
Vol.:(0123456789)1 3

Pediatric Surgery International (2023) 39:57 
https://doi.org/10.1007/s00383-022-05325-6

REVIEW ARTICLE

Long‑term outcomes in newborn surgery

Risto J. Rintala1

Accepted: 24 November 2022 / Published online: 21 December 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
This article describes the common methods to study long-term outcomes in patients who have undergone major surgery in 
newborn period. It also sums up today’s knowledge on the long-term outcome of some classic newborn surgical conditions. 
The analysis of long-term outcomes is important to pediatric surgeons. Knowledge of long-term outcome can guide the 
patient’s management and principles of the follow-up throughout the patient’s childhood. It also aims to give the parents 
of the patient a realistic picture on the development of their child. Recent data have shown that many patients who have 
undergone major surgery during early childhood have significant functional aberrations at adult age. Some of these have a 
profound influence on the quality of life of these patients.

Keywords  Long-term outcomes · Congenital diaphragmatic hernia · Esophageal atresia · Intestinal failure · Hirschsprung’s 
disease · Anorectal malformations

Introduction

The rapid development of pediatric and neonatal surgery 
after World War II led to formation of pediatric surgery as 
an independent specialty. This contributed to rapid change 
in the mortality of patients with congenital malformations 
and severe neonatal surgical conditions. During the last 
50 years, the mortality of patients with congenital defects, 
also those with severe malformation complexes has contin-
ued to decrease (Figs. 1 and 2). This development is due 
to improved neonatology and pediatric intensive care and 
especially due to improved treatment of congenital cardiac 
defects. The downside of decreased mortality is that a sig-
nificant percentage of survivors today have permanent mor-
bidities and long-term handicaps.

Until recently, there has been little information about 
long-term consequences of repaired congenital defects or 
acquired newborn surgical problems. For pediatric surgeons, 
the end point and final outcome measure is the functional 
outcome in an adult patient. Recent research has indicated 
that a significant proportion of patients suffer from abnor-
mal organ functions during childhood and many of these 

abnormalities are carried on to adulthood. These have often 
significant impact on quality of life. Long-term functional 
results and quality of life are today as important outcome 
measures as early mortality and morbidity.

Rationale of long‑term follow‑up in newborn 
surgery

Long-term outcomes of newborn surgery concerns several 
interest groups. The patients’ parents need to get a realis-
tic picture on what is going to happen to their child who 
has undergone major surgery. The information has to be as 
accurate as possible without giving inappropriately positive 
expectations concerning functional outcomes.

The patient himself/herself requires consistent informa-
tion, as early as this can be given, of potential problems dur-
ing later life. The information needs to include clarification 
of management modalities available to treat these problems. 
The parents may adopt to the handicaps of the patient and 
may not consider these as major functional problems. On the 
other hand, the patients may experience these handicaps to 
limit their social life. For example, even minor soiling in a 
teenager with an anorectal malformation may segregate the 
patient from social activities such as sports and overnight 
visits to friends, although the parents may consider that 
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the patient’s continence has greatly improved since earlier 
childhood.

The surgical team caring for children needs long-term 
follow-up data to guide clinical practice. In neonatal surgical 
conditions, the final functional outcome is not evident until 
the child has reached adolescence or adulthood. Longitudi-
nal follow-up studies are required to determine the natural 
history of these disorders. Knowledge of possible complica-
tions that may develop during the developmental period of a 
surgical patient may guide primary treatment and definitely 
modifies the follow-up of the patient.

Health care administration need to be aware of the con-
sequences and costs of newborn surgery. Although the 
numbers are not high, the management costs of a newborn 
surgical patient are very high. There is a need for highly 
specialized intensive care facilities. In many cases, the inten-
sive care period may be long, especially in patients who 
have major neonatal surgical defects combined with cardiac 
abnormalities. On the other hand, the mortality of practically 
all neonatal surgical conditions has decreased significantly 
during the last decades. This implicates that more sick chil-
dren survive with more handicaps. It is likely that these sur-
viving children with serious primary conditions have more 

needs for medical care during their growth period than those 
with less stormy start.

How the long‑term outcomes are assessed

Although newborn surgical conditions, either congenital 
or acquired, are usually well defined and classified, a sig-
nificant issue in assessing long-term outcomes in neonatal 
surgical patients is the uniform lack of standardization of 
surgical procedures used to repair these defects. It is likely 
that the type of surgical procedure plays a significant role 
but this is very difficult to demonstrate.

The length of the follow-up period is a crucial factor. The 
most valid endpoint is the outcome beyond childhood. There 
is, however, paucity of long-term follow-up data in adults 
with congenital defects, therefore, short-term studies, often 
with variable age ranges of patients, have been used as meas-
ures of long-term outcome. This kind of studies often have 
significant methodological problems. A lack of a healthy 
control population is very common. Healthy controls with 
similar age and sex distribution as the patients are crucial for 
reliable outcome analysis. Most of the long-term follow-up 

Fig. 1   Survival of 677 oesopha-
geal atresia patients undergoing 
surgery at Children’s Hospital, 
University of Helsinki from 
1947 to 2007
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Fig. 2   Overall mortality of 
patients with anorectal malfor-
mations at Children’s Hospital, 
University of Helsinki from 
1946 to 2003
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studies have been cross-sectional that does not give truly 
valid data on the natural development of the outcomes of 
pediatric surgical conditions.

Long-term outcome data, in terms of function and quality 
of life, is usually based on clinical history and examination. 
A major problem is the validity and agreement of the infor-
mation attained from children and parents. Reliable data can 
be collected only from older children. The parents may not 
be able to provide truly reliable functional data for several 
reasons. They may not want to report unfavorable results 
to a surgeon who has been responsible for the treatment of 
their child. Therefore, it is important that when functional 
data are collected personally or by telephone interviews that 
the person performing the queries has not been involved in 
the actual management of the patient. The parents may also 
ignore minor and moderate functional defects in a child who 
has had a congenital problem from birth or, in the case of 
smaller children, may consider them to be part of normal 
functional maturation.

The low incidence of neonatal surgical conditions poses 
a significant problems for outcome analysis. Institutional 
series are commonly too small to allow reliable compari-
sons between different management modalities. Pooling data 
from multiple centers could be a powerful tool for long-term 
outcome studies but there is an increased opportunity for 
bias. Standardized management and follow-up protocols are 
very difficult to set up and long-term outcome studies com-
monly require many years of follow-up that are challenging 
in a multi-center setting.

The study design in the evaluation of long-term outcomes 
is inherently problematic. Randomized controlled trials with 
enough power are usually unavailable for long-term outcome 
studies; the patient series are too small and there are too 
many confounding factors such as variable surgical skills 
and techniques, inhomogeneous patient material and prob-
lems in recruiting patients for follow-up visit/examinations. 
Observational studies are more commonly used for analysis 
of long-term outcomes. Observational studies can be per-
formed prospectively, retrospectively or as a cross-sectional 
study. Prospective matched, controlled cohort studies are 
powerful in providing information on natural history of a 
congenital defect or disease. Case–control studies are use-
ful for cross-sectional studies e.g. gastrointestinal morbid-
ity in adult esophageal atresia patients. The critical point in 
case–control studies is the matching of controls [1].

Recently, measures to assess the functional status and 
quality of life have become widely available also for chil-
dren. These instruments are designed to measure health-
related quality of life (HRQoL) and are today validated for 
many languages and cultural backgrounds. Quality of life 
instruments can usually be divided in two categories: generic 
instruments that assess overall HRQoL and disease specific 
validated instruments. A typical generic HRQoL instrument 

is SF-36 [2] that has 36 items and assess 7 domains. SF-36 
is not validated for children under 16 years of age, therefore, 
other instruments need to be used. Of the commonly used 
paediatric HRQoL generic instruments CHQ (Child Health 
Questionnaire) [1] includes 87 items and 11 dimensions, and 
PedsQL (paediatric Quality of Life Inventory) [3] that is a 
very flexible and easy to use tool has 23 items in 4 domains. 
Both of these come in several forms for different age groups 
and also for parents/caregivers. A typical disease specific 
instrument is GIQLI (gastrointestinal quality of life index) 
that has 36 items in 5 domains [4]. A significant problem 
with the generic validated instruments is that these are rela-
tively crude and do not consider specific outcome variables 
of the rare congenital surgical conditions.

Long‑term outcomes of specific pediatric 
surgical conditions

The long-term outcome of defects that are life-threatening in 
the newborn period is influenced by severity of the anatomy, 
success of the anatomic reconstruction and occurrence of 
operative complications. Associated malformations have 
a significant impact on the outcome, too. In the following 
section examples of surgical conditions with recent consist-
ent long-term follow-up data are considered, illustrating the 
factors that are involved in the outcome, especially beyond 
childhood.

Long‑term outcome in children with congenital 
diaphragmatic hernia

Including abortion, stillbirths and pre-hospital deaths the 
total mortality caused by congenital diaphragmatic hernia is 
estimated at close to 50% [5]. Mainly owing to the new ven-
tilatory strategies the survival of congenital diaphragmatic 
hernia (CDH) has improved considerably from 50% in 1990 
to over 85% in high volume centers [6]. Consequently, the 
group of CDH survivors includes an increasing amount of 
children with high-risk diaphragmatic hernia and a history of 
extensive therapeutic measures including vasoactive drugs, 
advanced ventilatory support and extracorporeal membrane 
oxygenation with exposition to prolonged periods of reduced 
brain oxygenation. Long-term morbidity includes chronic 
respiratory disease, neurodevelopmental problems, gastroe-
sophageal reflux and musculoskeletal disorders. Considering 
long-term studies in adult CDH survivors, it should be borne 
in mind that most of the patients may not have been high-
risk cases by today’s criteria.
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Chronic respiratory tract disease

Insufficient airway branching during fetal development of 
the lungs causes hypoplasia of the ipsilateral and contralat-
eral lungs with reduced gas exchange surface, abnormal sac-
culo-alveolar maturation and abnormal, muscularized distal 
arterioles [7]. Lung function can be further compromised 
during the initial treatment by oxygen toxicity, barotrauma 
and volume trauma. Many survivors have broncho-pulmo-
nary dysplasia [8] and some require oxygen treatment for 
longer periods beyond discharge.

Recent studies indicate that in CDH patient’s postnatal 
lung growth is impaired and may not fully compensate the 
initial lung hypoplasia. When the patients grow into adult-
hood the total lung volume increases but there is slight dete-
rioration of pulmonary diffusion capacity. Similar long-term 
deterioration of lung function is also observed in critically ill 
non-CDH children indicating that the deterioration is attrib-
uted not only to sequelae of CDH but also to intensive care 
treatment [8–10]. Lung function tests in adult CDH survi-
vors show restrictive, obstructive or combined ventilatory 
impairment in 50% and bronchial hyperreactivity in 35%. 
The degree of ventilatory impairment and bronchial hyper-
reactivity correlates with the initial clinical severity of the 
affliction. Long-term respiratory problems seem to be par-
ticularly severe in patients treated with extracorporeal mem-
brane oxygenators (ECMO) and long periods of artificial 
ventilation and with patch closure of the diaphragm. [8–10]. 
Approximately 30–40% of the survivors have chronic lung 
disease, 12% had asthma, and 7% reported increased suscep-
tibility to respiratory infections. Subjective physical perfor-
mance is below average in 10–13% of patients [10–12]. In 
Finnish adult CDH survivors, (median age 39 years, mostly 
low-risk patients), scores in Respiratory Symptoms Related 
Quality of Life questionnaire were similar than healthy 
controls and only 2% had decreased quality of life because 
of respiratory symptoms [12]. Respiratory problems will 
likely remain a severe issue when high-risk CDH patients 
surviving today reach their adulthood. In all CDH patients, 
long-term respiratory follow-up extending into adulthood 
is warranted.

Gastroesophageal reflux disease

A significant percentage of CDH patients (20–81%) suffer 
from gastroesophageal reflux disease (GERD) following sur-
gical repair. GERD after CDH repair can cause significant 
respiratory and nutritional problems and be unmanageable 
with medical therapy. In 26 Finnish CDH patients, sig-
nificant early GERD developed in 27% and 15% required 
anti-reflux surgery within 6 months of the repair. Within 
10 years, after the repair 53% of these patients eventually 
developed significant GERD defined by pathologic 24 h 

esophageal pH-monitoring, endoscopically diagnosed 
moderate or severe oesophagitis, or need for anti-reflux sur-
gery [13]. Another Finnish study assessed 60 adult CDH 
survivors for GERD. Thirty years after the repair 63% had 
symptomatic GERD or endoscopically diagnosed esophagi-
tis, Barrett´s esophagus was found in 13% of patients [14]. 
Although CDH survivors were found to have ten-fold more 
of GERD symptoms compared with a control population, 
the effect of GERD symptoms on quality of life was limited 
[12]. Long-term surveillance for CDH-associated GERD 
should extend beyond childhood, and a targeted endoscopic 
surveillance program is recommended.

Failure to thrive and growth

Failure to thrive and impaired growth is common among 
CDH survivors. The etiological factors behind failure to 
thrive include increased respiratory work, gastroesophageal 
reflux and aversion to feeding. To obtain adequate caloric 
intake a substantial number of patients require aggressive 
nutritional therapy, nevertheless the weight may be below 
25th percentile in up to 60% of patients at the age of 3 years 
[15]. Body mass index (BMI) in two-thirds of 60 adult Finn-
ish CDH survivors has been found slightly below that of 
general population and in 6% of patients BMI was less than 
18 [12].

Skeletal abnormalities

The most common skeletal anomalies are chest asymmetry 
and pectus deformities followed by vertebral anomalies such 
as kyphosis and scoliosis. These deformities may originate 
from abnormal fetal development or be related to surgi-
cal management. Among 60 Finnish adult CDH survivors 
(median age 30 years), 49% had anterior chest asymmetry, 
18% funnel chest in and 27% scoliosis. Most of the deforma-
tions were mild and rarely require surgical treatment. The 
skeletal abnormalitis were more common in patients who 
had large defects and a patch repair [16]. Periodic and regu-
lar follow-up is suggested to detect and prevent development 
of functionally significant deformities.

Neurological deficits

Patients with CDH are susceptible to abnormal brain devel-
opment and maturation and consequently to impairment or 
delay in neurocognitive development. The most common 
neurological deficits include hypotonia, hearing loss and 
impaired visual-motor integration, oral-motor program-
ming, behavioural attention and lack of concentration. 
Neuromuscular hypotonicity is common in CDH survivors. 
The original severity of CDH appears to be predictive of 
adverse neurodevelopmental outcome [17]. However, the 
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neurodevelopmental functioning of majority of CDH chil-
dren is in the average range of normal children at early pre-
school and preschool age.

There is not much data of neurodevelopmental afflictions 
in adult CDH survivors. A study of Finnish adult CDH sur-
vivors—most of them had not had a high-risk disease found 
similar psychosocial function outcomes in CDH survivors 
and in healthy controls. Distribution between low, medium, 
and high educational levels were similar in CDH patients 
and control subjects, but a significantly lower percentage of 
CDH survivors (9%) reached higher academic levels (voca-
tional college or university degree) compared with the con-
trols (21%) [12].

Health‑related quality of life

Most reports on the effect of CDH on quality of show 
relatively subtle differences between patients and healthy. 
Quality of life of Finnish adult CDH survivors (median 
age 39 year) and healthy controls was assessed with SF-36 
questionnaire. There were no differences in different SF-36 
domains or in overall scores between CDH patients and 
controls. However, the percentage of CDH patients with 
low SF-36 overall score indicating low quality of life was 
1.5 times higher than expected. Medical conditions that were 
related to low quality of life in CDH patients were GERD, 
recurrent intestinal obstruction, recurrent abdominal pain, 
musculoskeletal disorders, and exercise-related shortness of 
breath [12].

Although the impact of long-term symptoms on the qual-
ity of life of CDH patients who mainly have had a low-risk 
primary condition seem subtle, future studies may disclose 
still more deleterious effects on quality of life in the growing 
population of survivors with high-risk CDH.

Long‑term outcome in children with esophageal 
atresia

Since the first successful repair in 1941 the mortality of 
esophageal atresia (EA) has significantly decreased from 
60% in 1960’s [18] to 2% during 1991–2012 [19]. Conse-
quently, a significant number of EA survivors have reached 
their adulthood. The most important issues in the long-
term outcome are associated with esophageal morbidity 
including gastroesophageal reflux (GER), dysphagia and 
pre-neoplastic mucosal changes of the esophagus and the 
risk of esophageal cancer. Other major issues of long-term 
morbidity are respiratory symptoms and morbidity caused 
by various associated anomalies and syndromes. Long-term 
endoscopic follow-up of adult EA survivors is recommended 
for patients with defined risk factors.

Esophageal morbidity

Gastroesophageal reflux in EA is thought to arise from short 
esophagus and impaired motor function causing poor lumi-
nal acid clearance. Gastroesophageal reflux may cause sig-
nificant problems immediately after EA repair and at a later 
age. Negative tests for GER in infancy do not rule out signif-
icant GER later in childhood [20] and by the age of 10 years 
significant GER is detected in up to 50% of the EA patients. 
Over half of these patients require anti-reflux surgery [21]. In 
a Finnish study of adult EA survivors (median age 36 years), 
the prevalences of GER symptoms and dysphagia were 34% 
and 85%, respectively. In 80% of the patients, dysphagia 
required adaptive eating habits such as slow eating, copious 
use of fluid during eating and careful chewing. Endoscopy 
disclosed macroscopic Barrett´s esophagus in 11%, hiatal 
hernia in 28%, esophagitis in 8% and esophageal stricture 
in 8% of patients. Mucosal histology of endoscopic biopsies 
showed esophagitis in 25% of patients. 21% of patients had 
columnar epithelial metaplasia and 6% intestinal metaplasia. 
Esophageal manometry showed non-propagating peristal-
sis and low ineffective distal wave amplitudes in 80% of 
the patients. The occurrence of columnar metaplasia was 
strongly related with increased age and ineffective esopha-
geal peristalsis. Other factors strongly associated with the 
occurrence of columnar metaplasia were long-gap atresia, 
anastomotic stricture and recurrent tracheoesophageal fis-
tula. Columnar metaplasia and esophagitis were not associ-
ated with the severity of GER symptoms or dysphagia [22].

Barrett’s esophagus with intestinal columnar metaplasia 
is a known risk factor for mucosal dysplasia and adenocar-
cinoma. Among adult EA survivors, the estimated occur-
rence of Barrett’s esophagus is four times higher than in the 
normal population [22]. Among EA survivors, there are a 
number of published cases of esophageal carcinoma but the 
true risk of esophageal cancer after EA repair is not known. 
A 50–500 fold risk estimates have been proposed [23, 24]. 
Although the effect of endoscopic follow-up on timely detec-
tion and treatment of malignant lesions is not known, an 
endoscopic follow-up program of EA survivors, especially 
those with esophagitis or Barrett’s esophagus is reasonable.

A proportion of EA patients, mainly those with long-gap, 
require esophageal reconstruction. The techniques most 
often used are gastric pull-up, gastric tube, colonic inter-
position and jejunal interposition. Long-term results of the 
different reconstruction methods are variable. After gastric 
pull-up and colonic interposition, good functional results 
but also significant long-term morbidity such as chronic acid 
reflux, aspiration pneumonitis, ulceration, deficiency of iron 
and B12 vitamin and compression of the respiratory tract by 
the dilated intrathoracic stomach or a redundant colon have 
been reported, whereas long-term data is unavailable of jeju-
nal interposition [25]. Barrett’s esophagus of the remaining 
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native esophagus and dysplasia of the interposed colonic 
segment has also been described [26, 27]. Because of many 
potential long-term problems life-long endoscopic surveil-
lance after esophageal reconstruction is recommended.

Respiratory morbidity

After repair of EA, approximately one-third of patients suf-
fer from respiratory symptoms such as wheezing, asthma, 
pneumonia and dyspnoea at adolescence and adulthood 
[28, 29]. Respiratory symptoms are thought to be caused by 
abnormal structural development of the airways, GERD and 
chronic aspiration. Comparison of respiratory morbidity in 
101 Finnish adult EA survivors (median age 36 years) with 
healthy controls showed that EA survivors had lower respir-
atory quality of life and more respiratory symptoms includ-
ing infections, asthma and allergies. In addition, spirometry, 
histamine challenge test and exhaled nitric oxide tests dis-
closed high occurrence of ventilatory defects and bronchial 
hyperresponsiveness in EA patients [29].

Musculoskeletal morbidity

Esophageal atresia associates typically with various midline 
defects and skeletal anomalies. Scoliosis may develop to up 
to 56% of patients as a consequence of vertebral anomalies 
and thoracotomy-induced rib fusions. Risk of scoliosis is 
13-fold compared with the general population. The scolio-
sis is mostly mild and corrective surgery is seldom needed. 
Anomalies of the cervical spine are the most common ver-
tebral anomalies occurring in 38% of the patients. These 
anomalies are often overlooked in infancy and among adult 
EA survivors remarkably few (11%) were diagnosed during 
childhood. Radial ray anomalies are found in 25% of the 
patients, commonly thenar aplasias or hypoplasias. Again, 
many of these defects were not detected during primary 
treatment period [30].

Other issues of long‑term morbidity

Apart from tracheomalacia, upper airway malformations 
may occur in 13% of EA patients. Most of the airway mal-
formations such as choanal atresia, tracheoesophageal clefts, 
cleft palate or subglottic stenosis are diagnosed and treated 
in early infancy and are likely to cause little long-term mor-
bidity. After successful EA repair or reconstruction, many 
patients continue to have insufficient oral intake of food. 
Patients with impaired oropharyngeal function such as those 
with CHARGE syndrome and patients with mental retarda-
tion are at risk of permanent dependency of feeding ostomy 
[19]. Approximately 10% of EA patients have associated 
malformations of the gastrointestinal tract such as duo-
denal atresia, hypertrophic pyloric stenosis and anorectal 

malformations. Although these conditions are diagnosed 
and treated in infancy, especially anorectal malformations 
may have a constant impact on quality of life. Long-term 
neurodevelopment of children born with EA has been stud-
ied by several groups, with contrasting results. Impairments 
were mostly found not only in motor function, but also in 
cognitive performance [31]. Long-term neurodevelopmental 
follow-up is warranted.

Quality of life

Despite high incidence of GER symptoms, dysphagia and 
respiratory symptoms the general quality of life of EA 
patients is similar as in general population. The educational 
and occupational status of EA patients is also similar as 
in general population. When gastrointestinal and respira-
tory quality of life is measured, however, EA patients have 
impaired quality of when compared with general population 
[32, 33]

Hirschsprung’s disease

Hirschsprung’s disease (HD) is a rare (1:5000) congenital 
disease characterized by an absence of enteric neurons and 
ganglion cells of the distal bowel. Failure of enteric neural 
crest derived cells to colonize the distal bowel results in 
functional obstruction at the affected region and secondary 
bowel dilatation proximal to the aganglionic segment. Clini-
cal manifestations of HD include failure or delayed passage 
of meconium, severe constipation, intestinal obstruction and 
failure to thrive and may be even fatal due to HD-associated 
enterocolitis. Mutations in more than ten genes have been 
associated with HD, but the majority of identified mutations 
are in RET explaining around 40% of familial and 20% of 
sporadic cases. Between 75 and 80% of all patients have 
rectosigmoid HD in which the aganglionosis is confined 
the rectosigmoid colon. More extensive colonic or total 
colonic aganglionosis (TCA) with a variable ileal involve-
ment both occur in about 10% of patients. Aganglionosis 
extending to the proximal small bowel is exceedingly rare. 
Overall long-term functional outcome expectancy of HD in 
terms of fecal and urinary continence is relatively optimis-
tic today. The outcomes have improved significantly due to 
increasing understanding of the pathological anatomy and 
physiology of the defect, and modern surgical techniques. 
Although some degree of bowel dysfunction and defects in 
fecal continence remain permanent in many patients, great 
majority of patients reaching adolescence and adulthood are 
socially continent and live normal lives [34–37]. In some, 
however, this may require special measures such as bowel 
management programs. Psychosocial implications of HD 
in adulthood including quality of life issues have recently 
gained significant attention [38].
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Bowel function—classic rectosigmoid aganglionosis

Outcomes of HD regarding bowel function in childhood 
and adolescence are well characterized [39–44]. Dur-
ing childhood, different degrees of fecal incontinence and 
constipation are major functional derangements, whereas 
enterocolitis is an exceptional problem in the long-term [46]. 
Controlled follow-up studies that assess long-term outcomes 
of bowel function among HD patients are still few [34–37, 
44]. Comparison with healthy controls carefully matched for 
demographic variables such age and gender is essential in 
order to obtain reliable results [34, 45]. Relatively few stud-
ies have solely concentrated on adults with operated HD [34, 
35, 37, 44, 46]. These studies have mainly included patients 
who have been operated by Duhamel or Soave procedures 
for rectosigmoid aganglionosis.

Available controlled follow-up studies extending to ado-
lescence uniformly demonstrate impaired bowel function of 
variable degree including increased incidence of fecal incon-
tinence and constipation in relation to age-matched controls 
[34, 35, 39–42, 44]. Table 1 displays controlled studies on 
bowel function in adolescence after operative treatment of 
HD. These investigations suggest that approximately half of 
the patients have impaired bowel function mainly resulting 
from different degrees of fecal incontinence and constipa-
tion. The results of functional assessment of bowel function 
are very similar among adults with operated HD as shown 
in Table 2, suggesting that no major alterations in bowel 
function occur after adolescence. In both age groups, only 
approximately half of the patients achieved optimal func-
tional outcome defined as bowel function score comparable 
to that of control population in the absence of fecal inconti-
nence, constipation or stoma.

Long-term bowel function in adulthood was assessed 
in a Finnish population-based cross-sectional controlled 
follow-up study including 92 patients, who had been oper-
ated for HD in childhood [34]. The great majority (94%) 
of the patients had rectosigmoid aganglionosis and most 
(78%) had undergone the Duhamel’s procedure. The overall 
bowel function was significantly inferior to that of controls. 
Patients reported significantly more often difficulties to hold 
back defecation, fecal soiling, constipation and social prob-
lems related to bowel function. The percentages of patients 
and controls who reported any degree of respective func-
tional impairment was 40% vs. 17%, 48% vs. 22%, 30% vs. 
9%, and 29% vs. 11%. A total of 14% of patients had frank 
fecal accidents compared to 0% among controls. The pro-
portion of patients with fecal soiling more frequently than 
once a week, fecal accidents more often than once a week, 
or constipation treated with laxatives or enemas were 13%, 
2.2%, and 10%, respectively. Frequency of bowel actions 
was like that of controls. In a multivariate analysis, only 
increasing age was a significant predictor of poor functional Ta
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outcome and age inversely associated with bowel function 
score. These results are supported by another study demon-
strating bowel function comparable to healthy controls in 
47% of 49 patients after the Duhamel procedure, with mean 
age of 20 years using an identical bowel function scoring 
[46]. A Swedish study on adults with operated HD using 
mainly Soave procedure found that the patients had signifi-
cantly worse continence and constipation scores that healthy 
peers [37]. It is evident that bowel function in adolescence 
and adulthood are clearly impaired among adults operated 
for HD. Derangements of bowel function occur in approxi-
mately half of the patients. On the other hand, socially dis-
turbing fecal soiling is relatively uncommon in adults and 
had little impact on their psychosocial functioning [34–37, 
39], most likely reflecting more advanced coping methods 
and efficient adaptation to the problem in adulthood.

Evolution of bowel function with advancing age

Overall bowel function of patients with HD seems to 
improve with time at least to a certain age [36, 39, 42–44, 
46]. The critical age for this improvement is puberty [41]. It 
is unclear what are the mechanisms behind this age-related 
improvement and whether bowel function continues to 
improve after adolescence. Taking into account very similar 
overall outcomes of bowel function reviewed for adolescents 
and adults in Tables 1 and 2, it seems unlikely that signifi-
cant improvement of overall bowel function occurs after 
puberty. Conversely, bowel function appears to deteriorate 
along with advancing adult age [34].

Urinary and sexual function

Low pelvic dissection during surgery for HD is associated 
with a risk of neural damage and may interfere with genitou-
rinary function, the risk being higher when the dissection is 
performed outside the rectal wall. Day or night-time enuresis 
have been reported in addition to urodynamic abnormali-
ties in occasional children with operated HD. Urinary and 
sexual dysfunction occurs also in a small minority of adult 
and adolescent patients with HD [36, 46, 47]. Controlled 
long-term follow-up studies specifically designed to inves-
tigate urinary and sexual function following surgical treat-
ment of HD are rare but some recent studies have found 
no differences in the urinary and sexual functions between 
adults with HD and healthy controls [47]. However, Moore 
et coworkers found in their detailed analysis of 178 patients 
with mean age of 10 years that a significant percentage of 
patients suffer from micturition disturbances, and sexual 
dysfunction. The respective figures were 9.8% and 11% 
[48]. Sexual dysfunction included dyspareunia, erectile dys-
function and even infertility. Majority of the patients with Ta
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micturition disturbances suffered from different degrees of 
urinary incontinence.

Total colonic and panintestinal aganglionosis

The usual surgical techniques in TCA are standard pro-
cedures for classic HD. Long side-to-side anastomoses 
between ileum and distal aganglionic bowel have largely 
been abandoned. Restorative proctocolectomy with J-pouch 
ileoanal anastomosis is used in some centers. In the long 
term, no operative method has proven superior to others 
regarding postoperative morbidity, mortality, occurrence of 
enterocolitis and functional outcomes.

The long-term outcomes of TCA extending to adoles-
cence are clearly inferior to rectosigmoid HD. A dominant 
long-term complication associated with TCA is recurrent 
enterocolitis. The reported rates of post pull-through entero-
colitis range from 2 to 27% in rectosigmoid HD and between 
20 and 55% in TCA, respectively. Soiling and fecal incon-
tinence are common in TCA patients. At least one third of 
the patients suffer from frank fecal incontinence in later 
childhood or adolescence. This has significant psychoso-
cial implications, because the incontinence in many of these 
patients is a continuous daily problem. Moreover, a signifi-
cant percentage of these patients require nighttime diapers 
[49]. Because of intractable incontinence or recurrent enter-
ocolitis some patients opt for permanent or long-term bowel 
diversion. The percentage of TCA patients ending up with a 
permanent ileostomy ranges between 5 and 18% [50].

In patients with TCA, stooling frequency significantly 
decreases over time. The numerous bowel movements dur-
ing early postoperative years often cause significant discom-
fort because of defective fecal continence and perianal rash. 
Typically, stooling frequency decreases from 5 to 6 bowel 
movements per day at 5 years of age to around 3–4/day at 
adolescence. Growth retardation during childhood is com-
mon extending to adolescence and affecting mainly body 
weight [51]. In recent reports, long-term severe failure to 
thrive is, however, uncommon.

Near total or panintestinal aganglionosis represents the 
most extensive and a rare form of HD with extension of 
aganglionosis to the proximal small intestine [52]. This con-
dition carries extremely high mortality and uniform perma-
nent dependence on parenteral nutrition without intestinal 
transplantation. Initially, these patients may be salvaged by 
myectomy–myotomy of the retained aganglionic proximal 
jejunum. In addition to providing prerequisite for stable par-
enteral nutrition without massive stomal fluid losses, the 
operation may facilitate significant enteral tolerance pre-
venting development of liver disease [53]. The mainstay of 
treatment is parenteral nutritional support, and every effort 
should be made to avoid life-threatening complications 
of long-term parenteral nutrition such as intestinal failure 

associated liver disease, frequent septicemia and loss of 
venous access sites. Intestinal transplantation has a role as 
a salvage therapy.

Syndromic Hirschsprung disease

Down’s syndrome (trisomy 21) is the most common syndro-
mic association with HD. Incidence of Down’s syndrome in 
patients with HD ranges from 2 to 15%. Mortality of Down’s 
syndrome combined with HD is increased due to frequent 
comorbidities. Many of the fatalities are attributed to car-
diac problems such as atrioventricular septal defects that are 
common in Down’s syndrome.

Down’s syndrome patients are more susceptible to 
chronic enterocolitis than non-syndromic HD patients, while 
chronic enterocolitis may lead to development of inflamma-
tory bowel disease-like colonic inflammation. Functional 
prognosis of HD patients with Down’s syndrome is inferior 
to otherwise healthy patients [54]. They develop bowel con-
trol much slower than HD patients without chromosomal 
aberrations. A significant proportion of them, and especially 
those with chronic enterocolitis suffer from fecal inconti-
nence as adolescents or adults.

HD is also associated with other more uncommon syn-
dromes and neurocristopathies. Patients with Mowat-Wilson 
syndrome, resulting from mutations in the SIP 1 gene, have 
typical dysmorphic features, severe intellectual disabil-
ity, microcephaly and seizures, and commonly HD. These 
patients often display frequent bouts of severe enterocolitis 
and develop bowel control very slowly. Cartilage-hair hypo-
plasia is a metaphyseal chondrodysplasia associated with 
growth failure, impaired immunity and high incidence of 
HD. It is caused by a mutation in the RMRP gene. Cartilage-
hair hypoplasia patients with HD have worse prognosis than 
other HD patients [55]. Due to immune defect, they have 
extremely high incidence of potentially fatal pre- and post-
operative enterocolitis.

Hirschsprung disease and cancer

Phenotype of HD, multiple endocrine neoplasia type 2 
(MEN2A) and familial medullary thyroid cancer are all 
associated with germline mutations of the RET-proto-onco-
gene. Approximately 2.5–5% of HD patients carry MEN2A 
RET-mutations with an increased risk of medullary thyroid 
carcinoma. Incidence of medullary thyroid carcinoma and 
other cancers was assessed in a population-based cohort of 
156 adult patients treated for HD (Table 3) [56]. Among 156 
patients and 4816 person years at risk, 2 cases of medullary 
thyroid cancer were observed giving the standardized inci-
dence ratio of 550 (95% CI 67–2000) [56]. Risk of other can-
cers than medullary thyroid carcinoma was not increased. Of 
note, only one patient had been treated for rectal carcinoma.
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To further elucidate risk of thyroid malignancies in 
adults with HD, a total of 91 of the 156 patients agreed 
to participate the follow-up part of the study; they under-
went ultrasound examination of the neck with a thyroid 
needle biopsy when indicated, determination of serum 
calcitonin and extraction of DNA from whole blood sam-
ples. These investigations revealed one additional patient 
with increased serum calcitonin as a sign of medullary 
thyroid cancer and one patient with papillary carcinoma 
of the thyroid.

Quality of life

Some earlier reports describing outcome in adult or ado-
lescent patients show very little limitations regarding 
occupation, social contacts, or physical activities [35, 
39]. More recent data suggest that children and adoles-
cents with HD report comparable overall quality of life in 
relation to healthy reference subjects, although there are 
individuals with very low level of quality of life [34, 36]. 
Adults with HD show decreased overall physical quality 
of life when compared to general population [38]. How-
ever, in the same study, all the specific domains of quality 
of life among adults with HD were comparable to those of 
general population. Interestingly, psychosocial function-
ing appears to have stronger effect on quality of life than 
disease-specific factors such as constipation and fecal 
incontinence. Adults with operated HD demonstrate only 
marginally lower gastrointestinal quality-of-life in rela-
tion to controls mainly due to lower scores in questions 
assessing functional bowel symptoms [34]. Lower quality 
of life domains is related to poor functional outcomes [36, 
37, 57]. Furthermore, social problems associated with 
impaired bowel function are more prevalent among adult 
patients than controls. A worrying finding is that degree 
of impairment of bowel function increases by increasing 
adult age, which may have a significant negative impact 
on quality of life of older patients with HD [34].

Conclusions

The development of neonatal surgery and improving 
early outcomes has brought into light a growing group of 
individuals that in the past would have died or suffered 
from serious functional defects. Although early outcomes 
in these patients groups are well recognized, amazingly 
few reports on long-term outcomes beyond childhood 
are available. The medical teams taking care of neonatal 
surgical patients should have a responsibility to follow-
up their patients throughout the whole growth period to 
reveal the true long-term outcomes. The caregivers of the 
patients have the right to know the effect of the neona-
tally repaired condition on growth and development, and 
also the cognitive and psychosocial consequences and the 
effects on fertility and sexuality. The follow-up should also 
continue during adult age as aging may impact functional 
outcome. The potential risks of malignancy and future 
inheritance need also be addressed. The research on long-
term outcomes is facilitated by development of preferably 
multinational patient registries and tracking systems. Reli-
able long-term outcome studies require also validated and 
standardized research tools and healthy control materials.
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