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Abstract: A significant proportion of women with second to the fourth sacral segments of the spinal cord,
lumbar disc prolapse experience voiding dysfunctioprovide the principle excitatory input to the bladder. The
The most common finding is detrusor areflexisgsomatic nerves originate from the third and fourth sacral
frequently associated with impaired sensation. Theegments and provide innervation to the external
pertinent neuropathophysiologic findings, clinical feasphincter and other pelvic floor musculature. Finally,
tures and methods of evaluation and treatment afee sympathetic pathways of the hypogastric nerves arise
reviewed. from the lower thoracic and upper lumbar segments, and
provide inhibitory input to the bladder body as well as
Keywords: Bladder; Cauda equina syndrome; Femalexcitatory input to the urethra and bladder base. Afferent
Intervertebral disc displacement; Urodynamics activity may travel from the bladder to the spinal cord
along both sets of autonomic nerves. However, those that
convey information from tension receptors and nocicep-
. tors in the bladder wall are the most important for
Introduction initiating micturition travel via the parasympathetic
- o — nerves to the sacral segments of the cord. Sensory
Voiding dysfunction is a well known complication of,eryes from the vagina and clitoris also travel in the
lumbar intervertebral disc disease. From 27% [1] to 92%)matic nerves to the sacral cord (Table 1) [3].
[2] of patients with a prolapsed disc are noted to have | the adult, the sacral segments of the spinal cord are
such dysfunction, and in most cases detrusor areflexigyiS the |evel of the first and second lumber vertebral
found. All physicians who care for women with voidingyogies. This distal end of the spinal cord is commonly
dysfunction must be able to recognize and treat patieRigiieq the conus medullaris. The spinal cord segments
with this condition. This paper reviews the pertineni.e named for the vertebral body at which the nerve roots
neuropathophysiology, clinical features, evaluation andit the spinal canal. Thus, although the first sacral
treatment of women with voiding dysfunction resu'“”%egment of the spinal cord is located at L1, its nerve
from lumbar disc prolapse. roots run in the subarachnoid space posterior to the
vertebral bodies L2—L5 until they reach the first sacral
vertebral body, at which point they exit the canal. Thus,
all of the sacral nerves which originate at the L1 and L2
?vels run posterior to the lumbar vertebral bodies until

Neuropathophysiology

A review of the relevant neuroanatomy is necessa] A . . ; .
before discussing the neuropathology yresulting frofj€Y reach their appropriate site of exit from the spinal
anal. This group of nerves running at the distal end of

lumbar disc prolapse. . )
Innervation of the lower urinary tract is derived fron{heuiflgmal cord is commonly referred to as the cauda

both the autonomic and somatic nervous systems. Th

: : - he most frequent sites of lumbar disc prolapse are
parasympathetic pelvic nerves, which emanate from tmee L4/5 and L5/S1 intervertebral spaces [4—6]. Usually,
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Table 1. Innervationof the lower urinary tract

Spinal cord segment Function
Efferent
Autonomic
Parasympathetic
(Perinealnerve) S2-S4 Excitatory to bladder
Sympathetic
(Hypogastricnerve) T11-L2 Inhibitory to bladder
Excitatoryto urethra
Somatic
(Pudendaherve) S3-S4 Control over external
sphincter
Afferent
Tensionreceptorsn bladderwall
Nociceptors S2-S4 Micturition initiation
Sensory S2-S3 Perinealsensation

Fig. 1. (a) MRI with saggitalsectionshowingprolapseof L5-S1disc
into subarachnoidspace.(b) Same patient; coronal view showirg
centraldisc prolapsewith compressiorof sacralnerveroots.

the caudaequinamay result[4] (Fig. 1). In fact,in some aswell [4]. Therefore fusingthe neuroanatomyvith the
instances a large posterolateraldisc prolapse may known neuralinnervationof the lower urinarytract,one
migrate medially and causecaudaequinacompression canseehow prolapseanywherealongthe lumbar spine
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would interfere with the parasympatheti¢S2—-S4)and
somatic (S3-S4)innervation, whereasprolapseat the
upperlumbarspineonly, which is relatively rare,would
affectthe sympathetiq T11-L2) innervation.As well as
interferencewith parasympathetiand somaticinnerva-
tion to the bladderand urethra,afferentstimuli from the
bladderand perineal sensation both servedvia sacral
segmentswould alsoface interference.

Thus,lumbardisc prolapseinterfereswith the stimuli
from the bladder neededto initiate micturition, ex-
citatory input to the bladder required for detrusor
contraction, and somatic innervation to the external
sphincterand pelvic floor musculature.The resultant
urologic finding is one of detrusorareflexia,frequently
with an impaired sensationof filling. This urologic
manifestationof compressionof the sacral nervesis
usually but one aspectof the caudaequinasyndrome
(compressionof the lumbosacralnerves). Classically,
saddleanesthesiailateralsciaticalower backpainand,
in men, impotence are seen [7]. Although detrusor
areflexiais the most commonfinding in thesepatients,
detrusorhyperreflexiahasalso beenreported[8]. It has
been suggestedthat the mechanismof injury in this
group of patientsis progressivedisc herniationcausing
irritation and excitationof the sacralnerveroots.

Besidesdirect compression,a prolapsing disc can
affectthe sacralnervesby interferingwith blood flow to
and from the caudaequina[9]. Experimentalinvestiga-
tions have shown changesin the intraneural venous
blood flow with compressiorof theseveins, leadingto
congestiorandischemiaof the nerveroots.Delmarteret
al. [9], in ananimalmodel,constrictedthe caudaequina
to varying degreesand evaluatedchangesin bladder
function. Fifty per cent constriction resulted in no
significant cystometric changesbut did causevenous
congestion of the nerve roots and ganglia; 75%
constrictioncauseddetrusorareflexia,increasedladder
capacityand overflow incontinence,as well as arterial
narrowingandvenouscongestiorof the nerverootsand
ganglia.

Complete damage to the conus or sacral roots
produces paralysis of the detrusor, such that it is
acontractileandmustbe emptiedusingexternalpressure
(straining or Credg or a catheter.Although detrusor
contractilityis absenttheremaystill bepoorcompliance
and a steadyrise in detrusorpressureduring the filling
phasewhichindicatesthattheinjury to the caudaequina
is incomplete. Fortunately, most of these lesions are
partial and have a more profound effect on the
autonomicallyinnervatedbladderthan on the somati-
cally innervated external sphincter. Therefore, if the
conus medullaris is partially damaged,even without
sacral root damage,activity in the pelvic floor and
external sphincter remain intact despite the loss of
detrusor contractility. The efficiency with which the
bladderemptiesin the absenceof detrusorcontractility
dependn sufficient externalforce and the absenceof
any outflow obstruction. Even if detrusor function
returns, it is usually inadequateto result in efficient
emptyingof the bladder,anddoesnot indicatedetrusor—
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striatedexternalsphincterdyssynergiaasit is a form of
functional obstructionby the externalsphincterbecause
thereis no detrusorcontractility.

Clinical Features

Recent studies suggestthat a minority of patients
presentingvith lumbardisc protrusionwill havevoiding
dysfunction.Bartolin et al. [1] prospectivelystudied114
patients(37 women, 77 men) who complainedof low
backpainandwerefoundto havelumbardiscprotrusion
requiring surgicaltreatment.Of this group, 31 (27.2%)
werefoundto havedetrusorareflexia,whereasdestrusor
activity wasnormalin the remaining83. Specifically,3
of 8 with L3, 10 of 54 with L4 and18 of 52 with L5 disc
protrusionhaddetrusorareflexia All of these31 patients
difficulty in voiding requiring straining.Clearly thisis a
selectgroup,asmanypatientsdo not requiresurgeryand
probablyhavelessseveredisc prolapse Thosewith less
severeprolapseprobably have a lower rate of voiding
dysfunctionaswell. In contrastto this report,Rosomoff
etal. [2] reportedratesof voiding dysfunctionashigh as
92%, but their study had far less stringentdiagnostic
criteria for flexia.

As noted earlier, patientsfrequently presentwith a
constellationof symptomsrepresentativeof the cauda
equina syndrome.O’Flynn et al. [4] reportedon 30
patientswith lumbardisc prolapseand urinary dysfunc-
tion. In 23 along history of lower backpainexistedprior
to the developmentf urinary symptoms.However,on
occasionvoiding dysfunctionmaybethe only or thefirst
symptomof discprolapse Sylvesteretal. [8] reportedon
2 womenwho presentedvith painlessurinary retention,
but no other neurologicalfindings were noted. In both
casesa MRI revealedlumbar centraldisc prolapseand,
in retrospectboth patientsnotedthe experiencef minor
lower back pain prior to presentation.

A prolapsedntervertebraldisc may producea cauda
equinasyndromewith obstructivevoiding symptomson
a permanenbr intermittentbasis.Therefore the clinical
presentationdependson the extent of injury to the
autonomicparasympatheti nervousinput to the lower
urinarytract. Clinically, the patientdescribegpainin the
lower back, radiatingin a girdle-like fashionalong the
lumbar dermatomenvolved; physicalexaminationmay
revealreflex and sensorychangesonsistentwith nerve
root compression [10]. Voiding symptoms, when
present, are obstructive in nature [11] and include
compromisedurinary flow rate, interruptedstreamdue
to abnormal straining to void, residual urine, and
incontinence.The obstructivesymptomsare secondary
to the degreeof detrusordenervationThe incontinence,
however,may be dueto overflowor lack of resistancet
the level of the external sphincterdue to pelvic floor
denervationwhich is more commonly seenin patients
with recurrentor repetitiveintervertebraldisc problems
andspinal stenosig11].

The mostcharacteristidindingson physicalexamina-
tion are sensoryloss in the perineumor perianalarea
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(associatedvith the S2—-4dermatomes)sensorylosson
the lateral foot (S1-2 dermatomes)or both [12]. A
unilateralor mild sensorydisturbancdandicatesa better
prognosis,as prolongedsensorydeficits imply that the
bladder will not recover becauseits normal function
requiresan intact visceralreflex arc of the sacralroots
[6,13]. The bulbocavernosuseflex (BCR) should be
checkedbecauseit reflects pudendal (somatic) nerve
function. Although this reflex is absentin all patients
with completelower motor neuronlesionsof the sacral
cord,caremustbetakennotto assumehisis thecaseas
19% of healthyfemalesubjectsdo not havea detectable
reflex on physicalexaminationalone[14]. In oneseries,
which included patients with injuries to the conus
medullaris and caudaequinafrom various causesthe
BCR reflex was absentor significantly diminished in
84% of the patientsand perinealsensatiorand muscle
stretch reflexes were comprisedin 77% [15]. These
findings correlatedwell with a diagnosisof pelvic floor
denervation.

Evaluation

When other featuresof the caudaequinasyndromeare
presentit is easyto suspectumbardisc prolapseasthe
cause of voiding dysfunction. It is a more difficult
diagnosticdilemmawhen other signsare absent.One’s
suspicionshouldbe arousedwhen facedwith a woman
whaois strainingto void or havingdifficulty emptyingher
bladder. A thorough history and physical examination
with a focused neurological evaluationis mandatory.
Otherdiseasestates,suchas diabetesmellitus, multiple
sclerosis and vitamin B, deficiency, or infectious
neuropathiesuch as herpessimplex, should be noted.
Careful questioningconcerninglower back pain, gait
disturbancesopr any other symptomsthat were present
whenthe voiding dysfunctionbegan canbe helpful. For
example, the presenceof flu symptoms and gait
disturbancein the pastmay be relatedto an infectious
neuropathy.Sensoryexaminationof the perineal area
and lateral foot (both associatedvith sacralsegments)
may give cluesto a neurologicorigin. The BCR andanal
sphinctertone canalsosuggest lesioninvolving sacral
segmentsor nerve roots. Assessmenbf the patient’s
postvoid residual using either a straight catheteror an
ultrasoundbladderscandevicecanalsogive information
on the efficiency of bladderemptying.

Further urodynamictestingis frequently requiredto
document the voiding dysfunction. Urodynamically,
detrusor motor dysfunction and weakened external
sphincter activity are the primary findings, even in
urologically asymptomatic patients [11]. A cysto-
metrogram (CMG) with simultaneous pelvic floor
electromyography(EMG) is sufficient for urodynamic
investigation, and the predominantfinding is usually
detrusorareflexiaassociatedvith sphincterneuropathy
[5,10,11,15].As discussegreviously,in casesn which
the somatic innervation remains intact the external
sphinctermay appearto be incapableof relaxingwhen
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Table 2. Major neurologicalfeatures of lumbar disc disorders

Symptoms Obstructivevoiding symptomatology
Signs Perinealor perianalsensoryloss

Absentor diminishedbulbocavernosuseflex
Tests CMG — detrusorareflexia

EMG — neuropathicchanges

CMG, cystometrogramEMG, electromyography

the patient strainsto void, and actually constitutesan
obstructive factor that may require pharmacologic
manipulation or intermittent catheterization. More
sophisticated urodynamic testing is occasionally
neededConfirmationthatintravesicalpressureslevation
ontheCMG is dueto abdominaktrainingandnota strue
detrusorcontractioncanbe obtainedby usingsubtracted
pressure measurements(intravesical pressure minus
intrarectal pressureequals true detrusor pressure),or
by synchronousperineal floor and rectus abdominal
EMG [16]. Sacral evoked potentials, specifically the
bulbocavernosuseflex latency time, can be used to
studytheintegrity of the sacralreflex arcfurther, in this
set of patients the responseis usually absent or
prolonged[17]. Table 2 summarizesthe neurological
featuresof patientswith caudaequinasyndrome[12].
When lumbar disc diseaseis suspectedMRI of the
lumbar spine should be performed. MRI defines the
anatomical detail much more precisely than myelo-
graphy (which was formerly the diagnostic test of
choice). If lumbar disc prolapseis revealed, neuro-
surgicalor orthopaedicconsultationshouldbe obtained.

Treatment

Treatmentconsistsof correctingthe underlyingcauseof
the problem, usually requiring laminectomy.However,
in some instanceslaminectomy may not improve the
voiding symptomsShapiro[7] reviewed14 patientswho
presentedwith cauda equina syndrome secondaryto
lumbar disc herniation, 13 of whom had incontinence.
When evaluatingvariablesto predict the resolution of
incontinence he noted that the time betweenonsetof
symptomsand laminectomy was important. All of 7
patients operatedon within 48 hours regained con-
tinence, whereasonly 2 of 6 operatedon at lengths
greater than 48 hours from presentation regained
continence. Other studies, though, such as that by
O’Flynn et al. [4], reporta muchpoorerrate of detrusor
recovery. They noted that only 1 of 26 patientswith
prelaminectomy incontinence regained completely
normal bladder function. This disparity betweenthe
reportsof Shapiro[7] andO’Flynn et al. [4] may bedue
to the useof different outcomemeasuresShapiroused
‘continence’,whereasO’Flynn used‘completely normal
bladderfunction’. Thusit is likely that althoughmany
patientsbecamecontinentand can void by abdominal
straining, few actually regain normal bladderfunction.
The sequelaef laminectomy,suchasspinal stenosisor
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archnoiditis,canalsoaffectbladderfunction. O’Flynn et
al. [4] reportedthat 4 patients who had no urinary
symptoms prior to surgery had voiding dysfunction
postoperatively.

The challengefor the clinician is to attain sympto-
matic relief for the patientby allowing adequatéladder
emptying without incontinencewhile preservingupper
tract function. Patientswith lower motor neuronlesions
do not develop reflex vesical activity, and storage
function may or may not be normal. If bladder
complianceds adequateatrial of cholinergicstimulation
with bethanechothloridealone(50 mg up to four times
daily) or in combinationwith metaclopramid¢5—10mg
up to four timesdaily) may be given, but shouldnot be
continuedif no significantresponsds achievedby the
time medicationhasbeenprescribedor a month[18].

Hypertonicity or decreased compliance with a
concomitantfixed outlet resistancecan impair ureteral
function and place the upper tracts at risk. In these
patients a regimen of anticholinergic medications,
usually combinedwith self-catheterizationshould be
utilized. Whenthis is unsuccessfubladderaugmentation
may be necessaryo lower detrusorpressureand protect
the upper urinary tracts. Emptying, again, is by self-
catheterization.When incontinenceresults from poor
sphincterfunctionthe optionsaresimilar to thosefor any
woman with intrinsic sphincter dysfunction: sling
proceduresor collagen injections. A sling is created
wheneverthe patient may require self-catheterization
postoperativelyasrepeatectatheterizatioomay displace
the collagenwhich is injected and renderthe patient
incontinentagain.

Finally, it is important for physicians who treat
womenwith incontinenceto carefully note any history
of lumbardisc diseaseThesewomenmay actuallyhave
someelementof detrusorareflexiain additionto ISD or
urethral hypermobility, and may empty by pelvic floor
relaxationandabdominalstraining.Postoperativelyhey
may developdifficulty in emptyingor evenretention,as
their bladdercannotemptyagainstthe increasedirethral
resistance.

Conclusion

Voiding dysfunction may presentin conjunction with
other neurologic symptomsor as an isolated eventin
womenwith a prolapsedntervertebraldisc. Damageto
the parasympathetic,somatic and sensory nervous
innervation of the lower urinary tract is the usual
mechanismof injury. In most casesdetrusorareflexia
results.A careful history and examination,in conjunc-
tion with urodynamidestingandMRI, will establishthe
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diagnosis. Although surgical intervention may not
alwaysgive completebladderrecovery,t canfrequently
allow for improvement.Various bladder management
techniquegof which self-catheterizatiois the mainstay)
will help achievegood bladderemptyingand preserva-
tion of the upperurinary tracts.
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