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Abstract: Due to limited systemic treatment options, peritoneal carcinomatosis of gastric origin is
still associated with a dismal outcome and is claimed a terminal disease. In the past, surgery had
not been considered as a potential treatment option. However, there is emerging evidence that in
selected patients, locoregional treatment modalities including cytoreductive surgery of peritoneal
carcinomatosis can improve survival in patients with gastric cancer. These operative procedures
are complex and challenging, and a high surgical expertise of the treating physician is necessary to
prevent major postoperative morbidity and mortality with a delay of further systemic therapy. This
review summarizes our current knowledge and personal experience regarding the techniques of
cytoreductive surgery for peritoneal metastasis of gastric origin.
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1. General Considerations
1.1. General Considerations and Extent of Resection

The indication for cytoreductive surgery (CRS) and hyperthermic intraperitoneal
chemotherapy (HIPEC) for peritoneal metastatic gastric cancer is limited to patients who
have synchronous peritoneal metastases with a low peritoneal cancer index (PCI) score
(ideally <6; max of 9) [1-4] and a very high probability of achieving a complete macro-
scopic cytoreduction. Patients with poorly cohesive carcinoma, including signet ring cell
histology, treated with CRS have been shown to have poor outcomes [2] and should not
be considered good surgical candidates. Patients without response or with progression of
peritoneal disease despite neoadjuvant systemic =+ intraperitoneal therapy should be care-
fully evaluated for CRS, as they may not benefit from cytoreduction. Finally, on very rare
occasions, patients with oligometastatic or locally advanced disease (e.g., local invasion of
the pancreas) who have stable disease or a good response to chemotherapy may be eligible
for CRS and resection of a single metastasis, owing to favorable tumor biology.

1.2. Technical Particularities

The parietal peritonectomy can be performed with electro-evaporative surgery using
a small ball tip and high-voltage cautery for a safe resection margin and coagulation of
small vessels to control bleeding. A high-flow smoke evacuator is mandatory. It is also
important to avoid entering the pleural space during dissection. In some cases, the use of
bipolar scissors may be helpful to control the removal of infiltrating nodules with spare
resection of diaphragmatic muscle. As the procedure will also include 90 min of HIPEC
administration, it may be reasonable to expedite the procedure using sealing devices.
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2. How to Explore?

Staging laparoscopy is routinely performed prior to the CRS to assess the extent of
disease and to avoid futile laparotomies (Figure 1). Even in patients with prior abdominal
surgeries, a sufficient exploration of the abdominal cavity is feasible [5]. During the
CRS, the abdominal cavity is entered through a midline incision from the xiphoid to the
pubis. In cases of prior abdominal surgery, the old abdominal incisions are excised. We
meticulously resect areas affected by the original staging laparoscopy, even when they
look completely normal or consist of scar tissue, as they may contain occult viable tumor
cells that could lead to future seeding metastasis. The peritoneal tumor response rate
to systemic chemotherapy is low in patients with peritoneal carcinomatosis, especially
in tumors of gastrointestinal origin [6,7]. In these patients, neoadjuvant chemotherapy,
which is the standard treatment regimen in Europe, the United States, and many other
countries [4], usually does not significantly reduce peritoneal disease. The decision to
resect prior incision sites may be more difficult after neoadjuvant intraperitoneal /systemic
chemotherapy (NIPS) or pressurized intraperitoneal aerosol chemotherapy (PIPAC), as
these regimens have shown better effectiveness (NIPS: 62% partial response and 24%
complete response rates; PIPAC: 59-90% objective clinical response rate) and result in
higher conversion rates (unresectable to resectable disease) for CRS + HIPEC [1,8-11].
In our own experience, cytoreductive procedures are more challenging to perform in
patients with scarring tissue, and sclerosing areas at peritoneal sites may interfere with
identifying areas affected by macroscopic tumors. Especially in patients previously treated
with intraperitoneal chemotherapy, including NIPS or PIPAC, the surgical dissection may
be more demanding because of adhesions or subperitoneal inflammatory reactions.

Figure 1. Laparoscopy demonstrating a small bowel disease with mesenteric nodules in a patient
with gastric cancer. This situation cannot be treated effectively with CRS and HIPEC.

As mentioned above, tissue dissection can be performed with different instruments
according to the standard of procedures of each surgical department and institution.
We prefer to use bipolar scissors for most surgical procedures, but other techniques and
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instruments, such as dissection using ball-tip electrocautery or an ultrasonic scalpel, are also
commonly used [12]. Diaphragmatic stripping can be performed more rapidly using ball-tip
cautery, traction, and counter traction. If the tumor already infiltrates the superficial muscle,
bipolar scissors may help to avoid a diaphragmatic resection with opening of the pleural
cavity. In our own experience, the use of sealing devices can be beneficial in expediting the
surgical procedure and may also lead to a significant reduction in intraoperative blood loss.

3. Total or Subtotal Gastrectomy?

The extent of gastric resection is determined by various factors, such as the tu-
mor site, extent of stomach involvement, T-stage, and histology subtype, according to
Lauren et al. [13]. Small tumors (T1) and those that are well differentiated can be resected
with a subtotal gastrectomy, especially if they are located in the distal stomach. Generally,
a macroscopic-free margin confirmed by a negative frozen section is a sufficient prerequisite
for a subtotal gastrectomy. Considering the metastatic peritoneal spread in these patients
and the associated poor prognosis, a subtotal resection, if locally reasonable, should be
considered over a total gastrectomy due to the resultant better quality of life. However,
in tumors involving the bulk of the proximal stomach or distal tumors spanning most of
the lesser or greater curvature, a total gastrectomy is often inevitable to achieve negative
proximal margins. Additionally, tumors with signet cell histology also often require a total
gastrectomy due to the diffuse submucosal seeding that makes a complete resection via a
subtotal gastrectomy very challenging [14]. As favorable outcomes are directly linked to
the completeness of CRS [15], the goal in these patients is always to achieve a complete
cytoreduction with the removal of all visible peritoneal disease (CC-0).

4. D1 or D2-Lymphadenectomy?

In our opinion, if a complete cytoreduction (CC-0) can be achieved, a D2-lymphadenectomy
should be the standard. There has been a longstanding and contentious debate on the
optimal extent of lymphadenectomy for gastric cancer, with increasing consensus toward
an extended D2 nodal dissection. D1-lymphadenectomy has been associated with less
morbidity and mortality, but long-term oncologic outcomes, with better disease-specific
survival, have been demonstrated in patients who undergo a D2-resection. The previous
high morbidity and mortality associated with a more extended lymph node dissection were
primarily attributed to the routinely performed distal pancreatectomy with concurrent
splenectomy [16,17]. Due to improvements in surgical techniques, such as the introduction
of the pancreas- and spleen-preserving D2-lymphadenectomy (Figure 2), morbidity and
mortality have significantly decreased in recent years without compromising excellent
survival outcomes [18-21].

However, CRS’s aggressive multimodal treatment approach, especially if combined
with HIPEC, is still associated with substantial morbidity and mortality. Therefore, trained
surgeons should only perform these large complex surgical procedures in specialized
high-volume centers, as previous studies have shown that perioperative outcomes are
directly related to surgical expertise and the clinical center [15,22].

Of note, the reported improved outcomes in patients treated with D2- vs. D1-lymphade-
nectomy, such as those reported in the Dutch D1D2 trial [23], have been exclusively
generated in patients without peritoneal metastases. To our knowledge, no study has yet
investigated the benefit of a more extended nodal dissection in patients with gastric cancer
and peritoneal seeding. Future studies investigating the benefit of a more extended lymph
node resection in patients with gastric cancer and peritoneal carcinomatosis are warranted.
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Figure 2. Intraabdominal view after performed pancreas- and spleen-preserving D2-lymphadenectomy.

5. How Do We Reconnect?

A Roux-en-Y esophagojejunostomy is the most preferred reconstruction approach after
total gastrectomy. It is often performed with an EEA circular stapler (preferably 28 mm)
and oversewn with single-stitch resorbable sutures. A loop of jejunum is mobilized to allow
for a subsequent anastomosis without tension. The Roux limb should be of adequate length
(40-60 cm from the downstream jejunojejunostomy) to avoid major alkaline reflux [13]. An
anvil stapler is usually placed into the distal end of the esophagus and subsequently secured
over the anvil by a purse-string suture. The end to side anastomosis on a Roux-Y loop is
safe, as several publications have reported a very low postoperative leakage rate, even in
patients who have undergone CRS with HIPEC [24]. In patients undergoing a subtotal
gastrectomy, the Billroth II loop gastrojejunostomy and the Roux-en-Y gastrojejunostomy
are the major reconstruction techniques of choice. The gastrojejunostomy is performed
with a continuous one-layer seromuscular suture with a resorbable material. We prefer
the Roux-en-Y gastrojejunostomy over the Billroth II loop anastomosis. We believe it
is associated with a consistently better long-term functional outcome with lower bile
reflux. The potential shortcomings of this technique, such as dumping risk or Roux stasis
syndrome, have not been of major concern at our institution. This approach is supported
by several prior publications, which have reported better clinical outcomes and lower
postoperative morbidity in patients undergoing a Roux-en-Y gastrojejunostomy vs. a Billroth
IT reconstruction [25-27].

6. What Surgical Procedures to Expect?

Indications to proceed with CRS should include good performance status and localized
peritoneal disease with a PCI score < 6 or a P1-stage with one quadrant affected, according
to the Japanese Research Society for Gastric Cancer carcinomatosis staging (JRSGS) [15,28].
Therefore, mostly a parietal peritonectomy of the left upper quadrant with the stripping of
the left diaphragm is necessary (Figure 3). A lesser omentectomy, greater omentectomy;
and clearance of the hepatoduodenal ligament are additional parts of the procedure [29].
A splenectomy is seldom needed due to peritoneal metastases. Small lesions on the
capsule can be destroyed by electro-evaporation using small ball-tip cautery. A concurrent
bilateral salpingo-oophorectomy =+ hysterectomy, as part of the routine cytoreductive
effort in all women with peritoneal metastases of gastric origin, is not necessary. Bilateral
oophorectomy is indicated if macroscopic or biopsy-proven microscopic disease in one
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of the ovaries is present; the removal of the contralateral ovary can be recommended in
these cases. In our opinion, preserving unaffected ovaries in young women who have not
completed their reproductive cycle should be considered. However, due to the difficulty in
ascertaining microscopic involvement during surgical exploration, oophorectomies should
be recommended in post-menopausal women.

Figure 3. Dissected left diaphragm after parietal peritonectomy of the left upper quadrant. It is
important to preserve the vessels and innervation intact, also not to enter the pleural cavity.

7. Conclusions

The surgical management of patients with localized peritoneal metastases of gastric
origin is very complex and challenging. These lengthy surgical procedures require extensive
surgical exploration and may include the removal of multiple organs. High expertise of
the treating surgeon and the medical center is crucial to ensure excellent perioperative and
long-term outcomes. Therefore, treatment of these patients should be undertaken at highly
specialized centers.

Author Contributions

Conceptualization, T.B. and P.P.; methodology, T.B. and P.P; software, T.B. and P.P;
validation, T.B. and P.P; formal analysis, T.B. and P.P; investigation, T.B. and P.P; resources,
T.B. and P.P,; writing—original draft preparation, T.B. and P.P; writing—review and editing,
T.B. and P.P; visualization, T.B. and P.P.; supervision, T.B. and P.P.; project administration,
T.B. and P.P; funding acquisition, T.B. and P.P. All authors have read and agreed to the
published version of the manuscript.

Funding: Memorial Sloan Kettering Cancer Center is funded in part through the NIH/NCI Cancer
Center Support Grant P30 CA008748.

Institutional Review Board Statement: Ethical review and approval were waived for this study,
as this article does not contain any studies with human or animal subjects performed by any of
the authors.

Informed Consent Statement: Not applicable.



J. Clin. Med. 2021, 10, 5263 60f7

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Canbay, E.; Mizumoto, A.; Ichinose, M.; Ishibashi, H.; Sako, S.; Hirano, M.; Takao, N.; Yonemura, Y. Outcome Data of Patients
with Peritoneal Carcinomatosis from Gastric Origin Treated by a Strategy of Bidirectional Chemotherapy Prior to Cytoreductive
Surgery and Hyperthermic Intraperitoneal Chemotherapy in a Single Specialized Center in Japan. Ann. Surg. Oncol. 2014, 21,
1147-1152. [CrossRef]

Bonnot, PE,; Lintis, A.; Mercier, F; Benzerdjeb, N.; Passot, G.; Pocard, M.; Meunier, B.; Bereder, ].M.; Abboud, K.; Marchal, E; et al.
Prognosis of poorly cohesive gastric cancer after complete cytoreductive surgery with or without hyperthermic intraperitoneal
chemotherapy (CYTO-CHIP study). Br. J. Surg. 2021, 108, 1225-1235. [CrossRef]

Coccolini, F,; Catena, E; Glehen, O.; Yonemura, Y.; Sugarbaker, PH.; Piso, P.; Montori, G.; Ansaloni, L. Complete versus incomplete
cytoreduction in peritoneal carcinosis from gastric cancer, with consideration to PCI cut-off. Systematic review and meta-analysis.
Eur. J. Surg. Oncol. 2015, 41, 911-919. [CrossRef]

Yonemura, Y.; Elnemr, A.; Endou, Y.; Hirano, M.; Mizumoto, A.; Takao, N.; Ichinose, M.; Miura, M.; Li, Y. Multidisciplinary
therapy for treatment of patients with peritoneal carcinomatosis from gastric cancer. World ]. Gastrointest. Oncol. 2010, 2, 85.
[CrossRef] [PubMed]

von Breitenbuch, P.; Boerner, T.; Jeiter, T.; Piso, P.; Schlitt, H.J. Laparoscopy as a useful selection tool for patients with prior
surgery and peritoneal metastases suitable for multimodality treatment strategies. Surg. Endosc. 2018, 32, 2288-2294. [CrossRef]
[PubMed]

Mezhir, ].J.; Shah, M.A.; Jacks, L.M.; Brennan, M.F,; Coit, D.G.; Strong, V.E. Positive peritoneal cytology in patients with gastric
cancer: Natural history and outcome of 291 patients. Ann. Surg. Oncol. 2010, 17, 3173-3180. [CrossRef] [PubMed]

Shiozaki, H.; Elimova, E.; Slack, R.S.; Chen, H.C.; Staerkel, G.A.; Sneige, N.; Shimodaira, Y.; Sagebiel, T.; Lee, ].H.; Bhutani,
M.S.; et al. Prognosis of gastric adenocarcinoma patients with various burdens of peritoneal metastases. J. Surg. Oncol. 2016, 113,
29-35. [CrossRef]

Yonemura, Y.; Canbay, E.; Li, Y.; Coccolini, E; Glehen, O.; Sugarbaker, P.; Morris, D.; Moran, B.; Gonzaletz-Moreno, S.; Deraco,
M.; et al. A comprehensive treatment for peritoneal metastases from gastric cancer with curative intent. Eur. J. Surg. Oncol. 2016,
42,1123-1131. [CrossRef] [PubMed]

Yonemura, Y.; Endou, Y.; Sasaki, T.; Hirano, M.; Mizumoto, A.; Matsuda, T.; Takao, N.; Ichinose, M.; Miura, M.; Li, Y. Surgical
treatment for peritoneal carcinomatosis from gastric cancer. Eur. J. Surg. Oncol. 2010, 36, 1131-1138. [CrossRef]

Yonemura, Y.; Bandou, E.; Sawa, T.; Yoshimitsu, Y.; Endou, Y.; Sasaki, T.; Sugarbaker, P. Neoadjuvant treatment of gastric cancer
with peritoneal dissemination. Eur. J. Surg. Oncol. 2006, 32, 661-665. [CrossRef]

Alyami, M.; Hiibner, M.; Grass, F.; Bakrin, N.; Villeneuve, L.; Laplace, N.; Passot, G.; Glehen, O.; Kepenekian, V. Pressurised
intraperitoneal aerosol chemotherapy: Rationale, evidence, and potential indications. Lancet Oncol. 2019, 20, e368-e377. [CrossRef]
Sugarbaker, P.H. Dissection by electrocautery with a ball tip. J. Surg. Oncol. 1994, 56, 246-248. [CrossRef]

Makris, E.A.; Poultsides, G.A. Surgical Considerations in the Management of Gastric Adenocarcinoma. Surg. Clin. N. Am. 2017,
97,295-316. [CrossRef] [PubMed]

Kunisaki, C.; Shimada, H.; Nomura, M.; Matsuda, G.; Otsuka, Y.; Akiyama, H. Therapeutic strategy for signet ring cell carcinoma
of the stomach. Br. |. Surg. 2004, 91, 1319-1324. [CrossRef] [PubMed]

Glehen, O,; Gilly, EN.; Arvieux, C.; Cotte, E.; Boutitie, F.; Mansvelt, B.; Bereder, ].M.; Lorimier, G.; Quenet, F; Elias, D. Peritoneal
carcinomatosis from gastric cancer: A multi-institutional study of 159 patients treated by cytoreductive surgery combined with
perioperative intraperitoneal chemotherapy. Ann. Surg. Oncol. 2010, 17, 2370-2377. [CrossRef] [PubMed]

Cuschieri, A.; Joypaul, V.; Fayers, P.; Cook, P; Fielding, J.; Craven, J.; Bancewicz, J. Postoperative morbidity and mortality after
D1 and D2 resections for gastric cancer: Preliminary results of the MRC randomised controlled surgical trial. Lancet 1996, 347,
995-999. [CrossRef]

Bonenkamp, J.; Songun, I.; Welvaart, K.; van de Velde, C.; Hermans, J.; Sasako, M.; Plukker, J.; van Elk, P.; Obertop, H.; Gouma,
D. Randomised comparison of morbidity after D1 and D2 dissection for gastric cancer in 996 Dutch patients. Lancet 1995, 345,
745-748. [CrossRef]

Lam, S; Tan, E.; Menezes, A.; Martin, D.; Gallagher, J.; Storey, D.; Sandroussi, C. A comparison of the operative outcomes of D1
and D2 gastrectomy performed at a single Western center with multiple surgeons: A retrospective analysis with propensity score
matching. World ]. Surg. Oncol. 2018, 16, 136. [CrossRef]

Degiuli, M.; Sasako, M.; Ponti, A.; Soldati, T.; Danese, F; Calvo, F. Morbidity and mortality after D2 gastrectomy for gastric cancer:
Results of the Italian Gastric Cancer Study Group prospective multicenter surgical study. J. Clin. Oncol. 1998, 16, 1490-1493.
[CrossRef]

Degiuli, M.; Sasako, M.; Calgaro, M.; Garino, M.; Rebecchi, F.; Mineccia, M.; Scaglione, D.; Andreone, D.; Ponti, A.; Calvo, F.
Morbidity and mortality after D1 and D2 gastrectomy for cancer: Interim analysis of the Italian Gastric Cancer Study Group
(IGCSG) randomised surgical trial. Eur. J. Surg. Oncol. 2004, 30, 303-308. [CrossRef]

Wu, C.-W,; Hsiung, C.A ; Lo, S.-S.; Hsieh, M.-C.; Chen, J.-H.; Li, A.E-Y,; Lui, W.-Y.; Whang-Peng, ]. Nodal dissection for patients
with gastric cancer: A randomised controlled trial. Lancet Oncol. 2006, 7, 309-315. [CrossRef]


http://doi.org/10.1245/s10434-013-3443-2
http://doi.org/10.1093/bjs/znab200
http://doi.org/10.1016/j.ejso.2015.03.231
http://doi.org/10.4251/wjgo.v2.i2.85
http://www.ncbi.nlm.nih.gov/pubmed/21160926
http://doi.org/10.1007/s00464-017-5923-0
http://www.ncbi.nlm.nih.gov/pubmed/29218669
http://doi.org/10.1245/s10434-010-1183-0
http://www.ncbi.nlm.nih.gov/pubmed/20585870
http://doi.org/10.1002/jso.24087
http://doi.org/10.1016/j.ejso.2016.03.016
http://www.ncbi.nlm.nih.gov/pubmed/27160355
http://doi.org/10.1016/j.ejso.2010.09.006
http://doi.org/10.1016/j.ejso.2006.03.007
http://doi.org/10.1016/S1470-2045(19)30318-3
http://doi.org/10.1002/jso.2930560409
http://doi.org/10.1016/j.suc.2016.11.006
http://www.ncbi.nlm.nih.gov/pubmed/28325188
http://doi.org/10.1002/bjs.4637
http://www.ncbi.nlm.nih.gov/pubmed/15376179
http://doi.org/10.1245/s10434-010-1039-7
http://www.ncbi.nlm.nih.gov/pubmed/20336386
http://doi.org/10.1016/S0140-6736(96)90144-0
http://doi.org/10.1016/S0140-6736(95)90637-1
http://doi.org/10.1186/s12957-018-1422-6
http://doi.org/10.1200/JCO.1998.16.4.1490
http://doi.org/10.1016/j.ejso.2003.11.020
http://doi.org/10.1016/S1470-2045(06)70623-4

J. Clin. Med. 2021, 10, 5263 70f7

22.

23.

24.

25.

26.

27.

28.

29.

Smeenk, R.M.; Verwaal, V.J.; Zoetmulder, F.A. Learning curve of combined modality treatment in peritoneal surface disease. Br. J.
Surg. 2007, 94, 1408-1414. [CrossRef] [PubMed]

Songun, I.; Putter, H.; Kranenbarg, E.M.; Sasako, M.; van de Velde, C.J. Surgical treatment of gastric cancer: 15-year follow-up
results of the randomised nationwide Dutch D1D2 trial. Lancet Oncol. 2010, 11, 439-449. [CrossRef]

Boerner, T.; Graichen, A.; Jeiter, T.; Zemann, E; Renner, P.; Marz, L.; Soeder, Y.; Schlitt, H.].; Piso, P.; Dahlke, M.H. CRS-HIPEC
Prolongs Survival but is Not Curative for Patients with Peritoneal Carcinomatosis of Gastric Cancer. Ann. Surg. Oncol. 2016, 23,
3972-3977. [CrossRef] [PubMed]

Zong, L.; Chen, P. Billroth I vs. Billroth II vs. Roux-en-Y following distal gastrectomy: A meta-analysis based on 15 studies.
Hepatogastroenterology 2011, 58, 1413-1424. [CrossRef]

Hirao, M.; Takiguchi, S.; Imamura, H.; Yamamoto, K.; Kurokawa, Y.; Fujita, J.; Kobayashi, K.; Kimura, Y.; Mori, M.; Doki, Y.
Comparison of Billroth I and Roux-en-Y reconstruction after distal gastrectomy for gastric cancer: One-year postoperative effects
assessed by a multi-institutional RCT. Ann. Surg. Oncol. 2013, 20, 1591-1597. [CrossRef]

Csendes, A.; Burgos, AM.; Smok, G.; Burdiles, P; Braghetto, I; Diaz, J.C. Latest results (12-21 years) of a prospective randomized
study comparing Billroth II and Roux-en-Y anastomosis after a partial gastrectomy plus vagotomy in patients with duodenal
ulcers. Ann. Surg. 2009, 249, 189-194. [CrossRef]

Gilly, EN.; Cotte, E.; Brigand, C.; Monneuse, O.; Beaujard, A.C.; Freyer, G.; Glehen, O. Quantitative prognostic indices in
peritoneal carcinomatosis. Eur. |. Surg. Oncol. 2006, 32, 597-601. [CrossRef]

Mehta, S.S.; Bhatt, A.; Glehen, O. Cytoreductive Surgery and Peritonectomy Procedures. Indian J. Surg. Oncol. 2016, 7, 139-151.
[CrossRef] [PubMed]


http://doi.org/10.1002/bjs.5863
http://www.ncbi.nlm.nih.gov/pubmed/17631678
http://doi.org/10.1016/S1470-2045(10)70070-X
http://doi.org/10.1245/s10434-016-5306-0
http://www.ncbi.nlm.nih.gov/pubmed/27313067
http://doi.org/10.5754/hge10567
http://doi.org/10.1245/s10434-012-2704-9
http://doi.org/10.1097/SLA.0b013e3181921aa1
http://doi.org/10.1016/j.ejso.2006.03.002
http://doi.org/10.1007/s13193-016-0505-5
http://www.ncbi.nlm.nih.gov/pubmed/27065704

	General Considerations 
	General Considerations and Extent of Resection 
	Technical Particularities 

	How to Explore? 
	Total or Subtotal Gastrectomy? 
	D1 or D2-Lymphadenectomy? 
	How Do We Reconnect? 
	What Surgical Procedures to Expect? 
	Conclusions 
	References

