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As survival of gastroschisis patients has improved significantly, it has become apparent that longitudinal 

follow up strategies need to be developed. Problems concerning patients with gastroschisis are usually 

associated with gastrointestinal morbidity, but there is mounting evidence that also neurodevelopmen- 

tal, cognitive, behavioral and late-onset auditory sequelae exist. The presence of associated anomalies, as 

well as complex features (bowel atresia, necrosis, volvulus, perforation) increase morbidity and impact 

long-term outcomes. Multidisciplinary follow-up is required, and the key elements of such follow-up are 

presented here. 

© 2018 Elsevier Inc. All rights reserved. 
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ntroduction 

During the past few decades, outcomes in children with gas-

roschisis have improved significantly leading to survival rates over

0%. This has raised the need for valid data for medium and long-

erm outcomes to guide health care professionals in planning of

ongitudinal follow up and in counseling of parents with a child

ith gastroschisis. Problems concerning patients with gastroschisis

re usually associated with the gastrointestinal tract, but there is

ounting evidence that neurodevelopmental, cognitive, behavioral

nd late-onset auditory sequelae may also exist. 1 , 2 

Complex gastroschisis, which is associated with intestinal injury

n the form of atresia, volvulus, perforation, or necrosis, results in

ncreased morbidity and a higher incidence of postoperative prob-

ems. Infectious complications, prolonged bowel obstruction, and

equirement for multiple laparotomies, are common in such pa-

ients. 3 In these patients, long-term outcomes are largely deter-

ined by the extent of bowel damage at the time of the birth. 

There is increasing evidence that up to one third of gastroschi-

is cases are associated with a variety of anomalies that may influ-

nce the prognosis significantly. 4 , 5 Cardiac anomalies are known

o be associated with omphalocele, but may be present in up to

0% of gastroschisis cases as well. Furthermore, it appears that fe-

uses with gastroschisis who die in utero or are terminated dur-

ng pregnancy have more often associated anomalies than surviv-

ng babies with gastroschisis. 6 Taken together, recent data support

areful evaluation of possible associated anomalies in patients with

astroschisis, since these impact long-term outcomes significantly. 
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The bowel in gastroschisis, after prolonged exposure to amni-

tic fluid, is never the same as healthy newborn bowel. The bowel

all can be thickened, edematous and is often covered with fibri-

ous peel. Even in the absence of an associated bowel atresia, the

owel length among gastroschisis patients is shortened compared

ith healthy babies. Intestinal dysmotility to a variable degree is

lways present in newborn babies with gastroschisis. 

rowth of gastroschisis patients during childhood and 

dolescence 

Intrauterine growth is commonly retarded in patients with gas-

roschisis. The association between intrauterine growth retardation,

owel dysmotility, and feeding problems in gastroschisis patients,

n addition to the requirement for prolonged total parenteral nutri-

ion presents challenges for long-term growth. Median weight and

ength in gastroschisis patients at birth are lower compared with

he non-gastroschisis population, but there is significant improve-

ent during long-term follow-up. For the first few years, growth

ppears to lag behind but eventually catch-up growth improves the

ituation. 7 , 8 Davies and Stringer reported normalization of weight

istribution during a median 16-year follow-up and Harris et al

onfirmed that only 2% of the patients were underweight after a

edian nine years follow up. 9 , 10 On the other hand, complex gas-

roschisis patients have significantly lower median body mass in-

ex in the long-term compared with simple cases. 10 

eed for surgery in childhood and adolescence 

Surgical re-intervention is not a rare event in patients with gas-

roschisis, particularly in complex cases. 11 Harris et al reported

mbilical revision for hernia or scar repair in 30% of the pa-

ients, and bowel obstruction requiring surgical treatment in one
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Table 1 

Potential members of a multidisciplinary gas- 

troschisis follow-up team. 

Pediatric surgeon 

Pediatrician 

Cardiologist 

Neurologist 

Audiologist 

Plastic surgeon 

Nutritionist 

Speech therapist 

Social worker 
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fourth during a median 9-year follow up. Functional bowel ob-

struction and feeding intolerance are commonly seen during the

first weeks after abdominal closure. In addition, acquired bowel

obstruction due to adhesions is not uncommon. These adhesions

can cause sub-occlusive episodes and abdominal pain leading to

hospitalization. Bowel obstructions are more common during the

first few months of life but can occur much later as well. 10,12 , 13 

Harris et al reported bowel obstructions early in the neonatal pe-

riod whereas Risby et al reported that the majority of obstruc-

tive episodes occurred after the first year of life. van Eijck et al

reviewed their 30-year experience with abdominal wall defects,

reporting a 25% incidence of small bowel obstruction in patients

with gastroschisis. 12 In nearly all cases, adhesive bowel obstruc-

tion was confirmed at laparotomy. Multiple laparotomies, infec-

tions (sepsis, anastomotic leakage), and extensive bowel handling

may increase the risk of bowel obstruction. 12,14 Gore-Tex® patches

used for closure in some patients do not seem to increase the

risk of small bowel obstruction. 13 Some complex gastroschisis ba-

bies, especially those with short bowel syndrome, will require as-

sisted enteral feeding for a prolonged period. It may best to con-

sider an early gastrostomy tube placement at the time of intestinal

surgery in these patients, to avoid another laparotomy for gastros-

tomy placement. Cryptorchidism presumably develops secondary

to bowel evisceration and lack of intra-abdominal pressure. While

the testicle may spontaneously descend, orchidopexy is required in

10–20% of males. 10,15 

Abdominal pain 

Chronic abdominal pain does not necessarily lead to hospi-

talization but is an important source of morbidity among gas-

troschisis patients. Questionnaire reports show that a considerable

percentage of gastroschisis patients suffer from gastrointestinal

symptoms. 10,13 Danish gastroschisis patients had 40% hospital-

ization rate for gastrointestinal symptoms which is significantly

more than in the general Danish pediatric population (12%). 13 

Nearly half of the gastroschisis patients with median age of 9

years reported frequent abdominal pain in an Australian cohort. 10 

One third of gastroschisis patients reported chronic abdominal

pain in the study by van Eijck et al, which is significantly higher

than the healthy pediatric population. 12 The knowledge on health

related quality of life (QoL) in gastroschisis patients is limited.

Rankin et al. reported that children with gastroschisis had similar

QoL compared with age-matched children from a background

population at the age of 8–11 years, yet this study suffered from

small sample size. 16 Another larger study showed that simple

and complicated gastroschisis patients have similar quality of life

after the age of two years compared to healthy children, which is

reassuring when counseling the parents. 17 

Long-term risks of total parenteral nutrition (TPN) 

The current very low mortality rate in gastroschisis patients

treated in high-resource settings renders this an inappropriate pri-

mary outcome measure. However, significant morbidity still exists

and one important contributing factor is the need for prolonged

TPN. Total parenteral nutrition (TPN) carries the risk for central-

line associated blood stream infections (CLABSI) and is a well-

recognized cause of liver injury. 18 Effective postoperative enteral

feeding strategies may reduce the incidence and severity of in-

testinal failure-associated liver disease (IFALD) among surgical in-

fants making TPN-related causes partly preventable. 19 The inherent

bowel dysmotility in newborn infants with gastroschisis often de-

lays the initiation of enteral feeding, which may increase the risk

for TPN-related problems. CLABSI was found to be a strong predic-

tor of outcomes among 700 patients with simple gastroschisis. 20 
ince the main indication for a central line in gastroschisis patients

s TPN, a strong emphasis needs to put on early weaning from par-

nteral nutrition. 20,21 The achievement of enteral autonomy, which

liminates the risk of CLABSI and the hepatotoxicity of continued

PN remains a critical predictor of long-term survival in gastroschi-

is patients with intestinal failure. 

ong-term neurodevelopmental and cognitive outcomes of 

astroschisis 

Research has largely focused on medical and surgical con-

equences of gastroschisis. Studies on neurodevelopmental and

ognitive outcomes in gastroschisis patients are sparse. However,

hildren born with gastroschisis carry known risk factors for

bnormal neurodevelopmental outcomes as they are often born

o young mothers, occasionally exposed to maternal vasoactive

rug use (amphetamine, cocaine, aspirin, cigarettes), and born

reterm and/or growth restricted. 22 Medium-term outcomes of

eurodevelopmental studies in gastroschisis children are encour-

ging, as several reports tend to show similar outcomes to those

on-surgical neonatal intensive care unit patients during the first

wo years of life. 7,23 , 24 Recent long-term studies propose that

chool-age children and adolescents with a history of gastroschisis

ay suffer from impaired working memory and have increased

isk for behavioral problems. 1 Parent-child relationships were also

ound to be impaired in many domains. 1 Giudici et al. reported

uboptimal outcomes on language developmental skills in the area

f expressive language, warranting early intervention. 25 Studies

t pre-school age may not reveal the whole spectrum of possible

eurodevelopmental disorders. A recent study from the Nether-

ands showed that school-aged children born with gastroschisis

core significantly lower on several aspects of attention, response

nhibition, executive functioning, verbal intelligence, and fine

otor skills than matched controls. 2 Thus, it may be beneficial to

onitor neurodevelopment at early school age to improve school

erformance. Complex gastroschisis may lead to poorer outcomes

ompared with simple gastroschisis from a neurodevelopmental

oint of view. 26 Visual impairment and sensorineural hearing loss

ave been reported as well, and the need for a hearing aid may

e identified late on the basis of speech delay. 15 It is difficult to

elineate the exact etiology of the possible neurodevelopmental

roblems, but it can be hypothesized that nutritional challenges,

epeated general anesthetics, repeated surgical interventions, and

rolonged hospitalization all play a role. 

ong-term health care resource utilization 

Repetitive surgeries, intestinal dysfunction, feeding intolerance

nd infectious complications contribute to prolonged hospitaliza-

ion among gastroschisis patients. Even though gastroschisis pa-

ients represent an extremely small minority of inpatients, their

osts greatly exceed those of non-gastroschisis patients. 27 As the

atural history of complex gastroschisis is characterized by more



J. Suominen, R. Rintala / Seminars in Pediatric Surgery 27 (2018) 327–329 329 

Table 2 

Proposed long-term follow up scheme for patients with complex gastroschisis. 

During neonatal hospitalization Discharge – 1 year 1–6 years 

Chest x-ray, abdominal and head US x (& later as indicated) 

Echocardiogram x (& later as indicated) 

Neurodevelopmental evaluation x (at preschool age) 

GERD Work-UP As indicated 

Nutritionist x x (& later as indicated) 

Speech therapist x 

Plastic surgeon As indicated 

US, ultrasound; GERD, gastroesophageal reflux disease; 
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urgical procedures and longer hospitalization, there is signifi-

ant difference in total hospital charges compared with simple

astroschisis. 28 Prevention of infectious complications among gas-

roschisis patients may represent a significant opportunity for re-

uction in health care costs. 29 

ongitudinal follow-up strategies for gastroschisis patients 

As survival of gastroschisis patients has improved significantly

uring the past decades, it has become clear that longitudinal

ollow-up strategies need to be developed. In order to better coun-

el parents of a child with gastroschisis, risk stratifications have

een introduced to categorize this disease into simple and com-

lex categories. This has fundamental importance for the predic-

ion of outcomes. Specific components of the multidisciplinary

eam around the family with a child with gastroschisis will ad-

ress the long-term sequelae of this congenital anomaly ( Table 1 ).

n emphasis needs to be put on close surveillance of nutri-

ion and proper weight gain. There is growing evidence that this

nomaly may also have significant extra-intestinal sequelae, again

mphasizing the need for multidisciplinary long-term follow-up.

onitoring of neurodevelopmental status of these children is ad-

isable if there is any concern about school performance or sus-

icion of speech delay. Umbilical reconstruction and scar revision

n some patients may be considered to relieve possible psycho-

ogical stress. A proposal that includes the key elements for long-

erm follow-up of complex gastroschisis patients is presented in

able 2 . 

onclusions 

Immediate, medium-term, and long-term survival of patients

ith gastroschisis are now well over 90% in high-resource settings.

owever, this excellent survival should not distract clinicians from

he multiple medium and long-term sequelae that can be encoun-

ered in these patients. Intestinal sequelae predominate, especially

n patients born with the complex variant of the disease. How-

ver, neurodevelopmental and cognitive deficiencies may also be

een. Longitudinal multi-disciplinary follow up is therefore indi-

ated to detect these potential abnormalities and appropriately ad-

ress them. 
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