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Intestinal malrotation in newborns and infants: Chook for

comparative possibilities of ultrasound and radiologic
methods of investigation
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ABSTRACT

BACKGROUND: Intestinal malrotation is a congenital pathology that results from abnormal fixation and rotation of the midgut
during fetal development. This pathological condition is most often diagnosed during the first month of life and is often mani-
fested by the presence of regurgitation, restlessness, vomiting with an admixture of bile, low weight gain. The narrow root of
the mesentery facilitates the formation of midgut ingestion, which can lead to ischemia and necrosis and requires urgent surgi-
calintervention. Ultrasound and radiologic examination with contrast are currently used to diagnose malrotation.

AIM: To improve the diagnosis of intestinal malrotation in newborns and infants by carrying out a comparative analysis of the
capabilities of radiologic and ultrasound methods of investigation when they are used in combination.

MATERIALS AND METHODS: Data from 112 patients aged from 1 day from birth to 3 months 26 days between 2016 and 2024
with ultrasound signs of malrotation detected by microconvex and linear transducers were analyzed. 50 children were further
followed up with this provisional or final diagnosis. Contrast agent passages and irrigographs were performed on an AXIOM
Luminos DRF (Siemens), with 1 to 15 radiographs and up to 8 X-ray examination series obtained.

RESULTS: The most common ultrasound sign of malrotation was atypical location of mesenteric vessels, and the most com-
mon radiologic sign was left-sided location of the colon and high standing of the cecum. Assessment of the location of the
duodenojejunal junction was complicated in most cases. Surgery was performed in 17 children, one of them for suspected in-
testinal obstruction, and a ring-shaped pancreas was found in 4 patients. The diagnosis of malrotation was made in 40 children
out of 50, in 4 cases this was discordant with the radiologic findings. Concomitant abnormal location of internal organs was
detected in 12 patients.

CONCLUSION: Screening ultrasound examination of all newborns should be considered as the pathology may be asymptom-
atic. It is important to include suspicion of malrotation in the diagnosis because of the possible manifestation of the pathology
at a later age. It is currently not possible to completely abandon radiologic examination with contrast in the diagnosis of mal-
rotation.
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ManprTau,ml KULLEeYHUKa Y HOBOPOXKXAEHHbIX U .qe'reﬁ
pPaHHero Bo3pacrta: cpaBHUTeJibHbieé BO3MOXXHOCTHU
YN1bTPa3BYKOBOIro U peHTreHojiorn4yecKoro MetoaoB
uccnepoBaHuda

K.C. Annunorosa, A.A. ®unu, E.B. Monskosa, A.A. Cyxoukas, K.W. Cebenes, I'.E. TpydaHos

HMWLL um. B.A. Anma3oBa MunaapaBa Poccuu, Cankt-TeTepbypr, Poccus

AHHOTALMSA

AkTyanbHocTb. ManbpoTaumsa KULWeYHUKa — BPOXKAEHHAsA NaToNorus, KOTopas BO3HWKAET B pe3ysibTate aHOMasbHON GUK-
cauuM 1 BpaLLeHWs CpefHeN KMLLKK BO BpeMs pa3BuUTUA nnoga. [laHHoe naToiormyeckoe COCTOSHME Yallle BCEro AUarHoCTu-
pyeTcs B TeueHue NepBoro MEeCALA KM3HM U 4acTo NpOSBASETCA HalMuMeM CpbIrMBaHWUW, BeCrOKOWCTBOM, PBOTOM C NpUMe-
CbH JEJNYM, HU3KMMU BECOBbIMM NMpubaBKaMu. Y3kuil KopeHb BpbiKelky ynpolyaeT 0bpa3oBaHWe 3aBOpOTa CPefHEN KULLKK,
UTO MOXKET BECTM K WULLIEMUM W HEKPO3Y W TpebyeT CPOYHOro XMPYpPriiecKoro BMeLLaTenbCeTBa. [ng AuarHocTMKM ManbpoTa-
LMW B HacTOSILLLEe BPEMS UCMOMb3YeTCs YbTPa3ByKOBOE UCCE0BaHNE U PEHTIEHONIOMMYECKOE UCCIEA0BAHUE C KOHTPACTOM.
Lienb uccnepoBanus. YnyuylleHne AWMarHOCTMKU MaibpoTaLUMW KULLIEYHUKA Y HOBOPOXAEHHBIX M A€Tell paHHero Bo3pacta
MyTeM MPOBELEHUS CPABHUTEILHOMO aHanM3a BO3MOXKHOCTEN PEHTIEHOI0MMYECKOro U YNIbTPa3ByKOBOrO MeTOLOB MCCefo-
BaHWA NMPU UX KOMMJIEKCHOM UCM0JIb30BaHuM.

Matepuans! u Metogpl. [lpoaHanu3upoBaHbl faHHble 112 naumeHTOB BO3pacToM OT CYTOK C MOMEHTa POXAEHNS [0 3 Mecs-
ueB 26 gHen B nepuog, ¢ 2016 no 2024 r. ¢ ynbTpa3BYKOBLIMM NPU3HAKaMM MafbpoTaLyK, BbISIB/IEHHBIMM C MOMOLLIbIO MUKPO-
KOHBEKCHOTO U JIMHelHOro AatumkoB. 50 feTedt fanee Habmojanuch ¢ AaHHbIM MpeLBapuTeSIbHbIM WM OKOHYaTEeSIbHbIM
AMarHo3oM. laccax KOHTpacTHoro npenaparta W uppurorpaduy npoBoamnuch Ha annapate AXIOM Luminos DRF (Siemens)
¢ noniyyeHueM ot 1 1o 15 peHTreHorpamm u 1o BOCbMM CEPUN PEHTTEHOCKOMUM.

Pesynbtathl. Hanbonee yacTbiii yNbTpa3ByKOBOW NpU3HAK ManbpoTaLuuMum — aTUMMYHOE PacrofioXKeHne Me3eHTepuanbHbIX
COCYA0B, PEHTrEHONIOMMYECKUIA — NEBOCTOPOHHEE PAcrofioXKEHWEe TONICTOM KULIKW M BbICOKOE CTOSHWE CIIENOi KULLKM.
OueHKa pacnonoeHns AYOAEeHOEeHaNbHOro nepexofa B BOMbLUMHCTBE Cy4aeB OKasanach 3aTpyAHuTenbHoi. Onepauus
bbina npoussepeHa 17 feTaM, 04HOMY U3 HUX MO NOBOAY 3aM003PEHHON KULIEYHON HENPOXOAMMOCTH, MPU 3TOM Y YeTbIpex
naumeHToB 0bHapyXeHa KoMbLEeBUAHAA NOKeNyno4Han enesa. [lnarHo3 Manbpotaumu bbin noctasne 40 getam u3 50,
B YETBIPEX C/Ty4asnx 3TO Pa3HUNIOCH C pe3yNibTaTaMu PEHTTEHOIOMMYECKOro nccnefoBaHus. Y 12 naumeHTOB BbISIBIIEHO COMYT-
CTBYHOLLEE aHOMasbHOe PacrofioXeHe BHYTPEHHUX OpraHoB.

3akuioyeHme. CneflyeT paccMoTpeTb BO3MOXHOCTb CKPUHUHIOBOTO Y/IbTPa3BYKOBOr0 06cnejoBaHUs BCEX HOBOPOXKAEHHBIX,
TaK KaK MaToforus MOXeT MpoTeKaTb acMMNTOMHO. BaHO BbIHOCMTL MOAO3peHMe Ha MarbpoTauMio B [MarHo3 B CBA3W
C BO3MOJHOI MaHudecTauuen natonorum B bonee no3gHeM BospacTe. [0IHOCTbIO 0TKA3aTbCA OT PEHTTEHONOTMYECKOrO UC-
Cel0BaHNS C KOHTPACTOM B IMarHOCTUKE MasibpoTaLyu B HAcTOsLLEe BPeMS He NPeACTaBASETC BO3MOKHBIM.

KnioueBble cnoBa: MaibpoTauma KNlle4yHKa; HOBOPOX AeHHbIe; AeTH; yrlepa3BYKOB0i;1 MeTopn; peHTFEHOHOFM‘JECKMﬁ MeTo..
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BACKGROUND

Intestinal malrotation is a congenital malformation
caused by abnormal midgut rotation and fixation during
fetal development.

The mean incidence of intestinal malrotation is 1:500,
and clinical manifestations are less common (1:6,000).
In 80% of cases, intestinal malrotation manifests in the
first month of life [1].

Intestinal malrotation is often associated with other
conditions such as Hirschsprung's disease, esophageal
atresia, biliary atresia, annular pancreas, meconium ileus,
intestinal duplications, mesenteric cysts, Meckel's divertic-
ulum, anal atresia, and various urologic abnormalities [2].

Rapidly growing midgut loops normally begin to
protrude into the extraembryonic cavity at 4 weeks of
gestation; then, the pre- and postarterial portions of the
intestine make three counterclockwise wraps around the
superior mesenteric artery (SMA) before and after return-
ing to the abdominal cavity, completing a 270° turn by
10 weeks of gestation [3]. Therefore, the duodenojejunal
junction is located at the left of the SMA and the ileoce-
cal angle at the right. After the rotation is complete, the
ligament of Treitz fixes the mesentery to the posterior
abdominal wall, preventing the midgut from wrapping
around the narrow base of its mesentery.

Depending on the age of the malformation, several
rotational abnormalities may occur, including lack of ro-
tation, incomplete rotation, reverse rotation, hyperrota-
tion, and internal herniation.

Incomplete rotation may result in duodenal obstruc-
tion caused by Ladd's bands between the large intestine
and mesentery. Narrowing of the mesenteric attachment
enables the wrapping of the midgut around the SMA
Midgut volvulus (Ladd’s syndrome) is a serious complica-
tion that occurs when the intestine wraps the SMA clock-
wise [4]. Patients may experience regurgitation, vomit-
ing with bile, delayed transitional stool passage, enteral
feeding difficulty, low weight gain, and restlessness.
If the ischemia progresses, bowel necrosis, peritonitis,
and hypovolemic shock can develop, leading to high
death or disability risk [2].

Reducing radiation exposure to newborns and infants,
who are particularly sensitive to ionizing radiation, re-
mains debatable [5].

Several studies have investigated the possibility
of diagnosing malrotation by ultrasound alone [6-8].
However, some studies continue to emphasize the im-
portance of using radiography when ultrasound findings
are inconclusive, because even one missed case of such
a serious condition is harmful [9, 10].

This study aimed to improve the diagnosis of intes-
tinal malrotation in newborns and infants by comparing
the advantages of radiography and ultrasound when used
in combination.
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MATERIALS AND METHODS

Ultrasound and radiography were performed at the
Federal Perinatal Center of the V.A. Almazov National
Medical Research Center of the Russian Ministry of Health.
Patient information from November 2016 to September
2020 was retrospectively studied, and that from Septem-
ber 2020 to May 2024 was prospectively investigated.

Ultrasound data of 112 patients with suspected in-
testinal malrotation were evaluated. The study included
50 patients, of whom 45 underwent contrast-enhanced
radiography in addition to ultrasound, including both ir-
rigography and contrast passage in 21 patients, irrigog-
raphy in 23 patients, and contrast passage in 3 patients.
In two patients, diagnosis was made based on radiograph-
ic findings and clinical signs; in one patient, ultrasound
did not show the relative position of the vessels (prob-
ably normal or difficult to visualize); and in two patients,
the position of the mesenteric vessels appeared normal.
In two other patients, ultrasound was adequate to indi-
cate emergent surgery based on clinical signs and plain
radiography. Moreover, in one patient, intestinal malrota-
tion was detected during repair surgery of a congenital
high-grade bowel obstruction.

Malrotation was suspected in 47 patients (94%) based
on ultrasound and radiographic findings and in 2 other
patients (4%) based on clinical signs and radiographic
findings.

The age of the patients ranged from 1 day to 3 months
and 26 days at the time of ultrasound if no further con-
trast-enhanced radiography was performed or at the time
of radiography.

Abdominal radiography included unenhanced plain
abdominal radiography using AXIOM Luminos dRF
(Siemens), followed by contrast passage with the patient
in the vertical position and/or irrigography in the horizontal
position. Nonionic iodinated water-soluble contrast media
diluted at 1:1 in saline for irrigography and infant formula,
glucose solution, breast milk, or water for passage were
used as contrast media. Eight radiographic series were
conducted, with 1-15 radiographs per examination.

Abdominal ultrasound was performed with abdominal
or neonatal scan modes using a 10-11 MHz neonatal mi-
croconvex transducer. B-mode, color Doppler ultrasound,
and pulsed wave Doppler ultrasound (as an adjunct mo-
dality) were used. Additionally, intestinal loops were
evaluated using a 10—12 MHz linear transducer.

FINDINGS AND DISCUSSION

The topography of the large intestine was assessed
during irrigography. Scanning of the upper gastrointesti-
nal tract primarily focused on the location of the duode-
nojejunal junction in relation to the midline (the shadow
of the spine).
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Tables 1 and 2 show the radiographic signs of intesti-
nal malrotation and their incidence in patients.

Furthermore, they reveal that the most common ra-
diographic signs were left-sided large intestine (30%)
and high-riding cecum (39%) (Fig. 1).

In eight cases (18%), the left-sided large intestine
was combined with an atypical cecum position (high-
riding or high- and medial-riding) (Fig. 2).

This sign should be compared with other clinical and
diagnostic findings, as statistics show that in 20% of
cases, the cecum is normally positioned in children with
malrotation, whereas in normal newborns, the cecum
position varies [4].

In most cases, duodenojejunal junction position is
difficult to assess during contrast study because it is
shadowed by the contrast medium in the stomach and
the rotation of the newborn’s body should be considered,
making it impossible to generate reliable conclusions
about its atypical location (Fig. 3).

In two patients, ultrasound did not detect malrotation.
In one patient, the relative position of the mesenteric
vessels appeared typical (Fig. 4), whereas in the other

Tom 22,Ne 2, 2024
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patient, only the presence of fluid and dilated intestinal
loops could be determined.

In one patient, the relative position of the mesenteric
vessels could not be assessed owing to shadowing by in-
testinal loops. However, the predominant right position of
the small intestine and left hypochondrial position were
demonstrated, which did not allow to rule out intestinal
malrotation. In one case, ultrasound showed high intes-
tinal obstruction.

A whirlpool sign, also called the whirl sign (Fig. 5),
which is wrapping of the mesentery and superior mes-
enteric vein (SMV) around the SMA, was the main ultra-
sound finding that demonstrated presence of a midgut
volvulus. This sign was partially or completely observed
in three of four patients intraoperatively diagnosed with
Ladd's syndrome.

In three cases, this condition was successfully treated
with the Ladd’s procedure. In another case, the abdomi-
nal strands were dissected, the mesentery of the small
intestine was straightened, and the ascending colon was
fixed in the right flank of the abdomen. The colon was not
placed in the left flank because of the proper fixation of

Table 1. Frequency of occurrence of radiologic signs of malrotation during irrigography (n = 44)
Tabnuua 1. Yactota BCTpeUaeMoCTv PeHTTEHO0MMYECKMX MPU3HAKOB ManbpoTaLMW NPy NpoBeieHumn uppurorpadmm (n = 44)

. o : . . Patients

Radiographic signs of intestinal malrotation

No. | %
Left-sided large intestine 13 30
High riding cecum 17 39
High and medial riding cecum 8 18
Left-sided high riding cecum 3 7
Atypical location of the large intestine 6 14
Location of the cecum in the left iliac region 1 2
Normal 8 18
Total number of abnormal locations of the large intestine 36 82
Total number of children examined bb 100

Table 2. Variants of duodenojejunal junction location during contrast passage in children with suspected malrotation (n = 24)
Tabnuua 2. BapuaHTbl pacronoxeHns QyoneHOeoHaNbHOro Nepexofa Npu NpoBeAeHUN Maccaya KOHTpacTHOro npenapata y Aeteid

C N0J03peHNeM Ha ManbpoTaumio (n = 24)

. . R Patients
Location of duodenojejunal junction
No. %

On the right side of the spine 9 38
At the midline 8

On the left side of the spine (normal) 4 17
Lack of clearly visualized junction location 13 54
Total identified signs of atypical location of the duodenojejunal 1 46
junction

Total number of children examined 24 100

00 https://doiorg/ 1017816/ rmmaré34364
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Fig. 1. Left-sided location of the colon (left), high location of the cecum (right)

in neonates, irrigography

Puc. 1. ﬂeBOCTOpOHHee pacnonoxeHune TOJICTOM KULLKM (CNEeBa), BbICOKOE pacnono-

KEHMWe CNenoi KULLKKM (cnpaBa) y HOBOPOXKAEHHBIX, Uppurorpadus

Fig. 3. Duodenojejunal junction probably locat-
ed to the right of the left vertebral body pedicle,
fluoroscopy

Puc. 3. BeposTtHo pacnonoxeHHbIi npasee Jie-
BOJ HOXKM TeJia NO3BOHKA AYy0/eHOeKHaIIbHbIN
Mepexoz, PEHTreHOCKOMWS

Fig. 5. Whirlpool sign, or whirlpool symptom, detected in a newborn, color Doppler imaging
Puc. 5. Whirlpool sign, un1 cumnToM Bo,0BOPOTA, BbISIBNIEHHBIN Y HOBOPOXAEHHOTO, LIBETOBOE AOMMIEPOBCKOE CKaHMPOBaHMe

the transverse colon and Treitz ligament. In other cases,
the atypical vessel arrangement consisted mainly of a
right-sided arrangement of the artery relative to the vein
(Fig. 6).

Table 3 presents other ultrasound signs that indicate
intestinal malrotation.

In two patients, diagnosis of intestinal malrotation
was based only on clinical signs and ultrasound find-
ings. In the first patient, the SMV wrapped incompletely
around the SMA, and only regurgitation syndrome was

0 https://doiorg/ 1017816/ rmmaré34364

Fig. 2. High and medial position of the cecum in
a newborn, irrigography

Puc. 2. BbicoKoe 1 CpeanHHOE MON0XKEeHNe crie-
MOM KULLKU Y HOBOPOXAEHHOIO, UppUurorpadms

i

N SMA (normal
Conﬂuence/&:"x f
L :47,\1 :,

= Left renal vein

A

Fig. 4. Normal location of mesenteric vessels in a newborn, B-mode
Puc. 4. HopmanbHoe pacnonoxeHue Me3seHTepuanbHbIX COCYA0B
Yy HOBOPOXZAEHHOr0, B-pexuM

clinically observed. Contrast-enhanced radiography was
not performed owing to the serious condition of the pa-
tient, who had multiple congenital developmental anoma-
lies, including a heart defect, and underwent two heart
surgeries. The patient died at 2 months old. All findings
revealed congenital gastrointestinal malformations, and
malrotation syndrome was included in the diagnosis as a
suspected condition.

The second patient had malrotation with volvulus.
Ultrasound showed that the SMV was wrapped around
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Fig. 6. Atypical location of mesenteric vessels: the artery (vessel with a thick, hyperechogenic wall) is located dorsally, to the right; the

vein (vessel with a thin wall) — ventrally and to the left

Puc. 6. ATunuyHoe pacnofioXkeHne Me3eHTepuanbHbIX COCYAO0B: apTepus (COCYA C TONCTOM, FMNEPIXOreHHOM CTEHKOI) pacmonoxeHa
[op3anbHee, NpaBee; BeHa (COCyL, C TOHKON CTEHKOM) — BEHTpasbHee W NieBee

the SMA. Regurgitation, absence of stool from the third
day of life, vomiting, and stagnant stomach contents
were observed. Ladd's procedure was employed to treat
uncomplicated midgut volvulus and duodenal stenosis by
peritoneal strands.

One of the surgeries was performed for high intesti-
nal obstruction; ultrasound showed a dilated duodenum,
indicating an atresia (Fig. 7). The surgery was performed
without prior additional radiography. Examination re-
vealed that the head of the cecum was highly attached
to the duodenum by embryonic strands, the small and
large intestines had a common mesentery, the intes-
tine collapsed, and the mesentery was twisted by 180°.
The embryonic strands were bluntly and sharply divid-
ed. When the duodenum was isolated from the strands,
a ring-shaped pancreas was noted, which fixed and nar-
rowed the lumen of the intestine.

With adequate experience, the third segment of the
duodenum can be visualized using a 10-12 MHz linear
transducer. In most cases, specialists do not describe
the third segment in the protocol if it was visualized in

the normal position and if the mesenteric vessels were
not atypically arranged. If the vessels are atypical, the
third segment is almost never located in the aorto-mes-
enteric space, and specialists do not report it. The third
segment is described in the protocol if it is visualized in
a normal position with an atypical vessel arrangement,
as this is not logical.

In 30 patients (60%), ultrasound and radiographic
signs were incidental findings of abdominal examination
for other disorders, as the patients exhibited no clini-
cal signs of gastrointestinal tract disorders. In another
20 patients, symptoms indicating gastrointestinal disor-
ders included regurgitation, constipation, bloating, poor
weight gain, and ineffective feeding.

In 2017-2024, 17 of 50 children (34%) underwent sur-
geries to repair rotation defects and/or fix the midgut. In
four patients (24%), a ring-shaped pancreas was detected
during surgery.

Of the 50 patients examined, malrotation was con-
firmed in 40 (80%) and suspected in 6 (15%) patients.
One of the patients showed no radiographic signs of

Table 3. Frequency of ultrasound signs of malrotation in diagnosed or suspected congenital pathology (n = 48)
Tabnuua 3. Yactota BCTPEYaeMocTH YrbTPa3BYKOBbIX MPU3HAKOB MasbpoTaLMu C AMarHOCTUPOBAHHON BPOMXAEHHOW naTonorueid uam

C Noao03peHneM Ha Hee (n = 48)

) ) Patients
Ultrasound signs of malrotation

No. %
Atypical arrangement of mesenteric vessels 35 73
(SMA located to the right of SMV)
Incomplete wrapping (circular motion) of the SMV around the SMA 6 13
Whirlpool sign 1 2
Inverse arrangement of SMA and SMV 2 4
SMV crosses SMA 1 2
Atypical location of the third segment of the duodenum 1 2
The right-sided location of the small intestine and the left hypochondrial 1 9
location of the large intestine
No changes 1 2
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Fig. 7. Example of duodenal dilatation in a newborn on ultrasound, B-mode (left). Second segment of the duodenum in a healthy newborn

(right)

Puc. 7. Mpumep paclumpeHns nBeHanLATUNEPCTHON KULLKK Y HOBOPOXKAEHHOro Ha Y3, B-pexum (cneBa). Bropoit cerMeHT aBeHaauaTu-

MEPCTHOM KULLKM Y 3[,0p0BOr0 HOBOPOXAEHHOrO (CripaBa)

Table 4. Ultrasound data for calculating the sensitivity and specificity of the method

Tabnuua 4. Yactota BCTPe4YaeMoCTU YIbTPa3BYKOBbIX NMPU3HAKOB MaJibpoTaluu C JJ,VIE]FHOCTVIpOBaHHOVI BpO)KAEHHOVI naTosioruen unm

C Noao03peHneM Ha Hee (n = 48)

Result Patients Healthy subjects
Positive test result 37 75
Negative test result 0 1
malrotation, and three who had such signs were not di- CONCLUSION

agnosed with this condition, as well as the patient whose
malrotation was discovered during surgery for intestinal
obstruction.

Twelve patients (24%) were found to have concomitant
abnormal positioning of internal organs (situs ambiguus
and situs inversus), ten of whom (83%) were diagnosed
with malrotation.

At discharge, most patients (78%) had favorable prog-
noses. However, six patients (12%) were disabled and
five patients (10%) died.

Of 112 patients with ultrasound signs of malrotation,
37 (33%) were diagnosed based on clinical signs and ra-
diographic and/or ultrasound findings. The sensitivity of
ultrasound was 100%, whereas the specificity was 1.3%
(Table 4).

These findings do not reflect the real diagnostic value
of ultrasound, as currently, most patients with suspected
intestinal malrotation undergo irrigography. However,
children may be underexamined, and intestinal malro-
tation may not be diagnosed if irrigography is not per-
formed accurately (the intestine is partially filled with
contrast medium) and if the patient manifests no clinical
signs of intestinal obstruction.
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