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Introduction

Cauda equina syndrome is defined as the compression of
the nerve roots distal to L1 secondary to acute disc hernia-
tion, bony fragments, tumor, infection, or postsurgical in-
tervention. The result is a complex of symptoms consisting
of low back pain, unilateral or bilateral sciatica, motor
weakness of the lower extremities, sensory disturbances,
and loss of bowel or bladder function. The literature is clear
that the early diagnosis of this entity is crucial and may be
difficult, particularly if the patient does not present with all
of the aforementioned signs and symptoms. Conversely, the
literature is unclear as to the optimal timing of intervention.
Discussion in the literature ranges from the need for emer-
gent early decompression to no adverse effects from de-
layed decompression. This discussion reviews the current
literature and attempts to draw a conclusion about the op-
timal timing for surgical intervention in patients with cauda
equina syndrome.

Anatomy

In the adult, the conus medullaris represents the termina-
tion of the spinal cord in the proximal lumbar spine. The
conus is narrower than the more cephalad portion of the
spinal cord and usually overlies the body of L1. The conus
continues to taper to form the filum terminale. Proximal to
the conus medullaris there is an enlargement of the lumbar
spinal cord. It is this area where the lumbar nerves arise with
the lumbar sympathetics. The sacral parasympathetic nerves
and the sacral sensory nerves arise from the conus itself.
The lumbar nerves join the sacral nerves to form the cauda
equina orhorse’s tail [1,2].

The lumbar and sacral nerve roots contain sensory and
motor function for the lower extremities, sensation to the
perineum and genitals, and they also innervate the pelvic
viscera. Voluntary and involuntary functions are also con-
tained within the nerve roots of the cauda equina and are
necessary for micturation, defecation, and sexual function.
Compression of the cauda equina may involve all of the
above functions, sensory only, motor only, or only those

roots responsible for bowel and bladder function. Thus, the
anatomy of the distal spinal cord and the cauda equina is
responsible for the variability in presenting signs and symp-
toms.

Presentation

The lesions that produce cauda equina syndrome include
fracture, tumor, pyogenic infection, spinal stenosis, and disc
herniation. Rarely is there complete paralysis of all sensory
and motor function of the pelvic viscera as well as the lower
extremities. More often there is a varying degree of symp-
toms consisting of low back pain, unilateral or bilateral
sciatica, motor weakness of the lower extremities, sensory
disturbance, and loss of visceral function together with
saddle anesthesia [2]. The presentation may be subtle with
vague history of back pain and urinary retention. The classic
minimal definition as defined by Scott [3] is bowel and
bladder dysfunction caused by compression of the cauda
equina but not the conus medullaris. Disc herniation affect-
ing the lower sacral roots may present in this manner, with
no sensory or motor changes in the lower extremities. To
date, there is no correlation between the severity of the
symptoms at onset and prognosis for outcome. Gleave and
MacFarlane [4] postulated that the rapidity by which the
compression occurs is of prognostic significance. However,
this has not been supported by experimental models of
cauda equina compression [9].

There is also no definite correlation between the size of
herniated discal material and outcome. Kostuik et al. [8]
postulated that of all prognostic indicators, the presence of
a dense sensory deficit in a saddle distribution carried the
poorest prognosis with respect to recovery of bowel and
bladder function.

The incidence of cauda equina syndrome secondary to
lumbar disc prolapse is reported in the literature to be be-
tween 2–6% [4]. Two populations of patient presentations
have been defined in the literature. Several authors
[5,6,8,10] have noted an acute type of presentation as well
as a chronic type. The acute type usually presents in a
younger patient with no previous history of symptoms.
Symptoms develop relatively rapidly with sudden onset of
back pain, sciatica, urinary retention or incontinence, and
variable motor and sensory deficits (Fig. 1). The chronic
variety usually presents with a more insidious onset. These
patients are very often older and have a history of previous
symptoms that include sciatica, neurogenic claudication,
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and intermittent retentive or incontinent episodes. It is not
uncommon for these patients to have underlying spinal ste-
nosis. Symptoms usually progressively worsen over a pe-
riod of months to years. This second group can often pose
more of a diagnostic challenge. Symptoms may be misin-
terpreted in this group as simply an exacerbation of previous
back complaints or urinary changes secondary to aging.

Review of the Literature

Cauda equina syndrome is considered an absolute indi-
cation for decompression. However, the timing of this de-
compression, particularly in the presence of an acute disc
herniation, is not clear in the literature and is a topic of
considerable debate.

Many authors favor urgent and even emergent surgical
intervention. Early studies recommended surgical decom-
pression within 6 hours to maximize neurologic recovery.
Dinning and Schaeffer [5] retrospectively reviewed 39 pa-
tients with acute cauda equina syndrome secondary to a
herniated lumbar disc. Patients with stenosis or burst frac-
ture were excluded. Of their 39 patients, 21 patients were
operated on within 24 hours. Twenty-two patients presented
with bowel or bladder complaints and 77% recovered nor-
mal function. The authors did not clarify or quantify the
functional recovery in the early versus late group other than
noting a “highly significant difference” in outcome of blad-
der function in most cases decompressed within 24 hours of
paralysis compared to those operated on after 24 hours.

Shapiro [6] retrospectively evaluated 14 patients with
cauda equina syndrome from herniated lumbar discs.
Ninety-three percent of his patients developed or presented
with bowel and/or bladder incontinence. The timing of sur-

gical intervention ranged from less than 24 hours to more
than 30 days. All (100%) of the patients with urinary or
bowel incontinence who were decompressed within 48
hours regained bowel and bladder control. Only 33% of
those operated on after 48 hours regained control. The au-
thor also noted a trend toward a decrease in chronic sciatic-
type pain in those decompressed early. He recommends
intervention within 24–48 hours after the onset of symptoms
to obtain an improved outcome. Shapiro noted an overall
improvement in outcome even if the decompression was
performed late, although the degree of improvement was
less than with early decompression.

Mclaren and Bailey [7] retrospectively reviewed six cases
of postdiscectomy cauda equina syndrome. Decompression
was performed within 24 hours in four cases (three of the
four were decompressed within 6 hours). Recovery of bowel
and bladder function was noted in the four patients decom-
pressed early whereas the late group did not regain function.
The recovery of motor function was less clear but those with
milder symptoms preoperatively tended to have greater im-
provement. Sensory recovery in both groups was noted to be
good. The authors concluded that for optimal outcome, the
decompression must be performed early before the motor
deficit becomes too severe.

There is also evidence in the literature to support the fact
that it may not make a difference in outcome if the decom-
pression is done as an emergency or within the first few
days. Kostuik et al. [8] retrospectively reviewed 31 patients
with cauda equina syndrome secondary to lumbar disc her-
niation. They recognized two distinct populations of pa-
tients. One group had acute onset of sciatica, urinary reten-
tion, saddle parasthesias, and motor weakness with no an-
tecedent pain. This group underwent decompression
between 6 and 48 hours after the onset of symptoms. The
second group had a more insidious onset of symptoms with
gradual motor, sensory, and urinary abnormalities. Patients
in this group reported intermittent bowel and bladder ab-
normalities for several months. The time to decompression
for this group was between 1–5 days. The authors found no
correlation between the length of time from the onset of
symptoms to surgery and the extent of neurologic recovery.
They found excellent recovery in 27 of 30 patients. They
also noted no correlation between the severity of symptoms
or clinical findings at the onset and the extent of neural and
bladder function recovery. They concluded that although
early decompression seems logical, they obtained excellent
results with none of their patients being operated on before
6 hours.

Delamarter et al. [9] provided further evidence, in an
animal model, that immediate decompression may not im-
prove outcome. They developed a canine model for cauda
equina syndrome and evaluated neurologic recovery follow-
ing immediate (2–3 seconds), early (1 hour, 6 hours), and
delayed (24 hours, 1 week) decompression. No significant
changes in neurologic recovery were noted among the
groups. There was no statistically significant change in his-
tologic neuroanatomy or in recovery of somatosensory
evoked potentials. The early neurologic recovery was vari-

Fig. 1. MRI of a 46-year-old woman who presented with acute
onset of sciatica, saddle anesthesia, and urinary retention for 24
hours. T1-weighted image shows L4-L5 disc herniation with com-
pression of thecal elements. Patient underwent emergent decom-
pression and complete recovery of neurologic function.
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able depending on the length of compression, although the
eventual neurologic recovery at 6 weeks was identical. The
authors concluded that based on their results, decompres-
sion of cauda equina syndrome is not a surgical emergency.

Interestingly, in a subsequent study, Delamarter et al. [10]
evaluated the effect of timing in decompression of the spinal
cord itself. In a canine model, they showed no neurologic
recovery when the decompression was delayed longer than
6 hours. Significant recovery potential was noted if decom-
pression was performed before 6 hours. Remyelination and
axonal regeneration, which played a significant role for neu-
rologic recovery of the cauda equina, did not provide neu-
rologic recovery after cord decompression.

Rydevik et al. [11] developed a porcine model to evaluate
the neurophysiologic changes in the cauda equina with in-
creasing compressive pressures. They showed a threshold
pressure (50–70 mmHg) below which full functional recov-
ery could be expected. Pressures greater than 70 mmHg
were consistently associated with residual neurologic defi-
cit.

Discussion

The literature has shown that recovery after acute cauda
equina syndrome cannot be clearly correlated to the rapidity
of onset of the symptoms, the amount of protruded disc
material, or to the severity of neurologic findings at presen-
tation. Cauda equina syndrome presents in four general pa-
tient populations: (1) older patients with gradual onset of
symptoms in whom imaging studies reveal severe stenosis,
facet hypertrophy, infolding of the ligamentum flavum, and
segmental translation; (2) younger patients with acute onset
of symptoms related to herniated disc material or fracture
fragments after trauma; (3) patients immediately postsur-
gery (24–72 hours) secondary to epidural hematoma; and
rarely (4) patients with compression secondary to tumor or
infection who will present with acute onset of symptoms.
Clinical and experimental studies tend to support that the
timing of the decompression is not the sole factor in gaining
a favorable outcome since recovery has been documented
by several authors with delayed decompression. The ques-
tion then becomes: What factor or variable accounts for the
fact that some patients do well with acute decompression
while others have excellent recovery with delayed decom-
pression? The variable proposed is the magnitude (amount)
of the compression that the contents of the thecal sac can
withstand.

Delamarter et al. [9] showed that at a constant pressure
(75% constriction of cauda diameter), the time to decom-
pression did not play a role in functional or histologic out-
come. They did not evaluate the effect of graded compres-
sion on recovery. Rydevik et al.’s data [11], which showed
a decrease in functional recovery once a certain threshold
pressure was surpassed, may provide insight to the different
recovery patterns seen clinically [4,6,8]. The concept that
compressed neural tissue below a threshold pressure may
retain the ability to recover indefinitely may describe the
excellent recovery rates described in both clinical and ex-
perimental studies with delayed decompression.

The favorable effect of early decompression may reside
in the fact that decompression prevents pressures from
reaching the critical level where neurologic sequelae are
irreversible. Conversely, patients who have neurologic re-
covery with delayed decompression may have never
reached the critical threshold pressure. Extrapolating from
experimental data, the optimal predictor for recovery may
lie in intrathecal pressure monitoring. At the present time, it
is not possible or feasible to monitor and interpret compres-
sive pressures in patients with acute cauda equina syn-
drome. The practice at our institution is to decompress pa-
tients with acute cauda equina syndrome as soon as possible
after diagnosis since the threshold for irreversible neuro-
logic injury is unknown.

Determination of a compressive threshold in humans may
provide clearer guidelines for decompression in the future.
Further clinical studies regarding intrathecal pressure moni-
toring as well as development of a technique to monitor
intrathecal pressures may prove useful.

Summary

The timing of decompression in cauda equina syndrome
secondary to disc herniation is not clearly defined in the
literature. A careful review of the literature reveals neuro-
logic recovery with both early and late decompression. This
may be secondary to patients having a spectrum of com-
pressive pressures of the cauda equina.

Patients with gradual onset or subthreshold pressures may
respond favorably to decompression whenever it is per-
formed. However, once the critical pressure is surpassed,
neurologic deficit is inevitable. We are currently unable to
measure intrathecal pressures and thus cannot quantify them
clinically. Patients presenting with signs and symptoms of
acute cauda equina syndrome should have an urgent/
emergent magnetic resonance imaging (MRI) or computed
tomography (CT) myelogram to correctly identify the level
of compression followed by decompression as early as pos-
sible, so as to prevent irreversible neurologic sequelae.

Patients with a more chronic presentation and less severe
symptoms should also undergo imaging modalities to de-
termine the level of compression. However, decompression
should be performed when medically feasible. Delays in
decompression for medical optimization are probably war-
ranted and are less likely to contribute to irreversible neu-
rologic changes than in acute cauda equina syndrome.
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