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Abstract: Median arcuate ligament syndrome (MALS) is a rare condition which is due to the compression
of celiac trunk by low riding of fibrous attachments of median arcuate ligament and diaphragmatic crura.
Technically, MALS is a diagnosis of exclusion, consisting of vague symptoms comprising of postprandial
epigastric pain, nausea, vomiting and unexplained weight loss. Different imaging modalities like Doppler
ultrasound, computed tomography, magnetic resonance imaging and mesenteric angiogram are helpful
to demonstrate celiac axis compression. The goal of treatment is decompression of celiac trunk either by
open, laparoscopic or robotic method along with adjuvant interventional procedures like percutaneous
transluminal angioplasty (PTA) and stenting. Surgical is the mainstay of treatment. This approach is based
on open, laparoscopic or robotic release of compressed ligament along with celiac ganglionectomy and
celiac artery revascularization. The role of interventional radiology is limited to angioplasty and stenting to
open the stenosis rather than addressing the underlying compression of celiac trunk which has resulted in
the symptoms. However, both the diagnosis and therapeutic intervention remains challenging. Extensive
evaluation of etiology and pathophysiology of MALS and addressing the same through minimally invasive
techniques may yield best prognosis in future. In this review article, we discuss briefly about the MALS in

terms of etiology, diagnosis and its management including the role of interventional radiology.
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Introduction involving surgical management of MALS (3).
The celiac axis generally arises from the abdominal aorta

Median arcuate liggment syndrome (MALS) also called as usually between T11 to L1, however there is wide variation

Dunbar syndrome is a vascular compression syndrome. It
is technically known as celiac artery compression syndrome
resulting from the compression of celiac axis by median
arcuate ligament and diaphragmatic crura. First described
anatomically in 1917 by Lipshutz (1), who performed
cadaveric dissections and showed the overlapping of celiac
artery by the diaphragmatic crura leading to compression.
Harjola (2) reported symptomatic relief of postprandial
epigastric pain in a 57-year-old man after surgical
decompression of the celiac artery from a fibrosis of celiac
ganglion. In 1965, Dunbar et a/. reported a case series
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of its origin (4). The diaphragmatic crura arises form L1-
L4 where anterior longitudinal ligament meets at anterior
and superior aspect of celiac artery. The Median arcuate
ligament consists of a band of fibrous tissue connecting
anteriorly the diaphragmatic crura surrounding the
aortic hiatus. The higher origin of celiac artery or lower
insertion of diaphragmatic crura are likely to lead to MALS
(Figure 1) (5). Sometimes median arcuate ligament crosses
the lower abdominal aorta causing compression (6). Very
often compression is increased during expiration due to
upward movement of vasculature including the celiac axis.
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Figure 1 Pictogram comparing relationship of median arcuate ligament and celiac artery. (A) Showing normal anatomical relationship. (B)
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Shows the descent of median arcuate ligament leading to compressing of the celiac artery in this syndrome.

Compression can be due to thick, fibrous tissue or thin
bands at or near the origin of celiac artery (7).

Clinical presentation

MALS is a rare and is more common in females having
thin body habitus in the 3" to 5" decade of life (8). The
syndrome consists of postprandial symptoms including pain,
nausea, vomiting, diarrhea and unexplained weight loss
(9,10). Cusati et al. (11) in a study consisting of 36 patients
with MALS to evaluate the symptoms. This included
abdominal pain (94%), postprandial abdominal pain (80%),
weight loss (50%), bloating (39%), nausea and vomiting
(55.6%), and abdominal pain triggered by exercise (8%).

Park er a/. (12) in their study of 400 celiac
artery angiograms in asymptomatic patients for
chemoembolization of hepatic tumors, found that 7.3%
of these patients had significant celiac stenosis, defined as
>50% stenosis and > a 10-mmHg pressure gradient (12).
Derrick et al. reported that celiac artery stenosis presented
with post prandial abdominal pain (13).
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Diagnosis

MALS is usually a diagnosis of exclusion. It generally
mimics abdominal disorders. Duplex ultrasonography
can be a good initial screening tool for celiac artery
compression due to its lack of ionizing radiation and
contrast need. However, it is operator dependent and needs
experienced operator to evaluate and show the changes.
In addition, it is limited by body habitus and overlying
bowel gas. It can show the post stenotic dilatation and
elevated velocities exaggerated during expiration (14,15).
Computed tomography angiogram (CTA) helps in the
diagnosis allowing three-dimensional visualization of
compressed celiac artery. CTA has high resolution and can
show changes like post stenotic dilatation (Figure 24,2B);
however, it involves ionizing radiation and needs contrast
which can be a limitation in patients with renal dysfunction.
Magnetic resonance angiography (MRA) can an alternative
modality for those patients who have allergy to intravenous
contrast agents. Additionally, MRA does not use ionizing
radiation. Conventional angiography is the gold standard to

Cuardiovasc Diagn Ther 2021;11(5):1172-1176 | http://dx.doi.org/10.21037/cdt-20-846



1174 Igbal and Chaudhary. MALS

D o
Q
1 B s
o _eg::‘?‘»“"‘,;_ ‘,A
F
4 (//‘/.\‘._
FUGHT

Figure 2 Contrast enhanced CT image of aorta showing focal narrowing at the celiac artery. (A) sagittal image showing the abdomen

showing the compression of celiac artery (arrow). (B) Axial image at the level of celiac artery origin showing the stenosis. The patient
presented with active bleeding seen around the celiac and hepatic arteries. (C) Celiac angiogram in AP plane showing active extravasation
of contrast media (thick arrow) with reconstitution of the hepatic artery by retrograde flow from the superior mesenteric artery (SMA).
(D) Post coil embolization of the bleeding, steep right anterior oblique view, the patient was brought on a later date to reevaluate and treat
the celiac narrowing (thin arrow). Steep right anterior oblique celiac artery angiogram showing balloon angioplasty image (E) and post

angioplasty image (F) with associated improvement in the stenosis. The patient later underwent surgery to complete the treatment.

show dynamic compression. Sometimes lateral mesenteric the celiac axis during expiration can reveal celiac artery
angiogram can be used for best evaluation of anatomy and compression and post stenotic dilatation on expiration.
dynamic changes (Figure 2C-2F). Cephalic movement of Angiography with breathing maneuvers can be very helpful
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for diagnosis. Celiac artery compression can be noted
during expiration with associated collaterals developed due
to the compression, usually from the superior mesenteric
artery (SMA). Angiogram can be also used for the evaluation
of the patients who develop symptoms postoperatively (10).

Management

The treatment of MALS aims at decompression of
celiac artery to establish adequate blood flow and pain
management by neurolysis. Surgery is the definitive
management. Historically, open decompression used to be
the first choice, where the surgeon will dissect and separate
the diaphragmatic crura from celiac axis. The neuropathic
pain of MALS can be addressed with removal or ablation
of ganglion and_celiac artery revascularization. With
advancement in technology, laparoscopic release of celiac
artery has become standard surgical option. The advantages
of laparoscopic method are small incision, low risk of
complications and improved view during surgery, while
disadvantages include incomplete release of celiac artery and
potential risk of injury to abdominal aorta (16). The role
of intervention radiology is emerging in the treatment of
MALS, though its outcomes are not promising. The use of
percutaneous transluminal angioplasty (PTA) can be used as
an adjuvant therapy prior to surgery. This has some benefit;
however, its outcome is not satisfactory when used as a solo
treatment. This may be due to the extrinsic compression
of celiac artery causing intimal hyperplasia resulting
luminal narrowing of artery (17). The present trend is
laparoscopic release of arcuate ligament with intraoperative
duplex ultrasound. In patients with persistent celiac flow
abnormalities noted on duplex ultrasound or postoperative
imaging, celiac angioplasty and stenting are logical next
step. If this option is not available or does not relieve
symptoms, vascular reconstruction should be employed (10).

There is role of PTA in post-surgical recurrence. PTA is
useful as an adjuvant in the patients with residual symptoms
after surgery with addition of balloon expandable stents (18).
Recent trends include robotic assisted release of
compression and celiac neurolysis (19).

Conclusions

MALS is a rare entity and a diagnosis of exclusion. The
diagnosis is difficult and needs a high grade of suspicion
with supportive imaging findings. The treatment is aimed at
relieving the symptoms with open or laparoscopic surgery
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with PTA and stenting as adjuvant to robotic ligament
release and celiac neurolysis. However, further definitive
studies are needed to address the pathophysiology, better
diagnose and devise minimally invasive treatment for this
entity.
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