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     Chapter 6  
 Controversies in Surgery for Pancreatic 
Cancer       

     H.     Ramesh     ,     Jacob     Mathew    ,     John     Mathew     Manipadam    , and     Saurabh     Galodha   

      Pancreatic cancer continues to be a life-threatening disease with poor long term 
outcomes despite various treatments. Progress has been slow, although results of 
surgery have improved, and mortality rates have fallen. Surgery is still the modality 
with the highest potential to cure pancreatic cancer. We examine some of the key 
issues relating to the treatment of pancreatic cancer, largely to the description of 
issues related to pancreatic head cancer. 

6.1     Controversies: the Top Seven Questions 

     1.    What is the natural history of pancreatic cancer?   
   2.    Is an R0 resection the key to improved survival?   
   3.    How can the margins of resection be examined precisely?   
   4.    Do vascular resections help?   
   5.    Are multivisceral resections justifi able?   
   6.    What should be the extent of lymphadenectomy?   
   7.    Have laparoscopic and robotic technologies made a difference?     

        H.   Ramesh      (*) •    J.   Mathew    •    J.  M.   Manipadam    •    S.   Galodha    
  Department of Surgical Gastroenterology and Liver Transplantation , 
 Lakeshore Hospital ,   Kochi ,  Kerala ,  India   
 e-mail: hrameshoffi ce@gmail.com  

mailto:hrameshoffice@gmail.com


118

6.1.1     What Is the Natural History of Pancreatic Cancer 
and the System of Spread of the Disease? 

 In 2016 there were 53,070 new cases of pancreatic cancer in the USA alone with 
41,780 deaths [ 1 ]. Thus, pancreatic cancer has a poor overall prognosis. This may 
be due to the fact that even localized cancer may be systemic from its onset. The 
evidences in favour of a systemic disease are: (i) among 285 patients with margin- 
positive resection, 76 % had distant disease; [ 2 ] (ii) 70–85 % of patients who have 
undergone resection die of metastatic disease; [ 3 ] (iii) adjuvant radiation has no 
signifi cant benefi t in prolonging survival (indirect evidence); [ 4 ,  5 ] (iv) there is no 
advantage of chemoradiation over chemotherapy; [ 6 ,  7 ] (v) 15–32 % of patients on 
neoadjuvant therapy progress to systemic disease while on treatment; [ 8 ,  9 ] and not 
least, (vi) among specimens of extended lymphadenectomy, it has been shown that 
pancreatic cancer spreads by complex pathways to more distant lymph nodes [ 10 ]. 

 While surgery continues to be the treatment of choice for localized pancreatic 
cancer, there is increasing evidence that a multimodality approach based on sys-
temic therapy may be necessary to produce improvements in survival.  

6.1.2     Is R0 Resection the Key to Improved Survival? 

 It is logical to presume that resection with negative margins (R0) can provide better 
local/locoregional control of the disease. Long term survivors invariably have R0 
resections performed [ 11 ]. 

 There is some controversy whether an R1 resection (microscopic involvement of 
the margin) for pancreatic cancer is justifi able. Despite excellent preoperative imag-
ing, abutment of the tumour to the superior mesenteric artery is not always clearly 
defi ned, and surgeons may well discover it late in the course of the dissection that 
tumour free margins are diffi cult to achieve. While R0 resections lead to improved 
survival, it may also be true that the biology of the cancer may play a part. Hence, 
R1 resections must not be condemned as a surgical misadventure. An R2 resection 
(macroscopic residual disease) may also occur rarely, but every attempt should be 
made to avoid this eventuality. 

 The situation is rendered more complex by the fact that determination of R0 
status is by no means standardized. The transection margins comprise (i) stomach 
or duodenum, (ii) pancreatic neck, and (iii) the bile duct and establishment of a 
negative margin is easy to achieve. However, circumferential margins are more 
unclear. This will be addressed in detail in the section on reporting of pathology. 

 There have been wide variations in R0 rates published from 20 to 80 %. Further, 
R0 resections did not confer any survival benefi t and it was attributed to the poor 
biology of the disease—despite R1 resection rates of 17 %, survival in the R0 and 
R1 groups were similar (66 % and 68 %) [ 12 ]. Better histopathology approaches 
have created a realistic R1 rate, which may occur in up to 82 % of pancreatic head 
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cancers, and 72 % of bile duct cancers, but are less likely in ampullary cancers 
(25 %). Multifocal residual disease may occur. Overall, survival was better in R0 
resections as determined by the new standardized pathology protocols [ 13 ]. 

 The technical aspects of achieving an R0 resection are complex and hitherto 
undefi ned completely. Radicality has two components: (i) margins of the resection 
on the pancreaticoduodenectomy (PD) specimen, and (ii) margins on the lymphad-
enectomy. The issue is further complicated by the fact that there is no buffer of areo-
lar or fatty tissue around the uncinate process of the pancreas which provides an 
opportunity for complete resection. The uncinate process of the pancreas may be 
densely applied to the proximal course of the superior mesenteric artery (SMA) and 
a tumour free margin may not be available despite peri-adventitial dissection of the 
uncinate process off the artery. The mesopancreas is defi ned as the soft connective 
tissue between the SMA and the region from the pancreatic head to the uncinate 
process, including the inferior pancreaticoduodenal artery (IPDA) as well as the 
lymphatic, nervous and vascular structures on the fusion fascia of the ligament of 
Treitz [ 14 – 16 ]. Clearance of the mesopancreas involves all tissue to the right of the 
SMA and can decrease the number of R1 resections with R0 resection rates of 93 % 
as compared to standard resection with 60 % R0 resection [ 17 ]. Dissections of the 
pancreatic head have failed to reveal a clear fascial envelope akin to the mesorectum 
[ 18 ,  19 ], but clearance of the area may be benefi cial to the locoregional control of 
pancreatic cancer, although more data and larger studies are required [ 20 ]. Recent 
reports have described many approaches to clear this area. [ 21 ,  22 ] There may be 
one further anatomical fact which is not apparent from the published data. The mes-
entery of the uncinate process is continuous with the mesentery of the proximal 
jejunum, and even when the SMA is cleared, there may still exist a portion of the 
proximal jejunal mesentery which may harbour disease and fail to be cleared at 
surgery. Thus the artery may not represent the ‘last frontier’ in dissection of pancre-
atic cancer. However, there is recent data which suggests that the ‘mesopancreatic 
stromal clearance’ can be assessed by preoperative imaging [ 23 ], and patients in 
whom this clearance may not be possible could become candidates for preoperative 
chemo/chemoradiotherapy [ 23 ]. 

 Perhaps the best evidence in favour of R0 resection is the description of improved 
survival fi gures with re-resection after a positive margin on frozen section, and the 
conversion from R1 to R0 status. Patients with R0 confi rmed by frozen section, R0 
after re-resection confi rmed by frozen section, and R1 after re-resection despite fro-
zen section had median survival fi gures of 29, 36 and 13 months [ 24 ]. Survival is also 
determined by the tumour biology (lymph node metastases) and treatment parame-
ters such as major perioperative complications and blood loss [ 12 ], or tumour grade, 
performance status and tumour size as described by the guidelines published by the 
International Association of Pancreatology/European Pancreatic Club [ 25 – 27 ]. 

 There is a lack of clarity as to terminology used to describe the circumferential 
margin. Up to 28 different names have been used and this has prevented uniformity 
of reporting and comparison of surgical approaches [ 28 ]. 

 A fi nal contentious issue is the margin (in millimetres) that is considered as ade-
quate for R0 resection. While the American Joint Cancer Committee (AJCC) 
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 guidelines describe uninvolved margins as R0, the Royal College of Pathology have 
described a 1 mm margin [ 29 ]. Patients with margins greater than 1 mm had sur-
vival fi gures twice as those with less than 1 mm. French data also recommended a 
1 mm margin [ 30 ], but Chang et al. prescribed a 1.5 mm margin [ 31 ]. This empha-
sizes the need for accurate histopathological examination. A recent meta-analysis 
has also confi rmed the need for a 1 mm margin [ 32 ]. 

 There is no doubt that every surgeon embarking upon a PD must achieve the 
best possible local clearance of the tumour. While R0 rates are a measure of the 
quality of the surgery, and the experience of the surgeon (surgeons who have 
performed more than 60 resections have a lower R1 rate) [ 33 ], R1 resection may 
not be a marker of low quality surgery, but high quality pathological examina-
tion! [ 34 ].  

6.1.3     How Can the Resected Margins Be Examined Precisely? 

 In 2006, Verbecke [ 35 ] and associates described a standard protocol for pathologi-
cal examination of the PD specimen. This included a defi ned distance taken for 
microscopic involvement (currently 1 mm), colour inking of the margins (anterior, 
posterior, and superior mesenteric margins), axial slicing of the specimen and 
reporting of all the margins. There was a close correlation between R0 on the Leeds 
pathology protocol (LEPP) and survival. Some reports describe a posterior margin 
(retroperitoneal) and a distinct SMA margin (medial part of the uncinate process 
and further medial from the groove of the superior mesenteric vein [SMV]) [ 35 – 37 ]. 
In effect, the SMA margin and the retroperitoneal margins are the fi nal frontier 
unless the SMV is involved. 

 A standardized approach to pathology reporting is advisable despite recent 
reports that survival may not depend entirely on the R0 status derived from such 
examination [ 38 ].  

6.1.4     Do Vascular Resections Help? 

 In 1992, Fuhrman reported that  en bloc  resection of the SMV with the pancreatic head 
cancer is justifi able––a case of anatomical involvement rather than biological aggres-
siveness of the tumour [ 39 ]. Venous involvement may be classifi ed (Ishikawa) [ 40 ] as 
type 1: normal; type 2: smooth shift; type 3: unilateral narrowing; type 4: bilateral 
narrowing; and type 5: bilateral narrowing with collateral veins. Histological involve-
ment of the vein ranged from 0 % with types 1 and 2, 51 % in type 3, 74 % in type 4 
and 93 % in type 5 [ 41 ]. Some critical aspects of venous resection in pancreatic cancer 
are: (i) sleeve resections may be required when the lateral aspect of the SMV alone is 
involved; however, there may be diffi culty in repair of the vein due to kinking. A vein 
patch may be necessary; (ii) end-to-end anastomosis of up to 5 cm of the vein can be 
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achieved without diffi culty with mobilization of the two ends and an adequate Cattell–
Brasch technique; if the splenic vein is to be ligated, it can be done with impunity; 
reconstruction is only required if the inferior mesenteric vein (IMV) has been inter-
rupted [ 42 ]. If the IMV is not patent, left-sided portal hypertension may result; (iii) if 
the reconstruction cannot be achieved by end-to-end anastomosis, then the following 
can be used for the repair: (a) left renal vein; [ 43 ] (b) internal jugular vein; (c) external 
iliac vein; (d) cryopreserved grafts; (e) polytetrafl uoroethylene (PTFE); or (f) Dokmak 
peritoneal patch; [ 44 ,  45 ] (iv) in general, an autogenous vein is preferred, although a 
prosthetic graft can be used—postoperative aspirin may be necessary [ 46 ]. In general 
survival outcomes are better when the portal venous resection is considered preopera-
tively and planned rather than when it is decided on the table [ 47 ]. The key principle 
is not to separate the portal vein–SMV junction from the tumour bearing head of 
pancreas when preliminary dissection suggests abutment. In such cases, a full mobili-
zation of the uncinate process is also completed leaving the tumour bearing head 
attached to a segment of the vein which is then resected  en bloc ; the best results have 
been described among patients who had a portal vein resection and had uninvolved 
margins [ 48 ]. This has been validated in a meta-analysis as well [ 49 ]. 

 Turrini and colleagues suggested that the portal vein should be routinely 
resected during pancreaticoduodenectomy even if the vein was not involved by 
tumour. Their retrospective analysis suggested that patients with PD with portal 
vein resection who did not have invasion of the vein wall had superior survival to 
those who had a standard PD without venous resection [ 39 ,  50 ]. This represents a 
partial throwback to the regional pancreatectomy of Fortner where the portal vein 
was resected along with the hepatic artery/SMA and the mesocolon [ 51 ]. The 
Turrini approach needs to be validated by prospective studies before fi nding appli-
cation in practice. 

 Arterial resections on the other hand are to be considered only in select situa-
tions. In general, survival is poor [ 52 ]. Occasionally reconstruction of the hepatic 
artery involved by an adenocarcinoma of the neck of the pancreas may be consid-
ered where a small area of involvement is the only impediment to the accomplish-
ment of an R0 resection. Also, reconstruction of a replaced right hepatic or common 
hepatic (arising from the SMA) can be considered. If the origin from the SMA is 
uninvolved and a stump is available, end-to-end anastomosis or an autologous inter-
position graft with gastroepiploic artery, gastroduodenal artery, right gastric artery, 
middle colic artery, splenic artery, radial artery, great saphenous vein or cadaver 
iliac artery; occasionally the origin from the SMA is involved and in such cases, a 
long PTFE jump graft may be used from the aorta or the right iliac artery [ 53 ].  

6.1.5     Are Multivisceral Resections Justifi able? 

 Locally advanced pancreatic cancer may involve adjacent organs. In view of the 
poor outcomes in pancreatic cancer, there is a widely held view that multivisceral 
resections may not provide any benefi t. However, data has emerged that suggest that 
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additional organ resection is justifi ed if the surgeon and centre are experienced in 
the procedure, and if an R0 resection can be accomplished at the end of the resec-
tion. The most common organs resected are the right colon, right kidney and a seg-
ment of the liver. Mortality rates were high initially [ 54 ], but are now comparable to 
a standard PD and superior to a palliative bypass [ 55 ,  56 ]. An additional nephrec-
tomy may have the maximum negative outcome. Complication rates are higher, and 
R0 resection rates are no higher than with standard PD. The International Study 
Group for Pancreatic Surgery recommended that multivisceral (extended) pancre-
atectomy may be performed in selected cases [ 57 ].  

6.1.6     What Should Be the Extent of Lymphadenectomy? 

 The extent of lymphadenectomy is a subject of much controversy. Published 
trials have failed to establish an advantage with extended lymphadenectomy. 
The value of these publications has been diminished further by the lack of uni-
formity in terms of nomenclature, defi nitions, classifi cation of lymph node sta-
tions or the extent of the lymph node clearance. Four randomized trials [ 58 – 61 ], 
two consensus meetings [ 62 ,  63 ], and two meta-analyses [ 64 ] have failed to 
establish any benefi t with extended lymphadenectomy. The optimum number of 
lymph nodes to be removed during a standard PD is 15 [ 65 ,  66 ]. A retrospective 
analysis of over 200 PDs with an average lymph node yield of 30.8 revealed that 
the number of lymph nodes involved, the number of lymph node stations 
involved, and involvement of station 14 may all have an adverse prognostic 
impact on survival [ 67 ]. 

 A consensus was reached that the following groups of lymph nodes must be dis-
sected during a standard PD.

    1.    Station 5: Suprapyloric   
   2.    Station 6: Subpyloric   
   3.    Station 8a: Hepatic artery superior   
   4.    Station 12b: Right side of hepatoduodenal ligament close to common bile duct   
   5.    Station 12c: Cystic duct lymph node   
   6.    Station 13: Posterior pancreaticoduodenal   
   7.    Station 14a, b: Right side of SMA from origin to inferior pancreaticoduodenal   
   8.    Station 17: Anterior pancreaticoduodenal     

 In left-sided resections the following lymph node stations need to be removed.

    1.    Station 10: Splenic hilum   
   2.    Station 11: Splenic artery node   
   3.    Station 18: Along the inferior border of the body and tail of pancreas   
   4.    Station 9: Coeliac axis node in patients with carcinoma of the body of pancreas     

 The nomenclature of lymph nodes is based on the classifi cation of the Japanese 
Pancreas Society. 
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 No consensus was reached as to whether the 8p lymph node (posterior to the 
hepatic artery) should be dissected, as also regarding the 16b1 (interaortocaval) 
lymph node. However, the latter may be an integral part of clearance of the meso-
pancreas if it is considered a valid option in PD [ 68 ]. Others have suggested that it 
may have a poor prognosis and if positive, resection can be abandoned [ 69 ].  

6.1.7     Have Laparoscopic and Robotic Technologies Made 
a Difference? 

 The fi rst laparoscopic PD was reported by Gagner in 1994 [ 70 ]. Over two decades 
later, laparoscopic PD is still not the standard of care. There are several reasons for 
this: (i) laparoscopic PD demands a high degree of technical skill in laparoscopy 
and also experience in pancreatic surgery so that oncological outcomes (which are 
the main objectives of the procedure) are favourable [ 71 ]; (ii) the learning curve is 
long and it may span as many as 40 cases [ 72 ]. If there is a low volume of <10 cases/
year, then it is very diffi cult to achieve the necessary expertise for safe PD; (iii) 
intraoperative complications may lead to mortality [ 73 ]; and fi nally (iv) long term 
oncological outcomes are lacking. 

 Several series including meta-analysis have shown equivalence in intraoperative and 
perioperative outcomes with laparoscopic PD as compared to open PD. Operating times 
are generally longer, but blood loss is diminished. Margin positivity and lymph node 
harvest rates have been similar [ 74 – 78 ]. A nationwide survey found that the complica-
tion rates, hospital stay and mortality were lower in the laparoscopy group. This is prob-
ably because in the absence of randomized trials, there is likely to be bias in selection of 
tumours for laparoscopic PD. Patients with low grade tumours such as intraductal papil-
lary mucinous tumours, mucinous cystadenomas, and those away from the superior 
mesenteric vessels were included in the laparoscopic group. However, it must be empha-
sized that even major vein resection and reconstruction has been reported [ 76 ,  79 ]. There 
have also been suggestions that laparoscopic PD is preferably avoided in high risk pan-
creatic anastomosis such as those with soft glands and narrow ducts [ 80 ]. 

 The current status of laparoscopic PD is therefore still not clearly defi ned. The 
operation is feasible and safe in the hands of surgeons who possess laparoscopic 
skills in abundance, and may have lower complication rates in a selected group of 
patients. However, the indications require to be defi ned more clearly. One must 
remember that these technical ‘advances’ are superimposed on the open technique 
of PD which is also evolving. 

 What about robotic PD? The advantages of robotic surgery are the three dimen-
sional binocular vision and the high numbers of degrees of freedom in the move-
ments that can be executed. This helps to overcome some of the restrictions that 
laparoscopic surgery places during a complex procedure such as PD. The feasibility 
and safety of the procedure has been established in case series. Boggi showed that 
robotic PD can be done safely without conversions; increased operating time and 
high costs being the major problems [ 81 ]. A meta-analysis of over 200 cases of 
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robotic PD revealed comparable outcomes to open surgery. There was a marked 
heterogeneity among the cases. Patients could be categorized into (i) totally robotic 
technique, (ii) laparoscopic resection and robotic reconstruction, (iii) hand-port 
assisted laparoscopic resection and robotic reconstruction, or (iv) robotic resection 
and mini-laparotomy reconstruction. Conversion to open surgery occurred in 14 % 
of cases [ 82 ]. Zeh reported lower margin positivity rates in robotic PD [ 83 ] and 
attributed it to case selection—the use of the Pittsburgh model where (i) vascular 
involvement, (ii) tumour size >2.6 cm, and (iii) endoscopic ultrasound (EUS) stag-
ing showing advanced disease were associated with higher R1 resections [ 84 ]. In 
such cases, robotic PD was not used. It is arguable that these cases may well be 
candidates for neoadjuvant therapy. 

 Editorial Comments 
 The authors have dealt with some of the ongoing debates in pancreatic cancer 
surgery. There are other issues which too need attention and these are dis-
cussed below: 

  Borderline resectable cancer  
 This is a distinct clinical entity recognized in recent times. There is lack of 
prospective data by which one can advocate a suitable treatment strategy for 
the management of this entity. For the same reason, its defi nition has eluded 
broad consensus. By and large, these lesions fall between the obviously 
resectable and the locally advanced unresectable disease. Quite a few defi ni-
tions are available. What is common in all is the use of a CT image to ascer-
tain the relationship of the lesion with the vascular structures namely portal/
superior mesenteric vein (PV/SMV), and superior mesenteric, gastroduode-
nal, hepatic and coeliac arteries. 

 A defi nition was initially proposed by the National Comprehensive 
Cancer Network (NCCN) in 2008 [ 85 ]. Soon after, the American 
HepatopancreatobiliaryAssociation (AHPBA), Society for Surgery of the 
Alimentary Tract (SSAT) and Society of Surgical Oncology (SSO) [ 86 ] devel-
oped a consensus statement, which was later accepted by the NCCN. According 
to this, borderline resectable cancer can be of three categories:

    1.    Venous involvement of the SMV/PV: either abutment, encasement or short 
segment occlusion with a suitable vessel proximal and distal to the involved 
vessels which can be used for resection and reconstruction.   

   2.    Gastroduodenal artery encasement upto hepatic artery and short segment 
encasement/direct abutment of the hepatic artery without encroaching on 
the coeliac axis   

   3.    Less than 180 degree involvement of the SMA.    

  The MD Anderson group [ 87 ,  88 ] have defi ned borderline resectable pan-
creatic cancer as follows: 
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 Type A: One or more of the following: Tumour abutment up to 180 degree 
of the circumference of SMA or coeliac axis or abutment or encasement 
more than 180 degree of a short segment of hepatic artery (usually at the 
origin of the gastroduodenal artery) or short segment occlusion of the SMV, 
PV or SMV–PV junction such that resection and reconstruction is 
possible. 
 Type B: Above features of borderline resectable disease with CT fi ndings 
suggestive but not diagnostic of extra-pancreatic metastatic disease and 
proven N1 disease either by laparoscopy or EUS fi ne needle aspiration 
cytology. 
 Type C: Features of borderline resectable disease but with marginal perfor-
mance status or better performance status but with associated severe co- 
existing co-morbid conditions precluding operation. 

 I feel this classifi cation is more confusing than elaborative. Borderline 
resectable disease is an anatomical description. Adding non-anatomical fac-
tors in the classifi cation of this entity does not serve any meaningful purpose 
as has been pointed out by Choti in the discussion accompanying the article 
from MD Anderson [ 88 ]. This is not to suggest that this is less important. In 
fact, it is the reverse. 

 The other classifi cation has been described by Ishikawa et al. in 1992 [ 40 ]. 
It is based on radiological image characteristics that ascertain the relationship 
of the tumour with SMV and PV. Accordingly there are 5 types.

   Type 1: Normal anatomy  
  Type 2: Smooth shift without narrowing  
  Type 3: Unilateral narrowing  
  Type 4: Bilateral narrowing and  
  Type 5: Bilateral narrowing with presence of collateral veins    

 This classifi cation is simple, comprehensive and yet useful in most clinical 
situations. True, it is silent on extension of the tumour on the SMA. However, 
if we consider tumour extension on both sides of SMV–PV (Types 4 and 5), 
almost invariably the SMA will be involved with very occasional exceptions. 

 More recently, Tran Cao et al. [ 89 ] have given another useful classifi cation 
based on tumour vein circumferential interface (TVI) describing as no inter-
face, or up to 180 degree of circumference or more than 180 degree of circum-
ference or occlusion. This system can predict if a patient needs venous 
resection. The classifi cation correlates well with histological evidence of 
venous involvement. Not surprisingly, this system has been reported to pre-
dict survival as well [ 89 ]. 

 There is much attention focused on borderline resectable disease. In pan-
creatic surgery for cancer, the margin status plays a major role in the progno-
sis. The results are better following R0 than R1 resections. Results of R2 
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resection are no better than non-operatively treated patients [ 90 ]. Borderline 
resectable cancer has the potential for a R0 resection. Involvement of vascular 
structures in the region of the pancreatic head is related more to anatomical 
than biological characteristics of the tumour. Therefore, all attempts should be 
made to achieve an R0 resection, if need be by resecting the affected vessel. 
The defi nitions outlined above will help the surgeon undertake such mea-
sures. Pathological examination of the resected specimens will identify if the 
margin is truly negative (R0) or microscopically positive (R1). The results of 
R1 resection are inferior to R0 resection but are still acceptable, as has been 
mentioned by the authors [ 90 – 92 ]. It may not be out of place to mention here 
that not all anatomical abnormalities on imaging are attributable to tumour 
invasion of the vessels. On a number of occasions, I have found no involve-
ment of the vessels even when preoperative imaging has suggested involve-
ment. I am inclined to believe that desmoplasia (quite common in pancreatic 
malignancy) [ 93 ] can explain this phenomenon. 

 The other approach is to down stage the disease by using neoadjuvant pro-
tocols; thereby converting all such tumours to be resectable. The details of 
this approach are beyond the scope of this write up. 

  Artery fi rst approach for pancreaticoduodenectomy (PD)  
 Even after 8 decades of the introduction of PD for pancreatic head cancer, the 
procedure is still evolving. This is related to better understanding of the patho-
biology of this cancer, its image characteristics, technical advances in surgery 
and impact of resection margin. In the past tumours were resected only after 
it was ascertained that the PV/SMV is free of the disease. It was subsequently 
realised that venous involvement  per se  is not a contraindication for PD and 
resection and reconstruction of these veins can be done safely with results no 
different from standard PD [ 94 ]. Venous resection in a suitable patient is 
increasingly being done in contemporary surgical practice as long as a R0 
status can be achieved. At present the focus has been on the SMA—whether 
it is involved or not. Its resection is technically feasible but it has increased 
mortality and morbidity. Moreover, it is not associated with better survival 
and hence it is not considered as a standard practice for PD. Thus the empha-
sis today is on accurate staging of the disease by high resolution CT imaging 
displaying the anatomy of the SMA and its relation with the tumour. 
Involvement of the SMA is a contraindication for PD [ 95 ]. For borderline 
resectable tumours, the artery-fi rst approach is the most appropriate because 
it allows early detection of arterial involvement so that an irretrievable situa-
tion is avoided (not too uncommon a problem in the past when a surgeon used 
to proceed with a PD realising only at the end that the tumour has in fact 
involved the SMA—by that time a point of no return has already been 
reached!). This situation has to be avoided. The SMA fi rst approach is a mea-
sure in that direction. There are a number of artery-fi rst approaches described; 
each having its own advantage and disadvantage and are described below. 
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  Posterior approach  [ 96 ]: This is indicated for lesions located in the head 
and neck and for ampullary tumours extending to the head. Its advantage is 
early detection of arterial and venous involvement, detection of replaced/
accessory right hepatic artery, and it allows adequate lymphadenectomy. 
However, it is diffi cult in the presence of severe infl ammation. 

  Superior approach  [ 97 ]: Tumours situated in the upper border of the pan-
creas can be best approached by this technique. All the relevant arteries can be 
identifi ed by this approach (common hepatic, coeliac and superior mesenteric 
arteries). 

  Inferior supracolic (also called anterior approach)  [ 98 ]: This is reserved 
for lesions of the lower border of the pancreas. The stomach and the neck of 
pancreas is resected early and this allows the so-called ‘no touch’ technique 
which facilitates  en bloc  resection without undue handling of the tumour. 

  Inferior infracolic approach  [ 99 ]: Usually followed for lesions affecting 
the SMA at its origin but also can be done for lesions of the uncinate process. 
Its main advantage is early detection of a replaced right hepatic artery, early 
ligation of the inferior pancreaticoduodenal artery and superior dissection of 
the SMA especially its posterior aspect. It is particularly diffi cult to do in 
heavily built individuals. 

  Medial uncinate approach  [ 100 ]: This is suitable for uncinate process 
lesions. It allows early detection of SMA involvement. Its advantage is liga-
tion of the inferior pancreaticoduodenal artery can be done early due to which 
bleeding can be minimised. It is especially useful for lesions requiring total 
pancreatectomy. The main problem is identifi cation of a replaced right hepatic 
artery. 

  Left posterior approach  [ 101 ]: It is suitable for lesions confi ned to the 
ventral pancreas as well as uncinate process. SMA can be dissected even 
without Kocherization. Inferior pancreaticoduodenal artery ligation can be 
done early and it minimises bleeding. Since it skeletonises the SMA exten-
sively, the incidence of postoperative bothersome diarrhoea is high (due to 
damage to autonomic sympathetic nerves). 

  Lymphadenectomy during PD  
 The most important factor to determine prognosis following PD is involve-
ment of the lymph nodes. The other bad prognostic markers are positive 
resection margins of the pancreas and the retroperitoneal tissues. We now 
have better imaging, surgical techniques, pre- and postoperative therapies but 
the results of PD for adenocarcinoma of the pancreatic head is no better than 
what it was in the past [ 102 ]. Clearly, this refl ects true biological behaviour of 
these cancers. In a meta-analysis of 4005 patients of PD, the overall survival 
was only 13 months with a 5-year survival of 6.8 % [ 103 ]. Almost similar 
results (median survival of 13–18 months and a 5-year survival of 15 %–30 %) 
have been reported by Wilkowski et al. [ 104 ]. Standard PD for cancer is asso-
ciated with high recurrence rate possibly due to positive lymph nodes [ 27 ]. 
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Therefore, it should be logical to do a more extensive lymphadenectomy. The 
International Congress in Italy advised excision of all lymph nodes and soft 
tissues along the proper hepatic artery, anterior surface of the vena cava and 
aorta; extending the same soft tissue excision along the portal vein up to the 
inferior mesenteric artery [ 62 ]. 

  Lymphatic drainage  of the pancreatic head occurs through the superior and 
inferior channels. The superior one drains in lymph nodes around the coeliac 
trunk and the inferior one drains into lymph nodes situated in relation to the 
origin of the SMA. In addition, there are certain lymphatic channels which 
drain into the cisterna chylae, either directly or through the para-aortic lymph 
nodes [ 105 ]. These latter channels, when disrupted can cause chyle leak fol-
lowing PD. The Japanese nodal staging system based on this lymphatic drain-
age patterns focuses on specifi c lymph node groups. The lymph nodes in the 
head region are located either anteriorly (station 17) or posteriorly (station 
13). From these, the efferent vessels drain into lymph nodes along the SMA 
(station 14) before reaching the para-aortic nodes (station 16). Occasionally, 
lymphatics drain directly into lymph nodes along the hepatic artery proper 
(station 8) ultimately reaching the para-aortic nodes via the coeliac nodes 
(station 9). 

  Standard lymphadenectomy  involves removal of all of the following lymph 
nodes—from above downwards these are lymph nodes along hepatoduodenal 
ligament (station 12), supra and infra pyloric lymph nodes (stations 5 and 6), 
those along the front of the common hepatic artery (station 8), anterior and 
posterior pancreatoduodenal lymph nodes (stations 17 and 13) and lymph 
nodes along the SMA (station 14) [ 106 ]. 

  Extended lymphadenectomy  on the other hand removes lymphatics starting 
from the porta hepatis on the right to the aortic opening of the diaphragm on 
the left. Dissection further continues to the splenic and both renal hila and 
then downwards up to the inferior mesenteric artery circumferentially remov-
ing tissues and lymph nodes around the origins of the coeliac and superior 
mesenteric arteries; in the process lymph nodes at station 7 (left gastric), sta-
tion 9 (coeliac trunk), station 10 (splenic hilum), station 11 (splenic artery), 
station 16 (para-aortic) and station 18 (inferior border of pancreas) are 
removed in addition to what is removed in a standard dissection [ 58 ]. 

 The fact that the local recurrence rate even after adjuvant therapy following 
surgical resection is high (ranging from 70 to 88 %) calls for wide clearance 
of the retroperitoneal soft tissues around the pancreatic head (the so-called 
mesopancreas consisting of loose areolar tissue, fat, lymphatics, capillaries 
and nerve plexus) and the related arteries as mentioned earlier. This improves 
not only the R0 resection rates, but also removes the affected lymph nodes in 
the draining areas [ 106 ]. So should one do a standard or an extended lymph 
node dissection? At least 7 prospective studies have assessed results (espe-
cially survival) of extended lymphadenectomy. None of these has found any 
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