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PURPOSE: The aim of this study was to determine whether 
coordinated activity exists across a stapled enteroanal anas- 
tomosis. METHODS: Twenty-nine patients were studied for 
a median of one year after complete excision of the rectum 
and stapled enteroanal anastomosis; 12 patients underwent 
low anterior resection with coloanal anastomosis for carci- 
noma, and 17 patients underwent restorative proctocolec- 
tomy with ileoanal anastomosis. RESULTS: Maximum anal 
resting pressures were slightly lower after coloanal anasto- 
mosis than after ileoanal anastomosis [median range, 56 
(11-60) cm H20, cf 69 (40-107) cm H20, P = NS]. During 
distention of the neorectum, anal sphincter pressures at 2.5, 
1.5, and 0.5 cm from the anal verge were significantly lower 
after coloanal anastomosis compared with after ileoanal 
anastomosis (P < 0.01 at each station). The volume of 
neorectal distention required to produce maximal inhibi- 
tion of the anal sphincter was significantly less after 
coloanal anastomosis at 50 (range, 20-60) ml of air than 
after ileoanal anastomosis at 240 (range, 100-420) ml of air 
(P < 0.01). Minor fecal leakage and urgency of bowel action 
were significantly more common after coloanal anastomosis 
(P < 0.01). CONCLUSION: Alterations in the dynamic re- 
sponse of the anal sphincter to distention of the neorectum 
may explain why the clinical results were better after ileal 
pouch-anal anastomosis than after coloanal anastomosis. 
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S Phinc ter -preserv ing  en te roana l  surgery  is b a s e d  

on  the concep t  that  the  rec tum is no t  necessa ry  

for anal  con t inence  p r o v i d e d  that  the  internal  anal  

sphincter ,  the externa l  anal  sphincter ,  and  the skeletal  

muscula ture  of  the  pelvic  f loor are intact and  func- 

t ioning  adequate ly .  1 However ,  cl inical  repor ts  that  as 

m a n y  as 50 pe rcen t  of  pat ients  suffer f rom imperfec-  

t ions of  anal  cont inence ,  such  as f requent  b o w e l  ac- 
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tions, urgent  defecat ion,  and  minor  fecal l eakage  after 

rectal  exc is ion  and  co loana l  or  ileal pouc h -a na l  anas-  

tomosis ,  call this a s sumpt ion  into ques t ion  or  at least  

suggest  that  it shou ld  be  modif ied.  2' 3 The  aim of  this 

s tudy was  to invest igate w h e t h e r  the  activities of  the  

"new"  rec tum and  the anal  sphinc te r  are  coord ina ted ,  

b y  analyz ing  in detai l  the  dynamic  r e sponse  of  the 

anal  sphinc te r  to d is ten t ion  of  the  neorec tum.  Our  

hypo thes i s  was  that  such coord ina t ion  of  activity be -  

t w e e n  the n e o r e c t u m  and  the anal  sphinc te r  does  

exist, in v i ew of  the  fact that  m a n y  pat ients  expe r i ence  

an  exce l len t  funct ional  result  desp i t e  loss of  the rec- 

tum; bu t  that impa i rmen t  or  modi f ica t ion  of  this inte- 

g ra ted  activity b e t w e e n  n e o r e c t u m  and  sphinc te r  m a y  

exp la in  w h y  some  pat ients  suffer f rom imperfec t ions  

of  con t inence  after exc is ion  of  the rectum. 

P A T I E N T S  A N D  M E T H O D S  

Twenty-n ine  pat ients  we re  s tudied.  Twelve  pat ients  

u n d e r w e n t  c o m p l e t e  exc is ion  of  the  rec tum for rectal  

carc inoma,  and  17 pat ients  we re  s tud ied  after restor-  

ative p roc toc o l e c tomy  wi th  ileal reservoir  (16 quadru-  

p l ica ted  4 and  1 dup l i ca t ed  reservoir  5) a n d  ileal p o u c h -  

anal  anas tomos i s  main ly  for ulcerat ive colitis 

(Table1).  O n e  pa t ien t  w h o  was  initially thought  to 

have  ulcerat ive colitis was  subsequen t ly  p r o v e n  to 

have  Crohn 's  d i sease  on  his tologic examina t ion  of  the 

ent ire  co lon ic  spec imen .  In each  pa t ien t  intest inal  

cont inui ty  was  res to red  b y  m e a n s  o f  a d o u b l e - s t a p l e d  

anas tomosis ,  us ing  a TA| or  TA| (Uni ted States 

Surgical Corp.,  Norwalk,  CT) to cross-s taple  and  a 

PREMIUM CEEA TM (U.S. Surgical Corp.)  s tapl ing de-  

vice to fashion  an end - to -end  anas tomosis .  None  o f  

the  pat ients  w h o  u n d e r w e n t  rectal  exc is ion  and  

co loana l  anas tomos i s  had  ev idence  of  recurrent  car- 

c inoma,  and  n o n e  had  rece ived  rad io therapy .  In  the  

co loana l  g roup ,  the level  of  the  anas tomos i s  a b o v e  
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Table 1. 
Details of the Patients 

Group of Patients Coloanal Ileoanal 

Number of patients 12 17 
Age 68 (58-81) 33 (19-62)* 
Sex (male) 5 9 
Diagnosis 

Carcinoma of rectum 12 0 
Ulcerative colitis 0 14 
FAP1- 0 2 
Crohn's disease 0 1 

Follow up (too) 14 (4-96) 12 (3-21)* 

* Median (range). 
1" FAP, familial adenomatous polyposis. 

the anal verge (in centimeters) was determined by 
means of the rigid sigmoidoscope (A cm), the length 

of the anal high-pressure zone (HPZ) (B cm) by ano- 

rectal manometry, and the length of residual rectum 
was calculated by subtracting B from A. The median 

height of the anastomosis above the anal canal HPZ 
in the coloanal group was zero (range, 0-2) cm; 

thus excision of the rectum seemed to be complete. 
In the ileoanal group, all patients underwent a 

double-stapled anastomosis without mucosal strip- 
ping, the anastomosis being situated 1.0 to 2.0 cm 
above the dentate line with the aid of anorectal 
eversion. 6 

Laboratory Studies 

Each patient underwent laboratory studies of anal 
sphincteric function a median of 13 months after op- 

eration (range, 4-96 months). Anal pressure was mea- 
sured by the station pull-through technique as we 
described previously. 7 The capacity of the neorectum 
was measured by gradually inflating a balloon, placed 
with its lower extremity at least 5 cm from the anal 
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verge, with air, at a rate of i ml/sec, until the patient 

experienced either discomfort or a strong desire to 

defecate. The rectoanal inhibitory reflex was assessed 

by measuring the response of the entire length of the 
anal sphincter at multiple stations to rapid distention 
of the neorectum with a balloon with increasing vol- 

umes of air, beginning with 20 ml, then 50 ml, then 

100 ml, and if necessary progressing to larger volumes 
until the anal sphincter demonstrated maximal inhi- 

bition. A 20 percent decrease in pressure was taken to 
denote a positive reflex. 8 Pressures were measured at 

the point of maximal inhibition of the anal sphincter 
(Fig. 1). Anal sensation was tested by measuring 
threshold electrosensitivity of the anal mucosa by 

means of a bipolar, constant-current stimulator probe, 

lubricated with a solution of KY jelly (Johnson and 
Johnson, Ascot, United Kingdom) and normal saline 
in equal quantities. 9 

Clinical Assessment  of  Outcome  

The quality of anal continence was assessed clini- 

cally by two doctors who questioned each patient 
about bowel frequency, the ability to defer defeca- 
tion, anal soreness, and fecal leakage. Significant 
leakage was defined arbitrarily as leakage that oc- 

curred at least once a week and urgency as the in- 
ability to defer defecation for more than fifteen 
minutes. 

Statistical Analysis 

All grouped data were expressed as median and 
range. The groups were compared by means of the 

Mann-Whitney Utest for unpaired data, and nominal 
data were analyzed using Fisher's exact probability 
test. 10 

8O 

cmH20 1 

O-J 

ANAL PRESSURE 

RECTAL ~ 20ml-----I [ 50ml I I 100ml I 
INFLATION 

Figure 1. The normal rectoanal inhibitory reflex. Note the graduated response of the anal sphincter, with no decrease 
in pressure with small volumes of distention (20 ml), a transient drop in pressure with larger volumes of distention (50 
ml), and then maximum inhibition of the sphincter, which does not recover until the (neo)rectal distention is released 
(approximately 100 ml). 
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RESULTS 

L a b o r a t o r y  Tests 

Anal Pressure. Median maximum anal resting pres- 

sure was 56 cm of water (range, 11-160) in the 

coloanal group and 69 cm of water (range, 40-107) in 
the ileal pouch-anal group (P  = NS). The median 

maximum squeeze pressure was 109 cm of water 
(range, 55-240) in the coloanal group compared with 
145 cm of water (range, 84-282) in the ileal pouch- 
anal group (P = NS; Fig. 2). 

Pressure Profile of the Anal Sphincter. The pressure 
profiles of the anal sphincter in the two groups of 

patients are shown in Figure 3. The anal HPZ was 

shorter, with a lower peak pressure, in the coloanal 
group than in the ileal pouch-anal group, but the 

difference was statistically significant only in the 

lower 1 cm of the anal canal (P < 0.05). 
Sensation in the Anal Canal. The thresholds for 

sensation did not differ significantly between the 
groups, as determined by threshold electrosensitivity 
in the upper, mid, and lower anal canal (Fig. 4). 

Maximum Tolerated Volume (Capacity of the Neo- 
rectum). Median maximum tolerated volume was 55 
ml of air (range, 28-208) in the coloanal group com- 

pared with 275 ml of air (range, 170-760) in the ileal 

pouch-anal group (P < 0.01) (Fig. 5). 
"Rectoanal" Inhibitory Reflex. The reflex was 

found to be present in each of 29 patients. The change 
in pressure profile of the anal sphincter during dis- 
tention of the neorectum is shown in Figures 6 and 7. 
During distention of the neorectum, at maximal inhi- 
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bition the pressures in the lower 3 cm of the anal 
canal were significantly lower than the pressures meas- 
ured in the ileal pouch-anal group (P < 0.01). 

Volume of Distention in Neorectum Required to 
Produce Maximum Inhibition of the Anal Sphincter. 
The amount of distention of the neorectum that was 
required to produce maximal inhibition of the anal 

sphincter was significantly greater in patients with an 
ileal pouch-anal anastomosis than in the patients with 

a coloanal anastomosis (P < 0.01) (Fig. 8). 

Clinical Results 

The functional results were significantly better after 

ileal pouch-anal anastomosis than after coloanal anas- 

tomosis (Table 2). Although bowel frequency was 
similar in the two groups of patients, urgency of 

defecation and minor fecal leakage were significantly 

more common after coloanal anastomosis than after 
ileal pouch-anal anastomosis (P  < 0.01). 

D IS CU S S IO N  

Enteroanal anastomosis to restore intestinal conti- 
nuity after rectal excision for carcinoma or ulcerative 

colitis is based on the finding that the presence of the 

rectum is not a prerequisite for anal continence, pro- 
vided that the skeletal musculature of the pelvic floor 

and internal anal sphincter are intact and functioning 
adequately.i, 11-14 However, as experience of both 

operative procedures has increased, it has become 
clear from the reported incidence of minor problems 
with continence, in particular frequency and urgency 
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Figure 2. Median maximum anal resting pressures and median maximum squeeze pressures in the two groups of 
patients (P = NS). 
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Figure 3. Pressure profiles of the anal sphincter by the pull-through technique in the two groups of patients (*, P < 0.05). 
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Figure 4. Sensation in the anal canal as determined by threshold electrosensitivity of the mucosa (P = NS). 

of defecation and minor fecal leakage, that this as- 
sumption may need modification. 2' 3, 15 

Results of this study have again highlighted minor 
imperfections in anal continence that are suffered by 
many patients after surgical excision of the rectum. In 

this study, they were almost entirely confined to pa- 
tients who had undergone coloanal anastomosis, It 
could-be argued that this was only to be expected in 
an older group of patients in whom the normal rectal 
reservoir has been removed. However, each patient 
in this group enjoyed good anal continence before 
operation. Although the strength of their anal sphinc- 
ters was not assessed by manometry before opera- 
tion, our previous experience in assessing older 
patients with ulcerative colitis suggests that anal 

sphincter strength does not deteriorate significantly 
with age. 16 We would, therefore, expect the coloanal 

group to have had a normal pressure profile before 
operation. The type of dissection that is required in 

the performance of a potentially curative rectal exci- 
sion for carcinoma is certainly very different from the 
perimuscular proctectomy that is performed in the 

course of restorative proctocolectomy for ulcerative 
colitis; the former may damage and compromise the 
pelvic autonomic nerves, but the latter seldom does. 

Physiologic changes that occur after both low an- 
terior resection and restorative proctocolectomy have 
been reported previously. 15' 17. 18 The rectoanal inhib- 

itory reflex is a qualitative measure of coordination 
between the neorectum and anal sphincter. This phe- 
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Figure 5, Maximum tolerated volume (capacity of the neorectum) (*, P < 0.01). 
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Figure 6. Maximal response of the anal sphincter to distention ot the neorectum (colon) after coloanal anastomosis. 
Note the very low anal pressures in response to inflation of balloon in the neorectum, pressures that are slightly greater 
than "rectal" pressures. Also the pressures measured in the lower 3 cm of the anal canal were significantly lower than 
the pressures at the same sites in the ileal pouch-anal anastomosis group (P < 0.01) (Fig. 7). 

nomenon  was first described by Gowers 19 in 1877, 

and its significance in the fine control of anal con- 

tinence was investigated further by Bennett and 
Duthie, 2~ who  suggested that this reflex may play an 

important role in enabling the sensitive upper  anal 
canal to "sample" rectal contents when  a fecal bolus 
enters the rectum. It was shown by Lane and Parks 11 
that this reflex returns in some patients after surgical 

excision of the rectum, and we have reported previ- 
ously on the reflex behavior of the whole anal sphinc- 

ter to distention of the (neo)rectum after various lev- 
els of colorectal anastomosis. 21 However,  the char- 

acter of the response of the anal sphincter or 
"sampling" to distention of the neorectum after oper- 

ative procedures in which the rectum is excised and 
replaced either with colon or an ileal reservoir is 
unclear. If graduated reflex inhibition of the anal 
sphincter is lost after such surgery, it is likely that the 
key to fine control of defecation is also lost. 

In this study, both motor power  and sensation in 
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Figure 7. Maximal response of the anal sphincter to distention of the neorectum (the ileal reservoir) after restorative 
proctocolectomy. 
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Figure 8. The amount of distention of the neorectum required to elicit maximal inhibition of the anal sphincter 
(*, P < 0.01). 

the anal sphincter itself were found to be fairly similar 
in the two groups of patients, Capacity of the neorec- 
tal reservoir, in contrast, was markedly and signifi- 
cantly less in patients after straight coloanal anasto- 
mosis than in patients with an ileal reservoir and 
pouch-anal anastomosis. This finding would be ex- 
pected from results published by ourselves and other 
investigators.4, 15, 17 We showed previously that 

greater capacity of the neorectal reservoir correlates 
significantly with improved clinical function, bowel 

frequency in particular being less in patients with a 
capacious neorectum than in patients with a neorec- 
tum of small capacity, z2 From the findings of this 

study, however, we think that it is not simply in- 
creased reservoir capacity that results clinically in bet- 
ter bowel function but whether coordinated activity 
exists between a capacious neorectum and the anal 
sphincter. The unequivocal presence of a rectoanal 
inhibitory reflex in all of the patients studied here 
suggests that coordinated activity does exist between 
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Table 2. 
Clinical Results 

Group of Patients Coloanal Ileoanal 

Bowel frequency/24 hr 4.5 (2-12) 5 (2-8)* 
Urgency of defecation 5 01- 

(X patients) 
Minor fecal leakage 8 11 

(X patients) 
* Median (range). 
1 P < 0.01. 

neorectum and anal sphincter, but the mere presence 

of the reflex did not necessarily imply that good anal 
continence returned, as shown by the fact that no 
fewer than 8 out of 12 patients had problems with 

continence after coloanal anastomosis. The dynamic 
response of the anal sphincter to distention of the 

neorectum was markedly different in the two groups 

of patients. After restorative proctocolectomy, the up- 
per part of the anal sphincter underwent more 

marked relaxation than the lower part of the sphinc- 
ter, and so a graduated pressure differential was main- 
tained along the length of the anal canal even during 
maximal reflex inhibition of the sphincter. After 

coloanal anastomosis, in contrast, the anal sphincter 
relaxed throughout its length, and the graduated pres- 

sure differential was lost almost completely, as illus- 
trated in Figure 6. Moreover, the amount of distention 

of the neorectum that was required to produce max- 
imal relaxation of the sphincter was significantly 

lower after coloanal anastomosis (50 ml) than after 
ileal pouch-anal anastomosis (240 ml). 

The clinical, functional results in the two groups of 
patients were very much as would be expected from 

the above physiologic findings. Thus, urgency of 
bowel action and minor fecal leakage were found to 
be significantly more common after coloanal anasto- 
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factors militate against the return of normal conti- 
nence after rectal excision; for example, after coloanal 
anastomosis, distention of a neorectum, that is colon, 

of small capacity, above the anal sphincter evokes 
such a marked degree of reflex inhibition of the  

whole anal sphincter, together with abolition of the 

pressure differential, that urgency of defecation and 
minor fecal leakage become almost inevitable. Be- 

cause we studied patients one year after surgery, 

clinical and laboratory findings seem likely to be per- 
manent. In contrast, after restorative proctocolectomy 
with a pelvic ileal reservoir, not only is the capacity of 
the rectal substitute greater than after coloanal anas- 

tomosis but distention of the neorectum elicits a more 
"normal" response in the anal sphincter, which may 

permit "sampling" of the contents of the reservoir. 

Thus, the reflex function of the anal sphincter appears 
to change after rectal excision, and the end result 
clinically may depend on the type of neorectal reser- 

voir constructed. Hence, if a patient presents with low 

rectal cancer and is found preoperatively on labora- 
tory testing to have a relatively low anal resting pres- 
sure, it is likely that this patient will suffer from a poor  
functional result after low anterior resection; reduced 
capacity of the neorectal reservoir will in turn influ- 
ence anal sphincter proprioception, leading to a fur- 

ther decrease in anal sphincter pressure when the 
neorectum is distended. Such an undesirable se- 
quence of events might be prevented by construction 
of some form of colonic reservoir 23-26 instead of a 

straight coloanal anastomosis, in an attempt to in- 

crease the capacity and compliance of the new "rec- 
tum" after surgery. If construction of such a colo- 
pouch is considered inadvisable, then at least the 
patient might be forewarned of the likelihood of a 

less-than-perfect functional result. 

mosis than after ileal pouch-anal anastomosis. How- 
ever, the degree of leakage was fairly minor in each 
case, and all of the patients were reasonably satisfied 

with the functional outcome. 

C O N C L U S I O N S  

The assumption that good anal continence can be 
preserved after complete excision of the rectum, pro- 
vided the anal sphincter complex remains intact, re- 
quires some modification. Many factors act together 
to govern the quality of anal continence after rectal 
excision, and the functional outcome varies according 
to whether the neorectum is reconstructed with nor- 
mal descending colon or with an ileal reservoir. Some 
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