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Preface

The book provides a comprehensive overview of high-resolution and high-definition 
anorectal manometry (HRAM/HDAM), showing the possible benefits of a wider 
use of these techniques in clinical practice, as well as their limitations. Although 
these techniques provide fresh insights into anorectal function and offer a new per-
spective on the pathophysiologic mechanisms of many defecation disturbances, 
there is a need to clarify whether their use has beneficial effects on clinical manage-
ment compared to conventional manometry. There is still a considerable way to go 
to gain the clinical diffusion of esophageal HRM, which has become the gold stan-
dard in studying esophageal motility. Indeed, many gastroenterologists and sur-
geons are convinced that further studies are necessary in order to be able to 
recommend HRAM and HDAM over and above conventional anorectal manometry. 
The first part of the book presents anorectal anatomy and pathophysiology, high-
lighting the indications and limitations of conventional anorectal manometry. The 
second part then focuses on the general concepts of high-resolution manometry and 
the difference between conventional anorectal manometry and HRAM/HDAM, 
including technical aspects and different equipment. The third part explains how to 
perform, analyze, and interpret HRAM and HDAM recordings and describes the 
parameters study protocol, normal values, and how to formulate a particular diagno-
sis. Lastly, the fourth part includes a collection of normal and pathological images 
with a glossary of the most frequently used terms. Written by experts in the field of 
anorectal manometry and defecation disorders, this book is of interest to specialists 
and residents dealing with these conditions.

The editor is grateful to all the authors of the different chapters who with passion, 
intelligence, and patience shared their knowledge and their experience to produce a 
text that could be useful to all those who want to approach this new technology or 
improve their own knowledge.

Pisa, Italy� Massimo Bellini  
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1Anorectal Functional Anatomy

Filippo Pucciani

Knowledge of anorectal functional anatomy is the preliminary conceptual acquisi-
tion for understanding both the pathophysiology of defecation disorders and the 
instrumental data provided by anorectal manometry.

In order to give an orderly presentation of the topic and to facilitate the acquisi-
tion of anatomical notions, the topic will be divided into functional anatomy of the 
anal canal, functional anatomy of the rectum and, finally, functional anatomy of the 
pelvic floor. The anatomical description of bones, nerves, arteries, veins, and lym-
phatics will be omitted because they are not specifically related to functional evacu-
ative anatomy: they will be described when linked to specific functional activities of 
visceral structures.

1.1	 �Functional Anatomy of the Anal Canal

The anal region is separated into the anal canal, the perianal region, and the skin. 
The anal canal is the terminal segment of the alimentary tract, and lies entirely 
below the level of the pelvic floor in the region termed the perineum. The anal canal 
is classically proposed as the anatomical anal canal or the surgical anal canal 
(Fig. 1.1). The first, the anatomical anal canal, is confined between the anal verge 
and the dentate line. Its mucous layer is covered by a layered non-keratinized squa-
mous epithelium which presents a smooth appearance. There is profuse innervation 
with a variety of specialized sensory nerve endings: Meissner’s corpuscles which 
record touch sensation, Krause end-bulbs which respond to thermal stimuli, Golgi-
Mazzoni bodies and Pacinian corpuscles which respond to changes in tension and 
pressure, and genital corpuscles which respond to friction [2]. In addition, there are 
large diameter free nerve endings sensitive to pain within the epithelium [2]. The 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32419-3_1&domain=pdf
mailto:filippo.pucciani@unifi.it


2

anatomical anal canal is about 2.5–3 cm long. The surgical anal canal is longer, 
about 4–4.5 cm, placed between the anal verge and the apexes of Morgagni rectal 
columns: it corresponds to the functional length of the high resting pressure zone 
that is present in the anal canal and it represents the surface entity to be considered 
for sphincter-saving operations. The epithelium above the dentate line is similar to 
the glandular epithelial lining of the rectal mucosa and is made up of columnar cells, 
crypts, and goblet cells. It is relatively insensitive to pain and no specific sensory 
receptors have been detected through histological examination of the rectum in 
humans [2, 3].

The submucosal layer of anal canal contains hemorrhoidal tissue that is arranged 
on the whole circumference (360°) of the anal wall but is also assembled in three 
cushions respectively in the left lateral position (at 3.00), the right anterior position 
(at 7.00), and the right posterior position (at 11.00). This spatial arrangement helps 
to seal the lumen of the anal canal and determines approximately 5–10% of anal 
resting pressure (ARP). The hemorrhoidal tissue is fixed to the internal anal sphinc-
ter by means of fibromuscular fibers (Treitz’s muscle): destructive changes in this 
supporting connective tissue within the anal hemorrhoidal cushions is the para-
mount condition of hemorrhoidal prolapse.

Where the rectum passes through the pelvic diaphragm, the puborectalis portion 
of the levator ani muscles fuses with the longitudinal muscle coat of the rectum and, 
together with the deepest portion of the external sphincter, forms a prominent fibro-
muscular ring that is called the anorectal ring [4]. The anal canal passes downwards 
and backwards from its beginning at the anorectal ring, forming almost a right angle 
(anorectal angle: ARA, approximately 90°) with the termination of the rectum.

Internal
hemorrhoidal

plexus

Internal anal
sphincter

Column of
morgagni

Anal crypt

Anal gland

Dentate line

External anal
sphincter

External
hemorrhoidal

plexus
Anal
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embryological
anal canal
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Fig. 1.1  Rectum and anal canal. From Zutshi [1]
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The surgical anal canal wall is formed by mucosa, submucosa, and muscular 
structures including the internal anal sphincter (IAS), the external anal sphincter 
(EAS), the joined longitudinal muscle, and the puborectalis portion of the levator 
ani muscle.

1.1.1	 �Internal Anal Sphincter (IAS)

The IAS is an extension of the inner circular smooth muscle layer of the rectum [3]. 
It is wrapped superiorly by the puborectalis portion of the levator ani muscle, then 
more distally by the superficial external sphincter muscle (an extension of the ano-
coccygeal ligament), and subsequently by the subcutaneous external striated anal 
sphincter muscle. Radiologic studies by means of MRI showed that IAS is approxi-
mately 3 cm in length and continually closed by tonic contraction [5]. An anatomic 
study performed by Uz et al. [6] showed that IAS is composed of flat rings of smooth 
muscle bundles stacked one on top of the other. The average number of ring-like slats 
observed was 26.33 ± 2.93 (range = 20–30) and each was covered by its own fascia. 
The smooth muscle fibers and fascia coalesced at three equidistant points around the 
anal canal to form three columns that extended distally into the lumen. At rest the 
ring-like slats have a spatially organized structure as horizontal leaves inside the 
columns and play an important role in closing the lumen of the anal canal, thus assist-
ing anal continence. During defecation the three columns are pulled peripherally 
toward the fibromuscular band of joined longitudinal muscle, the ring-like slats 
become vertical, opening the lumen and allowing stool to pass distally. The IAS, as 
mentioned above, develops important tone for maintaining high anal pressure (70% 
of ARP) and continence. The mechanism underlying tone generation in the internal 
anal sphincter is controversial. The hypothesis that tone depends upon generation of 
electrical slow waves initiated in intramuscular interstitial cells of Cajal (ICC-IM) by 
activation of Ca2+-activated Cl− channels and voltage-dependent L-type Ca2+ chan-
nels has been recently advanced [7]. The inhibition of IAS contractile activity (recto-
anal inhibitory reflex: RAIR) would be conversely activated by nitric oxide (NO) 
release from non-cholinergic non-adrenergic nerve endings. The IAS also has an 
extrinsic autonomic nerve supply by means of internal anal sphincter nerves that 
emerge from the anterior-inferior edge of the pelvic plexus. They travel within the 
neurovascular bundle along the inner surface of the levator ani muscle, antero-
laterally to the rectum, to penetrate the longitudinal rectal muscle layer just at the 
fusion line with the pubococcygeal muscle at the anorectal junction to form the con-
joint longitudinal muscle. At this point they enter the intersphincteric space to reach 
the IAS [8]. Their identification and precisely described topographical location pro-
vides a basis for nerve-sparing rectal resection procedures and help to prevent post-
operative functional anorectal disorders due to internal anal sphincter nerves lesions. 
Whenever possible, transection of the rectum, during anterior rectal resection with 
total mesorectum excision, should be done proximal to the conjunction of the pubo-
coccygeal and longitudinal rectal muscle just at the lowermost end of the mesorec-
tum. On the contrary, preservation of these nerves in intersphincteric resections is not 
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usually possible as a rule, because the region of their penetration into the anorectal 
muscle tube is just a part of the resected specimen [8].

1.1.2	 �Joined Longitudinal Muscle

The joined longitudinal muscle originates from the fusion of striated muscle fibers 
of puborectalis muscle with smooth muscle fibers of the longitudinal musculature of 
the rectum, lying in the intersphincteric space between internal anal sphincter and 
external anal sphincter and finally ending up melding into fibers that are anchored 
in the perianal subcutaneous tissue [9]. The muscle’s path has suggested that its 
contraction provokes the corrugation of the anus; for this reason, the muscle is also 
named “corrugator ani muscle,” but its function is very likely to act as an aid during 
defecation by everting the anus. It is hypothesized also that the joint longitudinal 
muscle can participate in fecal continence by influencing anal resting pressure but 
its specific role in this function is unknown.

1.1.3	 �External Anal Sphincter (EAS)

The EAS is a cylindrical striated muscle under voluntary control and comprises 
predominantly slow-twitch muscle fibers: it is capable of prolonged contraction but 
with age there is a shift towards more type II (rapid) fibers [10]. The EAS consti-
tutes the inferior outer aspect of the anal sphincter and envelops the intersphincteric 
space. The external sphincter is longer and wider than the internal sphincter, and the 
distal edge of the EAS is normally distal to that of the IAS by at least 1 cm. Between 
these two edges, it is relatively simple to palpate the intersphincteric groove in the 
anal verge. Sex-related differences include a significantly shorter external sphincter 
in women than in men both laterally and anteriorly [11].

The external anal sphincter is conventionally described as consisting of three 
parts: a subcutaneous part, a superficial part, and a deep part [3] that all act together 
synergistically. The subcutaneous part is included in the perianal subcutaneous tis-
sue, in contact with the external hemorrhoidal plexus and it is crossed by joined 
longitudinal muscle fibers. The superficial part, constituting the main portion of the 
muscle, arises from a narrow tendinous band, the anococcygeal raphe, which 
stretches from the tip of the coccyx to the posterior margin of the anus; it forms two 
flattened planes of muscular tissue, which encircle the anus and meet in front to be 
inserted into the central tendinous point of the perineum, joining with the superficial 
transverse perineal muscle, the levator ani, and the bulbocavernosus muscle. The 
deep part is merged with puborectalis muscle behind the rectoanal junction, area 
that by touch is identified as anorectal ring [12]. The EAS has a resting contraction 
that contributes about 20% of anal resting pressure. Its functional activity is related 
to (1) further voluntary muscular recruitment that provides contraction as an emer-
gency continence mechanism, manometrically identified by maximal voluntary 
contraction (MVC) or to (2) a voluntary relaxation that opens the anal canal during 
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defecation, a function detected by means of the manometric straining test during 
attempts to strain to defecate [13]. Shafik hypothesized that the synergistic activity 
of the EAS parts may occur by means of a triple loop system whereby the muscle 
spatial organization allows for sealing off or opening the anal canal [14]. EAS activ-
ity is controlled by somatic nerves, the right and left inferior rectal nerves, each 
derived directly from the corresponding pudendal nerve (S2–S4).

1.1.4	 �Puborectalis Muscle

The puborectalis muscle is the medial part of levator ani muscle, comprised also of 
pubococcygeus muscle and the iliococcygeus muscle. Muscular fibers of the 
puborectalis muscle arise from the periosteum on the posterior surface of the pubic 
bone 1 cm, or more, lateral to the pubic symphysis. These fibers run posteriorly and 
turn medially behind the rectoanal junction to meet and merge with their counter-
parts from the other side. Together these fibers form a sling behind the rectoanal 
junction. The constant tonic contraction in this sling accounts for the sharp recto-
anal angle (ARA: ≈ 90°) but the puborectalis muscle contracts, voluntarily or in 
response to any sudden increase in intra-abdominal pressure, to prevent inconti-
nence. With contraction, the anorectum is displaced anteriorly and the anorectal 
angle changes, becoming more acute. On the contrary, voluntary relaxation of the 
puborectalis sling allows straightening of the rectoanal tube, a mandatory prerequi-
site to defecation. The puborectalis muscle borders and supports the urogenital hia-
tus in which the urethra, vagina, and anorectum lie: contraction of the puborectalis 
leads to narrowing of the urogenital hiatus.

Cadaveric studies showed that the puborectalis muscle is mainly innervated 
(76.5%) by the pudendal nerve branches [15].

There is a particular anatomical continuity between the deep part of the external 
anal sphincter and the puborectalis muscle. Their muscular fibers are practically 
inseparable and one point of discussion is the contribution of the puborectalis mus-
cle to the anal sphincter. MRI studies have clarified that the external sphincter forms 
the lower outer part of the anal sphincter and the puborectalis the upper outer part 
[11, 16]. From a functional point of view, it is not clear whether the contraction/
relaxation activity of the two muscles is always synchronous or not.

1.2	 �Functional Anatomy of the Rectum

The rectosigmoid junction is in front of the sacral promontory. The rectum begins at 
the level of the sacral promontory at a point where the taenia coli fuse to form a 
continuous longitudinal muscle layer. At this point, the rectum is the direct continu-
ation of the sigmoid colon. It descends along the curve of the sacral hollow to the 
level of the levator ani and then turns downwards and posteriorly through the ano-
rectal ring where it becomes continuous with the anal canal. In addition to display-
ing the ventral bend, the rectum possesses a succession of three, smooth, laterally 
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facing curves. The upper and lower curves are directed to the right and the middle 
curve to the left. Each of the three “curves” possesses, on its luminal aspect, a trans-
verse, sickle-shaped fold known as a rectal shelf or “Houston valve”: these three 
folds are produced by the thickened muscle in the rectal wall covered with overlying 
mucosa. According to the arrangement of the Houston valves, the rectum can be 
divided into three parts: the lower third (low rectum), about 5 cm long, from the 
upper edge of the anatomical anal canal to the lower rectal valve, the middle third, 
3–4 cm long from lower rectal valve to the medial rectal valve, and the upper third 
(high rectum), about 4 cm long, from the medial rectal valve to the upper rectal 
valve. The rectum, therefore, is long about 13 cm, from dentate line to upper rectal 
valve. The entire length of the rectum (except perhaps the very distal centimeter) is 
surrounded by a cuff of fat termed perirectal fat, which is generally more abundant 
posteriorly than anteriorly. The parietal peritoneum forms the Douglas hollow with 
the peritoneal fold at 7–8 cm from the anal verge: at the level below, where the 
extra-peritoneal rectum begins, perirectal fat is in turn surrounded by a distinct cir-
cumferential fascial layer called the fascia propria of the rectum. The fascia propria 
enclosing the perirectal fat with the contained lymph nodes is referred to as the 
mesorectum, anatomical structure that must be removed to perform the total meso-
rectal excision (TME) which involves surgical timing during operations for low 
rectal cancer.

The rectum has a tonic parietal adaptation to its content for which it is not pos-
sible to define its absolute volumetric capacity. Different endoluminal volumes trig-
ger different rectal sensations that may be detected by means of anorectal manometry: 
the minimal perception of a fecal bolus (CRST: conscious rectal sensitivity thresh-
old), the constant perception with desire to defecate or call to stool (CS: constant 
sensation), the unbearable distressing defecatory perception (MTV: maximal toler-
ated volume) [17]. Response of the wall to increasing endoluminal volumes is, on 
the contrary, evaluated by means of rectal compliance that is expressed by a curve 
built from the ΔV/ΔP results.

1.3	 �Functional Anatomy of the Pelvic Floor

The term pelvic floor refers to the set of muscles, ligaments, and fascial structures 
that cover the external opening of the pelvis. Therefore, the pelvic floor is made up 
of different components placed between the peritoneum and the perineal skin: from 
top to bottom these are the peritoneum, pelvic viscera, endopelvic fascia, levator ani 
muscles, perineal membrane, and perineal muscles. The pelvic organs are often 
thought of as being supported by the pelvic floor, but are actually a part of it. For 
example, the uterus plays an important role in forming the pelvic floor through their 
connections to side pelvic walls by means of cardinal and uterosacral ligaments.

Schematically, the pelvic floor can be divided into a deep plane (pelvic dia-
phragm and urogenital diaphragm) and a superficial plane (perineum).

F. Pucciani
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1.3.1	 �Levator Ani Muscles

When levator ani muscles (iliococcygeus, pubococcygeus, and puborectalis 
muscles) and their covering fascia (part of endopelvic fascia) are considered 
together, the combined structures are defined as the pelvic diaphragm. The 
median opening of the pelvic diaphragm is defined as the levator ani hiatus and 
is crossed in the anterior/posterior direction by the bladder, uterus, and rectum 
in woman, and by the bladder and rectum in man. The perineal membrane or 
urogenital diaphragm, a dense triangular membrane of connective tissue that 
surrounds the urethra, is placed anteriorly, in a lower layer, between the branches 
of the pelvic diaphragm.

Levator ani muscles are mainly composed of three muscles per side that blend 
together. The iliococcygeus muscle originates from tendinous arch of the levator 
ani and the two sides fuse medially in the anococcygeal raphe. The pubococ-
cygeus muscle (also known as the pubo-visceral muscle) attaches the pelvic 
organs to the pubic bone: it arises from the anterior half of the tendinous arch and 
the periosteum of the posterior surface of the pubic bone at the lower border of 
the pubic symphysis and its fibers are directed posteriorly and are inserted into 
the anococcygeal raphe and coccyx. The puborectalis muscle originates about 
1 cm from the pubic symphysis, in a posterior direction; it surrounds the rectum 
and thus forms a sling behind it. There are also lesser-known levator ani subdivi-
sions that are called pubovaginal, puboanal, and puboperineal muscles. None of 
these levator ani muscles is delimited with respect to each other but forms a 
continuous muscular layer with a medial hole, lying down like a diaphragm from 
one side of the pelvis to the other. It is easy to imagine how the contraction and 
relaxation of these muscles should be synchronous and coordinated.

By restricting the topic only to the function of the posterior pelvic area, relative 
to rectum and anus, the levator ani muscles interact all together in the mechanisms 
of fecal continence and defecation.

Endoanal electromyographic measurements using Multiple Array Probe 
Leiden (MAPLe) [18] showed that it may be possible to register the electromyo-
graphic activity of different muscles of the pelvic floor and their sides, but the 
data refer only to resting state and anal squeezing: evacuation cannot be detected 
because the probe is expelled. The function of puborectalis muscle has been 
described above. Dynamic MRI suggests that, at the evacuative phase of defeca-
tion, relaxation of the puborectalis muscle frees the posterior rectal wall while 
simultaneous contraction of the pubococcygeus muscle pulls the anterior rectal 
wall forward, further increasing the diameter of the rectum and thereby reduc-
ing internal anorectal resistance to the expulsion of feces [19]. Iliococcygeus 
muscle activity is known only in relation to its contraction: studies with dynamic 
MRI have shown that the basic tone of the iliococcygeus gives it a dome shape, 
and that the muscle has a reflex contraction against abdominal strain that ensures 
the anal continence [20].

1  Anorectal Functional Anatomy
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1.3.2	 �Perineum

The perineum is the region containing fat and muscles below the pelvic diaphragm 
extending to the perineal skin. The perineum has topographically a lozenge shape, 
delimited bilaterally by a line that goes from the pubic symphysis to the ischial 
tuberosity and from this to the tip of the coccyx. A transversal line, between ischial 
tuberosities, divides the perineum into two triangles, an anterior, urogenital one 
containing urethra and vagina in woman and only the urethra in men, and a poste-
rior, anal triangle.

The perineum has a superficial and a deep layer. The superficial plane (Fig. 1.2), 
limited by the superficial perineal fascia, contains the perineal body and bilateral 
superficial muscles, some of which are placed around the genital system (bulbos-
pongiosus, ischiocavernosus, and the superficial transverse perinei muscles) and 
others of which are placed around the anal canal (external anal sphincter). All these 
muscles, excluding the ischiocavernosus muscle, are anchored medially to the peri-
neal body, a fibrous tissue structure placed halfway between the anal verge and the 
posterior commissure of the labia majora, on which the rectovaginal septum and the 
levator ani muscle also converge. The deep perineal plane includes the deep trans-
verse perinei and the compressor urethra. Superficial and deep transverse perinei 
muscles, according to their insertions, have active supporting properties for visceral 
canals that pass through perineum and participate in the post-defecation reflex. This 
reflex is the muscular repositioning response after the evacuative slop of the pelvic 
floor and its impairment is probably the first pathophysiologic element of descend-
ing perineum syndrome [21].

Clitoris

Urethra

Vagina

Anus

Sphincter ani
externus

Ischiocavernosus

Bulbocavernosus

Transversus perinei

Levator ani

Gluteus maximus

Fig. 1.2  Perineum: superficial plane. From [1]
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In conclusion, the functional anatomy of the structures that participate in bowel 
movements is complex: the anatomical relationships of these structures explain the 
functional coordination that underlies fecal continence and defecation. Similarly, 
knowledge of the spatial arrangement of the viscera and their interaction with the 
musculofascial structures is crucial for the correct interpretation of lesions relating 
to the static and dynamics pathologic positions of the viscera.
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2Anorectal Functional Anatomy 
and Pathophysiology

Pathophysiology of Continence and Defecation

Gabrio Bassotti

The control of continence in humans is under voluntary control and, in physiologi-
cal conditions, each individual is able to determine whether, how, and when to evac-
uate. Thus, continence and defecation are strictly linked, and their control is 
probably due to evolutionary and socio-cultural adaptations [1, 2]. Continence 
mainly depends on anal sphincter function, whereas defecation also involves colonic 
motility [3]. However, the current understanding of the pathophysiological mecha-
nisms regulating continence and defecation is still incomplete, also due to investiga-
tors’ disagreement on what is “normality” in such instances.

Defecation is the ultimate result of a concatenation of events that start with the 
more proximal ileo-colonic motility by means of a sensation of “call to stool” and 
terminate with the opening of the anal sphincter and the expulsion of stools [4].

Under physiological conditions, there is a close relationship between the forceful 
colonic propulsive activity, the so-called high-amplitude propagated contractions 
(HAPC, the manometric equivalent of the radiologically described mass move-
ments) [5], the call to stool, and defecation (Fig. 2.1). However, the exact role of 
HAPC in the defecatory urge is still debated, and the main role of this forceful activ-
ity seems to shift large quantity of endoluminal contents in an oro-aboral direction 
[6]. This happens through a regional linkage, by means of the overlapping of two 
consecutive HAPC, that spans the entire large bowel [7]. Together with the cyclical 
bursts of contractions (periodic colonic motor activity) mainly present in the sig-
moid colon [8], the propagated activity modulates the delivery of contents into the 
rectum. This is facilitated by the fact that distension of the sigmoid causes contrac-
tion with concomitant relaxation of the recto-sigmoid junction [9]. Of interest, this 
relationship between HAPC and the call to stool is often abnormal in chronically 
constipated patients in whom, compared to controls, a decreased number of HAPC 
(or their absence) is frequently documented [10, 11].
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At rest, there is a state of continuous contraction by the external anal sphincter, 
the puborectalis muscle, and the levator ani; this state helps both to maintain conti-
nence and to support the weight of the pelvic viscera [3]. Concerning defecation, the 
puborectalis muscle probably has the most relevant role, since its traction maintains 
the anorectal angle at approximately 90°, helping in preservation of the continence. 
Of interest, its paradoxical contraction during straining is related to one of the main 
mechanisms of obstructed defecation, the so-called pelvic floor dyssynergia [12].

The first phase of defecation is characterized, as recalled above, by the defeca-
tory urge, and it is preceded by a progressive increase in frequency and amplitude 
of HAPC [11] (Fig. 2.1). It is currently thought that this sensation is primarily origi-
nated in the rectum [3], as demonstrated by the fact that progressive rectal disten-
sion causes a graded sensory response that starts with an awareness of filling [13]. 
Continuing the distension, there is the onset of a constant sensation (often described 
as the desire to pass flatus) progressively replaced by an urge to defecate when the 
maximum tolerable volume is reached [14, 15]. However, the urge sensation may 
also originate extra-rectally, from the stimulation of nerve endings and stretch 
receptors of the pelvic floor muscles (including the puborectalis muscle) and from 
structures adjacent to the rectum [16].

The rectum fills during the predefecatory phase. In normal conditions, the rectal 
ampulla accommodates to increased volumes with a small change in pressure 

T

T

D

D

S

S

AS

0-100
mmHg

2 min

Fig. 2.1  Representative manometric tracing showing an increase in the number of high-amplitude 
propagated contractions, spanning the colon and preceding the anal sphincter opening that leads to 
defecation. Abbreviations: T transverse colon, D descending colon, S sigmoid colon, AS anal 
sphincter
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(adaptive relaxation) [17], allowing it to temporarily store the contents until defeca-
tion is socially convenient. A reduced perception of the call to stool and constipation 
are frequently associated with an impaired perception of rectal distension (rectal 
hyposensitivity) [17]; this can lead to overflow incontinence [14]. On the other 
hand, an increased perception of distension (i.e., rectal hypersensitivity) is found in 
patients with urgency, with or without fecal incontinence [18]. An appropriate 
response to the call to stool, needing intact neurophysiological and biomechanical 
activity, is of a paramount importance for a correct evacuation, and it may be attenu-
ated by the habitual suppression of the defecatory stimulus. This may ultimately 
result in fecal impaction up to the development of a secondary megarectum when 
the stimulus suppression is repeated in the time course [19].

It is still uncertain whether the anal canal contributes to the generation of the 
defecatory urge, since the distension of a balloon in the anal canal elicits a sensation 
of “stool escape” from the anus rather than an urge to defecate [20]. The anal canal 
chiefly provides a tight seal throughout the day, except when the subject decides to 
pass winds or wants to defecate; the major contribution to this sealing is due to the 
internal anal sphincter (IAS) [3, 21], and its intact sensation is essential for the sam-
pling reflex [22].

The sampling reflex and the defecatory urge, in turn, are then determinants of the 
expulsive phase and, if the subject decides that it is socially or otherwise appropri-
ate, a variable amount of rectal and colonic contents are expelled with the additional 
help of voluntary straining and adoption of an appropriate defecatory posture [3]. 
Thus, once defecation is decided, stool expulsion happens by means of increased 
endorectal pressure, relaxation of the pelvic floor, and relaxation of the anal canal. 
Concerning the role of endorectal pressure, the available data are not univocal, and 
it is likely that stool expulsion also needs help from more proximal colorectal con-
tractions, depending on the volume and consistence of the stools [23]. More data are 
available on the important role of an adequate pelvic floor and anal canal relaxation 
as main mechanisms for effective expulsion of feces. In fact, the coupling of pelvic 
floor relaxation with increased intra-abdominal pressures causes the lowering of the 
pelvic floor, which assumes a funnel shape with its tip at the anorectal junction. The 
anorectal angle therefore straightens following the relaxation of the puborectalis 
and the posture (often squatting or semi-squatting) assumed during defecation; the 
concomitant relaxation of the anal canal allows the fecal matter to be expelled 
(Fig. 2.2). The involuntary relaxation of the internal anal sphincter follows the dis-
tention of the rectum; of interest, this relaxation is also proportional to the intra-
rectal pressure [21] (Fig.  2.3). The pathophysiological importance of these 
mechanisms is demonstrated by the fact that inadequate pelvic floor and anal canal 
relaxation are well recognized causes of disordered defecation (pelvic floor dys-
synergia, dyssynergic defecation subtype) [24].

Termination of defecation starts semi-voluntarily with the sense of complete rec-
tal emptying, followed by the contraction of the external anal sphincter and the 
pelvic floor; their contraction allows the closure of the anal canal and re-directs the 
pressure gradient towards the rectum [3]. Finally, the “closing reflex” (a transient 
pressure increase following the passage of stools) of the external sphincter provides 
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time to the internal sphincter to recover its tone [25]. After the individual terminates 
to strain, intra-abdominal pressure decreases and the postural reflex of the pelvic 
floor is reactivated [26], with the increased traction of the puborectalis muscle on 
the anorectal junction that causes to re-establish the basal state of the angle. The 
concomitant elongation of the anal canal also causes the passive distention of the 
anal cushions, thus resulting in the complete closure of the anal canal [3].

The knowledge, although incomplete, of the pathophysiological mechanisms 
underlying continence and defecation has practical implications, and has led to the 
classification of anorectal disorders according to the Rome criteria, now present in 
literature in their fourth version [27] (Table 2.1). In fact, the pathophysiological 
grounds of these disorders may basically be reconducted to the dysfunction, single 
or in association, of the anal sphincter (abnormal pressure or relaxation), of the 
pelvic floor (abnormal dynamics), and of the rectum (abnormal contraction or 
perception).

a

at rest

b

straining

Fig. 2.2  Representative defecographic images showing rectal dynamics at rest (a) and under 
straining (b). Note that in (b) the individual straightens the anorectal angle allowing most of the 
rectal content to be expelled

90 ml70 ml50 ml30 ml10 ml

Fig. 2.3  Representative manometric tracing showing relaxation of the anal sphincter following 
progressive rectal balloon distention. Note that the amount of relaxation is proportional to the 
volume of rectal distention
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3Anorectal Manometry: Does It Improve 
the Pathophysiology Knowledge?

Paola Iovino, Maria Cristina Neri, Antonella Santonicola, 
and Giuseppe Chiarioni

3.1	 �Introduction

Anorectal physiology is very complex ensuring evacuation of bowel contents that is 
highly regulated and requires coordinated function of the colon, rectum, and anus [1].

Dysfunction of anorectum can lead to fecal incontinence that implies the inabil-
ity to completely control defecation and/or symptoms of an evacuation disorder. 
Both of them can have a devastating effect on quality of life, involving in North 
America about 12–19% of the population [2–4].

The underlying etiology and pathophysiology of fecal incontinence and evacua-
tion disorders are multifactorial. Although there are data demonstrating a pivotal 
role of clinical examination alone to treat these patients [5, 6], with the recent 
advances in diagnostic technologies, a symptom-based assessment seems unsatis-
factory to direct therapy [7–9].

COI: Consulting/Speaker Board: Alfa-Sigma, Allergan, Kiowa-Kirin, Malesci, Omeopiacenza, 
Takeda and Membership: Anorectal Committee of the Rome Foundation, International Anorectal 
Physiology Working Group, Conservative Management Committee for Faecal Incontinence of the 
International Consultation on Incontinence.
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As a consequence, the importance of anorectal physiologic testing is increas-
ing more and more [10, 11]. Moreover, there are some studies which outlined 
that testing anorectal function influences clinical decision and even more, these 
tests are able to act as biomarkers predicting the response to treatment 
[12–15].

Ideally, all understood and measurable components that contribute toward 
continence or defecation should be assessed (Table 3.1). Nevertheless, no sin-
gle test is able to fully characterize all components that cause fecal inconti-
nence and/or evacuation disorders. This causes controversies on the usefulness 
of single test; however, when anorectal function assessment is available its 
clinical utility increases if it is performed in a structured and systematic man-
ner [16].

Table 3.1  Clinical utility of diagnostic tests of anorectal physiological function [3]

Function Investigation
Clinical use 
(utility)

Anus
Motor Anorectal manometry (conventional) ++++

Anorectal manometry (high resolution) ++++
Anorectal manometry (3D) +++
Electromyography +++
Pudendal nerve terminal motor latency +

Structure Endoanal ultrasonography ++++
Transperineal ultrasonography +++
Endoanal or pelvic MRI +++
MRI muscle fiber tracking +
Electrostimulation +

Sensory Light-touch stimulation +
Anal evoked potentials ++

Rectum
Sensory Balloon distention ++++

Rectal barostat +++
Rectal motor evoked potentials ++

Motor Distal colonic manometry ++
Rectal barostat +++
Rectal motor evoked potentials +

Anorectal unit
Motor, sensory Anorectal manometry (conventional, high 

resolution, or 3D)
++++

Balloon expulsion ++++
Motor, sensory, and 
structure

Barium defecography ++++
Magnetic resonance defecography +++
Functional lumen imaging probe +

+ Limited clinical utility or of research interest only
++ Emerging technology with limited data of clinical utility
+++ Recognized clinical utility but less commonly performer
++++ Good clinical utility and commonly performer
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Anorectal manometry is the most established and widely available investigative 
tool, because it is able to detect functional diseases of anal sphincter and/or recto-
anal coordination [17–19].

However, it is not a first level diagnostic technique, but it must be used after other 
morphological methods (radiological and/or endoscopic) had already excluded 
lesions of the large intestine and in particular rectum-anus. In clinical practice, in 
subjects with evacuation disorders (fecal incontinence or constipation with difficult 
evacuation) with no alarm signs (red flags) and symptoms refractory to first-line 
therapies such as lifestyle modification and optimization of stool consistency, it is 
justifiable to proceed with anorectal testing [20].

Therefore, in this chapter, the role of anorectal manometry is examined in rela-
tion to factors having effects on anorectal pathophysiology.

3.2	 �Definition

Anorectal manometry is an instrumental investigation able to evaluate the pressure 
of the anal canal and the distal rectum, providing motor and sensory information on 
functional phases of defecation and continence of the anorectal tract and of the pel-
vic floor muscles [17, 18].

It measures the luminal pressure at 6–8 cm above the anal verge and, in particu-
lar, it allows to evaluate:

•	 the high pressure zone (which refers to the length of the anal sphincter 
muscles);

•	 the involuntary function of the anal canal at rest,
•	 the voluntary anal function on squeezing,
•	 the rectoanal reflexes,
•	 the rectal sensitivity and compliance,
•	 the rectoanal coordination during simulated defecation (“push”),
•	 the capacity to expel a balloon [21–24].

3.3	 �Equipment for Conventional Manometry

Conventional anorectal manometry is a water perfusion system able to detect pres-
sure values and stimulators of visceral sensitivity receptors existing in the rectal 
ampoule and in the anal canal.

It consists of four components: a probe, a pressure recording device (amplifier/
recorder, pneumohydraulic pump, pressure transducers), a device for displaying the 
recording (monitor, printer, or chart recorder), and a data storage facility (computer, 
chart recorder) (Fig. 3.1) [17].

The manometric probes are represented by catheters with internal channels and 
perfused lateral openings with continuous flow of bi-distilled water or balloon cath-
eters perfused with water or air (Fig. 3.2).
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A nitrogen tank
B pressure chamber

C capillary tubing
D pressure transducer

E manometric catheter
F amplifier and recorder 
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b

Fig. 3.1  (a) Schematic manometric assembly A nitrogen tank   B pressure chamber  C capillary 
tubing D pressure transducer  E manometric catheter  F amplifier and recorder. (b) Conventional 
anorectal manometric  equipment
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Anorectal manometry can be performed using different types of probes and pres-
sure recording devices. Satisfactory measurements can be obtained also with solid-
state microtransducers [25].

3.4	 �Anorectal Manometry Technique

The patient (who should not be fasting, but must do an evacuation enema a few 
hours before the examination) is placed in left lateral decubitus with overlapping 
thighs and bent at 90° on the trunk; the catheter is introduced into the rectum after 
calibration at the level of the anus.

A run-in period (about 5 min) should be performed to allow the patient relaxing 
and sphincter tone returning to its physiologic baseline [26].

The integrity of anal sphincter function is assessed by measurement of resting 
sphincter pressure, the functional length of the anal canal, and squeeze sphincter 
pressure.

	1.	 Anal resting tone and the functional length of anal canal
During the first phase of anorectal manometry, the extraction of the probe 

manually in 1 cm steps (stationary pull-through technique) or at constant speed 
using an automatic extractor arm (motor pull-through technique) allows to evalu-
ate the functional length of the anal canal and the anal resting tone.

The functional length of anal canal (high pressure zone, HPZ) is defined as a 
region (or length) over which resting pressures are ≥30% higher than rectal 
pressure [27].

Internal
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Dentate line

External anal
sphincter

External
hemorrhoidal

plexus

Anal
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Fig. 3.2  Probe for conventional anorectal manometry
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We can calculate the mean resting anal pressure since it is the average of all 
the pressures detected in the HPZ and, the maximal resting anal pressure, 
defined as the difference between intrarectal pressure and the highest recorded 
anal sphincter pressure at rest, generally recorded 1–2 cm from the anal verge. 
Physiologically the anal resting tone is predominantly due to internal anal 
sphincter (IAS) activity (55–80%, most due to nerve-activity and the remain-
der purely myogenic) [28], expression of an involuntary function, and to a 
lesser extent external anal sphincter (30%) and hemorrhoidal pads (15%). 
Resting sphincter pressure varies according to age, sex, and techniques used. 
Usually, pressures are higher in men and younger subjects, but with consider-
able overlap [18, 29, 30].

According to perfused catheter anorectal manometry, the recorded anal canal is 
often asymmetric. In the proximal anal canal, anterior quadrant pressures are lower 
than the other quadrants at rest while distally, posterior quadrant pressures are 
reduced, and in the mid anal canal radial pressures are generally equal in all quad-
rants [26, 29, 31]. Furthermore, conventional anorectal manometry allows to obtain, 
through a specific software, the two-dimensional reconstruction of the pressure pro-
file of the anal canal (vector volume) with a detailed evaluation of the pressure asym-
metries caused by possible sphincter anatomic pathologies. However, these data are 
today better obtained through three-dimensional sphincter ultrasound [32].

	2.	 Maximal squeeze pressure and maximal squeeze duration
During the second phase of anorectal manometry patients were asked to 

squeeze the anus as hard as possible, avoiding contracting the accessory 
muscles and, in particular, limiting gluteal muscle involvement. Moreover, 
the squeeze should be maintained for 30 s, to obtain a measure of fatigability 
of the external anal sphincter (EAS) [17]; during the squeeze maneuver, the 
maximal voluntary pressure is recorded at each station to detect appropriate 
external sphincter activity.

The maximal squeeze pressure is measured by evaluating the difference 
between the pressure increments during a maximal voluntary contraction and the 
basal resting tone at the same level of the anal canal [8, 17, 27].

The sphincter endurance is the time interval at which the patient is able to 
maintain a squeeze pressure above the resting pressure, in particular greater than 
or equal to 50% of the maximum squeeze recorded pressure [17, 27, 33].

Both of these measurements primarily reflect the strength and fatigability of 
the EAS [11, 19, 33, 34].

	3.	 The integrity of neural reflex pathway is assessed by measurement of anocutane-
ous reflex, cough reflex, and rectoanal inhibitory reflex (RAIR)
	(a)	 Anocutaneous reflex and cough reflex

The anocutaneous reflex is detected by crawling a needle on the perianal 
skin; Valsalva reflex evaluation is obtained by inviting the patient to cough. 
Specifically, cough increases abdominal pressure and, rectal pressure trigger 
a reflex contraction of the external anal sphincter. The integrity of Valsava 
reflex acts to maintain anal continence in urgency. This contraction is 
recorded with an increase in the pressure obtained by the manometer, and 
cough pressure is calculated as the difference between the maximum pres-
sure recorded during cough and the resting pressure at the same level in the 
anal canal. Physiologically, it must be higher than the anal canal.
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	(b)	 Rectoanal inhibitory reflex (RAIR)
Rectoanal inhibitory reflex (RAIR) is measured by recording the resting 

anal pressures during rapid and intermittent inflation of a distal rectal bal-
loon, positioned at the apex of the manometric catheter: the balloon is inflat-
ing with air, (10 or 20 mL aliquots, up to about 50–60 cc or higher volumes 
in some cases with chronic constipation and megarectum); in this way is 
recorded the threshold volume needed to elicit the reflex.

The rapid distention of the rectum leads to a transient increase in rectal 
pressure (due to secondary rectal contraction—the rectoanal contractile 
reflex), followed by a transient increase in anal pressure (due to EAS con-
traction) and finally a prolonged reduction in anal pressure, due to relaxation 
of IAS (the rectoanal inhibitory reflex); this last is thought to allow sampling 
rectal contents by sensory area present in the anal canal, allowing discrimi-
nation between flatus and fecal matter (solid, liquid, and gas); conversely, 
the rectoanal contractile reflex is a compensatory mechanism that allows the 
maintenance of a positive anal pressure during increase of intraabdominal or 
intrarectal pressure (e.g., coughing) which is essential for continence [8, 34].

	4.	 The assessment of rectal sensibility and rectal compliance
Testing rectal sensitivity is generally performed with a balloon distention, 

positioned in the rectum, filled (manually using a hand-held syringe or pump-
assisted) with air or water. It is able to record intraballoon pressure expression of 
rectal pressure and distending volumes by means of incorporating water-perfused 
catheters or microtransducers. During the test, patient is instructed to report the 
first sensation that is the minimum rectal volume perceived by the patient, desire 
to defecate, urgency that is the volume associated with the initial urge to defe-
cate, maximum tolerated volume that is the volume at which the patient experi-
ences discomfort and an intense desire to defecate, and pain. These sensory 
thresholds are recorded (through the distending volume or less frequently the 
pressure) [3, 8, 35].

This assessment allows also to calculate rectal compliance from the derived 
pressure–volume curve: it is defined as the “volume response to an imposed 
pressure,” and represents the change in rectal pressure in response to changes in 
rectal volume (change in volume divided by change in pressure = ΔV/ΔP). In 
response to distention, the rectal wall is able to have an “adaptive relaxation” at 
the beginning due to its viscoelastic properties and this allows accommodation 
of significant increases in volume despite low intraluminal pressures, so that 
continence is guaranteed; continuing distention the rectum becomes more resis-
tant to stretch until the elastic limit is reached and regular contractions start, 
causing an increase of intrarectal pressure [36, 37].

Despite large variation, in literature there is a high degree of reproducibility 
about recording sensory thresholds [38, 39], and many consensus statements and 
technical reviews have attested that this test is useful in the assessment of func-
tional intestinal disorders [16, 18, 34].

Another test to get rectal sensitivity makes use of an electronic barostat. 
Briefly, the barostat maintains a constant pressure on the inside of a bag contain-
ing air by means of feedback. The feedback mechanism consists of a strain gauge 
connected to an injection/aspiration system by means of a relay. Both the strain 
gauge and the injection/aspiration system are independently connected by a 

3  Anorectal Manometry: Does It Improve the Pathophysiology Knowledge?



24

double-lumen polyvinyl tube, one lumen is used for inflation, the other for moni-
toring pressure, to a non-elastic, oversized, polyethylene ultrathin bag and so 
very compliant to avoid any influence on internal pressure. A dial allows the 
selection of the desired pressure level. Pressure and volume within the bag are 
continuously recorded [40–42]. Measurement of rectal compliance and capacity 
using the barostat are more specific than those using balloon, considering that 
this last needs correction because of its intrinsic elasticity. Although barostat is 
less available, it is advisable to consider it in patients with alterations of rectal 
sensation already assessed by balloon distention and/or with a strong suspicion 
of abnormal rectal compliance or capacity [17, 33].

	5.	 The assessment of attempted defecation.
In patients with symptoms of disordered evacuation, the manometric assessment 

of rectoanal coordination during defecatory maneuvers can help in the diagnosis.
During this part of anorectal testing, the patient is asked to strain or bear 

down, as during defecation, while pressures of anus and rectum are detected 
simultaneously; normally an increase in intrarectal pressure is detected, due to 
the Valsava maneuver, associated with a decrease in intraanal pressure, due to 
coordinated relaxation of the EAS; these mechanisms facilitate the process of 
defecation, allowing propulsive forces to drive stool easier through the anal canal 
with learned response under voluntary control [20, 21].

When defecation is impaired during ARM is possible to observe inadequate 
rectal propulsive force and/or inadequate relaxation or paradoxical anal contrac-
tion [20, 43–45].

Specifically, four patterns of pressure changes seen in the rectum and anus 
during attempting defecation have been described [33, 44, 46].

Type 1: increase of rectal propulsive pressure (rise in intraabdominal pressure 
with generation of an adequate pushing force) with paradoxical increase of anal 
pressure as well.

Type 2: inadequate rectal propulsive pressure (no increase in intrarectal pres-
sure) with paradoxical anal contraction.

Type 3: adequate rectal propulsive pressure (increase in intrarectal pressure) 
with absent or incomplete anal relaxation (≤20%) (i.e., no decrease in anal 
sphincter pressure).

Type 4: inadequate rectal propulsive pressure and absent or incomplete anal 
sphincter relaxation (≤20%) (Fig. 3.3) [44, 46].

Unfortunately, some of that abnormal manometric patterns (for example an abnor-
mal reduced rectoanal pressure gradient) during simulated evacuation are found in 
more than 50% of the asymptomatic subjects and, therefore, the diagnosis of func-
tional defecation disorders cannot rely only on anorectal manometry [2, 8, 33, 44].

According to Rome III criteria, diagnosis of functional defecation disorders is 
possible in presence of (1) constipation symptoms, (2) the presence of inade-
quate rectal propulsive force and/or inadequate relaxation or paradoxical anal 
contraction at ARM (or electromyography), and (3) at least another positive test 
among balloon expulsion test or impaired rectal evacuation by imaging [47].

The new Rome IV diagnostic criteria for functional defecation disorders 
(Table 3.2) incorporates also IBS with constipation patients [48]. In addition, the 
diagnosis of dyssynergic defecation has been limited to the finding of paradoxi-
cal anal contraction at either ARM or pelvic floor electromyography.
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3.4.1	 �Balloon Expulsion Test (BET)

This is the simplest procedure for evaluating a patient’s ability to evacuate a stool 
surrogate. It can be performed alone or to implement ARM results. A 16 F Foley 
that acts as water-filled balloon is placed in the rectum and filled up with 50 mL of 
warm water to simulate stool; it is possible to use air in place of water; however, the 
last is better for a more accurate simulation of a fecal bolus. The patient is invited to 
push for the expulsion of the device on a commode chair or in a private toilet. 
Recording the time needed to evacuate the balloon is critical to define normal 
values.

Fig. 3.3  Manometric pattern: attempted defecation (modified by Rao [46]). (a) Normal. (b) Type 
I. (c) Type II. (d) Type III. (e) Type IV

Normala

rectal

anal

balloon
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Fig. 3.3  (continued)
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Fig. 3.3  (continued)

3  Anorectal Manometry: Does It Improve the Pathophysiology Knowledge?



28

Type III

rectal

anal

ballon

d

Fig. 3.3  (continued)
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Most normal subjects can expel a stool surrogate device within 1 min [8, 20, 49], 
but although reported cut-off for normality is variable, the generally accepted limit 
for expulsion is between 1 and 2 min; expulsion times longer than this can suggest 
defecation disorders or dyssynergic defecation (DD) [8, 33, 49, 50].

ARM should be performed in conjunction with a BET. A recent large cohort 
study found BET to have a high level of agreement with both ARM and pelvic floor 
surface electromyography in CC [51].

BET might be performed using the same manometric catheter, at the end of 
ARM.

Type IV

rectal

anal

balloon

e

Fig. 3.3  (continued)
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3.4.2	 �ARM and Pathophysiology

The role of manometric examination allows to recognize multiple mechanisms 
underlying the most frequent anorectal disease (Table 3.3).

In this part of the chapter, we revise several anorectal disorders enhancing the 
multiple pathophysiological mechanisms that can be assessed by ARM.

	1.	 Fecal Incontinence (FI)
FI or involuntary rectal outflow represents the instability to control discharge 

of gas and stools, with involuntary discharge of them, and occurs when multiple 
mechanisms of continence (from visceral sensitivity to sphincter tone, to the 
contractile capacity of striated muscles) are compromised at the same time, 
even in various ways, so patient reports symptoms like increased frequency or 
extreme urgency of evacuation, tenesmus, difficulty in holding the stool in case 
of urgency [56–58].

The manometric examination is very important in these patients:
•	 sphincter hypotonia (low anal resting pressure) that is associated with 

passive fecal incontinence, often due to degeneration or rupture of smooth 
muscle ring (IAS activity is the primary component contributing to anal 
resting tone) [52, 59]. However, ARM may detect very low basal pres-
sures also in continent patients, and in other way incontinent patients 
may present normal resting tone [22, 60]. As a consequence, measure-
ment of resting tone must be considered in combination with other func-
tional tests [34].

•	 symptoms of urge or stress fecal incontinence (urgent need to defecate with 
inability to arrive to the toilet in time) are often associated with low anal 
squeeze pressures and suggest strength and fatigue of EAS due to a sphincter 

Table 3.2  Diagnostic criteria for functional defecation disorders according to Rome IV criteria 
(modified from [48])

1. �The patient must satisfy the diagnostic criteria for functional constipation and or/irritable 
bowel syndrome-predominant constipation.

2. �During repeated attempts to defecate, there must be reduced evacuation characteristics 
coming from two of the following three tests:

 � • Anomalous balloon ejection test
 � • Anomalous model of anorectal evacuation with manometry or EMG of anal surface
 � • Impairment of evacuation through image acquisition
Criteria should be satisfied for the last 3 months with onset of symptoms at least 6 months 
before diagnosis

Sub-categories F3a and F3b apply to patients who satisfy the FDD criteria
F3a diagnostic criteria for inadequate defecatory propulsion
Anomalous energy of contraction evaluated with manometry with or without insufficient 
contraction of the anal sphincter and / or pelvic floor muscles
F3b diagnostic criteria for dyssynergic defecation
Inadequate contraction of the pelvic floor evaluated with EMG of anal surface or manometry 
with adequate propulsive forces during the defecation
These criteria are described in relation to normal values for the technique appropriate for age 
and sex
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Table 3.3  Pathophysiological mechanism causing fecal incontinence

Function Investigation Finding Examples of disorders
Anus
Motor Anorectal 

manometry
Anal hypotonia Passive fecal incontinence due to muscular damage 

(IAS weakness for smooth muscle ring rupture or 
degeneration):
 � • Obstetric injury
 � • Cauda equina
 � • Myelomeningoceles
 � • Multiple sclerosis
 � • Pudendal neuropathies
 � • Demyelination injury
 � • Diabetes
 � • Spinal cord injury
 � • Stroke
 � • Aging
 � • Dementia/disability
 � • Psychosis
 � • �Drugs (laxatives, antidepressants, anticholinergics, 

caffeine, muscle relaxants) [8, 18, 19]
Anal hypertonia Fissures or hemorrhoidal plexuses

Chronic constipation [3]
Anal 
hypocontractility

Urge or stress fecal incontinence due to EAS 
weakness for muscular damage:
 � • Obstetric injury (major causative factor)
 � • Neuropathy
 � • Diabetes
 � • Spinal cord injury
 � • Stroke [8, 18, 19, 52]

Rectum
Sensory Balloon 

distension
Rectal 
hypersensitivity

Urge fecal incontinence
Inflammatory bowel diseases
Actinic proctitis
Rectal neoformation
Surgery of the rectum
IBS-D [39, 42, 53, 54]

Rectal 
hyposensitivity

Fecal impaction (fecal seepage)
Chronic constipation
Defecation disorders
IBS-C
Spinal cord injury [8, 35, 50]

Motor 
sensory 
and 
structure

Rectal 
balloon or 
barostat

Rectal 
hypercompliance

Megarectum (lax-floppy rectum)
Chronic constipation [50]

Rectal 
hypocompliance

Rectal fibrosis (stiff rectum) for chronic ischemia, 
inflammatory bowel disease (IBD), or pelvic irradiation
IBS-D
Urge fecal incontinence [8, 34]

Anorectal unit
Motor Balloon 

expulsion
Prolonged 
expulsion time

Fecal incontinence
Chronic constipation

Anorectal 
manometry

Anorectal 
areflexia

Fecal incontinence
Hirschsprung’s disease
Chronic constipation [8, 52, 55]

Irritable bowel disease predominant diarrhea (IBS-D), Irritable bowel syndrome-predominant con-
stipation (IBS-C)
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damage (with the major causative factor being obstetric injury) or associated 
neuropathy [22, 52, 58]. Moreover, also squeeze duration (endurance) is sig-
nificantly reduced in incontinent patients versus controls [61]; among all mea-
surements of anorectal function, anal squeeze has been shown to have the 
greatest sensitivity and specificity for discriminating patients with fecal 
incontinence from continent subjects [8, 60, 62].

•	 a difference in rectoanal inhibitory reflex compared with controls: the ampli-
tude and duration of this intramural reflex correlate with distending volumes 
and in clinical practice an abnormal reflex may correlate with clinical or sub-
clinical neuropathy. In particular, in patients with urge incontinence is possi-
ble to record an abnormal reflex response, associated with attenuated voluntary 
squeeze pressure, which could indicate a neural damage of the sacral arc (spi-
nal sacral segments or pudendal nerves); these patients may have a lesion of 
the cauda equina or sacral plexus, a pudendal neuropathy or a peripheral neu-
ropathy (e.g., diabetes) [19, 34, 63].

•	 rectal hypersensitivity that can be frequently found in certain patients with 
urge fecal incontinence [8], as well as in patients with diarrhea-predomi-
nant bowel disease (IBS) (the more severe the IBS, the more hypersensitive 
the patient is) [39, 42, 53, 64]. Rectal hypersensitivity can also be associ-
ated with a reduction in the distensibility of the rectum (“stiff” rectum), 
with symptoms like urgency and frequent defecation, for example in rec-
tum with fibrosis (i.e., inflammatory bowel diseases (IBD), chronic isch-
emia, actinic proctitis, rectal neoformation, and in patients undergoing 
resection surgery of the rectum [32, 34, 54]. In this situation the calculated 
compliance is reduced.

•	 impaired evacuation and impaired rectal force during attempted defecation 
(push) in most patients with fecal incontinence, especially those with fecal 
seepage. They might be unable to expel the balloon from rectum in 2 min sug-
gesting the presence of an underlying disorder of defecation, often associated 
with hyposensitivity [34, 65–67].

	2.	 Chronic Constipation (CC)
There are three underlying pathophysiological mechanism of chronic consti-

pation (CC) recognized from transit studies: CC with normal transit (NTC) 
where the subject has symptoms of constipation but colorectal transit time is 
normal, CC with slow-transit constipation (STC) with abnormally slow transit 
throughout the whole colorectum, and CC with outlet obstruction where transit 
is mainly delayed in the distal colorectum.

Using ARM 27–59% of patients with chronic constipation can be classified 
with functional defecation disorders or dyssynergic defecation (DD), which 
refers to the paradoxical contraction or inadequate relaxation of the pelvic floor 
attempted defecation; an overlap of dyssynergic defecation and irritable bowel 
syndrome-predominant constipation (IBS-C) is commonly present [44, 68, 69].

However, the ARM diagnosis of a functional defecation disorder has to be 
supported by the evidence of impaired evacuation by either BET or imaging, 
according to the Rome IV criteria.
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Moreover, a diagnosis of a functional defecation disorder is a predictor of 
successful biofeedback outcome in constipated patients [5, 21, 70].

The manometric examination allows recognizing in CC patients:
•	 Impaired rectal sensation. Threshold for first sensation and desire to defecate 

can be higher in 60% of patients with DD and are associated with an impaired 
rectal sensation, generally an increased rectal compliance, with rectal hypo-
sensitivity, indicative of an excessively lax (floppy) rectum; higher volumes of 
rectal distention are required to elicit perception also in patients with impor-
tant dilatation of the rectum (megarectum) [8, 46, 64, 71]. Rectal hyposensi-
tivity can predict a poor response to treatments such as biofeedback or surgery 
because it indicates a severe clinical phenotype [72]; however, it has been 
described an improvement of symptom [66, 73], especially during treatment 
with neuromodulation [13].

•	 A subgroup of patients with DD can have structural disorders found on evacu-
ation proctography or magnetic resonance imaging [69].

•	 An absent rectoanal inhibitory reflex in adult is more often due to chronic 
constipation with megacolon [33]; however, a failure of reflexive IAS relax-
ation in ARM allows the diagnosis of congenital ganglia of the myenteric 
plexus, Hirschsprung’s disease; most cases of Hirschsprung’s disease are 
detected in childhood, while short segment Hirschsprung’s disease can be 
present in adulthood [32, 52].

•	 Very often more than one abnormality can be found in the same patient and 
abnormal tests are common among healthy subjects without symptoms of 
CC. Thus, no test can stand alone in the evaluation of individual patients.

	3.	 Chronic Proctalgia
Chronic or recurrent pain in the anal canal, rectum, and pelvis can be detected 

in 7–24% of the population and is associated with impaired quality of life and 
high health care costs [74]. After the exclusion of organic causes, ARM allows to 
evaluate the presence of functional anorectal pain disorders or sphincter 
hypertonicity.

Functional anorectal pain disorders include both proctalgia fugax and levator 
ani syndrome (LAS), characterized by recurrent pain localized to the anus or 
lower rectum without evidence of anorectal disease; the first is defined by Rome 
IV criteria [48] as recurrent episodes of midline anal pain, lasting from seconds 
to minutes, <20 min, unrelated to defecation, for at least 3 months, with absence 
of anorectal pain between episodes; in a small group of patients with severe 
proctalgia, there may be a myopathy of the IAS [18, 65]. The second is charac-
terized by recurrent anorectal pain occurring in episodes lasting >20 min, worse 
when sitting than standing; the symptoms may also include a chronic sensation 
of rectal fullness, urge to defecate, and tenderness during traction on the puborec-
talis [18].

Etiology is poorly defined, but a chronic spasm in the striated muscles of 
pelvic floor is often thought to be the pathophysiological mechanism for most of 
them. However, DD has been recently reported to be relevant etiology, even for 
patients without constipation symptoms [74].
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In a large randomized controlled trial biofeedback, electrogalvanic stimula-
tion and massage were compared for the treatment of chronic proctalgia. 
Biofeedback showed a success rate of 85% in patients with evidence of tender-
ness in response to traction on levator ani muscle. This is a physical sign sugges-
tive of striated muscle tension [74].

In patients with chronic proctalgia and a normal structural evaluation, DD 
may play a role beyond constipation; hence, in these patients ARM with BET 
should be employed early to diagnose DD. In fact, impaired pelvic floor muscle 
relaxation and abnormal BET have been shown to be related to anorectal pain 
and have a favorable response to biofeedback therapy [66].

	4.	 Preoperative and postoperative evaluations of patients with anorectal disease
Candidates to ARM are patients with anorectal pathologies (prolapse, fis-

sures, hemorrhoids, tumors) or with RCU in view of recanalization after 
Hartmann’s intervention or to evaluate the feasibility of an ileo-anus-anastomo-
sis. The comparison between the data detected by pre- and post-surgery manom-
etry can provide useful information to interpret the causes of any disturbances or 
problems that have arisen or otherwise remained unchanged.

	5.	 Finally, the role of manometry for Legal Medical Purposes should not be under-
estimated: the possibility of documenting what the intervention performed has 
modified in terms of rectal-anal functionality, might be supporting a negative 
diagnosis of procedure related symptoms.

	6.	 Biofeedback Therapy (BFT)
The anorectal manometry contributes significantly to the recognition of def-

ecation disorders or dyssynergic defecation (DD) and it provides the main indi-
cation for rehabilitation programs through the implementation of a biofeedback 
training for the recovery of anorectal and pelvic floor function [75].

This therapy is an “operant conditioning” technique, in which information 
about a physiological process (recorded by electromyographic sensors or 
manometry) is converted into a specific signal able to teach the patient to control 
a function. This allows to restore a normal pattern of defecation, correcting dys-
synergia or incoordination of abdominal and pelvic floor muscles and anal 
sphincter, to obtain a normal and complete evacuation, and to improve percep-
tion in patients with impaired rectal sensation [20, 46, 55].

Moreover, patients can learn to expel an air filled balloon, and if reduced 
rectal sensation is present, they can learn to recognized weaker sensations of 
rectal filling, through sensory retraining [20]. Rehabilitation therapy may also 
include measures to improve pelvic floor contraction (i.e., Kegel exercises) [66].

BFT has 70–80% of efficacy in randomized controlled trials, more effective 
than diet or pharmacological therapy (polyethylene glycol or diazepam or pla-
cebo) [33, 66, 76–79].

Long-term studies have shown that its beneficial effect is maintained for more 
than 2 years after treatment [66, 80, 81], although important alteration of sensi-
tivity and compliance have an unfavorable prognosis on BFT results.

BFT has been shown efficacy in about 76% of patients with FI [82] and is 
recommended when conservative management failed [83–85]. However, meta-
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analyses suggest that the efficacy of BFT in FI is still controversial [86]. It is 
widely accepted that a reduction in FI episodes/week by ≥50% can be consid-
ered a valid and clinical outcomes measure, and it correlates well with bowel 
symptoms and its severity [85–87].

3.5	 �Contraindications to Arm

Relative contraindications are the presence of bloody fissures and active proctitis of 
different etiology; in these cases the manometric procedure can exacerbate the pain 
and produce an important anorectal bleeding.

Absolute contraindications are represented by recent surgical interventions on 
the anorectal region, poor patient compliance to procedure, and severe anal 
stenosis.

3.6	 �Limitations of ARM

The interpretative difficulties of the results, due to wide variability and overlap of 
manometric measurements in health and disease, the discussed impact on the out-
comes of patients, the high costs of dedicated equipment, strongly limit the use of 
anorectal manometry in clinical practice, as well as its widespread diffusion [3].

Moreover, the anorectal manometry is characterized by a certain intra- and inter-
operator variability, both in the execution of the examination (given the consider-
able heterogeneity of the available instruments) and in the interpretation of the 
results.

The recent use of the new computerized technologies, the elaboration of standard 
execution protocols [17], and the publication of the normality limits of the mano-
metric parametric principles [25, 26, 33, 88–90] have partly reduced intraoperator 
variability, contributing to the standardization of the anorectal manometry both in 
the executive and interpretative aspects.

3.6.1	 �High-Resolution Anorectal Manometry

Recently, an advanced high-resolution anorectal manometry (HRAM) (or high defi-
nition manometry—HDAM) has been introduced, providing a dedicated software 
and specific solid-state probe with sensors able to provide a detailed topographic 
and colorimetric mapping of the anorectal and a more intuitive evaluation of the 
anorectal function without the need for pull-through of the catheter [91, 92].

This new technique would be able to show in detail the various subgroups of 
patients with dyssynergic defecation and detect the defects of the anal sphincter at 
rest and during squeeze in great detail [44, 93].

HRAM is significantly more expensive and is more likely to be found at high-
volume academic centers but allows interpretation of topographical plots of 
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anorectal function. Conventional ARM allows an inexpensive screening test for 
community practitioners often requiring less space and staff support. Because of the 
significant differences in testing equipment available and interoperator differences 
in performance and interpretation of test, there is a large amount of heterogeneity in 
the results of ARM. Furthermore, the high costs of the technology still strongly 
limit its diffusion and therefore its use in clinical practice [33].

Use of HRAM seems to be more intuitive, showing a large amount of data 
into a detailed color topography. HRAM is very clever to stratify patients with 
DD into subgroups, and this could allow to incorporate the multiple parameters 
derived from HRAM into a classification scheme similar to the Chicago classi-
fication that has revolutionized the diagnosis of esophageal motility disorders 
[93, 94].
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4Concept and Development of HRM: 
The Way It Works

Irene Martinucci, Nicola de Bortoli, Santino Marchi, 
and Dario Gambaccini

The study of gastrointestinal motility is essential for the diagnosis of some digestive 
diseases. However, direct evaluation of the effective muscle contraction (for exam-
ple with electromyography) would be impossible. For this reason, today we base the 
study of motility on an indirect method, the manometry. This latter plans to evaluate 
the contraction by recording the pressure offered by the closure of the intestinal 
lumen against a catheter, as a function of time. The recording of the pressure varia-
tions allows therefore to evaluate the propagation of peristalsis or the presence of 
relaxation of the sphincter apparatus. For this reason, systems for the recording of 
intraluminal pressure events have evolved over the years from simple balloons to 
perfused and solid-state catheters. At the same time, display and analysis methods 
have evolved from strip chart recorders to computerized systems. Each advance has 
led to a better understanding of the pathophysiological mechanisms and therefore to 
a more accurate diagnosis of gastrointestinal motor disorders. More generally, 
manometric systems transmit data through catheters containing pressure sensors. 
The pressure sensors capture intraluminal pressure signals and transfer them to a 
receiving device, which records and displays data. Conventional measurements 
involve a set of two-dimensional tracings, the size of the set being determined by the 
number of recording ports or transducers located on the intraluminal probe [1–3]. 
The first manometric systems allowed recording on average of eight pressure sen-
sors. The typical esophageal catheter included 4 radial channels for the evaluation 
of the lower esophageal sphincter and 4 sensors positioned at 5 cm distance from 
each other, to evaluate the peristaltic wave propagation. The typical anorectal 
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catheter, on the other hand, usually included eight pressure channels, but placed at 
0.5 cm from each other, often also in a spiral shape. The low cost of perfused cath-
eters also permitted for customization, such as the Dent sleeve catheter, which 
allowed for a better evaluation of the lower esophageal sphincter. However, these 
catheters admitted only the visualization of a 2D wave pattern, which required an 
adequate and longer training for its interpretation.

The first attempts to change the normal visualization of the manometric record 
were performed on the esophageal manometry [1, 2, 6]. In the 1990s Ray Eugene 
Clouse conceived and realized two significant advances of conventional manomet-
ric techniques: an increase in pressure sensors along the catheter, and the use of 
spatiotemporal plots for data display [4, 5].

At the beginning Clouse and Staiano hypothesized that spatial relationships of 
intraluminal pressure events, detected with manometric catheter, from one esopha-
geal level to another, were not easily understood using a conventional strip chart 
recorder, particularly if the recording pressure sensors are spaced several centime-
ters apart along the esophageal length [1, 4]. They tested this hypothesis by continu-
ing the pull-through maneuver 1 cm at a time till the last recording channels reached 
the upper esophageal sphincter, obtaining at least one wet swallows at each station. 
Then, a computerized topographic plotting system was employed to subsequently 
determine the spatial relationship of waves from each esophageal level. In this way, 
they demonstrated previously unrecognized wave relationships [1]. These results 
supported the idea that individual swallows could be studied with the topographic 
method using probes that have closely spaced recording sites.

The first methods of translating the manometric signal into an image were 
extremely cumbersome and not very intuitive. However, Clouse et al. [1, 2, 4, 6] 
developed a method of topographic analysis enabling to consider and evaluate time, 
spatial relations, and pressure data at the same time. This innovative intuition sup-
ported the hypothesis that more information could be extracted by considering spa-
tial relationships of pressure data with a system able to record esophageal pressure 
from up to 21 sites and using two- and three-dimensional plotting methods. The first 
step in topographic representation was to align the recorded pressure data on a pla-
nar surface, with recording sites disposed on z-axis in accordance with their posi-
tions on the catheter. Time in seconds, after the event marker, is represented on x and 
amplitude of pressure (mmHg) on y. The y values (pressure amplitude) are interpo-
lated using available neighboring data at each grid intersection so it is possible to 
establish the most appropriate value. In this way it is possible to obtain a single 
“overhead” perspective of three-dimensional measurements as weather or geo-
graphic data are commonly displayed. Figure 4.1 shows 9 traces as displayed by 
conventional methods (a) and by the corresponding planar representation (b) [7]. 
The second step was to apply time and pressure contour lines to the tracings with 
isobaric pressure lines (conventionally with intervals of 5-mmHg) (Fig. 4.2a). The 
colors are linked to pressures to form a progressive color profile plot: cooler colors 
for lower pressures and warmer colors for higher pressures. With the contour plots 
it is possible to have an overhead perspective of surface plots, with contour ring 
encompassing the specific amplitudes with a specific color. Concentric rings 
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indicate a regional pressure peak on the plot. In this system it is also possible to shift 
the plot baseline choosing the zero on the point of interest (e.g., in esophageal 
manometry to mark intragastric pressure). Initially, surface plots were more easily 
interpreted because conventional wave forms could be recognized within the 
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Fig. 4.1  In the conventional manometry intraluminal pressures are recorded from widely spaced 
sensors (3- to 5-cm). (a) In this two-dimensional display pressure is on the y-axis, time is on the 
x-axis, and pressure tracings are stacked vertically. (b) Tracings are displayed three-dimensionally: 
pressure remains on the y-axis and time on the x-axis but sensor position is on the z-axis with the 
gastric sensor at the front and the pharynx sensor at the back
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three-dimensional structures. However, once the investigators became familiar with 
viewing and interpreting contour plots, this format proved significant advantages 
over surface plots including: the possibility to measure characteristics of peristalsis 
in specific regions of interest without concern of possible interferences with the 
three-dimensional perspective; the ability to see all the pressure data in their entirety 
and complexity, without losing information that might be obscured from view in the 
three-dimensional surface plots and making easier direct inter-swallow and inter-
subject comparisons [8, 9]. As a result, a topographic analysis system was thus 
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Fig. 4.2  (a) Application of pressure contour lines with isobaric pressure lines (5-mmHg). Colors 
are linked to a specific color profile plot: cooler colors for lower pressures and warmer colors for 
higher pressures. (b) Esophageal manometry: The definitive and commonly used display obtained 
by rotating plot until the direction of eyes is parallel to y-axis. Pressure axis (y) collapses and it is 
replaced by a color contour for a handier two-dimensional surface
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available for studying time and space relationships of pressure data, being helpful in 
displaying the large amount of data and eliminating the burden that would otherwise 
result from the cumbersome data set.

Using such a novel computerized plotting method, the pressure changes are 
viewed from clinically useful and visually attractive three-dimensional graphic dis-
plays rather than as a series of isolated waves [9, 10]. Considerations of both time 
and space relationships of pressure data acquired from intraluminal recording have 
revealed more accurate information regarding the direction of the wave movement, 
and the evaluation of all pressure events occurring over a length of studied organ has 
revealed more information about the neuromuscular mechanisms involved in local 
motility [10]. Moreover, the developed system requires no manipulation or summa-
tion of the pressure data, thus enabling to determine abnormalities identified in iso-
lated time windows that may not be occurring “on the average,” and provides a 
simplified and rapid method of analyzing pressure data from several visual 
perspectives.

Overall, with the advent of high-resolution manometry, the pressure sensors are 
closely spaced, and the overall number of pressure sensors is increased. With these 
modifications, much more information can be acquired, as data are not lost in the 
gaps that are typically present in a conventional catheter, which typically has 4–8 
pressure sensors placed 3–5 cm of each other. Moreover, this novel technology pro-
vides color-countered topographic plots based on amplitude, distance, and time, 
depicting a continuum of dynamic pressure changes along lengths and time; data 
are presented in a simplified manner, in contrast to the use of linear plots of ampli-
tude signals alone in conventional manometry.

Over time, the most intuitive visualization, that is commonly used today during 
manometric examinations, has become more and more established. This kind of 
visualization (Fig. 4.2b) has been obtained by rotating plot so that the operator looks 
down on it from directly above, with the direction of his/her eyes parallel to y-axis. 
In this way the pressure axis (y) breaks down and instead of a three-dimensional 
color contour we obtain a handier two-dimensional surface in which pressure is 
represented by colors. At this point sensor location is on the y-axis, and time is on 
the x-axis [7]. These novel techniques have already proven useful in both research 
and clinical settings, giving greater insight into normal and abnormal motor func-
tion than conventional manometric methods [11].

Although these measurement and analysis methods were first used in the esopha-
gus, they are applicable in other parts of the gastrointestinal tract. High-resolution 
anorectal manometry (HRAM) was introduced in 2008, followed by high-definition 
anorectal manometry (HDAM), to achieve more precise measurements of anorectal 
pressure using densely arranged catheter sensors, and thus, to improve our diagnos-
tic yield for anorectal disorders [12–14]. Indeed, whereas the conventional catheters 
have 4–8 unidirectional sensors, HRAM or HDAM catheters have multiple pressure 
sensors that straddle the entire anal canal and more proximal sensors inside a bal-
loon placed in the rectum. Therefore, HRAM and HDAM catheters provide better 
spatial resolution of the sphincter pressure profile than conventional catheters. 
Station pull-through maneuvers are not required, which minimize movement related 

4  Concept and Development of HRM: The Way It Works



46

artifacts and shorten the procedure duration (Fig. 4.3) [7]. Furthermore, even if a 
contraction can occur with an upward displacement (e.g., during bearing down), the 
spatial resolution of the catheter allows the register also this event, providing more 
information. Also, there is now the theoretical possibility to test patient in the def-
ecatory position, permitting new insights in a more physiological way.

Despite the advantages brought by the high definition, there are still limits of the 
method that will be dealt with in detail in the next chapters in order to rigorously 
evaluate the incremental clinical utility of HRAM or HDAM compared to non-high 
resolution manometry.
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Anorectal Manometry and High 
Resolution/High Definition Anorectal 
Manometry
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Sebastiano Bonventre, and Paolo Usai-Satta

5.1	 �Conventional Anorectal Manometry and Its Limits

During the last 20 years many studies investigated and discussed the usefulness of 
manometry in studying anorectal function and dysfunctions. Conventional anorec-
tal manometry (ARM) measures anal canal pressures in static and dynamic condi-
tions and is traditionally considered a valuable test for the diagnosis and management 
of anorectal disorders.

ARM is the best diagnostic tool able to provide a direct assessment of anal 
sphincter pressure and rectoanal response during squeezing and straining maneu-
vers. Unfortunately, each motility laboratory performs ARM in a different way with 
different manners of reporting results and conclusions.

Perfusion catheters are generally employed because solid-state microtransduc-
ers, which are more reliable, are considered to be too expensive for routine use. 
ARM, together with other functional tests, can provide essential information on the 
anorectal pathophysiology of defecation disturbances such as functional defecation 
disorders and fecal incontinence (FI).

The biggest pitfall of conventional ARM is the lack of uniformity regarding 
equipment and technique: indeed no consensus was definitely reached about the 
optimal method for performing an anorectal manometric assessment using con-
ventional systems [1] and the interpretation of ARM findings can be difficult 
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owing to the wide variability of the “normal values” among different laboratories 
[2]. Moreover, most of the parameters measured by ARM (i.e., anal canal pres-
sure, sensory thresholds, etc.) are influenced not only by sex and age, but also by 
the protocol used.

Indeed normal anal canal pressures largely vary according to sex and age. In 
general, pressures are higher in men and younger subjects, but there is a consider-
able overlap between healthy subjects and patients. In addition, till now, most stud-
ies did not include large numbers of healthy subjects, consequently the age and 
sex-specific normal ranges used by the different motility laboratories are derived 
from the observation of small groups and they probably should be better standard-
ized on larger samples. Due to these reasons some studies suggest that ARM would 
be able to offer only little additional utility over digital rectal examination for 
patients’ management [3]. Moreover, ARM is relatively time consuming and its reli-
ability depends on the operator’s experience. All these problems limit a more wide-
spread perception of its usefulness, and therefore its larger diffusion.

When performing ARM a potential risk of both false positive and false negative 
results should be considered since both patient’s and catheter’s position can affect 
objective measurements, especially in water-perfused ARM, where the probe is 
often repositioned during the different phases of the exam. Moreover pelvic floor 
abnormalities, such as pelvic floor descent and intra-anal intussusception, able to 
affect the results, are not reliably detected by ARM.

Despite these problems, the reproducibility of ARM is reported good. Hallan 
et al. [4] assessed anal sphincter function by digital examination and anal canal 
manometry in 66 patients and controls. They found a good correlation between 
digital basal score and maximum basal pressure (Spearman rank correlation 
coefficient rs = 0.56, p < 0.001). There were wide ranges of sphincter function on 
digital and manometric assessment with considerable overlap between patient 
groups. Another study showed that individual variation of resting pressures mea-
sured on two separate days was ≤12% indicating a good correlation between the 
two evaluations [5].

Quantitative measurements of ARM include resting pressure, automatic func-
tions (e.g., rectoanal inhibitory reflex), and voluntary functions (i.e., squeeze pres-
sure, anal relaxation and rectoanal pressure gradient during simulated defecation). 
Measurements of voluntary functions, requiring active participation by the patient, 
can vary with patient understanding of instructions. A recent study [6] showed that 
maximum squeeze pressure, intrarectal pressure, and rectoanal pressure gradient 
during the push maneuver were all significantly increased when “enhanced” verbal 
feedback was given to the patients, compared to the results from the same individu-
als when only “standard” instructions were provided. Such verbal intervention was 
able to change manometric findings from locally validated as “pathological” to 
“normal” in 14/31 patients (45%) with fecal incontinence and 12/39 (31%) with 
functional defecation disorders (Fig. 5.1). Indeed, an effective explanation of the 
procedures is required during the entire examination.
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5.1.1	 �Sphincter Resting Pressure

Resting pressure is the result of the activity of the internal anal sphincter (IAS) 
and the external anal sphincter (EAS). Anal resting pressure is not uniform over 
the longitudinal extent of the anal canal. Conventional ARM catheters have a lim-
ited number of unidirectional sensors (up to eight) which often do not measure 
pressures over the entire length of the anal canal at the same time; moreover the 
measurement of resting pressure may be influenced by the ultraslow wave cycling 
activity [7].

5.1.2	 �Squeeze Pressure

The squeeze anal pressure measures voluntary contraction of the EAS. The squeeze 
pressure is lower in women than in men and lower in older than in younger people. 
Because ARM cannot assess contractile symmetry, it is not useful for identifying 
contraction of the puborectalis muscle, which only generates forces on the posterior 
side of the anorectal region; thus it is not able to assess if possible pressure changes 
are due to EAS or to a puborectalis muscle injury.

5.1.3	 �Straining Maneuver

During simulated evacuation, patients are asked to expel the manometric probe, 
typically with the balloon empty and less frequently with the balloon inflated with 
low air volumes. The assessment of pressure changes during simulated evacuation 
is limited by the type of recording catheter, the distension of the intrarectal balloon, 
the body position, the possible displacement of the catheter, and the degree of vol-
untary participation, because some people find it embarrassing to defecate in the 
laboratory without the necessary privacy. Finally, about 20% of asymptomatic 
healthy people undergoing ARM have manometric abnormalities characterizing a 
straining disorder [8].

ba

Fig. 5.1  Representative HRAM pressure topography plots of squeeze during standard (a) vs 
enhanced (b) instruction and verbal feedback, demonstrating increased pressure and prolongation 
of squeeze duration (black arrow) (reproduced from Heinrich et al. [6])
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5.1.4	 �Rectoanal Inhibitory Reflex (RAIR)

Rapid rectal distension by inflating the intrarectal balloon elicits an intrinsic reflex, 
mediated by the myenteric plexus, that relaxes the IAS. The absence of the intrinsic 
reflex during the rapid rectal distension is typical of the Hirschsprung disease so 
ARM proved to be a reliable and minimally invasive technique for the diagnosis of 
this disturbance.

In patients with acquired megarectum, RAIR may be absent because the rectal 
balloon does not adequately distend the rectum: in this case higher inflation vol-
umes are able to elicit RAIR and therefore should be used in order to distinguish 
acquired megarectum from Hirschsprung disease.

ARM can also have a role to evaluate the persistance of sympotoms after surgery 
of Hirschsprung disease, although often it does not give enough information for 
understanding the cause of a possible persistence of obstructive symptoms [9].

5.1.5	 �Rectal Compliance and Sensation

Assessing rectal sensation involves the measurement of the volume able to evoke 
the so-called “first sensation” and subsequently urgency and maximum tolerable 
volume. The rectal balloons supplied with ARM catheters are usually relatively stiff 
and moreover their stiffness can vary over time in case of multiuse catheters which 
are cleaned and reused. For these reasons, rectal compliance and pressure thresh-
olds for rectal sensation sometimes cannot be reliably measured with 
ARM. Particularly rectal compliance can be reliably assessed only using the baro-
stat which is provided with a long infinitely compliant polyethylene bag [10].

5.1.5.1	 �Conventional ARM Versus High Resolution Anorectal 
Manometry

The introduction of 2D high resolution anorectal manometry (HRAM) system, 
acquiring measurements from at least ten closely spaced pressure sensors across the 
anal sphincter, removes the need for a pull-through procedure and provides visual 
feedback to the operator allowing maintenance of a stable catheter position. Both 
HRAM and 3D high resolution anorectal manometry (HDAM) offer a standardized 
technique during the examination, evaluating the same parameters for every patient. 
Unfortunately, we are still far from having a “Chicago classification” for HRAM/
HDAM, due to the lack of reliable normal values able to give a real homogeneity to 
the anorectal manometric reports and making them easily comparable.

Jones et al. [11] reported that HRAM values are highly correlated with water-
perfused manometry measurements. In 29 patients resting, squeeze, and relaxation 
pressures were simultaneously recorded showing the two methods were signifi-
cantly correlated although anal sphincter pressures recorded by HRAM tended to be 
higher than those recorded with conventional water-perfused ARM. Furthermore, 
HRAM provided greater resolution of the intraluminal pressure.
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Ambartsumyan et al. studied 30 children with constipation showing that HDAM, 
compared to ARM, allowed to distinguish the individual contribution of each com-
ponent of the intra-anal pressure [12]. In addition to these findings, HDAM could 
have the ability to better detect the normal asymmetry of pressures within the anal 
canal, with higher pressures in the posterior proximal and anterior distal regions of 
the sphincter.

A more recent study [13] performed in 14 patients showed that the ARM and 
HRAM were similar in misuring resting and squeezing pressures. It confeme that 
the measurement time for HRAM was significantly shorter than the one for conven-
tional water-perfused ARM.  Furthermore, some evidence support the hypothesis 
that pelvic floor abnormalities, not previously identified by conventional ARM, can 
be detected using HRAM.

5.1.5.2	 �HDAM Versus HRAM
HDAM utilizes a rigid probe made by 256 pressures sensors arranged in a 16 × 16 
grid (i.e., 16 rows spaced 4 mm apart, each containing 16 circumferentially oriented 
sensors 2.1 mm apart) with an active area of measurement of 6.4 cm. This technol-
ogy defines the anatomical anal morphology more precisely than HRAM. Manometric 
data undergo linear interpolation through dedicated software which displays 2D or 
3D cylindrical topographical models of the anal canal which can be rotated and 
viewed from all sides.

Raja et al. [14] studied 231 consecutive patients to investigate the diagnostic util-
ity of HDAM compared to HRAM. HDAM and HRAM studies performed from 
April 2012 to October 2013 were identified and re-interpreted by two blinded inves-
tigators. Disagreements were resolved by a third investigator. Puborectalis muscle 
(PR) visualization, focal defects of anal canal, and dyssynergy were reported. With 
HDAM, PR function was visualized in 81% (at rest), 97% (during squeeze), and 
73% (during strain). PR was visualized less often at rest in FI than in constipated 
patients (68 vs. 85%, p = 0.007). Focal defects were identified twice as often in FI 
than in constipated patients (19 vs. 10%, p  =  0.113). Twenty-nine defects (86% 
anterior) were visualized on HDAM. Inter-reader agreement between HRAM and 
HDAM was moderate for PR function (κ  =  0.471), but fair for focal defects 
(κ = 0.304). (Figs. 5.2 and 5.3). This study suggests that HDAM provides additional 
information about structure and function of the anorectum undetectable through 
HRAM analysis alone.

5.2	 �Clinical Meaning of HRAM/HDAM

Up to now, the principal indications of HRAM and HDAM are the same of conven-
tional ARM: e.g., the diagnostic workup of FI, chronic constipation, and 
Hirschsprung disease. They may be also used to improve the results of the pelvic 
rehabilitation training, assessing patients before the therapy, and/or objectively 
evaluating them when the rehabilitation course is completed.

5  Differences Between Conventional Anorectal Manometry and High…
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Fig. 5.2  HDAM images. Normal (a) and absent puborectalis tone (b) at rest. Normal squeeze (c) 
and focal defect at squeeze (d). Normal bear down (e) and paradoxical contraction (f) on bear 
down (reproduced from Raja et al. [14])
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5.2.1	 �Fecal Incontinence

FI is defined as the recurrent uncontrolled passage of fecal material for at least 
3 months and is reported to affect 5–10% of the general population, affecting the 
quality of life and often leading to surgery [15, 16].

There is general agreement that the anal sphincter mechanism is the most impor-
tant barrier against leakage of rectal contents [17].

Recent studies showed that anal resting and squeeze pressures measured with 
ARM and HDAM were lower in incontinent patients than in healthy persons.

Mion et al. conducted a prospective multicenter study in three groups of subjects: 
healthy asymptomatic controls, patients with FI, and patients with chronic constipa-
tion (CC) to evaluate how HDAM could differentiate patients with FI or CC from 
asymptomatic subjects. To distinguish FI from asymptomatic women, the two most 
important discriminant variables were: squeeze pressure (AUC of ROC: 0.786) and 
maximal squeeze pressure (AUC of ROC: 0.777) [18]. Push maneuver results were 
similar in the three groups, except for the nadir anal pressure that was significantly 
lower in FI women. Rectal constant defecatory sensation and maximum tolerable 
volumes were significantly lower in the FI women, compared to asymptomatic and 
CC women.

HDAM analysis of 24 asymptomatic healthy subjects and 24 patients with FI 
symptoms was performed; the authors developed and evaluated a robust prediction 
model to distinguish patients with FI from controls using linear discriminant, qua-
dratic discriminant, and logistic regression analyses. FI severity index scores cor-
related with low resting pressure (r = 0.34) and peak squeeze pressure of the anal 
canal (r  =  0.28). The combination of pressure values, anal sphincter area, and 
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Fig. 5.3  2 × 2 Table for concordance between 2D and 3D diagnosis of dyssynergia. The + sign 
indicates the presence of dyssynergia respectively with 2D and 3D analysis (reproduced from Raja 
et al. [14])
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reflective symmetry values differentiated FI patients and controls with good accu-
racy (AUC: 0.96) [13]. Since the anal canal pressure is not symmetric along its 
length and circumference [19] and HDAM is able to better detect the length and the 
asymmetry of anal canal pressure [20–22], it appears particularly suitable for study-
ing FI patients.

Finally, in a recent study on healthy women and women with FI, the use of a 
newly developed parameter, the HRAM contractile integral, increased the sensitiv-
ity of detection of anal hypocontractility, from 32% to 55%, compared with ARM 
measurements of squeeze [23].

5.2.2	 �Chronic Constipation

CC is a polysymptomatic, multifactorial disorder affecting 15–20% of the general 
population. It is characterized by symptoms of difficult, infrequent, or incomplete 
defecation. Lumpy or hard stools, sensation of anorectal obstruction/blockage, and 
manual maneuvers to facilitate the defecation are frequently reported [24].

A consistent number of patients with CC and irritable bowel syndrome with 
constipation also report symptoms suggestive of a functional defecation disorder 
(FDD) [25, 26], which is characterized by a paradoxical contraction or an inade-
quate relaxation of the pelvic floor muscles and/or inadequate propulsive forces 
during attempted defecation [27]. From a clinical point of view, FDD is frequently 
associated with excessive straining, feeling of incomplete evacuation, and digital 
facilitation of bowel movements [28]. However, symptoms do not consistently iden-
tify patients with FDD [29, 30]. Thus, the criteria for FDD must rely on both symp-
toms and physiological testing. Indeed, to diagnose FDD the Rome IV criteria 
require features of impaired evacuation in at least two of the following tests: anorec-
tal manometry, rectal balloon expulsion test, barium or magnetic resonance (MR), 
defecography, and anal surface electromyography [27].

Manometric criteria for FDD include impaired anal relaxation, failure to increase 
rectal pressure, and a negative rectoanal gradient (i.e., rectal pressure lower than 
anal pressure) during simulated evacuation. However, Mion et al. [18] observed that 
many asymptomatic healthy people have a negative rectoanal gradient during evac-
uation, perhaps due to the left lateral position of the subjects during the procedure. 
Moreover, unlike normal defecation, during anorectal manometry the urge to defe-
cate induced by rectal distention is not preceded by a normal predefecatory motor 
pattern associated with anal relaxation. Furthermore, patients may not completely 
understand the instructions provided during the test or may not be keen to accom-
plish the task [6, 31, 32].

From a manometric point of view, patients with FDD exhibit one of the follow-
ing four abnormal defecation patterns [29] (Fig. 5.4):

–– In type I the patient can generate adequate propulsive forces (rise in intrarectal 
pressure ≥40  mmHg) along with paradoxical increase in anal sphincter 
pressure.
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–– In type II the patient is unable to generate adequate propulsive forces; addition-
ally there is paradoxical anal contraction.

–– In type III the patient can generate adequate propulsive forces, but there is either 
absent relaxation or inadequate (≤20%) relaxation of anal sphincter.

–– In type IV the patient is unable to generate adequate propulsive forces together 
with an absent or inadequate (≤20%) relaxation of anal sphincter.

Ratuapli et al., by using HRAM in 62 healthy women and 295 women affected 
by CC, identified three phenotypes (high anal, low rectal, and hybrid) discriminat-
ing patients with normal and abnormal balloon expulsion time with 75% sensitivity 
and 75% specificity, simplifying the previous Rao’s classification [30] (Fig. 5.5).

However, several questions exist about the use and the ability of anorectal 
manometry to diagnose FDD and identify clinical phenotypes: indeed the utility of 
a negative rectoanal pressure gradient as a marker of FDD is unclear because the 
gradient values overlap considerably among healthy subjects and constipated 
patients with and without FDD [33–35].

Another interesting matter of debate is the potential use of HRAM/HDAM in 
the differential diagnosis between functional and structural abnormalities. A total 
of 188 consecutive patients with obstructive defecation underwent a full investi-
gation consisting in HRAM and defeco-MR. Compared with patients with dys-
synergia on MR imaging, patients with structural pathology, such as rectocele and 
rectal prolapse, had lower resting and squeeze pressures but a higher rectoanal 
pressure gradient on HRAM.  HRAM diagnostic accuracy for dyssynergia was 
82% compared with 77% MR. Interobserver agreement was substantial for HRAM 
diagnoses. If the data will be confirmed by other studies, these manometric pat-
terns could play a predictive role in identifying patients needing a defecographic 
study [36].

Type I

Rectal
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Anal

Anal
0 mmHg
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Fig. 5.4  The four types (I–IV) of dyssynergic defecation patterns described in the text are shown 
using conventional manometry (lines) and HRAM (color topographic plots) (reproduced from Lee 
et al. [29])
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5.2.3	 �Hirschsprung Disease

Hirschsprung disease is characterized by the absence of ganglion cells in the myen-
teric and submucosal plexus on rectal biopsy.

The absence of the RAIR is known to be a pathognomonic feature of the disease. 
The absence of RAIR can be explained by the abnormality of the polysynaptic inter-
neurons in the IAS and of the nitrergic inhibitory neurons [37].

The diagnosis is based on the combination of clinical symptoms and results from 
barium enema, anorectal manometry, and rectal suction biopsy with staining for 
calretinin or acetylcholinesterase [36–38].

Anorectal manometry has been proved to be a reliable and minimally invasive 
diagnostic technique: it is a simple screening test in patients with a clinical suspi-
cion of Hirsprung disease. Its most important aim is the differential diagnosis 
between acquired megacolon and Hirschsprung disease, especially in the ultra-short 
form of the latter condition.

In infants and children, an absent RAIR has a sensitivity of 91% and a specificity 
of 94% for the diagnosis of Hirschsprung disease [39]. These figures are slightly but 
not significantly lower than rectal suction biopsy. When RAIR is present, it excludes 
an Hirschsprung disease diagnosis.

HRAM is an effective and safe method for the diagnosis in newborns as demon-
strated by Tang, who reported a sensitivity of 89% and a specificity of 83% [40].

Wu et al. performed ARM in a group of 24 infants (eight with Hirschsprung dis-
ease and 16 without) and HRAM in a group of 21 infants (nine with Hirschsprung 
disease and 12 without). The authors assessed RAIR adequacy by calculating the 

a b c

Fig. 5.5  The three defecatory subtypes based on principal components analysis: (a) high anal, (b) 
hybrid, and (c) low rectal phenotype (reproduced from Ratuapli et al. [30])
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sphincter relaxation integral (ASRI) during the HRAM study at pressure cutoff <10, 
<15, and <20 mmHg (ASRI10, ASRI15, and ASRI20) and investigated their diag-
nostic utility. They concluded that ASRI10 may be an indicative cutoff for the ade-
quacy of RAIR in infants [41].

Many children with Hirschsprung disease have good surgical results; how-
ever, unfortunately, some patients continue to have persistent bowel dysfunction 
such as constipation and intestinal motility disturbance. The postoperative ano-
rectal manometric evaluation of the patients after surgery provides detailed infor-
mation about the function of anal canal and rectum. Demirbag et al. evaluated 
with ARM 18 children after surgery and found an absent RAIR in 14 (77.7%) and 
an abnormal RAIR in 4 (22.2%). They concluded that the majority of the patients 
have impaired anorectal motility after surgery but the manometric evaluation did 
not provide enough information in understanding the causes of symptoms. It is 
hoped that the new HRAM/HDAM techniques will help to solve this important 
issue [9].

5.2.4	 �Pelvic Floor Rehabilitation

Pelvic floor retraining is frequently recommended for defecation disorders. 
However, the lack of patient’s selections and the lack of homogeneity of rehabilita-
tion methods and protocols jeopardize the results causing difficulty in evaluation 
outcomes [42].

Jodorkovsky et  al. retrospectively reviewed 203 patients, who had previously 
undergone HRAM, in whom manometric results were used for recommending bio-
feedback as treatment strategy. Biofeedback was ultimately recommended in 119 
(58%) patients (80 with CC, 27 with FI, 9 with a combination of CC and FI, and 3 
with rectal pain), of whom only 51 actually received therapy. 38 out of 51 under-
went at least five sessions of biofeedback, with real life outcome success reported in 
66% [43].

Soubra et al. performed HRAM on 25 patients awaiting biofeedback for dyssyn-
ergic defecation previously diagnosed through ARM. HRAM pressures tended to be 
higher than conventional ARM. Although there was high consensus regarding diag-
nosis of dyssynergia, there was low correlation regarding pattern types. For these 
reasons, the authors concluded that new diagnostic pressure criteria should be 
adopted in centers converting to HRAM [44].

5.3	 �HRAM/HDAM: Potentialities and Perspectives

HRAM and HDAM offer the possibility to have a standardized technique for per-
forming the exam. Moreover, new parameters have been recently studied and devel-
oped both in HRAM and HDAM and are being considered for a future introduction 
in clinical practice.

5  Differences Between Conventional Anorectal Manometry and High…
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Without any doubt, the most important gain over conventional ARM is the better 
capability in studying and understanding the functional anatomy of the sphincter 
since the distribution of the pressures in the anal canal and the possible asymmetry 
on the axial and on the circumferential plane are clearly shown [45].

Rezaie et al. studied 39 patients using both endoanal ultrasound (EUS), which is 
the gold standard for detecting anal sphincter defect, and HDAM. As there was no 
standard protocol for classifying a sphincter defect using HDAM, they defined 
sphincter defect as any pressure measurement below 25 mmHg with the canal anal 
at rest, involving at least 18° of the whole anal circumference (Fig. 5.6) [46].

The authors achieved a sensitivity, specificity, and NPV of 74%, 75%, and 92%, 
respectively, but a PPV of only 43%. The notable NPV of 92% is promising sug-
gesting that HDAM may be useful in ruling out a sphincter defect helping to better 
select patients to suggest also EUS.

HRAM could be also used to provide a new classification of FDD as shown by 
Ratuapli et al. who studied 62 healthy females and 295 females with FDD. They 
demonstrated that three phenotypes, characterized by (1) high anal pressure at rest 
and during evacuation (“high anal”), (2) low rectal pressure alone (“low rectal”), 
and (3) low rectal pressure with impaired anal relaxation during evacuation 
(“hybrid”) were able to discriminate between patients with normal and abnormal 
prolonged balloon expulsion time (BET) [30].

HDAM could shed new light also on the paradoxical contraction of puborectalis 
muscle as demonstrated by Xu et al. [47] who evaluated 71 healthy adults and 79 
patients with paradoxical puborectalis syndrome (PPS). They found that the pres-
sures were high in the proximal circumferential wall of anorectum in healthy adults 
and, in contrast, the pressures were low in the proximal circumferential wall of 
anorectum during simulated defecation in patients with PPS. A characteristic high-
pressure area (“boot shaped”), highlighted in the distal posterior wall of the anorec-
tum, was absent in healthy adults.

So, differently from ARM, HDAM could be as important as defecography and 
electromyography in the diagnosis of PPS.

Moreover HDAM is able to provide additional information about structure and 
function of the anorectum, which would be unavailable with 2D analysis alone, as 
shown by Raja et al. who found that the puborectalis tone was absent at rest more 
often in patients with FI than in those with constipation. Besides, the analysis of 
3D images also provided the identification of 29 focal defects not seen with 2D 
analysis. Furthermore, 3D image analysis allowed the identification of 29 focal 
defects that had not previously been detected with 2D image analysis [14].

Some new HRAM and HDAM parameters have been recently described and 
could be used in differentiating patients with dyssynergic defecation and healthy 
subjects: the anal contractile integral (ACI), the post contraction pressure (PSP), the 
integrated pressure of the anal relaxation (aIRP), and the sliding speed of the probe 
during the squeeze in the anal canal (SVAC). In a study involving 40 healthy volun-
teers (28 women, median age 35 years) and 20 patients with dyssynergic defecation 
(12 women, median age 46 years), the patients with dyssynergic defecation showed 
significant different values in comparison with healthy volunteers for each of the 
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a b

c d

Fig. 5.6  The technique for detection of a sphincter defect using HDAM. An anterior defect while 
recording resting pressure is shown in (a, b). The defect becomes more visible when minimum and 
maximum ranges are set at 24 and 25 mmHg (orange arrows) (c, d). Using this technique, the 
extent of the defect was calculated to be 149° by dividing the length of orange arrows by the cir-
cumference of the anal canal (reproduced from Rezaie et al. [46])
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parameters above described. Up to now, it is too early to state if these parameters 
will be able to clearly distinguish normal subjects from patients and further studies 
are mandatory for their validation [48].

Pandolfino et  al. in 2008 proposed a novel concept of integrated pressurized 
volume (IPV), which is calculated by multiplying amplitude, distance, and a certain 
time period. This new parameter, after further validation studies, could be also used 
to provide a precise measurement of muscular contractility of the anal canal [49].

Seo et al. identified five regions separated by a distance of 1 cm from the rec-
tum (6 cm from the distal tip of the catheter) to the anus (1 cm from the distal tip 
of the catheter) (Fig. 5.7). The IPV of each portion and the IPV ratio, which were 
obtained with and without balloon distention, were compared to determine the 
value that most precisely predicted the results of the balloon expulsion test. They 
showed that the ratio of the integrated pressurized volume of the upper 1-cm por-
tion to those of the lower 4-cm portion (IPV14 ratio) with balloon distention was 
better at predicting balloon expulsion time. They concluded that these novel 
manometric parameter could be more effective in predicting balloon expulsion 
time than conventional parameters based on linear waves at certain signal points 
along the anal canal [50].

Moreover, HRAM and especially HDAM could be useful in the diagnosis of 
structural anorectal disorders, like the perineum descending syndrome and rectal 
intussusception, even if further observations on larger samples are needed [46].

a b c d

Fig. 5.7  Four categories of integrated pressurized volume (IPV) from the rectum to the anal canal 
(a–d). (a) The pressure signals obtained during simulated evacuation from the rectum (6 cm from 
the distal tip of the catheter) to the upper margin of the anal canal (5 cm from the distal tip of the 
catheter) were considered to belong to the upper 1-cm portion of the anorectal canal (red), whereas 
those from the upper margin of the anal canal (5 cm from the distal tip of the catheter) to the distal 
margin of the anal canal (1 cm from distal tip of the catheter) were considered to belong to the 
lower 4-cm portion of the anorectal canal (blue). The ratio of the upper 1-cm portion to the lower 
4-cm portion can be considered as the ratio of the volume of the red-colored portion to that of the 
blue-colored portion. (b) IPVs from the upper 2-cm portion (red) and IPVs from the lower 3-cm 
portion (blue) (c) IPVs from the upper 3-cm portion (red) and IPVs from the lower 2-cm portion 
(blue) (d) IPVs from the upper 4-cm portion (red) and IPVs from the lower 1-cm portion (blue) 
(reproduced from Seo et al. [50])
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Vitton et al., using HDAM in a patient with long history of intractable constipa-
tion, found an incomplete anal relaxation during attempted defecation, indicating a 
pelvic floor dyssynergia and a 9 mm perineal descent on the manometric probe. At 
the end of the bear down the perineum gained its initial position indicating that the 
probe had not moved [51]. In this patient also the conventional defecography 
showed a 9.2 mm perineal descent from the puborectalis line. This first observation 
was then confirmed by Benezech et al. in 19 female patients with excessive perineal 
descent diagnosed by defecography. They concluded that HDAM can diagnose 
excessive perineal descent with the same degree of reliability as defecography [52] 
(Fig. 5.8).

Also Heinrich et al. supported the hypothesis that HRAM might help to distin-
guish defecatory disorders due to functional or structural causes. In their study, an 
elevated intrarectal pressure above a narrow band of high pressure in the anal canal 
seemed to be associated with rectal intussusceptions [53].

Benezech et al. [54] using HDAM in 26 patients presented with rectal intussus-
ceptions showed that 21 of them had an elevated intrarectal pressure above a narrow 
band of high pressure in the anal canal during straining, defined as a rectal intus-
susception as previously described by Heinrich [53]. This additional high-pressure 
area was located at the superior anterior edge of the probe in 13 patients, at the 
superior posterior edge in six patients, and at the superior anterior and posterior 
edge in two patients. (Fig.  5.9). Using these data, the most relevant diagnostic 

Fig. 5.8  Perineal descent: the row between the two dotted line measures the size of perineal 
descent (reproduced from Benezech et al. [52])
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criterion with the best Yuden Index (0.69) was the association between an anterior 
additional high-pressure area and a perineal descent, with a positive predictive value 
of 100%, a negative predictive value of 61.9%, a specificity of 100%, and a sensitiv-
ity of 69.2%.

However, up to now, defecography remains the gold standard for the diagnosis of 
rectal intussusception and the results with HDAM must be compared and integrated 
with those obtained using conventional X-ray defecography and/or MR defecogra-
phy [55, 56].

Also Prichard et  al. [57] compared HRAM and MR defecography in healthy 
subjects and in patients with rectal prolapse. Among patients with rectal prolapse, 
there were two phenotypes, which were characterized by high (PC1) or lower (PC2) 
anal pressure at rest and squeeze along with higher rectal and anal pressure (PC1) 
or a higher rectoanal gradient during evacuation (PC2). PC1 and PC2 explained 
48% and 31% of the variance, respectively. PC1 was correlated with higher anal 
pressures at rest and squeeze and higher rectal and anal pressures during evacuation. 
In contrast, PC2 was inversely correlated with anal pressures at rest and during 
squeeze; PC2 was correlated with a greater rectoanal pressure gradient during evac-
uation. In a logistic model, the PC1 score adjusted for age discriminated between 
controls and rectal prolapse with accuracy of 96%.

Brusciano et al. [58] investigated the correlation between rectal wall thickness 
(RWT) and rectal pressure (RP), using 3D endorectal ultrasound (3D-EUS) and 
HRAM, in patients with obstructed defecation syndrome (ODS) caused by internal 
rectal prolapse. They measured four rectal segments thickness (RWTs) introducing 
a new parameter, as the total rectal wall volume (TRWV). They found that in ODS 

Fig. 5.9  (1) Rectal intussusception is an elevated intrarectal pressure above a narrow band of high 
pressure in the anal canal during straining; (2) excessive perineal descent (reproduced from 
Benezech et al. [54])
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patients there was a significant lower TRWV than in healthy volunteers (62.8% with 
mild and 28% with severe impairment). They also found, as previously reported in 
other studies that a lower rectoanal gradient was related with constipation symp-
toms [59, 60].

5.4	 �Conclusions

In conclusion, HRAM and HDAM are more intuitive and relatively simpler to per-
form than the ARM. They are very promising for improving the evaluation of func-
tional alterations of the anal canal and the pelvic floor; indeed, they improve the 
understanding of the anorectal pathophysiology, allowing more precise correlation 
between anatomy and function. e.g. better evaluating the spontaneous activity of the 
anal canal, sometimes difficult to assess with the conventional technique.

The standardization of the new HRAM/HDAM parameters, which could add a 
further diagnostic yield in the study of motor and functional anorectal disorders, 
will probably require longer time periods. It will be mandatory to study large well-
selected groups of patients and healthy subjects different for age, gender, parity and, 
probably, ethnicity.
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6Technical Aspects and Equipment

Claudio Londoni, Salvatore Tolone, Andrea Pancetti, 
and Lorenzo Bertani

During anorectal manometry, the evaluation of anal and rectal pressure is carried 
out using an intra-rectal catheter connected, through pressure transducers, to an 
acquisition system. A dedicated software elaborates the data showing the recorded 
pressures and allowing automatic and manual analysis [1–3].

While older, “non-high resolution” catheters have from three to eight unidirec-
tional sensors, high resolution anorectal manometry (HRAM) and high definition 
anorectal manometry (HDAM) catheters contain several closely spaced circumfer-
ential sensor elements along the longitudinal axis. The pressure-sensing element 
varies among systems.

	1.	 In catheters manufactured by Given Imaging, a Medtronic Company (Yoqneam, 
Israel), this comprises 256 pressure sensors (ManoScan HD-AM catheter) or 12 
channels: each channel consists in 12 radial pressure sensors, 144 electronic sen-
sors in total (ManoScan HR-AM catheter).

	2.	 Unisensor catheters (UniTip, Attikon, Switzerland) are comprised of a unidi-
rectional pressure sensor embedded within a soft membrane containing 
silicone gel [4].

	3.	 The catheter manufactured by Sandhill has 4 radially arranged sensors at each 
level [5].

	4.	 Water-perfused high resolution catheters (Mui Scientific, Mississauga, Ontario, 
Canada) are also available.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32419-3_6&domain=pdf
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HRAM and non-HRAM catheters are compared in Table 6.1. HRAM and HDAM 
catheters provide a continuous and dynamic spatiotemporal mapping of anorectal 
pressures, allowing easier and more detailed data interpretation [6, 7].

6.1	 �Conventional Anorectal Manometry

Water-perfused manometry requires more preparation, technical skills, and training 
[4]. The dynamic performance of water-perfused systems is several orders of mag-
nitude less than that of solid-state systems, limiting their accuracy where rapidly 
changing pressures must be measured (e.g., in the pharynx/upper esophageal 
sphincter) [4]. However, this is not a limitation in the anorectum where rapidly 
changing pressures are not observed.

The conventional anorectal manometry water-perfused system consists of 
(Fig.6.1) the following:

	1.	 Polygraph.
	2.	 Dedicated software.
	3.	 Water perfusion pump.
	4.	 Single-use or multipurpose water-perfused catheter with four or eight channels.
	5.	 Pressure transducers.

The catheter capillaries are filled with water and constantly perfused through the 
pump (0.5–1 mL/min); it is necessary to do a periodical check of the perfusion flow 
counting the numbers of the water drops per minute (20 drops = 1 mL). At the exit 
of each capillary a constant quantity of water flows at a constant speed. The capil-
laries are connected to the pressure transducers and these are connected to the 
polygraph [2, 3].

The pressure exerted at the exit point of the capillaries is transmitted to the whole 
water column inside the capillary and is transformed into an electrical signal by the 
pressure transducer. The electrical signal is transmitted to the polygraph which, 
through the software, represents it on the computer screen. The pressure 

Table 6.1  Qualitative comparison of HRAM and HDAM catheters versus non-high resolution 
anorectal manometry catheters

HRAM and HDAM Non-HRM
Number of sensors Closely spaced more sensors Fewer sensors at wider intervals
Display Color contour and line plot Line plot
Techniques Stationary examination Pull-through examination
Preparation Easy More time consuming
Spatiotemporal resolution Good Limited
Cost High Low
Catheter durability Limited Excellent
Lifespan Limited Excellent
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measurement performed through the catheter is carried out at a constant frequency, 
so that the resulting graphic representation is a wave with time on the X axis and 
pressure values on the Y axis (Fig. 6.2) [2, 3].

The catheter configuration can be different regarding the number of channels 
(four, six, or eight) and their spatial arrangement which can be as follows:

	1.	 Fully radial.
	2.	 Fully helicoidal.
	3.	 Mix between the two previous provisions.

A disposable catheter of a latex free material is generally used.
Although the procedure does not present any particular difficulties, it is impor-

tant to take into account some technical aspects that could affect the quality of the 
manometric exam:

MEDTRONIC

a

MUI SCIENTIFIC MUI SCIENTIFIC

b c

Fig. 6.1  (a) Polygraph dedicated software, (b) Water perfusion pump, (c) Single-use or multipur-
pose water-perfused catheter with four channels
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•	 Regardless of the type of the configuration of the catheter, the pressure measure-
ments take place in a unidirectional manner: the pressure is evaluated only at the 
point where the water exits out of the capillary; no information about the pres-
sure from other areas is available.

•	 The water perfusion, produced by the pneumatic pump, has to be constant and 
equal for all the channels.

•	 It is mandatory to calibrate the catheter at two different levels holding the hori-
zontal catheter at the level of the couch before, low level, and then at high level, 
50 cm above low level.

•	 To avoid false pressure values, it is extremely important to maintain the catheter 
at the same level during all procedure (low calibration level: 0 mmHg).

•	 During the different phases of the manometric test, it is necessary to move the 
catheter inside the anal canal manually or by using a mechanical extractor con-
trolled by the software.

6.2	 �High-Resolution Water-Perfused Manometry (HRWPM)

The way HRAM perfused system works is similar to the conventional system seen 
above, except for the increased number of catheter channels (up to 24) [1, 8, 9].

Obviously the polygraph and the software have to be able to manage this 
increased number of channels and, hence, this increased amount of information.

Fig. 6.2  The graphic representation of conventional anorectal manometry. Time on the X axis and 
pressure values on the Y axis (Laborie-Software)
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The catheter, made of bio-compatible plastic material, can be single-use or mul-
tipurpose (50 uses are generally permitted after autoclaving).

The increased number of channels provides a greater detail of the rectal and anal 
pressures allowing to obtain a more accurate examination.

One critical point is maintaining a constant perfusion of all the channels. This is 
even more necessary than conventional ARM and before starting the examination the 
operator has often to spend some time to perform the setup (e.g., to verify that all trans-
ducers are correctly connected and all channels are really working). Also HRWPM 
requires that the catheter and the acquisition system are placed at the same level.

In comparison with conventional water-perfused ARM the increased number of 
channels allows to maintain the catheter in place during the examination without 
needing to change its position. This aspect speeds up the execution of the exam itself.

The software can display pressures via linear track and as contour plot (Fig. 6.3). 
This last type of visualization is typical of high resolution manometric examinations 
and allows to have a continuous representation of pressure through an isobaric col-
ored representation of immediate comprehension [1, 8, 9].

6.3	 �Solid-State High Resolution Manometry

The high resolution anorectal manometry system using solid-state catheter requires 
the following:

	1.	 Acquisition module.
	2.	 Dedicated software.
	3.	 Solid-state multi-use catheter (electronic pressure transducers).
	4.	 Single-use balloons.

Fig. 6.3  The graphic representation of high resolution water-perfused manometry. The contour 
plot with isobaric colored representation. On the right side of the figure, there is a catheter with 
increased number of channels (Laborie-MMS origin)
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In this case, the pressure transducers are integrated into the catheter; they are 
electronic sensors that modify the intensity of the electrical signal proportionally to 
the pressure variations.

The pressures recorded with this method are not influenced by the reciprocal posi-
tion between the transducers and the acquisition system, unlike the perfusion systems.

There are several solid-state anorectal catheters available on the market differing 
in number of channels, and number and orientation of pressure sensors.

For the Given Imaging, a Medtronic Company HRAM-system, there are two ver-
sions of this solid-state catheter (ManoScan AR catheter), which has an outer diameter 
of 4.2 mm. The regular probe (AAN) has ten channels at 6-mm intervals along the 
anal canal and two channels in the rectal balloon: 12 electronic sensors are placed in 
each channel (Fig. 6.4a). The small probe (APN) has seven channels along the anal 
canal and more one channel in the rectal balloon: 12 electronic sensors are placed in 
each channel. The manufacturer recommends a latex free rectal balloon that is 3.3 cm 
long and has a maximal capacity of 400 mL. Indeed the manufacturer’s recommended 
rectal balloons for all HRAM catheters cited in this review have similar dimensions.

For the Sandhill HRAM system the probe of the solid-state system (4-mm outer 
diameter; Sandhill Scientific, Denver, CO, USA) has eight directional sensors. The 
most proximal sensor is placed in the rectal balloon (latex-free; maximal capacity 
400 ml). Distally to that there is a rectum sensor, and then five anal sensors, each 
separated by 10 mm; an external reference pressure sensor is located 1 cm outside 
the anal verge (Fig. 6.4b). The sphincter pressure is the average of the pressures 
recorded by the anal sensors [6].

a b

c d

Fig. 6.4  (a) Given Imaging, a Medtronic Company HRAM-catheter; (b) Sandhill HRAM cathe-
ter; (c) Unisensor HRAM catheter; (d) Solid-state multi-use HD 3D catheter
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The Unisensor HRAM system has a 12  Fr probe (4  mm; UniTip, UniSensor, 
Switzerland) (Fig. 6.4c) with eight pressure sensors. Six sensors, each equidistant 
from each other, span 5 cm. Then there is a sensor, located 2.5 cm, proximally to the 
other ones, inside a non-latex balloon with a maximum capacity of 400 mL and a 
distal sensor, located 2 cm beyond the last anal sensor, which acts as an external 
reference [10].

According to the different types of catheters on the market, it is possible to have 
up to 144 pressure sensors arranged radially for a precise and detailed pressure 
measurement.

The whole area of high pressure generated by the anal sphincters is visualized 
through a contour plot representation. The sphincter pressure profile is always vis-
ible in every phase of the procedure: at rest, during squeezing and straining, and 
when balloon is progressively filled with increasing air volumes.

It is not necessary to move the catheter during the procedure: the sphincter move-
ments are “monitored” during the analysis by modifying, if necessary, the measure-
ment markers on the screen during data acquisition.

The eSleeve option in the software reduces pressures recorded across the longi-
tudinal extent of the anal canal into a single value. At rest, during squeezing and 
rectal distention the eSleeve identifies the highest of all pressures recorded by anal 
sensors at every point in time. This eSleeve value is used to calculate the average 
and maximum anal resting pressure and the maximum squeeze pressure over 20 sec-
onds during these maneuvers [10].

6.4	 �High Definition 3D Solid-State Manometry (HDAM)

The HDAM requires the following:

	1.	 Acquisition module.
	2.	 Dedicated software.
	3.	 Solid-state multi-use catheter (electronic pressure transducers) (Fig. 6.4d).
	4.	 Single-use sheath with an end tip balloon.

HDAM probe has 256 circumferentially oriented pressure-sensing elements 
arranged in 16 rows. Each sensor is spaced from the other 4  mm axially and 
2 mm radially. The probe is 6.4 cm in length with a diameter of 10.75 mm. A 
disposable sheath is necessary (Fig. 6.5): it has a balloon at its tip made of non-
latex thermoplastic with a maximum capacity of 400 mL. The balloon has to be 
fixed to the probe by a Luer-lock connection. The probe is larger and stiffer than 
other HRAM probes but it is only able to display pressures recorded by individ-
ual sensors around the circumference [10]. On the catheter handpiece there is a 
marker necessary to correctly place (on the posterior wall of the anal canal) the 
probe inside the rectum.

It is mandatory to calibrate the probe in a calibration chamber where it is zeroed 
to atmospheric pressure and set to pressure of 300 mm Hg.
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This technology allows to measure and visualize (through a dedicated software) 
the distribution of the anal canal pressure at 360° allowing to have a 3D vision of the 
bowel (Fig. 6.6) [10, 11].

Fig. 6.5  Medtronic 
single-use sheath with an 
end tip balloon for 3D 
catheters

Fig. 6.6  HDMA graphic representation: (1) Classic contour plot visualization where the pressure 
values shown correspond to the average of the values of each single ring composed of 16 sensors; 
(2) Display of the pressure values of each of the 256 sensors on the cylinder that represents the 
catheter. Each rectangle of the grid visible on the cylinder corresponds to a pressure sensor. A more 
pronounced longitudinal white line on the cylinder indicates the anterior area; (3) Open view on 
the front of the cylinder: this modality makes clear the mapping and the pressure distribution inside 
the anal sphincter; it is thus possible to distinguish the four quadrants and also have information on 
the distance from the distal margin
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During the procedure HDAM-3D the probe is kept still and the possible move-
ments of the sphincter during the different phases of the exam can be compensated 
during the analysis by modifying the position of the markers on the screen. The 
software is equipped with a tool called eSleeve (electronic sleeve) [10].

In Fig. 6.6, the eSleeve is represented by the two orange dots visible on the right 
side of the image.

The advantages in the execution of HRAM and HDAM are clearly evident dur-
ing the preparatory phase of the exam: since no perfusion is necessary, all the time 
necessary to verify the functioning of all the channels to be perfused is eliminated.

On the other hand, the time taken to sanitize the catheter after each procedure 
must be considered; indeed, a high-level disinfection of the catheter is required.

Since the sensitivity of solid-state catheters is extraordinarily greater than the 
corresponding perfused catheters and that the acquisition methodology also changes, 
standardization protocols of the method and normality values are needed [10–12].
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7Performing, Analyzing, and Interpreting 
HRAM and HDAM Recordings

Edda Battaglia, Lucia D’Alba, Antonella La Brocca, 
and Francesco Torresan

7.1	 �Performing HRAM and HDAM

Anorectal manometry is the most widely performed test for the assessment of anal 
sphincter function and anorectal coordination [1]. Nevertheless, both recording 
equipment and methodology remain under standardized, which can significantly 
affect the interpretation of results [2]. The last decade has seen the development of 
high resolution manometry (HRM) with key improvements being: an increased 
number of closely spaced micro-transducers greatly enhancing spatial resolution, 
the ability to measure pressure changes circumferentially, and a software develop-
ment to allow interpolation between adjacent micro-transducers providing the 
option of detailed topographical plots of intraluminal pressure events relative to 
time and location. The preliminary feasibility study evaluating HRM and simultane-
ously performed conventional water-perfused manometry showed the two methods 
to be significantly correlated and HRM providing greater resolution of the intralu-
minal pressure environment of the anorectum [3].

The original version of this chapter was revised. The correction to this chapter can be found at 
https://doi.org/10.1007/978-3-030-32679-1_11
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The ability to visualize the anorectum as a dynamic structure during test maneuvers 
should intuitively allow for a better appreciation of normal physiology and hopefully 
enhance our understanding of the pathophysiology of defecatory dysfunction [4].

HRAM is conducted with water-perfused or solid-state catheters. Water-perfused 
manometry requires more preparation, technical skills, and training. The dynamic 
performance of water-perfused systems is several orders of magnitude less than that 
of solid-state systems, limiting their accuracy when rapidly changing pressures 
must be measured [5].

One of the principal challenges to adopting HRAM is to establish new normative 
data sets of an adequate size for recognized measures of anal sphincter function and 
to promote standardization of the technique, so that results are transferrable between 
institutions; a problem that has bedeviled traditional practice [2].

The aim of this chapter is making a critical analysis of the fragmented data of the 
literature and describing the protocol shared by the authors.

7.1.1	 �Practical Procedure

The procedure with the anorectal high resolution manometry system, described 
widely in Chap. 6, starts with the clinical evaluation.

A questionnaire assessing study methodology analysis and interpretation of ARM 
was collected by the International Anorectal Physiology Working Group representing 
practitioners that perform ARM in Switzerland, UK, and USA. On the basis of various 
works, it extrapolated that there is marked variation in the methods used to report 
results of maneuvers, patient preparation, setup, study, and data interpretation [6].

Anorectal manometry is a tertiary test in diagnostic algorithm of fecal inconti-
nence, constipation, and various anorectal diseases. Before manometry, a thorough 
anamnesis (including chronic diseases, previous surgeries, obstetric traumas, sexual 
abuses, bowel habit, need for digital disimpaction and/or use of anal dilator, medical 
systemic and various topical therapy) must be obtained and previous diagnostic 
tests, eventually performed, must be evaluated (defecography or MR-defecography, 
transanal, and transrectal ultrasound, etc.).

Ongoing procedure should be explained in every detail in order to render the patient 
conscious and more collaborative; this makes it possible to perform a more reliable exam.

Most centers execute manometry studies without a written consent form because 
the procedure poses a minimal risk to patients. However, theoretically the graded 
balloon distension during the test, although gently carried out, can cause a rectal 
injury, especially in patients who have previously undergone rectal surgery [7]. 
Moreover vagal crisis could be elicited. For these reasons the authors usually require 
informed consent to the procedure.

The exact manometry protocols will vary by center, but generally, the procedure 
must include an assessment of rectoanal pressure and anal canal length at rest, rec-
toanal pressures during squeeze, simulated evacuation, and coughing, and rectal 
sensation. A rectal balloon expulsion test, which is an effective screening test to 
identify defecatory disorders, should be performed at the same visit as the anorectal 
manometry [8] (Table 7.1).
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7.1.2	 �Patient Preparation

Patients may continue with their routine medications but the medications should be 
documented to facilitate interpretation of the data. Topical therapy (nifedipine, lido-
caine, etc.) must be stopped 1 day before exam, in order not to influence the anal 
pressure.

Some authors recommended to avoid food since the night before the exam while 
others allow patients consuming normal meals [9].

Bowel preparation is optional. Many authors do not require it, but the patients 
are only asked to empty their bowel before the test. If the digital rectal examina-
tion, performed immediately before the manometry, reveals that the rectum is 
loaded with stool, then a 250–500-mL tap water enema is suggested. In this 
case, at least 30 min should elapse between evacuation of stool and probe place-
ment [10].

Since the presence of feces in rectal ampoule could modify the results, in order 
to achieve a better standardization of the test, we suggest all patients performing a 
cleaning enema in the morning of the HRAM/HDAM at least 30 min before the 
exam.

7.1.3	 �Patient Position

The test should be conducted in a quiet room in the presence of strictly necessary 
personnel, in order to create a relaxed and confident relationship with the patient. It 
is recommended that the patient is placed in the left lateral position with knees and 
hips bent to 90° angle (Sims position), to guarantee privacy and discretion to the 
patient [2].

7.1.4	 �Digital Examination

As reported above, prior to the catheter insertion, a digital rectal examination 
should be performed using a lubricated gloved finger (any lubricant to aid probe 
placement should be non-anesthetizing). The presence of tenderness, stool, or 
blood on the finger glove should be noted [2]. The digital rectal examination is 
important to teach the patient the maneuvers to be performed during the exam 
and to test the ability of the subject to understand the commands “squeeze” and 
“push” [11]. The authors strongly believe that performing a carefully digital rec-
tal examination before anorectal manometry is necessary and positively influ-
ence the outcome of the test.

Table 7.1  Patient’s 
preparation

1. Continue medications
2. Fasting is not necessary
3. Cleaning enema at least 30 min before the test
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7.1.5	 �Probe Placement

The probe is calibrated immediately before the procedure by placing it in a calibra-
tion chamber, where it is zeroed to atmospheric pressure and set to a range of pres-
sure up to 300 mmHg. All systems require thermal compensation to correct for the 
pressure drift with time [10]. After calibrating the instrument, the lubricated probe 
is gently inserted into the rectum with its dorsal side orientated such that the most 
distal sensor (1 cm level) is located posteriorly at 1 cm from the anal verge. Once 
positioned, the probe has to be maintained in the same position for the duration of 
the test. However it is important to continuously monitor it and the operator has to 
be aware of possible probe movements, especially after the patient performs maneu-
vers such as squeeze, cough, or bearing down, and eventually to adjust the position 
of the probe when necessary.

7.1.6	 �Test Procedure

The exact manometry protocols vary by center. The procedure must include an 
assessment of rectoanal pressure and anal canal length at rest, the presence of the 
cough reflex test, the recording of rectoanal pressures during squeeze, simulated 
evacuation, coughing, and the evaluation of the rectal sensations. A rectal balloon 
expulsion test, which is an effective screening test to identify defecatory disorders, 
should be performed at the end of the anorectal manometry [10] (Table 7.2).

7.1.6.1	 �Rest
Resting anal pressures must be measured with the subject relaxed, lying still and not 
speaking during the examination. There is no agreement how long to wait after 
inserting the probe before beginning the examination. Several laboratory manuals 
and guidelines recommend waiting for 5 minutes after inserting the probe before 
taking. One justification for this is the presence of ultraslow wave activity, which 
might interfere with the interpretation of the resting pressure [2] (Fig. 7.1).

However, there is no scientific basis for the duration of the rest period. A pro-
longed procedure causes discomfort and reduces the patient compliance. In some 
patients, anorectal manometry can cause pain and discomfort [12]. Dakshitha 
Praneeth Wickramasinghe et al. analyzing data from 100 consecutive patients who 

Table 7.2  Test procedure Resting anal pressure: sphincteric length, resting pressure
Cough reflex test
Squeeze pressure and squeeze duration
Push
RAIR rectoanal inhibitory reflex
Rectal compliance
Rectal volume tolerability (first sensation, urge to defecate 
and discomfort volume)
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underwent HDAM found that 99% of the patients had their anal canal resting pres-
sure stabilize in <150 s. Therefore a standard ARM assessment can be completed in 
several minutes. Since there were no significant associations between sex or the age 
and the time taken for the pressure to stabilize, the waiting time can be recom-
mended for all adult patients, irrespective of their age or sex.

We think that a 1 min wait before starting the recording is sufficient to allow the 
anal resting pressure to stabilize in the most patients, waiting more time (3 min) 
only in the presence of ultraslow wave activity. The resting pressure must be 
recorded at least three times for 1 min, in order to allow a statistically significant 
average to be carried out.

7.1.6.2	 �Cough Reflex Test
This maneuver is indicated to assess the integrity of spinal reflex pathways between 
the rectum and anal canal in patients with incontinence. The patient is asked to 
cough. Normally, the increased abdominal pressure triggers external sphincter con-
traction. The maneuver is repeated once more after 10 s [2].

7.1.7	 �Squeeze

Squeeze pressure is the difference between the maximum voluntary pressure during 
squeeze contraction and the resting pressure at the same level of the anal canal. The 
patient is asked to squeeze the anus as long as possible, for a maximum of 30 s, fol-
lowed by a 30 s rest. Sphincter endurance is the length of time that the patient can 
maintain a squeeze pressure above the resting pressure.

By convention, this maneuver is performed three times. In the unusual event of 
poor participant compliance a further attempt is allowed at the practitioner’s 
discretion.

Ideally rectal pressure should not increase because that would imply that the 
patient has contracted the abdominal wall [10] (Fig. 7.2).

0.7-1.5 cycles/min waves amplitude  (> 100 mmHg)

Conventional manometry High resolution manometry

Fig. 7.1  Ultraslow waves
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7.1.8	 �Simulated Defecation

The patient is asked to bear down as if to defecate. This test is conducted inflating 5 
mL of air in the rectal balloon, and pushes down for 30 s and is repeated for three 
times separated by a 30 s interval. It is essential to instruct patients to not withhold 
the probe. Indeed, coaching patients while they perform maneuvers might enhance 
the accuracy of the test. In one study, coaching changed the diagnosis based on 
manometry from “pathologic” to “normal” values in 14 of 31 patients with inconti-
nence and in 12 of 39 patients with dyssynergic defecation [13] (Fig. 7.3).

7.1.9	 �RAIR (Rectoanal Inhibitory Reflex)

This maneuver examines the integrity of the myenteric plexus between rectum and 
anal canal. This maneuver consists of intermittent balloon distension in the rectum 
to assess the relaxation of the internal anal sphincter, while the RAIR can generally 

Conventional anorectal manometry High resolution anorectal manometry

*

Fig. 7.2  Squeeze pressure. Squeeze pressure: the highest pressure during maximal contraction of 
anal sphincter (white arrow). Squeeze duration: the longest interval, in seconds, between the onset 
of increase in anal sphincter pressure and when this pressure returned to baseline value (∗)

Conventional anorectal manometry High resolution anorectal manometry

Straining

Fig. 7.3  Straining maneuver. Assessment of pressure changes during simulated evacuation. 
Discoordination of abdominal, rectoanal, and pelvic floor muscles
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be elicited just by a volume of 20 mL of air. Repeating the maneuver for three times, 
using increasing volumes up to 60–80 mL, it is sufficient to properly assess the pres-
ence and the quality of the reflex. If no RAIR is recorded, the following measures 
may solve the problem: (1) ask the patient not to contract the external anal sphincter 
during rectal distension, (2) make sure there is no fecal impaction, and (3) increase 
the rectal distension up to a maximum volume of 250 mL to exclude acquired mega-
rectum [10] (Fig. 7.4).

7.1.10	 �Rectal Sensation, Graded Balloon Distension

Evaluation of rectal sensation is performed by inflating the balloon placed at the tip 
of catheter in the rectum. The increasing distension allows to assess the rectal sensa-
tion which can be classified as follows:

–– Sensory threshold: is the minimum rectal volume perceived by the patient.
–– Urge sensation: is the volume associated with the initial urge to defecate.
–– Maximum tolerated volume: is the volume at which the patient experiences dis-

comfort and an uncontrollable desire to defecate.

To assess rectal sensation, the rectal balloon is initially distended with air with 
increments of 10 mL, until the patient reports a first sensation. Thereafter, the bal-
loon is increased in 20 mL steps to a maximum volume of 400 mL. The distension 
should be ended earlier if the maximum tolerable volume is reached. Each disten-
sion is maintained for at least 30 s. Rectal compliance (i.e., pressure-volume rela-
tionships) can also be measured during balloon distention but the rectal balloon 
used for HRAM and HDAM is relatively stiff. For example, when the given HRM 
catheter balloon is inflated by 50 mL in atmosphere, it has a pressure of 137 mmHg. 
In theory, rectal compliance can be estimated by subtracting this pressure from the 
measured balloon pressure during rectal distention. However, in general, rectal 

Conventional anorectal manometry High Definition anorectal manometry: white arrows
shows the decrease of pressure after inflating the
rectal balloon, both in 2D and 3D. 

2D
3D

Fig. 7.4  RAIR Rectoanal inhibitory reflex. This maneuver examines the integrity of the myenteric 
plexus between the rectum and anal canal
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compliance measured with an anorectal manometry is not as accurate as measure-
ments obtained with a barostat [10].

7.2	 �Normal Values for High Resolution Anorectal 
Manometry

Prior to the introduction of HRM catheters in 2007, anorectal manometry was per-
formed with non-high resolution, water-perfused, or solid-state catheters. Since 
then HRAM and HDAM catheters are increasingly used in clinical practice, but the 
long-standing problem of the normality values of traditional ARM is still the biggest 
problem for a widespread clinical application of this new technique, at least for its 
use in the study of anorectal pathophysiology.

In addition, anal sphincter pressures at rest and during anal contraction (i.e., 
squeeze maneuver) recorded with HRAM and conventional ARM are significantly 
correlated but they tend to be higher when measured with HRAM [14–16]. The 
rectoanal pressure gradient measured with both techniques was also strongly cor-
related but the gradient was more negative when evaluated with conventional ARM 
(−66 mmHg) than with HRAM [16].

Several small studies have evaluated the normal values of HRAM and HDAM 
[10]. Carrington et al. [11] assess diagnostic accuracy of HRAM in comparison 
with conventional ARM in terms of discriminating patients with fecal inconti-
nence (FI) vs healthy volunteers (HV). Asymptomatic female volunteers were 
selected without constipation (Cleveland Clinic Constipation Score, CCCS < 9 
[17]) or incontinence (St Marks Incontinence Score, SMIS < 6 [18]), current or 
previous significant gastrointestinal disease [19], functional gastrointestinal 
symptoms, previous anal or pelvic surgery, pregnancy or lactation [20], without 
history of diabetes, cardiovascular, renal, or hepatic disease. In the standard 
method using (UniTip; UniSensor AG, Attikon, Switzerland) of 12 F external 
diameter incorporating 12 micro-transducers and using commercially available 
manometric system (Solar GI HRM v9.1; MMS/Laborie, Enschede, Netherlands) 
(Table 7.3).

The authors acknowledge a number of limitations of this study: the first one is 
that it included only female participants and this, naturally, limits the application of 
assumptions to men. Although it was assumed that all healthy participants had nor-
mal anal sphincter function, even if 49/85 HVs were parous, the effect of vaginal 
delivery on sphincter function is well-documented. No assessment of sphincter 
anatomy was performed, and if extrapolated from previous studies, between 11% 
and 27% [21] of parous volunteers would be anticipated to have a degree of external 
sphincter damage. Matching of HV and FI groups for age and parity was subopti-
mal; however, data for the effect of age and parity on sphincter function in health are 
conflicting [11].

The data are certainly not convincing and conclusive. For example, it should be 
noted that the normal range of anal pressures is relatively wide: from 33 to 91 mmHg 
among women aged >50 years in one study with HRAM [21].
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In asymptomatic women, the HPZ is, on average, 3.5 cm long, and not correlated 
with age [22]. In one study, a longer HPZ was associated with a specific phenotype 
among patients with defecatory disorders [22]. Intuitively, a longer HPZ probably 
reflects a more effective continence mechanism. However, further studies are 
required to assess the utility of measuring the dimensions of the HPZ for discrimi-
nating between healthy people and patients with fecal incontinence.

However, because the sample size in these studies was relatively small, addi-
tional studies are necessary to define more precisely the normal range for HRAM 
and HDAM.

Squeeze pressures are lower in women than men and in older than younger peo-
ple [11, 21–23]. Hence, normal values are stratified by age and sex. The absolute 
squeeze pressure and the change from the resting pressure should be considered 
when interpreting the test.

In a large cohort of patients with functional anorectal disorders the results of 3D 
high resolution anorectal manometry (3DHRAM) provide reference values for 
3DHRAM in patients with functional anorectal disorders [24].

At the current state of the art, it is really difficult to provide data of shared nor-
mality between different centers performing HRAM/HDAM and the data provided 
in the various studies can only represent a generic guide to the various operators. To 
have validated data it will be necessary to wait for an international consensus based 
on large multicenter studies. Therefore, at present it is suggested that each motility 
center creates its own set of normality.

7.3	 �Which Diagnosis?

HRAM and HDAM are functional exams that can help the clinicians to reach the 
right diagnosis on different anorectal disorders, functional and anatomic, and to 
tailor the treatment on the patient.

The functional anorectal disorders can be divided, according to Roma IV criteria, 
into three categories: (1) fecal incontinence, (2) functional anorectal pain ((a) leva-
tor ani syndrome, (b) unspecified functional anorectal pain, (c) proctalgia fugax), 
(3) functional defecation disorders ((a) inadequate defecatory propulsion, (b) dys-
synergic defecation) [1].

The groups that can benefit from the use of HRAM and HDAM in the diagnostic 
process are the first one and the third one.

7.4	 �Fecal Incontinence

According to the Roma IV criteria, fecal incontinence (FI) is the uncontrolled pas-
sage of solid or liquid stool that occurs at least two times in a 4-week period with no 
distinction made on the basis of presumed etiology (functional, structural, or neuro-
logical) [2]. Endoanal ultrasound (EAUS) is the gold standard for detecting anal 
sphincter defects in patients with (FI), while anorectal manometry evaluates 
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sphincter function [25]. A recent study cohort that included 39 patients with FI 
shows that 21 patients had an anal sphincter defect on EAUS with a median size of 
93° (range 40–136°). Fourteen (36%) had a defect shown by HDAM. The sensitiv-
ity, specificity, and positive and negative predictive values of HDAM in detecting a 
sphincter defect were 75%, 74%, 43%, and 92%, respectively. Then, with a negative 
predictive value of 92%, HDAM could be a useful screening method for ruling out 
a sphincter defect in patients with FI, thereby avoiding both EAUS and manometry 
in selected patients [26]. HRAM or HDAM is then not necessary for the diagnosis 
but they are useful for a more precise evaluation of FI. Identifying a weakness of the 
internal anal sphincter (with an anal resting pressure below the normal level, com-
mon in the passive FI) or/and of the external anal sphincter (with a pressure during 
voluntary squeeze effort below the normal level, common in the FI with urgency) 
allows clinicians to address the patients toward the most suitable treatment and to a 
quantitative evaluation of the effects of their treatments (Fig. 7.5).

HDAM is also useful in the diagnostic process of iatrogenic FI due to previous 
surgery. The HDAM is more recommended than HRAM in these cases, because 
only HDAM is able to identify the exact localization of the damage (anterior, poste-
rior, left or right side of the anal canal). An endoanal ultrasound is obviously manda-
tory to confirm the diagnosis.

A typical example is FI after the left lateral internal sphincterotomy for the treat-
ment of a chronic anal fissure. If the internal anal sphincter has been damaged, 
while recording the resting pressure, it is easy to see a reduced resting tone of the 
left side of the anal canal, where the sphincterotomy has been performed. If the 
external anal sphincter has also been damaged during the same procedure a reduced 
tone of the left side of the anal canal is detectable during the squeezing.

Also patients that undergo low anterior resection for treating a rectal cancer can 
develop incontinence. In this case the incontinence is due to a nervous damage of 
the sacral plexus, rather than a direct damage on the sphincters and therefore HDAM 
could be less specific and useful [5].

HDAM plays also an important role in postpartum (after vaginal delivery) FI 
which could be due to third-degree anal sphincter tear [6], or to obstetric injury to 
the pudendal nerve [7]. The right diagnosis can help in choosing the treatment. 
HDAM, instead of HRAM, is recommended also in these cases, to differentiate an 
anal sphincter tear, that is characterized by a generalized weakness of all the sphinc-
ter apparatus.

7.5	 �Functional Defecation Disorders

Inadequate defecatory propulsion and dyssynergic defecation can be well identified 
by both HRAM and HDAM.

	(a)	 The inadequate defecatory propulsion is the impaired rectal force during simu-
lated defecation. If the patient is affected by inadequate defecatory propulsion, the 
normal increment of pressure (at least 40–45 mmHg more than the resting pres-
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1a 1b

2a 2b

3a 3b

Fig. 7.5  Fecal incontinence. Normal canal anal: (a) EUS, (b) anorectal manometry. Internal 
sphincter lesion: (c) EUS, (d) anorectal manometry. External sphincter lesion: (e) EUS, (f) anorec-
tal manometry
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sure) recorded by the sensor located in the rectal ampulla is not visualized during 
the phase of squeezing push straining. In this condition, the relaxation of the 
sphincter is normal during the simulated defecation. The inadequate defecatory 
propulsion is common in old patients, because the weakness of the abdominal 
wall cannot produce the force necessary for the act of defecation, so even if the 
sphincters are relaxed, there is no propulsive force for pushing out the stools [1].

	(b)	 Dyssynergic defecation is characterized by a paradoxical contraction or an 
inability to relax the anal sphincter and/or puborectalis muscle; or impaired 
abdominal and rectal pushing forces. It has been classified by Rao et al. into four 
types, in relationship to the pressure developed by the abdominal wall and the 
sphincter tone. In the first type the abdominal pressure is present, but the sphinc-
ter is not able to relax [1]; in the second type, the sphincter contracts itself instead 
of relax, with a paradoxical contraction; in the third type, the manometric pattern 
shows a weak or absent abdominal pressure; in the fourth type, there is also an 
unrelaxed or contracted sphincter [8] (Fig. 7.6).

The presence of a paradoxical contraction is defined as an increase in sphincter 
pressure >40 mmHg, confirmed by a negative percentage of anal relaxation and a 
negative defecation index (or rectoanal pressure gradient) defined as a ratio of 
intrarectal pressure/anal residual pressure.

1

2

High resolution anorectal manometry

Defecography

Conventional anorectal manometry 

The patient can  generate an  adequate pushing force
(rise in  intra-abdominal pressure, arrow 1)  along  with a
paradoxical increase in anal sphincter pressure, arrow 2. 

Dyssynergic
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

Fig. 7.6  Dyssynergic defecation
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Impaired anal sphincter relaxation is defined as absent decrease or a decrease 
<20% in anal sphincter pressure [9].

HRAM and HDAM can better detect than conventional ARM the presence of 
dyssynergia because the probe contemporarily records the pressures into the rectal 
ampulla and into the anal canal. The other exam providing the same contemporary 
assessment of the defecation is defecography (MRI/RX), but the evaluated param-
eters are different, so they can be considered complementary exams.

7.6	 �Anatomical Abnormalities

Anorectal abnormalities such as rectal intussusception and rectal prolapse, recto-
cele, descending perineum syndrome can be detected with HRAM and HDAM, 
even if the radiological imaging remains the “gold standard.”

Rectal prolapse by HRAM can be hypothesized by an increase in the pressure 
above the high pressure zone (corresponding to the anal canal) evident during the 
first straining to evacuate, more clear at the second attempt, and glaring to the eye’s 
investigator at the third (Fig. 7.7).

In the HDAM the presence of a rectal prolapse is hypothesized by the presence 
of an increase in pressure around the probe with straining to evacuate, exactly such 
as something is rolling on the probe. The pressure pattern findings are a decreased 
resting tone as well as decreased squeeze pressures, with 40% of patients with rectal 
prolapse demonstrating incompetent sphincters [23].

The rectocele with anal intussusception can be detected by an increased rec-
tal pressure with a narrow band of high pressure within the anal canal during 
simulated defecation [27]. The descending perineum syndrome is characterized 

Defecography High resolution anorectal manometry

Fig. 7.7  Rectal prolapse. Defecography, which is performed in a sitting position usually aids diag-
nosis in patients who report prolapse. Anorectal manometry may reveal low resting sphincter pres-
sure especially in patients with complete rectal prolapse, rectal sensation and compliance may be 
impaired. Pre-existing dyssynergic defecation that causes chronic excessive straining may coexist
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by the perineal descent on the manometric probe during the attempted defeca-
tion, with the regaining by the perineum of the initial position at the end of the 
bear down [28].

Even if the diagnosis of these anatomical changes remains radiological, however 
it is really important to add a functional exam like HRAM/HDAM, where available, 
since the acquisition of the morphological elements associated with the functional 
ones is the most complete way to evaluate the alteration of the defecatory function.

It is already known that anatomical abnormalities, such as a rectal prolapse, 
may be the result of a hidden dyssynergic defecation. The excessive straining that 
characterizes the dyssynergic defecation generally leads to a laxity of the connec-
tive tissue and to a nervous damage, ending into the opposite problem which is FI 
[29]. We strongly suggest to perform a HRAM/HDAM in a patient with rectal 
prolapse as well as rectocele, solitary rectal ulcer syndrome, and descending 
perineum syndrome, because the chronic excessive straining due to a pre-existing 
dyssynergic defecation may be the reason why the patient has developed an ana-
tomical defect, so the surgical correction of the defect will be incomplete or inef-
fective if the underlying cause persists. It is worth emphasizing that in the rectal 
prolapse it is advisable to carry out the manual reduction of the prolapse itself 
before performing the test.

The importance of discovering functional abnormalities in these patients is very 
clear looking at a surgical setting. For example, if the patient with rectal prolapse is 
a candidate for surgery, the laxity of pelvic floor and of the connective tissue relates 
to the continuous straining consequent to the obstructed defecation might lead to a 
subsequent FI.

Sometimes the evidence of an underlying dyssynergic defecation, or the evi-
dence of a pre-existing reduced sphincter tone, cannot modify the surgical planning, 
but it has a prognostic value; and the patient could perform a preoperative biofeed-
back to improve the performance of the pelvic floor and to ensure a better quality of 
postsurgical continence.

7.7	 �Hirschsprung’s Disease

Hirschsprung’s disease is a genetic disease due to the congenital absence of gan-
glion cells in the distal bowel, with the most prominent symptom of constipation. 
The suspect is clinical, shortly after birth, because of the presence of megacolon, or 
because the baby fails to pass the meconium in 48 h of delivery [30].

The diagnostic route of Hirschsprung includes HRAM and rectal suction biopsy. 
HDAM is not used in children, because of the diameter of the probe.

This disease is characterized by the lack of the rectoanal inhibitory reflex (RAIR), 
and this can be detected by the HRAM, because, since the distal colon is dilated, the 
reflex cannot be elicited by the rectal balloon (Fig. 7.8).

The lack of the RAIR is not always so obvious, this is why has been identified 
a new parameter to assist the diagnosis of Hirschsprung’s disease: The ASRI10, 
i.e., “anal sphincter relaxation integral” at pressure cutoff <10  mmHg. It is 
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present in the automatic HRAM analysis system, and can quantify the RAIR 
adequacy. A complete discussion about ASRI10 is beyond the aim of this chap-
ter [31].

In conclusion, if the RAIR is present, Hirschsprung’s disease can be ruled out. 
On the other hand, if the RAIR is absent, rectal suction biopsy is mandatory. This is 
the reason because some clinicians prefer to use only the rectal suction biopsy, but, 
using HRAM as first choice diagnostic test can reduce the number of patients under-
going an invasive procedure like rectal biopsy [32].
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8High-Resolution Anorectal Manometry 
and 3D High-Definition Anorectal 
Manometry in Pediatric Settings

Teresa Di Chio, Marcella Pesce, Diego Peroni, 
and Osvaldo Borrelli

8.1	 �Anorectal Physiology

Fecal continence and defecation are highly regulated processes ensured by the syn-
ergic and coordinated function of the rectum, pelvic floor muscles, and anal canal. 
The rectum functions as a reservoir for fecal material and its stretch-sensitive fibers, 
activated by the intraluminal distension, are essential in signaling the awareness of 
defecation to the central nervous system and activating spinal reflexes. The anal 
canal consists of the internal (IAS) and external (EAS) anal sphincters. The former, 
which is composed of smooth muscle cells, is innervated by the enteric nervous 
system and therefore not under voluntary control. It is primarily responsible for anal 
continence as it generates approximately 70–85% of the anal canal pressure. 
Conversely, the EAS, composed by skeletal muscle cells, is under the voluntary 
control of the sacral nerves. The two sphincters are closely adjoined and, in young 
children, a clear physical separation between is difficult to detect [1, 2].

The anal sphincters, the pelvic floor muscles, and the levator ani complex, which 
includes the puborectalis muscle, are responsible for ensuring the fecal continence 
at rest. Synergistically, through tonic contractions, the aforementioned structures 
maintain the anorectum angulated between 85° and 105° [3] and generate a pressure 
at the level of anal canal that exceeds the rectal pressure, hence preventing the invol-
untary loss of fecal material [3, 4].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32419-3_8&domain=pdf
mailto:osvaldo.borrelli@gosh.nhs.uk.
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The evacuatory process is a highly regulated and voluntary function. The disten-
sion of the rectal wall above an appropriate sensory threshold provokes a temporary 
reflex relaxation of the IAS, named recto-anal inhibitory reflex (RAIR), which 
enables the luminal contents to enter the anal canal. The expulsive step, under vol-
untary control, is characterized by the coordinated relaxation of the EAS and pelvic 
floor muscles alongside with the abdominal wall contraction, which ultimately 
enables the passage of the stools through the anal canal [4]. If the subject is not in a 
socially appropriate setting to defecate, the voluntary contraction of the EAS and 
the puborectalis muscle prevent the defecation and the stools are returned to the 
colon by reverse peristalsis.

8.2	 �Equipment

ARM is by nature a highly technical evaluation and when knowledgeably used, 
provides an accurate description of anorectal neuromuscular function. However, the 
manometric data are reliable only if the methodology used to acquire them is 
accurate.

A manometric apparatus setup consists of a pressure sensor/transducer combina-
tion, which detects the pressures in the anal canal and rectum and transduces them 
into an electrical signal, and a recording device, which amplifies, records, and stores 
that electrical signal. The pressure sensor/transducer components of the manometric 
assembly function as a matched pair and are available in two general designs: either 
water-perfused catheters, connected to a pneumohydraulic perfusion pump and to 
volume displacement transducers, or strain gauge transducers with solid state cir-
cuitry [5].

In the last decade considerable advancements in ARM technology have been 
witnessed and conventional low-resolution systems have gradually been 
replaced by high-resolution (HRARM) and 3D high-definition manometry 
(HDARM). This has been achieved by a combination of new manometric assem-
blies allowing intraluminal pressure to be recorded from up to 256 pressure 
sensors spaced <0.3 mm. At the same time, advances in computer processing 
allow pressure data to be presented in real-time as a compact, either as two-
dimensional visually intuitive “spatiotemporal plot” or more sophisticated 
3D.  In adults, by correlating with anatomic structures defined by MRI or 3D 
ultrasound, HDARM measurements allow a better definition of the contribution 
of different components of the anal canal and a better description of the anal 
canal radial asymmetry [6]. However, the role of our enhanced knowledge of the 
pathophysiological mechanisms of the different defecation disorders in children 
is still unclear.

Currently, the catheter used for 3DHRAM has an outer diameter of almost 
11 mm [7]. Although the test could in theory be performed at any age, in infants the 
anal resting pressure could be overestimated and anal canal dynamics upon balloon 
distension could be misinterpreted [8]. To date, 3DHRAM has been used in children 
aged above 2 years.

T. Di Chio et al.



99

8.3	 �Methodological Aspects

8.3.1	 �Preparation of Pediatric Patients and Caregivers

In preparation for the procedure, in children above the age of 1 year, an enema is 
recommended on the day or the evening prior to the day of tests. Alternatively, in 
those with significant fecal loading a degree of bowel preparation could be required 
prior to the procedure. In infants, no bowel preparation is required as they generally 
have soft stools [9]. Medications that can interfere with the anorectal function 
should be stopped before the procedure.

Older children are instructed to defecate if required before the test. The child 
should be placed in the lateral decubitus position, with knees drawn up to the chest, 
maintaining the hips and knees flexed at 90°. Before the probe insertion, the peri-
anal area should be inspected and a digital rectal examination should be carried out, 
in order to evaluate the general anatomy, the perianal sensation, skin excoriation, 
and the presence of rectal impaction. Then, the lubricated manometry probe can be 
gently inserted into the rectum. Before starting the recording, the operator should 
wait for few minutes in order to allow the acclimation of anorectal area.

Pediatric gastroenterologists have often to face non-cooperative children and, 
especially in children under the age of 5, a study under anesthesia may be required. 
When that happens, only the analysis of anal sphincter resting pressures and RAIR 
can be performed. Moreover, the results need to be carefully evaluated as different 
anesthetic agents may interfere with the physiological outcomes [10–13].

Nevertheless, in some circumstances and indications undoubtedly requiring 
patients’ cooperation a proper psychological preparation for both children and par-
ents is certainly required. Anorectal manometry has been shown to induce signifi-
cant preprocedural distress in children and adequate psychological preparation 
intervention has been shown to reduce anticipatory distress, to improve measure-
ments reliability, and ultimately to better pave future treatments based on the mano-
metric patterns [12, 14–17].

8.3.2	 �Study Protocol, Analysis, and Interpretation

Ideally, the full manometric protocol should aim at assessing sphincter pressures at 
rest and during voluntary contractions, bear-down maneuvers, rectal sensation, and 
reflexes. Nonetheless, the test should be tailored and the relevant parameters to 
assess should depend on the clinical indication.

The common parameters assessed during the ARM study are the following:

•	 Resting pressure:
The resting pressure should be recorded only after the child is relaxed and 

comfortable. The basal resting sphincter pressure measurement with new tech-
nology of HRAM is simply obtained by inserting the catheter and evaluating in 
real-time the high-pressure zone over a period of 30 s [10]. Conversely, resting 

8  High-Resolution Anorectal Manometry and 3D High-Definition Anorectal…
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pressure evaluation with low-resolution probes is usually performed through 
either stationary pull-through or continuous withdrawal [18]. The identification 
of high-pressure zone allows also the measurement of the anal canal length.

•	 RAIR (recto-anal inhibitory reflex) (Fig. 8.1):
The RAIR consists in the relaxation of IAS upon a rectal distention. In pedi-

atrics, there are no universally agreed criteria for its definition. It is currently 
defined as either a dropping in pressure by >5 mmHg or >15% of the resting 
pressure [18]. The drop in anal pressure may be difficult to be detected especially 
in uncooperative children and in patients with baseline low resting pressures 
(e.g., under anesthesia). The RAIR has a volume-dependent response: the larger 
the balloon volume, the greater the degree and duration of the relaxation. Its 
measurement is performed by rapidly inflating the rectal balloon with incremen-
tal volumes of 5 mL in infants and newborns (up to 20 mL) and increments of 
10 mL in older children [10]. If complete relaxation is not obtained, volumes up 
to 250–300 mL can be reached in older children to elicit the RAIR. The absence 
of RAIR is suggestive of colonic aganglionosis or Hirschsprung disease 
(Fig. 8.2). The most common reason for a false-positive RAIR is represented by 
the migration of the probe during the procedure, which can be prevented by 
securing the catheter to the anal verge. Conversely, the most frequent cause for a 
false-negative RAIR test is rectal dilatation (i.e., megarectum), which does not 
allow the balloon to stretch the rectal walls (and therefore to generate the trigger 
pressure for the RAIR) because of the enlarged rectal volume [18].

•	 Squeeze pressure (Fig. 8.3):
It is elicited by asking the child to voluntarily contract the anal canal and it is 

calculated as the greatest pressure increase referred to the baseline resting pres-
sure. In some centers, the average of three measurements is calculated [10, 18]. 
An increased or decreased value may be due to myogenic or neurogenic causes.

•	 Endurance squeeze (Fig. 8.4):
The child is asked to contract the anal canal as strongly as possible for at least 

15- to 20-s period.
•	 Rectal sensation:

normal RAIR

10 sec

Rectal baloon

Anal canal

Anal canal

Atmospheric
mmHg

28

40

60

80

90

Fig. 8.1  Normal RAIR. White and black arrows point rectal balloon insufflation and deflation, 
respectively. The balloon inflation induces an increase in the rectal pressure, shown in the figure as 
purple bar. Normal RAIR is seen as a drop in anal canal pressure upon rectal balloon insufflation
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absent RAIR

10 sec

Rectal baloon

Anal canal

Anal canal

Atmospheric
mmHg

5
10

20

30

40

50

60

70

Fig. 8.2  Absent RAIR. White and black arrows point rectal balloon insufflation and deflation, 
respectively. The balloon inflation induces an increase in the rectal pressure, shown in the figure as 
purple bar. The anal sphincter pressure does not decrease upon rectal balloon insufflation. RAIR 
is absent in several conditions including colonic aganglionosis or Hirschsprung disease

Squeeze Pressure

10 sec

Anal canal

Anal canal

Atmospheric
mmHg

9
10
20

30

40

50

60

70

Fig. 8.3  Squeeze pressure. It is elicited by asking the child to voluntarily contract the anal sphinc-
ter. It is calculated as the greatest pressure increase referred to the baseline resting pressure

Endurance Squeeze

10 sec

Anal canal

Anal canal

Atmospheric
mmHg

28

40

60

80

90

Fig. 8.4  Endurance squeeze. It is the length of time the child is able to maintain the anal canal 
pressure during a voluntary contraction. It is elicited by asking the child to voluntarily contract the 
anal sphincter as strongly as possible for a period of at least 15–20 s. The white arrows point the 
start and the end of the squeeze
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The rectal sensation can be assessed in a cooperative child (usually aged 
4–5 years and over) by steadily increasing the balloon size through the inflation 
of progressively greater volumes of water or air. It can be performed with or 
without deflation intervals in between the subsequent incremental volumes 
(intermittent rectal distension method or through ramp inflation method, respec-
tively) [10]. It provides further information on the child’s stool perception, which 
can be indicative of either anorectal dysfunction or dilated rectum. Three differ-
ent sensation volumes are usually recorded: (i) the first sensation, which repre-
sents the lowest balloon volume at which the patient feels the balloon; (ii) the 
urge sensation, defined as the lowest volume required to elicit the defecation 
urge; (iii) the maximum tolerable sensation, reached when severe urgency and 
pain is experienced. This may be hard to be evaluated in children younger than 
7 years of age and children with developmental impairment. Sensations are usu-
ally decreased in children with dilated rectum, often due to long-lasting outlet-
obstruction constipation.

•	 The bear-down maneuver or push (simulated defecation) (Fig. 8.5):
It is carried out to evaluate anorectal and pelvic floor pressure changes during a 

simulated defecation. Usually, this provocative test is possible to perform in children 
above 5–6 years of age and it requires significant cooperation. Normally, the defeca-
tion attempt should induce a simultaneous and coordinate increase in the rectal pres-
sure and relaxation of anal sphincters. This maneuver allows clinicians to diagnose 
dyssynergic defecation, which is a common cause of fecal outlet obstruction.

•	 Balloon expulsion test:
It is carried out asking the child to sit on a commode or in lateral position and 

expel the intrarectal inflated balloon, trying to guarantee as much privacy as pos-
sible. The test is defined normal if the balloon is expelled. In pediatrics, there is 

Push

10 sec

Anal canal

Anal canal

Rectal

Atmospheric
mmHg 

28

40

60

80

90

Fig. 8.5  Bear-down maneuver or push in dyssynergic defecation. It is carried out to evaluate 
anorectal and pelvic floor pressure changes during a simulated defecation. Normal defecation 
attempt induces a simultaneous and coordinate increase in the rectal pressure and relaxation of anal 
sphincters. In the figure, there is an increase in rectal pressure (white square) but paradoxical 
increase in anal pressure, consistent with the diagnose dyssynergic defecation, which is a common 
cause of fecal outlet obstruction in children
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no a consensus on the time cut-off needed to expel the balloon and the ideal bal-
loon volume. Studies have demonstrated that adult normal values can be used. 
Patients with dyssynergia usually fail to expel the balloon [19]. It has been dem-
onstrated that this test in pediatric patients with outlet-obstruction type of consti-
pation may help in tailoring therapeutic management [19].

8.3.3	 �Reference Values

In pediatric age, there is a lack of uniformity in terms of protocols and equipment, 
and hence lack of normal reference values. Moreover, normal HRAM and 3D 
HRAM values have been published only for adult populations [20–23], while only 
few studies have been performed in children with similar methodologies. Hence, the 
interpretation still relies on expertise of the pediatric gastroenterologists in the field. 
Moreover, conventional water-perfused ARM measures are routinely used in 
manometry reporting despite in adult literature has shown that the values with high-
resolution manometry are higher than those with water perfusion [24]. Moreover, 
significant variability in values might depend on gender, BMI, age, use of different 
protocols, and the interaction between the patient and the clinician [21, 22, 25, 26].

To date only two studies in pediatric age have been performed using HARM and 
3DHARM in order to establish normative values. One study using HARM reported 
normal values of anorectal sphincter metrics (including resting pressure, anal canal 
length, and RAIR) in 180 healthy and asymptomatic newborns based on age, and 
segregated by preterm vs term [27]. Recently, Banasiuk et al. have published a study 
aimed at evaluating normal 3DHRAM values in 61 children without symptoms 
from the lower gastrointestinal tract [8]. Normal values in pediatric age using either 
low- or high-resolution manometry are summarized in Tables 8.1 and 8.2.

Further studies are needed in pediatric populations in order to reach universally 
agreed normal values.

8.4	 �Indications

The indications of ARM are the following:

•	 To rule out Hirschsprung disease (HD)
HD is characterized by the absence of ganglion cells in the myenteric and 

submucosal nerve plexuses in the colon and rectum secondary to an aberrant 
ontogenetic development of the gastrointestinal tract. Hence, due to the lack of 
innervation in the rectum, ARM shows a typical absence of IAS relaxation upon 
rectal distention. The absence of RAIR on ARM should prompt rectal suction 
biopsy (RSB), which is the gold standard for the diagnosis of HD. The absence 
of RAIR and the presence of ganglion cells at rectal suction biopsies define the 
condition named anal achalasia, which responds well to the treatment with botu-
lin toxin [18].

8  High-Resolution Anorectal Manometry and 3D High-Definition Anorectal…
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Recently, a new measure, the anal sphincter relaxation integral (ASRI), has 
been developed to objectively quantify the RAIR and discriminate patients with 
and without HD [32]. However, its role in the clinical management of patients 
with HD is still to be elucidated.

•	 To evaluate the anorectal functions of HD children after surgical repair
ARM plays an essential role in the post-surgical evaluation of these patients. 

For instance, it has been shown that the measurement of the length of the anal 
canal in HD children with fecal incontinence after surgical repair enables to pave 
further effective therapeutic management [33].

•	 To evaluate the sphincter function in children with organic causes of constipa-
tion (e.g., anorectal malformation, spinal cord lesions)

Children with anorectal malformations need an accurate functional evaluation 
after anorectal surgery in order to evaluate the residual anorectal function. 
Additionally, in the pre-surgery workup before reverting colostomy or ileostomy, 
ARM may be indicated in order to exclude the presence of outlet-obstruction 
defecation.

Spinal cord abnormalities may increase the tone of the anal sphincters as a 
consequence of the damage of upper motoneurons and an exaggerated contraction 
and anal spasms upon balloon dilation or sphincter relaxation with smaller bal-
loon inflating volumes [34]. Conversely, in some neurological conditions the anal 
tone may be decreased due to abnormalities involving the lower motoneuron [35].

•	 To evaluate persisting symptoms of constipation with or without fecal inconti-
nence unresponsive to standard medical therapy

•	 To evaluate the anorectal function before and after therapeutic interventions 
such as botulinum toxin injection and biofeedback

•	 To assess the defecation dynamics
The incoordination between the relaxation of the anal sphincters and pelvic 

floor muscles during defecation, called dyssynergic defecation, may be an under-
lying cause of constipation. This can be evaluated in real-time with ARM during 
the bear-down maneuver and, in adult population, ARM allows clinicians to dif-
ferentiate dyssynergic defecation into different phenotypes according to the 
presence of adequate/inadequate increase in rectal pressure and failed reduction/
paradoxical increase in anal pressure (type 1–4) [36]. Regardless of the type of 
ARM phenotype, dyssynergic defecation leads to outlet-obstruction constipa-
tion. This diagnosis can be confirmed by the inability of expelling the balloon. In 
children, both the bear-down maneuver and the balloon expulsion test may be 
falsely labelled as negative, because of the lateral position adopted during the test 
and the anxiety due to defecate in the presence of the clinicians [19].

8.5	 �Future Perspectives and Conclusions

Over the last decade, remarkable technical advances, in terms of probe miniatur-
ization and pressure recording systems, have led to a more detailed understanding 
of the anorectal function. High-resolution (HRAM) and 3D high-definition 
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(3DHDAM) systems will gradually replace conventional low-resolution anorectal 
manometry. However, in children, although HRAM provides a greater character-
ization of defecatory disorders phenotypes, fecal incontinence, and anorectal dys-
motility in adult population as well as in pediatric patients, it is still limited by the 
lack of standardization, interpretation, and normal data. The increasing application 
of new system in clinical will certainly lead to a substantial improvement of appro-
priate management driven by specific manometric patterns and underlying patho-
physiological abnormalities.
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9.1	 �Resting Pressure

Resting pressure mainly results from the activity of the internal anal sphincter and 
is responsible for fecal continence at rest; it is also influenced by the hemorrhoidal 
plexus and the external anal sphincter pressure. Resting pressure is recorded after at 
least one minute of waiting (stabilization period) to allow the patient to adapt to the 
probe and to permit anal sphincter to stabilize at basal level.

Resting pressure recording, evaluated through an analysis of about 60 seconds 
with the patient at rest on his left side with the knees flexed, returns on the high reso-
lution manometric color-contour plot an high pressure zone (HPZ), (Fig. 9.1, arrow 
1), delimited by two low pressure zones (colder colors) proximally and distally 
representing, respectively, the rectum and the external environment.

On high definition 3D manometric image the resting pressure generates the so-
called dumb-bell shape: this translates into a central high pressure ring reducing the 
caliber of the anal canal (arrow 2), with the yellow line indicating the anterior side 
of the anal canal (arrow 3) (Fig. 9.1).

During the analysis of resting pressure mean pressure, length of the HPZ and 
simmetry has to be evaluated.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32419-3_9&domain=pdf
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Fig. 9.1  Resting pressure

a

b

Fig. 9.2  (a) Short squeeze, (b) Endurance squeeze
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9.2	 �Squeeze

The contractile activity of the external anal sphincter muscle is evaluated by asking 
the patient to perform three consecutive maximal anal contractions of 5 seconds 
each (short squeeze, Fig.  9.2a) and one 30 seconds long squeeze (endurance 
squeeze, Fig. 9.2b).

The voluntary contraction maneuver causes a pressure increase on the high res-
olution manometric color-contour plot with warm colors appearence (in Fig. 9.2, 
peak pressure 356.0 mmHg, arrow 1).

On 3D high definition image the squeezing maneuver generates an hourglass 
shape appearance (Fig. 9.2, arrow 2): it is possible to appreciate a central pressure 
peak that causes the total or sub-total obliteration of the anal canal, bounded by two 
low pressure zones, proximally and distally.

The 3D image also allows to detect asymmetry of the external anal sphincter 
contraction (for example, asymmetry due to traumatic or iatrogenic damage), other-
wise not detectable through simple 2D high resolution evaluation.

9.3	 �Push

In physiological conditions, the pushing maneuver leads to an increase of the 
abdominal pressure (as a consequence of the bearing down maneuver) associated 
with anal canal relaxation. The simulated defecation is repeated at least three times 
with the patient lying on his left side.

On the high resolution color-contour, it is possible to appreciate a shift towards 
colder colors (Fig. 9.3, arrow 1) on the sphincter apparatus corresponding to physi-
ological sphincterial relaxation (in Fig. 9.3, relaxing pressure: 37.4 mmHg); on the 
rectal sensor color-contour (arrow 2), it is necessary to verify the effective pressure 
increase testifying that an adequate bearing down maneuver is performed by the 
patient: rectal pressure increase is efficient when it exceeds at least 40 mmHg.

PUSH

Fig. 9.3  Push

9  Atlas



114

On the 3D high definition manometric image the simulated defecation generates 
a symmetric increase in the caliber of the functional anal canal (arrow 3) compared 
to the seconds immediately preceding the pushing maneuver.

9.4	 �Recto-Anal Inhibitory Reflex

The evaluation of the recto-anal inhibitory reflex (RAIR) involves the distension of 
the rectum walls through the progressive insufflation of air inside the balloon placed 
on the anorectal manometry probe.

The pressure increase appreciated in the rectum (arrow 1), if reflex arc is pre-
served, will correspond to a relaxation of the sphincterial apparatus which, in the 3D 
manometric image, results in an increase in the caliber of the functional anal canal 
(arrow 2) compared to the seconds immediately preceding the air blowing. On the 
2D manometric color-contour plot a color change towards the colder colors (arrow 
3) of the pressure scale is shown RAIR may be elicited by 20 ml air blowing, but is 

Fig. 9.4  Recto-anal inhibitory reflex

Fig. 9.5  Cough reflex
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good practice to evaluate it with progressive insufflations until reaching a value of 
at least 60 ml.

9.5	 �Cough Reflex

The evaluation of the cough reflex allows to verify the integrity of the reflex arc. It 
is composed of the pudendal nerves and sacral roots, which permits fecal conti-
nence during such maneuvers: the act of cough causes an increase in intraabdominal 
pressure to which corresponds a rise in sphincter pressure caused by external 
sphincter muscle contraction. Loss of this reflex, due to neurological or mechanical 
causes, such as traumas or nerve compression, could lead to episodes of fecal 
incontinence.

In Fig. 9.5 it is possible to notice, during cough maneuver, a pressure rising in the 
rectal sensors (arrow 1) which activates the physiological reflex arc that causes con-
traction of the external sphincter muscle (warmer colors along sphincter sensors) 
(arrow 2).

9.6	 �Paradoxical Puborectalis Contraction

The paradoxical puborectalis contraction is a dyssynergic condition of the pelvic 
floor muscles that may appear during straining: in physiological conditions the 
puborectalis muscle sling, during wilting, undergoes a relaxation, straightening the 
way of expulsion of the stools.

In this type of dyssynergic defecation there is a muscular incoordination charac-
terized by a paradoxical contraction of the puborectalis muscle. In this patients a 
correct propulsive thrust through the bearing down maneuver is detectable (Fig. 9.6, 
arrow 1) but the paradoxical contraction of the pubo-rectal is sling prevents physi-
ological evacuation, leading to an obstructed defecation.

Fig. 9.6  Paradoxical puborectalis contraction
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This dyssynergic condition manifests itself on the high resolution manometric 
color-contour plot, while patient is asked to strain, with a pressure change towards 
warmer colors (rather than the physiological color change towards colder colors) 
with its peak on the proximal portion of the functional anal canal (arrow 2) (Fig. 9.6).

High definition manometric image allows to appreciate the presence of an asym-
metrical pressure increase located on the posterior portion of the anal canal (arrow 
3), due to the typical sling course of the puborectalis muscle.

9.7	 �Paradoxical Contraction with External Anal Sphincter 
Recruitment

Paradoxical contraction during straining with external anal sphincter recruitment is 
shown in Fig. 9.7: the 2D manometric color plot shows a change towards warmer 
colors represented all along the anal sphincter (arrow 1) due to paradoxical contrac-
tion of the external anal sphincter, associated with rectal pressure increase (arrow 2) 
due to bearing down maneuver.

3D high definition manometric image shows a diffuse caliber reduction of the 
anal canal (arrow 3): it is noteworthy that in this patient it is not possible to appreci-
ate the posterior pressure increase typical of paradoxical puborectalis contraction.

9.8	 �Anal Sphincter Impaired Relaxation

The anal sphincter impaired relaxation is also a dyssynergic phenomenon that mani-
fests itself during simulated defecation: on the 2D manometric color-contour plot it 
is possible to appreciate a correct propulsive thrust during the bearing down maneu-
ver (Fig. 9.8, arrow 1) associated, in this case, with an absence of the color change 

Fig. 9.7  Paradoxical contraction with external anal sphincter recruitment
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towards the colder colors of the pressure scale (as one would expect to find in case 
of physiological conditions); anal sphincter impaired relaxation is characterized, 
instead, by a permanence of the high pressure zone (arrow 2) compared to the pre-
pushing phase.

The physiological increase in the caliber of the anal canal is not appreciated in the 3D 
high definition manometric image; on the contrary, it is possible to detect the constant 
presence of the “dumb-bell shape” image appreciable in resting condition (arrow 3).

9.9	 �Insufficient Resting Pressure

An impaired resting pressure could lead to episodes of fecal incontinence: the major 
predisposing factor is certainly childbirth and possible peripartum episiotomy; other 
causes can be traumatic sphincter lesions, neurological causes, inflammatory bowel 
diseases, or iatrogenic causes secondary to surgery for anal fissures, perianal fistu-
las, or tumors.

In Fig. 9.9a it is possible to appreciate a reduced resting pressure: the HPZ is 
characterized by reduced length and colder colors of the manometric scale (arrow 1) 
if compared to physiological pattern. The 3D high definition image shows an 
increased caliber of the anal canal at rest (arrow 2) compared to physiological 
dumbbell appearence.

Figure 9.9b shows the correspondent conventional manometry pattern: mean 
resting pressure value is 30.4 mmHg, with a pressure peak of 33.2 mmHg.

In Fig. 9.10 a complete abolition of the resting pressure is showed in a patient 
affected by ulcerative colitis and stoma carrier; 2D manometric colour plot shows 
that no pressure is detected (arrow 2); the 3D manometric image shows a marked 
increase in the caliber of the anal canal (arrow 1), with complete disappearance of 
the handlebar image that characterizes physiological resting pressure.

Fig. 9.8  Anal sphincter impaired relaxation
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Fig. 9.10  Resting pressure abolition in patient affected by ulcerative colitis and stoma carrier

a

b

Fig. 9.9  Insufficient resting pressure
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9.10	 �Insufficient Squeezing

The physiological contraction of the external anal sphincter generates on the 2D 
high resolution color-contour a color change towards warmer colors maintained 
over time and, at the 3D high definition image, a reduction in the size of the func-
tional anal canal.

In Fig. 9.11 an insufficient voluntary contraction is shown in a patient affected by 
multiple sclerosis: during squeezing the high pressure zone does not reach the 
warmer colors of the pressure scale as one would expect in physiological conditions, 
not even on his peak pressure (maximum contraction: 101.0 mmHg, arrow 2).

The 3D manometric image shows how, during contraction, the anal canal does not 
completely close, but it remains widely open instead (arrow 1), although without any 
signs of asymmetry.

9.11	 �Anal Sphincter Lesion

A sphincter lesion can be the consequence of different events: causes could be 
rapresented by vaginal delivery with consequent obstetric implications but it can be 
also caused by traumas or iatrogenic causes.

It can cause active fecal incontinence, with urgency and persistence of the evacu-
ation stimulus, but it can also provoke fecal soiling.

In Fig. 9.12 a iatrogenic lesion of the external anal sphincter muscle in a patient 
who underwent sphincterotomy for a trans-sphincteric fistula.

Through high resolution anorectal manometry the consequences of external anal 
sphincter lesion can be appreciable during voluntary contraction: on the 2D mano-
metric color plot it is possible to appreciate a pressure increase with a change towards 
the warmer colors (arrow 2) which may not reach the highers colors of the manomet-
ric scale and appear insufficient, but without providing any information on the pos-
sible site of the injury.

Fig. 9.11  Insufficient squeezing
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On the contrary, 3D high definition evaluation is particularly useful in this context 
since, during voluntary contraction, it is possible to appreciate a marked asymmetry 
of the high pressure zone (arrow 1) otherwise not detectable through simple high reso-
lution evaluation. External anal sphincter activity is maintained in this patient only 
along the anterior side of the anal canal, and it is reduced along the posterior side.

In Fig.  9.13 the manometric features of a traumatic damage of external anal 
sphincter muscle are shown: the 2D manometric color-contour shows multiple pres-
sure peaks (warmer colors, arrow 1) characterized by short duration and insufficient 
strength (pressure displayed: 81.3  mmHg); 3D manometric image highlights an 
asymmetrical contraction characterized by muscular activity represented only along 
the posterior side of the anal canal (arrow 2).

Fig. 9.13  Anal sphincter traumatic damage

Fig. 9.12  External anal sphincter lesion
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9.12	 �Rectal Prolapse

During high resolution and high definition manometric study it could be possible to 
appreciate rectal prolapse in straining phase: in Fig. 9.14 it is possible to notice how 
in the 2D high resolution manometric color plot, during an adequate bearing down 
maneuver, pressure increase occours not only in the rectal sensor (arrow 1), but 
warmer colors also appears to descend into anal canal (arrow 2). The color plot 
shows also how in the anal canal pressure increase is compatible with dyssynergic 
defecation (arrow 3) (Fig. 9.14).

On 3D manometric image, it is shown the puborectalis asymmetrical pres-
sure increase (arrow 4) associated with a proximal caliber reduction of the anal 
canal during simulated defecation (arrow 5).

In Fig.  9.15, a rectal prolapse in patient who underwent STARR is reported: 
arrow 1 shows a pressure increase above the anal sphincter during bearing down 
maneuver; arrow 2 shows the conventional manometry trace with a diffuse pressure 
increase during such maneuver.

In Fig. 9.16 physiological anal sphincter relaxation in patient affected by rectal 
prolapse is reported: during simulated defecation pressure increase occurs not only 
in the rectal sensor (due to bearing down maneuver), but warmer colors seems to 
descend also above the anal sphincter (arrow 1), descending even more on succes-
sive bearing down maneuver (arrow 2). This aspect occurs however in presence of a 
sufficient relaxation of the anal sphincter: the 2D manometric color plot shows, in 
correspondence with the correct bearing down maneuver, a color change towards 
colder colors along the anal sphincter (arrow 3) (Fig. 9.16).

Fig. 9.14  Puborectalis paradoxical contraction in patient affected by rectal prolapse
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9.13	 �Anal Fissure

Patients suffering from anal fissure may present an internal sphincter hypertonia 
which can slow down or prevent the resolution of the ulceration.

In Fig. 9.17 altered resting pressure in patient affected by anal fissure is shown: 
high resolution manometric color-contour plot shows a high pressure zone charac-
terized by warmer colors (arrow 1) if compared to physiological conditions during 
resting pressure recording. The 3D high definition image is characterized by sym-
metrical caliber reduction of the anal canal (arrow 2) if compared to physiological 
dumb-bell shape appearence.

Fig. 9.15  Rectal prolapse recurrence after STARR

Fig. 9.16  Physiological anal sphincter relaxation in patient affected by rectal prolapse
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9.14	 �Neurologic Damage in Previous Cerebral Hemorrhage 
Due to Vascular Malformation

In Fig. 9.18 an impaired perineum due to cerebral hemorrhage secondary to vas-
cular malformation: it is easily noticed how every step of the manometric study 
does not elicit any response along the sphincterial apparatus: during cough, in 
physiological conditions, a contraction of the external anal sphincter is expected, 
contrary to what happens in this patient, in which no response is appreciated dur-
ing such a maneuver (arrow 1); also during voluntary contraction and simulated 
defecation (arrows 2 and 3, respectively), no activity is recorded along the sphinc-
terial sensors, with permanence of the HPZ.

Fig. 9.17  Anal fissure

Fig. 9.18  Neurologic damage in previous cerebral hemorrhage
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9.15	 �Hirschsprung’s Disease

In Fig. 9.19 a case of Hirschsprung disease diagnosed in childhood is reported: the 
air insufflation in the balloon, with consequent pressure increase on the rectal sensor 
(arrow 1), does not correspond to the physiological relaxation of the sphincterial 
apparatus; on the contrary, the permanence of the high pressure zone (arrow 2) is 
appreciable.

In Fig. 9.20, even after ten balloon filling maneuvers (maximum air insufflations 
240 cc) (arrow 1), no rectal-anal inhibitory reflex is appreciated on the sphincterial 
sensors, with permanence of the HPZ on the high resolution manometric color-con-
tour (arrow 2) and reduced caliber on the 3D high definition reconstruction (arrow 3).

RAIR

Fig. 9.19  Hirschprung disease

Fig. 9.20  Rectal-anal inhibitory reflex absence after multiple balloon insufflation
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9.16	 �Push Maneuver in Patient with Uterine Pessary

In Fig. 9.21 simulated defecation maneuver in a female patient with uterine pes-
sary for uterine prolapse is shown. During adequate bearing down maneuver, an 
accessory high pressure zone descending along the sphincterial sensors (arrow 1) 
is detectable. Unlike the color-contour plot that characterizes patients suffering 
from rectal prolapse, in this patient warmer colors are not diffuse over the sphinc-
terial apparatus, but are defined by a short pressure area descending towards the 
anal canal.

On the 3D image pressure is detected only along the anterior sensors of the high 
definition manometric probe (arrow 2); this is compatible with the anatomical posi-
tion of the uterine pessary.

9.17	 �Dyssynergic Defecation Classification According to Rao

Type I dyssynergic defecation is characterized by an adequate bearing down 
maneuver that generates an increase in rectal pressure equal or greater than 
40 mmHg (arrows 1) associated with paradoxical puborectalis contraction: arrow 
2 shows the pressure increase along the anal canal during bearing down maneuver 
(Fig. 9.22).

In type II dyssynergic defecation, during bearing down maneuver, an insufficient 
propulsive force along the rectal canal is generated (arrow 1 shows no pressure 
increase in the rectal sensor) associated with paradoxical increase in anal sphincter 
pressure (arrows 2) (Fig. 9.23).

Type III dyssynergic defecation is characterized by an adequate rectal pressure 
increase (arrow 1 shows a pressure increase greater than 40 mmHg) during bearing 

Fig. 9.21  Push maneuver in patient with uterine pessary
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Fig. 9.22  Type I
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Fig. 9.23  Type II
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down maneuver associated with absent or insufficient anal sphincter relaxation 
(pressure reduction equal or less than 20%) (arrow 2) (Fig. 9.24).

In type IV dyssynergic defecation the subject is unable to generate an adequate 
propulsive force during bearing down maneuver (arrow 1 shows an insufficient 
pressure increase in the rectal sensor) associated with absent or insufficient anal 
sphincter relaxation (arrow 2) (Fig. 9.25).

9.18	 �Artifacts

Artifacts may be due to probe calibration errors or damage of certain sensors.
In Fig.  9.26a high definition manometric color plot shows different high 

pressure zones with low pressure areas between them (arrows 1): this image 
could generate the suspect of an altered anatomy of the anal canal. On the 3D 

Fig. 9.24  Type III
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manometric image, it is possible to notice that the anal canal reconstruction 
seems to be also remarkably altered.

The artifact reason can be easily noticed in Fig. 9.26b, in which, after removing 
the probe (arrow 2) it continues to record multiple high and low pressure areas asso-
ciated with an altered 3D reconstruction: when no pressure is applied on the mano-
metric sensors, a diffuse low pressure plot should be expected.

This particular artifact can be generated by a damaged probe sensor or by errors 
during the application of the protective sheath.

In Fig. 9.27 artifact is due to the dislocation of the elastic device that keeps the 
balloon in place: it is possible to notice a high pressure zone (warmer colors, arrow 
1) appearing in the rectal sensor and how it does not disappear even after balloon air 
removal or after probe movements.

The dislocation of the elastic device on the rectal sensor is responsible for the 
high pressure zone reported.

Fig. 9.25  Type IV
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a

b

ARTIFACTS

Fig. 9.26  Probe calibration error

Fig. 9.27  Balloon and elastic device dislocation
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Fig. 9.28 shows an artifact generated by air trapped in the probe protective 
sheath: a loose tie between the balloon, positioned at the top of the probe, and the 
sheath can lead to an air escape from the balloon to the protective sheath, generating 
a pressure increase, detected by the sphincterial sensors, during (arrow 1) and 
between (arrow 2) successive air insufflation maneuvers (reproduced with permis-
sion from Conklin et al. [1]).

Reference

	 1.	Conklin J, Pimentel M, Soffer E. (2009) Color Atlas of High Resolution Manometry. https://
doi.org/10.1007/978-0-387-88295-6.
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Anal resting pressure: Pressure detectable at rest in static conditions. Baseline anal 
pressure profiles show a peak pressure in the range of 70–80 mmHg at a level of 
1.6 cm from the anal verge, which corresponds to the level of the IAS. In addition, 
there is a hump in the posterior pressure from 2.4 cm to 4 cm corresponding to the 
puborectalis muscle. Pressures are markedly asymmetric in the axial and circumfer-
ential directions. Mean resting (MeRAP) and maximal resting anal pressure (MRAP) 
are measured by the software in the highest pressure zone of the anal canal. Resting 
pressure is the pressure in the high-pressure zone at rest after a period of stabiliza-
tion. Maximum resting pressure is the highest resting pressure recorded [1–4].

Anal sphincter relaxation integral (ASRI): it has been developed mimicking the 
distal contractile integral determined by HR esophageal manometry to calculate the 
integral of contractile amplitude  ×  duration  ×  length (mmHg-s-cm of the distal 
esophageal contraction exceeding 20 mmHg from the transition zone to the proxi-
mal margin of the lower esophageal sphincter); it is used to quantify the RAIR; 
ASRI <10, 15, and 20 mmHg (ASRI10, ASRI15, and ASRI20, respectively) in an 
observed time window is used to quantify the amplitude of RAIR [5].

Balloon expulsion test (BET): the ability to evacuate is tested by BET: patients 
are asked to expel a 50 mL water-filled balloon attached to a Foley catheter sitting 
on a commode in privacy. According to the most authors the test has to be stopped 
if the balloon is not expelled within 2 or 3 min. A balloon expulsion time (BET) 
<120/180  s is considered normal. If patient could not expel the balloon 
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spontaneously, the balloon can be connected over a pulley to external weights, start-
ing with 50 g and increasing, up to a maximum of 564 g [6–9].

Cough reflex test: the evaluation of anal and rectal pressures (the difference 
between the maximum pressure recorded during a voluntary cough and the resting 
pressure at the same level in the anal canal) is important in the evaluation of fecal 
incontinence; indeed, the ability of increasing the anal canal pressures during abrupt 
rise in intra-abdominal pressure is an important mechanism in maintaining conti-
nence. This maneuver evaluates the integrity of spinal reflex pathways in patients 
with fecal incontinence. The patient is asked to cough or inflate a balloon. Normally, 
the increased abdominal pressure triggers the external anal sphincter contraction. 
The maneuver can be repeated more than once [10].

Defecation index (or rectoanal index): it is a ratio of the intra-rectal pressure and 
anal sphincter residual pressure [11, 12]. During normal defecation, it is intuitive 
that rectal pressure should exceed anal pressure. The defecation index is a simple 
and useful quantitative assessment of rectoanal co-ordination during defecation. A 
normal defecation index is >1.5. An index <1.3 has been used to diagnose dyssyn-
ergia with non-HRM. However, several studies have observed that approximately 
20% of asymptomatic people have dyssynergic defecation during HRM.

Dumb-bell: with 3-D maps, the resting frame shows a dumb-bell shape, with a 
high-pressure ring in the middle and low-pressure areas on both ends [10].

Dyssynergia: it is characterized by a paradoxical contraction of anal sphincter 
and\or puborectalis muscle during the bear-down maneuvers, or by failure of these 
muscles to appropriately relax during attempted defecation [13].

Functional anal canal length: it is defined as the area over which the resting anal 
pressures exceed the resting intrarectal pressure by at least 5 mmHg [10].

Functional defecation disorders: dyssynergia can be additionally categorized, 
according to Rome IV criteria [14], into four types on anorectal manometry data, 
based on patient ability to generate adequate pushing force and the type of sphinc-
ter contraction:

	1.	 Type I dyssynergia is characterized by adequate rectal propulsion with paradoxi-
cal anal contraction.

	2.	 Type II dyssynergia is characterized by impaired rectal propulsion associated 
with paradoxical anal contraction.

	3.	 Type III dyssynergia is characterized by adequate rectal propulsion with an 
incomplete anal relaxation.

	4.	 Type IV dyssynergia is characterized by impaired rectal propulsion with incom-
plete anal relaxation.

HDAM or 3-D high-definition anorectal pressure manometry/topography: 
only HDAM provides the pressures measured by individual sensors around the 
catheter circumference and is able to three-dimensionally reconstruct the ano-
rectum by color and morphology of anal canal, based on pressure changes 
detected by 256 circumferential sensors (compared to the 12 sensors on the 
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standard 2D HRAM catheter), providing a more global assessment of function 
[4, 15, 16].

HPZ (high-pressure zone): it is defined as the length of the anal canal with a rest-
ing pressure at least 30% higher than rectal pressure [1]. This is automatically deter-
mined by the software. The Sierra HRM system calculates HPZ as the length of the 
average pressure profile in the resting pressure frame defined as {rectal pres-
sure + [(anal resting pressure − rectal pressure) × 0.25].

HRAM (high-resolution anorectal manometry): it utilizes flexible catheters 
(water perfused or solid state catheters) that typically house longitudinal sensors 
spaced approximately 0.6–1  cm apart. The most proximal one or two sensors 
(often spaced further apart) may be used to record intra balloon pressure within a 
balloon attached to the uppermost part of the catheter for rectal distension/sensory 
testing [4, 15].

Both for HDAM and HRAM, there are currently two systems in practice: those 
that use solid state probes (the 3-D high-resolution solid probe has 256 pressure 
sensors on 16 lines, with each line having 16 circumferential sensors; the probe has 
a diameter of 10.75 mm, a length of 64 mm, an internal lumen to inflate the balloon 
−3.3 cm long with a capacity of 400 cm—and needs a disposable sheath) and those 
with continuous water perfusion (using a 24-channel anorectal manometry probe) 
[17]. Internal anal sphincter, external anal sphincter, and puborectalis function and 
integrity can be assessed at rest, during attempted squeeze maneuvers and during 
strain (bear-down) maneuver; a manometric investigation comprises a number of 
separate tests, with the selection (and order) of test maneuvers performed conform-
ing issues, symptoms and reason for referral. Test components may include assess-
ment of anal canal length; anal resting tone; anal squeeze pressure; the recto-anal 
inhibitory reflex; recto-anal (pressure) co-ordination on coughing; recto-anal (pres-
sure) co-ordination during the “push” maneuver; rectal sensations and the evalua-
tion of the relationship between inflated volume and rectal pressure, often improperly 
defined as “compliance”.

Integrated pressurized volume (IPV): it’s a measure of anal relaxation during 
simulated evacuation. The IPV not only reflects the anal pressure (amplitude), but 
also the duration of relaxation and the spatial component (i.e. length of anal canal) 
[18]. It is calculated by multiplying amplitude, distance and time. This new 
parameter makes more precise measurement of muscular contractility in the anal 
canal. Moreover, it has been reported that IPV was more strongly correlated with 
BET time in asymptomatic individuals than the previously used conventional 
parameters [19].

Isobaric contour: it is the line which identifies the loci in the anorectal pressure 
topography where the pressure is at the same level.

Maximum voluntary pressure: it is the highest pressure recorded above the base-
line (0) at any level of the anal canal during maximum squeeze effort performed by 
the patient.

Push or straining (simulated evacuation without rectal distention): to assess def-
ecation dynamics, patient is asked to attempt defecation by pushing three times 
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(1 min apart), bearing down (straining to defecate) as if he was “on-commode or 
toilet.”. This maneuver allows to measure pressure during attempted defecation, or 
so-called simulated defecation. An increase in intrarectal pressures (due to the 
Valsalva maneuver with abdominal muscles contraction) and the drop of pressures 
in the anal canal are reported in normal subjects. The HDAM image of the bear-
down maneuver shows the change of resting pressures (of cylindrical shape) to 
trumpet shape as a result of increased intrarectal pressures and reduced anal pres-
sures [10].

Rectal compliance: it is measured from the data obtained during intermittent 
intrarectal balloon insufflations. Balloon distension causes an initial increase in the 
intra balloon (rectal) pressure which is followed by a gradual decline in pressure to 
a steady state value (as the rectum accommodates to the increased volume). 
Compliance is then calculated as change in balloon volume divided by change in 
intra balloon pressure. Increased compliance can be related to the presence of mega-
rectum. Decreased compliance is related to reduced rectal adaptability, as in procti-
tis (both inflammatory and actinic), “sphincter saving operations,” etc.; reduced 
elasticity compromises tonic rectal adaptability and can cause rectal fasic contrac-
tion (possible cause of incontinence). The rectal balloons supplied with some mano-
metric catheters are relatively stiff. These balloons can be cleaned and reused, so the 
balloons stiffness varies over time. For this reason, rectal compliance and pressure 
thresholds for rectal sensations cannot be reliably measured with anorectal manom-
etry; rectal compliance should be assessed using the barostat (provided with a long 
infinitely compliant polyethylene bag) [20].

Rectal sensitivity: it is evaluated by measuring the perception of rectal distention 
performed by placing a balloon catheter above the anorectal ring; rectal sensitivity 
testing involves progressive filling of the rectal balloon with an increasing volume 
of air or liquid. The volume at which the patient can perceive the presence of the 
inflated balloon (minimum rectal volume perceived by the patient)—is the first sen-
sation. During further gradual inflation the volume at which the patient reports the 
desire to defecate (constant sensation) and the volume at which the patient experi-
ences elevated discomfort and an intense desire to defecate (maximum tolerated 
volume) are recorded. The threshold can vary according to the different methods of 
inflation (continuous or intermittent) and to the shape and the material of the bal-
loon [2, 3].

Rectoanal inhibitory reflex (RAIR): it is an anal reflex response, described mano-
metrically by the relaxation pressure or loss of anal canal pressure during rectal 
balloon distention [21]. The relaxation pressure is a function of rectal distention 
volume. The relaxation pressure is also dependent on the recording location along 
the anal canal. Adequate RAIR is defined as transient decrease in resting anal pres-
sure by >50% of basal pressure in response to rapid inflation of a rectal balloon.

Rectoanal pressure gradient (RAPG): it is an integrated function of rectal pres-
surization and sphincter relaxation/opening during ‘simulated defecation [4, 15, 
22] and is calculated as the pressure difference between rectal and anal pressures 
taken over 2 s at the highest rectoanal pressure gradient during pushing period. 
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Percentage of anal relaxation is taken according to (1-residual anal pressure/anal 
resting pressure) × 100 where residual anal pressure is taken over 2 s.

Sand clock: the “sand clock” appearance on 3-D or the “λ” shape on 2-D map-
ping during the squeezing maneuver is typical of a normal function of the external 
anal sphincter muscle [10].

Sensory-motor response: it is a transient anal contraction following the rectoanal 
inhibitory reflex.

Sleeve sensor or electronic sleeve: it obtains stable measurements of sphincter 
pressure by recording the maximum pressure between two markers placed above and 
below the high-pressure zone at the anal sphincter. The eSleeve option in the soft-
ware reduces pressures recorded across the longitudinal extent of the anal canal into 
a single value, at rest, during squeeze, and during rectal distention. It identifies the 
highest of all pressures recorded by anal sensors at every point in time and is used to 
calculate the average and maximum anal resting pressure and the maximum squeeze 
pressure. During simulated evacuation, the eSleeve identifies the most positive (or 
least negative) difference (i.e., rectoanal gradient) between rectal and anal (rectal–
anal) pressure over a 20-s period. HRAM measurements of anal sphincter pressures 
at rest and during squeeze are higher than the corresponding pressures recorded with 
conventional manometry because of the eSleeve function, which uses the highest 
pressures recorded at any level of the anal canal at every instant in time [4].

Sphincter endurance: it is the length of time that the patient can maintain a 
squeeze pressure above the resting pressure [2].

Squeeze pressure: it is the pressure increment above resting pressure after volun-
tary squeeze contraction and is a calculated value that is the difference between the 
maximum voluntary pressure and the resting pressure at the same level of the anal 
canal [10]. Squeeze pressures are greater in the lower anterior part of anal canal, as 
compared to the remaining part of anal canal (p = 0.017). Altered sphincteric volun-
tary contraction is connected to external anal sphincter dysfunctions and is typical 
of urge incontinence patients. An endurance index can be elaborated.

Squeezing: the maneuver by which the patient squeezes the anal sphincter as 
strongly as he can and maintains it. Squeezing maneuver must be performed by the 
patient for at least 20 s (not more than 30 s). In most protocols it is repeated three 
times letting patient to rest some seconds between different phases.

Thermal or pressure drift: the solid state sensors are susceptible to “thermal 
drift,” that is, a change in measured pressure due to a change in temperature. With 
prolonged (1–2 h) studies, the baseline pressure drift over time appears to be linear. 
Thermal compensation is applied to the data during computerized analysis to com-
pensate for this baseline drift [23].

Wave, Slow: waves with rhythmic activity, with frequency between 9 and 
20 cycle\min, with variable width between 2 and 20 mmHg [24–26].

Wave, Ultraslow: waves with frequency between 0.5 and 1.5 cycle\min (they can 
be considered marker of severity in case of anal fissures and could have negative 
predictive value of the response to medical therapy with calcium blockers or nitric 
oxide donors drugs) [24].

10  Glossary



138

References

	 1.	Ambartsumyan L, Rodriguez L, Morera C, Nurko S. Longitudinal and radial characteristics of 
intra-anal pressures in children using 3D high-definition anorectal manometry: new observa-
tions. Am J Gastroenterol. 2013;108(12):1918–28.

	 2.	Bordeianou LG, Carmichael JC, Paquette IM, Wexner S, Hull TL, Bernstein M, Keller 
DS, Zutshi M, Varma MG, Gurland BH, Steele SR. Consensus statement of definitions for 
anorectal physiology testing and pelvic floor terminology (revised). Dis Colon Rectum. 
2018;61(4):421–7.

	 3.	Coss-Adame E, Rao SS, Valestin J, Ali-Azamar A, Remes-Troche JM. Accuracy and reproduc-
ibility of high-definition anorectal manometry and pressure topography analyses in healthy 
subjects. Clin Gastroenterol Hepatol. 2015;13(6):1143–50.

	 4.	Lee TH, Bharucha AE. How to perform and interpret a high-resolution anorectal manometry 
test. J Neurogastroenterol Motil. 2016;22(1):46–59.

	 5.	Wu JF, Lu CH, Yang CH, Tsai IJ. Diagnostic role of anal sphincter relaxation integral in high-
resolution anorectal manometry for hirschsprung disease in infants. J Pediatr. 2018;194:136–41.

	 6.	Ratuapli S, Bharucha AE, Harvey D, Zinsmeister AR. Comparison of rectal balloon expulsion 
test in seated and left lateral positions. Neurogastroenterol Motil. 2013;25(12):e813–20.

	 7.	Li Y, Yang X, Xu C, Zhang Y, Zhang X. Normal values and pressure morphology for three-
dimensional high-resolution anorectal manometry of asymptomatic adults: a study in 110 sub-
jects. Int J Color Dis. 2013;28(8):1161–8.

	 8.	Bove A, Pucciani F, Bellini M, Battaglia E, Bocchini R, Altomare DF, Dodi G, Sciaudone G, 
Falletto E, Piloni V, Gambaccini D, Bove V. Consensus statement AIGO/SICCR: diagnosis 
and treatment of chronic constipation and obstructed defecation (part I: diagnosis). World J 
Gastroenterol. 2012;18(14):1555–64.

	 9.	Chiarioni G, Kim SM, Vantini I, Whitehead WE. Validation of the balloon evacuation test: 
reproducibility and agreement with findings from anorectal manometry and electromyography. 
Clin Gastroenterol Hepatol. 2014;12(12):2049–54.

	10.	 Ihnat P, Vavra P, Gunkova P, Pelikan A, Zonca P. 3D high resolution anorectal manometry in 
functional anorectal evaluation. Rozhl Chir. 2014;93(11):524–9.

	11.	Seong MK. Assessment of functional defecation disorders using anorectal manometry. Ann 
Surg Treat Res. 2018;94(6):330–6.

	12.	Seo M, Joo S, Jung KW, Lee J, Lee HJ, Soh JS, Yoon IJ, Koo HS, Seo SY, Kim D, Hwang 
SW, Park SH, Yang DH, Ye BD, Byeon JS, Jung HY, Yang SK, Rao SS, Myung SJ. A high-
resolution anorectal manometry parameter based on integrated pressurized volume: a study 
based on 204 male patients with constipation and 26 controls. Neurogastroenterol Motil. 
2018;30(9):e13376.

	13.	Grossi U, Carrington EV, Bharucha AE, Horrocks EJ, Scott SM, Knowles CH. Diagnostic 
accuracy study of anorectal manometry for diagnosis of dyssynergic defecation. Gut. 
2016;65(3):447–55.

	14.	Rao SS, Bharucha AE, Chiarioni G, Felt-Bersma RJ, Knowles C, Malcolm A, Wald 
A. Functional anorectal disorders. Gastroenterology. 2016;150(6):1430–42.

	15.	Heinrich H, Misselwitz B. High-resolution anorectal manometry - new insights in the diagnos-
tic assessment of functional anorectal disorders. Visc Med. 2018;34(2):134–9.

	16.	Dinning PG, Carrington EV, Scott SM.  The use of colonic and anorectal high-resolution 
manometry and its place in clinical work and in research. Neurogastroenterol Motil. 
2015;27(12):1693–708.

	17.	Viebig RG, Franco JTY, Araujo SV, Gualberto D. Water-perfused high-resolution anorectal 
manometry (HRAM-WP): the first Brazilian study. Arq Gastroenterol. 2018;55Suppl 1(Suppl 
1):41–6.

	18.	Jung KW, Joo S, Yang DH, Yoon IJ, Seo SY, Kim SO, Lee J, Lee HJ, Kim KJ, Ye BD, Byeon 
JS, Jung HY, Yang SK, Kim JH, Myung SJ. A novel high-resolution anorectal manometry 
parameter based on a three-dimensional integrated pressurized volume of a spatiotemporal 

R. Bocchini et al.



139

plot, for predicting balloon expulsion in asymptomatic normal individuals. Neurogastroenterol 
Motil. 2014;26(7):937–49.

	19.	Seo M, Joo S, Jung KW, Song EM, Rao SSC, Myung SJ. New metrics in high-resolution and 
high-definition anorectal manometry. Curr Gastroenterol Rep. 2018;20(12):57.

	20.	Bajwa A, Thiruppathy K, Emmanuel A. The utility of conditioning sequences in barostat pro-
tocols for the measurement of rectal compliance. Color Dis. 2013;15(6):715–8.

	21.	Cheeney G, Nguyen M, Valestin J, Rao SS. Topographic and manometric characterization of 
the recto-anal inhibitory reflex. Neurogastroenterol Motil. 2012;24(3):e147–54.

	22.	Chedid V, Vijayvargiya P, Halawi H, Park SY, Camilleri M. Audit of the diagnosis of rectal 
evacuation disorders in chronic constipation. Neurogastroenterol Motil. 2019;31(1):e13510.

	23.	Parthasarathy G, McMaster J, Feuerhak K, Zinsmeister AR, Bharucha AE. Determinants and 
clinical impact of pressure drift in manoscan anorectal high resolution manometry system. 
Neurogastroenterol Motil. 2016;28(9):1433–7.

	24.	Opazo A, Aguirre E, Saldana E, Fantova MJ, Clave P.  Patterns of impaired internal anal 
sphincter activity in patients with anal fissure. Color Dis. 2013;15(4):492–9.

	25.	Yoshino H, Kayaba H, Hebiguchi T, Morii M, Hebiguchi T, Itoh W, Chihara J, Kato T. Anal 
ultraslow waves and high anal pressure in childhood: a clinical condition mimicking 
Hirschsprung disease. J Pediatr Surg. 2007;42(8):1422–8.

	26.	Yoshino H, Kayaba H, Hebiguchi T, Morii M, Hebiguchi T, Ito W, Chihara J, Kato T. Multiple 
clinical presentations of anal ultra slow waves and high anal pressure: megacolon, hemor-
rhoids and constipation. Tohoku J Exp Med. 2007;211(2):127–32.

10  Glossary



C1© Springer Nature Switzerland AG 2020
M. Bellini (ed.), High Resolution and High Definition Anorectal Manometry, 
https://doi.org/10.1007/978-3-030-32419-3_11

Correction to: Performing, Analyzing, 
and Interpreting HRAM and  
HDAM Recordings

Edda Battaglia, Lucia D’Alba, Antonella La Brocca, 
and Francesco Torresan

�Correction to: M. Bellini (ed.), High Resolution and High 
Definition Anorectal Manometry, https://doi.
org/10.1007/978-3-030-32679-1_7

The chapter “Performing, Analyzing, and Interpreting HRAM and HDAM 
Recordings” was inadvertently published without the reference and its citation 
within the text. The corrected version is available on doi: https://doi.org/ 
10.1007/978-3-030-32419-3_11 with reference number 25.

The updated online version of this chapter can be found at https://doi.org/ 
10.1007/978-3-030-32679-1_7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-32419-3_11&domain=pdf
https://doi.org/10.1007/978-3-030-32679-1_7
https://doi.org/10.1007/978-3-030-32679-1_7
https://doi.org/10.1007/978-3-030-32679-1_7
https://doi.org/10.1007/978-3-030-32679-1_7

	Preface
	Contents
	1: Anorectal Functional Anatomy
	1.1	 Functional Anatomy of the Anal Canal
	1.1.1	 Internal Anal Sphincter (IAS)
	1.1.2	 Joined Longitudinal Muscle
	1.1.3	 External Anal Sphincter (EAS)
	1.1.4	 Puborectalis Muscle

	1.2	 Functional Anatomy of the Rectum
	1.3	 Functional Anatomy of the Pelvic Floor
	1.3.1	 Levator Ani Muscles
	1.3.2	 Perineum

	References

	2: Anorectal Functional Anatomy and Pathophysiology
	References

	3: Anorectal Manometry: Does It Improve the Pathophysiology Knowledge?
	3.1	 Introduction
	3.2	 Definition
	3.3	 Equipment for Conventional Manometry
	3.4	 Anorectal Manometry Technique
	3.4.1	 Balloon Expulsion Test (BET)
	3.4.2	 ARM and Pathophysiology

	3.5	 Contraindications to Arm
	3.6	 Limitations of ARM
	3.6.1	 High-Resolution Anorectal Manometry

	References

	4: Concept and Development of HRM: The Way It Works
	References

	5: Differences Between Conventional Anorectal Manometry and High Resolution/High Definition Anorectal Manometry
	5.1	 Conventional Anorectal Manometry and Its Limits
	5.1.1	 Sphincter Resting Pressure
	5.1.2	 Squeeze Pressure
	5.1.3	 Straining Maneuver
	5.1.4	 Rectoanal Inhibitory Reflex (RAIR)
	5.1.5	 Rectal Compliance and Sensation
	5.1.5.1	 Conventional ARM Versus High Resolution Anorectal Manometry
	5.1.5.2	 HDAM Versus HRAM


	5.2	 Clinical Meaning of HRAM/HDAM
	5.2.1	 Fecal Incontinence
	5.2.2	 Chronic Constipation
	5.2.3	 Hirschsprung Disease
	5.2.4	 Pelvic Floor Rehabilitation

	5.3	 HRAM/HDAM: Potentialities and Perspectives
	5.4	 Conclusions
	References

	6: Technical Aspects and Equipment
	6.1	 Conventional Anorectal Manometry
	6.2	 High-Resolution Water-Perfused Manometry (HRWPM)
	6.3	 Solid-State High Resolution Manometry
	6.4	 High Definition 3D Solid-State Manometry (HDAM)
	References

	7: Performing, Analyzing, and Interpreting HRAM and HDAM Recordings
	7.1	 Performing HRAM and HDAM
	7.1.1	 Practical Procedure
	7.1.2	 Patient Preparation
	7.1.3	 Patient Position
	7.1.4	 Digital Examination
	7.1.5	 Probe Placement
	7.1.6	 Test Procedure
	7.1.6.1	 Rest
	7.1.6.2	 Cough Reflex Test

	7.1.7	 Squeeze
	7.1.8	 Simulated Defecation
	7.1.9	 RAIR (Rectoanal Inhibitory Reflex)
	7.1.10	 Rectal Sensation, Graded Balloon Distension

	7.2	 Normal Values for High Resolution Anorectal Manometry
	7.3	 Which Diagnosis?
	7.4	 Fecal Incontinence
	7.5	 Functional Defecation Disorders
	7.6	 Anatomical Abnormalities
	7.7	 Hirschsprung’s Disease
	References

	8: High-Resolution Anorectal Manometry and 3D High-Definition Anorectal Manometry in Pediatric Settings
	8.1	 Anorectal Physiology
	8.2	 Equipment
	8.3	 Methodological Aspects
	8.3.1	 Preparation of Pediatric Patients and Caregivers
	8.3.2	 Study Protocol, Analysis, and Interpretation
	8.3.3	 Reference Values

	8.4	 Indications
	8.5	 Future Perspectives and Conclusions
	References

	9: Atlas
	9.1	 Resting Pressure
	9.2	 Squeeze
	9.3	 Push
	9.4	 Recto-Anal Inhibitory Reflex
	9.5	 Cough Reflex
	9.6	 Paradoxical Puborectalis Contraction
	9.7	 Paradoxical Contraction with External Anal Sphincter Recruitment
	9.8	 Anal Sphincter Impaired Relaxation
	9.9	 Insufficient Resting Pressure
	9.10	 Insufficient Squeezing
	9.11	 Anal Sphincter Lesion
	9.12	 Rectal Prolapse
	9.13	 Anal Fissure
	9.14	 Neurologic Damage in Previous Cerebral Hemorrhage Due to Vascular Malformation
	9.15	 Hirschsprung’s Disease
	9.16	 Push Maneuver in Patient with Uterine Pessary
	9.17	 Dyssynergic Defecation Classification According to Rao
	9.18	 Artifacts
	Reference

	10: Glossary
	References

	Correction to: Performing, Analyzing, and Interpreting HRAM and  HDAM Recordings
	Correction to: M. Bellini (ed.), High Resolution and High Definition Anorectal Manometry, https://doi.org/10.1007/978-3-030-32679-1_7


