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Fig. 1
Relationship between the duration after duraplasty and the macroscopic formation of the new
membrane. The (—) symbol indicates that the brain surface below the autologous dura can
be distinguished; thus, no new membrane was formed. The (%) symbol indicates that the
brain surface can be seen below a thin membrane. The (+) symbol indicates the presence
of a well-developed new membrane that covers and obscures the brain surface.
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Duraplasty by collagen matrix (DuraGen):
clinical and histological investigation
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DuraGen derived from bovine tendons is safe
and useful in repairing cranial and spinal dural
defects. This study investigated the macro and
microscopic findings of the new membrane
formed by the DuraGen in 12 cranioplasty cases
1-2 months after decompressive hemicraniectomy
(DHC) between September 2019 to March 2021.
The patients were four males and eight females
with a mean age of 71 years (46-90 years).

Dural incisions were either U-shaped or radial
in seven and five cases, respectively. The distance
from the stump of the dural resection was adjusted
to be within 2 cm. Cranioplasty was performed 40
days (16-62 days) on average after duraplasty, and
the degree of new membrane formation was
assessed macroscopically.

After an average of 33 days (16-58 days) from
the duraplasty, no new membrane formation was
detected in 5 cases. After an average of 40 days
(33-45 days), a thin dural-like tissue was formed
in 3 cases. However, a well-formed new
membrane was confirmed in 4 cases after an
average of 49 days (42-62 days).
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The median duration of the cranioplasty
operation in patients with less than 40 days
duraplasty period (n=5) was 91 minutes (61-96
minutes), and in patients with more than 40 days
(n=7) was 150 minutes (127-157.5 minutes),
significantly longer than in the former group.

The histological findings of the samples collected
at the 16th and 32nd days after duraplasty showed
scattered fibroblast proliferation. On the 44th day
after duraplasty, fibroblast-like spindle-shaped
cells were sparsely distributed, mainly thick
collagen fiber bundles with microcalcification.

Duraplasty with DuraGen in decompressive
hemicraniectomy is safe. A well-formed new
membrane was confirmed macroscopically and
histologically to develop 40 days after duraplasty.
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i - FREORMPBERIBOBEAMEMELE LT, v 7F VL AREKRaT -7 V8
N LA (DuraGen : Integra Japan) \EHZEBHF, AL L ik L TGS
RERR S 2 S IR, BRMICR S, AR TCE 22 e sh T
DY, RIRICHB N TIE 2019 SEEED S I S HH S D03 5. DuraGen B0
RIS 28D L IZAICBIT 2 S 0HE T, 14 HIZH T #HESE
MR, MASHAERRSN, 3HHICHFIT—FUBERIN, WL TWL ZED
RENTWS ™Y RIBCIRIEGRIRE W IEZOEERRME 1~ 27 A0
RHNCHEAT SN 2 EB WA, CORIIICBITL a7 -7 < M) 7 AR,
AR TIRETEIA R LTV B, S lgR 4 (9T B EEAN R O B B2 12 DuraGen %
H, BHZETE RN RE O WL %2 e L 72,

Il %%k - &

X3 4 BE T 2019 4F 9 A ~ 2021 4 3 A o [, I B BE Al I o> B R R %
DuraGen THifT L, Z DREZLIEIM 247572 12 EFITH 5 (Table1). Fik 4 %
L8 4, IR TR (46 ~ 90 i) TH o7z, BB BIIMZINEIRAE 3 61
PiBEZE 3 B, EVERIS T A 2 61, s 2 6, MNP 2 B TH %, LH OREE
TR DWERYIFIE, U FRICAT 72 b DA 7 B, 5 FNIHAIRICHEST L7z
R, BREBREE D) LOMBIZTREZIRYD 2cm BINE 25 X ) B L .

i

IELIERI Patient’s characteristics

Duraplasty- . , Duration of
Case Age Sex Primary disease Dural incision cranioplasty Macroscopic Additional cranioplasty
period (days) new membrane duraplasty (min)
1 49 F  Subarachnoid hemorrhage U-shaped 62 + DuraGen 150
2 73 F  Cerebral infarction Radial 49 + - 165
3 81 M Intracerebral hematoma U-shaped 44 + DuraGen 75
4 52 F  Cerebral infarction Radial 42 + - 210
5 90 F  Subarachnoid hemorrhage U-shaped 45 + DuraGen 110
6 83 F  Cerebral infarction Radial 43 + Fascia 150
7 72 M Brain contusion Radial 33 + DuraGen 68
8 83 M Acute subdural hematoma U-shaped 58 - — 144
9 46 F  Subarachnoid hemorrhage U-shaped 34 — DuraGen 96
10 54 F  Intracerebral hematoma U-shaped 32 — — 139
11 86 F  Brain contusion Radial 29 - DuraGen 60
12 83 M Acute subdural hematoma U-shaped 16 — ePTFE 91

M: Male F: Female ePTFE: expanded polytetrafluoroethylene
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DuraGen ¥ — b 2k L, WEE/RIBEHNE 2 E 5 £ 9 BRWIE L I8 72 (on-lay).
WE Il X o TIIFBHHEIPH 2R 2 B 5 72, MBI R ISR AT A R — 212 i 1 2
BOT2H DI o7z,

RT3 40 H (16 ~ 62 H) #ICHZFIRBAM 23 HifT S iz, BRI
WRELCHT A I D FEEE 2 IR ICBIZE L7z, & L C H RAEE [ O fid 2 2SR & 8 C
&, HFWEFERIC O Y] S 22l AR T ZOZVwb D% [ L] RMEH
HERTE D REDORMMMI AN ER LB OROONLEDDE [DINITHY ],
MEANZITEBTE LWL o2 ) & U 7-MBARRLERAY B RMEER 12320 Hh
2bo% [HY] LB HERBMNRICHR KB DD 0, BRERO G
/% DuraGen T 6 f4], expanded polytetrafluoroethylene (ePTFE) <11, 1l
B HVWERLZz. € LT TOEHHE Z#E L7z, @ DuraGen i 2> 5 Dl
WIS BT 2 W O WARAYAEE BE, (@ DuraGen i 2> 5 @ HE#E#IC & 5 JHZE
T MR ~NORETH B, L 7HEFIRERE, HE L) I 2 7 OBICHi S hz
DuraGen % #2112 3B THES L7z (Case 3, 10, 12). Th oMW ORI
WhbEnZEN16, 32, 4HHOATHS. MatEHiEI 7YV —V 7 b9 27
EZR (Easy R) &M L7, % B4, UBREGHEHEOKRE GRBES
20209, AZRHSF34E1H29H) 2T o 7=

n. #% R

PRI I AR DSR2 D o 72 b DI
561TH 0, WEIRA,HFH 33 H (16 ~58 H)
BICBUI AR TH o 7. BEBHRRAD T 20
BHOOLNTZEDIE3HFIT, FH40H (33~45H)
HOBEBFRRFICBISE S 7z, WS 2 ICHEERRHL
MRICEBE SN T2 D461 D, DuraGen
fER2HFH49H 42~62H) BOFRTH
57z, FERRERHAR OB, #)n O RE BT R A 5
0 HEBRZ7=H720 » SHEHIBML 72 (Fig. 1),
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Fig. 1

Relationship between the duration after duraplasty and the
macroscopic formation of the new membrane. The (—) symbol
indicates that the brain surface below the autologous dura can
be distinguished; thus, no new membrane was formed. The (=)
symbol indicates that the brain surface can be seen below a thin
membrane. The (+) symbol indicates the presence of a well-
developed new membrane that covers and obscures the brain
surface.
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58 H H D #EH (Case 8) 1, #Inl o> B 2 bk Ig
D HRMERABIA A 5em & K& 9o 72,
SHBTE AT O AT R ] 1 gL i 124.5 45 (87 ~
150) TH Y, RIS 40 H AR I L 72
# (n =5) OFAMRERHFILfEIZ 91 5 (61 ~ 96)
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Cranioplasty THh Y, 40 HULEAEE L 72K JUCTHEAT L 728 (n

operation time

o = 7) OFA R gl 150 4 (127 ~ 1575)

EABEICIEERE L7 (p = 0047, Mann-Whitney

200 = U M) (Fig. 2). HEAHREGBT 512 2B HO

50 FATFLS, AT B 1 C 0D 3 4 Bl 75 % <2 [ it &

7 BRI A3 > 72, 4B DuraGen i IC X 4l

100 T TRRER, e TOKIE, IR kg Bz b O
50 7% ho7z.

16 HH (Case 12), 32 HH (Case 10) DO#ilfik

0 S FRRIE, 35— Y% b Y 7 AHKE B b

(replasty group - cluraplasty group VRN H AW BB X OERIC ) gk, I

Fig.2 IR, ARIER & & b HHESF AR A ASHAE PRI R

A box plot graph shows the difference in cranioplasty
operation time between the < 40 days after duraplasty and 5 17: (Fig. 3A, B). 44 HH (Case 3) <Ti&, #

the < 40 days groups. The median operation time in the

latter group was significantly longer (p = 0.047, Mann. ke HIICRVIBERHERAS S, —#RIZ il £
Whitney U tess) Al, MR O, TR LA o TV
(Fig. 3C, D).
1) KB 1 : Case 11
86 i LMt PEBEA O OMIEIC L B2HMETHRIEL, 2 HIRITHTERL NIVOKT
E MR AG O R B X IR R 2 R 72720, BASA ML ER 2% 35 X O B
SHAN 2 920 L 72, 13 X 9em RIS FTEMBHBHEE L, AR 2 BRI, e 2
R ECIRG B ZE L7z, BERERIBIRIC DuraGen Z B\ T 286G L7z, 29 HRIC
SHBI A & T L7z, FFRAI L, Ml & B2 TRk e #EE L7z, WS ARl
BT S M TE 5§ — ik liiwh 2 380 72 (Fig. 4). B DuraGen (2 THEEZ K
2T, ANLEZEE LHAI L7z, BEFREUMERIZ 60 5 Th > 7.
2) A%HI2: Case 3
LIk, Ak & ik & ok LRBE L7z, CT Chem KOZERE T % 729,
12 REM AR R L ~NOVRTT & LA S, Mo R ERAV=T7 25 L,
B B IMLHE B 25 48 & OV BRBEA % BT L 72, 14 X 9cm KA /e iy SE A B8 B B 2 47,
WP ML 22 B2k L7z, BRI U IRICWIB L, —¥Bsg & 1% K4HER IS DuraGen 2 %
572, 44 HEOBEZFRBAMIE O R TId, #ram BRI 7RS 57z (Fig 5).
SHEF T UAMTIRE ] 1Z 75 97 T o 7.
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Histological findings on the 16th day in case 12 (A) and 32nd day in case 10 (B) show scattered fibroblast proliferation (arrows)
around the acidophilic structure. H & E staining, original magnification X 100.

Histological image of a tissue specimen from the new membrane in Case 3. The specimen was obtained 44 days after the
duraplasty, showing collagen fiber bundles (black arrowheads) with microcalcification (white arrowheads), deposition of circular
clear foreign body, edema (asterisks), and hemorrhage (white arrows). H & E staining, original magnification X 80 (C), X
200 (D).

V. 8

DuraGen 2SHr AW IC B S N 28581, BIIcB T 1 H H BICIEREHESE
TapsiE " ¥, 3 A ABICEEEREEL Y, ag—7 = )7 23RI”, 64
ACclsesicimitsng”. ANCBY 2T 156 ~ 30 H H Tk a4 &
MEHERHY, 1~3IATAT—F < M) AR, 4~6HHTaAT—
FULBRENG T SN, EBEREM LT 1~ 22 AT ML BRE L
R BEORE &R 2 B~ 1 2 BRI A L Tn b oo
WHREG A7 H NS, BB MR IX 40 H PRS2 AWIRAY, k91
EHOOLNDLLENI BDTH o7z
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Fig. 4

A : A dural incision in a radial pattern with the decompressive hemicraniectomy.
B : DuraGen covers the dural defect.

C : No macroscopic new membrane was formed 29 days after duraplasty.

A B C

A @ The dura was incised in a U-shape with the decompressive hemicraniectomy.
B : The dural stump was covered with DuraGen.
C : A well-developed new membrane was seen after 44th days from the duraplasty.

DuraGen % BRI B H61C B D WS, BB 2 IR W 2 2 L
OB L D b 20 SFEEEERE M CHEMGT X, T o BBH B b 37
SR L7 e T A EED D S . OHGE T OEE A BB A 5 100
H AL & SRR B R S T 2 I B 2 EHC, Aoz ks
HIERGEE & DuraGen i & DK TH 5. Fx OFiETld, DuraGen ZfHH L7
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I 2 EHOFANE, BB T, BB S e IR o Tl &
DIRRMDDDB EVHIRERTHo72. I T =7 U3 M) 7 AWK L DRAE XV

ooV, W EOBEICBLT
LAHEBEOTEEICEELTVWLIIDEEL LN

DuraGen 2/ L7254 &,

A ZE DD TR E ITEESRO5NS Z
) O i A i %

ePTFE 7 Mo N TR Z w7236 L T, 2HH

DFEE & DREELET 2 P OHEBRGEH IS5 HRLEPS Lz, 725 R O%ER
W, BRI IS S A e B AR L & M 7e 2 o 72 3BT B 23 2 VW b DI, B
MOWBIEZ L hro2Blb b, —IiAERE DM SN2y, B

DI @ > THERTHICRIAL TH Y WP RZE L 2FbH ),

fRE LTS

 DFEFTEMOMBEER 2 LEE Lz, ZORIESHRRF ORI D 5.
ARBFFEDRG & LTI, WIRRY % 8153 & RIS HRR 2 fERD L 728113 1 B3 &3,

WA EIN-%

W72\,

< DWBHHMLIEAS,
TR AN BT B L E 2 OB REIRER, Bk L0 IK

BE\ZH MR &) PRI TH LR TH L. F
BIFZE ST

(AR 1% 2 cm FREELL T E 2B X)L 72D 00X KE D5

BbEENTBY, KIBHEPHOK X SPF MO MR EEST LRl 5.
FROMEZH L D00, HAMEA40 HLEEZ HLIZHER SN S HIZ5#
DuraGen Z il L7 BOFHiz479 LT, —BcahEr3inLEz 5hi.

B
]

V. I‘E

RE BBAMT 12 B 1T 5 DuraGen % F W 72 FE TS K 13 22 4

WCEMRRETH Y, AHE

TERLtk 40 H DREIZAREY 3 & OSHLRRSA B9 (S RE R A ARl S 7z,

FHDBIATMLOFIERICH LT, FHRTRE COLIEZAW.
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