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The present study aimed to prove that the angle and distance between the
superior mesenteric artery (SMA) and the aorta are significantly correlated
with the body mass index (BMI) in order to establish a strong etiological
role of the BMI in the development of SMA syndrome. SMA syndrome is
characterized by the compression of the third segment of the duodenum by
the mesentery at the SMA level, resulting in duodenal compression, occasionally accompanied by gastric compression. The syndrome is closely
associated with the depletion of the fat pad between the vessels, which reduces the angle and distance between the vessels. This prospective study included 300 patients [163 males and 137 females; mean age, 51 (range, 40–
70) years] who underwent multislice detector computed tomography (CT)
scan in Alzahra Hospital in 2017 for various complaints other than SMA
syndrome. CT scans were performed by the standard protocol including a
plain phase scan, followed by arterial and venous phase scans, to measure
the SMA–aorta angle. The patients were categories as per their BMI into
four categories defined by WHO. The mean values for the distance and angle were calculated, with P values of 5% (95% confidence intervals) indicating significant difference. Pearson coefficients between the parameters and
BMI were also determined, and the t-test was performed for comparisons. A
strong positive correlation was observed between BMI and the SMA–aorta
angle, indicating that the angle increases with increasing BMI, which reduces the risk of developing SMA syndrome.
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Intoduction
Superior mesenteric artery (SMA) syndrome,
also called as Wilkie syndrome, Cast syndrome,
and arterio-mesenteric duodenal compression
syndrome, is a rare and life-threatening condition
that causes upper gastrointestinal obstruction (1,
2). The prevalence of this syndrome varies from
0.1% to 0.3%. The syndrome is caused by external compression of the third portion of the
duodenum between the SMA and the abdominal
aorta. The symptoms are early satiety, nausea,
vomiting, abdominal pain after eating, abdominal distension, burping, diarrhea, and other obstructive symptoms (3). Ultrasound and barium

studies are commonly used to diagnose this syndrome, but computed tomography (CT) scan has
been proven to be more effective (4-6).
Duodenal compression between the SMA and the
aorta occurs due to mechanical and anatomical
factors, such as the amount of retroperitoneal
fat. The amount of retroperitoneal fat, in turn, is
influenced by several factors, including weight
loss, anorexia nervosa, malabsorption, and hypercatabolic conditions (e.g., burns, surgeries,
severe trauma, and malignancies) (7). The loss
of retroperitoneal fat leads to the formation of an
acute angle between the aorta and the SMA, likely causing duodenal obstruction and stenosis at
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that site (8). Thus, it is widely acknowledged that
these angle and distance are determined by the
amount of retroperitoneal fat (4, 9-12).
Several studies have investigated the role of the
angle and distance between the SMA and the
aorta in the development of SMA syndrome.
The results of various studies have suggested
ideal mean values for the SMA–aorta angle and
distance, which vary from 38° to 65° and 13 to
34 mm, respectively, across studies (12). Studies
have also shown that a reduction of 6°–16° and
5–11 mm in the angle and distance increase the
risk of SMA syndrome (13).
These results highlight the importance of measuring and determining normal values of the angle and distance using CT scan to help evaluate
the anatomical risk factors for SMA syndrome,
especially in patients with abdominal pain. Consequently, more suitable treatment approaches
could be determined for high risk patients. The
present study aimed to measure the normal values of the angle and distance between the SMA
and t h e a bdominal aorta in Iranian population
and i n vestigate their association with the body
mass index (BMI).
Method
This descriptive, analytical, cross-sectional study
included all patients who visited Alzahra Hospital for a CT scan for any reason other than SMA
syndrome in 2017. The sample size was calculated using the formula for comparison of four
means. The confidence level was 95% (Z = 2 −
a/1 = 1.96), and the test power coefficient was
80%, which was considered as 0.84 in this study.
Stand a rd deviation was estimated as 0.31, and
a sam p le size of 300 patients was selected by
non-p r obability and random (simple) sampling
methods.
Inclu s ion criteria were all patients who visited
Alzah r a Hospital for a CT scan for any reason
other than SMA syndrome and agreed to participate in the study. Exclusion criteria were lack
of co o peration of the individual to answer the
questions, unavailable height and weight data of
patients, and patients in the acute postoperative
phase.
Data on the age, sex, height, and weight of all
part i cipating patients were collected. The BMI
of all patients was calculated using the following
standard formula: weight in kg/height in m2. All

participants were divided into four BMI categories according to the WHO definition: Group 1:
BMI < 18.5 kg/m2, Group 2: 18.5 kg/m2 < BMI <
24.09 kg/m2, Group 3: 25 kg/m2< BMI < 29.9 kg/
m2, and Group 4: BMI > 30 kg/m2.
CT scan procedure
All patients underwent multislice detector CT
scans using a 64-slice detector CT scanner (Lightspeed VCT, GE Healthcare, USA) under the following settings: gantry rotation time = 0.5 s, tube
voltage = 140 kVp, and tube current = 100–380
mA depending on the size of the patient.
All patients were administered intravenous injections of 320-mg Visipaque and 300-mg Ultravist,
and CT scans were performed within 40–50 seconds after injection. According to the standard CT
protocol for the abdomen, 10-mm-thick sections
at 8-mm intervals were obtained with the patients
lying flat on their stomachs. Axial images were
reconstructed using a medium-sharp convolution
kernel (B30f) with an image matrix of 512 × 512
pixels and a slice thickness of 2 mm.
CT findings were interpreted by a radiologist.
Sag ittal images were used to study the branches of SMA originating from the abdominal aorta.
The angle and distance between the SMA and the
aorta were evaluated by two radiologists, and the
values were recorded. The SMA–aorta distance
was measured as the maximum distance between
the anterior margin of the aorta and the posterior
border of the SMA at the site where duodenum
crosses. The aorta–SMA angle was measured by
drawing a line between the root of the SMA and
a hypothetical point on the SMA at the site where
the artery descends parallel to the aorta. The angle between this line and aortic line was measured by the device. Finally, the mean values of
the SMA–aorta angle and distance and compared
between women and men and between BMI categories.
Statistical analysis
All data on the demographic factors and paraclinical parameters of the patients were recorded in a
checklist by an executive and entered in the SPSS
v.1 8 statistical software. Statistical analyses included descriptive and analytical sections. In the
descriptive section, mean and standard deviation
of the studied angles were presented as the main
var iable. All demographic characteristics were
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reported based on descriptive statistics. In the
analytical section, parametric and nonparametric
tests were used if the preliminary assumptions
were accepted. The chi-square test was used to
analyze qualitative findings. Independent t-test
and Pearson correlation coefficient were used
to compare quantitative data. If the preliminary
assumptions including normal distribution were
rejected, the non-parametric Mann–Whitney test
was performed. All tests were examined at 5%
error level.
Results
Of the 300 patients who underwent CT scan, 163
(54.3%) were male and 137 (45.7%) were female,
with the average age of 51.25 ± 7.67 (40–70)
years and the mean BMI of 25.62 ± 4.99 (15.6–
36.6) kg/m2. The mean values for the SMA–aorta
distance and angle were 2.85 ± 0.45 (1.4–3.6) cm
and 54.95° ± 8.53° (34°–68°), respectively.
The lowest SMA–aorta distance (1.69 ± 0.33 cm)
was found in patients with BMI < 18.5 kg/m2,
whereas the highest SMA–aorta distance (3.27 ±
0.15 cm) was found in patients with BMI > 30
kg/m2 (P < 0.001). Further, the lowest SMA–aorta angle (79.5° ± 25.38°) was found in patients
with BMI < 18.5 kg/m2, whereas the highest
SMA–aorta angle (87.3° ± 66.61°) was found
in patients with BMI > 30 kg/m2 (P < 0.001).
Pearson correlation analysis also showed that the
BMI was directly and significantly associated
with both the SMA–aorta distance (r = 0609 and
P < 0.001) and the SMA–aorta angle (r = 0.505
and P < 0.001) (Table 1).
The SMA–aorta distance and angle were further
assessed based on the sex and age of the patients,
which also showed significant differences across
age and sex (P < 0.001). No significant difference
was found in the distance and angle between
men and women (P = 0.539 and 0.225, respectively), indicating no association with the sex of
the patients. However, the SMA–aorta distance
and angle were significantly higher in patients
younger than 50 years than in those older than 50
years (2.91 cm vs 2.8 cm, P = 0.03; and 56.29°
vs. 53.9°, P = 0.024, respectively), indicating a
significant negative correlation between these
parameters and the age of the patients.
Discussion
This study revealed that the distance and angle
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between the SMA and the abdominal aorta are
directly and significantly associated with the
BMI of the patients. The angle and distance increase as BMI increases. The relationships of
these two parameters with age and sex were also
significant. In particular, the angle and distance
were negatively associated with age but showed
no significant difference between males and females. These findings are consistent with those
of three previous studies (9, 14, 15).
Ozkurt et al. (2007) performed abdominal CT
scans on 524 Turkish patients and investigated
the relationship of the SMA–aorta distance and
angle with category-wise BMI of patients of both
sexes (9). In both sexes, they found a moderate
but significantly positive correlation between the
SMA–aorta distance and BMI, whereas a low
but significantly positive correlation between the
SMA–aorta angle and BMI (9). In their study,
the mean values for the SMA–aorta distance in
women were 7.0 ± 2.1 cm in the first BMI category, 6.0 ± 5.1 cm in the second BMI category,
6.0 ± 5.1 cm in the third BMI category, and 7.0 ±
9.1 in the fourth BMI category cm. Those for the
SMA–aorta distance in men were 6.0 ± 1.2 cm in
the first BMI category, 6.0 ± 3.1 cm in the second
BMI category, 8.0 ± 2 cm in the third BMI category, and 7.0 ± 3.2 cm in the fourth BMI category. Further, the mean values for the SMA–aorta
angle in women were 25° ± 6.42° in the first BMI
category, 6.20° ± 3.45° in the second BMI category, 9.21° ± 5.49° in the third BMI category,
and 1.21° ± 8.60° in the fourth BMI category,
and those for the SMA–aorta angle in men were
5.18° ± 6.43° in the first BMI category, 9.2° ±
3.46° in the second BMI category, 6.24° ± 8.63°
in the third BMI category, and 3.22° ± 2.63° in
the fourth BMI category (9). These findings are
consistent with those of the present study.
In a similar study, Desai et al. (2015) found a significant positive correlation between BMI and the
SMA–aorta angle as well as a moderate positive
correlation between BMI and the SMA–aorta distance, indicating that a higher BMI is associated
with a wider angle and greater distance (14). This
reduces the likelihood of duodenal compression
and conse q uently the risk of developing SMA
syndrome (14). These results are consistent with
those of the present study. This study also found
that older age and lower BMI increased the risk
of SMA syndrome.
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In another study on an Indian population, Kalyani et al. (2017) investigated the normal values of
the SMA–aorta distance and angle in both sexes
across the four BMI categories (15). They found
that the mean values for the angle and distance
were different across the BMI categories as well
as between sexes of the same BMI categories. In
particular, the mean values tended to be higher in
men than in women (15). Consistent with these
results, the mean values for the SMA–aorta angle
and distance were higher in men than in women in the present study, but this difference was
not statistically significant. This difference in the
significance of the results may be due to confounding factors such as different demographic
characteristics, race, and inclusion and exclusion
criteria.
Reportedly, a 6°–16° reduction in the SMA–aorta
angle and a 5–11 mm decrease in the SMA–aorta distance increase the risk of SMA syndrome
(13). Taken together, the findings indicate that as
the values for the SMA–aorta angle and distance
tend to be lower in older adults, people with lower BMI, and females, the incidence of the SMA
syndrome tend to be higher in older age, people
with low BMI, and females (milder symptoms of
the disease). Normal values for the SMA–aorta
distance and angle established for different population in the present and p revious studies can
help in not only diagnosing SMA syndrome but
also predicting patients at risk of developing this
syndrome. Preventive measur e s and screening
for high-risk patients should be implemented to
prevent the development of t his syndrome and
increase their quality of life.
Conclusion
The results of this study showed a direct and
significantly positive relationship between the
BMI of the Iranian patients and the SMA–aorta
distance and angle. Further, a significant negative correlation was found between these two
parameter and the age of the patients, but no
significant association was found between sexes
and the parameters. Given the high incidence of
SMA syndrome, knowledge of the normal values
of the SMA–aorta distance and angle is essential
to aid its diagnosis using CT scan as well as to
predict the patients at risk of developing this syndrome. Consideration of demographic characteristics, such as BMI, age, and sex, that influence

the SMA–aorta distance and angle is essential to
screen patients with high accuracy and implement effective preventive measures for those at
high risk. The mean values for the SMA–aorta
angle and distance obtained in Iranian patients
in this study across the four BMI categories can
be useful in diagnosing and predicting the risk of
SMA syndrome in the Iranian population.
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