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Mechanoreceptors and

chemareceptors

* Enteroendocrine cells
(5-HT, paracrine)

* Mucosal nerve fiibres

Extrinsic
innervation

Interneurons
* Ascending
(ACH, enkephalin)
* Descending
(ACh, 5-HT)

Submucosal
plexus
N ENS sensation SEENY
and regulation of
s luminal conditions 3
Lumen
. L
Mucosa \ L
?x* Myenteric / D k
- plexus Intrinsic primary afferent Motor neurons
neurons {{PANs) * Submucosal secretomotor
* Submucosal IPANs {AChH, VIE NPY)
‘ * Myenteric IPANs » Excitatory (ACh, tachykinins)
Circular muscle Longitudinal muscle (ACh, CGRP. calbindin) * Inhibitory (NO, VIP, purines) |

50 pum
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* fhe enteric nervous system, the paravertebral ganglia of the
autonomic nervous system, and the cerebrospinal axis.

« support of local muscle tone

Source:



¢° MECHANISMS

Slow-transit
canstipation
1s attributad ta a
reduced fregquency or
nbserce of contractions
that noemally induce
propulsive moss
moevements in
tha calan

Rectal smvsruntinm chisoeders
o wre cmsed by the inability
o coordinate 1ho abdansinal
rmiscles, pelvic Noor nuscles and
the anol spfiincter ty evouuote Mool
orwing to stradtural ar funcrieaal
sthe
most corenon evacuotion dizorder and &
Canssnd by fumcrianal dolecys i tha

defects Dyssynargic defecari

CINIABUUIN M - u’. for wxamyile, fqully todlst
hahits, painful defecution 2nd avsfunction
of tho cut-braln axis

Maost patients
with chranic
constipation do not
have evidence of slow
colonic transit or rectal
avacuation diserdars; this
type of constipation is
called functional
carstipation
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SENGEeNei  RED FLAGS - for immediate referral to paediatrician

. i * Symptoms that commence from birth or in the first few weeks
* Distention

Failure or delay (>first 48 hours at term) in passing meconium
* Abnormal ne

Ribbon stools, leg weakness or locomotor delay

e pilonidal dimg Abdominal distension with vomiting

tuft * Abnormal examination findings including:
e abnormal pi g * Abnormal appearance of anus
lower spine * Gross abdominal distension
] ] * Abnormal gluteal muscles, scoliosis, sacral agenesis, discoloured skin,
* perianal skin t naevi or sinus, hairy patch, or central pit

* Lower limb deformity including talipes

* Abnormal lower limb reflexes or neuromuscular signs unexplained by
existing conditions

* Other symptoms that cause concern
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Source:

Basal phase

Pre-expulsive
phase
Up to &0 min

prior to defaecation

|

Pre-expulsive
phase
15 i
prior te defaccation

Expulsive
phaso

End phase

Continence maintained b

¢ Resting toneal theanal sphing e ancd ® |rtact anoeec Lal sensalion

prelvic floor musculature = A0 empty recturn, due, in part, to activity
* Aaorecial angle of the cychic mator patternietarding andion
¥ Anal canal vascular columns requilating rectal filling

Calonic propulsion, rectal filling and distension

* Fropulsive colonic * Rectal filling and dizstension elicit the rectoanal inkibitory
MGTar Patterns move reflex, which enables anal mucosal sampling” to occur
luminal contents distally [hinerimination Setween solid, guid and gaseous content}

Defascatory urge

# Propulsive anlegrace * Progressve rectal distension leads to s conscious
|:-|:|r|:-::-:_|.'|.|1|||_| O FrACTi DTS |||'-ef.'-m|:a-.|l!-e|r_-_.' ||I-:_:||"_. ||"|Il::IIiII_||I stinnilation ¢f||—:-:_:|.-||
increase intrequency amd mechanoreceptars, and sensory recepior: in extrarectal
amplifisde tissnies and the peleic foa

Reversal of the rectoanal pressure gradient, due 1o:
* Reflex relaxation of the [A5 and the pelvic floor musculature . = Dilation of the anal canal

# Voluntary EAS relaxation # Valzalva manocuvre
v A reduction in the anorectsl angle dee to sitting * Accompanying propuliive
OF SqUATTing rectal cantractians

Termination of defaecation and “closing’ reflex; the baszal rectoanal pressure gradient
is re-astablished via:

¥ Contraction of the anal sphincier and * Perineal ascemt
pelvic floor # Chstension of the anal endovascular
* Restoration of anarectal angle cushions

Deferral of defaecation

# |f timing is not suitabde,
defascation can be
valunzarily deferrad via
contaction of the EAS

L] HH‘II:IIHIHIEIE |||-::|li‘|ir3.l
patterms return rectal
pootents Lo the sigmoid
calon

# Codorectal function
returns fo basal phese
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‘gastrocolonic

« reflex’243. More recently, the colonic meal response was

* hypothesized to be a neurohormonal response to gastric

« distension in humans, causing the release of neuropeptides
* Including cholecystokinin, serotonin, neurotensin

« and gastrin244,

Source:
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The colon receives approximately

1,500 ml of liquid enteric content (chyme) per day
 Mean colonic transit fime

* |S~24 h, ranging between ~4 and 50 h

* 'to- and- fro’ moftions.

* regional

* fransit time in the colon is not evenly distributed’74,75
(Supplementary Fig. 1)

Source:
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« The motor patterns responsible for these

« movements might include low- amplitude propagating
« confractions, high- amplitude propagating contractions
« (HAPCs), the cyclic motor pattern and colonic

e pressurizationsé9.

Source:
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« both propagating and non-propagating activity begins to
increase up to 1 h prior to defaecation

« Importantly, these changes are not associated with any
CONSCIOUS awareness or urge. A series of antegrade
propagating contractions sequentially originate at a more
distal location

« distal transit of the capsule from the descending colon o the
sigmoid colon 30-60 min prior to defaecation

Source:
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 The compliance of the rectal wall allows passive distension,
but also adaptive reductions in rectal tone in response to

distension, permitting storage of increasing volumes of content
with minimal alteration in infraluminal pressure

« Rectal distension is defected by mechanoreceptors or rectal
intfraganglionic laminar endings110, which fransmit this

information along $S2-S4 parasympathetic neurons in the pelvic
splanchnic nerves to the spinal cord

Source:
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« Sensory receptors are also present in the extrarectal fissues
and pelvic floor, as the defaecatory urge can still be
perceived in patients following rectal excision with coloanal or
leoanal anastomoses

* rectal contractions are required to generate a conscious
defaecatory urge

« Distension of the rectum beyond a threshold initiates the
rectoanal inhibitory reflex (RAIR) 116, that causes reflex
relaxation of the |AS and contraction of the EAS.

Source:
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 The RAIR is an intframural reflex mediated by the myenteric
plexus and is characteristically absent in Hirschsprung disease,
IN which the affected segment of rectum and/or colon lacks
myenteric ganglia

« preservation of the RAIR in patients following spinal cord injury
or following extrinsic denervation of the rectum

Source:
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« |luminal content to be ‘sampled’ by the mucosa of the anal
canal

« Sampling of content allows sensory discrimination between
solid, liquid and/or gas

« The sensory information gathered from anal canal sampling is
relayed to the lumbosacral defaecation centre in the spinadl
cord via parasympathetic neurons within the pelvic splanchnic
nerves (S2-S4)

« A spinal cord reflex arc can mediate contraction of the EASS6,
while sensory information is additionally relayed to the
brainstem and cerebral cortex via the spinothalamic fracts

Source:
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 The conscious perception of rectal distension involves multiple
corfical areas

« Corfical input is critical to both voluntary inhibition or initiation
of defaecation; notably, patients with spinal cord injury who

lack corfical input require stimulation via manual digitation to
INnifiate defaecation

Source:
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Source:

Pubic "
symphysi

Muscles of
mechanical
barrier

Normal
Resting defecation

+ Sensory perception of stool
+ Rectal distension

+ Contract diaphragm, abdomen,
and rectal muscles

* Relax EAS (decreased
sphincter pressure)

* Relax puborectalis muscle

IAS

+ Low resting and/or low squeeze
sphincter pressures (weak IAS
and EAS)

* Weakness of puborectalis

* Neuropathy

+ Altered rectal or anal sensation
+ Diarrheal conditions

+ Diminished rectal capacity

Dyssynergic
Incontinence defecation

* Prolonged colonic transit time

+ Discoordination of abdominal,
rectoanal, and pelvic floor
muscles

+ Rectal hyposensitivity

+ Paradoxical increase in sphincter
pressure

+ < 20% relaxation of resting anal
sphincter pressure

+ Inadequate abdomino-rectal
propulsive forces




Factors affecting defecation process

Voluntary suppression or stool withholding
— qassociated with painful or unpleasant defaecation
— can result in faecal retention, constipation and overflow incontinence

Stress, psychologic disorders, abuse

— alterations in autonomic function, gastrointestinal motility, visceral afferent
signalling
— Symptoms can be compounded by hypervigilance, somatization and
maladapftive illness behaviours
Posture
— Squatting increases hip flexion and posterior pelvic tilt, facilitating straightening
of the anorectal angle

Colonic transit, stool volume and consistency

Source:
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« whole- gut tfransit time was most strongly correlated with stool
consistency, followed by stool volume

« Colonic transit and stool consistency are interrelated with
colonic microbiota composition, diversity and metabolism

e colonic

* microbiota profile has a 94% accuracy for discriminating
« between healthy adults and patients with constipation

« (25 women in each group)228

Source:



Hirschsprung disease risk assessment

\

a
B
( Female | Trisomy21 Y (Infant whose Parent with flnfam boy g RET coding mutation
No family history of 50-100x brother has Hirschsprung | = whose sister has ZFHX1B
Hirschsprung disease | T risk | | Hirschsprung disease total colonic EDNRB
&N_D idemlﬁedvgeneﬁc risk j:{:_':‘ czllos;:s?e w0 Hl‘mhspmng SOX10
" T DCHR7 ST disease PHOX28
Male | RMRP L1CAM x 1,500x T risk >1,000x
ax Trisk || 25x Trisk | | BBS J | increased risk

Genetic assessment

Low risk Syndromic Hirschsprung High risk
disease variants
b
/ N £ N », W o Y X ." . N\ )
L Healthy ] Constipation Growth ‘Severe’ Delayed Bloody diarrhoea Unexplained necnatal
‘ starting at  failure | constipation | | passage of plus abdominal » Bowel perforation
_ zlyearold | starting at meconium | |_distension » Obstruction {distal)
>48h * Marked abdominal

Very low risk

>6 months

Nat Rev Gastroenterol Hepatol 15, 152—-167 (2018).

Clinical risk assessment

distension

* Bilious vomiting

l

High risk



Algorithms from

ESPGHAN / NASPGHAN guidelines
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JPGN 58(2):p 258-274, February 2014.

WOy ey




Role of labs - celiac

The Journal of Pediatrics

’ &N
A Violume 227, Cecember 2020, Pages 77-60

Celiac Disease in Children with Functional

Constipation: A School-Based Multicity Study

Amanda C T MR ' 2 =. Carlos Velasco-Beniter MD 2 %, Mique! Saps MD !

Journal of Pediatrics, Volume 227, 2020, Pages 77-80

1809 schoolchildren in Colombia
Rome questionnaire

203 with functional constipation
and 419 conftrols screened for
celiac disease

1 (0.5%) in constipation group
and 3 (0.7%) in control group
diagnose with celiac disease



Physiology of defecation

« dependent on the coordination of neural, muscular, hormonal
and cognitive systems.

« factors influence including gastrointestinal transit, stool
volume and/or consistency, and dietary intake

* Infrinsic neural innervation from the enteric nervous system

« exirinsic innervation (sympathetic and parasympathetic) from
the lumbar nerves, and extrinsic innervation from the vagus
nerve (proximal colon) and pelvic splanchnic nerves

Source:
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— Second-order sensory neuron

~ Pathways to external
anal sphincter

— Autonomic pathways
to colorectum

— Primary sensory neuron
— Voluntary control from cortex

*— Enteric
neuron

—# Afferent
neuron
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Understanding the physiology of human defaecation and disorders of continence and evacuation



* A spinal cord reflex arc can mediate contraction of the EAS
e sensory information is additionally relayed to cortex

* Cortical input is critical to both voluntary inhibition or initiation of
defaecation

 patients with spinal cord injury who lack cortical input require stimulation
via manual digitation to initiate defaecation



Sigmoid colon - - - -

Rectum - - -

Internal anal sphincter (IAS)- - - - £ -

External anal sphincter (EAS) - - - -

https://abdominalkey.com/anorectum-2/

Sympathetic

Parasympathetic

Pudendal nerve

S2-54

S3-S4
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Figure 1: The enteric nervous system.

* Distension of the rectum beyonda
threshold initiates the rectoanal NPT e -

. . . l ““r‘nu’\(":'! "/;;4’*"‘:: | ' \ ' 'Q E 4
inhibitory reflex (RAIR) Ciculr NS T AN \{
muscle e e | r . ' [ o 0 Q
Mucosa J—t’ = ;ﬂn/ 0% ’ ,
* intramural reflex mediated by the S }?‘Z "

myenteric plexus and is O plerss Oral IPAN networks A
characteristically absent in © Ascending intereurons  © IPANs,sensory neurons
Hirschsprung disease el

® Descending interneuron

e preservation of the RAIR in patients
following spinal cord injury



internal anal sphincter (IAS)

* Smooth muscle
* Not under voluntary control

* Relaxes via release of nitric oxide

internal levator ani
X ,_ hol:'orrho!d " muscle
* Resting tone is responsible for the L N ‘.;amCt T —
. . o -~ . scle
majority (70-85%) of anal canal T 'i ¥ T
resting pressure -, :
dentate line §§
= anoderm | ag.
| 2
..‘:.:‘::."..:,'H)

plexus

Practical approach to linear endoscopic ultrasound examination



external anal sphincter (IAS)

e skeletal muscle

* under spinal and cortical control

* Generates maximal squeeze pressure

and the acute voluntary control of RN o
. . iy, . . : borectalis
continence | o | "l

levator ani
muscle

* Some of control also supported by
musculature of pelvic floor

1apuyds
jRuR [RUINIXS

Practical approach to linear endoscopic ultrasound examination



Supraspinal @ Coeliac ganglia
defaecation @ Superior mesenteric ganglia
@ Inferior mesenteric ganglia
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Gastrocolic reflex

* Frequency of propulsive HAPCs
increases after a meal

» Gastro + Colic

. e “

—-——

\ : J

Reflex ¢ { i
= |

https://nalmclinic.com/



Recto-anal inhibitory reflex (RAIR)

Internal
hemorrhoidal N\
plexus
Internal anal »
sphincter prenesns Anorectal
ring
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Fiber

« must resist fermentation fo remain relatively intact throughout
the length of the large bowel

« must significantly increase the percent water content of stool

« liguid stool is =90% water content; soft stool is =77% water;
formed stool is =75% water, and hard stool is <72% water

« this 18-percentage point difference in water content
represents a 240-fold increase in stool viscosity

J Acad Nutr Diet. 2017 Feb;117(2):251-264.



Fiber

« effective fiber therapy will keep stools soft/formed, and
significantly increase stool bulk

« |neffective fiber might add to the dry mass of stool, which
would decrease the percentage of stool water content and
result in harder stools

Source:



Other Definitions

* “difficulty with defecation for at least 2 weeks, which causes significant
distress to the patient”

* Intractable Constipation: Constipation not responding to optimal
conventional treatment for at least 3 months.

* Fecal Impaction: A hard mass in the lower abdomen ; or a dilated rectum
filled with a large amount of stool ; or excessive stool on x-ray.

 Infant dyschezia: 10+ minutes of straining and crying before successful
passage of soft stools, in the absence of other health problems

Journal of Pediatric Gastroenterology and Nutrition 58(2):p 258-274, February 2014
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« Dietary fiber

— Soluble and insoluble
 Fluid intfake

« Behavioral therapy

World J Gastroenterol. 2016 Aug 14;22(30):6864-75

Minimize
psychological
, stress \
Cor.rect Parental
toilet .
L attention
training
Prevention
of childhood
constipation
Build a safe Physical
society for activity
children
\ Healthy /
dietary
habits
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