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Background. Superior mesenteric artery syndrome is a rare pathological condition caused by an abnormal transposition
of the superior mesenteric artery from the abdominal part of the aorta. It results in compression of the distal part
of the duodenum between the aorta and the superior mesenteric artery. It is clinically manifested by signs of acute
intestinal obstruction, including pain in the epigastric region, nausea, and profuse vomiting. In the absence of timely
treatment, patients may experience electrolyte disturbance, severe nutritional deficiency, the risk of perforation of the
stomach, aspiration pneumonia, bezoar formation, thromboembolism, and the development of other life-threatening
complications that can lead to death.

Case study. In the presented case study, superior mesenteric artery syndrome developed in a 17-year-old girl after
surgical correction of a spinal deformity in the treatment of idiopathic scoliosis. This was due to postoperative loss of
body weight, as well as a rapid change in the patient’s ratio of growth to body weight.

Discussion. Significant clinical improvement was achieved as a result of an integrated approach to the treatment of
this complication. However, despite the successful result from conservative therapy, the patient remains at risk of
developing chronic duodenal obstruction of varying severity, which may require surgical treatment.

Conclusion. With the untimely and incomplete treatment of superior mesenteric artery syndrome, the risk of
developing chronic intestinal obstruction increases. Treatment of this complication begins with conservative therapy.
In the absence of the effect of conservative therapy, and in the case of disease progression, the development of life-
threatening conditions (such as bleeding and perforation) requires surgical treatment.
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O6ocHoBanme. CHHAPOM BepxHell OppDKeeuHOIT apTepun (superior mesenteric artery syndrome) — pegxoe maToso-
TUYeCKOe COCTOSIHNE, BbI3bIBAEMOE AHOMAJIbHBIM OTXOX[EHIEM BepXHell OPbDKeedHON apTepuy OT OPIOIIHOM 4acTu
A0PTHI, B pesy/bTaTe Yero AMUCTA/IbHAS YacTb [BEHALUATUIIEPCTHON KMIIKY CHABIMBAETCA MEXAY aOPTOIl UM BepXHeil
OpbDKEeHOI apTepuell, YTO KIMHUYECK) NPOSBIAETCA NMPU3HAKAMU OCTPOI KUIIEYHON HEMpPOXOAMMOCTH: OOJIbIo
B SIMTacTpanbHOl 06/1acTy, TOUIHOTOI, OOMIbHON PBOTOI. IIpM OTCYTCTBMM CBOEBPEMEHHOTO JIeYeHNA Y MAlleHTOB
MOTYT PasBUBATbCS STIEKTPOIMTHBIE HAPYIUEHNS, TsDKeIas HYTPUTVBHAs HeZOCTATOYHOCTD, ITOBBINIAETCS PUCK pas-
BUTHUA Iepopanyy >KeNyfKa, acCUpalMOHHON ITHeBMOHUY, GpopMupoBaHus 6e3oapa, TpoMO0IMOOMNM U APYrUX
JKM3HEYTPOXKAIOINX OCTIOXXHEHMII, KOTOPble MOTYT IIPUBOANUTD K JIETAIBHOMY UCXORY.

Knmunnyeckoe HabniogeHne. B npencraBieHHOM KIMHIYECKOM HAOMIOfEHNN CUHAPOM BepXHell OpbDKeedHOl apTepun
AMArHOCTUPOBAH Y 17-7eTHeit IeBYIIKYM MOCTIe XMPYPTrUIecKoil KoppeKuuu fedopMaiyy H03BOHOYHMKA IIPY JIeYeHNN
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UIVONATUYECKOTO CKONMO03a B CBA3M C IIOC/IEONePallIOHHON TI0Tepell Beca Tela, a TakKe Pe3KUM M3MEeHEHHEM COOT-
HOIIEHNUA POCTa U Beca Tejla.

O6cyxaenne. B pesynbraTe KOMIUIEKCHOTO TIOAXOfA K JI€UEHNIO JAHHOTO OCIIOKHEHV JOCTUTHYTO 3HAYMMOe KIIVHU-
gyeckoe yryumenne. OFHaKO, HECMOTPSI Ha Pe3y/IbTaT, HONTyYeHHDII OT KOHCEpBATMBHON Tepammiu, Y HalyMeHTKN CO-
XpaHsAeTcA pUCK GOPMUPOBAHMA XPOHUYECKOI AYOfeHAIbHOM HEIPOXOAMMOCTY Pas3INYHOI CTEHEeH!U BBIPaXKEHHOCTH,
YTO MOXKET IPUBECTU K HEOOXOFUMOCTY XVPYPIMIECKOTO JIEIEHNS.

3akmouenne. IIpu HeCBOeBpeMEHHOM 1 HETIOTHOLIEHHOM JIEY€HUM CUHIPOMA BepXHell OpbDKeeqHOI apTepyu IOBBI-
maeTcss pUCcK GOPMUPOBAHUA XPOHMYECKOI KUIIEYHON HEMpPOXOAMMOCTI. JIedeHne JaHHOTO OCTIOKHEHMs HAYMHAIOT
¢ KoHcepBaTuBHOI Tepamuu. IIpu oTcyTcTBUM 3ddeKTa OT KOHCEPBATUBHOIN Tepalyy, B CIydae IPOTPEeCCHPOBAHUA
3a00/IeBaHVs, IPU PAa3BUTUM YIPOXKAIOMIMX XXU3HM COCTOSHMII (KpoBOTedeHMe, nepdopalusa) TpedyeTcs Xupyprude-
CKOe JIeYeHue.

KnroueBbie crmoBa: I/I,[II/IOHaTI/I‘IeCKI/IIU/I CKOJ/INO3; XNPYPIUIECKOE /1€Y€HNE; CMHAPOM BerHef;[ 6pbl)Kee‘IH017[ apTepun;

HOETH.

Superior mesenteric artery syndrome (SMA;
CAST syndrome) is a rare, life-threatening disease
that changes the anatomical configuration among
the aorta, the SMA, and the duodenum while
decreasing the angle between the aorta and the
SMA [1]. The incidence of this pathology is
0.2%-0.78%, and it is more common in females
than in males [2, 3].

SMA syndrome is caused by compression of
the horizontal part of the duodenum between the
proximal part of the SMA and the aorta, which leads
to obstruction of the duodenum [4, 5]. Mesenteric
fatty tissue is necessary to maintain the aortic-
mesenteric distance and create a space between the
duodenum and the aortic-mesenteric angle. In the
case of a considerable decrease in mesenteric fatty
tissue (with rapid growth in adolescents, a sharp
increase in the ratio of height and body weight and
perioperative weight loss) [6], the aortic-mesenteric
distance decreases, which predisposes to duodenum
compression. Large weight loss after the surgical
correction of scoliosis can decrease the amount
of fatty tissue, which may be accompanied by the
development of this syndrome [7].

Clinically, the syndrome is manifested by
signs of acute intestinal obstruction [8], including
acute pain in the epigastric region, nausea, and
vomiting of bile. These symptoms often accompany
functional dyspepsia, which can complicate the
diagnosis establishment and affect the timeliness
and correctness of treatment.

Computed tomography (CT), CT angiography,
and ultrasound to measure the aortic-mesenteric
distance and the distance between the aorta and the
SMA are often used to diagnose SMA syndrome.
Normally, the angle between the aorta and the SMA
extending from it is 25°-60°. Diagnostic criteria

for the syndrome include aortic-mesenteric angle
less than 20°, aortic-mesenteric distance less than
8 mm, and proximal duodenum [9].

Complications are rare, and no approved
clinical guidelines for the diagnosis, treatment, and
prevention of this condition are currently available.

SMA syndrome and other predisposing factors
can cause acute dilatation of the stomach [10],
which is a special form of gastrointestinal tract
obstruction caused by pronounced atony of the
stomach. This condition usually occurs with
damage to the central and peripheral nervous
systems or due to overeating in individuals with
anorexia nervosa [11]. Acute dilatation of the
stomach without appropriate treatment can lead to
life-threatening complications, such as dehydration,
metabolic alkalosis, gastric necrosis, and systemic
circulatory failure [12]. The hospital of the
Turner Scientific Research Institute for Children’s
Orthopedics reported the first confirmed case of
acute paresis and gastric dilatation and intestinal
paresis after surgical correction of severe idiopathic
scoliosis in a 17-year-old patient, which developed
as a result of SMA syndrome.

Clinical case

Patient A., 17 years old, was admitted to the
Turner Scientific Research Institute for Children’s
Orthopedics with complaints of deformity of the
thoracic spine and chest, back pain, aggravated after
physical and static loads, for the surgical treatment
of spinal deformity.

Anamnesis revealed that spinal deformity was
detected at the age of 7 years. At the same age,
headaches appeared and began to disturb the
patient. Upon further examination, an anomaly
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in the development of the craniovertebral region
was diagnosed; in 2011, decompressive resection
of the scales of the occipital bone was performed.
The intensity and frequency of headaches decreased
significantly. The patient received conservative
treatment of spinal deformity, namely, exercise
therapy, massage, swimming, and physiotherapy.
Corset therapy was not used. Despite treatment,
spinal deformity progressed amid the growth and
development of the child.

In 2017, she was consulted by specialists from the
Department of Spinal Pathology and Neurosurgery
at the Turner Institute. Indications for surgical
treatment of spinal deformity in a planned manner
have been identified.

Examination results

Upon admission, a rough multi-plane
deformity of the chest was revealed, along with
decompensation of the frontal balance of the
trunk due to the left-sided scoliotic arch of the
thoracic spine, different heights of the angles of the
shoulder blades, asymmetry of the shoulder girdle,
asymmetry of the waist triangles, positive Adams
test, and posterior left-sided shallow rib gibbus of
7.0 cm high. Laboratory and instrumental data are
within the age limits. The patient was examined by
a pediatrician neurologist, who revealed neurosis-
like state and headaches of tension.

Radiographs, multispiral computed tomography
(MSCT) of the spine revealed radiation pattern of
severe idiopathic scoliosis of the thoracic spine.
The left-sided scoliotic arch Th-Th,, of 75°
according to Cobb was determined. In functional
images, the scoliotic arch was rigid, corrected to
a value of 70° according to Cobb. The frontal
balance was physiological. Rotation and torsion
of the vertebrae have secondary degenerative
and dystrophic changes in the vertebral-motor
segments of the thoracic and lumbar regions (most
pronounced at the apices of the scoliotic arches).
No areas of bone density were revealed in the spinal
canal (Fig. 1, 2).

Magnetic resonance imaging of the spine and
spinal cord revealed curvature of the axis of the spine
in the frontal plane with the formation of a left-
sided scoliotic arch, with pathological rotation and
torsion of the vertebral bodies within it. Changes
in the MR signal from the bone marrow were not
determined. Degenerative dystrophic changes in the

Fig. 1. X-ray of the spine in
a frontal view in a standing
position

Fig. 2. X-ray of the
spine in a lateral view in
a standing position

intervertebral discs at the level of scoliotic deformity
had the form of a decrease in the height and intensity
of the MR signal at T2 WI. Sagittal size of the
spinal canal in the visualized departments had no
visible narrowing. Subarachnoid space was patent.
Intracanal formations were absent. The spinal cord
was represented by a single trunk. At the level of
C,-Th, segments, an unstressed syringomyelic cyst
was determined by %/, of the transverse size of the
spinal cord. The spinal cord was displaced in the
spinal canal in accordance with the bends of the
spine. The cerebellar tonsils were at the level of the
McRae line. A post-resection defect of the scales
of the occipital bone was noted. An epiconicum at
level L, was also found.

After obtaining the results of the examination
and a collegial discussion of the case and after
considering severe spinal deformity, its progression
with the growth of the child, and impaired
biomechanics of the spine and pelvis, the specialists
of the Department of Spinal Pathology and
Neurosurgery decided to perform reconstructive
plastic surgery on the spine.

Treatment

Induction of anesthesia included intravenous
bolus administration of propofol (4 mg/kg) and
fentanyl (2 pg/kg). Orotracheal intubation after
muscle relaxation by intravenous administration of
rocuronium bromide at a dose of 0.5 mg/kg.

Mechanical lung ventilation with pressure
control and normal ventilation maintenance.
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Fig. 3. Radiograph of abdominal

a contrast agent

Maintenance of anesthesia included intravenous
microfluidic injection of propofol (3-5 mg/kg per
hour) and fentanyl (3-5 mcg/kg per hour).

The full volume was performed in one surgical
session, namely mobilizing discapophysectomy at
the level of the Th,-Th,, vertebrae, anterior fusion
with autobone, correction and stabilization of spinal
deformity with the back multi-supporting corrective
surgical hardware under the control of a computer
navigation equipment. Posterior spine fusion with
autobone [13].

The duration of the surgery was 7 h 30 min.
Intraoperative blood loss was 1200.0 mL. Auto-
reinfusion was 310.0 mL.

Intraoperative infusion therapy was performed
at a rate of 10-12 mL/kg per hour. Crystalloid
(sterofundin) and colloidal (gelofusin) solutions
were introduced in a ratio of 2: 1.

After the end of the surgery and assessment of the
neurological status, the patient was extubated with
the restoration of independent effective breathing
and, with a clear mind, she was transferred to the
intensive care unit.

In the early postoperative period, the patient
received standard postoperative therapy, namely,
antibiotic prophylaxis (cefotaxime), infusion
therapy with administration of electrolytes, two-
level extended epidural blockade (ropivacaine 0.2%
0.3 mg/kg per hour for 6 days), and symptomatic
therapy.

In the early postoperative period, appetite
decreased sharply; the patient refused to eat.

Fig. 4. X-ray of the abdominal organs
organs with oral administration of with the introduction of contrast
through the duodenal probe

Fig. 5. Repeated X-ray
of the abdominal organs

On day 3 after surgery, the patient complained
of constant nausea and suffered repeated vomiting
of congestive gastric discharge of 100-150 mL up
to 4-5 times a day.

An X-ray examination of the abdominal organs
with oral administration of a contrast agent was
performed (Fig. 3), which revealed large curvature
of the stomach in the upper border of the small
pelvis, paresis, and moderate gastric dilatation.
No signs of intestinal obstruction were found. An
ultrasound examination of the abdominal organs
showed no signs of acute surgical pathology.

Therapy of paresis and acute gastric dilatation
was started, including gastric decompression (na-
sogastric tube), infusion therapy with electrolyte
administration and partial parenteral nutrition,
antiemetics (metoclopramide, ondansetron), pro-
kinetics (ipidacrine), prolonged epidural blockade,
cleansing enemas, and symptomatic therapy.

In the course of therapy, positive changes were
achieved, namely, vomiting was stopped, the volume
of stagnant gastric discharge along the nasogastric
tube gradually decreased, and independent stool
appeared. On day 7 after surgery, the nasogastric
tube was removed, and the prolonged epidural
blockade was canceled. Enteral nutrition was started.
However, the patient had a decreased appetite; she
refused to eat and only ate in small portions.

On day 9 after surgery, the patient experienced
nausea, vomiting up to 2000 mL per day, pains in the
epigastric region, especially after eating, a feeling of
full stomach, and bloating. She still refused to eat.
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Gastric decompression and gastric paresis
therapy resumed.

Diagnostic fibrogastroduodenoscopy was
performed (visualization of the descending part of
the duodenum) and revealed paresis and gastric
dilatation. A nasoduodenal probe was installed under
the endoscopic control. Enteral nutrition was started
with a balanced specialized isocaloric oligopeptide-
based enteral nutrition mixture. However, during
the day, the mixture was discharged along the gastric
tube, which was regarded as a probe dislocation.

During repeated fibrogastroduodenoscopy
(insertion of a gastroscope to the horizontal part
of the duodenum), a sharp narrowing of the
duodenum lumen was revealed at the level of the
middle sections with the inability to conduct the
endoscope beyond the narrowing.

X-ray control was performed with the
administration of a contrast agent through the
duodenal probe (Fig. 4), which revealed restriction
of the proximal distribution of the contrast agent
with a clear, even vertical border at the level of the
middle part of the horizontal loop of the duodenum.

An intestinal probe under the control of an
endoscope was inserted behind the area of the
duodenum narrowing.

After a twofold change in body position
(left side — back), a repeated X-ray control was
performed (Fig. 5), which revealed the spread of the
contrast agent into the jejunum. The introduction of
the mixture into the duodenal probe was resumed.
The mixture was absorbed completely without
retrograde ingestion in the stomach.

A combined MSCT with contrasting of the
gastrointestinal tract and angiography of the

Fig. 6. Combined multispiral computed tomo-
graphy with contrasting of the gastrointestinal
tract and angiography of the vessels of the
abdominal cavity: 1 — aorta; 2 — superior
mesenteric artery

abdominal cavity vessels was performed (Fig. 6).
In specific, a tube was installed to the level of
the duodenum, without distal disturbances in the
contrast agent passage. Contrast agent traces in the
small and large intestine were found. The stomach
was not enlarged, the gas bubble was 110 x 40 mm,
and the contents were traces of fluid. When
contrasting of the vessels, the aortic-mesenteric
angle was 7.7° (normal is 25°-60°), and the
aortic-mesenteric distance was 5.1 mm (normal is
10-28 mm), which is a sign of SMA syndrome.
Conservative therapy was started, which included
nutritional support in the form of nutrition through
a duodenal probe, inserted with the narrowed part;
parenteral nutrition; infusion therapy with electrolyte
administration; decompression of the stomach; and
prokinetics (metoclopramide). Within 8 days of
conservative therapy, a positive trend was noted in
the form of relief of vomiting and the appearance of
an independent stool. The fluid intake through the
mouth (water) with a gradual increase in volume
and diet (mashed cereals, mashed potatoes) was
started. To increase food tolerance, nutrition was

Fig. 7. Control computed tomography:
1 — aorta; 2 — superior mesenteric artery
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given in small portions, and the body position
was changed (on the left side, prone position, and
genupectoral position).

For 1.5 months, the patient received conservative
therapy, during which complete assimilation of food
introduced through the mouth and independent
emptying of the intestine were achieved. On the
control CT angiography, the aortic-mesenteric angle
was 17° (norm 25°-60°), and the aortic-mesenteric
distance was 13 mm (norm 10-28 mm) (Fig. 7).
However, the patient continued to eat in small
portions and experienced discomfort and nausea
after eating a large amount of food. To select further
treatment approach, monitoring by an abdominal
surgeon was recommended to the patient.

Discussion

In most cases of the SMA syndrome, surgical
treatment was not performed. However, with
a recurrent course, the absence of positive changes
from conservative therapy for 4-6 weeks, and
the risk of bleeding and intestinal perforation,
surgical correction of this condition should be
considered [14].

In the clinical case presented, during conservative
treatment, positive changes were achieved, which did
not require surgical intervention. However, despite
the successful result from conservative therapy,
the patient remains at risk of developing chronic
duodenal obstruction of varying severity, which
may also lead to the need for surgical treatment.

Surgical options for this pathological process
1. An open or laparoscopic duodenojejunostomy

in which an anastomosis is formed between

the duodenum and jejunum, bypassing the
compressed part. The frequency of a positive
outcome is 80%-90%. It is a surgery of choice.

2. Gastrojejunostomy is associated with the risk
of developing biliary gastritis. Anastomosis is
formed between the stomach and the jejunum.
It is usually performed with duodenal ulcers.

3. Laparoscopy and dissection of the Treitz
ligament with the reduction of the upper angle
of the duodenojejunal transition. This method
of treatment is an alternative to gastro- and
duodenojejunostomy, its use is less traumatic
and leads to a quick relief of the syndrome [15].
With a prolonged course and the absence of

timely treatment, patients may experience electrolyte

disturbances, severe nutritional deficiency, and
the risk of developing perforation of the stomach,
aspiration pneumonia, formation of bezoar, and
thromboembolism increases.

According to the literature, mortality from this
disease is 33% [6].

Conclusion

SMA syndrome is a rare and dangerous
condition. With untimely and inadequate treatment,
the risk of chronic intestinal obstruction, manifested
by nausea, vomiting, refusal to eat, increases.
These symptoms exacerbate the course of the SMA
syndrome, prevent an increase in the amount of
fatty tissue around the duodenum, and lead to the
progression of the disease.

Treatment of this complication starts with
conservative therapy, which should include
nutritional support (providing a high-calorie diet to
increase perivascular adipose tissue, which includes
nutrition through a duodenal probe, inserted
behind a narrowed part of the duodenum, if
necessary additional parenteral nutrition), infusion
therapy with the administration of electrolytes,
decompression of the stomach, intake of prokinetics
to improve motility and emptying of the stomach,
and measures to increase tolerance to food (turn
on the left side, genupectoral position when eating
through the mouth, eating in small portions). In the
absence of the effect of conservative therapy, in case
of disease progression, and with the development of
life-threatening conditions (bleeding, perforation),
surgical treatment is required.
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