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Abstract
Background  Despite previous reports of robotic-assisted laparoscopic release for median arcuate ligament syndrome 
(MALS), the safety and efficacy profile of this approach has been difficult to establish due to the rarity of this diagnostic 
entity. We aim to present our experience from a tertiary minimally invasive surgery referral center.
Methods  A case series was performed whereby all patients who underwent robotic-assisted MAL release from July 2010 
to July 2017 at our institution were included. Diagnosis of MALS was made based on consideration of symptom presenta-
tion, celiac artery duplex ultrasound, and corresponding findings on Computed Tomography (CT) or Magnetic Resonance 
Angiography (MRA). Outcomes up until the most recent clinic follow-up were reviewed.
Results  A total of 13 patients underwent robotic-assisted MAL release. Patients’ age ranged from 16 to 71 years (mean 
38 years) and consisted primarily of females (76.9%). Most common presenting symptoms included postprandial pain 
(76.9%), weight loss (76.9%), nausea and vomiting (76.9%). Mean symptom duration was 3 years (range 1–10 years). No 
intraoperative complications. None required conversion to open surgery. One case required a conversion back to lapa-
roscopy due to anatomical complexity. The mean operative time for successfully completed robotic cases was 94.6 min 
(range 52–120 min), and for all cases including converted case was 103.5 min (52–210 min). Mean follow-up duration was 
19.7 months (range 1–77 months). During subsequent follow-up, a 30-day readmission rate of 23.1% was observed. All but 
one of the patients experienced prompt symptom improvement. Four patients had symptom recurrence during follow-up.
Conclusions  Our experience demonstrates that the robotic-assisted approach to MAL release may be safe and efficacious in 
selected patients. Prospective comparative studies are required to further evaluate its outcomes against conventional laparo-
scopic approach, the current gold standard.

Keywords  Postprandial abdominal pain · Median arcuate ligament syndrome · Dunbar syndrome · Celiac artery 
decompression · Median arcuate ligament release · And robotic-assisted laparoscopic procedure

Median arcuate ligament syndrome (MALS), or celiac artery 
compression syndrome, was first described in the 1960s by 
Harjola and Dunbar et al. [1–3]. Median arcuate ligament 
syndrome was hypothesized to arise from either a neuro-
genic etiology secondary to the compression of the celiac 
plexus or a vascular origin secondary to the compression 
of the celiac axis by the median arcuate ligament (MAL) 
[4, 5]. In a normal population, the median arcuate ligament 
typically crosses the anterior aspect of the aorta above the 
celiac origin between T11 and L1 level. However, an ana-
tomic variant in which the ligament passes inferiorly, caus-
ing compression of the celiac artery and the celiac ganglion, 
has been found in 12–49% of the population [6, 7]. Because 
of the rich collateralization between the celiac and supe-
rior mesenteric arteries, the majority of these patients are 
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asymptomatic [5]. Failure to compensate for this anatomic 
anomaly results in MALS, frequently presenting with a vari-
ety of symptoms including postprandial or post-exertional 
abdominal pain, weight loss, nausea, vomiting, bloating, 
diarrhea, and abdominal bruit [8–11].

Definitive treatment of MALS involves the surgical 
release of the MAL, either via an open, laparoscopic, or 
robotic-assisted laparoscopic approach. The feasibility of 
robotic-assisted MAL release was first reported by Jaik et al. 
in 2007 [12]. Due to the rarity of the disease, it remains an 
infrequently performed procedure, with only a handful of 
small case series in the literature [13–16]. Previous studies 
reported comparable outcomes between robotic and laparo-
scopic MAL release; however, early case series frequently 
reported a significantly longer operative time [14]. Despite 
hypothesized advantages of the robotic platform such as 
magnified stereoscopic visualization, improved dexterity, 
and increased range of motion, its true clinical benefits are 
still under investigation. We hereby aim to add our experi-
ence from a tertiary minimally invasive surgery center to 
the literature.

Materials and methods

Data collection and statistical analysis

A case series was performed including all patients that 
underwent robotic-assisted MAL release from July 2010 to 
July 2017 at UCLA Medical Center. Patients were identi-
fied from electronic medical record by Common Procedural 
Terminology (CPT) codes for decompression of the celiac 
artery and laparoscopic-assisted robotic-procedure. Vari-
ables regarding patient demographics, disease presentation, 
perioperative outcomes, and subsequent recovery during 
clinic follow-up were retrospectively reviewed.

The primary outcome of interest was symptom improve-
ment, while secondary outcomes included operative time, 
perioperative complications, radiographic improvement, 
and symptom recurrence. Symptom resolution was subjec-
tively categorized by the patients as not improved, improved, 
resolved, or transiently improved but subsequently recurred. 
Lack of improvement was defined as experiencing the same 
level of symptoms as prior to surgery. Improvement was 
defined as a greater than 80% reduction in pain and other 
symptoms, with the residual pain not affecting daily living 
functions while under oral pain medication. Symptom reso-
lution was defined as complete disappearance of symptoms. 
Follow-up information including changes in symptomatol-
ogy was retrieved from medical records as documented by 
the operative surgeons, as well as patient self-report. Patients 
were evaluated by the same attending surgeons, and the same 

assessment of symptoms was used throughout the study 
period. No surveys or questionnaires were used.

Descriptive analysis was used for baseline characteristics 
and outcome parameters. Data were presented in means or 
medians for those that were not normally distributed, along 
with standard deviation (SD) or range. Percentages were 
expressed along with the number of patients. Statistical 
analysis was performed using Microsoft Excel (Microsoft 
Corp., Redmond, WA). This study was approved by the 
UCLA Institutional Review Board.

Perioperative management

Patients with a presumptive diagnosis of MALS who were 
referred to UCLA Medical Center were evaluated by a mul-
tidisciplinary team of vascular and minimally invasive sur-
geons. After excluding other common differential diagno-
ses, patients underwent mesenteric duplex ultrasound and 
computed tomography (CT) or magnetic resonance (MR) 
angiography. Imaging findings consistent with MAL release 
included a focal narrowing in the proximal celiac axis or a 
characteristic hooked appearance on CT or MR angiography 
[17]. Diagnosis of MALS was made based on consideration 
of symptom presentation, celiac artery duplex ultrasound, 
and corresponding findings on Computed Tomography (CT) 
or Magnetic Resonance Angiography (MRA). An increase 
in celiac artery peak systolic velocity (PSV) during expi-
ration to greater than 200 cm/s on duplex ultrasound was 
considered highly suggestive of MALS [18]. All patients 
with significant celiac artery compression with a history 
of postprandial abdominal pain or pain related to exercise, 
nausea, vomiting, weight loss, and an abnormal PSV on 
duplex ultrasound were offered a robotic-assisted laparo-
scopic MAL release. We excluded any patients who had 
previously undergone surgical MAL release, celiac artery 
angioplasty, and stenting and patients who had atheroscle-
rosis of the celiac axis and/or celiac artery aneurysm. No 
routine postoperative imaging was performed unless patients 
complained of persistent or recurrent symptoms.

Operative technique

The patient was placed supine on the operating table and 
general anesthesia induced. An optical trocar was introduced 
through a peri-umbilical incision. Following establishment 
of pneumoperitoneum, additional trocars were placed (see 
Fig. 1). The patient was then positioned in steep reverse 
Trendelenburg in order to allow displacement of the small 
intestines from the supramesocolic area by gravity. Follow-
ing insertion of the liver retractor, the da Vinci Surgical Sys-
tem (Intuitive Surgical, Sunnyvale, CA, USA) was docked 
from the head of the bed. The gastrohepatic omentum was 
sharply incised to allow entry into the lesser sac. Continued 
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dissection in a posterior fashion allowed visualization of the 
fibers of the right crus at the base of the crossing of the left 
and right crura. Hook cautery was used to divide these fib-
ers posteriorly until the aorta above the celiac trunk was 
clearly visualized. Sequential division of these muscle fibers 
was carried out in a distal direction until the median arcuate 
ligament was encountered. The ligament was then divided 
using hook cautery resulting in very mild but visible ante-
rior displacement of the celiac trunk. Adjacent adhesions 
were lysed until the proximal celiac axis along with its post-
stenotic dilatation were widely exposed. At this point, the 
procedure was deemed complete. The trocars were removed 

under direct visualization and the incisions were closed in 
layers. (A video of the operative technique was made avail-
able for the online version.)

Results

Preoperative patient characteristics and imaging

A total of 13 patients underwent robotic-assisted MAL 
release during the study period. Patient characteristics are 
shown in Table 1. Patients’ age ranged from 16 to 71 years 
(mean 38 years) and consisted primarily of females (76.9%). 
Besides two young female patients with Body Mass Index 
(BMI) of 12.7 and 14.0 kg/m2, the majority of patients were 
either normal weight or obese, with BMI ranging between 
20.0 and 32.7 kg/m2. Most of the patients had no other sig-
nificant comorbidities, with a median Charlson comorbidity 
index of 0 (range 0–3) and a median ASA score of 2 (range 
1–3). Besides one patient who had a previous Nissen fun-
doplication, none of the included subjects had prior foregut 
surgery.

The most common presenting symptoms included post-
prandial pain (76.9%), weight loss (76.9%), nausea and vom-
iting (76.9%), amongst others (tabulated in Table 2). Mean 
symptom duration was 3 years (range 1–10 years). Symptom 
onset timing was frequently not distinct and may be related 
to other ailments. For example, one of the patients had a 
history of portal venous thrombosis and had experienced 
chronic abdominal pain ever since an episode of hypertri-
glyceridemia-related acute pancreatitis.

Preoperative duplex ultrasound was done in 6 patients, 
among whom the mean PSV and standard deviation were 

Fig. 1   Placement of the robotic and assistant ports for robotic median 
arcuate ligament release

Table 1   Patient characteristics

Patient 
number

Age (year) Gender BMI (kg/m2) Smoking status Prior abdominal surgery Symptom 
duration 
(year)

1 44 Female 21.3 Non-smoker No prior surgery 1
2 24 Female 21.6 Non-smoker Laparoscopic cholecystectomy 

Laparoscopic appendectomy
1.5

3 52 Female 20.3 Former smoker Cesarean section 2
4 51 Male 22.2 Non-smoker No prior surgery 1.5
5 36 Female 27.3 Non-smoker Appendectomy 1
6 45 Male 27.1 Non-smoker Appendectomy 1
7 71 Female 32.7 Former smoker Nissen fundoplication 1
8 22 Female 14.0 Non-smoker No prior surgery 5
9 16 Female 12.7 Non-smoker No prior surgery 1
10 43 Female 25.1 Current smoker Robotic-assisted hysterectomy 1
11 21 Female 20.0 Non-smoker Laparoscopic cholecystectomy 10
12 35 Female 24.9 Non-smoker Laparoscopic cholecystectomy 7
13 29 Male 20.2 Non-smoker Small bowel resection 6
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470.5 ± 88.9 cm/s during expiration and 236.2 ± 29.9 cm/s 
during inspiration. CTA and/or MRA were obtained in all 
patients, the results of which are shown in Table 3. High-
grade stenosis was observed in 8 of the 13 patients and post-
stenotic dilatation was observed in all patients who eventu-
ally received surgery.

Intraoperative outcomes

No conversion to laparotomy or intraoperative complica-
tion occurred in any of the included cases. However, there 
was one instance of conversion to conventional laparo-
scopic approach due to technical difficulties arising from the 
patient’s anatomy. Patient no. 3 with an exceptionally nar-
row body habitus, which necessitated unusually close place-
ment of the working ports. This leads to frequent instrument 
clashing and compromised visualization occurred through-
out the case. In addition, due to the long-standing nature 
of the patient’s disease, matted lymph nodes and chronic 
inflammation surrounding the origin of the celiac artery 

were encountered. Decision was initially made to utilize 
the robot’s articulated instruments for dissection around the 
celiac trunk and the supraceliac aorta. However, it became 
evident during the dissection that instrument clashing was 
impeding the progress of the procedure. The decision was 
finally made to convert to the conventional laparoscopic 
approach. An additional camera trocar placed closer to the 
operative field in order to circumvent a pendulous falciform 
ligament, which intermittently obstructed the robotic camera 
view. Besides the prolonged operative time in this particular 
instance (210 min), mean operative time for successfully 
completed robotic cases was 94.6 min (52 and 120 min). 
Mean operative time for all cases including converted case 
was 103.5 min (52–210 min).

Short‑term outcomes

There was only one postoperative complication which 
required further intervention. One patient presented with 
shortness of breath, pain and decreased serum hemoglobin 

Table 2   Presenting symptoms 
and residual symptoms after 
MAL release

MALS-related symptoms Number of patients (%)

Presenting symptoms Residual symptoms

Postprandial pain 10 (76.9%) 3 (23.1%)
Nausea and vomiting 10 (76.9%) 3 (23.1%)
Weight loss 10 (76.9%) 1 (7.8%)
Bloating 4 (30.8%) 3 (23.1%)
Diarrhea 3 (23.1%) 3 (23.1%)
Unspecified upper or lower abdominal pain 3 (23.1%) 1 (7.8%)
Exercise-induced abdominal pain 1 (7.8%) 0 (0%)

Table 3   Preoperative imaging 
and duplex ultrasound of the 
celiac artery

PSV peak systolic velocity, − means not available

Patient 
number

PSV (cm/s) CTA/MRA

Inspiration Expiration Severity of stenosis Fishhook 
deformity

Post-
stenotic 
dilatation

Atheroscle-
rotic plaque

Collat-
eraliza-
tion

1 – – Low-grade Yes Yes No No
2 – – Moderate Yes Yes No No
3 – – High-grade Yes Yes No No
4 – 566 – Yes Yes No No
5 – – High-grade Yes Yes No No
6 – – High-grade Yes Yes No No
7 – – High-grade Yes Yes No No
8 271 484 High-grade No Yes No No
9 – – High-grade No Yes No No
10 247 340 Moderate No Yes No No
11 246 443 High-grade Yes Yes No No
12 226 570 High-grade Yes Yes No No
13 191 420 Low-grade Yes Yes No No
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level on postoperative day 2, whereby a massive left hemo-
thorax was found. The hemothorax resolved with tube 
thoracostomy without hemodynamic instability or any fur-
ther intervention. The cause of the hemothorax was unde-
termined. Mean length of hospital stay was 2.5 days (range 
2–6 days). The 30-day readmission rate was 23.1% (3 cases). 
Two of the readmissions were due to poorly controlled pain 
and dehydration while the third was related to a fever of 
unknown origin.

Long‑term efficacy

The mean follow-up duration was 19.7  months (range 
1–77 months). Clinical and radiographic improvements are 
summarized in Table 4. Following surgery, twelve patients 
(92.3%) endorsed immediate symptomatic improvement. 
There was one patient who never experienced symptom 
improvement. During subsequent follow-up, six of the thir-
teen patients had complete resolution of symptoms while 
two endorsed only partial improvement. Symptom recur-
rence occurred in four patients at variable intervals from 
surgery, ranging from 1 month to 2 years. Persistent high-
grade focal stenosis was found on follow-up imaging in 
the patient who experienced symptom recurrence within 
1 month, although further intervention was refused. Two of 
the patients with symptom recurrence underwent adjunctive 
balloon angioplasty after the robotic MAL release due to 
observation of persistent celiac artery narrowing on post-
operative imaging. One patient had satisfactory resolution 
of symptoms but the other remained symptomatic despite 
undergoing a total of three adjunctive balloon angioplasties, 
even with post-procedural CT angiogram demonstrating a 
patent stent and no evidence of in-stent stenosis.

Discussion

Our experience represents one of the largest case series of 
robotic-assisted MAL release in the literature. Besides one 
intraoperative conversion to laparoscopic approach due to 
patient body habitus and one postoperative hemothorax, 
we have encountered no complications. Mean operative 
time was 94.6 min. All but one patient experienced imme-
diate postoperative symptomatic improvement. Complete 
symptom resolution rate following MAL release was 
38.5% while overall clinical improvement rate was 76.9%.

Since the introduction of the robotic surgical platform 
to foregut surgeries like such as MAL release [12], several 
case series have been published. However, due to the rar-
ity of the condition, and incomplete understanding of its 
pathophysiology, accumulation of experience on robotic-
assisted MAL release has been gradual. In 2011, Relles 
et al. reported a robotic-assisted MAL release case series 
consisting of three patients utilizing operative techniques 
described by Jaik et al. [12, 13]. Two of the three patients 
had symptom resolution at 11-month follow-up. Similar 
small case series were described by Meyer et al. and You 
et al. [15, 19]. The largest robotic-assisted case series was 
that reported by Thoolen et al., in which nine patients who 
underwent robotic-assisted MAL release all experienced 
symptom improvement at 25-week follow-up, although 
only a third had complete symptom resolution [16]. In 
2013, Do et al. performed a retrospective comparative 
study comparing MAL release outcomes between robotic-
assisted and conventional laparoscopic approach (4 vs. 12 
patients). Two of the four patients in the robotic group 
had complete resolution of abdominal pain [14]. In our 

Table 4   Clinical and 
radiographic improvement

− Means not available

Patient 
number

Overall clinical response Celiac artery imaging

1 Resolved –
2 Symptom recurrence in 1 year MRA: Moderate persistent narrowing of the celiac 

artery takeoff, with post-stenotic dilatation
3 Symptom recurrence in 2 years –
4 Resolved –
5 Resolved Duplex U/S, after balloon angioplasty done: No evi-

dence of a hemodynamically significant stenosis
6 Symptom recurrence in 4 months CTA, after stenting: No evidence of in-stent stenosis
7 Resolved –
8 Symptom recurrence in 1 month CTA: High-grade focal stenosis
9 Improved –
10 Improved CTA: Slightly improved of the stenosis
11 Not improved –
12 Resolved –
13 Resolved –
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study, similar efficacy has been found whereby complete 
resolution of the symptoms was observed in 6 (46.2%) 
patients, 2 (15.4%) patients had partial improvement, 4 
(30.8%) patients experienced symptom recurrence, and 1 
(7.7%) patient never experienced symptom improvement.

While large comparative studies are still pending, we have 
found comparable outcomes between our robotic-assisted 
MAL release experience to figures associated with conven-
tional laparoscopic or open approaches in the literature. With 
regard to immediate postoperative improvement, immedi-
ate response rate following open and laparoscopic MAL 
release have been quoted as 85% [10], whereas 92.3% of 
our patients experienced immediate postoperative improve-
ment. For open or laparoscopic MAL release, the symptom 
recurrence rate has been variably quoted as ranging from 
38 to 50% [10], while 30.8% of our patients experienced 
symptom recurrence.

Despite the high incidence of immediate postoperative 
symptom improvement, near one-third of the patients expe-
rienced symptom recurrence during subsequent follow-up. 
It is unclear whether these arose due to disease progres-
sion or technical failure from the initial operation. In the 
absence of an established pathophysiologic mechanism for 
MALS, management of symptom recurrence is often chal-
lenging with unpredictable outcomes. Balloon angioplasty 
and stenting are typically reserved for patients who have 
residual stenosis on postoperative imaging after extrinsic 
celiac artery decompression. However, due to limited evi-
dence of its efficacy, the absolute indication for angioplasty 
remains a matter of debate. Roseborough et al. reported 6 of 
15 patient who successfully underwent an adjunctive inter-
vention; 2 patients underwent angioplasties; 3 stenting; and 
1 celiac bypass [20]. Columbo et al. reported 5 of 7 patients 
remained symptom-free at the 6 months following subse-
quent celiac stent placement [21]. In our case series, the 
two patients who underwent angioplasty for postoperative 
symptom recurrence had mixed outcomes. Future research 
is warranted to establish risk factors and mechanisms of 
postoperative MALS recurrence in order to develop more 
effective management algorithms.

One unique aspect of our experience is the significantly 
shorter operative time than previously published robotic-
assisted MAL case series. Early reports of robotic-assisted 
MAL release cited operative times ranging from 132 to 
145.8 min [13–16, 19] while the mean operative time in our 
case series was 103.5 min (including one converted case). 
While operative time is likely influenced by a myriad of 
patient-, technique-, equipment-, and surgeon-related issues, 
we believe that our shorter operative time is likely associ-
ated with the surgeons’ experience with the surgical robotic 
platform and familiarity with other foregut procedures such 
as Nissen fundoplication. As surgeons’ comfort level with 
the surgical robotic system increases, prolonged operative 

time may no longer be a significant concern when adopting 
conventional laparoscopic procedures for robotic-assisted 
approach.

In addition to the reduced operative time, we found that 
incorporating the robotic system to MAL release procedures 
has offered several technical advantages. The field of dis-
section during MAL release procedures is usually deep and 
its direct view from the umbilicus frequently obstructed by 
organs such as the stomach and the pancreas. The articulated 
joints afforded by the robotic Endowrist technology allows 
surgeons to operate in this difficult-to-reached surgical field 
with ease and minimizes the need for assistant retraction. 
Moreover, other advantages of the robotic surgical system 
included improved ergonomics, and tremor minimization 
[22] may prove beneficial when performing sharp dissec-
tion near critical structures like the aorta for prolonged peri-
ods of time. Disadvantages of the robotic approach include 
the complete loss of tactile feedback, the equipment’s high 
capital cost, and the need of an experienced bedside surgi-
cal assistant in addition to the console surgeon. Whether 
the reduced operative time and improved surgeon ergonom-
ics associated with adoption of the robotic approach out-
weigh these disadvantages depends on unique surgeon- and 
institutional-factors.

We acknowledge several limitations in our study. First, 
due to the retrospective design, follow-up duration was fre-
quently limited. No questionnaires or surveys were used. 
Further prospective follow-up may potentially reveal more 
symptom recurrence instances than documented. In addi-
tion, due to the lack of a comparative group of laparoscopic 
cases performed for the same indication under the same set-
ting, it is difficult to extrapolate our findings to postulate the 
equivalence of efficacy between robotic and laparoscopic 
MAL release. However, in view of the rarity of the condi-
tion, randomized prospective trials may not be feasible and 
relatively large case series such as ours may be the best-level 
evidence available for clinicians to base their practice on.

Conclusion

The results of our single-institution robotic-assisted MAL 
release case series showed that the incorporation of the 
robotic surgical platform is safe and feasible in selected 
patients and may be associated with reduced operative 
times. Robotic assistance offers excellent visualization 
and improved instrument dexterity, both of which facili-
tate dissection in deep spaces surrounding the celiac axis. 
While randomized controlled trials comparing robotic and 
laparoscopic approaches for MAL release may not become 
feasible, our experience from a tertiary minimally invasive 
surgical center has demonstrated that the robotic approach 



4035Surgical Endoscopy (2018) 32:4029–4035	

1 3

may be a safe and effective option for the surgical manage-
ment of MALS.
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