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AIM: Hirschsprung’s disease, or aganglionosis of the colon, is a congenital disease characterized by a lack of neurons in the enteric
plexus of the large bowel due to either migration failure or defective differentiation of neural crest cells. We aimed to conduct a historical
systematic review of available literature and personal experience to exhibit the surgical techniques performed in the past and the current
status quo of surgery for Hirschsprung’s disease.

METHODS: We searched PubMed, EMBASE, Google Scholar databases for studies examining surgery in aganglionosis or
Hirschsprung’s disease. The search included all studies published from inception until 9 November 2024. Eligible criteria included
all peer-reviewed articles, not necessarily written in English, but also German, French, Italian, and Spanish items dealing with surgery
and the prognosis of patients with Hirschsprung’s disease after surgical intervention.

RESULTS: A total of 2527 studies were reviewed, and the studies relevant to the surgery were extracted for this historical review. This
article delivers a unique historical path and an analysis of some of the most critical surgical techniques for the approach to Hirschsprung’s
disease, with two outstanding sections on innovative robotic-assisted surgery and life quality after surgery. Currently, surgeons often tailor
their approach to Hirschsprung’s disease by combining their knowledge and expertise on several surgical procedures and incorporating
subtle adjustments based on each patient’s imaging, inspection, and pathological findings. The conventional wisdom held that surgeons
should perform whichever surgery they felt most comfortable with, regardless of whether a particular technique produced better results.
Although the core elements of surgical care have been identified and surgery has been shown to improve outcomes in patients affected
with Hirschsprung’s disease, the precise etiology and correct treatment for reconstitution of ganglion cells in the aganglionic portions of
the bowel are lacking. The surgical treatment options for Hirschsprung’s disease have been conceived and implemented after the etiology
of Hirschsprung’s disease was successfully clarified in the 1940s.

CONCLUSIONS: There is still no internationally valid agreement on which techniques should be used for the various forms of intestinal
aganglionosis, especially for total colonic and ultra-short intestinal forms. On the other hand, minimally invasive surgery, artificial
intelligence, and machine learning are quickly entering medicine and surgery. These approaches will probably modify the surgical
approaches to Hirschsprung’s disease. In the future, surgeons may integrate new knowledge derived from proteomics and genomics
into current surgical procedures. This integration pinpoints a therapeutic approach that may eventually entail aspects of personalized
medicine.
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the 4th meeting of the German Society for Pediatrics, held

in Berlin in 1886, on two children who had died from what
Introduction he called megacolon congenitum, a disease caused by en-
terocolitis in this section of the gastrointestinal tract, al-
though he could not explain the circumscribed colon en-
largement or wall hypertrophy [2—4]. The reason for his ob-
servation was not identified until 1945 by Theodor Ehren-
preis [5] based on clinical and radiological studies, accord-
ing to correct physiological assumptions. The pathogene-
sis of Hirschsprung’s disease was verified in 1948, namely
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Hirschsprung’s disease, or aganglionosis of the colon, is a
congenital disease characterized by a lack of neurons in the
enteric plexus of the large bowel due to either migration
failure or defective differentiation of neural crest cells [1].
The Danish pediatrician Harald Hirschsprung reported at
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condition may have been recognized before Hirschsprung,
his name is inextricably linked to this complex affection.
It is primarily a disruption of the migration of the neural
crest cells from the neural crest to the intestinal wall dur-
ing the 5th to 12th embryonic week [1]. Today, the exact
cause of congenital colonic aganglionosis, which can oc-
cur in one in 3000—5000 children, has not yet been clarified
despite numerous studies over two centuries [6—8]. This
study aims to offer a historical overview of the procedures
used for the surgical treatment of Hirschsprung’s disease.
It will also involve a short overview of minimally inva-
sive surgery with some data arising from robotic-assisted
surgery, as well as some considerations of the long-term
outcome of patients affected with Hirschsprung’s disease,
which has been surgically treated. The following para-
graphs will highlight “classical” surgical interventions for
treating Hirschsprung’s disease according to their chrono-
logical beginning and further developments. Despite trying
to be objective in the choice of the articles following our
systematic review, there is an obvious high degree of sub-
jectivity in assessing surgical techniques for Hirschsprung’s
disease, which is derived from the authors’ personal expe-
riences. This disclosure is evident as a limitation of this
historical article.

Classification of Aganglionosis

The aganglionosis affects a colonic segment of individually
different lengths, depending on where the neuroblast migra-
tion stopped. This malformation is usually limited to the
rectosigmoid (about 72% of all patients [range: 64—83%];
so-called short segment aganglionosis) [6,7]. However, it
can also affect a more extensive section of the colon. It
may involve up to the right colonic flexure (long-segment
aganglionosis, approximately 15% of patients [range: 5—
24%]), or it may affect the entire colon (Zuelzer-Wilson
syndrome, approximately 8% of patients [range: 1-20%]).
Very rarely, aganglionosis can extend even further orally
and, in extreme cases, even affect the entire gastrointestinal
tract. A special form of aganglionosis occurs in about 5%
of cases and is so-called ultra-short segment Hirschsprung
disease, limited to the anorectal zone below the pelvic floor
[9-14]. Kawaguchi ef al. [15] proposed the following ter-
minology, which has been quite broadly accepted world-
wide, although not uniformly:

- Short-Segment Hirschsprung’s Disease: Aganglionosis
up to the sigmoid colon-descending colon junction.

- Long-Segment Hirschsprung’s Disease: Aganglionosis
proximal to the sigmoid colon-descending colon junction
but with ganglion cells in some portion of the colon.

- Total Colonic Hirschsprung’s Disease: Aganglionosis of
the entire colon and less than 5 cm of the terminal ileum.

- Small Intestinal Hirschsprung’s Disease: Aganglionosis
extending proximally to more than 5 cm of the terminal
ileum.

- Total Intestinal Hirschsprung’s Disease: Aganglionosis of
nearly the entire intestine, with less than 20 cm of ganglion-
ated small intestine beyond the Ligament of Treitz.

The term “ultra-short segment Hirschsprung disease’ has an
unclear definition and a very controversial approach, and it
will be treated separately below.

Materials and Methods

We searched PubMed, EMBASE, and Google Scholar
databases for studies investigating the use of surgery in
aganglionosis or Hirschsprung’s disease. The search in-
cluded all studies published from inception until 9 Novem-
ber 2024. Articles in English, German, French, Italian,
and Spanish were retrieved and studied (eligibility criteria).
Several techniques have changed over the last two centuries
following the discovery of aganglionosis or Hirschsprung’s
disease, and an additional criterion was the presentation of
a surgical technique. The surgical methods were grouped
according to the authors, and all databases, registers, web-
sites, and organizations were reported. The Preferred Re-
porting Items for Systematic reviews and Meta-Analyses
(PRISMA) 2020 flow diagram for new systematic reviews,
which included searches of databases, registers, and other
sources, was used (Supplementary Material) [16].

Results and Discussion

A total of 2527 studies were reviewed, and the studies rel-
evant to surgery were extracted in this historical review.
Fig. 1 displays the PRISMA flow chart used for the cur-
rent historical review. The results of the search and selec-
tion process are in the flow chart. The number of records
identified in the search and the number of studies included
in the review are shown. We indicated studies that might
appear to meet the inclusion criteria but were excluded,
and we explained the reason for the exclusion. The as-
sessment of the risk of bias for each included study is dif-
ficult to determine because some studies were conducted
in the last century. We cannot offer summary statistics for
each group or an effect estimate and its precision due to
the temporally different performance of these procedures.
The causes of heterogeneity among studies were not inves-
tigated. Sensitivity analyses to assess the robustness of the
synthesized results were not systematically performed, but
an ad hoc assessment of the risk of bias for each synthe-
sis was formulated. The evaluations of certainty (or confi-
dence) in the body of evidence for each outcome are diffi-
cult to determine due to the heterogeneity of the studies.
In the following paragraphs, we will highlight the thera-
peutic options in common settings, the therapeutic options
in special settings (total colonic aganglionosis, ultrashort-
segment of Hirschsprung’s disease, short bowel syndrome
[SBS]), the use of robotic-assisted surgery in the setting of
Hirschsprung’s disease, and the quality of life following a
surgical procedure for Hirschsprung’s disease.
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Fig. 1. PRISMA flow chart used to carry out the current historical narrative review. PRISMA, Preferred Reporting Items for

Systematic reviews and Meta-Analyses.

Therapeutic Options

If the diagnosis of Hirschsprung’s disease is performed, the
current therapy is the resection of the hypoganglionic area
of the megacolon and the aganglionic colonic section to
eliminate the passage obstruction. The first person to sug-
gest that this disorder might be associated with a lack of
ganglion cells in the distal rectosigmoid colon was probably
Tittel in 1901 [8,17]. Complete excision of the descending
colon, sigmoid, rectum, and anus was performed in 1898 by
Frederick Treves [18], who believed that mechanical ob-
struction had clogged the colon. In 1900, Fennwick [19]
proposed the concept of lower-end spastic contraction. In
1920, Alberto Dalla Valle [20] found that these patients
lacked ganglion cells in the distal, narrow part of the colon.
The sole treatment available to these individuals then was a
sympathectomy and daily enemas, often with unsatisfactory
outcomes. In 1938, Robertson and Kernohan [21] detailed
the aberrant peristalsis of the distal aganglionic bowel. Two
years later, Tiffin’s team [22] carried out a comparable pro-
cedure. A functional abnormality of the rectosigmoid re-
gion caused by a deficiency or absence of ganglion cells was
first reported by Zuelzer and Wilson [23] in 1948. Subse-
quently, it was verified by Whitehouse and Kernohan [24]
in the same year. Regardless of these results, beliefs on the
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importance of ganglion cell absence evolved slowly. In-
stead of ganglion cells producing colonic dilation, Ehren-
preis [25] proposed in 1970 that colonic dilation caused the
lack of ganglion cells.

Orvar Swenson was developing a surgical cure for mega-
colon, a condition that was almost always lethal at the time.
At the same time as the pathophysiology of Hirschsprung’s
disease was being uncovered, and for patients suffering
from Hirschsprung’s disease, he established an experimen-
tal study in 1948 that suggested removing the rectosigmoid
colon and rectum while keeping the sphincter intact [26,27].
For the first time, it seemed that ganglionic dysfunction was
the culprit component of the disease [8]. With pediatric
radiologist Neuhauser, surgeons also defined “congenital
megacolon” and its causes, symptoms, and treatments [27].
Importantly, Swenson found that those with Hirschsprung’s
disease did not have mechanical blockage but functional ob-
struction. The procedure proposed by Swenson was suc-
cessful, but it was a lengthy and risky operation with a high
infant mortality rate. In 1956, a French surgeon named
Bernard Duhamel [28] cut the rectum and proximal normal
colon in half, creating an anastomosis that ran side to side.
Duhamel [29] suggested moving the ganglionated segment
to the back of the ano-rectum via the retro-rectal gap, thus
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avoiding the rectum. Two clamps, the handles of which pro-
truded from the child’s anus, were used in a side-to-side
crushing technique to join the retained ano-rectum and the
pull-through segment until the walls annealed.

To alleviate postoperative soiling, the Duhamel procedure
was modified to place the anastomosis above the internal
sphincter. Stapling devices were used to connect the native
ano-rectum with the pull-through segment, relieving the in-
fant of the discomfort of clamps dangling from the anus.
In 1958, a German surgeon, Fritz Rehbein [30], performed
a procedure comparable to an anterior sigma-rectum resec-
tion for Hirschsprung’s disease. He preserved a generous
amount of tissue corresponding to the aganglionic rectum
in its original location. Various European researchers, Ro-
mualdi, Ehrenpreis, and Pellerin, documented their experi-
ences with recto-sigmoid resection in 1960, 1961, and 1962,
respectively [8,31-33].

The initial surgical description of submucosal dissection
for Hirschsprung’s disease was published in 1952 by Asa
Yancey [8,34,35]. To safeguard the adjacent pelvic nerves
and genitourinary organs, an Italian surgeon, Franco Soave
[36], published a study in 1964 on endorectal (between the
mucosa and the muscularis propria) rectosigmoid dissec-
tion. This procedure was also described at the same time
by Scott Boley [37] in the United States of America.

The distinction between their two methodologies was that
Dr. Soave exteriorized the normoganglionic bowel through
the anus for several days before subsequently conducting
the anastomosis to the anus. Boley, on the other hand, ex-
ecuted a primary anastomosis to the abbreviated residual
rectum. For unspecified reasons, Dr. Soave’s work was
published in the same issue immediately before Dr. Boley’s
publication. Dr. Yancey initially described this submucosal
dissection, and it is crucial to note that Dr. Boley’s publica-
tion did not provide a variation of the Soave technique but
rather a modification of the Swenson technique.

The Martin technique [38], a variant of the Duhamel opera-
tion, was created in 1962. Martin was the first Surgeon-
in-Chief at Cincinnati Children’s Hospital Medical Cen-
ter, Ohio, USA. An extended aganglionic bowel tract was
left in situ after his modification, essentially an extension
of Duhamel’s procedure. To diagnose Hirschsprung’s dis-
ease, a rectal suction biopsy tube was invented in 1969 by
pediatric surgeon Helen Noblett of Melbourne, Australia
[39]. While working at the Jewish Long Island Hospital
in New York, NY, USA, Henry So, a surgeon born in the
Philippines, adopted an endorectal pull-through procedure
in 1980 for neonates with Hirschsprung’s disease that did
not include a colostomy [40].

In their description of a single-stage transanal pull-through
surgery, Luis De la Torre-Mondragoén and his colleagues
[41,42] performed a Soave procedure using a transanal
route, which involved beginning a submucosal dissection
right above the dentate or pectinate line, which is the junc-
tion between the superior and inferior anal canal. To re-
move the sigmoid colon and rectum from the anus, a mus-

cle sleeve was constructed. Full-thickness biopsies were
then taken to locate the transition zone, which was defined
as a zone with a poor representation of ganglion cells and
a few hypertrophic nerve fibers. The ganglionated section
was sutured to the rim of the anal mucosa once the ganglion
cells had been identified. Compared to previous colostomy
techniques that used laparotomy, on transanal endorectal re-
section and details of the pull-through technique were later
published [8,43]. At the same time, a vast multi-center
study proved that patients who had the 1-stage transanal
Soave pull-through had a safe operation with minimal pain,
early discharge, early feeding, and a low rate of complica-
tions overall [44]. Jacob Langer ef al. [45,46] had previ-
ously published their experience with this procedure. At
the same time, the groundbreaking article on laparoscopic-
assisted endorectal pull-through for Hirschsprung’s disease
was published by Keith Georgeson et al. in 1995 [47] and
1999 [48]. In the following paragraphs, the techniques are
described in detail.

Pull-through Technique (“Swenson’s Procedure”)

Orvar Swenson (Boston, MA, USA) was probably the first
pediatric surgeon to present a groundbreaking correction
of Hirschsprung’s disease [8,26,27,49-51]. His technique
was based on correctly interpreting the connection between
megacolon congenitum and the colon/rectum agangliono-
sis existing aborally (opposite to or away from the mouth).
The abdominal pull-through operation (initially with a pre-
ceding colostomy) involved the following procedure steps.
First, the section of the colon, which is located proximally
to the megacolon, the hypoganglionic megacolon, and the
aganglionic section of the colon, are mobilized up to the
rectosigmoid junction. After clinical or radiological find-
ings have been used to determine the beginning of the oral
ganglionic section, the colon is resected in this area, as well
as the area of the rectosigmoid transition. The remaining
sections are blinded and closed. The peritoneal fold is then
opened, and the rectoanal section is dissected near the wall
to protect the branches of the pudendal plexus and the rec-
tal blood vessels. The closed rectum is pulled through pe-
rianally until the dentate line can be seen on the protruding
mucosa. The anterior wall of the rectum is then divided
obliquely between about 2 cm and the posterior wall about
1 cm above the dentate line. With this oblique anastomosis,
the nerve fibers and vessels located anterior to the lowest
rectum should also be spared. After removal of the rec-
tum, the normal-ganglionic colon is pulled through the anal
canal, and an extra-anal anastomosis is created with the anal
mucosa. The anastomosed bowel is then repositioned into
the pelvis. The original surgical procedure was revised over
the years by Swenson himself and other (pediatric) surgeons
because of the complications inherent in the technique (in-
fection, anastomosis leak, incontinence, bladder emptying
disorders, and impotence) [51,52].
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During the last decade of the 20th century, new surgical-
technical options emerged that became relevant to the
Swenson method. At the beginning of the 1990s, Swen-
son’s procedure was performed for the first time as a la-
paroscopically assisted intervention. The principle corre-
sponded to an open procedure. Subsequently, the lowest
section of the rectum was more accessible. However, de-
spite reported satisfactory results, the colo-recto-anal anas-
tomosis still created extra-anal issues [53,54]. This proce-
dure was subsequently performed with laparoscopic robot
assistance in children aged around 16 weeks and weighing
approximately 5.5 kg [55]. In 2003, Weidner and Wald-
hausen [56], as well as Peterlini and Martins [57], reported
on the first successful one-stage transanal procedure in 15
children, albeit with a small left-sided lower abdominal la-
parotomy to obtain extramucous colon biopsies to define
the beginning of the ganglionic colon, the latter using a
modified anastomosis technique. In 2008, a Chinese group
reported a one-stage transanal procedure using the usual
Swenson procedure in 135 children between 9 days and five
years, without additional mini-laparotomy, with excellent
results [58]. These results were also confirmed by other
authors [50,59]. The issue of possible postoperative com-
plications constituted one problem with the Swenson proce-
dure. They were due to extensive preparation of the rectum,
especially the ventral-distal section, which was associated
with lesions of the pudendal plexus or branches of the A.
rectalis superior and A. rectalis media and A. rectalis infe-
rior. In addition, the position of the colo-rectal oral-anal
anastomosis was a sticking point in Swenson’s procedure.
This anastomosis must be located just above the anal ring to
trigger the stimulus to defecate and a normal defecation pro-
cess. The results of long-term follow-ups varied greatly in
this respect, not least depending on the technical skills and
experience of the respective surgeons and the type of pro-
cedure (open, laparoscopic, or transanal) [59]. Neverthe-
less, the Swenson procedure is still the procedure of choice
for many pediatric surgeons worldwide when approaching
a patient with Hirschsprung’s disease. Just a few years after
the Swenson procedure was introduced, the complications
mentioned led to new operational and technical considera-
tions to be implemented to avoid these issues. In the fol-
lowing paragraphs, we present techniques which were im-
plemented over the years and their extraordinary develop-
ments.

Low Anterior Resection Techniques

“Anterior (partial) Sigma/Rectum Resection” (State, Hiatt)

In 1950s, David State [60-62] (Minneapolis, MN, USA)
presented a new concept for treating Hirschsprung’s dis-
ease, which he called a ”physiological” surgical method.
He recommended fully resecting the radiologically deter-
mined megacolon (the extended hypoganglionic colon sec-
tion, including transition zone) and the aganglionic recto-
colonic segment. Moreover, he formed a colorectal anas-
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tomosis at a height of about 7-10 cm from the dentate line
[60-62]. In 1951, Robert B. Hiatt [63] (New York, NY,
USA) reported on an identical procedure, albeit only as
a temporary project, since he soon became involved with
the Swenson procedure. He performed an anterior sig-
moid/rectal resection with an anastomosis between the mid-
dle sigmoid and the remnant of the rectum, with the anasto-
mosis being at a height of 4-6 cm orally (proximally) to the
dentate line. However, the length of the aganglionic rectum
remaining in situ with the State procedure and the remaining
sigmoid colon with the Hiatt method caused Hirschsprung’s
disease to relapse after surgery. This failure is at the root of
labeling these procedures as unsuccessful despite their prin-
ciple remaining partly preserved.

“Deep Anterior Resection” (Rehbein)

Fritz Rehbein [30,64-66] (Bremen, Germany), who had
used the Swenson procedure in 1951 and 1952, abandoned
this technique because of the abovementioned complica-
tions. In 1953, he took up the idea of the resecting pro-
cedure propagated by David State. In contrast to State, the
German surgeon oriented himself to the anterior deep rectal
resection customary in adults for treating colo-rectal car-
cinomas located more than 6 cm from the ano-cutaneous
line [30,64—66]. He aimed to perform a resection of the
hypo- and aganglionic colon/rectum section significantly
more extensively than State (or Hiatt) after the clinical-
visual determination of the oral resection border (usually
in the transverse colon). The remaining aganglionic rec-
tal remnant should have been 3 to 5 cm long. The end-
to-end anastomosis is located extraperitoneally, about 2 cm
below the peritoneal fold. In addition, he recommended a
forced dilatation (bougienage) of the anal canal (including
the anastomosis) for several weeks after the procedure was
performed to reduce any obstruction symptoms. Bougien-
age is the dilation of a tubular cavity (such as a constricted
esophagus) with a bougie, a tapering cylindrical instrument
for introduction into a tubular passage of the body.

Rehbein and Wernicke [65] reported on the first (positive)
technical experiences as early as 1955. In 1958, Rehbein
presented his results for 67 children arising from several ex-
periences [30] and published a follow-up analysis in 1960
[64]. In 1963, Rehbein and Nicolai [66] reported on 110
successfully operated children. Rehbein was convinced that
the complete resection of the rectum was probably unnec-
essary. He suggested that the existing achalasia of the inter-
nal sphincter muscle should be treated with bougienage or a
partial myectomy [67,68]. His method, using the open tech-
nique, was the method of choice for Hirschsprung’s disease
in the German-speaking world for years. This, even though
a deep recto-colic anastomosis, is not a very easy procedure
from a technical point of view.

In addition, as mentioned above, the procedure can often re-
sult in obstructive problems, which can be attributed to the
non-innervated internal anal sphincter and relatively narrow
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Fig. 2. Soave’s procedure for aganglionosis (Hirschsprung’s
disease). (A—C) Surgical site for endorectal pull-through surgery
according to Soave - (A) Sheathing of the rectal mucosa. (B)
Transanally pulled through the aganglionic colon section (arrow:
rectal stump) on the 6th postoperative day. (C) End-to-end de-
scending rectostomy on the 8th postoperative day. The surgical
site gross photographs belong to the personal archive of Profes-
sor Dr. J. Hager. Written informed consent was provided by the
parents/guardians at the time of the surgical procedure.

colo-rectal anastomosis. With the advent of gastrointesti-
nal stapling techniques to create an end-to-end anastomo-

sis, the remaining aganglionic rectal segment was reduced
to approximately 2 cm. However, the procedure was chal-
lenging, particularly in young infants, due to the tiny size
of the circular stapler (the smallest stapler head had a di-
ameter of 21 mm) [69,70]. In our opinion and personal ex-
perience, appropriate anal bougies must be carried out pre-
operatively to be able to insert the device transanally and
connect it to the counter-pressure plate in the oral section
of the colon. In 2003, a study involving Rehbein’s patients
was published, in which 22 pediatric surgical institutions
in Germany, Austria, and Switzerland took part [71]. In
this study, the surgical results and the postoperative out-
comes of the patients were presented in detail. Compared
to the standard of other surgical methods, Rehbein’s pro-
cedure proved to be equally good or even better than pre-
vious surgical interventions for Hirschsprung’s disease. A
renewed Hirschsprung’s disease symptomatology was not
an issue due to the possible growth in the individual case’s
relatively long aganglionic rectum segment [72]. This prob-
lem, which the author of this work observed in 3 out of
27 of his patients (length of the remaining rectum: 6, 7,
and 9 cm), made a redo necessary (resection of the rectal
stump and then proceed as with the endorectal pull-through
with coloanal anastomosis). Despite many positive long-
term results [73], apart from the increased obstructive is-
sues in individual cases, the Rehbein method seems to have
lost relevance in pediatric surgery. The transanal endorec-
tal pull-through surgery (TERPT), with no additional stoma
installation and faster food build-up, seems to harbor fewer
obstructive problems [74,75].

Endorectal Pull-through Procedures
Yancey Technique

In 1952, the American surgeon Asa Yancey [34] (Tuskegee,
AL, USA) presented a new surgical technique with which
he wanted to avoid the complications associated with
Swenson’s operation and its extensive rectal mobilization.
Yancey described his surgical technique as a modification
of Swenson’s procedure. His idea was not to dissect the ex-
traperitoneal section of the rectum but to leave it in situ and
to remove its mucosa up to about 1.5 cm above the dentate
line. After the removal of the hypo/aganglionic sigmoid
segment, the in situ rectum should have served as a ma-
trix for pulling through the colon containing ganglion cells,
which in turn is anastomosed to the anal mucosa. Surpris-
ingly, this technique, which he tested in dogs as experimen-
tal animals and used successfully in an adult patient with a
rectal disease unrelated to Hirschsprung’s disease, found no
interest in the USA or Europe. It is unknown why this tech-
nique found no favor, but some racial prejudice may have
played a significant role, because Yancey was a black sur-
geon and the Civil Rights Act, a comprehensive U.S. legis-
lation intended to end discrimination based on race, color,
religion, or national origin, was not guaranteed until 1964
[8,35].
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Fig. 3. De la Torre’s procedure for aganglionosis (Hirschsprung’s disease). According to de la Torre, four steps are critical, including
(1) spreading the anal canal, exposing the dentate line and making a circular incision of the rectal mucosa approximately 1 cm orally from
it and attaching sutures; (2) sheathing the rectal mucosa; (3) opening the peritoneal fold and mobilizing the sigmoid colon, and (4) taking
extramucosal biopsies for determination of the resection limit. In (A) is the X-Ray-imaging of the transition zone between aganglionosis

of the rectum and ganglionosis (euganglionotic segment) of the sigmoid colon (arrows). In (B) is shown the operation site of the transanal

endorectal rectosigmoidectomy and in (C) is shown the recto-descendectomy performed according to de la Torre. The surgical site gross

photographs and X-ray photographs belong to the personal archive of Professor Dr. J. Hager. Written informed consent was provided by

the parents/guardians at the time of the surgical procedure.

Soave and Boley Techniques

In 1963, the Italian pediatric surgeon Franco Soave [76—78]
(Genoa, Italy) published a new surgical method for treating
Hirschsprung’s disease (Fig. 2). Soave did not make the
free to avoid pelvic vessel or nerve injuries. His technique
is referred to as transrectal anal pull-through surgery. This
method was probably already used in a similar form in 1952
by Yancey [34]. Whether Soave knew about this technique
is not known. Soave labeled his work as “Hirschsprung’s
Disease: A New Surgical Technique”, suggesting that he
borrowed his technique intellectually from Rehbein (Bre-
men, Germany) and Romualdi (Rome, Italy) with data ob-
tained during the surgical correction of anorectal atresia
[31,36,37,79]. Both Rehbein and Romualdi recommended
leaving the affected section of the rectum in situ after re-
moving the mucosa and pulling the sigmoid through this
section of the rectum to the neo-anus [31,80]. This con-
sideration was based, as Rehbein formulated, on the publi-
cations of the general surgeons William W. Babcock [81]
(Philadelphia, PA, USA) in 1947 and Harry E. Bacon [82]
(Philadelphia, PA, USA) in 1949. These surgeons used a
similar approach in the treatment of deeply located rectal
carcinoma to preserve the functionality of the anal sphinc-
ters. In this context, however, Soave’s statements in his
guest lecture “Endorectal pull-through 20 years’ experi-
ence” at the 15th annual meeting of the American Pediatric
Surgical Association (9—12 May 1984) in Marco Beach
(Florida, USA) are thought-provoking. On that occasion,
Soave stated that in 1957, he had considered the partial
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rectal passage allegedly presented by Romualdi as early as
1955. He did not mention Rehbein but emphasized only
Romualdi as his “mentor” for his technique, which he at-
tributed to Mark M. Ravitch (Baltimore, MD, USA) [31].
In addition, Soave stated that he regarded the method he
had developed as an innovation before meeting Yancey per-
sonally in 1971 during a Sabbatical period in the USA. Ja-
sonni et al. [83], in their “Soave’s Chapter” of the book
“Hirschsprung’s Disease and Allied Disorders” edited by
Holschneider & Puri, emphasized the “Soave’s procedure”,
but did not highlight the potential Yancey’s controversy.
The Soave’s procedure includes the following steps: Af-
ter a paramedian laparotomy, the hypo/aganglionic and the
orally adjacent ganglionic colon are mobilized to deter-
mine the oral resection border. Then, the rectal wall is
incised circularly about two cm above the peritoneal fold
up to the mucosa. The mucosa is then detached from
the rectal muscles up to about 1-1.5 cm above the den-
tate line (depending on the child’s age). Soave avoided
pelvic nerve or vascular injuries by keeping the serosa or
adventitia around the rectal muscle cuff in place. After di-
lating the anal canal, the released rectal mucosa and the
hypo/aganglionic section of the colon are pulled through
endorectally and transanally until the beginning of the nor-
moganglionic colon, which needs to be verified by a pathol-
ogist during an intraoperative frozen section. The agan-
glionic bowel section is removed, but no colo-rectal anas-
tomosis is made. In 1964, Soave [36] published a pa-
per in which he detailed his thoughts on the endorectal
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passage of the ganglionic colon beyond the anus without
primary anastomosis [84]. In the same volume, follow-
ing Soave’s paper, a paper by the American pediatric sur-
geon Scott Boley [37] (New York, NY, USA) was pub-
lished, in which he described an identical three-stage pro-
cedure similar to the Soave method but with the immedi-
ate creation of a colon-anal anastomosis. In the literature,
Boley’s method is considered a modification of Soave’s
technique. However, Boley insisted that he developed his
method without knowledge of the Soave method. He con-
sidered only the techniques borrowed from Ravitch (1948)
[85] and Rehbein (1963) [66,86]. Various follow-up stud-
ies have shown that the Soave method has inherent compli-
cations, e.g., anastomosis issues, strictures of the through
colon, frequent episodes of diarrhea, incontinence periods,
and varying severity of enterocolitis. Apart from a few mild
changes, e.g., affecting the anastomosis or the “mucosec-
tomy” technique, the muscular rectum was the main target
of such modifications. It often tends to shrink, and pro-
longed stretching treatment is necessary. A few “improve-
ments” were requested, e.g., splitting the muscular rectum
up to the puborectal loop or extensive cuff resection, some-
times using a posterior approach. Later, Soave’s procedure
was also carried out with laparoscopic assistance during the
1990s to reduce surgical trauma and the recovery phase af-
ter the operation and minimize the complications. On the
other hand, Keith Georgeson et al. [47] (Birmingham, AL,
USA) were the first to report a laparoscopic procedure us-
ing the one-stage technique. They properly defined the be-
ginning of the normoganglionic colonic section using extra-
mucosal biopsies for intraoperative frozen section examina-
tion, with skilled pathologists able to differentiate immature
ganglion cells from non-ganglionic cells. Then, they mobi-
lized this section and the hypo/aganglionic colon up to the
upper third of the rectum. The rest of the procedure was per-
formed using transanal access, i.e., the mucosa was incised
about 5-10 mm above the dentate line in a circular manner,
and the upper third of the rectum was encapsulated. The
entire mobilized colon, including the rectal mucosa, was
then pulled through endorectally and transanally, and, fi-
nally, the hypo/aganglionic section was resected. The gan-
glionic colon was anastomosed extra-anally with the anal
mucosa [47]. In 1999, Georgeson et al. [48] called this ap-
proach the gold standard for Hirschsprung’s disease. Sub-
sequently, Georgeson indicated that the transanal endorec-
tal passage, without laparotomy or laparoscopic assistance,
may be based on the works of Luis de La Torre-Mondragén
and José Arturo Ortega-Salgado [41] (Mexico City, Mex-
ico [1998]) and Jacob Langer et al. [46] (Toronto, ON,
Canada [1999]). Interestingly, the working group that ini-
tially monitored their procedure using a laparoscope stated
that such an approach may be the method of choice for
short-distance Hirschsprung’s variants [87]. Georgeson’s
procedure did not lose its importance in children with long-
distance aganglionosis, even if it has been modified in the
meantime. The laparoscopic single-incision and/or robot-

assisted variants of the Georgeson technique presented by
various authors are technically interesting and will be dis-
cussed further (please see below).

De la Torre and Langer Technique

The working groups around Luis De la Torre-Mondragén
and Jacob Langer [41,46] described the technique known
as TERPT in 1998 and 1999. This technique is based per se
on the Soave’s and Boley’s procedures, but in reverse form,
i.e., the procedure is performed from the anus without la-
parotomy. Briefly, the anal canal is first carefully dilated
and then stretched with an anal retractor to open the anal
canal and expose the dentate line. Epinephrine, NaCl, or air
are applied to the submucosa about 3—5 mm proximal to the
dentate line to simplify the planned “mucosectomy”. Mu-
cosectomy is a surgical procedure involving the removal of
acircular section of mucosa from the rectum, leaving a 1 cm
margin above the dentate line. The rectal mucosa is incised
circularly in the area just mentioned with electrocautery and
carefully cleared to attach several retaining sutures here so
that further endorectal submucosal dissection can be car-
ried out under tension. The muscular sheath of the rectum
is incised anteriorly at a height of about 67 cm, thereby
opening the rectouterine pouch (rectovaginal pouch, pouch
of Douglas, or cul-de-sac), which is the extension of the
peritoneum into the space between the posterior wall of the
uterus and the rectum in the human female. In the human
male, the region corresponding to the rectouterine pouch is
the rectovesical pouch, which lies between the urinary blad-
der and rectum. The rectal muscles are divided circularly.
The rectosigmoid is mobilized by cutting all the blood ves-
sels that supply these two sections close to the intestinal
wall. After reaching the peritoneal fold, the rectosigmoid
is pulled through the anus and, depending on the determi-
nation of the resection margin utilizing serial seromuscular
biopsies or full-thickness biopsies, is removed. The normo-
ganglionic colon is anastomosed to the remaining mucosa
superior to the dentate line (Fig. 3). Langer ef al. [46] em-
phasized that they initially monitored the abdominal part
of the operation using a laparoscope. TERPT has become
established in most pediatric surgical departments to treat
short, short-segment aganglionosis patients. Our personal
experience has shown that this surgical method is not lim-
ited to the rectosigmoid but can be used to resect the agan-
glionic colon up to the left flexure without laparoscopic sup-
port and even further to the right hemicolon with laparo-
scopic support or a transanal mesenteric resection in the
sense of a NOTES procedure (Natural Orifice Translumi-
nal Endoscopic Surgery) [88-92]. However, as the follow-
up showed, the TERPT implies the same obstruction prob-
lems (soiling, defecation disorders, enterocolitis, etc.) as
the Soave/Boley techniques due to the remaining muscular
rectum [55,56,61]. Stretching the sphincter apparatus dur-
ing the procedure should not cause any challenges [91-93].
The rectum cuff was first split, but it was demonstrated to be
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insufficient [45,94]. Its length was consequently reduced to
minimize the obstruction, resulting in a site similar to that
of Swenson’s procedure [43,45,95-97].

Retrorectal Transanal Pull-through Surgery (Duhamel)

In 1956, Bernard Duhamel [28] (Paris, France) described
a technique with a completely different approach to
Hirschsprung’s disease. He used a retrorectal passage of the
colon. He considered keeping the aganglionic rectum as a
partial reservoir for receiving or voluntarily emptying fe-
ces, which had not been considered in the other techniques.
Initially, the hypoganglionic and aganglionic sections of the
colon are mobilized and resected after defining the oral re-
section margin while leaving a rectal stump. The ganglionic
colon and rectal stump are closed blindly. The peritoneal
fold between the urinary bladder or uterus and the rectum
is cut, and the distal rectum is dissected, accessible from
the dorsal side up to approximately 1.5 cm above the den-
tate line. The posterior wall of the surgical anal canal is
incised about 1-1.5 cm proximal to the dentate line. After
the resection, the ganglionic colon is placed in the avascu-
lar retrorectal plane and sutured side-to-side to the native
aganglionic rectum. A clamp is inserted through this inci-
sion into the retro-rectal space and advanced into the ab-
dominal cavity. With the help of this clamp, the sutures
attached to the distal end of the ganglia-containing colon
are pulled through the rectal stump. A side-to-side anasto-
mosis occurs between the rectal stump’s avascular area and
the normoganglionic colon. The anterior wall of the gan-
glionic intestine is sutured to the proximal posterior wall
of the opened rectum and, subsequently, the posterior wall
of the ganglionic segment to the distal posterior rectal wall.
Duhamel’s procedure was instrumental because of the retro-
rectal/anal anastomosis that was initially too deep, but also
because of the different-sized rectal stump that remained in
situ.

The criterion is to keep the rectal stump small, especially
since it remains aperistaltic as an aganglionic portion and
represents a distensible blind sac. It was prone to com-
plications, e.g., anastomosis issues, incontinence, proctitis,
fecaloma, and enterocolitis. Therefore, various modifica-
tions (e.g., by using stapler devices for the colo-rectal anas-
tomosis) took place regarding the penetration to protect the
M. sphincter ani internus and the rectal pouch as well as the
sphincter achalasia [38,98—104]. Apart from these modifi-
cations to address issues inherent to the technique, in 1984,
Hickey and Guiney [101] suggested creating a protective
colostomy to minimize surgically related local infections in
the small pelvis and wound healing disorders. This pro-
posal was revisited by Peters ef al. [102] some 40 years
later. Duhamel’s procedure, despite various other mod-
ifications, including the interim laparoscopic procedure,
was still loaded with some minor complications [99,102—
109]. Thanks to its problem-free laparoscopic applicability
for failed Swenson’s surgery, long-segment Hirschsprung’s
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disease, total colonic aganglionosis, and in cases of difficult
mucosectomy, the Duhamel technique is currently consid-
ered to be one of the best procedures for most of the infants
[102,106,110-114].

Therapeutic Options in Special Settings

The surgical treatment of two forms of Hirschsprung’s
disease is briefly presented below, i.e., the complete
aganglionosis of the colon, including the lower ileum
(Zuelzer-Wilson syndrome or better Jirasek-Zuelzer-
Wilson syndrome) and the so-called ultra-short segment of
Hirschsprung’s disease.

Surgery on Total Colonic Aganglionosis

Ultra-short segment and long segment Hirschsprung’s dis-
ease were the clinical subtypes of Hirschsprung’s disease,
at least prior to extensive research. Total colonic agan-
glionosis (TCA) and total colonic aganglionosis with small
bowel aganglionosis (TCSA), the latter of which may entail
a very long segment of Hirschsprung’s disease, are likely
subtypes of the long segment one. TCA, usually extend-
ing into the ileum, is a rare affection (2-13%, probably
approximately 8% of patients affected with Hirschsprung’s
disease). It usually becomes symptomatic in newborns or
infancy but can rarely become relevant until childhood and,
in individual cases, even later. Aganglionosis that extends
from the anus to the ileocecal valve, but no more than 50
cm proximal to it, has been characterized as TCA due to
the unique symptoms and complications linked with ex-
tremely long aganglionic segments in TCSA. Therefore, it
is distinct from the relatively uncommon duodenal-to-anus
form of aganglionosis and the extended intestinal form, also
known as TCSA. From a pathophysiological and biologi-
cal perspective, it is still unclear whether these two enti-
ties should be considered independently [115]. Clinically,
the event presents an incomplete small bowel obstruction
(subileus) with or without diarrhea and without signs of a
megacolon. The radiological finding may just be as un-
typical as the clinical picture. Despite these challenges,
unique patterns of radiological characteristics have been
discovered that could suggest the presence of TCA. Mi-
crocolons (apart from the microcolon-hypoperistalsis syn-
drome, which has a different histopathology background
detected by the smooth muscle actin immunostaining [116]
and the absence of characteristics in a normal colon) were
classified as three separate radiological images in TCA on
imaging [117]. Preliminary research indicated that bar-
fum retention for at least 24 hours was highly indicative of
Hirschsprung’s disease. However, water-soluble contrast
has mainly replaced barium in current practice, rendering
it less useful as an indication [118]. The data we evalu-
ated from the literature highlights that if this syndrome is
suspected, the removal of rectal (suction) biopsies is indi-
cated to detect aganglionosis. Early diagnosis and appro-
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priate management of intestinal obstruction are considered
essential prognostic criteria [1,119-126].

The surgical treatment of this disease is typically multi-
stage. An ileostomy or an ostomy carried out above 50 cm
proximal to the ileocecal valve is usually planned initially.
It is crucial to have a pathologist with experience in diag-
nosing immature and mature ganglion cells [1]. After the
child has recovered, one of the numerous corrective opera-
tions is carried out weeks later. So far, there is no consensus
as to which of the various methods is the best for this spe-
cific extended segment of aganglionosis. A consensus may
be helpful for both surgical and prognostic settings (e.g., pe-
rioperative morbidity, mortality, functional outcome, and
enterocolitis or HAEC-Hirschsprung’s disease-associated
enterocolitis) [127]. Initial considerations were devised to
preserve part of the non-innervated colon. The antimesen-
teric enteroplasty and the Kimura patch should be men-
tioned, even if these techniques gained less importance later
because of their complications. Our review of the literature
and personal experience indicates that all surgical opera-
tions known for treating Hirschsprung’s disease have been
used.

The outcome may be difficult to predict after surgical treat-
ment of patients with TCA due to the various surgical inter-
ventions used and the different follow-up times described
in the literature. Enterocolitis episodes are not uncommon
(up to 40% of cases), while daily frequent bowel move-
ments (up to approximately 80% of patients, depending
on the study), and soiling, as well as perianal excoriations
(approximately 20%), are typical issues. However, they
may decrease over the years. Although constipation is also
possible, it seems comparatively rare after surgery. De-
velopmental deficits (low body mass index, shortness) are
also observed in up to 30% of children with TCA. It may
be critical to separate TCA from megacystis-microcolon-
hypoperistalsis syndrome, as indicated above.

Surgery on So-called Ultra-short Segment of
Hirschsprung's Disease

The transition zone at the rectosigmoid junction is a com-
mon symptom of Hirschsprung’s disease, which often
manifests in the neonatal period or early infancy. But
in other cases, ultrashort-segment Hirschsprung’s disease
(ultrashort-Hirschsprung’s disease) manifests as a highly
sporadic form [11,14,128-132]. The aganglionic segment
is extremely short, so it can often go undetected by con-
trast enema. Not only does this put off diagnosis, but it
also makes it harder to determine what kind of surgery
would be most effective [133,134]. It is debatable if
ultrashort-Hirschsprung’s disease is a suitable word when
describing a condition with symptoms comparable to typi-
cal Hirschsprung’s disease [9]. The current standard for di-
agnosing ultrashort-Hirschsprung’s disease is a rectal seg-
ment that is less than one to two centimeters long and has
no ganglionic structures. Although there are easier options,
such as an internal sphincter myectomy or a Duhamel-type

pull-through, these procedures still leave the megarectum
in place, which is unacceptable. The Swenson pull-through
would be a good method for treating the ultrashort segment,
but is not usually used because of its potential lesions of the
structures in the small pelvis and the associated urological
and sexual dysfunctions. While there is no evidence to sup-
port the claims that Swenson dissection increases the risk
of urinary or sexual dysfunction, a recent study by Hong
[135] used a Soave transanal pull-through proce-
dure with wide posterior myectomy and had positive out-
comes in an 8-year-old boy. While the Swenson transanal
pull-through may be better regarding cuff-related compli-
cations, even for seasoned surgeons, the procedure’s tech-
nical requirements can be challenging [136]. In our expe-
rience and reviewing the literature data critically, we found
that the different recommendations for treating ultrashort-
Hirschsprung’s disease are linked to the controversial na-
ture of this condition. We suggest that the (partial) posterior
anal sphincter myectomy is a simple method. Depending
on the age of the patient and considering that the inner anal
sphincter is the method. Depending on the age of the pa-
tient and considering that the inner anal sphincter is about 4
cm long in adults and correspondingly shorter in children,
depending on their age, a horizontal arcuate incision about
1-2 cm long is performed exactly in the dorsal mucocuta-
neous junction of the anal canal for about 0.5-1 cm above
the ano-cutaneous line. From here, the dorsal section of
the M. sphincter ani internus is dissected orally at approxi-
mately 3-5 cm (depending on the patient’s age), and a mus-
cle strip of 0.5—-1 cm is resected. The typical complications
of this method are recurrence of constipation or the devel-
opment of fecal incontinence. Apart from the posterior anal
sphincter myectomy, one of the various pull-through oper-
ations can also be considered as a method, as reviewed by
Hong et al. [135] and Glasgow ef al. [136].

et al.

Short Bowel Syndrome

If Hirschsprung’s disease requires an extensive small/large
bowel resection, it causes SBS (residual bowel length <35
cm in a neonate). A surgical treatment of this issue may be
necessary [119,137]. An autologous intestinal reconstruc-
tive surgery (AIRS) is currently planned based on the ex-
perience that the remaining intestinal remnant usually de-
velops lumen distension, which in turn is a prerequisite for
AIRS. Two techniques are currently being used: longitu-
dinal intestinal lengthening and tailoring (LILT) and serial
transverse enteroplasty (STEP). If these methods are not
successful, the last resort is an intestinal transplant. The
LILT method described by Adrian Bianchi [138] in 1980
is the first AIRS technique [139]. Its principle is that the
mesentery consists of two layers of tissue. Two tubes can
be formed by splitting the mesentery and the attached di-
lated intestine longitudinally, which are then anastomosed
[138-140]. Although this method is efficient, it does im-
ply serious potential for complications: devascularization
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of the intestine after splitting the mesentery, leakage along
the longitudinal rows of sutures and the anastomoses in the
small intestine, and recurrent intestinal dilatation or dys-
motility of the extended intestinal segment. The STEP
method, first published in 2003, is technically much more
straightforward than Bianchi’s operation [141]. This set-
ting is because the mesentery remains intact, and an anas-
tomosis is unnecessary. Lengthening of the dilated bowel
was performed by serial transverse applications of a sta-
pler from opposite directions to create a zig-zag channel
[141]. With this method, very short, dilated small intestinal
segments can be lengthened, and the intestinal lengthening
can be repeated after a while. Today, the STEP method is
primarily used for SBS treatment because of its simplicity
[142—144]. With this method, however, the orientation of
the muscle fibers is changed, i.e., the circular muscle fibers
become longitudinal muscle fibers and vice versa, which
leads to motility disorders of the intestine [145,146]. To
address the problems mentioned, some modifications have
been added, e.g., the spiral intestinal lengthening and tai-
loring (SILT) technique, which was tested in experimental
animals in 2013 and used clinically in 2014 [145,147] or
the one presented in 2022 Saeki Spiral Shark (3S) method,
also a spiral technique [143]. The extent to which these
techniques will achieve clinical significance remains to be
explored [140].

Robotic-assisted Surgery

The use of surgical robots has increased recently. The
most recent development in minimally invasive methods for
treating Hirschsprung’s disease is probably robotic-assisted
surgery [89,146,148—165]. The advantages of laparoscopic
surgery are combined with improved accuracy and this
state-of-the-art method of visualization, which could lead
to better surgical results. The Da Vinci Surgical System is
the most common robotic platform for Hirschsprung’s dis-
ease robotic-assisted surgeries [151,157]. The major com-
ponents are a high-definition 3D vision system, a patient-
side cart with robotic arms for surgical instruments, a con-
sole where doctors operate via foot pedals and hand con-
trols, and wristed tools with an improved articulation an-
gle for enhanced dexterity. Patient positioning, robotic arm
port placement, system docking, transition zone identifi-
cation (with intraoperative biopsies), colon mobilization,
endorectal muscular cuff creation transanally, and critical
transanal pull-through and anastomosis are the procedural
steps for robotic-assisted pull-through in high definition.
For the abdominal section, several institutions have used
robotic assistance, and for the pull-through, they switched
to a transanal method [89,146,148—-164,166—168].

There are several advantages to robotic-assisted surgery
over traditional laparoscopic methods, the most important
of which are better visualization and increased precision.
During dissection and suturing, the robotic system scales
the surgeon’s movements and successfully filters hand
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tremors, leading to exceptionally accurate actions. Sec-
ond, compared to conventional laparoscopy, the 3D high-
definition vision system provides better depth awareness,
allowing surgeons to more precisely navigate anatomical
regions. Particularly helpful for delicate treatments in small
areas like the pelvis, the robotic system’s wristed tools offer
excellent dexterity and a wider range of motion. Moreover,
the seated console’s ergonomic design lessens surgeon fa-
tigue, which is advantageous during lengthy procedures. In
the future, robotic technology may make telesurgery pos-
sible, enabling surgeons to work remotely. However, this
capability is still in its early stages and is not frequently
used. Finally, these systems have a remarkable educational
component. They will often have tools that make it easier
to train others, so more seasoned surgeons can keep an eye
on their students. Although Hirschsprung’s disease robotic-
assisted surgery is still in its infancy, encouraging new data
is mounting. Compared to traditional laparoscopy, the suc-
cess rate of robotic-assisted pull-through procedures and
the number of patients requiring open surgery afterward
are lower than those of earlier studies. In addition, studies
have shown that robotic surgery may have a lower learn-
ing curve than traditional laparoscopic procedures. It is be-
cause robotic systems provide better visualization and intu-
itive controls. While long-term data are still in the works,
preliminary findings show that functional outcomes, such
as continence and bowel function, after robotic surgery are
comparable to other minimally invasive methods. Although
larger-scale studies are needed to confirm these discover-
ies, preliminary results indicate that the complication rates
of robotic-assisted surgery are equivalent to or lower than
those of traditional laparoscopy, which is good safety news
[146,148-156].

Similar to other minimally invasive treatments, there have
been reports of specific problems such as anastomotic
leaks, enterocolitis, and constipation. Rates seem simi-
lar among methods, but more data is needed to compare
accurately. The more significant ports needed to accom-
modate robotic devices have prompted worries about an
uptick in port-site problems, especially hernias. Contin-
ued research and clinical experience are crucial for under-
standing robotic-assisted surgery’s relative safety and effi-
cacy for Hirschsprung’s disease, especially while the field
is still in its early stages. As with any new medical tech-
nology, there are several factors to consider when decid-
ing whether or not to use robotic surgery. The significant
upfront investment and continuing maintenance costs of
robotic systems are major obstacles. Due to the associated
costs, many medical facilities may be reluctant to incor-
porate this technology into their daily operations. Second,
surgeons utilizing robotic techniques may have longer op-
erating times, particularly during the early learning curve.
Efficiency, patient outcomes, and the usage of operating
rooms are all impacted by this aspect. The lack of tac-
tile feedback in existing robotic systems is another pri-
mary concern affecting surgical accuracy and the ability to
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identify tissue features. Surgeons frequently depend solely
on visual signals, which might not completely replace the
tactile input offered by conventional surgery [89,146,148—
163,167,168]. If we want to know how long robotic-
assisted treatments last and how effective they are, we must
keep collecting data like this. More research, better tech-
nologies, and cost-effectiveness evaluations are required
to overcome these obstacles and improve the integration
and results of robotic surgery in clinical practice. Robotic-
assisted surgery is anticipated to become more significant
in treating Hirschsprung’s disease as technology improves
and more surgeons acquire proficiency with robotic sys-
tems. This method may become even more helpful in treat-
ing Hirschsprung’s disease as technological advances, such
as smaller devices and platforms for children, occur world-
wide.

Quality of Life

A large number of individuals with Hirschsprung’s disease
suffer from surgical morbidities that extend beyond bowel
dysfunction [169]. Doctors and patients are now more con-
cerned with the long-term effects of Hirschsprung’s disease,
which can change the bowel, lower urinary tract, sexual
function, fertility, psychological and social health, and, ul-
timately, quality of life in both childhood and adulthood
[169,170]. The duration of aganglionosis and any accompa-
nying symptoms determine the severity of these long-term
complications, which sometimes seem causally related and
cluster in specific individuals. The hereditary abnormality
that causes Hirschsprung’s disease can also put patients at
risk for other diseases down the road, like “medullary thy-
roid carcinoma”. On the other hand, the pathophysiology
of the increasingly common inflammatory bowel disease
associated with Hirschsprung’s disease is still not well un-
derstood. Issues with bowel regularity and fecal control are
most common in the years immediately after surgery, but
they do continue into adolescence and adulthood, albeit to
a reduced extent. Even in patients whose medical therapy
and self-coping mechanisms are inadequate, the long-term
prognosis appears to be positive since competent bowel
control can lead to social continence and a decent quality
of life. Interdisciplinary specialized approaches consider-
ing psychosocial factors are the most effective in manag-
ing bowel dysfunction and its possible long-term problems
[169,171-173]. This approach also aids in accurately iden-
tifying areas where adult healthcare must continue to pro-
vide input for the benefit of young adult patients.

Problems in recognizing the need to defecate, fecal soil-
ing, and a decrease in the frequency of fecal accidents are
common long-term symptoms of decreased bowel control
following pull-through surgery for Hirschsprung’s disease.
The number of patients reporting fecal accidents is fewer
than 25%. However, 10% of those patients had more se-
vere cases, meaning they soiled themselves at least once a
week or needed protective gear [169,172—175]. Most adult

patients had undergone Duhamel or Rehbein reconstruc-
tion; however, this did not translate to a significantly higher
prevalence of constipation compared to normal controls.
Some neurological causes include (1) a transition zone pull-
through when the abnormally innervated transition zone is
not accidentally removed, (2) colon dysmotility caused by
abnormal enteric innervation of the normal ganglionated
bowel, and (3) persistently abnormal innervation of the in-
ternal anal sphincter with no rectoanal inhibitory reflex and
inadequate relaxation. The patient’s quality of life may be
improved with a permanent diverting ostomy if they have
intractable fecal incontinence or bowel dysfunction that is
unresponsive to other treatments. Sexual dysfunction, re-
duced fertility, and abnormal genitourinary function may
occur in youth, and these issues need to be considered by
family doctors or general physicians. An iatrogenic risk is
higher in patients with low rectal dissection. After endorec-
tal pull-through, most teenage patients with Hirschsprung’s
disease seem to have minimal damage to their pelvis, lower
urinary tract, and erectile function. According to the liter-
ature, 18% of the men who received the Duhamel’s pro-
cedure showed some erectile dysfunction, and 4.3% had
problems with ejaculation. There is a correlation between
erectile dysfunction and intestinal dysfunction. It is recom-
mended to evaluate erectile function and screen for blad-
der dysfunction using urine flowmetry before moving on
to other therapies [175,176]. When compared to the gen-
eral population, teenage girls may report a decline in sexual
quality of life and infertility, which may be associated with
postoperative pelvic adhesions. We strongly suggest that
young adult females with Hirschsprung’s disease should
routinely be offered a gynecologist consultation with infor-
mation on probable fertility concerns.

Future Directions

Rapid evolution characterizes the field of minimally in-
vasive surgery for Hirschsprung’s disease, which shows
promise for future improvement in several areas. These ad-
vancements are made to enhance surgical results, decrease
complications, and elevate patient living standards. There
is a lot of hope for Hirschsprung’s disease surgery in com-
bining cutting-edge imaging methods with new surgical
navigation systems. Indeed, more accurate transition zone
and critical structure identification may be possible with in-
traoperative near-infrared fluorescence imaging. Surgeons
could be given 3D/4D, real-time patient anatomy represen-
tations overlaid on the operating field using this technology
in conjunction with augmented reality systems. These de-
velopments can lessen the likelihood of partial resection and
enhance the preservation of vital structures, such as pelvic
nerves. An intriguing new area of research is using artifi-
cial intelligence (Al) and machine learning (ML) in surgical
planning and execution. These innovations can potentially
improve preoperative risk assessment, leading to more in-
formed decisions about which minimally invasive
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Table 1. Procedures for Hirschsprung’s disease with their improvements, advantages, and current applications.

Procedure (Name) Year Original steps

Improvements

Pros

Current application

Pull-through  procedure  1048-1949 Open transabdominal approach:

(“Swenson’s procedure”) Resection of the hypo- and aganglionic segment
at the level of the rectosigmoid junction and
blind closure of the ganglionic segment or the
rectum close to the wall.
Mobilization of the rectum up to the rectoanal

junction, perianal pulling through of the rectal

stump, exposure of the dentate line, resection of

the rectal stump, pulling through the ganglionic
colon, and extra-anal creation of a coloanal
anastomosis.
Anterior (deep) rectal re- 1953
section (Rehbein)

Transabdominal with resection of hypo and
aganglionic segments, including either
end-to-end anastomosis across the

normoganglionic colon and rectal stump.

Retrorectal transanal pull- 1956
through (Duhamel)

Transabdominal and transanal access with
Resection of the hypo- and aganglionic segment,
blind closure of the colon containing the
ganglion bone and the rectum, clearing the
posterior wall of the rectum (up to
approximately 1.5 cm above the dentate line),
the ganglionic colon is placed in the avascular
retrorectal plane and sutured side-to-side to the
native aganglionic rectum (preservation of the
native rectum and longitudinal anastomosis

between the ganglionic colon and rectum).

Preparatory problems in protecting the nervous,
vascular, and muscular structures of the pelvic
floor (consequence: incontinence, bladder
emptying disorders, impotence).
Torsion of the continuous colon.
Anastomotic dehiscence with abscess formation

in the abdomen and small pelvis—see [63,185].

(1) Symptoms of rectal incontinence.
(2) Colostomy.
(3) Stenosis of the Anastomosis.
(4) Sphincter Achalasia [73].

Stoma (one-stage operation carried out very
late*) and numerous modifications due to:
(1) Problems with the depth of the anastomosis
in the area of the posterior wall of the anal canal,
(2) Anastomotic dehiscence with abscess
formation in the small pelvis,

(3) Aganglionic rectum grows with it - result:
fecal cessation or pouchitis
(Modified Duhamel Procedure) for

Hirschsprung’s Disease.

No stoma necessary.

No technology-related muscle cuff.

Infraperitoneal resection
(1) Issue of the pelvic floor.
(2) Intact sphincter.

(3) Extraperitoneal location of
anastomosis [75,182,183].
Aganglionic rectum preserved for feces.
No vascular lesions in the pelvis.
Use of staplers to create anastomosis
[179,180].

Laparoscopic procedure
[53,56].

Surgery after Rehbein is rarely
used today [75].

Duhamel laparoscopy in

One-Stage-Technique [181].
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Table 1. Continued.

Procedure (Name) Year Original steps Improvements Pros Current application
Endorectal  pull-through 1963 Transabdominal approach: clearing the (1) Tendency to stenosis of the muscle cuff with There are no problems with the Laparoscopic procedure since
(Soave) aganglionic colon segment, Incise the rectal signs of obstruction or constipation. structures in the pelvic floor area. 1995 (still used today for
serosa/muscles approximately 2 cm above the  (2) Anastomosis problems (dehiscence, stenosis) long-range aganglionoses)
peritoneal fold down to the mucosa, and bluntly [184]. [47,87].
push away the seromuscular layer to 1-1.5 cm
above the dentate line pulling the aganglionic
and ganglionic segments through the muscular
tube and resection of the aganglionic segment
Soave did not perform an anastomosis, but
instead waited for the serosa of the continuous
ganglionic colon to adhere to the muscular tube
and the remaining mucosa of the distal rectum.
Transanal endorectal pull- 1998  Transanal approach: circumcision of the rectal The length of the muscle cuff is chosen No laparotomy, no preliminary Laparoscopically for
through (De la Torre) mucosa approximately 3—5 mm proximal to the differently. The longer, the higher the risk of colostomy with their associated long-range aganglionosis
dentate line, endorectal dissection of the stenosis of the muscle tube and torsion of the complication, reduced operating time, [47,48,87,177,178].

submucosa, circular division of the rectal
muscles (height 3-5 cm from dentate line) and
mobilization of the rectosigmoid to the
peritoneal fold, pulling the rectosigmoid through
the anus. Determine the extent of resection,
dorsal incision of the rectal muscle cuff,
resection of the aganglionic portion, and creation

of an End-to-End Coloanal Anastomosis.

continuous colon [97].

less blood loss, no pelvic structure
damage, single hospital admission,
short hospital stay, and faster nutrition

are possible.

Notes: Please see the text for the single techniques.
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procedures to recommend to patients. Al-driven systems
can analyze tissue properties in real-time during surgery,
which could lead to more precise transition zone detection.
More individualized patient care could be possible using
ML algorithms to forecast and avoid postoperative prob-
lems like enterocolitis. Although robotic-assisted surgery
for Hirschsprung’s disease is in its infancy, future robotic
technology advancements will address existing restrictions
in this decade. Further reduction of surgical trauma and im-
provement of cosmetic outcomes could be achieved through
refinement of single-port laparoscopic procedures. One
possible approach to Hirschsprung’s disease surgery, es-
pecially for short-segment disease, is the NOTES method,
which involves doing the entire procedure through natu-
ral orifices instead of external incisions [90]. Although
these methods seem technically difficult, they may signif-
icantly reduce postoperative pain and speed up recovery.
Tissue engineering has the potential to completely alter how
Hirschsprung’s disease is treated.

Possible new therapeutic options may emerge from stud-
ies aiming to create modified neural crest cells, also known
as enteric neurons. There is a collection of databases, in-
cluding microRNA transcriptomics, which may favor some
neural commitments of stem cells [7]. The repopulation
of aganglionic segments could be achieved using these
synthetic tissues alone or combined with minimally inva-
sive surgical procedures. Optimized pain management,
early eating, and movement are all possible components
of these strategies that can shorten hospital stays and im-
prove the recovery of our patients. Thanks to developments
in robotics and telecoms, potentially usable telesurgery for
Hirschsprung’s disease management is on the horizon. This
can improve access to specialist treatment in poor, devel-
oped regions by allowing skilled surgeons to execute or as-
sist in surgeries remotely. Finally, we strongly hope that
improved surgical training and center-wide technique stan-
dardization are two potential benefits of remote proctoring
systems.

Final Remarks

The curative treatment of Hirschsprung’s disease still con-
sists of complete resection of the hypoganglionic part of the
megacolon and the aganglionic colon/rectum. This can be
done as a one-stage, two or three-stage procedure. After the
advent of surgical treatment of Hirschsprung’s disease, it
took years for a two- or three-stage surgical procedure to be
practiced. Table 1 (Ref. [47,48,53,56,63,73,75,87,97,177—
185]) summarizes this progress, which has been listed in
detail in the previous paragraphs. During the 1980s, a
one-stage approach was increasingly targeted for clinically
uncomplicated cases to avoid stoma problems. In addi-
tion, thanks to the earlier diagnosis, fewer symptoms oc-
curred. The time for the operation was increasingly shifted
to the newborn and infant period, and a single-stage pro-
cedure was propagated. However, this view has differ-
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ent opinions: Subsequently, no advantage in a one-stage
versus a multi-stage approach in infants was seen, despite
multi-institutional studies disclosing that multiple interven-
tions result in significantly more re-hospitalizations and re-
operations. From the various initial surgical methods, i.e.,
those to be carried out by laparotomy, four have emerged
that are referred to as “classic” Hirschsprung’s disease pro-
cedures:

- Swenson’s abdominal-anal swipe (1948),

- Retrorectal transanal passage of Duhamel (1956),

- Rehbein’s anterior deep recto-sigmoidectomy (1958), and
- Endorectal transanal passage of Soave (1963).

Following the general surgical trend, minimally invasive
techniques were introduced during 794 the 1990s for treat-
ing Hirschsprung’s disease. Hirschsprung’s disease mini-
mally invasive surgery has come a long way, greatly en-
hancing 796 patient outcomes and quality of life. Surgeons
have shown that laparoscopic, transanal, and 797 robotic-
assisted procedures can lessen surgical trauma, speed re-
covery, and keep functional outcomes over the long run.
Still, there are obstacles to overcome, most notably re-
garding method standardization, long-segment disease, and
long-term result optimization. Combining state-of-the-art
imaging with Al and robotic devices is how Hirschsprung’s
disease surgery will be done in the future. These advance-
ments can pave the way for new treatment modalities, better
decision-making, and more precise surgeries. New meth-
ods for patient treatment may emerge from the growing
trend of genetic and molecular profiling-based personaliza-
tion. There is an urgent need for large-scale, long-term
research to assess functional results and quality of life as
the area advances. Working on high-technology-supported
telesurgery and standardized training programs will also be
critical to increasing access to specialized treatment. Future
surgical treatments for Hirschsprung’s disease may provide
even better results for patients if researchers keep develop-
ing less intrusive methods.
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