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Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) characterized by 

diffuse inflammation of the colorectal mucosa. Unlike Crohn’s disease, which has long 

been characterized as a progressive disease which results in bowel damage, the similarly 

progressive nature of UC has only more recently been considered and characterized by the 

extent of colonic involvement, the development of neoplasia, altered colonic permeability, 

and dysmotility/anorectal dysfunction.1 Indirect support for these observations are found 

in the pivotal trials of therapies for UC, which demonstrate discrepancies between clinical 

remission and measures of mucosal healing.2,3. We therefore postulated that a potential 

explanation for these findings is a type of progressive damage from chronic inflammation in 

UC that results in diminished rectal compliance.

We performed a prospective controlled study of compliance of the rectum in adult patients 

with UC and non-IBD controls. We recruited patients who were scheduled for routine 

sigmoidoscopies or colonoscopies and at the conclusion of the endoscopic examination 

we performed a barostat examination, in which a rectal balloon was incrementally 

insufflated to an initial pressure of 5 mm Hg and up to a maximal pressure of 60 

mmHg, and the corresponding rectal balloon volumes (mL) were measured by the 

barostat (see Supplemental Methods). Clinical and demographic data were collected from 

electronic medical records, and a Simplified Clinical Colitis Activity Index (SCCAI), Mayo 

endoscopic subscores, and biopsies of the rectum were obtained.

We assessed static rectal compliance using a validated power exponential model4 in which 

the volume (Vol) at any given pressure (P) is defined as

V ol = V max × exp − k × RelP β + ϵ
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where Vol is the rectal volume, relative pressure RelP = 1
P −   1

Pmax
, and Vmax is the 

maximal rectal volume in the compliance assessment. The parameter β reflects the overall 

shape of the curve, and k is the change in volume as a function of 1
P  at any given point. ϵ 

is a static error correction value. We compared static rectal compliance between all patients 

with UC and controls and assessed the effect of disease-related factors on the compliance 

parameters.

We recruited 93 people, 73 patients with UC and 20 non-IBD controls. Patients with UC 

had a mean disease duration of 16.9y (SD 11.9), 51% were women and 71% had extensive 

disease. The control and UC groups were similar across all demographics characteristics 

apart from age with a mean age of 61.1y (SD 11.3) in the control group and 51.5y (SD 14.4) 

in the UC group (p=0.007). (Supplementary Table 1).

Static rectal compliance was lower in patients with UC compared with the control group 

(Vmax= 265.7 mL vs Vmax= 311.1 mL, p=0.047), which remained significant after adjusting 

for the age differences between the groups (p=0.043). (Figure 1A.) Patients with UC who 

had an SCCAI scores of ≥ 5 compared with those with a score <5, had lower compliance 

(Vmax= 226.7 mL vs Vmax= 271.7 mL, p = 0.0379). (Figure 1B.) Stool frequency (Vmax= 

−11.5 mL, p = 0.034; k 1.01, p = 0.02) and the Mayo endoscopic subscore (β= −0.07, p 

= 0.02) had a negative effect on compliance. History of biologic therapy was associated 

with reduced compliance (Vmax= 244.07mL vs Vmax= 290.64mL, p=0.043). (Figure 1C.) 

Disease duration, disease extent, age, and sex were not associated with differences in rectal 

compliance.

In the analysis of histologic disease, 28 patients had active inflammation, 22 quiescent 

disease and 23 patients normalized their histology. Rectal compliance was lower in patients 

with active histologic disease (Vmax=247.6mL, SE=16.9) compared to the healthy controls 

(Vmax = 311.1mL, SE = 20.0; p = 0.01) and compared to quiescent histologic disease 

(Vmax= 265.3mL, SE = 19.1; p=0.03). The histologically quiescent group had lower rectal 

compliance (Vmax = 265.32 mL, SE=19.08) compared to the control group (Vmax= 311.1 

mL, SE=20.0; p = 0.015). The group who normalized their histology had similar rectal 

compliance (Vmax = 288.21 mL, SE = 18.67) when compared with the controls (Vmax 

= 311.06 mL, SE=20.02; p = 0.287). When comparing the controls with all UC patients 

(active, quiescent and normalized histology) there was a significant difference in rectal 

compliance between the two groups (Vmax= 311.07mL, SE = 20.25 vs Vmax= 265.7mL, SE 

= 10.6, p=0.045). (Figure 1D.)

In this prospective controlled study using a barostat and advanced statistical analysis, we 

identified that rectal compliance is significantly lower in patients with UC compared with 

non-UC controls. A prior small study in patients with actively inflamed UC demonstrated 

reduced compliance and increased rectal hypersensitivity5 as a physiologic correlate to the 

active symptoms patients experience when the rectum is inflamed. Our controlled study 

confirms that there is also diminished compliance in the quiescent phase of UC and 

contributes to the possibility that other pathophysiologic factors that are in addition to or 

beyond mucosal inflammation may lead to diminished compliance of the rectum. These 
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factors may include anatomical variables such as changes to the bowel wall constituents 

such as muscularis mucosal hypertrophy, submucosal fibrosis, as well as changes to the 

presacral spaces, all of which have been demonstrated in UC6,7.

One of the most remarkable findings of our study was the identification that patients with 

UC who had normalized their histology had improved rectal compliance compared with 

those with histologic quiescence, and that these patients had compliance similar to that of 

healthy controls. This finding suggests that the unique endpoint of histologic normalization 

may also be associated with clinically relevant functional result and that reduced rectal 

compliance may be preventable or reversible with sufficient disease control. Such muscle 

“remodeling” has been described in other diseases8.

In conclusion, we demonstrate that patients with active or quiescent UC have diminished 

rectal compliance compared with healthy controls, and provide further evidence that UC is a 

progressive condition. We propose rectal compliance as a functional outcome and a marker 

of increased disease severity and quality of life for patients with UC.
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Figure 1: 
Static rectal compliance curves. A) Ulcerative colitis (UC) and non-IBD control patients 

B) Simple Clinical Colitis Activity Index (SCCAI) in UC patients. C) Stool frequency 

scores in UC patients D) Histology scores: Active=acute active inflammation in UC 

patients; Normal=normalized histology in UC patients; Quiescent=quiescent histology in 

UC patients; Control=non-IBD normal histology
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