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Pharyngo-Occipital system & |& P. Lasjaunias 2M@R8 L 7=t CTH V). BEEFHRITHOKE. HrRE
9 % Occipital Artery (OA) &, [EIEBD meningeal and neural territory %539 % Ascending Pharyngeal
Artery (APA)ICE » TR SNZIMEMTH 5 1, —F Padget DL Tld APA OFEICEET 28834 <.
F7- APA BHEORZE AR WE, BI-L T pharyngo-Occipital system L FED L S HRMEREDTH A S
M ? 7K proceeding TIZE T APA, OA DIEFHEE. Z APA O E 4 % pharyngeal arch artery, primitive
carotid-basilar anastomosis [CEB L TEER L 7=, F7- Lasjaunias 5D EZDOH TEEE L TL 5 APA &
paraganglioma MR, £ L TSHBROMEDELICOWVWTHER L 7=,

APA OIEEBEICHOWT

The Ascending pharyngeal artery: APA (Table 1, Fig. 1, 2):

The pharyngo — Occipital system ZRET 2Hh DL 5 I2E < Do EDH H. % < D anastomosis % H DI
BTHD, 2L DIHBEZDEIEIL external carotid artery @ inferior part DA TH Y. EARKICIE OA ¥
auriculo-occipital trunk & 1£51D territory ZRET %, LA LFEERKRIIC K > Tl pharyngeal territory ~d
branch @ & external carotid artery 7 5#%4 L. neuromeningeal branch (Z OA 5Dk T 252 & H H 5,

* 7-58 412 APA ' occipital artery % internal carotid artery > DIRT 22 &L H D, & HICHEARAITIX
APA X T OA # ascending cervical artery 5Dk T 52 &1 H 5,

The Pharyngeal branches:

F1Z APA @ common trunk B L, BIA~DF T 5 branch TH Y. 3 DD branch (Z4H#(inferior,
middle, superior). the medial / paramedial mucosa of the naso—and oropharynx % supply 9%, % 7-m{al
? counterparts [Al2. midline TY)&9 5. The superior pharyngeal br.lx eustachian branch & £ 8 (XM,
eustachian tube @ medial, lateral side % supply 3 % (the pharyngeal recess (23t L T), Accessory
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meningeal artery %> pterygovaginal artery £M)& L. F 7z ICA @ petrous portion ML DIk & EMET %,
& 5 (Z the superior pharyngeal br./ & carotid canal IZ[E A > T carotid br. A L. ICA EXFE LA S
foramen lacerum % & - T cavernous sinus ([CE %, Z® carotid br.[& ILT ¥> C5 portion 7% @ recurrent
artery & A L. ICA wall LA AR IRHE% supply § 5,

Table 1: Arterial branches of the ascending pharyngeal system

The Inferior tympanic branch (Fig. 1, 2):

Ascending pharyngeal Anastomotic branches

APA @ pharyngeal br.. neuromeningeal br., main trunk @  branches

bifurcation ® ENA L HEIBT B Z EHH 5, The inferior Inferior pharyngeal (1) Contralateral counterpart
Musculospinal (2) Vertebral artery (C-3 branch)

tympanic br.l& CN9 @ tympanic br. & dE L. the tympanic Ascending cervical artery
Middle pharyngeal (3) Ascending palatine artery

cavity @ inferior part % supply 9%, % L T the tympanic Greater palatine artery

Accessory meningeal artery

cavity @ FTI3DICHELFoOMmOmMEEFNEFNYET S (1: Prevertebral (4) Contralateral counterpart

Odontoid arterial arch

Ascending br.lx MMA @ petrosal br. & ¥)&9 % ;petrosal br. Neuromeningeal (5)  Odontoid arterial arch
Hypoglossal branch Medial clival artery
of MMA % deep petrosal nerve & 33, 2:Anterior br.lZ Artery of the falx cerebelli

Superolateral pedicle of the cerebellar fossa

Jugular branch Lateral clival artery, posterior pedicle of
cerebellopontine angle

carotico tympanic artery & ¥)&;CN9 @ tympanic br. &

pericarotid nervous plexus @ the neural anastomosis fcey ~ Inferior tympanic (6)  Stylomastoid artery

Caroticotympanic artery

)&, 3:Posterior br.iZ facial canal % & - T stylomastoid Anterior tympanic artery
AL Superior pharyngeal ~ Pterygovaginal artery
artery &), pedicle (7)
. . Extracranially Accessory meningeal artery
The Neuromeningeal branch (Fig. 1, 2): Mandibular artery
Contralateral counterpart
Hypoglossal br. & jugular br.Z 29 %, The hypoglossal Recurrent artery of the foramen lacerum
Intracranially Middle meningeal artery (petrous branch)

Middle meningeal artery (petrous branch)

br.lZ hypoglossal canal &> T CN12 &iFE L. supply T
%, & 5IC posterior fossa dura =1 supply 9%, Hypoglossal br.idW{8I 751 descending br.z D L.
Z #1514 the odontoid process ZHXY % < arterial arcade #1E%, 7= EH~IE ascending br.z Ik L.
ZNn 5% clivus 181 %FE1T L. medial clival artery & dorsum sella TYJ&94 %, Z® anastomosis A’ %
ZETAPAZGERT % & TERBRENMBEHIND,

Jugular br.l% jugular foramen Z@-> THEERNICA Y. CN9,10,11 % supply 9%, Jugular foramen N T
medial br. & lateral br.iZoh N3, Medial br.ld IPS %38 > T CN6 % supply L. lateral clival artery @
medial br. & Y53 %, F7- lateral br.lZ the sigmoid sinus @ AEA~EE L. BEFE® dura % supply 5,
The Prevertebral branch:

C1,2 @ vertebral body ® ventral surface % supply 3% branch T#% %, #iut L 7= the odontoid arterial
arch £ ¥I&T % (& D& Z the prevertebral br.id extra vertebral T# Y. the odontoid arch (Z
extradural, intravertebral T®H %),

The Musculospinal artery:

The third space ([C[EA > TEMNMI T HICHIET 5 branch TH Y. deep cervical artery % C3 branch of
the ascending cervical artery EM)&9 %, F7- CN11 *° superior sympathetic ganglia 7 £ @ peripheral
nerve structure = % supply 9 %,
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Fig. 3.43. The epidural arterial
network of the clivus (posterior
view): 1, C-3 collateral of the
vertebral artery; 2 and 3,
arterial branches to the axis;

4, upper portion of the
odontoid arterial arch system;
5, hypoglossal branch and 6,
jugular branch of the neuro-
meningeal trunk of the ascend-
ing pharyngeal artery; 7, medi-
al branch of the lateral clival
artery; 8, medial clival artery;
9, posteroinferior hypophyseal
artery. (Reprinted with permis-
sion from Lasjaunias P, et al.:
The so-called anterior
meningeal artery of the cervi-
cal vertebral artery. Neuro-
radiology 17:51-55,1978)

Fig.1
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Occipital artery: OA'

% DIFE % DRCHR L external carotid artery T % A'. ascending pharyngeal artery, internal carotid
artery, VA 1%t or 2" portion, cervical artery h oIk d 2 Z & £ %%, FIT upper cervical region DFHHA,
posterior fossa DIFE, BERZRET 5,

The Muscular branches (Fig. 3, 4):

OA @ muscular br.ld& L ~JL (2@ TO segmental pattern (ZfE> T3, C1,C2 DFEILAR—Z|Z@AS
< vertical portion 7% (lateral muscular br. of C1,2). horizontal portion A* % (posterior radicular muscular
br. of C1,2) 2Nl 3 %, Z #1513 posterior or deep cervical artery H* 5 @ branch & anastomosis 7% %,
C3 L _RJLT® muscular br.id OA B b2 2155 & APA H 5 lateral muscular br. AR 3 2355 H %
%, C4 LTIk ECA £7- APA H 5 lateral muscular br. A IEE LT 5,

The suboccipital Fig. 3
arterial system. The muscular
arteries for the C-2 and
C-3 cervical space are presented
(arrows). The spinous process
arteries (double arrowheads)
constitute part of the anasto-
motic channels with the verte-
bral artery at the level of C-1
and C-2 (asterisks). The artery
of the falx cerebelli is also rep-
resented (arrowhead)

Fig. 4

Selective occipital
artery, lateral projection. Note
the metameric disposition of
the muscular branches at the
C-2(2) and C-3 (3) cervical
spaces. The system of the C-1
space (1) is also clearly demon-
strated. (Reprinted with per-
mission from Lasjaunias P, et al.:
The occipital artery. Neuro-
radiology 15:31-37,1978)

The Meningeal
branches (Fig. 5):
OA 5 d posterior fossa ~® dural branch | APA H* & @ dural branch & (ZRITH Y, BEHRdHDé &

N TW3, F 7= posterior fossa dura (& OA, VA, APA A5 @ jugular br., hypoglossal br. MMA @
Teranishi Y
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petrosquamous br.2 SHEFERIICRKBEINTE Y, ETH 5D dural br.AMBEINIC & Y. Bk 4 7 variation A°
H%,

OA 75 d dural br.lZ 2 A<, the artery of falx cerebelli & the mastoid branch »*% %, The artery of falx
cerebelli I sinus confluence ® A 5 posterior fossa FEANBIERD 2B < L 5 AR THEEL. BEMIC
X OA 7217 T <, VA, PICAD L 9RIXT 52 &A%, The Mastoid branches (& OA @ horizontal
portion /53, cutaneous br.. bony br.z 75 L 7244, trans—mastoid venous emissary foramen %3& -
THEEANICAS, Z D% sigmoid sinus |Z posterior edge &4, 3 KDDL EDIKT %, 1) The
descending br. of mastoid br.(% jugular foramen (ZE WA, APA D neuromeningeal tr.d jugular br. &
anastomosis 9%, 2) The ascending br. of mastoid br.l& CPA BEfE % & AICA DR TH % subarcuate
artery & anastomosis 9%, 3) The posterior medial group of mastoid br.|% posterior cerebellar fossa @
BEARET D, 2D mastoid br.DEIER 7 anastomosis (2B L TlE MMA @ petrosquamosal br.& W&
TBHIENH D, F7= cerebellar fossa @D D posterior medial br. TlE APA @ hypoglossal br.d
posterior fossa dural br.x> VA A% @ posterior meningeal artery & &3 %, F7-Z D cerebellar fossa ~
@ dural br.lZ tentorium *° straight sinus D FEFE~® supply HE->TW 3,

. The variations in the arterial supply of the cerebellar fossa, the sig-
moid sinus, and the cerebellopontine angle. A Pedicles in balance in the supply of the
area: 1, tentorial collateral of the petrosquamosal branch (middle meningeal artery);
2, mastoid branch of the occipital artery; 3, jugular branch and 4, hypoglossal branch
of the ascending pharyngeal system; 5, vertebral artery. B Jugulovertebral supply to
the area. C Hypoglossal dominance. D Occipital dominance. E Middle meningeal
dominance. F Accessory branches supplying the adjacent dural structures: I and 2,
tentorial branches of the petrosquamosal artery; 3, petrous branch of the middle
meningeal artery; 4, artery of the falx cerebelli; 5, artery of the falx cerebri; 6, artery
of the straight sinus

Fig. 5
APA DFEEIZOWT

Lasjaunias I& Pharyngo-Occipital system I£"the inferior counterpart of the stapedial system” & 52& L
TWal Eni
Stapedial Artery (X
“Stapedial system ensures the supply of the first two branchial arches”

"The stapedial artery (the artery of the first two arches) “

Teranishi Y



Niche Neuro-Angiology Conference 2020

E WIS RIBT 1B LU 2"haryngeal arch artery B3k TH 2 & L TWBIIIL T,

APA %

"The ascending pharyngeal artery is the artery of the third branchial arch “

“The ascending pharyngeal artery is a branchial artery”

"The inferior counterpart of the stapedial system”

"The ascending pharyngeal artery is the remnant of the hypoglossal artery”
& WS RIBT 3%haryngeal arch artery Z 6 06 L < IXRL BEENH H1ME. primitive hypoglossal artery

D remnant THBELTWDB L

RIE-LTAPAIREDE S ICRET ZDTHA DN ? £72" the ascending pharyngeal artery is the artery

of the third branchial arch “& L5

XIS T 2MEICEET 5 table IZIEL WD TH A S5 H ? (Table 2)

Table 2

SREAP. BEDOHTEWVTWS K pharyngeal arch 75 OiRERRB & Th

Metameric Muscles Sensory Motor Embryonic Probable arterial Pedicles in hemodynamic
structures nerves nerves arteries remnant equilibrium and site

of this equilibrium
Prebranchial somites Eye muscles Gasserian ganglion LIV, VI Dorsal ophthalmic Inferolateral

andV, artery (C-4,1CA*) trunk (C-4,ICA)

Internal carotid artery,
1st Branchial arch Muscles of maxillary artery
(mandibular) mastication (cavernous area)
Trigeminal neural . " . -
crest Gasserian ganglion Stapedial artery Accessory meningeal

and V3,V Vim (Intrapetrous ICA) artery
2 n e Geniculate ganglion | VII P “ Middle meningeal artery "
2nd Branchial arch Facial muscles . Internal carotid artery,
2 vl Maxillary artery s 2
(hyoid) middle meningeal artery,
Acousticofacial ascending pharyngeal
neural crest artery(tympanic cavity)
3rd Branchial arch Stylopharyngeal Ganglion of IX, X 3rd Aortic arch Internal carotid arter
(pharyngeal) muscles Andersch and IX + and hypoglossal N . Y Ascending pharyngeal
- : iyt euromeningeal trunk At
Glossopharyngeal plexiform artery (cervical ICA) . artery, occipital
" (ascending pharyngeal
and vagal neural crest ganglion and X 3 artery, vertebral artery
and superior laryngeal dyl ipital A
- artery) (condylo-occipital region)
4th Branchial arch Laryngeal muscles
1st Cervical somite C-1 ganglion C-1(?) Proatlantal I
Spinal neural crest . and nerve Occipitovertebral Cervical artery vertebral
. L . . ~ anastomoses artery ascending
infi Cervical somite Cervical muscles C-2 ganglion C-2 Proatlantal I1 pharyngeal artery
Spinal neural crest and nerve Occini
ccipital artery
3rd Cervical somite C3 ganglion C3/X1 3rd Segmental Pharyngocervico- (Subocetpital region)
Spinal neural crest and nerve artery vertebral anastomoses

* ICA, internal carotid artery.

‘Pharyngeal arch artery & 1% ?‘

% ¥ the ascending pharyngeal artery is the artery of the third branchial arch “& W5 SEAEE T 57
® 1214 pharyngeal arch artery & (XA Dh = IBfE S 2 ENH 5, Pharyngeal arch artery & & ventral
aorta & dorsal aorta #E CPREHDRIAME TH 5 (Fig. 6, 7)1*, Pharyngeal arch artery DFE & Z D
remnant ICDWTIZINETICE bD embryo ZER L7REIZIFEAED L,

3T pharyngeal arch artery & KIME DERICD UL TIE, pharyngeal arch BICERIE L TWB BT %
knock out PEEEAT D Z & IC LY., B4 B IE T pharyngeal arch artery A EDARMEIZH DA, £z
pharyngeal arch artery DFEICIZED L 5 WELFRIBODFHNEEN LWV TN >TETND ™

Teranishi Y



Niche Neuro-Angiology Conference 2020

', & > T pharyngeal arch artery AAEDKRIME L > T DM DOWTIFaAryEryHIABLSNTWE E
s

Fig. 6

Intersegmental artery

Fig. 7

I -VI: pharyngeal arch artery

A 4mm (28 days) B 11mm (37 days) D Full Term Fetus

Mandbular &
(hauro vican a. )

Hyodd a
(2nd arch
remnant)

LA LEIE®D b L > FiZ pharyngeal arch ¥ pharyngeal arch artery DRE A H X LDEEBTH V) .
pharyngeal arch artery ZNZNAKIMELUANATED & 5 BlAVWNMEICHR S DH & WS HARISEA TLA
W7, ko TERAE L WSO ME (primitive maxillary artery, mandibular artery, stapedial artery, hyoid
artery) B ENED LI ICREL, FOHREDLSITH>TVLIAIZDOVWTIEHF YDA >TWAEL, DF Y
WEERTIZAPANED L S ICRE LA IZEFERICIEDN > TWEWZ &IThH 5,

LIEDS APADFEEZBLDICHTZY ., MBEHREDN— X4 > TW5 pharyngeal arch artery & IEE M
B L OERICEET % Paget, Lasjaunias TNEFNDERZSIH. WL LER L 7=, 52 primitive
hypoglossal artery ®FAEICEB L. HERNMERED T VAL RILTOEEDHI D HH figure % 5|
L. SEAICIZ APA OREICEHL TER LT,
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IFFETH pharyngeal arch artery ®FLEHE D remnant (2D
WT D% DERHIE 1948 £ Padget DIRENSBINT
W5 %, Padget o figure % x9 (Fig. 8-10),

Padget |Z & % & BRIBE 3mm DS TlE 1% pharyngeal arch
artery & 2" pharyngeal arch artery R &, 1
pharyngeal arch artery #° & [RIAARZEBN AR (primitive internal
carotid artery) & JRIA = X AR ENAR (primitive RIZR 4mm I
7% &9 TIT 1% pharyngeal arch artery, 2" pharyngeal
arch artery [ Z LZ 1 mandibular artery, hyoid artery & 7
). 3" pharyngeal arch artery. 4™ pharyngeal arch artery
MR I NS (Fig. 9), 7z 1 pharyngeal arch artery 7549
I5z L 7= primitive Internal carotid artery /& primitive
maxillary artery B L T3, % L T primitive Internal

-n DuRAL MR

Fig. 8 lR'2& 3mm

Fig. 9 BRIBER 4mm
2. AONG. NEUR A TN FommADS

]
PRI S v o A
L e S S maL PuEn.
One ane. v,
SATHES " ves
,OUCH
Primitive hypoglossal artery
~ 1% segmental artery
0"
snren
PRt s ReG 08 A
ANY th -~
Sunds N 4™ pharyngeal arch artery }‘ﬂ

PRMIT . MAR A

38

PAIRED ADwr

carotid artery @ caudal division #'%3E L. longitudinal neural artery & DEHOYENRE SN S,

Z Lo 14 primitive carotid-basilar anastomosis & 41, cranial 2° & primitive trigeminal artery, 2™

pharyngeal arch artery ®Z{8]|Z primitive otic artery. 4" pharyngeal arch artery ® caudal {8 D381
primitive hypoglossal artery: PHA(FR&EN). 1% segmental Artery 72 EAYR 54 % (Fr&ED),
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FEHICRRIBR 7-12mm (272 % & primitive maxillary artery, mandibular artery, hyoid artery [$:E#&

L. 2" pharyngeal arch artery ® proximal(ventral aorta ) |& ventral pharyngeal artery & 72 > T\ 5 (Fig.
10), Z7- longitudinal neural artery ORI~ DY) EIC & D HEBBIIRFZAK (2L

artery, primitive otic artery, primitive hypoglossal artery 7% & 1ZBfET %,

LOLZZTHMARELTLELY>TLS
D& Lasjaunias & Padget & @ primitive
hypoglossal artery IZB84 3 58RDENT
#» % 2, Lasjaunias | primitive
hypoglossal artery (& 3" pharyngeal arch
artery @ proximal h 52 25 & L TWL
%M (Fig. 11). Padget @ figure TIXgI®R

WY, 4" pharyngeal arch artery 2" &3
¥ % dorsal aorta ® & 5 (Z caudal DEA|
HHieth L T3 (Fig. 9)'%

COMRESICBEL TEBEREEHBED
— v F proceeding ICBWTHEREL TH

ucu-ccu'u/

DIENCEPN /

rOSY
COMMUN

A
ANY \
CHOROID A

DORE. OPMTH A\\
Ry
VENT. OPMTM. A \\\

16

primitive trigeminal

Fig.10

RRIBR 7-12mm
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\‘p{
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/ S
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1
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Y. b LEEERAIX Lasjaunias DHERIETHE SN T L5 KL 5 I hypoglossal artery %2 proatlantal artery #°
ECA %> ICA & vertebral artery ZH#EA TLWBDTHNIEX, AERO LS BYEMENAROND WS Z &IC

% e L TLA(Fig. 12, 13)%,

Z D & 5 7% primitive hypoglossal artery > 1st segmental artery 72 & DJRIAME A,
BNEVSEMLEDDDICERD D ZDDETNATH S, MEFKEIFECEEICEL > T flexible LD TH

. BECELMBETHWTCEHDEEIERDH S, LA L Lasjaunias & Padget & W 7-BBEANME

HKEDER 2 ADTRNELR D [UIRITYERIZMEY 5 £ ER T,
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Fig. 3.1. Schematic view of the | Fig-11
embryonic cranial arteries:

1, ventral aorta (VA); 2, dorsal
aorta (DA); 3, first aortic arch
(1AA); 4, second aortic arch
(2AA); 5, third aortic arch
(3AA); 6, hypoglossal artery
(HA); 7, proatlantal artery, Primitive
type I (PA 1); 8, proatlantal
artery, type II (PA 2); 9, third
cervical segmental artery;

10, longitudinal neural arteries
(LNA); 11, paraventral (lateral)
neural artery; 12, basilar artery
(fused ventral arteries) (BA);

hypoglossal
artery

13, trigeminal artery (Trig.A);
14, primitive maxillary artery
(PMA); 15, dorsal ophthalmic

1** pharyngeal
arch artery

artery (DOPHA); 16, ventral
ophthalmic artery (VOPHA);
17, middle cerebral artery
(MCA); 18, anterior cerebral
artery (ACA); 19, internal
carotid posterior (caudal)
division (ICA Cd); 20, anterior
choroidal artery (AChA)

2" pharyngeal
arch artery

3" pharyngeal
arch artery

Fig.12 Fig.13
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% Z T Lasjaunias & Padget OsRELIAND pharyngeal arch artery OFAE L BEBEANME OBEREEB -7/
FEDHmXEHSMT DL, ¥ 7 X embryo 2N 2002 EOREEXRDIFH I ETERLS, TDHIXTIL I3
D~ X embryo Z{EF L. & developmental phase |23 L T 2-7 embryo Z#R, ME#HEL EEWNETF
BEMERECEHER L. S oIlZ % 3D reconstruction L, BIR1LL TW 2, #ERE L TIE human &7 RDE
WEHdH DD, KEBH T Padget @ pharyngeal arch artery (CE8 9 2 2& & RROHERICHE>TWS, Z L
T primitive carotid-basilar anastomosis ICB8 L TIZ& < IBREOZH IEHAWH DD, B ARE Z & (T figure
DT IE primitive carotid-basilar anastomosis B RE X N2 EFRVERE DI S 7,

Fig. 14 (37 DXL mH B > T & 7- 10DG(31-34 somites) D mouse embryo D MEREDFFRE TH %
%, Z o figure TlE. 4" pharyngeal arch artery(IV) & 6" pharyngeal arch artery(VI) D ® dorsal aorta @
E@A 5 1% segmental artery(blue arrow) % O8, primitive subclavian artery(PSC) A HEZRT&E 5, & 5T
D figure TRLIIBEITARIIH YR TOIEREILR LA, 1% segmental artery £ V) cranial T 3™ pharyngeal
arch artery & & D dorsal aorta MEIA 5 longitudinal neural artery & %% < branch AR TE 5 Z &
T# % (red arrow), Z#A' Lasjaunias DS Kk L T U7z primitive hypoglossal artery @ aJEEMAE LD Tld
BWTHA S D, Padget MIEIHE L TUL /= primitive hypoglossal artery [3EFZD R TIEETR L7z & 5 (2 41
pharyngeal arch artery ® caudal Ao DUE L TW/=Z & %aEX 5 &, Padget DI

Fig. 14: da:Dorsal aorta, as:Aortic sac, pmx: Primitive maxillary artery, I /Il /IV / VI :2nd/3rd/4th/6th
pharyngeal arch artery, crw/caw:cranial/caudal division of the circle of Willis,
ms:mesencephalic artery, mt:metencephalic artery, In:longitudinal neural artery, pa:
pulmonary artery, psc: primitive subclavian artery, 1s: 15t segmentarl artery, ha: hyoid artery,
ma: mandibular artery, pic: Primitive internal carotid artery, ba:basilar artery
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L T7zd & 1% segmental artery D TIZARWTH A 5 H ? (blue arrow),

Fig. 15 XA A H# > T & 7= 13DG ® mouse embyro M MEREE figure TH 5 °, T Z TIEETRL 72
primitive hypoglossal artery(red arrow). 1%t segmental artery(blue arrow)#® primitive external carotid
artery 5D L TWB DA LA D, DF VY caudal BIATED Type 1 proatrantal artery (#1Z occipital
artery)|Z. cranial |5 ascending pharyngeal artery (2722 £ 5 ICR X %, F7- hyoid artery & mandibular
artery |ZEH Y | stapedial artery & 72 > T UL % (orange arrow),

CDBINOERINBIEIFIVIREE FEDEWVEHZEHDD, #EHIC 39 pharyngeal arch L RJL
T primitive hypoglossal artery D & 5 BMEIIFEL TWAIETHB°, LH L. TOFRELSEITTIE
Lasjaunias D& 9 " "The ascending pharyngeal artery is the artery of the third branchial arch “& & z 7
W . ZH %% APA | pharyngeal branch & neuromeningeal branch (294 41, pharyngeal branch & 2™
pharyngeal arch artery B3 ® ventral pharyngeal artery % O HE D capillaly plexus 2" FZEL T3
ventral BloMIMETH Y. ZMNICXF L neuromeningeal branch (3 dorsal flloMETcH %, L ->Trho& % 3¢
pharyngeal arch artery #5579 % dorsal aorta DERIA L IE 3 2 ME A, primitive hypoglossal artery T
HY) . HhoZNH 3 pharyngeal arch artery BDMETH >7-& L TH. pharyngeal branch % 3
pharyngeal arch artery FHETdH 5 Z & ARSI WR Y (3" The ascending pharyngeal artery is the artery
of the third branchial arch “£ IFTRL TERZABRWVWTHA D, TDK S HRMEWVICXT L T Lasjaunias IFFEEDH
T"APA #* ECA 57213 TH <. OA XBFICIX ascending cervical artery B b HRIET B eHhHB T &
h > b BRIBEAD ventral pharyngeal artery (2" pharyngeal arch artery Bi3E) & (3337 L 7-METH B &
FRLTWSB L, DF Y APA A'3" pharyngeal arch artery B TH 25 AL TWL 3,
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Fig. 15: da:Dorsal aorta, as:Aortic sac, IIl/IV/V|:2n9/3d/4h/6th nharyngeal arch artery, crw/caw:cranial/caudal
division of the circle of Willis, pa: pulmonary artery, psc: primitive subclavian artery, pic: Primitive internal
carotid artery, ba:basilar artery, ve: vertebral artery, st: stapedial artery, ica: internal carotid artery

APA D57 & R D 2% (Fig. 2)
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APA O #s & MR DD & Fig. 2 1SR g, EERRWLZ &1 APA ORI CN9, 10,12 Dofs & 4t
LTWBERICZWZ &b b, INIHBEARLDTHA S H?, Lasjaunias [$FEEDF T "Stapedial artery
l& 1%, 2" pharyngeal arch artery B TH V. WET 5 trigeminal nerve £ 1%, 2" pharyngeal arch BT
%, &-7T3rdpharyngeal arch 53 ® CN9,10 &I ET 5 APA |E 3" pharyngeal arch artery A3 & 187F
TEZ"ELTWB L, HEMIC stapedial artery (Z 2" pharyngeal arch artery 53 M hyoid artery ™ tympanic
branch S 28 L. Z DB TH % stapedial artery & ventral pharyngeal artery ®FZEE & 3 (IBfET
THMETH S 7210 Stapedial artery @ remnant |& IC 25U % carotid tympanic artery TH Y, %
7= distal remnant @ upper branch (& CN5 ME 1 &2 EF 5 supra orbital artery, lower branch (&
maxillo-mandibular artery &7 1) CN5 D 2 3/ & WAET 2 137910, K - THEHBELI hyoid artery TH
i), 2" pharyngeal arch FH3ET#% % A'. stapedial artery o distal |4 CN5 (2t 2 137010, =
stapedial artery & @ $ 2 iR, ¥ & Of pharyngeal arch MEIfRIFAZEBE L . RIAERIE 2
pharyngeal arch artery, hyoid artery, foramen hiatus, great petrosal nerve & CN7 3 & Tf 2" pharyngeal
arch (CBAEN B 2 20 % @183 %Y. distal TIL supraorbital branch, infra orbital branch, mandibular
branch, CN5 W5 1,23 &5 5 £ 912 CNb 8 L T 18t pharyngeal arch (ZEHET 282120 T 5,

—75 T APA [£8T3k L 7= & 5 (C pharyngeal branch & neuromeningeal branch @ 2 KD ME A SR &

. carotid-basilar anastomosis MIN%E T# % primitive hypoglossal artery &N T3 H10,

&b Hi Fig. 2 #Bked 5 & APA pharyngeal branch (£ 3™ pharyngeal arch, 4" pharyngeal arch B3 ® CN9,
10 HEEIBISEFRLTHE Y., & > T 39pharyngeal arch artery, 4" pharyngeal arch artery Bk & fBE & h
30 (3IE#E L F U (pharyngeal arch artery & cranial nerve OFEAERHIIELR 2L DD), £/ D fig.2

H 5 1E APA @ neuromeningeal branch [ZBA S A2 CN12 OEREBICHOHR L TWD, APAZ DL D% 3¢
pharyngeal arch artery, 4" pharyngeal arch artery REOME L X % & CN12 OESE|Z LA 5EF| TH 5

A, stapedial artery @ & 5 (T proximal & distal TH3E pharyngeal arch ©&EiHRdT 2 CN A2 S L 5 (2,
APA % pharyngeal branch & neuromeningeal branch TH3 pharyngeal arch &R 9 % CN AA27 > T L
THRLDOAH LN,

LEZNFTOEROFER, MEBEORKLES trace LT-HERTIEA < &6 APA D—EBIZ 3 pharyngeal
arch artery IR DAIEEEIZdH B, F 7= 3" pharyngeal arch, 4" pharyngeal arch £ 3k o fyts#E /> #5818 % &
FiL T3 sh 5 1% APA pharyngeal branch 1 3 pharyngeal arch artery, 4" pharyngeal arch artery
HREDOME TH 3 AJaEMEH B 3. Neuromeningeal branch (B8 L Tl 3 pharyngeal arch artery L XL D
carotid-basilar anastomosis ®IME T#H % primitive hypoglossal artery ® remnant TH 3 AJEME X E L DY,
34 pharyngeal arch artery B & FE VW EhLLnw e ERan/,
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H9FH HEE L 7- Pharyngo-occipital system

BEEANRMEEOFICIE origin & 74 3 IER B OMAE
RoT-FFBIEL. EELT 5 &5 parallelism AL L
TW3HLDWH 5, TNoDEED vascularity % 55l (C 7
g 22 &Lz D origin &7 > TW B EBHEBORENE
DEITICEN B EEZTWS, BERflE LTl
paraganglioma " Z (2K 7= 5% 1,

Paraganglioma (AR ERE L VEEBIICRKET 20, %

NIAEBREICKRET 2B TH S (FHEEIL 10 HABHTY
0.6 N/yean?, B#ME L TldhTaT I vmiafEs L
HY., FREBICMTROBERES TH S (Fig. 16) 1213,
Z L CHEBREW T & ICEEFAER O paraganglioma | carotid
body, vagal nerve, tympanic, jugular foramen, laryngeal,
nasopharygenal [ZF4 L. APA ORFRMEEIC—EL T3 (Fig. 2)21%1%, Zn7-HE % feeder [THUADELR
Mo APA TH S, £7-L T paraganglioma & APA L DEIRIZED LS BLDEDOH ? T EHAEFICHE
EAHDDTHAIN?

JINLS report.
2014

Paraganglioma (& chromaffin neurosecretory cell D—F& T& % paraganglia cell " O HRET HEETH S
W17 Paraganglia & | neural crest B3 ™ non-neuronal cell T#% Y. sympathetic nerve ICTE 3
chromaffin cell &, parasympathetic nerve (ZT& % nonchromaffin cell (ICah 5, KFRICFEELTULS

. RELIDDOEMHITHEEL TL B (Fig. 17)HH71,

1) Branchiomeric: Associated with parasympathetic nervous system, along jugular vein, vagal and
larynx,
2) intravagal: Associated with parasympathetic nervous system, Distributed along vagal nerve

3) Aorticosympathetic: Associated with sympathetic nervous system, Along abdominal aorta) .

JESEERICEIE$ 5 paraganglia (3£ (2 parasympathetic nerve |28 9 paraganglia T& Y. brachiomeric,
intravagal 38180 parasympathetic nerve (278> THEFEL TW 5 W0 R (ZZ T4 glossopharyngeal
nerve, vagal nerve BB C% < & % (Fig. 2,17) 1719, BARRYICIZ glossopharyngeal nerve (58T %
carotid body, vagal nerve @ auricular br. (Arnord’s nerve)$815i ¢4 % jugular paraganglia,

glossopharyngeal nerve @ tympanic br.(Jacobson's nerve)%815 T % tympanic paraganglia. = L T
vagal nerve @ laryngeal br.5835T# % laryngeal paraganglia n*Z 4112 %7- % (Fig. 2,17) #1719,
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Fig. 17

‘ ' Jugulotympanic
Paraganglia
Sympathetic Trunk / \

v »— Vagal
Paraganglia

Adrenal Gland

[ ~— Carotid Body

Paraganglion

Organs of Zuckerkand|

Aorticopulmonary
Paraganglia

A B J. Comput. Assist. Tomogr

lllustrations of paraganglia distribution. A, Anatomic distribution of extra-adrenal sympathetic paraganglia. B, Anatomic
distribution of extra-adrenal parasympathetic paraganglia.

Paraganglia.
1960 FHKICH TR =

LB & W R A 5 & 0 paraganglia @ distribution & pharyngeal arch @BIfRIFME TN TS, 1940-
60 FREZFLE LT2Z < DOMETIL

Tympano-jugular paraganglia |& 1st pharyngeal arch

Carotid body I 3 pharyngeal arch

Superior laryngeal paraganglia IZ 4" pharyngeal arch

Inferior laryngeal paraganglia |& 4" or 6" pharyngeal arch & SN T3 22 JEEICHR->TH D
paraganglia M4 & pharyngeal arch OBEEIZ DWW T DR
B LTZBRY ZRRETCEAh o7z, RE-LTINBH DR
IFIELWDTHA DI D ?

B Schematic illustrating the early set-up of the ear. (A) The pha-
ryngeal arches are filled by neural crest streams; the first pharyngeal
arch (PA1) is filled with neural crest cells from the midbrain (M), rhom-
bomere 1 (r1) and rhombomere 2 (r2), while the second pharyngeal
arch (PA2) is filled with crest predominantly from rhombomere 4 (r4).
c \\\\ ( / 3 The ear is derived from the tissues of PA1 and PA2. (B) The first and

{“9‘% second pharyngeal arches are divided internally by the endodermal

> first pharyngeal pouch (1pp) and externally by the ectodermal first
derived from mixed embryonic origin, as seen in this schematic of an
mm embryonic mouse middle ear. EAM, external auditory meatus; g,
. 1pp gonial; I, incus; M, malleus; mm, manubrium of the malleus; o, orbicu-
lar apophysis; ow, oval window; s, stapes; Tr, tympanic ring.

pharyngeal cleft (1pc). (c) The middle ear is a composite structure
Teranishi Y J Anat. 2016

Ectoderm
~—Endoderm
Mesoderm

Neural crest

1pc pp
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5l 21X Tympanic paraganglia ##%(C & % &, paraganglia BIAHDFEET 5 tympanic cavity (& 15t-2
pharyngeal arch B3 TH % 7= 24?8 tympano—jugular paraganglia |$f2%%8IC7FTE T % tympanic cavity
D3k pharyngeal arch & HBTH 2 & W5 Z & 1274 5 (Fig. 18),

EEOHE

LA L—ATERIDHKEICL S & paraganglia DREZFEIN/-HBEDOE Y ICEF % schwann cell
precursor ICEHET 5 Z & A bhh - T E7=(Fig. 19, 21)#%, Schwann cell precursor (& Z 41 F T schwann
cell DFISRE LT T D cell EEBZ 5NTEDA, MEDREICL Y schwann cell 7217 T4 <, ganglia
cell, paraganglia (chromaffin cell, etc.), melanocyte (ICH ML L. & 5I(21d CXCL2 %> VEGF 7 & % 93iih
L. Z£ZIZnhd 5MEME ’C“’&Eﬁgﬂ'% ZEEHERMIE TH D L WD T EAhh o 7= (Fig. 24)7%,

DF Y, kOB TIE CNI, 10 (238 5 paraganglia IZERIBICHET S PANER D E SN T, L
NLINOLDORFOMEZEEZ D L. TNENDOIET % rhombomere A HiEE L 7= neural crest A
pharyngeal arch (Z97 L. &SR EZFET 570, ZEMEREZEY & < schwann cell & U schwann
cell precursor 3213 V) BRI (CXI5 9 5 rhombomere A" HEEE X N 7= neural crest B3k & WS Z & (T4
%, Bt L7 & 5 ICEESEER?D paraganglia % innervate, F7-l3dE L TWLWB#RIEEIC CNI,10 TH D, £
> T pharyngeal arch & fx###%, paraganglia DEERZ R ERIICER T % L BHEEHEL paraganglia 1
rhombomere 6-8 M neural crest cell »* 3 / 4" pharyngeal arch (238EE L. 7k L 7= schwann cell
precursor (2 &£ V) paraganglia DRI N-D TlEEERIND,

Fig. 19: Main transitions in the Schwann cell lineage during development and in the adult

Melanocytes
Endoneurial fibroblasts Myelin
. Schwann cell
Parasympathetic/enteric neurons
Chromaffin cells
Tooth pulp cells
Repair
Pro-myelin =
Schwann col LO) Schwann cell
/
of ("’ ™ Remak
@ S - -/ A L (non-myelin)
R3P 4 3 Schwann cell
Neural Schwann cell Immature
crest precursor (SCP) Schwann cell
E15/16-
Sl EARLY POSTNATAL ADCAE
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Fig. 20: Coordinate action of Nerve-Derived Cxcl2 and VEGF-A in Nerve—Artery Alignment

A
Capillary plexus

formation Innervation Nerve-artery Front Mol Neurosci. 2019

alignment
Nerve-vessel alignment
(nerve-derived Cxcl12)
Nerve-derivi
signals Arterial differentiation
(nerve-derived VEGF-A)

Nerve Nerve
Artery

Vascular Remodeling Nerve-artery alignment

Nerve

Capillary
Plexus

Schwann cell

Remodeling
Arteries

Dev. Cell 2013

Hypoxic area

Fig. 2. Preganglionic nerves are necessary for AM assembly. (A and sympathetic neurons in nerve-ablated (D) compared to control (C) embryos.

B) Immunohistochemistry for neuronal nitric oxide synthase (nNOS), (E) Quantification of (C) and (D). Data are means + SEM, n = 3 for Is/20™A/*
CHAT, and ISL1 on E14.5 sections of spinal cords from control /sl. TA/+ and n = 5 for Hb9%®* 1sI2°™* two-tailed Student's t test. (F) Graphical
(A) and HbQ e *;s12PTA* embryos (B) shows almost complete ablation summary of the results. (G) Schematic showing the origin of chromaffin cells
of CHAT*/nNOS*/ISL1* preganglionic neurons. (C and D) Immunohisto- from nerve-associated SCPs. IML, intermediolateral cell column; CC, central
chemistry for TH, SOX10, and CHAT on E14.5 sections of AM from control canal; AG, adrenal gland; AM, adrenal medulla; NCC, neural crest cells; NC,
|s|PPTA/+ (C) and nerve-ablated HbgCre/+ .| 2PTA/+ embryos (D). Note neural crest; NT, neural tube; n, notochord; DA, dorsal aorta; DRG, dorsal

the significant reduction of chromaffin cells in the AM but not of SRG root ganglion: SRG. suprarenal ganglion.

G D Early NC and derivatives - Late NC and derivatives |:] SCPs and derivatives

NCC NCC
2 / S
y /
= 0‘ -
0
®

4

® ' ®

Fig. 21

* nately
E jovern
pattems of vascular branching and arterial differentiation during vascular remodeling. As a result, the congruence of blood vessel and nerve patterns is
established in the skin.

(B) This scheme shows how nerve-derived Cxcl12 and VEGF-A control patterns of vascular branching and arterial differentiation. In this view, oxygen-starved
nerves may induce Cxcl12 and VEGF-A expression through activation of HIF-1 prior to vascular remodeling. Cxcl12-Cxcr4 signaling functions as a long-range
chemotactic guidance cue to recruit vessels to align with nerves. Nerve-derived VEGF-A instructs arterial differentiation in the nerve-associated vessels. Arterial
differentiation presumably requires a local action of VEGF-A to induce arterial marker expression.

Paraganglioma & APA ®ORS{#
Z ZEFTOERN B paraganglia, CN9,10, PA ZREFMICHIEBET 5 PAHLBERL TWB Z L IFEBREATE
7= LH L—ER paraganglia, CN9,10, Z L TREZPLIZERT 5 APA (ZREFWICERLIHY ZHICH R X
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3P, FNFND paraganglia ZHRET 5 ME (Z APA inferior tympanic branch, jugular branch, carotid
body branch, laryngeal branch & /NZ /X5 TH B, K> THIARLIZL D IC APA DREHNIBFI CIZEREICH
Mo TWAR WL EIE paraganglioma, D % 1) paraganglia & APA N EAEFHICEGROH 2B EY - L IZE N
T,

SEROMANEE

T IDISCO+IEAT & W D BREMEORTIHFMAHEEIIEB SN TWDE 3%, ZFiid~ 7 XBREL
DH LW HEERFICHRENICRIRT 21EH~—H —Z2BSEREQBD, Transparent) T developmental stage
ICEDHE T 3D THETE 3(Fig. 22), BAELARMZFE > THEAME, )V NBEORERVHSHICONT
DENINTWD, K> THIZIE3rd PAATZIFICHEIRT 2EHY— N —2H Y. EROHIEZEORIRX
TEAEL TONIE, APA D EDERSH 3rd PAAERTH B DD ENBRRTE A RMNH 2 D TIER WL
CHA SN B,

Fig. 22

CD31 Podocalyxin Acta2 Lateral view
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