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A B S T R A C T   

Introduction: Median Arcuate Ligament Syndrome (MALS) is a condition in which the median arcuate ligament 
tightly compresses the celiac artery. A patient presented with MALS and segmental adenomyomatosis of the 
gallbladder, both treated simultaneously using a laparoscopic approach. 
Presentation of case: A 48-year-old male with adenomyomatosis of the gallbladder presented with postprandial 
epigastric pain. Abdominal three-dimensional computed tomography scan showed compression of the celiac 
artery, and the patient was diagnosed with MALS. Laparoscopic dissection of the median arcuate ligament and 
cholecystectomy were performed to treat both conditions. By optimizing port positions, both conditions could be 
treated simultaneously. The patient was discharged on postoperative day 6 and has no recurrent symptoms 20 
months postoperatively. 
Discussion: To the best of our knowledge, there are no previously reported cases of simultaneous laparoscopic 
division of the median arcuate ligament and cholecystectomy. 
Conclusion: By optimizing the port positions, laparoscopic division of the median arcuate ligament and chole
cystectomy were performed simultaneously, minimally invasively, safely and effectively.   

1. Introduction 

Median arcuate ligament syndrome (MALS) is a rare condition in 
which a fibrous diaphragmatic arcuate ligament causes compression of 
the celiac artery and/or the celiac plexus nerves. Extrinsic compression 
of the celiac artery can lead to abdominal pain postprandially or during 
expiration. However, postprandial epigastric pain is often treated as 
functional abdominal pain and may progress without improvement [1]. 
Here, we report a patient with MALS diagnosed on the basis of post
prandial epigastric pain which was initially treated as functional 
dyspepsia but did not improve. Laparoscopic dissection of the median 
arcuate ligament to treat MALS and cholecystectomy to treat gallbladder 
adenomyomatosis were performed simultaneously. To the best of our 
knowledge, there are no previously reported cases of simultaneous 
laparoscopic division of the median arcuate ligament and cholecystec
tomy. This report was prepared in compliance with the SCARE criteria 
[2]. 

2. Presentation of case 

A 48-year-old man was diagnosed with functional dyspepsia based 
on postprandial epigastric pain and was treated medically. Four months 
later, without improvement, the postprandial epigastric pain became 
more intense, and the patient presented to our facility. Height, weight, 
and BMI were 169.5 cm, 47.5 kg and 16.5 kg/m2. Physical examination 
of the abdomen was soft and flat, no tenderness, no palpable masses and 
normal bowel sounds. Laboratory tests were within normal limit. An 
upper endoscopy was performed and was normal. Enhanced three- 
dimensional computed tomography (3D-CT) scan of the abdomen 
showed compression of the celiac artery (Fig. 1a) and diffuse wall 
thickening from the body to the fundus of the gallbladder (Fig. 1b). 
Abdominal ultrasound imaging showed deformity of the celiac artery, 
and abdominal Doppler ultrasound imaging showed that the blood flow 
in the celiac artery varied during the respiratory cycle. In addition, 
abdominal ultrasound showed thickening of the gallbladder wall from 
the body to the fundus and Rokitansky-Aschoff sinuses were scattered in 
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the wall (Fig. 1c). The patient was diagnosed with MALS and segmental 
ademyomatosis of the gallbladder. The patient had previously been 
advised to undergo surgery for adenomyomatosis of the gallbladder but 
declined at that time. The patient was now diagnosed with MALS with 
postprandial pain and desired surgery for MALS. It was recommended 
that a cholecystectomy be performed simultaneously, and the patient 
agreed. After obtaining informed consent, laparoscopic ligament 
dissection and cholecystectomy were planned. 

2.1. Operative procedure 

Surgery was performed under general anesthesia in the supine po
sition. The open method was used to insert the 12-mm umbilical camera 
port. Following carbon dioxide insufflation, two 5-mm ports were placed 
in the right upper and lateral abdomen, and a 5-mm port in the left 
lateral abdomen. Insufflation was maintained at 10 mmHg pressure. 
Laparoscopy was performed with a flexible laparoscope (Olympus, 
Tokyo, Japan). The operator stood on the left side of the patient 
(Fig. 2a). First, cholecystectomy was performed in the usual manner. 

The specimen was removed through the umbilical port wound using an 
ENDO CATCH™ II (Covidien Japan, Tokyo, Japan). Next, the operator 
moved to the right side of the patient to perform median arcuate liga
ment dissection. The patient was placed flat in a reverse Trendelenburg 
position. An additional 5-mm port was placed in the left upper abdomen, 
and a Nathanson Hook Liver Retractor™ (Yufu Itonaga Co.,Ltd., Tokyo, 
Japan) was inserted through the epigastric area to lift the left hepatic 
lobe (Fig. 2b). LigaSure™ Maryland (Covidien Japan, Tokyo, Japan) was 
used to open the minor omentum and dissect between the right dia
phragmatic crus and the gastric ligament. The left gastric coronary vein 
was clipped and divided, and the left gastric artery was retracted to the 
left using a 6-mm Penrose drain (Fuji Systems Corporation, Tokyo, 
Japan) (Fig. 3a). After the retroperitoneum was dissected, the left and 
right diaphragmatic crura were separated, and the celiac artery was 
identified (Fig. 3b). Laparoscopic ultrasonography was used to visualize 
and confirm the compression of the celiac artery. Because of the diffi
culty in dissecting the anterior surface of the celiac artery, an additional 
5-mm port was inserted to the right and superior to the umbilicus. After 
exposing the anterior surface of the celiac artery, thick white connective 
tissue that ran laterally was observed, and the MAL was identified 
(Fig. 3c). When it was divided, the origin of the celiac artery was 
exposed, and the compression of the celiac artery had been released 
(Fig. 3d). Intraoperative Doppler ultrasonography confirmed that the 
celiac artery was no longer compressed, and the blood flow improved. 
The operating time was 229 min, with minimal blood loss. After surgery, 
the patient's symptoms were relieved, and decompression of the celiac 
artery was confirmed using 3D-CT scan (Fig. 4). The patient was dis
charged on postoperative day 6 and has no recurrent symptoms at 20 
months postoperatively. Histopathological examination of the gall
bladder showed only gallbladder adenomyomatosis, with no evidence of 
malignancy. 

3. Discussion 

The median arcuate ligament is a band of fibrous tissue that anteri
orly connects the diaphragmatic crura surrounding the aortic hiatus. 
MALS was first described in 1963 as a syndrome attributed to 
compression of the celiac artery by the median arcuate ligament [3], and 
the first surgical series was reported by Dunbar in 1965 [4]. Although 
several case series were reported, the true incidence of MALS remains 
unknown. Compression of the celiac artery by the median arcuate lig
ament is present in 3.4–7.3 % of asymptomatic patients in whom im
aging is performed for other indications [5]. Typical symptoms include 
postprandial epigastric pain, nausea or vomiting, and weight loss, but 
most patients with compression of the celiac artery due to the median 
arcuate ligament are asymptomatic. Only approximately 1 % of those 
with median arcuate ligament compression develop MALS [6] and few 
patients require treatment. Recently, MALS has attracted interest in 
relation to pancreatoduodenal arcade aneurysms. In MALS, the superior 
mesenteric artery “steals” blood flow from the common hepatic artery 
resulting in visceral ischemia (the “steal” phenomenon) that is aggra
vated post-prandially. Reversal of the direction of flow in the common 
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Fig. 1. a. Preoperative three-dimensional computed tomography angiography 
showed compression of the celiac artery (white arrow). b. Preoperative 
enhanced computed tomography scan showed diffuse wall thickening from the 
body to the fundus of the gallbladder (yellow arrows). c. Preoperative 
abdominal ultrasonography imaging showed thickening of the gallbladder wall 
from the body to the fundus (yellow arrows) and Rokitansky-Aschoff sinuses 
were scattered in the wall (blue arrowhead). (For interpretation of the refer
ences to colour in this figure legend, the reader is referred to the web version of 
this article.) 

Op Op

a b Fig. 2. a. Port sites during laparoscopic cholecystectomy. 
A 12-mm umbilical camera port, 5-mm ports in the right 
upper and lateral abdomen, and the left lateral abdomen 
were inserted. The operator stood on the left side of the 
patient. The ports used by the operator are shown in 
black. Op: Operator. b. Port sites during the median 
arcuate ligament dissection. A 5-mm port was added in 
the left upper abdomen, and a liver retractor was inserted 
at the epigastrium. The operator stood on the right side of 
the patient. A 5-mm port was added on the right side 
superior to the level of the umbilicus as a working port 
for the operator (red). (For interpretation of the refer
ences to colour in this figure legend, the reader is 
referred to the web version of this article.)   
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hepatic artery may result in a pancreatoduodenal arcade aneurysm due 
to elevated intravascular pressure [7]. The probability of rupture is 
much higher for a pancreaticoduodenal arcade aneurysm than for other 
aneurysms because a pancreaticoduodenal arcade aneurysm tends to 
rupture regardless of size. Therefore, once a pancreatoduodenal arcade 
aneurysm is diagnosed, it should be treated promptly as ruptured an
eurysms are life-threatening [8]. 

In addition, one of the characteristics of MALS is that the associated 

symptoms are usually nonspecific and are easily misdiagnosed as func
tional abdominal pain such as functional dyspepsia, peptic ulcer disease, 
or gastropathy [1] [9]. In the present patient, postprandial epigastric 
pain was initially treated as functional dyspepsia, and it took time to 
diagnose MALS. Noticing a compressed celiac artery on 3D-CT scan can 
facilitate making the correct diagnosis. 

MALS is treated by decompression of the celiac artery [3] [4]. Until 
recently, open surgery was the therapy of choice. Recently, reports of 
laparoscopic treatment have become more common. Laparoscopic 
treatment of MALS compared with open surgery has several advantages, 
including less morbidity, less postoperative pain, shorter recovery 
period, less adhesions, less blood loss, earlier resumption of oral intake, 
faster return to normal activities, shorter hospital stay and better 
cosmetic results [5] [10] [11] [12]. Jimenez et al. showed that late 
recurrence rates were similar after laparoscopic versus open surgery 
[13]. In addition, there are also reports of robot-assisted repair of MALS 
[14]. 

To the best of our knowledge, there are no previous reports of a 
pathophysiologic link between MALS and adenomyomatosis of the 
gallbladder. It is reported that adenomyomatosis of the gallbladder also 
causes abdominal pain [15]. Therefore, both MALS and adenomyoma
tosis of the gallbladder could have been causes of pain in this patient. If 
surgery was performed for only one of the conditions, there was a pos
sibility of residual symptoms, and the patient desired surgery for both 
conditions simultaneously. In addition, segmental adenomyomatosis of 
the gallbladder is a premalignant condition, and resection was deemed 
appropriate. Intestinal ischemia and decreased intestinal peristalsis due 
to compression of the celiac artery may result in the formation of gall
bladder stones. 

In the present patient, laparoscopic division of the median arcuate 
ligament and cholecystectomy were performed simultaneously. 
Although there are many reports of laparoscopic division of the median 
arcuate ligament, to the best of our knowledge, there are no reported 
cases in which cholecystectomy was performed simultaneously. Per
forming these two operations simultaneously required careful consid
eration of port placement. The port positions were decided based on the 
ports used for laparoscopic gastrectomy, because cholecystectomy is 
often performed during gastrectomy. Placing the right upper abdominal 

a b

c d

Fig. 3. a. Surgical procedure for median arcuate ligament 
syndrome. The left gastric coronary vein was clipped and 
divided, and the left gastric artery was retracted to the 
left. b. The left and right diaphragmatic crura were 
separated, and the celiac artery wall was confirmed. c. 
The median arcuate ligament was identified. d. After 
dissection of the median arcuate ligament, the origin of 
the celiac artery was exposed, and compression of the 
celiac artery was released. LGA; left gastric artery, CA; 
celiac artery, MAL; median arcuate ligament, Ao; aorta.   

Fig. 4. Postoperative three-dimensional computed tomography angiography 
showed that compression of the celiac artery was released (arrow). 
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port in a slightly lateral position made it easier to elevate the gall
bladder. During median arcuate ligament dissection, five ports and liver 
retraction were used. During dissection of the connective tissue along 
the anterior wall of the celiac artery, the right-hand forceps was 
tangential which made dissection difficult. Another port was placed at a 
level superior to the umbilicus, which facilitated safe dissection with 
minimal bleeding. There are several reports describing port positioning 
for median arcuate ligament dissection, similar to the positioning for 
gastrectomy [16] [17]. However, MALS requires dissection along the 
anterior surface of the celiac artery, which is deeper than during a 
typical gastrectomy. Therefore, the pancreas may overhang and inter
fere with the path of the forceps (Fig. 5). In some cases, the working 
ports were placed cephalad from the beginning [18]. We believe it is 
important not to hesitate to add a port to perform the procedure safely. 
Tulloch et al. surveyed 14 patients with MALS and found that “Median 
operative times were 220 min (160-280 min) in the laparoscopic surgery 
group and 245.5 min (150-350 min) in the open surgery group.” Lapa
roscopic surgery tended to have shorter operative times than open sur
gery [5]. Considering that a cholecystectomy was also performed, an 
operative time of 229 min in this case is reasonable. 

In summary, MALS in a patient with gallbladder adenomyomatosis 
was diagnosed by 3D-CT scan and Doppler ultrasonography which was 
originally diagnosed as functional dyspepsia and treated without 
improvement. By optimizing the port positions, it was possible to 
perform laparoscopic release of the median arcuate ligament and cho
lecystectomy at the same time. Both procedures were performed safely, 
the postoperative wound gave an excellent cosmetic result, and the 
symptoms have not recurred. 

4. Conclusion 

Laparoscopic cholecystectomy and median arcuate ligament dissec
tion were performed simultaneously, minimally, invasively, safely and 
effectively by optimizing the port positions. 
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