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Proshield® (Organosilane Quaternary Amine)
Coated Silicone Catheters: Do They Have Any

Effect on Bacterial Colonisation and
Tissue Histopathology?

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Cat he ter-re la ted in fec ti ons are se ri o us prob lems in cur rent sur gi cal prac-
ti ce. New co a ting ma te ri als ha ve be en pro du ced to eli mi na te the in fec ti ons. We ai med to eva lu -
a te the an ti in fec ti o us ef fects of Pros hi eld® “or ga no si la ne qu a ter nary ami ne ” (Na no Tech no logy
Mar ke ting Com pany -Is tan bul) co ated cat he ters. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Twenty one Spra qu e-
Daw ley rats we re equ ally di vi ded in to thre e gro ups. In all rats, one Pros hi eld co a ted and one
non-co a ted cat he ter we re pla ced in the sa me spa ce. In gro up A, the cat he ters we re put in the ab-
do men, in gro up B in to the blad der and in gro up C in the sub cu ta ne o us spa ce. In all rats, cul tu -
red 106 cfu/ml bac te ri a  we re gi ven to sa me pla ce with the cat he ters (S.au re us in to ab do men and
sub cu ta ne o us tissue, E. co li in to blad der). Fif te en days af ter sur gery, the cat he ters we re re mo ved,
mic ro bi o lo gic and his to pat ho lo gic analy ses we re ma de. RRee  ssuullttss::  In both pros hi eld co a ted and
non-co a ted cat he ters, si mi lar his to pat ho lo gic fin dings we re ob ta i ned. In all gro ups, pros hi eld co -
a ted cat he ters had less co lo ni za ti on compared to non-co a ted cat he ters, but the dif fe ren ce was
not sig ni fi cant (p> 0.05). CCoonncc  lluu  ssii  oonn::  An ti sep tic or an ti bi o tic-so a ked cat he ters are pro ducts to
avo id in fec ti ons pro ven by many stu di es and ha ve dec re a sed bac te ri al co lo ni za ti on ra tes com pa -
red to the stan dard non-co a ted cat he ters. Li ke wi se, Pros hi eld co a ted cat he ters may al so be be n-
e fi ci al aga inst bac te ri al co lo ni za ti on, but new tech no lo gi es are re qu i red to pro du ce mo re ef fec ti ve
cat he ters. 

KKeeyy  WWoorrddss::  Cat he ter-re la ted in fec ti ons; uri nary cat he te ri za ti on; cat he te ri za ti on, cen tral ve no us

ÖÖZZEETT  AAmmaaçç::  Gü nü müz cer ra hi sin de ka te ter iliş ki li en fek si yon lar cid di prob lem oluş tur mak ta dır.
En fek si yon la rın eli mi nas yo nu için ye ni ma ter yel ler le kap lı ka te ter ler üre til miş tir. Pros hi eld®-“or -
ga no si la ne qu a ter nary ami ne ” (Na no Tech no logy Mar ke ting Com pany-İstan bul) ile kap lı ka te ter -
le rin an ti en fek si yöz et ki le ri ni de ğer len dir me yi amaç la dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Yir mi bir Spra gu e-
Daw ley sı ça nı eşit ola rak üç gru ba ay rıl dı. Bü tün sı çan la rın her bi rin de bir ta ne Pros hi eld kap lı bir
ta ne ise Pros hi eld ile kap lı ol ma yan ka te ter ay nı böl ge ye yer leş ti ril di. Grup A’ da ka ter ter ler ka rı -
na, Grup B’de me sa ne ye, Grup C’de ise sub kü ta nöz sa ha ya yer leş ti ril di. Bü tün sı çan lar da kül tür len -
miş 106 cfu/ml bak te ri ka ta ter le ay nı böl ge ye (S. au re us ka rı na ve sub kü tan ala na, E. Co li me sa ne ye)
ve ril di ler. Cer ra hi den 15 gün son ra ka te ter ler çı ka rı la rak mik ro bi yo lo jik ve his to pa to lo jik in ce le -
me ya pıl dı. BBuull  gguu  llaarr:: Hem Pros hi eld kap lı hem de kap lı ol ma yan ka te ter ler de ben zer his to pa to lo -
jik bul gu lar el de edil di. Bü tün grup lar da ki Pros hi eld kap lı ka ta ter ler de kap lı ol ma yan la ra gö re da ha
az ko lo ni zas yon göz le nir ken, is ta tis tik sel ola rak ara da ki fark an lam lı lık dü ze yi ne ula şa ma dı (p>
0.05). SSoo  nnuuçç:: En fek si yon la rı ön le mek ama cıy la kul la nı lan an ti sep tik ve ya an ti bi yo tik em di ril miş
ka te ter ler bir çok ça lış may la bak ter iyel ko lo ni zas yon oran la rı nı stan dart kap lı ol ma yan ka te ter le re
gö re azalt tı ğı ka nıt lan mış ürün ler dir. Ben zer şekil de Pros hi eld ile kap lı ka te ter ler bak ter iyel ko lo -
ni zas yo na kar şı ya rar lı ola bi lir fa kat da ha et ki li ka te ter ler üret mek için ye ni tek no lo ji ler ge rek mek -
te dir.     

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Kateter kaynaklı enfeksiyonlar; üriner kateterizasyon; 
kateterizasyon, santral venöz
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n fec ti on is one of the most frequent comp li ca -
ti ons of cat he ters. Cat he ter-re la ted in fec ti ons
in cre a se mor ta lity and mor bi dity ra tes as well

as length of stay and cost.1,2 Many stu di es ha ve be -
en performed to re du ce the risk of cen tral ve no us
cat he ters (CVCs) in fec ti on. Si li co ne and pol yu ret -
ha ne ba sed cat he ters we re fo und to be less throm-
bo ge nic and less li kely to co lo ni ze with pat ho ge nic
mic ro or ga nisms.3 The pre ven ti on, de tec ti on and
tre at ment of the cat he ter-re la ted comp li ca ti ons are
as chal len ging as the pla ce ment. An ti sep tic, an ti -
bi o tic, na no-sil ver, sil ver ze o li te so a ked cat he ters
are in use to dec re a se the se comp li ca ti ons.4-7 Many
ex pe ri men tal stu di es ap pro ve and sug gest the use
of sil ver ion top ho re tic and ion so a ked cat he ters.4,8

Qu a ter nary am mo ni um com po unds are of ten used
as di sin fec tant and an ti sep tic.9 In the re cent ye ars,
an ti bac te ri al ef fects of na no-tech no lo gi cal pro ducts
have been shown.10 New substances that prevent
bi o film for ma ti on are be co ming mo re ac cep ted.
Na no-tech no lo gi cal pro ducts, in par ti cu lar, can
con tri bu te in this re gard.3 Pros hi eld® “Or ga no si la -
ne Qu a ter nary Ami ne’’ (Na no Tech no logy Mar ke -
ting Com pany -İstan bul) is a na no- tech no lo gi cal
pro duct and qu a ter nary am mo ni um com po und.

MA TE RI AL AND MET HODS
Twenty one (ave ra ge 60 days of age) fe ma le Spra -
qu e-Daw ley rats we ig hing 140-160g (ave ra ge 150
g) we re di vi ded in to three gro ups. Pre o pe ra ti vely,

they we re fed ad li bi tum. They we re ho u sed in a
cli ma te-con trol led ani mal ca re fa ci lity with al ter -
na ting 12-ho ur light-dark cycles. Ins ti tu ti o nal an-
i mal et hics com mit te e has ap pro ved the study.

PRE PA RA TI ON AND PLA CE MENT OF CAT HE TERS

1/20 di lu ted Pros hi eld was pre pa red (Fi gu re 1A).
The cat he ter pi e ces we re kept in this so lu ti on for
15 mi nu tes and they were re mo ved and dri ed at ro -
om tem pe ra tu re for approximately 30 mi nu tes.
This pro cess was re pe a ted thre e ti mes tho ro ughly
to obtain pros hi eld co a ted cat he ters. Af ter the third
co a ting pro cess, cat he ter com po nents we re was hed
off for che mi cal re si du es thre e ti mes with ste ri le
dis til led wa ter. Af ter was hing, the cat he ters we re
ste ri li zed with eth yle ne oxi de. Cli ni cal iso la tes of
met hi cil lin re sis tant Staph ylo coc cus au re us iden ti -
fi ed using au to ma ted systems and con ven ti o nal
methods and 106 cfu/ml Staph ylo coc cus au re us so-
lution was given in tra-ab do mi nally and sub cu ta -
ne o usly, 106 cfu/ml Esc he ric hi a co li so lu ti on was
gi ven into the blad der (Fi gu re 1B). One and two
cm-long pros hi eld co a ted and non-co a ted si li co ne
cat he ter pi e ces we re pre pa red (Fi gu re 2A, B). 

All la pa ro to mi es we re per for med thro ugh
mid li ne skin in si ci ons. Two cm-long cat he ters we -
re pla ced in to the ab do men in gro up A and sub cu -
ta ne o us tis su e in gro up C, one cm-long cat he ters
were placed in to uri nary blad der in gro up B, as
shown at Tab le 1. Pros hi eld co a ted and non-co a -
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FI GU RE 1A, B: Pre pa red for co a ting of cat he ters, 1/20 of so lu ti on Pros hi eld (A), 106 cfu/ml S. au re us (pre pa red for in tra-ab do mi nal and sub cu ta ne o us appli-
cation) and 106 cfu/ml E. co li so lu ti on (pre pa red for blad der) (B).



ted cat he ters we re pla ced to the di fer rent si tes wit -
hin the ab do men, sub cu ta ne o us tis su e and uri nary
blad der of the rats (Fi gu re 2 C, D, E).

EVA LU A TI ON OF CAT HE TERS

Rats we re kil led 15 days af ter sur gery. All cat he -
ters we re removed and mic ro bi o lo gi cal and his to -
pat ho lo gic analy sis we re do ne. In tra-ab do mi nal
and sub cu ta ne o us cat he ters we re sur gi cally re mo -
ved. Af ter wards, they we re ino cu la ted on the sur-
fa ce of blo od agar me di um. In tra ve si cal cat he ters
we re ino cu la ted on the sur fa ce of eo sin meth yle ne
blu e me di um (EMB). The mic ro bi o lo gi cal analy sis
was eva lu a ted sta tis ti cally with Mann Whit ney U-
test.

RE SULTS 
Alt ho ugh the cat he ter pi e ces had be en em bed ded
to the right and left si des of ab do men qu i te far

away from each ot her, they were fo und to be as-
sembled in all ins tan ces. The re we re fib rob las tic
pro li fe ra ti on, fib ro us thic ke ning, in cre a se in inf -
lam ma tory cells and me sot he li al cell la yer loss in
gro up A (Fi gu re 3A), sub mu co sal inf lam ma ti on and
con ges ti on and dif fu se eo si noph ylic le u cocy tic in-
fil tra ti on re semb ling an al ler gic re ac ti on with in-
cre a sed mi to ses in blad der epit he li um in gro up B
(Fi gu re 4A). Gro up C sho wed fib ro sis, inf lam ma ti -
on, con ges ti on, chro nic ac ti ve inf lam ma tory pro -
cess and gra nu la ti on tis su e aro und the cat he ters
(Fi gu re 5A). We fo und no sig ni fi cant dif fe ren ce be-
t we en the gro ups in terms of co lony amo unt (p>
0.05). However the mic ro bi o lo gi cal analy sis de -
mons tra ted less co lo ni za ti on on Pros hi eld co a ted
cat he ters com pa red to the non-co a ted ones (Fi gu -
re 6A, B). We had si mi lar his to pat ho lo gic fin dings
on Pros hi eld co a ted and non-co a ted gro ups. Pros -
hi eld-co a ted cat he ters sho wed less bac te ri al co lo -
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FI GU RE 2 A, B: Proshield coated and non-coated silicone catheter pieces.

Groups

Group A (intraabdominal) n= 7 2 cm-long Proshield coated and non-coated silicone catheter pieces were placed into the right and

left sides of abdomen, and abdominal cavities were closed after the contaminating 

by 106 cfu/ml Staphylococcus aureus.

Group B (intravesical) n= 7 1 cm-long Proshield coated and non-coated silicone catheter pieces were placed intravesically and 

bladders were closed after the contaminating by 106 cfu/ml E.coli.

Group C (subcutaneous) n= 7 2 cm-long proshield coated and non-coated silicone catheter pieces were placed into the right and 

left sides of subcutaneous tissue and the tissue wassutured after the contaminating 

by 106 cfu/ml Staphylococcus aureus.

TABLE 1: Groups and transactions.



ni za ti on in all gro ups, but the dif fe ren ce was not
sig ni fi cant (p> 0.05) (Table 2).

DIS CUS SI ON 
The use of cen tral ve no us cat he ters (CVCs) in
chil dren is in cre a sing. Ho we ver, they can ca u se
se ve re and oc ca si o nally li fe-thre a te ning comp li -
ca ti ons.11 Cat he te ri za ti on was per for med in 100%
of the pa ti ents with uri nary tract in fec ti on in the
in ten si ve ca re units.12 The re fo re, pre ven ti on of
comp li ca ti ons has ma jor im por tan ce. The in ci -
den ce of cat he ter-re la ted sep sis is va ri ab le and re-
por ted to be bet we en 4-14%.13,14 The se in fec ti o us
comp li ca ti ons are an im por tant and po ten ti ally
avo i dab le so ur ce of iat ro ge nic mor bi dity and mor-
ta lity.4 Staph ylo coc ci are the most com mon pat -
ho gens and ac co unt for 50-75% of all cat he ter-
re la ted bac te re mi a.1,2

An ti sep tic or an ti bi o tic so a ked cat he ters are
pro du ced to avo id in fec ti ons and a number of stu -
di es ha ve shown that they dec re a se bac te ri al co lo-
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FIGURE 2 C, D, E: Placement of catheters in to the abdomen, bladder and subcutaneous.

FI GU RE 3A: Fib rob las tic pro li fe ra ti on, fib ro us thic ke ning du e to in cre a sed fi-
b ro us con nec ti ve tis su e, in cre a se in inf lam ma tory cells and me sot he li al cell
la yer lost in gro up A (HE, x200).

FI GU RE 4A: Submucosal inflammation and congestion and diffuse eosino-
phylic leucocytic infiltration resembling any allergic reaction with increased
mitoses in bladder epithelium in group B (HE, x100).

FI GU RE 5A: Chronic active inflammatory process and granulation tissue
around the catheter in group C.(HE x100)



ni za ti on ra tes com pa red to the stan dard non-co a -
ted cat he ters.4-6 An ti bi o tic (van komy cin/te i cop la -
nin or mi nocy cli ne + ri fam pi cin), an ti sep tic
(chlor hek si din, chlor hek si din + sil ver sul fa di a -
zine) co a ted cat he ters have be en shown to re du ce
the risk of in fec ti on.7 Mer mel et al. stu di ed pre-
ven ti ve ma te ri al so a ked and non-so a ked cat he ters
in res pect to pre vent CVC in fec ti ons as well as an-
ti sep sis, da ily eva lu a ti on of the cat he ters, nur sing
and con ti nu o us he pa rin in fu si on.15 In the in ten si -
ve ca re units, uri nary cat he ter-re la ted in fec ti ons
are al so im por tant.6,16 Na no-sil ver and sil ver ze o -
li te (a mag ne si u m– a lu mi ni um si li ca te) so a ked cat -
he ters are in use to dec re a se cat he ter
in fec ti ons.6,17,18 Many ex pe ri men tal stu di es po in -
ted out the pla ce of sil ver ion top ho re tic and ion
im preg na ted cat he ters.4,8 In a study, Pros hi eld co -
a ted sur fa ces such as me tal, glass and ti le we re
shown to ha ve less Staph ylo coc cus ae rus co lo ni -
za ti on.9 New subs tan ces that pre vent bi o film for-
ma ti on  are be co ming mo re po pu lar.
Na no-tech no lo gi cal pro ducts in par ti cu lar can
con tri bu te in this re gard.3 Pros hi eld is a wa ter-ba -
sed na no-tech no logy pro duct. It can be used on
any kind of sur fa ce ma te ri al and it cre a tes an an-
ti mic ro bi al co ve ring pre ven ting the bac te ri al co lo-
ni za ti on. The sur fa ces co ve red with Pros hi eld
ha ve bac te ri ci dal ef fect on any con ta mi na ting bac-

tery. Sin ce the mec ha nism of ac ti on is re la ted to
na no tech no logy, it is very un li kely for the con ta -
mi na ting bac te ri a to ga in re sis tan ce. It im pe des
the for ma ti on of bi o film la yer, it may pro vi de con-
trol ling the in fec ti ons ca u sed by the bi o film-for -
ming no so co mi al bac te ri a.

In the cur rent study, we fo und that Pros hi eld-
co a ted cat he ters plac ed in tra ab do mi nally, in tra ve -
si cally or sub cu ta ne o usly had less bac te ri al
co lo ni za ti on but this result was not sta tis ti cally sig-
ni fi cant (p> 0.05). His to pat ho lo gi cally, increased fi-
b rob las tic ac ti vity and inf lam ma tory cell
pro li fe ra ti on ha ve be en fo und and con nec ti ve tis su -
e was se en. Alt ho ugh the cat he ter pi e ces had be en
em bed ded to the right and left si des of ab do men
qu i te far away from each ot her, they were fo und
to be uni ted in all ins tan ces. The re fo re, the his to -
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FI GU RE 6A, B: Culture results demonstrated less colonization at proshield coated catheters (A) compared to the non-coated (B) ones.

Colony unit (10n) Mean Std. Deviation

Bladder/non-coated 5.7143 .48795

Bladder/coated 5.2857 .48795

Abdomen/non-coated 5.5714 .53452

Abdomen/coated 4.8571 .69007

Subcutaneous tissue/non-coated 5.2857 .48795

Subcutaneous tissue/coated 5.2857 .75593

TABLE 2: Groups were statistically compared 
the number of colony.



pat ho lo gic eva lu a ti on might not be ob jec ti ve eno -
ugh. We think the da ta ob ta i ned from the cur rent
study is not eno ugh to make a conc lu si on. Fu tu re
stu di es on Pros hi eld co a ted cat he ters may show the
risks and be ne fits in a mo re pro per way. Co a ting
the cat he ters with va ri o us ma te ri als to avo id in fec -

ti ons is an current is su e. When co a ting pro cess of
Pros hi eld cat he ters or con cen tra ti on of the Pros hi -
eld ma te ri al it self is in cre a sed, or Pros hi eld is ad ded
in to ot her co a ting ma te ri als, the cat he ters wo uld
pos sibly be mo re ef fec ti ve to avo id mic ro or ga nism
co lo ni sa ti on.
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