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low cuff pressure. A postmortem investigation showed 
that there is a one-to-one relationship between urethral 
and cuff pressures after an offset cuff pressure is reached 
(about 50 cm H 20 in Fig. 11). 

Histology tests were performed on urethral tissue tak
en from under the cuffs and some distance from the 
cuffs as a control. The samples were immediately fixed 
in formalin and were later stained with hematoxylin and 
eosin stain. Typical cross sections are shown in Figs. 12a 
and 12b. Under the cuff, the sample shows loss of uro
thelium (the innermost lining of the urethra) and fibro
sis (scarring) of the muscular layer of the urethra (see 
arrows). The lumen of the urethra was partially or com
pletely obliterated by the scarring. The same results were 
seen to a lesser degree in the dogs with cuff pressures 
of 50 and 60 cm H2 0. The loss of urothelium may 
have been partially due to the urethral pressure profiles 
that were performed. These pressure profiles had to be 
obtained at the end of the trials because the procedure 
carries a significant risk of infection and may have led 
to some of the observed loss of urothelium. The loss of 
urothelium and the scarring were worse in the sections 
of urethra under the cuff, indicating that the results were 
at least partially due to the pressure applied by the cuff. 
No sign of necrosis (dead tissue) was seen in any sam
ple. This was the desired histologic result for this trial, 
and the results were considered satisfactory for demon
strating the suitability of the cuff. 

The animal tests were successfully completed in April 
1988. Although the animal testing for this implant is be
lieved to have been much more extensive than that car
ried out for similar devices, in the final analysis it was 
considered not excessive. The experience pointed up 
some possibilities that should be considered when plan
ning such trials. The obvious ones are that the trial period 
is likely to be longer than anticipated and that problems 
not encountered in in vitro testing can be expected. Less 
obvious is that the trials may require more resources than 
were initially allocated. Some reasons are discussed 
below. 

Limitations of the Animal Model. Limitations of the 
animal model may be many and complex. The main 
limitations of the MAHS implant are as follows: 

1. There was no known suitable way to obtain a dog 
that had urinary incontinence, and testing had to be car
ried out on female dogs that had functioning sphincters. 

2. The physiology of the animal versus that of a hu
man required a smaller cuff for the dog. 

3. A dog, even with a full bladder, cannot be depend
ed on to urinate while a handler is applying pressure to 
the implant. 

Unforeseen Events. Many aspects of an animal test 
program, including scheduling of the operating room 
and surgeons, are difficult to plan accurately. 

Changes in Test Plans. It may be possible to include 
contingencies in a plan, but they probably will not re
flect the need accurately. Animal testing experience with 
the first MAHS model dictated revisions of the actua
tor and subsequent in vivo testing of the MKII. Ulti
mately, the desire for more definitive data on the tissue 
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Figure 12-(a) Cross section from a control urethra. (b) Urethral 
cross section from the area under the cuff. 

under the cuff required a greatly modified operation and 
subsequent additional testing. The result was a signifi
cant extension of the test schedule. 
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Diversity of Priorities. People and organizations 
may have different priorities, and satisfying all of their 
priorities may be difficult. Examples of different and 
sometimes conflicting priorities are research versus ac
cumulation of statistical data, and science versus the need 
to meet FDA or other regulatory requirements. 

During the final animal trials and before we submit
ted a request to the FDA to conduct human trials, CR 
Bard modified the design of the actuator, simply to re
duce its diameter. Photographs of the two actuator de
signs used in the animal tests and the final version 
planned for human trials are shown in Figs. 7a, d, and 
e. The functioning and the internal configuration of the 
fmal actuator are the same as those of the actuator used 
in the final dog trials. The animal trials proved to be 
a vital part of the MAHS testing program, and as a re
sult the human trials are considered to be low risk. When 
they are completed, the system will be made available 
to the medical community as a commercial product that 
we believe will represent a significant advance in such 
implants. 
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