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Medial Temporal Vasculature and Surgical Tips for Medial Temporal
Microsurgery

Kensuke Kawai, M.D.", and Nobuhito Saito, M.D."
1) Department of Neurosurgery, Graduate School of Medicine, The University of Tokyo

It is essential to understand the microanatomy of the medial temporal structure and its vasculature to safely
perform microsurgical procedures for temporal lobe epilepsy and medial temporal tumors. We review the medial
temporal vasculature and provide surgical tips for medial temporal microsurgery focusing on how the uncus is
associated with the anterior choroidal artery and the hippocampal sulcus is associated with the hippocampal
arteries.

The anterior choroidal artery runs posteriorly along the superior aspect of the uncus entering the choroid
plexus. The uncal artery branches from the cisternal segment of the anterior choroidal artery, runs downward,
enters the uncal sulcus and then forms anastomoses with branches of the hippocampal artery. The important per-
forators, particularly the capsulothalamic artery, branch from the most distal aspect of cisternal segment or some-
times from the choroidal segment. Uncal resection can be safely performed avoiding injury to the anterior choroi-
dal artery by subpial resection ; however, care must be taken not to injure its perforators running medial to the
choroid plexus when resection proceeds posteriorly. Care must also be taken not to injure the lenticulostriate
arteries since their proximal portions run considerably close when uncal resection proceeds upward.

The medial temporal branches from the posterior cerebral artery are the hippocampal arteries, lateral poste-
rior choroidal arteries and inferior temporal artery, entering the hippocampal sulcus and fimbriodentate sulcus,
the choroid plexus via the choroidal fissure, and the collateral sulcus via parahippocampal gyrus, respectively. Dur-
ing the final stage of en bloc hippocampus resection, we open the hippocampal sulcus and sever the hippocampal
branches deep in the sulcus with the pia mater covering the subiculum to avoid injury to the posterior cerebral
artery.

(Received March 2, 2012 ; accepted March 22, 2012)

Key words : anterior choroidal artery, hippocampal artery, uncus, hippocampus, microsurgery
Jpn J Neurosurg (Tokyo) 21 : 594-603, 2012
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parahippocampal gyrus.
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Fig.2 Medial temporal structure and its coronal sections in a cadaveric brain and MRI

Left: An illustration of the left medial temporal structure®. The roof of the inferior horn of the
lateral ventricle is removed to show the hippocampus. The red horizontal lines indicate the position of

the coronal section in the middle and right pictures.

Middle and right columns are the pictures of the coronal section of a cadaveric brain**’ and coronal
MRIs of a patient, respectively. The pictures and MRIs are aligned corresponding to the red lines in

the left illustration from anterior to posterior.

Arrows in the middle and right indicate the hippocampal sulcus. Longer arrows indicate the

semianular sulcus.
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1: anterior inferior temporal artery. 2: anterior
hippocampal artery, 3! parahippocampal arteries, 4:
posterior carebral artery, 5° dorsal surface of the
parahippocampal gyrus, 6:fimbria, 7:margo
denticulartus, 8: uncal branch of the anerior choroidal
artery, 9: anterior choroidal artery, 10: uncus, 10a:
semilunar gyrus, 10b: band of Giacomini, 10c: uncal
apex (intralimbic gyrus), 11: uncal sulcus, 12! internal
carotid artery, 13 : middle carebral artery, 14  anterior
carebral artery, 15° posterior communicating artery.
16 ventromedial surface of the parahippocampal gyrus.

Fig.3 Uncus, uncal branch of anterior choroidal artery and anterior hippocampal artery

A © An illustration showing the medial aspect of the temporal lobe with the related vasculature®’.

B : An illustration showing the uncal sulcus vasculature®’. Vessels entering the sulcus correspond to
the ones in A. Note that the anterior hippocampal artery enters and exits from the sulcus feeding
the piriform cortex. Note as well that there are anastomoses between the uncal branch of the
anterior choroidal artery and the anterior hippocampal artery.

C 1 A schematic drawing of the medial temporal structures and related arteries*’.
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Ak icWmulise b L ¥ LD, Bavdioiiy
ZMIFAEIICLTYL S, HO FHUERTHE. fi%ont
il (T oI infhe Ly ABBSEIREGEFT S
T EITREY 248058 5 (Fig. 1),

ETEN I D VIR 857 & B i e B IR IR
A5, RN, IRMGES DIz
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Fig.4 Perforators of the anterior
choroidal artery

A conceptual drawing accm’dmg to
Marinkovic et al. 1999" on a figure by
Duvernoy 1991%,

The anterior choroidal artery forms
perforators to (1) the lateral areas to the
optic tract, (2) the optic tract, and (3) the
rostral peduncle. The main perforator (1) is
called the capsulothalamic artery that runs
posterolaterally. This branch may also
originate from the anterior choroidal artery
after it enters the choroid plexus.
¢+ caudate nucleus, cctcrus cerebri, hi:
hippocampus, ot: optic tract, plt pars
lateralis of the globus pallidus, r:red
nucleus, s subthalamic nucleus, sn:
substantia nigra, 1° temporal horn of the
lateral ventricle, ts® temporal stem, zi:
Zzona incerta, % :uncal apex, 9! circular
insular sulcus, 23 parahippocampal gyrus,
24 ¢ subiculum

Z507C, RHGEMEEEO SEESAIEZN, ol
MR IRl o il 2 2 24 Glikd b
AP de Oliveira 12 1999 £ Marinkovie 35 02460, 11
G T IIIRRIGOBENC RSN 2 213, iR
IR DNRES M 20 & SrUE 3 2L A L 22\ iz
DEAIEaLMLEY, LL, ZD#ED Marinko-
vic &' 42 Fernandez-Miranda 5V D@7z Livg, M
HIRIAR IS 15~38% TIR#ERE o k¥ 5,

HEAEN YR DK BED A F » 7 Tld, MRS -
feliit D i, R - S O UIERINT S 2 e St
UlRT 245 kg iviirodtiz gzt Flo st
IR TEB L AN ETEL TLAY!, ok
FETOMN T FAlis IO BESEA 0 L, 2280
DG E D 5 b, VIERE AL G R - B Rl
LR L o IR (PHIER ) ol fiiZ T 3 5 (Fig,
54), ZOMPRTRERIGERACIRONITF 2520
L LR b3 525 208 22 8b

DA oS S, L L, BT AR
Hotkiz 2 ORI R H T B, R BUEBIRA iR
THMET A, k0% h9f7*u,:ﬂﬁﬁﬁm%ﬁ®
TR RIMI LT T 20T, BERESIRIE S X
AT LD i, Zakilld 5 it e BE
LTEIRETHAT (Fig. 1),

BEE S EER

1 B EES

MEEA D L, Bl NS S (Fig 1~
3. 6), Wil iE O DPRh SIRED., B
TSI 5. BN X CERENR R o Wi
FATHA 2, ##65 Lifpl M = Dl 2 2T, vl
C¢HBZLibrB (Fig2).

FDRNTT IR PR R 2B L Ty 5708,
kD LD RATEEEEONIY LI RIEE £l
L Tuen, ZORHED FERNIANREATH Y,
Mg & { LI FIEOEIMRITL 55, i, RS
TS 2 DT T3 (Fig 2).

S i R BT T v 2o MATIUALD Z &
ko TR ENS (Fig.6). 29k AREHBRE#
W5k, 0SB 20T AMETHS
Z &, O T ' v R DM S L T
VLA EDMIETE S,

2D E v 2 normal variant B3(E(E L
NS A (hippocampal sulcus remnant) & BFIEdL S
(Fig. 6), Rk 2L, oMLt SsbLly
A3, EEMIGEAR R, HEMINONEEEE, O iTETE
1L TOADMRTSH S,

2 1078 - BREIB BRI

Hi - NGO LI, FIREREE XMTH D,
&4 a)klrtl*'%iliiéh L. 20l ST FREC#En
Ve 4, Mo et & 52, NiRdsE gD
Hbkas 1 fJ WHIAT S, <, B XBOIRA: o (il
SIRAEY - B IEAT B,

AR, B ORSOHNR P2 i S K E L A0 Tai -
e 20 3 Holel LTt 5, i iR S5
Wi, s - B EIRIZEES (5 - IR 2 A
T3 (Fig. 1, 3). i - PipGEHRE P2 20 TRBX
Bl o armE L 2 FIEidiR»oMa 22455, #
HEM EIR & WA AR ® (splenial artery) 2 & FPE T
BIribHs, 2o bigBiiRo BRI EraDE
WAiH 5%, Erdem &k, B IIROHIH Y —» 25

598 Bavkit 21 &gty 2002 %8
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Subarachnoid surface of lateral
| geniculate body over residual pia
of hippocampus

Ventricular surface of lateral
geniculate body

| Subiculum |

Fig.53 lllustrations showing surgical tips for use during hippocampal

resection i
Maodified from the reference’.

AtlIn the final stage of the additional posterior hippocampal resection, the
cisternal surface of the lateral geniculate body is recognized beyond the
choroid plexus and choroidal fissure after subpial resection of the fimbria.
Care must be taken not to injure the perforating branches of the anterior
choroidal artery, which may be hidden over the choroid plexus.

B : In the final stage of en-bloc anterior hippocampus resection, the hippocampal
sulcus is opened and the hippocampal arteries are severed deep in the sulcus
together with the pia mater covering the subiculum.

S BIL 720, BilREsAeniiE, S lamiR P2 Acde,
KESHR D s Ee CFINGmINR, SHseiRiranR, Tqk
WEATBIIIR) 2 83 RXTh s T 3589 —=r30ith %
ot

BRI ILT R R HES A SR A SR IR PN EL 1
A, FIMgimiR, GeaSiiRie EAIELTE D (Fig
3P BT LR E BT A TH B, B
WHC A B NHE IR, N TA— 72 L 2555
BuiiiZ iy 2RI L 28 st BFE
T3 (Fig.3), £#, Hido k3 c8fN<TE,
HiiREA TR EE & B ) aiREE DAt LIS L IEAR SN
ZA0 g s VIR £ AN ] R 2 R~
A%,

if - RHEEIGIRIE, B AHTINIR £ 22 122 D 6 YUK
LT, NS D A b SR AT L TRl
FHAREEE® (fimbriodentate sulcus) (2 A - THE7 > =

VIR T 5 (Fig 7).

RS < vd s DB AR & s 5 Hil
&, MRS IRR O M SH IR EZEIIRASH S, b X
Jlciiz g o la4b b, FEE5L
G2 05 25, I IR IS A RN,
FHE IR AR 24D S IREDIIC A S (Fig. 7).

3 BABRURICHI D EEEONE

S« HEREINIC (R LB & ot 0 dE N K I
TAMATHA S F2 0, BBVERL M EA N AN E
DTMIC BV TRELFERE 25,

HBIBHTED - -HCR, EEAEOREZERITC
fI4 555 WHRICHISD & IS AT S iEe
AR L - HHC AT B 0 H 5. 2 OMEE LT
9 . BBEERD S i EEIR 5l 2 YT L 2 ) kR
MH B, FAUREINGIR P2 F 20 L Dok
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Fig. 6 Ontogenic formation of the hippocampus and hippocampal sulcus

Top: Formation of the hippocampus and hippocampal sulcus in the left temporal lobe”. Note
that the hippocampal sulcus is a folding of the cornu ammonis with its pial surface. Red arrow !
hippocampal sulcus, D: dentate gyrus, C: cornu ammonis, S subiculum, P! parahippocampal
gyrus,

Bottom left: The right cadaveric hippocampus viewed from above”. Red arrows:
hippocampal sulcus.

Bottom middle : Coronal histologic section of a normal adult left hippocampus™. Red arrow :
hippocampal sulcus.

Bottom right : Hippocampal sulcus remnants are noted bilaterally as cystic changes in the
lateral hippocampi of a normal adult (arrows).

DILL TH - I EY) CATUAGEANSH II T, TIERNE {111!'!‘*11 ﬂfﬂiﬂlﬂ AVM ZREHR, &
H7, ZoWA B AEIRAE 2O L D2 T3 YA 7R ZU T (Fig.83), AVM 2R L &
Gy EIohs, BhihT f”} Ja! ;’)le*m e 2L, CT ChiZs
LAt T, fNFDERTE, ST IcRnE, 2 MAsEEsH S (Fig 8B). Eiff AVM & oA %ED
LTS qfbe LAMICHBEL T v &, Hil - M= #, BRiERSE TN Tl s 225 BIIRHCHBARR
HeE, FBADRROETT2 X T, loop PRIZINH Zi#d, AVM OEEIMES N, £, BT
BT AT R L . ;-ffr"-irfmf HARNCA T P2 # )i o DFEAMIRSEETZ 7 (Fig.8C), A v~
f-hfp%ﬂﬂl‘c—ﬁii'ﬂ";i TEUNETT A X SIS, R 4 ZHEEOHINATS D, FHRTHIC k2SS
LU FrohsTT 2 AT 5 k9 ::'3‘°Lr;. {2 I SEEHIETL 7
E‘f‘ Pz. i & s A IR 2 BN oL : i Tflgags v o AZMYH 142 S s %
2L CRANERGIC IR 2 & A5 2 53 (Fig 5B), L, ZsiffmaAziil <, CHMFECA-T
o, HBEEECMC XIS R LMl R4 1)
4l BEEOMROLE Lz, #EMINESETTT B red vein BAEIEE 1, BAin
WO IEH L 2 il = LT, SN ol IO Mk 2 it T, HEAMIRT S 5N IR % fidZ,
WA (AVM) DIRfe SR 5, % 38 Mok Z DA LMo BRI M S 30 5 nidus & bl
600 BiyhilE 21 &8y 2012 ER
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Branches from P2

Y Lateral posterior choroidal arteries

1 Yok Hippocampal arteries

Choroid € [ 1PCA |

plexus 1___
et
Yl

Hippocampal

sulcus (_@

Fig. 7 A cadaveric right hippocampus viewed from above and the related

vasculature (left)

Modified from the reference’. The schematic drawing on the right shows the
spatial relationship between the lateral posterior choroidal artery and the
hippocampal artery. The former enters the choroid plexus (% %) while the latter
enters the hippocampal sulcus and fimbriodentate sulcus (¥).

ZBGEL, nidus 2SI HH L 2 (Fig. 8D).
AGNEA v = 4 7RIS E e nidus ARG
PR L CHRBR L 2 i, BEL LIUINED S
AT 7B—F LRALVD, NINOMIEDGHT
H iz, VbiE, trans-choroidal, trans-hippocampal sulcal
approach LMERB kA&7 70 —FTH %5 (Fig 8E).

HEgg s

TR BRIz 21T D) T 20221 3 £ L2
RECHEEHL 2T

AFRCBL T T < S AR S D kAL

EROMEIEN 31 BT S o v ¥ L 28l 201 5
H, W) oRSLALDTT,

L

X ®

1) Duvernoy HM, Guyot |, Cabanis EA, Iha-Zizen MT, Tam-
raz J: The Human Brain. Wien, Springer-Verlag, 1991,
»127.

Duvernoy HM: The Human Hippocampus, Berlin, Sprin-
ger, 1998, p.88, p.99.

Erdem A, Yasargil G, Roth P: Microsurgical anatomy of
the hippocampal arteries. [ Newrosurg 79° 256-263,
1993,

Fernandez-Miranda JC. de Oliveira E, Rubino PA. Wen
HT, Rhoton AL, Jrt Microvascular anatomy of the medial
temporal region: part 1! its application to arteriovenous
malformation surgerv. Nemrosurgery 671 ons237-2761

03

3

—

4

T

discussion ons276, 2010,

5) MEsdksr s MITE T A DAL T A WER BRI~ R 54
A THIRHEE 2 000 o =iz~ Jpn ] Newrosurg 15
27-35, 2006,

6) s s IS T A A AT 5 (S0 ERT & 381
AR PR MBI WIER L, s -, BIARME L FPlEEA:
U2 P REEE I RE 2, TG - fedmigE, Uiy ¥
BN 2 —5, 2010, pp.128-143,

7 Middl i IR EAR L2 i 2 YR BHARE 4 Bl Bk

- BINLAEL, IS : NS NOW No. 16, BERERYEE
AL B R~ 3y LiEEA, WL XA
¥ a—¢h, 2011, pp.104-116,

8) Mifaed, RWWL, SN, ASEA D JHHEHE lim-

bic paralimbic tumor WJRIC &1 3 GlERHLED U A

? k2 DPREE, Video Journal of Japan Newrosurgery 18:

2011,

Kier EL, Kim JH, Fulbright RK, Bronen RA: Embryology

of the human fetal hippocampus: MR imaging, anatomy,

and histology. AJNR Am ] Newroradiol 181 525-332,

1997,

10} Marinkovic SV, Milisavljevic MM, Vuckovic VD @ Microvas-

cular anatomy of the uncus and the parahippocampal

gvrus. Newroswrgery 29 805-814, 1991,

Marinkovic S, Milisavljevic M, Puskas L: Microvascular

anatomy of the hippocampal formation. Swrg Nearol 37

339-349, 1992,

Marinkovic 3, Gibo H, Brigante L, Nikodijevic I, Petrovic

P: The surgical anatomy of the perforating branches of

the anterior choroidal artery. Swurg Newrol 52: 30-36,

1999,

13) Marinkovie S, Gibo H, Milisavljevic M, Djulejic V, Jovano-

—

9

11

—

—
(5]
—

Jon ] Neurosurg VoL 21 N8 2012, 8 601

NII-Electronic Library Service

~ [l



14}

15)

602

Fig.8 A case of intrahippocampal AVM resected via a trans-choroidal trans-
hippocampal suleal approach

A ¢ An angiogram before gamma knife radiosurgery for an incidental AVM in the right
hippocampus.

B - A computed tomography image 7 years after gamma knife radiosurgery.

C A preoperative angiogram demonstrating a residual AVM with the posterior
hippocampal artery as a feeder and early draining vein.

D © An intraoperative photograph. By retracting the fimbria laterally (1) and opening the
hippocampal sulcus, an AVM appeared with a draining vein (2), which was buried in
the subiculum. The AVM was fed by the posterior hippocampal artery, which has
been clipped.

E:

The conceptual illustration of this approach. The route to the AVM was along the

trans-choroidal (a) followed by the trans-hippocampal sulcus (b). %AVM: An

illustration by Duvernoy, 1998*' was used
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sion 22-36, 2005,
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— Julos Kmbe & 2ENC B 1T 5 R%

m M OB OAY i B omY T N s kY '\ oN By
'O s E )& 8 AY & ff £ & Lk F &
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Frequency of the Use of Vagus Nerve Stimulation for the Treatment
of Intractable Epilepsy during the First Year of Public Health Insurance
Coverage with in Kyushu Rosai Hospital and Other Areas in Japan

Takato Morioka®, Tetsuro Sayama", Takashi Shimogawa", Takeshi Hamamura"
Kimiaki Hashiguchi®, Kensuke Kawai®, Nobutaka Mukae*, Nobuya Murakami*, Tomio Sasaki*

Abstract
Vagus nerve stimulation (VNS) is a palliative treatment for medically intractable epilepsy and has been
covered by public health insurance in Japan since July 1, 2010. The frequency of the use of VNS during
the first year of insurance coverage was determined by assessing the number of cases for which VNS was
performed in Kyushu Rosai Hospital, the number of registered cases, and the questionnaire survey filled by
68 surgeons who are board certified as both epileptologists and neurosurgeons. VNS devices were placed
in 98 patients from July 2010 to June 2011. These devices were placed in an average of 4.4 patients per
month from July 2010 to November 2010 and in an average of 10.9 patients from December 2010 to June 2011.
However, we did not observe an increasing trend. Almost all of the surgeries were performed in the Kanto
(56 patients in 8 institutes) and Tokai (24 patients in 2 institutes) areas. VNS was not performed in many
institutes primarily because VNS was not indicated for any of the patients. The questionnaire survey
indicated that the use of VNS was likely to increase with an increase in the number of neurologists who
decide on performing VNS preoperatively and regulate the conditions of the vagus nerve stimulator
postoperatively. In conclusion, VNS is currently being applied in a limited number of institutes in the
Kanto and Tokai areas, and a close association between the epileptologists and neurologists during
preoperative and postoperative periods will increase the use of VNS,
(Received: August 17, 2011, Accepted: December 19, 2011)

Key words : vagus nerve stimulation, epilepsy surgery, palliative surgery
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Table! ZEBHXBISUIEREN, DEEZ-EHR,
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FRERN, FEEXLBME

SRR VNS Y A 7 A1, EAHEFEORS
HTADARERE T 3 CALABRE (GIHERrE+
SEFIEEL) OREEAEFERTLIMIREL LT, &
EMEE2HE T s HSRBERTH .

ETRMF

1) TADABTRCHT 2 TS2AH  BREET3E
fids, BB TALAFEECHT 5KG AL REMNS
FlEEET s MY oRHL L LY, XAOEHES
L UEeHEETHICHEEL, FEBIUUHBECHEIS
PHED Yl 2450 - BB RS S 2T, HItE
BFLTHVS LS ICLERBREAHBLLZ L,

2) HRREFEEIC LY, BEESR ENRBERNES
) BIUTRTONREFOERFRICO>VT, BER
EREPRMETI L LI, HER DB LEEERC
32k,

FUBHIC

kA lERE: (vagus nerve stimulation : VNS)
BTADLARN T 2 FEEAMEIGRD 1 2TH S, VNS
i, BUAERE T (CEDRAAZBIRBER LY, EH
WOREMEE KA RIBEL, EAKHEOERANT
ADARIEREY - BE T 2 BANIEIRTH 5, IR
BIBHTREL, ZOFRABFL TS CEASATEY
s, KRETI 1997 EBLCRREERR (Food and
Drug Administration : FDA) x> THERBShTB
D, ZOEBOHHEHERESFHEEBA T B, #
BETA»ARECNT 2R EFLHL_ETREER
THRSNLEEEOBWLDOTH D, 1999 £0X
EMEESEHY C/ SR I 2 EF Y ARERES Ty
%,

DHBEIZ BV TR, 1990 FERICEKEFBR TR E VS,
34 FID % HERIBBMThh, FEROBRIMEE Tt
BERa s, 1998 Fu BHAFWEHRF S hies, H
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EoT, ¥-RZ0EATTbhERELDET S,

2) FMEORHBRBEOHBEEOTES, BIIRB X
UVEERROBYFAERZ, BERTALAESEME (F1
TO2EHE28D) 2-B7roEHOb LRTbhB~E
bDET D,

3) AMEBETOEM (15, 2HEZY T 2EH)
2, PIEIREFTRE, AERTADLA¥S, BRTADANE
%2, HANMEARESORMIC L IHTEEZH/LY
FhiER s,

4) HIPEESBIEAR 21T B, SEREL L CHE
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%,

5) ZMETER, 3H¥SAROEERASCI> TR
EREDHRE X h, RREORBHRESED 6h 3, B,
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EHEMZ N, 2O 1EMO VNS ERORA 2HET
32k, SBOVEOTAMAEBRCBIIZ VNSO
BEPZOMBEE L EBRTHIATEERILLR
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Table3 REMBOEMARL LORR (68 #4160 HEE, HEEES8.2%)

1 VNSE#EBEZHMLIH?
ZHLI 4T A
FHLTHEW 134

ZEHLTORVWEANE?
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2 2000F7H1HM5 2011 426 A 30 HOMIC VNS 21707 (REESH 45 4) ?

Fo1:204
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18 (54), 261 (44), 361 (34), 56 (14), 98 (24), 106 (2
), 1260 (140), 2480 (14, 278 (14%)
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Fo T WERIE?
WIS & % DERH RO 115 4
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bV LI OREEROREEATH oIy L 16
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OBRBIIOWTHET B,
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ZOEMOEHRTCITbRINREDDET B EHS, L
feBoT, TOTA»ANBEMESLAZHL T,
Table 3 IRT & D REBMASOREMNEEERL (—

WEEH TR A—NVENL), EAICBT 5 VNSHA
1 EROREEHEL 2.

I. & S

1. HRICHIFDEESBRNRBEDAND | £&F
TOWR (Fig. 1)

U CHEREE T 3> EREESE | CIHRY S 2W
L, 20#A2Z5ICVNSHBADOEEWERCIY »
motze VNS EMOEBRARKIIC - RERFHOFD
HEABRANGI SR AEAT (k 599 © FRER A% 17,030 &) @
HRALINTV R, ZOEARBRIBIEHEN IC 3 HER
FHEHsH Y, 2 ORI OIRINE SR OREE & LI
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