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Abstract
Hirschsprung’s disease (HSCR) or congenital megacolon is one of the differential diagnoses of chronic constip​ation mostly in infancy and may indeed represent a challenge for pediatricians, pediatric surgeons, and pediatric pathologists. The diagnosis relies clearly on the identification of the absence of ganglion cells at the plexuses (submucosus and myentericus) of the bowel wall. HSCR is usually located at the terminal (distal) rectum with potential pre-terminal or proximal extension to the less distal large bowel (sigmoid colon). Astonishingly, there is some evidence that Hindu surgeons of prehistoric India may have been exposed and had considerable knowledge about HSCR, but this disease is notoriously and eponymously named to Dr. Harald Hirschsprung (1830-1916), who brilliantly pres​ented two infants with fatal constipation at the Berlin conference of the German Society of Pediatrics more than one century ago. Historical milestones and diag​nosis of HSCR (originally called “Die Hirschsprungsche Krankheit”) are reviewed. More than 100 years following his meticulous and broad description, HSCR is still a puzzling disease for both diagnosis and treatment. HSCR remains a critical area of clinical pediatrics and pediatric surgery and an intense area of investigation for both molecular and developmental biologists.
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HIRSCHSPRUNG’S ANNIVERSARY

In 2016, a particular and noteworthy anniversary recurs that will probably have enormous impact to clinical pediatrics, pediatric surgery, and pediatric pathology. Dr. Harald Hirschsprung (1830-1916), a Danish pe​diatrician, first described Hirschsprung’s disease or congenital megacolon about one and half century ago. He is notoriously acknowledged as the writer of the first description of two children who died of intestinal obstruction called “congenital megacolon”, which is now known as Hirschsprung’s disease (HSCR)[1]. Dr. Hirschsprung was working as pediatrician at Queen Louise Children’s Hospital in Copenhagen, Denmark, when he came across this disease. He brilliantly reported two children in 1886 in occasion of the Berlin Conference of the German Society of Pediatrics. 

WHEN THE SAGA BEGAN

Dr. Hirschsprung, who graduated with a degree in medicine in 1855, showed since his first steps into medical career a strong interest in pediatrics, becoming astoundingly the chief physician of the only children’s hospital in Copenhagen just fifteen years later. The appointment as professor of pediatrics came in 1877 and Dr. Hirschsprung became director of a larger children’s hospital in Copenhagen from 1979 until 1904, when he retired. The new children’s hospital was magni​ficently named after Denmark’s Queen Louise (The Queen Louise Hospital for Children). Dr. Hirschsprung was fond of anatomical variations, peculiar aspects of medicine, and intriguing diseases. He was a brilliant teacher with loyal and faithful students. Between 1880 and 1885, Hirschsprung came across two infants with similar clinical presentation. The first child had bowel problems that persisted soon after birth with absence of spontaneous bowel movements. Daily enemas and laxatives were necessary. The second case had similar bowel distensions with terminal bouts of diarrhea variably alternating with impossibility to evacuate. Notwit​hstanding the scarcity of information continuous therapy was applied, but, unfortunately, both children eventually died and a postmortem examination was performed. At the autopsy, the rectum was narrowed, but there were striking dilation of the bowel loops with some ulceration of the mucosa associated with thickening of the bowel wall[2,3]. In his publication, Dr. Hirschsprung summarized his findings and drew attention to the typical clinical presentation of both cases. In an opinion, which is worldwide shared, his meticulous and comprehensive description is not the first one to indicate details of this disease, but he provided a complete and excellent account of this entity in consideration of his clinical experience and practice in pediatrics[4]. The name “Hirschsprung’s disease” came into widespread use shortly before the end of the 20th century and, in 1916, Hirschsprung himself added an additional 10 more cases before his death[5-8]. 
DIGGING INTO THE PRE-HIRSCHSPRUNG ERA

The examination of the scientific literature seems indi​cate that approximately 20 similar cases have been recorded between 1825 and 1888[9]. However, there is evidence that Hindu surgeons of prehistoric India had considerable knowledge about HSCR[10]. Sushruta’s description of a disease called Baddha Gudodaram is extraordinarily analogous to that of HSCR. Semantically, it seems indicate “abdominal distension due to blocked rectum”. According to Sushruta, Baddha Gudodaram is a type of disease caused by (functional) blockage of the ano-rectal canal. The affected child or, even, young adult may show rectum and distal colon stuffed with gas, “stones” (fecaliths), “hair” (undigested fibers), and, obviously, feces. In the child, there is an abdominal distension, which is characteristically seen between the heart and the umbilicus. Scanty stools are evacuated with greatest difficulty, and, eventually, it was reported that the patient might vomit feculent fluid. However, the pre-Hirschsprung era is not complete, if additional reports are not also mentioned. Indeed, Fredericus Ruysch, a Dutch anatomist in Amsterdam (Netherland) in 1691 described a 5-year-old girl with abdominal pain. It seems that the usual treatment to relieve pain was permanently inefficacious and the child continued to pass flatulence. No evacuation was practically possible and the child ultimately died[11]. Remarkably, Domenico Battini, an Italian physician of the 19th century described a child that he followed up for 10 years with severe constipation. The child died and the autopsy demonstrated severe dilatation of the colon[12]. The posthumously published Italian contribution showed not only a very careful clinical evolution of the child, but also provided a detailed autopsy with examination of the abdominal viscera. Particular mention to the morphological alterations occurred in the large bowel were present in the original Italian publication. Through the examination of the reports, Fiori concludes that Dr. Battini, nearly one century before Hirschsprung, may have originally achieved its target in reporting an archetypal case of megacolon of congenital type. Distinctively, a number of characteristic features, including familiarity and the peculiar selective involvement of “neural layers” of the bowel, that later became characteristic of HSCR, were remarkably well postulated by Dr. Domenico Battini. To increase the controversy between Denmark and Italy as well as other countries, there may be a few more reports that need to be listed. In 1836, Ebers[13] reported a 17-year-old boy with a history of constipation since birth or, perhaps, as toddler, while Jacobi[14] had also described two neonates with intestinal obstruction in 1869. Fragmentary reports of children who died of severe constipation appeared also in the literature in the pre-Hirschsprung era[15,16]. In fact, Gee[17] reported the autopsy findings of a 4-year-old child with a “spasm” of the sigmoid colon without involving of the rectum in 1884, while Bristowe[18] described the outcome of a 8-year-old girl who died of mechanic ileus after longstanding severe constipation of the bowel. Dr. Hirschsprung died on April 11, 1916, but his supreme legacy to clinical pediatrics, pediatric surgery, and pediatric pathology is unmatched with contributions that go further than severe constipation in children or the disease harboring his name (“Hirschsprungsche Krankheit”). The Danish pediatrician observed and described in detail several diseases, including pyloric stenosis and intussusception. Dr. Hirschsprung indicated guidelines for management of a broad spectrum of pediatric diseases, including contributions in the area of teratology and clinical dysmorphology[4]. These contributions are now part of the didactic activity and scientific investigation of innumerable professors and researchers of Pediatrics, Pediatric Surgery, and Pediatric Pathology of the 21st century. His legacy to children is marvelous. He participated actively to the building of the children’s hospital and his dedication to children was adamant and unbending. Queen Louise wanted the wall spaces above doors to harbor biblical quotations for the edification of the sick children, but Dr. Hirschsprung considered more appropriate to give the children an environment that could bring some quietness. In conside​ration of the sensibility of the children, he firmly refused the holy quotations and suggested colorful and beautiful wall decorations of animals and flowers, which in the end were well accepted by the Danish crown to be inserted in the wall spaces above doors.

BEYOND THE HIRSCHSPRUNG’S DISCOVERY

Recently, the interest has focused on the diagnosis of HSCR mainly because of the jeopardy of methods used to make the diagnosis and their accuracy. Being a genetic disease quite diverse, main topics on HSCR involve, indeed, the investigation of the best diagnostic marker for HSCR and changes that may take place during ganglion cell maturation. In the setting of the diagnosis, we recently published a systematic review on HSCR trying to identify the value of single methods to ascertain currently this diagnosis[19]. HSCR is now known as the most common cause of neonatal lower intestinal obstruction occurring in 1:5000 live birth newborns. HSCR involves in about three quarters of cases male children, and its incidence is variable according to ethnics. The caudal migration of the primordial neural crest cells starts at the upper end of the gut following progressively the vagal fibers distally. A delay or arrest in this migration induces failure of the neural crest cells to reach the distal bowel with consequent congenital abnormal nerve innervation of the bowel. There is a caudo-cranial severity, which means from the internal anal sphincter extending proximally for a variable length of gut. Pathophysiologically, there is a proximal intestine, which is dilated and progresses to an abrupt or, alternatively, gradual transition to a normal calibrated distal bowel. This distal intestinal segment shows typically a funnel like or cone shaped zone in between (the so-called “transition zone”). Moreover, there is a proximal muscle hypertrophy. This anatomic and prominent feature of the colon, located proximal to the aganglionic segment, represents undoubtedly an effort to overcome the partial obstruction. The bowel becomes distended with thickening of its wall, and the degree of dilatation and hypertrophy depends intricately upon both the time and degree of obstruction and obviously, indirectly, to the age of the patient. Clinical presentation settings include failure to pass meconium within the 24-h of life considering that 98% of newborns pass meconium in less than 24-h of age, neonatal intestinal obstruction syndrome (abdominal distension, refusal to feed, and vomiting of bilious type), and recurrent enterocolitis (mainly infants less than 3 mo of life), toxic megacolon, spontaneous perforation, and chronic constipation with persistent failure to thrive. Toxic megacolon includes fever, abdominal distension, bile stained vomiting, explos​ive diarrhea, dehydration, and shock. History includes failure to pass meconium, painless abdominal distension, and, obviously, constipation. Physical examinations of children with HSCR includes enlarged abdominal circumference with numerous fecal masses. Digital or post-evacuation examinations reveal hypertonic anal sphincter, typical empty rectum, and hard fecal mass. Radiology (plain abdominal X-ray both erect and supine as well as contrast enema) typically shows narrow distal segment, funnel-shaped dilatation characteristically localized at level of transition zone as well as marked dilatation of the proximal colon. Moreover, a poor emptying of barium throughout the colon in 24-h delayed films is also found. A differential diagnosis of “psychogenic” stool is requested and, in this latter case, the barium generally collects in the distal recto-sigmoid colon. Electromanometry shows absence of the recto-anal inhibitory reflex (RAIR) when the rectum is distended. RAIR is defined as the reflex of relaxation of the internal anal sphincter following rectal distension (balloon). RAIR (+) means normal, while lack of RAIR, RAIR (-), means HSCR. Bedside or outpatient procedures seem to give no complications. The test is unreliable if the gestational age plus post-natal age is less than 39 wk and birth weight is less than 2.7 kg. However, if, at neonatal age, electromanometry is useless, it represents a good screening tool in infancy and childhood. Ultrasonography is important to rule out associated anomalies and a genetic counselling may be considered appropriate according to the familiarity and the phenotype of the patients affected with HSCR. Rectal biopsy is the definitive diagnostic test showing absence of ganglion cells, presence of nerve hypertrophy, and increased acetyl-cholinesterase activity. It may include either a suction mucosal biopsy (at different levels) or a full thickness biopsy. Suction, transmural, and jumbo biopsies are the usual biopsies taken in an infant with severe constipation. It is a general opinion that pediatricians play a major role in diagnosing HSCR and dysmorphic features remain important landmarks that need to be identified first by clinical pediatricians and, later discussed with clinical geneticists. Typically, HSCR is clinically identified as a solitary gastro-intestinal anomaly in a full term, otherwise healthy newborn or infant, but associated anomalies do occur in about 1/5 of cases, including uro-genital system (11%), cardio-vascular system (6%), gastro-intestinal system (6%), and other systemic congenital defects (8%). In as many as 1/10 of children with HSCR, the condition of prematurity has been reported. Trisomy 21 syndrome (Down syndrome) occurs in approximately 1/20 of children with HSCR. Astoundingly, the work of the pathologists is impressive and their criteria for diagnosing HSCR are quite straightforward and easy to follow in classic cases as indicated above. Figure 1 shows mature and immature ganglion cells of the submucosus plexus of a rectal suction biopsy performed at 2 cm above the pectinate line in a 3-mo-old infant and a newborn with severe constipation. It is important to highlight that not all-severe constipation mean automatically HSCR. Table 1 indicates a differential diagnosis of chronic pseudo-obstruction of the child and young adult. Figures 2 and 3 show the absence of ganglion cells and the hypertrophy of nerve fibers in an infant with HSCR operated with pull-through procedure. Both the lack of ganglion cells and the hypertrophy of nerve fibers are pathologic landmarks of HSCR. 

CONCLUSION
Several loci seem to be involved in HSCR. Nevertheless, the molecular-biologic basis of this intriguing gastro-intestinal disorder remains yet essentially unknown. In our working group at the Stollery Children’s Hospital, we consider that the study of combined properties of modules linking functionally related genes may shed light on an efficient and effective platform of transcri​ptomics that can target rare diseases. A “Pathway-Based Analysis” may help to confirm a strong association bet​ween genes and pathways related to signal transduction and its regulation of the enteric nervous system[20,21]. Most recently, some potential molecular markers, e.g., targeting variations of PTCH1 gene, have been reported to be useful for early diagnosis of HSCR in the Han Chinese population[22]. The WNT8A gene has also been involved in the susceptibility to HSCR and may play an important role in the occurrence and development of HSCR[23].

In summary, HSCR is still a disease with many unclear aspects. HSCR is due to migration failure of neural crest cells. Definitive anatomo-pathologic finding that identifies HSCR is the absence of ganglion cells in both the submucosal and myenteric plexuses. Thus, rectal biopsy is definitive in most cases. In doubt, an​cillary techniques may be applied, but a re-biopsy is the best choice[19]. If research is supported, signaling pathways may be identified that may play a diagnostic other than a mechanistic role. Despite genes and pathways identified in patients at the beginning of the 21st century there is still a lot to do investigating etiology, pathogenesis, and treatment modalities of this frightful disease.
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Figure 1  Mature  ganglion cells (A) and immature ganglion cells (B). A: Mature ganglion cells; B: Immature ganglion cells (Hematoxylin and Eosin staining, magnification: 400 × for both photographs).
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Figure 2  Hirschsprung's disease showing hypertrophy of nerve fibers.
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Figure 3  Hirschsprung's disease showing hypertrophy of nerve fibers and lack of ganglion cells.
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Table 1  Differential diagnosis of chronic pseudo-obstruction of the child and young adult


Organic colorectal diseases


�
�
�
   Pseudotumors (e.g., rectocele)


�
�
�
   Neoplasms (both benign and malignant epithelial and mesenchymal)


�
�
�
   Strictures (postinflammatory, postischemic, posttransplant, etc.)


�
�
�
�
Apostinflammatory (e.g., Crohn’s disease)


�
�
�
Postischemic (e.g., necrotizing enterocolitis)


�
�
�
Graft vs host disease


�
�
�
Others


�
�
Dysmetabolism


�
�
�
   Severe hypothyroidism


�
�
�
   Calcium imbalance (hypercalcemia)


�
�
�
   Potassium imbalance (hypokalemia)


�
�
�
   Diabetes mellitus (autonomic neuropathy)


�
�
�
Autonomic Enteric Neuro-Myopathies


�
�
�
   Scleroderma or systemic sclerosis


�
�
�
   Amyloidosis or familial mediterranean Fever


�
�
�
   Sarcoidosis


�
�
�
Central nervous system - pathologies


�
�
�
   Cerebral palsy


�
�
�
   Spinal cord injury


�
�
�
   Demyelinizating disease in youth (e.g., multiple sclerosis)


�
�
�
Iatrogenic Chronic Pseudo-Obstruction (drugs-related)


�
�
�
�
Anticholinergics, antidepressants (especially tricyclic antidepressants), antipsychotics, calcium-channel blockers, aluminum (antacids), narcotics and narcotic-related drugs


�
�
Drugs-related chronic pseudo-obstruction may have different and multiple etiologies and accidental intoxication should also be taken into account.
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