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Urethral pressure- which one? 
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Summary .  Ure th ra l  pressure  was inves t iga ted  by  a m e t h o d  
which a l lowed s imul taneous  measu remen t  o f  the cross- 
sect ional  area.  In  hea l thy  w o m e n  a pressure  range  o f  25-  
140 cm H 2 0  was r eco rded  at  one ure thra l  site as a response  
to the c i rcumstances  under  which the measu remen t  was 
pe r fo rmed .  The  pressures  ob t a ined  were re la ted  to the 
degree o f  u re th ra l  d i s tens ion  and  to the t ime af ter  the 
change in dis tension.  Measur ing  ure thra l  pressure  at  one 
specific degree of  d is tens ion  results  in one specific press-  
ure value  accord ing  to the d imens ions  of  the measur ing  
probe .  However ,  this specific pressure  value canno t  be 
cons idered  to supp ly  more  i n fo rma t ion  on  u re th ra l  
sphinc te r  func t ion  than  any o the r  pressures  inc luded in a 
range which can be ob t a ined  by  changing  the c i rcum- 
s tances under  which the measu remen t  are car r ied  out.  
More  p rovoca t ive  me thods  of  pressure  measu remen t  
which s imula te  some of  the phys io log ica l  condi t ions  of  the 
u re th ra  m a y  p rov ide  more  i n fo rma t ion  on  sphinc te r  
efficiency. 
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Pressure measurement has been widely used to character- 
ize the urethral closure function [10, 13, 20]. Using a 
conventional perfusion technique or microtip catheters a 
number of variables such as anatomical and funtional 
length, maximum pressure and maximum closure press- 
ure have been described. Urethral pressure parameters 
have shown great overlap between healthy females and 
patients with urethral pathology, even though statistical- 
ly significant differences have been demonstrated in some 
studies [5, 9, 20, 21]. Accordingly, conventional urethral 
pressure measurement has emerged to be of limited value 
as a diagnostic aid and in resolving the pathophysiology 
of urethral malfunction. This does not mean, however, 
that urethral pressure per se is without importance. On 
the contrary, it is assumed to be of paramount  import- 

ance for  the con t inence  mechan i sm.  Therefore ,  increas-  
ing the a m o u n t  of  i n fo rma t ion  o b t a i n e d  f rom a p p r o p r i -  
ate measu remen t s  should  p rov ide  more  i n fo rma t ion  
abou t  n o r m a l  and  pa tho log ica l  condi t ions .  Using con- 
ven t iona l  techniques pressure  is measu red  at one specific 
degree o f  d is tens ion de t e rmined  by  the measur ing  p r o b e  
and  ure th ra l  pressure  increases with increas ing d is tens ion  
[2, 11, 12, 18]. F u r t h e r m o r e ,  record ing  o f  u re thra l  press-  
ure dur ing  d is tens ion  leads to a t rans ien t  increase in 
pressure .  Likewise,  u re th ra l  pressure  is low dur ing  clos- 
ing [2, 11, 12]. Consequent ly ,  measur ing  ure th ra l  press-  
ure at  dif ferent  degrees o f  d is tens ion  and  dur ing  changes 
of  d is tens ion  will reveal  a range of  pressures .  Such 
p rocedures  m a y  prov ide  more  in fo rma t ion  on the ure-  
thra l  sphinc te r  mechan i sm as they  s imula te  some o f  the 
phys io log ica l  condi t ions  under  which the u re th ra  func- 
t ions.  The focus of  this s tudy  is the influence of  dis ten-  
s ion on the pressure  in the female u re th ra  and  its 
impl ica t ions  for  the app l i cab i l i ty  of  conven t iona l  meas-  
ur ing techniques.  

Materials and methods 

A specially developed probe, which has been described previously, 
was used for the measurements [4, 16]. The probe enabled distension 
of the urethra by inflation of a small, fully deformable balloon 
mounted on the catheter. The cross-sectional area (CA) of a 2-mm- 
long slice of the balloon was measured according to the field gradient 
principle. Simultaneous pressure was recorded either by an external 
pressure transducer [4] or by a microtip inside the ballon [16] 
providing a balloon CA of 0.07-0.79 cm 2 and 0.13-0.79 cm 2, respect- 
ively. 

Thirty-one female volunteers with a median age of 42 years 
(range 29-63 years) were investigated. None of the women had 
present or previous urogynaecological complaints. They were all 
examined in the supine position with an empty bladder. At each site 
of measurement the urethra was subjected to stepwise inflation and 
deflation of the balloon (Fig. 1). Measurements were carried out 
either at intervals of 0.5 cm along the urethra or at the bladder neck, 
in the high-pressure zone and distally in the urethra. At the same 
time, measurement of the bladder pressure and EMG from the pelvic 
floor were performed. 
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Fig. 1. Recording of related 
values of urethral pressure 
and cross-sectional area 
during stepwise inflation and 
deflation of the balloon. The 
measurement was obtained 
from a healthy 42-year-old 
female (same person in 
Figs. 1-7) 
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Fig. 2. a Resting urethral pressure profile obtained with a cross- 
sectional area of the measuring probe of 0.25 cm 2. The black square 
indicates the maximum pressure obtained 2cm from the bladder 
neck. b Three-dimensional diagram of the relation between (1) 
urethral pressure (P), (2) urethral distension measured as cross- 
sectional area (CA), and (3) site of measurement along the anatom- 
ical length (AL) of the urethra. The black square indicates the same 
position as in a. c Related urethral pressure and cross-sectional area 
measured at the same site (2 cm from the bladder neck) as in a and b. 
The black square indicates the same degree of distension as in a and b 
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Figure  3 shows the u re th ra l  equ i l ib r ium pressure  ob-  
ta ined  by  a stepwise increase of  the CA.  In Fig.  4 the 
stepwise decrease of  C A  has been added .  F igure  5 includes 
the pressure  responses  0.5 s after  increase and  decrease o f  
CA.  When  these pressure  measurements  are  pe r fo rmed  
t h r o u g h o u t  the entire u re th ra  a whole  spec t rum of  
pressure  profi les  appears  (Fig.  6). 

F igure  7 demons t ra t e s  the range of  pressures  a long  the 
u re th ra  ob ta ined  in 30 hea l thy  females.  

Results 

Measurements  f rom one female volunteer  are used to 
i l lust ra te  in detai l  the range of  pressure  recorded  at  one 
site of  measu remen t  (Figs.  1-7). 

Dur ing  vo lume induc t ion  of  the ba l loon  the ure thra l  
pressure  increased rap id ly  and  then  decreased  to a new 
equi l ib r ium pressure  given by  the C A  of  the ba l loon  
(Fig.  1). F i g u r e 2 A  demons t ra t e s  the rest ing ure thra l  
pressure  ob ta ined  by  the ba l loon  ca the ter  at  a C A  of  
25 cm 2, which is 3-4  t imes the C A  of  a conven t iona l  profi le  
ca theter  but  within the phys io log ica l  range  of  u re thra l  
d is tens ion [2]. F igure  2B presents  the pressure  prof i le  in a 
th ree -d imens iona l  d i ag ram where the ure thra l  C A  is 
added.  As shown in Fig.  2C, u re th ra l  pressure  r ecorded  
with one specific d imens ion  of  the measur ing  p r o b e  gives 
one specific pressure  at  a given site of  measurement .  The 
d i ag ram in Fig.  2C represents  the re la t ion  be tween ure-  
th ra l  pressure  and  C A  at one site of  measurement .  The  
same site is used in Figs.  3-5. 
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Fig. 3. Urethral pressure recorded during stepwise distension 2 cm 
from the bladder neck. Black square indicates the same values as in 
Fig. 2. Double arrow indicates the range of pressure obtained 
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Fig. 4. Urethral pressure recorded during increasing (.---)  and 
decreasing (O---~) distension in a stepwise manner. The black 
square indicates the same values as in Fig. 2. Double arrow indicates 
the range of pressure obtained 
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Fig. 6. Three-dimensional diagram of urethral pressure profiles 
obtained with increasing cross-sectional area (CA) of the measuring 
probe. AL represents the urethral anatomical length. The black 
square indicates the same values as in Fig. 2 

Ure th ra l  p ressure  cm H ,O  
16o 

149 / ~  

120 

100 �9 

80 

6O 

40 

20 

0 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
Ure th ra l  c r o s s - s e c t i o n a l  a rea  cm ~ 

Fig. 5. Urethral pressure recorded upon increasing and decreasing 
distension in a stepwise manner. The pressures were measured 0.5 s 
after an increase in distension ( A - - A ) ,  at equilibrium ( ' - - ' )  and 
((27---0), and 0.5 s after a decrease in distension ( A - - A ) .  The black 
square indicates the same values as in Fig. 2. The double arrow 
indicates the range of pressure obtained. 
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Fig. 7. Ranges of urethral pressures obtained in 30 healthy female 
volunteers. Thick bars indicate the pressure ranges of the median 
values. Thin bars indicate the total pressure ranges recorded 

Discussion 

When  pressure  is r ecorded  using conven t iona l  u re thra l  
p ro f i lome t ry ,  one specific pressure  is ob ta ined  at  a given 
site of  measurement .  I t  can be well s t anda rd i zed  with a fair  
degree of  r ep roduc ib i l i t y  [6, 17]. However ,  l imi ted  infor-  
m a t i o n  a b o u t  n o r m a l  func t iona l  condi t ions  is gained f rom 
a rest ing pressure  profi le .  This s tudy  demons t r a t e s  a 
whole spec t rum of  ure thra l  pressures  accord ing  to the 
measu remen t  condi t ions .  There  is no evidence avai lab le  
tha t  any  of  these pressures  is more  representa t ive  of  the 
ure thra l  c losure func t ion  than  the others.  

The  me thod  used in this s tudy  is able to p roduce  a 
series of  pressures  in re la t ion  to the degree o f  u re thra l  
d is tens ion  at  a given site o f  measu remen t  with a high 
degree o f  r ep roduc ib i l i t y  [15]. This  re la t ion ,  which m a y  
also be t ime dependent ,  p rovides  new in fo rma t ion  abou t  
the phys io logy  and  p a t h o p h y s i o l o g y  o f  the u re th ra l  
sphinc ter  funct ion.  It is able to di f ferent ia te  between 
ure thra l  r ig id i ty  and  hyper lax i ty  and  the reby  dif ferent ia te  
between no rma l  subjects  and  pa t ien ts  with genuine stress 
incont inence  and  even a m o n g  different  g roups  of  pa t ien ts  
with genuine  stress incont inence  [11-13]. The re la t ion  
between ure thra l  pressure  and  C A  may  also supp ly  



172 

in fo rma t ion  on in t r a - and  ex t ramura l  s t ructures ,  as it 
correlates  with the re la t ion  between length and tension.  

The  measurements  were car r ied  out  with the women  at  
rest. However ,  the pressure  var ia t ions  due to s t r ia ted  
muscu la r  con t rac t ions  a n d / o r  passive pressure  t rans-  
miss ion dur ing  stress episodes  increase the range of  
pressures ob ta ined .  Analyses  of  these factors  may  be 
i m p o r t a n t  in the assessment  o f  the ure thra l  c losure 
funct ion  [3, 8, 14]. 

The  influence of  spon t aneous  u re th ra l  pressure  vari-  
a t ion  has not  been t aken  into account  in previous  studies 
[19]. 

I t  is not  our  pu rpose  to advoca te  the specific p robe  
used in this s tudy,  as o ther  me thods  are avai lable  [7, 18]. 
However ,  for eva lua t ion  of  the u re th ra l  sphincter  mech-  
anism a ure thra l  pressure  ob t a ined  at  one specific degree 
of  d is tens ion  provides  only  l imi ted  in fo rmat ion .  Conse-  
quent ly,  a r ep roduc ib le  m e t h o d  de l inea t ing  re la ted  press-  
ure responses  to vary ing  degrees of  d is tens ion should  be 
prefer red ,  as it s imulates  some of  the phys io log ica l  
condi t ions  under  which the u re th ra  funct ions,  hereby 
increasing the a m o u n t  of  i n fo rma t ion  on  ure th ra l  sphinc-  
ter efficiency. 
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