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INTRODUCTION

In 1953, Stephens1 proposed the concept of a pubococcygeal (P-
C) line, which runs from the lower limit of the pubic bone to the 
distal coccygeal vertebra. He showed that this line corresponds 
to the location of the puborectalis muscle (PRM), which plays a 
large role in stool retention. If the blind end of the intestine is 
located above this line, these cases are considered a high type 
of anorectal malformations (ARM), and if more caudally of this 
line it is a low type.1 This understanding of the pathological 
physiology of ARM was reflected in the Wingspread classification 

(1984). Since then, it was believed that if the gut is located below 
the P-C line, it means the patient has an anal canal that needs to 
be preserved during surgery.2 

For many years, for diagnosis of the level of ARM used an 
invertogram. Recently, this method has not been used since the 
overall sensitivity of invertograms in detecting low anomalies 
was 33.3%, whereas specificity was 66.7%.3-5 The low reliability 
of this method is due to erroneous ideas about the physiology 
of the anorectal zone. It was assumed that gas in the rectum 
rises and is retained in the blindly ending gut. However, firstly, 
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ABSTRACT

Until 1982, pediatric surgeons came to a consensus that in patients with anorectal malformations (ARM), the intestine that is located caudal 
to the pubococcygeal line is the anal canal and, to achieve the best functional result, it must be preserved during surgery. Simultaneously 
with the publication of posterior sagittal anorectoplasty, it was stated that except for patients with rectal atresia and anal stenosis, patients 
with ARM are born without an anal canal. It is believed that the rectal pouch or fistula should be removed. We analyzed 41 articles, including 
2 of our own studies, which reflect the entire palette of ideas about the pathological anatomy and physiology of ARM without a visible fistula 
(females and males without fistula and males with urethral fistula). On histological, manometric and radiological examinations, in most 
patients, the intestine located caudal to the PRM has the characteristics of a functioning anal canal. This literature review proves that most 
ARM patients without a visible fistula have a functioning anal canal, the preservation of which can ensure normal anorectal function.
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the contents of the intestine move only by a peristaltic wave. 

Secondly, the gas cannot pass into the closed anal canal if the 

rectal pressure is less than the threshold level. On radiographs 

in newborns, it is often difficult to determine bone landmarks 

for drawing the P-C line. Cremin et al.6 showed that this line 

runs between the caudal and middle third of the pear-shaped 

ischium. 

In 2005, the Krickenbeck classification was adopted, which is a 

listing of the main types of ARM without a division into high and 

low types.2 The main idea, proposed by Peña and accepted by 

the community of pediatric surgeons, is that in ARMs the anal 

canal is absent, and the rectal pouch or fistula is so different from 

the rectum that it cannot be used for defect correction.5 Neither 

Peña’s articles nor other scientific sources provide conclusive 

evidence for this claim. Moreover, it contradicts all research 

from previous generations. Since it had been considered that all 

patients without a visible fistula a priori do not have an anal 

canal, the studies to determine the level of anomaly have lost 

all meaning.

The purpose of this review is to study materials on the 

pathological anatomy and physiology of ARM without visible 

fistula.

MATERIALS AND METHODS

We analyzed 41 articles, including 2 of our own studies, which 

reflect the entire palette of ideas about the pathological anatomy 

and physiology of ARM without a visible fistula (females and 

males without fistula and males with urethral fistula). 

Histological Studies in ARM

In a study by Holschneider et al.7 it was shown that in patients 

with ARM “Classical aganglionosis was found in 31% of the rectal 

pouch specimens, hypoganglionosis in 38%, neuronal intestinal 

dysplasia (NID) type B in 14%, and dysganglionosis in 10%”. In the 

authors’ opinion, “... the recommendation to use the distal rectal 

pouch and parts of the fistula in the reconstruction of ARMs 

malformations should be reconsidered”.7 These histological 

results were confirmed by other researchers, who believed that 

the histological structure of the anal canal should be consistent 

with the structure of the rectum.8,9 

Alamovich et al. (citation from Duhamel10) investigated the 

innervation of the normal IAS. This study shows that the IAS 

itself has no autonomous innervation unlike the rest of the 

digestive tube. Lambrecht and Lierse11 in neonatal pigs with 

ARM found that the proximal region of the fistulae in ARM has 

most features of a normal anal opening. They consider that the 

fistula should be designated as an ectopic anal canal. The most 

important result was the demonstration of a normal internal 
sphincter even in high and intermediate types of ARM.11 A 
study by Uemura et al.12 showed that “Epithelial and ganglionic 
distribution was similar in the distal rectal end of ARMs and in 
a normal anal canal”. The mistake of pediatric surgeons is that 
when describing the normal innervation of the anal canal, they 
compared it with the innervation of the rectum and concluded 
that this is not a normal rectum. They did not know that the 
anal canal had a different histological structure from the rectum. 
Histological studies show that in most patients with ARM, the 
distal intestine, which is still called a fistula or rectal sac, has the 
histological structure of a normal anal canal.

Manometric Study

In 5 infants with ARMs (high type 2, intermediate type 3), a 
preoperative manometric study at the rectal end was performed 
with a probe introduced from the distal colostomy. This study 
showed the presence of rhythmic activity in all, and positive 
reflexive pressure fall by rectal distension in 4.13 The presence 
of a rectoanal inhibitory reflex is a characteristic of the anal 
canal. Preoperative rectal manometry of rectoperineal or 
rectovestibular fistula showed the presence of functional anal 
structures within the fistula in all patients.14

X-ray Examinations

In a newborn’s first hours of life, the rectal pressure is below 
a threshold level. Therefore, the anal canal is in a closed state, 
and meconium with gas is in the rectum. Only after 30 hours 
of birth does the rectum collect enough gas and meconium to 
create pressure that opens the anal canal. An article by Levitt 
and Peña5 suggests doing a crosstable lateral radiograph after 
16-24 hours after birth. However, they claim that this study 
can help show the air column in the distal rectum in the small 
percentage of patients.5 Hosokawa et al.15 on the sonograms 
found, that the pouch-perineum distance on the next day was 
significantly shorter than on the birthday (p=0.001). Such a 
significant shortening can only be explained by the fact that in 
some newborns, additional content entered the rectum that led 
to an increase in rectal pressure and the opening of the anal 
canal. This is the reason of increase in the average the pouch-
perineum distance. In Figure 1 can be seen the importance of 
research time. 

The reflex opening of the anal canal takes several seconds. Then, 
the rectum, adapting to the increased volume of contents, relaxes, 
which leads to a drop in rectal pressure. This causes a reflex 
contraction of the anal canal and the displacement of gas from 
the anal canal into the rectum. In the process of increasing the 
volume of rectal contents, this situation is repeated several times.14 
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Therefore, X-ray even 30 hours after birth does not guarantee 

that at the time of the radiograph the opening of the anal canal 

will be recorded. The threshold pressure at which the anal 

canal opens depends on the volume of meconium and gas, as 

well as on intra-abdominal pressure.16 After 30 hours there is 

a theoretical risk of intestinal perforation and/or vomiting with 

aspiration hazard. Limiting the time of the study, limits the 

increase in rectal volume. The abdominal compression increases 

rectal pressure and causes the anal canal to open at the time of 

fluoroscopy (Figure 2).17 

The approach of gas to the perineum in the restless newborn is a 

known phenomenon. In the literature, it is mistakenly explained 

with the descending perineum during an increase in intra-

abdominal pressure. It is considered a mistake to assess the level 

of ARM by the descending perineum since in a calm state the 

perineum returns to its place.5,18 As is known from physiology, 

during an increase in intra-abdominal pressure, the muscles 

of the pelvic floor do not descend but rise.19 Some authors call 

this phenomenon a “well-descended rectum”,18 ignoring the fact 

that the rectum is fixed in the tissues of the pelvis and cannot 

move. In the article by Nagdeve et al.18, of 12 male neonates with 

high ARM who on invertogram showed well descended rectum, 

with lower limit of rectal gas bubble at or below the ossified 

fifth sacral vertebra the fistula with urinary tract was found in 11 

patients (seven had fistula to bulbar urethra and four to prostatic 

urethra). It is believed that the exact level of ARM is determined 

at the time of surgery. However, during surgery, the rectal 

pressure decreases, so the anal canal closes. A closed IAS both 

in norm and low ARM is a canal that looks like a fistula. Koga 

et al.20 proposed a method for measuring the urethral fistula 

during surgery to remove it without residue. In fact, under the 

guise of a fistula, they removed IAS. However, “the internal anal 

sphincter is currently regarded as a significant contributor to 

continence function”.21 Thus, what is commonly called the well-

descended rectum in the literature is the anal canal. This picture 

is no different from an open anal canal in healthy infants.16  

It follows that patient with bulbar and prostatic urethral 

fistulas, as well as in patients without fistula have an anal canal.  

Figure 1. Radiographs of a newborn with ARM without a visible fistula. (a) Invertogram took 12 hours after birth. The distal contour of the rectum is located 
on a horizontal line (M) between the middle and distal third ischium, which has a typical pear shape. According to Cremin et al.6 data, this line corresponds 
to the pubococcygeal line (see scheme). (b) Thirty hours after birth the erroneous introduction of contrast medium into the perineal tissue (instead of to the 
rectum) was produced. The anal canal opened, and gas is visible close to the perineal skin. The rectal width is noticeably larger than in Figure  1a. Line “M” 
was inscribed because there are no other bony landmarks on radiographs. Thus, 12 hours after birth, the X-ray picture corresponded to the intermediate type 
of ARM (this is the normal position of the rectum over the contracted anal canal), and after 30 hours during the tension of the abdomen, as a reaction to pain, 
the anal canal opened, which indicates a low type

Figure 2. Radiographs of a newborn with ARM without fistula were 
performed horizontally. A radiopaque marker was glued to the anal dimple. 
(a) At rest, (b) During abdominal compression, the gas approached the 
marker. The distance between the marker and the intestine is the thickness 
of the skin and subcutaneous tissue
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Hence these cases are the low type of ARM. The presence of the 

anal canal is especially evident in visible fistulas, which differ 

from the invisible by less displacement of the anus (Figure 3).

The inability to open the anal canal 30 hours after birth during 

abdominal compression indicates the presence of a high type 

of ARM. 

Augmented-pressure Distal Colostogram 

Kraus et al.22 in the article, on augmented-pressure distal 

colostogram in boys, state: “… it is extremely important in this 

regard to understand that the lowest part of the rectum (ARM 

without visible fistulas) is usually collapsed from the muscle tone 

of the funnel-like striated muscle mechanism that surrounds the 

rectum in 90% of cases …”. Meanwhile, it is known from anatomy 

that there are no muscles around the rectum. Muscles surround 

the anal canal, participating in fecal retention and defecation. 

The authors, describing the normal function of the anal canal, 

call it the rectum. In fact, this statement suggests that at least 90% 

of boys without a visible fistula have a functioning anal canal. 

The augmented-pressure distal colostogram is characterized by 

high uncontrolled hydrodynamic pressure, which significantly 

exceeds the threshold pressure of the anal canal opening during 

defecation. Unlike reflex opening, which typically lasts less than 

a minute, this pressure results in the mechanical, permanent 

opening of the anal canal. A serious disadvantage of this method 

is the danger of perforation of the sigmoid colon. Therefore, 

most authors use a distal colostogram without high pressure.23-26 

However, only the augmented-pressure distal colostogram, 

with X-ray examination or with the use of CT or MRI, shows the 

presence of an anal canal (Figure 4).

Comparison of Treatment Outcomes for Low-type ARM

Preserving the anal canal for “ectopic anus by the simple cut-

back is all that is needed to make the imperfect anus large 

enough to work where it lies”.27-33 For example, “All males treated 

for low ARMs outcomes by bowel function scores were good at 

85% and satisfactory in 15%”.27 After PSARP, during which the IAS 

is excised, a large proportion of the patients have persistent fecal 

incontinence, constipation, and sexual problem.34-41

DISCUSSION

Following a study by Stephens1, who proved that if in newborns 

with ARM gas penetrates below the P-C line, this indicates the 

presence of the anal canal, which must be preserved to obtain 

good functional results, it was recorded in the Wingspread 

classification (1984).2 After 1982, Peña’s articles claimed the 

absence of the anal canal in patients with ARM, but this statement 

Figure 3. The radiographs of the same girl with vestibular fistula performed 
at different ages. (a) At the age of 3 months, the rectum was filled with 
barium through the catheter, conducted through the fistula. A pushpin is 
located near the anal dimple. The distal intestine, with a length equal to the 
length of the normal anal canal, constantly contracted around the catheter, 
preventing leakage of barium. (b) At the age of 9 months, during a barium 
enema, the wide opening of the anal canal occurred. The distance from the 
pushpin to the distal wall of the open anal canal equals 4 mm. Barium does 
not penetrate outward, since the tip of the enema occluded the narrow and 
rigid ectopic anus. The true diameter of the marker on the enema tip is 
1.6 cm. The width of the rectum is 4.3 cm (the maximum rate for children 
1-3 years is 3.7 cm). Conclusion: Ano-vestibular ectopy, megarectum. 
The diastasis between the anal canal and anal dimple is (4 mm), which 
corresponds to the thickness of the skin and subcutaneous tissue. (c) Barium 
was injected into the rectum through an intubation tube (no: 8), passed 
through the vestibular fistula. The penetration of barium into the upper 
part of the anal canal in front of the intubation tube is determined. The 
posterior wall of the anal canal is pressed against the tube of the contracted 
PRM. The contraction of the PRM and EAS provide normal liquid barium 
retention. This is a typical X-ray picture of a rectoanal inhibitory reflex

Figure 4. (a) MRI imaging during augmented-pressure distal colostogram in 
a male with recto-bulbar fistula (arrow). Distal to the pubococcygeal line, a 
wide-open anal canal is visible. Its blind end is located ≈2-4 mm from the 
proposed site of the anal fossa (asterisk). (b) MRI reconstruction scheme with 
low rectal pressure. The anal canal is closed. Conclusion: Ectopia of the anal 
canal into the bulbar part of the urethra



78

Michael Levin. Anorectal malformation without fistula Pelviperineology 2023;42(2):74-79

was unfounded, since it was not the result of any research. 
Since then, the intestine located caudal to the P-C line has been 
called a fistula or rectal pouch. During pull-through operations 
(posterior sagittal approach, anterior sagittal approach or by 
laparoscopy) this “fistula” is removed, as it is believed that its 
function is impaired. However, the authors compared histological 
studies indicating the presence of a normal anal canal with the 
innervation of the rectum. The conclusions of these authors were 
erroneous, since the innervation of the rectum and anal canal is 
different. Histological studies of the so-called fistula completely 
coincide with the structure of the normal anal canal.10-12 

The idea of a functional inferiority of the “rectal pouch” was 
based solely on the erroneous conclusions of histological 
studies. Meanwhile, manometric studies indicate the presence 
of a normally functioning anal canal with normal basal anal 
pressure and a positive rectoanal inhibitory reflex.13,14,17 

X-ray studies confirm that the so-called fistula functions like 
a normal anal canal. At a rectal pressure below the threshold, 
it is in a closed state, i.e., it performs the function of the fecal 
retention. With an increase in rectal pressure above the threshold 
level, it opens, i.e., an attempt to defecate. The presence of the 
anal canal is especially evident in visible fistulas, which differ 
from the invisible by less the anus displacement. Levitt and 
Peña5 refer to the anal canal as a fistula, which is in a contracted 
state of the surrounding muscles. This is a description of a 
normal anal canal. The point of this unreasonable name change 
is to justify the removal of the “fistula” in posterior sagittal 
anorectoplasty (PSARP). Second, to justify poor long-term results. 
They are supposedly the maximum possible since children with 
ARM do not have an anal canal from birth.

 However, comparing the results of a PSARP treatment in which 
an anal canal is destroyed, with a cutback operation in which the 
anal canal is completely preserved, one can see the enormous 
advantage of cutback operation. 

CONCLUSION

Histological, manometric, and radiological studies show that 
most patients with ARM without visible fistulas have an anal 
canal. This means they have an IAS, sensitive to rectal pressure 
and which is located caudally to a PRM. In response to pressure in 
the rectum, there is a temporary relaxation of the IAS (rectoanal 
inhibitory reflex) and contraction of the PRM, as well as the deep 
and superficial parts of the external anal sphincter. Higher rectal 
pressure, caused by abdominal compression, stimulates the 
defecation reflex with a wide opening of the anal canal, which 
makes it possible to diagnose a low type of ARM.
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