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To evaluate the damaging effects of high energy shock wave application on the integrity of renal pelvic glycosaminoglycan (GAG), an 
animal model study in rabbits was performed. Following different doses of shock wave application (1000, 2000, 3000 sw) the renal 
pelvic specimens obtained from treated and untreated kidneys of the animals were examined under light and transmission electron mi­
croscopy, after 24 hours and 1 week respectively. Evaluation of our results revealed prominent disruption in renal pelvic GAG layer in­
tegrity together with evident increased intracellular protein production and reconstructive process. All our findings may be interpreted 
as a possible etiologic factor in the long term stone formation following Shock Wave Lithotripsy (SWL), especially in patients with no 
metabolic abnormality. [Turk J Med Res 1996; 14(2):37-41] 

K e y W o r d s : Glycosaminoglycan, Renal stones, E S W L 

E x t r a c o r p o r e a l S h o c k W a v e L i thot r ipsy ( E S W L ) has 
c h a n g e d s tone t reatment c o n c e p t s d ramat ica l l y in the 
last 15 y e a r s with its s u c c e s s f u l a n d effect ive resu l ts . 
H o w e v e r , desp i t e its s a f e a n d pract ica l nature, i nc reas ing 
e x p e r i e n c e in th is f ield r e v e a l e d that the p rocedu re has 
not b e e n found ent i re ly sa fe . Today i t is wel l known that 
s o m e acu te and ch ron i c s i de ef fects m a y be encoun te red 
in a n y t ime fo l lowing s h o c k w a v e app l i ca t ion . Of these 
ch ron i c a d v e r s e ef fects, n e w onse t o f hype r tens ion , 
pa tchy f ib ros is o f rena l p a r e n c h y m a and i n c r e a s e d s tone 
recu r rence ra tes a re the mos t d e b a t e d features to date 
(1). On the other h a n d , fac tors in f luenc ing s tone recur ­
r e n c e a n d regrowth ra tes fo l lowing E S W L have not b e e n 
throughly e v a l u a t e d . In u n s e l e c t e d se r i es , a 6% after 1 
y e a r a n d 2 0 % after 4 y e a r s recu r rence rates h a v e b e e n 
repor ted fo l low ing E S W L (2,3). 

A g a i n , both c l in ica l a n d expe r imen ta l s tud ies dur ing 
the last d e c a d e ind ica ted the major role o f ur inary mac ro -
m o l e c u l e s in the n e w crys ta l fo rmat ion a n d crysta l re-
growth . G l y c o s a m i n o g l y c a n ( G A G ) layer o f the urothel i -
um has b e e n found to be important to prevent C a - o x a l a t e 
c rys ta ls f rom adhe r i ng to the su r f ace a n d ac t ing as a 
n idus for s t o n e fo rmat ion . T h u s b e s i d e s the level o f ex­
c re ted G A G in ur ine a l s o the integrity o f G A G layer i n var ­
ious parts of ur inary tract a re be ing c o n s i d e r e d to be im­
portant in the a d h e s i o n , fo rmat ion a n d growth of ur inary 
c rys ta ls (4-6). 
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Tak ing the t raumat ic ef fects o f h igh e n e r g y s h o c k 
w a v e s on renal s t ruc tures into accoun t , in this p resen t 
p rospec t i ve study, we a i m e d to eva lua te the t raumat i z ing 
ef fects o f h igh e n e r g y s h o c k w a v e s o n renal pe lv ic G A G 
layer integrity in rabbit m o d e l , as a p o s s i b l e fac tor in the 
long- term s tone recu r rence ra tes . 

MATERIALS AND METHDOS 
18 N e w Z e a l a n d whi te rabbi ts , we igh ing 3-5 kg , w e r e in ­
c l u d e d into the s tudy p r o g r a m . A n i m a l s w e r e fed with 
s tanda rd c h o w a n d kept in no rma l r oom tempera tu re . A l l 
a n i m a l s have b e e n throughly e v a l u a t e d a n d no a n a t o m i ­
ca l a n d b i o c h e m i c a l abnorma l i t i es o r ur inary tract in fec­
t ion cou ld be s h o w n . A g a i n all an ima l s w e r e t reated with 
ant ib iot ic a n d ant iparas i t ic agen ts , 1 w e e k before the pro­
c e d u r e . 

A n i m a l s we re d i v ided in to three m a i n g r o u p s a n d 
different d o s e s o f h igh e n e r g y s h o c k w a v e app l i ca t ion 
have b e e n app l i ed to the renal pe lv is o f e a c h an ima l 
( 1 0 0 0 - 2 0 0 0 - 3 0 0 0 S W ) . S h o c k w a v e app l i ca t ion h a s b e e n 
per fo rmed under f l uo roscopy after con t ras t agen t in jec­
t ion through ea r ve in o f e a c h an ima l . A l l p r o c e d u r e s we re 
pe r fo rmed u n d e r ke tam ine hydroch lo r ide (15 mg/kg) 
a n e s t h e s i a wi th D o r n i e r L i tho t r ip to r M P L 9 0 0 0 . 
Cont ra la te ra l k idneys o f e a c h an ima l w e r e e x a m i n e d a s 
contro l k idneys . 

Fo l l ow ing s h o c k w a v e app l i ca t ion , b i lateral f lank in ­
c i s ion w a s per fo rmed a n d t rea ted-unt rea ted k i dneys o f 
e a c h an ima l w e r e r e m o v e d after 24 hours a n d 1 w e e k . 

Eva lua t ion o f rena l pe l v i c m u c o s a l G A G layer in ­
tegr i ty u n d e r l ight a n d T r a n s s m i s s i o n E l e c t r o n 
M i c r o s c o p y ( T E M ) w a s per fo rmed a s fo l l ows : 
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F o r light m i c r o s c o p i c eva lua t ion t i ssue s p e c i m e n s 
w e r e first f ixed with 1 0 % formal ine so lu t ion a n d then 
w e r e e m b e d d e d in paraff in b l o c k a d e . Af ter this p r o c e s s 
3-5 m ic ron sec t i ons w e r e ob ta ined with m ic ro tome for 
H e m a t o x i l e n e - E o s i n s ta in ing . Fo l l ow ing all t hese p roce­
d u r e s t i ssue sec t i ons w e r e e x a m i n e d under light micro­
s c o p e (10x40) . 

O n the other hand for T E M eva lua t ion t i ssues we re 
immed ia te l y p l a c e d in a mixture of 2% g lu ta ra ldehyde s o ­
lut ion buf fered to pH 7.2 with 0.1 M p h o s p h a t e and f ixed 
at 4 ° C for two hours . 

A f te r r ins ing in s e v e r a l c h a n g e s o f p h o s p h a t e 
buffer, the s p e c i m e n s w e r e p l a c e d in a ve rona l ace ta te 
buf fe red ( pH 7.2) 2% so lu t i on o f o s m i u m te t rahydrox ide 
at 4 ° C for 2 hou rs . D e h y d r a t i o n w a s pe r f o rmed in a 
g r a d e d s e r i e s o f e t hano l a t 4 ° C ; f o l l owed by e m b e d d i n g 
ara ld i te C Y 2 1 2 . S e c t i o n s w e r e cut o n a n L K B u l t rami-
c r o t o m e s t a i n e d with both u rany l ace ta te a n d l e a d c i l -
t rate, t hen e x a m i n e d i n a n E M - 1 0 Z e i s s e lec t ron m i c ­
r o s c o p e . 

RESULTS 
E v a l u a t i o n of t i ssue s p e c i m e n s with respec t to renal 

pe l v i c G A G layer integrity r e v e a l e d fo l lowing resul ts . 

I. Light Microscopy Findings 
Control Group: 

R e g u l a r a n d intact a p p e a r a n c e o f G A G layer, r egu ­
lar a p p e a r a n c e of lumina l ep i the l ium, regular or ientat ion 
o f epi thel ia l ce l l s a n d p reserva t ion o f connec t i ve t issue 
s t ruc tures with f ibers be ing in their or ig inal o rder we re the 
ma in f ind ings o b s e r v e d dur ing examina t i on (F igure 1). 

Study Group: 

24 Hours: Irregularity of lumina l ep i the l ium a n d d e ­
ter iorat ion o f renal pe l v i c G A G layer we re the lead ing f ea ­
tures . On the o ther h a n d , ev ident o f g ranu le format ion, 
v a c u o l e fo rmat ion with emp ty v a c u o l e s together with 
w i d e n i o g of interstit ial part of connec t i ve t i ssue due to 
e d e m a fo rmat ion w e r e a l s o d e m o n s t r a t e d . Indented n u ­
c l e u s w e r e s e e n in the major i ty o f eva lua ted ce l l s . A l l o f 
t h e s e f ind ings w h i c h b e c a m e more prominent with in ­
c r e a s i n g n u m b e r o f E S W L ind ica ted a deter iorated ce l l 
s t ructure fo l lowing E S W L app l i ca t ion (F igure 2). 

7 Days: Desp i te g r a d u a l d e c r e a s e in vacuo l i za t ion 
a n d g ranu le format ion toge ther with d isor ientat ion o f c o n ­
nec t i ve t i ssue f ibers a n d e d e m a , i r regular a p p e a r a n c e o f 
lumina l part o f the ep i the l ium pers i s ted to s o m e ex tend 
espec ia l l y in a n i m a l s t reated with h igher numbe r o f s h o c k 
w a v e s (F igure 3). 

II. TEM Findings 
Control Group: R e g u l a r l y o r ien ted epi thel ia l ce l l s 

a n d we l l p r e s e r v e d G A G laye r c a n eas i l y b e d is t in­
g u i s h e d . L u m i n a l ep i the l ium is regu la r a n d a thin layer of 
G A G h a s b e e n o b s e r v e d (F igure 4). 

Study Group: D is rupt ion of renal pe lv ic G A G layer 
together with ind is t ingu ishab le lumina l part of the ep i the­
l ium from the other s t ruc tures c a n eas i l y be s e e fo l lowing 
E S W L app l i ca t ion . A g a i n apparen t l y en la rged and v a c ­
uo la ted g ranu la ted e n d o p l a s m i c re t icu lum ( G E R ) toge th ­
er with ev iden t i n c r e a s e in the n u m b e r o f r i b o s o m e s lo ­
ca ted o n G E R wal l w e r e other pa tho log ic fea tu res . 
P rom inen t i n c r e a s e in mi tochondr ia l act ivi ty with e n ­
la rged m i tochondr ia a n d ce l lu lar debr is in the ap ica l part 
o f the m e m b r a n e cou ld a l s o be no ted . A l l o f t h e s e pa tho ­
logic f ind ings aga in ind ica ted an i n c r e a s e d in t racel lu lar 
act ivi ty w h i c h in turn m a y be in terpreted as repa i r 
p r o c e s s (F igure 5). 

DISCUSSION 
Expe r imen ta l s tud ies h a v e ind ica ted that the su r ­

face ep i the l ium of the ur inary tract s h o u l d be res is tant to 
b ind ing of a large n u m b e r of s u b s t a n c e s (i.e. c rys ta l etc.) 
in ur ine wil l be e l im ina ted f rom the body. A l t h o u g h the 
m e c h a n i s m o f inhibitor activity p r o d u c e d by G A G ' s i s u n ­
cer ta in , i t a p p e a r s to be re la ted to the b ind ing of inhibi tor 
on the c rys ta ls su r f ace w h e r e i t inhibits induca t ion of n e w 
crysta l growth a n d agg rega t i on . T h u s , i t s e e m s log ica l 
that the st ructure of the urothel ia l su r face m a y play a v i -

Figure 1. Control group: Regular appearance of G A G layer (see 
arrows), regular luminal epithelium (A), regular orientation of ep­
ithelial cells and connective tissue (CT) can be seen ( G A G lay­
er Toluidine blue, H.E.xlOO). 
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Figure 2. Study group (24 hours, 1500 SW) 
Irregular luminal epithelium, loss of G A G layer integrity (see ar­
rows), can be seen on the apical part (A), evident granule for­
mation (G), widening of interstitial part of connective tissue (CT) 
due to edema formation are being demonstrade (H.E.xlOO). 

tal role in de termin ing nuc lea t ion and whe the r C a - o x a l a t 
s tone c rys ta ls will a d h e r e to the urothe l ium and thus re­
ma in in ur inary tract w h e r e further f ixed part ic le growth in 
to a m a c r o s c o p i c s tone cou ld occur . As a result urothel i ­
um G A G layer integrity i s an important barr ier for the a d ­
hes ion a n d agg rega t i on o f s tone c rys ta ls (4,5,7,8). 

Tak ing all t hese fea tu res of urothe l ium in to accoun t , 
one m a y p r o p o s e that any t raumat iz ing agent , wh ich m a y 
deter iorate the integrity o f G A G layer cover ing urothel ium 
wil l p r e d i s p o s e crys ta l a d h e s i o n a n d growth thorough 
d is rup ted parts o f G A G layer (4,5). 

On the other h a n d , s tud ies dea l ing with the true 
s tone recu r rence ra tes fo l lowing S W L , cou ld not s h o w 
defini te fac tors wh ich m a y direct ly affect this p h e n o m e ­
non . A l t h o u g h the s i z e , loca l iza t ion a n d res idua l parts o f 
the t reated s t o n e s have b e e n rega rded as important fac ­
tors in the format ion of n e w c rys ta ls , s tone recur rence in 
pat ients with no res idua l f ragment or no metabo l i c act ive 
state led the p h y s i c i a n s eva lua te factors other than the 
s tone itself (2,3). 

In this p resen t expe r imen ta l s tudy we a i m e d to 

s h o w the deter iora t ing and t raumat iz ing effects of high 
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Figure 3. Study group animal (7 days, 3000 SW) 
Gradual decrease in vacuolization and granule formation (G), ir­
regularity of luminal epithelium and G A G layer (see arrows), dis­
orientation of connective tissue (CT) fibers are being shown 
(H.E.xlOO). 

e n e r g y s h o c k w a v e s o n n o r m a l rena l p e l v i c m u c o s a l 

G A G l a y e r i n rabb i t s . E v a l u a t i o n o f o u r l ight m i ­

c r o s c o p y a n d T E M e x a m i n a t i o n resu l t s af ter 2 4 h o u r s 

pos t p r o c e d u r e r e v e a l e d a m a r k e d d i s r u p t i o n o f G A G 

layer , t o g e t h e r wi th i n c r e a s e d i n t race l l u l a r ac t iv i ty in 

the t rea ted c e l l s . A l l o f t h e s e f i nd i ngs a g a i n led us to 

cons ide r " a p r o m i n e n t l y i n c r e a s e d i n t race l l u l a r ac t iv i ty 

wi th i n c r e a s e d pro te in p r o d u c t i o n . T a k i n g the d a m ­

a g e d a n d d i s r u p t e d a p p e a r a n c e o f G A G l a y e r in tegr i ty 

i n t o a c c o u n t , t h e s e f i nd i ngs h a v e b e e n i n te rp re ted as 

r e c o n s t r u c t i v e i n t race l l u l a r act iv i ty in the af fect k i d n e y 

c e l l s . 

A g a i n , T E M e v a l u a t i o n o f r e n a l p e l v i s wi th re ­
s p e c t t o G A G laye r in tegr i ty d e m o n s t r a t e d s a m e d e t e ­
r io ra t ion on th is l eve l d u e to t r a u m a t i z i n g ef fect o f 
H E S W . E v a l u a t i o n o f s p e c i m e n s o n the 7 d a y fo l l ow-
up r e v e a l e d the con t i nua t i on o f t h e s e p a t h o l o g i c f i nd ­
i ngs d e s p i t e a g r a d u a l i m p r o v e m e n t in i n t r ace l l u l a r a c ­
tivity. T h u s ou r resu l t s i n d i c a t e d a p r o m i n e n t d a m a g e 
o f rena l p e l v i c m u c o s a l G A G l a y e r f o l l ow ing S W a p p l i ­
c a t i o n . 
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Figure 4. Study group animal (24 hours, 1500 SW) 
Disruption of pelvic G A G layer to some extend can be seen (D). 
(See normal G A G layer on upper right part of the figure (N). 
(TEMx36000). 

I n o t h e r w o r d s , b e s i d e s the d e t e r i o r a t i o n o f r e ­
na l p e l v i c G A G l a y e r d u r i n g S W a p p l i c a t i o n , a t t he 
s a m e t i m e a d h e s i o n o f c r y s t a l s m a y e a s i l y o c c u r i n 
t h e s e t r a u m a t i z e d p a r t s o f r e n a l p e l v i s a n d th is m a y 
l e a d t o s t o n e r e c u r r e n c e i n l o n g t e r m f o l l o w - u p e v a ­
l u a t i o n . 

Tak ing the inhibi tory effect o f G A G layer aga ins t 

s tone fo rmat ion into accoun t , all t hese pa tho log ic f ind­

ings m a y be r espons ib l e for long- term s tone recu r rence 

ra tes by p roduc ing o p e n ga te for c rys ta l a d h e s i o n a n d 

a g g r e g a t i o n . I f we a d d , the s h o c k w a v e induced t r auma 

to t h e s e G A G de fec ts o c c u r r e d , dur ing teratment o f the 

s t o n e s , a l s o s o m e s tone c rys ta ls cou ld b e e m b e d d e d in ­

to t h e s e d e f e c t e d parts o f G A G layer. To our know ledge , 

s u c h a sub jec t has not b e e n e v a l u a t e d in the l i terature to 

da te a n d we be l i eve that la rger g roup o f pat ients with o th ­

er p a r a m e t e r s a re cer ta in ly n e e d e d in o rder to g ive more 

re l iab le da ta on the major inhibi tory role o f G A G layer 

cove r i ng al l par ts o f u ro the l ium. 
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Figure 5. Study group animal (24 hours, 3000 W) 
Apparently enlarged and vacuolated granulated endoplasmic 
reticulum (GER) together with evident increase in the number of 
ribosomes located on G E R wall together with evident increase 
in the number of r ibosomes located on G E R wall were other 
pathologic features. Prominent increase in mitochondrial activity 
with enlarged Mitochondria (M), evident nucleus (N) and cellular 
debris in the apical part of the membrane (A) could be seen on 
the figure (TEMx29000). 

Şok dalga uygulamasını takiben tavşan 
modelinde renal pelvik glukozaminoglikan (GAG) 
tabakasının bütünlüğünün değerlendirimesi 
Yüksek enerjili şok dalga uygulamasının renal pelvik 
Glukozaminoglikan (GAG) tabakası üzerine olan zedeleyici 
etkilerini araştırmak amacıyla tavşanlarda bir hayvan çalış­
ması gerçekleştirildi. Değişik sayıda şok dalga (1000-2000-
3000) uygulamasını takiben, hayvanların tedavi edilen ve 
edilmeyen böbreklerinde alınan renal pelvis örnekleri 24 
saat ve 1 hafta sonra olmak üzere ışık mikroskopisi ve trans­
misyon elektron mikroskopisi (TEM) ile incelendi. Elde edilen 
sonuçların incelenmesi bize işlem sonrasında belirgin renal 
pevlik GAG tabaka defektinin oluştuğunu ve hücrelerin 
içerisinde belirgin protein birikimi ile karakterize yenileyici 
işlemlerin valığını göstermiştir. Bütün bulgularımız ESWL 
uygulamasını takiben uzun dönemde ortaya çıkan taş oluşu­
munda özellikle metabolik anormalliği olmayan hastalarda 
olmak üzere muhtemel bir faktör olarak bu tabaka defektinin 
göz önüne alınması gerektiğine işaret etmektedir. 
[Türk J Med res 1996; 14(2):37-41] 
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