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Color Doppler—An effective tool for diagnosing midgut volvulus
with malrotation
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Abstract
Background Malrotation with midgut volvulus is a common
surgical emergency in children. A diagnostic tool for
malrotation with characteristics ideal in emergency settings
such as non-invasiveness and rapidity remains a keenly debat-
ed issue among surgeons and radiologists alike.
Methods Fifty-two pediatric patients of suspected malrotation
with midgut volvulus were studied between 1998 and 2016.
All patients underwent plain abdominal X-ray and Color
Doppler; contrast upper gastrointestinal (GI) studywas done
in some patients. All cases were operated and diagnosis was
confirmed. A subset of 60 pediatric patients with nonspecific
GI complaints were also examined to see relative position of
superior mesenteric vein (SMV)/superior mesenteric artery
(SMA) in control population.
Result A total of 52 suspected cases of malrotation were ad-
mitted fromMay 1998 to November 2015, 43 had inversion of
SMA/SMV and nine had SMV anterior of SMA in Color
Doppler. All 43 cases of inversion of SMA/SMV were cases

of malrotation after surgical confirmation; while five out of
nine cases of SMVanterior to SMA had malrotation.
Conclusion In appropriate clinical settings, Color Doppler
documenting the reversal or aberrant SMV/SMA axis is not
only predictive but also diagnostic of malrotation of gut.

Keywords Mesenteric vessels . Ultrasonography . Upper GI
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Introduction

Malrotation represents an interrupted embryological process.
In the fourth to fifth week of fetal development, bowel ex-
trudes into umbilical cord associated with 900 anti-clockwise
rotation and as it returns back to the peritoneal cavity by eighth
to tenth week, it undergoes further counter-clockwise rotation
of 1800, thus completing a total of 2700 counter-clock rotation
bringing the dudenojejunal flexure posterior and to the left of
superior mesenteric artery (SMA), while cecum lies in right
lower quadrant. However, incomplete intestinal rotation re-
sults in dudenojejunal flexure lying to the right of midline,
cecum on left, a narrow mesentery devoid of fixation, and
peritoneal bands passing from the cecum to the right side
across the duodenum. This pathological entity is predisposed
to torsion and obstruction as the narrow mesentery may twist
resulting in midgut volvulus [1]. Other forms of rotational
anomalies include non-rotation where duodenum passes infe-
riorly on right without rotation, and reverse rotation where
duodenum passes in front of SMA.

Midgut volvulus presents as a surgical emergency whose
diagnosis if not established early, leads to catastrophic conse-
quences [2]. Traditionally, upper gastrointestinal (GI) series is
considered the diagnostic modality of choice in malrotation
[3]; however, the complexities of this embryological enigma
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has egged surgeons and radiologists alike to look for a diag-
nostic tool with requisite sensitivity and specificity along with
characteristics ideal in emergency settings such as non-
invasiveness and rapidity [4]. Color Doppler study with its
portability and accessibility may fit the description of an op-
timum modality of diagnosis in midgut volvulus with
malrotation. The signs suggestive of malrotation used in
Color Doppler are inversion superior mesenteric vessels and
whirlpool sign (WS) which refer to the sonographic appear-
ance of the superior mesenteric vein (SMV), along with the
bowel and mesentery, wrapping in a clockwise fashion around
the SMA in cases of volvulus.

This study aims to examine the efficacy of Color Doppler
signs like relative positions of SMV and SMA and WS in
diagnosing midgut volvulus with malrotation.

Methods

Fifty-two pediatric patients of suspected malrotation with
midgut volvulus were studied between May 1998 and
November 2015. All cases had common clinical presentation
of persistent vomiting where vomitus initially had gastric con-
tent followed by bilious character. Plain X-ray abdomen in
erect posture showed paucity of gases. All patients underwent
Color Doppler as per the pre-defined protocol while contrast
upper GI study was done in selected cases.

All cases were operated and diagnosis was confirmed.
Rotational anomalies were defined based on abnormalities
documented during surgery.

& Malrotation—Duodenojejunal flexure on right and cecum
lying to the left of midline

& Nonrotation—Duodenum on right and colon left of
midline

& Reverse rotation—Duodenum in front of SMA and colon
lying anterior to mesentery

A subset of 60 pediatric patients with nonspecific GI com-
plaints also underwent Color Doppler to see relative position
of SMV/SMA in control population.

The pre-defined protocol of Color Doppler ultrasonogra-
phy (USG) required no patient preparation. USG was done on
GE Logiq E9 Color Doppler 3D ultrasound in Department of
Radiodiagnosis. High resolution linear probe was used for
infant and toddlers while in older children curvilinear probe
was used. USG was done with patient in supine position. The
basic radiological principles involved in this technique includ-
ed identification of origin of SMA from abdominal aorta and
viewing in the short axis in transverse section the orientation
of mesenteric vessels in retroperitoneum. Normally, SMV is
seen on the right side of SMA. Rotational anomalies bring
about aberration in SMV/SMA relationship in the form of

SMV situated anterior or ventral to SMA or at its left side.
The characteristic imaging feature of midgut volvulus is
Bwhirlpool sign^ in which SMV is seen encircling SMA.
This whirling of mesenteric vessels happens in a clockwise
manner and therefore represents inversion of SMA/SMV re-
lationship. Loss of normal orientation of SMA–SMVaxis on
Color Doppler imaging may also be suggestive of midgut
volvulus.

Subjects with inversion of SMA/SMV i.e. SMV left of
SMA along with those where SMV was seen anterior to
SMA on Color Doppler were noted. Subsequently, data was
analyzed to assess whether the aberration of SMA/SMVori-
entation detected by Color Doppler was predictive of
malrotation with midgut volvulus.

Results

A total of 52 suspected cases of malrotation were admitted
from May 1998 to November 2015. The median age of chil-
dren was 12 months (IQR 1.6 to 39 months). There were 42
males and 10 females with a male to female ratio of 4.2:1.
Color Doppler was performed on all suspected cases for diag-
nosis of malrotation which were later confirmed by surgical
procedure. Out of 52 suspected cases, 43 had inversion of
SMA/SMV on Color Doppler, and in nine cases, SMV was
seen anterior to SMA on Color Doppler. Out of 43 cases of
inversion of SMA/SMV, all 43 were cases of malrotation with
midgut volvulus after surgical confirmation. Out of nine cases
where SMV was anterior of SMA, five were diagnosed as
malrotation after surgical confirmation. A group of 60 control
subjects, who presented with some GI complains to the clinic,
were also subjected to diagnosis with sonography. None of
them were found to have any core signs like inversion of
SMA/SMVor anterior of SMA. The median age of the control
subjects was 8 years (IQR 1.25 to 16 years), and male to
female ratio was 3:2 with 36 males and 24 females. Result
has been summarized in Table 1 and Table 2.

Table 1 presents 43 cases of inversion of SMA/SMV com-
pared to surgical confirmation which is considered as BGold
Standard^ for confirmation of malrotation. The sensitivity and
specificity of sonographic test was 100%, respectively, i.e. all
the 43 cases with SMV/SMA were diagnosed as cases of
malrotation with midgut volvulus by surgical confirmation
while inversion of mesenteric was not seen in any of the con-
trols. The positive predictive value (PPV) of sonographic test
was 100% i.e. all who had signs of SMV/SMA by sonograph-
ic test were diagnosed for malrotation. Hence, the sonographic
test had 100% predictive ability for diagnosis of malrotation.
The negative predictive value (NPV) of the test was also
100% indicating no disease among the control subjects. The
accuracy of the sonographic test was 100% indicating a high
validity.
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Table 2 presents nine cases where SMV was seen an-
terior of SMA compared to surgical confirmation. Out of
nine cases of anterior of SMA, five were diagnosed as
malrotation with midgut volvulus after surgical confirma-
tion. The sensitivity of sonographic test was 100% i.e. all
the five cases were diagnosed as cases of malrotation by
surgical confirmation whereas aberration of mesenteric
vessels with SMV anterior to SMA was not present in
any control subject. The PPV of sonographic test was
55.5% i.e. the cases who had signs of anterior of SMA
by sonographic test, only 55.5% of them were correctly
diagnosed for malrotation. Hence, the sonographic test had
55.5% predictive ability for diagnosis of malrotation in
cases of anterior of SMA. The NPV of the test was
100% indicating no disease among the control subjects.
However, the accuracy of the sonographic test was
94.2% indicating a high validity. Proportion of malrotation
was significantly higher among the cases presented with
anterior of SMA as compared to control subjects
(p < 0.001).

Discussion

From Václav Treitz’s description BOn a new muscle in the
human duodenum, over elastic sinews and some other ana-
tomical relations^ [5] to William E Ladd’s procedure of
Brestoring an earlier state of embryologic development^ [6];

malrotation of gut has always been an enigmatic entity for
surgeons and radiologists.

Imaging in midgut volvulus with malrotation has evolved
from plain X-ray abdomen which may document the obstruc-
tion but in many cases may be non-contributory. Later Ladd
and his successor Gross stated their preference for contrast
enema for diagnosing malrotation [6].

In 1960s, upper GI series emerged as gold standard diag-
nostic modality in cases of malrotation based on abnormal
position of duodenojejunal junction [7]. In early 1980s for
the first time, radiologists documented reversal of normal po-
sition of SMA and SMV which provided impetus to evalua-
tion of ultrasound as a diagnostic modality for cases of
malrotation with midgut volvulus [8]. The signs used in
Color Doppler ultrasound are inversion (Fig. 1) or aberration
(Fig. 2) of superior mesenteric vessels and whirlpool sign
(Fig. 3) which refers to the sonographic appearance of the
SMV, wrapping in a clockwise fashion around the SMA,
along with the bowel and mesentery, in cases of volvulus.
The advantages of rapidity, easy access, portability, and lack
of radiations in case of US Color Doppler make it an attractive
option for diagnosingmidgut volvulus withmalrotation where
evaluation time is at a premium! [9].

In our study, all cases in which inversion of mesenteric
vessels was documented, turned out to be cases of malrotation
with midgut volvulus. This finding is in concurrence with
multiple other studies who similarly reported the 100% spec-
ificity of the finding [10–12]. Majority of cases where SMV

Table 1 Comparison of Color
Doppler test results (SMA/SMV
inversion) with surgical
procedure

Inversion of SMV/SMA
by sonography

Malrotation confirmation by surgical procedure

Yes No Total

Yes 43 0 43 PPV = 100%

No 0 60 60 NPV = 100%

Total 43 60 103 Accuracy = 100%

Sensitivity = 100% Specificity = 100%

SMV superior mesenteric vein, SMA superior mesenteric artery, PPV positive predictive value, NPV negative
predictive value

Table 2 Comparison of Color
Doppler test results (SMVanterior
of SMA) with surgical procedure

SMVanterior of SMA
by sonography

Malrotation confirmation by surgical procedure

Yes No Total

Yes 5 4 9 PPV = 55.5%

No 0 60 60 NPV = 100%

Total 5 64 69 Accuracy = 94.2%

Sensitivity = 100% Specificity = 93.75%

SMV superior mesenteric vein, SMA superior mesenteric artery, PPV positive predictive value, NPV negative
predictive value
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was anterior to SMA, our study also had malrotation thus
making the sonographic finding of inversion/aberrant mesen-
teric vessels a reliable predictor of malrotation in appropriate
clinical settings.

Few studies have questioned the reliability of ultrasound by
citing that similar sonographic finding of mesenteric vessel
inversion can be seen in patients with normal midgut rotation,
abdominal masses, and distal ileocolic intussusception [13,
14]. However, the control arm of our study, did not document
any mesenteric vessel aberrancy on Color Doppler among
subjects presenting with non-specific GI symptoms. Thus,
the questions regarding reliability are not as robust as sug-
gested by some series. In fact, the upper GI series also suffers
from similar ambiguity, as in this modality, the diagnosis of
malrotation is based on position of duodenojejunal flexure and
therefore, situations such as stomach or small bowel disten-
sion, placement of enteric tube may lead to difficulty in inter-
pretation and ambiguity due to distortion of anatomy [15].
Additionally, the procedure puts the child at risk of radiation
hazards, risk of hypothermia, and difficult handling. Thus,
none of the available radiological modalities are devoid of
diagnostic uncertainty, and in this light, the Color Doppler
study scores over UGI series specially in terms of feasibility.

The study suffers from the limitation that all cases in this
series are classical cases of midgut malrotation, and utility of
Color Doppler in cases of non-rotation or reversed rotation
could not be examined. Further, the authors recognize that a
concurrent comparison with other modalities in all cases such
as UGI series and CT abdomen would have given more cre-
dence to the claim of Color Doppler being the optimum mo-
dality in cases of malrotation with volvulus. Nevertheless, in
the appropriate clinical settings, Color Doppler documenting
the reversal or aberrant SMV-SMA axis is useful in the diag-
nosis of midgut volvulus with malrotation.
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