Heliyon 9 (2023) e13022

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

Case report :.) |

Check for

A rare middle aortic syndrome with celiac trunk, superior i
mesenteric and bilateral renal artery involvement

Qi Guo, Huijia Liu, Xue Li, Menglin Wu, Jiang Li, Xuening Zhang

Department of Radiology, Second Hospital of Tianjin Medical University, No. 23, Pingjiang Road, Hexi District, Tianjin 300211, PR China

ARTICLE INFO ABSTRACT
Keywords: Middle aortic syndrome (MAS) is a rare atypical aortic coarctation (AC), often accompanied by
Middle aortic syndrome refractory renal hypertension, which eventually leads to death from congestive heart failure,
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stroke or hypertensive encephalopathy. Computed tomography angiography (CTA) has unique
advantages in assessing aortic stenosis and splanchnic artery abnormalities. Prompt aortic bypass
surgery can relieve symptoms and improve quality of life. In this study, we report a patient with
MAS diagnosed by CTA and follow-up after thoracoabdominal aortic bypass grafting.

1. Introduction

Aortic coarctation (AC) is a segmental narrowing of the aortic lumen, accounting for 5%-10% of congenital heart disease, which is
typically located at the aortic isthmus between the left subclavian artery and the ductus arteriosus [1]. Middle aortic syndrome (MAS),
first proposed by Sen [2], refers to an atypical AC characterized by a long segmental or diffuse narrowing of the distal thoracic aorta
and upper abdominal aorta, often involving with the bilateral renal arteries and other visceral arteries. It is a rare cause of AC, ac-
counting for less than 2% [3]. The etiology is still unclear, including congenital abnormal development or obtained from Takayasu
arteritis, neurofibromatosis and so on [4,5].

MAS patients usually present with severe refractory renal hypertension, lower extremity claudication, as well as some other
atypical symptoms, such as headache, dizziness and fatigue. Untreated patients mostly die from congestive cardiac failure, stroke, or
hypertensive encephalopathy due to progressive hypertension. Management of MAS includes medical, endovascular intervention and
surgical treatment [6,7]. As symptomatic supportive treatment, medication can achieve the effects of lowering blood pressure, dilating
blood vessels, improving microcirculation and so on [7]. Endovascular interventional therapy and surgical artificial bypass surgery can
alleviate hypertension that is difficult to control with drugs, and reduce the incidence of its associated fatal complications [6,8,9].
Therefore, timely and effective treatment can alleviate patient’s symptoms and improve quality of life.

In this report, we present a case of a young woman with MAS which associated with celiac trunk, superior mesenteric and bilateral
renal artery stenosis, who was first diagnosed by CTA and successfully relieved existing symptoms by undergoing endoscopic-assisted
thoracoabdominal aortic bypass grafting.

2. Case presentation

A 22-year-old woman who had hypertension (149/72 mmHg) for 3 years with a maximum systolic blood pressure of 160 mmHg,
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Fig. 1. (A)is a VR pseudo-color image of the patient visually showing vascular stenosis, (B)is an enlarged 3D imaging of the stenotic segment of the
blood vessel, and multiple tortuous small blood vessels can be seen, and (C) is the axial image of the narrowest vessel; (D) is the reconstructed
images for the curved surfaces of the three branches of the lower thoracic aorta (from left to right); Preoperative (E and G) and postoperative (F and
H) three-dimensional and axial images of the patient’s vessels, showing that multiple collateral vessels in the preoperative abdominal cavity (yellow
arrows and ovals) and abdominal wall (red arrowheads) were significantly reduced postoperatively, and surgical artificial blood vessel (white
arrowheads); (I) is an image of the proximal and distal anastomosis of the graft to the native aorta (red line and box), the suspected kink and its
gistal segment (blue line and box) after surgery, respectively.

had been taking valsartan during this period, but her blood pressure did not return to the normal blood pressure range. She recently felt
numbness of lower limbs after prolonged sitting, which was relieved after physical activity. In addition, she had frequent nosebleeds.
Physical examination showed a discrepant blood pressure (BP) between the upper and lower limbs (left upper extremity: 139/78
mmHg; right upper extremity: 136/82 mmHg; left lower extremity: 113/81 mmHg; right lower extremity: 128/85 mmHg). Muscle
tension and strength of extremities were normal, and oxygen saturation was between 97% and 99%. No murmurs were detected in
each valve auscultation area and abdomen. Laboratory analysis showed the complete blood count, serum electrolytes, urea, creatinine,
liver function, renal function, coagulation tests and inflammatory markers were normal. Therefore, the preliminary clinical consid-
eration is AC.

Aortic CTA was performed and confirmed the diagnosis of MAS, which demonstrated the lumens of the distal thoracic aorta and
abdominal aorta markedly narrowed, with the narrowest point being approximately 3 mm above the diaphragm (Fig. 1A-C). More-
over, the diameter of the abdominal aorta lumen was not exceed 10 mm (Fig. 1D). Two branches were seen in the lower thoracic aorta,
both passing through the diaphragm and descending into the celiac trunk and superior mesenteric artery respectively (Fig. 1D). The
left renal artery was supplied by both the abdominal aorta and celiac trunk branches, while the right renal artery was supplied by both
the abdominal aorta and diaphragmatic artery branches. In addition, the bilateral internal thoracic arteries (also named the
mammary arteries), which were branches of the bilateral subclavian arteries, have clearly shown to anastomose with the
inferior epigastric artery, branches of the external iliac arteries (Fig. 1E).

Subsequently, the patient successfully underwent descending aorta-abdominal aortic bypass surgery. On the third day after sur-
gery, the blood pressure dropped to 111/64 mmHg. The patient recovered well, and was examined again by CTA on the 12th day after
surgery. The examined CTA showed artificial blood vessels next to the narrowed distal thoracic aorta and abdominal aorta (Fig. 1F).
Furthermore, CTA also found that the superior mesenteric artery, the branches of the celiac trunk and the diaphragmatic artery which
reach the renal artery were thinner than before. While the bilateral internal thoracic arteries and the inferior epigastric arteries
were significantly thinner than before surgery (Fig. 1E-H). Written informed consent was obtained from the patient for the
publication of any potentially identifiable images or data included in this article.

3. Discussion and conclusions

As an atypical AC, MAS is a rare clinical condition, typically diagnosed in childhood or adolescence with previously undiagnosed
systemic hypertension, blood pressure difference of extremities, and weak or absent femoral pulses [10]. Studies have reported that the
average age of MAS patients is about 9 years, the incidence of male and female is equal, and the most common finding symptom is high
blood pressure [11]. The pathogenesis of most MAS is mainly speculative, which may be a congenital anomaly due to failure of
paired dorsal aortic fusions around the 25th day of fetal development or an acquired anomaly due to atherosclerosis,
Takayasu’s arteritis, or nonspecific inflammation and so on [12,13]. In this present case, the pathology was speculated to be
congenital hypoplasia because the patient had no specific signs, no evidence of an inflammatory process in the blood sample, and no
history of any systemic signs of inflammation [14].

Aortography is the gold standard for MAS diagnosis, but it cannot be observed the extramural structure of the artery. CTA is
increasingly being used as the preferred alternate imaging modality for diagnosis, especially in assessing the location and length of the
narrowed segment and evaluating the visceral artery abnormalities and collateral circulation [15,16]. In general, congenital and
acquired MAS have different locations of aortic narrowing, with the most common anatomic site of congenital MAS being the
infrarenal, often involving the renal and visceral branches of the aorta [17]. For congenital MAS, the stenosis results from hypoplasia
without inflammatory response. Therefore, CTA usually shows significant narrowing of the lumen, with normal wall thickness, and no
inflammatory changes around the vessel. Since the arterial lumen in this case was significantly narrowed without markedly
circumferential arterial wall thickened, which was further presumed to be congenital.

MAS generally has a poor prognosis in untreated cases. There are several treatment options available to suit personalized treatment.
Angioplasty is the most common endovascular treatment and can be used even in pediatric patients with mild to severe
vascular stenosis, as well as in younger patients for temporary relief of hypertension prior to surgical repair [9,13]. Surgical
treatment using bypass grafts is the main treatment for MAS complicated with visceral artery stenosis (renal and mesenteric vessels
involvement) [18]. Hypertension symptoms improved or were cured in more than two-thirds of patients after surgery [19]. In this case,
the patient’s blood pressure recovered to normal after surgery, and the collateral circulation of the abdominal wall was closed during
postoperative CTA examination.

Our case highlights (1) AC should be suspected in young patients with refractory hypertension during a comprehensive physical
examination, such as a marked difference in upper and lower limb pressure; (2) imaging examinations such as CTA can assist in
diagnosing the location and extent of AC, and help to distinguish MAS from congenital or acquired; and (3) surgical revascularization
techniques can alleviate hypertension, reduce the incidence of fatal complications, and make hypertension that was difficult to control
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with drugs to be controllable or normalized.

In conclusion, MAS cases are rare, and the narrow range and variation degree with abundant collateral circulation reported in this
case are even rarer. This report provides the whole process of diagnosis, surgical treatment, and postoperative review, indicating that it
is feasible for such patients to be diagnosed and treated in a timely manner.

This item belongs to the item group IG000035.
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