J Gastrointest Surg (2012) 16:2203-2211

3% 3
DOI 10.1007/s11605-012-2049-5 ; = &a
ORIGINAL ARTICLE *é‘ S M g
T ,5"

% 9

Superior Mesenteric Artery Syndrome: Where Do We
Stand Today?

Tae Hee Lee - Joon Seong Lee - Yunju Jo - Kyung Sik Park -
Jae Hee Cheon - Yong Sung Kim - Jae Young Jang -
Young Woo Kang

Received: 15 July 2012 /Accepted: 4 October 2012 /Published online: 18 October 2012
© 2012 The Society for Surgery of the Alimentary Tract

Abstract

Background Most data on large studies of superior mesenteric artery syndrome (SMAS) were published over 30 years ago.
New studies are needed so that current medical progress can influence SMAS diagnosis and improve therapeutic outcomes.
Methods This study was conducted to report the clinical features and outcomes of SMAS. From January 2000 to December
2009, 80 cases (53 females, median age 28 years) of SMAS were collected retrospectively from seven university hospitals in
South Korea.

Results The median body mass index at diagnosis was 17.4 kg/m?, with a range of 10-22.1. Forty (50 %) of the 80 SMAS
patients had co-morbid conditions including mental and behavioral disorders, infectious disorders, and disorders of the
nervous system (21.3, 12.5, and 11.3 %, respectively). Computerized tomography was most commonly (93.8 %) used to
diagnose SMAS. The overall medical management success and recurrence rates were 71.3 and 15.8 %, respectively. Surgical
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management had a high 92.9 % (13/14) success rate. The most common surgical procedure for SMAS was laparoscopic

duodenojejunostomy.

Conclusions This is the largest case series to document the clinical features and changes in diagnostic modalities, medical
and surgical managements, and their outcomes in SMAS patients. Laparoscopic duodenojejunostomy is the preferred
surgical procedure when medical management of the disease fails.

Keywords Diagnosis - Management - Superior mesenteric
artery syndrome

Introduction

Superior mesenteric artery syndrome (SMAS) is an uncom-
mon disease resulting from the compression of the third
portion of the duodenum by the superior mesenteric artery.
In 1861, Rokitansky' was the first to observe that superior
mesenteric vessels may compress and obstruct the duode-
num over the lumbar spine. Subsequently, in 1927, Wilkie
published the first comprehensive series of 75 patients.
Therefore, SMAS is also known as Wilkie's syndrome,
arteriomesenteric duodenal compression, chronic duodenal
ileus, or cast syndrome.® The typical symptoms of SMAS
are anorexia, nausea, vomiting, early satiety, abdominal
pain, and postprandial fullness. Diagnosis requires radiolog-
ic studies in patients with symptoms suggestive of SMAS.
Upper gastrointestinal (GI) barium studies combined
with simultaneous angiography have been established as
definitive diagnostic tools for SMAS. Upper GI barium
studies show a dilated proximal duodenum with an abrupt
termination of the barium column in the third portion. An-
giography has been suggested as the “gold standard” proce-
dure for the assessment of the aortomesenteric angle and
distance.” The SMA angle to the aorta is normally 45°
(range, 38-56°), whereas in SMAS the SMA angle is de-
creased to 6-25°. Accordingly, the distance between the
SMA and the aorta normally ranges from 10 to 20 mm,
whereas in SMAS this distance is decreased to 2-8 mm.’
SMAS therapy includes weight gain to increase the aorto-
mesenteric angle, but surgery is indicated in symptomatic
patients when conservative management approaches fail.®
A PubMed search (www.ncbi.nlm.nih.gov/PubMed;
1950 to December 2011) using a combination of the MeSH
term including “superior mesenteric artery syndrome” and
additional words (Wilkie's syndrome, aortomesenteric com-
pression, arteriomesenteric duodenal compression, or du-
odenal vascular compression) yields more than 500 articles.
However, most studies investigating SMAS include only
a small sampling of patients, and the largest studies date
back to 1960-1980.% Given the advances in diagnosis and
nutritional and surgical management, an updated study of
SMAS in a large patient population is needed. Thus, we
analyzed the clinical characteristics, diagnostic tools, and
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outcomes of SMAS in South Korea during the previous
decade.

Methods
Patient Population

This study was approved by the Institutional Review Board
of all participating university hospital centers (IRB #2010-
110). SMAS was defined using the following criteria: (1)
gastrointestinal symptoms of anorexia, nausea, vomiting,
early satiety, abdominal pain, or postprandial fullness, (2)
radiologic findings suggestive of extrinsic compression of
the third portion of the duodenum between the SMA and the
aorta, a dilated duodenum, an aortomesenteric distance of
<8 mm, or an aortomesenteric angle of <25°. The aortome-
senteric distance was defined as the minimum distance at the
level where the duodenum passes between the SMA and
aorta. The aortomesenteric angle was measured as the angle
between the aorta and SMA on sagittal images. These
parameters are shown in Fig. 1 in an SMAS patient.
Eighty-three cases of SMAS were collected retrospectively
from university hospital centers over a 10-year period be-
ginning on January 1, 1999. Three cases were excluded due
to the absence of any gastrointestinal symptoms. Thus, we
analyzed a total of 80 cases of SMAS.

Data Collection

The following information was collected from the complete
review of medical records:

1. Demographics: sex, age at time of initial diagnosis,
alcohol drinking (non-imbibers/social drinkers/heavy
drinkers), and smoking status (non-smoker/past smok-
er/current smoker).

2. Date of symptom onset, initial diagnosis, and last
follow-up (date of death if deceased): early diagnosis
was defined as less than 30 days from symptom onset
to initial diagnosis, while late diagnosis was consid-
ered as undiagnosed or more than 30 days from symp-
tom onset to initial diagnosis. Body mass index (BMI)
at SMAS diagnosis: BMI was classified as under-
weight (< 18.5 kg/m?), normal (18.5-22.9 kg/m?),
overweight (> 23 kg/m?), or obese (> 25 kg/m?)
according to Asian-Pacific criteria.’
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Fig. 1 The aortomesenteric
angle and distance in a patient
with SMAS

3. Symptoms, including anorexia, nausea, vomiting, ear-
ly satiety, abdominal pain, and postprandial fullness.

4. Radiologic methods used in the diagnosis: upper GI
barium study, abdominal ultrasound, computed tomog-
raphy (CT), or magnetic resonance imaging (MRI).

5. Upper endoscopy: the presence of esophagitis or pep-
tic ulcer.

6. Co-morbidity: We used two definitions of co-morbidity
in the patient population: (1) to indicate simultaneously
existing medical conditions independent of another con-
dition in a SMAS patient and (2) to indicate a medical
condition in a patient that causes or is otherwise related
to another condition in the same SMAS patient. These
co-morbid conditions had been diagnosed by specialists
in all related departments, including psychiatry, neuro-
surgery, and neurology. We classified diseases and other
health problems in medical records according to the
International Statistical Classification of Diseases
(ICD)-10, version 2010.*

7. Medical therapy: supportive care such as total paren-
teral nutrition, medication, or tube decompression.

8. Surgical therapy: open duodenojejunostomy, section of
the ligament of Treitz (Strong's operation), open gas-
trojejunostomy, laparoscopic duodenojejunostomy,
and laparoscopic gastrojejunostomy.

9. Outcome: Success was defined as both improvement
of gastrointestinal symptoms and weight gain.

10. Recurrence: Recurrence was defined as a return of
gastrointestinal symptoms accompanying a radiologic
finding suggestive of SMAS.

11. Cause of death: primary cause of death.

Statistical Analysis

The patient's clinical data were summarized as a percentage
or median (with range), according to the characteristics of
each variable. Subgroup analyses of the above-mentioned
variables were performed according to gender, age, and lag
time (time interval from symptom onset to initial diagnosis).
Significant differences in the subgroup analyses were deter-
mined by using Pearson's chi-square test, Fisher's exact test,
and Mann—Whitney U test as appropriate. Data were ana-
lyzed using a commercially available statistical software
package (SPSS version 12.0, SPSS Inc. Chicago, IL,
USA). A p value of less than 0.05 was considered to be
statistically significant.

Results
Clinical Characteristics

There were 80 SMAS patients between January 2000 and
December 2009; 53 (66.3 %) of these were female. The
median age at diagnosis was 28 years, with a range of 11—
92 years. Fifteen of the patients were teenagers (Table 1).
Seventy-two patients (90 %) were non-drinkers, while
seven (8.8 %) were social drinkers and one was a heavy
drinker (1.3 %). Seventy patients (87.5 %) were non-
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Table 1 Clinical characteristics of 80 patients with SMAS

Gender

Male (%) 27 (33.7 %)
Female (%) 53 (66.3 %)
Age

Median (range) 28 years (11-92 years)
10s/20s/30s/40s/50s/60s/70s/80s/90s  15/27/11/8/7/5/5/1/1
Time interval from symptom onset to initial diagnosis
30 days (0-900 days)
34 (42.5 %)/46 (57.5 %)

Median (range)

Early/late diagnosis (%)
Body mass index (BMI)
Median BMI (range)
Underweight/normal BMI (%)
Gastrointestinal symptoms

17.4 kg/m? (10-22.1 kg/m?)
61 (76.3 %)/19 (23.7 %)

Vomiting (%) 56 (70 %)
Nausea (%) 53 (66.3 %)
Abdominal pain (%) 52 (65 %)

Anorexia (%)
Postprandial fullness (%)
Early satiety (%)
Radiologic modality

27 (33.8 %)
27 (33.8 %)
10 (12.5 %)

CT (%) 75 (93.8 %)
UGI (%) 43 (53.8 %)
US (%) 22 (27.5 %)
MRI (%) 4 (5 %)

Endoscopic findings

Esophagitis or peptic ulcer (%) 21 (41.2 %)

smokers, and three (3.8 %) and seven (8.8 %) were past and
heavy smokers, respectively.

The median time interval from symptom onset to initial
diagnosis was 30 days, with a range of 0900 days. Thirty-
four patients (42.5 %) were diagnosed early. The median
follow-up period was 5 months, with a range of 1-
84 months. The median BMI at diagnosis was 17.4 kg/m?
with a range of 10-22.1. Sixty-one patients (76.3 %) were
underweight and 19 (23.7 %) had a normal BMI.

Vomiting, nausea, and abdominal pain were the most
common symptoms (70, 66.3, and 65 %, respectively).
Other major contributing symptoms were anorexia
(33.8 %), postprandial fullness (33.8 %), and early satiety
(12.5 %). On a one to six scale, the number of patients with
each symptom was: one (17.5 %), two (22.5 %), three
(40 %), four (10 %), five (5 %), and six (5 %).

CT was the most common diagnostic modality (93.8 %)
for SMAS, followed by upper barium studies (53.8 %),
ultrasonography (27.5 %), and MRI (5 %). When CT was
used as gold standard, the false negative rate of the upper GI
series was 18.6 % in eight of 43 patients. Upper endoscopy
was performed in 51 patients (63.8 %) at diagnosis. A
pulsatile compressive lesion in the third portion of the
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duodenum was noted in all patients who underwent upper
endoscopy. Esophagitis or peptic ulcers were found in 21
(41.2 %) of these 51 patients.

The median aortomesenteric angle and distance were
10.5° (range 7.2-19.7°) and 0.5 cm (range 0.3—0.8 cm).

Half of the SMAS patients were free of co-morbid con-
ditions. Mental and behavioral disorders, infectious dis-
eases, and diseases of the nervous system were the most
common co-morbid conditions among patients with SMAS
(21.3, 12.5, and 11.3 %, respectively; Fig. 2). Details of the
co-morbid conditions are shown in Table 2. SMAS patients
with one to three co-morbid conditions were one (31.3 %),
two (12.5 %), and three (7.5 %), respectively.

Treatment and Outcomes

Figure 3 shows the management and outcomes for the 80
SMAS patients. All seven patients (8.8 %) with outpatient
care had positive responses and no recurrence, with a me-
dian follow-up period (range) of 2 months (1-6 months).
Seventy-three patients (91.2 %) were admitted for inpatient
care at diagnosis. The median number of admissions was
one (range one to 12) during the median follow-up period of
5 months (range 1-84 months).

Vomiting was the only significant difference in clinical
features presented by patients with inpatient care relative to
outpatients. There was a significant difference in the inci-
dence of vomiting between patients with outpatient and
inpatient care [two (28.6 %) vs. 54 (74 %), respectively].

Inpatient care began with conservative management. To-
tal parenteral nutrition was indicated in 51 patients (69.9 %).
Sixty-four patients (87.7 %) were managed medically at
initial admission, with success being observed in 50
(78.1 %). There were recurrences in nine of the inpatients
(18 %). Six of the nine patients (66.7 %) with recurrences
had success with medical re-treatment.

Surgery was performed on 15 SMAS patients (18.8 %).
Of these, one had a colectomy for ischemic colitis that
developed during hospitalization a month after medical
treatment of SMAS. The remaining 14 of 80 patients
(17.5 %) underwent surgery for the relief of SMAS. The
most common surgical procedure for SMAS was laparo-
scopic duodenojejunostomy (eight), followed by open duo-
denojejunostomy (four), and open gastrojejunostomy (two).
The success rate of surgery was 92.9 % (13/14). However, a
patient with an open gastrojejunostomy died of a surgical
complication (peritonitis due to an anastomotic leak).

Five patients (6.3 %) died: two from muscular dystrophy,
one from ischemic colitis, one from tracheostomy bleeding,
and one due to a surgical complication.

In summary, a higher overall success rate of 92.9 % in 13
of 14 patients was observed in patients who underwent
surgical management, compared with 71.3 % in 57 of 80
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Co-morbid conditions (n)

Fig. 2 Co-morbid conditions 25% |
of 80 patients with SMAS
according to ICD-10, version
2010 20%
15%
10%
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0% | |

patients who underwent medical management. The recur-
rence rate (0 %) of surgical management during the median
follow-up period of 12 months was also lower compared
with that (15.8 %) of medical management.

Subgroup Analyses

Table 3 shows the subgroup analyses of clinical character-
istics, treatment modalities, and outcomes according to gen-
der, age, and lag time. There were no significant differences
between male and female patients with SMA in age, lag
time, BMI, type of care, treatment modality, and success. No
significant differences with respect to these results were
observed between pediatric and adult patients with SMAS.
In the comparison of the early and late diagnosis subgroups,
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female patients were more common in the early diagnosis
subgroup, compared with the late diagnosis subgroup (52.9
vs. 76.1 %, p=0.030). A higher surgery rate was also found
in the early diagnosis subgroup compared with the late
diagnosis subgroup (5.9 vs. 28.3 %, p=0.011).

Discussion
Clinical Characteristics

SMAS is a rare disease, and the vast majority of available
literature describes case reports or a small series of patients. In
the present study, we describe 80 patients affected by SMAS
that were diagnosed in South Korean tertiary hospitals over

Table 2 Co-morbid conditions

Mental and behavioral disorders

Infectious diseases

Diseases of the nervous system
Diseases of the digestive system

Disease of the circulatory system

Disease of musculoskeletal system/
connective tissue

Neoplasm

Diseases of the endocrine system
Diseases of the blood system
Congenital diseases

Diseases of the genitourinary system

Injury

Major depression (6), mental retardation (4), anorexia nervosa (3), somatization (2), obsessive compul-
sive disorder (1), alcohol abuse (1), dementia (1), insomnia (1)

Pulmonary tuberculosis (4), acute gastroenteritis (3), tuberculous colitis (2), herpes zoster (1)

Epilepsy (4), muscular dystrophy (2), dystonia (1), paraplegia (1), Parkinson's disease (1), mitochondrial
myopathy, encephalopathy, lactic acidosis, stroke (MELAS) syndrome (1), cerebral palsy (1)

Mesenteric thrombosis (2), gallbladder empyema (1), alcoholic liver disease (1), inguinal hernia (1),
Crohn's disease (1)

Hypertension (3), cerebrovascular accident (1), cardiomyopathy (1), atrial fibrillation (1)

Osteoarthritis (2), theumatoid arthritis (1), fibromyalgia (1), Sjogren's syndrome (1), cervical disc
disorder (1)

Ovarian cancer (1), laryngeal cancer (1), gastric cancer (1), duodenal cancer (1)
Diabetes mellitus (1)

Sickle-cell anemia (1)

Choledochal cyst (1)

Ureter stone (1)

Brain injury (1)
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Outpatient care
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Total SMAS
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Medical management
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Surgical
management (3)
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management (3)
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Success (3)

Success (7)
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Fig. 3 Clinical outcomes of 80 patients with SMAS. Asterisk, one patient died due to surgical complications and the other patient underwent

colectomy for ischemic colitis

the last decade. Our data suggest that females are affected more
frequently by SMAS than males and in our study; two-thirds of
the patients were between 10 and 39 years of age. These
findings agree with earlier studies.”**'® The duodenum is
surrounded by a mesenteric fat pad and lymphatic tissue as it
crosses the aortomesenteric interval. This serves as a cushion,
allowing for sufficient space and preventing extrinsic compres-
sion of the small bowel caused by the SMA. Low BMI or
weight loss is a well-known risk factor for SMAS.
Interestingly, our study showed that 19 of 80 SMAS
patients (23.7 %) had normal BMIs. The reason for the

development of SMAS in patients with normal BMIs is
currently not known. An earlier study'® reported a mean
BMI of 21.3 kg/m? and no weight loss was recorded in 50 %
of the 22 pediatric SMAS cases. These results suggest that
low BMI or enduring weight loss is not a requirement for
the development of SMAS. A growth spurt might be related
with a change in the SMA configuration without weight
loss. BMI as a measure of obesity in children and adoles-
cents has limited accuracy, and interpretation of data that
rely solely on BMI across different age groups should be
done cautiously. However, in our study, there was no sig-

Table 3 Subgroup analyses of clinical characteristics, treatments, and outcomes

Gender Age Lag time®
Males Females p-value  Pediatrics Adults p-value  Early Late p-value
(n=27) (n=53) (n=15) (n=65) (n=34) (n=46)
Female (%) 0 53 (100 %) NA 8 (53.3 %) 45 (69.2 %) 0.241 18 (52.9 %) 35(76.1 %) 0.030
Median age (years) 34 28 0.448 15 34 <0.001 30 40.1 0.907
Median lag 10 30 0.123 30 30 0.396 5 75 <0.001
time (days)
Median BMI 17.8 17.8 0.603 17.7 17.8 0.895 17.8 17.5 0.088
(kg/m?)
Inpatient care (%) 26 (96.3 %) 47 (88.7 %) 0.413 15 (100 %) 58 (89.2 %) 0.337 30 (88.2 %) 43 (93.5%) 0451
Surgery (%) 7 (25.9 %) 8 (15.1 %) 0.241 4(26.7 %) 11 (16.9 %) 0.464 2 (5.9 %) 13 (283 %) 0.011
Success (%) 22 (81.5 %) 45 (84.9 %) 0.695 13 (86.7 %) 54 (83.1 %) 0.734 28 (82.4 %) 39 (84.8 %) 0.771

# Time interval from symptom onset to initial diagnosis
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nificant difference in BMI between pediatric and adult
SMAS patients.

Laffont et al.'' reported the occurrence of SMAS in
paraplegic patients 3 months after injury. They hypothesized
that an imbalance in the autonomic nervous system results
in unchecked parasympathetic activity in the acute setting
and may lead to the development of SMAS. Furthermore,
prior neurological injury may induce the hyperextension of
the spine with increased lumbar lordosis, prolonged supine
positioning, or increased flaccidity of the abdominal wall
musculature, which may predispose patients to developing
SMAS.'"" SMAS is commonly described following correc-
tive spinal surgery for scoliosis.” This procedure lengthens
the spine cranially, displacing the SMA origin, which
decreases the mesenteric artery's lateral mobility and
reduces the acuteness of the aortomesenteric angle. Ana-
tomical conditions such as a short ligament of Treitz,* low
origin of the SMA,'? or esophagectomy'® may bias patients
towards SMAS.

A case report of identical twins '* with SMAS and
another case in utero'” suggest that genetics may predispose
some patients towards SMAS. Therefore, neurological inju-
ry, anatomical variation, or genetic susceptibility may con-
tribute to this condition. Larger case studies are needed for
the identification of SMAS in normal-BMI individuals.

Our study showed that SMAS was diagnosed late in 46
patients (57.5 %). The clinical manifestations were similar
to functional gastrointestinal disorders, especially in chronic
SMAS. The result suggests that SMAS may be misdiag-
nosed as functional gastrointestinal disorders. Delayed di-
agnosis of SMAS can result in malnutrition, electrolyte
imbalance, dehydration, and even death. Therefore, patients
with gastrointestinal symptoms who are underweight should
be thoroughly evaluated for SMAS, despite the fact that
SMAS is rare. Diagnosis depends on a high index of suspi-
cion since symptoms can be non-specific.

In our study, most patients presented with a constellation
of symptoms, typically including vomiting, nausea and ab-
dominal pain. Vomiting was likely to cause SMAS patients
to seek inpatient care because it might induce dehydration
and electrolyte imbalance, which require hospitalization.

Diagnosis

The current study demonstrated that contemporary medical
progress influences diagnosis. The traditional method of
diagnosis of SMAS was an upper barium study.'® In con-
trast, an SMAS diagnosis was most commonly confirmed
by CT in our study. CT measurements are very similar to
conventional and CT angiographic measurements and have
a high diagnostic rate.'” CT is advantageous over upper
gastrointestinal barium studies because there is relatively

little patient discomfort. Its relative non-invasiveness is
advantageous over conventional angiography. The change
in diagnostic modality appears to be linked closely to the
expanded availability, technical advances, and non-
invasiveness of CT.

When CT was used as gold standard, the false negative
rate of the upper GI series was 18.6 % (eight of 43 patients).
Duodenal peristalsis was suppressed using an antiperistaltic
agent (e.g., Buscopan) in hypotonic duodenography. Hypo-
tonic duodenography was not used in all patients with a
false negative result. However, the use of antiperistaltic
agents has been reported to improve the diagnostic accuracy
of SMAS.*

Co-morbid Conditions

Our data indicated that the most common diseases that were
co-morbid with SMAS were mental and behavioral disor-
ders, including major depression, mental retardation, and
anorexia nervosa. Frequent associations of SMAS with psy-
chiatric disorders, such as anorexia nervosa, have been
reported.'® ! Whether mental and behavioral disorders pre-
dispose patients towards developing SMAS is unclear.
These conditions can cause malnutrition and weight loss,
which can lead to loss of aortomesenteric fat.

Interestingly, certain infectious diseases, such as tubercu-
losis or acute gastroenteritis, were common co-morbidities
among SMAS patients. Tuberculosis is endemic in South
Korea and also is a chronic wasting disease; thus, the fact that
it was co-morbid with SMAS was not unexpected. However,
it is not clear whether acute gastroenteritis is related to SMAS
because there are few reports of acute gastroenteritis being
associated with this condition.””** Acute weight loss was
identified in our SMAS patients with acute gastroenteritis.
However, the outcomes of these patients were more favorable
than either the other SMAS patients in the present study or
those from previous studies. These patients responded 100 %
of the time to medical treatment and had a recurrence rate of
0 %. These findings suggest that SMAS might be found
incidentally during their investigations rather than as a result
of acute gastroenteritis. Thus, the association of weight loss
secondary to acute gastroenteritis with SMAS cannot be ruled
out. Diseases of the nervous system, including epilepsy, mus-
cular dystrophy, dystonia, paraplegia, Parkinson's disease,
MELAS syndrome, and cerebral palsy, were often co-
morbid with SMAS. Paraplegia and cerebral palsy have been
reported to be predisposing conditions for the development of
SMAS.'%!"" Diseases of the nervous system might affect food
intake, leading to malnutrition, and thus be predisposing fac-
tors. The cross-sectional design used in this study does not
allow for the establishment of causal relationships between
co-morbid diseases and SMAS.
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Medical and Surgical Managements

If symptoms of SMAS were mild, small-volume meals with
oral supplements were used to increase caloric intake and
correct weight loss. In those patients with significant symp-
toms, a medical approach was pursued with either enteral or
parenteral hyperalimentation, postural change, and nasogas-
tric decompression. Some drugs, including antacids, H2
receptor blockers, proton pump inhibitors, prokinetics, and
anti-depressants, were used depending on the symptoms and
co-morbidity conditions present.

The overall success rate of medical management in our
study was 71.3 % (57 of 80 patients) during the median
follow-up period of 5 months (range 1-84 months), while
the overall recurrence rate was 15.8 % (nine of 57 patients).
In comparison to two similar pediatric cohorts published in
1974 and in 2006, the need for surgical treatment decreased
from 70 to 14 %.'%** Recent advances in nutritional treat-
ments have led to a substantial shift towards medical man-
agement rather than surgery. Interestingly, compared to
pediatric cohorts, the success rate of medical treatment in
our cohort of mostly adult patients was lower. In adult
chronic patients, conservative treatment is often a prolonged
in-hospital therapy with a low success rate .° Most of SMAS
patients following scoliosis surgery recovered using conser-
vative therapy.” Different populations or chronicity be-
tween studies might account for the differences observed.

Surgical interventions include gastrojejunostomy, duode-
nojejunostomy, and section of the ligament of Treitz (Strong's
operation).”® Gastrojejunostomy provides adequate gastric
decompression but may fail to completely release duodenal
obstruction, leading to the persistence of symptoms that can
necessitate duodenojejunostomy in some cases.”® Strong's
procedure has the advantage of maintaining bowel integrity
but has a failure rate of 25 %, presumably due to the short
branches of the inferior pancreaticoduodenal artery not per-
mitting the duodenum to fall inferiorly.”® Duodenojejunos-
tomy is a simple procedure with a low risk of post-operative
adhesions and a high success rate (~80—-100 %).

Most surgeons prefer duodenojejunostomy and consider it
superior to other options. Recent advances in laparoscopic sur-
gery have led to reports of laparoscopic duodenojejunostomy.’
It reduces post-operative pain, shortens the duration of hospital
stay, and limits the risk of incisional hernia.?®* In our cases,
laparoscopic duodenojejunostomy was performed in eight
patients (57.1 %) for the relief of SMAS, with a success rate
of 100 %. Open duodenojejunostomy was performed in four
patients with a success rate of 100 %, and open gastrojejunos-
tomy was performed in two patients with a success rate of 50 %.
Given these results, laparoscopic duodenojejunostomy is the
first-choice surgical option.
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The Limitations of our Study

Our study has some important limitations. First, it was based
on a retrospective medical chart review of patients in a
tertiary center. In addition, the role of referral bias cannot
be negated completely. Also, the patients with SMAS seen
at academic centers may have more severe symptoms than
those of SMAS in the general population. This study did not
assess whether there is a positive correlation between symp-
toms and the aortomesenteric angle/distance. Thus, a further
prospective study should be performed to evaluate the rela-
tionship between symptoms and the SMA/aorta anatomy.
Lastly, the short follow-up period of our study is another
limitation. However, we believe that the strength of our
study is the large SMAS patient population since it is a
relatively rare disease. Additionally, our study provides
much-needed recent information about the clinical presen-
tation and treatment of SMAS. Future long-term follow-up
is needed to substantiate our findings.

Conclusions

In summary, these data describe the largest case study describ-
ing the clinical features, treatments, and outcomes of SMAS.
SMAS occurred more frequently in female patients between
10 and 39 years of age. SMAS was observed in patients with a
normal BMI, although low BMI appeared to be a predisposing
factor for its development. In our study, surgical management
is superior to medical management with respect to success and
recurrence. However, these findings do not mean that surgery
can be indicated in symptomatic patients first, given the
potential complications and mortality of surgery. Surgery
should be indicated in symptomatic patients when medical
management fails. There is no clear time limit for medical
management. However, in our study, the median duration of
treatment of 9 days (range 2—62 days) was observed in
patients that were successful after medical management. Fur-
ther work should be addressed to provide the time limit for
medical management.
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