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Robotic-assisted minimally invasive
pancreas surgery. Review

Minimally invasive techniques have been increas-
ingly used in oncologic surgery and pancreatic surgery
in particular [1, 2]. Minimally invasive pancreatectomy
(MIP) has been performed with increasing frequency
in all pancreatic pathologies, including pancreatic
neuroendocrine tumors (PNETs), including pancreati-
coduodenectomy (PD), distal pancreatectomy (DP),
and pancreatic enucleation [3, 4].

Robotic-assisted surgery using the DaVinci platform has
accelerated the adoption of MIP. The proportion of robotic
DP between 2015 and 2016 was nearly 4 times greater
than between 2010 and 2012 (16 % vs 4 %), with a similar
increase in proportion of robotic PD (7% vs 2 %) over
the same time frame [1]. Advantages of robotic surgery
over laparoscopy include three-dimensional visualiza-
tion, increased degrees of motion with endo-articulation,
stable camera platform, surgeon ergonomics, and single
surgeon’s ability to control four instruments. Systematic
adoption of MIP has been facilitated by the creation of
multiple multicenter training programs in robotic DP and
PD, aiming to standardize the oncologic safety and tech-
nical performance of these operations [5, 6].

Maintaining the quality of oncologic pancreatec-
tomy with continued uptake of minimally invasive sur-
gery remains the most critical challenge going forward.
Variation in surgical quality directly impacts locore-
gional recurrence and long-term survival in patients
with colorectal cancer [7]. In pancreatic cancer, obtain-
ing a margin-negative resection is an independent
predictor of survival [8]. In PD, complete clearance of
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the lateral aspect of the superior mesenteric artery
(SMA) is critical in improving chances of RO resection
[9]. Whether surgeons beginning to adapt MIP will
be able to sustain these technical requirements are
paramount to broader success of this approach. Given
these concerns, the US Food and Drug Administration
has cautioned against the use of robotic-assisted sur-
gery for oncologic indications, given a lack of evidence
demonstrating equivalent overall survival and onco-
logic outcomes [10].

Evidence supporting the association between MIP
and decreased length of stay, lower blood loss, and
equivalent complication rates has largely been report-
ed at high-volume centers with experienced surgeons
[11]. The Miami Guidelines for Minimally Invasive Pan-
creas Resection recommended minimally invasive DP
in experienced hands for benign or low-grade malig-
nant tumors suggest it is an equivalent approach in
pancreas ductal adenocarcinoma and that insufficient
data exist to recommend minimally invasive PD [12].
These international expert guidelines note that ran-
domized controlled studies are needed for both DP
and PD.

Perioperative multidisciplinary planning is the
key to success of both open and MIP. Perioperative
assessment of cardiovascular, nutritional, and func-
tional status is paramount to both short-term and
long-term outcomes after pancreatectomy, regardless
of approach. Evidence continues to accumulate dem-
onstrating the added value of nutritional evaluation
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and prehabilitation before pancreatectomy to enhance
postoperative functional recovery [13]. In addition,
in our experience, consistent operating room teams
including nursing staff, surgical technicians, and anes-
thesiologists for MIP ensures the safest possible peri-
operative course.

Although the indications for MIP are the same to the
open approach, careful case selection for MIP ensures
adequate safety and success especially early in the
learning curve. No randomized controlled data exist to
guide patient selection, and one recent survey across
Europe demonstrated that patient selection was large-
ly driven by personal experience, rather than data [14].
We believe that evaluation of patient and surgical fac-
tors is critical in selecting the appropriate cases for MIP.

Patients at the extremes of body mass index (BMI)
may pose technical challenges for both robotic and
laparoscopic approaches. BMI has not shown to be
associated with increased perioperative complications,
particularly after minimally invasive DP, but may pres-
ent added technical challenge in manipulation of the
colonic mesentery and mobilization of the proximal
jejunum [15]. Indeed, internal adiposity rather than BMI
itself is more of problem in MIS approach. Particularly
in robotic approach, subcutaneous fat and abdominal
thickness has small impact on surgical difficulty [16].
Preoperative exercise program with weight reduc-
tion diet would make the operation safer in morbidly
obese patients by reducing internal obesity and cre-
ating more surgical space with pneumoperitoneum
[17]. In low BMI patients, adequate port spacing and
intrabdominal surgical working room may present
a challenge.

Prior history of pancreatitis, metallic biliary stent
placement, and receipt of radiation therapy anecdot-
ally increases difficulty of MIP due to desmoplastic
changes surrounding pancreas and vascular struc-
tures, although severity of such desmoplastic change
is difficult to expect before surgery. If radiographi-
cally evident pancreatitis is seen, waiting for 8 to 12
weeks before attempting resection is encouraged.
After administration of radiation therapy, it is recom-
mended to wait less than 12 weeks before attempting
MIP. Prior surgery history may increase complexity
and operative time due to potentially lengthy lysis of
adhesions. Particularly early in the learning curve
when MIP has increased operative length, the addition
of extended adhesiolysis is not recommended. Prior
Roux-en-Y gastric bypass additionally adds complex-
ity to operative conduct during minimally invasive PD.

Severe cardiopulmonary disease limiting pneumoperi-
toneum is a contraindication. Risks and benefits of MIS
approach should be carefully considered for patients
with marginal renal function as pneumoperitoneum
reduces venous return and may affect renal arterial
flow.

The need for multi-visceral or major vascular resec-
tion should represent a relative contraindication to
MIP, especially early in the procedural learning curve.
Although the robotic approach is technically feasible
for vascular reconstruction, the lack of «surgeon’s left
hand» to control bleeding when it is needed is criti-
cal concern for safety in MIP. A. H. Zureikat et al. [11]
demonstrated unchanged perioperative outcomes
with increasingly complex R-PD, involving vascular
resection, over the first 500 cases at their institution.
Although these types of resections are not contraindi-
cations at highly experienced centers, they should be
undertaken with caution. Tumors which require resec-
tion of the portal or superior mesenteric vein should be
approached open outside of highly selected centers in
highly selected circumstances. A thorough review of
high-quality CT scan with arterial and portal venous
phases is critical in planning of operative approach for
MIP. Replaced or aberrant vascular anatomy should be
identified and taken into account in selecting patients
for MIP. Replaced right hepatic artery while increasing
the complexity of resection is not an absolute contra-
indication unless involved in the tumor process [18].
For surgeons at the beginning of their learning curve
selection of cases with imaging suggestive of dilated
pancreatic and bile ducts facilitates ease of reconstruc-
tion and may minimize the risk of postoperative pan-
creatic or biliary fistulas.

Volume-outcome relationships in gastrointesti-
nal surgery, including pancreatic surgery, have been
widely studied [19, 20]. Although the case volumes of
specific surgeries have been reported as meaningful
in overcoming the learning curve of a new procedure,
it is intuitive that experience with similarly complex
foregut gastrointestinal procedures can accelerate the
mastery of a similar procedure. In the Netherlands,
L.A.D. Busweiler et al. [21] reported that the com-
posite volume of gastric, esophageal, and pancreatic
cancer resections at a given institution correlated with
improvements in oncologic outcomes as well as overall
survival after surgery for gastric cancer.

One of the largest obstacles to implementation of an
MIP program is the learning curve, particularly in PD. As
surgeons have been performing laparoscopic surgery
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for far long, more data exist for the learning curve in
laparoscopic PD. This previous work has demonstrated
three phases in development of technical proficiency
in laparoscopic PD: the initial learning period, technical
competence, and challenging period — with step-wise
decreases in blood loss, length of stay, and operative
time and increases in lymph node harvest [22]. A wide
variety of case volume has been reported as neces-
sary for overcoming the learning curve in laparoscopic
PD, from 10 to 60 cases, with most authors suggesting
around 60 to 80 cases [23, 24]. Similarly, the learning
curve needed to produce proficiency in robotic PD has
been reported around 80 cases, with early optimization
of blood loss and conversion to open around 20 cases,
decreased rates of pancreatic fistula (POPF) and opera-
tive time after 40 and 80 cases, respectively [25]. The
surgical group at the University of Pittsburgh has devel-
oped a robotic pancreatectomy program optimized
to overcome this lengthy learning curve, with robust
simulation and shared operative responsibilities [26, 27].

Minimally invasive DP follows a similar, though short-
er, learning curve. In a recent meta-analysis K.S. Chan
et al. [28] demonstrated both laparoscopic and robotic
DP have a similar learning curve of 25.3 versus 20.7
cases respectively (p =0.6) using a composite learning
curve metric. The Pittsburgh group has reported 40
cases needed for optimization of robotic DP, with pre-
cipitous decrease in operative time between the first
20 and 40 cases (266 min and 210 min, respectively)
and readmissions [29].

As DP lacks the need for reconstruction, both lapa-
roscopic and robotic DP have been widely adopted.
MI DP is safe and feasible for benign and malignant
indications [14]. For PNETs in particular, retrospective
matched cohort studies demonstrated similar disease-
free survival after laparoscopic resection, with signifi-
cantly decreased rates of postoperative complications
and length of stay [30]. Retrospective analyses have
consistently demonstrated laparoscopic DP is associ-
ated with lower blood loss and length of stay, improved
postoperative quality of life, and similar costs, without
appreciable increases in postoperative POPF, short-
term complications, mortality, or rate of RO resections
in comparison with open approach [31—33].

Randomized controlled data supports Ml DP over
the open approach. The LEOPARD-1 trial randomized
one hundred and eight patients with left-sided pan-
creatic tumors, without evidence of vascular involve-
ment, to MI DP (42 laparoscopic, 5 robotic) or open DP.
Of note, patients were blinded to surgical approach

using a large abdominal dressing. MI DP demonstrated
decreased time to functional recovery (4 versus 6 days,
p < 0.001), decreased rates of delayed gastric emptying
(3 patients (6 %) vs 11 patients (20 %); p = 0.04) without
a difference in rate of POPF (39 % vs 23 % for MIDP and
open DP, respectively [p=0.07]), or 90-day mortality.
Follow-up analyses of cost and quality of life up to 1
year after surgery showed comparable costs after Ml
DP, with a probability of at least 0.654 of improved cost-
effectiveness [34]. Long-term follow-up (up to 3 years)
after DP demonstrated no differences in overall quality
of life between Ml and open DP. The LAPOP trial is an
unblinded, parallel group, single-center superiority
trial between laparoscopic open DP [35]. Twenty-nine
patients were randomized to each group, demon-
strating improvements in length of stay (5 vs 6 days,
p=0.007) and blood loss (50 vs 100 ml, p=0.015) for
laparoscopic and open DP, respectively. No differences
were observed between Clavien-Dindo Ill + complica-
tions, rates of delayed gastric emptying or grade B/C
POPF [36].

Retrospective studies have shown equivalent onco-
logic outcomes after Ml DP compared with open
although itis important to acknowledge that these ret-
rospective studies may be subject to selection bias and
that no randomized long-term survival data have been
reported. The European Consortium on Minimally Inva-
sive Pancreatic Surgery reported the results of a pan-
European matched cohort study between Ml and open
DP in pancreatic ductal adenocarcinoma, matching
340 patients [37]. This study demonstrated decreases
in median blood loss (200 vs 300 ml, p=0.001) and
length of stay (8 vs 9 days, p<0.001), for Ml versus
open DP, respectively. No differences were seen in
90-day mortality (2% vs 3 %) and Clavien-Dindo Il +
complications (18 vs 21 %) for Ml and open DP, respec-
tively. Most importantly, no differences were observed
in median overall survival between Ml DP and open
DP (28 vs 31 months, p=0.929). However, Ml DP was
associated with higher rates of RO resection (67 % vs
58 %, p=0.019) and lower lymph node yield (14 vs 22;
p <0.001). As a result of these data, the same group
is currently enrolling 258 patients in a multicenter,
non-inferiority, randomized controlled trial between
MI DP (laparoscopic or robotic) and open. Their pri-
mary outcome measure is the microscopically radical
resection margin, and secondary outcomes include
time to functional recovery and survival [38]. Several
additional international trials are ongoing between Ml
and open DP, including a multicenter, non-inferiority,
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non-blinded randomized controlled trial in Korea, with
primary endpoint of 2-year survival [39]. The DISPACT-2
trial in Germany is currently enrolling, randomizing
294 patients between Ml and open DP, with a primary
outcome measure of postoperative morbidity and
mortality [40, 41].

Robotic versus laparoscopic DP has been exam-
ined in multiple recent meta-analyses. These studies
reported lower rates of open conversion and shorter
hospital stay, with higher rates of spleen preservation
after robotic DP, and no differences between morbidity
and POPF rate [42]. However, robotic DP was associ-
ated with higher operative time. In PNETs in particular,
robotic DP is associated with improved splenic pres-
ervation compared with laparoscopic DP (65.3% vs
44,7 %, p <0.0001) in a retrospective analysis of 181
patients at four tertiary ltalian referral centers [43, 44].
This study also reported no differences in short- or
long-term perioperative outcomes, including overall
and disease-free survival. Cost favored the laparoscopic
approach, with mean total costs of 9235 vs 11226
€, for the laparoscopic and robotic DP, respectively
(p <0.0001). Although these data likely represent selec-
tion bias, in appropriate hands both laparoscopic and
robotic DP seem to be safe and effective options for the
treatment of the spectrum of pancreatic tumors.

SUMMARY

Minimally invasive techniques in pancreatectomy
are increasingly being used. Minimally invasive DP
seems to be the standard approach for most low-grade
distal pancreatic lesions, and ongoing trials may further
bolster its use in pancreatic adenocarcinoma. How-
ever, minimally invasive PD remains controversial, with
selected high-volume centers reporting successful case
series. Maintaining high levels of oncologic excellence,
with negative-margin resection remains the challenge
facing wide adoption of minimally invasive PD. Adher-
ence to the key technical standards of pancreatic
resection during a minimally invasive approach, while
simultaneously traversing the learning curve of these
procedures is the key to their ultimate success. Ongo-
ing hospital-level and national-level planning should
play a role in the development of safe MIP programs.
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ABSTRACT

The use robotics in surgery is gaining momentum.
This approach holds substantial promise in pancreas sur-
gery. Minimally invasive techniques have been increas-
ingly used in oncologic surgery and pancreatic surgery in
particular. Minimally invasive pancreatectomy (MIP) has
been performed with increasing frequency in all pancre-
atic pathologies, including pancreatic neuroendocrine
tumors (PNETs), including pancreaticoduodenectomy
(PD), distal pancreatectomy (DP), and pancreatic enucle-
ation. Robotic-assisted surgery using the DaVinci plat-
form has accelerated the adoption of MIP. The proportion
of robotic DP between 2015 and 2016 was nearly 4 times
greater than between 2010 and 2012 (16 % vs 4 %), with
a similar increase in proportion of robotic PD (7 % vs 2 %)
over the same time frame. Advantages of robotic sur-
gery over laparoscopy include three-dimensional visu-
alization, increased degrees of motion with endo-artic-
ulation, stable camera platform, surgeon ergonomics,
and single surgeon’s ability to control four instruments.
Systematic adoption of MIP has been facilitated by the
creation of multiple multicenter training programs in
robotic DP and PD, aiming to standardize the oncologic
safety and technical performance of these operations.
Robotic surgery for pancreatic lesions and malignancies
has become well accepted and is expanding to more
and more center annually. The number of centers using
robotics in pancreatic surgery is rapidly increasing. The
most studied robotic pancreas surgeries are PD and DP.
Most studies are in their early phases, but they report
that robotic pancreas surgery is safe feasible. Robotic
pancreas surgery offers several advantages over open
and laparoscopic techniques. Data regarding costs of
robotics versus conventional techniques is still lacking.
Robotic pancreas surgery is still in its early stages. It holds
promise to become the new surgical standard for pan-
creatic resections in the future, however, more research is
still needed to establish its safety, cost effectiveness and
efficacy in providing the best outcomes.

Keywords: pancreas, pancreatic surgery, pancrea-
ticoduodenectomy, robotic surgery, minimally invasive
surgery.
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PE3IOME

Po6oTnsoBaHa manoiHBa3uBHa Xipypris
nigwnyHkoBoi 3anosun. Ornag

T. Keck, H. Lapshyn

University Medical Center Schleswig-Holstein,
Campus Lubeck, Liibeck, HimeyuuHa

Hepnani yacTiwe B Xipyprii BUKOPUCTOBYIOTb PO6OTO-
TexHiky. Llen nigxig mae 3HayHi nepcnekTnsmM B Xipyprii
NigWwnyHKoBoI 3ano3n. ManoiHBa3nBHI MeToamM 3acTo-
COBYIOTb B OHKOMNOTiYHiN Xipyprii, 30Kkpema B xipyprii
NigLWayHKoBOI 3a51031. MiHiManbHO iHBa3MBHY NaHKpe-
atekTomito (MIl) ocTaHHIM Yacom vacTile BUKOHYIOTb
npv BCiX MaTONOriAX MifWAYHKOBOI 3ano3u, 30Kpe-
Ma NPV HEMPOEHAOKPUHHUX AyXAnUHaxX NigwnayHKOBOI
3an03u, MeTolamu NaHKpeaTogyoaeHekTomii (M0), anc-
TanbHOI NaHKpeaTekToMil (A1) Ta eHykneauii nigwnyH-
KoBoOi 3ano3n. Po6oTn3oBaHa xipypria 3 BUKOPWUCTaH-
HaM nnatdopmm DaVinci npuckopuna BnpoBag»KeHHs
MIN. Yactka pob6otmsosaHoi A y 2015—2016 pp.
y 4 pa3u nepsuwyBana Taky B 2010—2012 pp. (16
Ta 4% BignoBigHO), BoAHOYAC 36inblmMnacsa 4acTka
po6oTmzosaHoi M (3 2 o 7%). MNepesarn poboTu-
30BaHOI Xipyprii nepepn nanapockoni€ld nonAralTb
y TPUBUMIpPHIN Bidyanisauii, NigBMLLEHOMY CTYMeHi pyx-
NMBOCTI 3 eHAoAPTUKYNsAUi€Elo, CTabinbHin nnatdopmi
Kamepw, XipypriyHii eproHOMIiYHOCTI Ta MOKNUBOCTI
KOHTPONIOBATU YOTUPU IHCTPYMEHTU O4HMM Xipyprom.

Jama HaoxooxeHHaA 0o pedakyii 04.06.2024 p.
Jama peuersysaHHa 21.06.2024 p.
Jama nidnucarHa cmammi 0o OpyKy 24.06.2024 p.

CuctematuyHomy snposagkeHHo MIMM cnpuano cTeo-
peHHA KinbKox 6araToLeHTPOBUX HaBYaNbHUX MPO-
rpam ana po6otmsosaHmx AN i MO, cnpamoBaHux Ha
CTaHZAPTM3aLil0 OHKOMOTYHOT 6€3MEYHOCTI 1 TEXHIUHY
edeKTMBHICTb UMx onepauin. PoboTn3oBaHa Xipyprisa
ypaxeHb NigWwnyHKOBOI 3a503M Ta 3/10AKICHUX HOBO-
YTBOPEHb OTpMMasa LIMPOKE BU3HAHHA Ta LLOPOKY
BMPOBaAKYETbCA B HOBUX LieHTpaxX. KinbkicTb LeHTpiIB,
AKi BUKOPUCTOBYIOTb POOOTOTEXHIKY B Xipypril NigLuyH-
KOBOI 321031, CTPIMKO 3pocTa€. Hanbinbw BuBYEHUMM
po60TM30BaHMMK MeTogaMM Xipyprii NigWwnyHKOBOI
3ano3u e MO i AN, Y 6inbwocTi AocniaeHb paHHi cTagii,
ane oTpuMaHi nonepegHi AaHi cBigyaTb, WO poboTH30-
BaHa ornepauia Ha NigwWwnyHKoBil 3ano3i € 6e3neyHolo.
Po6oTr3oBaHa xipypria nigwnyHKoOBOI 3a51031 Ma€ Kinb-
Ka nepesar nepep BigKpUTUMWM Ta lanapoCKomMivyHu-
MU MeTogamu. [JaHux wondo BMTPaT Ha POOOTOTEXHIKY
MOPIBHAHO 3i 3BMYaMHMMM MeTOAaMW He[QOoCTaTHbO.
Po6oTtnsoBaHa Xipypria NigWNyHKOBOI 3an03M HUHI
nepebyBa€ Ha MoYaTKOBIN cTagii. MeTog obiuse ctatu
HOBUM XipypriYHMUM CTaHOapTOM AN1A pe3eKuii NigLwnyH-
KOBOI 3a51031 B MalibyTHbOMY, asnie Heob6xiHO NpoBecTU
JIOJIaTKOBI [OCNig»KeHHs, o6 BCTaHOBUTK MOro 6es-
MeyYyHiCTb, €KOHOMIYHY edeKTUBHICTb i ePeKTUBHICTb
y 3abe3neyeHHi HanKpaLwmx pe3ynbTaTiB.

KniouoBi cnoBa: nigwnyHkoBa 3an03a, onepawii Ha
NigLWNyHKOBIM 3a103i, NaHKpeaToayOAeHEKTOMIs, PpO6O-
TMU30BaHa Xipypria, ManoiHBa3nBHa Xipypris.
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