachian tube (ET) of a 
3-month-old female ( left ) and a 34-year-old male ( right ) 
showing the developmental difference of Ostmann’s fat 
pad ( OF ) and the size of the ET.  L  lumen,  LL  lateral lam-
ina of the Eustachian tube cartilage,  LVPM  levator veli 

palatini muscle,  ML  medial lamina of the Eustachian tube 
cartilage,  TVPM  tensor veli palatini muscle (Courtesy 
of I. Sando, MD) (Reproduced with permission from 
Eustachian tube: structure, Function, Role in otitis media, 
by Charles D. Bluestone.   pmph-usa.com    )       
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 Also the Ostmann’s fat pad increases in volume 
with age until adulthood, which may be related to 
better protective function in adults  [  12  ] .    

    7.2   Eustachian Tube Anatomy 

 The ET is a narrow osteocartilaginous channel 
connecting the tympanic cavity to the nasophar-
ynx. Its lumen allows the passage of two different 
physical substances: one is gaseous for middle 
ear ventilation, and the second is  fl uid for the 
middle ear clearance. The ET begins at the tym-
panic ori fi ce of the protympanum and ends at the 
pharyngeal ori fi ce situated on the lateral wall of 
the nasopharynx. During its trajectory, the tube 
takes a slow curving inverted S course. 

 The general shape of the ET resembles to an 
hourglass made of two unequal cones. The  fi rst is 
small and  fi x, the posterior third, and represents 
the bony ET. The other one is elongated and 
mobile, the anterior two-thirds, and represents the 
 fi brocartilaginous ET. Both parts are connected at 
the junctional zone, forming an angle of 160°. 

 In adults, the tubal axis forms with the plane 
of the hard palate an average angle of 36°(range 
31–40°); the total length of the ET is 33 mm, 
divided as the following: the cartilaginous part is 
of 23.5 mm, the junctional part is of 3 mm, and 
the bony part is of 6.5 mm  [  13,   14  ]  (Fig.  7.6 ).  

 The bony portion is patent at all times; in con-
trary the  fi brocartilaginous portion is closed at 
rest and opens intermittently. 

    7.2.1   The Bony Portion of the 
Eustachian Tube 

 The bony part of ET lies completely within the 
petrous part of the temporal bone. It runs from 
the tympanic ori fi ce of the middle ear cavity in an 
anteromedial direction, following the petrous 
apex, towards the petrosphenoid sulcus on the 
inferior surface of the skull base. 

 The tympanic ori fi ce of the Eustachian tube 
lies in the middle third of the anterior wall of the 
middle ear cavity, 4 mm above the  fl oor of the 
middle ear and close to the carotid canal and 
the labyrinth (see Section   2.5.2    ). It is an oval 

structure that measures about 5 mm (horizon-
tally) × 2 mm (vertically)  [  9  ]  (Fig.  7.6 ). 

 Bony ET lumen is roughly triangular, measur-
ing 2–3 mm vertically and 3–4 mm along the 
horizontal base  [  15  ] . 

 The medial wall of the bony tube corresponds 
to the cochlea posteriorly and to the carotid canal 
anteriorly. The average thickness of the antero-
medial portion of its bony wall is 1.5–3 mm. This 
bony wall is dehiscent in 2 % of individuals, 
exposing the carotid artery  [  15  ]  (Fig.  7.7 ).  

 The upper third of the endoluminal surface of 
the medial wall presents the bony canal of the 
tensor tympani muscle. The lateral wall of 
the bony tube neighbors the canal of Hugier and 
the temporomandibular joint. The upper wall or 
roof of the bony tube corresponds to the tegmen 
tubari (Figs.  7.7  and  7.8 ).  

 On the inferior surface of the base of skull, the 
end of the bony tube is constricted and it opens on 
the posterior part of the tubal sulcus; the bony tube 
end is situated between the carotid canal medially 
and the temporomandibular joint laterally.   

23 mm 6 mm
Tym

panic orifice

Isthmus
3mm

160°

P
haryngeal orifice

5 mm
x

2 mm

8 mm
x

3 mm

  Fig. 7.6    Schematic drawing of different Eustachian tube 
dimensions (average)       

  Surgical Implication  
 The majority of temporal bone with pneu-
matized petrous apex harbor peritubal air 
cells that may open directly into the ET 
lumen (Fig.  7.9 ). This explains the proba-
bility of cerebrospinal  fl uid rhinorrhea after 
translabyrinthine approach to the cerebel-
lopontine angle when ET obliteration is not 
performed suf fi ciently far into the lumen 
by the end of the procedure  [  16  ] .  
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     Fig. 7.8    Medial view of a 
sagittal cadaveric cut through 
a left middle ear ( ME ), 
showing the bony Eustachian 
tube ( Pr ) and the canal of 
tensor tympani muscle 
( asterisk ), the isthmus ( I ), the 
cartilaginous Eustachian tube 
( ET ), and its inferiorly 
related levator veli palatini 
muscle ( LVP ). The superior 
wall of the bony Eustachian 
tube is formed by the tegmen 
tubari       

a b  Fig. 7.9    ( a ) Transversal 
computed tomographic view 
of a right ear. Eustachian 
tube ( white arrow heads ), 
surrounded by numerous 
aerated cells ( white arrows ); 
 ICA  internal carotid artery. 
( b ) Computed tomograpic 
reconstruction perpendicular 
to the Eustachian tube (*) 
showing an air cell opened 
into the Eustachian tube 
( arrow ); TTM ( arrowhead )       

  Fig. 7.7    Transverse cut of a 
left ear showing the bony 
Eustachian tube ( Pr ) housing 
the tensor tympani muscle 
(*), the cartilaginous 
Eustachian tube ( ET ), and the 
isthmus ( I ). Notice the 
relation of the Eustachian 
tube and the cochlea ( C ) and 
the petrous internal carotid 
artery ( IC ) medially and the 
temporomandibular joint 
( TMJ ) and middle meningeal 
artery ( ma ) laterally.  EAC  
external auditory canal,  1  
attic outer wall,  2  anterior 
wall of EAC,  3  posterior wall 
of the EAC,  m  malleus,  VII  
tympanic segment of facial 
nerve,  CSCS  superior 
semicircular canal       
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    7.2.2   The Junctional Segment 

 The cartilaginous and bony portions of the ET are 
joined at a bottleneck area, the junctional seg-
ment of the ET. 

 This segment is 2 mm in height and 1 mm wide. 
It lies between the carotid canal medially and the 
temporomandibular joint and foramen spinosum 
with the middle meningeal artery laterally 
(Figs.  7.7 ). 

 Due to its reduced caliber, this segment plays 
a protective role for the middle ear against 
recurrent otitis media in preventing naso-
pharyngeal secretions to enter the middle ear 
cavity.  

    7.2.3   The Fibrocartilaginous Tube 

 The  fi brocartilaginous portion of the ET is 
20–24 mm long; it extends along the base of the 
skull from its junction with the bony portion of 
the tube until the medial pterygoid plate. 
Posteriorly this part of the ET extends about 3 mm 
into the bony part and is  fi rmly attached to it by 
 fi brous bands  [  17–  19  ] . It is angled 30°–40° to the 
transverse plane and 45° to the sagittal plane of 
the base of the skull  [  9  ] . The  fi brocartilaginous 
part is loosely attached at this level in the sphe-
noid sulcus (sulcus tubae) between the greater 
wing of the sphenoid bone and the petrous por-
tion of the temporal bone (Fig.  7.10 ).  

Foramen lacerum

Jugular foramen

Foramen spinosum

Foramen rotandum

Foramen magnum

Hamulus

Tubal sulcus

Carotid canal

Styloid process

Stylomastoid foramen

Mastoid process

TMJ socket

External auditory canal

Sphenoidal spine

Medial pterygoid lamina

Hard plate

  Fig. 7.10    Tubal cartilage (*) insertion in sulcus tubae       
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 The nasopharyngeal end of the tubal cartilage 
crosses the superior border of the superior pha-
ryngeal constrictor muscle to enter the nasophar-
ynx; it is tightly  fi xed by a broad attachment to a 
tubercle on the posterior edge of the medial ptery-
goid plate  [  15  ] . 

 The  fi brocartilaginous tube is composed of 
two components: the cartilaginous part, the major 
component that is completed laterally, and inferi-
orly by the  fi bromembranous part (Fig.  7.11 ).  

    7.2.3.1   The Cartilaginous Part 
 The cartilaginous portion of the ET is composed 
of one piece of cartilage that is shaped like a 
triangle at the top rear with a lower concavity. 
The apex or lateral end of the cartilaginous part 

joins the bony portion at the isthmus; the wider 
medial end lies under the mucosa of the 
nasopharynx. 

 The tubal cartilage is an elastic cartilage and 
has an inverted J shape in cross section. It is com-
posed of a short lateral lamina, an elongated 
medial lamina, and a hinge at the junction of the 
two laminas. 

 The lateral lamina has a constant height. 
However, the medial lamina starts as a short 
structure of 9 mm of height at the isthmus to 
increase rapidly to 13 mm just posterior and lat-
eral to the attachment of the cartilage to the 
medial pterygoid plate  [  15  ] . The hinge portion, 
rich in elastin, serves to return the lateral lamina 
to its original position after active opening of the 
tube by TVP muscle contraction. 

 To form a tube, the cartilaginous portion is 
completed laterally and inferiorly by a veiled 
membrane, the  fi brous part of the tube or  fi brous 
wall (Fig.  7.11 ).  

    7.2.3.2   The Fibrous Part 
 The  fi brous part represents the lateral and the 
inferior walls of the  fi brocartilaginous ET. It is 
thick and resistant and called the  salpingopha-
ryngeus fascia of Tröltsch . Laterally, it serves as 
the site of insertion of the TVP muscle. The lat-
eral part of the fascia of Tröltsch is inserted to the 
base of skull at the petrosphenoid suture (Proctor 
ligament) close to the foramen spinosum, fora-
men ovale, and the base of the pterygoid process 
laterally (see Fig.  7.10 ). 

 The medial part of the fascia of Tröltsch is 
anchored superiorly to the inferior curvature of 
the lateral lamina of the tubal cartilage. The 
region between the fascia and ET mucosa is occu-
pied by a glandular tissue anteriorly and adipose 
tissue posteriorly. Thus, it is presumed 
that the forces developed by the TVP would pass 
to the lateral lamina of the cartilage rather than to 
the submucosa of the lumen to insure the opening 
of the tube.  

    7.2.3.3   Ostmann’s Fat Pad 
 Ostmann’s fat pad is a lympho-adipose body, sit-
uated around the pharyngeal end in the inferolat-
eral aspect of the anterior part of the ET. It 

     Fig. 7.11    Midcartilaginous portion of a normal left 
Eustachian tube of an adult temporal bone specimen.  C  carti-
lage,  L  lumen,  GL  submucosal glands,  LVP  levator veli pala-
tini muscle,  TVP  tensor veli palatini muscle,  OF  Ostmann’s 
fat pad (Courtesy of I. Sando, MD) (Reproduced with per-
mission from Eustachian tube: structure, Function, Role in 
otitis media, by Charles D. Bluestone.   pmph-usa.com    )       
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occupies the space between the ET proper and 
the TVP muscle (Fig.  7.11 ). 

 It is thought to represent an important contri-
buting factor in closing the tube. It contributes to 
the protection of the ET and the middle ear from 
re fl ux of nasopharyngeal secretions. In malnour-
ished persons this pad of fat is lost causing patu-
lous ET. 

 Ostmann’s fat pad increases in volume during 
childhood, being most voluminous in adults, and 
regresses in the elderly.   

    7.2.4   The Pharyngeal End 

 The pharyngeal end of the ET passes above 
the superior constrictor muscle through the 
sinus of Morgani to lay under the mucosa of 
the  nasopharynx. The pharyngeal ori fi ce lies 
 approximately at the posterior level of the vomer, 
about 1.25 cm behind the posterior end of the 
inferior turbinate and approximately 2 cm above 
the plane of the hard palate  [  9  ] . 

 The pharyngeal ori fi ce is triangular in shape 
with an inferior base; it measures 8–10 mm in 
height and 3–5 mm in width (Figs.  7.6  and  7.12 ). 
The pharyngeal ori fi ce is closed at rest and 
becomes elliptical or triangular with a superior 
apex during opening.  

 Its anterolateral border is a vertical prominent 
crease, called the salpingopalatine crease. It cor-
responds to the lateral plate of the tubal cartilage 
and the TVP muscle. The posteromedial border 
is prominent and corresponds to the medial 
lamella of the tubal cartilage pressing against the 
nasopharyngeal mucosa; this prominent surele-
vation of the mucosa is called the     torus tubari  
(Fig.  7.12 ). The torus tubari thickness is of 
10–15 mm  [  15  ] . The mucosa of the torus tubari 
is rich in glands and lymphoid tissue forming the 
 tonsil of Gerlach.  The inferior border of the pha-
ryngeal ori fi ce is bounded by the levator veli 
palatini muscle. 

 Just medial and behind the torus tubari there 
is a recess called the  fossa of Rosenmüller , 
which is a triangular recess of about 1.5 cm 
deep. Its apex is in close relationship with the 
carotid canal, and its base is closely related to 

the skull base with the foramen lacerum lying 
medially. Adenoid tissues usually extend into 
this recess giving soft tissue support to the ET 
(Fig.  7.12 ).  

    7.2.5   Muscles of the Eustachian Tube 

 Four muscles are associated with the ET: the ten-
sor veli palatini (TVP), the levator veli palatini 
(LVP), the salpingopharyngeus, and the tensor 
tympani muscle. 

 ET is closed at rest and opens during swal-
lowing or yawning. Active opening of the ET is 
induced by TVP muscle contraction  [  20–  22  ] . 
Closure of the tube is a passive phenomenon and 
is not the result of a muscular contraction. It 
takes place secondarily to the passive reapproxi-
mation of the tubal walls by extrinsic forces 
exerted by the surrounding deformed tissues and 
also by the recoil of elastic  fi bers of the hinge 
portion  [  15  ] . 

    7.2.5.1   Tensor Veli Palatini (TVP) Muscle    
 The TVP muscle is composed of two distinct 
bundles of muscle  fi bers: the lateral (superfi cial) 
and the medial (deep) bundle that are separated 
by a  fi broelastic layer (Fig.  7.13 ). 

  Fig. 7.12    Endoscopic view of left pharyngeal ori fi ce.  FR  
fossa of Rosenmuller,  AV  adenoid vegetation,  TT  torus 
tubari,  SPC , salpingopalatine crease containing levator 
veli palatini muscle,  LVP  levator veli palatini muscle in 
the  fl oor of the Eustachian tube,  SP  soft palate, 
* Eustachian tube lumen       
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      The Lateral Bundle 
 The lateral bundle is not related to the ET func-
tion. It has an inverted triangular shape with a 
superior base and an inferior apex. It starts supe-
riorly at the scaphoid fossa of the sphenoid bone 
lateral to the ET cartilage. Then, it descends ante-
riorly, laterally, and inferiorly to converge in a 
tendon that rounds the hamular process of the 
medial pterygoid lamina. From the hamular pro-
cess it progresses to insert into the posterior bor-
der of the hard palate and into the palatine 
aponeurosis  [  15  ] . 

 The lateral bundle of the TVP muscle ensures 
the tension of the soft palate.  

      The Medial Bundle 
 The medial bundle, also called the dilator tube 
muscle, has its superior origin in the posterior 
half of the lateral lamina of the cartilaginous ET. 
Its  fi bers descend sharply and converge in a ten-
don that inserts on the hamular process of the 
medial pterygoid plate. 

 The medial bundle is responsible for the active 
dilatation of the  fi brocartilaginous tube by infero-
lateral displacement of its membranous wall 
 [  23–  25  ] . 

 Secondary attachments of the medial bundle 
are present sometimes at the maxillary tuberosity 
and the palatoglossal arch. These insertions sug-
gest that even if the hamulus is in-fractured dur-
ing cleft palate surgery, the TVP function could 
be maintained by preserving its maxillary inser-
tion  [  26  ] . 

 Both bundles are innervated by the mandibu-
lar nerve (V3).   

    7.2.5.2   The Levator Veli Palatini (LVP) 
Muscle (Fig.  7.13 ) 

 The LVP muscle arises from the inferior aspect of 
the petrous apex of the temporal bone. Its rounded 
body passes inferomedially, paralleling and lying 
beneath the  fl oor of the  fi brocartilaginous tube 
lumen. The  fi bers of this muscle insert by fanning 

SphenoidSphenoid

PetrousPetrous

Soft p
alate

Soft p
alate

HH

a
b

     Fig. 7.13    Schematic representation of paratubal muscles 
and the action of tensor veli patine muscle. ( a ) During 
relaxation; ( b ) during contraction.  S.TVP  super fi cial bun-
dle of tensor veli palatine muscle, medial bundle of  DTVP  

deep bundle of tensor veli palatine muscle,  LVP  levator 
veli palatine muscle,  L  tubal ligament,  1  tubal cartilage,  2  
tubal  fi brous membrane, * tubal lumen,  H  hammulus, 
 ICA  internal carotid artery       
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out and blending with the dorsal surface of the 
soft palate  [  9,   17  ] . 

 The LVP muscle is related to the tube only by 
a loose connective tissue  [  20,   27  ] . 

 It is essentially a muscle serving the soft 
palate, but it could also support the ET func-
tion by elevating the medial lamina of the car-
tilage at the pharyngeal ori fi ce  [  19,   28  ] . In 
addition, being located inferolaterally to the 
ET and with its large cross-sectional area in this 
portion, the LVP may be related to the pump-
ing clearance (drainage) function of the tube in 
such a way that the distal end of the tube closes 
 fi rst followed progressively towards the pha-
ryngeal ori fi ce, thus pumping out the middle 
ear secretions  [  29  ] . 

 The levator veli palatini is innervated by the 
glossopharyngeal nerve (IX).  

    7.2.5.3   The Salpingopharyngeal Muscle 
 The salpingopharyngeal muscle arises from 
the medial and inferior borders of the tubal 
cartilage via slips of muscular and tendinous 
 fi bers. Then the muscle courses inferoposteri-
orly to blend with the mass of the palatopha-
ryngeal muscle. The salpingopharyngeal 
muscle is not involved in the function of the 
ET. It is innervated by the glossopharyngeal 
nerve IX  [  9,   27  ] .  

    7.2.5.4   The Tensor Tympani Muscle 
 The tensor tympani muscle arises from the 
superior surface of the cartilaginous part of the 
auditory tube, the greater wing of the sphenoid, 
and the petrous part of the temporal bone. The 
muscle passes posterolaterally and always supe-
riorly to the ET in its bony semicanal to the 
cochleariform process on the medial wall of the 
middle ear. Its tendon hooks around the cochle-
ariform process to run laterally and insert into 
the medial aspect of the neck of the malleus. 
Contraction of the tensor tympani pulls the ear-
drum medially and restricts its mobility. Thus, 
sound transmission through the middle ear is 
attenuated when the tensor tympani is con-
tracted. It is innervated by a branch of the man-
dibular nerve V3.   

    7.2.6   Eustachian Tube Mucosa 

 At the tympanic ori fi ce of the ET, the lumen is of 
2 mm in height and 5 mm in width. From the isth-
mus downwards, the lumen expands continuously 
to become about 8–10 mm in height and 1–2 mm 
in width at its pharyngeal ori fi ce. 

 The lumen is lined by a pseudostrati fi ed, 
columnar epithelium of a ciliated type, which 
sweeps material from the middle ear to the 
nasopharynx. The mucosa is continuous with the 
lining of the tympanic cavity at its distal end, as it 
is with the nasopharynx at its proximal end. 
Associated with these ciliated epithelial cells are 
the goblet cells  fi guring about 20 % of the cell 
population  [  30,   31  ] . 

 The  fl oor mucosa of the tube contains numerous 
goblet cells, copious ciliated cells, and glands 
 [  31,   32  ] . The roof mucosa of the tube has sparse 
goblet cells and cuboidal ciliated cells without 
seromucous glands. 

 Therefore, we can recognize two different 
morpho-functional corridors in the ET lumen:
    1.    Superior corridor: the roof for the ventilation 

function  
    2.    Inferior corridor: the  fl oor with its mucociliary 

clearance function      

    7.2.7   Eustachian Tube Blood Vessels 

 The arterial blood supply of the ET is derived 
from the ascending pharyngeal and middle men-
ingeal arteries. The venous drainage is carried to 
the pharyngeal and pterygoid plexus of veins. 
The lymphatic chains drain into the retropharyn-
geal lymph nodes.  

    7.2.8   Eustachian Tube Nerves 

 The ostium and the cartilagenous portion of the 
ET are innervated by the pharyngeal branch of 
the sphenopalatine ganglion deriving from the 
maxillary nerve (V2). 

 The bony portion of the ET is innervated 
by the tympanic plexus deriving from the 
glossopharyngeal nerve (IX).        
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a b

  Fig. 7.14    ( a ) Transversal computed tomography of a 
15-year-old boy with bilateral adhesive otitis media. 
Huge adenoid hypertrophy ( white arrows ) in the naso- 
 pharynx. ( b ) Transversal injected computed tomography 

of an adult showing a well-encapsulated globulous lesion 
( schwannoma) of the right infratemporal fossa (*), with a 
mass effect ( white arrows ) on the Eustachian tube       

     Clinical Application  

      Eustachian Tube Function 

 Although the osseous portion of the ET 
remains patent and is not dynamic, the car-
tilaginous portion of the ET is normally 
closed and opens only for brief periods of 
time. This situation blocks the nasopharyn-
geal secretions or a gastric re fl ux from 
entering into the middle ear as well as it 
prevents autophonia. 

 Brief intermittent periods of ET opening 
occur in normal individuals to insure mid-
dle ear ventilation. The ET opens 1.5 times 
every minute. Every opening lasts about 
0.5 seconds  [  33  ] . These openings are the 
result of the contractions of TVP muscle. 

 In addition, the ET insures the function 
of the middle ear mucociliary clearance. 
The ciliated epithelial cells of the lumen 
 fl oor provide a mucociliary “elevator” to 
push debris and secretions downwards 
from the ET into the nasopharynx. 

 Impairment of the tubal function can be 
divided into two main categories: 
 Eustachian tube dysfunction  when the tube 
does not open properly or  patulous 

Eustachian tube  when the tube remains 
inappropriately patent.  

      Eustachian Tube Dysfunction 

 ET dysfunction could be the result of 
mucosal in fl ammation with edema and 
obstruction, or anatomical extrinsic obstruc-
tion, or failure of dilatation from mus-
cular problems causing dilatory dynamic 
dysfunction. 

 Dilatatory dynamic dysfunction of the 
ET is a strong contributor for ET disorders 
in infants  [  34,   35  ] . 

 Anatomical extrinsic obstruction must 
always be ruled out. In children and adoles-
cent, anatomical obstruction could be fre-
quently due to adenoid hypertrophy. In 
adults presenting unilateral ET dysfunc-
tion, nasopharyngeal or infratemporal fossa 
tumors must be ruled out (Fig.  7.14 ).  

 Intrinsic blockage of the ET is more 
common than anatomical extrinsic obstruc-
tion. It is often the result of mucosal 
in fl ammation (mucosal disease), possibly 
due to allergies or laryngopharyngeal 
re fl ux. Tobacco use results in a loss of the 
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