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Abstract

Some patients with chronic constipation may undergo colectomy yielding tissue appropriate to

diagnosis of underlying neuromuscular pathology. The analysis of such tissue has, over the past 40

years, fuelled research that has explored the presence of neuropathy, myopathy and more recently

changes in interstitial cells of Cajal (ICC). In this chapter, the data from these studies have been

critically reviewed in the context of the significant methodological and interpretative issues that

beset the field of gastrointestinal neuromuscular pathology. On this basis, reductions in ICC

appear to a consistent finding but one whose role as a primary cause of slow transit constipation

requires further evaluation. Findings indicative of significant neuropathy or myopathy are variable

and in many studies subject to considerable methodological bias. Methods with practical

diagnostic utility in the individual patient have rarely been employed and require further validation

in respect of normative data.
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Introduction

The fundamental question of whether chronic constipation might be associated with a

histopathologically detectable abnormality of the neuromuscular apparatus of the colon is

not new with early studies of idiopathic megacolon and megarectum [1-3] following those of

Hirschsprung disease [4,5]. The past 100 years have seen the evolution of surgery performed

with the intent of treating chronic constipation with [6, 7] or without [8-10] megacolon. The
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examination of tissue thus derived has paralleled changes in popularity of colectomy as a

surgical approach. Many histological studies thus date from the 1980s and 1990s when

colectomy was most popular [10-14] but have declined in number as surgeons began to

appreciate that, aside from potential for serious complications, long-term functional

outcomes were highly variable [15,16]. The question however remains pertinent as newer

minimally invasive approaches continue to be developed [17-20] with the possibility in the

future that histopathology could guide management.

The interpretation of data on histological abnormalities in chronic constipation raises several

methodological and ontological issues:

1. Are tissues studied from slow transit constipation representative of the ‘average’

patient with idiopathic chronic constipation?

2. Are histological methods used technically valid?

3. Do findings actually deviate from normality (i.e. are there qualitative or

quantitative differences compared to adequately studied controls)?

4. Do findings have a causal relationship with the observed clinical phenotype?

The reader may not be surprised to discover that these issues have only rarely been

addressed by studies of chronic constipation to date. Indeed, the vast majority of studies

described in this review fail on most counts. These points must be addressed to facilitate

understanding of the results of this review.

Patient selection—The data provided are necessarily those from patients undergoing

colectomy. Thus patients with other forms of chronic constipation e.g. evacuation disorder

have rarely been studied. The evolution of colectomy to date has progressed from the early

abdominal surgery era when colectomy was performed for a variety of oft spurious

indications [8], through unselected cases of severe constipation (a mix of megacolon,

pseudo-Hirshsprung's disease, cathartic and normal caliber colons) [10, 21], to the modern

era where the procedure is only performed on a highly selected population of patients with

physiologically defined idiopathic STC [13,22]. Thus it must be appreciated that historical

studies suffer not only from having outdated histologic methodologies but also of having a

case mix that is probably not representative of current chronic constipation patients.

Furthermore, even now, there can be no doubt that patients submitting themselves for

surgery de facto have medically refractory slow transit constipation and may thus not

represent the ‘average’ idiopathic constipation patient. This selection bias must be

appreciated in the interpretation of review data.

Methodological considerations—The delineation of techniques and reporting for the

histopathological evaluation of GI neuropathology has been the subject of recent

international consensus with guidelines published that are applicable to the general

pathologist [23]. Of relevance to the constipation literature, and particularly in relation to the

diagnosis of neuropathy, these guidelines make recommendations on the acquisition,

processing and staining of tissue sections. These are discussed where pertinent to the review

data.
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Delineation of abnormality—The recent publication of the London Classification of

GINMP delivered a comprehensive list of histological phenotypes which, on the basis of

robust diagnostic criteria, can be safely made by pathologists (using technical standards

from the above guidelines)[24] for a spectrum of GINMD. For idiopathic STC, these are:

• Neuropathy

– Hypoganglionosis ± degenerative neuropathy

– Intestinal neuronal dysplasia (IND)-type B

– Lymphocytic ganglionitis

– Abnormal neurochemical coding

• Myopathy

– Amphophilic inclusion bodies

• Abnormal ICC networks

It should be noted that the diagnostic criteria for defining these histological phenotypes were

necessarily highly conservative being based on the ability to diagnose abnormality in the

individual rather than observe group differences (as in many research studies). Indeed, the

technical guidelines [23] while defining the qualitative criteria of several conditions

necessarily deferred a detailed discussion of normal ranges of different cell types that might

allow for more subtle quantitative diagnoses due to the perception that published normative

data were inadequate. This perception has been confirmed by systematic review of published

quantitative data for elements of the human enteric nervous system. The classification also

omitted some findings that have been reported in GINMD (including in chronic

constipation) on the basis that the findings had not been corroborated by 2 research groups.

The results of this review include some histological phenotypes omitted from the London

Classification.

Relationship to disease—The London classification allocated classified

histopathological phenotypes to one of two basic categories reflecting their relationship to

recognised clinical entities. These were: AETIOLOGIC: observed GINMP finding(s) is(are)

diagnostic of a well-characterised disease with established cause and/or natural history and

thus provide strong evidence of a pathogenic mechanism, and MORPHOLOGIC

(ASSOCIATED) CHANGES: observed GINMP findings can be considered definite

morphological abnormalities, i.e. findings are clearly identifiable and are not seen in normal

tissue, but provide only weak evidence of pathogenic mechanism. The findings may or may

not be causally related to observed clinical entities. For STC, all the above listed histological

phenotypes were allocated to the MORPHOLOGIC (ASSOCIATED) category [24]

reflecting consensus that causation could not be implied on current evidence.

Methods & Scope

The review is focused on human pathology as evident using histological techniques but

includes, where supportive, those data from in-vitro functional studies using diseased human

tissues. A systematic review is not possible in this field due to the paucity of quality studies.
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The review has however utilized standard key word and MeSH literature searches (Pubmed

1947 to date inc. MEDLINE & OLDMEDLINE) with these supplemented by an in depth

bibliography compiled by the authors and other experts in the field (from the international

working group). One author was contacted regarding duplication of data. To remain

comprehensive, this review includes all studies in the English Language that document

histological data from patients with chronic constipation regardless of patient numbers. The

review addresses paediatric and adult idiopathic chronic constipation i.e. that without a

defined systemic cause and has excluded studies of patients with secondary constipation

such as Parkinson's disease which has its own distinct literature [25]. It also excludes those

studies in which the patients are primarily those with idiopathic megacolon, megarectum or

Hirschprung disease. The results have been organized in a manner that permits the reader to

clearly identify the quality of study, particularly in terms of fulfilling selection,

methodological and diagnostic criteria outlined above.

Neuropathy

Neuropathy can be defined as the presence of ‘an abnormal number or phenotype of

neurons’. With reference to the GI tract this necessarily implies an abnormality of intrinsic

neurons of the enteric nervous system (ENS). Such enteric neuropathy occurring in the

colon has been suggested as a primary cause of chronic constipation since 1969 [26].

Hypoganglionosis ± degenerative neuropathy (London Classification 1.2.1 and 1.4)

Patient selection—The majority of data in this area relate to idiopathic slow transit

constipation although earlier studies include less selected groups of patients including those

who may have suffered neuronal damage from now outdated neurotoxic laxatives [27].

Methodological considerations—A reduction in number of neurons with or without

degenerative forms should now only be made on the basis of a combination of H&E staining

and immunohistochemistry using well established antibodies to several neuronally

associated antigens [23,24]. Few studies meet these criteria with many historical studies

relying on impractical or capricious methods. Silver staining requires specific mention in

this respect because the received wisdom that a primary neuropathy is the cause of chronic

constipation has largely been based on studies using this technique. Neurons contain several

types of filamentous proteins serving as cytoskeleton or as part of the intracellular transport

system of the cell. One method to histologically study the neurofibrillar system uses silver

impregnation, which was pioneered by Golgi and further developed by Bodian and others

[28-30]. It was introduced into the neuropathology of the GI tract in 1967 by Smith [31].

From the early 1980s, several reports were published on neuronal damage of the enteric

nervous system based on Smith's method mainly by Schuffler's group at the Mayo Clinic

[32-37] but also from some other centres [38]. 50 µm thick frozen tangential / horizontal

sections, prepared with a ‘sledge’ microtome that is not generally available in most general

pathology laboratories, were stained with silver nitrate revealing two types of neurons:

argyrophilic and argyrophobic. The staining gives good cytomorphology of perikarya, axons

and dendrites but, as with other silver impregnations, it is very susceptible to precipitation of

the silver. Despite its undoubted advantages in terms of qualitative and quantitative analysis
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of neurons, silver staining is a capricious method even in experienced hands that is very

susceptible to artefacts, labour intensive and requires a large tissue sample. Other methods

that require enzyme histochemistry on frozen sections are also no longer recommended

because of the impracticality and expertise required for this approach [23].

Diagnostic criteria—Central to the diagnosis of hypoganglionosis in an individual patient

is the ability of the pathologist faced with appropriately stained sections to determine if the

number of neurons or ganglia fall outside (below) the normal range. Despite 40 papers in the

published literature to date, insufficient data exist regarding the normal density and

distribution of submucosal or myenteric ganglion cells across the age spectrum to diagnose

partial deficiency of neurons except in severe cases in which the majority of ganglion cells

are missing (as seen in the distal transition zone of HSCR resections). Robust normative data

are lacking for either H&E or immunohistochemically-stained sections. Thus comment can

only be made on severe qualitative reductions in neurons or ganglia. Several studies have

however demonstrated more subtle group differences in numbers of neurons or ganglia and

these are reviewed.

In contrast to hypoganglionosis, the diagnosis of degenerative neuropathy can be made in an

individual but requires considerable experience. Abnormal appearances can include

hypertrophy, central chromatolysis, (swollen/ballooning degeneration), hypoxic alterations,

inclusions or coarse granules and occasionally, oxyphilic change. The most seriously

damaged nerve cells may undergo programmed cell death (e.g. apoptosis) and necrosis.

Distinguishing artefactual changes from subtle degenerative features requires experience,

and a definitive diagnosis should not be made unless unequivocal degenerative features are

present. Enteric ganglionitis (below) is a common accompaniment.

Studies using H&E and immunohistochemistry (IHC)—In colonic tissue from

patients with STC, routine light microscopy using only H&E staining has failed to identify a

persistent abnormality other than melanosis coli [10,21,39] with only 2 studies finding

variable or non-specific abnormalities in small proportions of those studied [40,41]. Table 1

shows those studies in which both H&E and IHC methods have been used. Pan-neuronal

markers used in studies of the colon in patients with STC include neuron-specific enolase

(NSE), protein gene product 9.5 (PGP 9.5), the satellite cell marker S100 protein and

neurofilament stains. Early reports did not note decreases in numbers of neurons or ganglia.

This is in contrast to some later studies (representing about 50% of the whole) that suggest

that group differences indicative of oligoneuronia ± hypoganglionosis were present. It

should be noted however that the seminal studies in this regard used methods that are not

practical for clinical use. For instance, the two papers by Wedel et al., used microdissected

whole-mounts with morphometric analyses [42, 43] whereas others have used counts per

area based on epifluorescence microscopy [44, 45] or volume reconstructions [46]. In

contrast, using standard methods, Knowles et al., reported that when cases were viewed

individually there were no evident changes in neuronal number or convincing evidence of

degeneration in any of 36 patients with STC [47].

Silver staining and other methods—Several studies have reported morphological

abnormalities of the colonic innervation using silver staining following the description in
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1969 of a single patient with childhood onset constipation and inflammatory and

degenerative neuropathic changes [26]. Several studies of patients with severe idiopathic

constipation without proven STC report argyrophilic degeneration of the myenteric plexus,

with or without associated Schwann cell hyperplasia [37, 55, 56]. Notably, Krishnamurthy et

al. [37] in their widely-cited, semi-blinded and controlled study of 12 patients noted a

reduction in the total number of argyrophilic neurones coupled with morphological

abnormalities. Preston et al. [10] suggested that there was a loss of the argyrophil plexus in

9 / 10 patients with proven STC, with associated Schwann cell hyperplasia. Two subsequent

studies have confirmed Krishnamurthy's findings using silver staining in un-blinded studies

of 12 and 25 colons respectively [57,58]. Oligoneuronal hypoganglionosis has also been

shown using enzyme histochemical techniques on whole mount frozen preparations with

morphometric measurements. Two studies of 7 children [59] and 12 adults [60] with STC

who were already deemed by ‘histopathological diagnosis’ to be hypoganglionic were

confirmed to have reduced numbers of neurons and ganglia.

Intestinal neuronal dysplasia type IIB (IND type IIB) (London classification: 1.3.2)

IND type IIB refers to the diagnosis of submucosal hyperganglionosis and is currently based

on the finding of greater than 8 nerve cells in ≥20% of at least 25 ganglia [61, 62]. It has

only been established with enzyme-histochemically stained (lactate dehydrogenase), 15 µm-

thick frozen sections and no analogous quantitative criteria exist for the recognition of

‘giant’ submucosal ganglia in H&E or immunohistochemically stained paraffin sections.

The diagnosis is most relevant to young children with infantile onset of chronic constipation

where it may represent a developmental delay of ENS maturation limited to the submucosal

plexus [63,64]. The diagnosis should however not be rendered in patients under the age of 1

year because giant ganglia and clinical findings often disappear as infants age. The overall

contribution of this histological finding to pediatric and adult forms of chronic constipation

remains highly contentious.

Lymphocytic ganglionitis (London Classification 1.5.1)

Inflammatory infiltrates in the myenteric plexus have proven significance in a number of

acquired primary and secondary GINMD [65-67]. Gross infiltrates can be diagnosed from

H&E sections but smaller quantitative estimations require IHC. On the basis of

contemporary methods and defined cut-offs [23], significantly increased numbers of

lymphocytes in or around ganglia have only been reported in one controlled study of 28 full

thickness jejunal biopsies from patients of whom only 2 had STC [68].

Abnormal neurochemical coding (London Classification 1.7)

There are no firm current diagnostic criteria based on IHC to define abnormalities of

neurochemically-defined subsets of neurons in individuals with GINMD [23]. Nevertheless,

in relation to the putative effects of an imbalance of neurotransmitters, numerous studies

have used a variety of methods (staining and assay) to demonstrate group alterations in the

expression of one or more neurotransmitters (the majority of which are neuropeptides) or

their enzyme markers in the large intestine of patients with constipation. Studies have been

performed on neurotransmitters thought to be predominantly inhibitory: NO
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[44,45,52,69,70], VIP [51,69,71-74]; NPY [44,71-73]; or excitatory: SP [44,51,71-75], ACh

[44,45]. Table 2 demonstrates the wide inconsistency of results with the most frequently

studied neuropeptides. For example, considering only studies with physiological selection

for STC, decreased [51], increased [74], and unchanged [73] levels of VIP have been

demonstrated by immunoassay, and similarly, decreased [51], increased [69] or unchanged

[44, 71] VIP immunoreactivities have been shown by immunostaining. Further, many of

these findings are limited to changes in numbers of nerve fibers rather than neurons and

thence only in certain colonic regions.

In those studies that focus on neuronal staining, the interpretation of such changes is

challenging without the concurrent use of a pan neuronal marker to determine whether

observed changes represent an absolute reduction in number of a particular neurochemically

defined subset of neurons or plasticity in a stable neuronal population. On this note, the

Flinders group used methods that are well established in their laboratory [76] to detail

significant reductions in cholinergic and increases in nitrinergic neuron subpopulations [45].

Such findings corroborate with in-vitro studies showing release reduced release of

acetylcholine (ACh)[77], and increased release of inhibitory neurotransmitters (NO, ATP)

[78] to electrical field stimulation.

Other histological findings

There are several reports of histological findings with potential biological rationale that are

not considered currently to be valid diagnostically. The first, numbers of nerve fibres in the

muscularis propria, has relevance to some of the studies of neurochemical coding (table 2)

and others using either neuronal associated antigens or silver staining [37]. There are several

reports of significantly decreased [46, 50,81,82]; or increased [49] immunohistochemical

densities of nerve structures (variably described as nerve fibres, enteric neurofilaments and

small axonal fibres) as determined by subjective or automated counting methods. While

these changes may have potential pathophysiological importance [83], aside from the

contradictory nature of findings, there are no current standardized methods or robust

normative data to render diagnostic utility to such measurements.

Schwann cell hyperplasia has been reported by silver staining in some patients with

degenerative neuropathy [10,26]. Now better termed reactive gliosis, excessive focal

accumulation of glial cells around degenerating neurons may be considered as an adjunct to

diagnosis of neuropathy [23]. However, normative data for number of glial cells are sparse

in the literature with only 3 studies of the colon, which used different methods of

immunostaining, counting, and data presentation. Further, counting glia is not easy by H&E

staining alone and other more complex methods are not generally applicable. In relation to

STC, findings vary from those using silver staining (increased) to those showing significant

decreases [54] or increased ratio to neurons [43] using immunostaining.

Practice points

• The diagnosis of enteric neuropathy is subject to methodological issues that negate

the findings of many research studies;
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• Neuropathy based on current diagnostic criteria is probably not a common finding

in chronic constipation;

• Changes in functional subsets of enteric neurons or glia may have biological

relevance but have little current diagnostic utility.

Research agenda

• Studies that utilize agreed contemporary techniques and diagnostic criteria are

required;

• Normative data are lacking and are urgently required to diagnose quantitative

changes.

Myopathy

Several hereditary and systemic disorders are associated with gastrointestinal smooth muscle

abnormalities and constipation. These include familial visceral myopathy, hereditary

visceral myopathy, megacystis microcolon and scleroderma. There is therefore an existing

association of abnormalities in smooth muscle and constipation. This is not surprising, given

that smooth muscle cells are the final effectors of propulsive activity in the gastrointestinal

tract. It is therefore reasonable to assume that abnormalities in the smooth muscle layers of

the gastrointestinal tract could also contribute to chronic idiopathic constipation. This

assumption is also supported by physiological data in-vivo where ambulatory 24 hour

colonic manometry showed features suggestive of a myopathy in 24% of select patients with

STC [84]. It is supported by some in-vitro data from organ bath studies of colonic muscle

strips from patients with constipation [78, 83] but not by others [85]. Despite this, there is

remarkably little known about myopathies in chronic idiopathic constipation and slow transit

constipation at a tissue level.

Methodological issues & diagnostic criteria—Gross developmental alterations in

muscle layering, degenerative and inflammatory changes are usually evident on H&E

staining with supplemental information provided by other tinctorial (e.g. trichrome stain or

van Gieson preparations) or immunohistochemical (e.g. alpha smooth muscle actin)

techniques. Transmission electron microscopy (TEM) represents an adjunctive investigation.

Experience, particularly in relation to distinguishing artifactual changes, is essential. A

major hurdle to research in this area is the lack of a well accepted, sensitive and specific

marker for gastrointestinal smooth muscle cell abnormalities. The most rigorous study to

date is from Wedel et al [86]. They studied Hirschsprung's disease, idiopathic megacolon

and 13 patients with slow transit constipation was well as 12 controls and stained the tissue

for smooth muscle -actin, smooth muscle myosin heavy chain, smoothelin and histone

deactylase-8. Transmission electron microscopy showed smooth muscle abnormalities in all

13 patients. Smooth muscle -actin was abnormal in the longitudinal smooth muscle layer in

2/13, smooth muscle myosin heavy chain in 7/13, smoothelin in 8/13, and histone

deactylase-8 in 7/13. In those labeled as abnormal, there were differences between the

markers in involvement of circular muscle, longitudinal muscle or both. These data suggest

that the most commonly used marker, smooth muscle -actin may lack sufficient sensitivity
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to detect subtle alterations that could be indicative of myopathy and that these might be

better sought by more rigorous immunohistochemical profiling and TEM.

Most histological series report no evidence of the well established degenerative or

inflammatory forms of myopathy in patients with chronic idiopathic constipation with or

without defined STC with only one study showing a minority (4 / 36) patients with

degenerative changes ± fibrosis [47]. Accepting that many phenotypes included within the

London Classification [24] may not have been systematically sought in many studies, the

only finding currently documented in idiopathic STC is that of one of the 3 recognized

forms of myocyte inclusions.

Amphophilic inclusion bodies (London Classification 2.4.2.2)

Intestinal smooth muscle inclusion bodies have been reported in a variety of systemic

conditions and have also been reported in slow transit constipation [47]. In that paper,

inclusion bodies were detected in ascending and sigmoid colonic and ileal specimens from

normal subjects and the frequency of patients with inclusions increased with age. Of 25

patients with idiopathic slow transit constipation studied, inclusions were found more often

than in controls (ascending colon 50% versus 19% in controls and descending colon 43%

versus 20%). Interestingly, similar findings were also found in the ileum, with more

inclusion bodies in the slow transit constipation group. The authors suggested that the

inclusions were a result of denervation but this hypothesis was not directly tested and the

exact makeup of the inclusion bodies has not yet been established.

Other histological findings

Two other reported changes merit some discussion. The first, thickening of the circular

muscle layer has been reported in chronic constipation [49] but is subject to enormous

methodological variability. The second, ‘atrophic desmosis’ - a total or focal lack of the

mesh network of collagen tissue in particular between the circular and longitudinal muscle

layer is rendered by the detailed study of connective tissue of the muscularis propria and

particularly that surrounding the myenteric plexus. The studies require use of a connective

tissue tinctorial stain such as picrosirius red and have thus far been performed on 15µm

cryostat sections. The condition has been described in the colon of children with chronic

constipation with or withour megacolon, the former termed ‘hypoperistalsis syndrome’ [87,

88] and has reasonable biological rationale based on clinical [89] and animal studies [90].

Practice points

• Well established developmental, degenerative and inflammatory myopathic

phenotypes are at best an uncommon finding in colonic tissues from patients with

chronic constipation.

Research agenda

• There are remarkably few data on myopathy in chronic constipation and this should

be an area of future research;

• More sensitive immunolabels require evaluation with normal values and the

physiological correlates of such changes determined.

Knowles and Farrugia Page 9

Best Pract Res Clin Gastroenterol. Author manuscript; available in PMC 2014 September 25.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u

s
c
rip

t



Abnormal Interstitial Cells of Cajal

Interstitial cells of Cajal (ICC) are increasingly recognized as important for the control of

normal gastrointestinal function, including colonic motility. Since the original paper

describing a significant loss of ICC in patients with STC in 2000 [46], there have been many

reports confirming this finding.

Patient selection—In contrast to neuropathy, all studies have been performed on well

characterized patients with physiologically defined STC.

Methodological and diagnostic considerations—A diagnosis of abnormal ICC can

only be made using receptor tyrosine kinase c-Kit (CD117) or Ano1 (DOG1)

immunostaining. Current standard formalin fixation methods, even when coupled with

optimal antigen retrieval techniques, underestimate the number of ICC present in a section,

and the number of ICC visualized varies according to the anti-kit (CD117) antibody used.

For instance, a recent study compared ICC numbers in the human colon when counted using

visible light on formalin fixed and paraffin embedded sections compared to

immunofluorescence on frozen, paraformaldehyde fixed sections [91]. Even with optimal

antigen retrieval, immunohistochemistry on formalin fixed and paraffin embedded sections

detected 42% of ICC detected by immunofluorescence in the circular muscle layer of the

colon, 38% in the longitudinal muscle and 42% in the myenteric plexus region. This is

problematic in a diagnostic sense since these more complex methods investigated in a

research context, e.g. thick cryostat sections examined using fluorescent microscopy or

whole mount preparations examined using confocal microscopy and other antibodies will be

difficult for most to replicate in routine diagnosis. They highlight also that extra care needs

to be taken when using immunohistochemistry on formalin fixed and paraffin embedded

sections, including using the same antigen retrieval process and labeling controls and

diseased sections at the same time. On this basis, current guidelines [23, 24] advise that

given the wide variation in normal values, when considering an individual patient, a

reduction in ICC numbers should only be reported if more than 50%. Qualitative changes in

ICC morphology, whilst not-diagnostic in isolation may accompany ICC loss as may loss of

enteric nerves. Another important variable to account for is age. ICC numbers decreased

markedly with age with an average of a 13% loss per decade of life in adults [92]. Therefore

care must also be taken to find the appropriate control for patients with slow transit

constipation. This can be a significant challenge given that most patients with slow transit

constipation are young and female while most controls come from resections from colon

cancer, usually from an older age group.

Abnormal ICC networks (London Classification 3.1)

Abnormalities in ICC, including mutations in Kit [93, 94], the receptor tyrosine kinase

expressed in ICC, have been reported in chronic constipation for both children and adults.

Although one study [95], perhaps in relation to methodology, did not report reduced ICC,

there is overwhelming evidence for significant reductions in ICC based on group

comparisons with controls (Table 3).
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A review of the studies published to date suggests that loss of ICC is usually not the only

defect seen in slow transit constipation [46,81,82] and that there is frequently a concomitant

loss of enteric nerves. This suggests that there is either a common unknown factor that

targets both cell types or that loss of one cell type influences the survival of the other.

Survival and proliferation of adult ICC is dependent on several factors including Kit, 5HT

(serotonin) signaling through the 5HT2B receptor, Ano1, heme oxygenase 1 and neuronal

nitric oxide synthase [101]. There is fairly rapid turnover of ICC populations in the

gastrointestinal tract with both apoptosis [102] and proliferation of adult ICC seen [103].

Furthermore, stem cells that generate ICC are present in the adult [104]. Loss of any of these

factors would affect ICC numbers. Kit is one of the factors that ICC are particularly

dependent on for survival and enteric nerves express stem cell factor, the ligand for Kit.

However enteric nerve derived stem cell factor does not seem to be required for ICC

survival [105] and other sources of stem cell factor, including smooth muscle cells appear to

be more critical to ICC survival [106]. Conversely, ICC may themselves releases key

messengers that are required for enteric nerve survival. The relationship between loss of ICC

and of enteric nerves deserves further study as it may point towards the original insult as

well as potential therapies.

Relationship to disease—Decreased ICC numbers and abnormal networks have been

described not only in constipation but also in several other motility disorders. Such a

widespread association raises issues. One is whether ICC loss is part of the disease or is

secondary to a subsequent insult such as inflammation or obstruction. Inflammation [107]

and obstruction [108] have both been shown in animal models to be associated with

reversible loss of Kit-positive ICC. Whether this reflects actual death of the cell remains

unclear and probably unlikely. In humans, ICC loss has been well described in conditions

including slow transit constipation where dilatation is not part of the clinical picture. Also in

conditions associated with dilation, such as intestinal pseudo-obstruction, subclasses of ICC

are reported to be selectively affected arguing against a simple dilation effect. However

dilation should be kept in mind when assessing ICC and other cell types especially in cases

associated with marked dilation. ICC are also susceptible to ischaemia and care must be

taken to minimize ischemia when collecting human specimens [101]. This is particularly

relevant with laparoscopic surgery where the blood supply is often cut off a substantial time

before the tissue is extracted. Close coordination with the surgeon is essential, as is use of

appropriate controls. Another issue is whether the ICC defect is in the primary target in slow

transit constipation or is bystander. This issue cannot currently be resolved as to do so we

need a clear understanding of aetiology of slow transit constipation and the ability to obtain

colonic tissue at longitudinal time points. While this is an area requiring more research it is

perhaps of less clinical relevance as a loss of ICC or disrupted networks will lead to colonic

dysfunction irrespective of the exact sequence of events that lead to their loss.

Practice points

• Reduction of ICC is the most consistent histological finding in STC to date.
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• Standardized approaches are required to determine significant ICC loss,

particularly for diagnosis in individual patients as several variables such as age and

fixation method can markedly alter the results.

Research agenda

• Little to nothing is known about ICC numbers in normal transit constipation as

these patients rarely come to surgery – these would provide an interesting

comparison group;

• Determination of electrophysiological correlates between loss of ICC and neuronal

and smooth muscle function in-vitro and in-vivo;

• Mechanistic studies to determine whether ICC loss is predominantly due to

decreased replacement versus increased loss;

• Studies of the triggers for ICC loss (primary or secondary) in relation to enteric

nerves and smooth muscle.

Summary

The available data on histological abnormalities in patients with chronic constipation are

limited in the main to group comparisons with controls using research techniques. These

data give consistent evidence for an association of STC with reduced numbers of ICC. In

contrast, the evidence for neuropathy is variable using contemporary techniques and that for

myopathy un-compelling. The findings of reduced ICC and neuropathy, which may be

interdependent, have good biological rationale in respect of causation although this remains

to be proven. In contrast, due to methodological considerations (especially control data),

there are few (with the possible exception of ICC) if any findings at the current time that

have sufficient practical diagnostic utility to function as biomarkers of chronic constipation

in individual patients [100]. This situation may however change with international efforts to

rationalize techniques and reporting in the field of GINMP and the publication of more

robust normative data. Whether such findings, if determined in a relatively non-invasive

manner, can guide specific medical or surgical intervention remains attractive but

speculative.
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Figure 1.

Colonic sections from patient with STC and control immunostained using antibody to

CD117 (c-kit). There is a significant (>50%) reduction in ICC within the circular muscle in

the patient with STC" Scale bar = 25 µm. Images were collected on the LSM 510 using a

40X Zeiss water immersion objective
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Table 3

Studies of ICC in colonic tissue from patients with slow-transit constipation

Author Year N Methods Findings

He et al.[46] 2000 6 c-kit 3D laser CFM ICC all layers

Lyford et al.[96] 2002 6 c-kit 3D laser CFM ICC all layers

Wedel et al.[97] 2002 11 c-kit + morphometry ICC all layers exc. LM

Yu et al.[53] 2002 14 c-kit ICC all layers

Lee et al.[81] 2005 10 c-kit ICC all layers

Tong et al.[98] 2005 12 c-kit RT-PCR / IHC ICC all layers

Bassotti et al.[54] 2006 26 c-kit IC-MY & IC-SM

Toman et al.[95] 2006 13 c-kit / CD34 No differences

Shafik et al.[99] 2006 28 c-kit absent ICC

Wang et al.[82] 2008 15 c-kit ICC all layers

Van den berg et al.[100] 2009 8P c-kit or focally absent

Key: ICC = interstitial cells of Cajal, P = paediatric, LM = longitudinal muscle, IC-MY = ICC myenteric plexus, IC-SM = submucosal ICC, CFO

confocal microscopy
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