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Abstract
BACKGROUND
Superior mesenteric artery (SMA) syndrome is a rare cause of duodenal obstruction by extrinsic compression between the SMA and the aorta (SMA-Ao). Although the left lateral recumbent position is considered effective in the treatment of SMA syndrome, individual variations in the optimal patient position have been noted. In this report, we present two elderly cases of SMA syndrome that exhibited rapid recovery due to ultrasonographic dynamic evaluation of the optimal position for each patient.

CASE SUMMARY
Case 1: A 90-year-old man with nausea and vomiting. Following diagnosis of SMA syndrome by computed tomography (CT), ultrasonography (US) revealed the SMA-Ao distance in the supine position (4 mm), which slightly improved in the lateral position (5.7–7.0 mm) without the passage of duodenal contents. However, in the sitting position, the SMA-Ao distance was increased to 15 mm accompanied by improved content passage. Additionally, US indicated enhanced passage upon abdominal massage on the right side. By day 2, the patient could eat comfortably with the optimal position and massage. Case 2: An 87-year-old woman with vomiting. After the diagnosis of SMA syndrome and aspiration pneumonia by CT, dynamic US confirmed the optimal position (SMA-Ao distance was improved to 7 mm in forward-bent position, whereas it remained at 5 mm in the supine position). By day 7 when her pneumonia recovered, she could eat with the optimal position.

CONCLUSION
The optimal position for SMA syndrome varies among individuals. Dynamic US appears to be a valuable tool in improving patient outcomes.
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Core tip: Superior mesenteric artery (SMA) syndrome is a rare cause of duodenal obstruction by extrinsic compression between the SMA and aorta. While the left lateral recumbent position has traditionally been recommended as conservative therapy for facilitating duodenal passage, recent studies have highlighted variations in the optimal position among patients. Here, we present two cases of SMA syndrome where rapid recovery was achieved through ultrasonographic dynamic evaluation of the individualized optimal positions. This pioneering report includes valuable images and a video of dynamic ultrasonography, contributing to improved prognosis by averting potentially life-threatening complications such as shock, pancreatitis, perforation, and hypokalemia.

INTRODUCTION
Superior mesenteric artery (SMA) syndrome is a rare cause of duodenal obstruction by extrinsic compression between the SMA and the aorta (SMA-Ao)[1–4]. Left untreated, it can lead to potentially lethal complications, including sudden death, shock, pancreatitis, gastric perforation, malnutrition and hypokalemia[5–9]. Hence, early diagnosis and treatments are imperative[10,11]. However, its nonspecific symptoms, such as nausea, appetite loss, and abdominal discomfort often lead to underdiagnosis in clinical practice[10–12]. Additionally, due to its rarity, therapeutic guidelines have not been established. While the left lateral recumbent position is generally considered to be effective in the treatment of SMA syndrome, literature on the optimal patient position is scarce[4,13–18]. Some reports suggest that the optimal position may not be limited to the lateral position but could include right recumbent and sitting positions, depending on the course of the SMA in relation to the aorta[14,15,17,18]. Therefore, the optimal position might differ for each patient, and we hypothesize that dynamic observation of the SMA-Ao distance by ultrasonography (US) is ideal to determine the optimal therapeutic position. Dynamic US has recently emerged as a valuable technique offering real-time and dynamic evaluation, as well as safe and quick access[19,20]. In this report, we present two cases of SMA syndrome that exhibited prompt recovery through ultrasonographic dynamic evaluation of the optimal position.

CASE PRESENTATION
Chief complaints
Case 1: A 90-year-old man arrived in the emergency department in our hospital with complaints of nausea, vomiting, and abdominal distention for several hours.

Case 2: An 87-year-old woman arrived in the emergency department in our hospital with complaints of nausea and recurrent vomiting.

History of present illness
Case 1: The patient had been treated with continuous positive airway pressure (CPAP) for sleep apnea syndrome since 2019. After CPAP therapy had started, he sometimes woke up with nausea and vomiting. During sleep, he remained mainly in the supine position because of CPAP. Several hours before his visit to our hospital in 2022, he received dental treatment in the supine position for 2 h, after which nausea and abdominal distension occurred.

Case 2: The patient had infectious diarrhea several months before coming to our hospital and lost 5 kg of body weight. The diarrhea recovered with conservative therapy. On the day coming to our hospital, she vomited frequently after dinner for several hours, then visited the emergency department in our hospital.

History of past illness
Case 1: The patient had undergone a right hemicolectomy for ascending colon cancer in 2009, with no recurrence. In the same year, he also underwent right ureteral reconstruction for right ureteral injury. Since 2019, he had been receiving CPAP therapy for mild sleep apnea syndrome. He had been on medications for hypertension, Alzheimer's disease, and paroxysmal atrial fibrillation since 2016.

Case 2: The patient had taken medication for hypertension.

Personal and family history
Case 1: There was no significant personal and family history.

Case 2: There was no significant personal and family history.

Physical examination
Case 1: The patient was 166 cm in height and 52.0 kg in weight [body mass index (BMI), 18.9, there had been no body weight loss for several recent years]. The vital signs were normal: consciousness, clear; blood pressure, 146/66 mmHg; heart rate, 53 beats/min; body temperature, 36.4 °C; respiratory rate, 16 breaths/min. The saturation of percutaneous oxygen (SpO2) was 96% at room air. His abdomen was slightly distended with mild epigastric tenderness. There was no rebound tenderness. The abdominal sound was almost normal peristalsis. Surgical scars from right hemicolectomy were visible in the midline abdominal incision site for ascending colon cancer, located at the center and right of the abdomen.

Case 2: The patient was 161 cm in height and 42.4 kg in weight (BMI, 16.4). The vital signs were as follows: Consciousness, clear; blood pressure, 130/80 mmHg; heart rate, 100 beats/min; body temperature, 36.8 °C; respiratory rate, 24 breaths/min. SpO2 was 94% at room air. Her abdomen was moderately distended with mild epigastric tenderness. There was no rebound tenderness. The abdominal sound was almost normal peristalsis.

Laboratory examinations
Case 1: Routine blood analyses showed no significant abnormalities: white blood cell (WBC) count, 5170 cells/µL; total bilirubin (TBil), 0.6 mg/dL; aspartate aminotransferase (AST), 20 IU/L; alanine aminotransferase (ALT), 13 IU/L; alkaline phosphatase (ALP), 66 IU/L; γ-glutamyl transpeptidase, 12 IU/L; serum amylase, 141 IU/L; blood urea nitrogen (BUN), 22.0 mg/dL; creatinine (Cr), 0.88 mg/dL; Na+/K+/Cl+ levels, 138/3.8/101 mmol/L; and C-reactive protein (CRP), 0.04 mg/dL. Blood pH was within the normal range (7.394).

Case 2: Elevated WBC count (8680 cells/µL) and CRP (3.59 mg/dL) indicated systemic inflammation. Elevated BUN (29.0 mg/dL) and Cr (1.29 mg/dL) indicated dehydration. Except for the elevated serum amylase (255 IU/L), other routine blood analyses were in normal range: TBil, 1.3 mg/dL; AST, 24 IU/L; ALT, 11 IU/L; ALP, 262 IU/L; Na+/K+/Cl+, 138/4.4/105 mmol/L. The blood pH was normal (7.366).

Imaging examinations
Case 1: Computed tomography (CT) demonstrated compression of the third portion of the duodenum between the SMA-Ao, as well as markedly dilated duodenum and stomach (Figure 1). Arteriosclerosis of the abdominal aorta and SMA was also observed. Abdominal US revealed that, in the supine position, the distance between SMA-Ao was shortened to 4 mm and the angle of SMA-Ao decreased to 15° (Figure 2). Additionally, real-time US observation showed no passage of contents through the SMA-Ao site, along with the to-and-fro sign at the oral side of this location (Video).

Case 2: CT showed a frosted shadow in the lower lobe of the right lung and compression of the third portion of the duodenum between SMA-Ao, as well as a markedly dilated duodenum and stomach (Figure 3). Arteriosclerosis of the abdominal aorta and SMA was also observed. US demonstrated the SMA-Ao distance was narrowed to 5 mm in the supine position without the passage of duodenal contents (Figure 4A). The angle of SMA-Ao decreased to 18° (Figure 4B).

Further diagnostic work-up
[bookmark: OLE_LINK7783][bookmark: OLE_LINK7784]Case 1: We performed a position change with dynamic observation using US (Figure 5). In the left lateral position, which is traditionally recommended for the patients with SMA syndrome, the SMA-Ao distance was 4 mm (no change compared to that in the supine position). In the right lateral position, US showed that the SMA-Ao distance increased to 7 mm and intestinal gas passed through the compression site of the duodenum. In the sitting position, SMA-Ao distance increased to 15 mm and gas and fluid content passed through the site. Real-time US revealed that pushing by hand on his right upper abdomen enhanced the passage of duodenal contents through the site (Video).

Case 2: Dynamic US with a change in body position revealed dynamic changes in the SMA-Ao distance, measuring 5.3 mm in the supine position, 5.3 mm in the left lateral position, 6.6 mm in the right lateral position, and 7.0 mm in the sitting position (Figure 6).

FINAL DIAGNOSIS
Case 1
: The final diagnosis was SMA syndrome based on the CT and US findings.

Case 2
: The final diagnosis was SMA syndrome with aspiration pneumonia as an SMA syndrome-related complication based on her medical history and CT and US findings.

TREATMENT
Case 1
: On day 1 of hospitalization, fasting and peripheral venous nutrition started. Based on the findings of dynamic US, the patient kept his postprandial position in the right lateral or sitting as much as possible.

Case 2
: On the day 1 of hospitalization, fasting and peripheral venous nutrition started. Based on the findings of dynamic US, she was instructed to keep the optimal body position after a meal. Aspiration pneumonia was treated with intravenous antibiotics for 10 d.

OUTCOME AND FOLLOW-UP
Case 1
[bookmark: OLE_LINK3]: By day 2, all of the patient’s symptoms had vanished, and US confirmed significant improvements in stomach and duodenal dilatation. Consequently, he could eat without recurrence. Upon discharge from the hospital on day 3, he was advised to maintain positions such as sitting or the right lateral position after meals, and also to assume the right-side supine position when using CPAP during sleep. He was also instructed to apply manual pressure (massage) to his right upper abdomen if he experienced any symptoms related to SMA syndrome. There have been no recurrences in the two years since the incident.

Case 2
: On day 7, the patients could start eating without recurrence. On day 32, she was discharged and there was no recurrence in the 12 years since the incident.

DISCUSSION
SMA syndrome (also known as Wilkie’s syndrome, cast syndrome, mesenteric duodenal obstruction, or aorto-mesenteric compass syndrome) is a rare duodenal obstruction caused by compression between the SMA-Ao[1,21]. Recent reviews indicate a wide age range of patients affected by SMA syndrome, with a notable increase in elderly patients[1,21]. Indeed, the present two patients were very old and required more prompt and careful management to avoid age-related complications, including aspiration pneumonia, functional decline, and malnutrition[22]. Fortunately, dynamic US could determine the optimal position for individualized duodenal passage, thus obviating the need for nasogastric tube placement, a common intervention for decompression and nutritional support in SMA syndrome[1–4]. However, nasogastric tubes can introduce additional complications, such as aspiration pneumonia and intestinal injuries[23,24].
The etiology of SMA syndrome might be different between younger and older patients[21]. In older patients (> 40 years), post-abdominal surgery emerges as the most common etiology, followed by weight loss. In contrast, younger patients (< 40 years) predominantly experience scoliosis-related cases, such as those following spinal fusion surgery and body casting, also accompanied by weight loss. Case 1 had multiple histories of abdominal surgery, suggesting surgical adhesion pulled on the mesentery or restricted the SMA mobility[1]. Furthermore, the presence of atherosclerosis affecting both the SMA and the Ao, as observed in both cases, might further impede SMA mobility[25,26]. Given these restrictions of the SMA mobility, confirming the SMA mobility by dynamic US should be helpful; or, the absence of SMA mobility could suggest early surgical intervention. CT is considered the gold standard for diagnosing SMA syndrome by visualizing duodenal compression by the SMA, along with dilation of the proximal duodenum and stomach[1,27]. Three-dimensional CT has emerged as a valuable tool for visualizing the anatomy of the SMA, Ao, and duodenum[28]. Under normal circumstances, the SMA-Ao angle and distance measure 38–65 and 10–33 mm, respectively[29–31]. The cutoff value was reported as 22 on the SMA-Ao angle and 8 mm distance with 42.8% sensitivity and 100% specificity[30]. While CT undoubtedly offers valuable and objective diagnostic information, it is typically performed in a single body position, usually supine. In contrast, US can potentially be conducted in various postures and provides dynamic assessments of luminal content and vascular movement. As demonstrated in this report, dynamic US is instrumental in identifying the most suitable position for facilitating luminal content passage. Historically, barium X-ray series were used for diagnosis and evaluation of luminal content passage in SMA syndrome[1,32]. However, due to the associated radiation exposure risks, US assessments offer a safer and more effective alternative for managing SMA syndrome. The diagnostic sensitivity of US for SMA syndrome has been validated in comparative studies with CT findings[30]. In addition, because it can be performed at the bedside, it can easily evaluate gastroduodenal dilatation and the distance between the SMA-Ao during follow-up. In light of these advantages, we believe dynamic US represents the most valuable tool for determining the optimal position for each patient with SMA syndrome. The absence of SMA movement, possibly due to calcification at the SMA root or post-abdominal surgery, could be indicative of the need for early surgical intervention[1]. While US findings may potentially be influenced by operator bias and interobserver variation, dynamic observation places greater emphasis on subjective focus compared to static images. To the best of our knowledge, this report constitutes the first documentation of dynamic US in SMA syndrome, complete with detailed images and a video. We anticipate that this report will be valuable for US practitioners aiming to enhance their understanding of SMA syndrome diagnosis.
The treatment for SMA syndrome is initiated by conservative methods, such as gastric and duodenal decompression by postural change and/or nasogastric tube suction[22,33]. If the conservative treatment fails, surgery may be necessary[1,34]. Although it is believed that positioning the patient in the left lateral position is effective in the treatment of SMA syndrome, there is little evidence[13,16]. The optimal body position for each patient may vary because recent studies found a variation in the SMA position and movement[14,15,17]. Case 1 in our report demonstrated better content passage in the right lateral position than the left, corroborating the findings of Khan et al[15]. Miyata et al[17] reported a variation in position of SMA demonstrating that major position was the right side along with the aorta[17]. No study has reported the optimal position in SMA syndrome[1]. As such, we conducted an evaluation of the optimal body position in 14 individuals, including our two SMA syndrome cases and nine healthy controls, using abdominal US (Figure 7). In cases where duodenal detection proved challenging, subjects ingested 200 mL of water, modifying the drinking US test[35]. While the left lateral position, which is generally thought to be an optimal position, was significantly effective (long distance of SMA-Ao) as expected, the right lateral position was also significantly effective (Figure 7A). The best position varies from case to case: the left lateral position was effective in some cases while the right lateral recumbent position and the sitting position were more effective in other cases (Figure 7B). Further prospective cohort studies are warranted to explore the effectiveness of dynamic US in identifying ideal positions for SMA syndrome patients. Although recent surgical interventions for SMA syndrome have demonstrated safety and efficacy[1,36], surgery and anesthesia inherently pose risks to elderly patients, particularly those with pulmonary risk factors, as demonstrated by our cases[37]. Dynamic US offers a promising avenue to enhance the effectiveness of non-surgical treatments and prevent unnecessary surgical procedures.

CONCLUSION
We presented two cases of SMA syndrome in elderly patients in which US proved invaluable for determining optimal positioning. Given the variability of optimal body positions in SMA syndrome among patients, dynamic assessment of the optimal body position via bedside positioning using dynamic US emerged as a minimally invasive and effective option.
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Figure 1 Computed tomography images of case 1. The axial view of computed tomography showed the compression of the third portion of the duodenum between the superior mesenteric artery and the aorta (arrowhead) as well as markedly dilated duodenum (cross) and stomach.
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[bookmark: OLE_LINK7767][bookmark: OLE_LINK7768][bookmark: OLE_LINK7759][bookmark: OLE_LINK7760][bookmark: OLE_LINK7762][bookmark: OLE_LINK7763]Figure 2 Abdominal ultrasonography images of case 1. A: The supine position of ultrasonography epigastric transverse scan confirmed expansion of the third part of the duodenal lumen and extrinsic compression of the duodenum by the superior mesenteric artery (SMA). The distance between the SMA and the aorta (Ao) was narrowed to 4 mm; B: Epigastric longitudinal scan showed that the angle of SMA-Ao decreased to 15°. Calcifications (arteriosclerosis) of the aorta and the root of SMA was also observed. SMA: Superior mesenteric artery; Ao: Aorta.
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Figure 3 Computed tomography images of case 2. A: The axial view of thoracic computed tomography (CT) indicated aspiration pneumonia; B: The axial view of abdominal CT demonstrates extensive dilatation of stomach and proximal duodenum (cross), between the superior mesenteric artery (arrow head) and the aorta. CT: Computed tomography
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[bookmark: OLE_LINK7770][bookmark: OLE_LINK7771]Figure 4 Dynamic ultrasonography images of case 2. A: The supine position of ultrasonography confirmed expansion of the third part of the duodenal lumen and extrinsic compression of the duodenum by the superior mesenteric artery (SMA). The distance between the SMA and the aorta (Ao) was narrowed to 5 mm; B: Epigastric longitudinal scan showed that the angle of SMA-Ao decreased to 18°. Calcifications (arteriosclerosis) of the aorta and the root of SMA was also observed. SMA: Superior mesenteric artery; Ao: Aorta.
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[bookmark: OLE_LINK7778][bookmark: OLE_LINK7780][bookmark: OLE_LINK7773][bookmark: OLE_LINK7774][bookmark: OLE_LINK7776][bookmark: OLE_LINK7777]Figure 5 Dynamic ultrasonography images of case 1. A: Narrowed superior mesenteric artery-aorta (SMA-Ao) distance (4 mm); B: Left lateral position did not improve the SMA-Ao distance (4 mm); C: Right lateral position increased the SMA-Ao distance to 7 mm and the duodenal gas could pass through; D: Sitting position (Fowler’s position) dramatically improved the SMA-Ao distance to 15 mm and the passage of duodenal contents. SMA: Superior mesenteric artery; Ao: Aorta.
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Figure 6 Dynamic ultrasonography images of case 2. A: Supine position showed the narrowed superior mesenteric artery-aorta (SMA-Ao) distance (5.3 mm); B: Left lateral position did not improve the SMA-Ao distance (5.3 mm); C and D: Right lateral position and sitting position increased the SMA-Ao distance to 6.6 and 7.0 mm, respectively. SMA: Superior mesenteric artery; Ao: Aorta.
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[bookmark: OLE_LINK7781][bookmark: OLE_LINK7782]Figure 7 Superior mesenteric artery-aorta distance in four body positions in eight individuals. A: Distance change of superior mesenteric artery-aorta (SMA-Ao) from the baseline position (supine position). Dots indicate individual results. Bars indicate median with interquartile range; B: Fourteen individuals included five cases of superior mesenteric artery syndrome SMAS and nine healthy controls (age, sex, and absolute distance of SMA-Ao mm). The absolute distance of SMA-Ao (mm) in thirteen individuals were shown in each position. The SMA-Ao distances were measured by ultrasonography. If it was difficult to detect the duodenum, the subjects ingested 200 mL of water which is a modified method of drinking-ultrasonography test. Statistical analysis was performed by GraphPad Prism version 10.0.2 with Dunn’s multiple comparisons tests with ANOVA. 1Indicates the present case. aP < 0.01. The heat map indicates the best and worst positions of the SMA-Ao distance in each individual. SMA: Superior mesenteric artery; Ao: Aorta; SMAS: Superior mesenteric artery syndrome.
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