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PURPOSE: To clarify neurologic function with respect to
external anal sphincter and puborectalis muscles after J
configuration ileal J-pouch-anal anastomosis for patients
with ulcerative colitis and adenomatosis coli, we examined
the terminal motor latency in the pudendal and sacral motor
nerve (82-4). METHODS: Latency of the response in the
external anal sphincter muscle following digitally directed
transrectal pudendal nerve stimulation (PNTML) and in the
puborectalis muscle following transcutancous magnetic
stimulation of the cauda equina at the levels $2-4
(SMNLTSS) were measured in 12 patients with ileal J-pouch-
anal anastomosis; they were divided into a group with
continence (7 cases) and a group with soiling (5 cases).
Results were compared with data obtained from 12 patients
before operation and 15 controls. RESULTS: Conduction
delay of PNTML and SMNLTSS in patients with soiling was
longest, followed by delay in those without any soiling, then
delay in patients before operation, and then controls. In
addition, significant differences were also noted between
conduction delay of PNTML in controls and those who are
incontinent and experience soiling (P < 0.05 and P < 0.01,
respectively), and there were significant differences also
noted between conduction delay of PNTML in patients
before operation and those who are incontinent and expe-
riencing soiling (P < 0.05 and P < 0.01, respectively).
Conduction delay of PNTML and SMNLTSS were found in
patients before operation rather than in controls. No signif-
icant differences were noted between conduction delay of
PNTML and SMNLTSS in patients before operation and con-
trols. Significant differences were also noted between con-
duction delay of PNTML and SMNLTSS in patients who are
incontinent and experiencing soiling (P < 0.01, respective-
Iy). CONCLUSION: These findings support the hypothesis
that soiling after this procedure may be partially caused by
damage to pudendal and sacral motor nerves (52-4). [Key
words: Ileal J-pouch-anal anastomosis; Latency; Pudendal
nerve; Sacral motor nerve; Anorectal function]
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lcerative colitis (UC) and adenomatosis coli

(AQ) is a disease of the mucosa of the colon and
rectum; these diseases are cured, and risk of malig-
nant transformation is eliminated if the colon and
rectum are removed completely. ? In the past, defin-
itive treatment required total proctectomy and a per-
manent ileostomy. Recently, restorative proctocolec-
tomy with ileoanal reservoir has been a significant
development in the surgical treatment of UC and
AC. % Introduction of ileal J-pouch-anal anastomosis
procedure revolutionized surgical management of UC
and AC in the early 1980s.% 7> ® Functional results have
been acceptable, and patients satisfaction has been
very high because patients are free from a stoma and
lead near-normal lives." > 7™** During the past ten
years, there has been much study of the function of
the anorectum in patients with ileoanal anastomosis
using anorectal manometry.” "> Anorectal manometry
has now become a standard clinical test for assess-
ment of internal and external sphincter muscles. Ma-
nometry is a technique used for recording pressure
change within the bowel lumen caused by contrac-
tions of the gut wall itself. In contrast, much less is
known about assessment of neurologic functions in
regard to external anal sphincter and puborectalis
muscle. To clarify neurologic function with respect to
external and anal sphincters and puborectalis muscles
after J configuration ileal pouch-anal anastomosis for
patients with UC and AC, we examined the terminal
motor latency in the pudendal and sacral motor nerve
(82-4).

MATERIALS AND METHODS

A total of 12 consecutive patients with UC (8 cases)
and AC (4 cases) were included in this study, all of
whom were completely continent before undergoing
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total colectomy with mucosal proctectomy and an
ileal J-pouch-anal anastomosis using short cuff 7 cm
from the dental line, There were eight men and four
women, aged between 14 and 56 (mean, 39.2) years.
Median follow-up time after closure of defunctional
ileostomy was 53.9 (range, 20-106) months. All pa-
tients had an uneventful postoperative course without
any complications; however, at the time of this study,
five (UC, 4 cases; AC, 1 case) were experiencing
occasional soiling indicated by minor leakage of mu-
cus, one to five days per week. This study was per-
formed in all patients before and after operation.
Patients after operation were divided into two groups,
depending on whether some soiling was experi-
enced. As a control, 15 healthy volunteers (8 men and
7 women) aged between 27 and 69 (mean, 49) years
were also examined. None of these healthy controls
had any disturbances in bowel function at the time of
this study.

Digitally Directed Pudendal Nerve Terminal
Motor Latency

The terminal motor latency in the pudendal nerves
(PNTML) can be used to assess function in distal parts
of innervations of external anal sphincter muscles.
Latency of the evoked muscle action responses in the
external anal sphincter muscles were recorded after
stimulation of bilateral pudendal nerves in the pelvis.
This was accomplished by using a finger-mounted
array of recording and stimulating electrodes. Thus,
two stimulating electrodes were mounted at the tip,
with the cathode arranged distally, and two recording
electrodes were mounted side by side at the base to
pick up the response in external anal sphincter mus-
cles (Fig. 1. Stimulation of pudendal nerves was
achieved in both sides of the pelvis by directing the
finger covered with the sack in the rectum toward the
ischial spine. Onset of this stimulus was used to trig-
ger the oscilloscope (Universal Dual-Beam VC-9, Ni-
honkoden, Tokyo, Japan). Square wave stimuli of
0.1-ms duration and about 10 V (Electronic Stimulator
SEN 7203, Nihonkoden, Tokyo, Japan), but always
supramaximal, were used to find the shortest latency,
measured from onset of the stimulus to onset of the
response in the external anal sphincter muscle, which
was felt through the examiner’s finger covered with
the sack (Isolator SS 104], Signal Processor 7T18, Sa-
nei-Nihonkoden, Tokyo, Japan).
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Figure 1. Measurement of terminal motor latency in pu-
dendal nerves. Latency of evoked muscle action re-
sponses in external anal sphincter muscle is recorded
after stimulation of pudendal nerves in pelvis. A = stim-
ulating electrode (anode); B = stimulating electrode
(cathode); C = recording electrodes; D = ground elec-
trode.

Sacral Motor Nerve Latency After
Transcutaneous Spinal Stimulation (SMNLTSS)

Nerves innervating the puborectalis muscle can be
excited transcutaneously by stimulating the spinal col-
umn overlying the cauda equina, thus allowing mea-
surement of the motor latency to this muscle. The
patient was placed in the left lateral position, and a
separate ground electrode was connected from the
upper thigh to the preamplifier of the electromyogra-
phy apparatus (Isolator SS 104], 7T18 Signal Proces-
sor, Sanei-Nihonkoden, Tokyo, Japan). Stimulus was
applied from a magnetic stimulator (Magstim-Model
200, Nihonkoden, Tokyo, Japan) consisting of a flat
coil with an outer diameter of 9 cm, placed in the area
overlying S2-4. A large, brief pulse of current (peak
value, 4,000 A after 110 ps) was then passed from a
high-voltage capacitor discharge system through the
coil. The puborectalis muscle response was recorded
with a glove-mounted electrode array. This consisted
of two metal plates mounted 1 cm apart on the tip of
the gloved index finger. The finger bearing this device
was inserted into the rectum so that the electrode
array was in contact with the puborectalis muscle on
the right and left side. Stimulation at S2—4 sacral levels
has been proved to activate the sacral nerve root of
the cauda equina (Fig. 2).

Statistical Analysis

All data are expressed as mean = standard devia-
tion. Statistical analysis was performed with nonpara-
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Figure 2. Measurement of sacral motor nerve latency
after transcutaneous spinal stimulation. Latency of
evoked muscle action responses in puborectalis muscles
is recorded after stimulation of sacral motor nerve roots
of the cauda equina. A and B = recording electrodes.
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Figure 3. A typical pudendal nerve terminal motor latency
of a control (upper side) and an ileal J-pouch-anal anas-
tomosis patient with soiling (lower side).
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metric statistical significance testing and Wilcoxon’s
rank-sum test. A P value of less than 0.05 was re-
garded as significant.

RESULTS

Pudendal Nerve Terminal Motor Latency

Figure 3 illustrates a typical PNTML of 1 of 15
controls and 5 ileal J-pouch-anal anastomosis patients
who experienced soiling. Mean PNTML of controls
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was 1.91 = 0.38 ms in the left side and 1.92 * 0.35 ms
in the right side. Mean PNTML of patients before
operation was 1.96 = 0.36 ms in the left side and 1.98
*+ (.42 ms in the right side. Mean PNTML of the seven
patients who were experiencing no soiling was 2.31
*+ 0.41 ms in the left side and 2.36 = 0.35 ms in the
right side, whereas mean PNTML of five patients with
some degree of soiling was 4.01 = 0.94 ms in the left
side and 3.95 * 0.86 ms in the right side. Conduction
delay in the patients with some soiling was the long-
est, followed by those without any soiling, then con-
trols (Fig. 4). Moreover, significant differences in
PNTML were noted between controls and both pa-
tients with and without soiling (P < 0.01 and P <
0.05, respectively), between patients before operation
and both patients with and without soiling (P < 0.01
and P < 0.05, respectively), and between patients
with soiling and those without (P < 0.01). Conduction
delays of PNTML were found on patients before op-
eration rather than controls. No significant differences
were found in conduction delay between patients
before operation and controls. These results suggest
that damage to the pudendal nerves may well be the
cause of soiling that was seen after ileal J-pouch-anal
anastomosis.

Sacral Motor Nerve Latency After
Transcutaneous Spinal
Stimulation (SMNLTSS)

Figure 5 illustrates a typical SMNLTSS of 1 of 15
controls and 5 ileal J-pouch-anal anastomosis patients
with soiling. Mean SMNLTSS of controls was 3.65 =
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Figure 4. Pudendal nerve terminal motor latency. Con-
duction delay of pudendal nerve terminal motor latency in
patients who experience soiling was significantly longer
than it was in patients who had no soiling, before oper-
ation, or controls.
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Figure 5. A typical sacral motor nerve terminal latency of
a control (upper side) and an ileai J-pouch-anal anasto-
mosis patient with soiling (lower side).
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Figure 6. Sacral motor nerve latency after transcutane-
ous spinal stimulation. Conduction delay of sacral motor
nerve terminal latency in patients who experienced soil-
ing was significantly longer than it was in patients without
soiling, before operation, or controls.

0.43 ms in the left side and 3.65 % 0.41 ms in the right
side. Mean SMNLTSS of patients before operation was
3.71 = 0.48 ms in the left side and 3.86 = 0.37 ms in
the right side. Mean SMNLTSS of the seven patients
without any soiling was 3.96 = 0.42 ms in the left side
and 3.92 * 0.37 ms in the right side, whereas mean
SMNLTSS of five patients with some degree of soiling
was 4.93 = 0.45 ms in the left side and 4.96 *+ 0.63 ms
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in the right side (Fig. 6). Conduction delay of SMN-
LTSS in the soiling group was significantly longer than
that of the continent group, patients before operation,
or controls (P < 0.01, respectively). However, no
significant differences in conduction delay between
the continent group and controls were noted. No
significant differences in conduction delay between
patients before operation and controls were noted.
These results suggest that damage to the sacral motor
nerves may well be a cause of the soiling that is seen
after ileal J-pouch-anal anastomosis.

DISCUSSION

Although functional results in most large series of
patients who have undergone colectomy with muco-
sal proctectomy and ileal J-pouch-anal anastomosis
have been encouraging,®”® a 20 to 60 percent™ 14
incidence of some degree of soiling has been re-
ported. Some 41.7 percent (5/12) of our patients after
ileal J-pouch-anal anastomosis occasionally had a
small amount of soiling. Soiling was present in 50
percent (4/8) of patients with UC and 25 percent (1/4)
of patients with AC. Anorectal manometric studies
conducted on patients with soiling revealed de-
creased resting and squeeze pressure, which reflected
abnormalities in contractility of the internal and ex-
ternal anal sphincter muscles, possibly caused by
stretch injury to the anal canal during surgery.’® In
previous studies,'® we reported that patients with
soiling after J-pouch-anal anastomosis also showed
decreased resting and squeeze pressures; these re-
sults were probably the result of remaining inflamma-
tion at the internal anal sphincter muscle in UC with
soiling and caused by injury to the external and internal
anal sphincter muscles during surgery. Continence is
maintained by reflex contraction of the internal anal
and/or external anal sphincter/puborectalis complex.*’
Assessment of the effects of the puborectalis muscle
cannot be obtained from studies on anorectal manom-
etry. There were only a few reports'” ™ regarding neu-
rologic assessment in the external anal sphincter and
puborectalis muscles. The external anal sphincter mus-
cle is innervated by pudendal nerves. Puborectalis mus-
cle is innervated largely by direct branches from the
S2—4 motor roots in the pelvic plexus. However, there
have been no reports of data on conduction time in the
pudendal and sacral motor nerves after ileal J-pouch-
anal anastomosis for UC and AC. Therefore, we investi-
gated nerve conduction time of pudendal and sacral
motor nerves in patients with ileal J-pouch-anal anasto-
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mosis who were divided into a group that were conti-
nent (7 cases) and a group that experienced soiling (5
cases). Investigations were performed by a new electro-
physiologic procedure.

Conduction times of pudendal and sacral motor
nerves were measured by Kiff and Swash in 1984.'% *°
Pudendal nerves innervating the external anal sphinc-
ter muscle can be excited by transrectal stimulation,
and terminal motor latencies can be recorded. Nerves
innervating the puborectalis muscle can be excited
transcutaneously by stimulating the spinal column
overlying the cauda equina, thus allowing measure-
ment of motor latency to this muscle. They reported
that idiopathic fecal incontinence is caused by dam-
age to the pudendal nerve and sacral motor nerve by
stretch injury to these nerves during perineal descent
associated with prolonged and repeated defecation
straining. These methods are mainly used to clarify
the pathophysiology of pelvic floor disorders and
intractable constipation. The present study shows that
conduction delay of PNTML and SMNLTSS was the
longest in patients with soiling, followed by those
who are incontinent, patients before operation, and
controls in decreasing order. Patients before opera-
tion demonstrated conduction delay in pudendal and
sacral nerves rather than controls, and these results
may be stretch injury to both nerves during repeated
defecation (5-7 times per day) before operation. Our
findings of delayed nerve conduction in pudendal
and sacral motor nerves indicate neurogenic damage
to external anal sphincter and puborectalis muscle;
nerve damage is remarkably symmetrical for both
pudendal and sacral measurements. These results
suggest that direct nerve damage may be contribu-
tory, as by similar stretch injury of the anal canal and
levator ani diaphragm to every direction during the
operation. Recently, technical improvement in pouch
construction and anastomosis techniques using a
double staple technique have emphasized avoidance
of sphincter stretch injury in an effort to improve
functional results.?® Our data suggest that functional
results of both patients after operation with UC and
AC are probably more related to technical factors in
handsewn ileal J-pouch-anal anastomosis. A double
staple technique may give the best functional result in
defecation among patients with UC and AC.

Diagnostic electrophysiologic tests such as PNTML
and SMNLTSS measurements are valuable because
they directly assess the underlying abnormality,
which consists of damage to the innervation of the
external anal sphincter and puborectalis muscles.?!
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Especially, the nerve stimulation technique using a
magnetic stimulator may be usetul in pinpointing the
puborectalis muscle lesion that is causing soiling and
incontinence. The pathophysiology of anorectal dys-
function after ileal J-pouch-anal anastomosis will be
established by a combination of clinical findings, ano-
rectal manometry, and electrophysiologic methods in
the future.
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