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Objective. To study cerebrospinal fluid (CSF) changes after the duraplasty
with autologous fascia, collagen-based material and chitin-chitosan membrane
in early and late postoperative periods.

Materials and methods. Chitosan-based films were made out of 3% solution
of chitosan for the research. We used 200 kDa chitosan (deacetylation rate
80-90%) to produce chitin-chitosan membrane by using solvent evaporation
method. For enhancing mechanical properties and reducing the degradation,
chitin particles were added to the chitosan solution. Chitosan and chitin ratio
was 80/20. The chitin/chitosan solution in Petri dishes was being dried out
during 3 days at room temperature.

Cerebrospinal fluid composition has been studied after the duraplasty with
autofascia, collagen-based material and innovative chitosan-based graft
in early and late postoperative periods. The duraplasty was performed by
applying these materials to 90 Chinchilla rabbits breed. Animals were divided
into three groups: I group — duraplasty using the fascia lata autograft, II
group — duraplasty with the collagen-based material, III group — duraplasty
using the chitin-chitosan membrane. The animals in the II and III groups were
divided into 2 subgroups: A — plasty without fixing the material, B — plasty
with fixing the material using atraumatic suture. CSF composition was studied
before and after the operation had been performed in 2 weeks, 2 and 6 months.

Results. The results of our study demonstrated the increase in density and
protein level, the decrease in pH and glucose level and the extreme increase
of cells, mostly neutrophils after the use of fascia lata for dural closure. At the
same time, there were no substantial changes after dural closure with artificial
collagen- and chitosan-based materials, the CSF composition normalized in
2 months after operation.

Conclusion. The use of autologous fascia for duraplasty leads to an acute
response of the cerebrospinal fluid in the early postoperative period and to
residual pleocytosis. The chitosan-based graft application was followed by
no complications at 6 months after surgery and only slight CSF response
in the early postoperative period. There wasn’t any significant difference in
CSF composition in chitosan- and the collagen-based material usage. Given
the lack of changes in SCF tests between suture and no suture graft fixation
except for a slight increase in erythrocyte number in the early postoperative
period, the choice of material fixation method is entirely dependent on the
clinical situation and does not affect the cerebrospinal fluid state.

Keywords: cerebrospinal fluid; dura mater; duraplasty; implant; substitute;
chitosan
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MerTa: BMBUYMTH 3MiHM CMMHHOMO3KOBOI PiANHM NIiCS MIACTUKU TBEPAOi MO3KOBOI
o6onoHkn (TMO) aBTOMOrivYHO acuiero, maTepiasioM Ha OCHOBI KoslareHy Ta
XITUH-XiTO3aHOBOI MeMbBpPaHOI0 B paHHIW Ta Ni3Hil nicnsgonepauinHmuin nepioa.

MaTtepianun i Mmetoamn. XiTo3aHOBI NANiBKM ANS AOCNIAXEHHS 6ynu
BUroToBneHi 3 3% po34uHy XxiTo3aHy. BukopuctosyBanu xito3aH 200 k[a
(cTyniHb peaueTunioBaHHs — 80-90%) ANsS oTpUMaHHA MeMbpaHu MeToAOM
BWUMapoByBaHHSA PO34YMHHMKA. NS NOCUNEHHSA MeXaHiYHUX BIacTUBOCTEN
Ta 3HUXEHHS 4Yacy Aerpajauii 40 pO34YMHY XiTO3aHy AoAdaBann XiTUHOBI
yacTuHku. CniBBiAHOWEHHSA XiTO3aHy Ta XiTUHY cTaHoBuno 80:20. XiTuH-
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XiTO3aHOBUW pO34MH Yy vawkax [MeTpi BucywyBann npotarom 3 ai6 npwu
KiMHaTHilh TeMnepaTypi.

BuBuanm cknaa CNMUHHOMO3KOBOI PiAMHK Micnsg niaacTuku aeBTodacuieto,
MaTepiasioM Ha OCHOBi KONlareHy Ta iHHOBAUiMHWM iMNI@HTAaTOM Ha OCHOBI
XiTO3aHy B paHHiM Ta Ni3HiIN nicngonepauinHuin nepioa. Y AOCNiAXEHHI
BUKOpUCTaHo 90 KpoNiB NOPOAM WWMHLINA, SKUM MPOBOANAN NiacTuky TMO
3a3HayeHMMM mMaTepianamMmu. TBapuH po3noAinnnu Ha Tpu rpynu: rpyna I -
naacTuka 3 BUKOPUCTaHHAM fascia lata, rpyna Il - nnacTuka matepiasioMm Ha
OCHOBI konareHy, rpyna III - nnacTnka XiTUH-XiTO3aHOBOI NAIBKO. pynu
IT Ta III nominunwu Ha ABi niarpynu: A - nnactuka 6e3 dikcauii matepiany,
B - nnacTuka 3 dikcauieo maTepiany 3a 4ONOMOrol aTpaBMaTUYHOrO LWBaA.
Cknaa CNMMHHOMO3KOBOI piANHN BMBYanuW A0 onepauii Ta yepe3 2 Tux, 2 i
6 wmic.

PesynbTtaTtn. llicha BuKopucTaHHs astodacuii Ana nnactunku gedexkty TMO
Bil3HaYE€HO 3pOCTaHHA NMTOMOI Barn CMMHHOMO3KOBOI piAMHW Ta BMICTY binka,
3MeHLEeHHA pH i piBHA MIOKO3W, BUPAXEHUN NJIENOLUTO3 3 NepeBaKkaHHAM
nenkounTiB. 3aCTOCYBaHHA KoJflareHBMicHOI MeMbpaHu Ta XiTO3aHOBOI NAiBKK
He CMPUYMHAE CYTTEBI 3MiHWM CMMHHOMO3KOBOI PiANHU, KA NOBEPTAETLCA A0
HOpMM Yyepes 2 Mic nicna NNacTuku.

BucHoBKM. 3acTocyBaHHS aBTodacuii ana nnactukn TMO npussBoauTb
[0 roCcTpoi peakuii CMMHHOMO3KOBOI pPiANMHW B paHHiIN nicnsonepauiiHuii
nepioa i 3anuMWKOBOro niaerounTosy. Micns BUKOPUCTAHHSA XiTO3aHOBOI
NniBKM cnocTepirann He3HayHy peakuild CMMHHOMO3KOBOI PiAMHU B paHHil
nicnaonepauiiHniA nepioa Ta BiACYTHICTb yCKiaAHeHb yepe3 6 Mic nicns
onepauii. He BUSBNEHO CTaTUCTUYHO 3HAYYLLOT Pi3HMLI Y CK1aAi CMMHHOMO3KOBOT
piAvHWM Nicns 3acTOCyBaHHS MaTepianiB Ha OCHOBI XiTO3aHy Ta KonareHy. 3
Ornsay Ha BIACYTHICTb CYTTEBOI pi3HUUI B CKMadi CMMHHOMO3KOBOI PiAUHU
npu pisHMx BuAaax dikcauii matepiany, 3 niglwWmnBaHHAM Ta 6€3, 3a BUHATKOM
He3Ha4yHOoro 36iNblIEeHHS KiNbKOCTI epUTPOUMTIB Y paHHIN nicnsonepauiiHnii
nepioa, Bubip meToay ¢ikcauii MaTepiany 3anexuTb Big KNiHiYHOI cuTyauii Ta
He BMN/IMBA€E Ha CTaH CAMHHOMO3KOBO| PiAVUHMN.

KnwouyoBi cnoBa: cnimHHOMO3KoBa pignHa; TBepAa Mo3KoBa 060J/10HKa;
rnaacTmka TBepAoi MO3KOBOI 060J/I0HKM, iMMIaHTAaT; XiTo3aH

CocTaB CMMHHOMO3roBOM XXUAKOCTU NOCJ/Ie NJ1IACTUKU TBEepAou
MO3roBoi 060/104KMN pa3HbIMU 3aMEHUTEJIAMU B paHHUW U NO3AHUNA
nocneonepauvuoHHbIi nepuopg (3KCnepuMeHTasibHOe uccsieqoBaHue)
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Llenb: M3yuYnTb U3MEHEHUS CMMHHOMO3rOBOW >XWAKOCTM MOC/e MAacTUKu
TBEpPAOM MO3roBor o6ono4vkn (TMO) ayTonormyHom pacumen, matepmanom Ha
OCHOBE KoOJJlareHa U XMTUH-XMTO3aHOBOW MeMbpaHOW B paHHUA MU MO3AHUN
nocsieonepaunmoHHbIA Nepuoa.

MaTepuanbl 1 MeToAabl. XMTO3aHOBblEe MNEHKN ANA nccnenoBaHusa 6biim
M3roToBneHbl U3 3% pacTBopa xuTosaHa. Mcnonb3oBann xutosaH 200
k[a (cTteneHb aeauetTunupoBaHms — 80-90%) ans nonydeHuss membpaHbl
MEeTOAO0M UCnapeHus pacTeoputens. ns ycuneHns MexaHu4yeckux CBOMUCTB
N YMEeHblLUeHNa BPEeMeHW Aerpajauumn K pacTBOpy xumTo3aHa pobasnsinu
XUTUHOBbIE YacTuubl. COOTHOLWEHNE XUTO3aHa U XuTuHa coctasuno 80:20.
XUTUH-XMTO3aHOBbIN pacTBOP B Yalwkax [eTpu BbiCylIMBanuM B TeyeHne 3 cyT
npu KOMHaTHOM TemnepaType.

M3yyanu coctaB CNMMHHOMO3rOBOM XWAKOCTM Nocne niacTukmn aytodacumen,
MaTepuasioM Ha OCHOBe KojiflareHa U MHHOBAUMOHHbLIM MMMNAAHTaTOM Ha
OCHOBE XMTO3aHa B pPaHHMN W MO34AHMI MOCNEeOoNnepaunoHHbI nepuoa. B
nccnefoBaHMm Mcnonb3oBaHbl 90 KPOMMKOB MOpoOAbl LWWMHLWKWANG, KOTOPbIM
nposoannu nnactuky TMO ykasaHHbIMW MaTepunanamMn. XKNBOTHbIX pa3aenunim
Ha Tpu rpynnel: rpynna I — nnactuka ¢ ucnonb3oBaHueM fascia lata, rpynna
II - nnacTuka MaTepuasnoM Ha OCHOBe kosuiareHa, rpynna III - nnacTtuka
XUTUH-XNTO3aHOBOW naeHkon. Mpynnbi II n III pasgenunu Ha aBe noArpynnbl: A
- nnactuka 6e3 pukcaumm matepuana, B - nnactuka c pukcaumen matepmana
C NMOMOLLbl aTpaBMaTmyeckoro wea. CocTtaB CMMHHOMO3TOBOM XUAKOCTU
n3y4yanu Ao ornepauum un yepes 2 Hea, 2 1 6 Mec.

PesynbTaTtbl. [locne ncnonb3oBaHua aytodacumm Ansg nnacTuku
Aedekta TMO oTMeYeHO yBenMYeHUe yAeflbHOro Beca CMMHHOMO3roBOM
XWAKOCTU U copepxaHua 6enka, yMeHblweHne pH v ypoOBHSA TNOKO3bI,
BblpaXX€HHbIN NaenoumTo3 c npeobnagaHnem nenkoumTos. [puMeHeHne
KonnareHcogepxauwen mMemMbpaHbl U XMTO3aHOBOW MJIEHKM HE Bbi3blBAET
CYLLECTBEHHbIX U3MEHEHWNI CMTMHHOMO3rOBOM XWAKOCTK, KOTOPas BO3BpaLlaeTcs
K HOpMe yepes 2 MeC nocne naacTuku.
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BbiBOAbI. [pMeHeHMe ayTodacumm Ansg nnactukm TMO npuBoAUT K OCTPOM
peakunm CMMHHOMO3rOBOM XNAKOCTU B PaHHWI NOCNE0nepaLMOHHbI Nepnos
M OCTaTOYHOMY nnenoumTo3y. [ocne MCNoib30BaHUS XMTO3AHOBOW MAEHKUN
HabnaanM He3HauYNTENbHYO peakLnio CMMHHOMO3rOBOM XXUAKOCTU B PaHHWUI
nocsieonepaunoHHbIn NEpUOA 1 OTCYTCTBUE OCNIOXHEHUI Yepe3 6 Mec nocrne
onepauunn. He BbIABNEHO CTaTMCTUYECKW 3HAYMMOW pasHULbl B COCTaBe
CMWUHHOMO3rOBOW XWAKOCTM MOCNe NPUMEHEHUS MaTepuanoB Ha OCHOBE
XMTO3aHa M KonnareHa. YumTbiBas OTCYTCTBME CYLECTBEHHOW pa3HULUbl B
CcoCTaBe CMMHHOMO3r0BOW XMAKOCTU NPU pasHblX BUAaxX pukcaunm matepuana,
C noawunBkon u 6e3, 3a UCKAKYEHNEM HE3HAUYUTENIbHOro yBesIn4yeHuns
KONMMYyecTBa 3pUTPOLMTOB B PaHHWUI MOCAeonepauuoHHbIi nepuos, Bbibop
MeToAa dhukcaumm matepmana 3aBUCUT OT KJIMHUYECKOW CUTYaLMn U He BnseT
Ha COCTOSAHME CMMHHOMO3r0BOM XUAKOCTU.

KnroueBble cnoBa: CriMHHOMO3roBasi XXuAKoCTb, TBEpAasi MO3rosasi obosioyka;

naacTmka TBEpAOY MO3roBori 060/104YKU; UMIIAHTAT, XUTO3aH

Introduction

The need for substitution of lost native dural tissue
arises in the presence of its traumatic or neoplastic
destruction, after operative procedures, when the
dura mater is involved [1-3]. The applying of patient’s
fascia lata is the classic method. This technique has its
advantages due to the absence of an immune response
to the native material, ease of execution and lack of
the financial burden on the patient or clinic. But both
the probability of postoperative complications and an
additional trauma limit the use of this technique [4,
5]. To date, numerous medical products have been
developed for the dura mater replacement based on
natural (collagen) and synthetic materials.

An ideal dural substitute should not induce
neurotoxicity, should be biocompatible, should have no
allergenic and antigenic properties and have a relatively
low cost [6, 7]. Most of the available materials do
not fully meet all requirements, thus this encourages
the development of new implants for duraplasty.
Biocompatible implants can be developed on the base of
natural polysaccharide chitosan and its derivatives [8].

Chitosan is biodegradable, non-toxic and
biocompatible material with antibacterial properties and
the ability to stimulate regeneration, does not induce an
immunological response [9, 10]. A reasonable cost of the
material is also one of the advantages. Recent studies
have shown the benefits of chitosan-based materials
for skin plastic and the treatment of burns and trophic
ulcers, for the hemostatic purpose [11]. Unfortunately,
there is a few of information concerning the use of
chitosan-based materials as a dural substitute.

Objective: To study cerebrospinal fluid (CSF)
changes after the duraplasty with autologous fascia,
collagen-based material and chitin-chitosan membrane
in early and late postoperative periods.

Materials and methods

Graft preparation

Chitosan-based films were made out of a 3% solution
of chitosan (molar masses 200 kDa, deacetylation rate
80-90%). Firstly, 10 ml of 3% solution of chitosan in
1% acetic acid was poured onto a round teflon support
(with a diameter of 8 cm) until the height of the solution

layer reached 5 mm. Then the solvent was evaporated
at room temperature for 48-72 h. The obtained film was
treated with 5% NaOH for 2 h, washed frequently with
distilled water and then incubated in a 10% aqueous
solution of glycerine for 30 min in order to enhance
elasticity and softness. Chitin particles (1-2 mm) were
added to the chitosan solution to enhance mechanical
properties and reduce the degradation rate of the film.
Chitosan and chitin ratio was 80/20. The chitin particles
were dispersed by stirring within the volume of a viscose
solution to form a homogeneous solution. The solution of
chitin/chitosan was placed into Petri dishes and dried for
3 days at room temperature [12, 13]. After the drying,
materials had a visually smooth lower surface and a
rough upper surface (Fig. 1A).

For the duraplasty, we used a membrane made
from 200 kDa molecular weight chitosan because of
the results of the previous experiments. They have
shown antibacterial properties and significant better
cell viability [14].

Design of the experiment and surgery

We used 90 Chinchilla breed rabbits for the
experiments, which were divided into three groups:

I group (18 animals) — duraplasty using the fascia
lata autograft.

II group (36 animals) — duraplasty using the
collagen-based material.

III group (36 animals) — duraplasty using the chitin-
chitosan membrane.

The animals in the II and III groups were divided
into 2 subgroups:

A — plasty without fixing the material,

B — plasty with fixing the material using atraumatic
suture.

The duraplasty procedure was as follows: after
general anaesthesia (ketamine 10 mg/kg) and peripheral
vein catheterization, the animals’ heads were shaved
from the superciliary arch to the ear butts. The surgical
site was treated with C-4 solution and then a T-shaped
incision was made: the transverse incision was made
in the frontal plane between the ear butts; the vertical
incision was made from midline directing almost to
the bridge of the nose and it was perpendicular to
the transverse incision. The triangular skin flaps were
retracted. The transverse incision was made at a distance

This article contains some figures that are displayed in color online but in black and white in the print edition

http://theunj.org



Ukrainian Neurosurgical Journal. Vol. 25, N4, 2019

53

Figure 1. Chitin-chitosan membrane (A) and intraoperative appearance of duraplasty in experiment using
artificial material (B): 1) edge of bone defect; 2) dural defect edge; 3) chitin-chitosan membrane

0.5 cm from the point of attachment to the bone in
order to expose the temporal muscle. At the place to
be trepanned, the periosteum was separated in a lateral
direction with a bone rasp. The hole was drilled using
a trepan with a sharp point of 0.5 cm diameter. Using
the Luer and Liston forceps, a trepanation opening was
created and the sharp edges were scraped. If it was
necessary, bleeding was stopped in the diploe. A cross-
shaped incision was created in the dura mater. The fascia
lata was placed in the dura mater and was sown up with
atraumatic suture material [12].

Atraumatic suture material was also used for the
fixing in the subgroup B of the II and III groups to compare
the effectiveness of fixing of the membranes. Suture
material was not used for the subgroup A of the II and
ITT groups because of good adhesion properties of the
collagen-based and chitosan-based implants. The implant
larger than the defect was placed between the undamaged
dura mater and internal bone surface (Fig. 1B).

Than myorrhaphy was conducted without closure
of the bone defect; the wound was closed with simple
interrupted sutures and we applied an aseptic dressing.

The follow-up of the experiment was 2 weeks, 2 and
6 months after the operation.

Cerebrospinal fluid research

Cerebrospinal fluid was collected at all experimental
time-points. General anaesthesia (ketamine 10 mg/
kg) and peripheral vein catheterization were provided
before manipulation. Using standard 10ml syringe, 2
ml of cerebrospinal fluid was taken through the dura
mater puncture 5-7 mm back from the edge of the
implant avoiding brain tissue trauma. We studied the
following indicators: clarity, density (using the method
of Gauzner S.I. et al.), pH by pH-meter (A=+0.05)
“CyberScan pH/Ion 510” (Germany), protein level by
biuret test and glucose level by glucose oxidase method,
using reagent kits “Lachema” (the Czech Republic), the
cellular components.

P-value test was used to assess the difference
between groups using GraphPad Prism 8.0 software
(free-access). Before statistical analysis, all data were
assessed for normal distribution using GraphPad Prism
8.0 software. Statistical significance was assumed at a
confidence level of 95% (p<0.05).

The study was carried out in accordance with the
principles of bioethics, regulated by the European
Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes
(1986), Directive 2010/63/EU “On the Protection of
Animals Used for Scientific Purposes” (2010), the Law of
Ukraine No. 3447-1V “On the Protection of Animals from
Cruelty” (2006) and approved by the Ethics and Bioethics
Commission of Kharkiv National Medical University
(Minutes No. 1 of 01/02/2012).

Results and discussion

Cerebrospinal fluid of the animals before the
operation was crystal clear. The density was 1.004-
1.007, pH — 7.3£0.3. The protein and glucose level was
0.27+£0.06 g/l and 4.2+0. 18 mmol/l, respectively. Cells
were rare, near 2 x 10%/1. Small lymphocytes, which are
the body immunologically competent cells, prevailed.
Acute inflammation cells (neutrophils) and erythrocytes
were not found in CSF of the animals.

CSF became less clear after 2 weeks after the
duraplasty with fascia lata, density increased up to
1.014 (p =0.034), which could indicate both bacterial
inflammation and reaction to the foreign body. Significant
decrease in the cerebrospinal fluid pH to 6.6+0.4
(p=0.021) was the confirmation of the inflammation
hypothesis. The presence of a pathological inflammatory
process in the subarachnoid space was also confirmed
by an increase in protein level to 0.41+0.04 g/l (p=0.04)
and a decrease in glucose concentration to 3.47+0.13
mmol/l (p=0.02).

Sediment microscopy revealed an increase in the
absolute number of cells up to 280 x 10%/I (p=0.001),
which is characterized as a pleocytosis and is observed
in inflammatory processes. Microscopy did not reveal
bacterial cells, but the percentage of neutrophils was
65% of the total number of cells, which indirectly
indicated the presence of bacterial inflammation.
Lymphocytes (23%), monocytes (7%) and erythrocytes
(5%) were found in the cerebrospinal fluid in addition
to neutrophils in the animals’ CSF. The presence of the
erythrocytes may be associated with vessels injury
during plastic and implant suturing. Inflammatory
response of the cerebrospinal fluid decreased in 2
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months after the duraplasty, which is characterized by
the normalization of the density up to 1.009 (p =0.064).
However, this indicator still did not reach the level of
healthy animals. Instead, the cerebrospinal fluid pH was
7.2£0.5 (p=0.12), reaching preoperative levels. Protein
level decreased unreliably from the previous term — up
to 0.38 g/ (p=0.046) while the glucose level normalized
up to 4.12 mmol/l (p=0.12). The cerebrospinal fluid cell
composition was almost unchanged from the previous
observation period: the percentage of neutrophils was
57%, lymphocytes — 31%, monocytes — 12%. Instead,
microscopic examination revealed no erythrocytes
in the samples. The number of cell elements was
significantly reduced compared to the previous term
— up to 100 x 10%/I (p =0.001), despite the constancy
of cell composition, that corresponded to medium
pleocytosis. There was complete normalization of
the animals’ cerebrospinal fluid in 6 months after the
duraplasty with the use of autologous fascia (Table 1).
Density, protein and glucose decreased to the level of
healthy animals. The number of cell elements remained
a little bit increased — 14 x 109/l (p =0.01), the most
part of them were small lymphocytes — 95% and only
5% were neutrophils.

The dural closure with collagen-based graft resulted
in less evident changes in CSF after 2 weeks compared
with animals that used a fascia lata. However, we did
not find a significant difference between the suture
and non-suture subgroups. CSF density increased
with no significant difference with the control group,
fluid pH became significantly reduced up to 6.8+0.3
(p =0.038) in subgroup IIB. The use of collagen may
lead to the tissue immune response stimulation,
resulting in the development of acidosis. Protein levels
in the cerebrospinal fluid also increased and reached
0.36%+0.05 g/l and 0.38+0.03 g/I, respectively to the
subgroups, indicating the presence of an inflammatory

Ukrainian Neurosurgical Journal. Vol. 25, N4, 2019

process. However, the glucose level did not change and
did not exceed 4.1£0.09 mmol/l (p =0.17). Moderate
pleocytosis with a significant increase in the number of
cells up to 150 x 10%/1 (p =0.001) in subgroup IIB with
lymphocytes and single erythrocytes prevailed in that
group of the animals. The number of the cells was higher
in the group of the animals with the substitute fixation by
suture. The absence of neutrophils indicated the absence
of an inflammatory process of infectious genesis. The
presence of a large number of lymphocytes along with
increasing protein level might indicate the presence of an
immune response to the foreign protein, but the degree
of its severity was moderate.

After 2 and 6 months, there was complete
normalization of all main indicators of CSF (Table 2),
except for the number of cells in the sediment. The
pleocytosis became 45 x 10%/I (p =0.018) in the subgroup
without implant suture and 60 x 10%/I (p =0.001) in the
subgroup with suture in the next research term. Cell
composition normalized to the 2" month of follow-up.
Small and medium lymphocytes were the prevailing
elements in the sediment as in the previous observation
period.

The use of a chitin-chitosan composite as an implant
did not lead to significant changes in the density and pH
of the cerebrospinal fluid, indicating the relative inertness
of the material. The protein level in cerebrospinal fluid
increased unreliably in the animal subgroup without the
use of suture material and accounted for 0.3+0.05 g/I
(p =0.033). There was a slight but significant protein level
increase up to 0.37£0.07 g/l (p =0.01) while using the
implant suture fixation, which might be a consequence
of the reaction to the suture material or additional dura
injury. Glucose level was somewhat reduced over the
preoperative period, which might be a manifestation of
the general animal body response to surgery. Pleocytosis
corresponded to the previous animal groups level and

Table 1. Cerebrospinal fluid parameters before and after duraplasty with fascia lata in different periods

Parameters Before operation 2 weeks 2 months 6 months
Density 1.005 1.014* 1.009* 1.006
pH 7.3£0.3 6.6+0.4* 7.2+0.5 7.4+£0.3
Protein (g/I) 0.27£0.06 0.41+0.04* 0.38+0.03* 0.29+0.06
Glucose (mmol/I) 4.20+0.18 3.47+0.13%* 4.12+0.18 4.25+0.21
Cell number/I 2 x 10° 280 x 106* 100 x 10°6* 14 x 106*

* P <0.05

Table 2. Cerebrospinal fluid parameters before and after duraplasty with collagen-based material in different

periods
Before 2 weeks 2 months 6 months

Parameters operation Subgroup Subgroup Subgroup Subgroup Subgroup Subgroup

IIA IIB IIA IIB IIA IIB
Density 1.005 1.07 1.006 1.003 1.004 1.005 1.007
pH 7.3+0.3 6.9+0.3%* 6.8+0.5% 7.1+£0.2 7.2+0.1 7.2+0.5 7.3£0.3
(Pgr?f)ei” 7.340.3 6.9+0.3* | 6.840.5% | 7.1£0.2 7.240.1 7.240.5 7.3£0.3
?n'qunﬁglsﬁ) 4.20£0.18 | 4.10+£0.09 | 4.00+0.12 | 4.30+0.15 | 4.40+0.08 | 4.10£0.19 | 4.00+0.23
gSHﬁber/l 2 x 10° 110 x 106* 150 x 106* 45 x 106* 60 x 106* 3 x 10° 3 x 10°
* P <0.05
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Table 3. Cerebrospinal fluid parameters before and after duraplasty with chitin-chitosan based material in
different period

Before 2 weeks 2 months 6 months

Parameters operation Subgroup Subgroup Subgroup Subgroup Subgroup Subgroup

IIIA IIIB IIIA 1IIB IIIA IIIB
Density 1.005 1.007 1.006 1.003 1.004 1.005 1.007
pH 7.3+0.3 7.1+0.4* 6.8+0.5% 7.1+0.2 7.2+0.1 7.2+0.5 7.3+£0.3
(Pgr}’lt)e‘” 0.27+£0.06 |0.30£0.05*% |0.37+0.06* [0.26+0.03 |0.24+0.06 |0.28+0.06 |0.26+0.05
(Gn'qunﬁglsﬁ) 4.20+0.18 |3.5+0.1% 3.80+0.05 [4.40+0.06 |4.10+0.16 |4.30+0.11 |4.20+0.14
ﬁﬁl‘nber/l 2 x 10° 95 x 10%  |135 x 105 |4 x 105% 3 x 105% 2 x 106 2 x 106
* P <0.05

was 95 x 10%/l (p =0.001) for the subgroup without
suture fixation and 135 x 10%/I (p =0.001) with suture,
but the main difference was the absence of erythrocytes
in CSF in subgroup IIIA. There was no any significant
difference with the previous group in pH, protein and
glucose level as well as in cell number. Small lymphocytes
are the main cellular elements of the sediment, which
indicates a weak immune response to the implant. The
absence of erythrocytes in the subgroup without suture
may be associated with its atraumatic adhesion fixation
and the absence of injury of the dura vessels. All the
CSF parameters came to the preoperative level after 2
months, including the cell number of the sediment, which
was 4 x 10%/1 (p =0.09). This parameter is an important
indicator of the safety of chitin-chitosan implant, unlike
collagen-based graft, when after its using moderate
pleocytosis persists.

The CSF parameters were not significantly different
from the control after 6 months after duraplasty
(Table 3).

Discussion

An ideal dural graft should be biocompatible, should
not be allergenic and neurotoxic, have to stimulate
regeneration in addition to the basic function of good
watertight closure. Besides, control of the inflammatory
process and the presence of antibacterial properties are
desirable [15]. In clinical practice auto- and xenografts
and materials based on synthetic and natural derivatives
are used today. The use of auto- and xenografts is limited
due to a number of complications that occur both at the
material receiving stage and after operations. Artificial
implants, especially of biological origin, are being used
more actively now. Numerous studies report about
a number of complications even after using of these
materials [1, 4, 5].

Researches studying the effectiveness of chitosan-
based materials for duraplasty are scarce. Furthermore,
chitosan has proven efficiency in the skin and bone
plastic defects that give prerequisites of its using for
duraplasty grafts [16, 17].

Unfortunately, pure chitosan-based materials are
poorly resistant to biodegradation and are destroyed
during the physical intervention [18, 19]. Therefore, it
is advisable to use its complex compounds, particularly
with chitin. Our study has shown that the chitin-chitosan
membrane is completely biocompatible, does not
cause allergy and implant rejection. The same results

have been confirmed by numerous in vitro and in vivo
researches [11, 20]. Chitosan has anti-inflammatory
and antibacterial properties that significantly reduces
inflammatory manifestations in the cerebrospinal fluid
analysis and reduces the number of bacterial cells.
Normalization of cerebrospinal fluid tests has been seen
within 2 months after surgery, as opposed to the groups
using fascia lata and collagen-based material. There is no
information about the clinical or experimental application
of chitosan-based graft but the results of our experiment
coincide with others with an application of collagen-based
experimental grafts [21].

Conclusions

1. The classical technique of using autofascia
for duraplasty leads to an acute response of the
cerebrospinal fluid in the early postoperative period and
to residual pleocytosis.

2. The chitosan-based material application was
followed by only slight CSF response in the early
postoperative period and no complications at 6 months
after surgery in our study. The study found no significant
difference between the innovative chitosan-based
material and the commercial collagen-based one.

3. The study didn’t show any differences between
suture fixation and adhesion of the duraplasty substitute
except for a slight increase in erythrocyte number in
CSF in the early postoperative period. Thus, the choice
of material fixation method is entirely dependent on the
clinical situation and does not affect the cerebrospinal
fluid state.
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