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Abstract Superior mesenteric artery (SMA)-first approaches are operative tactics used to determine tumor resectability early
during pancreatoduodenectomy. With locally advanced carcinoma of the pancreatic body and tail, early determination of SMA
involvement also helps establish whether curative resection is feasible. During either radical antegrade modular
pancreatosplenectomy (RAMPS) or classic left-to-right distal pancreatectomy, dissection of the SMA is performed after tran-
section of the pancreas or wide detachment of the distal pancreas and spleen. Herein, we describe an inframesocolic SMA-first
approach as an introductory procedure when treating carcinoma of the pancreatic body and tail. This first approach procedure
provides a reliable and safe introduction to RAMPS.
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Introduction

Radical antegrade modular pancreatosplenectomy (RAMPS)
is a surgical procedure used to treat carcinoma of the pancre-
atic body and tail, which enables surgeons to achieve negative
posterior margins more frequently than the traditional left-to-
right surgical approach.1 RAMPS has been reported to
achieve satisfactory surgical outcomes as demonstrated by a
negative tangential margin and the number of harvested
lymph nodes.2 We have preferentially adopted this approach

for the last 10 years and have reported favorable post-resection
outcomes for carcinoma of the pancreatic body and tail.3

More recently, neoadjuvant treatment has been proposed as
a way to decrease tumor burden and downstage tumors in
patients with locally advanced pancreatic adenocarcinoma pri-
or to surgery.4,5 Meta-analyses have indicated that neoadju-
vant treatment also has some efficacy in patients with
borderline/unresectable carcinoma.6,7 In pretreated patients
with locally advanced disease, the evaluation of cancer in-
volvement by multidetector row computed tomography
(MDCT) or magnetic resonance imaging (MRI) is sometimes
difficult. Therefore, intraoperative early determination of
blood vessel involvement is of vital importance in establishing
the potential curability of the disease.8 Superior mesenteric
artery (SMA)-first approaches are operative tactics performed
to aid the early determination of whether or not this crucial
vessel is involved prior to committing to an irreversible oper-
ative step during surgery. These techniques have occasionally
been reported for pancreatoduodenectomy.8,9

With locally advanced carcinoma of the pancreatic body
and tail, celiac axis (CA) involvement is relatively common
compared to SMA involvement. Although CA-limited inva-
sion has been effectively treated using distal pancreatectomy
with celiac axis resection (DP-CAR),10–12 SMA involvement
is a definitive marker of unresectable disease. During RAMPS
or classic left-to-right distal pancreatectomy, dissection of the
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SMA can occur after transection of the pancreas or wide de-
tachment of the distal pancreas and spleen.1 This paper pre-
sents an introductory procedure useful for estimating resect-
ability and preparing an appropriate modulated dissection
plane prior to committing to RAMPS.

Surgical Techniques

After the abdominal cavity has been explored to exclude liver
and peritoneal metastases from pancreatic cancer, the omen-
tum and transverse colon are superiorly retracted (Fig. 1a) and
the small intestine is retracted to the right (Fig. 1b). The peri-
toneum is incised at the duodenal recess and the aorta, inferior
vena cava, and left renal vein are exposed by mobilizing and
rotating the fourth portion of the duodenum and the uncinate
process of the pancreas (Fig. 1c). These procedures will ex-
pose the left aortic wall and left adrenal gland. The mesentery
base is then incised, the ligament of Treitz is opened on the left
and anterior side of the mesenteric root, and the

duodenojejunal flexure is pulled down. The SMA is then iden-
tified, and a vessel loop is passed around the SMA. Dissection
of the SMA proceeds to the origin of the SMA (Fig. 2).

Next, the transverse colon is pulled downward, and the
gastrocolic ligament is incised, opening the omental bursa.
The stomach is then lifted anteriorly. After dissecting the in-
ferior border of the pancreas to the right, the superior mesen-
teric vein (SMV) is exposed and the mesocolon is opened on
the left side of the SMA (Fig. 3a). The middle colic veins are
severed if the tumor has invaded these vessels.

The gastroduodenal lymph nodes are then dissected, and
the common hepatic artery and portal vein are exposed along
the superior border of the pancreas (Fig. 3b). After division of
the splenic artery at its origin, the neck of the pancreas is
tunneled and divided with a linear stapler comprising bio-
absorbable felt (Fig. 4) and tilted to the left in order to facilitate
lymph node dissection around the CA. Subsequently, the
splenic vein was ligated at its origin. The anterior surface of
the SMA, which is already exposed, is located and proximally
dissected until reaching the SMA origin (Fig. 5).

baFig. 2 a The ligament of Treitz is
opened, divided on the left and
anterior side of the mesenteric
root, and a vessel loop is passed
around the superior mesenteric
artery (SMA). The dissection
proceeds up to the origin of the
SMA. b Intraoperative image.
LAV left adrenal vein, LRV left
renal vein

cba

Fig. 1 a The omentum and transverse colon are superiorly retracted. b
The small intestine is retracted to the right. The peritoneum is incised at
the duodenal recess (broken line). c Intraoperative image. The aorta,

inferior vena cava, and left renal vein are exposed. Treitz the ligament
of Treitz, LRV left renal vein, IVC inferior vena cava
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After these introductory procedures are completed, the
RAMPS procedures are performed. The retroperitoneal dis-
section has already been partially performed; thus, a surgeon
should be able to easily locate the right plane and complete the
dissection from the aorta, adrenal gland, kidney and the dia-
phragm and the retroperitoneal muscles to finish RAMPS.

Discussion

Pancreatic cancer has an extremely poor prognosis and
prolonged survival is achieved only by resection with macro-
scopic tumor clearance. With current advances in surgical
techniques, the oncological optimal margin for pancreatic can-
cer resection includes the SMA rather than the portal-superior
mesenteric vein.13 In practice, the estimation of resectability
by computed tomography is not always accurate, particularly
in the neoadjuvant setting.14

SMA-first approach, as devised by Pessaux et al.,8 aligns
exactly with the need for early determination of cancer resect-
ability during pancreatoduodenectomy. This procedure also

effectively prevents damage to an aberrant hepatic artery
which arises near the SMA origin in 15–20 % of cases. The
aforementioned article8 has inspired many authors to publish
various approaches to use in securing a curative margin
around the SMA for pancreatic head carcinomas.15–19 Sanjay
et al.9 systematically reviewed and classified various tech-
niques for SMA-first approaches that are exclusively per-
formed for pancreatoduodenectomy.

Carcinoma of the pancreatic body and tail often presents at
an advanced stage, and the resectability rate is lower than that
for lesions in the pancreatic head.20–22 One of the reasons for
this difference is its propensity to invade pivotal blood vessels
such as the CA and SMA. Although pancreatic body carcino-
ma limitedly invading the CA has been effectively treated
with DP-CAR,10–12 SMA encroachment generally indicates
that a carcinoma is inoperable.23 Strasberg et al.1 reported on
RAMPS a novel approach for resecting a carcinoma of the
pancreatic body and tail. With RAMPS, the posterior plane
of dissection is defined by an anatomical component, such as
the SMA, aorta, left adrenal gland, Gerota’s fascia, or dorsal
muscle. The authors reported a significantly improved rate in

Fig. 4 Intraoperative images. a The neck of the pancreas is tunneled. b The pancreas is divided with a linear stapler comprising bio-absorbable felt.CHA
common hepatic artery, SMV superior mesenteric vein, SpA splenic artery

a bFig. 3 a Intraoperative image.
After dissecting the inferior
border of the pancreas to the right,
the superior mesenteric vein
(SMV) is exposed and the
mesocolon is opened on the left
side of the superior mesenteric
artery (SMA). b The
gastroduodenal lymph nodes are
dissected, and the common
hepatic artery (CHA) and portal
vein are exposed along the
superior border of the pancreas
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achieving a negative dissection margin on the dorsal plane of
carcinoma of the pancreatic body and tail using the RAMPS
procedure, Kitagawa et al. 24 also reported the satisfactory
survival rate with modified RAMPS for approaching the an-
terior renal fascia from the left side. During RAMPS, the
dissection commences and advances from-right-to-left, with
early division of the neck of the pancreas and splenic vessels.
The SMA is then dissected from right-to-left to its origin on
the aorta after tilting the pancreatic stump to the right. This
positioning allows the surgeon to visualize the vascular struc-
tures around the SMA, thereby enabling the identification of
SMA margin clearance. Therefore, determination of SMA in-
volvement is impossible without first committing these irre-
versible operative steps.

According to Bonnichon et al.,25 an inframesocolic ap-
proach can be employed to expose the proximal section of the
SMA to evaluate atherosclerotic disease. We have resumed
utilizing this approach for trial dissection of the SMA on pa-
tients with carcinoma of the pancreatic body and tail. After
freeing the ligament of Treitz and pulling down the duodenum,
this approach allows the exposure and taping of the SMA be-
tween its retropancreatic and interpancreaticoduodenal
sections.25 Although this procedure is not always sufficient to
allow access to the most proximal portion of the SMA, espe-
cially in obese patients, it provides an opening for critical dis-
section in order to determine resectability. Dissection
further up along the aorta to expose the left renal vein
and the left adrenal gland can help prepare the RAMPS
right dissection plane in advance. When the renal vein
has been reached, the surgeon can accurately assess the
extent of tumor penetration to help decide whether an-
terior or posterior RAMPS are optimal.

Between April 2008 and September 2015, 32 patients
underwent RAMPS and nine patients underwent DP-CAR
for carcinoma of the pancreatic body and tail. Among these
patients, the procedure described here was performed in five
patients and all patients underwent R0 resection. This proce-
dure is both feasible and useful for laparoscopic distal
pancreatosplenectomy.26 We believe that the inframesocolic
SMA-first approach provides a reliable and safe introduction
to RAMPS.

Compliance with Ethical Standards

Conflict of Interest Authors declare that they have no conflict of
interest.

References

1. Strasberg SM, Drebin JA, Linehan D Radical antegrade modular
pancreatosplenectomy. Surgery 2003;133:521–527

2. Strasberg SM, Linehan DC, Hawkins WG Radical antegrade mod-
ular pancreatosplenectomy procedure for adenocarcinoma of the
body and tail of the pancreas: ability to obtain negative tangential
margins. J Am Coll Surg 2007;204:244–249

3. Yamamoto J, Saiura A, Koga R, Seki M, Katori M, Kato Y,
Sakamoto Y, Kokudo N, Yamaguchi T Improved survival of left-
sided pancreas cancer after surgery. Jpn J Clin Oncol 2010;40:530–
536

4. Wolff RA, Varadhachary GR, Evans DB Adjuvant therapy for ad-
enocarcinoma of the pancreas: analysis of reported trials and rec-
ommendations for future progress. Ann Surg Oncol 2008;15:2773–
2786

a b

Fig. 5 a Schema of a sagittal view of the procedure. b The arrow
indicates the dissection line proceeding to the origin of the superior
mesenteric artery (SMA). E esophagus, OB omentum bursa, Diaph

diaphragm, Ao aorta, CA celiac axis, RV renal vein, SV splenic vein, P
pancreas, S stomach, D duodenum, C colon, I ileum

J Gastrointest Surg (2016) 20:450–454 453



5. Kleeff J, Friess H, BuchlerMWNeoadjuvant therapy for pancreatic
cancer. Br J Surg 2007;94:261–262

6. Andriulli A, Festa V, Botteri E, Valvano MR, Koch M, Bassi C,
Maisonneuve P, Sebastiano PD Neoadjuvant/preoperative
gemcitabine for patients with localized pancreatic cancer: a meta-
analysis of prospective studies. Ann Surg Oncol 2012;19:1644–
1662

7. Assifi MM, Lu X, Eibl G, Reber HA, Li G, Hines OJ Neoadjuvant
therapy in pancreatic adenocarcinoma: a meta-analysis of phase II
trials. Surgery 2011;150:466–473

8. Pessaux P, Varma D, Arnaud JP Pancreaticoduodenectomy: supe-
rior mesenteric artery first approach. J Gastrointest Surg 2006;10:
607–611

9. Sanjay P, Takaori K, Govil S, Shrikhande SV, Windsor JA ‘Artery-
first’ approaches to pancreatoduodenectomy. Br J Surg 2012;99:
1027–1035

10. Hirano S, Kondo S, Hara T, Ambo Y, Tanaka E, Shichinohe T,
Suzuki O, Hazama K Distal pancreatectomy with en bloc celiac
axis resection for locally advanced pancreatic body cancer: long-
term results. Annals of surgery 2007;246:46–51

11. Kondo S, Katoh H, Hirano S, Ambo Y, Tanaka E, Okushiba S,
Morikawa T Results of radical distal pancreatectomy with en bloc
resection of the celiac artery for locally advanced cancer of the
pancreatic body. Langenbeck’s archives of surgery / Deutsche
Gesellschaft fur Chirurgie 2003;388:101–106

12. Mayumi T, Nimura Y, Kamiya J, Kondo S, Nagino M, Kanai M,
Miyachi M, Hamaguchi K, Hayakawa N Distal pancreatectomy
with en bloc resection of the celiac artery for carcinoma of the body
and tail of the pancreas. International journal of pancreatology :
official journal of the International Association of Pancreatology
1997;22:15–21

13. Rosso E, Langella S, Addeo P, Nobili C, Oussoultzoglou E, Jaeck
D, Bachellier P A safe technique for radical antegrade modular
pancreatosplenectomy with venous resection for pancreatic cancer.
J Am Coll Surg 2013;217:e35-39

14. Valls C, Andia E, Sanchez A, Fabregat J, Pozuelo O, Quintero JC,
Serrano T, Garcia-Borobia F, Jorba R Dual-phase helical CT of
pancreatic adenocarcinoma: assessment of resectability before sur-
gery. AJR Am J Roentgenol 2002;178:821–826

15. Rose JB, Rocha F, Alseidi A, Helton S Posterior ‘superior mesen-
teric artery first’ approach for resection of locally advanced pancre-
atic cancer. Ann Surg Oncol 2014;21:1927–1928

16. Marzano E, Piardi T, Marescaux J, Pessaux P Combined posterior
and anterior approach to the superior mesenteric artery: the advan-
tages of the Bhangingmaneuver .̂ Langenbeck’s archives of surgery
/ Deutsche Gesellschaft fur Chirurgie 2012;397:1023–1024

17. Shrikhande SV, Barreto SG, Bodhankar YD, Suradkar K, Shetty G,
Hawaldar R, Goel M, Shukla PJ Superior mesenteric artery first
combined with uncinate process approach versus uncinate process
first approach in pancreatoduodenectomy: a comparative study
evaluating perioperative outcomes. Langenbeck’s archives of sur-
gery / Deutsche Gesellschaft fur Chirurgie 2011;396:1205–1212

18. Kurosaki I, Minagawa M, Takano K, Takizawa K, Hatakeyama K
Left posterior approach to the superior mesenteric vascular pedicle
in pancreaticoduodenectomy for cancer of the pancreatic head. JOP
2011;12:220–229

19. Hackert T, Werner J, Weitz J, Schmidt J, Buchler MW Uncinate
process first–a novel approach for pancreatic head resection.
Langenbeck’s archives of surgery / Deutsche Gesellschaft fur
Chirurgie 2010;395:1161–1164

20. Smoot RL, Donohue JH Modified Appleby procedure for resection
of tumors of the pancreatic body and tail with celiac axis involve-
ment. J Gastrointest Surg 2012;16:2167–2169

21. Niederhuber JE, Brennan MF, Menck HR The National Cancer
Data Base report on pancreatic cancer. Cancer 1995;76:1671–1677

22. Shimada K, Sakamoto Y, Sano T, Kosuge T Prognostic factors after
distal pancreatectomy with extended lymphadenectomy for inva-
sive pancreatic adenocarcinoma of the body and tail. Surgery
2006;139:288–295

23. Bockhorn M, Uzunoglu FG, Adham M, Imrie C, Milicevic M,
Sandberg AA, Asbun HJ, Bassi C, Buchler M, Charnley RM,
Conlon K, Cruz LF, Dervenis C, Fingerhutt A, Friess H, Gouma
DJ, Hartwig W, Lillemoe KD, Montorsi M, Neoptolemos JP,
Shrikhande SV, Takaori K, Traverso W, Vashist YK, Vollmer C,
Yeo CJ, Izbicki JR Borderline resectable pancreatic cancer: a con-
sensus statement by the International Study Group of Pancreatic
Surgery (ISGPS). Surgery 2014;155:977–988

24. Kitagawa H, Tajima H, Nakagawara H, Makino I, Miyashita T,
Terakawa H, Nakanuma S, Hayashi H, Takamura H, Ohta T A
modification of radical antegrade modular pancreatosplenectomy
for adenocarcinoma of the left pancreas: significance of en bloc
resection including the anterior renal fascia. World J Surg
2014;38:2448–2454

25. Bonnichon P, Rossat-Mignod, J.C., Corlieu, P., Aaron, C., Yandza,
T., Chapuis, Y. Surgical approach to the superior mesenteric artery
by the Kocher maneuver: anatomy study and clinical applications.
Ann Vasc Surg 1986;1:505–508

26. Sunagawa H, Harumatsu T, Kinjo S, Oshiro N Ligament of Treitz
approach in laparoscopic modified radical antegrade modular
pancreatosplenectomy: report of three cases. Asian J Endosc Surg
2014;7:172–174

454 J Gastrointest Surg (2016) 20:450–454


	Inframesocolic...
	Abstract
	Introduction
	Surgical Techniques
	Discussion
	References


