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Abstract
Introduction
Superior mesenteric artery (SMA) or Wilkie’s syndrome is a rare condition arising due to
compression of the third part of the duodenum between the abdominal aorta and the superior
mesenteric artery. It is important to explore factors which help in suspicion and early diagnosis
of the condition. The aim of this study was to find out if measurements of aortomesenteric
angle and distance can predict the occurrence of SMA syndrome. Another objective was to find
out if the BMI was correlated with the aortomesenteric angle and distance of the patients.

Methods
A retrospective hospital-based case-control study was conducted in Qimat Rai Gupta Central
hospital, Haryana, India from 2018-2020. Out of total 2100 records of acute and chronic
abdominal pain patients, only seven cases of Wilkie’s syndrome were confirmed via Contrast-
Enhanced Computed Tomography (CECT). Information on age, gender, BMI, duration of
symptoms, clinical presentation, aortomesenteric angle, and distance was compared among
three groups: Group I-SMA syndrome patients (N=7), Group II- acute abdominal pain patients
(N=14) and Group III- chronic abdominal pain patients (N=14).

Results
The hospital prevalence of Wilkie’s was found to be 0.3%. The median age of patients in Group I
corresponded to 26 years as opposed to Group II (31.5years) and Group III (30.5 years). There
was a statistically significant reduction in the aortomesenteric angle and distance of Group I
patients (22º, 6mm) as compared to both Group II (52.5º, 11mm) and Group III patients (52º,
11mm). A moderate correlation of BMI was found with aortomesenteric angle (r=0.479) and
distance (r=0.357).

Conclusions
There was a significant reduction in the aortomesenteric angle and distance of the SMA
patients as compared to both patients having acute and chronic abdominal pain. The BMI of
patients was positively correlated to aortomesenteric angle and distance to the moderate level.
Thus BMI along with aortomesenteric angle and distance can predict the presence of SMA
syndrome.
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aortomesenteric distance

Introduction
The superior mesenteric artery (SMA) syndrome is characterized by acute or chronic upper
gastrointestinal tract obstruction due to compression of the third part of the duodenum
between the abdominal aorta and the superior mesenteric artery. The estimated incidence of
SMA syndrome is 0.1%-0.3%, thereby categorizing it as a rare condition. It is more prevalent
among females as compared to males (3:2), with no reported ethnic predisposition. Arterial
mesenteric duodenal compression, cast syndrome, or Willkie’s syndrome are the other terms
used for SMA syndrome [1, 2].

Pathophysiologically, there is a loss of intervening mesenteric fat pad between the aorta and
SMA, which results in a narrower angle between the vessels leading to duodenal compression.
The fat pad holds the SMA away from the spine, thus preventing duodenal compression. The
normal aortomesenteric angle ranges from 38 to 65º. However, among patients having SMA
syndrome, this angle reduces to less than 25º, which in turn reduces the aortomesenteric
distance (AMD) to less than 10 mm [1-4].

Important risk factors identified are dietary conditions (anorexia nervosa and malabsorptive
diseases), hypermetabolism (trauma and burns), and cachexia causing conditions like AIDS,
paraplegia, and cancer. Other risk factors include abdominal aortic aneurysm, congenitally
short or hypertrophic ligament of Treitz, duodenal malrotation, Ladd's bands, lumbar
hyperlordosis, mesenteric root neoplasm, surgical correction of scoliosis and peritoneal
adhesions [1, 2].

The presenting symptoms of SMA syndrome are significant weight loss associated with nausea,
vomiting, and recurrent episodes of abdominal pain. The frequency of pain can be intermittent
or chronic depending upon the severity of obstruction. But all these symptoms are vague, thus
leading to delayed diagnosis when the disease gets progressed to a late stage.

Along with clinical presenting features, various imaging modalities like plain film x-ray, barium
x-ray, endoscopy, Doppler ultrasound, computed tomography (CT), and magnetic resonance
angiography (MRA) guide the treating physicians to diagnose the condition. CT scan is the
modality of choice as the physicians can measure aortomesenteric angle (AMA) and distance,
thus confirming the SMA syndrome [5-7].

From the literature review, it’s evident that weight loss is a chief presenting symptom and both
aortomesenteric angle and distance get reduced in SMA syndrome as compared to the normal
individuals. However, there are a few gaps which need to be filled, like whether the
aortomesenteric angle, distance, and BMI can predict the occurrence of SMA or Wilki’s
syndrome. Through this study, we tried to evaluate the correlation of aortomesenteric angle
and distance with the BMI among both cases of SMA syndrome and individuals not having SMA
syndrome. This present study was carried out with the objectives to assess whether the
reduction in aortomesenteric angle, aortomesenteric distance and BMI can predict the
occurrence of Wilkie’s syndrome and to find out the correlation of aortomesenteric angle and
aort mesenteric distance with BMI.

Materials And Methods
This was a retrospective hospital-based case-control study conducted over a period of 2018-
2020 in the Department of Gastroenterology of Qimat Rai Gupta Central hospital, Haryana,
India from 2018-2020. As superior mesenteric artery syndrome is a rare condition, we decided
to include all cases diagnosed to have SMA for the past two years in our study. For this, we
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reviewed patient records of all cases who underwent esophagogastroduodenoscopies (EGDs) in
the previous two years.

We retrieved case records of 2100 patients who had visited the health facility either with acute
or chronic pain in the abdomen. Of these, there were 1524 cases of acute abdominal pain and
576 cases of chronic abdominal pain. The superior mesenteric syndrome was suspected among
10 cases, who were advised contrast-enhanced computed tomography (CECT) scan. But only
seven patients got the investigations done and were confirmed to have SMA syndrome.

Following this groundwork, we decided to plan and execute a case-control study in the ratio of
1:2. We had seven cases of SMA, so we enrolled 14 cases each of acute abdominal pain and
chronic pain in the abdomen as controls, for whom findings of abdominal CECT were available.
Thereby, we had three groups with a total sample size of 35 cases.

Group I (Case): It consisted of seven cases of superior mesenteric artery syndrome.

Group II Control): It consisted of randomly selected 14 cases of acute abdominal pain.

Group III (Control): It consisted of 14 cases of chronic abdominal pain selected by random
sampling.

The following operational definitions were considered for the purpose of uniformity:

1. Acute abdominal pain: It referred to an episode of sudden onset of severe abdominal
pain having a duration of less than 24 hours. There had been such repetitive episodes for the
past three months.

2. Chronic abdominal pain: It was defined as a patient presenting with a history of pain for more
than three months, which could either be present all the time or maybe recurring in nature.

3. Superior mesenteric artery syndrome: It is a digestive condition occurring due to
compression of the duodenum (the first part of the small intestine) between two arteries that
is, the aorta and the superior mesenteric artery, leading to a reduction in aortomesenteric
angle and distance. The normal value of aortomesenteric angle ranges for 38-65º, which
reduces to less than 25º among SMA patients. Similarly, the aortomesenteric distance also gets
reduced to 10 mm or below as diagnosed in CECT.

A data extraction sheet was used to record the required information on demographic, clinical,
endoscopic, and radiological findings of the selected cases and controls. Demographic
information pertained to the age and sex of the patient while the clinical aspect recorded data
on the height, weight, clinical onset of symptoms in months, and presenting symptoms of the
illness. Endoscopic and CECT findings focussed on reporting aortomesenteric angle and
distance of the cases and controls.

Ethical approval was taken from the Institute Ethics Committee prior to commencement of
study.

Data were entered and analyzed using SPSS v22.0. As a first step, BMI was calculated from
recorded weight and height. Then, descriptive analysis was done to present numerical data of
age, duration of symptoms onset, BMI, aortomesenteric angle and distance as their median and
interquartile range due to small sample size for all three groups. Gender, a categorical variable,
was represented as number and percentage. Mann-Whitney U test was used to compare the
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median for the above-described variables between two groups, namely Group I vs Group II,
Group II vs Group III, and Group I vs Group III. A p-value of less than 0.05 was indicative of a
statistically significant difference between the two groups, thus reflecting upon the probable
association of independent variable with the outcome. Pearson’s coefficient (r) was calculated
to find out the correlation of BMI with aortomesenteric angle and distance for the total sample
(N=35).

Results
Prevalence of superior mesenteric artery syndrome
Over a period of the past two years, we could find 2100 case records who underwent
esophagogastroduodenoscopies (EGDS) of which 07 cases were confirmed of having superior
mesenteric artery syndrome. Hence, the prevalence of SMA syndrome was found to be 0.3%
among the patients coming with either acute or chronic abdominal pain in our hospital setting.

Demographic and clinical characteristics of patients with SMA
syndrome and with acute and chronic pain
Clinically the patients of SMA syndrome (Group I, N=7) presented with dysmotility with
dyspepsia (n=4), unexplained weight loss (n=2), and reflux with dyspepsia (n=1). Five patients
had comorbidities like spina bifida (n=2), anorexia nervosa (n=2), and Crohn’s disease (n=1) as
shown in Table 1. The patients in acute abdominal pain (Group II, N=14) presented with the
chief complaint of pain in the epigastric region in all cases, whereas chronic abdominal pain
(Group III, N=14) patients came with complaint of pain in the epigastric region (n=14)
associated with gastroesophageal reflux disease in two patients.
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Patient
Characteristics

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Age 34 40 23 38 26 25 23

Gender Male Male Female Female Female Female Female

Weight (Kgs) 48.0 57.0 45.0 50.8 50.4 40.5 51.0

Height (m2) 1.59 1.61 1.5 1.52 1.48 1.5 1.54

BMI 19 22 20 22 23 18 21.5

Any co-
morbidities
reported No

Yes Yes

No

Yes Yes Yes

Specific co-
morbidity

Crohn's
disease

Anorexia
nervosa

Spina bifida
Anorexia
nervosa

Spina bifida

Hospitalization
done (Yes/ No)

No No No Yes Yes No No

Clinical
Presentation

Reflux with
dyspepsia

Dismotility
like dyspepsia

Dismotility
like dyspepsia

Unexplained
weight loss

Dismotility like
dyspepsia

Dismotility like
dyspepsia

Unexplained
weight loss

Time since onset
(months)

12 6 4 12 12 8 6

Aortomesenteric
angle

15 20 23 15 46 24 22

Aortomesenteric
distance

4 6 6 5 6 6 6

TABLE 1: Demographic, clinical and radiological findings of patients confirmed with
superior mesenteric artery syndrome (N=7)

The median duration of onset of symptoms was found to be 8 (6-12) months, 2 (1.8-3) months,
and 15.5 (11.75-17) months among three groups (Table 2). There was a statistically significant
difference in the median duration of symptoms onset between Group I & Group II, Group I &
Group III, and Group II & Group III (Table 3).
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Patient Characteristics

Median (Interquartile Range)

SMA patients
(N=7)

Acute abdominal pain
(N=14)

Chronic abdominal pain
(N=14)

Total (N=35)

Age (in years) 26 (23-38) 31.5 (28.8-33.5) 30.5 (28.3-33.3) 31 (26-34)

Weight (in Kgs) 48 (39.4-57) 53.3 (48.7-55.7) 52.4 (48.2-53.9)
52.4 (48.2-
54.2)

Height (in mts) 1.52 (1.5-1.6) 1.5 (1.5-1.6) 1.53 (1.5-1.6) 1.54 (1.5-1.6)

BMI (Kg/m2) 20 (18-22) 22 (20.9-23.2) 22 (21-23) 22 (20.5-23)

Aortomesenteric Angle 22 (20-24) 52.5 (43.5-58.5) 52 (43.5-58.5) 50 (38-57)

Aortomesenteric Distance 6 (5-6) 11 (11-12) 11 (10.5-11.5) 11 (10-12)

Duration of onset (in
months)

8 (6-12) 2 (1.8-3) 15.5 (11.75-17) 7 (2-15)

TABLE 2: Characteristics of patients with Superior mesenteric artery syndrome
(Group I), acute abdominal pain (Group II) and Chronic abdominal pain (Group III)

Patient's Characteristics

Group I vs Group II Group I vs Group III Group II vs Group III

Mann- Whitney U Test
value

p
value

Mann- Whitney U Test
value

p
value

Mann- Whitney U Test
value

p
value

Age (in years) 42 0.601 40.5 0.525 93.5 0.835

Weight (in Kgs) 33 0.233 34 0.263 83.5 0.505

Height (in mts) 44 0.708 45.5 0.793 92 0.782

BMI (Kg/m2) 27.5 0.106 28 0.113 93 0.815

Aortomesenteric Angle 0.5
<
0.001

1
<
0.001

94.5 0.872

Aortomesenteric Distance
(mm)

0
<
0.001

0
<
0.001

71 0.291

Duration of onset (in
months)

1
<
0.001

11.5 0.005 19
<
0.001

TABLE 3: Comparing demographic, clinical onset and radiological findings among
three groups
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The median age of patients with Group I was found to be 26 (23-38) years, whereas the median
age in Group II and Group III corresponded to 31.5 (28.8-33.5) and 30.5 (28.3-33.3) years,
respectively (Table 2). The proportion of females in the three groups corresponded to 71.4%
(n=5), 85.7% (n=12) and 78.6% (n=11), respectively (Figure 1). The median BMI was lower in
Group I [20 (18-22) kg/m2] as compared to Group II [22 (20.9-23.2) kg/m2] and Group III [22
(21-23) kg/m2]. However, no significant difference was found for age, gender, and BMI among
all the three groups as depicted in Table 3.

FIGURE 1: Gender distribution of patients with Superior
mesenteric artery syndrome (Group I), acute abdominal pain
(Group II) and Chronic abdominal pain (Group III)

Comparing radiological characteristics of patients with SMA
syndrome and with acute and chronic pain
The CECT findings revealed that the median aortomesenteric angle in Groups I, II, and III was
22 (20-24) º, 52.5 (43.5-58.5) º, 52 (43.5-58.5) º respectively. Similarly, the aortomesenteric
distance was found to be 6 (5-6) mm, 11 (11-12)mm, and 11 (10.5-11.5) mm, in Group I, II, and
III (Table 2). As depicted in Table 3, the median aortomesenteric angle and distance were
significantly lower in Group I as compared to both Group II (p value<0.001) and Group III (p
value<0.001). However, the median aortomesenteric angle and distance were the same in Group
II and Group III (p-value 0.872 & 0.29, respectively).

Relationship of BMI with aortomesenteric angle and distance
(N=35)
The statistically significant positive correlation of moderate-intensity was found between BMI,
and aortomesenteric angle (r=0.479) and aortomesenteric distance (r= 0.357) as represented in
Table 4. This implies that if the BMI of a patient decreases, the aortomesenteric angle and
distance also reduces.
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Correlation of BMI Pearson's Coefficient p value Interpretation

Aortomesenteric angle 0.479 0.004 Moderate level, Significant

Aortomesenteric distance 0.357 0.03 Moderate level, Significant

TABLE 4: Correlation of BMI with aortomesenteric angle and distance (N=35)

Discussion
The aim of this study was to find out whether factors like BMI, aortomesenteric angle, and
distance can predict the occurrence of Wilkie’s syndrome. In other words, we tried to explore if
the values of BMI, along with measurements of aortomesenteric angle and distance recorded in
Wilkie’s syndrome differ significantly from patients having acute or chronic abdomen. Another
objective was to assess if BMI is significantly correlated to aortomesenteric angle and distance. 

For this, we carried out a hospital-based retrospective case-control study by reviewing patient
records for the last two years (2018-2019). We found 2100 total cases diagnosed and treated for
either acute or chronic abdominal pain. Of these, there were only seven confirmed cases of SMA
syndrome. We made three groups for comparison: Group I: SMA syndrome patients (N=7),
Group II: Acute abdominal pain patients (N=14), and Group III: Chronic abdominal pain patients
(N=14). 

The prevalence of SMA among hospital setting was found to be 0.3% out of the patients who
visited the hospital with the acute or chronic abdomen in our study. This is in concordance with
the findings of other studies which have also reported the prevalence ranging from 0.1-0.3%,
based on radiological investigations [1, 2, 8]. However, a prospective study by Neri et al
reported the prevalence of SMA syndrome to be about 0.8% among cases of abdominal pain or
dyspepsia [9]. This highlights the view that the prevalence of SMA syndrome is being
underestimated due to its presenting symptoms which overlap with many abdominal conditions
like ulcers, pancreatitis, eating disorders, etc, causing the disease to go unrecognized for years
[10, 11]. A second possible explanation for underestimation of disease burden could be the high
responsiveness of patients to conservative treatment, thereby again leading to delay in its
precise diagnosis.

The median age of patients in Group I corresponded to 26 years as opposed to Group II (31.5
years) and Group III (30.5 years). All three groups showed a female predilection for the
abdominal conditions as shown in Figure 1. The median BMI in Group 1 was found to be lower
as compared to Group II and III (Table 2). However, there was no statistically significant
difference for these parameters among the three groups (Table 3). The demographics of the
SMA patients in our study support the findings of other studies that also reiterate its
predominance among young adults (less than 40 years) and females. Sinagra et al also reported
no statistically significant difference for age, sex, and BMI among patients with SMA syndrome
(Group 1) and patients with any abdominal pathology (Group 2) [8, 9, 12, 13].

CECT findings of aortomesenteric angle and distance were available for the selected patients.
There was a statistically significant reduction in the aortomesenteric angle and distance of
Group I patients (22º, 6mm) as compared to both Group II (52.5º, 11mm) and Group III patients
(52º, 11mm) (Table 2, 3). However, we could not find any statistically significant difference for
SMA angle and distance between group II & III. The findings of our study are well supported by
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the literature, which emphasizes the fact the SMA angle reduces below 25º and SMA distance
becomes even less than 8 mm in patients suffering from SMA syndrome [8, 9, 11-15].

For the second objective, we found a statistically significant positive correlation between BMI
and aortomesenteric angle and distance (Table 4). This is an important finding as well as a
novel aspect of this study. As depicted in table 2, the BMI in Group I was lower as compared to
Group II and Group III, though not statistically significant due to the small sample size.
Similarly, the aortomesenteric angle and distance in Group I was lower than both the groups.
This indicates that as the BMI of a patient decreases, there is the corresponding reduction in
SMA angle and distance as reflected by correlation coefficients. Thus, this finding presents a
window of opportunity to the gastroenterologist or treating physician for suspecting SMA
syndrome. Rather than just depending upon endoscopic findings to guide whether to suspect
the presence of SMA syndrome, the reduction of BMI along with the detailed history on risk
factors like dieting, or history of scoliosis, etc should ring the bell for the possibility of SMA
syndrome. This is to be considered as a strength of this study for generating evidence that BMI
should be considered as a factor for screening patients of abdominal pathology for the
occurrence of SMA syndrome.

Earlier researchers were unable to report an association between BMI and aortomesenteric
angle and distance in a cohort of patients with any abdominal pathology [16-18]. Our study
suggests that when BMI of a patient decreases, there is a corresponding reduction in SMA angle
and distance, which is the novelty of our study.

Limitations of the study
As this was a case-control study dependent on retrospective patient records of a hospital, it
had a few inherent limitations owing to study design. As information on the etiological factors
was missing, we could not compare the factors leading to SMA syndrome and other abdominal
conditions. Similarly, data on weight loss for the patient was not available which could have
been an important indication for suspecting SMA syndrome. Additionally, the small sample size
could be considered as another limitation of this study.

Conclusions
To conclude, we found that the prevalence of SMA syndrome in hospital settings corresponded
to 0.3% of the total cases of acute and chronic abdominal pain. There was a significant
difference in the aortomesenteric angle and distance of the SMA patients as compared to both
patients having acute and chronic abdominal pain. The BMI of patients was positively
correlated to aortomesenteric angle and distance to the moderate level.

Future research should focus on conducting adequately powered cohort studies, and that too
community-based studies, so that we have a real picture of disease burden. A prospective
community-based cohort study would also help to identify different risk factors associated with
this disease and would enable the researchers to study the disease progression more
comprehensively. We will also be able to study long term patient outcomes in terms of
morbidity and mortality, and prognosis of treatment therapies.
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