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      Anorectal Manometry                     

     Claire     Zar-Kessler       and     Jaime     Belkind-Gerson    

       Anorectal dysfunction encompasses a variety of disease pro-
cesses ranging from anatomical to functional abnormalities, 
which may lead to uncomfortable and distressing symptoms. 
Anorectal manometry (ARM) is used to obtain an objective 
assessment of symptoms and often aids in identifying disor-
ders of defecation that cannot always be elucidated clini-
cally. In pediatric patients, the test provides comprehensive 
information regarding anorectal abnormalities by evaluating 
the  rectoanal muscle coordination  , intactness and degree of 
sphincter tonic contractions, baseline refl exes, and subject peri-
neal and internal rectal sensation. The most commonly evalu-
ated symptoms in pediatrics are constipation and fecal 
incontinence. Disorders of defecation can be present at birth, 
while in other patients, it develops over time. Constipation and 
defecation abnormalities are common and account for approxi-
mately 3 % of pediatrician visits [ 1 ]. While the incidence of 
pelvic fl oor disorders is unknown in the pediatric population, it 
can affect up to 10–15 % of the adult population [ 2 ]. 

 As several of the underlying disease processes including 
 Hirschsprung disease  , neuromuscular abnormalities, and 
dyssynergic defecation can have similar presentations but 
very different treatments, making the correct diagnosis is 
important. Anorectal manometry can help differentiate the 
different etiologies thus helping to guide appropriate ther-
apy. In addition, the ARM can serve as an educational and 
therapeutic tool by providing information to patients and 
parents regarding the underlying pathophysiology of their 
symptoms. 

 Over the years, there has been progress in the available 
technology to perform anorectal manometry. For decades, 
the test had been executed using water-perfusion and sleeve 

catheter systems. In the past few years, there has been the 
introduction of both the high-resolution manometry 
(HRARM) and the 3D high-defi nition manometry (3DARM 
or 3DHDM), presenting us the ability to better investigate 
anorectal dynamics. We are now just beginning to elucidate 
how these newer systems may be used to expand our under-
standing, diagnosis, and treatment of patients with defeca-
tion disorders, particularly in pediatrics. 

    Normal Physiology 

 The  pelvic fl oor   is a striated muscular sheet that encloses the 
anorectum and urinary tract and in conjunction with the ano-
rectal sphincters acts to maintain fecal continence and facili-
tate defecation [ 3 ,  4 ]. The  anorectum   is comprised of the 
union of the internal (IAS) and external (EAS) anal sphinc-
ters and the levator ani complex, including the puborectalis 
muscle, which forms a sling posteriorly, angulating the anal 
canal at rest [ 5 ]. The proximal, medial internal sphincter is 
formed by thickened circular smooth muscle innervated by 
the enteric nerves and thus under involuntary, refl exive con-
trol, while the distal, lateral external sphincter is comprised 
of skeletal muscle innervated by sacral nerves, under volun-
tary control. As the two sphincters are adjoining, they are 
frequently diffi cult to differentiate, particularly in younger 
patients in whom the sphincter size is very small [ 6 ,  7 ]. 

  Continence   is maintained at rest by a combination of 
sphincter pressure with the puborectalis contraction, together 
greatly exceeding the intrarectal pressure, thus preventing 
stool passage [ 8 ,  9 ]. The  puborectalis muscle (PR  ), part of 
the levator ani muscle complex, is made of skeletal muscle. 
At rest it forms a sling around the anorectum producing an 
angle between 85 and 105°. By angulating the rectum, it 
helps to prevent stool passage and thus assists with conti-
nence at rest. Normal physiology has been assessed via 
ultrasound and MRI, strengthening our understanding of 
the complex area and the development of the area as a child 
grows [ 10 ]. 
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 Defecation requires coordination of multiple muscle 
systems, involving contraction and relaxation at appropriate 
times to expel stool. In normal physiology, stool enters the 
rectum, distending the rectal walls and triggering a refl exive 
temporary relaxation of the internal sphincter, the  rectoanal 
inhibitory refl ex   (RAIR) that elicits the urge to defecate. If the 
subject is not in an appropriate location to pass the stool, 
voluntary contraction of the external sphincter with persis-
tent contraction of the puborectalis occurs, thus deferring 
defecation. Once defecation is deemed appropriate by the 
subject, expulsion of stool can be initiated. In healthy 
individuals with normal anorectal dynamics, this involves 
relaxation, contraction, and coordination of muscle systems. 
Specifi cally, the abdominal muscles contract to increase 
intra-abdominal pressure, propelling the stool forward from 
the rectum through the anal canal. At the same time, there is 
relaxation of the pelvic fl oor muscles including the puborec-
talis muscle, straightening the anal canal and allowing free 
passage of stool [ 11 ,  12 ]. Finally, both the external and inter-
nal sphincters relax, permitting stool to fl ow out of the canal 
and thus completing defecation.  

    Anorectal Manometry 

    Technical Aspects 

 There are two main compartments to an anorectal manometry 
system. These are the  catheter or probe   with a pressure- 
sensing apparatus and an infl atable balloon at its tip and the 
pressure-recording apparatus serving to amplify/record input, 
display information, and analyze data. Over the past decade, 
there have been signifi cant advances in technology so that 
today there are multiple systems available for anorectal 
assessment, each with their own advantages and disadvan-
tages. For years ARMs have been completed with basic per-
formance systems including sleeve catheters, water- perfusion 
machines, and air-fi lled balloon catheters. Their use is now 
gradually being replaced with high resolution and 3D high 

defi nition. For the purpose of this chapter, the most commonly 
used systems will be reviewed including water perfusion, 
high resolution, and 3D high defi nition (Fig.  10.1 ).

   The water-perfusion  catheter   consists of a fl exible thin 
(diameter between 3.5 and 7.0 mm), plastic tube with four to 
eight side holes circumferentially or spirally arranged and a 
central catheter for balloon infl ation. The catheter is connected 
to a perfusion apparatus with a pneumohydraulic pump set to 
pressures of 10–15 psi with water slowly perfused through the 
side holes at a rate of 0.1–0.5 mL/min/channel. 

 In 2007, with advances in technology, a high-resolution, 
solid-state manometric system was developed that has chan-
nels at 0.5–1.0 cm intervals. Each has multiple sensing points 
which together allow for retrieval of many (usually 36) data 
points producing a topographical plot of intraluminal pres-
sure. This large amount of data retrieval provides a clearer 
visualization of the area and prevents loss of potentially 
important information. The results of the high-resolution 
catheter correlate well with the water-perfusion studies. 
Most recently, a 3D high-defi nition catheter was developed, 
producing even more accurate and detailed data retrieval. 
It is 10 cm in length and consists of 256 solid-state micro-
transducers placed circumferentially 3 mm apart. Due to the 
placement of these sensors, the results can be interpreted in a 
multidimensional fashion. 

 Since the creation of these systems, there has been much 
interest questioning if the newer modalities of anorectal 
manometry present added benefi t over the older systems. 
When comparing the various catheter systems, the water- 
perfusion system has advantages in that it remains a low-cost 
option with ease of interpretation but can be diffi cult to cali-
brate and signifi cant time is needed for maintenance of fl uid 
channels. The newer technology with  solid-state catheters   
has more sensors at closer intervals, thus providing signifi -
cantly greater anatomic detail than prior systems, including a 
possible differentiation of the internal and external sphincter, 
which was not achieved previously [ 13 ]. The HRARM and 
3DHDM are technically easier to use and, once placed in the 
appropriate position, do not require signifi cant manipulation 

  Fig. 10.1    ( a )  Water-perfusion catheter   (Medical Measurement Systems). ( b ) High-resolution catheter (Medical Measurement Systems). ( c ) 
Three-dimensional high-resolution catheter (Sierra Scientifi c Instruments) (Courtesy of Medical Measurement Systems)       
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with minimal sensor migration, thus improving accuracy. 
Recently, the 3DARM has allowed for more detailed under-
standing of the anal canal anatomy. Specifi cally, it was used 
to construct a model of the anal canal pressures in pediatric 
patients noting the longitudinal and radial asymmetry of the 
anal canal. Thanks to this technology, it is now known that 
the EAS contributes to distal canal resistance, while PR and 
IAS contribute to proximal canal [ 14 ]. 

 Although these newer probes are exciting, they are much 
more expensive, require signifi cant time for cleaning, have a 
shorter life span, and are temperature sensitive. As the 
HRARM and 3DHDM are relatively new devices, their utility 
and practicality have not been fully established, particularly in 
the pediatric population. It is hypothesized that it may be help-
ful in further understanding the anatomy particularly in those 
with anatomical anorectal disorders and improved planning 
for procedures in this area [ 15 ]. Several ongoing studies are 
hoping to investigate if these newer technologies at an 
increased cost translate into clinical relevance.  

    Methodological/Practical Aspects 

 The ARM can be done in children of any age; however only 
children (usually 5 years and older) are typically able to 
cooperate with the sensory testing (external and internal) and 
dynamic components of the test (squeeze and bear-down 
maneuvers). Thus for younger patients, the ARM is usually 
limited to the analysis of anal sphincter resting pressure and 
RAIR. In preparation for an ARM, patients are encouraged 
to defecate and empty the rectal vault prior to the study. If 
there is a suspected large stool burden, an enema or supposi-
tory is used to prevent stool interference. Typically, as infants 
have soft stool and enemas may be traumatic at this age, no 
preparation is necessary [ 16 ]. It is suggested that medica-
tions that may interfere with function such as opioids or anti-
cholinergics are held during the testing. 

 To set up for the exam, the patient is placed in the lateral 
decubitus position, with knees drawn to the chest, thus both 
hips and knees fl exed passed 90°. A  digital rectal exam 
(DRE  ) should be completed prior to the exam to evaluate the 
anatomy for abnormalities and gain a baseline assessment of 
the function of the area. It also provides a sense of the degree 
of stool burden and the extent of the patient’s ability to fol-
low commands which is necessary during the study. Adult 
studies have shown that the digital rectal exam can produce 
fi ndings that are comparable to the results from the ARM 
[ 17 ]. Prior to the digital insertion, the perianal area should be 
examined along with assessment of external perineal sensa-
tion and anal wink. A fi nger is then inserted into the rectal 
canal to evaluate resting tone, squeeze pressure, and defeca-
tion dynamics including the presence of a paradoxical 
puborectalis contraction on bear down. 

 After completion of the  DRE  , a lubricated manometry 
probe is inserted into the rectum .  Once placed and in the appro-
priate location, it is held there for at least 90 s for the anorectal 
area to acclimate to the insertion prior to obtaining data. It is 
important to provide clear and detailed explanations during the 
study as the clinician’s verbal commands and clarifi cations 
have been shown to affect accuracy of results [ 18 ]. Helping the 
patient to relax by taking deep breaths or other techniques may 
be helpful in achieving a better baseline measurement. 

 Ideally the ARM study is completed in an awake patient 
without anesthesia or sedation, thus allowing voluntary and 
sensory testing. However, at times this is not feasible and 
anesthesia must be given, particularly in the toddler age. As 
above, one must be aware that this becomes a more limited 
study as these medications can alter the data. This should be 
accounted for when interpreting the study. It has been shown 
that ketamine and midazolam do not affect the sphincter 
pressure or RAIR response, while propofol decreases the 
resting sphincter pressure in a dose-dependent manner, 
although the normal RAIR is maintained [ 19 – 21 ].  

    Analysis 

 Baseline, dynamic, and sensory information can be obtained 
from an anorectal manometry study. Typically a complete study 
will assess sphincter pressure, bear-down maneuvers, sensation, 
and refl exes; however in specifi c situations, the test can be tai-
lored toward particular questions. The following are the com-
mon assessments that are completed during the ARM study. 

   Resting basal pressure    :  After the patient is relaxed and com-
fortable with the probe in place, the basal resting sphincter 
pressure is obtained. This canal pressure measurement is 
comprised of mostly IAS tone (80 %) with some EAS pres-
sure [ 22 ]. A low resting pressure could be indicative of 
weakness or disruption in the sphincter musculature. With 
the newer technology, the sphincter pressure can be mea-
sured with simple insertion of the catheter and obtaining data 
from the high-pressure zone. However, with water-perfusion 
manometry catheters, there are various methods employed. 
The most common of these is the station pull-through, when 
sensors are circumferentially arranged on the probe, or con-
tinuous withdrawal with spirally arranged sensors. 

  Squeeze:  The  squeeze pressure      is used to assess sphincter 
strength/tone. It is produced by the patient voluntarily maxi-
mally tightening the anal sphincter and calculated as the high-
est pressure increase over the baseline resting pressure. This 
can be calculated as the average of three assessments. It is 
important to ensure that the intra-abdominal pressure is not 
increased during this exercise as it would alter the squeeze 
pressure data. A weak squeeze pressure may indicate myogenic 
or neurogenic causes (Fig.  10.2b ).
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    Anal canal length:  The  canal length   is the measured distance 
between the anal verge and the location with ≥ 5 mmHg 
pressure increase over the rectal pressure. 

  RAIR:  The  rectoanal inhibitory refl ex   is obtained to assess 
the presence of the local enteric refl ex. Most importantly, 
the absence of a  RAIR   suggests the presence of colonic 

  Fig. 10.2    ( a ) 3D: Resting (Baseline) anal canal during initial recoding. 
A moderate degree of increased sphincter pressure can be seen. This is 
often due to patient discomfort/anxiety. It is important to make sure the 
probe position does not cause discomfort and that the patient is allowed 
and encouraged to relax as much as possible. ( b ) 3D squeeze: 
Signifi cantly increase pressure of sphincter ( large white arrow ), no 
pressure increase in abdomen and rectal balloon (rectal pressure,  open 
arrow ). ( c ) 3D bear down: Relaxation of the anal sphincter ( black 
arrow ), increase in pressure in the rectum ( white arrow ). ( d ) 3D dys-

synergic defecation during bear down: Increased sphincter pressure 
( white arrow ) in conjunction with only slightly increased rectal pres-
sure ( black arrow ). ( e ) Paradoxical puborectalis: During the bear-down 
maneuver, a high-pressure area is seen above the sphincter ( white 
arrow ) in only the posterior aspect of the anal canal. This is the puborec-
talis sling which is not relaxing normally. The  black arrow  points 
toward the contracted sphincter which is below the puborectalis and is 
also seen in the anterior aspect of the canal           
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aganglionosis or Hirschsprung disease. The refl exive relax-
ation of IAS is naturally caused by stool presence but is 
simulated during an ARM by rapid balloon inflation and 
deflation. To date, in pediatrics there is no universally 
agreed criteria for the presence of a RAIR, which has previ-
ously been defi ned as either a drop in pressure by >5 mmHg 
or >15 % of the resting pressure. There is typically a dose-
related response with greater relaxation and duration of 
relaxation with larger balloon volumes (Fig.  10.3a ). When 
conducting the test, the clinician must be aware of possible 
migration of the catheter out of the sphincter, particularly 
during WPM. Catheter migration may falsely indicate a 
RAIR response when there is none (Fig.  10.3b ). This is the 
most common cause of a false-positive RAIR (an apparent 
anal canal relaxation is seen but falsely produced by the 
catheter migrating in and out of the sphincter region/high-
pressure zone with balloon infl ation by lack of digitally 
securing the catheter to the anal margin). The most common 
cause for a false-negative RAIR test (there is no anal canal 
relaxation seen, despite balloon insuffl ation) is a dilated rec-
tum, often due to chronic stool retention. As the rectum is 
dilated, the balloon does not reach the needed volume to 
adequately stretch the rectal wall, needed to elicit an anal 
sphincter relaxation.

    Sensation:  Testing the patient’s  sensation   is an important 
part of the ARM exam as it provides additional information 
regarding the patient’s perception of stool which can be 
indicative of anorectal dysfunction. Sensation is assessed in 
an awake, active participant (usually aged 5 years and older) 
by a gradual increase in balloon infl ation size. First sensation 
is defi ned as the lowest balloon volume that is sensed by the 
patient. The urge sensation is the lowest balloon volume at 
which the patient develops the urge to defecate. Finally, the 
maximum tolerable sensation is the infl ation size that is asso-
ciated with severe urgency and pain. Decreased internal sen-
sation is most often seen with a chronically dilated rectal 
canal due to persistent constipation. 

  Bear-down maneuver:  The  bear-down maneuver     , or simulated 
defecation, is used to assess anorectal and pelvic fl oor pressure 
changes during attempted defecation. Similar to above, 
patients need to have the maturity to understand and cooperate 
with the testing. This ability is usually acquired around the age 
of 5 or 6 years. With normal defecation dynamics, there is an 
expected increase in rectal thrust pressure due to abdominal 
muscle contraction coordinated with a decrease in anal sphinc-
ter pressure. Patients in which these coordinated movements 
do not occur are thought to have dyssynergic defecation often 
resulting in outlet obstruction constipation [ 23 ]. Additionally, 

  Fig. 10.3    ( a ) Dose-response RAIR 3D ARM.  White arrows  point to 
rectal balloon insuffl ation (which increases rectal sensor pressure). 
Anal canal relaxation (sphincter relaxation) is seen after each insuffl a-
tion ( black arrows ). ( b ) WP RAIR. The  black arrow  signals balloon 

insuffl ation. The  red bar  was placed when catheter migration occurred, 
erroneously making the tracing appear as if anal canal relaxation had 
resulted from the balloon pressure on the rectum (seen in all four ports). 
This is a false-negative RAIR         
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   Table 10.1    References for normal manometric measurements   

 Technique 

 Healthy 
controls, 
 N =  Ages 

 Anal 
resting 
tone 
(mmHg) 

 Rectal 
pressure 
(mmHg) 

 Anal canal 
length (cm) 

 Threshold 
of RAIR 
(mL) 

 Sensation 
threshold 
(mL) 

 Critical 
volume 
(mL) 

 Maximal 
squeeze 
pressure 
(mmHg) 

 Benninga [ 10 ]  WPM  13  8–16 years  55 ± 16  18 ± 10  19 ± 12  131 ± 31  182 ± 61 

 Hyman [ 26 ]  Not 
specifi ed 

 20  5–16 years  67 ± 12  3.3 ± 0.8  140 ± 52 

 16  >5 years  11 ± 5  14 ± 7  101 ± 39 

 Kumar [ 7 ]  WPM  30  <1 month (GA 
34–39 weeks) 

 31 ± 11  1.7 ± 0.3  10 ± 4 

 30  1–16 months  42 ± 9  1.9 ± 0.6  14 ± 10 

 30  18 month to 12 
years 

 43 ± 9  3.0 ± 0.5  25 ± 12 

 Li [ 27 ]  Not 
Specifi ed 

 10  5–15 years  28 ± 11  117 ± 46 

 Sutphen [ 28 ]  WPM  27  ∼7–12 years  30 ± 12  96 ± 38  142 ± 47 

 Benninga [ 29 ]  Sleeve, 
WPM 

 22  Neonates (PMA 
30–33 weeks) 

 32 ± 4 a   9 ± 2  1.6 ± 0.3 b  

 De Lorijn [ 30 ]  Sleeve, 
WPM 

 16  Neonates (PMA 
27–30 weeks) 

 25 ± 11 a   7 ± 5  3.4 ± 1.6 b  

 Tang [ 31 ]  HRARM  180  Newborn (GA 
28–42 weeks), 
1–85 days old 

 29.7 ± 9.9  1.9 ± 0.5 cm 

 Banasiuk [ 32 ]  3DARM  61  2–17  83 (23)  2.6 (0.68)  15.7 (10.9)  24.4 (23.4)  191 (64) 

   GA  gestational age,  PMA  postmenstrual age 
  a Anal sphincter pressure 
  b Air insuffl ation  

Fig. 10.3 (continued)
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the puborectalis muscle can be visualized with the high-defi ni-
tion manometry, thus allowing for greater understanding of 
its contribution to defecation dynamics [ 24 ] (Fig.  10.2c ). 

  Balloon expulsion:  Once these assessments are complete, the 
probe is removed and a  balloon expulsion      test is per-
formed. A balloon mounted on a plastic tube is inserted into the 
rectum and infl ated to 50–60 cm 3 . Some centers use air while 
others use saline to infl ate balloon. The patient is then instructed 
to sit on a commode and expel the balloon in privacy. The test 
is considered normal if the patient is able to expel the balloon 
within a defi ned time. In adults 1 min is allowed. It is not clear 
if this time limit is adequate in pediatrics, as well as the right 
amount of balloon infl ation for children, although one series 
reports that adult volumes and time limit may be applicable 
[ 25 ]. The balloon expulsion test is considered an adjunct evalu-
ation to the ARM to confi rm the presence of dyssynergia [ 25 ]. 

 Overall, anorectal manometry has been found to be a safe 
test with rare side effects. With insertion of any foreign 
object, there is the risk of colonic perforation; therefore care 
should be taken with placement and removal of probes. 
Additionally, the study should be delayed or terminated with 
any abnormal symptom or sign including signifi cant bleed-
ing or acute onset of severe pain.  

     Reference Values   

 In general, reliable and reproducible normative values for 
anorectal manometry are lacking in pediatrics. Although 
baseline data has been reported in various publications, lack 
of standardization of the ARM study, a different methodol-
ogy, and equipment make comparing these values a diffi cult 
endeavor [ 7 ] (Table  10.1 ). Therefore, as concrete normative 
data is lacking in pediatrics, it is always important to corre-
late the fi ndings with symptom presentation.

   The newer modalities of  HRARM and 3DHDM   have 
been studied more extensively in the adult literature, show-
ing that the values with high-resolution manometry tend to 
be higher than those with water perfusion, and there may be 
differences based on gender, age, and BMI [ 33 – 36 ]. Data is 
just now being collected in the pediatric population with 
these modalities [ 31 ,  37 ]. In the future, as these newer sys-
tems are used more frequently and studied in more depth, a 
greater understanding of reference values both in symptom-
atic and healthy individuals is expected.   

    Indications 

  Hirschsprung:   Hirschsprung disease   is caused by the arrest 
of migration of the neural crest cells to the colon (see 
Chap.   25    ). The length of the aganglionic gut ranges from 

distal colon (most common) to complete colonic aganglionosis, 
sometimes even involving varying lengths of small bowel. 
Any length of colonic aganglionosis leads to an absent RAIR 
on ARM. Symptoms are frequently present in infancy with 
delayed passage of meconium (normally in fi rst 24 h) and 
explosive stool output with digital rectal decompression. 
Patients may also present with constipation that is refractory 
to medication, signs of outlet obstruction, and, at times, 
failure to thrive. Most children are diagnosed within the fi rst 
year of life, but there is a small subset of patients, particu-
larly those with short-segment Hirschsprung disease that 
won’t be brought to attention until later in life. 

 The absence of a RAIR on anorectal manometry has been 
shown to have a high diagnostic specifi city and sensitivity 
for Hirschsprung disease, particularly in those older than 1 
year [ 38 ,  39 ]. The gold standard for diagnosis is a full- 
thickness biopsy, but the anorectal manometry is a good 
alternative screening test as it is noninvasive and can often 
be completed without anesthesia. Patients with an absent 
RAIR should then proceed to a rectal suction or full-thick-
ness biopsy to confi rm the diagnosis. 

 Anorectal manometry can also be benefi cial in  postsurgi-
cal Hirschsprung patients   to characterize the anatomy of the 
anorectal area, particularly as patients often have one or 
more surgical interventions and an altered anatomy [ 40 ]. 
Additionally, many patients with Hirschsprung disease con-
tinue to have symptoms postsurgically; the anorectal 
manometry can help to guide further management including 
additional necessary surgical interventions or medication 
therapy [ 41 ,  42 ]. 

  Anal achalasia   may easily be confused with Hirschsprung 
disease as the symptoms may be similar including chronic 
constipation, abdominal distention, and similar fi ndings on 
ARM: high sphincter tone and non-relaxation of the sphinc-
ter with balloon infl ation. However, these patients have a 
normal rectal biopsy [ 43 ,  44 ]. It is likely that anal achalasia 
is the disease previously known as “ultrashort-segment 
Hirschsprung disease.” These patients are typically treated 
similarly to postsurgery Hirschsprung patients, as both the 
anal achalasia and the post-op Hirschsprung patients have a 
non-relaxing internal sphincter. Internal anal sphincter 
botulinum toxin injections have been very successful in 
improving defecation, although internal sphincter myot-
omy may be required in a subset of nonresponders [ 45 ,  46 ]. 
Thus, it is important to categorize these patients in order to 
provide them with the most appropriate therapy. 

  Neuromuscular:  Patients with neuromuscular disorders such 
as myopathy or muscular dystrophy can frequently present 
with symptoms of  anorectal dysfunction   including constipa-
tion and fecal incontinence. Neuromuscular disorders can be 
evaluated with anorectal manometry to gain a further under-
standing of sphincter function in addition to the pelvic fl oor 
strength. Although there are no specifi c ARM fi ndings, those 
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with neuromuscular diseases will frequently have hypotonia 
leading to low resting and squeeze pressures of the sphincter. 
There will be a RAIR response in these patients as the neu-
rological refl ex is intact, but the dose response to increasing 
infl ation sizes may not be present [ 47 ]. Decreased muscular 
strength may also lead to decreased rectal thrust during 
Valsalva at the time of defecation. Patients with neuromus-
cular diseases and anorectal dysfunction can be diffi cult to 
treat as there are no medical interventions to reverse the dis-
ease process. These patients may respond well to conven-
tional constipation therapy including laxative use and 
scheduled toilet use [ 48 ]. Physical therapy may help condi-
tion and exercise the striated muscles involved. 

   Anatomical    :  Structural abnormalities should be evaluated, 
particularly in those with postsurgical symptoms. For exam-
ple, those with imperforate anus repair who remain symp-
tomatic should have an ARM to assess postsurgical sensory 
and functional capabilities as these may remain abnormal even 
after the anatomy is repaired [ 49 ] (see Chap.   29    ). Additionally, 
patients who have undergone colostomy/diverting ileostomy 
and are preparing for reversal should have anorectal manome-
try completed to assess functioning of the area and rule out 
obstructed defecation prior to surgery. 

  Fecal incontinence:   Fecal incontinence   which includes both 
the passage of large bowel movements into the  underwear in 
addition to slow leakage and streaking of the underwear can 
be further evaluated with an ARM study (see Chap.   43    ). 
Although fecal incontinence is frequently due to constipa-
tion, the ARM study, particularly the newer modalities, can 
be used to evaluate for other etiologies. For example, it may 
be able to show abnormalities in the anal sphincter function-

ing which can contribute to fecal incontinence. Additionally, 
spinal cord abnormalities such as meningomyelocele and 
tethered cord can affect innervation to the sphincter, altering 
its ability to aid in continence. As the spinal cord lesion may 
produce upper motor neuron abnormalities, there can be 
exaggerated contractions or anal spasms of the sphincter 
with balloon dilation and megacolon. In case of a lower 
motor neuron syndrome, decreased anal tone may be found. 
Patients with these suggestive fi ndings on ARM should have 
an MRI completed to further examine the spinal cord 
(Fig.  10.4 ) [ 28 ,  50 ,  51 ].

    Chronic constipation:  Anorectal manometry can be used for 
evaluation in patients with chronic constipation (see Chap. 
  42    ). Studies have found that those with chronic constipation 
have specifi c anorectal manometry fi ndings including 
increased frequency and amplitude of the internal anal 
sphincter contractions [ 52 ,  53 ]. As previously described, in 
order to appropriately pass stool, subjects need coordination 
of various pelvic and abdominal muscle systems. Some 
patients have abnormal movements in some or all of the 
muscle systems, leading to inappropriate muscle relaxation 
or contraction, thus complicating defecation [ 54 ]. This type 
of abnormality in defecation dynamics, called dyssynergic 
defecation, is thought to be the cause of some forms of con-
stipation, particularly related to outlet obstruction [ 55 ]. 
 Dyssynergic defecation   can be classifi ed according to 
abnormalities in three areas that can be assessed by anorec-
tal evaluation during bear-down maneuvers including 
degree of perineal descent during defecation, perineal loca-
tion at rest, and anal resting pressure [ 56 ]. These fi ndings of 
dyssynergic defecation can be confi rmed via an abnormal 
balloon expulsion test. Newer technology has provided a 

  Fig. 10.4    Anorectal spasticity with balloon dilation seen with upper motor neuron dysfunction caused by a tethered cord       
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deeper understanding of anorectal dysfunctions and has 
helped to identify phenotypes in defecatory disorders and 
fecal incontinence in addition to providing improved clas-
sifi cation of the puborectalis muscle and its role in outlet 
obstruction [ 24 ,  57 ]. 

 In adult patients, the phenotypic characterization of 
dyssynergic defecation has been classifi ed into the following 
four categories related to combinations of rectal thrust in 
addition to anal canal relaxation [ 58 ]:

   Type 1: paradoxical increase in anal pressure with increase 
in rectal pressure (>40 mmHg).  

  Type 2: paradoxical increase in anal pressure without 
increase in rectal pressure (<40 mmHg, poor propulsive 
force).  

  Type 3: adequate increase in rectal pressure with failed 
reduction in anal pressure (no anal relaxation) (<20 % 
baseline pressure).  

  Type 4: inadequate increase in rectal pressure with failed 
reduction in anal pressure.    

 Type 4 is the only one that differentiated between healthy 
volunteers and those with functional constipation [ 59 ]. While 
it is likely that these rectoanal dynamics are similar, it is not 
currently known whether this classifi cation applies and is 
useful in children. 

 Dyssynergic defecation has been treated with biofeed-
back with varying success in the pediatric population [ 48 , 
 60 ]. Using sensors and guidance via animated games, 
patients are taught to appropriately relax the pelvic fl oor and 
sphincters while increasing abdominal pressure. The inten-
tion is that with improved muscle coordination, the patient 
will be able to expel stool more effi ciently, decreasing the 
rectal stool burden. 

 Anorectal manometry can be used both to diagnose dys-
synergic defecation and to guide specifi c biofeedback treat-
ment, including targeting the puborectalis muscle. Recently, 
it was found that many healthy adults were found to have 
dyssynergic patterns of defecation using the 3DHDM. This 
is hypothesized to be in part related to the larger size and less 
fl exibility of the probe thus possibly stretching the sphincter, 
leading to decreased accuracy in the results [ 59 ]. Therefore, 
this discrepancy must be taken into account when using the 
3DARM system to analyze patients [ 59 ], particularly until 
more data is available in pediatrics.  

    Conclusion 

 Anorectal manometry is a safe and well-tolerated procedure 
that provides valuable information regarding the underlying 
anatomy and functionality of the anorectal canal. Many pedi-
atric patients have varying symptoms consisting of constipa-

tion and/or fecal incontinence which are debilitating and 
embarrassing. Anorectal manometry can be used to differen-
tiate several of the disease processes that may present with 
similar symptoms but require different treatments including 
Hirschsprung disease, spinal cord lesions, neuromuscular 
disease, and dyssynergic defecation. In recent years, newer 
technology has been introduced that has allowed us to better 
describe the anorectal canal and understand anorectal pathol-
ogy including asymmetric sphincter pressure and types of 
dyssynergic defecation. However, as these modalities are 
relatively new, their clinical utility and superiority over prior 
testing modalities have yet to be determined in pediat-
rics. In conjunction with correlation to a patient’s symp-
toms, anorectal manometry is a useful tool to understand the 
pathophysiology of specifi c disease entities and for determi-
nation of appropriate interventions and treatments. With 
time, there is anticipation that the clinical usefulness of the 
newer modalities including 3DHDM and HRARM will be 
clarifi ed and appropriately implemented.     
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