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We evaluated the use of duodenal derotation as a surgical option for superior mesenteric artery
syndrome (SMAS) in two groups of young patients. Sixteen patients with SMAS diagnosed by
barium upper gastrointestinal series (UGI) from 1974 to 2001, and six patients diagnosed by
computerized tomography with three-dimensional reconstructions (3D CT) from 2001 to 2007
were referred to our surgical service, 19 of whom underwent duodenal derotation as the primary
surgical treatment after a failed trial of conservative treatment. The main measured outcomes
were the resolution of typical symptoms of SMAS and the development of long-term surgical
complications. Of the first 16 patients, three (19%) responded to nasojejunal feedings. Of 13
patients undergoing derotation, only one (7.7%) failed derotation and required a gastrojejunos-
tomy bypass, whereas 12 (92%) became asymptomatic after the derotation procedure. After a mean
follow-up of 5.13 years (range 0.1–15), two patients (15%) presented with small bowel obstructions
and were treated with a simple lysis of the adhesion. All six patients from 2001 to 2007 responded
well to surgical derotation. Overall, duodenal derotations successfully relieved symptoms in 18
out of 19 (95%) patients with SMAS, with two (11%) major long-term surgical complications. No
volvulus was observed in our patients at the mean follow-up of 4.37 years.

S UPERIOR MESENTERIC ARTERY syndrome (SMAS)
was first fully described by Rokitansky in 1861.1

Based on the autopsies on a group of young asthenic
females with postprandial abdominal discomfort and
intermittent emesis of copious amounts of bilious
fluid, Rokitansky attributed the cause of the symptoms
to the compression of the duodenum between the aorta
and the superior mesenteric artery (SMA).1 The study
stimulated a small series of case reports until 1927
when Wilkie published the largest case series of 75
patients diagnosed with SMAS based on clinical pre-
sentations and barium upper gastrointestinal series
(UGI).2 However, from 1927 to the 1960s, many au-
thors showed skepticism about this disease entity be-
cause there was no clearly defined diagnostic standard.
The interest in the disease was resurrected when hy-
potonic duodenography and angiography allowed the

measurements of the aortomesenteric angle and dis-
tance in the 1960s.3 Since the 1980s, SMAS has been
widely accepted as a true disease entity due to the
capability of computerized tomography to measure the
aortomesenteric angle and distance with ease; and with
computerized tomography with three-dimensional re-
constructions (3D CT), the duodenal compression
could be evaluated in reference to the surrounding
organs (Fig. 1A–C).4

The prevalence of the disease is generally unknown.
Some authors report a prevalence of 0.13–0.3 per cent
based on barium UGI,5, 6 and an incidence of 0.5 per
cent in patients with surgery for scoliosis or spinal
cord injury.7, 8 These studies however have always
been criticized for the lack of clear diagnostic criteria.
Most authors would agree that approximately two-
thirds of the patients are female,2 75 per cent within
the age range of 10 to 39 years,9 and up to 80 per cent
with an asthenic body habitus.10

The symptomatology of this disease has been well
characterized, especially by Wilkie.2 Patients usually
experience epigastric fullness and nausea shortly after
food ingestion, then epigastric pain approximately 30
minutes after meals. Emesis is uncommon, and when
present, is bilious and episodic. The symptoms can be
severe enough to lead to early satiety, food-fear, and
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weight loss, which consequently enhance the anatomic
compression due to the reduction in the fat pad at the
mesenteric root. Most patients find some relief with
postural (Goldthwaite) manipulations after meals by
assuming a recumbent, left or right lateral decubitus,
and/or knee-to-chest positions. The patients usually
describe a period of intense flatulence 30 minutes after
assuming the positions, followed by the relief of the
symptoms.

The classic treatment option for SMAS has been
duodenojejunostomy, first proposed by Bloodgood in
1907,11 and first performed by Stavely in 1908,12

which has up to a 90 per cent success rate in terms of
symptomatic relief in patients undergoing the proce-
dure.13 The most important advantage of this approach
is the ease of performing the procedure. As a general
intraoperative finding, the duodenum is redundant, di-
lated, and allows an easy anastomosis with a segment

of the jejunum. However, major disadvantages of this
approach are the possibilities of bleeding, leakage, and
stricture of the anastomotic site. There is also the cre-
ation of a nonphysiologic bilious circulation loop, the
significance of which is unknown.

We have advocated an anastomosis-free procedure
that preserves the intact flow of the existing intestinal
tract.14 This involves the derotation of the intestinal
tract in such a way that the duodenum is on the right
of the aortomesenteric angle (AMA) and the colon is
on the left. The end result is the third portion of the
duodenum being rotated out of the AMA. This article
summarizes our experience with this technique since
1974.

Methods

The data was collected in two separate periods to
make two distinct study groups. In the first period

FIG. 1. 3D CT of a patient with SMAS. The stomach and proximal duodenum are severely distended on the coronal view (A). The
third portion of the duodenum (arrows) is compressed at the aortomesenteric angle on cross-sectional (B) and sagittal (C) views. The
aortomesenteric angle and distance are approximately 16° and 6 mm, respectively, in this case.
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from 1974 to 2001, the patients’ records were re-
viewed retrospectively, and the information on gender,
age, symptoms, treatment, and response to treatment
was collected. The diagnosis in this period was based
on clinical presentations and UGI. In the second pe-
riod from 2001 to 2007, patients were diagnosed by
clinical presentations and 3D CT, and were evaluated
prospectively as a cohort. The data on gender, body
mass index, symptoms, signs, other studies before 3D
CT, length of hospital stay, days required to be asymp-
tomatic, and long-term follow-up were collected.

Before consideration for SMAS, all patients had at
least a 6-week history of persistent postprandial ab-
dominal discomfort, nausea, with or without emesis,
and weight loss. During this period, other common
causes were usually ruled out by the referring physi-
cians with complete radiologic, endoscopic, and psy-
chologic evaluations, most of which were nondiagnos-
tic. If other common causes were not found, workup
for SMAS was initiated. For our patients within the
first period from 1974 to 2001, a confirmation study
with a UGI showed all of the following features: di-
lated first and second duodenal portions, an abrupt
vertical compression of the third duodenal portion, an-
tiperistaltic flows (“to-and-fro” peristalsis) proximal to
the vertical obstruction, and a delay of transit into the
jejunum of at least 4 hours. Since 2001, when 64-slice
3D CT became readily available in our service area,
the confirmation study was switched from UGI to 3D
CT. An aortomesenteric distance of 8 mm and an aor-
tomesenteric angle of 20° were used as the critical
measurements for our study. These were obtained us-
ing a maximum intensity projection protocol on the
three-dimensional reconstructions (Fig. 1C).4

Upon diagnosis of SMAS, all patients underwent at
least 6 weeks of conservative treatment. Older chil-
dren, who could follow instructions, were directed to
have multiple small frequent meals (6–8 meals/day),
in addition to a peristalsis-stimulating agent such as
metoclopramide. All were given instructions on pos-
tural (Goldthwaite) treatment consisting of the follow-
ing: assuming a recumbent position, raising the pelvis,
kneeling, and lowering the shoulders to allow the
flatulence to pass. Nasojejunal feeding tubes were of-
fered to these patients, but they were generally re-
fused. In younger children, who had difficulty follow-
ing instructions or those with a severe malnutritional
status, a nasojejunal feeding was initiated for at least 6
weeks.

Before a derotation procedure, intraoperative con-
firmation was obtained by examination of the duode-
num to ensure that the diameters of the first and sec-
ond portions were at least 50 per cent larger than that
of the fourth portion and the proximal jejunum, and
that an abrupt compression of the third portion within

the aortomesenteric angle was appreciated. We also
evaluated the duodenum for its usual location to rule
out malrotation. We believe these intraoperative find-
ings are highly specific for SMAS.

All of our laparotomies for SMAS were performed
through a transverse right upper quadrant incision. We
first incised the retroperitoneal reflection within the
right gutter and mobilized the right colon and terminal
ileum as well as their mesenteries from the retroperi-
toneal attachment (Fig. 2A-B). The goal was to expose
the third part of the duodenum as well as to shift the
right colon weight completely to the left side of the
aortomesenteric angle. We always performed an inci-
dental inversion appendectomy. At this point, the in-
ferior aspect of the third part of the duodenum was
usually well identified, usually being dilated and com-
pressed by the aortomesenteric angle. We continued to
free up the inferior aspect of the third part from the
retroperitoneal attachment, from right to left and to-
ward the ligament of Treitz (Fig. 2C). This ligament
was then ligated from the superior duodenal fossa to
straighten out the duodenojejunal junction (Fig. 2D).
To completely rotate the distal third part and fourth
part downward and toward the right, away from the
aortomesenteric angle, we sometimes had to sacrifice
some small blood vessels between the duodenum and
the tail of the pancreas (Fig. 2E). Care was taken not
to injure the inferior mesenteric vein. To avoid the
future risk of volvulus as well as to bring the center of
gravity of the colon close to the aortomesenteric angle,
the cecum was sutured into the splenic flexure, and the
anterior free tenia of the ascending colon and that of
the transverse colon were sutured together. The end
result of our derotation procedure was a configuration
similar to that seen in a congenital intestinal malrota-
tion after the Ladd’s procedure with the entire duode-
num to the right of the aortomesenteric angle and the
entire colon to the left (Fig. 2F). If the derotation was
successful, the duodenal distention immediately re-
solved with the passage of gas and liquid distally. This
was an excellent predictor for the resolution of the
symptoms after the surgery. We did not have adequate
data on the operating time for the first group of pa-
tients; however, the average operating time for the
latter six patients was 120 minutes (range: 90–150).
Postoperatively, patients were discharged when they
tolerated a regular diet, and they were followed
weekly until asymptomatic, then every year until 21
years of age or lost to follow-up.

Results

Over a 27 year period from 1974 to 2001, 15 pa-
tients (M:F � 1:3; mean age � 11.8) were diagnosed
with SMAS based on clinical presentations and UGI
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(Table 1). A 6-month-old female who suffered inter-
mittent postprandial bilious emeses since birth and
failure to thrive was diagnosed initially with a duode-
nal atresia by UGI. However, on exploration the pa-
tient had the typical intraoperative findings of SMAS
and responded to derotation. Of 16 patients diagnosed
within this period, three (19%) responded to 4 to 6
weeks of nasojejunal feeding, one with typical cast
syndrome and another with SMAS due to the com-
pression from retroperitoneal lymphoma. Of 13 pa-
tients who underwent derotation, only one (7.7%)
failed the derotation and required a gastrojejunostomy
6 weeks later, which resulted in resolution of the
symptoms. Although the reason for the failure of this
derotation procedure was unknown, it was likely due
to the difficulty in separating the third portion of the
duodenum from the body and tail of the pancreas with-
out causing too much disruption in the blood supply to
the distal duodenum. This probably resulted in an in-
complete derotation. All other patients in this group
became asymptomatic and began to gain weight ap-
proximately 2 weeks postoperatively. Two small
bowel obstructions due to adhesions occurred in this
group, one of who was the patient with the failed

derotation. Both patients were treated with simple ly-
sis of adhesions.

A cohort of six patients diagnosed by 3D CT was
followed by our practice (Table 2). Most were female
teenagers (M:F � 1:5) with the mean age of 15 years
(range: 12–18), mean body mass index of 18 (range:
16–20), and mean duration of symptoms before the
diagnosis of SMAS of 18 months (range 2–60). They
all had multiple diagnostic studies before being re-
ferred. Interestingly, a 17-year-old female was diag-
nosed with biliary dyskinesia and underwent a laparo-
scopic cholecystectomy without relief of symptoms.
On 3D CT, their aortomesenteric angles and distance
averaged 18.2° (range: 16–20) and 4.8 mm (range:
2–8), respectively. All six failed conservative treat-
ment consisting of small frequent meals, metoclopra-
mide, and postural modifications for 4 to 6 weeks, and
required an average of 5 days of hospital stay (range:
3–12) after the derotation. All six then became asymp-
tomatic after an average of 14 days (range: 7–29) post-
operatively. Other than one patient who developed
mild gastroesophageal reflux symptoms after the sur-
gery, no major surgical complications have been encoun-
tered at the mean follow-up of 4.37 years in this group.

FIG. 2. Duodenal derotation procedure.
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Overall, of 19 patients [M:F � 5:14; mean age: 14
years (range: 0.5–18)] undergoing derotation for
SMAS, 18 (95%) became asymptomatic, with two
(11%) long-term adhesive complications and no recur-
rence. We have observed no volvulus in either group
thus far.

Discussion

Late in the fifth week of gestation, the midgut grows
faster than the embryonic abdominal cavity and her-
niates through the umbilical cord. The superior mes-
enteric artery is the blood supply to the herniated
bowel and the yolk sac. The herniated bowel rotates
around the superior mesenteric artery axis 90 degrees
counterclockwise so that the future duodenum is to the
right of the superior mesenteric artery and the colon to
the left. During the tenth week, the proximal small
bowel returns to the abdominal cavity, followed by the
colon. During this retraction, the intestine rotates an
additional 180 degrees counterclockwise so that the
third part of the duodenum is posterior to the SMA and
the transverse colon anterior. The duodenojejunal
junction is tethered to the right crus of the diaphragm
by the ligament of Treitz, a band of smooth muscle

and fibrous tissue. As a result, the duodenal third por-
tion is tightly secured between the angle formed by the
aorta and the SMA, the aortomesenteric angle.

The cause of SMAS is likely multifactorial and in-
cludes both congenital and physiological components.
We theorize that there are two major factors that con-
tribute to the pathophysiology of SMAS. The first fac-
tor is a short ligament of Treitz, which, we assume, is
a congenital factor. This can cause problems in one of
two ways: 1) drawing the third portion of the duode-
num upward toward the narrow part of the AMA, or 2)
creating an acute bending angle of the small bowel
right at the duodenojejunal junction.15 The second fac-
tor is an increase in angular torque on the third portion
of the duodenum. This factor can be either congenital
or acquired. If we treat the small bowel and colon, as
well as their associated mesenteries, as pendulums
suspended by the SMA branches to the point where the
SMA diverges from the aorta, then the angular torques
exerted by the weights of the small bowel and colon on
the third part of the duodenum are directly proportion-
ate to length of the pendulums (the lengths of the SMA
branches), the weights of the pendulums (the weights
of the small bowel and colon as well as their associ-
ated mesenteries), and the sine values of the angles

TABLE 1. Characteristics of Patients with SMAS Diagnosed by UGI (1974–2001)

No. Gender Age (years) Symptoms Treatments Results/Follow-Ups

1 F 0.5 Intermittent bilious emesis since
birth, failure to thrive

Ladd’s Asx, 5 years

2 F 4 Bilious emesis, acidosis, dehydration,
RLQ pain

Nasojejunal feeding Asx, 4 years

3 F 7 Postprandial pain and emesis for 6 weeks Ladd’s Asx, 1 year
4 M 8 Nausea, emesis, weight loss Ladd’s Asx, 2 years
5 F 9 Spica cast after MVA, postprandial emesis Nasojejunal feeding Asx, 2 years
6 M 10 Early satiety and weight loss,

failed pyloroplasty
Ladd’s Asx, 1month

7 F 10 Persistent high NG output status post
laparotomy for Hodgkin’s staging

Nasojejunal feeding Asx, 2 years

8 M 11 Postprandial nausea, emesis Failed Ladd’s;
gastrojejunostomy

Asx, 13 years;
SBO due to
adhesion
@10 years

9 M 13 Postprandial nausea, emesis Ladd’s Asx, 15 years
10 F 15 Postprandial nausea, emesis Ladd’s Asx, 6 years
11 F 15 Postprandial epigastric pain,

nausea, and emesis
Ladd’s Asx, 1 year

12 F 16 Intermittent nausea, emesis,
failure to gain weight

Ladd’s Asx, 13 years

13 F 17 Early satiety, bloating,
occasional emesis

Ladd’s Asx, 13 years

14 F 17 Early satiety, bloating, failure
to gain weight

Ladd’s Asx, 2 years

15 F 18 Early satiety, nausea, emesis,
weight loss status post MVA

Ladd’s Asx, 1 year

16 F 18 Postprandial epigastric pain,
nausea, emesis, 30-lb weight loss

Ladd’s Asx, 2 years;
SBO, adhesion
@18 months

UGI, Barium upper gastrointestinal series; Asx, asymptomatic; RLQ, right lower quadrant; MVA, motor vehicle accident; NG,
nasogastric; SBO, small bowel obstruction.
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formed by the aorta and the SMA branches (essentially
AMA) (Fig. 3). The smaller the angles, the larger are
their sine values.

Based on the concept of angular torque, we can
divide the causes of the SMAS into three different
groups with a high aortomesenteric angular torque on
the third portion of the duodenum. The first group
has a large pendulum length, in other words, an
elongated mesentery with the bowel contents sagging
into the pelvic cavity. Wilkie refers to this group as
having visceroptosis which can be either congenital or
acquired.2 For instance, SMAS caused by acquired
visceroptosis has been well described in patients un-
dergoing protocolectomy with ileal J-pouch anastomo-
sis.16 In the second group, an increased mass of the
pendulum due to the large weights of the mesentery
and the bowel contents secondary to factors such as
tumors can theoretically augment the angular torque
on the duodenum. To our knowledge however, SMAS
simply due to mesentery or bowel tumors has not been
reported in the literature. Most patients with SMAS
belong to the third group with a severely acute AMA.
This angle is supported by the mesenteric root fat pad.
The reduction in this fat pad in patients with rapid
weight loss due to eating disorders17 or gastric by-
pass18 can result in a reduction in the AMA, and as

a sequela, SMAS. The well-known Cast Syndrome in
spinal surgeries is SMAS caused by the reduction in
the AMA associated with manipulations of the verte-
bral column.7, 8 Aortic aneurysm can also reduce the
AMA.19 Other potential causes of a reduced AMA due
to an extrinsic compression are mesenteric lymphade-
nopathy secondary to an infection or metastasis, and
primary pancreatic, stomach, or colon malignancy. In
the pediatric population, especially teenagers, SMAS
is due to a rapid growth in height without an equiva-
lent growth in weight. This may result in an elongated
mesentery (the pendulum length) as well as the loss of
mesenteric root fat pad (the pendulum angle). This
may explain why most of our patients are teenagers
experiencing growth spurts. Needless to say, SMAS
likely develops as a combination of multiple congen-
ital and physiological factors. The congenital predis-
position has been supported by the findings of SMAS
in a family cluster20 and in identical twins.21

It is important to emphasize that SMAS is a com-
pression phenomenon on the duodenum by the AMA,
and not an ischemic phenomenon due to compression
of the SMA by the duodenum. However, when the
compressed duodenum becomes too severely dilated,
it may exert compression on the SMA. This explains
the occasional epigastric vascular bruits in some of our
patients. Also, the compression on the duodenum in a
true SMAS is often intermittent and incomplete. The
patients are usually asymptomatic between the epi-
sodic attacks, and even during the attacks, gastric and
duodenal contents can still slowly pass through the
AMA. In such cases, we may appreciate a high-
pitched epigastric bowel sound on exam.

We advocate the use of the terms primary and sec-
ondary SMAS where primary SMAS is defined as one
without an associated disease process and secondary
SMAS is associated with a clearly defined disease
process. Pathophysiologically, patients with primary
SMAS must have both attributing factors as already
discussed: a short ligament of Treitz and an increased
aortomesenteric angular torque which is not due to an
organic disease such as tumor or retroperitoneal
lymphadenopathy. Clinically speaking, these patients
must have a typical presentation of SMAS and must
undergo complete pre and intraoperative evaluations
to rule out other organic causes of the symptoms. Most
patients with primary SMAS turn out to be pediatric
patients at their growth spurts or adult patients with a
rapid weight loss. These are perfect candidates for a
duodenal derotation procedure. On the other hand, if
an SMAS can be attributed to any other organic dis-
ease, it should be considered as secondary SMAS. The
treatment is then to provide aggressive nutritional sup-
port and to correct the underlying disease if possible.
Two patients in our series are considered to have sec-FIG. 3. Pendulum concept of SMAS.

650 THE AMERICAN SURGEON July 2008 Vol. 74



ondary SMAS: one with Body Cast Syndrome after a
motor vehicle accident, and one with retroperitoneal
lymphoma. Both responded well to nutritional support
alone. Other examples of secondary SMAS are those
with retroperitoneal tuberculosis, retroperitoneal sar-
coma, or pancreatic tumor. If nutritional support fails
to resolve the symptoms in these patients, a duodeno-
jejunostomy procedure should be considered. A duo-
denal derotation can be technically challenged.

Traditionally, SMAS is a diagnosis of exclusion be-
cause the symptoms of SMAS can imitate many other
common diseases such as gallbladder disease, peptic
ulcer disease, irritable bowel syndrome, or gastroper-
esis.10 Therefore, most patients experience the symp-
toms of postprandial fullness, abdominal discomfort,
and nausea for many months before SMAS becomes a
part of the differential diagnosis. Up until the 1980s,
UGI was the confirmatory test of choice for the syn-
drome. Many authors argue for strict UGI criteria
which must show all of these five elements: 1) A
dilatation of the 1st and 2nd parts of the duodenum,
2) An abrupt vertical or oblique compression of the
3rd portion, 3) Antiperistaltic flow of the contrast
proximal to the compression, 4) Delay of transit of the
contrast into the jejunum of at least 4 to 6 hours, and
5) A relief of the compression and symptoms in a
knee-to-chest or left lateral decubitus position.10, 22

Even with this strict criteria, UGI does not seem to be
sensitive enough for SMAS because the symptoms are
often intermittent and are experienced in unpredictable
ways. UGI is generally only appropriate during an
active attack. To overcome this problem, some authors
propose a concept of hypotonic duodenography where
an antiperistaltic agent is used to slow down the evacu-
ation of the duodenum to induce the symptoms during
a UGI study.3, 23 This improves the sensitivity of the
UGI study; however, it is nonphysiologic and may not
reflect a true SMAS.4 Since the 1960s, angiographies
have helped in delineating AMA, and in conjunction
with UGI, measuring aortomesenteric distance (the
distance between the aorta and the SMA where it
passes over the third portion of the duodenum). The
normal angle is estimated to be 25 to 60°, with 7 to 22°
to be considered as abnormal. The normal distance is
estimated to be 10 to 28 mm, with 2 to 8 mm to be
considered as abnormal.3, 23, 24 The major limitation
of angiography is that the angle and distance are usu-
ally derived from only one (usually lateral) view and
may not represent the real angle and distance. The 3D
CT solves this problem. A multiplanar reformatted re-
construction can be rotated using a maximum intensity
projection protocol to find the largest values of the
AMA and distance where the duodenum passes over.4

Moreover, the dilated duodenum can be evaluated in
reference to the surrounding anatomic structures espe-

cially the aorta and the SMA.4 The ranges of normal
and abnormal AMA and distance are comparable to
those found on angiography; however, the aortomes-
enteric distance seems to be superior to the AMA in
diagnosing SMAS.25 In fact, a cut-off value of 8 mm
has up to 100 per cent sensitivity and specificity in
predicting SMAS.26 In addition to the cut-off value of
8 mm, we also look for the signs of obstruction such as
distended stomach, dilated proximal duodenum,
abrupt compression of duodenum at the AMA, and
minimal passage of contrast distal to the obstruction.
As already mentioned, these signs may not always be
present due to the intermittent nature of the disease,
and a repeat study may be needed. They are, however,
found in all of our six patients with 3D CT.

If exposure to iatrogenic radiation from 3D CT is a
concern, especially in younger patients, abdominal ul-
trasonography with color Doppler or endoscopic ultra-
sonography can provide diagnostic information
equivalent to that of 3D CT.27, 28 However, these stud-
ies are operator-dependent and not readily available in
most community hospitals.

In regard to treatment, our principal belief is that a
true primary SMAS is transient. In other words, cer-
tain physiological or psychological issues aggravate
the aortomesenteric angular torque on the duodenum
in most patients with certain congenital predisposi-
tions to SMAS. We argue that these issues are either
temporary or correctable. This concept is most appli-
cable in teenagers, the most common presenting
group, at their growth spurts. In fact, if these patients
wait long enough until their weight growth catches up
with the height growth, the mesenteric fat pad would
increase, and the symptoms would spontaneously re-
solve. Therefore, the treatment of choice for all pa-
tients with SMAS is nutritional support, aiming at in-
creasing the mesenteric fat pad, which in turn
increases the AMA. Reportedly, this treatment has
been up to 100 per cent successful in orthopedic pa-
tients with spinal surgeries.29, 30 In patients who can
comply with a conservative regimen, small, frequent
meals together with postprandial postural modifica-
tions such as side-lying or chest-to-knee and the use of
properistaltic agents such as metoclopramide are rec-
ommended.9, 10 These postural modifications hypo-
thetically increase the AMA. Younger children or
critically ill patients may not be able to tolerate this
regimen well. In such cases, a postobstruction or je-
junal tube feeding and/or total parenteral nutrition may
be indicated. These regimens must be instituted for at
least 4 to 6 weeks before any consideration of a sur-
gical approach.

Only three of our 22 patients (14%) responded to
conservative treatment. These are critically ill, hospi-
talized patients with the nasojejunal feeding tubes su-
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tured in their nose for several weeks. The rate of com-
pliance with conservative treatments in our pediatric
patients is low. These patients, in general, are highly
functional at home and in school apart from intermit-
tent severe postprandial symptoms. Active younger
patients, who have difficulty following instructions,
also have difficulty maintaining a nasojejunal tube in
place for several weeks. Multiple reinsertions of the
tube would result in an erratic feeding schedule. On
the other hand, most of our patients are teenagers at
growth spurts, who have no fear of surgery. Some
actually are cheerleaders. Asking these patients to
have a nasojejunal tube for several weeks is impos-
sible. All of our patients and their parents generally
agree to a several-week trial of multiple daily meals
with high protein supplements, and most request a
surgical treatment eventually.

Traditionally, the treatment for SMAS is duodeno-
jejunostomy, which bypasses the obstructed third part
of the duodenum. The best result is associated with
preoperative radiographic findings of a severe duode-
nal stasis.13 Laparoscopic cases have been reported.31

We believe that this approach is most appropriate for
secondary SMAS with untreatable underlying causes
such as pancreatic cancer, mesenteric lymphadenopa-
thy due to lymphoma and tuberculosis, and abdominal
aortic aneurysm.

Other alternative surgical approaches have been re-
ported in the literature. A gastrojejunostomy is recom-
mended if both the stomach and the duodenum are
severely dilated, or when the duodenum is ulcerated
rendering a duodenojejunostomy unsafe.2, 32 Addi-
tionally, a reanastomosis of the duodenum anterior to
the SMA has also been described.33

We have been promoting duodenal derotation as the
primary surgical treatment for SMAS since 1974.14

The technique preserves the primary flow of the in-
testinal tract without an anastomosis. We believe this
is most appropriate in primary SMAS, especially in
pediatric patients. The procedure was pioneered by
Strong34 in 1958 when he stressed the significance of
the mechanical obstruction on the duodenum caused
by a tight attachment of the third duodenal portion into
an acute AMA. The same concept was actually
touched upon by Wilkie2 30 years earlier. The attach-
ment is maintained by the ligament of Treitz as well as
by the adhesion of the duodenum to the retroperitoneal
space and to the pancreas. The treatment, therefore,
simply focuses on the release of this attachment by
ligating the ligament of Treitz and liberating the third
and fourth parts of the duodenum from the distal pan-
creas and from the retroperitoneum. Consequently, the
distal duodenum becomes an intraperitoneal rather
than a retroperitoneal organ. More importantly, this
results in a rotation of the third and fourth portion as

well as the mesentery downward and to the right of,
and away from, the AMA. This rotation is in the di-
rection opposite to that of the embryonic midgut rota-
tion, hence, the term derotation. The procedure is
simple and effective enough to have been performed
laparoscopically in four patients, three of whom be-
came asymptomatic.35

We follow this concept and technique with one
modification: to also mobilize the colon to the left of
the AMA. There are two major advantages of this
modification. First, mobilizing the right colon and the
mesentery off the right gutter would facilitate the ac-
cess to the inferior aspect of the third duodenal por-
tion, which in turn, facilitates the derotation process.
Second, by fixation of the ascending colon to the
transverse colon along the anterior free tenia starting
with attaching the cecum to the splenic flexure and
suturing toward the hepatic flexure, we theoretically
reduce the pendulum length, which subsequently re-
duces the angular torque caused by the weight of the
colon on the duodenum if an incomplete or unsuccess-
ful derotation is to occur. The fixation also prevents
the potential risk of a volvulus of the free segment of
the colon. Despite the fact that it has never been done,
we believe that this procedure is laparoscopically fea-
sible.

There were only two long-term surgical complica-
tions observed in our study. One patient experienced
mild symptoms of heart burn which were temporary
and successfully treated with a proton pump inhibitor.
Two patients with small bowel obstructions were
found to have intra-abdominal adhesions which were
successfully lysed. Although being a theoretical risk,
no volvulus complication has been observed to date.

The major limitation of our study is the data on
long-term follow-up. We attempt to correct this prob-
lem by monitoring the new cohort of patients diag-
nosed by 3D CT as long as we can. However, as with
any observational study in the pediatric population, it
is extremely difficult to obtain long-term data. Our
surgical practice routinely follows our patients up to
21 years of age. However, most will be lost in follow-
up due to family relocation, departure for college, mar-
riage, and transfer of care to general surgeons.

Conclusion

With the availability of 3D CT as the new gold
standard for the diagnosis of SMAS, we expect a more
general acceptance of this disease entity. It is therefore
important to distinguish between the primary and sec-
ondary conditions because the treatment options may
vary depending on that distinction. In our opinion,
SMAS in elderly patients should be considered as a
sign rather than a disease, and an extensive workup
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should be undertaken to find the underlying cause. All
patients with SMAS should have a trial of at least 4 to
6 weeks of conservative treatment with optimal nutri-
tional support. A derotation procedure should be of-
fered as an option for the patients with primary SMAS,
especially the pediatric patients in whom the disease is
mostly temporary. If the derotation fails to resolve the
symptoms, a duodenojejunostomy or gastrojejunos-
tomy is always possible at a later time.
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