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spite comparable specificity.  Conclusions:  Sensitivity and 
accuracy of single ARM parameters is only moderate for the 
pressure data and poor for the sensory data. In contrast, ARM 
demonstrated an excellent sensitivity, a moderate specifici-
ty, and a convincing accuracy justifying its use in clinical rou-
tine.  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Fecal incontinence (FI) affects 2.6–15.3% of the adult 
population  [1] . Especially elderly patients suffer from 
these disorders which impair quality of life dramatically 
 [2] . Several tests and techniques have been developed for 
evaluation of FI like anorectal manometry (ARM), endo-
anal ultrasonography (EUS) or sphincter EMG. EUS 
demonstrating sphincter defects and EMG demonstrat-
ing nerve damage are accepted diagnostic methods, while 
the role of ARM is discussed contrarily.

  The statements about the value of ARM differ consid-
erably in the literature. For example, Felt-Bersma et al.  [3]  
state that differentiation between FI patients and conti-
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 Abstract 

 Background/Aim: Patients with fecal incontinence (FI) have 
lower anal resting (MRP) and squeeze (MSP) pressure and an 
impaired sensitivity compared to healthy people. However, 
whether anorectal manometry (ARM) can separate precisely 
between health and disease is discussed controversially. The 
aim was to evaluate the accuracy of ARM in a huge cohort of 
patients and controls.  Methods:  ARM was obtained in 144 
controls and in 559 FI patients. MRP, MSP, and balloon vol-
ume at first perception (BVP) and urge sensation (BVU) were 
determined. Receiver operating curve analysis was used to 
determine optimal cut-offs and sensitivity, specificity and 
accuracy calculated.  Results:  FI patients showed lower MRP, 
MSP, BVU (p  !  0.001) and a higher BVP (p = 0.007). Deteriora-
tion of the ARM parameter increased with FI severity. ARM 
demonstrated an excellent sensitivity (91.4%) and accuracy 
(85.8%), but only a moderate specificity (62.5%). The sensitiv-
ity of ARM rose with FI severity. The pressure data showed 
higher sensitivity and accuracy than the sensory data de-
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nent people was not possible with ARM because there 
was complete overlap of the data ranges, while Sun et al. 
 [4]  found that more than 90% of patients had a patho-
logical ARM result. These different statements can be re-
lated, at least in part, to small numbers of investigated 
healthy people, to the comparison of groups with a large 
age difference, or to differences in the female:male ratio. 
However, age and gender have to be considered when 
comparing healthy and incontinent people. Mean resting 
(MRP) and squeeze (MSP) pressure decreases with aging 
 [5] . Furthermore, female sex influences anorectal pres-
sure as well as sensory parameters  [5] .

  If therapeutic decisions in patients with anorectal dis-
orders are going to be based on the results of ARM, the 
test must separate precisely between health and disease. 
The present study re-evaluates the accuracy of ARM in a 
huge cohort of FI patients and controls.

  Material and Methods 

 Subjects 
 Normal ARM data were obtained from 144 healthy people (71 

women) with a median age of 63 years (range 21–90). These data 
were compared with 559 FI patients (407 women; median age 63 
years (range 19–94)) referred for evaluation to our tertiary care 
gastrointestinal laboratory. All manometric data, severity of in-
continence (Parks classification), Cleveland Clinic (Wexner) fecal 
incontinence score ( table 1 ), age, and gender were prospectively 
listed in a database. Both groups were distributed in three age 
groups for comparison ( table 2 ). The FI patients were classified 
according to the severity of their incontinence ( table 2 ): FI for gas 
(Parks grade I) was seen in 153, for liquids (Parks grade II) in 272, 
and for solid stool (Parks grade III) in 213 patients. The study was 
approved by the local ethical committee; ethical guidelines fol-
lowed the Declaration of Helsinki.

  ARM Data 
 ARM was performed according to the recommendations of 

the German Society of Neurogastroenterology  [6] . A water-per-
fused (0.5 ml/min) probe with eight circumferentially oriented 
measuring ports and a 5-cm latex-free balloon at the tip was used. 
Pressure data were obtained by stepwise pull-through of the in-
trarectally inserted probe. Perception and urge threshold were 
identified by rapidly inflating the balloon in the rectum with air 
by a hand-held syringe (5-ml steps; complete deflation after each 
step). MRP, MSP, balloon volume at first perception (BVP) and at 
urge sensation (BVU) were determined.

  Statistics 
 A Mann-Whitney U test was performed for comparison of the 

control group with the FI patients since the ARM parameters 
(MRP, MSP, BVP, BVU) are not normally distributed. Spearman’s 
rank correlation coefficient ( � ) was calculated to assess the rela-
tionship between the ARM parameter and the FI grade. A perfect 
Spearman correlation of +1 or –1 (inversely correlated) occurs 
when each of the variables is a perfect monotone function of the 
other. Receiver operating curve (ROC) analysis was used to deter-
mine optimal cut-offs between healthy people and FI patients. 
The ROC curve is a plot of the sensitivity versus 1 – specificity 
over all possible threshold values of the marker. The optimal cut-
off was determined by the Youden index (maximum vertical dis-
tance or difference between the ROC curve and the diagonal or 
chance line). It occurs at the cut-point that optimizes the bio-
marker’s differentiating ability when equal weight is given to sen-
sitivity and specificity. Sensitivity, specificity and accuracy (true 
positives + true negatives/patients + probands) were calculated 
for each parameter as well as for ARM (at least one pathological 
parameter). In addition, the area under the ROC curve (AUC) was 
calculated as a global index of diagnostic accuracy (AUC = 0.5 
means no discriminatory power; AUC = 1 means perfect discrim-
ination of controls and FI patients).

  Results 

 The FI patients had significantly lower MRP, MSP, and 
BVU as well as significantly higher BVP ( table 2 ). These 
results were also seen when comparing only females 
(MRP, MSP, BVU p  !  0.001 each; BVP 0.026) or males 
(MSP, BVU p  !  0.001 each; MRP 0.002; BVP p  !  0.029).

  The pressure parameter and the urge threshold de-
creased significantly with increasing FI severity (MRP 
 �  = –0.360, MSP  �  = –0.423, BVU  �  = –0.242; p  !  0.001 
each), while the increase in perception threshold in high-
er grades of FI ( �  = 0.071; p = 0.068) did not reach the 
significance level ( table 2 ;  fig. 1 ).

  Regarding the ROC cut-offs, MRP, MSP, BVP, and 
BVU were pathologic in 59, 59.2, 27.6, and 36.5% respec-
tively of FI patients. The percentage of pathologic pres-
sure parameters rose steadily with increasing severity of 
FI (data not shown), while nearly equal percentages of 

Table 1.  Wexner score

Type of
incontinence

F requency

ne ver rarely some-
times

usually always

Solid 0 1 2 3 4 
Liquid 0 1 2 3 4
Gas 0 1 2 3 4 
Wears pad 0 1 2 3 4
Lifestyle alteration 0 1 2 3 4

Nev er, 0; rarely, <1/month; sometimes, <1/week, ≥1/month; 
usually, <1/day, ≥1/week; always, ≥1/day. 0, Perfect; 20, complete 
incontinence.
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pathologic sensory parameters were seen in all FI grades 
(exception: the pathological result of BVU doubled in 
grade III FI compared to the lower grades). A pathological 
result of ARM was observed in nearly all FI patients 
( fig.  2 ) with slightly higher values in females than in 
males. The percentage of pathological ARM rose also 
with increasing severity of FI ( fig. 2 ).

  Using again the ROC cut-offs, ARM demonstrated a 
good sensitivity and a moderate accuracy ( table 3 ). How-
ever, the specificity was only moderate since one third of 
healthy controls had at least one pathological ARM pa-
rameter. The sensitivity of each single ARM parameter 
was much lesser than for the global ARM result, but it 
possesses a much higher specificity. The pressure data 
showed higher sensitivity (MRP 59%, MSP 59.1%, BVP 
27.6%, BVU 36.5%) and accuracy (MRP 63.3%, MSP 66%, 
BVP 39.9%, BVU 48.3%) than the sensory data despite 
comparable specificity (MRP 80.6%, MSP 93.1%, BVP 
88.9%, BVU 95.1%) ( table  4 ). AUC calculation (ARM 
global 0.876) evidenced that the pressure parameter 
(AUC MSP 0.825  1  AUC MRP 0.746) had a better dis-
criminatory power than the sensory parameter (AUC 
BVU 0.665  1  AUC BVP 0.574). This was seen in both 
sexes with higher discriminatory power of ARM in fe-
males than in males (accuracy: females 89.3%, males 
78.3%). The discriminatory power of ARM and each sin-
gle parameter rose with increasing severity of FI (ARM  1  
pressure parameters  1  sensory parameters;  fig. 3 ).

  Discussion 

 The present study was performed to evaluate the dis-
criminatory power of ARM in a huge cohort of patients 
with FI and controls. The main results are: FI patients 
showed significantly lower sphincter resting (MRP) and 

Table 2.  Study population (mean 8 SD values)

Age groups FI patients Controls

≤60 years 209 (138 females; 48.389.6 years) 52 (25 females; 45.8811.2 years)
60–70 years 137 (109 females; 65.282.9 years) 46 (23 females; 65.082.6 years)

>70 years 213 (160 females; 77.685.2 years) 46 (23 females; 78.985.1 years)

Grade I 
(Wexner score 3–8) 

Grade II
(Wexner score 5–15)

Grade III
(Wexner score 7–20)

153 (107 females) 272 (203 females) 134 (97 females)
62.7814.5 years 62.5814.6 years 65.2814.2 years
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  Fig. 1.  Influence of severity of FI on ARM. Parks grades: I = in-
continence for gas, II = incontinence for liquid stool, and III = 
incontinence for solid stool. 
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  Fig. 2.  Percentage of FI patients with a pathological ARM (at least 
one pathological parameter). All = All patients with FI; F = female 
incontinent patients; M = male incontinent patients. Parks grades: 
I = incontinence for gas, II = incontinence for liquid stool, and 
III = incontinence for solid stool. 
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squeeze pressure (MSP) as well as urge threshold (BVU) 
and a significantly higher perception threshold (BVP) 
than controls. Deterioration of ARM parameters in-
creased with FI severity. The pressure parameters were 
pathologic in more than half of the FI patients, while the 
sensory parameters were pathologic in only about one 
fourth (BVP) and one third (BVU), respectively. Alto-
gether, ARM was pathologic ( 6 1 pathologic value) in 
nearly all FI patients (91.4%). Thus, ARM demonstrated 
an excellent sensitivity and accuracy (85.8%), but had 
only a moderate specificity (63.2%). The sensitivity of 
ARM rose with increasing severity of FI.

  Many studies have dealt with ARM in FI patients. 
However, only Thekkinkattil et al.  [7]  had a comparable 
high number of controls and FI patients, which seems 
mandatory due to the known influence of sex and age on 
the ARM parameter  [5] . Notwithstanding, we can con-
firm that MRP and MSP are significantly lower in FI than 

in continent people  [3, 7–34] . Thus, the ARM pressure 
parameters seem to be appropriate to quantify the sphinc-
ter function in FI patients.

  The intrarectal balloon volume eliciting urge thresh-
old was also significantly smaller in FI patients confirm-
ing previous studies with low numbers of patients and/or 
controls  [12, 23–25, 27, 29] . Besides a decreased compli-
ance, this parameter is influenced by subjective feelings. 
Thus, the rectum might have become hypersensitive to 
protect the patient for leakage in the case of a weak 
sphincter. The data that perception threshold is also de-
creased in FI patients could not be confirmed  [12, 24, 35] . 
We and others observed an increased intrarectal BVP 
demonstrating an impaired sensation at least in some FI 
patients  [8–10, 16, 36] . This impaired sensation may be 
the result of an anatomic or pathophysiologic (flaccid 
wall tension/decreased compliance) megarectum or a 
rectal afferent pathway disorder  [37] .

  Only few studies are reported dealing with the influ-
ence of the FI severity on the ARM parameter. Bor-
deianou et al.  [38]  observed a correlation between MRP 
and severity, while Osterberg et al.  [22]  found a correla-
tion between MSP and severity. No correlation between 
severity and the pressure values was reported by Pen-
ninckx et al.  [24] . Concerning the sensory parameters, 
one study observed an inverse correlation with severity 
 [24] , while another study did not see any correlation  [39] . 
However, all these studies are biased by small patient 
numbers. We were able to demonstrate in our huge co-
hort that both pressure parameters and the urge thresh-
old decreased significantly with increasing FI severity, 
while only a small non-significant increase was observed 
in perception threshold in higher grades of FI.

Table 3.  Results of ARM in patients with FI and healthy controls (mean 8 SD values)

MRP, mm Hg MSP, mm Hg BVP, ml BVU, ml

Controls 68.381.7 192.385.9 30.081.1 105.982.8 
FI patients 50.181.0* 112.682.7* 38.581.2* 80.482.1#

Grade I 56.281.9 125.785.4 37.482.0 82.283.6
Grade II 49.781.5 113.284.0 38.481.6 81.582.7
Grade III 44.882.2 96.484.8 39.082.7 76.685.8
Wexner score 3–6 55.982.0 126.485.7 37.182.0 83.383.7
Wexner score 7–10 53.282.6 119.487.3 35.982.3 86.685.5
Wexner score 11–13 48.481.8 111.084.7 39.382.0 79.783.1
Wexner score 14–16 46.583.8 92.187.2 37.683.8 82.888.4
Wexner score 17–20 43.982.7 98.686.3 39.883.7 73.587.6

*  p < 0.001; # p = 0.007.

Table 4.  Sensitivity, specificity and accuracy of ARM in FI

Sensitivity
%

Specificity
%

Accuracy
%

FI patients 91.4 63.2 85.8
Grade I 85.6 63.2 74.7
Grade II 93.0 63.2 82.7
Grade III 94.0 63.2 78.1
Wexner score 3–6 84.6 63.2 78.7
Wexner score 7–10 86.5 63.2 82.1
Wexner score 11–13 95.5 63.2 85.7
Wexner score 14–16 91.1 63.2 83.1
Wexner score 17–20 95.5 63.2 86.3
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  The amount of pathological ARM parameters in FI 
patients differ considerably in the literature. The data 
ranges from 0%  [31]  to 92%  [40]  for MRP, from 14%  [9, 
21]  to 100%  [41]  for MSP, from 0%  [39]  to 47%  [9]  for per-
ception threshold, and from 0%  [36, 39]  to 47.5%  [24]  for 
urge threshold. The main reason for these enormous data 
ranges seems to be the low number of patients and/or 
controls in these studies. Due to our huge data cohort, the 
results of the present study (MRP 59.0%, MSP 59.2%, BVP 
27.6%, BVU 36.5%) provide appropriate estimates about 
the amount of pathological results of ARM which can be 
expected in patients with FI. Irrespective of the reported 
amount of pathological results, all datasets show uni-
formly that pathological pressure values are seen more 
often in FI patients than pathological results of the sen-
sory parameters  [4, 12, 39, 40, 42] . The percentage of 
pathologic pressure parameters rose steadily with in-
creasing severity of FI in our patients (data not shown), 
while nearly equal percentages of pathologic sensory pa-
rameters were seen in all FI grades (except for BVU in 
grade III FI patients).

  Combining all single ARM parameters, a pathological 
result of ARM was seen in nearly all FI patients (9 out of 
10). A comparison with the literature is difficult since 
many studies have measured only pressure, but have not 
analyzed anorectal sensory function. The reported range 
of FI patients with a pathological sphincter pressure is 
32–88% with only one study observing a value below 50% 
 [3, 15, 28, 35, 43–45] . In the two other studies that also 

integrated the results of sensory measurement  [24, 46] , 
ARM showed a pathological result in FI patients in 96 
and 98% respectively, comparable to the 94.1% observed 
in the present study. The percentage of pathological ARM 
was slightly higher in females than in males in our study. 
Whether this result is merely by chance or represents a 
better accuracy of ARM in females is unknown.

  Regarding the effect of severity of FI on the percentage 
of pathological ARM, there are no valid data in the lit-
erature. Hiltunen  [15]  reported an increased percentage 
of pathological pressure values in grade III FI compared 
to grade I/II while no effect was found in the study of Saad 
et al.  [47] . However, the latter study has to be criticized 
due to the very small number of patients in every group. 
Due to the huge dataset of the present study, we could 
demonstrate a rise in the percentage of pathological ARM 
with increasing severity of FI. Yet, the rise was small since 
already 85.6% of patients with grade I FI had a patholog-
ical ARM.

  The high number of healthy controls and of FI patients 
enabled ROC analysis for determination of an optimal 
cut-off between continent and incontinent people to ob-
tain the highest accuracy of ARM and ARM parameters 
respectively. The accuracy of ARM amounted to 85.8% 
with a sensitivity of 91.4% and a specificity of 62.5%. The 
sensitivity of ARM increases with severity of FI, while the 
accuracy in the higher grades of FI was only marginally 
higher. Bielfeldt et al.  [9]  reported a comparable sensitiv-
ity of 87% and a better specificity of 83%. However, be-
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  Fig. 3.  AUC graph for ARM in patients with FI Parks grades I–III. Graphs represent (from left to right) FI for 
gas (I), liquid stool (II), and solid stool (III), and the lines in each graph ARM (at least one pathological param-
eter), MSP, MRP, BVU, and BVP. 
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sides resting and squeeze pressure and perception and 
urge threshold, their data included also pain threshold, 
rectoanal inhibitory reflex, and anodermal sensation.

  In contrast to the accuracy of the ‘final result’ of ARM, 
the single ARM parameters demonstrated a much lesser 
sensitivity, but a much higher specificity in our evalua-
tion. This is in agreement with the literature. The report-
ed sensitivities range between 50 and 81% for MRP, 46 
and 73% for MSP, and 43 and 67% for the sensory thresh-
olds, while the ranges for specificity spans from 59 to 98% 
for MRP, from 67 to 100% for MSP, and from 33 to 93% 
for perception and urge  [9, 12, 14, 21, 30, 34, 47] . For com-
parison of the absolute values, it has to be kept in mind 
that all the studies presented involved far fewer patients 
and controls than the present study. In addition, one can-
not expect that the sensitivity of each single parameter is 
as high as the global judgment of ARM, as the pathophys-
iology of an individual FI patient can be highly different. 
For example, postpartal incontinence due to a rupture of 
the external sphincter muscle will mainly decrease MSP, 
while mainly a decrease of urge threshold (compliance) 
will be seen in incontinence after radiochemotherapy 
and resection of rectal cancer.

  As a global index of diagnostic accuracy the AUC was 
calculated. The closer the calculated value is located to ‘1’ 
the better is the discrimination between continent people 
and FI patients, while a value of or near to 0.5 means no 
discriminatory power. The AUC demonstrated that the 
discriminatory power was good for ARM (at least on 
pathological parameters) and, considering the individual 
parameters, for MSP, moderate for MRP, insufficient for 
urge threshold, and unavailable for perception threshold. 
The other sole studies using ROC analysis stated either a 
good discriminatory power for anal resting pressure (no 
other parameters were calculated)  [34]  or, like our study, 
that MSP is the best single test  [3] .

  Besides demonstrating sufficient power in discrimi-
nating between health and incontinence, another critical 
issue for the clinical value of ARM is whether ARM find-

ings can guide therapy of incontinence and predict the 
outcome of FI management. This has to be demonstrated 
in further studies, yet preliminary data point to it. Sev-
eral studies have shown superiority of ARM compared to 
the experienced surgeon’s finger in detecting sphincter 
weakness  [48–50] . In addition, applying the whole bat-
tery of specialized investigations (ARM, sphincter EMG, 
endoanal ultrasound) is of value in the management of 
the patients with FI and changes the surgeon’s diagnosis 
and/or therapy plan in about 20%  [48] . However, the sole 
value of ARM cannot be stated out of this study. Biofeed-
back should be restrained when ARM demonstrates se-
vere sensory impairment  [51] . Otherwise, biofeedback 
seems to be more effective in patients with low squeeze 
(voluntary) pressure  [52] . In contrast, ARM does not 
seem to be predictive in SNS, however the failure group 
tended to have a lower resting pressure (p = 0.06)  [53] . If 
ARM demonstrates an isolated weak resting pressure, 
augmentation of a weak or disrupted internal sphincter 
might be considered  [54] . ARM appears also to be predic-
tive for continence/incontinence after perineal opera-
tions like surgery for fistula-in-ano  [55, 56] , ileostomy 
closure after rectal resection  [57]  or endorectal ileoanal 
anastomosis  [58] .

  In conclusion, ARM is done to search for weakness of 
sphincter muscles and disturbances in anorectal sensa-
tion or compliance demonstrating the pathophysiology 
of FI. Contradictory are the reported statements about 
the value of ARM concerning discrimination between 
continent people and incontinent patients. We could 
demonstrate that sensitivity and accuracy of a single 
ARM parameter is only moderate for the pressure data 
and poor for the sensory data. In contrast to the single 
parameters, ARM demonstrated an excellent sensitivity, 
a moderate specificity, and a convincing accuracy. There-
fore, the discriminatory power of ARM in the evaluation 
of FI patients is sufficiently high to justify its use in clin-
ical routine. 
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