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URODYNAMIC AND ELECTROPHYSIOLOGIC STUDIES ON CON-
GENITAL NEUROGENIC BLADDER DYSFUNCTION CAUSED BY
TRACTION OF LOWER SPINAL CORD SEGMENT WITH SPINA
BIFIDA OCCULTA (SO-CALLED TETHERED CORD SYNDROME)

Junnosuke Fuxuvr
From the Department of Urology, Faculty of Medicine, University of Shinshu
( Director : Prof. T. Kakizaki)

Congenital neurogenic bladder associated with spina bifida occulta, or the so-called tethered
cord syndrome, is one of the rare conditions that may be completely cured by surgery among other
varieties of the disease. We make it a rule to make the diagnosis and follow-up of cases of the syn-
drome principally on the basis of findings in the urodynamic and electrophysiologic examinations.
The urodynamic examination consisted of Lewis’ cystometry and urethral pressure profiles during
filling, whereas during voiding, the intra-abdominal, vesical and urethral pressures, tone and EMG
of the anal sphincters and urinary flow rate were recorded simultaneously on a 6 channel polygraph
(VUD). The patient was also tested for sacral reflex activity by means of bilateral electromyograms
recorded from the anal sphincters to estimate the degree of sacral cord injury. A total of 46 patients,
21 males and 25 females, were studied in the recent five years. Subjects between 11 and 15 years of
age, at the height of growth in stature in life-time, were most frequent, accounting for 35% of all
patients (Table 1). Intraspinal surgery was performed on 15 of the 46 patients (Table 2). In
the urodynamic examination of the syndrome, measurements were made chiefly of thirty-five voiding
urodynamic (VUD) parameters (Fig. 1) to characterize the disease states before and after intraspinal
surgery. Statistical data analyses were made by the i-test on preoperative values in comparison with
values obtained in a normal control group and on postoperative values compared with the preopera-
tive values. Table 3 shows the results of the ¢-test for comparison between the preoperative values
for voiding urodynamic parameters in patients with tethered cord syndrome and the values obtained
in the normal control group. 'The data indicate that, in this syndrome, voiding is accomplished by
abdominal straining where the vesical neck is the main site of urethral resistance (detrusor-vesical
neck dyssynergia), involving vesical neck constriction and dysectasia. External urethral sphincter
dysectasia was also evident during voiding (detrusor-external urethral sphincter dyssynergia). Conse-
quently, a high voiding pressure is required to initiate and maintain micturition by overcoming the
urethral resistance of the vesical neck and external urethral sphincter. This can be assumed from

the fact that all the voiding urodynamic parameters concerned with intravesical pressure showed
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high values. In contrast, low values were obtained for the parameters depicting contractility of the
detrusor muscle, i.e. “intrinsic detrusor contraction rate” (@ Pb.max-Pabd.max/Pb-max) and “int-
rinsic voiding pressure” (@) Pbe.max-Pb.rest/Pb.max). These findings suggested disturbance in the
micturition center in the sacral cord of the patient with this syndrome. The study also revealed dimi-
nution of urinary flow rate due to lowered detrusor muscle contractility and increased urethral resistance.

Following surgery, the increased urethral resistance declined and the patient became able to mic-
turate even under a lower vesical pressure during micturition. The postoperative urodynamic study
demonstrating a decrease in the intra-abdominal pressure during voiding with a decrease of the ratio
of intra~-abdominal pressure to the total vesical voiding pressure, suggested recovery of the detrusor
muscle contractility (Tables 5, 6, 7-A-a, b, 7-B, 7-C, 7-D, 7-E-a and 7-E-b and Figs. 2-Aa,
2-Ab, 2-B, 2-C, 2-D, 2-Ea and 2-Eb).

curves depending upon the degree of sacral cord injury (Figs. 3 to 7).

A wide variety of abnormal patterns were observed in VUD
A case with the most pronounced
sacral cord injury in this syndrome presented abnormal patterns closely resembling those in neuro-
genic bladder associated with meningomyelocele. It was frequently the case that the anal sphincter
EMG, recorded bilaterally, disclosed abnormal patterns for either side in the test for sacral reflex
activity. The urethral pressure profile disclosed lowered pressure in the mid-urethral segment in
some of the cases studied. The degree of improvement in voiding urodynamic patterns obtained by
surgical treatment varried considerably among the cases, from marked (Figs. 14 and 15) to practi-
cally nil (Fig. 13), though, generally, a trend to improvement in voiding patterns was obvious after
surgery in most cases (Figs. 8 to 12).

The results of the urodynamic and electrophysiologic studies indicate that the voiding condi-

tion of the surgically treated patients is in the course of normalization, thus demonstrating effective-

ness of the surgical treatment.
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Table 1. Materials in tethered cord syndrome.

Age distribution by ¢ Totail
Oyrs.old~ Syrs.old 2 5(1) 7
G6yrs.old~10yrs.old 6(1) S5(3} 11
11yrs.old~15yrs.old 8(1) 8(4) 16
16yrs.old~20yrs.old 21(2) 2 4

20yrs. old ~ 3(2) st 8
Total 21 25 46

{ )=Operated cases
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Table 2. Traction lesion confirmed with myelo-
graphy and intra-spinal surgery.
Disorder No. of cases

Low-placed conus

medullaris 7

. With adhesion

T‘th of cauda equina
filum oo ©

terminale Without adhesion 4

of cauda equina

Adhesion of couda equing 2
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Fig. 1-A. Typical normal voiding curves measured
with 6 channel polygraph. Case: 12yrs,
old, boy. (from Fukui, J.: Jap. J. Urol,

68, 337, 1977)
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Fig. 1-B. Measuring point of 35 voiding parameters derived from the correlation among the curves of 6 voiding factors.

(from Fukui, J.: Jap. J. Urol., 68, 337, 1977)
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Table 3. Comparison between the values of voiding
parameters in normal subjects and pre-
operative patients with this syndrome.

Judqu
ment
8548 44 P maX nox 0553 0168
Phrrest  coioeeeeeioeee Pabd-mox _ I MO0
® : Pb-max 0266 0620 H-L

Pbmox-
rll‘,g)frasf _064.5_,0_0_95

Pb-max 0538 0J64 &

Judge

No. Fararneter Mean S.D. ment

No. Pargmeter Mean S.0,

(@ Po-before o780 144 @

436 187
2 1639 1636 4 4
Pb-open Tanal-before----~=---- -
p @ al-before 5575 3562
538 99 4 2335311236 4
Pb-m rimmmmemll o B ST TR
X 7327303 @) Tonattotal 5o

16809 5316
8500 4869 ¥V ¢
@ Opb-max 14546 5800
6569 4565 444
@ Pb-open 05600130 4 3 Tonaroefore Tanatbefore 0073 Q006 4 4
“Gésa aisl’ Tonaktotal 0228 00

(@PmoxPume 019 0149 &
: 0355 G278 |

Pb- max

I
(2 Po-tinal 213 28 At @ Qmax

1,1 : 00s¢pcool
1.1 : oo1<p<aoo
[} - 0001<p

i, L 01¢peoos

cf) The upper values are the values of normal voiding parameters

Table 4. Manifestating rate of detrusor-external
urethral sphincter dyssynergia in this
syndrome.

Manifestating o
ratio 7o

Normal ,subjects 0 0

Pre - operative

batients 23737 62.2

Immediafely post- 7710 63.6

operative patients

Patients affer & months 3/5 60.0

of the operation

HEIEHE 3 K E (Table 4).
BAERNE (@ Pabd-max) FE L {EWV. R
BEEHERZBCE->TWVWA L E2EBWT . JiftD
T X BESEER I X IR OO B - TH
BREEL, DOMERANIIDICE, SOBRED
KREEIS B, COBVBREIEFIRE DNKE DA T
BN ENT, BER2FHLTETN S 3DTH 5.
TR G/ BoRBEREE (@ Pb-max—Pabd-max/
Pb-max) {2 L /NI, ThZERNED K
DEECHET 2 EREERL TV A, ThbERIR
BONKEHOIET ThH 5. EIZHEO BHRE SRR
E (@ Pb-max—Pb-rest/Pb-max) H3EEZEDHEA %
Lo TIEBEX hEWV. 2o DBEND, KEEE
TOHRITEERECET AT A -2~ ELELUTH
BMUTW5. AREERRTIRATROC & R EWREE
WS A 21T, RiH1EFE (@ Qmax [,

@ QFb-max |). LIS ASEBERAGHIOHTATRIED ¢
WERIC L AHETNHTR TH 555, TIEGREE D <
—RHINT, TTRREYLIICESH
IR R D & 2T H— OB R 2 E .

(b) FHFEE  Table 5 [WRTC& L, EERED
ETOEIPRD NI, BEEAED/ S 2 —& —iX
DT 2 — L DR ERTANELH D,
DT ETDONTIIBITHRE 202 5.

(c) Tt 6 » F : Table 6 ITRI T & L, BERN

T A=Z

Table 5. Comparison between the values of
voiding parameters in the patients
before and immediately after the

intra-spinal surgery.

No. Porometer Mean S.D. Judge-
ment

@ Pobd-max 52,5302
354 177 ¥
Table 6. Comparison between the values of

voiding parameters in the patients
before and after 6 months of the
operation.

Judge-

No. Porameter Mean S.D. | cnt

(D Pobg: mox

Table 7-A. Changes in the maximal intra-abdo-
minal pressure during the micturition
before and after intraspinal surgery.

{al
Pabd-max
Mean S.D. S.E. n
Normal subjects 22.9 8.2 1.9 19
- f'
e 524 302 52 34
Immediately post-
operative patients 354 17.7 5.3 11
Patients cf1E[ 6 months 223 4.2 > a
of the operation
(b}
Pe-max— Pabd-max
P8 max
Mean S.D. S.E. n
Normg! subjects 0.553 0.168 0039 19
Pre-operative
pc’fien?s 0.266 0320 0054 35
Immegiately post= 433 (g4 Q050 11

operative patients

Patients after & months 0.543 0067 0033 4
of the operation
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Fig. 2. Changes in the wvalues of the voiding

parameters before and after the intraspinal
surgery. Dotted area expresses the distri-
bution of standard devision and solid circles
connected by solid line represents arithmetic
means.

Fig. 2-A-a. Changes in maximal intra-abdominal

pressure (Pabd-max).

Fig. 2-A-b. Changes in intrinsic detrusor contractile

rate (Pb-max—Pabd-max/Pb-max).

Fig. 2-B. Changes in maximal vesical voiding

pressure (Pb-max).

Fig. 2-C. Changes in maximal flow rate (Qmax).
Fig. 2-D. Changes in minimal urethral resistance

(Rmin).

Fig. 2-E. Changes in resistance of vesical neck.
Fig. 2-E-a. Changes in dysectasia ratio of vesical

neck.

Fig. 2-E-b. Changes in insufficient opening of

vesical neck.
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FREHELI NS 2 — 2 —DATHBEZEDEANED
LT, TN T S BITHET 5.
(2) 178, WEOHRNIA—y—EOEE

Table 7-A-a 33X f Fig. 2-A-a GRICTEL, i
Bt VWEEBHIROWENRD bhis. CIUIFIR
WO OEE (Table 7-A-b, Fig. 2-A-b) 53¢
BEREDME L C dHpRM aIRBIz ¢ & (Fig. 2-B, 7z
D b BEREE & SRETEISER & COERES (Fig.
2-D, 2-E-a) KX DEEOBRODPECIC DO EHEES
N A (Table 7-A-a, b, Fig. 2-A-a, b).

BCABEHRE DR, #ith DZEE T, Table 7-B, Fig.

2-B WRT T EL, BEEAEOBDECESERTIE
& AVHHBOXYE TCEOELHEDLN .
—FREEER L, Table 7-C, Fig. 2-C TR C
EL, NERCRREROWENETED LN,
6 7 B TIEMIELED NS, k6 » A%
DEEFIED DI, WBREGEE DEN—FOES]
OEEBPBARE BRI EELLN, SHBOE
BOEINe - THERNTATETDH 3.
REIESE OZE T, Table 7-D, Fig. 2-D 1R
&L, Hifgz ) ORBEALRD bz RIE
BT, TR0 & OHTER C O RIR BB BEST L
LEOBBRTIIZEVERE LS. —JF Table 7-B-a,
b, Fig. 2-E-a [TRTTEL, B TRBEMERDEE
HiE—BHE SN 325, 6 2 AR TIFsORBIRE
S T3, NI RMERBOE TR E L, fEH]
Table 7-B. Changes in the maximal vesical voiding

pressure (Pb-max) before and after the
intra-spinal surgery.

Mean SD. SE. n

Normal subjects 53.8 9.9 2.2 20

Pre - operative

patients 73.2 3.3 5.2 37

Immediotely post-
operative patients 609 17.8 5.4 11

Patients after & months

of the operation 6.8 18.6 83 5

Table 7-C. Changes in the maximal flow rate
(Qmax) before and after the
intra-spinal surgery.

Mean S.D. SE. n

Normal subjects 16.8 53 1.6 tl

Pre - operative

patients 8.5 4.9 09 32

Immediately post-

operative patients 10.2 36 1 H

Patients after & months
of the operation 8.7 65 29 5

KA EREREERIGAE

Table 7-D. Changes in the minimal resistance
(Rmin) before and after the
intra-spinal surgery.

Mean S.D. S.E n

Normal subjects 0.26 0.18 Q05 11
Pre~operative
patients 7.55 18.70 331 32
Immediately post- 515 8.78 397 14

operative patients

Patients after 6 months
of the operation 2.30 6.06 .82 9

Rmin = Pa-mcx/(omcx)z

Table 7-E. Changes in opening and dysectasia
ratio of the vesical neck (detrusor-
vesical neck dyssynergia).

{a)

Pg-max—-Pu-max

Ps:max

Mean S.0. S.E. n

Normal subjects 0.19 0.02 O.t5 19

T recperative 036 028 005 37

Immediately post- 0.26 0.12 0.04 11
operative patients ) '

Patients after & months
of the operation 0.23 0.135 0.07 5

(b}
Pu-open
Pg-open
Mean S.D. SE. n
Normal subjects 0.69 0.19 0.04 20
Pre-operative 0.52 027 004 37
patients ! !
Immediafely post- 060 026 007 11

operative patients

Patients after 6 months
of the operation 0.53 0.32 0.14 5

BADIoN T DBEEODIOOERI DT % — & ~H
SEESHELID EBbh s, BRI AR OB
HOBIRE, HEBRTEIZPEEINTHS
EEbh A (Table 7-E-b, Fig. 2-E-a).
(3) ffal, HEROBRAFHELOEE

(a) TERBHRETFIE

EFEBRRTFERICOVTIE, §TIEREP LI
T, MR$%icE D% (Fig. 1-A, B).

{(b) FHIOBRETEHICNT

Tethered cord syndrome DHEE/ €% — L i3FAN
ik B AR R R (— BRG] TSR %
&) OBERETE 2R OMUBE BRI DEERE 1T
S OBER PR F — L BIRT
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Fig. 3.

Normal patterns of voiding urodynamic examination.
Lumbago and right foot deformity. Diag.: Tight filum terminale.

Case: 14yrs. old., boy. C.C.:

Coordination among

the voiding factor curves (V.U.D. curves) was predominantly good and the values of

voiding parameters were within the normal range.

bladder or of anal sphincter.

Fig. 3 13, AWNRERE BE NP TR
ﬁ%@?ﬂﬂ%i%b myelography (2T ARAEBRE?
2l s, WREFHUERD I DRBA INTIERD
VUD&%T&£-%%EE?%®@%&%EiQ
HRANSA~2 —~DEEBESIERTD 5.
Fig. 4 I HRHERBEBRES L ORRZHRALTERE
U212 40 JRFERTC, myelography (T tight filum

There was no dysfunction either of

terminale &Mz, ERIEBETH D, TE
BRI S & FHRA CRB 2 B8 L TV 2 EHIORK
NEMBERE CH 5. Fig. 4-1) @ARFEFIOD urethral
pressure profile (LI'F UPP &M§3) Thbh, FER/S
Z— 2 RRL TV 5B, VUD 390 TI38E OMIT R
LB hX FERE T 2 BREREG Bdoh b
P, RUERAFEOMBEARIBETHY, HES T
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Fig. 4. Urodynamic examination of the patient with moderate urinary disturbances in thie

syndrome. Case: 12yrs old., girl.
tract infection.
Fig. 4-1).

C.C.: Enuresis nocturna and recurrent urinary
Diag.: Tight filum terminale.
Urethral pressure profile (U.P.P.) of the same subject.

U.P.P. pattern on the

bladder fullness was normal and all measuring values were in normal range.

Fig. 4-2).

Voiding urodynamic examination (V.U.D.) curves of the same patient.

Vesical

pressure curve was normal, except for exhibiting many small undulations due to

abnormal straining.

Values of voiding parameters were within the normal range.

In this case, urinary incontinence appeared as soon as the vesical capacity became

250 ml.

A~ —~@IERTH S (Fig. 4-2)).

Fig. 5 DIEFIIRER:, BERERBRIERZEL,
myelography 5k o8 FHiATR L b low-placed conus
medullaris &2 INIC EHTHS. VUD BT
%, BERUERIE & EBEERE EPE—BETH Y, A
IR DPHEEINZ EAERE LN Wb 5. [T
FIFEROET b — X 2BIETIE, BRRICIZEBBROMEL

DRRRICD % %3, TIFIERMIR E R CIRBER DRI
ETORBEROEM»ED b e, REERMHH TR
EHER+BRE 22, BERBEOGENEDNS.

BRSNS 4 — & — DUIEMETIE, @ Panalmax |, ®
Pabd-max {, @ Qmax |, @ Viime 1 5F» o
to. I BRREBRBRARY K3, BRELS
W ARG D REE S FRBIGEIETIC X % 3 0D
EEZALN, VUD BE» L & FIRG-BEHSESLE
LB L FIRG-NREFBNHHRARZEEZD 6 h
ot U UBEREIR A EEB AT E IR IR BB
BIEDSTED SN &k, JROER TO FIURG-S
REFENGHERAZOFENEZEZ LN AP,

Fig. 6 |ZREEE, R %2R A TR U I3 miTHE
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Fig. 5. V.U.D. curves of the patient with flaccid detrusor and flaccid pelvic floor musculature.

Case:
injection, lumbago and highly resistant ulcer in the dorsal part of the foot.
Low-placed conus medullaris. The vesical pressure curve was similar to the intra-abdo-
minal pressure curve during the micturition; thus it was found that the micturition
were depend upon the abdominal straining and that the detrusor possessed little con-
tactile function. Independently of micturition, anal tone curve was to be relaxing,
but in anal sphincter E.M.G. a few spike discharges were found out prior to micturi-
tion. Urinary flow rate curve was low-hill like and wavy form. Therefore, existence
of urinary disturbances was suspected. The measuring values of each voiding parameter
were as follows; Pabd-max |, Panal-max, 1, Qmax |, Vtime 1 and Vcap 1, Residual

C.C.: Urinary incontinence, recurrent urinary tract
Diag.:

40yrs. old, male patient.

urine 1.

D VUD 8 & VEREA & m 775 7 & B ITFHENE
RN L REREE ORRAERIETH 5. IS
myelography MR, X b low-placed conus medullaris
DOBEMHTINI. VUD X b, BEHER, =B
PR, IMMENBEDCERT, GRIDIFESHEEX
TO TEHEEDO M SH B 5hic (Fig. 6-A).
Fig. 6-B iZIIPIFEROHIHERTH 528, BRERA D
Wwohg (X)), HEEBERAM
R TFREEOHENS {, BREGRHOMREL b
UABEERIRT A C itk b BiRAENIIE STy
7z ().

Fig. 7 IfAIO VUR 253 % BREERE YIS
& FREBD B 2 1 2 ZIRORAKIFZNRETR T

electrical silence 25%

%. Fig. T-A (ZEREIBMPAOBRRENER TS 5.
BRI B BRI R B AR R 2 7R
Utz. Fig. 7-B 3AEHID VUD gETH Y, BB
ELEBELPHMUTHI L VEEFERTHA T
BB BULBOBRECH~REEIEL,

BERRSETE T T84k XNT2 energy DA XU & &5 b
3. BHREIOILMFEE b — X 2ENDI, HEREH
B3 BC EEPSED O, HEREETIEBT
BREOHBENEDONECE LD, FRG-NEE
FRBERACEOFENEDNS. U LDZE L, T
WREE COBEIEAIC L Y, REEFIZIELS, ZO8
TE S Wikt SRR 2 RU Wz, BER T 2 —
%~ OBEM[ T, Pb-max }, @ Pu-max |, @
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Fig. 6-A

Fig. 6. V.U.D. curves of the patient with flaccid pelvic floor musculature. Case: 43yrs. old.,

female patient. C.C.: Urinary incontinence, lumbago and severe right epigastralgy.
Diag.: Low-placed conus medullaris.
Fig. 6-A.

Although vesical pressure curve was more elevated than intra-abdominal pressure,
the curves were identical. As a result, it was found that the micturition was due
to the abdominal straining. The tone of anal sphincter was extremely decreased
and the anal reflex activity was weak and slow, but anal sphincter E.M.G. exhibited
increased interference voltages during micturition. Urinary flow rate displayed
the double micturition. As compared with former subject (Fig. 3), the volume
for the maximal desire to void and residual urine were small. The values of voiding
parameters were as follows; Pabd-max {1, Panal-max |, Qmax |.
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Fig. 6-B-i)

Fig. 6-B-ii)

Fig. 6-B. Corelation between anal sphincter EMIG by electromagnetic oscillograph and urinary

flow rate curve.

Fig. 6-B-i). In the anal sphincter E.M.G. complete cessation of discharge was not recognized
during the micturition, conversely interference discharges were visualized.

Fig. 6-B-ii). On the voluntary.interruption of urination, increase discharge frequency in anal
sphincter E.M.G. was not noticeable. Volitional cessation of urination was per-
formed by decreased abdominal straining.

Pabd-max 1, @ Panal-max |, Pb-max—Pu-max/
Ph-max 1, @ Qmax | D SNtz Fig. 7-C i3
AEFO UPP BTh 5. BEMARMIFD BE T RE
FIREE CHE DK FA58E ) H it “para-urethral striated
musculature”? QEREETH EZL LNz, Fig. 7-D
EAEFI OISR LA REFT R TH 5. HRIIFE
WGP BB 2RI L T BRI ERB AL TREDL <

IIMER OEYS & b BR UHERETE TR, &
BEMDDI L, RE /Db ote. TR~

FRER D BZ R RIS 3 A [T PR AT AT B it & A4
TH - TN REFRAEREOF TR IERICE
TAHBRBIERTRL T Y, LU AHHBEERICEL 2
SRR MR B e B BRI R W

(c) FHHT & FHHS IR OBRRTEE O L#
UTCFMilEOBRETEE22T L, FcX
BWEEICOWT FHE® KAtz Fig. 8 BEAER
BPRATHERLUIZTHRERD VUD [ TH 5. Fig.
8-A TIZJETHHRIT X 5 12D ORI OBIES 273 BEDE



362

fEH : Tethered cord syndrome - KIIFEHBREBENRE

) :
T VOIDING

*TETHERED CORD SYNDROME” .'[.‘,,,,., _

1 ]
~ SFroRiTiG 6F RENNEION
CYSTOMETROGRAN DURING FILLING

T OURETHRAL PRESSRE < . & gy, piom
v | MDV: 180
8 | RESID. URINE: 80n

S P
N

T vOIDING T T T . T

--VESHCAL PRESSURE -

i
|
l
i VOIDING L [

. TONE OF AHAL SPHIMCTER -,

itfff_'f'

VUIHIM:

CYSTOMETROGRAM DURING VOIDING

Fig. 7-A Fig. 7-B

Fig. 7. 'The typical patterns of curves of urodynamic examination in tethered cord syndrome.

Case: 12yrs. old, girl. C.C.: Recurrent urinary tract infection (bilateral VUR, grade
IV) and urinary incontinence. Diag.: Low-placed conus medullaris.

Fig. 7-A. Typical filling cystometrogram in this syndrome. Cystometrogram shows hypertonic

Fig. 7-B.

type of autonomous neurogenic bladder. Although hypotonic type was found out
in adult patients including some elder children, hypertonic type had a tendency to
appear in infants and children.

Typical V.U.D. patterns of the patient with tethered cord syndrome. The vesical
pressure curve was slightly higher than the intra-abdominal pressure curve during
the micturition. However the patterns of both curves were similar. It was clear
from the above mentioned curves that the micturition was due to abdominal strain-
ing. Because the urethral pressure curve was low in comparison with extremely
high vesical pressure, it was suggested that the resistance in the vesical neck was in-
creased. Although anal sphincter tone was lowered before and after the micturition,
it was elevated during the micturition. Moreover, interference discharges in anal
sphincter E.M.G. pattern were found during the micturition. Judging from these
facts, the existence of detrusor-external urethral sphincter dyssynergia was sug-
gested. Due to the increasing urethral resistance as mentioned above, urinary flow
rate curve was reduced. The flow rate curve was low-hill like and staccato-like
form. Measuring values of voiding parameters gave the following results: Pb-max 1,
Pu-max |, Pabd-max 1, Panal-max |, Qmax |}, Pb-max—Pu-max/Pb-max 1.
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Fig. 7-D
Fig. 7-C. U.P.P. of the same patient. Because the measuring values in mid-urethral segment
in U.P.P. was reduced on the vesical fullness, it was suggested that the tone of

paraurethral striated musculature was decreased.

Fig. 7-D. Tests for sacral reflex activity. The patient complained of no pain when the needle
electrodes were inserted at the right anal sphincter region. It was found that her
sensibility disappeared in the right half of the saddle area. The spike discharge in
the right anal sphincter E.M.G. was decreased with stimulation from the external

genitals to the anus.

ERFEPRED 5. BT HR RO RE LR
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Fig. 8. Comparison of voiding factor curves before and after the intra-spinal surgery. Case:

7yrs. old, boy. C.C.: Enuresis nocturna et diurna. Diag.: Tight filum terminale.

Fig. 8-A. A certain degree of increasing intraabdominal pressure curve was represented and

vesical pressure curve was shown with many small waves during micturition. In
spite of high vesical pressure, urethral pressure revealed lower limit within the nor-
mal range. As a result, it was found that energy loss in the vesical neck was con-
siderably increased. Descent of pelvic floor (prior to micturition) was a littel later
within normal range. It may be based on urethral pain at the beginning of micturition.
For the above reasons, the flow rate curve exhibited two-peaks shape. E.M.G. of
anal sphincter was to reveal the intermittened wave to burst during the micturition.
Hence it was suggested that detrusor-external urethral sphincter dyssynergia had
been present. The measurement value of voiding parameters gave the following
results: Pb-max 1, Pabd-max 1, Qmax |.

Fig. 8-B. V.U.D. curves immediately after the intraspinal operation.

Fig. 8-B-i). On account of pain at the terminal urination the visualized pointed waves were
involved in the wurethral, vesical and anal sphincter curves on terminal micturi-
tion. Coordination between voiding factor curves was kept normal. Each void-
ing curve showed a normal pattern, except some elevated intra-abdominal pressure
during micturition and abnormal values in voiding parameters were not confirmed.

Fig. 8-B-ii). He could volitionally interrupt micturition after operation and voiding factor
curves revealed normal pattern except little abdominal straining during the
micturition.
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Fig. 9. V.U.D. curves of female patient with slight to moderate voiding disturbances. Case:
8yrs. old, girl. C.C.: Enuresis nocturna and recurrent urinary tract infection. Diag.:

Tight filum terminale.
Fig. 9-A. The small pointed waves in anal sphincter tone curve and the elevated intra-abdo-
minal pressure curve due to abdominal straining were exhibited during the micturi-
tion, and urethral and vesical pressure curves during voiding were higher than what
were considered normal. Manifestation of interference discharges in anal sphincter
EMG was also present simultaneously with the elevation of the anal sphincter tone.
Because of high vesical and urethral pressure and detrusor - external urethral sphincter
dyssynergia V.U.D. curves in this case were identical with these of reflex neurogenic
bladder. But abnormal findings in bethanecol hyper-sensitivity test and other neu-
rological tests (including EMG) had escaped detection. Voiding parameter valued
were as follows: Pb-max 4, Pu-max }, Panal-min |, Qmax |.
Fig. 9-B. V.U.D. curves immediately after the intraspinal operation.
Fig. 9-B-i). Co-ordination among 6 voiding factor curves was maintained at excellent situation
except for some elevated urethral and vesical pressure curves during the micturition.
Abnormal finding was undetectable in each voiding factor curve.
Voluntary interruptions of wurination were completely performed due to the
No abnormality in each voiding curve

Fig. 9-B-ii).
contraction of pelvic floor musculature.
was present during interruption of urination.

Panal-min |, @ Qmax | »8@» 5tz Fig. 9-B i3 b, BEREEO ML D HRAEDS 230 TE
WD VUD BB Th 5. Fig. 9-B-) T, BtE b, HHRETHEEICEERLVED 5.

BIUPREEEEO EAVBZED b A LML, &HER
HAFHERIERETH Y, HHRETHOHEES X <
FINTEHEBIZRD S0, Fifick b IR
BROBRENEZIREINIY, NEETISH, £
IZBERE 35 & OF JRiEiE unstable state {Th % BN
%. Fig. 9-B-ii) \IFEBBEIRARID VUD KETH

BIEBEEAZ BT A VDWW 3 “subclinical or occult
neurogenic bladder” -2 iE, FIICEET 5F5E
Thb, TTTREFOBRTEEDIN. EHIZ
grade IV (Hertz, M. O233H) DOWfME VUR 2593
58 HRTHB. Fig. 10-A JHliEid VUD g
Th b, Fig. 10-A-)) TIEHRREBLHEFERNLMNZ
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Fig. 10. Subclinical neurogenic bladder in tethered cord syndrome.
C.C.: Recurrent urinary tract infection.

Fig. 10-A-ii)
Case: 8yrs. old, girl.

Diag.: Tight filum terminale.

Fig. 10-A. V.U.D. curves before intraspinal operation in this syndrome,.

Fig. 10-A-1).
urinary flow rate.
Fig. 10-A-ii).

arrow to sclid arrow were shown.

EEFTH 5. BiCiZ Fig. 10-A-i) cR@3CE L, B
BESEBBIAL 28, AREOL D RYSHHT2ET
DRFRVERT 5 C D 6 ic (HERAI~ES
RED. TRISHNRBIEHO MRS RE & REEE
EEOF—XXOFEHL 2 BIT VAL S ZL100
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Voiding curves were revealed in ordinary V.U.D. except for some decreasing

At times, as shown in Fig. 10-A-ii), markedly protracted micturition from dotted
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V.U.D. curves immediately after intraspinal operation.

Although detrusor-external

urethral sphincter dyssynergia was represented, urination was possible without abdo-
minal straining. Because of immediatly after the operation, it was shown that the

contraction of anal sphincter was decreasing to some degree.
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Long term observation with V.U.D. in typical tethered cord syndrome. Case: 16yrs.
old, female subject. C.C.: Urinary and fecal incontinence. Diag.: Low-placed conus
medullaris and adhesion of cauda equina.

Fig.

V.U.D. curves before intraspinal operation. It was found that the micturition was
performed due to the abdominal straining, since the intra-abdominal pressure
curve has the same pattern as the vesical pressure curve. It was recognized that
three-stage urination was acted and that the urethral pressure curve was lowered
as compared with markedly elevated vesical pressure (detrusor vesical neck
dyssynergia) and anal sphincter tone curve was similar to vesical pressure curve
(detrusor-external urethral sphincter dyssynergia). The results of high resistance
at two segments in lower wrinary tract and decreased urinary stream was
manifested. Measured voiding parameters demonstrated following abnormal
values: Pabd-max 1, Pb-max 1, Panal-max 1, Qmax |.

V.U.D. curves in the immediate postoperative period. Voiding pattern was same
as Fig. 11-A, but it was found that voiding parameters of intra-abdominal and of
vesical pressure were reduced in comparison with pre-operative parameters. Flow
rate parameters were elevated.
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Fig. 11-C Fig. 11-D

V.U.D. curve in the 6th postoperative month. Because of abdominal straining,
the rectoanal pressure balloons were removed during the micturition. Elevated
urethral pressure curve was observed during the micturition and hence, it was
suggested that the improvement at the vesical neck dyssynergia was present.

V.U.D. curves in the 2nd postoperative year. It was revealed that V.U.D. curves
in the 2nd postoperative year were same as before the operation, but that the vesical
pressure curve was higher than the intra-abdominal pressure curve and then the
detrusor contraction was begining to appear at this period. The curve of anal
sphincter tone resembled to vesical pressure curve (detrusor-external urethral
sphincter dyssynergia). On the other hand, it was exhibited that the urethral
pressure curve at this period was the lowest of the urethral pressure curves in the

Fig. 11-C.

Fig. 11-D

each postoperative period. For that reason, it was suggested that detrusor-vesical

neck dyssynergia was present.
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Fig. 12. Filling cystometrogram by Lewis’ method in the same subject as shown in Fig. 11.
Fig. 12-A. TFilling cystometrogram on the pre-operation. It was found that this cystometric
pattern was hypertonic.
Fig. 12-B. Filling cystometrogram in the immediate post-operative period. This cystometrogram
resembled the pre-operative cystometrogram.
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Fig. 12-G  Filling cystometrogram”in the first post-operative year.

that the pressure rising gradient was more gentle

was represented ““positive’.

Fig. 12-C-i). 'This cystometrogram exhibited

than in the pre-operative or immediate post-operative period.
Fig. 12-C-ii). Bethanecol supersensitivity test
Fig. 12-D. V.U.D. curves in the 2nd post-operative year.

the normal pattern.
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Fig. 13. V.U.D. curves of the patient in whom the improvement of symptoms were not shown.

Fig. 13-A.

Fig. 13-B.

Case: 15yrs. old, boy. C.C.: Urinary incontinence and recurrent urmary tract
infection. Diag: Low-placed conus medullaris.

V.U.D. curves before the operation. The balloons for the measurement of the
rectal and the anal pressure were removed by the strong abdominal straining
during the initial micturition. The urethral pressure curve was. considerably low
as compared with high vesical pressure during the micturition. Hence it was sug-
gested that the detrusor - vesical neck dyssynergia was presented. Since the inter-
ference discharge was demonstrated at the anal sphincter EMG during the micturi-
tion, detrusor-external uretheral sphincter dyssynergia was highly suggested. Urinary
flow rate curve revealed a curve of intermittent low hill-like shape. Voiding
parameter values were as follows: Pb-max 1, Qmax |.

V.U.D. curves in the 3rd postoperative year. It was seen from these V.U.D. curves
that the curves of markedly elevated vesical and urethral pressure were demonstrated
and the micturition was dependent upon the abdominal straining. As the opening
mechanism in the vesical neck was remarkably excellent it was estimated that the
part of urethral resistance was external urethral sphincter region. Flow rate curve
was lowered. In spite of the treatment, administration of the detrusor contractile
drugs and striated muscle relaxant, bedwetting of his subjective symptom was per-
sistent. It was found that the stress incontinence was occured with the abdominal
straining, and that his upper urinary tract was dilated. By the administration of
anticholinesterase (Ubretid), bethanecol chloride, tolperisone (Musculm), and
phenoxybenzamine, little improvement of the micturition was shown. At present
his treatments are performed with the administration of phenoxybenzamine and self
catheterization. Voiding parameter values were as follows: Pb-max {, Pu-max 1,

Qmax |.
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Fig. 13-C. Simultaneous recording of vesical pressure, EMG of anal sphincter and flow rate
during the storing and voiding phase. - The vesical pressure curve revealed hyper-
tonic type and EMG of anal sphincter demonstrated interference discharges during
the elevated vesical pressure. It was reasonable to presume that the external ure-
thral sphincter contracted involitionally for the purpose of the urinary continence
when the inflow of vesical urine was occured.
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Fig. 13-D. Postoperative Investigation for the sacral reflex activity in this subject. These tests

were within the normal limit.
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Fig. 14-A Fig. 14-B
Fig. 14. V.U.D. curves of the subject who revealed markedly improvement after intra-spinal
surgery. Case: 13yrs. old, girl. C.C.: Enuresis nocturna et diurna and recurrent
urinary tract infection. Diag.: Tight filum terminale.

Fig. 14-A. Preoperative V.U.D. curves of this subject. Vesical pressure curve resembled
intraabdominal pressure curve during the micturition. Therefore it was seen
from the chart that this voiding was dependent to the abdominal straining. The
elevated anal sphincter tone was revealed during the micturition (detrusor-external
urethral sphincter dyssynergia), and the urethral pressure was markedly lowered
as comparison with the high vesical pressure (detrusor-vesical neck dyssynergia).
Particularly, the opening mechanism in vesical neck was insufficient. But the
micturition was maintained if the vesical neck was opened. The urine flow rate
curve was demonstrated to be of intermittent serrated type. Voiding parameter
values were as follows: Pabd-max 1, Pb-max 1, Qmax |.

Fig. 14-B. V.U.D. curves immediately postopertive period. Enuresis nocturna et diurna
disappeared completely in the immediate postoperative period. Reccurent urinary
tract infection also disappeared four months after the intra-spinal operation.
Coordination among the voiding factors was maintained throughout the duration of
the micturition. Except for insufficient relaxation and contraction of anal sphincter
before and after the urination, each voiding parameter was normal.
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Fig. 14-C-i) Fig. 14-C-ii)
Fig. 14-C-i). V.U.D. curves after 6 months of the intraspinal operation. The relaxation of
anal sphincter during the micturition was indicated.
Fig. 14-C-ii1). V.U.D. curves during starting and stopping the urinary stream volitionally after
6 months of the operation. The volitional interruption of urination was performed
by the contraction of the pelvic floor musculature.

F
CLITORO-AMAL VULVO~ANAL ANO-ANAL
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COLNTARY WAL VOLUNTARY AL REFLEX REFLEX REFLEX ANAL REFLEX

Fig. 14-D. The investigation of sacral reflex activity in this subject after 6 months of the
operation. All sacral reflex tests were within the normal range and the sacral reflex

activity exhibited normal function.

bhbhud SR BEEMCI6F » v 2V XY TS LT LTS,

7 2T VUD J5EE 2 afT L, RREEFNITE IR BSHENEPNICEs - BAKZPHEAL, BEAEORER,
Lewis R & 2 EHEUBEAEREE S X of UPP ¥ T b bROEFEOBEOERMITENT, HHBAF
RERFRLTCNS. EIIBHRAROBEEER ORISR ID TOAHED § b 5.

EDTY, Zehblx B U LSRR 2 2. BOKITROBREEIC L B INETE2ETS & O
AU IS S REE 2 A L. SToARER: EEITONT

TR S~ S~ LIP3 EED dermatome A, LRI ORKITEAIELRIC X AHET - A



376 &3 : Tethered cord syndrome - JK I BS AEBSBRE

comnng " TNTRA-ABEORTHAC PRESSURE i T j B R S T s
[ [NTRA<ABDOMIHAL PRESSURE IuvERnisTion  NTRA-ABDOMITAL PRESSURE HTRA-RRDCALLAL EF2 ",
omnig ! ‘
A Ommiy n i l - onmzz
i
. ‘
: — ~ e S
rona Jvermae . ToToINE TSTOING VoIDING VoIDiNG -
oy P T . . Omoti
[a ; URETHRAL PRESSURE omEZ[ UNETHRAL PRESSURE IMEIIn  URETHRAL PRESSURE womie 5
i o NATIO
) Eoy. som Gmnag Ly B oy 5w oty
_BESID. aom o RINe® 0! Sine: oa1 Sase.
I VOIDING - 4 T-Ivoiniie VBIDING! VAIBING VOIDING

VESICAL, PRESSlIRE' qommig 7 s : VOLUNTARY sommiig
i " " VESICAL PRESSURE VESICAL PRESSURF. i

[ao'ulp ——

INTERRUPTION

OF URINATION VESICAL PRESSURL

i
ommag ’ r-
N *
BRI e > H N d . . 1 i
[BON I B77F-YT 70 N vomNel T voioine F [P i T VOTBING . [
[‘.’ i TORE 0F AL SPHINCTF.R  TONE OF ANAL SPRINCTER 4ommig _TONE OF ANAL SPHIHCTER
oty i [ :

i

i voxDINs ! '
[coapu
Fo,

YOIDING 4:‘7
MG, O

Eﬂﬁ OF ANAL SPHINCTER
| O A B

I :

{; il b |
Pty | f
b WN f

iTARY

FLOY e | | 'me'm'ei ui/hee FLOY RATE
Ont/eas |.. i, - ; Jo b}
o :
seeo.. If \_ _J_ H
- R VD_lDl"!G l L vnln"‘ VO'H;!NE N
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Fig. 15. V.U.D. curves of the patient in which appreciable improvement was demonstrated.
Case: 8yrs. old, girl. C.C.: Enuresis nocturna et diurna. Diag.: Low-placed conus
medullaris and adhesion of cauda equina.

Since the vesical pressure and intraabdominal pressure curve were similar and high,

it was suggested that the micturition was dependent upon the abdominal straining.

Urethral pressure curve resembled vesical pressure curve and were high. According

to these findings, it was presumed that excessive openning of vesical neck and strong

urethral resistance due to detrusor-external urethral sphincter dyssynergia were

present during micturition. Voiding parameter values were as follows: Pb-max 1,

Pu-max 1, Pabd-max 7, Qmax |.

V.U.D. curves after 6 months of the operation.

Vesical and urethral pressure curve were descendent as compared with before

the operation, but the curve of anal sphincter tone showed insufficient relaxation

during the micturition.

Although the voluntary interruption of urination was done with the contraction

of pelvic floor musculature, the complete stopping of urination was not performed.

Fig. 15-C. V.U.D. curves after 1 year of the intraspinal operation. Voiding curves were normal

and the co-ordination among the V.U.D. curves was throughly maintained. All
voiding parameter values were within normal limits.

Fig. 15-A.

Fig. 15-B.
Fig. 15-B-i).

Fig. 15-B-ii).
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Table 8. Classification of traction lesion.

I. Lumbosacral Lipoma
with direct continuation to spinal cord
with direct continuation to filum terminale
without direct internal continuation

with diastematomyelia

without septum, direct continuation to spinal cord
without septum, no continuation to spinal cord
without septum, meningocele mangue
with septum, meningocele manque

2. Diastematomyelia associated with bands
without septum
without septum, meningocele manque
with septum meningocele manque
with septum

Simple traction by bands
Tight tilum terminale
Lipoma filum terminale
Dermal sinus

Coccygeat cyst

® N O U os W

Meningocele manque
true
possible

from James, C.CM. and Lassman, LP.
"Spina!l Dysraphism", Buttel-
worfh, London, 1972.
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