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Heterotaxia syndrome: the role of screening for
intestinal rotation abnormalities
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Background: Heterotaxia syndrome involves multiple anomalies, including cardiac malformations and
intestinal rotation abnormalities. Most authors recommend routine radiological evaluation, with
laparotomy and Ladd procedure if a rotation abnormality is found.
Aims: To determine if routine radiological screening is necessary, and if there is a group of children that
can safely be managed expectantly.
Methods: Retrospective chart review of all children with heterotaxia syndrome from 1968 to 2002.
Results: Complete data were available for 177 patients. Twenty five (14%) had neonatal gastrointestinal
symptoms (feeding intolerance, vomiting). Eleven of these had gastrointestinal contrast studies, of which
seven were abnormal and led to surgery. Of the 152 asymptomatic neonates, nine had radiological
screening and six of these were abnormal. Only one was thought to have a narrow based mesentery, but
did not undergo surgery due to cardiac disease. There were no intestinal complications on follow up in this
group. The other 143 asymptomatic children did not undergo radiological screening and were closely
followed. Four subsequently developed gastrointestinal symptoms and had contrast studies; only one of
these had malrotation and underwent a Ladd procedure. Of the remaining 139 patients who remained
asymptomatic, 60 (43%) died of cardiac disease and none developed intestinal symptoms or
complications related to malrotation on follow up.
Conclusion: Asymptomatic children with heterotaxia syndrome have a low risk of adverse outcome related
to intestinal rotation abnormalities. Routine screening may not be necessary as long as close follow up is
done, and prompt investigation is performed for those that develop gastrointestinal symptomatology.

I
ntestinal rotational abnormalities (IRA) are frequently
found in patients with heterotaxia syndrome, which is
defined as any arrangement of organs along the left-right

body axis that differs from complete situs solitus or complete
situs inversus.1–3 The most clinically relevant IRA is malrota-
tion, which because of the presence of a narrow based
mesentery can predispose to midgut volvulus and intestinal
ischaemia. Heterotaxia is usually associated with polysplenia
or asplenia, and because cardiac development is also
dependent on the formation of normal right-left orientation,
congenital heart disease is usually present as well. Advances
in cardiac surgery have prolonged the survival of patients
with heterotaxia syndrome, and therefore managing the
associated intra-abdominal anomalies has become part of
their overall care.4 5

The consensus in the literature is that children with
heterotaxia should be screened with upper gastrointestinal
contrast studies to detect rotation abnormalities that may
predispose to volvulus. If such an abnormality is found, a
Ladd procedure is usually recommended.6–8 However, recent
publications have challenged the necessity for operation in
every patient with an intestinal rotation abnormality.9 10

These studies raise the possibility that the natural history of
asymptomatic intestinal rotation abnormalities may be
relatively benign, and suggest that there may be a role for
an expectant approach in patients with heterotaxia syn-
drome. Based on these considerations, we have adopted a
more conservative approach to the management of these
patients. Recommendations for surgical intervention are
based on a combination of clinical symptoms and gastro-
intestinal imaging. In this paper, we report on our experience
with this conservative, individualised approach to IRA in
patents with heterotaxia.

METHODS
Approval for this study was obtained from the Research
Ethics Board at the Hospital for Sick Children. Patients with
heterotaxia syndrome with and without structural heart
disease diagnosed between 1968 and 2002 were identified
through our cardiology database and medical records
department. The clinical course of each child was reviewed
retrospectively focusing on the development of symptoms of
intestinal obstruction, the results of gastrointestinal imaging
studies, whether or not the child required surgical interven-
tion and the length of clinical follow up.
While there is some discrepancy in the literature with

respect to how one defines various forms of IRA, for the
purpose of this study we used the following definitions. In
classic malrotation, the duodenum and caecum overlap and
the superior mesenteric vessels are contained within a
narrow mesentery which is predisposed to volvulus.11 There
is universal agreement that these patients require urgent
Ladd procedure.12–14 In non-rotation, the small bowel is on the
right, the colon is on the left, and the base of the mesentery is
wide. These patients are not at risk for midgut volvulus, and
in fact the goal of the Ladd procedure is to put the bowel into
this position. Between these two rotational states are varying
degrees of intestinal rotation, which depending on the length
of the mesentery may or may not predispose to midgut
volvulus.

RESULTS
Two hundred and twenty one children diagnosed with
heterotaxia were identified through our database. Complete
records were available on 177 patients, who comprised our
study group. Twenty five patients (14%) developed gastro-
intestinal symptoms within eight weeks of birth (table 1).
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Eleven of these 25 patients were investigated with gastro-
intestinal contrast studies: one was normal, one revealed a
hiatal hernia, two showed what was thought to be non-
pathological IRA, and seven were thought to show malrota-
tion. Six of the latter seven children underwent emergency
laparotomy and one did not due to cardiac instability and
subsequent cardiac failure. Of the six patients who under-
went laparotomy, four were found to have malrotation and
two were found to have duodenal web. One of the patients
with malrotation developed necrotising enterocolitis several
weeks postoperatively and required extensive bowel resec-
tion. This child ultimately died at 1 year of age from
complications secondary to short bowel syndrome. One
neonate had severe gastro-oesophageal reflux on upper
gastrointestinal imaging which eventually required fundopli-
cation. None of the 14 symptomatic neonates who were not
imaged developed intestinal complications at a median
follow up of 3 weeks (range 0–96 months).
Of the remaining 152 asymptomatic heterotaxia patients,

nine had radiological screening studies. Three studies were
normal. One child with severe congenital heart disease was
suspected of having a jejunal obstruction, but her cardiac
status precluded further investigation and surgical interven-
tion. In the other five screened patients, the studies showed
various forms of IRA, but none were thought to have narrow
based mesenteries and none underwent surgery. There were
no intestinal complications in this group on median follow up
of 18 months (range 4–216 months).
The other 143 asymptomatic children did not undergo

radiological screening and were closely followed. Four (3%)
eventually developed gastrointestinal symptoms (table 1)
which prompted radiological investigation. One study was
normal. Two studies revealed IRA with what was thought to
be a broad based mesentery that did not require surgery. The
fourth child presented when he was 16 years old with
recurrent abdominal pain and was found to have situs
inversus with malrotation and a narrow based small bowel
mesentery. At laparotomy, the bowel was not ischaemic and
a Ladd procedure was performed. Of the remaining 139
patients who remained asymptomatic, 60 (43%) died of
cardiac disease and none developed symptoms of intestinal
obstruction or ischemia at median follow up of 114 months
(range 0.1–252 months).

DISCUSSION
Following its extension into the umbilical cord during the
tenth week of gestation, the intestine normally rotates 270
degrees around the axis of the superior mesenteric artery
(SMA) as it migrates back into the abdominal cavity. This
rotation brings the duodenojejunal flexure under the SMA
and fixes it to the retroperitoneum of the left upper quadrant.

Similarly, the cecocolic limb rotates into the right lower
quadrant. Following fusion of the mesentery with the
peritoneum, the small intestines become attached to the
posterior abdominal wall by a broad based mesentery, which
contains the SMA and its branches. This rotation ensures that
the SMA is distributed along a broad mesenteric base which
minimises the possibility of postnatal midgut volvulus. In
malrotation, the caecum and duodenojejunal loop remain in
the mid upper abdomen. The mesenteric attachment of the
small intestine is therefore very narrow and predisposed to
potentially fatal torsion with necrosis of the entire midgut. In
non-rotation, no additional rotation occurs following migra-
tion of the intestines into the abdominal cavity; the small
bowel remains on the right side of the abdomen while the
colon lies on the left. Between these two extremes is a
spectrum of rotational abnormalities in which partial rotation
of the intestine around the SMA occurs. Surgeons have
traditionally operated on all patients with IRA because there
are no clear criteria defining which of these rotational
abnormalities predispose to volvulus.
In our hospital, patients with heterotaxia are not routinely

screened for IRA. Most of these patients are managed
conservatively with close clinical follow up. If, as the literature
suggests,6–8 these patients are genuinely predisposed to midgut
volvulus, we would have expected a significant proportion of
heterotaxia patients to present emergently with signs and
symptoms of intestinal obstruction and/or ischaemia. How-
ever, our data suggest that this was not the case. Of our 177
heterotaxia patients, only five had symptomatic classic malro-
tation, four of whom presented with symptoms during the
neonatal period, and none of whom developed intestinal
ischaemia or bowel loss due to midgut volvulus. The one late
death among these five children was due to necrotising
enterocolitis rather than midgut volvulus.
There were a significant number of symptomatic children

in our series who were not screened. Most of these children
had very severe forms of heterotaxia syndrome, usually
involving severe congenital cardiac anomalies. Because it was
clear that they would not survive beyond the neonatal period
and would never be candidates for surgery, these neonates
were treated palliatively. The other children in this group had
mild symptoms that were not thought at the time to be
consistent with an IRA. Because of the relatively high
incidence of IRA in the symptomatic group that were
screened, and the potentially serious consequences of missing
a child with classic malrotation, we would no longer
withhold radiological screening studies from these children,
and currently recommend radiological screening studies for
every symptomatic child with heterotaxia, unless it is clear
that the patient’s condition is incompatible with survival
beyond the neonatal period.
There were a number of children in our series who had

radiological screening studies that showed an IRA which was
thought to be associated with a wide enough mesenteric base
to prevent midgut volvulus (‘‘non-pathological IRA’’).
Although many surgeons have operated routinely on any
child with an IRA, we have felt that this group could be
managed expectantly. Our data support this view, since none
of these children have developed intestinal obstruction or
ischaemia during follow up. This approach is also supported
by a recent study by Mehall et al who concluded that not all
patients require surgery for IRA.10 Among their 101 patients
with ‘‘atypical malrotation’’, defined as an abnormality of
intestinal rotation somewhere along the spectrum between
malrotation and non-rotation, only two developed volvulus,
which was non-ischaemic in both cases.
The 139 asymptomatic children with heterotaxia who have

not been subjected to gastrointestinal contrast studies have
not developed complications related to malrotation after a

Table 1 Gastrointestinal symptoms among heterotaxia
patients

No. (%)

Neonates (n = 25)
Feeding intolerance 12 (48)
Abdominal distension 6 (24)
Bilious vomiting 5 (20)
Non-bilious vomiting 3 (12)
Delayed passage of meconium 2 (8)
Lower gastrointestinal bleed 2 (8)

Non-neonates (n = 4)
Non-bilious vomiting 3 (75)
Abdominal pain 2 (50)
Abdominal distension 2 (50)
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median of 9 years of follow up. This supports our practice of
reserving screening radiological studies only for symptomatic
patients. In a comparison of risks, the 0.6% incidence of
volvulus in our population is much lower than the 15% risk of
adhesive small bowel obstruction following laparotomy for
malrotation15 which is quoted in the literature.
We recommend an individualised approach to the manage-

ment of children with heterotaxia. Asymptomatic patients
can be followed as long as compliance with regular follow up
is certain. When follow up is uncertain or when gastro-
intestinal symptoms develop, prompt radiological investiga-
tion is required. If investigation reveals classic malrotation,
the child should undergo a Ladd procedure, and if investiga-
tion reveals normal rotation or non-rotation the child can be
safely observed. When the risk of midgut volvulus in
symptomatic patients is unclear from the radiological studies,
laparoscopy16 or laparotomy should be done, with subsequent
Ladd procedure for those in whom the mesenteric base is felt
to be narrow.17
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What is already known on this topic

N Heterotaxia syndrome is often associated with intest-
inal rotation abnormalities

N Some series of heterotaxia syndrome have included
cases of malrotation and volvulus, and the authors
have therefore suggested an aggressive programme of
investigation and treatment for rotation abnormalities
in every case of heterotaxia syndrome

N Many intestinal rotation abnormalities do not predis-
pose the child to volvulus, and therefore do not require
surgical treatment

What this study adds

N No previous study of this population has taken a
conservative approach to the investigation and treat-
ment of intestinal rotation abnormalities

N We have shown the safety of a conservative approach,
as long as children are followed closely and investi-
gated if they become symptomatic

N A conservative approach results in better use of
resources and minimises radiation in these children,
and should therefore be considered
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