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Abstract 

Aim:  Abnormal colonic pressure profiles and high intraluminal pressures are 

postulated to contribute to the formation of sigmoid colon diverticulosis and the 

pathophysiology of diverticular disease (DD).  This study aimed to review evidence 

for abnormal colonic pressure profiles in diverticulosis. 

 

Method: All published studies investigating colonic pressure in patients with 

diverticulosis were searched in three databases (MEDLINE, EMBASE, SCOPUS). 

No language restrictions were applied. Any manometry studies in which patients with 

diverticulosis were compared with controls were included. The Newcastle-Ottawa 

Quality Assessment Scale for case-control studies was used as a measure of risk of 
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bias. A cut-off of five or more points on the NOS (fair quality in terms of risk of bias) 

was chosen for inclusion in the meta-analysis.  

 

Results: Ten studies (published 1962-2005) met the inclusion criteria. The studies 

followed a wide variety of protocols and all used low-resolution manometry (sensor 

spacing range 7.5-15 cm). Six studies compared intra-sigmoid pressure, with 5/6 

showing higher pressure in diverticulosis versus controls, but only two reached 

statistical significance. A meta-analysis was not performed as only two studies were 

above the cut-off and these did not have comparable outcomes.  

Conclusion: This systematic review of manometry data shows that evidence for 

abnormal pressure in the sigmoid colon with  in patients with diverticulosis  is weak. 

Existing studies utilised inconsistent methodology, showed heterogeneous results, 

and are of limited quality. Higher quality studies using modern manometric 

techniques and standardized reporting methods are needed to clarify  the role of 

colonic pressure in diverticulosis. 

 

Keywords: colonic diseases, colonic diverticulitis, colonic diverticulosis, manometry 

 

What does this paper add to the literature? 

• This is the first systematic review to look at all published studies comparing 

manometric studies of colonic pressure profiles in patients with diverticulosis or DD 

with controls.  

• Currently, there is limited evidence to support the presence of abnormal sigmoid 

colon pressure in the patients with diverticulosis or DD.



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Introduction 

Diverticulosis of the sigmoid colon refers to the acquired anatomical deformity in 

which the mucosal and submucosal layers of the bowel wall herniate through the 

muscular layers, usually at the sites where the vasa recta are penetrating [1].  

Diverticular disease (DD) is the term used to describe any symptoms arising as a 

consequence of having diverticulosis. DD can manifest as symptomatic 

uncomplicated diverticular disease (SUDD), with recurrent bouts of lower abdominal 

pain, bloating, constipation and alteration in stool calibre, but also encompasses 

acute and chronic diverticulitis, conditions in which there is inflammation associated 

with diverticulosis [2, 3].  Together, the manifestations of DD carry a large disease 

burden, particularly in western populations. Based on the direct and indirect costs 

incurred, the American Gastroenterological Association rates DD as the fifth most 

important gastrointestinal disorder affecting its population [4].  

Despite its high prevalence and impact, there are still significant gaps in our 

understanding of the aetiology and pathogenesis of DD. [5, 6]. It is commonly 

assumed that high intra-colonic pressures are the cause of diverticulae particularly in 

the context of a low-fibre diet, but it is largely unknown why some individuals are 

predisposed.  It is  unclear why some individuals appear predisposed to develop DD 

and why only a proportion of people  experience symptoms. It has been suggested 

that there may be an interaction  between abnormal intraluminal pressure, 

inflammation and visceral hypersensitivity.  [6-9].  

Detailed characterisation of colonic pressure activity in patients with diverticulosis , 

would provide evidence to support the role of abnormal colonic pressure in the 

aetiology and symptomatology of DD. A systematic review of the literature was 
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performed to collate studies comparing colonic pressure profiles in diverticulosis and 

DD to controls, in order to define current evidence for this pathophysiology. 

 

Methods 

Literature search 

A review protocol was formulated prior to the commencement of the literature 

search. A systematic literature search of the Ovid MEDLINE, EMBASE and 

SCOPUS databases was performed without time limits. Searches were restricted to 

‘Humans’ with no language limits applied. The following ‘search strategy’ was 

applied to identify all published evidence. 

[Diverti*.mp] OR [diverticulitis/or diverticulosis/ OR colon disease/ or colon 

diverticulosis/] 

AND 

[Manometry/ OR intestine pressure/ or pressure transducer/ or pressure 

measurement/ or anorectal pressure/ OR intestine motility/ or gastrointestinal 

motility/] OR [motil*.mp] OR [manome*mp.] 

NOT [Esophagus/] NOT [Esoph*mp.] 

Searches were concomitantly performed by two authors (R.J. and J.R.) with all 

results screened to identify those reporting on manometric studies of diverticulosis or 

DD. Full text papers of selected studies were then further evaluated independently 

by the authors to identify those eligible for inclusion. Final decisions regarding 

eligibility were determined by group consensus with any conflicts being adjudicated 
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by the senior author (I.B.). Citations within all eligible articles were also hand 

searched for potentially relevant studies not identified on the initial literature search. 

Inclusion and Exclusion criteria 

Studies using manometry to record intraluminal pressure in the sigmoid colon of 

patients with diverticulosis or DD were included. Exclusion criteria were studies 

focused on the treatment of DD, studies of diverticula outside of the sigmoid colon, 

case reports, conference abstracts, reviews, and letters, histopathological studies 

and studies of patients following bowel resection. Studies that dealt exclusively with 

patients with right-sided DD were also excluded. 

Outcomes of interest and definitions 

We included any studies which described pressure profiles of the sigmoid colon in 

patients with diverticulosis or DD. Individual outcomes were not specified due to the 

diverse methodologies and definitions within the published literature. 

Data extraction and analysis 

Data were extracted by one researcher (RJ) into standardised data extraction tables 

and checked by a second researcher (JR). Where possible, all reported figures for 

pressure measurements were converted to mmHg for consistency.  When data were 

available, results of studies were pooled as weighted means. The Newcastle-Ottowa 

Scale for case control studies (NOS) [10] was used to assess the risk of bias in the 

included studies. Matching for age and gender were considered the most significant 

covariates that defined comparability.  
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A meta-analysis was planned for studies rated as ‘fair’ ( ≥5 out of 9) on the NOS [11]. 

A formal meta-analysis was not performed in this study as only two studies reached 

this cut-off point but these did not have comparable results.  

Results 

Details of the initial search results and refined inclusions are presented in Figure 1. 

Of the 1849 articles identified based on the above search strategy 23 full text articles 

were reviewed. Of these 13 were excluded because of: a lack of control group [12-

18], inclusion of diagnoses other than sigmoid diverticulosis [19, 20], insufficient 

details to extract or calculate the necessary data from the published results [21], 

retrospective study design [21], and, technique other than manometry used to study 

gut motility [23-25].  

The remaining 10 studies were included in the analysis [9, 26-35].  All of the  studies 

that were included had a prospective case-control study design. The characteristics 

of thesestudies are outlined in Table 1. All studies compared large bowel manometry 

readings of normal controls with those taken from patients with diverticulosis 

identified on colonoscopy or barium studies. Studies included both asymptomatic 

participants with diverticulosis and those with DD.  

Details of patients 

Patient details  are summarised in Table 1. A total of 238 patients were assessd of 

whom 37 patients had asymptomatic diverticulosis, 122  DD, and in the remaining n 

79 patients the disease status was unclear. A total of 194 controls underwent large 

bowel manometric investigation. The patients with indeterminate disease status were 

excluded from further analysis. The study size ranged from 6 to 60 patients. Patient 
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age ranged from 20-79 and control subjects’ age ranged from 25-80 years old. 

Criteria for inclusion were a combination of imaging and clinical assessment. 

Manometry techniques 

Table 1 outlines the details of sensor position, recording time and other aspects of 

the methodology of pressure measurement. .  

Intrasigmoid pressure 

Manometric outcomes reported are collated on Table 2. Intrasigmoid pressure was 

reported in several different f6] and mean maximal pressure [28]. Fasting 

intrasigmoid pressure was reported as being higher in patients with diverticulosis/DD 

compared to controls in three of the five studies reporting this measure [27, 32, 33] 

and not significantly different in the remaining two studies [30, 34]. Two of these 

studies reported statistically significant results using ANOVA [26, 33].   

Percentage duration of regular contractile activity 

The percentage duration of regular contractile activity was reported in six studies [9, 

28, 30-32, 34], the weighted mean for this measure was higher in diverticulosis/DD 

than in controls (14.5% vs. 9.2%). The results for this measure varied greatly 

between studies, 1.07-42.5% for controls and 0.87-54.3% for diverticulosis/DD. This 

may be attributed partially to the varying numbers of sensors used by the different 

investigators (2-8 sensors).  
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Motility index 

The motility index was a frequently used measure of overall motility [27-30, 32, 34] 

and its definition varied between different studies (Table 3). The most commonly 

used definition (mean amplitude in mmHg x % activity duration) could be calculated 

from three studies, and was also higher in diverticulosis/DD on pooled analysis 

(weighted mean 183.8 vs. 345.8). Quantitative meta-analysis was not conducted for 

this outcome due to the heterogenous nature of the studies and limited data from 

which to derive mean and measures of variance. 

Meal response 

The seven studies that examined meal response as part of their recordings all 

reported increased contractile activity in the post-prandial period in both control and 

diverticulosis/DD groups (Table 4.). One study observed an increased frequency of 

high amplitude waves in the post-prandial recordings of patients with DD [26]. Two of 

the studies suggested that this post-prandial increase in activity was exaggerated in 

diverticulosis/DD [28, 32], however the opposite phenomenon was observed in two 

other studies [9, 27], making it difficult to draw any conclusions about post-prandial 

changes.  

Study quality 

The Newcastle-Ottowa Scale for case control studies (NOS) [10] was used to assess 

the risk of bias in the included studies (Table 5). The mean rating was 4.4 (SD 1.2). 

Most of the studies rated well in terms of selection and outcome but did not or failed 

to report on the measures taken to ensure than the diverticulosis/DD group and 

control group were comparable. In only three studies were controls and patients 
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matched for age or gender [28,29,33] and only two studies [28,33] met the cut-off 

point for being ‘fair’ quality [11] in terms of bias. 

 

Discussion 

Altered colonic pressure profiles are commonly thought to play a significant role in 

the aetiology of diverticulosis and pathophysiology of DD.  This review demonstrates 

that there is only a limited volume of literature investigating pressure in patients with 

diverticulosis, and results from these studies are too heterogeneous to allow for 

consistent conclusions.  Pooled data from these existing studies showed no 

difference in intrasigmoid pressure [9, 26, 30, 32, 33] and duration of activity [9, 28, 

34] when comparing patients with diverticulosis/DD and controls, suggesting that 

there is only weak evidence to support the role of characteristic patterns of pressure 

activity in this condition. 

Increased intrasigmoid pressure is attributed with causing outward protrusion of the 

colonic mucosa at points of natural weakness [35], and a significant association has 

been found between abdominal pain and regular contractile activity in the sigmoid 

colon in patients with DD [9]. These models are based on the assumption that 

colonic pressure activity is demonstrably different in patients with diverticulosis and 

DD when compared to controls. 

Based on the findings of this review, it is clear that further research into this field is 

required. The existing studies varied substantially in their methodology; in the 

number and position of pressure sensors as well as important technical factors such 

as bowel preparation and duration of pressure recording. There was also a degree of 
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variability around what constituted DD and its manifestations, as well as a wide 

range of different endpoints, making it difficult to compare the results of different  

studies.  Additionally, there is a limit to the observations that can be gleaned from 

pressure measurements taken from single sensors or sensors that are between 7.5 

and 15 cm apart. As a consequence of these methodological limitations, it is not 

possible to draw consistent and definite conclusions from the existing body of 

evidence to support the widely accepted role of abnormal intrasigmoid pressure in 

diverticulosis and DD. 

 It is important to note that all previous studies looking at colonic pressure profiles in 

diverticulosis and DD were limited by their use of low resolution methods of 

recording pressure, which require the observer to make inferences on wave 

characteristics, due to the pressure sensors being at least 7cm apart [36, 37]. Low 

resolution designs are now known to risk significant misinterpretation of the 

frequency and polarity of colonic propagating sequences, and were often associated 

with the use of non-specific tools such as the ‘motility index’, which conveys  only a 

vague summary of the actual underlying motility profiles [36]. As a result, the most 

significant factor limiting our understanding of the nature pressure profiles in 

diverticulosis has been the inability to obtain reliable and detailed data on large 

bowel contractile activity. 

Consistent methodology and terminology is an essential consideration for planning 

future studies. Differentiating between asymptomatic diverticulosis, SUDD, acute and 

chronic diverticulitis and rarer manifestations such as segmental colitis associated 

with diverticula is required in order to gain useful information from in vivo manometry. 

Bowel preparation may also have an effect on colonic pressure profiles and should 

be standardised.. Additionally, the use of newer methods for measuring colonic 
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pressure profiles may result in more accurate and reproducible pressure 

measurements. High resolution manometry (HRM) using fibre-optic catheters, for 

example, is a recently-developed tool that is now being applied to study colonic 

pressures in greater detail [38]. As recording sensors are positioned 1cm apart, 

substantially more accurate information regarding the spatiotemporal patterns of 

pressure waves can be obtained. Studies on control subjects and patients using 

HRM have already led to significant advances in the understanding of large bowel 

physiology [39, 40]. The data obtained from HRM studies are very detailed, and 

small studies of fewer than 20 participants have shown significant differences in 

colonic pressure profiles (numbers of different types of propagating motor patterns, 

speed and distance of pressure wave propagation, and amplitude and duration of 

pressure events) when compared to controls with normal bowel function [39]. 

This systematic review and meta-analysis was conducted in accordance with the 

code of practice as set out in the PRISMA statement [41] with the exception that this 

is a review of physiology studies. As assessed using the NOS, the studies which 

were included carry a significant risk of bias. Essential data were not reported in all 

studies (such as blinding of investigators for data collection, basic demographic data 

and key definitions) and there was considerable heterogeneity between studies in 

terms of defining patient selection and outcomes. Furthermore, the outcome data 

were variable and did not include consistent measures of variance or tests of 

statistical significance. It was not feasible to request unpublished data for the older 

studies.  

In summary, the available evidence from manometric studies  provides limited 

evidence which supports the role of abnormalities of colonic pressure profiles in the 

aetiology of diverticulosis or DD. . Moreover, the interpretation of these data is 
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critically limited by inconsistent study methodologies and the inadequacies of low 

resolution manometry. Additional studies that follow consistent definitions of disease 

status, standardised protocols, make use of high-resolution manometry and report 

consistent endpoints are needed to define conclusively the role of aberrant colonic 

pressures in diverticulosis and DD. 
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Table 3. Definitions of motility index 

 

 

 

Table 4. Post-prandial changes to pressure activity 

 

 

 

Reference Definition  

Bassotti et al. (2) Half the mean amplitude of pressure waves * sum of their 

duration 

Cortesini et al. Undefined 

Katschinski et al. Sum of contractile activity (mmHg * min) 

Leandro et al. mean amplitude * % duration of activity   

Parks and Connell mean amplitude* % duration of activity   

Trotman and 

Misiewicz 

median maximal amplitude * % duration of activity   

Reference Observed post-prandial response 

Arfwidsson et al. ↑ pressure in both groups 

↑ frequency of ‘strong waves’
1
 in DD* 

Bassotti et al. (1) ↑ contractile activity in controls only* 

Bassotti et al. (2) At transverse and descending colon: ↑ MI in both groups* 

At sigmoid colon: ↑ MI in controls only* 

Cortesini et al. ↑ MI in both groups, greater in DD* 

Katchinski et al. ↑ MI in both groups, greater in controls but effect sustained for longer in 

DD 

 Parks and 

Connell 

 Controls DD 

Sigmoid colon  ↑ 52% ↑153% 

Rectosigmoid ↑32% ↑46% 

Rectum ↑18% ↑100% 

Trotman and 

Misiewicz 

↑ pressure and MI in both groups* 

DD = diverticular disease, *reported as statistically significant, MI = motility index, 
1
Pressure wave > 

30cm 
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Table 5. Newcastle-Ottawa Scale assessment of study quality 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References Selection Comparability Exposure 

Arfwidsson et al.  ♦♦  ♦♦ 

Bassotti et al. (1) ♦♦♦  ♦ 

Bassotti et al. (2) ♦♦♦  ♦ 

Cortesini et al. ♦♦♦ ♦♦ ♦ 

Katschinski et al. ♦ ♦♦ ♦ 

Leandro et al. ♦♦  ♦♦ 

Painter & Truelove ♦♦  ♦♦ 

Parks &Connell ♦♦  ♦♦ 

Shafik et al. 

 

♦♦♦♦ ♦♦ ♦ 

Trotman & Misiewicz ♦♦  ♦ 

 

The highlighted studies scored at or above the cut-off point for a fair study (≥5 out of 9) 
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Figure 1. PRISMA diagram 

 

 

 

Studies included in this systematic 

review n = 10 

 

n =10 

Excluded after reviewing title and 
abstract and removing duplicates  
n = 2209 
 

 

Potentially relevant studies identified and 
screened for retrieval (n = 2232) 
Medline n= 798 

Embase n = 797 

SCOPUS n = 637 
 

 

Studies that met the inclusion criteria 
based on title and abstract 
n = 23 
 

 

Studies excluded after full text review 
 n = 13 
 

 


