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ABSTRACT

Midgut volvulus is a surgical emergency and occurs as a complication in patients with malrotation. The importance of an upper gastrointes-
tinal (UGI) series in all patients with gastroesophageal refl ux (GER) disease is to rule out any anatomic abnormality precipitated by GER. Of 
these abnormalities, “midgut volvulus” is the most catastrophic complication and occurs with intestinal malrotation and should be treated as 
a surgical emergency. Patients with intestinal malrotation present symptoms such as the following: gastric or bilious vomiting, GER, nausea, 
anorexia, abdominal distension or intermittent chronic abdominal pain, constipation, diarrhea, bloody stools, and stunted growth. However, 
some patients may not demonstrate any of the above symptoms or may be asymptomatic. Approximately 75% of patients with intestinal mal-
rotation present features of GER disease or vomiting bile, but in the remaining 25% of patients, GER disease is characteristic of GI symptoms 
and may go unnoticed. In these patients, UGI series followed by intestinal transit remains the study of choice to rule out anatomic malforma-
tions or disorders of the digestive tract such as intestinal malrotation or volvulus.
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INTRODUCTION

Historically, the usefulness of the upper gastrointestinal 
(UGI) study has been misinterpreted in patients with gas-
troesophageal refl ux (GER). A diagnosis of GER with 
UGI study has been done. However, it is now known that 
GER is not diagnosed with UGI study because it has a 
very low sensitivity and specifi city. For this reason, a 24-h 
pH measurement should be done, which is currently the 
gold standard for the diagnosis of GER.1

That said, the UGI study continues to be essential dur-
ing the initial study of pediatric patients with GER for one 
simple reason: the UGI series is the diagnostic study of 
choice for detecting anatomic abnormalities associated 
with GER, hiatal hernia, esophageal stricture, pyloric or 

duodenal obstruction, tracheoesophageal fi stula, some 
extrinsic vascular compression, etc. Above all, it helps to 
diagnose malrotation and prevent complications such as 
midgut volvulus, whose evolution is sudden and deadly 
without a timely diagnosis. UGI also helps to consider 
medical treatment or surgery.1

Intestinal malrotation
Intestinal malrotation (IM) is a relatively common disorder 
with an incidence of 1/500 live newborns.2-4 IM could be 
defi ned as a failure in rotation and normal fi xation of the 
mid-intestine during fetal development. It is a broad term 
that encompasses a great variety of anomalies of intestinal 
rotation and fi xation, the diagnosis of which the clinical pe-
diatrician, the pediatric surgeon and the radiologist play an 
important role because it often represents a true challenge 
as a result of the wide variety of clinical and radiological 
presentations. Malrotation of the mid-intestine could be 
characterized by congenital bands (Ladd’s bands) that may 
obstruct the duodenum, duodenojejunal junction, ileoce-
cal junction and the colon. The ligament of Treitz is the 
normal fi xation point of the mesentery. It extends from the 
duodenojejunal junction of the angle of Treitz to the lumen, 
giving amplitude to the mesentery (Figure 1).

www.medigraphic.org.mx



Bol Med Hosp Infant Mex398

Wilver Ernesto Herrera García, Ismael Lares-Asseff

www.medigraphic.org.mx

Angle of 
Treitz

Descending 
colon

Ligament 
of Treitz

Ascending 
colon

Cecum

Figure 1. 

Location of the angle of 
Treitz should normally be 
to the left of the spine at 
the level of the splenic 
angle.

In patients with IM, the ligament of Treitz is not 
fi xed in its normal location (Figure 2). Any abnormality 
in its location suggests mid-intestinal malrotation, which 
is characterized by a decrease in the amplitude of the 
mesentery, short mesentery and narrow base, a pedicle 
around the mesenteric vessels with a predisposition to 
intestinal torsion around this pedicle (torsion or volvulus 
causing intrinsic compression of the intestine, obstruc-
tion at the base of the pedicle and, if the torsion persists, 
occlusion of the mesenteric vessels, intestinal necrosis 
and death of the patient if its progress is left unchal-
lenged). In patients with malrotation, the cecum is gen-
erally found in its normal condition, which is known as 
an incomplete malrotation. In cases of complete IM, the 
cecum is found in the hepatic angle or is localized to the 
left of the midline (Figure 3).4-7

Torsion of the poorly fi xated intestine around its short 
mesentery is known as mid-intestinal volvulus, a very se-
rious and catastrophic consequence of IM (Figures 4 and 
5).4,7,8 Physiological GER is the presence of gastric con-
tent in the esophagus as part of a normal event of GI tract 
function without repercussions on the quality of life and 
without clinical consequences.1

GER disease is a group of clinical disorders secondary 
to GER with direct consequences on the patient’s health 
status.1 Defi ned in a simple manner, pathologic GER is 
the consequence of excessive exposure of the esophagus 
to the gastric content. Vomiting is not always indicative of 

pathological GER or is pathological GER always associ-
ated with the presence of vomiting.1

The risk factors for GER include an increase in ab-
dominal pressure, gastric distention, hiatal hernia and gas-
tric or esophageal dysmotility, chronic relaxation of the 
gastroesophageal sphincter, prematurity with the immatu-
rity of the inferior esophageal sphincter. Children with se-
rious problems in neurological development or congenital 
anatomic anomalies of the GI tract are particularly at risk 
of suffering GER.9

The gold standard for diagnosis of GER has been 24-h 
monitoring because monitoring of intraesophageal pH for 
24 h has a replication rate of 84% and 93%, a sensitivity 
of 88% and specifi city of up to 96%. Currently, impedance 
tests for the diagnosis of GER are also performed.1

Clinical characteristics of patients with IM
Symptoms that may accompany patients with IM are bili-
ary or gastric vomiting, GER, nausea, abdominal disten-
tion or chronic intermittent abdominal pain, constipation or 
diarrhea, occasional bloody bowel movements, anorexia, 
growth delay and weight gain or failure to thrive. However, 
there may be patients with malrotation who are asymp-
tomatic although patients with malrotation generally have 
some symptoms. Studies have demonstrated that there are 
patients with IM whose only symptom is GER.3,5-7,10

Of the patients with IM, 75% have GER or vomiting 
with biliary characteristics; however, in the remaining 
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Figure 2. The position of the duodenojejunal junction to the right 
of the midline and the position of the cecum to the left of the mid-
line suggests complete intestinal malrotation.

Cecum in normal positionA B Cecum in poor position

C

CFigure 3. 

Colon enema is 
not the ideal study 
for ruling out IM. In 
a high percentage 
of malrotated pa-
tients, the cecum 
may be in its nor-
mal position and 
does not rule out 
an incomplete IM. 
(A) Cecum (C) in 
normal position in 
a malrotated pa-
tient. (B) Cecum 
(C) in the hepatic 
angle or in the left 
fl ank, diagnostic of 
a complete IM.

25% GER has gastric characteristics or may be food re-
lated and malrotation may go unnoticed. Of patients with 
IM, 75% have symptoms from the fi rst month of life, 90% 
have symptoms in the fi rst year and 10% may go unno-

ticed and reach adult age with the risk of intestinal volvu-
lus, short gut syndrome and death as a result. However, in 
the majority there is a history of gastrointestinal disorders 
throughout life.5,6

Therefore, it is considered a serious medical error to 
not rule out an IM lasting 3 to 6 months prior to antirefl ux 
treatment because these patients will not have favorable 
results. It is even worse when the physician decides to per-
form a fundoplication when antirefl ux treatment does not 
work as it is not the surgical treatment of choice for IM. 
Although it is true that, with fundoplication, esophageal 
refl ux will be prevented in those patients. But by itself will 
only correct the anatomic defect of the malrotated mid-
intestine, which increases the risk of intestinal volvulus 
and death in the postoperative future. In a patient with IM, 
the surgical treatment of choice should be a Ladd proce-
dure.4-9

Clinical characteristics of patients with intestinal 
volvulus in evolution
It is always important to differentiate an IM from intesti-
nal volvulus. Malrotation is in itself the anatomic altera-
tion in intestinal fi xation (Figure 2).

An intestinal volvulus is a complication of a patient with 
IM and will always be a sudden process and an immediate 
surgical urgency (Figure 4). Intestinal volvulus is character-
ized by gastric distention with abdominal pain, hypovole-
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Figure 4. Imaging of a segment of intestinal volvulus in a patient 
with IM operated with a Nissen fundoplication. Data of intestinal 
necrosis is seen.

Figure 5. Intestinal volvulus around the vascular pedicle with 
massive intestinal necrosis.

mia and data of hypovolemic shock due to incarceration of 
the mesentery. The key is that the symptomatology occurs 
suddenly without apparent cause. The fi rst 4 h of initiation 
of the intestinal volvulus are vital to save the intestine. After 
this time, the risk of massive intestinal necrosis and death 
is increased by >90% due to not making a timely diagnosis 
(Figure 5). The vomitus of biliary content or fecalith always 
requires surgical treatment and it is urgent to diagnose an 
IM or an intestinal volvulus in progress.4,6,7

As pediatricians and pediatric surgeons, there is the re-
sponsibility of performing a timely diagnosis during infancy 
as IM in adults is frequently associated with a delay in di-
agnosis and an increase in morbidity due to mid-intestinal 
volvulus with catastrophic consequences for the patient.4,10-12

Methods of diagnosing intestinal malrotation
Simple x-ray of the abdomen
A simple x-ray does not exclude the diagnosis of malrota-
tion or intestinal volvulus. On a simple x-ray of the ab-
domen there is no image suggestive of IM or intestinal 
volvulus; therefore, it is not suggested as a fi rst-line di-
agnostic method. However, in a patient with data of acute 
abdomen without prior history of surgery and with data of 
sudden shock, an x-ray with data of intestinal occlusion 
should suggest an intestinal volvulus in progression.7

Colon enema
Colon enema is not the ideal study for ruling out an IM. 
In 20-30% of patients with incomplete malrotation, the 

cecum may be in its normal position and IM or Ladd 
bands in the mid-intestine cannot be ruled out.8 How-
ever, the fi nding of a high cecum of the right or left side 
in the hepatic angle is abnormal and consistent with an 
IM.5 In the presence of a complete IM, the angle of 
Treitz is found in the right part of the midline of the 
abdomen, and the cecum tends to be on the left side 
(Figure 3).

Doppler ultrasound, CAT and MRI
There are radiological studies such as Doppler ultrasound 
(USG), CAT or MRI, which are of great assistance for di-
agnosis of IM or intestinal volvulus. However, often due 
to their lack of availability other studies are not consid-
ered as fi rst-line studies. In the USG, ultrasonographhic 
data of intestinal malrotation are the superior mesenteric 
vein (SMV) to the right of the superior mesenteric artery 
(SMA) and the inversion of the relationship between the 
SMA and the SMV. On CAT, torsion of the SMA and SMV 
pedicles or “swirl sign” is a radiological fi nding with in-
travenous contrast media that confi rms the diagnosis. On 
the MRI, data of inversion of the SMA and the SMV or 
malpositioning of the colon are suggestive of IM. USG, 
MRI and CAT with intravenous contrast media are useful 
studies; however, these studies are often operator depen-
dent and an experienced pediatric radiologist is required 
for adequate interpretation. Also, these studies are not 
usually available in public hospitals 24 h/day. Any fi nding 
suggestive of malrotation on an ultrasound, CAT or MRI 
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requires the performance of an upper gastrointestinal tran-
sit study to either confi rm or rule out IM.2,8,13

Importance of UGI series
UGI series is a radiological method of great importance in 
patients with suspected GER as it allows evaluation of the 
upper gastrointestinal tract and diagnosis of any anatomic 
anomaly that may be causing the GER. This is the main 
indication for performing UGI series in all patients with 
symptoms of GER followed by intestinal transit study.8

UGI series with barium is not recommended although 
it is an easy study to perform and great accessibility. Bar-
ium is not physiological. It is not absorbed in the intes-
tine and for a short time evaluates the episodes of refl ux 
and may not be detected. There is a false negative or false 
positive rate of ~50% when compared with 24-h pH moni-
toring. For this reason the UGI series is not useful for di-
agnosing GER.1

In children, UGI series is generally done with hydro-
soluble contrast media that offers greater advantages over 
barium, among which is that it is absorbed in the diges-
tive tract. On the other hand, UGI series with swallow can 
be requested to rule out any swallowing disorder in cases 
where there is a psychomotor delay suspected. Also, the 
study can be continued with an upper intestinal transit 
study to see the anatomy of the mid-intestine and continue 
to the colon, which would help with the differential diag-

nosis of any anatomic abnormality causing the GER or 
vomiting in a pediatric patient.

In the emergency service, UGI series with hydro-
soluble contrast media is a very useful took for rapid 
and timely diagnosis in those patients with suspicion of 
an intestinal volvulus, avoiding a delay in diagnosis and 
its complications.8,14 There are various radiological data 
which, together with the patient’s clinical information, 
help to diagnose an IM or an intestinal volvulus.2,3,5,8,13,14

•  The gastroduodenal junction is not found in its normal 
position, to the right of the midline. In cases of mal-
rotation, the gastroduodenal junction is found in a low 
anterior position, frequently medial or to the left of the 
midline. The lateral image is very useful for evalua-
tion of the anterior and posterior relationships of the 
duodenojejunal junction (Figure 6).5

•  In the UGI series it is important to observe the esopha-
geal anatomy, the stomach and the “C” normal duo-
denum made up by the fi rst, second, third and fourth 
portion of the duodenum up to the duodenojejunal 
junction or angle of Treitz (Figure 7). Normally, the 
location of the angle of Treitz should be to the left of 
the spinal column at the level of the splenic angle (Fig-
ure 8). Any position outside this site, whether it is at 
the level of the spine or to the right of the spine, is 
diagnostic of IM.

Gastroduodenal Gastroduodenal 
junctionjunction

Gastroduodenal 
junction

Figure 6.

(A) The gastro-
duodenal junction 
is not found in its 
normal position 
to the right of the 
dorsal spine (ar-
row). (B) In cases 
of malrotation, the 
gastroduodenal 
junction is found 
in a low anterior 
position frequent-
ly medial or to the 
left of the spine 
(arrow). The lat-
eral image is very 
useful for the eval-
uation of the ante-
rior and posterior 
relationships of 
the duodenojeju-
nal junction.
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Figure 7. 

UGI series is indicated for 
ruling out anatomic abnor-
malities. One can see the 
esophagus, stomach and 
duodenum. It is very impor-
tant to observe the duode-
nal “C” up to the angle of 
Treitz and its relationship 
with the spine.

Figure 8. Location of the angle of Treitz should normally be to the left of the spine at the level of the splenic junction. Any position outside 
this site or to the right of the spine suggests complete duodenal or intestinal malrotation.

•  On observing changes in the duodenum, whether a di-
lation or stenosis due to external obstruction of Ladd 
bands, with incomplete duodenal obstruction due to a 
partial rotation of the duodenum, as well as the ab-
sence of the angle of Treitz in the UGI are indirect 
data of intestinal malrotation (Figure 9). It is important 
to rule out duodenal atresia or fenestrated duodenal 
membrane because these types of intestinal malforma-

tions are usually associated with IM due to the ab-
sence of the duodenojejunal junction (Figure 10).5,8,14

• The lumen located outside its normal position in the 
hepatic angle or located to the left side suggests the 
diagnosis of complete IM (Figure 3).

Intestinal volvulus is the catastrophic complication in a 
patient with IM. A standing x-ray of the abdomen will 
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Figure 11. Radiographic fi ndings of volvulus by UGI series are a 
short image or with an air fl uid level, bird’s peak image, corkscrew 
or in “Z” accompanied by clinical picture of acute abdomen and 
sudden shock.

Duodenojejunal junction Duodenojejunal junction

Duodenojejunal junction 
above the midline

Absence of angle 
of Treitz

Intestinal volvulus

Figure 9. 

One can observe the duodenojejunal 
junction poorly positioned to the right 
or over the dorsal spine, as well as 
the alterations in the duodenum (dila-
tion or distal stenois due to external 
obstruction by the Ladd bands or a 
partial rotation of the duodenum) are 
indicative of IM.

Figure 10. Absence of the angle of Treitz on a UGI series is an 
indirect fi nding of IM.

only display data of mechanical obstruction; however, 
there are no pathognomonic images. Therefore, for rap-
id diagnosis in an emergency service, UGI series can be 
done through a nasogastric tube passing contrast media, 
preferably water soluble. According to UGI series, de-

tails suggesting an intestinal volvulus are cut images or 
those with an air fl uid level, image resembling a bird’s 
peak, corkscrew, or image in “Z” accompanied by a 
clinical picture of acute abdomen and sudden shock 
(Figure 11).5,8
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To identify this data, UGI series should be performed 
in a dynamic manner with fl uoroscopy by a pediatric ra-
diologist. X-rays should be taken in anterior-posterior and 
lateral position of the duodenum.

Treatment of patients with IM
In patients with secondary IM and GER, the Ladd proce-
dure is the surgical method of choice. It is important to 
mention that this procedure is recommended for all chil-
dren with IM, even when the patient is asymptomatic, es-
pecially in children <1 year of age due to the high risk of 
mid-intestinal volvulus in infancy.5,6,12

Recently, laparoscopic techniques for neonates with 
IM have been described. However, adequate training and 
the services of a neonatal laparoscopic team for perform-
ing such procedures in neonates is required.15,16

IM with propensity to volvulus represents a diagnostic 
challenge in pediatric patients. It should always be kept in 
mind that an abnormally rotated intestine is an abnormally 
fi xed intestine and therefore, predisposed to a volvulus. IM 
is a frequent disorder and early diagnosis is important for 
a favorable outcome as well as to avoid the short intestine 
syndrome secondary to mid-intestinal volvulus or death. 
It is important to carry out UGI series with hydrosoluble 
contrast media followed by upper intestinal transit in all 
patients with a clinical picture of GER with the intention 
of ruling out anatomic alterations such as IM. UGI series 
with upper intestinal transit continues to be a very useful 
tool and accessible to any hospital or emergency service.
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