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Anal sphincter function after restorative proctocolectomy has mainly been
investigated by anal manometry. A significant decrease of basal pressure
up to 45%, has been recorded postoperatively, possibly due to sphincter
stretch during endeanal mucosectomy. Both abdominal mucosectomy and
anastomosis at the level of the anorectal ring have been reported to
prevent anal sphincter damage and lead to better continence. The striated
sphincter is not significantly affected by the surgical procedure. Pouch-
anal inhibitory reflex is partly maintained in the presence of a rectal cuff
which leaves the ganglionic plexus unaltered; a satisfactory continence is
also retained in the absence of the reflex when the rectum is totally
excised.

Pouch capacity, compliance and motility have been investigated by
endoluminal balloon and prebes. Pouch emptying has been studied by a
“‘porridge’” test, by a semi-solid medium labelled with technetium-99, and
by other methods, A more effective storage function is achieved by large
capacity reservoirs which lower the bowel frequency. The motor response
to pouch distension, to a meal, and to pharmacological stimuli is usuaily
counteracted by sphincter contraction. Ileal hypermotility may lead to
fecal leakage mainly in the presence of weak sphincters. Poor pouch
emptying may be related to an anal stricture,

An important aim of restorative proctocolectomy with an
ileo-anal reservoir is to maintain anal continence. Anal manom-
etry, alone or in combination with sphincter electromyography
(EMG), has been used in many laboratories as the method of
choice [1]. Preoperatively, such investigations permit better
selection of the patients suitable for this operation, i.e., those
with intact anal sphincters able to effectively counteract the
peristaltic drive of the terminal ileum. After surgery anal
manometry and pouch motility studies, including EMG of the
terminal ileum, correlate with clinical outcome in terms of both
fecal continence and bowel frequency [2]. Either microballoon
and open-tip catheters or more sophisticated strain-gauge and
microtransducers have been used for manometric purposes [3].
Video-proctography, scintigraphy, and simpler evacuation tests
have been performed to evaluate the emptying of the ileal
reservoir [4]. Its capacity and compliance has been investigated
in different pouch designs.

The present article deals with studies carried out by the
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author during the last 10 years at St Mark’s Hospital, London
and at the Policlinico Gemelli of Rome and includes recent
unpublished data on a modified S-pouch. It reports briefly the
experience of the Italian Registry with ileo-reservoir. Several
controversial points will be reviewed such as the factors affect-
ing anal continence after restorative proctocolectomy and the
surgical modifications of the original technique, most impor-
tantly their effects on postoperative bowel and sphincter func-
tion.

Anal Sphincter Function

Anal sphincter function has mainly been investigated by means
of anal manometry using simple fine probes carrying either
small latex balloons or open-ended perfused catheters attached
to a pressure transducer and connected to a polygraph via an
amplifier system [1]. More complex rigid polyglass cylindrical
probes with four peripheral perfusion channels 90° apart, each
ending in a side port, allowing a simultaneous four quadrant
measurement of anal sphincter pressure changes, have also
been described [S]. This radial pressure measurement gavet
marked differences, both in resting tone (range 18-59 H,0) and
in voluntary contraction (range 63126 H,0) among the variou$
quadrants of the anal canal, the lowest values being recorded
anteriorly. Others [6] have used more sophisticated microtrans-
ducers, the advantages being the small diameter (1.67 mm) of
the probe causes less dilatation of the sphincter, and the
possibility of measuring not only the resting tone and squeez?
pressure, but also the area of the high pressure one. Anal
sphincter function decreases with age [7], thus explaining th¢
risk of incontinence in pouch patients over 50 years of age.

Resting Tone

At rest when a 0.3 cm diameter pressure recording probe is used
in subjects without anal pathology, 30% of the maximal anal
basal pressure is made up by striated sphincter tonic activity:
45% of it is due to nerve-induced internal sphincter activity
10% to purely myogenic internal sphincter activity, and 15%
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able 1. Soiling and anal manometry in 156 pts reported by the Italian Registry: Factors affecting continence after ilec-anal reservoir.
. Soiling Manometry (mm Hg)
actor No. of pts. (%) RT vC
Leg%th of follow-up
¥r (n = 98) 33 (34) 41 12} 100 = 36
Lyr (n = 58) 12 21) 4323 n-s 141 = 60} p <002
0:,56/12 frequency
4 hr (n = 108) 20 47 £ 19 120 = 57
=5/%4 hr (0 = } p < 0.01 " } n.s i } n.s
ouchitis (n = 48) 23 (48) 4216 103 = 36
esent (n = 1g) 9 (50)} 50 % 19} 120 = 20
bsent (n = 13g) 36 (26) p <005 46 = 19 n-§- 116 + 57} n.s.

RT: Resting tone; VC: Voluntary contraction; n.s.: Not significant.

Fg]n be attributed to the expansion of the hemorrhoidal plexuses

mﬂpre‘OPerative resting tone (RT) was usually within the normal
Drefe, but most. authors have recorded an early drop in basal
Som:’-!re 'followmg restorative proctocolectomy [1, ?—13]. In
[lLlssenes RT decrea:sed to 40-45% of th'e preoperative value
has b ]. The d.ecrease in RT after restorau\"e proctocol‘ectomy
sphin €en attr}buted either to the stretching of the internal
ivis‘Cter dmmg endoanal mucosectomy [1, 16] or to the
Canallm" of thg' mtramulral nerve plgxus in the proxu.nal anal
his ’d mterfenl}g with internal sphmcter. reflex function [17].
cowo fcrease in RT has: also been.attnbuted l::y Sharp and
ersrdm? [13] to stripping of the mterx.laI 'sphmcter muscle
cuff uring mucosectomy and the fibrosis either of the rectal
Or of the reservoir spout. According to Keighley {12], high
anyli fecorded after abdominal mucosectomy which eliminates
[ Taction on the sphincter muscle. Lavery and associates

leve Ireported the same finding after stapled anastomosis at the

T'epo
niqu

of the anorectal ring without mucosectomy. Both authors
rted. an improved postoperative continence by this tech-
©; similar clinical findings are reported by Heald and Allen
SenSatMlllgr and colleagues [20] demonstrated an improved
Zone ll?n m_those patients with a pn:es;rved angl transitional
¢ Ouglh unctional results were not s_lgmﬁcantly lmproved, al-
iSCrim'theFe v\{as a trend. towards improved con‘tl_nence and
preServlrziatl()'n in those with the most anal transitional zone
ing anale . lefc?rent re;sults were reported by ot!lers [21] assess-
groups fsens.atlon usn‘ng a constant current. ?.tlmulator in two
eXCisedo tpatxent‘S; patients whose anal transition zone had been
N ines still ret?uned tlf}e abl_hty to dls.cnmmate and did n_ot have
rospe cased risk qf mpaxrgd continence, Larger series a!nd
r":‘Smtsctlve xrand(?mlzed studies are needed to reach gonclusxye
adis ordon this P0¥nt. The decrease was usually ?SSOCI?:{ted with
Meng oft}red continence and a recovery of RT with an improve-
indor s unctxt?n was recorded within a year by most authors.
Quist [6] did not find any correlation between decreased RT
mve;?llmg; 62% of the patients with postoperative soiling
ood Rg;ted by the author at St Mark's Hospital [{] showed a
of the § at manometry. An inflamed or strictured efferent limb
Motility ;";“Ch might hayc caus?,d the symptoms. Ileai.hyper-
Post Operartl' low reservoir capacnt'y may also be responsible for
activity ; 1ve soiling in these patients [22]. An l'lltraslow vyave
reque n the anal canal, not related to continence, with a
Ny of 1.04 + 0.25 cpm was found by O’Connell [5].

Voluntary Contraction

Voluntary contraction (VC} is accomplished by the striated
sphincter and is recorded as a ‘‘squeeze pressure’’ in the anal
canal at manometry. VC is recorded less commonly by means
of sphincter EMG as it is difficult to quantify precisely and
requires insertion of a needle which causes anal discomfort.
Moreover, the theoretical risk may exist of causing a perianal
abscess in a patient with an ileo-anal anastomosis. VC is not
usually affected by the pouch procedure and its postoperative
decrease, when recorded [14], is not usually statistically signif-
icant and still gives values within the normal range [1]. A
significant increase of VC 1 year following ileo-anal reservoir
surgery has been reported by the Italian Registry [23]. The data
are shown in Table 1.

Pezim [24] advocates Caesarian section for childbirth in
patients with an ileo-anal reservoir to reduce the risk of
sphincter stretching in vaginal delivery. Caesarian section is not
advocated by Metcalf and coworkers [25] on the basis of the
experience at the Mayo Clinic that ileo-anal pouch anastomosis
is compatible with normal childbearing and that the route of
delivery should be individualized.

Pouch-Anal Inhibitory Reflex

As shown in Table 2, the reflex inhibitory response of the
internal sphincter to the distension of the pouch has been
controversial. Some investigators could detect a relaxation in
the internal anal sphincter in almost half of the patients [1, 13,
18], whereas many others recorded this event more rarely [6,
15, 26] or not at all [27, 28]. The reason for this discrepancy may
be related either to the different interpretation of the baseline
deflection on the manometry tracings or to different ways of
stimulating the rectum when eliciting the reflex. But a more
consistent reason is related to the surgical technique: the
presence of a rectal cuff does not interrupt the ganglionic
plexus, which is the anatomical basis of the reflex and this is the
case in some series {29, 31]. On the other hand, the permanence
of the inhibitory reflex does not seem to be associated with a
better or worse degree or postoperative continence.

Pouch Capacity and Emptying

Pouch capacity has been recorded using a balloon mounted on
a catheter inserted transanally into the pouch. By gradually
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Table 2. Bowel frequency, anal continence and pouch-anal manometry after restorative proctocolectomy and ilec-anal reservoir as reported in

the literature.

Bowel Soiling (%) Manometry

Author, year No. of Follow-up Pouch frequency

(reference) pts. {mos) Diagnosis type (24 hr) Minor Major RT vC PV PAIR

Nicholls et al., 14 >6 UC, FP S 3.7 0 50 37/79 106 M 330 63
1981 (10)

Neal et al., 10 >4 uQC, Fp 1S 5 0 20 56 M 423 25
1982 (47)

Taylor et al., 14 8 ucC, FP J 7 43 43 68 142 M 278 36
1983 (22)

Pescatori and 50 20 UC, FP S 3.7 2 12 65 128 M 450 52
Parks, 1984
)]

Becker, 1984 21 2 ucC, Fp J 6.2 0 some 68 100° 95
a3n

Grant et al., 20 >6 ucC 1.8 4.3 1 11 66° 173% 0
1986 (27)

Stryker et al., 20 4 uc J 0 35 68* 176° M 382 5
1986 (26)

Smith and 10 12 ucC 1.8 2-6 0 20 70 130 F 220
Sircus, 1987
)

Citone et al., 6 12 UC, FP J 2-4 0 0 60 192 50
1987 (11)

Sharp et al., 30 1 ucC S 43% 163° 41
1987 (13)

Johnston et al., 12 3 ucC 1,8 0 10 70 146
1987 (17)¢

Fiorentini et al., 8 6 ucC, Fp J 2-5 0 12 36° 87° F 241 0
1987 (28)

Keighley, 1987 22 >5 UC, FPC J 6.1 0 10 81 168 M 287
(12)°

O’Connell et 38 22 UC,FPC 1,8 0 44 59* 1145 4
al., 1988 (5)

Oresland et al., 40 1 ucC J 7.1 0 33 50 170 F 220
1988 (14)

Luukkonen, 20 12 ucC J 5.1 0 60 46 96 M 338 15
1988 (15)

Lavery et al., 15 >3 uc J 0 0 814 50
1989 (18)°

Hatakejama et 16 6 ucC, FpP w (] 12 57
al., 1989 (48)

Chaussade et 18 6 UC, FP J 53 4 [ 47 136 M 270
al., 1989 (44)

Slors et al., 20 UC, Fp B 6-8 7 7 60 192 50
1989 (49)

Kock et al., 6 12 uc K 4 0 0 55 160 M 550
1989 (50)

Miller et al., 22 >9 ucC 5.5 0 7 62
1990 (20)°

Lindquist, 1990 55 12 ucC J 31 68 M 330 13
)

Italian Registry, 156 12 UC,FPC 1,8, W 4.2 2 27 43 141°
1990 (23)

“Anal transitional zone preserved
mm Hg

UC = Ulcerative colitis; FP: Familial polyposis; C: Constipation; K: Kock’s reservoir; RT: mean resting tone in the anal canal; VC: Voluntary
contraction (cm H,0); PV: Maximal (M) or functional (F) pouch volume (mean); PAIR: pouch-anal inhibitory reflex (% positive responses).

inflating the balloon with water in defined volume increments, a
volume is reached which produces the onset of threshold
sensation, i.e., functional volume and subsequently a volume
which causes discomfort or painful urgency, i.e., maximal
tolerable volume [1]. This phenomenon confirms that the recep-
tors for normal rectal sensation do not lie in the rectal mucosa
but in the levator ani on which the pouch invariably lies,
Compliance is measured simultaneously by recording the in-

traluminal pressure of the reservoir at each volume increment-
An inverse relationship between reservoir volume and fre-
quency was found examining three different reservoir designs:
S, J, and W [32]. Mean intra-operative reservoir volumes were
177 = 64 mi, 172 = 58 ml, and 325 + 37 ml, and volumes after
the ileostomy closure were 416 = 176 ml, 197 + 69 ml, and 322
+ 33 ml, respectively. J reservoir was significantly smaller and
led to a bowel frequency of 5.5 * 1.6/24 hr compared with )
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Fig.
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1. Modifications of § pouch designs over the last decade. A. Illustration and pouchography of the original S pouch, with a long rectal cuff and
g efferent limb. A spasm of the efferent limb is clearly detectable at x-ray. Emptying is more difficult and the efferent loop may angulate,

.Tpairing anal continence. With a long rectal cuff a pelvic abscess is more likely to occur. The use of the anal retractor for a longer period of time

IS re

quired to perform the extended mucosectomy, overstretching the sphincters, decreasing resting tone in the anal canal, and impairing

contj - . : . -
Ohtinence. B, Current S pouch design, without efferent limb. A side-to-end suture between the reservoir and the anal canal is performed, as in

the J
nometry data are listed in Table 3.

i‘:‘(’h bowel frequency of 3.7 = 1.6/24 hr, and W pouch bowel
vo?,uency of 4.1 = 1.3/24 hr. Functional and maximal pouch
P mes, as recprded by different authors, are listed in Table 2.
catiﬁHCh emptying may be st'udied by different methods: defe-
ion ngOUChqgraph}/ [16],. video-*‘procto’’graphy .[4], evacua-
iOnso3a pomc.lge §1mula.tmg sgool [33], mathematical calcula-
Vac[ 4_], semi-solid radionuclide enema [35], and others [36].
. owuztmg pouchography performed at St Mark’s Hospital
in d; Yhat an angulated lopg efferent loop was the main cause
ado taé’mg S-p9uch emptying; therefore, a .sho'rter loop was
Ceng €d to avoid the need for self-cathetenzatlon. More re-
of thg éhe authors of the Present article reported a modification
laterg poflch [371in whlc.h the efferent limb was absent and a
. -terminal anastomosis was directly performed between
iagxr-)OHCh and the anal canal, as in J and W pouches. The
earlyafm Of_the modified S pouch is shpwn in Figure 1 and the
abs unctional results are shown in Figure 2 and Table 3. The
€nce of the efferent limb allows better emptying, as assessed
yVVi ?eo":‘procto”graphy (unpublished observations).
show edo- Procto"graphy stud'ies, perfo'rmed by others [4],
efecet‘ that empt)'/mg diq pot influence either the frequency of
COnsistlon or panfznt sonh.ng rate; the only factpr that was
Prese ently associated with poor pouch emptylng‘ was the
meas::ce of an ‘anal stricture. Heppel and assocnate§ [3?]
mediurecl emptying with instillation per anus of a semi-solid
Coumm labelled with 1.0 mCi of technetium-99. Ileal pouch
terss Wwere measured using a scintillation camera before and
tying (ﬁcontanecus evacuation via a computerized method. Emp-
corre] t'the pouches was less efficient than a normal rectum. No
POuch?t'lon was established between age, sex, stool frequency,
made bIS, and the efficacy of emptying. Attempts have been
Volume% 0.r651a‘nd anq colleagues [14] to increase thfa pouch
functioy y 1:;nﬂatmg an lr}traluminal balloon in orfier to improve
improye” oth pouch inflations and anal ‘sphincter did not
ve bowe] frequency and continence.

t

and W pouch. Pouch capacity is still large and emptying is easier, as shown in the x-ray, because the pouch outlet is unlikely to be obstructed.

Pouch Motility

Myoelectric and motor patterns of both reservoir and efferent
limb were analyzed by the author [2] under basal conditions
during mechanical distension after feeding and pharmacological
stimuli in a group of patients between 1 and 58 months after the
construction of a Parks’ S pouch (Fig. 1). The recordings were
carried out using a probe with three sets of bipolar electrodes
and three open-ended perfused catheters, as shown in Fig. 3.
Tleal motility was recorded during fasting and Phase I, II, and
III of the inter-digestive migrating complex clearly observed in
some cases. The tracing showed periodic bursts of fast electri-
cal activity with a frequency of 9 cycles per minute in most
patients. The spikes were superimposed on electrical slow
waves, as reported by Alwary and coworkers [38] in the
continent ileostomy and preceded the onset of pressure waves.
The volume necessary to produce a response in the reservoir
was approximately 10 times than needed to produce the same
effect in the ileostomies. In our experience, wide propulsive
waves propagated from the pouch to its distal limb and causing
urgency were observed in response to the intraluminal disten-
tion and instillation of a laxative, as shown in Figure 3.
Neostigmine clearly enhanced both electrical and motor activ-
ity. The author and coworkers recently analyzed the motor
pattern in the modified S pouch, i.e., without efferent limb
(Table 3). Figure 2 shows a typical basal tracing from a panel
and the response to a meal.

According to Rabau and coworkers [39], the reservoir be-
haves as a capacitance organ with the ability to distend without
contraction before a reasonable volume has accumulated within
it. When it does contract, it initiates a sensation of impending
evacuation and the anal sphincter is voluntarily contracted until
the pressure wave passes. This serves to avoid the discharge of
pouch content until it is convenient to allow evacuation to
oceur.,
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Fig. 2. Ileal manometry of the author’s modified S pouch, without efferent limb. A. The top of the recording perspex and rubber probe showing
the open-tip perfused catheter for the intraluminal pressure recording. B. Intraluminal pressures under basal conditions (top two tracings) and after
a meal (bottom two tracings). The post-prandial motor response, i.e., gastro-ileal reflex, is clearly detectable.

Table 3. Postoperative soiling and S reservoir design following Taylor and associates [22] correlated the motor pattern of the
restorative proctocolectomy for ulcerative colitis. pouch, its capacity, and the results of anal sphincter manometry
Standard S pouch®  Modified S pouch®  With the clinical outcome in terms of fecal continence. Each
Clinical characteristic (n=6) n=4 patient with a poor result had at Jeast one, and sometimes more,
Age (range) (yrs) 42 (14-59) 25 (22-27) motor abnormalities which could explain their problems, e.g.,
Follow-up (range} (mos) 43 (20-67) 11 (5-15) in one patient with effective sphincters and a large neorectum,
Bowel frequency/24 hrs 4.8 = 2.7 3517 a hypercontractile distal ileum appeared to be the anomaly
gg’u' c?gg;igg (ml) %55 =7 é68 + 04 responsible for a poor clinical result.
Sphincter tone (mm Hg) 29 + 11 31 +5 Pre-operative study of both small bowel motility (barium
follow-through, breath tests, radiopaque markers, ileal EMG,

“With a short efferent limb. . , .
bWithout efferent limb, as shown in Figure | B. and manometry) ascertains good sphincter function (anal ma-

nometry, sphincter EMG) together with the construction of 2
large capacity pouch (Kock S and W reservoirs or J pouch with
long loops), seems advisable to minimize the risk of a disor-
dered continence after restorative proctocolectomy. Stryker
and colleagues [26] investigating reservoir and rectal filling in 2
group of pouch patients and in healthy volunteers, found that
patients with poor results had rapid filling of their ileal pouches.
Therefore, rapid pouch filling and impaired pouch evacuation

Motility of the jejunum was also analyzed in pelvic pouch
patients [40]. The migrating motor complex remains unchanged
and bacterial overgrowth is rare. In the post-prandial state, the
occurrence of discrete ileal clustered contractions suggest that
ileo-anal anastomosis may cause a partial obstruction of the
small bowel.
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Fig. 3. Technique for pouch manometry and
electromyography. A. Recording probe and
anatomy after surgery. B: Stimulating balloon;
IR: Ileal Reservoir; €4, €,, e;: Bipolar ring
electrodes; p,, p,, ps: Pressure catheters; EL:
Efferent limb; RM: Rectal muscle; IAS: Inter-
nal anal sphincter; EAS: External anal sphinc-
ter; LA: Levator ani; P and S: Polygraph and
suction. B. Response to distension, e tracings:
Electrical activity; p tracings: Motor activity;
bottom line: Pneumogram. Vertical bar means
0.5 mV refer to electrical activity, 10 cm of
water refer to intra luminal pressure. Time is
expressed in seconds. Long electrical spike
bursts propagate from reservoir to efferent
limb when the pouch is maximally distended
by an inflated balloon. The corresponding mo-
~ tor pattern is represented by a change from
/1 smaller segmental to large propulsive contrac-
tions not associated with urgency or leakage.
Reprinted with permission of publisher [2].

de 45%, probablement due & I'étirement du sphincter pendant la
mucosectomie endoanale. 1.a mucosectomie par voie abdomi-
nale et 'anastomose au niveau de la ligne pectinée sont deux
gestes reputés pour éviter le traumatisme du sphincter et pour
améliorer la continence post-opératoire. Le sphincter strié, par
contre, n’est normalement pas beaucoup touché par cette
opération. Le réflexe inhibitoire réservoir-anus est maintenu
car le plexus ganglionnaire du manchon rectal reste intact. La
continence est bonne malgré I’absence du circuit réflexe due &
I'exérese rectale. La capacité du réservoir, la compliance et la
mobilité rectales ont été étudiées par ballonnets et sondes
endocavitaires. La vidange du réservoir a été étudiée notam-
ment par le test au ‘‘porridge’” et par I’évacuation aux radio-
nucléides semi-solides au Technetium 99. On améliore la fonc-
tion de réservoir en augmentant le volume du réservoir, ce qui
diminue la fréquence des selles. La réponse motrice 4 la
distension due réservoir, aux repas et aux stimulations pharma-
cologiques va souvent de pair avec une contraction sphinctéri-
enne. L’hypercinétique iléale peut étre responsable d’une in-
continence, surtout lorsque le muscle sphinctérien est faible. La
mauvaise vidange est parfois en rapport avec une sténose au
niveau de ’anastomose anale.

Resumen

La funcidn del esfinter anal luego de proctocolectomia restau-
rativa ha sido investigada mediante manometria anal principal-
mente. Una disminucién significativa de la presién basal, hasta
de 45%, ha sido registrado en el postoperatorio, posiblemente
debido al estiramiento del esfinter durante la mucosectomia
endoanal. Tanto la mucosectomia abdominal como la anasto-
mosis al nivel del anillo ano-rectal han sido acreditados en la
prevencion del dafo del esfinter, lo cual significa mejor conti-
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nencia. El efinter “‘hiperstirado’ no resulta afectado en forma
significativa por el procedimiento quirtrgico. El reflejo inhibi-
torio bolsa-anal se mantiene parcialmente en presencia de un
mango rectal que no altera el plejo ganglionar; también se
retiene un grado satisfactorio de continencia en ausencia del
reflejo cuando se reseca totalmente el recto.

La capacidad de la bolsa, su compliancia y su motilidad han
sido estudiados mediante balones y sondas endoluminales. El
vaciamiento de la bolsa ha sido investigado por diversos méto-
dos. Es eviednte que se logra una mejor funcién de almace-
namiento con reservorios de gran capacidad, con los cuales se
observa una disminucion de la frecuencia de las evacuaciones.
La respuesta motora a la distensién de la bolsa, a una comida o
a estimulos farmacoldgicos es usualmente contrapuesta por la
contraccién del esfinter. La hipermotilidad ileal puede llevar a
escape fecal en presencia de esfinteres débiles. El vaciamiento
pobre de la bolsa puede estar relacionado con estrechez anal.
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