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ABSTRACT

Objectives: To investigate the clinical significance of prenatal diagnosis and prognostic evaluation of fetal intestinal
malrotation with midgut volvulus via ultrasonography.

Material and methods: Ultrasonographic findings and clinical outcomes of fetal intestinal malrotation with midgut
volvulus prenatally diagnosed via ultrasound at the Zhangzhou Hospital Affiliated of Fujian Medical University from
January 2013 to May 2020 were summarised and analyzed.

Results: Eleven cases of fetal intestinal malrotation with midgut volvulus were accurately prenatally diagnosed accord-
ing to the specific ultrasound signs, such as‘whirlpool sign’and ‘twining sign’ Indirect and nonspecific ultrasonographic
signs included ascites in four cases and echogenic bowel in nine, all of which were accompanied by intestinal dilatation
at various degrees. Among all cases, two were complicated with other system abnormalities, and one had a chromo-
some abnormality. Three pregnant women chose termination of pregnancy, and eight neonates were transferred to the
pediatric department for surgery after obtaining written informed consent. An accurate prenatal diagnosis was confirmed
postoperatively, and the fetus recovered well postoperatively.

Conclusions: Fetal intestinal malrotation with midgut volvulus has typical sonographic features, and ultrasonography is

the method of choice for prenatal diagnosis of this disease. Fetal intestinal malrotation with midgut volvulus is a non-fatal
congenital malformation that can be treated. Prenatal diagnosis is essential for early postnatal treatment, and early

surgery can often obtain good efficacy and prognosis.
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INTRODUCTION

Congenital intestinal malrotation is a congenital in-
testinal malformation caused by abnormal rotation of
the superior mesenteric artery (SMA) on the axis during
embryonic intestinal development, with an incidence of
1in 10.000 newborns [1]. Variation in bowel position and
mesenteric attachment results in the duodenum’s com-
pression by the umbilical cord, leading to obstruction and
midgut volvulus. Intestinal malrotation can lead to midgut
volvulus in children at any stage before or after birth, re-
sulting in complete or incomplete intestinal obstruction.
Clinical manifestations are recurrent intermittent vomiting
or frequent vomiting, abdominal distension, fullness, bloody
stools, fever, intestinal perforation when complicated by
intestinal blood flow disorders, and metabolic acidosis. Its
lack of specificity is easily misdiagnosed and mistreated
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and can even be life-threatening [2]. Neonatal intestinal
malrotation with midgut volvulus is frequently reported,
but it is rare in the fetus. Progress in prenatal ultrasound
diagnosis has led to occasional detection of fetal intestinal
malrotation with midgut volvulus [3].

Ultrasonography has unique advantages in diagnosing
fetal gastrointestinal malformations. The degree of intestinal
dilatation and the SMA and superior mesenteric vein (SMV)
location can be dynamically observed on two-dimensional
(2D) images by color Doppler technique. The‘whirlpool sign’
is the main sign of ultrasound diagnosis of the disease: the
formation of whirlpool mass with SMA as axis, spiral torsion
of intestinal lumen, and mesentery accompanied by ves-
sels is the pathological basis of ultrasonographic findings
of intestinal malrotation with midgut volvulus [2]. In this
study, we reported 11 cases of fetal intestinal malrotation
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with midgut volvulus diagnosed prenatally in our hospital
and their postnatal follow-up results. The ultrasonographic
features, prenatal diagnosis, and prognosis analysis were
discussed in combination with a literature review to provide
evidence for clinical intervention.

MATERIAL AND METHODS
Participants

From January 2013 to May 2020, eleven cases of fetal
intestinal malrotation with midgut volvulus were detected
in 86.327 pregnant women via prenatal ultrasonography at
the Zhangzhou Hospital Affiliated of Fujian Medical Univer-
sity, with an incidence of 0.013% (11/86.327). The pregnant
women’s mean age was 28.2 + 3.6 (range, 22-35) years. The
gestational age at the first detection of midgut volvulus
by prenatal ultrasonography was 30.7 + 3.1 (range, 25-35)
weeks.

Instruments and methods

The GE Voluson E8 or GE-730pro color Doppler ultra-
sound diagnostic instrument (General Electric Co., USA) was
used, with the convex array probe of 3.5~6.0 MHz. First, the
fetus undergoes systematic obstetric ultrasound screening
followed by a multi-section scan of the fetal abdomen. The
‘whirlpool sign’ of intestinal malrotation was frequently
observed in the middle and upper gastrointestinal tract.
The positional relationship and walking direction of SMA
and SMV and the ‘whirlpool sign’or ‘twinning sign’of blood
vessels were observed using color Doppler flow imaging,
suggesting the intestinal diagnosis malrotation with midgut
volvulus. Abnormal abdominal ultrasonographic signs, such

as bowel dilatation, ascites, intestinal bowel echogenicity,
and pseudocysts, were also detected.

All fetuses diagnosed with intestinal malrotation with
midgut volvulus by ultrasound were followed up until post-
partum. Fetal postnatal diagnosis, postnatal surgery, and
postoperative health status were also followed up. Monitor-
ing of the fetuses were conducted every two weeks.

RESULTS
Results of prenatal ultrasonography
in 11 fetuses

Prenatal ultrasonography showed a moderately echo-
genic mass in the upper abdomen with a‘whirlpool sign’
in all 11 cases of fetal intestinal malrotation with midgut
volvulus (Fig. 1A). Colour Doppler flow imaging revealed
a‘twinning sign’of blood vessels formed by the SMV sur-
rounding the SMA’s root in the mass (Fig. 1B). The coronal
section of the mass was obtained by rotating the probe
horizontally at the root of the SMA of the descending
aorta and revealed that the SMV twined around the SMA,
presenting a ‘whirlpool sign’ of the SMV and SMA (Fig.
1C) with abdominal intestinal dilatation at various de-
grees (Fig. 1D). The degree of expansion varied accord-
ing to disease development. Ultrasonography revealed
increased intestinal echogenicity in nine cases (Fig. 1E)
and ascites in four patients (Fig. 1F). Other organs were

systematically examined by ultrasound in 11 cases. One
fetus was complicated by a ventricular septal defect (VSD)
and hexadactyly, while the other was complicated by renal
duplication. No other systemic abnormalities were found
in any of the other cases.

Figure 1. Prenatal ultrasonograms of fetal intestinal malrotation with midgut volvulus; A — dilated and twisted bowel loops showed a spiral twist
around the superior mesenteric artery, presenting a typical ‘whirlpool sign’; B— the blood flow ‘whirlpool sign’ formed by the SMV surrounding the
SMA's spiral in the mass; C —‘twinning sign’of SMA and SMV revealed by color Doppler flow imaging; D — intestinal obstruction due to fetal intestinal
malrotation with midgut volvulus leads to marked dilatation of the intestine with a small number of ascites; E — fetuses with intestinal malrotation
and midgut volvulus showed increased echogenicity of the abdominal bowel; F — fetal intestinal malrotation with midgut volvulus showed apparent

dilation of the intestine with many ascites
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Clinical outcomes and follow-up results
in 11 fetuses

Eleven gastrointestinal malrotation cases with midgut
volvulus were prenatally screened using ultrasonography
and confirmed after termination of pregnancy or delivery.
Among these cases, one case of fetal karyotype showed
trisomy 21 syndromes in amniocentesis, whereas no abnor-
malities were found in the karyotypes of the other 10 cas-
es. According to the Chinese law, termination of pregnancy
may be performed if (a) the fetus is suffering from a serious
genetic disease; (b) the fetus has serious defects; (c) due to
serious diseases, continued pregnancy may endanger the
life of the pregnant woman or seriously endanger the health
of pregnant women. After giving written informed consent,
three pregnant women chose termination of pregnancy.
The fetuses were confirmed by autopsy to be associated
with varying intestinal dilatation, increased intestinal echo-
genicity, and ascites. Because of an induction of labor for in-
creased bowel dilatation, three pregant women underwent
preterm delivery by cesarean section at about 34 weeks
of gestation after signing informed consent. All the three
neonates presented with abdominal cyanosis, edema, and
respiratory instability and were transferred to pediatrics for
exploratory laparotomy. Five pregnant women underwear
full-term delivery at about 38 weeks of gestation. All the
five neonates were transferred to pediatric for surgery after
birth and were associated with varying degrees of bowel
dilatation and increased bowel echogenicity. All the eight
neonates recovered well after surgery.

Fetal intestinal malrotation with midgut volvulus was
found intraoperatively, accompanied by segmental intes-
tinal atresia at various degrees. Three fetuses developed
temporary short bowel syndrome after surgery and were
followed up for two years after birth. They showed no signifi-
cant difference in digestive function compared with normal
infants and no significant developmental abnormalities.
Table 1 presented the pre-operative ultrasound findings,
obstetric treatment, and postoperative follow-up results of
11 cases of fetal intestinal malrotation with midgut volvulus.

DISCUSSION

In 1898, Mall first described the embryological manifes-
tations of intestinal malrotation [4]. During the embryonic
period, regular rotation and midgut fixation occur mainly
at 4-12 weeks of gestation. At 5-6 weeks of the embryo’s
age, the midgut, the abdominal cavity is relatively small,
and loops protrude into the umbilical body cavity to form
a physiological midgut hernia. The midgut continues to grow
in the umbilical coelom and rotates 90° anticlockwise with
the SMA as the axis so that the intestinal loop changes from
sagittal position to horizontal position. After ten weeks, the
abdominal cavity grows rapidly, and the midgut gradually

retracts into the abdominal cavity and continuously rotates
180° anticlockwise. At that time, the SMV is located on the
right side of the SMA.The duodenum bypasses the posterior
SMA to the left, and the duodenal ligamnt attaches to the
posterior abdominal wall from the upper left to the lower
right corner. Subsequently, the jejunum and ileum reach
the middle of the abdominal cavity. The cecum rotates the
right lower abdomen.The ascending and descending colon
attaches to the posterior abdominal wall from the mesocolon
[5]. During this process, the interruption may lead to the
intestine’s malrotation, resulting in an abnormal anatomical
position of the intestine, leading to various pathological con-
ditions. Intestinal malrotation and incomplete mesenteric
attachment lead to the small intestinal mesentery becoming
suspended in the retroperitoneum by the narrow SMA root.
The small intestine’s high level of motility predisposes it to
avolvulus with an SMA axis, leading to interruption of blood
flow and ischemic injury [6].

In this study, fetal intestinal malrotation with midgut
volvulus was detected at a gestational age of 25 + 5 to
34 + 5. Most abnormalities were found via ultrasound in
late pregnancy, which coincided with fetal intestinal de-
velopment. It is difficult to distinguish the small intestine,
colon, and rectum earlier than 20 weeks of gestation due
to lack of fetal intestinal contents, collapsed bowel, and
unclear wall structure. At around 24 weeks of gestation,
ultrasonography can accurately distinguish the small fetal
intestine and colon echoes.

Due to meconium’s presence, the rectum and colon are
usually hypoechoic after 24 weeks of gestation, and the left
descending colon is generally identifiable. The transverse
and right ascending colon can be identified before 31 weeks
of gestation in about 50% of fetuses. After 33 weeks of gesta-
tion, the jejunum is hypoechoic due to the influx of amniotic
fluid [7]. These specific ultrasonographic findings are valu-
able for the accurate diagnosis of intestinal malformations.
Intestinal malrotation with midgut volvulus has significant
abnormal ultrasonographic findings, which can be clearly
and accurately observed using 2D ultrasound and color
Doppler flow imaging [8]. The diagnosis was confirmed
mainly by showing the walking of the intestine, mesentery,
and mesenteric vessels and the involvement of the intestine.
The ‘whirlpool sign’ refers to a whirlpool-like mass formed
by the spiral volvulus of the intestinal cavity with the SMA
as the axis, accompanied by the mesenteric vessels. On the
other hand, the‘twining sign’is caused by an abnormal spa-
tial relationship between the SMV and SMA and clockwise
twining of the SMV and dilated intestine around the SMA
[5,6,9]. The‘whirlpool sign"and ‘twining sign”have recently
been recognized as direct signs of fetal intestinal malrota-
tion with midgut volvulus [10]. In this study, 11 fetuses were
diagnosed by ‘whirlpool sign’and ‘twinning sign’
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Indirect and nonspecific ultrasonographic signs of in-
testinal malrotation with midgut volvulus include intestinal
dilatation, increased intestinal echogenicity, ascites, pseu-
docysts, and hyperhydramnios. These signs are mainly due
to reduced fetal swallowing caused by volvulus or viscous
meconium in the intestine caused by slowed fetal intestinal
peristalsis. Intestinal ischemia and necrosis may occur when
volvulus leads to mesenteric vascular obstruction. This may
lead to fetal fecal peritonitis, intestinal obstruction, and even
intestinal perforation with various echogenic features at
different disease stages [11]. In the present study, all 11 fe-
tuses were associated with varying degrees of intestinal
dilatation, nine showed increased intestinal echogenicity
on ultrasonography, and four showed varying degrees of
ascites on ultrasonography. This further demonstrates that
the combination of direct and indirect signs indicates intes-
tinal malrotation with midgut volvulus.

Ladd’s surgery for intestinal malrotation is recommend-
ed, and early surgery is strongly recommended due to its
positive effects. This treatment aims to restore the distorted
mesentery and remove the adhesion cord to reconstruct the
digestive tract [12]. Eleven fetuses with intestinal malrota-
tion and midgut volvulus were detected in this study. Except
for three pregnant women who required termination of
pregnancy, eight neonates underwent Ladd'’s surgery.Three
of the newborns were found to have concomitant small
intestinal atresia during surgery and were further treated
with intestinal resection and anastomosis. After surgery,
these three neonates developed short bowel syndrome
did not require parenteral nutrition after six months of nu-
tritional support, and were discharged. It has been reported
that midgut volvulus can cause local blood circulation dis-
orders in the intestine during fetal life, leading to aseptic
necrosis of the intestine, which is an essential factor causing
jejunoileal atresia. Therefore, intestinal atresia should be
one of the significant intestinal malrotation complications
with midgut volvulus [11]. The results of the two-year post-
operative follow-up of eight fetuses showed no difference
in digestive function compared with normal infants. Moreo-
ver, blood routine or liver and kidney function revealed no
abnormalities, and there were no apparent abnormalities
in growth and development.

Congenital intestinal malrotation with midgut volvulus
can exist as a solitary malformation, but it is mostly associ-
ated with other malformations. Congenital intestinal mal-
rotation has been highlighted as a component of multiple
systemic malformations [13]. The incidence of intestinal
malrotation combined with other malformations, such as
the central nervous system, heart, and genitourinary system,
has been reported to be 25-30% [14]. Of the 11 fetuses in
this study, two (18%) had other systemic malformations. One
fetus had VSD and hexadactyly with karyotype showing

trisomy 21, while the other fetus had renal duplication
with normal karyotype. No abnormal karyotype was found
in the other nine cases of intestinal malrotation with midgut
volvulus. These results suggested that the fetus should be
screened for systemic structural malformations when intes-
tinal malformations are detected by ultrasound. When other
systemic structural malformations of the fetus are detected
by ultrasound, the intestine should be carefully examined
to avoid misdiagnosis. Additionally, when fetal intestinal
malrotation with midgut volvulus is found, amniocentesis
and karyotype analysis should be routinely recommended
for pregnant women. These examinations are highly valu-
able to evaluate fetal prognosis.

Congenital intestinal malrotation with midgut volvulus
can lead to fetal intestinal necrosis, atresia, and even com-
plicated fetal fecal peritonitis during intestinal perforation
seriously threatens perinatal life. Although volvulus and
necrosis cause massive fluid leakage from the abdominal
cavity, electrolyte disturbances do not occur in the fetus
through placental compensation because the fetal intestine
isin a sterile environment. However, the situation after birth
will be significantly different. Therefore, when intestinal
malrotation with midgut volvulus is confirmed prenatally,
accompanied by massive ascites, the pregnancy should be
terminated as soon as possible. The fetus should be trans-
ferred to pediatrics for surgery. Prompt surgery should be
performed when the fetus has no evidence of severe infec-
tion, electrolyte disturbances, or malnutrition [15]. Recent
developments in surgical techniques and improvements
in corresponding treatment options have significantly im-
proved the survival rate of fetal intestinal malrotation with
midgut volvulus.

Our follow-up data indicated a good fetal prognosis after
surgical treatment. Therefore, we believe that termination of
pregnancy should be avoided after prenatal diagnosis and
consultation with a high suspicion of fetal congenital intesti-
nal malrotation with midgut volvulus, and pregnant women
should be instructed to follow-up closely to rule out other
fetal abnormalities. The fetus should be treated as soon as
possible after birth under the guidance of a pediatrician.

CONCLUSIONS

In conclusion, fetal intestinal malrotation with midgut
volvulus has characteristic ultrasonographic signs, and ul-
trasonography should be the method of choice for prenatal
diagnosis of this disease. Ultrasonographic diagnosis of fetal
intestinal malrotation with midgut volvulus plays an es-
sential role in guiding obstetric management and early
neonatal treatment. In this study, due to the small sample
size, a detailed ultrasound analysis of congenital intestinal
malrotation with midgut volvulus complicated by intestinal
atresia could not be performed. Moreover, the results of
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other systemic malformations and chromosomal screening

were slightly different from those of previous studies due

to the small sample size. Therefore, future studies including

more cases are needed.
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