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Abstract

AIM: To investigate the risk indicators, pattern of clinical
presentation and treatment strategy of superior mesenteric
artery syndrome (SMAS) after scoliosis surgery.

METHODS: From July 1997 to October 2003, 640 patients
with adolescent scoliosis who had undergone surgical
treatment were evaluated prospectively, and among them
seven patients suffered from SMAS after operation. Each
patient was assigned a percentile for weight and a percentile
for height. Values of the 5th, 10th, 25th, 50th, 75th, and 95th

percentiles were selected to divide the observations. The
sagittal Cobb angle was used to quantify thoracic or thora-
columbar kyphosis. All the seven patients presented with
nausea and intermittent vomiting about 5 d after operation.
An upper gastrointestinal barium contrast study showed a
straight-line cutoff at the third portion of the duodenum
representing extrinsic compression by the superior mese-
nteric artery (SMA).

RESULTS: The value of height in the seven patients with
SMAS was above the mean of sex- and age-matched
normal population, and the height percentile ranged from
5% to 50%. On the contrary, the value of weight was below
the mean of normal population with the weight percentile
ranging from 5% to 25%. Among the seven patients, four
had a thoracic hyperkyphosis ranging from 55° to 88°
(average 72°), two had a thoracolumbar kyphosis of 25°
and 32° respectively. The seven patients were treated
with fasting, antiemetic medication, and intravenous fluids
infusion. Reduction or suspense of traction was adopted
in three patients with SMAS during halo-femoral traction
after anterior release of scoliosis. All the patients recovered
completely with no sequelae. No one required operative
intervention with a laparotomy.

CONCLUSION: Height percentile<50%, weight percentile
<25%, sagittal kyphosis, heavy and quick halo-femoral
traction after spinal anterior release are the potential risk
indicators for SMAS in patients undergoing correction surgery
for adolescent scoliosis.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Superior mesenteric artery syndrome (SMAS) results from
compression of the third portion of duodenum as it crosses
underneath the superior mesenteric artery (SMA), the second
branch of the abdominal aorta (Figure 1). Several authors
have reported series or individual cases of the condition
after the trunk is immobilized with a cast, also known as cast
syndrome[1,2] or Wilkie’s syndrome[3-5]. It is rarely reported
that SMAS occurs after scoliosis correction with newly-
developed three-dimensional derotation technique. The
extrinsic compression of duodenum by the SMA produces
a charac-teristic contrast with the upper gastrointestinal tract.
Clinically, the syndrome may progress to serious sequelae with
a mortality rate of 33% or follow a benign course[6].
Therefore, its early diagnosis and treatment should be
emphasized. We report seven cases of  SMAS following
surgery for scoliosis and the risk indicators, pattern of clinical
presentation and treatment strategy.

Figure 1  Anatomic relationship between SMA and duodenum.

MATERIALS AND METHODS

From July 1997 to October 2003, 640 patients (228 boys and
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412 girls) with adolescent scoliosis who had undergone surgical
treatment with three-dimensional correction technique were
evaluated prospectively. Seven of them suffered from SMAS
after operation, including three males and four females, aged
from 13 to 16 years. Three of them were diagnosed as
congenital scoliosis and four as idiopathic scoliosis with their
coronary Cobb angle ranging between 45° and 116° (average,
82°). SMAS occurred in three patients during halo-femoral
traction following anterior spinal release, in three after
posterior correction with three-dimensional TSRH (Texas
Scottish Rite Hospital, Sofamor-Danek, USA) derotation
technique, and in one after anterior correction with CDH
(CD-Horizon, Sofamor-Danek, USA) instrumentation.

Charts were reviewed for weight and height at admission.
Each patient was assigned a percentile for weight and a
percentile for height. The percentile was obtained by referring
to the normal data reported by the National Center for
Student Status and Health Statistics in 2001, and the tabulated
data were sex- and age-specific. Values of  the 5th, 10th, 25th,
50th, 75th, and 95th percentiles were selected to divide the
observations. The sagittal Cobb angle across the involved
segments was used to quantify thoracic or thoracolumbar
kyphosis. Values were interpreted with respect to normative
data for sagittal alignment in adolescents.

All the seven patients presented with nausea and inter-
mittent vomiting about 5 d after operation. The vomit was
brown green and turbid liquid. Between bouts of vomiting,
the patients felt appetitive. On examination, the epigastrium
was distended and soft with mild tenderness and resonant
percussion, and bowel sounds were often active. An upper
gastrointestinal barium contrast study showed a barium-filled
dilatation of the proximal part of duodenum and a straight-
line cutoff at the third part of the duodenum representing
extrinsic compression by the SMA.

RESULTS

In the seven patients, the correction rate of coronary Cobb
angle ranged from 57% to 74%, with an average of 66%.
The height increased 4-15 cm after surgery.

All the seven patients with SMAS had a disproportionately
thin habitus in relation to their height. The value of height
was above the mean of  sex- and age-matched normal
population, and the height percentile ranged from 5% to
50%. On the contrary, the value of weight was below the
mean of  sex- and age-matched normal population with their
weight percentile ranging from 5% to 25% (Table 1). The
normal thoracic kyphosis was defined as 20°-50°, and the

normal thoracolumbar alignment was 0°[6]. Among the seven
patients, four had a thoracic hyperkyphosis ranging from
55° to 88° (average 72°), one had a thoracic alignment of
48° within the normal range of  thoracic kyphosis but close
to the upper normal value. Thoracolumbar kyphosis was
identified in the other two patients with the sagittal Cobb
angle of 25° and 32° respectively.

The seven patients were treated with fasting, antiemetic
medication, and intravenous fluids infusion. A left lying
position was mandatory, and reduction or suspense of
traction was adopted in three patients who developed SMAS
during halo-femur traction after anterior release of scoliosis.
Symptoms were alleviated after 5-7 d in five patients. The
other two patients had an obstinate and repetitive vomiting,
conservative management was continued, and feeding was
not started until days 12 and 18. At that time, their weight
reduced 7 and 11 kg respectively. All the patients recovered
completely with no sequelae. No one required operative
intervention with a laparotomy.

DISCUSSION

The etiology of  SMAS is related to the anatomy of  the
third part of duodenum, which passes between the aorta
and its SMA branch. The SMA arises from the anterior
aspect of the aorta at level of L1 and L2 vertebral body. It is
encased in fat and lymphatic tissue at its origin and descends
downwards at an acute angle into the mesentery. In normal
individuals, the SMA to aortic angle is 20°-50°. The
duodenum usually passes across the aorta at level of L3
vertebral body and is suspended in acute angle between the
aorta and the SMA by Treitz ligament[7]. This special anatomical
relationship has been referred to as “a nutcracker”[8]. Any
factors disturbing the close relationship of this anatomy
may lead to extrinsic compression of duodenum. SMAS
may occur due to weight loss in patients suffering from
malabsorption, anorexia nervosa, extensive burns, or multiple
trauma, when fat is depleted at origin of the SMA surrounding
duodenum[9-12]. Other causes include extrinsic vascular
obstruction secondarily due to bowel dilatation resulting
from atrophy of bowel musculature and its replacement by
collagen in connective tissue disorders.

Since 1990s, three-dimensional derotation technique has
improved the corrective rate of scoliosis greatly[8,13]. Although
SMAS has decreased sharply due to the adoption of this
technique, SMA compression of duodenum is still a
potentially life-threatening complication of scoliosis surgery[14].
The incidence of adverse sequelae from the syndrome

Table 1  Height, weight, and sagittal kyphosis data of patients with SMAS

Case no.         Sex Age (yr) Height percentile  Weight percentile Pre-operative sagittal kyphosis

      1        M      16                 25 5        85° (T)

      2         F      15                 50 5        48° (T)

      3        M      16                 25                  10        88° (T)

      4         F      14                 25                  25        55° (T)

      5        M      15                 10 5        60° (T)

      6         F      13 5                  25        32° (TL)

      7         F      14                 25                  25        25° (TL)

M, male; F, female; T, thoracic; TL, thoracolumbar.
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remains alarmingly high. Aspiration pneumonia, acute gastric
rupture, and cardiovascular collapse have been documented
as morbid or fatal complications of SMAS[15-17]. Scoliosis
surgery also relatively lengthens the spine, displacing the
SMA origin cephalad at the expense of lateral mobility.
Crowther et al[15], showed that there can be an acute increase
in vertebral column length with spinal instrumentation,
resulting in traction on the SMA and narrowing of the
arteriomesenteric angle, and postoperative weight loss results
in loss of retroperitoneal fat that protects duodenum from
compression[18,19].

We emphasize the importance of  identifying those
patients at risk and maintaining a high index of suspicion.
Paying attention to the various risk factors that may be
present before surgery may be beneficial to the understanding
and treatment of SMAS. Munns et al[20], identified high-risk
patients as “those with a thin, asthenic habitus”. Hutchinson
and Bassett[21] reported that five patients undergoing operative
treatment of scoliosis have a “disproportionately thin habitus in
relation to their height”. However, there are no clinically useful
parameters to identify individuals susceptible to SMAS[22].
In order to quantify the degree of asthenia, we calculated
the absolute difference in these patients’ height percentile
and weight percentile and compared it with the sex- and
age-matched normal population. In our series, all the seven
patients who developed SMAS had also a disproportionately
thin habitus in relation to their height, the value of height
was above the mean of  normal population with the height
percentile ranging from 5% to 50%, and the value of weight
was below the mean of  normal population with the weight
percentile ranging from 5% to 25%. We propose that the
height percentile <50% and the weight percentile <25%
might be potential risk indicators for SMAS in patients
undergoing correction surgery for adolescent scoliosis. Attention
should also be given to sagittal kyphosis. Scoliosis associated
with sagittal kyphosis is usually accompanied with severe
trunk collapse. Following scoliosis correction or heavy skull-
femur traction, the trunk elongation becomes more
remarkable. This may lead to further narrowing of the
arteriomesenteric angle. In this series, six patients had the
sagittal abnormity including four with thoracic hyperkyphosis
and two with thoracolumbar kyphosis. In addition, the high-
risk patients include those who undergo heavy and quick
halo-femoral traction after spinal anterior release (three
patients in our group).

Symptoms of obstruction often become apparent 5-7 d
after surgery. Clinicians should be on the alert for the persistent
nature of vomiting. This is accompanied with upper abdominal
distension, epigastric tenderness, and tympanic percussion.
Bowel sounds are present on auscultation in contrast to the
findings in postoperative ileus. Postoperative paralytic ileus
caused by general anesthesia, analgesic, electrolytic imbalance,
or greater splanchnic nerve injury during anterior spinal
release usually occurs at an earlier period after operation
and disappeared spontaneously in 3-5 d. Plain abdominal
radiograph has no remarkable value in early diagnosis. An
upper gastrointestinal barium contrast radiograph should
be mandatory, the classic findings of which are specific for
SMAS. Computed tomography scan and endoscopy do not
contribute to the diagnosis of SMAS[15].

Treatment of  SMAS varies from nonoperative to operative
procedures[23-26]. Anderson et al[27], reported that five of nine
cases require exploratory laparotomy. Crowther et al[15], proposed
that most patients recover after conservative measures, but
occasionally surgical intervention may be required. Van
Brussel et al[4], states that the first choice of treatment for
SMAS is conservative therapy. In our series, through fasting,
gastrointestinal decompression, changing posture, maint-
aining electrolytic balance or relieving halo-femoral traction,
the seven patients recovered without operative intervention
and internal fixation removal. We consider that conservative
therapy is effective if early diagnosis, appropriate measures,
and gastrointestinal physicians’ participation are obtained.

In conclusion, patients undergoing correction surgery
for adolescent scoliosis have multiple potential risk indicators
for SMAS. The main risk indicators include height percentile
<50%, weight percentile<25%, sagittal kyphosis, heavy and
quick halo-femoral traction after spinal anterior release.
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