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Abstract. Impaired neorectal function or sphincter incom- 
petence have been respectively implicated as causative 
factors of increased frequency of defaecation or inconti- 
nence after low anterior resection of the rectum (LARR) 
for rectal carcinoma, although individual mechanisms of 
anorectal function have not been fully studied. Functional 
and laboratory results were evaluated in 19 subjects, who 
had a LARR for rectal carcinoma before and after the pro- 
cedure, and were compared to those of normal subjects. 
LARR worsened anorectal function, mostly by signifi- 
cantly increasing the daily number of defaecations 
(p < 0.001), while major incontinence was reported in three 
cases. Patients with rectal carcinoma have a decreased rest- 
ing anal pressure on manometry, as compared to controls 
(p<0.001). LARR further reduces anal resting pressure 
(p < 0.001) as well as all parameters that express internal 
sphincter activity, such as presence and amplitude of ei- 
ther slow (p < 0.05 andp < 0.01) or ultraslow waves. LARR 
also impaired external anal sphincter activity, as expressed 
by the reduction in anal squeeze pressure (p < 0.001). An- 
orectal sampling was found reduced in incidence and fre- 
quency in LARR patients as compared to controls (p < 0.01 
and p < 0.001), and was impaired even further postopera- 
tively (p <0.001). Rectoanal inhibitory reflex was present 
in all but three patients postoperative, but significantly im- 
paired as compared to controls. Rectal volumes to elicit 
transient or permanent desire to defecate, maximal toler- 
able rectal volume and rectal compliance were also signif- 
icantly reduced after LARR (p < 0.001, p < 0.001, p < 0.01 
and p < 0.001 respectively). Large bowel transit was sig- 
nificantly enhanced after LARR (p < 0.001). On defaecog- 
raphy, the anorectal angle was found to be more obtuse but 
in higher position postoperatively as compared to controls 
(p < 0.001). Bowel motion frequency was inversely related 
to rectal compliance (p <0.001) and length of remaining 
distal rectal stump, while patients with incontinence ex- 
hibited the lowest anal pressures. It is concluded that re- 
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duced neorectal capacity after removal of the rectum and 
impaired anal sphincter function because of stretching and 
damaged innervation, as well as impaired rectoanal coor- 
dination are all responsible for the functional problems af- 
ter LARR. 

R~sum~. On attribue h une dysfonction du n6orectum ou 
~t une insuffisance sphinctdrienne l 'augmentation de 
fr6quence des d6f6cations et l ' incontinence observ6e apr~s 
des r6section ant6rieures basses du rectum pour cancer rec- 
tal bien que les diffdrents m6canismes de la fonction ano- 
rectale n'aient pas 6t6 totalement 6tudids. Les rdsultats 
fonctionnels et les valeurs de laboratoire ont 6t6 
d6termin6s chez 19 patients avant et apr~s r6section 
ant6rieure basse pour cancer du rectum; ces donndes ont 
6t6 compar6es ~ des sujets t6moins. La r6section ant6rieure 
basse du rectum p6jore la fonction anale en augmentant 
essentiellement le nombre d'exon6rations quotidiennes 
(P<O.O01) alors que des incontinences majeures sont 
observdes chez 3 patients. Les patients avec un cancer du 
rectum ont une diminution de la pression anale de repos 
la manom&rie en comparaison au tdmoin (P < 0.001). La 
r6section antdrieure basse, par ailleurs, diminue la pres- 
sion de repos (P < 0.001) de m~me que tousles param&res 
t6moignant de 1' activit6 du sphincter interne telles que la 
pr6sence et l 'amplitude d'ondes de contractions lentes 
(P<O.05 et P<O.01) ou de contractions ultra-lentes. La 
r6section ant6rieure basse interfere avec l'activit6 du 
sphincter externe ainsi qu'en t6moigne la r6duction de la 
pression de contraction volontaire (P < 0.001). L'6chan- 
tillonage anorectal 6tait r6duit en incidence et fr6quence 
chez des patients opdrds comparativement au contr61e 
(P<O.O1 et P<O.O01) et 6tait alt6r6 en post-op6ratoire 
6galement (P<O.O01). Le r6flexe inhibiteur recto-anal 
6tait pr6sent chez tousles  patients ~ l 'exception de 3 en 
post-op6ratoire mais &ait significativement alt6r6 com- 
parativement au contr61e. Le volume rectal entra~nant le 
besoin transitoire ou permanent d'exon6rer de m6me que 
le volume maximal tol6rable et la compliance rectale 6tait 
significativement rdduite apr~s rdsection antdrieure basse 
(P<O.O01, P<O.O01, P<O.01 et P<O.O01 respective- 
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ment) .  Le  temps  de t ransi t  co l ique  dtait  s ign i f i ca t ivement  
accdldrd aprbs rdsect ion  antdr ieure  basse  (P  < 0.001). Sur 
les ddfdcographies ,  1' angle  ano-rec ta l  dtait  p lus  obtus et en 
pos i t ion  plus  haute en pos t -opdra to i re  compara t i vemen t  au 
sujet  tdmoin (P<O.O01).  La  f rdquence des exondra t ions  
dtait  i nve r sement  p ropor t ione l l e  fi la compl i ance  rec ta le  
(P < 0.001) et ?~ la longueur  du mo ignon  recta l  rds iduel  al-  
ors que les pat ients  prdsentant  une incont inence  avaient  
des press ions  anales  les plus  basses .  On en conclut  que les 
t roubles  fonc t ionnels  secondai res  5 une rdsect ion  
antdrieure basse  rdsul tent  d ' u n e  d iminu t ion  de la  capaci td  
du ndo- rec tum et d ' u n e  al tdrat ion de la fonct ion 
sphinctdr ienne secondai re  fi la d i la ta t ion  du ndo-rec tum et 
d ' u n e  al tdrat ion de la fonct ion sphinctdr ienne secondai re  

la d i la ta t ion  anale  et ~ une at te inte  de l ' i nne rva t ion  de 
mOme qu '~  des t roubles  de la coord ina t ion  recto-anale .  

Clinical assessment 

Bowel frequency per day, ability to distinguish flatus from faeces, 
ability to defer call for stools for at least 15 min and frequency of 
faecal soiling were assessed 9 to 12 months postoperatively. 

After clinical assessment, the patients were classified into six 
grades, according to McDonald and Heald classification [5] as fol- 
lows: (a) grade 0: no change in bowel habit and continence, (b) 
grade I: increased number of stools without affecting normal life- 
style, (c) grade II: increased number of stools that affects daily so- 
cial habits, (d) grade III: occasional soiling from liquid faeces, (e) 
grade IV: frequent soiling or occasional incontinence to solid faeces 
and (f) grade V: frequent incontinence to solid faeces. 

Anorectat manometry 

In onco log ica l  terms,  low anter ior  resec t ion  o f  the rec tum 
(LARR)  for  very  low rectal  ca rc inomas  is an adequate  op-  
erat ion,  offer ing recurrence  and survival  rates comparab le  
to those  o f  abdominope r inea l  resec t ion  [1-4]  and bet ter  
qual i ty  o f  life, as a resul t  of  p reserv ing  the anus [3, 5]. The  
in t roduct ion  o f  s tapl ing devices  has a l lowed  surgeons  to 
o v e r c o m e  hand- sewing  di f f icul t ies  and to achieve  rectal  
anas tomos i s  very  c lose  to the pe lv ic  f loor  [6-8] .  Thus,  
L A R R  is nowadays  cons idered  as the opera t ion  of  choice  
for  low recta l  les ions  [2, 3, 7]. However ,  there  are pat ients ,  
who exper ience  var ious  funct ional  abnormal i t i e s  after  
L A R R .  The  abnormal i ty  most  c o m m o n l y  seen is the in- 
c reased  f requency  o f  defaecat ion ,  whi le  occas iona l  incon-  
t inence  o f  l iquid,  and less f requent ly,  o f  sol id  s tools  are 
also repor ted  [2, 5, 9, 10]. Con t roversy  stitl  exists  concern-  
ing the p a t h o p h y s i o l o g y  o f  these funct ional  d is turbances .  
Both  pe lv ic  nerve damage  during d i ssec t ion  of  the rec tum 
[11, 12] and sphinc ter  s t re tching dur ing fash ioning  o f  the 
anas tomos is  [12, 13], as wel l  as r educed  neorec tum capac-  
i tance  [9, 10] have been  impl ica ted .  In an effort  to add fur- 
ther in format ion  to the issue,  we  p rospec t ive ly  s tudied the 
changes  in ano-neorec ta l  funct ion after  low anter ior  resec-  
t ion o f  the rec tum by  means  o f  c l in ica l  assessment ,  func-  
t ional  tests,  anorec ta l  manomet ry ,  evacua t ion  proc togra-  
phy  and co lonic  t ransi t  studies.  

Patients  and methods  

Twenty-six patients underwent a LARR for rectal carcinoma. Nine- 
teen of them completed all the pre- and postoperative tests, and were 
included in the study. There were no cases with anastomotic leak or 
local recurrence among them. Ten patients were men and 9 women, 
with a mean age of 59 years (range: 39 to 72 years). The operation 
in all cases involved resection of the lower discending colon, sig- 
mold colon and rectum with high ligation of the inferior mesenter- 
ic vessels, total excision of the mesorectum and lateral pelvic clear- 
ance. An end-to-end colorectal anastomosis was fashioned using a 
circular EEA 31 stapler. No temporary defunctioning colostomy was 
performed in any case. The maximal tumour diameter and the mar- 
gin of distal clearance were measured on each fresh specimen. The 
distance of the anastomosis from the dentate line was assessed post- 
operatively by proctoscopy. The results of the patients were com- 
pared to those of 16 age and sex matched normal subjects, who 
served as controls. 

All patients had anorectal manometry preoperatively and 9 to 12 
months postoperatively. The polyvinyl catheter, used for manome- 
try, had an external diameter of 4.2 mm and consisted of one central 
(1.5 mm internal diameter) and four radially arranged tubes (1 mm 
internal diameter). The central tube ended in an inflatable balloon 
at the tip of the probe. Each of the four peripheral, blindly ended, 
tubes had a side opening and was continuously perfused with water 
(0.6 ml/min), by a low compliance perfusion system (Arndorfer 
Medical Specialties, Greendale, Wisconsin, USA). The four open- 
ings were arranged at 0.5 cm intervals along the probe. The distal 
opening was placed 5 cm central to the tip of the probe. A pressure 
transducer, incorporated in each perfusion line, was connected to an 
amplifier and a chart recorder (Beckman Dynograph R-611, Beck- 
man Instruments Inc, California, USA). 

During rectoanal manometry, the following parameters were cal- 
culated, at first, by the station pull-through technique: (i) the mean 
maximal resting pressure (MMRP), (ii) the total length of the anal 
sphincter, (iii) the length of the high pressure zone (the sphincter 
length with pressures higher than the 50% value of the MMRP) and 
(iv) the maximal mean squeeze pressure (MMSP). Thereafter, the 
catheter was again placed into the rectum, with the side holes along 
the anal canal, for stationary recordings for 1 h. From these record- 
ings, the presence, frequency and amplitude of slow and ultra slow 
waves and of sampling events were assessed. In postoperative meas- 
urements, by inflating the endorectal balloon with air, the minimal 
volume to elicit transient call for stools, the minimal volume to elic- 
it permanent call for stools and the maximal tolerable volume were 
assessed. Also postoperatively, the rectoanal inhibitory reflex 
(RAIR) was tested by inflating the balloon with air in increments of 
10 ml for periods of 60 s and up to 150 ml. The following variables 
of the RAIR were measured: (a) minimal volume to initiate transient 
internal anal sphincter relaxation, (b) percentage and absolute val- 
ue of anal pressure drop during inflation of rectal balloon at 100 cc 
(c) volume of air in the rectal balloon, that caused sustained IAS re- 
laxation. The pressures created in the rectal balloon during inflation 
were simultaneously measured by connecting the central catheter to 
an air filled transducer, and the rectal compliance was calculated 
from the slope of the volume/pressure curve. 

Anorectal radiology 

Evacuation proctography was performed by transanally inserting 
into the rectum 150 mI of mashed baritate potato, simulating faec- 
es. While the patients were seated on a radiolucent commode, well 
penetrated lateral radiographs at rest, during squeezing and during 
straining were taken. On these radiographs, the anorectal angle and 
its distance from the pubococcygeus line were measured (positive 
values for tip of the angle placed below the line). 
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Colonic transit studies 

Subjects swallowed 30 radio-opaque shapes, and x-rays of the dai- 
ly collected stools were taken, where from the time taken to defe- 
cate, at least 80% of the shapes, was assessed. 

Statistical analysis 

Unless otherwise stated, values are expressed as mean_+ SD. Statis- 
tical analysis was performed by using Fisher's exact test, Mann- 
Whitney U-test, Wilcoxon test for paired and unpaired values and 
regression analysis for "the best fit", as appropriate. P values less 
than 0.05 were considered to be statistically significant. 

Table 1, Results of clinical assessment 

Controls Pre- Post- 
operatively operatively 

Bowel motions/day 1.1 _+ 0.3 1.3 _+ 0.7 3.9 -+ 3** 
Ability to distinguish 16/16 18/19 12/19" 

flatus from feces 
Ability to defer 16/16 18/19 13/19"* 

call for stools <15 min 
Major incontinence 0/16 0/19 3/19 
Grading 0:15, I:1 0:16, I:2 0:2, I:5"* 

II: 1 I1:4, III:4 
IV:2, V:2 

R e s u l t s  

* p<0.05; ** p<0.001 (postop vs preop and controls) 

Tumour  diameter was 4 . 6 _  1.5 cm (range: 1 to 7.5 cm). 
The margin o f  distal clearance was 2.2__.0.8 cm (range: 1 
to 4 crn) and the distance of  anastomotic line to dentate 
line varied f rom 0.5 to 5 cm, wich a mean value of  
2.85+_ 1.4cm. There were 1 Duke ' s  A, 11 Duke ' s  B and 7 
Duke ' s  C carcinomas. Margins of  resection were reported 
to be free of  disease. There was no clinical evidence of  
anastomotic leak and no recurrence o f  disease was detected 
during the fol low-up period. Bowel  frequency increased 
postoperatively as compared both to preoperative state and 
to controls. Furthermore, 7 of  the patients could not dis- 
tinguish flatus f rom faeces and 6 could not defer call for 
stools for more than 15 min. Overall quality of  bowel hab- 
its was significantly worse in postoperative patients as 
compared to both to preoperative state and that of  the con- 
trois (Table 1). Both the number  of  bowel motions and the 
clinical grading were inversely related to the length of  the 
remaining distal rectum (distance of  anastomotic line to 
dentate line) (Fig. 1 and 2). Resting pressure was lower in 
patients than in controls, decreasing even further postop- 
eratively. Squeeze pressure also decreased after LARR,  as 
did the anal pressure increment (MMSP minus MMRP)  
and the length of  the HPZ (Table 2). Slow waves, of  a lower 
amplitude, were present for shorter periods of  time, and in 
less patients preoperatively, as compared to controls. The 
operation further reduced the presence and the amplitude 
of  slow waves. Ultra slow waves were present in 4 patients 
preoperatively and in one of  them postoperatively. The op- 
eration reduced the amplitude o f  ultra slow waves for this 
patient. Frequency of  sampling was lower in patients as 
compared to controls. Sampling was absent in 4 patients 
preoperatively and in one control only. Postoperatively, 
the frequency of  sampling events was reduced even fur- 
ther, while less reduction in resting pressure was observed 
during the sampling events. Seven patients postoperatively 
did not exhibit any sampling events (Table 2). These pa- 
tients tended to present the worst functional results. 

R A I R  was absent in three patients postoperatively. 
These patients did not exhibit sampling events, and they 
complained of  major  (2 cases) or minor  (1 case) inconti- 
nence. Minimal volume to elicit permanent  IAS relaxation 
was significantly smaller, as compared to controls. At  
100 ml of  air in the rectal balloon, a smaller percentage of  
resting pressare drop was observed, al though the residual 
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Fig. 1. The number of daily bowel motions in patients after LARR 
is significantly inversely related to the length of the rectal stump, 
which is left in situ, distal to the anastomosis. The line of identify 
fits to a linear model (Log values of the number of daily motions 
have been plotted) 
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grading according to McDonald and Heald [5], are significantly re- 
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identify fits to a logarithmic model 
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Table 2. Variables of anal sphincter activity 

Controls Preop. Postop. 

MMRP (cmH20) 75 _+ 11 60 :e 7 .1 47 + 10 *2 
MMSR (cmH20) 162 _+ 38 169 + 29 104 + 28 *2 
Pressure increment (cmH20) 87 _+ 25 108 + 30 56 _+ 22 *2 
HPZ (cm) 3.5 + 0.5 3.5 _+ 0.4 2.4 + 0.4 *2 
Slow waves 

presence (n of subjects) 15/16 9/19 *4 3/19 *6 
presence (% of time) 68 _+ 11 50 _-+ 11"5 37 _. 4 *6 
amplitude (cmH20) 21 + 4 17 _+ 3 *3 12 + 1"7 

Ultra slow waves 
presence (n of subjects) 4/16 4/19 1/19 
presence (% of time) 6 _ 2 5 _ 1 3 
amplitude (cmH20) 31 _+ 8 23 + 4 17 

Sampling 
presence (n of subjects) 16/16 15/19 12/19 
frequency (events/h) 10 + 2 5.5 _+ 4 *8 2.3 _+ 2 *9 
reduction of resting 54 _+ 12 52 _+ 9 39 + 8 .1~ 

pressure (%) 

,1 p<0.001 (preop vs controls) 
,2 p<0.001 (preop vs post�9 
,3 p < 0.05, , 4  p < 0.01, ,5 p < 0.001 (preop vs controls); 
,6 p<0.05, ,v p<0.01 (preop vs post�9 
,a p<0.01 (preop vs controls); *gp<0.001, ,lO p=0.002 (preop 
vs post�9 
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Fig. 3. The number of daily bowel motions after LARR is inverse- 
ly related the maximal tolerable volume of the neorectum. The line 
of identify fits to a logarithmic model 
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Table 3. Rectoanal inhibitory reflex, rectal sentation and rectal 
compliance in postoperative patients and controls 

Controls Postop p< 

Rectoanal inhibitory reflex 
minimal rectal vol for transient 30 + 9 26 + 5 n.s. 
IAS relaxation (ml) 

minimal rectal vol for sustained 113 + 16 71 -+ 23 0.00l 
IAS relaxation (ml) 

IAS residual pressure at 100 ml 43 _+ 5 55 _+ 9 0.001 
of rectal air (%) 

IAS residual pressure at 100 ml 35 _+ 8 27 + 5 0.001 
of rectal air (cmH20) 

Minimalrectal vol 85 _+ 15 20_+ 44 0.001 
for transient desire to defecate (ml) 

Minimal rectal vol 131 _+ 40 83 -+ 29 0.001 
for sustained desire to defecate (ml) 

Maximal tolerable rectal vol (ml) 245 + 58 145 -+ 46 0.001 

Rectal compliance (ml/cmH20) 11.3 _+ 2.1 6.2 + 2.8 0.001 

Table 4. An�9 angle (degrees) and perineal descent (cm) in 
postoperative patients and controls 

Controls Patients p< 

ARA at rest 98 + 6 107 +- 14 0.05 
ARA during squeezing 78 + 4 96 -+ 8 0.001 
ARA at straining 116 + 13 136 _ 15 0.001 
PD at rest 1.7 + 0.6 0.6 + 0.7 0.001 
PD during squeezing 0.8 -+ 0.5 0 + 0.8 0.001 
PD at straining 5.2 _+ 1.2 3.4 + 1.2 0.01 

ARA, an�9 angle (degrees); PD, perineal descent (cm) 

p r e s su re  o f  I A S  at this rec ta l  v o l u m e  was  s ign i f i can t ly  less,  
as c o m p a r e d  to cont ro l s .  M i n i m a l  rec ta l  v o l u m e s  to e l i c i t  
t r ans ien t  and p e r m a n e n t  des i re  to de feca te ,  as w e l l  as m a x -  
i m a l  rec ta l  t o l e rab le  v o l u m e  w e r e  s ign i f i can t ly  less  in pos t -  
o p e r a t i v e  pa t ien ts  than in cont ro l s .  A s ign i f i can t  i n v e r s e  
r e l a t i onsh ip  was  f o u n d  b e t w e e n  m a x i m a l  t o l e r ab l e  v o l u m e  
and n u m b e r  o f  d e f a e c a t i o n s  (Fig.  3). In  addi t ion ,  c o m p l i -  
ance  o f  the  n e o r e c t u m  of  the pa t ien ts  was  less  c o m p a r e d  
to the  rec ta l  c o m p l i a n c e  o f  the  cont ro l s ,  w h i l e  a s ign i f i -  
can t  i n v e r s e  r e l a t i onsh ip  was  f o u n d  b e t w e e n  c o m p l i a n c e  
and n u m b e r  o f d e f a e c a t i o n s  af ter  L A R R  (Fig.  4) (Table  3). 

In  c o m p a r i s o n  wi th  con t ro l s ,  p o s t o p e r a t i v e  pa t i en t s  
s h o w e d  a fas te r  la rge  b o w e l  t ransi t ,  as they  e x p e l l e d  m o r e  
than  80% o f  the  shapes  in a shor te r  p e r i o d  o f  t i m e  (41 _+4 h 
vs 62 _ 8 h o f  the  cont ro l s ,  p < 0 .0019) .  A t  d e f a e c o g r a p h y ,  
the  a n � 9  ang l e  fo r  all  s i tua t ions  was  found  to be  m o r e  
ob tuse  in p o s t o p e r a t i v e  cases ,  as c o m p a r e d  to cont ro l s .  
S imi la r ly ,  pe r inea l  descen t ,  aga in  for  all  s i tua t ions ,  was  
less  in pa t i en t s  a f te r  surgery,  then  in con t ro l s  (Table  4). 

D i s c u s s i o n  

S e v e r a l  fac tors  are c o n s i d e r e d  to be  essen t i a l  for  n o r m a l  
a n � 9  funct ion .  F a e c a l  v o l u m e  and cons i s tency ,  co lon i c  
mot i l i ty ,  r ec ta l  d i s tens ib i l i ty ,  a n � 9  angle ,  i n t eg r i t y  o f  



105 

anorectal sensation and internal and external sphincter ac- 
tivity are all responsible for the maintainance of conti- 
nence [ 14-15 ]. Lack or alteration of one of the above rarely 
determines bowel frequency or incontinence, which how- 
ever may develop when more than one factors are affected. 
LARR is associated with impaired anorectal function, 
mainly characterized by both increased bowel frequency 
and minor or major soiling, in percentages varying from 
study, though significant for most of them [5, 8-10, 16]. 
The functional results of the present study did not differ 
from those reported by most authors. The majority of the 
patients, approximately one year after surgery, experi- 
enced functional anorectal problems, interfering with daily 
social habits. 

Although results from anorectal pathophysiological 
studies after LARR are reported to be at variance, it seems 
that anal sphincter injury is the predominant cause of in- 
continence [8, 12, 17, 18], while increased bowel fre- 
quency is mainly the result of impaired neorectal function 
[5, 8-10, 17, 18]. Data on anal sphincter function after 
LARR is controversial. Most of the studies report an im- 
pairment of the internal anal sphincter function [12, 16, 
18, 19], while there are fewer reports confirming an im- 
pairment of the external sphincter activity as well [8, 17]. 

The data from the present study showed, at least to some 
extent, that internal anal sphincter activity is already im- 
paired in patients with a low rectal carcinoma, and this is 
expressed by the lower anal resting pressure and the re- 
duced presence of slow waves, as compared to controls. 
The interpretation of these original findings is not clear. 
We attribute the reduced internal sphincter activity to the 
presence of the rectal tumour, which might act as an en- 
dorectal volume, continuously eliciting inhibition of the 
internal sphincter. The results of the present study also 
showed, that LARR further impairs anal function, by af- 
fecting the activity of both the internal and the external 
anal sphincters. 

The mechanism, by which anal sphincter injury occurs 
after LARR, is unclear. Both direct or indirect injury to the 
innervation have been implicated. Horgan et al. [12] sup- 
port the view, that impairment of the internal anal sphinc- 
ter activity is a result of direct injury, due to anal dilata- 
tion by the stapling device, during fashioning of the low 
anastomosis, in a manner similar to Lord's operation [20]. 
They also found, that the intraabdominal steps of the pro- 
cedure that might disrupt sympathetic, parasympathetic 
and transmural innervation of the anal sphincters [11], do 
not affect intraoperative anal pressure. However, this hy- 
pothesis can hardly explain the impairment of external anal 
sphincter activity after LARR, observed by us and others 
[8, 17]. This impairment is more likely to occur because 
of an injury to the nerve supply of the sphincter, as a re- 
sult of division, stretching or even thermal injury. Hall- 
gren et al. [21] have confirmed this hypothesis. Hence, 
anal sphincter dysfunction after LARR is the result of ei- 
ther anal dilatation or damage to the nerve supply, or most 
likely both. 

Failure of the neorectum after LARR fully exhibit the 
reservoir properties of a normal rectal ampulla has been 
implicated as the main cause of the increased frequency of 
daily bowel motions [8-10, 16-18]. Ithas been also shown, 

that the shorter the rectal stump left in situ is, the worse the 
functional results [ 10, 18]. Neorectal function in the present 
series was also found to be significantly compromised. 
Considering that maximal tolerable rectal volume is in- 
versely related to the daily frequency of bowel motions, 
and that the number of defaecations and the functional grad- 
ing in general are also inversely related to the length of the 
rectal stump that is left in situ, it can be assumed that as 
much as possible of the distal rectum must be preserved, 
whenever the level of the tumour permits without compro- 
mising the oncological principles of the operation. 

Reports on rectoanal inhibitory reflex after LARR are 
variant. Some report absence of the reflex in most of the 
patients [8], some others find the reflex in approximately 
half of the cases [9], while others report a recovery of the 
reflex several months postoperatively in the majority of 
the patients [17, 18]. Discrepancy of the results on the in- 
hibitory reflex might reflect technical differences or dif- 
ferences in interpreting the results. In the present series, 
the reflex was present in all but 3 patients postoperatively. 
The 3 patients, with an absent reflex, had resting pressures 
towards the lowest range of values, a reason for which the 
reflex might be absent [22], while one of them reported 
occasional soiling and the other two frank incontinence. 
However, all the features of the inhibitory reflex were com- 
promised postoperatively in all patients as compared to 
normals. Although it has been postulated that tension re- 
ceptors responsible for the inhibitory reflex are positioned 
on the rectal wall [23], the presence of the reflex after ex- 
cision of the rectum signifies that similar receptors should 
be also found abundant in the pelvic musculature, a hy- 
pothesis also proposed by others [24]. 

Transient spontaneous relaxation of the upper part of 
the internal anal sphincter is defined as sampling, and dur- 
ing this event, a small amount of rectal contents comes into 
contact with the transitional zone, and sensory informa- 
tion is provided as to the nature of these contents [25]. 
Sampling is observed regularly in normal subjects, but it 
is defective in patients with idiopathic incontinence [26]. 
We found that patients with rectal carcinoma also have a 
defective anorectal sampling, possibly as a result of an al- 
ready partially relaxed internal sphincter, thus being un- 
able to show any further relaxation. Sampling becomes 
more defective after LARR either because of further 
sphincter relaxation, or even disruption of the neural path- 
ways, mediating this local reflex. 

An acute anorectal junction, which is situated very 
close to the pubococcegeal line at rest, has been consid- 
ered of great significance in maintaining continence, by 
composing a flap-valve mechanism [27, 28]. Functional 
improvement after surgery for incontinence has been as- 
sociated with an elevation of the anorectal angle, which 
also becomes more acute [29]. Batignati et al. [18] have 
reported, that the anorectal angle was found to be more ob- 
tuse and in significant lower position in 6 subjects after 
LARR for rectal carcinoma as compared to controls. They 
postulate that this abnormal finding contributes, to some 
extent, to the functional problems observed in patients af- 
ter LARR. However, the results of the present study 
showed that, although anorectal angle becomes more ob- 
tuse, it is situated in higher position after LARR. These 
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f indings  have  been also obse rved  after  anter ior  resec t ion  
o f  the rec tum for rectal  p ro lapse ,  with i m p r o v e m e n t  o f  in- 
cont inence  [30], adding,  thus, fur ther  ev idence  to refute  
the f l ap -va lve  theory  [31 ]. 

Lef t  co lon  segmenta l  ac t iv i ty  is cons idered  essent ia l  in 
imped ing  the t ransi t  o f  co lon ic  contents .  Remova l ,  there-  
fore, o f  the left  co lon  resul ts  in a fas ter  co lon ic  t ransi t  [30]. 
This  was the case,  in the pat ients  o f  the present  series,  who 
showed a s ign i f ican t ly  faster  co lon ic  t ransi t  t ime as com-  
pared  to controls .  This  observa t ion  s ignif ies ,  that la rger  
amounts  of  faecal  contents ,  in a neorec tum with r educed  
capac i ty  and compl iance ,  m a y  excer t  a grea t  strain on an 
a l ready  impa i red  anal  sphincter ,  cont r ibut ing  thus to 
greater  urge for  defaeca t ion  or even incont inence.  

In conclus ion ,  L A R R  for rectal  ca rc inoma  is assoc ia ted  
with de faeca to ry  disorders ,  namely  a degree  o f  incont i -  
nence  and increased  number  o f  bowe l  mot ions .  The for-  
mer  is the resul t  o f  impa i red  internal  as wel l  as external  
anal  sphincter  activity,  poss ib ly  because  o f  damage  to the 
innerva t ion  or /and o f  anal  stretching.  The  la t ter  one is con-  
s idered  to be the resul t  of  r educed  neorec ta l  capac i ty  and 
compl iance ,  and of  inc reased  co lonic  transit .  P reopera t ive  
manome t ry  should  be app l ied  in all  pa t ients  before  a 
sphincter  saving  opera t ion ,  to ident i fy  any poss ib le  preex-  
c is t ing impa i red  sphinc ter  act ivi ty,  which  might  turn into 
severe  incont inence  pos topera t ive ly .  Cons t ruc t ion  o f  a co- 
lonic  rese rvo i r  might  also be cons ide red  in a very  low anas-  
tomosis ,  as p roposed  by  others  [9, 23]. 
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