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Abstract

While laparoscopic median arcuate ligament (MAL) release remains the most common approach, robotic-assisted MAL
release has been increasingly performed by several institutions. This study aims to compare surgical outcomes between
laparoscopic and robotic-assisted MAL release. This is a retrospective study of patients undergoing laparoscopic and robotic-
assisted MAL release in a teaching hospital from January 1999 to December 2018. Intraoperative and postoperative outcomes
as well as short- and intermediate-term clinical outcomes were compared between the two groups. A total of 16 laparoscopic
and 18 robotic cases were included. Demographics and baseline characteristics were similar between the two comparison
groups. Median operative time was shorter in the robotic group [179.5 (IQR 127.3-225) vs. 106 (IQR 80.8—122.8) minutes;
p <0.001]. The rates of conversion to open operation were similar in both groups (6.3% vs. 5.6%, p=0.99). Conversions to
laparotomy were performed due to bleeding and extensive adhesions in one laparoscopic case and due to technical difficulties
in a patient with narrow body habitus in the robotic group. Postoperative complication rates were similar (12.5% vs. 16.7%,
p=0.99), all in grade I and II. Complete pain resolution rates (37.5% vs. 44.4%, p =0.93), symptom recurrence rates (37.5%
vs. 27.8%, p=0.93), and overall clinical improvement at last follow-up (87.5% vs. 77.8%, p=0.66) were not statistically
different. Both laparoscopic and robotic-assisted MAL release offer similar short- and intermediate-term clinical outcomes.
A shortened operative time may be achieved by incorporating the robot platform.
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Introduction plexus caused by the median arcuate ligament (MAL) and

surrounding fibrous tissues remains the mainstay of therapy.

The surgical management of median arcuate ligament syn-
drome (MALS), a.k.a. celiac artery compression syndrome
(CACS) has gradually evolved over the past few decades in
correspondence with changing hypotheses of its pathophysi-
ology and advances in surgical technology [1-5]. Surgical
release of the extrinsic compression on the celiac artery and
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Overall success rates ranged from 53 to 79% with the major-
ity of patients reporting immediate postoperative symptom
relief [6].

While many approaches have been reported for access
to the celiac plexus, including an open technique, retroperi-
toneal endoscopic, laparoscopic, hybrid (laparoscopic and
endovascular stenting) and robotic [6—10], the laparoscopic
approach has been widely performed since its initial report
in 2000 [11]. In 2007, Jaik et al. first successfully demon-
strated the application of robotic assistance to laparoscopic
MAL release [2]. More institutional case series have later
demonstrated that these minimally invasive techniques are
associated with very low morbidity and mortality [4, 12].

One of the major hypothesized advantages of the robotic
surgical platform is the technical advantage that may be
achieved with the use of its multi-articulated end effec-
tors when operating in deep anatomical regions. While no
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objective measures exist for quantifying technical ease, oper-
ative time has been used as a substitute outcome parameter
for a degree of procedural complexity and sometimes been
found to correlate with postoperative outcome [13, 14].

In this study, we seek to compare intraoperative and post-
operative outcomes as well as short- and intermediate-term
clinical outcomes of laparoscopic and robotic-assisted MAL
release.

Materials and methods

This is a retrospective study of patients who underwent lapa-
roscopic and robotic-assisted MAL release at UCLA Ronald
Reagan Medical Center from January 1999 to December
2018. All patients who were referred to our institution for
suspected MALS underwent an extensive gastrointestinal
workup to rule out other differential diagnoses prior to
surgery. Specific MALS diagnosis criteria at our institu-
tion included the demonstration of a fish hook deformity
and post-stenotic dilatation of the proximal celiac artery on
computed tomography angiography (CTA) or magnetic reso-
nance angiography (MRA), and/or elevated peak systolic
velocity (PSV) of the celiac artery above 200 cm/s during
expiratory phase on duplex scan [15]. Starting in the year
2010, all eligible surgical candidates were offered both lapa-
roscopic and robotic-assisted approaches. The decision to
proceed with either of these two approaches was made by
mutual agreement between surgeon and patient following an
informed consent process. All procedures were performed
by board-certified surgeons in vascular and minimally inva-
sive surgeries.

Patients were included in the current study if their dis-
charge record demonstrated both (1) international classifica-
tion disease-10 (ICD-10) code for celiac artery compression
syndrome (I77.4), and (2) current procedural terminol-
ogy (CPT) code for unlisted vascular procedure (37,799),
unlisted laparoscopy (49,329) and robotic-assisted laparo-
scopic procedure (17.42). Patients were excluded if they
received endovascular treatments prior to receiving surgery,
including balloon angioplasty or celiac artery stenting; if
concomitant intraabdominal or mesenteric vascular diseases
were diagnosed; or if complete postoperative follow-up up
to 1 month could not be achieved. Patients were categorized
as undergoing robotic-assisted or laparoscopic MAL release.
Medical charts of included patients were then reviewed for
extraction of pre-determined variables of interest.

The primary outcomes of interest were intraoperative
and postoperative complications. Secondary outcomes were
short- and intermediate-term clinical outcomes following the
procedure including the success of symptom resolution, the
rates of readmission, and the rates of requiring adjunctive
endovascular treatment due to a recurrence of symptoms.
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The preoperative variables of interest included age, gen-
der, smoking status, American Society of Anesthesiologists
(ASA) classification, Charlson comorbidity index (CCI)
[16], body mass index (BMI), history of prior abdominal
surgery, serum albumin level, symptom duration, PSV of
the celiac artery, and degree of stenosis from CTA or MRA.
The presenting and residual symptoms were obtained from
the physician’s notes, which consisted of self-reported infor-
mation from the patient. The overall clinical improvement
was determined at last follow-up as the following: those
who experienced a complete symptom resolution, or mark-
edly improved symptoms, or mild recurrence of pain were
considered having overall clinical improvement; and those
who experienced a recurrence of severe pain, or symptoms
remained the same as prior to the operation were consid-
ered not having overall clinical improvement. The severity
of postoperative complications was graded according to the
Clavien—Dindo classification [17]. Radiographic improve-
ment following surgical release was measured by a decrease
in degrees of celiac artery stenosis following surgery.

The release of the median arcuate ligament and the
surrounding adhesions for both laparoscopic and robotic-
assisted approaches were performed in a similar technique.
The patient was positioned in steep reverse Trendelenburg.
The position of the trocars in laparoscopic and robotic
procedures is shown in Fig. 1. The liver retractor was
inserted to provide an exposure of the relevant structures.
In robotic procedure, the da Vinci Surgical System (Intui-
tive Surgical, Sunnyvale, CA, USA) was then docked fol-
lowing the insertion of the liver retractor. The gastrohe-
patic ligament was identified and incised. Sharp and blunt
dissections were carried on posteriorly until the right and
left crura were identified. Dissection was continued using
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Fig.1 Port positions in laparoscopic and robotic-assisted median
arcuate ligament release. The left diagram demonstrates the port posi-
tions in laparoscopic procedure including three 5-mm laparoscopic
ports. The right diagram demonstrates the port positions in robotic
procedure including three 8-mm robotic ports placed on the subcostal
regions and a 5-mm assistant port placed on the right lower quadrant.
(Program used to create the artwork: Procreate)
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hook cautery as an energy device. The fibers of both crura
were divided as well as the MAL and the nerve fibers of
the celiac ganglion plexus until the proximal trunk of the
celiac artery was completely freed from the surrounding
compression. Care was taken when dissecting around the
anterior surface of the aorta and the proximal celiac trunk.
A complete ganglionectomy of the celiac ganglions was
not performed at our institution. The operation was con-
sidered complete when the proximal celiac trunk was fully
released from the surrounding adhesions.

Descriptive analyses involving univariate comparisons
were performed for all baseline and outcome variables
between the two comparison groups. All categorical and
ordinal variables were compared using Chi-Square and
Fisher’s exact tests, while the Mann—Whitney U test was
used to analyze continuous variables in consideration of
their skewed distribution. Data are demonstrated in median
and interquartile range (IQR) as well as the number of
patients (n) and percentages. All statistical analyses were
performed using Statistical Package for the Social Sci-
ences statistical (SPSS) software version 25 (SPSS Inc.,
Chicago, IL, USA) and Microsoft Excel (Microsoft Corp.,
WA, USA). This study was approved by the UCLA Insti-
tutional Review Board.

Results
Patient demographics and baseline characteristics

A total of 37 patients were identified as undergoing lapa-
roscopic and robotic-assisted MAL release at our institu-
tion during the study period, among whom three were
excluded due to having had prior endovascular stent place-
ment of the celiac artery, concomitant diagnosis of supe-
rior mesenteric artery syndrome, and being lost to follow-
up within one month. The median age of the all included
patients was 41.0 years (IQR 21.8-41.8), and 26 (76.5%)
were female. The median symptom duration was 1.0 year
(range 0.7-3.0 years). The median expiratory PSV of the
celiac artery was 386 cm/s (IQR 274-444), while 20 (64.5%)
patients demonstrated high-grade celiac artery stenosis
on mesentery vascular imaging. Most common present-
ing symptoms were postprandial abdominal pain (85.3%),
weight loss (85.3%) and nausea and vomiting (70.6%).

Of the included patients, 16 underwent laparoscopic MAL
release, and 18 underwent robotic-assisted MAL release.
No significant difference in preoperative demographics,
comorbidities, symptom duration or radiographic finding
was observed, except in the laparoscopic group which had
a higher percentage of female patients (see Table 1). In

Table 1 Baseline characteristics

Laparoscopic group (n=16) Robotic group (n=18) p values

Age, years
Median (IQR)
Female gender, n (%)
Current smoker, n (%)
BMI, kg/m?
Prior abdominal surgery, n (%)
ASA classification, n (%)
Class I
Class 11
Class III
Preoperative albumin level, g/dL

Charlson comorbidity index

Preoperative symptom duration, years

Celiac artery duplex scan
Inspiration PSV, cm/s
Expiration PSV, cm/s

41.5 (19.3-53.5) 38.5 (23.5-45.5) 0.99
15 (93.8) 11 (61.1) 0.04°
1(6.3) 1(5.6) 0.99°
23.3(18.8-29.2) 21.5(18.1-24.9) 0.25
10 (62.5) 12 (66.7) 0.80
1(6.3) 2(11.1)
11 (68.8) 11 (61.1) 0.85
4(25.0) 5(27.8)
4.1 (4.1-4.6) 4.2 (4.0-4.7) 0.62
0 (0-1) 0 (0-2) 0.46
1.3 (0.5-3.0) 1.0 (1.0-3.3) 0.70

Degree of celiac artery stenosis on CT/MRA, n (%)

Mild stenosis
Moderate stenosis

High-grade stenosis

168 (142-292) 245 (191-248) 0.57

371 (261-415) 412 (290-525) 0.32
1(6.7) 4(25.0)

3(20.0) 3 (18.8) 0.37
11 (73.3) 9(56.3)

IQR interquartile range, ASA American Society of Anesthesiologists, PSV peak systolic velocities, BMI

body mass index

“Fisher’s exact test
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Table2 MALS symptoms before and after surgery, n (%)

Laparoscopic Robotic p values
group (n=16) group
(n=18)
Presenting symptoms
Postprandial pain 14 (87.5) 15(83.3) 0.99
Weight loss 14 (87.5) 15(83.3) 0.99
Nausea and vomiting 10 (62.5) 14 (77.8)  0.33*
Diarrhea 4(25.0) 4222) 099
Nonspecific abdominal pain 2 (12.5) 3(16.7) 0.99
Exertional pain 0 (0) 1(5.6) 0.99
Residual symptoms at last follow-up
Nonspecific abdominal pain 6 (37.5) 6(33.3) 0.80*
Nausea and vomiting 4(25.0) 527.8) 0.99
Postprandial pain 3(18.8) 4(222) 099
Weight loss 4 (25.0) 1(5.6) 0.16
Diarrhea 2(12.5) 2(11.1) 0.99

All p values were calculated using Fisher’s exact test, except those

with * were calculated using Chi-Square test

Table 3 Intraoperative, postoperative and follow-up parameters

addition, subjective symptoms of MALS were also similar
between the two groups, as shown in Table 2.

Intraoperative and postoperative outcomes

Intraoperative and postoperative outcomes are shown in
Table 3. Blood loss was recorded as minimal in all cases.
Operative time was found to be significantly shorter among
robotic procedures than laparoscopic procedures. The rates
of conversion to open procedure in both groups were simi-
lar (6.3% in the laparoscopic group and 5.6% in the robotic
group). One patient in the laparoscopic group, the opera-
tion in its nearly complete stage was converted to an open
operation for hemostasis following extensive adhesiolysis.
The patient underwent direct repair with patch angioplasty
of the celiac trunk. One patient in the robotic group, con-
version to open operation was performed due to significant
instrument crowding and impeded visualization as a result of
the patient’s extraordinarily narrow body habitus. No other
major intraoperative complications were encountered in both
groups.

Laparoscopic group (n=16) Robotic group (n=18) p values
Intraoperative parameters
Operative time, min
Median (IQR) 179.5 (127.3-225) 106 (80.8-122.8) <0.001
Conversion to open, n (%) 1(6.3) 1(5.6) 0.99%
Postoperative parameters
Postoperative complications, n (%) 2(12.5) 3(16.7) 0.99%
Clavien-Dindo class T 2 1 0.40%
Clavien—Dindo class II 0 2
Length of hospital stay, days 2 (2-3.8) 2 (2-3) 0.73
30-day readmission, n (%) 0(0) 3(16.7) 0.23%
Postoperative abdominal pain resolution, n (%)
Complete resolution 6(37.5) 8 (44.4) 0.93
Improvement/mild residual pain 2(12.5) 2(11.1)
Recurrence of pain 6 (37.5) 5(27.8)
No improvement 2(12.5) 3(16.7)
Follow-up parameters
Radiographic improvement*, n (%) 5(55.6) 6 (60.0) 0.99%
Overall clinical improvement at last follow-up, n (%) 14 (87.5) 14 (77.8) 0.66%
Follow-up duration, months 13.5 (1.6-34) 15 (1-33.5) 0.73
Time to symptom recurrence, months* 3 (1-36) 4 (1-9) 0.75
Underwent adjunctive endovascular procedure, n (%) 4 (25.0) 3(16.7) 0.68%
Balloon angioplasty only 1(6.3) 2(11.1) 0.99*
Balloon angioplasty with stenting 3(18.8) 1(5.6) 0.32%

IQR interquartile range

*Nine patients in laparoscopic group and ten patients in robotic group received repeat mesentery imaging following surgery

#Five patients in laparoscopic group and six patients in robotic group experienced symptom recurrence

*Fisher’s exact test
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Postoperatively, there were no major complications
greater than grade II in either group. Minor postoperative
complications included a patient with self-limited fever and
a patient with prolonged nausea in the laparoscopic group
and a patient with poor pain control and one with left hemo-
thorax requiring chest tube drainage in the robotic group.

Short- and intermediate-term clinical outcomes

No patients experienced 30-day readmission in the laparo-
scopic group, while three patients in the robotic group were
readmitted due to dehydration, inadequate pain control, and
unspecified fever. No significant differences between the two
groups were observed with respect to residual symptoms
following the operation (Table 2), abdominal pain resolu-
tion rate or clinical improvement during the last follow-up
(Table 3). The rates of undergoing adjunctive endovascular
procedure in patients with symptom recurrence were not
significantly different between the two groups. All patients
underwent balloon angioplasty with stenting later experi-
enced recurrence of pain and symptoms.

Discussion

In this study examining a single-institution experience over
the past 19 years, we have found both laparoscopic and
robotic-assisted MAL release to be associated with similar
complication rates. In addition, both approaches achieved
comparable rates of symptom resolution in an intermediate-
term follow-up. However, operative time was shorter in the
robotic group, with median operative time being over 1 h
shorter than laparoscopic procedures.

Laparoscopic MAL release has increasingly performed
among the institutions since its initial introduction [11].
Besides allowing surgeons to obtain enhanced visualization
of the celiac axis, it is associated with reduced intraoperative
blood loss, postoperative pain, length of stay, and recovery
time in comparison with open surgery [18, 19]. In addition,
a growing body of literature has demonstrated the safety
and efficacy of laparoscopic MAL release [1, 20-24]. In
our study, we have found comparable outcomes among our
patients to those previously reported. In addition, rates of
success in achieving clinical and radiographic improvement
following surgery are also similar to the previously pub-
lished case series [25].

The robotic-assisted laparoscopic approach has been
introduced to MAL release procedures due to the several
limitations associated with conventional laparoscopic pro-
cedures, including its fulcrum effect due to the use of long
straight instruments, loss of depth perception, camera insta-
bility, and poor ergonomics [26]. Dissection in deep space
such as that around the celiac axis could be particularly

challenging with long stiff laparoscopic instruments, prompt-
ing several surgeons to experiment with incorporating the
robotic surgical platform to MAL release procedures [3-5,
8, 12]. Do et al. described their institutional experience in
which 12 patients underwent laparoscopic procedure, and 4
patients underwent robotic-assisted operation. The operative
time was longer in the robotic group (145.8 vs. 101.7 min).
In their experience, complete resolution of symptoms at
mean follow-up duration of 22.2 months was found to be
greater in the laparoscopic group (67% vs. 50%). They had
demonstrated that robotic MAL release was likely safe and
comparable in the outcome to a laparoscopic approach for
MAL release [12]. In our current study, we have also found
comparable safety profile and efficacy for MALS between
robotic and laparoscopic approaches.

While the incorporation of the robotic platform has been
associated with longer operative time for many procedures
[27-29], several reports have described relative technical
ease when operating in deep anatomical regions such as
the pelvis [30]. We hypothesize that the observed reduc-
tion in operative time is likely associated with the robot’s
increased dexterity and the multi-articulated joints in its
end effectors, which allow surgeon to operate more nimbly
in deep anatomical regions near the celiac axis. In contrast
to the prolonged operative times commonly cited in early
robotic-assisted MAL release case reports [3-3, 8, 12], our
institutional experience showed that significant reduction in
operative time could be achieved with the use of the robotic
platform in the hands of an experienced minimally inva-
sive surgeon. Reduced operative time, while not necessarily
associated with improved patient outcome [31], may lead to
an overall reduction in operating room costs for the hospital
[32, 33]. Moreover, we believe that another factor associ-
ated with the reduced operative time in the robotic cases at
our institution was surgeons’ experience and learning curve,
since the robotic cases were performed after 2010 when the
attending surgeons already had extensive experience with
minimally invasive procedures.

In view of our experience, we have developed a prefer-
ence for the robotic-assisted MAL release over a conven-
tional laparoscopic approach among patients who are can-
didates for minimally invasive surgery. Despite the similar
outcomes with regard to safety and efficacy, we found that
the robotic EndoWrist (Intuitive Surgical Inc., Sunnyvale,
CA, USA) provided more technical ease when operating
in deep anatomical regions near the celiac axis, especially
when a low-lying pancreas may obstruct the reach of straight
laparoscopic instruments and necessitate additional effort
and attention for retraction. However, not all MALS patients
will be candidates for a minimally invasive approach. Patient
factors such as severe adhesion from prior surgery, thicker
scar tissue surrounding the celiac plexus and anomalies
in vascular structure, as well as surgeon factors such as
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individual experience and learning curve must all be taken
into consideration when choosing the optimal approach for
MAL release.

Several limitations were evaluated in our study. As these
data were not prospectively collected, surgical outcome
data including intraoperative and postoperative parameters
were influenced by the differences in surgical techniques
and surgeons’ learning curve, since the majority of the lapa-
roscopic cases were performed prior to the time when the
robotic cases were initiated at our institution. Each robotic
case was performed by two attending surgeons. Thus, these
results may not be applicable to other institutions with less
minimally invasive experience and in different settings. Fur-
thermore, the follow-up interval in each patient varies. Fol-
low-up information for symptoms extracted from electronic
medical records was subjective, and no validated question-
naires were used. Further prospective studies or multi-center
studies would be valuable to prevail over these limitations.

In conclusion, our study demonstrates that laparoscopic
and robotic-assisted MAL release offer comparable surgical
outcomes and similar short- and intermediate-term clinical
outcomes. Robotic MAL release can be associated with a
substantially shorter operative time than laparoscopic MAL
release with the hypothesis of improved dexterity offered
by the robotic instrument’s multi-articulated joints when
working in deep anatomical regions, as well as surgeon’s
experience in minimally invasive technique.

Funding None.

Compliance with ethical standards

Conflict of interest Usah Khrucharoen, Yen-Yi Juo, Yijun Chen, Juan
C. Jimenez, and Erik P. Dutson declare that they have no conflict of
interest.

References

1. Weber JM, Boules M, Fong K et al (2016) Median arcuate liga-
ment syndrome is not a vascular disease. Ann Vasc Surg 30:22-27

2. Jaik NP, Stawicki SP, Weger NS et al (2007) Celiac artery com-
pression syndrome: successful utilization of robotic-assisted lapa-
roscopic approach. J Gastrointest Liver Dis 16:93-96

3. Meyer M, Gharagozloo F, Nguyen D et al (2012) Robotic-assisted
treatment of celiac artery compression syndrome: report of a case
and review of the literature. Int ] Med Robot 8:379-383

4. Relles D, Moudgill N, Rao A et al (2012) Robotic-assisted median
arcuate ligament release. J Vasc Surg 56:500-503

5. You JS, Cooper M, Nishida S et al (2013) Treatment of median
arcuate ligament syndrome via traditional and robotic techniques.
Hawaii ] Med Public Health 72:279-281

6. Jimenez JC, Harlander-Locke M, Dutson EP (2012) Open and
laparoscopic treatment of median arcuate ligament syndrome. J
Vasc Surg 56:869-873

@ Springer

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Michalik M, Dowgiallo-Wnukiewicz N, Lech P et al (2016)
Hybrid (laparoscopy + stent) treatment of celiac trunk com-
pression syndrome (Dunbar syndrome, median arcuate liga-
ment syndrome (MALS)). Wideochir Inne Tech Maloinwazyjne
11:236-239

Thoolen SJ, van der Vliet W], Kent TS et al (2015) Technique and
outcomes of robot-assisted median arcuate ligament release for
celiac artery compression syndrome. J Vasc Surg 61:1278-1284
van Petersen AS, Vriens BH, Huisman AB et al (2009) Retrop-
eritoneal endoscopic release in the management of celiac artery
compression syndrome. J Vasc Surg 50:140-147

Klimas A, Lemmer A, Bergert H et al (2015) Laparoscopic treat-
ment of celiac artery compression syndrome in children and ado-
lescents. Vasa 44:305-312

Roayaie S, Jossart G, Gitlitz D et al (2000) Laparoscopic release
of celiac artery compression syndrome facilitated by laparoscopic
ultrasound scanning to confirm restoration of flow. J Vasc Surg
32:814-817

Do MV, Smith TA, Bazan HA et al (2013) Laparoscopic versus
robot-assisted surgery for median arcuate ligament syndrome.
Surg Endosc 27:4060-4066

Jackson TD, Wannares JJ, Lancaster RT et al (2011) Does speed
matter? The impact of operative time on outcome in laparoscopic
surgery. Surg Endosc 25:2288-2295

Bailey MB, Davenport DL, Vargas HD et al (2014) Longer opera-
tive time: deterioration of clinical outcomes of laparoscopic colec-
tomy versus open colectomy. Dis Colon Rectum 57:616-622
Moneta GL, Lee RW, Yeager RA et al (1993) Mesenteric duplex
scanning: a blinded prospective study. J Vasc Surg 17:79-84; (dis-
cussion 85-76)

. Charlson ME, Pompei P, Ales KL et al (1987) A new method of

classifying prognostic comorbidity in longitudinal studies: devel-
opment and validation. J Chronic Dis 40:373-383

Clavien PA, Barkun J, de Oliveira ML et al (2009) The Clavien—
Dindo classification of surgical complications: five-year experi-
ence. Ann Surg 250:187-196

Tulloch AW, Jimenez JC, Lawrence PF et al (2010) Laparoscopic
versus open celiac ganglionectomy in patients with median arcu-
ate ligament syndrome. J Vasc Surg 52:1283-1289

Nguyen T, Neale M, Lane R et al (2012) Laparoscopic manage-
ment of the median arcuate ligament syndrome. ANZ J Surg
82:265-268

Ho KKF, Walker P, Smithers BM et al (2017) Outcome predictors
in median arcuate ligament syndrome. J Vasc Surg 65:1745-1752
Brody F, Richards NG (2014) Median arcuate ligament release. J
Am Coll Surg 219:e45-e50

El-Hayek KM, Titus J, Bui A et al (2013) Laparoscopic median
arcuate ligament release: are we improving symptoms? J Am Coll
Surg 216:272-279

Roseborough GS (2009) Laparoscopic management of celiac
artery compression syndrome. J Vasc Surg 50:124-133

Baccari P, Civilini E, Dordoni L et al (2009) Celiac artery
compression syndrome managed by laparoscopy. J Vasc Surg
50:134-139

Columbo JA, Trus T, Nolan B et al (2015) Contemporary manage-
ment of median arcuate ligament syndrome provides early symp-
tom improvement. J Vasc Surg 62:151-156

Ballantyne GH (2002) The pitfalls of laparoscopic surgery: chal-
lenges for robotics and telerobotic surgery. Surg Laparosc Endosc
Percutan Tech 12:1-5

Kulaylat AS, Mirkin KA, Puleo FJ et al (2018) Robotic versus
standard laparoscopic elective colectomy: where are the benefits?
J Surg Res 224:72-78

Casillas MA Jr, Leichtle SW, Wahl WL et al (2014) Improved
perioperative and short-term outcomes of robotic versus conven-
tional laparoscopic colorectal operations. Am J Surg 208:33-40



Journal of Robotic Surgery (2020) 14:123-129 129

29. Huang KH, Lan YT, Fang WL et al (2014) Comparison of the 33. Macario A (2010) What does one minute of operating room time
operative outcomes and learning curves between laparoscopic and cost? J Clin Anesth 22:233-236
robotic gastrectomy for gastric cancer. PLoS One 9:e111499
30. Kim CW, Baik SH (2013) Robotic rectal surgery: what are the Publisher’s Note Springer Nature remains neutral with regard to
benefits? Minerva Chir 68:457-469 jurisdictional claims in published maps and institutional affiliations.
31. Weber M, Benditz A, Woerner M et al (2017) Trainee surgeons
affect operative time but not outcome in minimally invasive total
hip arthroplasty. Sci Rep 7:6152
32. von Strauss Und Torney M, Dell-Kuster S, Mechera R et al (2012)
The cost of surgical training: analysis of operative time for lapa-
roscopic cholecystectomy. Surg Endosc 26:2579-2586

@ Springer



	Short- and intermediate-term clinical outcome comparison between laparoscopic and robotic-assisted median arcuate ligament release
	Abstract
	Introduction
	Materials and methods
	Results
	Patient demographics and baseline characteristics
	Intraoperative and postoperative outcomes
	Short- and intermediate-term clinical outcomes

	Discussion
	References




