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Denudation of the Urinary Bladder Mucosa in the Cat by Formaldehyde 
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S__ummary. Chemical Stripping of the urinary bladder mucosa was studied in 38 cats using 5 to 25 % 
formaldehyde solutions. The contact time varied from 1 to 20 rain. With a 20 % solution and contact time 
of 1 rain, total denudation was possible without necrosis of subepithelial layers. In such cases, com- 
plete reepithelialisation and normal bladder dynamics were seen within 3-4 weeks after formaldehyde 
instillation. Signs of formaldehyde intoxication due to vesical resorption were not observed. 

K e y  w o r d s :  U r i n a r y  b l a d d e r ,  M u c o s a l  d e n u d a t i o n ,  F o r m a l d e h y d e  i n s t i l l a t i o n .  

Thirty percent of patients with transitional cell 
papilloma of the bladder have multiple tumours. 
(19, 45) In spite of therapy, such as open 
surgery, transurethral resection or coagula- 
tion, there is a high rate of recurrence (2, 21, 
45) and malignant change (2, 27, 33, 44) is 
possible many years after onset of the therapy. 
Conservative management of recurrent papilloma 
after transurethral procedures has been tried 
with a variety of chemical agents that destroy 
the mucosa to different degrees. Carbolic acid 
has not been proved effective (17). Cytostatic 
substances such as podophyllin (i0, 38, 42) 
and Thio-TEPA (18, 20, 43) revealed better 
results. With the latter, recurrency of the 
tumor occurred only in about 30 %. Even lower 
recurrency rates have been reported with 
Mitomycin R C (31) and Epodyl (39) therapy. 

According to recent observations (7, 22, 23, 
35, 37) papillomata occur as the result of a 
change in the whole bladder mucosa. Thus, a 
therapy that completely destroys the mucosa 
could have a clinical application for multiple 
low grade bladder turnouts. 

Superficial necrosis of the coagulation type 
can be achieved with formaldehyde solution 
(6, 12, 34). It has already been successfully 
instilled to stop bleeding from inoperable 
carcinoma of the bladder or secondary to 
radiation or cyclophosphamide therapy (5, ii, 41, 

44). Clinical signs of intoxication have not been 
described. In such emergency cases, the 
coagulation of blood vessels of submucosal or 
even the muscle layers is wanted. 

We have studied the time dependent effect 
of different formaldehyde concentrations on the 
transitional epithelium of the bladder of the 
cat, as its structure is similar to that of human 
urinary bladder (4). 

M A T E R I A L  AND M E T H O D S  

Laparatomy was performed in 38 adult female 
domestic cats (i. 8-3.9 kg) under Nembutal R 
anaesthesia (30 mg/kg body weight i. m. ). The 
bladder was emptied by puncture with an 0.5 mm 
Braunule R and then 12-15 cc of formaldehyde 
solution were instilled. Commercial aqueous 
formaldehyde solution (38 %) was itself diluted 
to 5, 7.5, 10, 15, 20 and  25%, and  b u f f e r e d  
w i th  N a H C O  3 s o l u t i o n  (pH 7). 

C o n t a c t  t i m e s  of b e t w e e n  1 and  20 r a in  w e r e  
u s e d  and  t hen  the  s o l u t i o n  w a s  c o m p l e t e l y  
a s p i r a t e d  and  the  b l a d d e r  w a s h e d  t h r e e  t i m e s  
wi th  p h y s i o l o g i c a l  s a l i n e .  F i n a l  e m p t y i n g  w a s  
b y  c o m p r e s s i o n  of  the  b l a d d e r  in  o r d e r  to 
w a s h  the  b l a d d e r  n e c k  and  u r e t h r a .  

T h e  p u n c t u r e  h o l e  w a s  c l o s e d  b y  a c a t g u t  
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Fig. i. (5%, 20 rain), 9 days postop. No transitional epithelium, haemorrhagic necrosis of the whole 

bladder wall, some intact muscle fibres, v. Gieson stain, (x i00) 

Fig. 2. (20 %, 1 rain), 8 days postop. Superficial protein precipitation of the epithelium, oedema of the 

submucosa, v. Gieson stain, (x I00) 

stitch. Gentamycin was administered for 
~3-5 days postoperatively (3 mg/kg body weight 
i. m. ). Intravenous urograms and histological 
examinations were performed i-2 weeks, 4-6 
weeks, 3 months, 6 months and 12 months 
or longer after operation. In another 3 cats 
formalin was instilled through the upper 
ureters via bilateral ureterotomy. In these 
cases x-ray and histological examinations 
were carried out 7 days, 4weeks and 12 weeks 

after operation. 

RESULTS 

No clinical signs of general intoxication, such 
as lacrimation, bronchospasm, vomiting, 
tachapnoea or tachycardia, were observed. 

The histological examinations between 7 and 
14 days after formaldehyde instillation revealed 
the following results: 
5 % solution, 5 rain contact time: 
The transitional cell epithelium looks almost 
normal and is not demarcated from its base. 
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preop. 
Fig. 3. (20%, 1 rain), i. v. cystogram 

2w. 3w. 4w. 

postop. 

Fig. 4. (20 %, 1 rain), 7 days postop. , ureteral instillation. Cross section of the distal ureter. Mucosal 
denudation, subepithelial oedema, v. Gieson stain, (x 115) 

S o m e  e h r o m a t i n - d e n s e  nuclei can be seen. 
Slight subepithelial oedema and leucocytic in- 
filtration occurred. Similar alterations could be 
seen in the interstitial layers of the tunica 
museularis. 
5% solution, 20 rain contact time: 
With this contact time complete necrosis of the 
epithelium was achieved. Necrosis includes 
the submucosal and muscular layers. A number 
of muscular fibres survived (Fig. i). 
7.5% solution, 5 rain contact time: 

The transitional epithelium is damaged to 
various degree with loosening and detachment 
of cells. The majority of cells show caryorhexis 
or have pyknotic nuclei. The submucosa is 
oedernatous, with cellular infiltration and 
scatteredhaemorrhage. The deeper muscular 
layers show loosening of the connective tissue 
and leucocytic infiltration. 
i0% solution, 5 min contact time: 
Complete necrosis of the epithelium including 
parts of the submucosa was achieved. The 
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Fig. 5. (10%, 3 rain), 42 days postop. Thin 
epithelial coating, multiple connective tissue 
fibres in the submucosa. H.E. stain, (x i00) 

oedema extended in to the muscular layers. The 
whole bladder wall shows slight cellular in- 
filtration. 
15 % solution, 5 min contact time: 
The destruction of the epithelium is similar to 
the i0 % solution but within the submucosa a 
small homogenous layer of dense necrotic 
tissue can be seen. The adjacent inner sub- 
mucosa shows loosened collagenous connective 
tissue. The muscular interstitium is infiltrated 
by oedema, the muscle itself is not affected. 
20 % solution, 1 rain contact time: 
The whole transitional epithelium is destroyed 
and replaced by a thin homogenous, condensed 
layer which is equivalent to the coagulated 

cellular proteins. The submucosal layer is 
oedematous but there is no cellular infiltration. 
The muscular layer remained unaltered (Fig. 2). 

25 % solution, 1 rain contact time: 
The protein coagulation zone was broader and 
extended to the submucosal layers which are 
haemorrhagic. Little cellular infiltration of all 
layers can be seen. The muscular fibres look 
normal, the interstitium is extensively dilated 
by edema. 

Depending upon the degree of subepithelial 
destruction and the time-dependent demarcation 
of the necrotic material, the formation of new 
transitional epithelium is generally completed 
within 3 to 14 weeks after formaldehyde in- 
stillation. 

In the group treated with 5 % concentration 
for a 20 rain period, 75 % mortality due to 
severe haemorrhagic cystitis was observed. 
The surviving animals had about 60 % reduction 

Fig. 6. (i0%, 5 rnin), 26 days postop. Cross section of the trigone and parts of the posterior bladder 
wall. New transitional epithelium originating from the trigone. H.E. stain, (x 185) 
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Fig. 7a. (20%, 1 rain), 21 days postop. 
Complete coating of transitional epithelium. 
Deeper layers not affectedv. Gieson stain, 
(x 100) 

Fig. 7b. (20%, 1 rain), 12 months postop. 
Normal aspect of all bladder layers, v. Gieson 
stain, (x i00) 

of the bladder capacity due to scarring and 
shrinkage after 8 weeks. X-ray examination 
showed residual urine without exception. Histo- 
logically, incomplete, extremely thin, transi- 
tional epithelial layers could be seen after 12 
to 16 weeks. Even in these cases there was no 
obstruction of the ureteral urinary output 
(6 months follow-up). 

In all surviving cats the mucosal parts of 
the trigone and urethra were unaltered, prob- 
ably due to reflex contraction of the trigone 
when exposed to formaldehyde. 

The best functional final results were 
observed in the group treated with 20 % concen- 
tration for 1 rain when elasticity and bladder 
capacity is restored within 3-4 weeks (Fig. 3). 
This is in good agreement with the histological 
findings (Fig. 7a). In the group where formal- 
dehyde (20 %, 1 rain contact time) was instilled 
via bilateral ureterotomy0 alterations of the 

Fig. 8. (20%, 1 rain), 8 days postop. Typical 
so-called greyish-white aspect of the bladder 
m u c o s a  
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ureteral wall, such as selective mucosal 
denudation and loosened structure of deeper 
layers can be seen (Fig. 4). Excretory 
urography, 1 week, 2 weeks and 3 months 
postoperatively, showed no ureteral obstruction. 

DISCUSSION 

The comple te  m u c o s a l  denudation of the u r i n a r y  
b ladder  can be chemica l ly  achieved by f o r m a l -  
dehyde instillation. Using a 20 % solution for 
1 min, a superficial quantitative protein precipi- 
tation results; the so-called formaldehyde 
type of fixation (6, 12, 34).' Further penetra- 
tion of formaldehyde into the subrnocosal and 
muscular layers is prevented by this coagula- 
tion zone and the reactive edema. 

The process of new epithelial coating is 
generally complete within a period of 3 to 14 
weeks. The recovery time mainly depends on 
the depth of the necrosis. A randomly super- 
imposed bacterial urinary infection enhanced 
the healing process (13, 14-16, 21, 28). The 
new mucosa often is not as thick as the original 
(Fig. 5). 

The m e c h a n i s m  of r eep i the l i sa t ion  is not 
yet  fully e luc ida ted  (9, 13, 29, 30). Mult i focal  
m e s e n c h y m a l  me tap l a s i a  as de sc r ibed  by 
va r ious  au thors  (3) s e e m s  to be unl ikely if a 
comple te  denudation is achieved.  Our h i s to log i -  
cal  examinations show rests of unaltered 
original epithelium only in the trigonal and 
urethral regions (Fig. 6). It can be speculated 
that these areas are the origin of reepithelisa- 
t ion (8, 9, 40). 

Mechanica l  denudation has been t r i ed  in 
an imals  and man  by s e v e r a l  au thors  (1, 3, 
13-16, 21, 40). There  was a h i g h r a t e  of 
fa i lure  due to s c a r r i n g  and shr inkage  of the 
b ladder .  In some eases ,  upper  u r i n a r y  o b s t r u c -  
tion and even u r a e m i a  r e su l t ed  (15). 

We never  obse rved  u r e t e r a l  l es ions  when 
fill ing the b ladder  d i r ec t l y  with fo rma ldehyde  
solution. Reflex con t rac t ion  of the t r igone  
probab ly  p ro tec t s  the u r e t e r a l  o r i f i ces .  In 
man,  v e s i e o - u r e t r i c  ref lux should be excluded 
by p r i o r  c y s t o g r a p h y  (32). 

When using chemica l  agents ,  poss ib le  ves i ca l  
r e a b s o r p t i o n  mus t  be cons idered .  In t ravenous  
inject ion of 0.2 M fo rmaldehyde  s o h t i o n  in dogs 
and ca ts  eauses  acute ac idos i s  accompan ied  by 
vomit ing,  t achypnoea  and t a e h y e a r d i a  (24-26). 
It is quickly oxidised to fo rmic  acid which is an 
i r r e v e r s i b l e  p r o c e s s .  F o r m a l d e h y d e  given 
o r a l l y  could not be detec ted  quant i ta t ive ly  in 
p la sma;  sma l l  amounts  were  found in e r y -  
t h r o c y t e s  (25). In all c a se s  the fo rmic  acid is 
quickly e l imina ted  as CO 2. 

If fu r the r  expe r imen t s  safe ly  exclude 
ve s i ca l  r e s o r p t i o n  of fo rma ldehyde  and poss ib le  
toxic side effects ,  c l in ical  appl ica t ion for  the 
t r e a t m e n t  of supe r f i c i a l  b ladder  turnouts  would 
be poss ib le .  
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