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Objective: The mechanisms of neurogenic bowel dysfunction (NBD) and neurogenic blad-
der (NB), which are major consequences of spinal cord injury and occasionally degenera-
tive lumbar disease. The following in patients with cauda equina syndrome who underwent
posterior decompression surgery was investigated: (1) the preoperative prevalence of NBD
and NB, measured using the Constipation Scoring System (CSS) and International Prostate
Symptoms Score (IPSS); (2) the degree and timing of postoperative improvement of NBD
and NB.

Methods: We administered the CSS and IPSS in 93 patients before surgery and at 1, 3, 6,
and 12 months postoperatively. We prospectively examined patient characteristics, Japa-
nese Orthopaedic Association (JOA) score, and postoperative improvements in each score.
Results: The prevalence of symptomatic defecation and urinary symptoms at admission were
37 patients (38.1%) and 31 patients (33.3%), respectively. Among the symptomatic patients
with defecation problems, 12 patients had improved at 1 month, 13 at 3 months, 14 at 6
months, and 13 at 12 months postoperatively. Among the symptomatic patients with uri-
nary problems, 5 patients improved at 1 month, 11 at 3 months, 6 at 6 months, and 10 at 1
year postoperatively. Comparing patients with improved versus unimproved in CSS, the
degree of JOA score improvement was a significant prognosis factor (p < 0.05; odds ratio,
1.05).

Conclusion: The prevalence of symptomatic defecation and urinary symptoms in patients
with cauda equina syndrome was 38.1% and 33.3%, respectively. Decompression surgery
improved symptoms in 30%-50%. These effects were first observed 1 month after the oper-
ation and persisted up to 1 year.

Keywords: Neurogenic bowel dysfunction, Neurogenic bladder, Cauda equina syndrome

injury. Although neurologic damage secondary to spinal cord
injury differs among patients depending on the neurologic level

Neurogenic bowel dysfunction (NBD) and neurogenic blad-  and severity of the lesion, the changes in bowel motility, sphinc-

der (NB) are 2 major complications of spinal cord or nerve root  ter control, and gross motor dexterity interact to make bowel
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management a major life-style problem limiting quality of life.
Hanson and Franklin' reported that 80% of male paraplegics
and 46% of male tetraplegics would rank bowel and bladder as
their greatest functional loss of mobility.

Whereas symptomatic lumbar degenerative disease causes
spinal claudication as well as back and radicular leg pain. In se-
vere cases, this can lead to loss of bladder and bowel control,
resulting in constipation, frequent urination, and functional
obstruction. However, the mechanisms of NBD and NB have
not been clearly investigated and few studies have comprehen-
sively evaluated pre-/postoperative NB.>

In this study, we investigated the following matters in patients
with cauda equina syndrome who underwent posterior decom-
pression surgery with or without lumbar fusion: (1) the preop-
erative prevalence of NBD and NB, evaluated using the Consti-
pation Scoring System (CSS) and International Prostate Symp-
toms Score (IPSS); (2) the degree and timing of postoperative

Table 1. Constipation Scoring System

improvement of NBD and NB.

MATRIALS AND METHODS

We prospectively analyzed data collected from February 2018
to March 2020 for 93 patients who underwent lumbar spinal
decompression surgery with or without fusion for the treatment
of lumbar degenerative disease. The patient inclusion criteria
were as follows: (1) claudication resistant to repeated conserva-
tive treatment, (2) neurological deficit such as reduced tendon
reflex in the bilateral lower extremities and pain/numbness in
the bilateral lower extremities compatible with cauda equina
syndrome, (3) central canal stenosis revealed via magnetic reso-
nance imaging and defects and/or blocking of contrast media
in the cauda equina revealed via myelography. The exclusion
criteria were as follows: (1) lower urinary tract lesions such as

those associated with prostatic hypertrophy, (2) coincident cer-

Table 1. Constipation Scoring System (continued)

Variable Score Variable Score
Frequency of bowel movements Time: minutes in lavatory per attempt
1-2 times per 1-2 days 0 Less than 5 0
2 times per week 1 5-10 1
Once per week 2 10-20 2
Less than once per week 3 20-30 3
Less than once per month 4 More than 30 4
Difficulty: painful evacuation effort Assistance: type of assistance
Never 0 Without assistance 0
Rarely 1 Stimulative laxatives 1
Sometimes 2 Digital assistance or enema 2
Usually 3 Failure: unsuccessful attempts for evacuation per 24 hours
Always 4 Never 0
Completeness: feeling incomplete evacuation 1-3 1
Never 0 3-6 2
Rarely 1 6-9 3
Sometimes 2 More than 9 4
Usually 3 History: duration of constipation (yr)
Always 4 0 0
Pain: abdominal pain 1-5 1
Never 0 5-10 2
Rarely 1 10-20 3
Sometimes 2 More than 20 4
Usually 3 The total score ranged from 0 to 30 (asymptomatic to very symp-
Always 4 tomatic).
(Continued)

848 www.e-neurospine.org

https://doi.org/10.14245/ns.2142252.126



Kanematsu R, et al.

NBD and NB in CES

vical or thoracic lesions, (3) history of spinal, urological, or gy-
necological surgery, (4) new medication regiment for treatment
of digestive organs, bladder, or prostate problems, (5) medica-
tion regiment including opioids that could influence bowel func-
tion. All patients underwent urologic evaluation by a urologist
to rule out lower urinary tract lesions. Detailed micturition and
defecation histories were obtained from each patient using the
CSS and IPSS on admission. All of these parameters were eval-
uated at 1, 3, 6, and 12 months postoperatively. Pre- and post-
operative clinical symptoms were assessed using the CSS, IPSS,
and the Japanese Orthopaedic Association (JOA) score. Addi-
tionally, we measured cross-sectional area of the thecal sac at
the spinal segment exhibiting most severe stenosis using the
Image J software program.” Regarding defecation and urinary
symptoms, we prospectively examined data regarding patient
age, sex, disease status, lesion level, and changes in each score,
and investigated prognostic factors contributing to the improve-
ment of the defecation and urinary symptoms comparing im-
proved patients with unimproved patients. This study was ap-
proved by the Institutional Review Board of Fujieda Heisei Me-
morial Hospital (FHR 2020-1).

1. Constipation Scoring System
The CSS is based on 8 questions concerning evacuation.® For
each question, the patient chooses 1 out of 8 options indicating

the severity of the particular symptom. The answers are assigned
points from 0 to 4. The total score can therefore range from 0 to
30. The questions refer to the following evacuation symptoms:
(1) Frequency of bowel movements, (2) Difficulty: painful evac-
uation efforts, (3) Completeness: feeling of incomplete evacua-
tion, (4) Pain: abdominal pain, (5) Time: minutes in lavatory
per attempt, (6) Assistance: type of assistance, (7) Failure: un-
successful attempts at evacuation per 24 hours, (8) History: du-
ration of constipation (Table 1). In this study, a score of more
than 4 was defined as symptomatic NBD. Patients who varied
from more than 4 preoperatively to less than 3 postoperatively
were defined as having experienced “significant improvement”
in CSS.

2. International Prostate Symptoms Score

The IPSS is based on the answers to 7 questions concerning
urinary symptoms and 1 question concerning quality of life.”
For each question concerning urinary symptoms, the patient is
asked to choose 1 out of 6 answers indicating the severity of
that particular symptom. The answers are assigned points from
0 to 5. The total score can therefore range from 0 to 35 (asymp-
tomatic to very symptomatic). The questions refer to the follow-
ing urinary symptoms: (1) incomplete emptying, (2) frequency,
(3) intermittency, (4) urgency, (5) weak stream, (6) straining, (7)
nocturia (Table 2). In this study, a score of more than 8 was de-

Table 2. International Prostate Symptoms Score (minimum score, 0; maximum score, 35)

Less than Less than More than
Question & urinary symptom Notatall 1in5  halfthe AbouF half half the Almost
times time the time time always
1. Incontinence Emptying
How often have you had the sensation of not emptying your bladder? 0 1 2 3 4 5
2. Frequency
How often have you had to urinate less than every 2 hours? 0 1 2 3 4 5
3. Intermittency
How often have you found you stopped and started again 0 1 2 3 4 5
several times when you urinated?
4. Urgency
How often have you found it difficult to postpone urination? 0 1 2 3 4 5
5. Weak Stream
How often have you had a weak urinary stream? 0 1 2 3 4 5
6. Straining
How often have you had to strain to start urination? 0 1 2 3 4 5
None 1Time 2Times 3Times 4Times 5 Times
7. Nocturia
How many times do you typically get up at night to urinate? 0 1 2 3 4 5
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fined as indicating “symptomatic” NB. Patients who varied from
more than 8 preoperatively to less than 7 postoperatively were
defined as having experienced “significant improvement” in

IPSS.

3. Statistical Analysis

Statistical analyses were performed using JMP statistical soft-
ware ver. 13 (SAS Institute Inc., Cary, NC, USA). The chi-square
test, Mann-Whitney U-test, and Fisher exact probability test
were applied for all of statistical assessments. Logistic regression
analysis was used for multivariate analysis. Significance of the
obtained results was judged at the 5% level.

Table 3. Demographic and clinical data of all patients with
lumbar degenerative disease

Variable Value
Age (yr) 71.5 (48-92)
Sex, male:female 49:44
Etiology
Lumbar canal stenosis 57
Lumbear disc hernia 12
Lumbar spondylolisthesis 21
Lumbar facet synovial cyst 2
The ossification of the yellow ligament in 1
the lumbar spine
Level of stenosis*
L2/3 11
L3/4 32
L4/5 71
L5/S1 7
No. of stenosis
1 72
2 15
3 5
4 1

Cross-sectional area of the thecal sac at the 48.5 (10-127)

most severe stenosis (mm?)
JOA score

Preoperative score 16.8 (7-25)

Postoperative score 22.1(12-29)
Preoperative score of IPSS 7.7 (0-31)
Preoperative score of CSS 3.5(0-16)

Values are presented as mean (range) or number.

JOA, Japanese Orthopaedic Association; IPSS, International Prostate
Symptoms Score; CSS, Constipation Scoring System.

*There are some overlapping.
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RESULTS

The patient group constituted 49 men and 44 women with an
average age of 71.5 years (range, 48-92 years). The patient diag-
noses were as follows: 57 patients had lumbar canal stenosis, 12
had a lumbar disc hernia, 21 had lumbar spondylolisthesis, 2
had a lumbar facet synovial cyst, and 1 had ossification of the
yellow ligament in the lumbar spine. The level of stenosis was
11 at L2/3, 32 at L3/4, 71 at L4/5, and 7 at L5/S1 (The total does
not add up because of multiple stenoses). The clinical findings
are summarized in Table 3. Seventy-two patients received only
decompression surgery and 21 patients underwent decompres-
sion with interbody fusion. Symptomatic defecation and urinary
symptoms were present in 37 (38.1%) and 31 patients (33.3%),
respectively. Among the symptomatic patients with defecation
problems, 2 were excluded because they began taking new medi-
cation for constipation postoperatively. Of the 35 (20 males, 15
females) patients, 12 (5 males, 7 females) improved at 1 month,
13 (6 males, 7 females) improved at 3 months, 14 (7 males, 7 fe-
males) improved at 6 months, and 13 (6 males, 7 females) im-
proved at 12 months postoperatively (Fig. 1). In the 13 patients
who showed improvement at 12 months postoperatively, the
index of “difficulty: painful evacuation efforts” and “failure: un-
successful attempts at evacuation per 24 hours” ratios had espe-
cially improved (Table 4). Among these 13 patients with im-
proved defecation symptoms one year after the operation, 6 pa-
tients had preoperative urinary symptoms. Of these 6 patients,
3 did not show improvements in urinary symptoms. Among
the symptomatic patients with urinary symptoms, 11 were ex-
cluded from the study because they began taking new medica-
tion for urinary symptoms postoperatively. Of the remaining
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Fig. 1. Graph shows postoperative improvement of Constipa-
tion Scoring System in patients with defecation symptoms on
admission and at 1, 3, 6, and 12 months postoperatively.
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Table 4. The comparison of CSS subcategory on admission and postoperative 12 months

Postoperative

CSS subcategory Preoperative 12 months p-value
Frequency of bowel movements 0.15 0 NS
Difficulty: painful evacuation effort 1.85 0.23 <0.05
Completeness: feeling incomplete evacuation 1.08 0.38 NS
Pain: abdominal pain 0.46 0.07 NS
Time: minutes in lavatory per attempt 0.85 0.31 NS
Assistance: type of assistance 0.38 0 NS
Failure: unsuccessful attempts for evacuation per 24 hours 0.77 0.23 <0.05
History: duration of constipation 0.77 0.31 NS

CSS, Constipation Scoring System; NS, not significant.

B Improved ¥ Unimprove
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Fig. 2. Graph shows postoperative improvement of Interna-
tional Prostate Symptoms Score in patients with urinary
symptoms on admission and at 1, 3, 6, and 12 months postop-
eratively.

20 (14 males, 6 females) patients, 5 (4 males, 1 female) improved
at 1 month, 11 (7 males, 4 females) improved at 3 months, 6 (4
males, 2 females) improved at 6 months, and 10 (7 males, 3 fe-
males) improved at 12 months postoperatively (Fig. 2). Among
the 10 patients whose urinary symptoms improved at one year
postoperatively, 6 patients had defecation symptoms. Of this
group, 2 patients did not show improvement of defecation symp-
toms. The improvement rate of CSS and IPSS at 1 year postop-
eratively were 30%, 50% in male and 46.7%, 50% in female, re-
spectively. Comparing patients with improved versus unimproved
in CSS, the degree of JOA score improvement was a significant
prognosis factor (p <0.05; odds ratio, 1.05) (Table 5). Compar-
ing patients with improved versus unimproved symptoms in
IPSS revealed no significant difference in each factor (Table 6).
Among 18 patients with both preoperative defecation and uri-
nary symptoms, 5 patients (27.8%) showed postoperative im-
provements in both types of symptoms. However, in the other

https://doi.org/10.14245/ns.2142252.126

Table 5. Prognostic factors for the improvement of CSS

Variable O(;i ;)Zré?)o p-value
Age 1.16 (0.95-1.41)  0.15
Sex 5.89 (0.58-59.9)  0.13
Etiology 0.29 (0.04-2.45) 0.26
Number of stenosis 0.07 (0.01-8.63) 0.28
Cross-sectional area of the thecal sac*  0.46 (0.97-1.07) 0.46
The improvement of JOA score 1.05(1.01-1.09) <0.05

CSS, Constipation Scoring System; CI, confidence interval; JOA, Jap-
anese Orthopaedic Association.

*Cross-sectional area of the thecal sac at the spinal segment exhibit-
ing most severe stenosis.

Table 6. Prognostic factors for the improvement of IPSS

Variable C();l ;l; rétll)o p-value
()

Age 0.69 (0.43-1.15)  0.16

Sex 11.18 (0.17-772.4)  0.26

Etiology 0.18 (0.01 -12.85) 043

Cross-sectional area of the thecal sac*  0.89 (0.75-1.05) 0.15

The improvement of JOA score 1.08 (0.95-1.23) 0.22

IPSS, International Prostate Symptoms Score; CI, confidence inter-
val; JOA, Japanese Orthopaedic Association.

*Cross-sectional area of the thecal sac at the spinal segment exhibit-
ing most severe stenosis.

13 patients, only either defecation or urinary symptoms im-

proved.

DISCUSSION

NBD following spinal cord injury is increasingly recognized
as an area of major physical and psychological difficulty for spi-
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nal cord injury patients.' NB results from compression of the
parasympathetic fibers of the S2-4 nerve roots innervating the
bladder, resulting in areflexic or acontractile detrusor. Some re-
searchers have reported that urinary symptoms due to lumbar
degenerative diseases improved following decompression sur-
gery.>® Estimates of the prevalence of lower urinary tract symp-
toms associated with lumbar degenerative disease vary widely
throughout the literature, ranging from 10% to 70%, due to dif-
ferences in definitions and diagnostic modalities.*® Further, no
reports have examined both NB and NBD in patients with cau-
da equina syndrome.

In the present study, we meticulously examined defecation
and urinary symptoms in patients with lumbar degenerative
diseases using the CSS and IPSS, and conducted follow-up as-
sessments until 1 year postoperatively. Our results indicate that
about 30%-40% of patients with cauda equina syndrome had
symptomatic defecation and urinary symptoms. Improvements
in symptoms were found in 30%-50% of these patients follow-
ing decompression surgery at just 1 month postoperatively, and
these effects persisted for at least for 1 year.

Little is known about the pathophysiology of bowel dysfunc-
tion in patients with cauda equina syndrome. Stimulatory sym-
pathetic innervation for the bowel orally to the splenic flexure
is derived from the vagal nerves, while parasympathetic inner-
vation of the distal colon and rectum is transmitted via the sec-
ond to forth sacral roots (S2-4)." Unlike in the urinary tract,
the gut wall contains intrinsic pacemakers and a neural network
that is part of the sympathetic and parasympathetic chain that
programs the activity of the smooth muscles that are necessary
to expel waste material."' Krogh et al."* reported that chronic
conal or caudal equina lesions in patients with spinal cord inju-
ry significantly prolonged transit times, not only at the trans-
verse and descending clonic segments, but also at the rectosig-
moid region. In our study, BSS, which means the parameter of
transit time, did not vary. However, the indices of “difficulty:
painful evacuation effort” and “failure: unsuccessful attempts at
evacuation per 24 hours” in the CSS had significantly improved.
To the best of our knowledge, no studies have described the re-
lationship between constipation and cauda equina syndrome.
We speculated that a reduction in the frequency of bowel move-
ments might be caused by compression of the cauda equina, re-
sulting in constipation.

Previous reports on treatments for bladder dysfunction have
demonstrated improvements in 56.5% to 75% of patients.”® This
variation in the degree of improvement may be influenced by
differences not only in the modality used to treat urinary symp-
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toms but also in the definition of impairment. Although the
muscles responsible for bowel movements and bladder func-
tion are innervated by the S2-4 spinal nerves, discrepancies in
postoperative improvement have been observed between defe-
cation and urinary function, as shown in the present study. The
mechanisms underlying this discrepancy have not been com-
prehensively investigated. The difference in the storage volume
of stool and urine may be one important factor.

Male and female have comparable anorectal anatomy, yet they
differ significantly in gross anatomy and physiology of the low-
er urinary tract.” In this study, the improvement rate of CSS
and IPSS at 1 year postoperatively were 30%, 50% in male and
46.7%, 50% in female, respectively. There was no significant
difference about the improvement of CSS and IPSS. We could
not analyze prognostic factors because of small numbers in each
group, which could be one of limitations.

The present study has several other limitations. First, the causes
of constipation were varied and may be multifactorial to include
mental status, meal contents, and activities of daily living. Parti-
cularly, the relationship between leg pain and constipation should
be taken into consideration. It is well known that pain due to
sympathetic hyperactivity can cause micturition or defecation
difficulties."* Second, the cutoff value of the CSS for symptom-
atic patients was not absolute. Although we used a CSS score
cutoff of “4,” the rate of symptomatic patients with defecation
could have varied further. Despite these limitations, we believe
that the current article provides important information regard-
ing defecation and urinary symptoms in patients with cauda

equina syndrome.

CONCLUSION

The prevalence of symptomatic defecation and urinary symp-
toms in patients with lumbar degenerative diseases were 38.1%
and 33.3%, respectively. Decompression surgery could improve
symptoms in 30%—-50% of patients, and the positive effects emerged
at one month after the operation and persisted for at least one

year.

CONFLICT OF INTEREST

The authors have nothing to disclose.

REFERENCES

1. Hanson RW, Franklin MR. Sexual loss in relation to other

https://doi.org/10.14245/ns.2142252.126



Kanematsu R, et al.

NBD and NB in CES

functional losses for spinal cord injured males. Arch Phys
Med Rehabil 1976;57:291-3.

2. Tsai CH, Chou EC, Chou LW, et al. The evaluation of blad-
der symptoms in patients with lumbar compression disor-
ders who have undergone decompressive surgery. Spine
2010;35:E849-54.

3. Kawaguchi Y, Kanamori M, Ishihara H, et al. Clinical symp-
toms and surgical outcome in lumbar spinal stenosis patients
with neuropathic bladder. ] Spinal Disord 2001;14:404-10.

4. Deen HG Jr, Zimmerman RS, Swanson SK, et al. Assessment
of bladder function after lumbar decompressive laminecto-
my for spinal stenosis: a prospective study. ] Neurosurg 1994;
80:971-4.

5. Sharr MM, Garfield JS, Jenkins JD. Lumbar spondylosis and
neuropathic bladder: investigation of 73 patients with chron-
ic urinary symptoms. Br Med ] 1976;1:695-7.

6. Orlin JR, Klevmark B, Bjernsen L, et al. Two screening tests
for urinary voiding dysfunction used in 209 consecutive pa-
tients undergoing lumbar spine operations. Scand J Urol
Nephrol 2010;44:106-12.

7. Schneider CA, Rasband WS, Eliceiri KW. NIH Image to Im-
age]: 25 years of image analysis. Nat Methods 2012;9:671-5.

https://doi.org/10.14245/ns.2142252.126

8. Agachan F, Chen T, Pfeifer ], et al. A constipation scoring
system to simplify evaluation and management of consti-
pated patients. Dis Colon Rectum 1996;39:681-5.

9. Okamura K, Usami T, Nagahama K, et al. The relationships
among filling, voiding subscores from International Prostate
Symptom Score and quality of life in Japanese elderly men
and women. Eur Urol 2002;42:498-505.

10. Krassioukov A, Eng JJ, Claxton G, et al. Neurogenic bowel
management after spinal cord injury: a systematic review of
the evidence. Spinal Cord 2010;48:718-33.

11. Brading AE, Ramalingam T. Mechanisms controlling nor-
mal defecation and the potential effects of spinal cord injury.
Prog Brain Res 2006;152:345-58.

12. Krogh K, Nielsen ], Djurhuus JC, et al. Colorectal function
in patients with spinal cord lesions. Dis Colon Rectum 1997;
40:1233-9.

13. Abelson B, Sun D, Que L, et al. Sex differences in lower uri-
nary tract biology and physiology. Biol Sex Differ 2018;9:45.

14. Perner A, Andersen JT, Juhler M. Lower urinary tract symp-
toms in lumbar root compression syndromes: a prospective
survey. Spine 1997;22:2693-7.

www.e-neurospine.org 853



