EMEEEE, 34(2) : 120~129, 1986

Tl 4 OO PR ARES BN B R 23 2 BRI e
(DWW T—E ORAEE S L OSSR X 5
R 5E—

Raul Beltran
(B R R S iR S Bl s 82
(AT« LW E—ERES)

Brain Reaction to Neurosurgical Patties: In vivo and in vitro Studies

Raul Beltran
Department of Neurosurgery, Shinshu University School of Medicine
(Director : Prof. Kenichiro Sucira)

In order to study tissue reaction when a neurosurgical patty was left in the wound, five kinds
of patties, 1) medical cotton patty made of natural cellulose, 2) Bemsheets made of regenerated
cellulose, 3) Codman Surgical Patty also made of regenerated cellulose, 4) Merocel made of poly-
vinyl alcohol foam containing corpuscular barium sulfate and 5) Sereceet made of polyvinyl
alcohol foam, were histopathologically examined by implanting small pieces of the patties in the
brain of rats and dogs for various periods of time. Cytotoxicity of the patties was studied quali-
tatively and quantitatively with cultured fibroblasts of chicken embryo.

The patties made of either natural or regenerated cellulose induced a strong granulomatous
reaction with infiltration of fibroblasts and foreign-body giant cells in the fibers of the materials,
while patties made of synthetic polyvinyl alcohol foam caused less reaction and Merocel the least.

Only Merocel affected proliferation of the cultured fibroblasts in the area adjacent to the
material and only the medical cotton patty showed a statistically smaller growth rate of the fibro-
blasts compared to the control. None of the five neurosurgical patties revealed the impaired
proliferation of fibroblasts both qualitatively and quantitatively that would suggest no definite
cytotoxicity.

From these results it is concluded that neurosurgical patties made of synthetic polyvinyl
alcoho!l foam are relatively safe from the points of view of granulomatous reaction and cytotox-

icity., Shinshu Med. ]J., 34 :120—129, 1986
(Received for publication December 12, 1985)
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A BABAED B WK T KRR A T e o T E
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I3EloTwh, EORTHHE (RAD, 550k
HARO cellulose 5) I3 MBIHENBIFAF A H 1A <
v BT A2 T s o BV T o
WEIRIBEAER BRI HEAR O FFI 2
LOMABTRRI R CH BT, RRHIMCEE LY
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ST ANAT R B Ui b o, —JIIARHEHR B8,
3) Codman Surgical Patties (Rv v — v RFEHES
B hictrr — AL ED L 0% FEE barium
2E&EL BV =ATN DRTEMUETHS5, —Codman
and Shurtleff Inc., USA #), 4) Merocel (form-
aldehyde TZEEE N polyvinyl alcohol FEifl
#CTEEE barium O % &¥rP—Americal Corp.
USAHD,5) =L — b+ (polyvinyl alcohol F&iukt
—EEvRT AR (B W),

1 v OBABEIC L PHER

PR L 1LC 250-300gm OfE Wistar J o
FAORER T, T v PERV EAALEZ -V — 4
(Abott Laboratories, USA) 0.5 ml/kg % XN
WA UCRERE U B R T it Ui, BHH% 7 »
b AEEEECEE L%, TEPIERDREL TEE
SEASRH Ly 3 F U AR VTR 5mmx 4mm
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—MELCEML, 15HEY » A~ ) YEPTEEL
Tro [ERB OB ME Lo AL CHHE & L0
HEIT UM A BRI L, IR 25 7 4 vicil
Lizo 6-8um B Ak 1 % hematoxylin-eosin
(H-E), Luxol fast blue (LFB, Kliiver-Barrera),
Phosphotungstic acid hematoxylin (PTAH,
Mallory), Masson trichrome &Yt 47\ fHM
FEAREEI R Lo

I ROBMARERC L DARER

fRH 8-12kg DMERERI2EE A\ i, HBRREA Y
FAAE R - Y — K 30mg/kg OMERAEEZXD
BB L, SEFHNT 2 — 7 L0 K& X AR E 2T
- THERR Ui, THEEEHMEL, REFva-—F
WOFEHE 2+ AW EETCERRE N L, 5
DOHEBFREREZ lcm @ burr hole % 28
Fo&E 4 HERT 7o, FMAEME Tie4 burr hole
T oW SIBIE, B LI B2 B L, LR oM
SRR AR oA, Bicd 4B o (2mm
x2mm) % 4 {fi® burr hole FOMRMAK. 1 fifE 3>
oI E B & 5 I BIE L7, Burr hole T
L7 IR L & e b o & AR O BRI BL 15
FMA- DN ACE L, burr hole % B U T2\
CEAI Lize #i%% penicillin % 1 EFHEL TR,
SEEARIL E B EA TR, IR ARG
KEE®I5E H, 308 B, 60H H, 901 BwKCI B
(15%10m}) OOEAEAC X D EBHE L. BERHE
P EEETYBREL CNEID B Ukes, BHERO
SB AR L CH BISOMOBRG LT Bt
OIS OB IF e F EFH LI, ML
T 10% 7 + A~ Y YEPICEEL, 15 BRIEE L
tro BB THE LRI AERR MM HI D Bk
&, BURIR IR LcAe B A W C A R L, &
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BT R L,
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10 Bo=v b YL Y& S -HHEEF L Ay
728, A vEF .- FOHHBOBIIX hEERDHL
THIEIL, S|ET304 0.6% trypsin WB U8, %
HE LA 10% F 4R ds £ 08 200 U/ml <=2y
vl Minimum Essential Medium (MEM, Gibco
Laboratories, USA) 123k &4, kMR 5 A
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2 (Falcon) WAL 370 CCHHE MRS Ui, ¥
TR AL BB T i o R A B L,
IR PRTE 42T 12 FE T L 7ol 45 C subculture 47
L, EHESERRE X ONE R L,

A TEMERIERER

TSRS B AR D/ (Bmmx 5 mm) &L
B8 v+ — v (Falcon) ORIz F 7 4 v CHE%
Lict, MQHE 2 I i reusie (1 x10°

cells/mD) % 1ml %ZEn%, WE100%, 37°C, 5% -

CO:z, 952 KR DBEIEHPICHHEISIE Lz, 5 HHD
M LEhTh 4 BoBERLRT, F 1M1
HHE, H2TEL3HH, H3PESHB, H4r7
HHIZHZEL, Jacobson ¥ X b Yefa L CHESERN
IR FET R O WAE & SRS I BE LB,
—HIDFRED ek 8 BT WA & 48 F e e
Bigt L,

B EEAIFEER

40ml DI0% TSR L0 2000 /ml ==1) v
INMEMA i [RS8 AR A 0. 2 8 B 72—96 15518
LTHk&, o MEMZH#E 2 fE ot s
1x10% cells/ml ¥lE X BRI &+ — Lz I ml
SEATE UTIREE 1009, 37°C, 5% COp %8 1 il
FEPICHIEREDE L, BHBE LTMLBEELL10%
T4 ds X0V 2000/ml = ¥ ) wITMEM % v
foo W& 5 FF ORI BB LehEh
AORBRREIT, HIMI LA, F2ML3
FER, F3RUR0 HEK, F4T07 0 B0.25%
trypsin LT U CHIMIRIERE & U, MmMEREFZAE% L
THBER A B L, 7ok, T trypanblue %N
A CHMIE RS Tl X, AR 2 i, &5
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DF RO FHR 2 M kT 5,

30AE 20D F » M0 EWE L, BRAMA
TR & T o R fgid:, ~e=vF I vEE
FLicw s w7 —y, BRMEMRLHES BZRIEER
HEEIC, FEO AR ORI RS bh
foo NV v— vk Codman O#R CIrLm@sis, &
WEME, ~e2oF V)V vEERLER IR »— U
ExME s, ERBHUT ERBOMRZEIBRAR B
v, Codman Off o B ITREOIMIEE LD 5
Nize Merocel CULUEHIRERS 2> FH RO
HESFAURE O BEARITICR RIS 22 Fo 0d, PO MG &3
DRV Y- TR DR { R EETH o T,
HEMRL L= 2 v 7 5 — SO WBILTE:E & b R
i@ bhion, chb ALEREM» bR
TR EAT O BRI, THEEIE D 3R% b i
v 7"&0

60 R 1 I5IED T o MITDWTHE L. ERAL
Jry Nvy—w, Codman W i335 W7 B EEIEI R A3 R
B BRIz, BEREERE 2 vy — iR, Me-
rocel CILIR S ote, MARI4, NEEE X 0T~
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Fig. 1 Photomicrograph showing typical histological features of the implants
(I) inside the brain, after 60 days of implantation in the dog. Upper :
Natural cellulose (cotton) producing strong fibrotic reaction and forming
granuloma (a) with presence of foreign-body giant cells (b, arrows).
Center : Regenerated cellulose fibers (Bemsheets) generating a granuloma
formation (c) with foreign-body giant cells (d, arrows). Lower : Synthetic
sponge (Merocel) with a mild fibrotic reaction between the interstices (e,

f). Hand E, a, ¢, e X5, b, d, £ x50.
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Fig. 2 Growth and appearance of living

fibroblasts on the surface of cultured
dishes surrounding the implants (I).

a : Natural cellulose (medical cotton
patty), excellent growth in touch with
the material. b : Regenerated cellulose
(Bemsheets), excellent growth. et

Synthetic sponge (Merocel), cells grow
less in number and with slender shape,
although healthy, in the vicinity of
the implant. Jacobson staining, X 20.
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Table 1 Histological brain reactions

Foreign-body

Materials Fibrosis Edema Gliosis giant cell
reaction
Cotton #oH M H - = = = = =
Codman Heodh o  H - -+ - = = = =
Bemsheets HoOH W + - - = + - - - - - W
Sereceet H H H H —_— = = - - = - - - 4 4+
Merocel + 4+ + + - - = = —_ - - = - - 4
Days 15 30 60 90 15 30 60 90 15 30 60 90 15 30 60 90
#+  strong + moderate + poor -~ none

WCikichofe. FMEOMBRTERB/M, vy
—v, Codman, OHiMESEHIECEECRDLRS
DRIt

SRV 5 IEMIBT LA, ERRN LRAL
o

I ROMARECEDARER

A ABMFR

SAJRHLHS O W TE o PY IR AT B8 TS MBI L 7
RSB RMA ORI NS oME LTRSS
h, AEoOMEMI—RERcHD, Bl W, H
I3 5 RIS & OFF RIKE® bhicd» 78,
BRSO MR 2 B - et e X B Mo Ef %
- To

B mEEKYMETR

FEML ARSI, 1) EEEEREA I Roh
DR RT, 2) RpEMROIE, 3) AR
B o I D IR IE S X 0 gliosis, @ 3 M2 WTHR
R ERR R bhcoe, TheEh, ZRMW), h
R (), T\ (F), WL (—) © 4 BECERmL
J2o (Table 1)
BRI #15, 30, 60, 0F A D4
DWTR ORS8O C b fiiE o M SOt o
JB BV 3 B T MR R B A 5D, BB LeH A X bk
&g, MEHELE S AFELHRL TR, RIIR,
) v SER, HEER, ~ECT) VERERLE< IR
7 VBRDLNE, H1IH (5EE) TRIToH
MLl L CEER Ui i i R RS B h
oo IR Shie BB O RIEIE L BEED gliosis
I DHRD b fotedd, ThEXBICER
JaD HBIT60—0 A B2 EFHW E e otz, (Fig,
1, a, b)
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Ry =Y R R A B O & A
HEEIZE L TR Y, MAEHE, U v -5, BEER, ~=
CFYVvERERELET v T »— 2, BHRORMNE
ERHLME o, RAMOMEMCIREES gliosis
EEAEBED bRt o7z, (Fig.1, ¢, 4,)

Codman : BB LU vy—v LRBEORK
2 X bR B A PRI O AN R B R B
O Bilote, REOMEPHELISE BiCidhE
CRBENINBLDOHMIRE L is b W& Ui, Gliosis 1%
1B & AR BRI 5T, ‘

Meracel : 3T O R CHEHA RS O BPICER
TRHEERARE RS D bivle, M PE, U v 3k,
Bighk, ~=o7F ) vAER/rY > -2, RYEH
JaukiRed bl A HIRE 8 MO A I RBETH » 7,
O BRI & gliosis X E Bhirmote, (Fig. 1,
e, f,)

vy — bt FRAEEE D IR HEM R K23 15 B s 590
AETHLLAED bR ARy, FHIEAMNSENPTR
1% Merocel B bhicdh D LBIERETCH T,

fods, RURHEER 2 WU IR BRAR 5/ O REEWE T3
T LR LI,

I #ESEECL S8R

A TEMRYEER

Z OWMETIE, SRR O RERICOWT, 3
BHOZ GEFEMHERHLOREE S » — VIR TS
WLtz SRAEEIIEO FE ML R & iR L Tko
X 5 BEpEskR Lic (Table 2), Excellent () :
A ORIRE S X OTHES R & ARE ©H 5. Good
(H) R D Ml RRE e { Ml 4%
LR R BB, Fair () BHEIAHEL b hvc
HIEL, MRS AEM LTV B, Poor (=) ik

125



Raul Beltran

Table 2 Results of in vitro (qualitative) experiment

Materials Growth Cell appearance
near far near far
Bemsheets HH i 1 H+
Codman Ht Hl H H
Cotton H Ht H Ht
Sereceet H* H HH* H
Merocel +H- HE +H- Rl
* Growth was good the first 3 days of incubation.
#  excellent, H  good, + fair, —poor.
near : near the implant. far : far from the implant.
$p<0.i0
Yep<<0.10
500
g
400
et
g 300
€
£
)
®
O 200
100
801
60
40
20} _ .
Y TSt T ST TS T U 357 T35 Tdays
Control Bemsheets Merocel Codman Sereceet Cotton

Fig. 3 Growth curves of cultured fibroblasts growing in the medium
immersed with various kinds of materials of neurosurgical patties.
Cells grow less in the medium immersed with natural cellulose

(medical cotton patties).

HIEANE & A ERD Bhicudy, 13 E A E ORRHEEH
JAVEEL T L E 5T\ B,
BB« Mo IER I BIFC, THERIT
LECHABYRELTE Y, Ao, ®FEcE
1L -1 (Fig. 2 a)

cy Y= ORI © 3 8, Flsd
CIEHCRIFC, BRBLMEE TEHEATERE L C v
(Fig.2b)

Codman : fifROMIATIEF C BRITFT, TZBS @R
TEMAGERL, AR OESE, EREbeREED
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Merocel : B OB OMNATIETENR R CHESL,
TEE D MR LCW 52, RO B S {5
THEAW LT LUHEE S BIFch -7 (Fig. 2¢).

v y— b REA OEBOMBTD O 3 HEIK
R v cErPishot, LL, 5—7HH
in s LI B HIE L CEOWRO X 5 S MY
ORI TR IR D R Ulz, SRR AR & b
T Lo Mk oEri, &5\ ks E o
FEICIRRD Shleds o tet, BB LT
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1T Merocel %Br& R L7,

B TEMER

R B L B o R o S e -2 %)
Pde, BN X5 BRI ORI & HBRR L
Too ISEEH O £ R S OMMEEFM oL, Py
¥ TR L7co. Ml Student’s paired t-test 2»
unpaired t-test TITVy, pl0. 10DOMHCH B EEDH
h & Lico Fig, 3 I E R LTV 4,

kg B U 2o B¢ D SEHESET I o BY T TRy
ik I2FERREOBFAETR L, #D 024 -50%1
B IR, WBREELTNCOBERTRD
Lh, BHE3H BWiT—30% % cHin L, LoOHSH
B % Tl RESHIC B8V A 3858 & 47 L ¢, X350
BDVvASNECEECHM Lz £D 5 bEEAMA
B LA R E R AR LY, itk
NTHFHSENEELENE,r o, TERRIZSHER
LTS bl oigneyibicn, BRARMHA2E
L7 HECE BB RS LTRD, R
ey v =Y L HRTCHEEYE U

% =

70y TRAGDONDEE, FRBOCBECHVD
hats 3,20, MMENFHRERCHAVLRD AR
VoD X3 F T E R O A MEDAAC LTI L
W3 HL OWMENE D, WDRAALERZN TS
Mo R B3 B ik b L LIEER» bh ad10-12),
L LZh DR CERED 5 DI AT AR S
hhFEHcdhb, Y LR MATRYE TR
ZRIWEEDbRT WS, L LANE, $E50 B
AR O R BT R A o
BRGTHHREBO, HRNRERIELC LR —R
LB LORH Y, HEMCHE SRR
BEfELERL, RYTHHAECTIRE I A3
BEMRT 2 Bhnid b, ¥, RECH S MR
A BRICBBR L TWS, Lo Toh boRMAE
SRR ek A AL O BURME, BB ik
NOOEFERTABEERN< TR & LA EHR
ZETHBENINECDEZAITEAERESHT
Ve LichS o THRAED & = 5 M s-R R0 B A
BT AT BEE DL, LT, FPE IOl
OIS v B s Bl 4 5 Ak % ki
U CISR kv a3~ % BN SRR il Bl o RS HE &
B OWTEERE T o %,

KRUFFROEGPITORMR TR, AL ERHRA,
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<Xy -2k Codman K LCHMWRGRIEERL
T, vy — b TRERIEARL, Merocel Tk
B Piedoic, RYEMERGCBEL TR, ARy
DREMB D Merocel, ®Lv— b XbLHHEoRE
WA, ~vv—v, Codman Offi 07 < K
Bhi,

Meyer & Joglekar® %, I v b ONEFHKCS
1% cottonoid & Merocel » LSRR T, Merocel
IEAREhice e — AfHED & B %5 cottonoid
L0 d Atk ARERRIE S e, RIGEIEBL TS,
EYBEHRRIGE BT &ish ol EiBXTw3,

AMETORERBBENEITIOATH Y, IbE
EHOBE T, WORALRERENVRED X 5 G
WAt E BT REHEN IR A B i\ AT OB
ekt oREIz, 1 EERr RS RE L
&5 Shimosaka & Waga) OFFK#BED H b,
¥7z, Epstein H12) o#f&Clk, MAEPBIRED i
Higli 8 8 SE R iR TG RIS AFRMR S TR S h T & e
v, ThLOMERBRINENRD X b S PIEEENE
oL, ARMHBRERNELT5E EOEME RS
BEVH, BaDERTIR0AE TS IEDIAAL R EN
O HOREECHAER L2 #BE R bl
Y e

AR oML A ARk, BB
Merocel DL &V} 5 MIJdOBIERCPLEL, TR
HZEB I ERAR SR B oM iammin R &
iz, LAL, &, BRNHEROVTHEEWTS
FE Rl R R L, RERAER ey LTl B
iR E D EBbhd BT Er ok, In
vivo Tk BR\VRHEEAEBUR % R Uitk D BE5E
B, <vv—v, Codman 5%, in vitro T
ERBHN 120 A AR ER R fl 2R L,
in vivo TrIHRHEMIIFER L O L 584 » 7= Merocel
M in vitro OEMERRCHEI TS B 2 HIERTEI
AR, in vivo & in vitro OFIOTMERERS
Nic, MREEEE A3 HEE, BirokEH o,
T s R, —E LB L - CHEETE,
e, ErilifioE b bEEEETE SRS
B, BRI RBA ONN, BERO—#E LT
BREL WAL IR BEYINS = EEEL
TR T s B,

BLECrL, TR L OB BRI RS Y,
[HAEABHER TR OBRBRTRCTH B L5 &
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CIEEEB—FK LT\ 5, BENLHASERhE
W3 EERTEL 0 ST B, BRI AR
WA RO & & ¥ 2 it d o Tlheidhud
inblt\nwEE L s, Tihbb 1) REFERBRYRK
EEEC &y, 2) Bk, FEMiESEL, Tvar
FopRO S EW, 3) EEARRILCLE
W sz ki —k&E LTRIFL, XMoBmER
TEBE L, 4) BEOFEMRMEL B TheTEk
WA b, ORI ERED, IYERVBESLTH
B L THD, AYFROKEE L D, Merocel 12470 <

L 1) O&ERRLRIM Ly y— bR hIC
BT B EE L bhD, BIEEOEHR > DR S ERE
Mk, v v—v, Codman OffHE 1) oW
Tl E S b, ERMEENCEE I B TA
HEORGCHET HLERSHL S, RkD L m—
A bR A BRI CIFE IO R ThE S D,

T AR A R R R R O MO R &
o B ofl, WEREo wrapping €05
RT 21918, A HIDEEIRED wrapping &~
vo—vEHe, RN BEDRTWAHRA, T
Lyodura, 7 » ¥ 7 A7yl ¥R, 27 -5 Vi
HEASHRET 5 & 21 X o TEEMIRL S R B e BT
WEZ ERBHELTWS, BELAE->THWDH LS
w, ZhaA\NEIRRe wrapping AL b DT
e LT, AWED in vive TRERCHVEA
FEMmBEEE, Bl RiEe 1 SoRRET &
mBHOTIRVIE R B bhD, & ORBREIRNY
o Y B Lichs» T & o BRI o EH I,
LT v v — 2z X BEIRE wrapping 12fib
BIFEOEHE & ki s 05 v AD BT
EREINBERETHAH D,

RSB R PR O SR BT, 1 B
R D E T2 B A7, R~bERAV
THbhhs Mo EHCT2MoRETHY, B2
IR PRI R B 1B X B i, B, H3
WIEBEER DR R A L, N, M, B &
Bl EhTEBEhs0RBPCo L ThY, shicll
LN IR 0 BRI D fe D I HE PN B S h 2 S
BT AT, Lo TR BRI B
b BB R G A BT 5 2 L TR
<, BROCHEENRE S WO ek o b
BiL, LY O X REMEEEREI LRI W &
THAHHL#ELB, Merocel LV Y— PRI DHK
THINEHE > T3 EE L bR, BIERBROTA
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EHASRTOS OKSEFAIEL & ORI~
v & — v, Codman 12 T Z L\ Tedbic FEBHR O 4
ORI D HCREN DB, BEERDPLEL TS
LIt X X b o oSSR S IUEABE bR S
Merocel & -1 — b ik g REER R & Lo
T—HHRTES bDEiehd,

# B

1) ERAMA (FRowLe—~ARbRS), 2)
Ny (HERern—AnbRB), 3) Codm-
an Surgical Patties (BAWK v v —A0bERS),
4) Merocel (&R#EHMH CH% polyvinyl alcohol J&
Uk B A), B) v v — b (polyvinyl alcohol
TeiukD), o 5 SO MEIBFERAMAT o & 7
y PR IOMHEROMACEREETLIZ LR LD
NBEA OEBEIEHE R TR, R, =7 P IRE
b B M T B = B ORI
g RS o

TMPIC R LB A DR SR 2 v v — A B
o5 HEMESEH B (BT, ~v v —>, Codm-
an) CEIIT, EMERCHAERIaORAME LR
B HERE N TH Tz, & DhIFRBO L
w — AD B BTz ofR 2N <, RIEA
g LB S R B SRR O fEbk ik 23 4
Do EERE LI, AREHTE (Merocel, 2V ¥ —
b TR & OEAIEEE <, Merocel w395 RIGHRK
85 < UM GO B AL IR L b Ret OB\ WHH
THB T EBTI ol

Bk = v by EERESE A R B AR BT
v, EHAY9IAC Merocel OEHCIRHESEMIRO R
TP RMEL, viability OEWEE 2 bhoHRE
UL, EROER-CRERBM B R LIS
WOREECHEMHATED bhi, 0 X 5 IEE
SERR L EREMER L oM GBR RS, EE
b AR AERE R O BTN 2R L C Ul S e T
NHBEEZBhBEMILED - 7,

¥, ARLOTEERE44E B AR R SR
£ (19854E10 BIF) s\ TRE LR,
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