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le
PART I -~ PHYBIOLOGY

Before entering inte a discussien of those patholeogical
conditiens, especially theose of neuregenic origin, which alter the
normal functien of the urinery bladder, it will be necessary to
discuss the present conception of the physielogy of the bladder in its
normal states

The physielogy of the bladder has long been the subject of mueh
speculation and controversy on the part of various investigators since
it is, paradoxically, veluntary and inveluntary.

Since a knowledge of the anatomy of the viscus is necegsary,
before nndértaking e discussion of function, we shall review, briefly,
the various nerve pathways concerned in bladder mechanicss

The efferent nerves to the bledder, just as in the heart,
stomachy, and intestines, are of two types, sympathetic end para-
sympathetice. (1).

The sympathetic pertien is represented by the hypogastrie
nerves which arise from a common trunk on the promontory of the sacrum,
the pre-sacral nervee (figs 1)e This presacral nerve receives medullated
fibers from lumbar ganglie 1,2,3,4, comprising about 60% of the nervees
Non=-medulleated fibers freom the intermesenteric plexus meke up the other
40%¢ The spinel origin of the intermesenteric plexus is unknown, but
its fibers have been traced to the renal plexuses, the caeliac ganglien,
and the semi-luner gangllione Thus the nerves from 1,2,3,4, form the
lateral roots, and the juncture of the right and left intermesenteric
Plexuses, the middle roeot of the pre-—sacrel nerves The hypogastrie
nerves end in their respective hypogastric ganglia from whence their

post-ganglioniec fibers run te end in the bladder walle
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The paresympathetic supply erises from the enterier pri-
mary divisions of § 2,3« These nerves also run to the hypogastric
ganglie, but pass through without synopsing to end in the bladder walle
The motor supply of the external sphincter is the pudic nerve from
§ 3,4, which runs to the viscus without passing thru the ganglia. (2).

These various nerve elements are cohnected‘with the mural ner=
vous system of the pladder, amd are seen best at the peint of entrance
of the ureters into the bladders When the tissue et this point is
sectioned and stained by the silver method of Bielchowsky, the cells
are seen clearly as multipolar with thelr processes extending in
various directions over the bladdere These ganglion cells end connect=-
ing neurones are found both in the muscle tissue snd in the external
connective tissue layers of the entire bladder walle The vesical
plexus receives (a) medullated fibers from the saeral nerves, the nerve
erigentes of Eckhard, (b) non~medullated and medulleted fibérs from the
hypogastric nerves, and (¢) fivers from the sacral portien of the marginel
fasciculuse. (3) (Fig. 1).

Thet there are spinal patlways connecting the vesical plexus
with the higher centers in the brain is conceded by all the investigators
of this fielde (2-3=4~5-6),

Langworthy and Keib, from their experiments on catg, believe
this center to be situated in the cephalic portion of the hind brain.
Their experiments confirm the work of Barringtone (7-8).

The exact part played by the various nerve pa’cﬁways in the
normal function of the bladder is still a matter of some contreoversye

Perhaps the simplest theory of innervation was advanced by
Mullere He believed that in the bladder, as in the intestines, cone

dealt with the law of "ecrossed innervetion." According teo this law,
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in man it does so after a variable period of time, providing the
section is above the lumbo-sacral segments. (4-5).

Elliott in 1907, published a paper in which he stated, "The
main control of thes bladder is by the vesical plexus -~ from the sacral
nerves, MNo good preof exists that the hypogastric plays an inhibitory
rale to the detrusor." (10).

Denny-Brown is of the seme opinion and in a recent article,
advanced the idea that the "micturstion center" is not in the brain as
Langworthy and kolb believed, but in the lower segments of the spinal
cord, namely ¥ 12, L. 1, L 2, 8§ 2, 8 3. The funciion of the higher
centers are only to decide whether or not micturation would be suitable
to the environment. However, he found that stimulatien of the hypo-
gastrics resulted in contraction of the internal sphincter, and ack-
nowledges the accepted theory of the motor function of the parasympa~
theties. He believes that the essentisl mechanism is the vesical
plexus, This plexus develops into an auntomatic functioning unit after
section of both sympathetic and parasympathetic roots. The circumstances
which decides its development is the reaction of the bladder to the
stretching caused by an increasing volume of contents. (4).

Learmouth, during a lumbar sympathectomy on one of his
patients, applied farodic stimulation to the distil cut ends of the
hypogastries and by observing the bladder through a cystoscope, found
that the internal sphincter and trigonal region contracted bqt the
bladder wall underwent no demonstrable changes. MacDonald, however,
reports a case in which stimulation of the hypogastrics caused a definite
contraction of the detrusor. Elliott made a similar observation but on
a patient in which the sacrals had been destroyed. He explained the

phenomena by showing that in a case of that kind, the reflex bladder set
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the nerve bundle which carried motor impulses to one set of muscles
pcarried also inhibitory impulses to the corresponding set of antagonistic
musclese Thus, in the case of the bladder, motor impulses to the bladder
wall would be accompanied by inhibitery impulses to the sphinecterse. He
showed that stimnlation of the pelvic nerves (parasympathetic) lead to a
contraction of the detrusor and a relaxation of the sphineter. &lso if
the pelviec nerves were cut bilaterally, the tone of the dstruser decreased,
and the sphincter would no longer open. The hypogastric nerves are the motor
fivers to the sphincters and inphibitory fibers to the detruser. However,
section of the hypogastrics lead to no demonstrable difficulty in emptying
the bladder, whereas, had their effect been that of antagenistic 4o the
pelvie nerves, we should expect to get & contracted bladder, with atonic
sphincterse (3).

Rose and his co-workers also believe in the reciprocal innervation
of the bladder by the sympathetic and parasympathetic, and in additioen,
the nervus pudendus which controls the externel sphinctere. They consider
that the sensory impulsés from the bladder are carried by a variety of
patiwayss Thus the "First desire to void is ecarried by the pudic nerve
to the cord and from there to the brain; but the feeling of distension
is earried by the sympathetics to the higher centers." Rose considers
eérebral influence to be one of inhibition to the detrusor muscle. (6,11,1).

Langworthy and Kolb, advance the theory that the center for con-
trolling bladder tone is not in the lumbo=sacral segments, but rather in
the braine They hypothesis a "micturation center™ for control of bladder
function as a whole in the region of the cerebralvﬁotor cortexe (9).

Denny-Brown, however, denies the existence of this "micturation
center” in mane As evidence, he points out the fact thet the cat bladder

does not, become reflex after section of the spinal cord, whereas
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up by the vesical plexus was augmented by the hypogastrics due to
an outgrowth of fibers to the decentralized motor ganglias. Thess
findings, however, do not necessarily conflict with the original
conception of hypogastric nerve funetion, since this nerve contains
both motor and inhibitory fibers, and while only the.inhibitory fibers,
innervate the normal bladder wall, motor fibers msy grow out to assgist
the vesical plexus in the bladder devoid of sacral contrel. (11, 2, 32).

Of the hypogastric nerves Denny-Brown says, "In any case, we
do not have to bring the pre~sacral nerve into any scheme of essential
nervous mechanism of micturatione” He bases this statement on the
observation that in many patients, lumbar sympathectomy does not result
in frequency or incontinence. (4), (17).

We are now in a position to discuss the phenomens of micturation.
Rose belisves that the weight of accumulated urine within the viscus
causes & mild involuntary bledder wall contraction, the resulting
increased pressure being recognized in the posterior urethra. This
impulse, or feeling of a "first desire to void™ is carried via the pudie
nerve to the higher conscious centerss If the eonscious centers find
micturation apprépriate to the environment, +the inhibitory influence
of the cerebral cortex is removed and the perineum is veluntarily forced
down to align the external and internal sphincterss (6).

This dowmvard movement of the perineum was sh@ﬂniby Denny=-Brown
to be mainly the result of the relaxation of the levator ani muscle. (13)

The next step is the ;ontraction of the trigonal muscle which
bridges from the trigone to the posterior urethrae This movement forces
down the internal sphinecter to a level eof the trigone and allows urine
to run slowly into the posterior urethraes (6),(14),(15).

Acoording to Rosse, the urine running slowly through the urethra
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eauseé an efferent stimuletion which connects in the cord with the
inveluntary nervous system, stimulating the bladder to more forceful
contraectionse Thus the bladder wall becomes thicker so that the force
becomes inereasingly greater, until the bladder emptiess

The conkraction of the prestatic muscles, the bulbeo~cavernosum,
the perineii, and the levator ani brings about the terminal ejections of
urine from the urethre, after which the bladder relaxes amd the internal
sphinecter closese Since the bladder wall is in constant rippling motion,
that is, dilating and contracting, any external force which may be
applied is taken up, and not transmitbted 4o stimulate a forceful Dbladder
contractions (6).

It is iwmportant to note that Denny-Brown, Munre, and Robertson
have a slightly different conception of bladder function. They have
found that the reachionary contractiens of thne detrusor is produced by
the distension of the bladder wall, and that thess conbractions are
controlled by a restraining effect which is subconscious at low bladder
levelse The process of‘adaptation intrudes upon consciousness only at
increased volumes of urine within the viscuses They believe the sensation
of a desire to void to be due to & process of adaptation, that is, a
control of impulses going to the vesical wall, and have shewn that a
willed effort to micturate produces bladder contractions similar to those
arising spontaneouslys (4), (18)

These inves%igatorg hold a gquite different opinion, than that of
Rose*s, of internal sphincter activity, They have shown by means eof
delicaﬁe recording apparatus, that each conbtraction wave of the bladder
is accompanied by an outburst of impulses from the veslcal plexus te
open the sphincters Instead of tne sphincter being pulled open by the

action of the trigenal musecle, they have demonstrated that the true
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Anveluntary sphineter is a tubular shaped muscle which relaxes from

ebove downvard as the debrusor contracts as a result of a relation-
ship between the two muscles by the vesical plexuse (4).

The external sphincter cannot be opened until the bvladder
contrackts, its action being to reinforce the internal sphincter; it can,
however, be closed voluntarily; whereas the involuntary sphineter opens
and shuts slowly, the external sphincter snaps open and shube (4).

Learmouth calls Denny-Brown's theory of micturation "The mechan=-
ism of micturation on desire to urinate." He considers voluntary
micturation due to veluntary relaxation of the intermnal sphincter caus-
ing an eutomatic contraction of the bladders The other workers in
this field deny that the internal sphincter can be veluntarily relaxed,
and regard its action as wholly inveoluntary and due only to contraction
waves set up within the bladdere. Learmouth further states that the
parasympathetic is the only peripheral pathway necessary for the
volunbary interruption of flow, as opposed to the view held by others
that it is the contraction eof the perineal muscles, and especially

the levator ani that is respomsible. (2), (4), (6).
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PART II == THE NEUROGENIC BLADDER

Heving considered the essential nerveus mechanisms concerned
in normel bladder function, we shall new comsider the problem of the
neurogenic bladder which, in the course of clinical work, is freguently
-encounterede

"The actually proven presence or absence of & neurogenic
bladder makes a given clinical diagnosis eertain or eliminates it
entirelye Such a finding is an important clue and directs the internist
or neurologist toward the proper disgnesiss Occasionally there are
cases which, because of the absence of any uriﬁary symptoms, the
gusstion of 8 neurogenic disturbance of the bladder is not considerede
Yet, such a disturbance may exist in spite of the absence of any urinary
complaintse The neurogenic disturbsnce of the bladder, because of the
process of compensation, does not give any subjective symptoms until
the late stagese As the disease progresses, the compensatory mechenisms
having failed, the patient begins to have symptoms of improper drainage
such as frequency and incomplete emptyinge OSince these symptoms are
also present in vesical neck obstructions, the neurogenic cause of such
symptoms may be freguently overlookede The urologist is then called
upon to determine whether the pathologic involvement is neurogenic er
obstructives" (18).

In the past, diagnosis of a neurogenic bladder could be
made only by the use of a cystoscopic examinatione While cystoscopic
examination, frequently is adequate in advanced shates, it does neot
serve to differentiate a cord involvement from an obstructive lesion
in the earlier stages of 2 neurogenic bladder.

In a neurogenic bladder, the physiologic status of the
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Adetruser is markedly altered, even in the early stages of tne dig-

eage, since the normal tonus of the muscle is dependent upon the
reception of normal nervous impulses over clear nerve patlwayss The
state of tomus of the debtrusor is, therefore, an indication of neuro=-
genic involvemsnt. (18).

The determination of sueh a change in tonus is mede by the use
of the cystometere It is an apparatus designed to record the change of
tomus in the bledder wall as the bladder is filled with watere The
cyshtometer, in its simplest form, consists of a syringe, equipped with a
two-way valve so that water can be drawn out of a flask when the plunger
is drawn back, and forced into the bladder, by means of a catheter or
eystoscope, when the plunger is pushed ine A side tube running from the
syringe to bladder line, connects with a mereury manemetere Since the
system is kept closed, any varlation in intracystiec pressure is shown
by a rise or fall of the mercury columne Since the intracystic pressure
escillates within a fairly wide range, a constant point is used, namely,
the highest rise of the mercury after each injection of fluid. The

pressure after each injection is then graphed against the cc of fluid

injected into the bladdere (19), (See Fige 24)e

There are two basic types of a neuregenic bladder == the
hypertonic ard the hypotonice The hypertonic bladder is due to an
increase in motor impulses to the detrusor snd a reciprecal decrease in
impulses to the internmal sphincter thus giving rise to a contracted
bladder wall and & relaxed sphinctere This type of bladder causes true
incontinences A hypotenic bladder is just the eppesite so that the |
bladder is relaxed and therefore enlarged, while the sphincter is

spastice This type of a bladder causes 2 simulated incontinence, the

'dribbling or freguent urination being the result 6f retension of urine
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with overflow. (18).

In making a eystometric study, the patient is instructed to
state when he feels the very first desire to voide The volume of fluid
injected is taken at this pointe 'When the patient feels that his
bladder is filled to its capacity, and when it becomes painful from the
pressure of injected water, he is instructed to bear down as though he
were going to voide The pressure in mercury at the peak of this volun-
tary effort is also recordede Thus we obtain three factors:

(1) The volume of fluid at the first desire to voide

(2) The pressure curve during £illing.e

(3) The meximal veluntary pressures

Inrthe normel bladder, the pressure curve will rise slowly
until shout 5060 cc have been injected inke the bladder, after which
the pressure rises more rapidly. 600 cc is considered a normal bladder
capacitys The firgt desire to void occurs between 150 and 250 ce, and
the meximal voluntary pressure is about 50 mm of mercurye (Fige 3)

In the hypotonic bladder, the pressure curve is much differente.
It remains low even after large quantities of fluid have been injected;
sometimes even after injection of 1,000 ce the curve will still be lowe.
The first desire to veid occurs much later in the filling, between
350 cc and 800 cc, and the maximal voluntary pressure is low, usually
being less than 40 mm of mercurye (Fige 4.)

The hypertonic bladder is just the opposites Here the pressure
mounts rapidly after filling begins and the first desire to void occurs
early, between 50 cc and 100 cce Because of the inecreased tonus, the
maximal voluntary pressure is always above 60 mm. (18), (Fige 5.)

The detrusor = sphincter balamce in various forms of inchr

tinence is well illustfated in Figures 6-7-8-9-10-11l. The £ sizn
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GRAPHIC IUUSTRATION OF VARIOUS
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indicates increased tomas znd the "o" sign decreased tonmus. Detrusor
and sphincter are abbrevianted to D and S respectively. Figure 6 is
a normal bladder showing an equel relationship in tonus betwesen the
detrusor and the sphincter. Figure 7 is a hypertonic detrusor,

Figure & shows a bladder of the type seen after perineal operations
causing a partial or complete incontinence. Here there ig decreased
tone of the internal sphincter. PFigure 9 is a hypertonic bladder with
increased detrusor tone and decreased sphincter tone. Figure 10 is a
hypotonic bladder showing the opposite type. Figure 11 shows a form
following & supéryubic prostatectomy in which there is modified hyper-
tonic bladder. It will be secen from the graphs that only Pigures 9 and
10 represent true neurogenic bladders showing the reciprocal relation-
ship between the sphincter and the bladder wall., (20).

BLADDER ABNWORMALITIES RESULTING FROM SECTION OF A SPINAL CORD.
(See T 12)

A common cause of a neurogenic bladder is 2 transverse lesion
of the spinal cord cutting off impulses from the brain below the site of
the lesion. This type of lesion is freguently due to a fracture of the
vertebrae with a resulting compression of the cc:d. The condition may,
however, be produced by tumors, infections, and especially during waf
time, gun shot wounds,

If the lesion is sbove the 12th Thoracic spinal segment, and
does not result iz the death of the individual, the bladder becomes
markedly hypotonic. Because of the damage to the cord, the patient goes
at once into a state of "spinal shock." This condition is manifested by
a marked state of depression of reflexes. The bladder is, of course,
dependent upon reflexes in the lumbo-sacral region of the cord for its

normal functioning., It is the depression of these reflexes that causes
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the bladder to lose its normal tones Cystometric study mede on
the bladder during this two te three week period of "spinal shock"
will show the absence of a first desire ﬁc void, and an extremely flat
pressure curves The patient is uswally unable to raise the pressure
by a veluntary meximasl efforts This type of bladder may hold quantities
of fluid exceeding 1,000 ce with no sensetion of distension to the patient
and no attempt on the part of the bladder to expel its conbtentse

As the state of shock gradually wears off, a reflex emptying
of the bladder is set up with emptylng oceurring usually six to eight
hours aparts Micturation is eempletély involuntary and soon becomes
powerful and guite complete; the initiation of flew evidentally being
due to bladder wall distensione The sphincter bears the sams reciprocal
relation to the detruser in a reflex bladder as it does in 8 normal one,
relaxation of the sphincter eccurring as the detrusor contracts.

If & cystometric analysis is made of a reflex bladéer, the
picture is seen to be entirely chenged, for instead of being hypotonie,
the bladder is found to be hypertonice There will be no first desire te
void or indeed any sensation as the result of the interruption of the
sensory tracts in the cord, but the pressure rises rapidly as soon as
filling begins, and the spontaneous expulsion of urime oceurs at 200 -
500 cce The total volume of urine held becomes somewhat smaller then
usual, ebout 300 cc, and the resting pressure is extremely highe (4),(5)s

Munro considers that after the state of spinal shock has wern
of f, aﬁd before the bladder has become hypertonic, that it goes thru
an "autonomous" states Here, the detrusor mascle and %the internal
sphincter begin to show signs of activity, as the result of the
intramurel nerve plexus activitye However, in this autonomous state,

the bladder eontractions are not powerful enough to cause complete
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emptying, and so a more or less constant dribbling occurs, with
retension of urine, as the muscle tonus increases, this state passes
inte +the hypertoniec state described previcusly.

If the treatment of the bladder has been adequate, the hyper=-
tonic state gradually passes into & state not unlike a normai bladders
In this case, re=-education of contrel of mic:kuration, and stretching
of the contrected detruser musele will, in favorable cases, result in
a more normal bladder capacity, a tonus, while still high, more nearly
epproaching the normal, and ability te inhibit, teo some degree, bladder
contractionse Thus, & cystometrogram made in this final stage will show
(1) a residual urine up to 16% of the fill, (2) initiel increased toni~-
city, (3) emptying contractions ocourring usuelly throughout filling
but always after 400 ecc have been put in, (4) inability to retein
bladder contents after 400-500 cc heve been instilleds (34),(35).

BLADDER ABNORMALITIES RESULTING FROM PUDIC NERVE KEURITIS

A cystometrogram masde on & patient with this type of lesion will
show an essentially normel first desire to void, pressure curve, amd
volumes However, when the bladder is filled to about & normal limit,
the pressure will rise suddenly and, at comparatively low pressure,
the patient will veid spontaneously. It must be remembered that a
person with & normal bladder will be able te retsin its contents even
though the bladder is filled to capacitye. In these cases the ecysto=
metrogram together with a history eof enuresis, perineal tingling, and
constant desire Yo void in the absence of definite neureological find~
ings, will serve to establish a diagnosis of hyper=irritability of ‘the
nerve to initiate micturetion, that is, the Pudic nerve. (21).

BLADDER<ABNORMALITIESWRESULTING FROM TUMORS OF THE BRAIN

Watts and Uhle, in & series of cases with brain tumor, showed
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that many of them had, in addition to local brain pathology, neuro-
genie bladderse These were of both the hypotonic and hypertonic type,
and were suffieiently abnormal so that they could not be explained
on a basis of increased spinal fluid pressure, or mentél changese

The hypotonic types usually had no abnormal urinary history but
cystometric studies showed low intracystic pressures, large volumes,
shift of the first desire to veld to the right, that is oeccurring
later than normal in filling and a subnormal meximal voluntary pressures

The hypertonic cases usually complained of urgeney, and some=-
times of inveluntary micturatione Cystomstrograms made on these cases
showed characteristic hypertonicity findings such as Thigh intracystie
pressure, shift of first desire to the left occurring sarlier in fill=-
ing and & low volume with & high meximal pressuree

In cases of this kind, you must think of brain tumor in the
absence of local pathology, spinal pathology, and negative blood and
spinal Wagsermannse

No attempt was made to localize the micturation centers, or
to tell from the cystometric studies what portion of the brain was
involvede

Watts and Uhle fesl that the preduction of these twe opposed
types of bladders is due to the fact that the brain is capable of send-
ing out either inhibltory impulses, or exitatory impulses and that the
bladder pathology would therefore depend on which center was involved.
On the ch@r hand, it may depend on whether the lesion was destructive
or irritative in natures (22).

Bechteren made & review of earlier experiments on this subject,
which showed that sﬁimulatiun of certain portiuns of the cersbral cortex

—-lead to a vigorous contraction of the detrusor with complete emptying

of the bladders He was abls to confirm these experiments, obbaining
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his best results by applying stimmletien te the medial portien of
the sigmoid gyrus both anterior and posterier to the cruciate gyrus.
(23)s

Evidence of & double pathwsy from the cerebral cortex to the
bledder, ome pyramidal, the other extra pyreswidal, has been presented
by Hunsicker anmd Spregele They found that cortical stimulation produced
stimaleting as well as inhibitory effects on the bladder, and that
both reactions depended mainly upon the pelvic nerves: +the reactions
were not impaired more by severance of the pyramidal tracts than by the
extrapyramidal tracts. (24).

Also, using the Horsley-Clark stereo-texic instrument, Ranson
and his co~workers showved that in eats, hypethalemie stimmlstion praduéed
bladder contractionse (25).

It mey be coneluded, then, that both exitetory and inhibitory
units are present in the cerebral cotrex, region of the hypethalamus,
and even in the brain steme "The abnormalities in bledder function,
tone, and sensation in patients with brainm tumors are probably the
result of & disbturbamce of bledder representation in certain perts of
the brain or of tracts descending from thems" (22),(26).

BLADDER ABWORMALITIES RESULTING FROM TABES DORSALIS

Langworthy and his ce~werkers in a study of 278 patients with
tabes dorsalis found that 140 of them had urological complaintse Of
this urologic greup, urinery incentinence occurred in 83 s hesgitaney in
71, end nocturmsl incentinence in 22« 192 had at one time developed
acute retention necessitating cetheterization. (27).

Experiments with cats have shown these changes to be dependent
upon bilateral sectlon ef sacral 2,3,4, They are not produced by

section of the lumbar roots of the posterier spimal columnse (28).




De Ke Rose considers tabetic bledders to be éivided inte
two clesses.

The first group is thet in which the luetic nerve chenges
produce a spasm of the internal sphinetere As a result of this vleckege,
~ the urine acoumuletes in the bladder causing a myogenic failure of the
detrusor. Also, the continued pressure of the urine ageinst the blsdder
wall causes an anasesthesia.

A cystometrogrem will show e low pressure curve, shift of the
desire to void %o the right (anmesthetic effect), large bledder capecity,
and lowered meximal voluntery pressuree

If after a peried of retention catheterization, cystemetric studies
show the detrusor to be gaining strength rapidly, with sensations shift~
ing to the left, it shows the failure due wholly to an irritation of
the moter merves to the sphinctere When the detrusor fails rapidly after
the removal of the catheter, some damage has been done to the moter
nerves of the bladder walle

The second type is thet in which the neuregenic failure of the
detrusor is grester than that of the sphinchere This is a sympethetic
over=balance syndromes Here the cystometrogram may show no desire te
void even after 1,000 cc of water heve been injectede The pressure
remains extremely low throughout fhe f£illing and maximal voluntary
pressure will be enly 16-30 mm of Hge (21)e

BLADDER FUNCTION IN SPINA BIFIDA

Here agein, the records of bladder functien can be separated
into two groups, depending on whether the motor or sensery reots are
predominately injured. Langworthy cites one example of each group.

The cystometrogrom of ene patient shoved waves of vesical contraction

ocourring throughout fillinge The contractions varied in their forece,



2le

but all were poorly sustained., Thus, with each contraction a

small amount of urine escaped. After 250 cc had besn introduced,

the patient voided. These findings show the parasympathetic fibers
to have been injured, so that the recurrent small contractions of the
bladder are due to stimulation of the muscle by the intrinsic vesical
plexus.

The second patient's bladder had an increased capacity (750 ce),
shift of first desire to the right, and while the maximal voluntary
pressure was 0l mm., he was unable to maintain the contraction. This
study together with a neurologic finding of anaesthesia of the buttocks
and back of thighs, was sufficient to diagnose the nerve injury as
predoﬁinantly sensory, partly motor. (27).

BLADDER FUHCTION IN ENURESIS

Pnuresis is the result of a physiologic imbalance of the bladder
nerves with a parasympathetic predominance. This decreases the bladder
capacity and lowers the threshold of sensation so that the first desire
to void produces an impulse to stimalate a forcible contraction of the
detrusor. Thus a cgsﬁometregram will show a hypertonic bladder. It is
of interest to note that in this condition, the cystometer is used not
only for diagnosis, but also for treatment. This treatmeni consists in
instilling water into the bladder and faising the pressure to ever
increasing heights. This treatment increases the bladder capacity,
in conjunction with a proper psychological regime, may result in a
secondary reising of the sensory threshold, (29).

BLADDER ABHORMALITIES RESULTING FROM DAMAGE T0 THE CORTICO-SPINAL TRACTS

Langworthy and Kolb found in experiments on cats that by removing
one cerebral motor cortex, they could produce & marked decrease in

-bladder volume, and thst by removing both cerebral motor cortices, an
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even greater reduction in velume resulted. Later experiments, in
which the moter cortex was stimileted showed that stimnlation preduced
a fall in intravesical pressures If the stimlsation was prolenged, the
preliminary f£all was followed by & sudden rise in pressure, and emply=-
ing of the bladdere (7), (9).

Cystometric studies of patients with bilsteral cortico~spinal
injury showed the bladder capacity to be reduced to as little as 50 cc.
The stretch reflex was hyperactive so that the introduction of small
gquantities of fluid produced vigoreus waves of conbractiens The
pressure curve mounted rapidly and the finel contractien to produce
micturation eccurred suddenly raising the pressure to higher than
normel levelse -

| In persons suffering from a unilateral destruction of cortico=-
spinal patlways, the same type of & cystomebrogram was obtalned, exeept
thét the changes were less marked, However, those perscns with en
interruption of the impulses from the left hemisphere showed more
impairment eof furction than those with a right lobe igmterruption, lead-
ing these investigators to belleve that the left cerebral motor cortex
is dominant in bladder comtrele (27)e

BLADDER ABNORMALITIES ASSOCIATED WITH LESIONS OF THE CEREBELLUM AND
ITS PATHWAYS

In 1926, Holman showed thet midline cerebellar tumors produced
abnormalities in'micturaﬁion. Since there was, in no case, evidenae of
damage to the cortico-spinal tracts, Holman believed the bladder distur-
bance te be the result of pressure on the medulla interferring with the
centers in the cortex which control micturations

Langworthy and his associates are of the opinion that distur-
bances in the cerebellum itself are cepable of causing bladder symptoms, -

They show two cases, one with a cerebellar tumor, the other with
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disseminated sclerosise Both patients gave a history of hesitancy
and retentione Their eystometric studies show hypoteonic bladders
very similar to those found commenly in tabetic patients. These inves=
tigators believe that tene in the bladder musculsture, like that of
striated musele, is reduced when the cerebellar patlways are injured.
(27).
BLADDER ABNORMALITIES ASSOCIATED WITH PREGNANCY

As & result of increase pressure on the nervus pudendus in preg-
pency and at delivery, & physiclogic nerve bleck may resulte This
takes place elther at the inner surface of the ramus of the ischium
or en the inferior border of symphasis pubise Since it is this nerve
Whieh’normally conveys the sensation of a first desire to void, the
sensery threshold is elevated.

Thus a cystometrie study will show a shift of the first desire
to the right, and a low curve wntil the sensory nerves (sympathetic)
of distention are stimulated, after which the motor reflex will cause
contraction of the debtrusor and éleva%e the intrscystic pressuree
Total volume is inereased, but mexima)l pressure will be within nermel
limitse Micturation, once initiated, will continue only long enough to
reduce the fluld veolume to & level at which the sensory nerves are no
longer stimulated, thus leaving a residual volume of urinee

Post partum retention may in some instances, be influenced by
episiotomy. This may be explained by noting that the inclised ares is
innervated by the same spinal cord segments as those entering imto %he
moter portion of the antonomic reflex mechanism, so that a referred
or reflex type of sympathetic over balance may ensue from the reflex
inhibition of the parasympathetic nerves. 4 cystometric study in a

case of this kind will show e characteristic hypotenic bladderas
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Tt follews that both of these neurolegic disturbances mey

be present at the same tim;,; in varying degreess (12).
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PART II1 === A GROUP (F BRIEF CASE HISTORIES WITE
CYS TOME TROGRAMS

Dre Payson Adems has alse done considerable work in the field
of eystometrye. The follewing cases are those in which he has used the
‘eystometer to Qsﬁablish a diagnosis of neurogenic bladder, and in which
I have had the good fortune to assist hime The case histories, for
brevity's sake, include only the salient points in symptoms and findingse

TABES DORSALIS

Oe Do, #23443, Douglas County Hospitale Aged 58 (Figs 13).
Admitted with history of infrequency for the past two monbths, and root
pains and inability to walk for the past four yearse. Spinal Wassermann
positive. Neurologicel examination showed an albernmating strabismus,
taste and smell subnormal, leg muscles atrophic ﬁnd spastic on a&tempﬁed
movemsnt, and tender reflexes hyperactive. Bsabinski and Oppenheim neg-
ativee Cystoscopic examiration was not made. Diagnosis of syphilitic
myelitise A cystometrogram showed a markedly hypotonic bladder, of the
tabetic typee Patient died in spite of vigorous anti-syphilitic treat-
mente

Ge Se, #53721, University Hospitals Aged 57, (Fige XIV = XV).
Admitted with a history of drivbbling, nocturia, and nocturnal incontin=
encee The prcs%aﬁe'w;s not hypertrophieds Neurelogical examination
revealed irregular pupils of Argyl~Rebe§tson type, knee anl ankle jerks
absent, and negative Babinski. Blood and spinel Wassermanns negatives.
Cystoscopic showed a 100 cc residual, injection amd %trabeculation ef
the mucosa, and nse "V at the anbterior vesical necke The posterior
urethra could net be 5661, A neurological diagnesis of tabes dorsalis
was madee The cystomestrogrm showed the flrst desire to be normal, but

the pressure curve rose slowly and the capacity was imereased, therefore,
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an early cord bladder of the nypotonié typee Patient was put
on antiluetic treatment.

Ce M., #60227, University Dispensary. Aged 50, (Fig. XVI =
XVII)e Complained of urgency of micturation amounting to incontinence
at times, but did net dribble contimuously as an over~flow or sphincter
incontinence woulde Has had enuresis at times and hematuria fer the
past five dayse Neurological showed irregular pupils of Argyl-Robertson
types some nystagmus, atexia, positive Rhomberg, and increased tendon
and muscle sensee Blood Wassermann positive. Cystescopic found a
trabicu1a£ed bladder wall, with many small hemorrhagic areas. Diag=
nosis of Tabes-Dorsalis and Neuro~Syphilise A cystometreogram revealed
a normal bladder, enother taken five weeks later confirmed the find-
ings of the firsts It is quite likely that the bladder symptoms of
this patient were due to the local irritation in the bladder.

REFLEX BLADDERS

Ps Ms, #19535, University Dispensary. Aged 27, (Fige XVIII =-
XIX). Loss of bladder and rectal control following fracture of
cervical vertebrae. Complainsvof dribbling and incontinences. Neuro~
logical showed spastic paralysis of muscles below level of injury.
Babinski was positive. A cystoscopic examiretion was net madee. A
diegnosis of traumetic paraplegia =-- upper motor neuron involvement
was madees The first eystometric study showed generslized increase in
tomis, shift of the first desire to the left, but an inereased bvledder
capacitys A cystometrogram made at a later date revealed o markedly
hypertonic bladder with small capacity demonstrating the third stage
in the development of a reflex bladders

Ae Do, #55246, University Hospitale. Aged 19, (Fig. XX)» Complaint

of loss of bladder control follewing a fracture of T 9-10. Neurolegicel
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shows a complete sensory and motor paralysis below the illac crests, no
reflexes présent, and loss of rectal sphincter tone. Diagnosis of
permanent cord injury below the level of injury was mede. A retension
catheter was placed in the bladder and a cystometric study taken thru
the catheter show the bladder to be entirely feflex in character, thet
is, a hypertonic bladder of low capacity with spontaneous emptyinge
Voluntary straining did not raise the pressure, rather it fell offe

Ae Te, #53160, University Hospitale Aged 28, (Fige XXI).
Complaint of bladder and rectal inconktinence and paralysis since
spinal injury five years previeous to admittances Neurolegical
examination disclosed & leoss of all sensation below D 8 with pyramidal
tract signs, spastic paralysis, end sphincter incontinences A cysto=-
scopic examination was not made, but & cystometregram ehowed shift
of first desire to right, decreased capacity, and spontaneous emply~-
ing of bladder at a low pressuree. Patient was unable to raise the
pressure voluntarilye A diagnosis of post~traumatic transverse
myelitis at T 6 was mades His condition did not improve while in the
hospitale

Mre Ge, Methodist Hospitale A&ged 35 (Fige XXII)e History of
bladder and rectal incentinence following an injury te the spine.
Examination shows a complete sensery and mobor loss below site eof
fracture, L 1« Refleoxes below the injury were all absenkt. A cyste-
scopic examination was net made, but a oystometric study shows a shift of
sensation, albvert vogue, to the left, sharply rising curve, leow capacity,
and spontaneous emptying of the bladder at a low pressure. The patient
was unable to voluntarily raise the pressures The diagnesis was a
transverse myelitis at the site of fracturees

SPINAL TUMORS
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Fe Ney #53900, University Hospital. Aged 56, (Fig. XXIII).
A History of retension. Retenslon catheter installede Complained of pain
in back, neurolegieal examination disclosed complete anaesthesia Tbelow
level of T 5, band of hyperalgesia above this levels Abdominal and
cremasteric reflexes absent, anal reflex normal, deep reflexes hyper-
sctive on lower extremities, more marked on the left, Astereognesis ef
both feel, and Babinski, Cppenheinm and Eanselimo pesitive, bilaterallye.
Sapastic paralysis of right 103,'no impairment of left lege A cysto~-
scopie examination was not made, but a ecystomeiric study showed
sensation to be normal, but a sharply rising curve, and lew capscity,
that is, & hypertoniec typse An x-ray diagnosis was mede of a lybic
neoplasm of the third thoracic vertebrae The petient was dismissed
with net treatment.
He Wa, #53375, University Hospitale Aged 69, (Fige XXIV).
Complaint of loss of bladder control for past 13 weeks, paralysis
below walst, pain in lower back; neureleogical examination showed loss eof
sensation from mid thorax to hipse Tactile sense decreased from mid~-
thoraxe The bladder was not cystoscoped, but palpation revealed the
median lobe of the prostate to be hypertrophieds & diagnosis of a
\tumnr at T 5 causing cord compression was madee. A cystometrogram
showed the first desire within normal limits, but there was increased
bladder capacity and hypotonicity of the detrusore The patient died
not long after admission and an autopsy a tumor invelving the third
and fourth therecic vertebrae and the foﬁrth and fifth ribs, and
causing cord compression was founde The enlarged prostate would
not account for the decreased detrusor lonus.
- BRAIN TUMOR

Me Wo, #53192, University Hospitale Aged 62 (Fige XXV).
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Complaint of inecontinence, headache, drowsiness, weakness, loss

of memorye Examination showed a decrease in mentalitys choked disec
and blur}ing of wvisiony increased moboyr tonus on left side, no
sensory changes; positive Babinski; benign hypertrophy of prostate. A
diagnosis of a right lobe glioblastoma was mades Cystometriec studies

rovealed & markedly hypertonie bladder, small capacity, and spontaneous

" micturations The patient died, and an autopsy was performed and the

ante-mortem diagnosis was confirmed.
MULTIPLE SCLEROSIS

Je Ke, #22464, Douglas County Hospital, aged 47 (Fige. XXVI).
History of Pernicious Anemise Present complaints of 4incontinence,
hesitaney, nocturie, difficulty in walking, blurring of vision, pares-
thesiase Neurologieal examination showed propricceptive sense fair in
upper extremities but lost in the lower axtremities.' A diagnesis of
maltiple sclerosis secondary to pernicious anemia was mades A cysto-
geopic examination was not done but a eystometrogrem showed a loss
of sensaticn, but normal curve and capacity. However, the bladder
emptied spontaneously at a pressure somewhat below normale.

Co Ze, #53860, University Hospital, aged 15 (Fige XXVII).
Urinary complaeinkt ef incontinence for one weeke &lso hed unsteady
gait and diplopia with some spasm of the deep back muscless A neuro~
logical examination showed all the reflexes to be hyperactive, bi~-
lateral ankle clonus, atexia. There was no Rhomberg howevere A
diegnosis of multiple sclerosis was mades Cystometric studies showed
s markedly hypertonic bladder, with low capacity.

MISCELLANEOUS
Pe Me, #70536, University Dispensary. Aged 23 (Fige XXVIII).

Complaint of infrequency, and some left sided paralysises WNeurolegical




CYSTOMETROGRANS
AG XIXAT  PM. 70536

So v
9
e ¥
34 y
J
| Yy
3%
. £ .
g N ",tr" ‘
PEA 3 '
e @
s "'L"‘*tﬂ

100 200 3oo ifas . .foe G:ct 7'oa Soo

Fe XXX T/1. *53379

o1

o 2

"J
F ©
]
sf, ,
204 359
$ ¥
T2 ¢
F

tos Lee gso Hos Koo (.ia 11.

38




37

showed spastic paralysis of the left extremities, lagging of left
fecial muscle, and the eyes were slow in accommodatiens The reflexes
were 2all normale A tentative dlagnosis of hysteria was made, but a
cystomet;ogram showed a shift of the first desire to the right, a low
curve, and a low meximel pressure; a true neurogenic bledder, of the
hypotonic types

Fo Mo, #53399, University Hospital. Aged 47, (Fige. XXIX).
Complaint of dysurias, polyurie, stoppage, difficulty in starting stream,
and shooting pains in both legse A neurological examination showed an
atrophy of the lef muscles with resulting loss of funetion, and e stock-
ing type of burning paresthesie eover both lower extremitiese The re=
flexes were all normals The condition was diagnosed as functionalas
& cystoscopic examination was made, but the only positive findings were
a tight meatus ani spastic external sphinctere A cystometrogram showed
a2 shift of first desire to the right, low bladder capacity, am low
meximal veluntary pressuree. The pressure curve was normal.

CONCLUSION

Cystometry has proven to be of definite value in the diagnosis
not only at the presence of a neurogenie bladder, but also, in some
degree, of the type of neurogenic invclvemsents

However, the lecalization of spinal lesions still preéen’cs many
difficulties for, as Muschat has polinted out, the same type of curve

is fourd in lesions of different spinal gegments, anmd it is impessible

to tell if one system of the antonomic mechanism is irriteated, or the other

destroyed. (33) - (Fige XXX).
There are some patholegical conditions in the bladder which will
similate & cord bladdere &An acute hypertonic curve will be obtained

in tumors of the bladder, stones in the bladder and acute and subacute
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cystitise & hypotonic curve will be obtained in & cystocele, diver~
ticulum, renal reflux, and post-operstive or post-partum dysfunctionse
A complete urelegical examination, which should always accompany a
cysﬁomstric study will differentiate these conditions, from true neuro~

genic disfunctionse (18)e
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