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alrotation is one of the most challenging disease pro-
cesses encountered in the field of pediatric radiology.

roper diagnosis is critical as malrotation may progress to
olvulus. Volvulus is life-threatening. Unfortunately, distinc-
ion of the normal from abnormal may be difficult. A good
nderstanding of the radiologic findings of malrotation and
olvulus is thus of paramount importance.

mbryology
o distinguish normal from abnormal and properly diagnose
alrotation, a review of the intestinal development is helpful.
evelopment of the gut is a complex process.1-4 Frazer and
obbins first described three stages of development.1 In Stage 1,

rom week 5 to week 10, midgut herniates into the umbilical
ord. In Stage 2, at weeks 10 to 11, midgut returns to the abdo-
en. In Stage 3, from the conclusion of stage 2 until birth, the

ut undergoes fixation. While visualization of the three stages of
idgut development aid in understanding, it is important to

ecognize that the process is a continuous one.
In the early embryo, the midgut starts as a straight tube.

lood supply is derived from the superior mesenteric artery
SMA), which, with the vitelline duct, divides the midgut into
ephalad, prearterial, and caudal, postarterial portions. The
rearterial segment rotates 180° counterclockwise around
he axis of the SMA as it herniates into the umbilical cord,
hereas the postarterial segment rotates 90° counterclock-
ise. As the midgut reenters the abdomen, the prearterial

egment enters first, undergoing an additional 90° counter-
lockwise rotation. The postarterial segment follows, under-
oing an additional 180° rotation. The result of these rota-
ions is the normal C-loop configuration of the duodenum
ith the distal duodenum passing posterior to the SMA, a
eripheral “picture frame” location of the colon with the
ransverse colon passing anterior to SMA, and the cecum
ocated in the right lower quadrant. Small bowel thus courses
rom the duodenal–jejunal junction in upper left abdomen to
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leocecal valve in lower right abdomen. Fixation tethers the
istal duodenum, the ascending colon, and the descending
olon within the retroperitoneum and produces a long at-
achment of small bowel mesentery extending from upper
eft to lower right.5 This broad root of the mesentery tethers
he small bowel in place. The ligament of Treitz, fixating the
uodenal–jejunal junction and marking the upper limit of
he root of the mesentery, is a poorly defined extension of the
ight diaphragmatic crus and fibrous tissue from around the
eliac artery.6

aldevelopment
rrors in development can occur at any point in the complex
rocess of midgut development.3-5,7 Timing of the error will
ffect the resultant defect and its potential morbidity. The
esultant errors are termed “malrotation.” Malrotation thus is
ot a single entity, but rather a spectrum of abnormalities.
alrotation, in itself, simply implies that the bowel is abnor-
al in location. Abnormal location may not be problematic;
owever, malrotated bowel is also malfixated. It is lack of
roper fixation which predisposes the midgut to volvulus.
Anatomically, the arrangement of bowel in malrotation

eflects the stage of development at which the embryological
rror occurred.3,5 Some authors have attempted to categorize
alrotation based on the anatomic arrangement of bowel in

he abdomen.2,3,8,9 The risk for volvulus varies dependent on
he anatomical location of the bowel and the length of the
idgut mesenteric root attachment. In general, shorter dis-

ance between the duodenal–jejunal junction and the cecum
reates greater the risk of volvulus.

Arrest early in development yields “nonrotation” with
mall bowel located at left and colon at right. In this entity,
oth the prearterial and the postarterial segments have un-
ergone a 90° rotation but fail to undergo the final 180°
otation. The term “nonrotation” is a misnomer because the
owel has undergone some rotation, much short of complete.
Incomplete rotation” represents a failure occurring in the
nal 180° of small bowel and/or colonic rotation. The result-
nt defect ranges from near normal to frank “nonrotation.” In
reversed rotation,” the postarterial segment is thought to
ave returned to the abdomen first, resulting in the duode-

um anterior to SMA and colon posterior to SMA. Unde-
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8 P.J. Strouse
cended cecum and congenital internal hernias also represent
nomalies of midgut rotation and fixation.4

Malrotated gut is malfixated. Greater lack of fixation cre-
tes greater risk for volvulus developing. Malfixated gut with
hort mesenteric root may easily twist on itself, producing
olvulus. With volvulus, the midgut twists around the axis of
he SMA. Increasing degrees and duration of volvulus pro-
uce obstruction of lymphatics, bowel lumen, venous drain-
ge and, finally, arterial supply. Volvulus thus threatens via-
ility of the midgut and therefore viability of the patient.
olvulus is a true surgical emergency.
Malfixated gut attempts to fixate itself by forming perito-

eal bands, often running from cecum or ascending colon to
he right upper quadrant.10 Peritoneal bands, also known as
add bands, often cross the descending duodenum, causing
ariable degrees of obstruction. With complete obstruction,
linical and imaging findings mimic duodenal atresia. Malro-
ation with an obstructing Ladd band may also be found
oncomitantly with duodenal atresia.

linical Presentation
he classic presentation of malrotation is a newborn infant
ith bilious vomiting. The vomiting is bilious as the point of
bstruction is distal to the ampulla of Vater. Approximately
0% of patients who present with malrotation do so in the
rst month of age.10-12 Most do so in the first week of life.
hile bilious vomiting appropriately raises concern for mal-

otation, any congenital or acquired obstruction distal to the
mpulla of Vater may cause bilious vomiting. Moreover, most
nfants with “bilious vomiting” prove not to have an anatomic
bstruction.13 Given its potential deleterious consequences,
owever, exclusion of malrotation is usually pursued.
Malrotation may present at any age; however, presenta-

ions beyond the neonatal period are usually less specific and
re often cryptic.14 Patients may present with nonbilious
omiting, intermittent or acute abdominal pain, diarrhea,
onstipation, or hematochezia. Presentation with an “acute
bdomen” or shock is rare and portends a poor prognosis as
ut ischemia is usually present.12 Symptoms may occasion-
lly be insidious, with chronic pain, intermittent vomiting, or
ailure to thrive. Not infrequently, the diagnosis of malrota-
ion is made incidentally in an older child or adult who is
eemingly asymptomatic relative to the defect.15,16

Patients with congenital defects of abdominal compart-
entalization—congenital diaphragmatic hernia, gastros-

hisis, omphalocele—have malrotation.17 The risk for volvu-
us is low in these patients, in part due to fixation of the gut by
dhesions when the abdominal defect is repaired. An over-
helming majority of infants with heterotaxy—asplenia,
olysplenia—have malrotation.18-21 Upper gastrointestinal
GI) studies are performed for confirmation. Some contro-
ersy exists as to the risk for volvulus in these patients. At the
uthor’s institution, a patient with asplenia developed a fatal
olvulus while recovering from heart surgery. As many pa-
ients with heterotaxy have coexistent heart disease, often
evere, particularly with asplenia, timing of workup for mal-

otation and treatment (ie, Ladd procedure) must be tem- i
ered by the need for cardiac surgery and subsequent recov-
ry. Evaluation of the child with heterotaxy by upper GI may
e challenging when the stomach is right-sided. In such
ases, the normal (not malrotated) duodenum should be the
irror image of normal, with the second portion descending

n the left and crossing to the right to ascend to the duode-
al–jejunal junction.

adiography
maging evaluation of the infant or child with suspected mal-
otation begins with radiographs, particularly in the infant.
adiographs aid in excluding other diagnoses, namely more
istal obstructions in the neonate.
A variety of radiographic appearances may be seen with
alrotation, but, unfortunately, the most common radio-

raphic appearance of malrotation and malrotation with vol-
ulus is that of a “normal bowel gas pattern.” A normal ra-
iograph therefore should not preclude additional workup as

t does not exclude malrotation.10 Radiographic findings
hich may be seen with malrotation include malposition of

he bowel (small bowel all to the right, colon all to the left),
ack of bowel gas distal to the duodenum (Fig. 1), dispropor-
ionate dilation of the duodenal bulb (“double bubble”), a
asless abdomen (nonspecific), mass effect (nonspecific), a
whirled” appearance of bowel in the mid-abdomen (rare), or
hick-walled, “tubular”-appearing loops with fold thickening
r thumbprinting. The latter findings are grave prognostic
igns indicative of gut ischemia. Fortunately, such cases are
are. Intramural gas, free intraperitoneal gas, and diffuse gas-
ous distension of bowel are also poor prognostic signs in-
icative of ischemic gut.22,23 Such signs are also nonspecific
nd may not readily suggest the proper diagnosis.

pper GI
fluoroscopic upper GI study is the preferred method of

iagnosing malrotation or excluding the diagnosis. For great-
st accuracy, the upper GI examination must be performed
ith careful attention to the anatomy of the duodenum. As a

ule, unless previously documented, every upper GI exami-
ation performed in a child should include documentation of
uodenal anatomy. Barium is utilized, unless the infant is
ritically ill or perforation is suspected. In such cases, non-
onic water-soluble contrast is utilized.

The distal duodenum should extend upward and to the
eft. The duodenal–jejunal junction (“ligament of Treitz”) is
ormally located to the left of the left spinal pedicle and at
pproximately the same level as the pylorus. As the second,
hird, and fourth portions of the duodenum are fixated in the
etroperitoneum, they are located posteriorly with the abdo-
en. In a true lateral projection, the second and fourth por-

ions overlap posteriorly, near the spine (Fig. 2).4,24,25 The
uodenal–jejunal junction is thus also located posteriorly.
Care must be taken to fluoroscopically observe the first

assage of barium through the duodenum. Barium reaching
he proximal jejunum may obscure the duodenum, prevent-

ng documentation of the duodenal anatomy. Once barium
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Malrotation 9
eaches the duodenal–jejunal junction, turning the patient
nto a lateral position allows for confirmation of the posterior
osition of the duodenal sweep. Turning the patient from
nteroposterior to lateral under direct fluoroscopic observa-
ion aids in identifying the distal duodenum in the lateral
rojection. As the normally located fourth portion of the
uodenum is partially obscured by the second portion, slight
bliquity may help delineate the anatomy.
Sometimes barium is slow to traverse the duodenum,

anging up in the second portion. In this case, turning the
atient briefly to the left elicits passage of barium into the
istal duodenum. Once barium is seen to be passing distally,
he patient is turned back supine and the duodenal course
ill be nicely visualized. An added benefit of this maneuver is
umping of barium from the gastric antrum back into the
astric fundus. The distal duodenum thus overlies a gas-
lled, barium-coated, “double-contrast” antrum, allowing for
etter visualization. Once the duodenum is documented in
he anteroposterior projection, the patient is turned to either
ateral projection to document the posterior location of the
istal duodenum.
In cases of malrotation, the distal duodenum fails to extend

o the left and fails to ascend. In the lateral projection, the
alrotated distal duodenum often projects anteriorly, rather

han maintaining the normal posterior course (Fig. 3). If the
istal duodenum stays to the right of midline and is properly
ocumented on the first pass of barium, the diagnosis of
alrotation is easily made.
Although most cases will be unequivocally normal or ab-

ormal, there is considerable variation in the course of a

Figure 1 Newborn boy with malrotation and volvulus. T
Anteroposterior radiograph shows air only in the stoma
view, the duodenum (arrows) is better seen. The duode
seen with duodenal atresia. An air–fluid level is seen depe
small bowel were resected at surgery.
ormal duodenum and subtle cases of malrotation may not t
iffer considerably from variants of normal.4,7,26,27 Some au-
hors state that up to 15% of upper GI examinations will
otentially demonstrate equivocal positioning of the duode-
um.7 The duodenum may demonstrate moderate redun-
ancy in its course. Slight variation in height of the duode-
al–jejunal junction may also be seen. In these cases,
emonstration of the normal posterior location of the distal
uodenum offers confirmatory evidence of normalcy. If the
uodenum is excessively redundant, fails to extend to at least
he left pedicle of the spine on a well-positioned anteropos-
erior view, or fails to ascend to the duodenal–jejunal junc-
ion, then malrotation is likely present.4,7,26,27 In such cases,
he lateral view is usually confirmatory as the distal duode-
um fails to maintain a normal posterior course.4,7,24

The classic upper GI finding in volvulus is a “corkscrew”
ownward path of the distal duodenum and proximal jeju-
um in the mid-abdomen. Typically, the distal duodenum is
eaked entering the corkscrew with a partial obstruction
Fig. 4). Although the duodenum may extend to the left of
idline in some of these cases, it takes a very characteristic
ownward turn into the volvulus. In some patients, the ob-
truction is complete with the distal duodenum having a
eaked, downward point. In a newborn, care must be taken
ot to mistake the findings for duodenal atresia. In duodenal
tresia, the duodenum is dilated and round in contour. In
cute malrotation with volvulus, the duodenum is relatively
ormal in caliber and not round in contour but pointed or
eaked at the point of obstruction.
The most common pitfall of an upper GI examination is
issing the first pass of barium through the duodenum. Ro-

ant developed bilious vomiting shortly after birth. (A)
duodenum (arrow). (B) On a left-side down decubitus
mildly prominent but not dilated to the extent usually

ly in the stomach. Ten centimeters of infarcted proximal
he inf
ch and
num is
ndent
ation on the anteroposterior view may distort the position of
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10 P.J. Strouse
he duodenal–jejunal junction. Midline positioning of the
pinous processes and symmetry of the ribs are helpful in
onfirming proper positioning. An inadequate quantity of
arium may make it difficult to appreciate duodenal anat-
my. Conversely, too much barium may lead to uncontrolled
apid passage of barium through the duodenum or simply
bscure visualization of the duodenum. The duodenal–jeju-
al junction is normally somewhat mobile in infants. Factors
uch as prior surgery (ie, liver transplantation),28 intestinal or
astric dilation,29 and enteric tubes30 may cause displacement
f the duodenal–jejunal junction, mimicking malrotation
Fig. 5). In young infants, the normal distal duodenum tends
o be slightly low in position,7 often accentuated by a trans-

Figure 2 A 10-month-old girl with a normal upper GI st
posterior projection. The distal duodenum ascends to
(arrow) is to the left of the left spinal pedicle. (B) In a
duodenum overlie each other at posterior. *, duodenal–j
is better seen.2, second portion of duodenum;1,� f
erse orientation of the stomach. In such patients, documen- i
ation of the posterior location of the distal duodenum is
eassuring. Similarly, in “duodenum inversum” a mildly re-
undant duodenum ascends to the right of midline before
rossing midline.26 Again, documentation of posterior loca-
ion of the distal duodenum is reassuring.

If an initial upper GI examination is equivocal, further
nvestigation is warranted.4,7,26 Documentation of cecal posi-
ion is valuable. This is discussed below. Unfortunately, doc-
mentation of normal cecal position does not exclude mal-
otation. A repeat upper GI with greater attention to
ocumentation of the duodenal position may prove success-
ul. Placement of an enteric tube aids in control of barium.
dvancement of the tube past the pylorus is of particular aid

) Normal appearance of the duodenum in the antero-
vel of the pylorus and the duodenal–jejunal junction
teral projection, the second and fourth portions of the
junction. (C) With slight obliquity the duodenal course
ortion of duodenum; *, duodenal–jejunal junction.
udy. (A
the le

true la
ejunal
n achieving good duodenal opacification. Obtaining the as-
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Malrotation 11
istance of an experienced pediatric radiologist may be in-
aluable.

ecal Position
he normally rotated cecum is in the right lower quadrant of

he abdomen, often descending into the right hemipelvis.
he malrotated cecum may be found at varied locations

hroughout the abdomen.
Up to 20% of patients with malrotation have a normally

ocated cecum.16,27,31 A contrast enema is therefore not the
referred method of diagnosing malrotation as it will fail to
ake the diagnosis in too many patients. In young infants,

he cecum is often slightly high in position; thus, the contrast
nema may lead to confusion or over diagnosis of malrota-
ion.26 Up to 15% of patients of all ages will have a mobile
ecum as a normal variant, potentially mimicking malrota-
ion.3,5,25 The other disadvantage of a contrast enema in the
etting of suspected malrotation is that it is much less effec-
ive at demonstrating volvulus than an upper GI examina-
ion. The diagnosis of volvulus indicates a need for urgent

Figure 3 A 4-month-old girl with malrotation, without v
study was performed to assess for reflux. (A) In the ante
the right of midline. Bowel extends to the left; however,
in the lateral projection shows an anomalous anterior co
urgical management, as opposed to malrotation, in itself, A
hich approached with semielective surgery in the absence
f volvulus. Upper GI findings of volvulus may thus lead to
reater expediency of treatment than the enema findings in
he same patient. In a patient presenting acutely, enema find-
ngs of malrotation should prompt upper GI evaluation for
olvulus, unless volvulus is shown by enema and/or the ex-
edient surgery is already planned.
The diagnosis of malrotation may also be made on an

nema study performed for another reason. More impor-
antly, documentation of cecal position can be performed as
n adjunct to upper GI evaluation of the duodenum.7,8 In
atients with an equivocal duodenal course, or in whom the
uodenal course is suspected to be a variant of normal, doc-
mentation of cecal position can be performed. An abnormal
ecal position supports the diagnosis of malrotation. A nor-
al cecal position supports the diagnosis of normalcy. In

eneral, if is there is any deviation from the norm of the
ourse of the duodenum, documentation of cecal position
hould be performed.

After an upper GI, the barium can be followed through the
mall bowel with serial images until it reaches the cecum.

s. The child presented with wheezing and an upper GI
rior projection, overly redundant duodenum is seen to

jejunum, not the distal duodenum. (B) An earlier image
f distal duodenum (arrow).
olvulu
roposte
this is
dditional fluoroscopy may be required to document the
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12 P.J. Strouse
erminal ileum and cecum. While this approach works in
ost patients, it requires time for the barium to progress to

Figure 4 One-day-old boy with malrotation and volvu
obstruction of the distal duodenum (large arrow). The du
(arrowheads) and then takes a “corkscrew” downward
projection shows an anomalous anterior course of the di
at the point of obstruction (white arrow). At surgery, th

igure 5 Three-month-old boy with normal anatomy. This abdominal
adiograph was obtained to assess feeding tube placement. A wire is
resent in the feeding tube, stiffening it. As a result, the distal duode-
tum appears low in position. Arrow, tip of wire in feeding tube.
he cecum. An inadequate quantity of barium or poor timing
f images may lead to a failure to visualize cecal position.
lternatively, an enema may be performed. The advantage of
erforming an enema is that cecal position is determined
uickly. In infants and young children, water-soluble con-
rast media can be used for the enema, allowing distinction
rom barium administered orally for the upper GI. The deci-
ion of whether to perform a small bowel follow-through or
nema depends on several factors, including the upper GI
ndings, the practicality of performing the small bowel fol-

ow through based on the time of day and available person-
el, and personal/institutional preference. Most cases of vol-
ulus will not be equivocal on upper GI; however, if volvulus
s a consideration, waiting for barium to traverse the small
owel is not an acceptable option.

ross-Sectional Imaging
ncreasing utilization of cross-sectional imaging modalities
as led to the increased incidence of the diagnosis of malro-

) In the anteroposterior projection there is a partial
m distal to the point of obstruction is markedly narrow

se (small arrows). (B) An earlier image in the lateral
odenum (black arrow). The duodenum appears beaked
ut was ischemic, but no resection was required.
lus. (A
odenu
cour

stal du
ation by modalities other than fluoroscopic study. Cross-
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Malrotation 13
ectional imaging findings of malrotation include dilation of
he proximal duodenum, absence of the crossing duodenum
osterior to the SMA, malposition of small and/or large
owel, and inversion of the normal SMA/superior mesenteric
ein (SMV) relationship.4,32-34

Normally, the SMA is to the left of the SMV. If this rela-
ionship is reversed, then malrotation is suspected.32-34 Un-
ortunately, this finding is neither fully sensitive nor specific;
owever, unless another reason for inversion is present (ie, a
ass, prior surgery), then an upper GI should be performed

o assess for malrotation. Conversely, demonstration of a nor-
al oriented SMA and SMV does not exclude malrotation

nd does not preclude performing the upper GI if malrota-
ion is a consideration.

When malrotation is suggested by a cross-sectional imag-
ng study, an upper GI examination should be performed for
onfirmation. An exception to this rule occurs when there is
vidence of volvulus or gut ischemia, in which case expedient
urgery is preferred to further imaging. With volvulus, a
horled mass is seen in the mid-abdomen with vasculature

nd bowel wound around the axis of the SMA (Fig. 6).35,36

hen the volvulus has advanced to the point of vascular
cclusion, computed tomography may demonstrate a strik-
ng lack of midgut enhancement (Fig. 7).37,38 The volvulus,
tself, may be obscured due to the lack of enhancement and
bundant fluid. Enhancement of foregut and hindgut, with
ifferent vascular supply, is preserved. The findings of mid-
ut ischemia portend a poor outcome due to gut ischemia;
owever, survivors are reported.
Cross-sectional imaging is not the method of choice for

iagnosing malrotation. Nevertheless, increasing reliance of
linical physicians on imaging and the oftentimes confusing
resentation of children with malrotation means that many
ases will be initially detected by ultrasound, computed to-
ography, or even magnetic resonance imaging. The radiol-

gist must be prepared and know the findings of malrotation
nd malrotation with volvulus on these modalities.

igure 6 Six-year-old girl with malrotation and volvulus. Axial com-
uted tomography image shows small bowel and vasculature has a
hirled appearance in the right mid-abdomen (arrows), consistent
ith volvulus. Small bowel (b) is at right and colon (c) is at left. At
urgery, no ischemia was evident.
onclusion
f not promptly diagnosed and treated, malrotation with vol-
ulus may be fatal to the affected child. Unfortunately, and
espite the best efforts of frontline physicians (pediatricians
nd emergency room doctors), radiologists, and pediatric
urgeons, fatal cases of malrotation with volvulus are occa-
ionally seen. Fortunately, an overwhelming majority of af-
ected children are promptly diagnosed and treated and do
urvive without significant sequelae. The role of the radiolo-
ist is paramount to this good outcome. There are few other
iagnoses in medicine in which the prepared and skilled
adiologist can have such a profound bearing on patient out-
ome.

eferences
1. Frazer JE, Robbins RH: On the factors concerned in causing rotation of

the intestine in Man. J Anat Physiol 50:75-110, 1915
2. Skandalakis JE, Gray SW, Ricketts R, et al: The small intestines, in

Skandalakis JE, Gray SW (eds): Embryology for Surgeons (ed 2). Bal-
timore, MD, Williams and Wilkins, 1994, pp 184-241

3. Jamieson D, Stringer DA: Small bowel, in Stringer DA, Babyn PS (eds):
Pediatric Gastrointestinal Imaging and Intervention (ed 2). Hamilton,
Ontario, BC Decker, 2000, pp 311-474

4. Strouse PJ: Disorders of intestinal rotation and fixation (“malrotation”).
Pediatr Radiol 34:837-851, 2004

5. Snyder WH, Jr., Chaffin L: Embryology and pathology of the intestinal
tract: presentation of 40 cases of malrotation. Ann Surg 140:368-379,
1954

6. Haley JC, Peden JK: The suspensory muscle of the duodenum. Am J
Surg 59:546-550, 1943

7. Applegate KE, Anderson JM, Klatte EC: Intestinal malrotation in chil-
dren: a problem-solving approach to the upper gastrointestinal series.

igure 7 Five-year-old boy with malrotation and volvulus. The su-
erior mesenteric artery (arrow) is deviated to the right and ap-
eared truncated beyond this point. There is a striking lack of en-
ancement of bowel and mesenteric vasculature. Bowel is distended
ith fluid and abundant free intraperitoneal fluid is present. En-
ancement of the duodenum (d) is preserved. At surgery, most of
he ileum and proximal half of the colon were infarcted requiring
esection. The proximal midgut was ischemic but was preserved.
he child has manifestations of short-gut syndrome.
Radiographics 26:1485-1500, 2006



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

14 P.J. Strouse
8. Long FR, Kramer SS, Markowitz RI, et al: Intestinal malrotation in
children: tutorial on radiographic diagnosis in difficult cases. Radiology
198:775-780, 1996

9. Schey WL, Donaldson JS, Sty JR: Malrotation of bowel: variable pat-
terns with different surgical considerations. J Pediatr Surg 28:96-101,
1993

0. Berdon WE, Baker DH, Bull S, et al: Midgut malrotation and volvulus.
Which films are most helpful? Radiology 96:375-384, 1970

1. Torres AM, Ziegler MM: Malrotation of the intestine. World J Surg
17:326-331, 1993

2. Filston HC, Kirks DR: Malrotation—the ubiquitous anomaly. J Pediatr
Surg 16:614-620, 1981

3. Godbole P, Stringer MD: Bilious vomiting in the newborn: how often is
it pathologic? J Pediatr Surg 37:909-911, 2002

4. Bonadio WA, Clarkson T, Naus J: The clinical features of children with
malrotation of the intestine. Pediatr Emerg Care 7:348-349, 1991

5. Spigland N, Brandt ML, Yazbeck S: Malrotation presenting beyond the
neonatal period. J Pediatr Surg 25:1139-1142, 1990

6. Prasil P, Flageole H, Shaw KS, et al: Should malrotation in children be
treated differently according to age? J Pediatr Surg 35:756-758, 2000

7. Levin TL, Liebling MS, Ruzal-Shapiro C, et al: Midgut malfixation in
patients with congenital diaphragmatic hernia: what is the risk of mid-
gut volvulus? Pediatr Radiol 25:259-261, 1995

8. Applegate KE, Goske MJ, Pierce G, et al: Situs revisited: imaging of the
heterotaxy syndrome. Radiographics 19:837-852, 1999

9. Ditchfield MR, Hutson JM: Intestinal rotational abnormalities in
polysplenia and asplenia syndromes. Pediatr Radiol 28:303-306, 1998

0. Moller JH, Amplatz K, Wolfson J: Malrotation of the bowel in patients
with congenital heart disease associated with splenic anomalies. Radi-
ology 99:393-398, 1971

1. Choi M, Borenstein SH, Hornberger L, et al: Heterotaxia syndrome: the
role of screening for intestinal rotation abnormalities. Arch Dis Child
90:813-815, 2005

2. Kassner EG, Kottmeier PK: Absence and retention of small bowel gas in
infants with midgut volvulus: mechanisms and significance. Pediatr
Radiol 4:28-30, 1975

3. Frye TR, Mah CL, Schiller M: Roentgenographic evidence of gangre-
nous bowel in midgut volvulus with observations in experimental vol-

vulus. Am J Roentgenol Radium Ther Nucl Med 114:394-401, 1972
4. Koplewitz BZ, Daneman A: The lateral view: a useful adjunct in the
diagnosis of malrotation. Pediatr Radiol 29:144-145, 1999

5. Beasley SW, de Campo JF: Pitfalls in the radiological diagnosis of mal-
rotation. Australas Radiol 31:376-383, 1987

6. Long FR, Kramer SS, Markowitz RI, et al: Radiographic patterns of
intestinal malrotation in children. Radiographics 16:547-556; discus-
sion 556-560, 1996

7. Katz ME, Siegel MJ, Shackelford GD, et al: The position and mobility of
the duodenum in children. AJR Am J Roentgenol 148:947-951, 1987

8. Benya EC, Ben-Ami TE, Whitington PF, et al: Duodenum and duode-
nal-jejunal junction in children: position and appearance after liver
transplantation. Radiology 207:233-236, 1998

9. Taylor GA, Teele RL: Chronic intestinal obstruction mimicking malro-
tation in children. Pediatr Radiol 15:392-394, 1985

0. Merten DF, Mumford L, Filston HC, et al: Radiological observations
during transpyloric tube feeding in infants of low birth weight. Radiol-
ogy 136:67-75, 1980

1. Slovis TL, Klein MD, Watts FB Jr: Incomplete rotation of the intestine
with a normal cecal position. Surgery 87:325-330, 1980

2. Weinberger E, Winters WD, Liddell RM, et al: Sonographic diagnosis of
intestinal malrotation in infants: importance of the relative positions of
the superior mesenteric vein and artery. AJR Am J Roentgenol 159:825-
828, 1992

3. Zerin JM, DiPietro MA: Superior mesenteric vascular anatomy at US in
patients with surgically proved malrotation of the midgut. Radiology
183:693-694, 1992

4. Zerin JM, DiPietro MA: Mesenteric vascular anatomy at CT: normal and
abnormal appearances. Radiology 179:739-742, 1991

5. Leonidas JC, Magid N, Soberman N, et al: Midgut volvulus in infants:
diagnosis with US. Work in progress. Radiology 179:491-493, 1991

6. Pracros JP, Sann L, Genin G, et al: Ultrasound diagnosis of midgut
volvulus: the “whirlpool” sign. Pediatr Radiol 22:18-20, 1992

7. Romano S, Tortora G, Palomba R, et al: MDCT findings of intestinal
ischemia due to midgut torsion without small bowel obstruction in a
12-year-old boy. Emerg Radiol 11:236-238, 2005

8. Aidlen J, Anupindi SA, Jaramillo D, et al: Malrotation with midgut
volvulus: CT findings of bowel infarction. Pediatr Radiol 35:529-531,

2005


	Malrotation
	Embryology
	Maldevelopment
	Clinical Presentation
	Radiography
	Upper GI
	Cecal Position
	Cross-Sectional Imaging
	Conclusion
	References


