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Abstract

We present the case of a 12-year-old girl who under-
went an uncomplicated posterior spinal fusion with
instrumentation for scoliosis and who later developed
nausea, emesis, and abdominal pain. We discuss the
epidemiology, prevalence, anatomic findings, symp-
toms, diagnostic tests, and clinical management, in-
cluding nonsurgical and surgical therapies, of superior
mesenteric artery syndrome (SMAS), a rare condition.

Over a 2-week period, the patient developed an un-
common type of bowel obstruction likely related to her
initial thin body habitus, correction of her deformity,
and weight loss after surgery. The patient returned to
the operating room for placement of a Stamm gas-
trostomy feeding tube with insertion of a transgastric-
jejunal (G-J) feeding tube. The patient had the
G-J feeding tube in place for approximately 6 weeks
to augment her enteral nutrition. As she gained weight,
her duoedenal.emptying improved, and she gradually
transitioned/to normal oral intake. She has done well
since the G-J feeding tube was removed.

Posterior spinalfusion for adolescent idiopathic
scoliosis is a relatively common procedure, and SMAS
is a rare condition. However, in the case of an asthenic
adolescent with postoperative weight loss, intestinal
obstruction can develop. When planning operative
spinal correction in scoliosis patients who have a low
body mass index at the time of surgery and who have
increased thoracic stiffness, be alert for signs and
symptoms of SMAS. This rare complication can de-
velop, and timely diagnosis and medical management
will decrease morbidity and shorten the length of time
needed for nutritional rehabilitation.

is a relatively common procedure. However, intestinal
obstruction is a possible complication in the case of an
asthenic adolescent with weight loss after surgery. We present
the case of a 12-year-old girl who underwent an uncomplicated
posterior spinal fusion with instrumentation for scoliosis and

P osterior spinal fusion for adolescent idiopathic scoliosis

who developed nausea, emesis, and abdominal pain. We also
discuss the origins, epidemiology, diagnosis, and treatment of
superior mesenteric artery syndrome (SMAS), a rare condition.
The patient’s parents provided written informed consent for
print and electronic publication of this case report.

Case Report

The patient was a 12-year-old girl with juvenile idiopathic
scoliosis. She was seen by a pediatric orthopedist at age 8 after
her primary care physician noticed a curve in her back during
her physical examination. Given her age and primary curve
of 25° magnetic resonance imaging was ordered, which was
negative for syrinx, tethered cord, or bony abnormalities. An
undérarm thoracolumbosacral orthosis (Boston Brace) was
prescribed to be worn 23 hours/day. There was inconsistent
follow-up oyer the next 4 years, and her curve progressed to
55° (right'thoracic) and 47° in the lumbar spine (Figures 1, 2).
Given the magnitude of the curves, surgical intervention was
recommended, because bracing would no longer be beneficial.

The patientwasthealthy andappearedwvibrant with no medi-
cal issues. She weighed 49 kg and her height was 162'em (body
mass index [BMI], 18.6; normal)./She undeérwent segmental
posterior spinal instrumentationsand a fusion was performed
from T4 to L4 using a cobalt chrome rod. Postoperatively, there
were no problems. Her diet was slowly advanced from clear
liquids to regular food over 3 days. She was discharged on
postoperative day 4. She had no abdominal distention, pain,
or nausea. The family was instructed about pain medication
(oxycodone liquid, 5 mg every 4 hours as needed) and how
to prevent and treat constipation.

Three days after discharge, her mother called to inquire
about positioning because the patient was uncomfortable ow-
ing to back pain. There were no abdominal complaints, and
she was taking her pain medicine every 4 hours. She was in-
structed to lie in a comfortable position and to ambulate several
times daily. The patient took little food or fluids because of
a lack of appetite and back pain. On postoperative day 8, she
presented to the emergency department with complaints of
generalized abdominal pain and 1 day’s emesis. The patient
had not had a bowel movement postoperatively. An acute ab-
dominal series (AAS) was obtained (Figure 3), which noted
a nonobstructive bowel gas pattern, with some increased co-
lonic fecal retention. The patient was given intravenous (IV)
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Figure 1. The patient had

a posteroanterior standing
scoliosis radiograph prior to
surgery. She was a Risser
grade 3. She was noted to
have thoracic dextroscoliosis
and was measured to have 55°
curvature from T5-T12. Her
lumbar levoscoliosis measured
47°[from T12-L4. There was a
significant clinical and radio-
graphic rotational component.

fluids and an IV anti-emetic,
and was admitted for obser-
vation. The pediatric surgi-
cal team evaluated her and
concluded her symptoms re-
sulted from constipation. Her
symptoms improved over
2 to 3 days, and she had sev-
eral bowel movements on
day 2 after taking polyethylene glycol, sennosides, and bisaco-
dyl suppositories. At discharge, she was noted to be passing
gas, and her abdominal examination revealed no tenderness
or guarding. She had mild distention, but it had improved
from the previous day. She ate breakfast and ambulated sev-
eral times. She had no complaints of abdominal pain and was
released home with her parents. Staff reiterated instructions
regarding constipation, diet, and follow-up. Her discharge
weight was 48 kg (down 1 kg) and her BMI was 17.2 (down
1.4; underweight). Her height was now 165 cm (up 3 cm).
Postoperative radiographs noted stable fixation with corrected
curves (Figures 4, 5).

At home, the patient ate little but continued to drink flu-

Figure 2. Her prefusion lateral
radiographs show 37° of ky-
phosis from T3-L1 and 51° lor-
dosis from L1-L5. There were
no findings of spondylolysis or
spondylolisthesis.
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Figure 3. During the patient’s
first readmission, her acute
abdominal series showed a
nonobstructive bowel gas
pattern.

Figure 5. The patient’s postfu-
sion radiographs,lateral view,
show 40° thoracic kyphosis
and 58° lumbar lordosist Ar-
row denotes location of the
patient’s gastrojejunostomy
feeding tube.

ids. On postdischarge day 3,
she developed nausea, bilious
emesis, and generalized ab-
dominal pain. She returned to
the emergency department.
At this point, the patient
weighed 44.5 kg (down 6.6
kg since the initial surgery)
and her BMI was 16.1 (down
2.5; underweight). She was
admitted, and IV fluids were
initiated. She had more than
1300 mL of bilious emesis. A
nasogastric (NG) tube was in-
serted. Initial laboratory find-
ings were unremarkable other than an increase in serum lipase
of 261 U/L. Her amylase level was within normal limits. An
AAS was again completed and showed a distended stomach and
loop of small bowel below the liver with an air fluid level. There
were also distended loops of bowel in the pelvis (Figure 6).

Figure 4. The patient’s
postfusion posteroanterior
radiographs show thoracic
dextroscoliosis at 25° from T5-
T12 and lumbar levoscoliosis
at 20° from T12-L4.
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Figure 6. During the patient’s
second readmission, her acute
abdominal series revealed a
“double bubble sign” (arrows),
which is highly suspicious for
superior mesenteric artery
syndrome.

Figure 7. The patient’s
screenshot during her upper
gastrointestinal series showed
mild dilation of the second
portion of the duodenum, with

an abrupt vertical indentation
just to the right of the spine.
This is indicative of superior

A pediatric surgical con- :
mesenteric artery syndrome.

sultant examined her the next
morning. An upper gastroin-
testinal series (UGI) was ob-
tained and showed air fluid levels in the stomach with prompt
gastric emptying into a normal caliber duodenal bulb. How-
ever, with supine positioning, there was significant dilatation
of the second portion of the duodenum with abrupt vertical
cutoff just to the right of the spine, compatible with, SMAS
(Figure 7). There was reflux of contrast materialinto the stom-
ach from the duodenum, with no passage of barium into the
distal duodenum. After the UGI, a nasojejunal (NJ) feeding tube
was placed. The tip was left at the beginning of the fourth part
of theduodenum. Repeated attemptsito pass the NJ feeding tube
beyond the fourth part of the duodenum werée unsuccessful
because of massive gastric distention. The patient was taken
to the operating room for placement of a'Stamm gastrostomy
feeding tube with insertion of a transgastric jejunal (G-J) feed-

ing tube under fluoroscopy (Figure 5). The patient had the G-J
feeding tube in place for 6 weeks to augment her enteral nutri-
tion. As she gained weight, her duodenal emptying improved.
She gradually transitioned to normal oral intake. She has done
well since the G-J feeding tube was removed.

Discussion

Von Rokitansky first described SMAS in the mid-1800s.! The ex-
act pathology was further defined 60 years later when vascular
involvement was determined to be the definitive mechanism of
obstruction.”* Superior mesenteric artery syndrome is caused
by the superior mesenteric vessels compressing the third por-
tion of the duodenum, resulting in an extrinsic obstruction.
This syndrome is also commonly called Wilkie disease, after
Dr. David Wilkie, who first published in 1927 results of a com-
prehensive series of 75 patients.'! The syndrome is also known
as arteriomesenteric duodenal compression, aortomesenteric
syndrome, chronic duodenal ileus, megaduodenum, and cast
syndrome."** The term cast syndrome was derived from events
in 1878, when Willet applied a body cast to a scoliosis patient
who died after what was termed “fatal vomiting.”

Epidemiology, Incidence, and Prevalence

While not unheard of, SMAS is an uncommon disorder.
There have been only 400 documented reports in the English-
language literature since 1980.°* Studies have stated that the
incidence of the affected population is less than 0.4%.*">!° How-
ever, SMAS has been reported to have a mortality rate as high
as 33% because of the uncommon nature of the disease and
prolonged duratiombetweenronset of symptoms and diagno-
sis.”*'"!* The incidence of SMAS is higher after surgical proce-
dures to correct spinal deformities, with ratesbetween 0.5% and
4.7%.'%121% Females are affected more frequently than males (3:2
ratio)."”'"* One large study with 80 patients that spanned 10 years
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Figure 8. These figures show the anatomic position of the superior mesenteric artery (SMA). (A) Lateral view of the SMA and its relation-
ship to the duodenum. The duodenum lies horizontal and anterior to the aorta at the L3 vertebra level. The SMA is angled perpendicular
off the aorta. If the mesenteric fat pad is lost or the angle is changed because of surgical changes, or both, SMA can obstruct the duo-
denum as the angle decreases. (B) Anterior view. Label 1 is the third portion of the duodenum that becomes obstructed.

(C) Axial view. As the distance between the duodenum and SMA decrease, the risk for SMA syndrome increases. lllustration by Dustin
Horn; property of the authors. Abbreviations: IVC, inferior vena cava; L, left; MCA, middle colic artery; nl, normal.
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reported that female incidence was 66%, and another study with
75 patients also observed that two-thirds of the patients were
women."” This syndrome commonly affects patients who are
tall and thin with an asthenic body habitus."*'"'* Superior mes-
enteric artery syndrome develops more commonly in younger
patients. Previous studies noted that two-thirds of patients were
between ages 10 and 39 years."* However, given the right set of
medical conditions, it can occur in patients of any age.>*'>' In
young, thin patients with scoliosis, the risk of developing SMAS
after spinal fusion with instrumentation increases, given their
already low weight coupled with the surgical intervention at
the height of their longitudinal growth spurt."'""?

Other patients also at increased risk for developing SMAS
include those with anorexia nervosa, psychiatric/emotional
disorders, or drug addiction. It can also be found in persons
on prolonged bedrest, those who have increased their activ-
ity and lost weight volitionally, or patients with illness or
injuries, such as burns, trauma, or significant postoperative
complications that decrease caloric intake and keep them in
a supine position.»®"” The syndrome can be acute or chronic
in its presentation.

Anatomy and Physiology

The superior mesenteric artery (SMA) comes off the right
anterolateral portion of the abdominal aorta, which is just
anterior to the L1 vertebra. It passes over the third part of the
duodenum, generally at the L2 level (Figure 8A). The duo-
denum passes across the aorta at the level of the L3 vertebral
body and is suspended between the aorta and the SMA by the
ligamentrof Treitz«(Figure 8B).° Theiangle betweenrthe aorta
and SMA (aortomesenteric angle) typically ranges from 25°
to 60° with an average of 45° (Figure 8A). The distance be-
tween thedorta and SMAat the level of the duodenum is€alled
the aortomesenteric distance, and it normally measures from
10 mm to 28 mm. Obstruction is usually observed at 2 mm to
8 mm (Figure 8C)."*

Compression and outlet obstruction from narrowing of the
SMA aortomesenteric angle can be caused by a multitude of
problems.***! In chronic conditions, narrowing of the aorto-
mesenteric angle could be the result of a shortened ligament,
or a low origin of the SMA on the aorta, or a high insertion
of the duodenum at the ligament of Treitz. Postoperatively,
any change in anatomy caused by adhesions could result in
compression as well. Most commonly, however, in those with
significant weight loss, such as postoperative spinal fusion
patients, there is loss of retroperitoneal fat, which normally
acts as a cushion around the duodenum. This allows the SMA
to move posteriorly obstructing the duodenum. Lying in a
recumbent position along with weight loss also puts patients
at risk after surgery.>*"” SMAS should be distinguished from
other conditions that can cause duodenal obstruction, such as
duodenal hematomas and congenital webs.

Symptoms and Patient Presentation

Whether SMAS is acute or chronic, most patients with SMAS
present in a similar fashion. Almost all patients with acute SMAS
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complain of abdominal pain, nausea, and emesis (usually bil-
ious) that usually occur after eating. Early satiety is commonly
observed, resulting from delayed gastric emptying. Abdominal
pain may improve when patients lie prone and are in the knee-
chest, or lateral decubitus, position. These patients frequently
have upper abdominal distention because of massive retention
of gastric contents.**'*'®!” Most spinal fusion patients present
with these symptoms 7 to 10 days after surgery.""

Diagnosis

Our first diagnostic tool is a comprehensive history and physi-
cal examination. Once that is complete, many radiologic tests
can be used to confirm the anatomic abnormality. The first test
ordered is a simple AAS, which may show a “double bubble
sign” (Figure 6), indicative of duodenal obstruction.* There are
several other tests, and each facility and surgeon has a prefer-
ence as to which is considered the “gold standard.” Upper
gastrointestinal (GI) barium studies are the simplest and most
reliable. The barium test shows foregut anatomy and, to some
extent, function. In SMAS patients, one should see duodenal
dilatation and failure of the contrast to flow past the third
section of the duodenum, along with an abrupt termination
of the barium column as the duodenum crosses the vertebrae.
This(is the traditional method of diagnosis. There is minimal
radiation, and the cost is less than that of many other tests, but
it can, be uncomfortable for the patient."*

At some institutions, an upper GI barium study is combined
with angiography, which can be used to measure aortomes-
enteric angle and distance."? Other practitioners prefer com-
puted tomography(CT) with*3=dimensional,reconstruction,
which allows for measurement of the aortomesenteri¢/angle
and distance. In 1 study, CT was found“torhave an extreme-
ly high sensitivity and specificity for these measurements."
CT angiography also identifies the obstruction with increased
sensitivity, but it is rarely necessary and provides more radia-
tion exposure and increased cost."*'*!” Abdominal ultrasound
has been used to measure the angle of the SMA and the aor-
tomesenteric distance. When combined with endoscopy, this
offers an alternative way to diagnose SMAS and decreases radia-
tion exposure. However, it may require sedation or anesthe-
sia.”!*'7 Overall, 3 criteria are used to define whether a patient
has SMAS: duodenal dilatation, an aortomesenteric angle that
is less than 25° and an SMA that is shown to be compressing
the third part of the duodenum.’

Treatment

Conservative treatment of SMAS usually starts by removing
any precipitating factors present, such as a splint or cast that
was applied for scoliosis, or ending activity associated with
significant weight loss. Medical management consists of IV hy-
dration, anti-emetics, oral feeding restriction, posture therapy,
and placement of an NG tube for decompression. In most cases,
patients will need to have an NJ feeding tube passed distal to
the site of obstruction. This provides access for enteral feed-
ing, and patients will gradually gain weight, repleting their
retroperitoneal fat stores, which pushes the SMA forward and
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relieves the pressure on the duodenum. Electrolyte balance
should be closely monitored along with weight gain. A nutri-
tionist is often consulted to prevent underfeeding, which can
produce a slow return to weight gain, poor wound healing,
and loss of lean body muscle mass; or overfeeding, which can
result in hyperglycemia and respiratory failure. Once patients
are stable on enteral feedings, they can begin a slow return
to oral intake.**”'* Total parental nutrition may be needed in
some cases, but the risks associated with IV feeding usually
outweigh the benefits.* Almost all cases of acute SMAS can be
successfully treated medically if diagnosed in a timely manner
and supportive treatment begins promptly.”

Surgical intervention is rarely necessary for acute SMAS, but
when conservative measures fail (after a 4- to 6-week trial),
or in the presence of peptic ulcer disease or pancreatitis, this
may become an appropriate option. In our patient, multiple
attempts at passing an NJ feeding tube were unsuccessful,
and she needed an operative procedure for insertion of a G-J
feeding tube.

Further surgical intervention is usually reserved for those
patients with long-standing SMAS for whom medical manage-
ment has failed or other issues, such as pancreatitis, colitis, or
megaduodenum, have arisen. Many operations are described
in the literature. A duodenojejunostomy to bypass the site of
the obstruction is one option. Another is duodenal derotation
(Strong procedure) to alter the aortomesenteric angle and place
the third and fourth duodenal portions to the right of the' SMA.
Other procedures include a Roux-en-Y duodenojejunostomy
and duodenal uncrossing. A lateral duodenojejunostomy be-
tweenrthe second. portion of the duodenumyand thejejunum
is considered the simplest surgical technique. It achieves suc-
cessful outcomes in 90% of cases.’*'* With regards to SMAS
and scoliosis, it'is,extremely rare that this kind, of surgical
intervention would be necessary.

Conclusion

When planning operative spinal correction in scoliosis patients
(especially females) who have a low BMI at the time of surgery
and who have increased thoracic stiffness, be alert for signs
and symptoms of SMAS. This rare complication can develop,
and timely diagnosis and medical management will decrease
morbidity and shorten the length of time needed for nutritional
rehabilitation.
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