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Abstract
Preservation of the anal transition zone has long been 
a significant source of controversy in the surgical 
management of ulcerative colitis. The two techniques 
for restorative proctocolectomy and ileal pouch anal 
anastomosis (RPC IPAA) in common practice are a 
stapled anastomosis and a handsewn anastomosis; 
these techniques differ in the amount of remaining 
rectal mucosa and therefore the presence of the anal 
transition zone following surgery. Each technique has 
advantages and disadvantages in long-term functional 
outcomes, operative and postoperative complications, 
and risk of neoplasia. Therefore, we propose a 
selective approach to performing a stapled RPC IPAA 
based on the presence of dysplasia in the preoperative 
endoscopic evaluation.
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INTRODUCTION
Restorative proctocolectomy and ileal pouch anal 
anastomosis (RPC IPAA) remain the standard of  care in 
the surgical management of  ulcerative colitis; however, 
controversy persists regarding preservation of  the anal 
transition zone (ATZ). RPC IPAA is performed via 
either a stapled technique or a transanal mucosectomy 
and endoanal anastomosis, frequently referred to as a 
handsewn anastomosis. When the stapled technique is 
utilized, the ATZ is preserved; whereas a mucosectomy 
is usually performed from the level of  the dentate line, 
therefore eliminating the ATZ and the proximal cuff  of  
rectal epithelium. While the preservation of  the ATZ 
has been shown to improve functional results and reduce 
operative time and complications, great debate persists 
regarding outcomes during recurrent or persistent disease 
and the theoretical risk of  malignant transformation. 
Given the paucity of  data in this realm, the long-term 
fate of  the ATZ in the surgical management of  ulcerative 
colitis has yet to be determined.

DEFINING THE ATZ
Defining the anatomy of  the ATZ is difficult. Fenger 
first described the ATZ as “the zone interposed 
between uninterrupted crypt bearing colorectal-type 
mucosa above and uninterrupted squamous epithelium 
below”[1], which he characterized utilizing an Alcian 
dye technique. This technique is used for staining the 
ATZ macroscopically as the columnar epithelium stains 
dark blue, the squamous epithelium does not stain, and 
the ATZ stains pale blue. The Alcian dye technique 
delineates the margins of  the ATZ from 6 mm below 
to 20 mm above the dentate line[1] with the median span 
from 0.73 to 0.89 cm[1,2]. Further studies by Thompson-
Fawcett demonstrated that the Alcian dye technique 
overestimates the length of  the ATZ when comparing 
this to computer mapping of  the histological results[2]. 

Using computer histological mapping, the median upper 
and lower borders of  the ATZ, measured from the 
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lower margin of  the internal sphincter, were 1.82 and 
1.27 cm, respectively, with the dentate line measuring 
1.05 cm by histology or 1.16 cm macroscopically 
above the lower margin of  the internal sphincter. 
The median span was 0.45 cm versus 0.73 cm by the 
Alcian dye technique. This difference in length was 
accounted for by close examination of  the histological 
specimens. The pale blue zone was due to staining of  
both superficial nuclei of  thin squamous anoderm and 
the transitional epithelium that characterizes the ATZ. 
Fenger’s technique for analyzing the ATZ did not exactly 
match the macroscopic Alcian blue specimens to the 
histological specimens, in comparison to Thompson-
Fawcett’s computer histological and Alcian dye mapping, 
and therefore likely overestimated the ATZ.

After careful measurements aided by computer 
mapping, the ATZ is now recognized to be smaller than 
previously considered. Significantly, columnar epithelium 
exists lower in the anorectal canal, and it is left behind 
when a stapled technique is utilized, which could be of  
consequence following RPC IPAA (Figure 1).

PRESERVATION OF THE ATZ: 
FUNCTIONAL OUTCOMES AND 
COMPLICATIONS
Duthie and Gairns in 1960 described a vast array 
of  sensory nerve endings in the anal canal[3], which 
demonstrated sensitivity to temperature, touch, and 
pain, while the rectal mucosa lacked this innervation 
and sensation[3,4]. The rectum is able to sense distension, 
however, that results in a brief  reflexive relaxation of  the 
internal anal sphincter and contraction of  the external 
anal sphincter, thus allowing the anal mucosa to sample 
the rectal contents. This sampling is thought to aid the 
ATZ in discrimination between gas, liquid, and solid stool. 
Anorectal sensation is abnormal in incontinent patients[5,6] 
and in patients following mucosectomy[7,8]. Thus, the 
extensive innervation of  the ATZ is thought to play a very 
important role in maintaining fecal continence.

Following RPC IPAA via stapled or mucosectomy 
with endoanal anastomosis techniques, patients 
demonstrate decreased anal resting pressure (ARP)[9-13], 
thought to occur secondary to the extent of  dissection, 
level of  rectal transection, diameter of  the stapling 

device, and anal retraction. However, ARP is greater 
following RPC IPAA stapled anastomoses than following 
mucosectomy with endoanal anastomoses[8,10,11,14,15].  
Controversy exists regarding improvement of  ARP 
over time when comparing the two surgical techniques. 
ARP has been demonstrated to return to a normal value 
by 12 mo after the operation only in RPC IPAA via a 
stapled technique[9], whereas Tuckson et al demonstrated 
no significant improvement in ARP 13 mo after either 
technique[10]. Both these studies analyzed a very small 
group of  patients, with relatively short follow-up.

Functionally, preservation of  the ATZ via RPC 
IPAA stapled anastomosis improves clinically relevant 
outcomes. Three prospective randomized controlled 
trials were performed in the early 1990s with limited 
numbers of  patients (between 23 and 41 in each study). 
The results showed only limited benefit for stapled 
anastomosis with no worse outcomes[15-17]. More 
specifically, Luukkonen et al demonstrated no statistically 
significant differences between the only two functional 
parameters measured: number of  nocturnal bowel 
movements and frequency of  mucous leakage[17]. Choen 
et al also argued that many functional parameters showed 
no differences including frequency of  bowel movements, 
number of  nocturnal bowel movements, ability to delay 
defecation, and full continence[16]. However, Reilly  
et al demonstrated trends towards improved functional 
outcomes in all parameters measured: nocturnal seepage, 
daytime continence, ability to differentiate stool and 
flatus, and pad usage[15].

Other studies more clearly outline the functional 
benefit of  stapled anastomoses. Remzi et al showed that 
patients with stapled anastomoses had better outcomes in 
every functional category measured, including statistically 
significant differences in incontinence, daytime and night-
time seepage, and pad usage[18]. Saigusa et al described 
an improved ability to discriminate between flatus and 
stool in the stapled versus handsewn group, 80% versus 
33% (P < 0.05)[8]. Michelassi et al found that between 
57% and 78% of  patients were always able to delay a 
bowel movement until convenient; although this did 
not differ between the two groups[19]. These authors 
also demonstrated that stapled patients had improved 
rates of  full continence, which persisted over time. 
Sagar et al studied stapled IPAA patients only for 12 
mo postoperatively and compared parameters at 3 and 
12 mo[9]. They showed that not only were functional 
outcomes better in the stapled IPAA group, but 
outcomes improved over time. Statistically significant 
improvements in the number of  bowel movements 
(P < 0.001), number of  nocturnal bowel movements 
(P < 0.001), frequency of  loose stool consistency  
(P < 0.001), use of  anti-diarrheal medication (P < 0.01), 
ability to defer defecation for more than 15 min (P < 
0.001) and ability to discriminate flatus from stool (P 
< 0.001) were demonstrated. A single meta-analysis of  
4183 patients (2699 handsewn and 1484 stapled IPAA) 
demonstrated no significant differences in the number 
of  bowel movements, number of  nocturnal bowel 
movements, daytime seepage, and use of  anti-diarrheal 
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Figure 1  Retained rectal cuff after RPC IPAA.
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medication[14]. However, incontinence was more common 
in the handsewn group (P = 0.009) and the incidence 
of  nocturnal seepage and nocturnal pad usage favored 
the stapled IPAA group (P < 0.001 and P = 0.007, 
respectively). Both groups were rated with a high quality 
of  life with no statistically significant difference between 
the groups.

Early septic complications can occur following 
stapled or handsewn IPAA and may include anastomotic 
dehiscence with diffuse or localized sepsis, abscess, and 
fistula formation. These septic complications may require 
prolonged hospitalization, interventional procedures, 
reoperation, and pouch excision, therefore resulting in 
increased patient morbidity, prolonged recovery, and 
loss of  bowel continuity. Risk factors for pelvic sepsis 
include ulcerative colitis, ulcerative colitis associated with 
toxic megacolon or fulminant colitis, male gender, and a 
handsewn anastomosis[20]. More than a two-fold increase 
in the rate of  septic complications has been reported 
following handsewn versus stapled anastomoses[14,20,21], 
which results in increased rates of  pouch failure 
requiring permanent diverting ileostomy[14,20,22] and more 
frequent pouch excision[14,21]. Pouch failure and pouch 
excision occur secondary to anastomotic dehiscence, 
poor functional results, pouchitis, perianal disease, and 
pouch leakage. Risk factors for pouch failure have been 
outlined and include handsewn anastomoses, anastomotic 
tension, use of  diverting ileostomy, Crohn’s disease, and 
postoperative anastomotic leak[22]. Further supporting the 
use of  a stapled technique, when anastomotic leaks do 
occur, a better prognosis has been shown following a 
stapled anastomosis[20,22].

INFLAMMATION AND DYSPLASIA IN 
THE ATZ
It is well documented that chronic inflammation may 
lead to dysplasia and dysplasia may ultimately lead to 
neoplasia in patients with long-standing ulcerative colitis. 
The retained ATZ following stapled RPC IPAA is 
therefore at risk for chronic inflammation from recurrent 
or persistent disease, dysplasia, and possibly malignancy. 
The retained ATZ and potentially rectal mucosa is 
greater in length in the stapled anastomosis patient 
but can still be present in the handsewn patient due to 
the variation in location of  the ATZ and incomplete 
transanal mucosectomy[2,23,24].

Inflammation within the ATZ is well documented. 
In early studies the incidence of  endoscopic anal canal 
inflammation confirmed by biopsy was reported to be 
as high as 22% as estimated by Lavery et al, while the 
incidence of  symptomatic inflammatory changes in the 
retained mucosa was 14.7%[25]. More recent prospective 
data document the incidence of  inflammation following 
stapled RPC IPAA to be much higher: 4.6% with acute 
inflammation, 84.9% with chronic inflammation, and 
only 10.5% with normal mucosa[26]. The presence of  
inflammation, however, does not seem to negatively 
affect functional outcomes, as our group has reported 
in a large prospective study of  225 patients, with 96% 

of  them reporting perfect fecal continence, 5.3% using 
protective pads, and 93.2% being able to delay a bowel 
movement for more than 30 min[26]. Patients with 
chronic inflammation of  the ATZ still report better 
functional parameters when compared to handsewn 
control patients, including statistically significant 
improved flatus versus stool discrimination, decreased 
protective pad usage, and decreased dietary modification 
regarding meal timing[27]. In addition, patients with 
chronic inf lammation of  the retained ATZ more 
commonly reported an improved quality of  life than 
prior to surgery when compared to handsewn patients  
(P < 0.001)[27].

Several studies have published their experience with 
postoperative serial endoscopic surveillance and the 
risk of  dysplasia following preservation of  the ATZ 
via a stapled RPC IPAA. The principal risk factor for 
developing dysplasia in the ATZ was the presence of  
dysplasia or cancer in the proctocolectomy specimen, 
independent of  the location; no other factors including 
age, sex, or duration of  disease, appear to increase this 
risk[28-31]. Ziv et al reported eight cases of  dysplasia in 
254 patients with a mean postoperative follow-up of  
2.3 years; however, repeat biopsy revealed dysplasia in 
only two of  these patients, who underwent a transanal 
mucosectomy without evidence of  cancer in the final 
specimen[28]. Remzi et al analyzed a total of  178 patients 
with a mean follow-up of  more than 10 years and 
identified dysplasia in only eight patients (4.5%) and 
no evidence of  cancer[30]. No dysplasia was identified 
by our group in 242 patients with a mean follow-
up of  56 mo[27]. This small disparity in incidence may 
be explained by variation in patient selection. In our 
practice, we do not offer a stapled RPC IPAA to patients 
with documented, and confirmed by two independent 
pathologists, colorectal dysplasia, irrespective of  degree 
and location. Instead, these patients will undergo a 
transanal mucosectomy with a handsewn anastomosis[27]. 
We believe that the presence of  dysplasia irrespective 
of  degree and location is an indication of  “mucosal 
instability.” Since the primary risk factor for developing 
dysplasia in the ATZ is the presence of  dysplasia or 
cancer in the surgical specimen, we perform a complete 
mucosectomy in this patient population. Complete 
absence of  dysplasia or cancer in the ATZ in our series 
after 56 mo of  follow-up, supports this approach.

Overall, dysplasia within the ATZ is uncommon and 
the risk of  developing cancer following RPC IPAA is 
even more unlikely with only 19 reported cases in the 
literature[31] (Table 1). Even following a mucosectomy 
with endoanal anastomosis, islands of  rectal mucosa 
probably exist at or below the dentate line in at least 
20% of  patients[23,24], These islands of  rectal tissue may 
not be easily visualized during endoscopic biopsy, and 
dysplastic or malignant transformation may ultimately 
be difficult to detect. In fact, of  the 19 reported cases of  
adenocarcinoma, 13 occurred in patients who underwent 
transanal mucosectomy. Furthermore, six of  these 
patients developed cancer within the pouch itself, raising 
concern for metaplasia of  the pouch as a method for 
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malignant transformation. Yet, Swedish research has 
demonstrated that although the pouch itself  may undergo 
metaplasia, there has been no progression to carcinoma; 
dysplasia occurred in less than 4.4% of  patients; no high-
grade was observed; and experienced pathologists did 
not even agree on the presence of  dysplasia itself[32]. 
None of  these patients had documented dysplasia or 
carcinoma in the surgical specimen preoperatively. When 
reviewing the cases of  carcinoma following RPC IPAA, 
it is important to note that all but three patients had 
documented dysplasia or carcinoma within the original 
surgical specimen[31]. Given these data and the extensive 
evidence for the development of  carcinoma in ulcerative 
colitis patients following dysplastic changes of  the colon, 
we believe that it is appropriate to label dysplasia as a 
marker for “mucosal instability.” Therefore, it is our belief  
that the presence of  dysplasia or carcinoma, irrespective 
of  the severity or location, should preclude a stapled RPC 
IPAA.

The presence of  dysplasia or malignancy within 
the ATZ raises concern regarding treatment. Invasive 
malignancy requires a complete IPAA excision and 
end ileostomy. On the other hand, clear data regarding 
management of  dysplastic changes within the ATZ do 
not exist. Dysplasia may even sometimes be self-limiting. 
Interestingly, several studies have shown regression 
of  low-grade and even high-grade dysplasia to normal 
mucosa in some patients by serial biopsies[28,30], which is 
consistent with findings seen in the colon and rectum[33]. 

Most authors recommend completion mucosectomy 
with pouch advancement for high-grade dysplasia and 
for recurrent or persistently positive biopsies of  low-
grade dysplasia[28,30]. Dysplastic changes may be a marker 
for mucosal instability and the risk of  developing 
carcinoma in this setting should be eradicated.

CONCLUSION
Preserving the ATZ offers improved long-term 
function, clinical outcomes, and decreased postoperative 
complications and pouch failure; however, ATZ 
preservation carries a small risk for developing dysplasia 
or malignancy. As a result of  the risk of  developing 
dysplasia or cancer, a selective approach to stapled RPC 
IPAA should be undertaken, based on the presence 
of  dysplasia, irrespective of  the location and severity. 
Stapled RPC IPAA, and therefore preservation of  the 
ATZ, should be reserved for those patients in whom 
multiple preoperative endoscopic biopsies rule out 
dysplasia or carcinoma in the entire colon. Transanal 
mucosectomy and handsewn IPAA should be performed 
in patients with biopsy-proven dysplasia, irrespective of  
the location and severity. Due to the significant inter-
observer discrepancies noted, the presence of  dysplasia 
should be confirmed by two independent pathologists. 
If  these resection guidelines are utilized, it is believed 
that cancer risk can be further reduced, especially if  
postoperative endoscopic surveillance is employed.

Table 1  Adenocarcinoma after RPC IPAA for UC1

Reference Yr RPC IPAA Preoperative diagnosis Pathological diagnosis Yr to CA2 Site of carcinoma

Ravitch 1984 HS NR NR NR NR
Stern 1990 HS Dysplasia HGD rectum   3 Pouch
Puthu 1992 NR NR NR   6 NR
Rodriguez-Sanjuan 1995 HS Dysplasia HGD rectum      3.5 Pouch
Sequens 1997 Stapled Carcinoma CA rectum   1 ATZ
Vieth 1998 HS Carcinoma CA colon, multifocal dysplasia   2 Pouch
Iwama 2000 HS UC LGD 18 Anastomosis
Rotholtz 2001 Stapled UC HGD distal margin   7 ATZ
Heuschen 2001 HS Dysplasia CA colon   3 Pouch
Laureti 2002 HS Carcinoma CA anastomosis   2 Anastomosis
Hyman 2002 Stapled Dysplasia HGD distal margin & colon   5 Rectal stump
Baratsis 2002 Stapled UC CA cecum, multifocal dysplasia   2 ATZ
Bentrem 2003 HS UC CA colon, dysplasia 14 Pouch
Hassan 2003 HS UC UC   2 Pouch
Negi 2003 HS Dysplasia HGD   5 Rectal stump
Bell 2003 Stapled Dysplasia HGD colon 12 Anastomosis
Lee 2005 HS Dysplasia HGD rectum   2 Anastomosis
Lee 2005 HS Dysplasia CA rectum      6.5 Anastomosis
Lee 2005 HS UC UC 16 Rectal stump
Schaffzin 2005 HS NR NR 25 Pouch
Knupper 2006 Stapled UC NR   3 Pouch
Walker 2006 HS NR Dysplastic colon & rectum 17 Pouch
Das 2007 HS UC UC 25 ATZ
Ota 2007 HS NR UC   7 Rectal stump
Ruffolo 2007 Stapled Carcinoma CA colon at two sites   3 ATZ
Koh 2008 Stapled NR NR 14 Pouch inlet
Pedersen 2008 HS HGD CA colon, dysplastic colon 11 Rectal stump
Chia 2008 Stapled UC CA   3 ATZ

1Excludes articles not in English and one study using Cavitron Ultrasonic Surgical Aspirator technique for rectal mucosal stripping; 2Yr to presentation of 
carcinoma after RPC IPAA; HS: Handsewn anastomosis; Stapled: Stapled anastomosis; NR: Not recorded or unknown; UC: Ulcerative colitis, HGD: High 
grade dysplasia; CA: Carcinoma; LGD: Low grade dysplasia.
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