384 5 PR OGS IR AEAIL IR 1009 8k 22 FRUBE T SRR 2R 18 0
B vt

Kyle Loizos, Member, IEEE, Robert Marc, Mark Humayun, Fellow, IEEE, James R. Anderson,
Bryan W. Jones, Gianluca Lazzi, Fellow, IEEE

mE

AR A I L 5 ) T S AR A B 4 - F 7 R IALIR I A2 S A A A2 A 50 )
AR BRI B . ISR & 1 — B TR A 22 P 28 AT,
HAFIERAG S MR AR, DL — MR GUM B H 1 (1 g .
XABR R, MRS I8, 25 R8BI A0 T AT A AR AR YT i
AR, LA IB A R R A A AT N, Xl e T4 H ATk
AT 200 45 A0 R RS R A PR P (1) O e 42 1% 24 2 fk R
ST AR E BURRAT MRS, B AU (B SRIBaR Y, 1 X BRSO LT R e 5
JBCREL S DA ot 4o 2 70 240 S HR A PR 2 1 A SR A RO R ARt o 5 R T,
MR AR AR B B AL A 22 71 A o PR SR A AR A AN B o e, A4
SEH AR BRI s I REFT, A2 ] A0 22700 20 8 P B e e

R

15 FH R REURT ETINA BUR B0 9 1 S K SR IR AT PR 83 1 — 28
B0 2 PR PO B 28 (RP) Bl A DR 1P 35 R A2 1 (AMID) o 33X 6 52 863 3o {8 FH FRL AR )
TR A 23 ) JRy 0 DX 3ok R HE AR A, A ABA T 52 30 1T 1 2 1) SR i s A
1E 41 Weiland A1 Humayun[ 1157 [l B R AREE, IXBEUEB AR, HFE 7 ZFh
ANTE) BB % B BT o %A SRR B ZE A ] Tk, B A il D& kAL .
BAEAERIA, B MBS i/ a(Second Sight Medical Products Inc.)
(1) Argus 1. (Sylmar, CA)TEImIRIRLS 32 i S fit 1 28 A o 0 o R iR 7
VIAFIR A - BER A i — 2o R JRT, A I B R B 42 (20/1260), KA 5
5% AR BE B 1E 2 A TR BE N IEUROG IS IR ks S AN e R i T4 i, 7%

AT 5T EH 5 [ [ 57 B AR 5 e A 08 % 2 R i AT T Bt (B B I H :1U01GM104604-01), 3% [F [
S P A A B S Bh (B 5 H :EY 02576 REM, EY015128 REM/BWJ, EY014800 REM), 3 [H [¥ 5 £}
SRR G S (VBN TIUE 10941717 REM/BWI), 4L NAIER LITH A S ESBW), LK
TiBis 2% B A 2 (REM/BWI) o

K. Loizos Al G. Lazzi HtER FHAbMN KB F5HEN TR, Wi, UT 84112 USA (e-mail:
k.loizos@utah.edu).

R. Marc, J.R. Anderson 1 B.W. Jones FLERFH0Al K22 05 B 2055 -a- B2 IR B Oy, R30I,
ut84112 3£ [

M. Humayun SHR TR DMK 2 IR ALE SAEY R % TR R, KEMMEAZIL 90033



FUAHARH R I DTRR A BE TSR, X ANFESA 60 AR, XEE—DIRE| 1A
KA BRI 2. EORH AT SEILZ A NS PR, I H T LU E NS 5
DhREMM 1, [21, [3], (HECER RIS IEA R 7T

T PR RS RN e, BT TR, FRE T TEEAN
HLRE /N4, [5], BRS04 I e 2655 40 P [ 6]+ 8 788 B 75 PO R B IR
MMIC& BT I HEIY, B R R MRS bz 5 k[ 7191 AL &,
RVFEA 77 BRI AR B IR B A% 5 OL T LEFES A 5 2 R A, DL R+
PEHBFECAS R 2R A0 [ 10][14]. BEAk, X EBA & R 525 18 T AR ST
WEALE . JUTTARBE AL [15]-[18]H 521 .

P 5T B e 2 AR AT 1 AR S I PR A S ) A0 B B AR AR T BT, DA R R
AR o LRI PRARTE T8 R B A 78 7011 BH < il 5 R0 I S ek g 7 B2 5 T 34
I HARKESCERA BB SR . S WS 21 AR (1AL B (P08 _L 5%
DR JEE ) R e 2 AR A7 28 1 1% R 2 i R SRR ) O, 58 R B L R R A
[19]. N T L@ RS T RCR MG ek, 43T TR, %R T HE
N HER/N4], [5], BIORS ff Hi A A DX 5544 422 4 24 it [ 6] H B 482 P 7 ) IR 2R 1 T
Ko MICEZARR T HITWHIBEIY, Ko RERI PS8 B[ 7][9] AL
B, RVFEANT S EL RS &8 (I 0L ERES EA 5 2 s s, BAK
TR M O [F) 2R RS (K 4H [ 10][14] . EAh, X ERARAS B (BT 5e % 8 T b
Robs EME . JUTREGE AL [15]-[18] /521

PR B AR 2B AT AR A2 I PR AH DG O AN B 2 AR AR i, LGB R+
AR o PR PRARIE T R B A 78 7011 B 2 il 5 0 O e e g 7 o 2 5 T 44
HHAKE A B TR G R . S8 2 sl (A7 B (P8 - 5%
PR RS ) AR 22 AR AT 1A 7 (10 7™ B s e SRR s B, B8 R s o A A
[19].

F£F connectomics ZPEFE[45], 7E NEURON H A& Tl E ST A&
TAMSEAY | 43 A0 RIS ZEL RS )4 28 1 241 0 DX 8 AR 20 o SR H ) A A7 4 B B0 e
BRI, S T A, FT NS @NEESL R A f gk
WER L, E NN AT . N T 5 SR BRI T B M3, 1%
B ATL JIG 73 WAL B 1) [ A R P g 2, DA AR 3R G I FL AL, B JS Choi 55 A [3
To BB ARE I T AT R AR T — B A% 515, RUNE B ESE
EUETE AT EL BB 8, Fo VTR nT B AR 12 7= 400 DX JIsS 444 422 XX 268 AR p 1 ™=
ARINEEAT N, YD x BRI TR R o I B TR AR R, BRI S 58
firh YA B SZE 22 1) 5 P AN A O B, T ] DA Dtk — 22 2% R N IR JR 4R MR AE T2 1 T
H

>~No

R R R b, R SR 7 RSRA GURE AR i 7 R, 3207
TSGR R AR A AL A 51 AR A 37 o s A A ] S A
53T HEARAR R 2 e R S5 Ak, TT LTSRS (R A ) A5 4, RS RN H
T, PSR A Y B AN BRI AE AR R LR AL



Rt A 1 IEA4 0 R SR PR AR R AL A RO FER AR SR, A R E S 1L
TEERT AL RSB ICIBE TE, BB AR IAT U K AR BRI T L R A S )
P B AR B 2] 10 L ART AT L SORTAIE A0 I 2 P ) e AR S B e, AR5
UL B — A B (BT & o ASCH 5L TN FIREEE IR AR pih e W 28 2R 1R 1
R AAEAEE, JF3R T — s > IR AL RS A AT Sl BRI, It
2 TR AR O T A R R

ik
ALK EZH R0 22 R g 2

SN T RAUL it R R | P T A L3, BRATIAE P P SR A A A T AR PR

2 2B A - A SR SR TR R A4 R R 31 o R i R e 7L 3 0 00 R B e
M EZH A R SR 6.25 mm x 4.25 mm, AN ENFE. PL10 m B
HERNT TR AL, FREE T ARSI PR AT BBtk . 0T s, EFERpET
YIf)Z . NIRCIRZFNAZZE, R 40 & 2R 7 S R A2 R g, B
FF (4315 M. fEXFp I, MIEBAREHE S 5510 N AHT 58 (1) NEURO
N R A E00, W N — AT i, PRS0 B B = AN Z
H R B B AR LR . ARG S 90k [41], [44)@ 1 H UGN B myR, 11
A I ) P S P U B R R SR A T AR A R P AR I B AR B
WML E, N T 25 R 40 9 285 A, o 1 B K B2 2L A sk e B R AR

AIREREH . IR 26T, AFE LB B AP IR EWE E A — )2, N TR 2
Zl4610HrE, R b Bk A DUB R B Gabriel et al.[46]fkiE. HLFH
RAZENE 1. ERMELERE D6 x 10 FEFIR 200 Kb, HERHH
FHAA41(10.6 x 10-8 m), HHAZMEITTF, HHERN 107 m. BEAHEGE
W 2 froR . N TR R — AN B2 AN B ARE N BRI 45 R &, i
T 2R G TTIE41], ST Z[28].

SRIG AR K RAL I B[ 47 16852 BB AL RT G FOM 45 51, 2RI A5 0L,
DL FE 3] R AR E SR AL R B A AR Ak, 0 IR0 e e )y KR4, i
FEWE . AARMEBEIRE 1 FR.

e Resistivity | Laver Thickness Layer Thickness
) (L2 m) Healthy (prm) Degenerated (prm)
Vitreous 0667
GCL 0912 50 40
IPL 243 30 30
INL 097 50 30
OPL and ONKL 19§ 150 30
PE 320y 10 10
Choroid/Sclera 1.98

R 1 MBI B



B 2. [0 22 ROBERSEARY F) L RSO IR JEE AL 23, B 5 (L) — A B U g A AR R A A 70 J2 2
TR EEAT 6 x10 HUAR RS TRCE 0.05 22K B AL R Hi R T, A (e 380 ) (R 22 oA AR )i B |
PRZE TR X 2%, SR 5 T Bl AE B R T A, A R AT R AR R 51 5 XU 4 L L
XY 888 MRS 4, RS HRIMALARLL

B PR 5 B A 3 A i 28 T A Y

IRIEAER Z AU TAE[28], [43], MGt N B (1) 3% B2 A 25 e A Hh SR B I i 42
) 2 T 25 22 AR A A 4 e SWC 6 20, A — A7 XA AL 3 A 3l NEURON #1f[4
2] EXAEEZAIEAR BN S S T B (TEM) Gt W 5 R R 42
S NTHER, DA —MESTEES. IR AR B dE, A
W TR B 2% 1 — 4> ON B &SP 4 i AN 5 2 Bl AN gl i 2 i, 3L
AR T G S HE A SSURR T R 4 TG 2 I AR 3 117 A 208 5 S TS
e P 2 B, 2 B ] 3 TR . SRR R I A I SR AR AR
— R YA R, AT RN N, SE TS EREE A T O AN X
38, DIBEAUN 25 5 BN (10 0033 R RH s o A 400G 53 I 2% 22 [ (14 00 1) Hp O PR 5
WE N 150 K. X747 888 ANt 4%, AL 100k MNHMEA 1075 J3/NH]
B, Wil 2 FRER TR

SCHER A B PE B R N ) NEURON #7844, DLAL R4
J S B o 3% RGP LR 40 0 ) Fohlmeister A1 Miller FI[491A1[ 507/ 1o 55 -8 i A
R, HETE U AR O[S 1A [52] 1) 8 T IEE AR, LR TG 7 Wh A [ 52] 1) 2 7 4 -
AT R, [43)48 4L T 24T . FRATN[S3E AL (1) BT A AR R N T —
AN IRH AR IR, 5 Publio 25 N I[S2)B AR L, 12255 50 70 3] 5k ) 4 sk v
FEIASE4DL 1 80 SR AT AT m R A ) 22 57 o i el S 05 T Sk R s R TR AR, Gn



HE S JE PR HHE SR P I8 8 10, ECR i i 0 5 ik = A i ) e /N TR AR o 3R BUAE
FEA L 1L 500 ST, AR A SR A R B . 1 3 3R
THERTAERNKRE, ROt HERREEREETM .

FEVAS ()7 B A2 5 5 R R I 1) PAY (e e e AR AR 1 o (P ZE IR LR A
PN JTE AR X LA B IF R E AT i A i Hs YA FH A 4 AL R A
SLAEFRE TE M IARATT S R AR B o 3K FC VAR AL F S SRS 1 A £ S o 2 S0t
AP R L8 AT NI o

@® Ganglioncell | Bipolar cell A Amacrine cell

= Excitatory == [nhibitory Gap junction
Synapse Synapse

Bl 3: MRS B AR E IR, B os AR FT AP 25 RE K ON A2 7 4 R A A 5 i i 48 i (72
WA 2 ProR), SRIEERA A HERE. IE KT AL ON M A, BE B A i )
T AT U 2 (Gl o) R TE A R (B ) o TL B ARTRIE SR, WA HPIR R (SR 1), H R SR A (4
) A B (B )

(o8 SHIE LA R N RZE N Ib Al

1)) A SR DO A 5 IS R 4o 2271 4 o 4% 1 =244 1 0 3l R B %5 8 B Fe
AR R FIT AT AT TS FEL » UL 5300 585 " i 3 ) 7 R AL I 2L R e R AR AT IR
HUAR RIS BRMEL A RE R o 2 BTAN 2 )i, 25 RS AL I R AR 1 25 4 1 7300 /2 5 B dn R i
TN o IXREBEAT RGBT, H T T B0 b R St 5 A GRAE TR 2] [54]:1 Lt
9i cathode-first PIAR Y 1 ZAD kb (B HIAER « OB F1HEE 10 a mYHTXA
BOVH) BB, N Tl R — BT 60 DERIFIN o K dfi{E 45



SR FH T DA H AR R H e A 8 P 5%

fE NEURON #4955 | —MHIA, SRJELME4dm A, CAREIBRE. ©
X H4 T 0 R A S N () 48 TSR 7 (P R AT A o N e KA, A48 SRS 28 B
B PSR, F£i847 NEURON 15 B . WA sh{E ALt &g Hh i
TIYI ML B B AL 20mV 58 ), WZAERIGE, BEEWERBISE AL, K2l
(B B R UG YE B/ IMEL . AR5 B IR AN RS 3 a5 AME, ¥ Ll R 7D e —
e, HBENEANERMH MR RIEZREAGR T IEE, R E N
(1% B ARl SR 77 AR B A FRASE) BI0HT B e AIMEL (AN SR A Bh AR HLAT ). B R IX AN A,
2 e RAE AN ME 2 8] ) 22/ T 108 URERBECX B A 1 nA).

S5 UL SR A A DX 5 P ok R 1 v T BRA M I . Weiland A1 Humayun
FEABAT 2R 17 3R 3], #4E Sekirnjak 25 N\ [241H045 B, 40 AN & [A) 42 0] 5,
Ak B 3B L B A0 DX B AL P BE A ARk o A 7 AL Ao 28 400 i 1) 42 A/ i )
PR, BAVERX BRI TixAMRE, B T AR S e 422 00 I s A

2) BTG @S AT FAERA, B S o BN B AR P RIBGE FE, B
18 DA_E 15 R A A8 S . XTI 70 LSS 5 kAT, (B2 RE4E 2 i g
A, T2 75, 100~ 125 8¢ 150 a, F¥E = A p i 8 H T B 2 B B ai il
P REASE R HH (1) BT 888 /Mg 3 465

DA AR M- R 5 B

D53 H KB AR R Z GRS 28 46 ardm A IS 0, AL J6 70 WA 4 i A XY
WA B TR 7= A PR 3R 9 #4215 Sh A I N 21 20 i o 2 A5 284331, [35]+. £ H
AR AR A ST A 1 400, BRI MGERAAR IR M2 R 35—~ O
N #HET AN S EEEENME. ik, EEAREREGH, EEREAM
25 HR RN HETE DU AN L 5 — A ATL TG Skdi oAl 32, I T 47 DN4HM[55]. &
NEURON H# 7 | —A> AILEA, HIES ALY 5 Choi et al.[37]584x %K,
AAEP Na F118 m B K B85, PLFZAELE Choi et al.[37)SZE0HT A B I IEHRE
B4 o AlATTH A 2 7E MATLAB F R4 &K, R E NEURON HR E BT sEil, Jf
TEA 28 X 285 AR A R A5 3 224 [P U 4T

AT SO S5 R T T B, BORAE ALL A be 2 18] [ 1A] B 45 L
RGO T, SEH 7 AH Rl 4R 1 F R (DR B A . TREL AV A L) . FEA
WEFE T, K BUR 2 A 5 £ A A 45 Choi 18 30 IR o . 20 i 9 2%
HH R Y% A M S A A TS I BB R v, DO 2215 40 i AR 47T B RS 5 1 ATL-BC ]
28 R 35 8 5 S R BEME O o X2 X BRAS AT AT 47 A AL 4050
] R ARFZEBUERAFAE T M, ARSI AP & IEE T BEXS IX AT A R .

Q)M BT B R IE S An[371 s, N T XUR% 40 B ) e e H AR
BHEBRIRGIESIIRE 1. R T HAR— A 208 i 0 H R S 2 W bR H R TG 3, -
AMEXBEE 7iX— 5, BB RN SAERIBR S B3 S [3718 KN AT
T SRJE, EXCRZR AN 1 40 B Il , (R I AT RE 2 SR A1 H % 5



Fik A I 8 T A 2815 4 I 38 A s () JER DRI (U Freeman 258 A8 B IR ATULE 5% ) [ 1
0], [11]FT7R). EE E—THBHL, DRI A THRA I ALL FIHESUR 21
()R M AT, 95 50 870 200 PR ER T8 1 X AL SUUAE 40 R P M 2 5 fi i N P AH
IR ESN

SR IE AR, BN A 1B A AR A I 5% 0335~ 25hz) OB 4N A, i
FRIAEHIE10], [11]. WRFERIL, X{LGEHS T A FIEEMREE, FRHES T
P15 DA AR IR AW I b R A s 1, X RR S Mok T XU i i o A AL 31 BC
(AR A BT 2T H 11 L S 415 35 HL AN

DRI, FRATTE B a8 4L 7 RO KR o — A S S O B AR Bk o CRAULT B A1
SRR T i, 2 — 5 IRk, HKEEBK, WE
TR SO, AR A AT DR e o i, DAVEBR EATIIRG AT 9. A 2.
o T RIBRAE, & USSR MRS, DU OR H Afar 4 . 1 AR A
Wkt g da T 7 &l BEAR Kt i S /N ik 58 B A 10ms,  R3E 2 B8 58 1) ik A o)
WA, FRHEBRIRS T N X 2% T Freeman 25 NFIBF 7T, &0 HII¥L
AEE/NT 100 Hz A2z 5l ph 2 1 4 10] 8 BRI

T U T T DA i 4 22715 A B R TOH YR B 2 1 4 e R B A FRLAL 1)
HRER, RAMEHEENA RVFAIMEEA . thah, RIE[S]H— RFSLI0H 5,
XA AR TR R R et A DA S A — B A A5 A0 DX B SR R T 5 A LR R T [
IR D> BTN

my
o

14
_ ?
I
P 4. o AL 0 i (L) AR AR AR IS (T ) B F AR ) 3 A= A R S DD

R
AR E

FHT SR A H R 1 A A 122 19X 2% o F 0 R L S 7 » o (R ) B0 4L R LA BAT
RAESE AR MR TR SRR . IXAE B8 bR A T8 PR A58 5 a4 oA I )5
FLT 28 PEAE AL IS PAY J= AR A5 B e, A B RV B A AL 2 97 8 AT B AR R
B 4 RS T PN U AL R K H AR A R R T D) e O T R e
TR A 2 B Fe VERI R A AT [, AT DATR) B (e 2t R 22 A . = SR 3
Wb, RS EERIEAI AT, BIEEIN o 32X -5 20 S i 1 ) 4 e A
PR AR 5 i 375 1 28 2% 1R IR AR R R AR LA R AU R S BRI EL  IX — AP B 2R S
1 Weiland fE[1]FF #2325, RIEE GRS, — B5 B RARTE SR AR
e %, AT 200 1) ) 9 1A e R R A AR X I T AN R 2 AR A« LA



LRTIE T DY & SR B o R S S i i R WANE = O T TR S (S
e T IXEEE R KR

80

After degeneration:
direct stimukation
7O Before degensration:
with synapsas
I 0 After degeneration:
= with synapses
i
& 50
£
k]
B a0
2
g
20
10
i}

One electrode Al glectrodes

B 5. T AR ER 60 FEBR RN RIS Tms XU K RO R BBRAEL, =% P8 31 A A i i A0 o
(¥ B AN/ BRI R, I B e R R S, sk 1 i

50
W Eefore degeneration
45 - [lafter degenseration

100 125
Current Magnitude (j.A4)

B 6: THELANZE A B R RN R, SRAEAS R IR /NN s 5 RO Fik b R e 22715 4

£
=]

2 B

B
Cl

Mumber of Ganglion Cells Activated
— [
n o

o
[=]

B G

FE b — 5 B 287 A 0 R R BT, B R A F R D 7
5 A FIBREE, FEMLMIEAS 2 B, SEA 9 AU RGE , 7R I A 2 5 4 7N DL
RFEBHEI BN BG, A 16 NMIRPEGE . BEE BRKIG A, fIEGEFE W2



Wik, B 6 SR T MR RO S AR OR, 7E 150 A BB
R, A ML R e 2 SIS B S0 A, X 7E H AT SR [2100 B A/
.

C.H KA 5]

AT 2 A5 Sl 4 XU A B (CBC) 5 2 R IR 5 HEL T 5 (371G L R
(¥ ai - cbe FYMAN TR TA Fron . ISR R rR e P 58k, X ARG AT N
PR AT MBI ARALBOR, B E AR I sZ B IAE 5, IR NI AR .
M 47 A ALILARJL, 385 (18] BOERR 5 308 500 pS, LEFRE T4 IS 50
HIER AN, A — SR 2 HIBCRSR, IREXUR AR A SDIR SRS 1] . FE3X
AR rh, ORI AT LG I f] Rt U R (R R 4G S BRI IR AT 9 I A i A
FORGE o WAL AE R R A SN SR UE R, NV EUEA T, 8liE TN E
BRI AR MR S, SOV IR B AR AR F AR o (10— SR X 2%
XL e AR F AL AN ] 7 Bos . 1R 40 Abramian S5 AR, $04
E BRI 0 R RIS S AR BT, DR O e ) DA 2 5 S (RO AR S, I
HNAZBANTE TAR291 . 1eAhh, N7 RIS HI[52], [56], [HIBRESEL.
T IR R TR R SR AR 5 AR L XA 2 RS AT 6, IR BRIk v] L
JEANSA,  FRVFIX AT 1ML 28 A T F RO I JE vl e PRI AR 247

D Y

N T BT R RIT, b B B IR A R S A 22 A A ) B A0, R
(LSS T R e e SR R AN R S 7 L SR A EiTE R 1 M w7 PR A £ E
o] LLIE 70 DR B (1) ATICBC M4 IR AT 9 o AT FLdbAT 7k, E9R
GIEHIE CBC BN T — AR A, KILET 20 pA I
LA B TARIIR AT 8, SB3TIARAILE. ttAh, 2N 10 pA DL,
i FLE i B2 IR V27 4T D9 IR A2 DA 58 2 V8 B B R 1 A s 12

AR SR H B R AR BRSO ks R A 22 A o 98 0 (R ERMEL Y
IR ik ek AP SR B Mok v R 82 B0 ) AS 5 B A 22 P A, 2R 1S i R
R LAY SH AR Ak ot P LR A 51 B Ao 2 A R s 1 R AR o 3K O VR A0 4 il e
AR RIS R RUEAT D, 25 BRI W] BERIIR AT I AFAE TIRAL AL R 52 1l

NI WEFUX— BRI IEAR, PN TTVERIE AT I 28R ik h 58 FE AR - 1] 8B
FRR T AR BIEOE, Hod 75 a IRER AR SR 1 ms, X2 AGIEA
SCHTTH 25 R P BRI BRI 589 15 ms, WEECN 5 a, EBSKRANE cbe
F R AL, 58 1 1 ms KRN TAIRE, X AR B WT LS H T A
BUHRIG AR, IF5 TR IE R EG[S41MH 58 o R A 1 I B e
ZRARAY, BT E T TN, AR B A 4R B R AL B ] 8D PR . SEBAE R
AT RS, AE IR bk b B R 2 755 A R N 7 A B — B AR LA, T RO
A TE T BH AR K R Tt o SR R F S5 0 RO B HEAT U, SR AL T[54 R



s HARIE B « AERXMIEDL R, SR 15 BRI AR R (14 B ARk v ATAH k) 8]
B, SRJEE Ims B8 75 A BRIk . BIEEIATE 8A Frax, 153|415 40
R AL ATE] 8C Pl S ARX FRBE A RA e, £ 5 A Rkeb e, Pk
JERAL T 22 Ao

o=
E o0 All
S i
E:|
3 .20
2
E..1:'|.
-
;' B0
-8
@
40 @)
= 20
E
240
B
o0
L |
]
& 30
i | 10
.90 = . | [ - |
B
(b)
&1
5 2 | | I 1
L
50 | [
E]
= -2
] |H (11 ]
2
5 | |
£ | |
n 1 1 1 -
}H -|-I .... L .l (Iid | ¥ | J .l N
Bl
(c)
Ll
= 20} | ; P
B o
k-]
HM H | |
s
¥ -0} | i
bt vl | .'-I-'--._ L1 | 8 L -.' VL T |
- : - ; -
1] 500 1400 =0 o] 2=0 &0 =0 400
Time {rms)
(d)

] 72 FEVRAT VRS TP 75 100 L e 20 Do % A 700 e S ) Y R B0, SR (@) B R
A 5 Al G R A £ P o7 (T B 45 H 55 500 pS (437 45 L 1 52 61);(b) 5 (a) 4 XU
2 L 5 il PR R 2T, B S0 1 () 5 (o) TS KA ) ER e 22 A, (L
KR 47 A All TE 20 WAL IS IR EIRERY cpr, 388 3o (] B A 24 5 CBC 454y, T Mtk
R fy B 45 A4 228 D00 2 RS2 e S 7R B SR P TS (d) S5 () AR T, AELBITAS X 2 P AR 4 5 A i )
BRIEEE AR R R oh,  BORBMG 18 RIS .

X T TEAS Be A M]3 RTES, AR T 2% g, HER,
Bl 8 R AN I A TR BH AR AR A2 3 5OME (R R BTy N, ORRE B A AT R T, DAORR
b A -2H 2R ST AN R T A A N o R S 2 3 A5 I AR AR I AR Jk v P i P
FREEEI ], R4 BT T AT A R, e H A 8 P A AR AT (R R E 2 A Va LY
FFE157], [S8IHHIbRHE. SAT, PHMRY AL R, [S91k AR ZH A% I ] B 14



Ko FLEY XS 3R E T3 BE ORI TR B, 3% A& H T B AR S 8501 rE A 2 S B T
[i) T 36 ) S R 38 PR o FE VBE T Pk i B ART AR 1) 1) i B 5 S, DM A ml R & 1)
HLfuf AN R AR [59].

g
AHZE Y 2% A

ER AR P AR T A g i 4o 200 2 1A R DA e G S e 400 D) ko s, o
[ ML T KREMSEL BT PRE] T KA. 78 TH SR A,
LW B TR — N R — R AR, il 2 R, AR EIRNLIE LT . Fak,
XA P25 () — SR P, G AR TT AN AR AN TEAZ AN, SR BRI 1O
PEARFTBR 2 ) 0.25mm. FHSZ b, #HETTIA SR B KN 0.5-0.7mm. it
Ab, e BRI ANAE . 7K T BTC 2 WA 1] B 3% B A A 4 44 5 41 e 5 41 i
ZAMFAE A IEAE , X e E AT fE R M A T SO 7 HR R SR Rl o 7RI AT 5T
H, XK, BRI R EFE PR S R R IE N . X PR T AR AR K
I AT UL A AN S v A L R B A 2 A B R

B A

B 7 AR X 2 AR SRS BR A, P TS0 FRL RIS S (1 A B A1 F s (R LK
SPAERILERF 1AL JE ARG o IX -5 SRR AL IR Be A T8 (HAE
FIF 5 B B A2 MU Ta] St AR BB R T 1. AR 42 S BRI RR L (AP 2B AL B
B AP S5 e R AR SR B R, R A I AR A At T, Xl AR
FFEERILREIT 90% M A B 2% - IX S bR B R 7 4l 9 Fro R A 1 51 LR 1 )=
WAL G, TR AT AR AR 51 R AE .

B AT 5 FE R N BRSNS TS, AR R s 2P
fir 7 EgEFE, WRREPrEE. BERZAENZ SN Miller 41T BER
HAz[61]. BIH AL, IXERAE A SN B AE Y o, Sl 5
FORARRAIN o X B AR SR 6E 7 BLAE T A SE B RFIE, S SRR 2%
R .

C. R BT

SR EAEA L, X TR TR S RIS (2 A SR B i . —
JE AT AT BE A IX MY B AR AL . IEIN[2], [S41 R BT 8 B0, 0 I ISR T e
W5 2 8] R B8 DR BB T 57t I BB I 8] AR HERS T 3 0« XS EUE AR BE AT
AR B 0 o 3K SR m] DAAE A SRR A R AR R TR 25 18, DABIF 7E Fa AR 8
A M SR Jef ] (AT

D Ilfi AR IS FH 7 3C
H AT AR HURFEBRR I, BEAD) T 2FRPImAR 5. B,



P23 F RO S BRI, |3z (A i E S R 2 AR DL R A o IR AR AL
& i T HL A AR R R PR AE DA, 25 8 B U T B T 1 v EE A I A ) —
HAATN. IEU Weiland A1 Humayun 7E[ 175 ATHE R0, HETEEH RA 55%K)
HURR SRS 25 B X AR BT, XN A A BB 0. EIX R 18 S A ARAL,
SGERTIR T IR B0 77, DA B A5 BRI AR 2 5 40, IX A2 B AR
I AP 2R AT AR AR R RE A — N AL RR AU T « XK,
o PSS A0 B R R I 0 T AEZ TR SERR I AL [S]H DA H R T IR
XFRRRAR KT, [62]. SRTT, K HA KB PR S B RE I8 75 ZEATRRE 7L, LA
DN TPANIUEERA S e

B 9: NJSHLREL MR, EFE AR 1 AT () AR 8 3 AL R B 28 SRS T 2 A2 MR )R ()

i

ARSCER W T b 2 R 2 W R T SRR JRORASL UL IR A AL 19X A5 F SR o s P XA
HESE, A ZERE, MRRIASAE, AN E A SR A AL RS i SR 2 K ) s
WERIE T o TH I AN [RI R P2 I 2271 40 3 ) R B B M s o 3 3 e 3K 26
FURIREE, P2 T — TR AL R E AT R B EAR, B AR AR BURH ok ef ok
Pl B R ARSI SOV 2 T A B S A F L AR I TR o A A B IX
FERVEE R AENE S = H AR B 1A R, I A B4 H (VAR T AE 2 R v 4k 824 {3t
XL AT A BR AR, LA SRAT PR JA I AL R A 2247 DN 224, IF it
— B SR B B R AT RO R D R A 1AM



27 3Lk

1.J. D. Weiland, "Retinal prosthesis", Annu. Rev. Biomed. Eng., vol. 61, no. 5, pp. 24-1412, 2014.

Show in Context View Article Full Text: PDF (687KB) Google Scholar

2.A. K. Ahuja et al., "Factors affecting perceptual threshold in Argus II retinal prosthesis subjects", Transl.
Vis. Sci. Technol., vol. 2, pp. 1, Apr. 2013, [online] Available: http://www.pubmedcentral.nih.gov/articler
ender.fcgi?artid=3763895 &tool=pmcentrez&rendertype=abstract.

Show in Context CrossRef Google Scholar

3.A. C. Ho et al., "Long-term results from an epiretinal prosthesis to restore sight to the blind", Ophthal
mology, vol. 122, no. 8, pp. 1547-1554, 2015, [online] Available: http://dx.doi.org/10.1016/j.ophtha.2015.04.
032.

Show in Context CrossRef Google Scholar

4.A. C. Weitz et al., "Interphase gap as a means to reduce electrical stimulation thresholds for epiretinal
prostheses", J. Neural Eng., vol. 11, no. 1, pp. 1-9, 2014.

Show in Context CrossRef Google Scholar

5.A. E. Hadjinicolaou et al., "Optimizing the electrical stimulation of retinal ganglion cells", IEEE Trans.
Neural Syst. Rehabil. Eng., vol. 23, no. 2, pp. 169-178, Mar. 2015.

Show in Context View Article Full Text: PDF (1173KB) Google Scholar

6.S. 1. Fried, H. A. Hsueh and F. S. Werblin, "A method for generating precise temporal patterns of reti
nal spiking using prosthetic stimulation", J. Neurophysiol., vol. 95, no. 2, pp. 970-978, 2005, [online] Ava
ilable: http://jn.physiology.org/content/95/2/970.full.

Show in Context CrossRef Google Scholar

7.K. Loizos, G. Lazzi, R. Marc and C. Cela, "Virtual electrode design for increasing spatial resolution in
retinal prosthesis", Healthcare Technol. Lett., vol. 3, no. 2, pp. 93-97, 2016, [online] Available: http://digi
tal-library.theiet.org/content/journals/10.1049/htl.2015.0043.

Show in Context CrossRef Google Scholar

8.L. H. Jepson et al., "Spatially patterned electrical stimulation to enhance resolution of retinal prostheses
", J. Neurosci., vol. 34, no. 14, pp. 4871-4881, 2014.

Show in Context CrossRef Google Scholar

9.G. K. Moghaddam, N. H. Lovell, R. G. Wilke, G. J. Suaning and S. Dokos, "Performance optimization
of current focusing and virtual electrode strategies in retinal implants", Comput. Methods Programs Biom
ed., vol. 117, no. 2, pp. 334-342, 2014.

Show in Context CrossRef Google Scholar

10.D. K. Freeman, J. S. Jeng, S. K. Kelly, E. Hartveit and S. I. Fried, "Calcium channel dynamics limit
synaptic release in response to prosthetic stimulation with sinusoidal waveforms", J. Neural Eng., vol. 8,
no. 4, pp. 046005, 2011.

Show in Context CrossRef Google Scholar

11.D. K. Freeman, D. K. Eddington, J. F. Rizzo, S. I. Fried and J. F. Rizzo, "Selective activation of neu

ronal targets with sinusoidal electric stimulation", J. Neurophysiol., vol. 104, no. 5, pp. 2778-2791, 2010.


https://ieeexplore.ieee.org/document/6782448
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6782448
https://scholar.google.com/scholar?as_q=Retinal+prosthesis&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1167/tvst.2.4.1
https://scholar.google.com/scholar?as_q=Factors+affecting+perceptual+threshold+in+Argus+II+retinal+prosthesis+subjects&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/j.ophtha.2015.04.032
https://scholar.google.com/scholar?as_q=Long-term+results+from+an+epiretinal+prosthesis+to+restore+sight+to+the+blind&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1088/1741-2560/11/1/016007
https://scholar.google.com/scholar?as_q=Interphase+gap+as+a+means+to+reduce+electrical+stimulation+thresholds+for+epiretinal+prostheses&as_occt=title&hl=en&as_sdt=0,31
https://ieeexplore.ieee.org/document/6928461
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6928461
https://scholar.google.com/scholar?as_q=Optimizing+the+electrical+stimulation+of+retinal+ganglion+cells&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1152/jn.00849.2005
https://scholar.google.com/scholar?as_q=A+method+for+generating+precise+temporal+patterns+of+retinal+spiking+using+prosthetic+stimulation&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1049/htl.2015.0043
https://scholar.google.com/scholar?as_q=Virtual+electrode+design+for+increasing+spatial+resolution+in+retinal+prosthesis&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1523/JNEUROSCI.2882-13.2014
https://scholar.google.com/scholar?as_q=Spatially+patterned+electrical+stimulation+to+enhance+resolution+of+retinal+prostheses&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/j.cmpb.2014.06.012
https://scholar.google.com/scholar?as_q=Performance+optimization+of+current+focusing+and+virtual+electrode+strategies+in+retinal+implants&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1088/1741-2560/8/4/046005
https://scholar.google.com/scholar?as_q=Calcium+channel+dynamics+limit+synaptic+release+in+response+to+prosthetic+stimulation+with+sinusoidal+waveforms&as_occt=title&hl=en&as_sdt=0,31

Show in Context CrossRef Google Scholar

12.P. Twyford, C. Cai and S. Fried, "Differential responses to high-frequency electrical stimulation in ON
and OFF retinal ganglion cells", J. Neural Eng., vol. 11, no. 2, pp. 025001, 2014, [online] Available: htt
p://www.ncbi.nlm.nih.gov/pubmed/24556536.

Show in Context CrossRef Google Scholar

13.T. Guo et al., "Selective activation of ON and OFF retinal ganglion cells to high-frequency electrical
stimulation: A computational modeling study", Proc. 36th Annu. Int. Conf. IEEE Eng. Med. Biol. Soc., pp.
6108-6111, Aug. 2014, [online] Available: http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=6945023.
Show in Context Google Scholar

14.L. H. Jepson et al., "Focal electrical stimulation of major ganglion cell types in the primate retina for
the design of visual prostheses",J. Neurosci., vol. 33, no. 17, pp. 7194-7205, 2013, [online] Available: h
ttp://www.ncbi.nlm.nih.gov/pubmed/23616529.

Show in Context CrossRef Google Scholar

15.M. R. Behrend, A. K. Ahuja, M. S. Humayun, R. H. Chow and J. D. Weiland, "Resolution of the ep
iretinal prosthesis is not limited by electrode size", IEEE Trans. Neural Syst. Rehabil. Eng., vol. 19, no. 4,
pp. 436-442, Aug. 2011.

Show in Context View Article Full Text: PDF (903KB) Google Scholar

16.H. Kasi, W. Hasenkamp, G. Cosendai, A. Bertsch and P. Renaud, "Simulation of epiretinal prostheses
—Evaluation of geometrical factors affecting stimulation thresholds", J. Neuroeng. Rehabil., vol. 8, no. 1,
pp. 44, 2011, [online] Available: http://www.ncbi.nlm.nih.gov/pubmed/21854602.

Show in Context CrossRef Google Scholar

17.M. A. Schiefer and W. M. Grill, "Sites of neuronal excitation by epiretinal electrical stimulation", IEE
E Trans. Neural Syst. Rehabil. Eng., vol. 14, no. 1, pp. 5-13, Mar. 2006.

Show in Context View Article Full Text: PDF (410KB) Google Scholar

18.D. Tsai, S. Chen, D. A. Protti, J. W. Morley, G. J. Suaning and N. H. Lovell, "Responses of retinal
ganglion cells to extracellular electrical stimulation from single cell to population: model-based analysis

", PLoS ONE, vol. 7, no. 12, pp. €53357, 2012.

Show in Context CrossRef Google Scholar

19.T. M. O’Hearn, S. R. Sadda, J. D. Weiland, M. Maia, E. Margalit and M. S. Humayun, "Electrical st
imulation in normal and retinal degeneration (rd1) isolated mouse retina", Vis. Res., vol. 46, no. 19, pp.
3198-3204, 2006.

Show in Context CrossRef Google Scholar

20.S. Suzuki et al., "Comparison of electrical stimulation thresholds in normal and retinal degenerated mo
use retina", Jpn. J. Ophthalmol., vol. 48, no. 4, pp. 345-349, 2004.

Show in Context CrossRef Google Scholar

21.R. J. Jensen and J. F. Rizzo, "Activation of retinal ganglion cells in wild-type and rdl mice through
electrical stimulation of the retinal neural network”, Vis. Res., vol. 48, no. 14, pp. 1562-1568, 2008.

Show in Context CrossRef Google Scholar


https://doi.org/10.1152/jn.00551.2010
https://scholar.google.com/scholar?as_q=Selective+activation+of+neuronal+targets+with+sinusoidal+electric+stimulation&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1088/1741-2560/11/2/025001
https://scholar.google.com/scholar?as_q=Differential+responses+to+high-frequency+electrical+stimulation+in+ON+and+OFF+retinal+ganglion+cells&as_occt=title&hl=en&as_sdt=0,31
https://scholar.google.com/scholar?as_q=Selective+activation+of+ON+and+OFF+retinal+ganglion+cells+to+high-frequency+electrical+stimulation:+A+computational+modeling+study&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1523/JNEUROSCI.4967-12.2013
https://scholar.google.com/scholar?as_q=Focal+electrical+stimulation+of+major+ganglion+cell+types+in+the+primate+retina+for+the+design+of+visual+prostheses&as_occt=title&hl=en&as_sdt=0,31
https://ieeexplore.ieee.org/document/5752253
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5752253
https://scholar.google.com/scholar?as_q=Resolution+of+the+epiretinal+prosthesis+is+not+limited+by+electrode+size&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1186/1743-0003-8-44
https://scholar.google.com/scholar?as_q=Simulation+of+epiretinal+prostheses%E2%80%94Evaluation+of+geometrical+factors+affecting+stimulation+thresholds&as_occt=title&hl=en&as_sdt=0,31
https://ieeexplore.ieee.org/document/1605258
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=1605258
https://scholar.google.com/scholar?as_q=Sites+of+neuronal+excitation+by+epiretinal+electrical+stimulation&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1371/journal.pone.0053357
https://scholar.google.com/scholar?as_q=Responses+of+retinal+ganglion+cells+to+extracellular+electrical+stimulation,+from+single+cell+to+population:+model-based+analysis&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/j.visres.2006.03.031
https://scholar.google.com/scholar?as_q=Electrical+stimulation+in+normal+and+retinal+degeneration+(rd1)+isolated+mouse+retina&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1007/s10384-004-0084-9
https://scholar.google.com/scholar?as_q=Comparison+of+electrical+stimulation+thresholds+in+normal+and+retinal+degenerated+mouse+retina&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/j.visres.2008.04.016
https://scholar.google.com/scholar?as_q=Activation+of+retinal+ganglion+cells+in+wild-type+and+rd1+mice+through+electrical+stimulation+of+the+retinal+neural+network&as_occt=title&hl=en&as_sdt=0,31

22.R. J. Jensen and J. F. Rizzo, "Activation of ganglion cells in wild-type and rdl mouse retinas with m
onophasic and biphasic current pulses", J. Neural Eng., vol. 6, no. 3, pp. 035004, 2009.

Show in Context CrossRef Google Scholar

23.R. J. Jensen, "Activation of ganglion cells in wild-type and P23H rat retinas with a small subretinal el
ectrode", Experim. Eye Res., vol. 99, pp. 71-77, Jun. 2012.

Show in Context CrossRef Google Scholar

24.C. Sekirnjak et al., "Loss of responses to visual but not electrical stimulation in ganglion cells of rats
with severe photoreceptor degeneration", J. Neurophysiol., vol. 102, no. 6, pp. 3260-3269, 2009.

Show in Context CrossRef Google Scholar

25.C. Sekirnjak et al., "Changes in physiological properties of rat ganglion cells during retinal degeneratio
n", J. Neurophysiol., vol. 105, no. 5, pp. 2560-2571, 2011.

Show in Context CrossRef Google Scholar

26.A. C. Weitz et al., "Improving the spatial resolution of epiretinal implants by increasing stimulus pulse
duration", Sci. Transl. Med., vol. 7, no. 318, pp. 318ra203, Dec. 2015.

Show in Context CrossRef Google Scholar

27.B. W. Jones et al., "Retinal remodeling in the Tg P3471 rabbit a large-eye model of retinal degenerati
on", J. Comparative Neurol., vol. 519, no. 14, pp. 2713-2733, Oct. 2011.

Show in Context CrossRef Google Scholar

28.K. Loizos, G. Lazzi, J. Lauritzen, J. Anderson, B. Jones and R. Marc, "A multi-scale computational m
odel for the study of retinal prosthetic stimulation", Proc. 36th Annu. Int. Conf. IEEE Eng. Med. Biol. So
c., pp. 6100-6103, Aug. 2014.

Show in Context View Article Full Text: PDF (989KB) Google Scholar

29.M. Abramian, N. H. Lovell, J. W. Morley, G. J. Suaning and S. Dokos, "Activation and inhibition of
retinal ganglion cells in response to epiretinal electrical stimulation: A computational modelling study", J.
Neural Eng., vol. 12, no. 1, pp. 1-17, 2015, [online] Available: http://www.ncbi.nlm.nih.gov/pubmed/2542
6958.

Show in Context CrossRef Google Scholar

30.B. W. Jones et al., "Retinal remodeling triggered by photoreceptor degenerations", J. Comparative Neur
ol., vol. 464, no. 1, pp. 1-16, 2003.

Show in Context CrossRef Google Scholar

31.B. W. Jones, R. L. Pfeiffer, W. D. Ferrell, C. B. Watt, J. Tucker and R. E. Marc, "Retinal remodelin
¢ and metabolic alterations in human AMD", Frontiers Cellular Neurosci., vol. 10, pp. 103, Apr. 2016.
Show in Context CrossRef Google Scholar

32.R. Marc, B. Jones, C. B. Watt and E. Strettoi, "Neural remodeling in retinal degeneration", Prog. Retin
al Eye Res., vol. 22, no. 5, pp. 607-655, Sep. 2003.

Show in Context CrossRef Google Scholar

33.A. H. Toychiev, E. Ivanova, C. W. Yee and B. T. Sagdullacv, "Block of gap junctions eliminates abe
rrant activity and restores light responses during retinal degeneration", J. Neurosci., vol. 33, no. 35, pp. 1

3972-13977, 2013.


https://doi.org/10.1088/1741-2560/6/3/035004
https://scholar.google.com/scholar?as_q=Activation+of+ganglion+cells+in+wild-type+and+rd1+mouse+retinas+with+monophasic+and+biphasic+current+pulses&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/j.exer.2012.03.016
https://scholar.google.com/scholar?as_q=Activation+of+ganglion+cells+in+wild-type+and+P23H+rat+retinas+with+a+small+subretinal+electrode&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1152/jn.00663.2009
https://scholar.google.com/scholar?as_q=Loss+of+responses+to+visual+but+not+electrical+stimulation+in+ganglion+cells+of+rats+with+severe+photoreceptor+degeneration&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1152/jn.01061.2010
https://scholar.google.com/scholar?as_q=Changes+in+physiological+properties+of+rat+ganglion+cells+during+retinal+degeneration&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1126/scitranslmed.aac4877
https://scholar.google.com/scholar?as_q=Improving+the+spatial+resolution+of+epiretinal+implants+by+increasing+stimulus+pulse+duration&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1002/cne.22703
https://scholar.google.com/scholar?as_q=Retinal+remodeling+in+the+Tg+P347l+rabbit,+a+large-eye+model+of+retinal+degeneration&as_occt=title&hl=en&as_sdt=0,31
https://ieeexplore.ieee.org/document/6945021
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6945021
https://scholar.google.com/scholar?as_q=A+multi-scale+computational+model+for+the+study+of+retinal+prosthetic+stimulation&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1088/1741-2560/12/1/016002
https://scholar.google.com/scholar?as_q=Activation+and+inhibition+of+retinal+ganglion+cells+in+response+to+epiretinal+electrical+stimulation:+A+computational+modelling+study&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1002/cne.10703
https://scholar.google.com/scholar?as_q=Retinal+remodeling+triggered+by+photoreceptor+degenerations&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.3389/fncel.2016.00103
https://scholar.google.com/scholar?as_q=Retinal+remodeling+and+metabolic+alterations+in+human+AMD&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/S1350-9462(03)00039-9
https://scholar.google.com/scholar?as_q=Neural+remodeling+in+retinal+degeneration&as_occt=title&hl=en&as_sdt=0,31

Show in Context CrossRef Google Scholar

34.D. J. Margolis and P. B. Detwiler, "Cellular origin of spontaneous ganglion cell spike activity in anim
al models of retinitis pigmentosa", J. Opthalmol., vol. 2011, pp. 1-6, 2011.

Show in Context CrossRef Google Scholar

35.S. Trenholm and G. B. Awatramani, "Origins of spontaneous activity in the degenerating retina", Fronti
ers Cellular Neurosci., vol. 9, no. 277, pp. 1-7, 2015, [online] Available: http://journal.frontiersin.org/articl
¢/10.3389/fncel.2015.00277/abstract.

Show in Context CrossRef Google Scholar

36.J. Borowska, S. Trenholm and G. B. Awatramani, "An intrinsic neural oscillator in the degenerating m
ouse retina", The J. Neurosci. Off. J. Soc. Neurosci., vol. 31, no. 13, pp. 5000-5012, 2011.

Show in Context CrossRef Google Scholar

37.H. Choi et al., "Intrinsic bursting of AIl amacrine cells underlies oscillations in the rdl mouse retina
", J. Neurophysiol., vol. 112, no. 6, pp. 1491-1504, 2014, [online] Available: http://www.ncbi.nlm.nih.gov/p
ubmed/25008417.

Show in Context CrossRef Google Scholar

38.A. Cho, C. Ratliff, A. Sampath and J. Weiland, "Changes in ganglion cell physiology during retinal d
egeneration influence excitability by prosthetic electrodes", J. Neural Eng., vol. 13, no. 2, pp. 025001, 201
6.

Show in Context CrossRef Google Scholar

39.Y. S. Goo, D. J. Park, J. R. Ahn and S. S. Senok, "Spontaneous oscillatory rhythms in the degenerati
ng mouse retina modulate retinal ganglion cell responses to electrical stimulation", Frontiers Cellular Neur
osci., vol. 9, pp. 512, Jan. 2016.

Show in Context CrossRef Google Scholar

40.D. Park, S. Senok and Y. Goo, "Degeneration stage-specific response pattern of retinal ganglion cell s
pikes in rd10 mouse retina", Proc. 37th Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. (EMBC), pp. 3351-3
354, Aug. 2015.

Show in Context CrossRef Google Scholar

41.C. J. Cela, "A multiresolution admittance method for large-scale bioelectromagnetic interactions", 2010.
Show in Context Google Scholar

42.N. T. Carnevale and M. L. Hines, The Neuron Book, Cambridge, UK:Cambridge Univ. Press, 2006.
Show in Context CrossRef Google Scholar

43.K. Loizos, A. K. RamRakhyani, J. Anderson, R. Marc and G. Lazzi, "On the computation of a retina
resistivity profile for applications in multi-scale modeling of electrical stimulation and absorption", Phys.
Med. Biol., vol. 61, no. 12, pp. 4491-4505, 2016.

Show in Context CrossRef Google Scholar

44.C. J. Cela, R. C. Lee and G. Lazzi, "Modeling cellular lysis in skeletal muscle due to electric shock
", IEEE Trans. Biomed. Eng., vol. 58, no. 5, pp. 1286-1293, May 2011.

Show in Context View Article Full Text: PDF (828KB) Google Scholar


https://doi.org/10.1523/JNEUROSCI.2399-13.2013
https://scholar.google.com/scholar?as_q=Block+of+gap+junctions+eliminates+aberrant+activity+and+restores+light+responses+during+retinal+degeneration&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1155/2011/507037
https://scholar.google.com/scholar?as_q=Cellular+origin+of+spontaneous+ganglion+cell+spike+activity+in+animal+models+of+retinitis+pigmentosa&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.3389/fncel.2015.00277
https://scholar.google.com/scholar?as_q=Origins+of+spontaneous+activity+in+the+degenerating+retina&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1523/JNEUROSCI.5800-10.2011
https://scholar.google.com/scholar?as_q=An+intrinsic+neural+oscillator+in+the+degenerating+mouse+retina&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1152/jn.00437.2014
https://scholar.google.com/scholar?as_q=Intrinsic+bursting+of+AII+amacrine+cells+underlies+oscillations+in+the+rd1+mouse+retina&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1088/1741-2560/13/2/025001
https://scholar.google.com/scholar?as_q=Changes+in+ganglion+cell+physiology+during+retinal+degeneration+influence+excitability+by+prosthetic+electrodes&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.3389/fncel.2015.00512
https://scholar.google.com/scholar?as_q=Spontaneous+oscillatory+rhythms+in+the+degenerating+mouse+retina+modulate+retinal+ganglion+cell+responses+to+electrical+stimulation&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1109/EMBC.2015.7319110
https://scholar.google.com/scholar?as_q=Degeneration+stage-specific+response+pattern+of+retinal+ganglion+cell+spikes+in+rd10+mouse+retina&as_occt=title&hl=en&as_sdt=0,31
https://scholar.google.com/scholar?as_q=A+multiresolution+admittance+method+for+large-scale+bioelectromagnetic+interactions&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1017/CBO9780511541612
https://scholar.google.com/scholar?as_q=The+Neuron+Book&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1088/0031-9155/61/12/4491
https://scholar.google.com/scholar?as_q=On+the+computation+of+a+retina+resistivity+profile+for+applications+in+multi-scale+modeling+of+electrical+stimulation+and+absorption&as_occt=title&hl=en&as_sdt=0,31
https://ieeexplore.ieee.org/document/5680597
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5680597
https://scholar.google.com/scholar?as_q=Modeling+cellular+lysis+in+skeletal+muscle+due+to+electric+shock&as_occt=title&hl=en&as_sdt=0,31

45.R. E. Marc, B. W. Jones, C. B. Watt, J. R. Anderson and C. Sigulinsky, "Retinal connectomics: Tow

ards complete accurate networks", Prog. Retinal Eye Res., vol. 37, pp. 141-162, Nov. 2013.

Show in Context CrossRef Google Scholar

46.C. Gabriel, "Compilation of the dielectric properties of body tissues at RF and microwave frequencies",
1996.

Show in Context CrossRef Google Scholar

47.H. Cheng et al., "Structural and functional MRI reveals multiple retinal layers", Proc. Nat. Acad. Sci.

USA, vol. 103, no. 46, pp. 17525-17530, 2006.

Show in Context CrossRef Google Scholar

48.J. R. Anderson et al., "Exploring the retinal connectome", Mol. Vis., vol. 17, pp. 355-379, Feb. 2011,
[online] Available: http://www.ncbi.nlm.nih.gov/pubmed/21311605.

Show in Context Google Scholar

49.J. F. Fohlmeister and R. F. Miller, "Impulse encoding mechanisms of ganglion cells in the tiger salam

ander retina", J. Neurophysiol., vol. 78, no. 4, pp. 1935-1947, 1997.

Show in Context CrossRef Google Scholar

50.J. F. Fohlmeister, E. D. Cohen and E. A. Newman, "Mechanisms and distribution of ion channels in r

etinal ganglion cells: Using temperature as an independent variable", J. Neurophysiol., vol. 103, no. 3, pp.
1357-1374, 2010, [online] Available: http://www.ncbi.nlm.nih.gov/pubmed/20053849.

Show in Context CrossRef Google Scholar

51.S. Usui, A. Ishihaiza, Y. Kamiyama and H. Ishii, "lonic current model of bipolar cells in the lower v

ertebrate retina", Vis. Res., vol. 36, no. 24, pp. 4069-4076, Dec. 1996.

Show in Context CrossRef Google Scholar

52.R. Publio, R. F. Oliveira and A. C. Roque, "A computational study on the role of gap junctions and

rod Ih conductance in the enhancement of the dynamic range of the retina", PLoS ONE, vol. 4, no. 9, p

p. ¢6970, 20009.

Show in Context CrossRef Google Scholar

53.M. A. Sikora, J. Gottesman and R. F. Miller, "A computational model of the ribbon synapse", J. Neur

osci. Methods, vol. 145, no. 1, pp. 47-61, Jun. 2005.

Show in Context CrossRef Google Scholar

54.M. Mahadevappa, J. D. Weiland, D. Yanai, I. Fine, R. J. Greenberg and M. S. Humayun, "Perceptual
thresholds and electrode impedance in three retinal prosthesis subjects", IEEE Trans. Neural Syst. Rehabil.
Eng., vol. 13, no. 2, pp. 201-206, Jun. 2005.

Show in Context View Article Full Text: PDF (810KB) Google Scholar

55.R. E. Marc, J. R. Anderson, B. W. Jones, C. L. Sigulinsky and J. S. Lauritzen, "The aii amacrine cel

1 connectome: A dense network hub", Frontiers Neural Circuits, vol. 8, pp. 104, Sep. 2015.

Show in Context Google Scholar

56.R. Publio, C. C. Ceballos and A. C. Roque, "Dynamic range of vertebrate retina ganglion cells: Impor

tance of active dendrites and coupling by electrical synapses", PLoS ONE, vol. 7, no. 10, pp. 48517, 20
12.


https://doi.org/10.1016/j.preteyeres.2013.08.002
https://scholar.google.com/scholar?as_q=Retinal+connectomics:+Towards+complete,+accurate+networks&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.21236/ADA303903
https://scholar.google.com/scholar?as_q=Compilation+of+the+dielectric+properties+of+body+tissues+at+RF+and+microwave+frequencies&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1073/pnas.0605790103
https://scholar.google.com/scholar?as_q=Structural+and+functional+MRI+reveals+multiple+retinal+layers&as_occt=title&hl=en&as_sdt=0,31
https://scholar.google.com/scholar?as_q=Exploring+the+retinal+connectome&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1152/jn.1997.78.4.1935
https://scholar.google.com/scholar?as_q=Impulse+encoding+mechanisms+of+ganglion+cells+in+the+tiger+salamander+retina&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1152/jn.00123.2009
https://scholar.google.com/scholar?as_q=Mechanisms+and+distribution+of+ion+channels+in+retinal+ganglion+cells:+Using+temperature+as+an+independent+variable&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/S0042-6989(96)00179-4
https://scholar.google.com/scholar?as_q=Ionic+current+model+of+bipolar+cells+in+the+lower+vertebrate+retina&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1371/journal.pone.0006970
https://scholar.google.com/scholar?as_q=A+computational+study+on+the+role+of+gap+junctions+and+rod+Ih+conductance+in+the+enhancement+of+the+dynamic+range+of+the+retina&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/j.jneumeth.2004.11.023
https://scholar.google.com/scholar?as_q=A+computational+model+of+the+ribbon+synapse&as_occt=title&hl=en&as_sdt=0,31
https://ieeexplore.ieee.org/document/1439546
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=1439546
https://scholar.google.com/scholar?as_q=Perceptual+thresholds+and+electrode+impedance+in+three+retinal+prosthesis+subjects&as_occt=title&hl=en&as_sdt=0,31
https://scholar.google.com/scholar?as_q=The+aii+amacrine+cell+connectome:+A+dense+network+hub&as_occt=title&hl=en&as_sdt=0,31

Show in Context CrossRef Google Scholar

57.R. V. Shannon, "A model of safe levels for electrical stimulation", IEEE Trans. Biomed. Eng., vol. 39,
no. 4, pp. 424-426, Apr. 1992.

Show in Context View Article Full Text: PDF (301KB) Google Scholar

58.D. B. McCreery, W. F. Agnew, T. G. H. Yuen and L. Bullara, "Charge density and charge per phase
as cofactors in neural injury induced by electrical stimulation", IEEE Trans. Biomed. Eng., vol. 37, no.
10, pp. 996-1001, Oct. 1990.

Show in Context View Article Full Text: PDF (756KB) Google Scholar

59.D. R. Merrill, M. Bikson and J. G. R. Jefferys, "Electrical stimulation of excitable tissue: Design of e
fficacious and safe protocols", J. Neurosci. Methods, vol. 141, no. 2, pp. 171-198, 2005.

Show in Context CrossRef Google Scholar

60.H. Hoshi, L.-M. Tian, S. C. Massey and S. L. Mills, "Two distinct types of on directionally selective
ganglion cells in the rabbit retina", J. Comparative Neurol., vol. 519, no. 13, pp. 2509-2521, 2011.
Show in Context CrossRef Google Scholar

61.R. L. Pfeiffer, R. E. Marc, M. Kondo, H. Terasaki and B. W. Jones, "Miiller cell metabolic chaos du
ring retinal degeneration", Experim. Eye Res., vol. 150, pp. 62-70, Sep. 2016.

Show in Context CrossRef Google Scholar

62.K. N. Ahn et al., "Effect of stimulus waveform of biphasic current pulse on retinal ganglion cell resp
onses in retinal degeneration (rd1) mice", The Korean J. Physiol. Pharmacol., vol. 19, no. 2, pp. 167-175,
2015.

Show in Context CrossRef Google Scholar


https://doi.org/10.1371/journal.pone.0048517
https://scholar.google.com/scholar?as_q=Dynamic+range+of+vertebrate+retina+ganglion+cells:+Importance+of+active+dendrites+and+coupling+by+electrical+synapses&as_occt=title&hl=en&as_sdt=0,31
https://ieeexplore.ieee.org/document/126616
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=126616
https://scholar.google.com/scholar?as_q=A+model+of+safe+levels+for+electrical+stimulation&as_occt=title&hl=en&as_sdt=0,31
https://ieeexplore.ieee.org/document/102812
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=102812
https://scholar.google.com/scholar?as_q=Charge+density+and+charge+per+phase+as+cofactors+in+neural+injury+induced+by+electrical+stimulation&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/j.jneumeth.2004.10.020
https://scholar.google.com/scholar?as_q=Electrical+stimulation+of+excitable+tissue:+Design+of+efficacious+and+safe+protocols&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1002/cne.22678
https://scholar.google.com/scholar?as_q=Two+distinct+types+of+on+directionally+selective+ganglion+cells+in+the+rabbit+retina&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.1016/j.exer.2016.04.022
https://scholar.google.com/scholar?as_q=M%C3%BCller+cell+metabolic+chaos+during+retinal+degeneration&as_occt=title&hl=en&as_sdt=0,31
https://doi.org/10.4196/kjpp.2015.19.2.167
https://scholar.google.com/scholar?as_q=Effect+of+stimulus+waveform+of+biphasic+current+pulse+on+retinal+ganglion+cell+responses+in+retinal+degeneration+(rd1)+mice&as_occt=title&hl=en&as_sdt=0,31

