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Abstract:
Objective Superior mesenteric artery (SMA) syndrome is characterized by the compression of the third seg-

ment of the duodenum between the SMA and aorta, resulting in duodenal obstruction. Because the symptoms

of the syndrome are similar to those of functional dyspepsia (FD), this study aimed to examine whether or

not patients with SMA syndrome were present among those diagnosed with FD.

Methods Patients with an FD diagnosis underwent measurement of the angle and distance between the

SMA and aorta by ultrasonography or computed tomography. Patients with an angle of �22° or with a dis-

tance of �8 mm between the SMA and aorta were diagnosed with SMA syndrome. Bacterial culture of the

duodenal aspirate was also performed.

Results Of the 46 FD patients, 5 (11%) met the criteria. All 5 were women with a body mass index signifi-

cantly lower than the remaining 41 patients (18.7 vs. 24.0 kg/m2, p=0.003). In addition, all 5 patients had 105/

mL or more bacteria in the duodenum. The symptoms of these five patients were treated through dietary and

postprandial posture counselling with or without medication.

Conclusion Patients with SMA syndrome were observed among underweight women diagnosed with FD.

Their symptoms may be associated with bacterial overgrowth.
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Introduction

Functional dyspepsia (FD), a relapsing and remitting dis-

order, is characterized by a constellation of symptoms re-

lated to the gastroduodenal region of the upper gastrointesti-

nal tract. The current standard for the diagnosis of FD is

based on the Rome III (or recently revised Rome IV) crite-

ria, which define the disease as the presence of one of the

following symptoms without any structural diseases: bother-

some postprandial fullness, early satiation, epigastric pain,

and epigastric burning; the former two symptoms constitute

postprandial distress syndrome (PDS), whereas diseases with

the latter two are known as epigastric pain syndrome

(EPS) (1, 2).

The prevalence of FD in community settings has been re-

ported to range from 5.3-20.4% (3). A number of patho-

physiological conditions have been suggested in association

with FD, including gastric motility and visceral hypersensi-

tivity, psychosocial factors and acid, Helicobacter pylori in-

fection, genetics and a history of abuse in childhood, infec-

tious gastroenteritis, smoking, alcohol intake, sleep disor-

ders, intake of a high-fat diet, and cascade stomach (4).

However, no definite treatment strategy has been established

for FD, and therefore, to ameliorate symptoms, various

therapies, including Helicobacter pylori eradication therapy,

acid-suppression therapy, prokinetic agents, antidepressants,

and psychological therapy as well as placebo or reassurance,

are applied to each patient (5).

In this regard, patients with indefinite digestive symptoms
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are likely to be diagnosed with FD. Although structural dis-

eases, including peptic ulcer, gastroparesis, gastroesophageal

cancer, as well as the diseases from outside of the gastroin-

testinal region like gallbladder, pancreas and liver, should be

ruled out, proper radiographic and endoscopic scrutiny is

sometimes not done prior to a diagnosis of FD (4, 5). In-

deed, the Rome III criteria describe upper endoscopy as the

only indispensable modality for excluding structural dis-

eases.

Superior mesenteric artery (SMA) syndrome is character-

ized by the compression of the third segment of the duode-

num between the SMA and aorta, causing duodenal obstruc-

tion. Its incidence was reported to be between 0.013% and

0.3% (6, 7). The specific symptoms of the syndrome include

early satiation, bothersome postprandial fullness, nausea, and

vomiting. Thus, the symptoms of SMA syndrome are similar

to those of FD, except that SMA syndrome frequently

causes vomiting (7-10). Although a diagnosis is usually

made radiographically or by ultrasound (US) to determine

the compression of the third segment of the duodenum by

SMA, those examinations are not always performed appro-

priately for discrimination of the syndrome from FD (6, 8).

Therefore, patients with SMA syndrome may be inappropri-

ately diagnosed with FD due to the similarity in symptoms.

The aim of this study was to examine whether or not pa-

tients with SMA syndrome were present among those who

had been previously diagnosed with FD.

Materials and Methods

Patients

We retrospectively examined the data of patients diag-

nosed with FD based on the Rome III criteria and requested

further examinations with the expectation of finding other

comorbid diseases associated with their symptoms. Our cri-

teria for the selected patients included those who had under-

gone examinations for the discrimination of SMA syndrome

with computed tomography (CT) or US and small intestinal

bacterial overgrowth (SIBO) by culture of duodenal aspirate

during upper endoscopy. Patients were identified consecu-

tively from those who had visited Hashimoto Municipal

Hospital and Wakayama Rosai Hospital between April 2015

and April 2016. Forty-six patients met the criteria, and in-

formation on their demographics, comorbidities, type of FD

(PDS or EPS), and medications as well as the presence of

SMA syndrome and bacterial overgrowth in the duodenum

were collected.

The evaluation of symptoms was mainly performed with

interviews based on the Rome III diagnostic criteria and the

Japanese version of the Rome III Diagnostic Question-

naire (1, 2). Therapeutic responses were determined based

on the disappearance of the symptoms and weight gain.

Diagnosis of SMA syndrome

Contrast-enhanced CT (CECT) and/or abdominal US were

used to assess the angle between the SMA and aorta and to

measure the minimum SMA-aorta distance at the level

where the duodenum passed between the two vessels. CECT

studies were performed on a SOMATOM Definition AS (Si-

emens, Munich, Germany) with a routine protocol compris-

ing a plain phase followed by 60-100 mL of contrast agent

administration (Iopamidol; Hikari Pharmaceutical, Osaka, Ja-

pan) during the arterial and venous phases. The values for

the study were obtained in the arterial phase using reformat-

ted images of maximum-intensity projection and multiplanar

reconstruction with selected axial and sagittal images. The

angle between the SMA and aorta was measured at the ori-

gin on sagittal CT images (Fig. 1). The perpendicular dis-

tance between the SMA and aorta was measured at the slice

where the duodenum crosses on transverse CT images

(Fig. 2). US was conducted with an APLIO 500 TUS-A500

(Toshiba, Tokyo, Japan). The angle between the SMA and

aorta was measured on sagittal US images (Fig. 3), and the

measurement of the SMA-aorta distance was obtained using

transverse US images (Fig. 4).

According to the results of 5 patients who underwent both

CT and US, the differences between the 2 modalities in the

angle and distance proved to be 2-4° and 1-5 mm, respec-

tively. In these 5 patients, the results obtained with CT were

used for the analyses. An angle of �22° or a distance of �8
mm between the SMA and aorta was considered as SMA

syndrome, according to the definitions of previous re-

ports (6, 11, 12).

Diagnosis of bacterial overgrowth

A culture of duodenal aspirate was obtained during upper

gastrointestinal endoscopy in order to count the bacteria

population. Duodenal juice was obtained under endoscopic

visualization approximately 25 cm beyond the pylorus. Suc-

tion and air insufflation were minimized prior to obtaining

aspirate in order to avoid contamination and to maintain the

intraluminal anaerobic environment. Approximately 2 mL of

aspirate were collected in a sterile tube and transferred im-

mediately in order to be plated for both aerobic and anaero-

bic organisms. When growth was detected, organisms in the

colonies were counted and identified by standard methods.

A total bacteria count of �105/mL was considered positive

for bacterial overgrowth, as previously reported as the defi-

nition of SIBO (13-15).

Statistical analyses

Differences between patients with and without SMA syn-

drome were determined using Wilcoxon’s signed-rank test

and the Mann-Whitney U test as appropriate. A p value

<0.05 was considered statistically significant. Data were sta-

tistically analyzed using the JMP version 12 software pro-

gram (SAS Institute, Cary, USA).

Results

Table 1 shows the clinical characteristics of all 46 pa-
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Figure　1.　An abdominal sagittal image from CECT for mea-
suring the angle between the SMA and aorta. A 35-year-old 
woman who was previously diagnosed with FD was considered 
to have SMA syndrome. The angle between the SMA and aorta 
measured on this slice was 19°. CECT: contrast-enhanced com-
puted tomography, FD: functional dyspepsia, SMA: superior 
mesenteric artery

Figure　2.　An abdominal transverse image from CECT for 
measuring the distance between the SMA and aorta where the 
duodenum passes. This is a transverse image of the patient 
shown in Figure 1. The distance between the SMA and aorta 
measured on this slice was 9 mm. CECT: contrast-enhanced 
computed tomography, SMA: superior mesenteric artery

Figure　3.　An abdominal sagittal ultrasonography image for 
measuring the angle between the SMA and aorta. SMA: supe-
rior mesenteric artery

Figure　4.　An abdominal transverse ultrasonography image 
for measuring the distance between the SMA and aorta where 
the duodenum passes. SMA: superior mesenteric artery

tients. Twenty-nine patients (63%) were classified into PDS.

The median age was 64.5 (21-83) years, and 27 (59%) were

women. The median body mass index (BMI) was 23.9

(16.5-29.1). The median SMA-aorta angle and distance were

34° (18°-52°) and 19 (8-28) mm, respectively. The median

number of bacteria from duodenal aspirate of 46 subjects

was 104 (0-106)/mL, and 14 (30%) showed bacterial growth

of �105/mL. A proton pump inhibitor (PPI) was prescribed

to 30 (65%) patients.

Based on the results of US (36 patients) and CT (10 pa-

tients), 5 (11%) patients met the criteria of SMA syndrome.

Table 2 compares the clinical characteristics between pa-

tients who were included in and excluded from the SMA

syndrome category. All 5 patients suspected of having SMA

syndrome were classified as having PDS. The BMI of the 5

patients with SMA syndrome was significantly lower than

that of the remaining 41 patients [18.7 (16.6-19.8) vs. 24.0

(16.5-29.1), p=0.003]. Bacterial overgrowth (�105/mL bacte-

ria) in duodenal aspirate was observed in 5 (100%) vs. 9

(22%) patients (p=0.0003). The bacterial species isolated

from the two groups were similar (Escherichia coli, Entero-
coccus species, Klebsiella pneumonia and Proteus
mirabilis), and some patients with and without a diagnosis

of SMA syndrome obtained transient symptom relief with

antibiotics administration [4/5 (80%) and 4/9 (44%), respec-

tively]. The characteristics of the five patients with SMA

syndrome are summarized in Table 3. The symptoms of

those five patients were resolved through dietary and

postprandial posture counselling, with or without medication

based on the treatment of SMA syndrome.

A typical case of SMA syndrome previously diag-

nosed as FD

A 35-year-old woman had chronic postprandial discom-

fort in her epigastrium and had been diagnosed with FD 8

years previously. Her symptoms never disappeared despite

continuous administration of a PPI and a prokinetic agent.
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Table　1.　Baseline Characteristics of Patients with Functional 
Dyspepsia.

Patients

Total 46

Age (years) 65 (21-83)

Gender

Male 19 (41%)

Female 27 (59%)

Type of functional dyspepsia

Postprandial distress syndrome 29 (63%)

Epigastric pain syndrome 17 (37%)

Body mass index (kg/m2) 23.9 (16.5-29.1)

Superior mesenteric artery-aorta

Angle (degrees) 34 (18-52)

Distance (mm) 19 (8-28)

Number of bacteria from duodenal aspirate (/mL) 104 (0-106)

≥105(/mL) 14 (30%)

Helicobacter pylori infection (current or past) 20 (43%)

Concomitant diseases

Diabetes mellitus 10 (22%)

Pulmonary diseases 6 (13%)

Liver cirrhosis 5 (11%)

Heart diseases 5 (11%)

Stroke 4 (10%)

Hemodialysis 3 (7%)

None 22 (48%)

Medication

Proton pump inhibitor 30 (65%)

Histamine type 2 receptor antagonist 9 (20%)

Prokinetic agent 15 (33%)

Table　2.　Differences between Patients with and without Superior Mesenteric Artery 
Syndrome.

Superior mesenteric artery

syndrome

Yes (N=5) No (N=41) p value

Type of functional dyspepsia

Postprandial distress syndrome 5 (100%) 24 (59%) 0.07

Epigastric pain syndrome 0 (0%) 17 (41%) 0.07

Body mass index (kg/m2) 18.7 (16.6-19.8) 24.0 (16.5-29.1) 0.003*

Superior mesenteric artery-aorta

Angle (degrees) 19 (18-24) 35 (23-52) 0.0005*

Distance (mm) 9 (8-10) 19 (9-28) 0.0007*

Number of bacteria from duodenal aspirate 

≥105(/mL) 5 (100%) 9 (22%) 0.0015*

*statistically significant

Her BMI was 18.7 at the time of visiting our hospital. The

angle and distance between the aorta and SMA, which was

measured at the level of passing the duodenum, were 19°

(Fig. 1) and 9 mm (Fig. 2), respectively. She was suspected

of having SMA syndrome, so counseling on postprandial

positions practice (i.e. left lateral decubitus, prone and knee-

to-chest positions) and dietary advice (i.e. reduce the

amount for each meal and increase the number of meals per

day) were provided. Six months later, her symptoms had

completely disappeared without any additional medication,

and her BMI recovered to 22.1.

Discussion

Symptoms of SMA syndrome, including bothersome

postprandial fullness, early satiation, and nausea, are similar



Intern Med 56: 2549-2554, 2017 DOI: 10.2169/internalmedicine.8647-16

2553

Table　3.　Characteristics of 5 Patients with Superior Mesenteric Artery Syndrome.

Age Sex
BMI 

(kg/m2)

Angle 

(degrees)

Distance 

(mm)

Number of bacteria 

(/mL)
Treatment

25 Female 19.6 20 10 105 Counseling only

35 Female 18.7 19 9 105 Counseling only

48 Female 19.8 24 8 105 Counseling and medication

55 Female 16.6 18 8 106 Counseling and medication

67 Female 17.6 19 9 105 Counseling and medication

BMI: body mass index

to those of FD, particularly those of PDS, except that vomit-

ing is rare in FD. Although a diagnosis of FD requires the

exclusion of structural diseases, sufficient medical examina-

tions for this purpose are not always performed. Therefore,

we suspected that patients with SMA syndrome might have

been misdiagnosed with FD. In this study, we examined the

positional relationships between the SMA and aorta using

CT or US in patients who had previously been diagnosed

with FD and found that 5 (11%) out of 46 FD patients were

considered to have SMA syndrome. To our knowledge, the

discrimination of SMA syndrome from FD has never been

reported; therefore, our findings are relevant with respect to

the difference in the treatment strategy between these two

diseases.

Although the Rome criteria recommend upper endoscopy

for discriminating structural diseases, chronic SMA syn-

drome does not show any specific findings on upper endo-

scopy (6, 7, 9, 16). In this sense, CT, US, or conventional

barium studies is recommended for patients with a diagnosis

of FD with PDS, particularly thin women, if their symptoms

are not relieved despite conventional FD treatments. They

may show characteristic findings, including dilation of the

stomach and duodenum and compression of the mucosal

folds of the duodenum. However, those studies are rarely

performed for patients suspected of having FD. Furthermore,

even when those radiologic studies are performed, specific

findings can be easily overlooked due to the rarity of SMA

syndrome. Therefore, the discrimination of SMA syndrome

in prediagnosed FD patients requires suspicion of the syn-

drome by the attending physicians. Both insufficient exami-

nations for ruling out organic diseases and difficulty in diag-

nosing SMA syndrome even with imaging modalities may

be responsible for the inappropriate diagnosis of SMA syn-

drome as FD.

An SMA-aorta angle of 22-25° or less and a distance of

�8 mm have been shown to correlate well with the symp-

toms of SMA syndrome (12). The criteria we applied to this

study were an angle �22° or a distance of �8 mm, and the

specificity of the criteria is based wholly on the improve-

ment of the symptoms by treatments specific for SMA syn-

drome. The examinations of the correlation between the

SMA and aorta were performed with US in most of our pa-

tients, although CT is reportedly more accurate than US in

determining the criteria of SMA syndrome (11). In the pre-

sent study, the differences between the two modalities in the

angle and distance were 2-4° and 1-5 mm, respectively. The

distance discrepancy in 3 patients with SMA syndrome who

underwent both US and CT was 0-2 mm, suggesting that

US can be used to diagnose the syndrome.

All five patients with SMA syndrome in this study were

women with a low BMI. A low BMI is a significant risk

factor for developing SMA syndrome (11, 17-20). In par-

ticular, predisposed medical conditions associated with cata-

bolic states and rapid weight loss are known to be a fre-

quent cause of a decrease in the SMA-aorta angle and sub-

sequent duodenal obstruction (18). In addition, anorexia ner-

vosa, which is predominantly observed in women, is known

to induce SMA syndrome due to weight loss (21, 22). A

lower volume of visceral fat due to a decrease in estrogen

may also be correlated (10, 23, 24). Our results therefore

appear to be reasonable with regard to the epidemiologic as-

pects, and close examinations of patients with FD should be

considered, particularly for underweight women with com-

plaints of PDS.

The bacterial overgrowth in the duodenum found in this

study appeared to be another relevant finding, as some FD

patients have been reported to be associated with SIBO (14),

and antimicrobial treatment was able to ameliorate the

symptoms (14, 15). In this study, 14 (30%) patients, includ-

ing all 5 SMA syndrome patients, showed bacterial over-

growth (�105/mL) in the duodenal aspirate. Although the

amount of bacteria in the duodenal aspirate is considered a

diagnostic criterion of SIBO (13-15, 25, 26), this criterion

might not be applicable in patients with SMA syndrome due

to duodenal obstruction. However, bacterial overgrowth in

the duodenum may be correlated with the symptoms and

pathophysiology of SMA syndrome. Indeed, the susceptibil-

ity to antibiotics appeared to be better in patients with SMA

syndrome than in those FD, although no statistical signifi-

cance was observed (80% vs. 44%, p=0.2), possibly due to

the small number of patients. Although there have been few

reports on the involvement of SIBO in FD or the effect of

antibiotics on FD, the difference in the response to antibiot-

ics may partly reflect the difference in the pathophysiology

between FD and SMA syndrome. Further investigations are

required on this issue. In this regard, the PPI prescribed for

three out of the five SMA syndrome patients might have ac-

tually worsened their symptoms. Further investigations are

required regarding the correlation between bacterial over-

growth and SMA syndrome.
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Several limitations associated with the present study war-

rant mention. First, the number of the examined patients was

relatively small, and all of the subjects were Japanese. Re-

producibility should be confirmed with large numbers of pa-

tients and in other ethnic populations. Second, the diagnosis

of FD was based on the Rome III criteria in this study, al-

though the Rome IV criteria were developed in

2016 (27, 28). As the Rome IV criteria of FD are stricter

than the Rome III criteria with regard to the frequency and

severity of symptoms, some of the 46 FD patients in this

study might not have met those criteria. Finally, we pro-

vided counseling and medication as the treatment for only

five patients with a diagnosis of SMA syndrome. To verify

the specificity of our diagnostic criteria, such interventions

should have been performed for the remaining 41 patients

without SMA syndrome.

In conclusion, we identified several patients with SMA

syndrome who had previously been diagnosed with FD - all

women with a low BMI. The symptoms of these patients

might have been associated with bacterial overgrowth in the

duodenum. SMA syndrome should be considered when un-

derweight patients suffer from symptoms associated with

FD, as these symptoms may be resolved with appropriate

treatment for SMA syndrome.

The authors state that they have no Conflict of Interest (COI).
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