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SUMMLELEEY

Chapter 1 containg a general review of the physioclogy and fluid
dynomics of the lower urinary tract,

L radioisctope technigue for the measurement of urine flowrete
simultaneously with bladder presgsure has been developed and is Qigw
cugsed in Chapter 2. The method also nermits the measurement of
residual urine. The technigues used for the measurement of bladder
presgure and abdominal pressure are alsoe dipecussed. The rigid tube
modal of the urethra is presented in Chapter 3.

The measurements cbtained {rom a group of female patients
suffering from siress incontinence are presented in Chaster %, He
direet correlation betweon the peak urine flowrate, apd the bladder
pressure at peak flowrate, initial volume in bladder, volume voided
and the micturition time wog cbtained, Multiple linear correlation,
however, revealed an interdependence between ell of the variables.
Using data measured by Xrdigamrd (1970) in a group of young children,
for which no direct correlation was found, it was found that there
wag agein an interdependence. The analyses, however, suggested
that the two groups of patients were differeni. This method of
analyeis may, thevefore, help in the classificaticn of incontinent
patients,

The comparison of parameters debermined using the rigid tube
model and the c¢linically obtained values showed that the rigid tube
model correlated well with the observations, THowever, the high
degree of correlation between the vesistance index (bladder pressure/

flowrateg) directly obtained from clinical measurements and the
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resigtance definedby the rigid tube model ghow that the medel ig an
uninecessary complication,

The theory of flow in elastic tubes is discussed in Chapter %5,
1%t is ghown that the tigsue defines & critical flowrate which detere
mines the general shape of the urethral profile during micturition,
The occuryence of supercritical flow (that is, the urine flowrate is
greater than the critical flowrote) mey explain certain uvethral pro-
files observed during misc-turitiox.l cystography, and the ageociated high
resigtonces, The high transient flowrates wilh subseguently rew=
duced flowrate may also be explained using the concept of supere
eritical flow, 'This is discussed in Chapter 6. It is olso shown
in Chapter 6 that the eritical flowrate in execised dog urethras is
of the oxder of 10 ml/sec upwards and that the occurrence of super—

critical flow in the human subject is probable in cerlain cases,
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1.1

CHLDPTHEIR 1

General Review

1.1 The Micturition Frocesa

The urinarxy bladder is & large muscular orgen capable of
accommodating a large volume of urine. The ocutlet From the bladder,
the urethra, is a highly distensible and mmscular tube whose length
in the adult humen is of the order ¢f 3 em in the female and 18 cm
in the mele {Greyt!s Texthook of Lnatory).

The mugculature of the bladder is smocth and the motor supply
to the bladder, wvhich is both parasympathetic and sympathetic,
gtems from the sacral roots S2, 33 and Sk, McCrea and Kimmell (1952),
Learmonth (19%1), Schlyvitsch and Kosintzev (1939). When the
bladder mmscle is stimulated, the volume of urine is expelled wvia
the urethra by the forcible contraction of the detrusor.

The bladder wall alse contains cells which are stimulated by
the temsion in the wall and therefore their activity relates to
the volume in the bladder, The activity is not necessarily
linearly related to the bladder wolume, It has been observed by
Sherrington (1915), Teng and Ruch (1955), Ruch (1960}, Sabetian
(1965) that in the normal bladder the bladder pressure slowly ine
creases at physiological rates of fillimg., MNormally some volume
is eventually attaoined vwhere there is & rapid change in the rate
of change of the pressure with volume., At this point, it is pro=
bable that the elastic limit of the muscle fibres has been reached,
Rach (1950), Hinmen and Miller (1963) used Lepides law relating

the pressure p, radius R and the tension T in & balloon =
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P =g
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The gentle rise mermally observed in the pressure velume
curve is due 1to the dependerce of the pregsure on the radius of
the bladder, the mursl tension however increesing more slowly than
the pressuve. Such (1960) alsc suggested that the thiclmess of
the bladder wall decrcased 2y the volume increased.

The tension exerted by the bladder wall in the resting state
is & purely myogenic responsec. This heg been showm by Langley
and. Whiteside {19%1), Voneeme et ol (1952), Tang and Ruch (1955)
and Szbetian (196%), The tension response wag observed in
Pladders which had been denervated., Thege authors, therefore,
concluded thet the toms weas independent of the intact nerve
supply. Cabetian (196%) guotes "The hypotonocity or hyper-
tonicity of the bladder appears to be indepandent of neuval in-
Tluencesy acooe'lo Hesbit and Lapides (31948) showed that the
paralysed bladdeyr in man elicited a tension response providsc
that the muscle fibres had not been overstretched, Lccording
to Barrington (1921} the proprioreceptors in the bladder wall
stimulate a gpinel reflex in the spinal cerd which results in dew
truser contraction, This effect can e inhibited by highex
centres, The basic woiding reflex however, depends on an intact
cord Langworthy et el (194C).

The urethrs is composed of both smecth and stristed nmmacle,
with an abundsnce of elastic fibres in the region of the tladder

neck, Woodburne (1968), Tenaghe, Meyers and Smith {1968, 1989),
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The siriated musculeture is concentraled in the rvegioen of the ure-
genital diarhragm, The smoobth muscle is inmnerwveted Ty fibres froem
the pelvic nerves whilgt the gtriated musculature is supplied by
the pudendal norves,

Micturiticn noxmelly recuires thet the intravesical pressure
increases, Initiction of micturition may alsoe cceur with a de-
crease in urethral rasistance without a subseguent rise in the
bledder pressure, Muelluer and Fleischmer (1648), Ritter and
Sporer (ig&g) and ZFoherts {1953} suggested that cn micturition ab-
deminal pressure increase and npelvic floor relazation occurred with
& subsequent rise in the intravesical pressure due to detrugor
contraction, Theope conclusions were mainly determined from
micturivion cystography studies. Bernny Brown and Robertson
(1953} found that o rise in abdominal pressure wag not necessary
for micturition to oceur, Lapides, Dweet and Lewis (195?) showed
that normal pervgcna could initiate micturition following pudendal
block with curare., Peberson, Toliberg and Dhumer (1961) found

that ninebty per cent of their peticnis cowld not initiate mic-

burition waen the urcthral sphineter was relaxed suggesting that

[N
=

these imsitances polvice floor relaxation wes not the initiating
fector in micturition, lvnd, Benjemin ot al (1957) observed
that on initiatien eof micturition the posterior hase of +the
bladder descended with » shortening ¢f the proximal urcthra.

They also observed that on interruption e¢f micturition the base
of the bladder was elevated. Ilevaition of the Lladdex on

interruption ¢f micturition has also been observed by Lxdran,
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Simmens and Stewsrt (1956) and Vineent (1959},

The opening ¢f the Dladder meck is considered by Uoodburne
{1950) te open due to the acticn of the elastic fibres in that
region., However, the urethra at the bladder neck often shows
funnelling, Bernes {1920}, Fodglinson (1953%), Ingelmen~Sundbert
{1549), Jeffcoate and Roberts {1652) and Muellmer (1940), LEnberning
(1963). Joffceate and Roberts {1952) alsc suggested thet the
angle between the posterior wall of the urethra and the bladder

Ty

vase was impertcont in the diagnesis of sitress incontinence.

3]

.. ‘ . . &
They concidered that the cleoser this angle approached 180 the
I ?

more likely were the urethral closure ferces to be insvificient

tc maintein continence. Hnhorning (1963} suggested that, simce
the vladder is subjected to abdominal pressure, partial trans-
migsion of the abdominel pressure te the posterier urethre mey
resuit in the total pressure in the bladder cvercoming the urethral
resisbance,

The urcthral shape during micturition was investigated by
Hordenstrom {1952) using urethrecystography. The female urethra
was observed to narrow sglighily atv the bliaddexr neck, subsecvently
widen in the positerior urethrs and then gradually narrvow down
towards the exiternal meatus, The slight warvowing in the bladder

neck region msy o may not he gean to cccur during micturition,
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1.5
eof urethral shepes cobieined during micturition are freguently &
metter of comtroversy.

Lopides, Ajemian ot &l (2960), Baclkmann (1966}, Tanagho,
Moyers, Smith {1969) used a catheter in the urethrz to determine
the pressure exerted by the urethral tisecue at rest. The mexirman
pressure wes develsped in the region cf the membrenous urethra
with the pressure on each side of this segment decreasing tewards
the intermal meatus and external meatus respectively. Parelysis
of the sitriated musculature by spinal anaesthesia resulted in a
reduction ¢f the pressure in the membranous vyethra in most of
the patients investigated by Lapides, Ljemian et el (1960},
suring micturition bowever, the striated mueels is inactive
Pebersen, Stener et al {1962), Lbramscr, fhoussen end D!'Cronzio
{1966}, Tepagho, Miller, Heyers and Corbett {1966) demonstrated
thas on initiation of micturitiom, the intraurcthral pregsure
cees2d but roturned at the end of wveiding.

1.2 Micturition Dynomics

a

Smith {1968} discussed the metheds currently used to diagnose

urethrel obstruchiscsn,

~
&
N’

The history of the patient may indicate the severity
of the obstruction.
(v} The physical exsminetion mey reveal a large Bledder

and/or sn enlarged progtate.

e

hY . “ -+ <
(¢} Zadiology mey be used for the domensiration o
regiduel urine oxr urcthrel sitricture.

(8) ndogeony may reveal trebeculation of the bladder,
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regidual urine cr urethral shape,

None of thesc techunigues give satisfactery or unequivecal
diagnoées. In the attempt te elucidate the fluid dynamics of
the lower urinary tract apnd enhence dizgnosvic technigues, metheds
based on the measuremont of fluid dynamical paramcters have been
employed.

The intravesical pressure was first measurcd by Dubois (1876
using an clastic catheter under stotic cenditicms, However,
the variation of the intravesicel pressure with time is much
move informative and was investigated by Messa and Pellacini (1882)
using a uretoral catheter, They were the first investigators
to demongtirte an intravegical pressure rise at the onset of
mi.cturiticn. Thev alse showed that the Dladder could accommodate
varying amounts of vrine without a significant change in pressure.
Adlor {4929) used & suprapnbic cathobter but found that the Lladder
nressure remained fairly constant, Denny Brown and LRobertson
(193%) performed invesbigations using 2 fine catheter in the
bladder and another urethrel catheter positiored within the urethra.
They demonsirated that the imtravesical pressure rise on mice
torition ves indcpendent of abdominal pressure. They alss ob-
sexved a gecendary rise in the intravesical pressure during veid-
ing wvhich they tevmed am "after contraction"  Bovmann (2055)
found the micturition pressure to have an average value cf 52 cm
8,0 in the female and 60 em H,0 in the mele.

Von Gerrelts (1957) investigoted a number of normal male

patients, He obtained maximum pressures during voiding between
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60 cm H,0 end 102 om H,0. Von Garrelts alse sublracted the rest-
ing bladder pressure from the maximum bladder pressure and cbtain-
ed an average value of 4% en HQO. The valucgs of tho piressure
difference ranged between 35 cm EQC and 5%& cm HﬁG, In £ifty per
cent of bthe voidings, an "after comtraction' wes observed, the
contraction wes mere frequontly observed in some patients than

in others. The "alter contraction' was not related Yo any rise
in abdominal pressure. Ho sensaotion wag associated with the
pregsure rise even whaen marked., Yon Garrelts suggested that

there may have been a tendency for the "aftor comtraction" to

oceur mere frequently if the pelviec f£loor wag contracted during

0%

the final phase of micturition, The gtudy algo implicd tha
chdominal pressure wag not invelved in initiating or sustzining
micturition, Von Garrelts performed these moosurements with
the pationt in the erect position.
Marphy and Cchoenberg (196G) investigated patients in the

supinc position znd determined pressures in the range 2L onm HQG
te 11% em Bb@ in patients with cbetruction, Most of the potient
wvere childron. Suprapubic cathcterisation was used by Sandgdo
and Bryndor? (1960) and Geris (1960). In patients with no

ication of obstruction, the bladder pressures during mice
turition ranged between 3k om Eﬁ@ and 90 cm Eﬁ&. Brynderf
and Sandﬁb (19%60) investigated nineteen male patients and obtzined
an average hledder pressure of 67 cm EQ

{ for o group of normel

O with the DPressure range
ing between 50 cm Hbo and 80 cm Eb

patients. In five patients with urethral gstrictures the prassures
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wvere mach higher lying between 14C em Eé@ cend 175 em HEC. Noxrw
wel female petients were investigeted by Sinmer ond Paguin (296%)
and the bladder pressure found teo lie between 18 cm.EhO and 64
em E,C, Becluonn (1966) studying fifteen nermsl women found
the voiding pressure to lie in the ronge 3C cm Héﬂ o 112 om HQG.

in the studies of Gleason and Lattimer (1562), the mexizum
voiding pressure ranged beiween 30 om ':;'{28 end 1%9 om W‘PC in ten
children, whilel in seven adnlts the pressure lay bhetween 55 and
151 em H,0,  Avbuckle and Paquin (196%) obtained o mean void-
ing pressure of hetween 4% and 65 cm 3,0, depending on the bledder
volume, in twenty-seven female subjects, The smaller the volumes
veided, the lerger the pressures. In one healthy male subjectd
Cardus, Cuesade and Scott {196%) obitained o pressure at nesk f£low-
rate of 56.7 em H 0. Dasmussen, Sendde, Dacharice {1664)
found the pressure to vary between 57 cm HéD ond 106 cm Eéo
vhilgt in a group of patients with progtatic hyperplesia, the
pressure wag in the range 72 com H20 to 120 em HQC, L proup of
patients suffering from neurclogical bladder dysfunciion develeped
pregsures between 30 cm ﬁéﬁ and 82 om EQG, Whittaker, Johnston

and Lawson (1969) found an average bladder pressure of 68 om X, C.
The mele group hed an everage velue ¢f 85 cm EéO vhilst the femele
giroup had an average value of 59 cm HQO. Thege results refer to
children,

The "after contraction" observed by Denny Brown and Fobertson

(19%3) was also observed by Arbuckle and Pecuin (196%).  The

aftercontraction occuvred during the terminel part of vciding in
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some patients whilst in others it cccurred after the f{low bhad
ceased. This phenomenon was observed in twenty-four per cent of
the femele patients, The megnitude ¢f the contrection was small.
The pressure increase was thought te be due to the result of the
urethral gsmooth mugcle contraction pricr to terminaiien o¢f voiding.
Rasmissen, Sandde and Zechariae (1964) observed an aftercontraction
in thirty per cent of their patients when it occurred prior to
the termination of wvoiding. Baclmean, Von Garrelts ond Bundblad
(1966} observed the secondery pressure rise in fifty per cent of
their petients. lLewin, Culp and Flocks (1967) founé that the
megnitude of the aitercontrvaction gometimes exceeded the peak
pressure during voiding. Hodgkinson and Morgan (1969) observed
"waves of conbtraction" in the terminzl region of voiding. This
was freguently asscciated with chdominal pressure,

Since the bladder is subjected to abdominal pressure variation,
the intravesical pregssure ig the result of the intrinsie pressure
produced by the contzection of the delrusor mmsclie and the ezternal
pressures, it is important to differentiate between these two
corponente,

The intrevesical pressure changes due to abdoninnl pressure have
heen monitored using an intra-gectric baloon by Bachkrmean, Von Garrelts
end Sundblioad (1968). Their investigations implied that, in women,
voiding was initiated Yy increcsing the intra-chbdeminel pregsure
althongh young women did not rely so mmch on the use of intro-
chdominal pressure. Fodgiinson end Morgen (1969) measured the

abdeminal pressure fluctuations using a balloon insewted iritc the
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rectun, They confirmed the results of Baclman, Von Garrelts and
Sundblad. THodgkingon and Morgan caleulated that the acbdominel
pressure on initiation of micturition ranged from thirty per cent
to one bundred per cent of the total imtravesieal pregsure.

The nmogriiude of the intravesical pressure mmust determine to
gome exteant the urine flowrate developed during mieturition.
In the last twenty years, methods for neasuring urine flowrate
have been developed.

In 1948, DPreoke described a method of messuring uarine flow-
rate based on the weight of urine voided. The weight of the
urine on a spring assembly was fed to a kymograpd.. He considered
a flowrate of 20 ml/sec as normal., In a study on one potient,
the {lowrate was found to remain reletively constant on differ-
ent voidings. The flowrate was also found to be smeller when
the volume voided was reduced., Kouffmen (1961) using o flowmeter
working on the same principle as Drakes, made o large muiber of
determinations of urine flowrate. The average flowrate wag found
to be 31,k nl/sec in females and 28 ml/sec in males.

£ new method of nmeasuring urine flowrate was developed by
Von Gorrelts (1956). In this method, the flow wes directed into
a ¢ylinder of uniform diameter and the pressure at the hase of
the cylinder continuously nmeasured by means of & pressure transducer,
The voltege output from the pressure transducer was differentiated
electronically and go the flowrate could be determined as =z
function of time. Von Garrelis (1957) alsc found that in individual

patients the flowrate tended to inerease as the volume voided
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increased. EHolm (1062) devised = flowmeter which operated by
displacing air, the volume of which was measured asing an ansesthetic
gas flowmeter. Cardus, (uvesada snd Scott (1963) used an
eleotromagnetic flowmeter to messure urine flowxrate.  Although
gsensitive tc ilow, this methed is open to many artefacts. If
the flowrate is impedad by the flowmeter then the tiue patient
flovrate will noet be recorded whilst if the flowmeter cavity
is too large, air will be trapped thus giving spuriocus data.
The outpult from the flowmeter is dependent on the flowrate profile
s¢ thet if it ieg colibrated using laminar flow the same flow
under turbulent conditions will give o different result. Arbuckle
and Paguin (1963), using Von Garrelts! method, determined the
average peck flowrate developed in a group of ncrmel females to
be 22 ml/sec when the bladder volume was in the range 300 to 5C0
ml. They also observed a2 tendency for there to be a slight de-
erease in the peek flowrate as the volume voided decrensed.
Rasmmssen, Sandge and Zecherise (1964) obtoined ¢ peek flowrate
between 11 ml/sec ond 25 ml/sec in normal male petients. The
patients with prestatic hyperplasiz were alse investigeted and
found to develep peak flowrates less than 12 ml/sec. The majority
of the latter group developed flowrates less then % ml/sec. Smith
(1964) obtained peak flowrstes between 19,3 nml/see snd 506.C ml/sec
in ten "normel" females.

Palm (1966) developed a flowmeter similar to the one tsed by
Bolm (1962) in which the displaced air flow wes measured using a

constant temperature hot wire anemometer. Thig flowmeter was also




nsed by Xrdigerd {(1970) in bis study of = group of children. The
children in the age range & - 12 years developed peek flows bew
tween 10 ml/sec and 28 ml/sec. There was a tendency foxr the
pealr flow to increase with age,

vhittoker, Johnston and Lawson (1069) determined the peck
flowrate in two greoupsef conbtrel patients., The male group
developed an average peak flow of 18.5 ml/éec vhilst the group of
girls developed a peak flow of 28.3%, There was no significant
difference in the groups of control patients compared with groups
of patients exhibiting vesical-ureteric reflux,

There has been very little pressure flow dote on groups of
patients reported im the litersture and it is therefore difficult
to define the flowrates which one would expect from normal
patients.

Residual urine is & paroneter of some importance and is fre-
gquently egtimated in urological laberateries using catheterisation
techniques., The residual urine has slso been estimated using
intravencus urography and measuring with o plamimeter the area of
the contrast area on an X-ray film telien immediately after nmicturition
(Eerstman (1960) Xlosterhalfen and Beeminghaus {1960)). Cotran
and Cass (1958), Smith (1960), Jarvinen and Vastizinen (1963)
injected phenclsulfonftalein intravenously. Assuming that nost
of the dye had been excreted in the urine within three hours,
then by determining the quantity of phenclsulfonftalein voided afier
picturition the residual urine could then be calculated.

Barnes and O'Eara (1961) end Mulrow, Huvas and Buchanan (1961)
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151 labelled Diodrast for the

used en intravenous injection eof T
determination of residual urine, A shielded scintilletion counter
vas pesiticned over the bladder prioxr to micturition amd the
countrate determined. Lfter woiding, the comntrate was again
reasured, Cn subtracting the beckground, they determined the
residual sctivity in the bladder. These results were subject

to errcrs due to blood activity. Lindbjerg and Brandt (1964)

erployed a similar technigue using 1131

labelled Hippuran in place
of Dicdrast. They estimoted the klood background after micturition
by ccunting over the precordiun, They cbtained an errcor of the
order of 25 ml between the estimated residual ond the velume with-
dravn via & catheter for volumes less than 200 nl, Shand,
MocKenzie et al (1968) also used 1131 labelled Hippuren for residual
volume estimation but used & count over the umbilicus as a
sorrection for bleod background after micturition. They con-
cluded that the residval urine in five normel males wes less then
1nl, Vahale, Koskela and Kokkonen (19 63) using 3 Jemelled
Hippuran found that in patients with small vesidual volunmes, the
differences between the calculated residuals and the volunes
agpirabed via the catheter were considerablie. These methods all
depend on adequate renal function.
Winter (1964) and Strauss and Blaufox (19 65} have alsc used

the clearance of the 1131 labelled Hippuren from the bladder
during micturition to estimate the average urine flowrate,

The results however were subject tc large errors due to the very

low countrates cbteined prior to micturition {less than 100
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counts/sce). The counters were =lso peeitioned very close to
the bladder so that any bladder movement would cause large errors
in the cleerance profile.

The neasurements of bhladder pressure, urine flowrate and
residual urine by themselves do not supply sunfficient understend-
ing of the lower urinary tract. With this aim in view verious
derived parsmeters have been used.  Aseunmting lanminar flow in the
urethra, then the pressure loss is proportional to the urine flow-
rate (Schlichting-(1535)). Gleasen and Lettimer (1962), Pierce,
Braun et ol {196%) calculated the resistance of the urethra as

. e

being ~%§ where Py = the blodder pressure ob peal urine flev-
rate, and § = peak flowrete. Claridge and Shuttleworth (196k)
assurmed turbulent flow to cecur and estimated the resistance using

the ratio E%. The pressure P was obiained by subtraeting the
o

cbdominal pressure from the bladder pressure. They obtained
values for the resistance lying between 0.2 and 97,5 in paticnts
with obstruction but thought thet o value of 0.4 was the upper
1imit for the resistonce in normal persons.

Considering the urethra as o rigid tnbe of circular ercss-
section and wniform diaveter, Ritter, Zinner and Pacguin (1964)
calculated the equivalent diemeter for normel females to have &
neon volue of 2.7 rm,  Backmann (1966) caleulated o meen velue
of 3.C o in a group of mormal females. In 2 large group of
norrnl female petients, Smith (1968) ealculated resistance
indides in the range 0.01 to 0.28 en 320/ﬁ12/5962, He almo cal~

culated the eanivealent diameters and found them to lie between
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1.8 m and 4.2 rm for a group cf obstructed and non-obstructed
patients,

Smith {(1968) neasured the exit energy of the stream using
an open ended catheter insérted into the wrethra just beyond the
external urethral meatus, This neasurement was performed
sicmltanecusly with the measurement of bladder pressure and urine
flowrate, Ffnowledge of the exist energy PE allowved Smith to

calculate the urethral resistance unsing the forrmla -

o LB F
£ = 2

<

This measurenment was consgidered by Smith to be difficult and
not always veliable, VWhittaker and Johnston (1966) developed o
?E meter. The wmeter consisted of = fluid sensitive tawsbour vhich
neasured the force of the urinary stream es it left the urethra,
This determinstion therefore also allowed Vhittaker and Johnston
to calculate the resistance factor RT' In 2 large group of chilée
ren, Vhittalrer and Johnston (1969) found no significant difference
foxr the resistance factor Rf between male and femele children,
or children with and without reflux. Whittaker and Johnston
(1968) attempted to eorreiate the resistance R, with radie-
grephic findings., Patients exhibiting conical and cylindyrical
urethral profiles werce found to have registances between 0,0135
rei Hg/hlz/éecz and 0,048 1 Hg/blz/éecg. Those urethras show=
ing narrowing, for exarple, string urethras and those with bladder
neck narroving were found to have resistances significantly higher

than the first two groups, with values lying in the range 0,08 mm

/1% /scc to 0,135 m Hg/ml®/secs. They suggested that 0,07
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T Hg/b12/5e02 was the upper limit fer normal patients.

Gleason and Bottaccini (1968) and Byriclk, Many and Wise
(1969) have segriented the urethral profile obtained using radio-
graphy and calculated the energy loss due te the profile change
along the urethral length. The frictional losses determined using
this method were, as expected, rmch less than those obtained
considering the urethra to be a uniform rigid tnbe of circular
cross-saection, On the bagis ¢f their results, and observing
that the exit diameter of the urethra on radiography was of the
order of 2 rm to 3 rux, Glengon and Bottaccini conciuded that the .
distal urethral segment comtroiled the flowrate developed in the
urethra,

In order to interrelate the hydrodynamic variables without
riodel dependence, Von Garrelts {(1957) investigeted the numerical
dependence of the peak flowrate on the volume voided., FHe found
good corvelation between these two variables in an individual
patient with the peak flowrate increasing as the veolume voided
inereased, The peak flowrate was proporiional to the volume
voided to the power 0.7. The data from a group cof patients with
no evidence of urological disorders algso showed gocd corvelation.
Backmann (1965) did not obtain such a good correlation between
the peak flowrate and the velume veoided for groups of normel women,
Gleason ond Lattimer (1967) found no correlation between the peak
flowrate and the corresponding intravesicel pressure or between
the intravesicel pressure and the volume voided, They, however,

corroborated Von Garrelts! finding (1967) thot there was a
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correlation between the volume voided and the peak urine flowrate.

The bydrodynamic investigations reported have not yet allowed
congistent eriteria to be determined which may prove useful in
the diagoesis of discrders of the lower urinary tract, The
range of velues of derived paremeters such og the resigtence and
the egquivalent rigid tube diameter obtained for nerxwmal patients,
do not exclude values obtained from patients who clinically are

ebstructive or incontinent.
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CHAPTEHER 2

Measurement Technigue

2,1 In orvder to investigate the lower urinavy tract from a fluid
dynamical aspect and its relation to urinary discorders it 1is
necessary to be able te measure several variables independently.

The variables meagured in the present studies were -~

1. intravesical pressure 3 EBL om HQG
abdomine - g

2. abdominal pressure PABD ] H20

3. wrine fLlowrate s @ ml/sec

2 1 e s X

L, residual Urine 2 ;RES ml

The primery data from which these wvariables were determined
were recerded on an Armex Y-channel insitrumentation tape recorder
using the FM recording mode.

2.2 Bladder Pressure

The intravesical pressure is meagured using a semiconductor
strain gaunge pressure transduce? commected to the bladder via a
suprapubic cathetex. In these gtudies, it was felt that it was
important not to interfere with the urethra directly if possible,
gince the resulting irritation could cauge non=typical flow
dynamics in the subject being investigaied. It is also believed
hy the author that the use o0f & transurethral cetheter for the
measurement of intravesical presspure would cause a distoxrtion of
the fluid flow in the urethrz during micturition, Bince the
frictional loss is inversely proportional to the diameter %0 the
pover 4,75 in a wniform rigid tube of ecircular cross-section

(Chapter 3}, it would seem that the use of a transurethral catheter,
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vhich would be of outer diameter approzimately that of the
narrovest part of the ncrmel female urethra, woald significanitly
increase the resistance of the urethra to flow if the urefhra
vere rigid. Since the unrethra is not rigid it will tend to dige
tend, The frictional loss will also increase since there is

now more than one surface in contact with the fluid in the.ure-
thra.  Von Garrelts (1957) used three catheters.of diffevent
.external dismeters but the same internal diameters td-meaéure'the
intravesical pressure prior to.and. during micturition in .oxder to
. assess the effects of the ocuter diameter of the catheter. .. The _
-seme petient was investigated. three times but with-audiﬁferentﬂ
‘catheter in position on each cccasioen. Von Carrelts found no
significant difference in the pressure profiles obtained. The
catheters nsed were of internal diameter 0.38 mm and the outer
diameters were 1.09 mm, 1.%7 mm and 4.9 wmm. The bladder pres-—
sures at maximum flowrate as obitrined by Von Garreclts seem tb ke
congtant. This investigation does not imply that a transuvethral
catheter does not influence the flow in the urethre. Sincé in
obstructed flow the flowrate is not only a function of the biladder
pressure which can he develcoped, different degrees of ebstruction
will modify the flowrate even though the bladder pressure may re-
nain approximately constant. Gleason and Lattimer (1562)
reported, without much supporting evidence, that in their studies
the flowrate was not impairsd by transurethral catheterisation
(catheter of outer diameter 1 mm), but that the bladder pressure

may have been.
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Ritter and his associates (196L} developed a flowrate of
i8 ml/éec in & rigid tube with an internal diameter of 3.2 mm
at a pressare of 40 mm Hg with a catheter of outer diameter
1,27 mm in posgition. The catheter was then removed and et the
seme pressure the flowrate increased to 24 ml/sce.,  This experi-
ment shows effectively the significent differences which may re-
sult in the use of transurethral catheters. In the present
studies a Mumber Il suprapubic catheter was inserted imtc the
bladder using the method developed by Sand¢b9 Bryndarf, Gertz (1959)u
Local anaesthetic was used, The catheter was connected to a
semiconductor strain gauge préssure transducer which wag uged in
conjunction with a pressure preamplifier. The voltage output
was reccerded on the instrumentation tape recorder. Frior to the
clinical gtudy, a 50 cm HQG pressure calibration wes recoxded on
the tape recorder for subseguent apalysis of the bladder pressure
data.

2.% Athdominal Pressure

The most common method of measuring abdominal pressure is to
measure the pressure fluctuations in the rectm using a flunid
filled balloon connected to 2 pressure transducer, This method
has geveral disadvantages:i-

1. It will measure non~abdominsal essure wariation,

"
3

2y The recording position of the balloon may change.
Ze The rectum has to bhe empiied,
It was desirvable to measure ablominal pressure in the patients

investigated in order te ascertain vhether abdominal straining
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occurred pricr to or during micturition,
The technigue used in these studies is based on & device
developed By Smythe (19%7) called a Tochodynamometer,

1f we consider a bubble, then =~

o7
ENp = T

whore Ap = pressure difference acrcss the bubble surface, T =
tension and & = radiuz of the bubble.

Thus as %:w} 0, Ap -0, i.e., pressure fluctuations are
transmitted normally through a flat elastic surface,

The tochodynemenmeter, Figuve 2.1, consists of a piston which
is attached normolly to a metal gtrip to which are attached strain
sengors. Any pregsurve acting on the pisten strains the metal
strip. The megnitude of the strain is measured via the strein
SONJIOXT .

4 tochodynanometer was constructed using semiconductor strain
gauges, These give 8 much higher electrical output ther the
gsengsors uged in the original article so that it is possible to use
a legs "elagtie" metal, The main reason for this is so that any
deformation will be well within the elaptic 1limit of the metorial
resulting in a nmore linear output, Several gouges were uged
for temperature compensation. It is possible to obtain hysteresis
if the piston is unable te reburn to its equilibrimm position due
to friction with the side of tochodynamometer. This will alsc

limit ite freguency rosponse. IHysteresis was insignificent in the

devi.co usned,
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The linecarity e¢f the device was investigated by applying
different weights to the piston and measuring the output from the
strain gauges. The results arc shown in Figure 2.2,
The device was linear within the range O - 200 cnm HQO. The

~t o

nressure was calceulated uwsing the ecquaticn -

=7
where ¥ = weight on the piston and /. = &rea of the piston.

It is imperative that{ the suriece on which the piston sits is
flat and so & plate was constructed which fits over the device and
two straps, fitted with Velcre achesive tepe, were ettached. Yhen
used clinically, the tochedynamcmeter was strapped tightly to the
patient in the region of the umbilicus, anc the patient asiea to
cough in order to ensure that the cidominal pressure was Leing
trensnitted. It should be pointed out tnat this device is capable
only of mecasuring changes in andeninel pressurc. The tochodyna-—
mometer is calibrated with a known weight, the calibration being
recorded on the tape recorder.

It was sometimes found that the calibretion of the tochodyna-
mometer appearea to Le incorrect, since the veristions in intre-
vesical pressure which were certeinly sbdéominal were not coempletely
accounted for by the abdominal pregssure variations cobiained. This

is probably duc to the fect thav the atdominal pressure veri

6]

tiong

¢

0

were not transmitted completely tihrough tke tissuc. In the

ceses, the calibration of the abdsminal pressure trznsducer wag al-

tered until the varietions in abkilcermincl orossure cancelled out the
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obvious abdeminal pressure variations in the resting intravesical
pressure prior to micturition. This is justifiable sicce we are
looking for changes during micturition. It is alsoc possible to
position the transducer inmccrrectly so that it is not completely
sited on the abdeminal cuvity. if this wre the case, it would be
impossible to oktain the calibration factcr since the observed
variations from the tochodynancneter weuld ke dependent on ithe
magnitude of the abdominal pracsure (the pisten would no longer
be effectively 'flat! es thz ebdeminal pressure changed). The
absolute accuracy, therefore, ¢f the measurements of abdewinal
pressure is limited altheough it iz useful clinically.
2.4 Urine Flowrate

4 technique for the measurement c¢f urine ilowrate simul.-
teneousgly with intravesical pressure has been developed. This
method is hosed on the clearansce of a radioactive isotope instilled
into the Bladder pric:r to micturition, Thig tecbknigne alsc per-
mits tiae measurement cf residval urine, It is not possible with
the apparatus used tec ascertain the nature of the residual velume,
i,e., whether it is true regidual in the bladder or whether it is
refluxed vclume. Th2 radicecstive isciope used in these atudies

was Technetivm 99 m, This pasticular isotope wzg chosern fer

w

several reasons -

3 Minimal radiaticn barzrd 1ic the iotient,
24 The gemm2 radiation (1"9 Hev) easily cetectable.
3. Short palf-1ife - € hours.

4, It 1s possible to adrinisver highly active
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solutiens thus obtaining high countrate

The technetium is normally dispersed in ithe form of pertech-

b

 dogs it was Tound that

o

i5e
e

peand
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the pertechnetate ion readily ciffusel into the bladder tissue.

P Ty .

“his would lesd to ervore in the calculation of urine flcwrate

and residual urine if the vote of diffusion were suificiently
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feet, it wes decided to lakel

the protein releenle, human gerwa albumin with the perischnetate

10N, The methed originally ased to lalel the pretein was that
ceveloped by Ctern (1665).  This methed was found to bo unpredic-

teble with yields ef lebelled preteir lying bHetween nil zand 30 per

cent. The technicuve vas modified by Guyther and Field (1966)
end the resulis obteined by the auther using this technique were
far superior with yields congistently lying in the range 70 -

80 per ceant. iny free pertecinetate vrs removed by passing the

sclution througia a coliurn of Laberlite IN/L00 (Cl). The resul-
ting scludion of the pertechnotate lebelled humen serta albumin
obtained using the latter techmictue was anaiysed for any free
pertechmetate ion using thin layer chromatogrephy. Migure 23
shows thz distributicn of the isotope on the chromaicgream oh-
teined using ~ chroreatogram gemmn scanner. The free technetium
ves less then 1 pexr cent ¢f totel lalbelled activity,

Ca)

in ordex o check the socbility ¢ the labelled protein

ascendinrg thin igyer clhirewsitegrophy wos performed using an acetic
acid/butancl selwvent. Leetete Tulfers were prepared at pEs of

]

3, &y 5; G and acded to sewnles of the lebelled protein.  The
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buffered ladelled protvein was allowed to stand for % hour te
Lk hours at room tempervature befere periorming the thinm leyer
chyromatography, The resultent chromabtogramy  were then

scanned with the chromatogram scanner, a run being performed
with the pertechnetate ion only in order to determine its position
on the chromatogram. The procedure was aliso performed using
buffered solutions which had been icft to stand for ome hour at
bhody temperature. It was thenr pessible te caleulate the lepree

¢l disgsociation by comparing the countrate of the lsbelled
protein band with the ceuntrate due to the free perteclinetate.
Hegligibhle dissociation was fLound te occur under the conditions
investigated. Figure 2.4 shows the percentage dissociations ob-
tained,

Prior to the clinical invesligations,; the lakclled protelin
is kept at a pi of 3.0 at which nmegligible digsociation cccurs.
£ few minutes pricr o use, the lakelied protein is added to
galine a’ body femperature bringing the pX up to abeut 6, at
which point it is instilled into the pedient?!s bladder.  Thus
the labelled complex is at & p¥ ¢f 6 for o maxwimuwm period of 20
minutes during which time the dismociation is insignificant,

2.5 Theory

H.
ade

The iscbope is ingtilled nto the bladder prior 1o micturi-

3

ti0n. During wveiding, this blodder volume decveescg and so the
bladder behaves effectively as a deflating sphere. It is there-
fore necessary to investigate the effeocts of changing self-

absorplion cf the radiation in the sphere during deflation.
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The subsequent theory permits the calculobion of the doserate o

G

some point outside the sphers end separated from the sphore by an
gir nop end o wedge of vissuc. fdso, only monoenersetic pommo
redistion is considerced and so eny dose due to scettered radigtbion
is not uolien inte account, Referving to figure 2.5, the dose-
rato at some point extormol to the svhere due to en infinitesimel
volume SV of igotope is given by

i1

. Eg_\ﬁfnt(s R 5)27 -
da('m,rz Q J/GL 7§V’ 201

vhere It = specific gemnma~ray emigsion of bhe source, ¢ = snecifiec
activity;/;tz lincey abscrption coefficient of the Tluid inside

the sphere, 1 = lengbh of tissuc through which the radiation is

nassing, wodifisd to equivalent lengih of fluid, r = distonce of
SV {rom the point, s = the leagth of r ingide the svhe

H
o
it

=]

linear ab&or tion ﬁOCffiCiont Of &ir D = dist¢nce of OOint 1Yo
H K
centre of 3}):'1.01‘0.

$infiﬁu, ;nz;a'whon the £luid inside the sphere is water,

equation 2.1 tends to
Lic *?a(s + 1)/
wad o= — © 3V

r¢ X'= doserate st the point distant D from cenbre of the

gphero, then -

w oo [ L oAEG 0 5y






2,10
The intearel is normelised Ly dividing by ithe doscrate vhich
would be obiainzl at the point i¥ there were zero absorntion and
the source were concentrated at the centre of the spherc. I# this

is cenoted by'a/v, then -

XN = 2% e ﬂ}r /ll.(l #) sin @ ab s

/"fib WG
S

3D
Therefore -
? .
. - | - 1+ s« . -
X = 3""3" i ’*/b( ) sin @ 8@ ax
! AR A1
Using the substitubion
?o i .
{27 - D" gin g )
u o= -

and obscrving that -
. 2 2,2 1
T=g35 + 3 cosf - {2F -~ DY gin"g )7
and

L ==

m

vhere T = thiclimess of tissuc converted bo "cquivolcont thicimess

of the £Iuid" forxr tho 5. radiation ond X = cos 4

5% |1 ~ u(2hn + =)
K7=-~2~'Eoﬁ-g7<;-/“ T du
4

£

P

Sodigitel computer profromme wos wriltten to veyfoxm the inle
G n P R
L] oy, rd » ~ b » - - .
At . e arioat o vh 2 i g shov, L5 R L Ry LI g ©
nroabion The variotion of X wivh 3 volume iz shovn in Mgure

2.6, The oftfeets of the thicincss T cre olso shown.

Jovr, suomose -

It intongity mewsurced ab o distonce d from the contio
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of the sphere (bladder)

i

Ig specific intensity
I = inlensity which would be obscrved if all the

activity were concemtrated at the centre of the

sphere i.e. & point source with zero absorption,

then,
If
X%'_ I
It .—.;z(NI
= I0 " v 2.2

wvhere V = volume in the bladder.

Then =
art - V ¥ 4R ~
S LS e wm

where () = the flowrate.

Since
v = %77?3
that is —
av _ _ -2 dB
T Y Ay,
Hence,
1A, Y3 ¥
- O - A
AL IvaiR° ar
a4y
N
=~ 0 [l + 3332/
ax;,

The varistion of this error giﬁ»aﬁw-with volume is shown

in Figure 2.7 for vorious thicknesses of tissue.
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From equation 2,2

L Yiv'l.
i h

s e M eem 2 . 3
4

TRAR

xﬂunx>xa = doserate at distence d initially, i.c. prior to deflation,
Ii = initial observed initensity from the bledder, Vi = initial
volume in the bladder, Ié = ohgerved intensity from bladder at

gome time t during or after micturition, Vf = volwac in bladder

ot time 4, X; = dogerats at disbvence & atbt time 4.

I VO = volume voided abt time

F 1
‘i VO -+ Vé

(H

.

il

VG 4

(il
o

P

Therofore,

3
[¢]

¢

ax e = Vo=
nd VRES 5 VO

Therefore, YT
i

This is the formula used in praetice to calculate the
residual urine.

If Vicqlc = calenlstad initisl volume in the bladder, then
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gince the change in ahsorption is ignored in practice
1

vo /1 —1-11_7
= “I%

vicalc
that is, T
i
L - 5
V - > V 2.5
icale [ “zfiI%J i
1~ =5
A
Since
0 - Vianr 1 v
=T 1tat ~ R
i [+ Fvar 7
then
0 = Al vi CLb/ i
-7 at R £ It
T + 3 T ;7 i
£
that is,
X1,
. It £ -yl
9 _ tecale P
= 1y at R4y, 1Y
rra AR

_ Vic&lc
- 1!
1

In the practical rcutine caleulation the assumption that & = 1

Hence, the error invelved is

iS madOQ
(1 -€) X 100%

Error =
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Using the date resulting from the analysis of the inbegrol

for X

N this error con be computed. These errors are shown in
v

Figure 2.8 for different thichknesses of tissue,

The analysis is dependent on the shape of the volume, the

L

volues used f0r7x% and Eﬁi boing for spherical volumes only.
However, the fact thai ~the errors involved are small and thet the
bladder is not areatly non-~sphericel, the conclusions to be drawn
from the resulivs can be regarded as reasonably accurate. Thus,
according to the theory for spherical sources, the error in flow-
rate is of the order of 1 per cent and the error in residual <10
per cent for normal physioclogical volumes, the accuracy of the
latter inereasing ag vhe residunl increases.

Tn ordex to checlk the effects of self absorpbion, o bballoon
was filled with o sclubtion of portechnetete in inerements of 50 mi.
The centre of the balloon was positioncd 75 cm from o godium iodide
scintillation counter conneccted Ho o pulse height anclyser timer--
sceler which was calibrated on the TC99m photoneak, The counts
over o Deriod of 60 scconds were measured for each increment of
50 ml of the perbechnetote sciuticn insghilled into the balloon.,
The countrate/ml was then coleulated at esch increment and

corrected for decany. The

P
ta

esulte obtoined gre shown in Figure 2.9,
These results were then compared with the theoretical predictions
using oquation 2.1, The comparigon is shown also in Figure z.9.

I% can be seen that the theoretical and exﬁerimental results agree
t0o within 10 poer cent for volumes up to 300 ml,

The Jogcratve on thoe suxfoce of the sphere can be approximated




N
-

>
h

by the equatvion -

D = 27 keR
where B = the radius of the bladder.

Thua, for 5 mCi Te o™ lalellod human serum albumin in 300 ml
saline, the doserate to the surface of the bladder isg approximately
100 mrads/%0 mins, This is tho aectivity used in the clinisal
study. If it was found necessary te increase the volume in the
patientls bladder, exbra saline was added go thet the speeifie

wibe in o lower doservate., If the

el

g Yre

[

activity decreases, Th
potient is unable to aecept the Full 300 ml then, although the
specifie aetivity ia the same, the total activity is less than
5 mCi reoulting in a jewer doserste, Thug, in all caseg, the
maximum doaserate to the surface of the bladder ig legs than or equal
to 100 mrade/30 mine., Ths doserate tc the gona™ " ia lower than
this bat no rveal eoiimgte can %e given since the distance of the
gonads from the surface of the bladder is varieble from patlient
to pavient,

It s alno possivle to have srrers ip the technigue due to
bladser movemant, +t hag been asbgerved by the suthor apnd Hinmon
et al (1955} neing misturition ocystography thet the bladder falls
frem ibs premicturition position by aboui 2 om al the onael of
micturition, Thus, it is possible thats-

(a) Tae reference used to ealenlata the residual wvrire,

that ig, tne countrate pricy te wmicturitiea, may
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be in error. If Dm = the distence of the scintill-
otion detector from the centroid of the blodder
prioy to micturition, I = the distonce at the onm
set of mictburition, then -
sz = D2 + h;2
vhere = the distance moved by the bladder. Thus
for D 2 60 crm and h £ 2 cm, then the error in
the refercnce is of the order of 0.5 per cent.
This orvor is therefore neglipgidble.
There arce errors in the flowrate during the veriod
of movement. It is dmpossible to guantitatce this
ervor since it depends on the rote of movement.
When thig occurred in practiecce, comparison of the
flovwrotes determined by the tgoetope technique
and Vom Garvelts! tochnique show thot this cppar-
d B
ent flowrate fhich was not detocted by the

Von Garrelts! a@paraﬁus) wos loss than 3 ml/sec.

2.6 Clinical Techniqgue

The intravesicol pressure is measurcd using & semiconductor

stroin gouge pressure transduccer connected to the bladder vin o

suprapubic catheter. After the cetheter has been inserted, the

naticnt is sented on o specinlly constructed wooden chair. The

choair wosg

{(a)

(b)

designed so that:-
it would be possible to incorporote & Von Gorrelis'
apparatus for the measuremont of urine flowrate;

it would be possible to X-ray the potiont with
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minimal interference from the chair,

In these studies the urine flowrate was measured using both
the isotope and Von Gorrelts! techniques. The Von Gorrelts!
apparatus wos shielded with lead sc thet only radiastion from the
bluid in the bladder would be detected, Figure 2.10.

2% this poirt, the calibrotions for the bladder pressure and
the abdominael nressure were recorded on separnte FM channels of the
taperecerder, ffter cotheterisstion the putient wos seated on
the niiciurition chair. The tochodynemometer wos strapped round
the paticnt and nositioncd necer the umbilicus for the moasurenent
of abdominal pressurc. 5 mCi of Tc labellod humoen scrun
clbumin were then dissolved in 300 ml sicrile scline and instilled
slowly into the paticnt's bladder vian the suprapubic cotheter.

The sclution was instilloed in volumes of 50 ml ot o rate of
50 ml/2 - 3 mins znd the bludder pressure measured after cach
increment of volure, If 4lic bladder pressurc wos found to increasc
rapidly, the rate of filling the bladder wos reduced in arder to
cllow the bladder t9 accommodate mor: readily to the instilled
volune.

If the blndder copacity wos greater dacn 300 ml cond the
patient could not initicts micturition, scline wos instilled into
the bladder until the potiont could initiate micturition or the
bledder capacity wos recched. After the Bladder was filled, 10
ml saline were flushed through the csthoter used for filling in
order to remeve cny residual activity. ~. sodium iodide scintill-

ation counter fititeld with o dircctional shield was positioned
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approvimately 3 €1 from the patient's blodder which was viowed

Eh

laterally. The ficld of viev of the detector wos of the order of
35 cm, The output from vhe detector wos fed into an amplifior,

. . B w991
pulse-heiglit analysoeor and the pulses due to ths Te photepeek
vore fed into a ratemcter, The nnalogue volvags from the rate-

noter wos fed into an FY channel of the taporecorﬁor.

The bloddor pressure, abdominal pressure ond the countrate
£rom the bladder were rocorded simultancously on separate FM
chonnels of the taperecorder for two minubtes vrior to micturition.

2

The notiont was then sshked vo micturcte ond the bladder

nrossure, cbdeminsel pressurc, the preossurc from the Von Gorrelis!

t

flowneter ond the countrate from the bladdlor were rocorded

simmlteneously on the toperceorder throughout micturition., The
variables were alse rocorded for two minutes alter micturition in
order o reeord the residual activity. The residunl wog then

agpircted Trom the bDladder vice the supropubic cotheter and the

volune neasured. The patient was then wremoved from the field of
view of dhe counter and the background recordsed on tape. The
volume voided by the patient was meosured. It should be noted

that 1t is not necessory to lmow the initial veolume in the blodder

v, o

since it can be determined from the coleulavion of the residuel
Urine., Hence, it does not metber i€ the kidoeys scerote a
significant amount of urine ofter Lledder filling but prior to
micturition,

2.7 Dok Processing

Tha ealeulations on the cnalogue dala recorded on ‘the
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toperecorder were performed using an snalogue computer for cone-
venicnce.
In order to calculate the urine flowrabe, it is necessary to
differentiote the countrate Ffrom the bladder with respect to time.

The circuit used to Aifferentiste is shown in Figure 2.11 Jockson.

If in the equation -

t
I{t) + (1 ~-=<) Z(t) = { Z(D) AT
" ¢0
Then as ol ~—p 2, %4 _,;}M_

at °*

The value of o controls the noisc level inherent in the
differentiotion proccss. L velue of 0.9 for < was generally found
to be acceptable.

A bleck diagrom of the circuit used to calculate the residunl
urinecand urine flowrate is shown in Figure 2,12. In order o
celibrate the system for the urine f£lowrate it is necossory to first
calculate the residusl volumce, This is donce by measuring the
voltages on the digitel volimeter (DW) Figuire 2.12 during play-~
back and using the formulo -

Volume Voidod

Vams = I, - 1
P R ——
12 14
vhere I, = voltage represcnting the countrate from the bladder

1

just prior to micturition, I3 = voltngo vepresenting the background

from the bladder prior to voiding, I, = volitage revresenting the

2

countratoe from the bladder after micturition and I4 = voltoge

representing the background from the bladder after micturition.
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In order o obtain on aceurate reading of those voltages, the
time constent of the inout filter was incrcased to 15 sces. One¢e
the residucl is calenlated, the initiel volume in the bladder can
be determined.
In th~ isotope %dceehnique, the urine flowrote is calculetoed

froom the cguation --

whare Vi = initial volune in the bladder, Ei = coumtrete from the

x 2

blodder prior to micturition ard I(t) = countrate from the bladdoer

)

during nicturition,

Thus, the pon recorder is casily celibroted by injecting a

voltoge = ¥ mV {rom the calibraticon unit in Figure 2.12 ond sctiing

Mmll senle deflection on the pen rocorder to X ml/scc. It is then
only ncesssery bo scet the voltoge duc woe the conntrats prior to

nicturitvion egual mumoriecnlly Ho the inilbticl wvolums in the
bladder in aillivolis. It wos ecessary to use filters with o time

s 41,

to reduce the noidse since it was

constant of 1 second in cerdexy
undtosirable to roduce boyond G.9. ihe sone methold was uvsed to
dobeorming the vrine Plorrats wsing thoe Von Garrelis'! technigue
only ir this dnstonce I, wons cot to Bhe volune voeided -2 the
polarity of the oulpuyt So the von recorder was reversoed.

The cize~ ! o the anslysis of tine bladder pressure and
abdorinal Jressure dobta is shoun in Fipure 2013, The pressure

+ . chvaotion (irtwingd S . . XN y
duo to detrusor contryoctien (iriringie yxvssusa) wey dobormined

by subtroctivs the olleminal pressure Trom thoe intveavoesical prossuro.
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The introvesicnl prossure, sabdominal pressure ond the indrinsic
vpressure were Lol bo geparcsts channcls of the »en recorder.
The pressure channels were ealibreted independently by injoct-
ing the calibrobion veltages rocorded on the taverecordor nrior o
micturition. The going 3, ond &, wors adjusved bo give the same

vressure cnlibration before the subtrocbion unit,
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irid Tube Theowy

In oxler to txy %o understand the fluid Jynamics c¢i

lover arincry troet many investigators heve uged tho thecry cf flow

in rigid tubes 2s o firal order spproximacion. The ilew was con-
gidered tc B cteady. If the flewrste e nmot constant then the
it wes congidered s = scguence of stezdy flowrabes. The theory
hzs Leen unased to correlate the bladder pressura and Ilowreie =pd

the clinicoi condition of the petient by Gleason and Lattimer i’}é?‘
% R /

the flowr to Lo laminer,

Usiny tartulent flow conditions, ILitter, Yinner anl roguin {196k )
end Dasimian (15€8) caleulcoted the enersy losses in n rigid tabe
epprexinevin: the uwrethra,

If we congider the stealy flow im o ripid tule ¢f unideorma cir-

o ~r
: . 3 : A w4
. = 1.)(_':; -+ -~ ._510‘\‘( ,1.)-.,__ Je
- f}l 1." O o~
- = \ A 3 %
T -~ B !/ . A i o | -~ r‘ - o i i) . - - T T - -
waers "'i.oss(&""""‘ = enery loss/cu, plx) = pressure ot seint z within
the tulbe end & = flewmrctes
Cince, in general, the bladder necit on entyry from the Gladder

is pet & shiorp oiysicel boundery, tae energy losc on entrxry will we

gl Then the droic Tlow cgustion {(the IHovier Oteoliets armaticas)
ere oclved Zor non=turiuient fiow in rigid dubesg, it can ¢ shown

{Geklichiing (”‘55,, thet the velccity crofile, being flcot orx entry
"]

becones progressivaly more persibolic downstresnm only ziteiniz

the lauiner flow profile at @ distence cf the arcec of 0.3 x & = W




where L = Zeynolds! Hoe = v ;\‘-‘-), 4 = dizmeter of the tube, v =

velocity of tiaz fluicd witkhin th: tube &nd A= kipematic viscosity

These varichles are 8ll in Cefes. WAits.

Thne, Sor 6 Boynslds! Mo, ©41,000, ond a éiameter 2% m,
the inlet lengti L. SXiCT em, This is much greater thien the length
of the uretinz, It wonle, ‘hercfore, crpear that laminzr flow
does not soour in tkp vrethrs during the muin pord of pickurition,

If swirlin; cccure on enmiyry ts the tube, Mt ¢f 2= ovder less

Ho, cZ 1,000, Jsouming & dizmeter of 3 m, this distance is ¢

(&4

ry

T - 2o S - - 27+ F wpu A > S - L

the ordor o€ 22 cn, Thus ene would possibly expsed swirling to
- - S L B B Ve o b ] INEH ool SEX s -,

ocenr oceaglionaily in the female on exit ot the externs] meostug

Tnergy losses nmey elos ozeur ot bLends bt in general these
losses will be small in the fomrle although they are prodakbly not
R

vhe eneryy dissipeted is due

3
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nid end the vretkral surfzce,

In oxrder to guantitate the leoss it is necessary to determinz the
type of flow in the urethra, Measurements c¢i the urine flowrate
and the dicmeter of the uretlire from -ray photograplis of the
urathra during mictu-ition show thet the leynolds! He. is generslly
in ezcess of 2,00C at flowrotes greater then 10 ml/sec, This
irmlice (Gehlichting (1955)) thet the flow will not be leminar

ana I

1

e
el

b2 epproximutely turbulent., Ti:is has also been reported
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by Morales {1952).

T 1911, Zlaging surveyed the

wipes
resistarce P\ o the velosity v of

47 Lant
i Ta2C,

AN pl("“&“ = L

AW

and eptablighed an erpirical

literature on turbuleat flow in

eguation

reledting the frictionzl

-

the fiuid and the diometer ¢ of

follcv—

o~
] 1Y

')
v XAl
1 & r{}- — Eﬁ—-
= TR TS
& o 27
wveere 1 = lengti of the tube.

In ferms of equation 3.1 -

'l (]
1 Py @a\
- 3 b {2 X
By gy (@ph) de = 1% (S p )
Cas A K
Jo a4 2 8
Lence -
o n
e — ...;....ID 5 .8..}: - M{T 3.2
ELT 2T TR 5 -

if iv do sopumed thot the nressure

at tie exist of the

trbe is atinoge

Therefore,

are known, then it is wmossible to

goleulate o diosmeter d] whiekh

“; o0
£, 85
C‘l 9

nd the bladder mressure Loy
’ 23
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Q

atisfies equation 3.7, This diameter is calied the eguivalent

rigid tube diameter.
This concent hos been used by Backman {1966) and Smith {19568)

Eowever, in these insbances the coefiicient A in gguetion 3.2 wasg
talken to be & congtant with o value of 0,805 in c¢,ges. units,

The nge of o sonsbant value will tend to cause an ervor in the esti-

metion of &) as the Feynolds! Ho, increases. Thig erroxr will os

<L - N - R T 1 o
of the oxder %€ 0,2 mm,

. . . AP ‘- .
Jince £&§109° ig nroportionsl to & °{“, Coelmen {(A256) end
35 At
P
s . “loss s . :
Srith: {1968) have nsed the ratio Ly = =5 as en in€icaticn of

the resistonce of the uwrethra., Using thie definition of 1, -

The tewn ko = =75 ney also reflect the resistance of the urethre,

4+

The factor I hoo been used frequently since it does not reguire

ooy Enowledpe af the equivalent rigid tube dianeter.  Both B, and
da

T are epprowimately indemendent of the flowrate and, therefors,

reflect the celibre and length of the urethro,

Velvies of Lladder pregouye, evvivoiant riglc tube dicieder,

&

flowrate 2l the sorvesponding resistance foctors & and L, hove
d

-

been taebulated ueing o digitel cexmmter. Hence, Inowing the flowe
rote end the corresponding bleadlder pressure onz can deterrmine the
other nerameters charascterising the urethra from the tebleas,

The hlodder pressure and urine fleowrptes bhave an erxror of the
ordexr of 5§ peor cent asecciated with them, Ience, it ig important
to Cetermine the effeet of these errors on the eptimetion of the

covivalent ripgid tube dicmeter and the other parameters,
- ) &~
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In the wigid tube modeld,

. o2 5075
> -4 ':"""‘"'“f"??
BL " T TE NNT
o A <8
13 &

Therefore ~

I Loy, -

oilneg -

[
i e
AP R )
“loss L L L2
~ f»
Then -
..; 1 ‘\2 1 !\

u

Avyos T 2D 42 8

Therefore =

, 20 i A £ 54
3L 2L -w'Zg .o 27 o 1,75

>

T B g 08, Sl 00
81, A oss e e v

4’
"—m-i-_ﬂ——

Then o

ALY

g
mpfg 4}-—--—- u( - 1)

the basic erustiion ig -

(""‘") 1,95 e o B, 75

d <,




| 9%
1439

4z, & §'a
/3 BI' - (28~ 0.25) 5 = (1B B,75) ===t

Yherefore -

* "'1

""‘J

é‘d g% "y
T o [(of- 8.85) v B %

(& - 8,75) )
6} 0 (5‘ *)13*

9 %y vy . T ok
Thus if ¥, @< 10 per cemt Foap ~54 5 per cont and wee
X L1 0] ) — e
b de . P
5 per cent we hava T 2275 per cent.
£
Q

The ervor inereaseg as/ﬁ?dﬁcreasesg LeCo.y; as the Ffrictiomnel
lesg increascs.
The ecquivalent rigid tubeo diameter is relatod to the diamecter

which would Dhe obizined if there were negligible losse

For & loscless tube, then -

n L&
-, 2
2 AL
s
therefore -
i
L2 10
ﬂ]‘ =
A vt.
. BL

In the case of frictional loss —

p . 2
167 e, @
™ o s o 2wl g vrmeren
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