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A BS TRA C T 

Shunt-vah,es made q] silicone rubber are placed between the trachea 
and the oesophagus in order to allow patients q/'ter lao,ngectomy to 
produce voice again. The oesophageal side o[ the shunt-yah,e, however, 
becomes rapidly cohmized by a biofilm, consisting o[" bacteria and 
)'easts. Electron microscopy on explanted shunt-valves demonstrates that 
the yeasts show ingrowth into the silicone rubber. Sur/'ace treatment o[" 
the silicone rubber is oJ?en suggested to he a pathwa), to reduce adhe- 
sion and ingrowth q[" yeasts to prostheses. An ¢['['ective development 0] 
such a treatment requires an in vitro O,stem by which similar defects as 
found in vivo can be created under laboratoo, conditions. Candida 
tropicalis, isolated Jrom an explanted prosthesis, eouM be made to grow 
into the silicone rubber under laborato O, conditions by the removal o[ 
all nutrients using a mod([ied Robbins device. After the removal o[" all 
nutrients, the yeast cells adapted a .filamentous growth fi~rm. Only fila- 
mentoush, growing yeasts appeared to be able to penetrate the silicone 
rubber. 

*To whom correspondence should be addressed at: Materia Technica, University of 
Groningen, Bloemsingel 10, 9712 KZ Groningen, The Netherlands. 
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INTRODUCTION 

Surgical treatment of  a malignant tumor of  the larynx often requires total 
laryngectomy: the larynx must be removed, including the vocal cords and 
epiglottis. The top of  the trachea is lead outside to an opening (stoma) in 
the neck, through which the patient can breath (see Fig. 1 for a schematic 
anatomy after laryngectomy). In addition, the surgeon inserts a shunt- 
valve, for instance the "Groningen button' (see also Fig. 1), between the 
trachea and the oesophagus (Mahieu et al., 1986). Some sort of  voice can 
be reproduced by closing the stoma with a finger and forcing air through 
the valve into the oesophagus. The remaining muscular structures at the 
oesophageal entrance then function as pseudo vocal cords. 

Although the exact reasons for selecting a particular material in many 
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Fig. 1. Diagram of the 'Groningen button' shunt-valve (top) together with the anatomy 
after laryngectomy (bottom). After laryngectomy, the 'Groningen button" is placed 

between the trachea and the oesophagus. 
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Fig. 2. Scanning electron micrograph of an explanted 'Groningen button" shunt-valve 
(implantation time 40 days), showing a thick biofilm on the valve side. Method. After 
explantation, the explant was immediately transferred into reduced transport fluid, subse- 
quently flushed with 6-8% sucrose and 0-1 M cacodylate buffer (pH 7.4), fixed in 2% 
glutaraldehyde and 0.1 M cacodylate buffer and flushed again. Post-fixation was done in 
I% OsO4 and 0.1 M cacodylate buftbr. Dehydration was then carried out in a gradcd 
ethanol series prior to critical point drying. Finally, tbr scanning electron microscopy (a 
JeoI-SEM, acceleration voltage 15 25 kV), 15 nm gold was sputtered on the samples (see 

Neu et al.~ 1993, for details). Thc bar equals 600 tim. 

b iomedica l  appl ica t ions  are no t  really known ,  the choice is mos t ly  deter-  
mined  by its mechanica l  p roper t i es  and  ease o f  manufac tu r ing .  Th e  inter- 
facial p roper t ies  o f  a b iomater ia l  are, however ,  o f  equal  impor tance ,  being 
the connec t ion  between a b iomedica l  implant  and its biological  environ-  
ment .  M a n y  biomedica l  implants  become  colonized  by an infect ious 
biofi lm (Gris t ina ,  1987) which eventual ly  necessi tates removal  o f  the 
implant .  The  oesophagea l  side o f  the ' G r o n i n g e n  bu t ton '  shunt -va lve  is 
located in a non-ster i le  e n v i r o n m e n t  and the re fore  rapidly collects a thick 
biofi lm (Izdebski  et al., 1987), consis t ing o f  a var ie ty  o f  bacter ia  and yeasts 
(see Fig. 2). Clinically,  fouled shunt-valves  are replaced when pat ients  
compla in  a bou t  leakage o f  food  and  liquid or,  though  less of ten,  increased 
air f low resistance (Hilgers & Schouwenburg ,  1990). On average,  pros the-  
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Fig. 3. Scanning electron micrograph of a sectioned, explanted 'Groningen button' shunt- 
valve (implantation time 434 days), showing ingrowth of yeasts into the silicone rubber 

(filled "bag-like" defects). Method. See Fig. 2. The bar equals 100 fan. 

ses remain implanted for three months and necessary frequent exchanges 
burden the patients. 

Explanted 'Groningen buttons" did not only show biofilm formation 
on the implants (Neu et al., 1992), but also ingrowth of  yeasts (Neu 
et  al., 1993), presumably C. tropical is  (Neu et  al.~ 1994), into the sili- 
cone rubber  (see Fig. 3). The mechanisms of  ingrowth have only been 
speculated upon. Mechanical effects have been ruled out on the basis 
of  the rather snug fit between the borders of  the ingrowing colonies 
and the silicone rubber.  Possibly, ingrowth is a result of  enzymatic 
degradation of  the silicone rubber,  the products  of  which may be used 
as nutrients or the yeasts use the silicone rubber  directly as a nutrient 
source. 

A pathway to prolong the lifetime of  shunt-valves is to develop a coat- 
ing or surface modi fca t ion  for silicone rubber, discouraging biofilm 
formation and ingrowth as observed & vivo. As one of  the first steps along 
this pathway, we set out to design an experimental set-up in which the in 
vivo fouling phenomena could be simulated on medical-grade silicone 
rubber samples. 
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M A T E R I A L S  A N D  M E T H O D S  

A modified Robbins  device (Costerton et  al., 1986), in which l0 silicone 
rubber (Silasti( "R:, medical grade ETR elastomer Q7-4750, Dow Corning) 
samples (6.3 mm diameter, thickness 1.0 mm) could be simultaneously inser- 
ted was used. First, the device was inoculated with an overnight culture of  C. 
tropicalis  GB 9/9, a clinical isolate from an explanted Groningen button. In 
one set of  experiments, the device was then perfused for 12 days with defined 
growth medium (glucose 7.5 g litre -j , (NH4)2SO4 3.5 g litre -1, L-asparagine 
1.5 g litre- l, L-histidine 10 mg litre- 1, DL-methionine 20 mg litre i, DL-tryp- 
tophane 20mg litre -I, KH2PO4 l g litre l, MgSO4.7H20 500 mg litre l, 
NaC1 500 mg iitre -~, CaCI2.2H20 500 mg litre ~, yeast extract 100 mg litre t, 
H3BO3 500/tglitre -1, ZnSO4.7H20 400/~glitre l, Fe(III)C13 120~tglitre ~, 
Na2MoOa.2H20 200/~g litre 1 KI 100 Itg litre-l, CuSO4.5H20 40 pg litre-l) 

Fig. 4. Scanning electron micrograph of silicone rubber, exposed to C. tropical& under 
constant nutrient conditions in a modified Robbins device, showing vegetatively growing 
yeast cells, appearing not to be capable of penetrating the material. The sample was 
removed from the device after 12 days, i.e. after perfusion of the device for 12 days with 
growth medium. Method. See Fig. 2. The bar equals 10/~m for the low and 2-5 ~m for the 

high magnification micrograph. 
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and samples were removed every I 2 days for electron microscopy. In 
another set of  experiments, the device was first perfused for 6 days with 
growth medium and subsequently, also for 6 days, with phosphate buffered 
saline, in order to mimic the dynamic nutrient conditions (varying availability 
of nutrients) occurring in vivo. The temperature of  the device was maintained 
at 34-37°C during all experiments. 

RESULTS AND DISCUSSION 

In both sets of  experiments, samples appeared to be covered within 1-2 
days with a thick biofilm, as could be observed with the naked eye. During 
preparation for electron microscopy, however, the major part of the 
biofilm detached, leaving only those organisms in direct contact with the 
silicone rubber. 

Fig. 5. Scanning electron micrograph of silicone rubber, exposed to C. tropicalis under 
dynamic nutrient conditions in a modified Robbins device showing filamentous yeasts 
penetrating the material. The sample was removed from the device after 12 days, i.e. after 
perfusion of the device for 6 days with growth medium and for 6 days with phosphate 
buffered saline. Method. See Fig. 2. The bar equals 10/lm for the low and 2.5/~m for the 

high magnification micrograph. 
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When perfusing continuously with growth medium, the yeasts adapted 
their vegetative growth form and no ingrowth into the silicone rubber was 
seen, even not after 12 days (Fig. 4.). Removal of  all nutrients, in the 
second set of  experiments, induced a change in growth form of  the yeasts 
and a major part of  the organisms adapted a filamentous growth form. 
Filamentously growing yeasts also grew into the silicone rubber (Fig. 5), 
presumably as the onset of  the development of  the type of  defects 
observed in vivo. Note (Fig. 5) that at the point of  entry of  a yeast cell, 
there is an extremely smooth transition between the organisms and the 
material. No indication was found that the yeasts especially sought for 
rugosities or pores (if existing) on the silicone rubber in order to enter the 
material. 

C O N C L U S I O N  

Silicones and silicone rubber have long been considered as inert bioma- 
terials. Recently, this notion has been questioned (Press et al., 1992; 
Fisher, 1992) due to the problems arising with silicone-filled breast 
implants. Also in dental materials science, it has been frequently observed 
that silicone rubber denture liners are apt to colonization and degradation 
by yeasts (Gettleman et al., 1983). This study shows that in vivo fouling of  
silicone rubber as seen clinically on voice prostheses, can be simulated in a 
modified Robbins device. Penetration of  the silicone rubber is induced by 
removal of  all nutrients, causing C. tropicalis cells to adapt a filamentous 
growth mode, in which they penetrate the material. The methodology 
developed here may be useful for several other biomedical applications of 
silicone rubber, where non-adhesive variants or coatings need to be tested 
in vitro before clinical trials. 
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