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Tumor-Vessel Relationships in Pan-
creatic Ductal Adenocarcinoma at 
Multidetector CT: Different Clas-
sification Systems and Their Influ-
ence on Treatment Planning1

Treatment of pancreatic ductal adenocarcinoma (PDAC) remains a 
challenge, given its propensity for early systemic spread and growth 
into the adjacent vital vascular structures. With the advent of newer 
surgical techniques and chemoradiation therapies, multidetector 
computed tomography (CT) plays a crucial role in the identifica-
tion of patients with borderline resectable disease who may benefit 
from such treatments. Stage III PDAC is divided into two catego-
ries–locally advanced, defined by arterial encasement or nonrecon-
structible portovenous axis involvement; and borderline resectable, 
defined by limited arterial involvement and/or reconstructible por-
tovenous involvement. A consensus definition for stage III border-
line resectable PDAC has been proposed by the Americas Hepato-
Pancreato-Biliary Association, the Society of Surgical Oncology, 
and the Society for Surgery of the Alimentary Tract and has gained 
widespread use. Evaluation of borderline resectable disease involves 
the identification of the circumferential and longitudinal relation-
ship of the tumor with its neighboring vessels, markers of vascular 
invasion, and aberrant anatomic structures that alter the surgical 
approach. Furthermore, the use of template-based radiology re-
porting may increase the objectivity of the evaluation and mandate 
the provision of all of the key descriptors required for a comprehen-
sive evaluation of the disease. In this review, the staging of PDAC 
at multidetector CT is described, with reference to the evaluation 
of the tumor-vessel interface as it guides treatment planning, along 
with a discussion of the key descriptors of PDAC at multidetector 
CT and their importance. Examples are provided of the imaging 
findings of borderline resectable disease and different surgical ap-
proaches, along with a discussion on the importance of standard-
ized terminology and template-based reporting.
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After completing this journal-based SA-CME 
activity, participants will be able to:

■■ Describe peripancreatic normal and 
variant vascular anatomic structures per-
tinent to the spread of pancreatic cancer 
and the different vascular procedures 
that can be performed for tumor resec-
tion.

■■ Identify the disease status of pancreatic 
cancer at multidetector CT with respect 
to resectable, borderline resectable, and 
unresectable disease.

■■ Describe key CT descriptors of venous 
and arterial involvement by pancreatic 
cancer to evaluate tumor resectability.

See www.rsna.org/education/search/RG.

SA-CME Learning Objectives

Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading 
cause of cancer deaths in the United States, with an overall patient 
survival rate of 6%–7% (1). Multimodality treatment strategies, of 
which surgical resection is an integral part, remain the only option 
for cure. However, at the time of diagnosis of PDAC, less than 20% 
of the patients present with surgically resectable disease, and the 
remainder of the patients present with involvement of major ab-
dominal vessels and/or distant metastatic disease (2). Tumor invasion 
of the superior mesenteric artery (SMA), superior mesenteric vein 
(SMV), celiac artery, and portal vein is common from PDAC aris-
ing in the pancreatic head because of their proximity, which makes 
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findings is the presence of small liver metastases, 
followed by vascular encasement and perito-
neal metastatic disease detected during surgery 
(11,12). In the absence of distant metastatic dis-
ease, the degree of vascular involvement at mul-
tidetector CT is considered the most important 
factor in the prediction of PDAC resectability 
and survival (13,14). Although conceptually sim-
ple, in practice there are nuances in differentiat-
ing arterial abutment from encasement and what 
constitutes reconstructible involvement of the 
portovenous axis. A multidisciplinary approach 
including close cooperation among surgeons, 
oncologists, radiation oncologists, pathologists, 
and radiologists is therefore required to improve 
survival in patients with resectable disease and in 
those with borderline resectable disease. Fur-
thermore, standardized template-based radiology 
reporting is recommended to create uniformity 
in the evaluation of the disease among physi-
cians and across institutions, to ensure that all of 
the key descriptors are addressed in the imaging 
evaluation of PDAC.

For the purpose of standardized care, it is im-
perative for radiologists to know the key descrip-
tors and understand the role that they play in 
guiding surgical and oncologic treatment. In this 
article, the key multidetector CT descriptors that 
determine tumor resectability are described with 
examples, and strategies for treatment planning 
are outlined, as well as the importance of stan-
dardization of radiology reporting for evaluation 
of PDAC.

Imaging Technique
Multidetector CT protocols for pancreatic 
imaging may vary at different institutions but 
typically include a multiphasic technique with 
thin-section imaging and multiplanar recon-
struction. Contrast material–enhanced images 
usually include a late arterial or pancreatic 
phase and a portal venous phase after adminis-
tration of intravenous contrast material con-
sisting of 100–120 mL of iodinated contrast 
material (iodixanol injection [Visipaque 320; 
GE Healthcare, Waukesha, Wis] or iohexol injec-
tion [Omnipaque 350; GE Healthcare]), usu-
ally at an injection rate of 4–5 mL/sec. The late 
arterial or pancreatic phase is acquired at 35–50 
seconds for optimum evaluation of the pan-
creatic parenchyma and for the assessment of 
peripancreatic arterial anatomic structures. The 
portal venous phase, which is acquired at 60–90 
seconds, allows for optimum assessment of the 
venous anatomic structures and their involve-
ment, along with detection of hepatic and dis-
tant metastatic disease (15). Water can be used 
as a negative oral contrast agent. Multidetector 

margin-negative resection challenging. Histori-
cally, vascular involvement was accepted as a 
sign of unresectability for PDAC. However, in 
studies since the early 1990s, investigators have 
shown that the survival of patients undergoing 
margin-negative venous resection is equivalent to 
that of patients undergoing standard pancreatico-
duodenectomy and is superior to that for locally 
advanced disease treated without surgical resec-
tion (3–5). The development of newer vascular 
reconstruction techniques and the improvements 
in neoadjuvant therapies have now made disease 
with limited vascular involvement potentially 
resectable (6,7). Minimally invasive (laparoscopic 
and robotic) pancreaticoduodenectomy and distal 
pancreatectomy are performed safely and result 
in a shorter hospital stay, earlier recovery, and de-
creased delay in postoperative adjuvant therapy, 
with technical success similar to that for open 
surgery (8,9). Furthermore, the centralization of 
PDAC resection surgeries to high-volume centers 
has resulted in a decrease in the postoperative 
mortality to as low as 1%–3% (10).

Multidetector computed tomography (CT) is 
the most widely used and best validated imaging 
modality to assess local extension of the disease, 
perivascular disease, and distant metastasis, with 
accuracies of up to 77% for predicting resectabil-
ity and 93% for predicting unresectability (11). 
The most common reason for abortion of surgery 
in patients whose cancer is otherwise considered 
resectable on the basis of the multidetector CT 

Teaching Points
■■ Stage III borderline resectable tumor is characterized by a 

localized tumor abutting a major artery, including the celiac 
artery, common hepatic artery, or SMA. With regard to the 
portovenous axis, any degree of involvement falls into the cat-
egory of borderline resectable disease as long as the vein can 
be technically resected and reconstructed.

■■ The change of the normal shape of the portal vein or SMV 
to a teardrop shape on axial multidetector CT images that 
is caused by tumor encasement or by tethering by adjacent 
fibrosis is referred to as the “teardrop sign” and is highly as-
sociated with vascular invasion.

■■ Careful scrutiny of the tumor-vessel interface and the length 
of involvement can be performed by supplementing the axial 
data with multiplanar reconstruction as well as volume ren-
dering and maximum intensity projection techniques.

■■ The wall of the artery is thicker than that of the vein, and the 
flow rate in the artery is higher than that in the vein, so any 
change in the caliber of the artery or the presence of throm-
bus in the artery carries a higher risk of invasion than those 
findings in the vein.

■■ Template-based reporting should help decrease the incom-
plete documentation of descriptors that define the tumor-ves-
sel relationship, and such incomplete documentation interferes 
with the decision-making process for patients with PDAC.
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Figure 1.  Peripancreatic vascular anatomic structures. Volume-rendered CT images show normal peripancreatic arte-
rial (a) and venous (b) anatomic structures with images obtained in the arterial and venous phases, respectively. GDA = 
gastroduodenal artery, IPDA = inferior pancreaticoduodenal artery, SPDA = superior pancreaticoduodenal artery.

viable imaging option, particularly as an adjunct 
to CT in high-risk patients in whom CT findings 
are negative for metastatic disease or in patients 
with small or indeterminate hepatic lesions de-
picted at CT (21).

Preoperative dual-modality imaging with 
fluorine 18 (18F) fluorodeoxyglucose positron 
emission tomography (PET) combined with CT 
(PET/CT) may serve as a predictor of survival in 
patients undergoing curative resection. Param-
eters such as the maximum standardized uptake 
value, the metabolic tumor volume, and the total 
lesion glycolysis obtained from the preopera-
tive PET/CT examination are associated with 
recurrence-free survival and overall survival 
(22,23). However, these techniques may have a 
limited role in characterizing small lesions, and 
larger prospective studies are required to further 
elucidate the role of PET/CT.

Assessment of Resectability

PDAC Staging
For PDAC, the staging system of the American 
Joint Committee on Cancer is most commonly 
used to assess the status of the tumor (T), lymph 
nodes (N), and metastatic disease (M) (24) (Fig 
2). Preoperative imaging is used to characterize 
resectable, borderline resectable, locally advanced, 
and metastatic disease. Stages I and II are clas-
sified as clearly resectable, with the absence of 
tumor contact with the adjacent celiac truck, 
hepatic artery, SMA, SMV, and portal vein. Stage 
IV is defined by the presence of distant metastatic 
disease and precludes resection because patients 
will derive no benefit from the operation. Patients 
with borderline resectable disease have received 
considerable attention with the advent of preoper-
ative chemoradiation therapies and newer vascular 
reconstruction techniques. Stage III is defined as a 

CT may include both thick (3–5-mm) sections 
for primary review and thin (0.75–1.50-mm) 
sections for image postprocessing. Postprocessed 
images include multiplanar reformatted im-
ages (coronal and sagittal), maximum intensity 
projection images, and volume-rendered images, 
which are valuable in the identification of subtle 
changes in vascular calibers. Volume-rendered 
images may help assess vessels in the optimal 
plane for variant anatomic structures, tumoral 
involvement, and collateral pathways (16). 
Knowledge of normal and variant anatomic 
structures is imperative to assess perivascular 
disease and to guide surgery for possible vascu-
lar reconstruction (Fig 1).

Although multidetector CT is most widely 
used, magnetic resonance (MR) imaging is an ex-
cellent modality for the workup of pancreatic car-
cinoma. On the basis of the limited available data, 
it has been suggested that MR imaging and CT 
are equivalent for assessment of vascular invasion 
(17) and have similar performance in the preop-
erative evaluation of PDAC (18). Compared with 
multidetector CT, MR imaging has demonstrated 
significantly greater tumor conspicuity of small 
PDACs (P < .05), which may be isoattenuating 
or slightly hypoattenuating on multidetector CT 
images (19). This conspicuity may better delineate 
the interface of such tumors with the adjacent 
vessels. MR imaging has also been shown to allow 
improved detection of metastatic disease, espe-
cially in the liver, with a sensitivity of up to 100%, 
compared with a CT sensitivity of up to 80%, for 
detection of hepatic metastases (20). Although 
multidetector CT is a preferred modality for 
PDAC staging at multiple institutions because of 
its wider availability, its lower cost compared with 
MR imaging, and institutional and patient prefer-
ences, MR imaging is recognized by the National 
Comprehensive Cancer Network as an important 
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localized tumor with major vessel involvement and 
is further subdivided into two categories—locally 
advanced unresectable and borderline resectable. 
Stage III borderline resectable tumor is character-
ized by a localized tumor abutting a major artery, 
including the celiac artery, common hepatic artery, 
or SMA. With regard to the portovenous axis, any 
degree of involvement falls into the category of 
borderline resectable disease as long as the vein 
can be technically resected and reconstructed. 
In contrast, the extent of vessel involvement with 
locally advanced tumor is more extensive and 
by definition is not amenable to resection. This 
category of locally advanced unresectable disease 
includes encasement of one or more major arter-
ies and/or involvement of the portovenous axis 
that is not technically reconstructible. Although 
the distinction between borderline resectable and 
locally advanced disease is conceptually simple, 
the precise definition has been variable and may 
be based on the imaging or clinical criteria. As a 
result of the imprecision in defining borderline 

resectable and locally advanced disease, different 
classification systems exist. These systems include 
the National Comprehensive Cancer Network 
system, the MD Anderson system, the Intergroup 
system, and the most commonly used system, the 
Americas Hepato-Pancreato-Biliary Association/
Society of Surgical Oncology/Society for Surgery 
of the Alimentary Tract (AHPBA/SSO/SSAT) 
system (25). As a result of the subjective nature 
of these definitions, the goal of the current review 
is to define borderline resectable PDAC by using 
a generalizable objective method that is based on 
the multidetector CT of each individual vessel in 
relation to its interface with the adjacent tumor 
and the surgical options for treatment in each of 
these cases.

Portal Vein and  
Superior Mesenteric Vein
Portal vein and/or SMV involvement is frequently 
seen in the tumors involving the head, neck, and 
proximal body of the pancreas. In general, venous 

Figure 2.  Tumor grading and TNM 
staging of PDAC. (a) Drawing shows that 
PDAC is graded on the basis of the tumor 
size and involvement of the peripancreatic 
vasculature. The nodal staging includes 
the absence (N0) or presence (N1) of 
disease in regional nodes. M0 is defined 
as absence of metastatic disease, and 
M1 is the presence of distant metastatic 
disease. (b) Drawing shows staging of 
PDAC. Stage I is disease with the primary 
tumor confined to the pancreas without 
lymphadenopathy or metastatic disease. 
Stage IIA is disease extending beyond the 
pancreas without vascular involvement, 
lymphadenopathy, or metastatic disease. 
Stage IIB is disease with lymphadenopa-
thy. Stage III is disease with vascular in-
volvement. Stage IV is disease with distant 
metastatic disease.
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involvement is not an absolute contraindication 
for resection of PDAC (Table 1). The median 
length of survival in cases that require venous 
resection varies from 13 to 22 months, which is 
comparable to that in cases without a need for 
venous resection (26–28). Also, the 30-day post-
operative mortality rate for patients undergoing 
pancreaticoduodenectomy with venous resection 
is 3.9%, compared with 3% for patients without 
venous resection (29). These results have encour-
aged surgeons to perform extended pancreatec-
tomy with venous resection more frequently (30). 
Intimal invasion of the portal vein and SMV may 
result in a poorer survival, compared with that 
of patients without true vascular invasion (31). 
However, because of the severe desmoplastic 
reaction induced by PDAC, it may be difficult 
to differentiate adhesions from true invasion, 
and more than 20% of cases that show venous 
involvement at preoperative imaging do not have 
true venous invasion (31). Therefore, several at-
tempts have been made to find predictors, such 
as the tumor-vein circumferential interface, the 
vein caliber, and the length of the tumor-vein in-
terface at multidetector CT, to evaluate the pos-
sibility of tumor resection and venous invasion.

Tumor-Vein Circumferential Interface
In 1997, Lu et al (32) prospectively included 25 
patients with PDAC who underwent local dis-
section for curative resection or palliative surgery 
and reported a grading system that used preoper-
ative thin-section helical CT for grading the vas-
cular (both arterial and venous) involvement with 
PDAC on the basis of the tumor-vessel circum-
ferential contiguity. Lu et al (32) concluded that 
contiguity that exceeds 50% of the circumference 
of the vessel (>180°) has a sensitivity of 84% and 
a specificity of 98% in predicting the probability 
of the need for vessel resection. Similarly, Loyer 
et al (33) showed that venous resection was not 
required in most patients when the tumor was 
separated from the vessels by a fat plane or by 
normal pancreatic parenchyma at CT. Loyer et al 

(33) also found that tumor making contact with 
the vessel without a change in the caliber of the 
vessel lumen at CT was an unreliable predictor 
of tumor adherence to the vessel, which could be 
predicted reliably only when CT showed com-
plete encircling of the tumor around the vessel. 
Also, a negative margin could not be obtained 
when the tumor completely encircled the vein or 
in the presence of vascular occlusion (33).

Other investigators have further verified that 
the extent of the tumor-vessel interface cor-
relates with the probability of vascular invasion 
and can be used to predict (a) the need for vein 
resection and (b) survival (14,34). The change 
of the normal shape of the portal vein or SMV 
to a teardrop shape on axial multidetector CT 
images that is caused by tumor encasement or 
by tethering by adjacent fibrosis is referred to as 
the “teardrop sign” and is highly associated with 
vascular invasion (35) (Fig 3). At preoperative 
multidetector CT, the probability of vascular in-
vasion is up to 40% for tumor abutment (180° 
contact), compared with 80% in the presence of 
tumor encasement (>180° contact), and 100% if 
the tumor is completely surrounding the portal 
vein or SMV (14,36,37).

Vein Caliber and Length of Interface
The Ishikawa classification was one of the first to 
describe the degree of venous involvement accord-
ing to the change in caliber of the portal vein and/
or SMV and the length of this change (13) (Figs 
3, 4). Ishikawa et al (13) concluded that patients 
with normal calibers of the portal vein and the 
SMV, unilateral narrowing, and 1.2 cm or less 
(in length) of longitudinal involvement had more 
favorable long-term outcomes, compared with 
patients with bilateral venous narrowing, with 
or without collateral vein formation. The length 
of the venous resection also correlates with the 
long-term survival because the longer interposition 
grafts used for venous reconstruction are more 
prone to narrowing by external compression from 
postoperative fluid collections (38).

Table 1: Different Criteria for Venous Resectability of PDAC

Criteria SMV and Portal Vein Involvement

National Comprehensive Cancer  
Network criteria

Tumor encasement and/or reconstructible occlusion

MD Anderson criteria Occlusion
AHPBA/SSO/SSAT criteria Occlusion
Intergroup criteria Tumor encasement and/or reconstructible occlusion

Note.—AHPBA/SSO/SSAT = Americas Hepato-Pancreato-Biliary Association/Society of 
Surgical Oncology/Society for Surgery of the Alimentary Tract.
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Venous caliber change at imaging was cor-
related with venous wall invasion in a study by 
Nakao et al (27) of 671 patients who under-
went pancreatectomy and portal vein resection 
for PDAC. Nakao et al (27) demonstrated an 
absence of venous invasion at pathologic exami-
nation in the patients without a radiographic 
appearance of vascular involvement; and vascular 
invasion was seen at pathologic examination in 
51%, 74%, and 93% of patients with radio-
graphic unilateral narrowing of the portal vein, 
bilateral narrowing of the portal vein, and com-
plete portal vein obstruction with collateral vein 
formation, respectively. Furthermore, long-term 
survival (>5 years) was observed in patients with 
an absence of venous involvement or with only 
unilateral narrowing observed at imaging (27).

Careful scrutiny of the tumor-vessel interface 
and the length of involvement can be performed 

by supplementing the axial data with multiplanar 
reconstruction as well as volume rendering and 
maximum intensity projection techniques. The 
portal vein and SMV should be evaluated in their 
entirety in relation to the tumor on the coronal or 
sagittal images. Furthermore, the portal vein and 
SMV and their tributaries should also be evalu-
ated on multiplanar reformatted images to assess 
the craniocaudal extent of the tumor.

Methods of Venous Reconstruction
The primary goal of venous reconstruction is to 
reconstitute flow after removal of the involved 
portal vein and/or SMV. It is not possible to 
anastomose a single venous lumen with mul-
tiple lumina; and therefore, a single and patent 
segment of the SMV below and a single patent 
segment of the portal vein or SMV above the 
involved venous segment are usually required 

Figure 3.  Imaging examples of 
the Ishikawa classification sys-
tem. PV = portal vein, T = tumor.  
(a) Coronal contrast-enhanced 
CT image shows venous smooth 
shift without a change in the 
venous caliber. (b) Coronal con-
trast-enhanced CT image shows 
unilateral narrowing. (c) Coro-
nal contrast-enhanced CT image 
shows circumferential narrowing 
of the portal-splenic venous con-
fluence. Inset: Axial image shows 
the “teardrop” deformity (arrow) 
for bilateral narrowing of the 
portal-splenic venous confluence. 
(d) Coronal contrast-enhanced 
CT image shows circumferential 
narrowing of the portal-splenic 
venous confluence with devel-
opment of collateral circulation 
(arrows). 

Figure 4.  Ishikawa 
classification system. 
Diagrams show the 
Ishikawa system, one of 
the definition systems 
that describes the rela-
tionship between the 
pancreatic tumor and 
the nearby vessels, as 
well as the surgical out-
comes of the resection. 
IMV = inferior mesen-
teric vein, PV = portal 
vein.
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for successful venous reconstruction (Fig 5). 
Multiple surgical techniques have been used for 
venous reconstruction, such as primary-closure 
venorrhaphy, end-to-end anastomosis, tangential 
resection with patch repair, and reconstruction 
with a natural or synthetic graft (Fig 6). Tangen-
tial resection is performed in cases of venous wall 
involvement of less than 120° with venotomy 
closure primarily or with a saphenous vein graft 
to avoid venous narrowing. End-to-end tension-
free anastomosis can be performed after resection 
of up to 4 cm of the length of the portal vein and/
or SMV (Fig 7). An autologous venous interposi-
tion graft may be used if end-to-end anastomosis 
cannot be performed, and the most commonly 
used grafts are the internal jugular vein (39) (Fig 
8a, 8b), the external iliac vein (40), the left renal 
vein (41), and the superficial femoral veins (42). 
A polytetrafluoroethylene interposition graft is 
another option for venous reconstruction, with 
minimal risk of hepatic necrosis and graft infec-
tion (39) (Fig 8c, 8d).

Isolated involvement of one of the first-order 
jejunal or ileal branches of the SMV can be 
treated with ligation, without the need for recon-
struction, in the presence of preserved mesenteric 
flow through the remaining first-order branches 

(Fig 9). In the presence of both jejunal and ileal 
first-order branch involvement, ligation of the 
jejunal branch along with segmental resection 
and reconstruction of the ileal branch with an 
interposition graft may be performed (43).

Another important consideration is the in-
volvement of the portosplenomesenteric venous 
confluence by the tumor. In the case of involve-
ment, the splenic vein can be ligated during 
surgery to facilitate venous reconstruction of the 
portal vein–SMV confluence. However, because 
the short gastric veins and the left gastroepiploic 
vein drain into the splenic vein, the venous flow 
from the spleen and the stomach is decreased, 
a finding that predisposes to left-sided portal 
hypertension and the formation of gastroesopha-
geal varices that may bleed (Fig 10). One option 
is the reimplantation of the splenic vein into the 
reconstructed portal vein–SMV confluence after 
tumor resection (44). The other option may be 
determined by evaluating the anatomic configu-
ration of the inferior mesenteric vein. In cases in 
which the inferior mesenteric vein drains into the 
splenic vein, the splenic vein allows retrograde 
flow from the stomach and the spleen to reach 
the portomesenteric circulation through the infe-
rior mesenteric vein (Fig 11a). In cases in which 

Figure 5.  PDAC in the head of the pancreas 
in a 60-year-old woman. Coronal contrast-
enhanced maximum intensity projection 
image shows the tumor (T), with circumfer-
ential narrowing of the portal vein (PV) and 
abutment of the SMV beyond the level of the 
trifurcation (arrow). Resection was not per-
formed because of the difficulty of resection 
and reconstruction of the portal vein.

Figure 6.  Diagrams of 
different methods of ve-
nous reconstruction: A, 
primary closure (venor-
rhaphy); B, end-to-end 
anastomosis; C, tangen-
tial resection with vein 
patch repair; and D, 
segmental resection and 
reconstruction with nat-
ural or synthetic graft. 
IMV = inferior mesen-
teric vein, IVC = inferior 
vena cava, LR = left renal 
vein, PV = portal vein,  
RR = right renal vein.
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rates of postoperative complications and a shorter 
overall survival than conventional pancreatec-
tomy without arterial resection. SMA resection is 
usually not performed because of the high risk of 
bowel ischemia and death. However, with im-
proved surgical techniques and the advancement 
of neoadjuvant and adjuvant therapies, arterial 
resection of other vessels is recommended in 
highly selected patients to obtain an R0 resection 
(margin negative) because of the potential sur-
vival benefit when compared with palliation alone 
(5,39). Such highly selected patients include 
younger patients with good performance status 
(such as Eastern Cooperative Oncology Group 
[ECOG] score), less-aggressive tumor biology, 

Figure 7.  PDAC in the pancreatic head in a 56-year-old 
woman. PV = portal vein. (a) Coronal contrast-enhanced 
maximum intensity projection image shows tumor (T) aris-
ing in the pancreatic head, with unilateral narrowing of the 
portal vein and the SMV at the portosplenic junction, with 
an adequate uninvolved length of the distal SMV (arrow) 
for venous reconstruction. SV = splenic vein. (b) Drawing 
shows the tumor (T) in the pancreatic head; dotted lines = 
sites of resection of the portal vein and SMV. (c) Intraop-
erative photograph shows cancer involvement (arrow) of 
the portal vein and SMV. Both veins were resected (dashed 
lines) above and below the tumor at a level above the first 
jejunal branch. The length was adequate for a primary anas-
tomosis because the splenic vein was divided and the mis-
match between the diameters of the portal vein and SMV 
was not pronounced. CHA = common hepatic artery, IVC = 
inferior vena cava, LHA = left hepatic artery, RHA = right 
hepatic artery, SMA = superior mesenteric artery.

the inferior mesenteric vein drains directly into 
the SMV, a distal splenorenal shunt may be cre-
ated to allow decompression of the splenic vein 
after its ligation (45) (Fig 11b).

Arterial Involvement
Sixty percent of cases of PDAC arise in the 
pancreatic head region (46), which predisposes 
the celiac artery, the hepatic artery, and the SMA 
to tumor involvement. Similarly, accessory or 
replaced right hepatic arteries are also at a higher 
risk of involvement by tumors of the pancreatic 
head because of the usual course of these arteries 
lateral and posterior to the bile duct and their fre-
quent trajectory through the pancreatic head it-
self. In several studies, investigators have assessed 
the survival of patients with arterial resection. 
Although some groups have suggested similar 
morbidity and mortality in patients undergoing 
pancreaticoduodenectomy alone and those un-
dergoing pancreaticoduodenectomy with arterial 
resection (39,47), a recent meta-analysis by Moll-
berg et al (48) included 26 retrospective studies 
comparing patients who underwent pancreatec-
tomy with and without arterial resection. Moll-
berg et al (48) concluded that pancreatectomy 
with arterial resection is associated with higher 
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Figure 8.  Venous reconstruction in two patients. (a, b) PDAC arising from the head of the pancreas in a 60-year-old 
woman. (a) Coronal maximum intensity projection CT image shows abutment of the SMV by the pancreatic head 
tumor (T), without luminal narrowing. (b) Coronal contrast-enhanced CT image obtained 1 month after the surgery 
shows a patent internal jugular vein graft (arrow) after Whipple surgery with portal vein resection. (c, d) PDAC in an 
82-year-old woman. (c) Axial contrast-enhanced CT image shows abutment of the tumor (T) and the portal vein (PV). 
The patient underwent Whipple surgery with resection and reconstruction of the portal vein with a synthetic polytet-
rafluoroethylene graft. (d) Postoperative volume-rendered CT image obtained 1 week after surgery shows patency of 
the graft (arrow).

and preoperative imaging findings suggestive of 
the feasibility of resection and reconstruction.

Criteria for Resectability
Similar to venous involvement, tumor encase-
ment of arteries seen at multidetector CT has 

a sensitivity of up to 80% and a specificity of 
98% for invasion, but tumor abutment is not 
considered a sensitive sign for vascular invasion 
(Fig 12) (32). However, the arteries are evalu-
ated in a slightly different fashion in the presence 
of arterial attenuation. The wall of the artery is 

Figure 9.  Diagrams of SMV 
branch ligation. Isolated in-
volvement of one of the first-
order ileal (a) or jejunal (b) 
branches of the SMV with 
tumor at pancreaticoduode-
nectomy can be treated with 
ligation of this branch without 
the need for reconstruction 
as long as the other branch 
is not involved. IMV = inferior 
mesenteric vein, IVC = inferior 
vena cava, PV = portal vein, SV = 
splenic vein.
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Figure 12.  Diagrams of two types of arterial in-
volvement with PDAC. (a) Abutment is defined 
as 180° or less of circumferential contact of the 
tumor with the vessel. (b) Encasement is defined 
as more than 180° of circumferential contact of 
the tumor with the vessel.

Figure 11.  Diagrams of two types of splenic vein ligation that are based 
on the anatomic configuration of the inferior mesenteric vein. IMV = in-
ferior mesenteric vein, IVC = inferior vena cava, LRV = left renal vein, PV = 
portal vein, SV = splenic vein. (a) The splenic vein may be ligated distal to 
the inferior mesenteric vein to allow retrograde venous flow to reach the 
portomesenteric circulation. (b) A splenorenal shunt may be created in the 
presence of direct drainage of the inferior mesenteric vein into the SMV. 

thicker than that of the vein, and the flow rate in 
the artery is higher than that in the vein, so any 
change in the caliber of the artery or the presence 
of thrombus in the artery carries a higher risk 
of invasion than those findings in the vein (49). 
The exact definition of borderline resectability is 
variable among institutions and is dependent on 
the surgical skills and the institutional experience 
(50). Variability exists in the resection criteria 
for celiac artery involvement, ranging from no 
involvement to abutment. In general, abutment of 
the common hepatic artery and SMA is consid-
ered borderline resectable disease, as summarized 
in Table 2. The pancreaticoduodenal artery is 
routinely resected as part of the Whipple proce-
dure, and its isolated involvement does not affect 
the resectability status. Individual vessels are 
discussed in detail in the following sections.

Celiac and Hepatic Artery Involvement
Hepatic artery involvement results from the 
growth of PDAC cephalad in the head and neck 
of the pancreas. Therefore, in some cases, only a 

short segment of the hepatic artery becomes in-
volved at the origin of the gastroduodenal artery 
and is amenable to resection and reconstruction, 
with or without an interposition graft, because 
of the hepatic artery redundancy (51). Involve-
ment of the celiac artery is one of the major cri-
teria that define locally advanced PDAC unless 
deemed resectable and reconstructible (52,53). 
PDAC arising from the pancreatic neck is more 
likely to involve the celiac artery, along with 
involvement of a segment of the hepatic artery 
proximal to the origin of the gastroduodenal 
artery. This segment can be resected with distal 
pancreatectomy and splenectomy (modified 
Appleby procedure), without the need for recon-
struction, in the presence of an uninvolved and 
patent gastroduodenal artery that restores blood 
supply to the liver by providing a collateral path-
way between the gastroduodenal artery and the 
SMA via the pancreaticoduodenal artery (Fig 
13). Therefore, it is important to evaluate (a) 
the extent of the tumor on the common hepatic 
artery proximal to the origin of the gastroduo-

Figure 10.  Recurrent hematemesis in 
a 51-year-old man 4 years after he un-
derwent a Whipple procedure for PDAC. 
Axial contrast-enhanced CT image shows 
the development of massive collateral ves-
sels (arrows) after splenic vein ligation.
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Figure 13.  PDAC in the pancreatic body in a 59-year-old man. (a) Axial CT image shows a pancreatic body tumor (T) abutting the 
common hepatic artery (CHA). (b) Preoperative three-dimensional maximum intensity projection CT image shows a patent gastro-
duodenal artery (GDA). CHA = common hepatic artery, PHA = proper hepatic artery. (c) Postoperative three-dimensional maximum 
intensity projection CT image shows a successful common hepatic artery resection without the need for reconstruction, because the 
blood flow to the liver is maintained owing to the collateral pathway between the SMA and the proper hepatic artery (PHA) through 
the gastroduodenal artery (GDA).

denal artery, (b) involvement of the gastroduo-
denal artery or extent to the hepatic hilum, and 
(c) the collateral pathway between the SMA 
and the gastroduodenal artery (54). Blood flow 
in the proper hepatic artery after occlusion of 
the common hepatic artery is confirmed during 
surgery by assessing the presence of pulsations 
or arterial Doppler signal, to avoid hepatic isch-
emia. Arterial reconstruction may be considered 
to increase flow to the liver (Fig 14).

Gastric ischemia is another frequent compli-
cation caused by disruption of flow to the left 
gastric and left gastroepiploic arteries (Fig 15) 
(54). Ischemic complications may be avoided by 
preoperative coil embolization of the common 
hepatic artery and celiac artery to promote de-
velopment of collateral vessels to the liver via the 
pancreaticoduodenal arcade and to the stomach 
via the right gastric, right gastroepiploic, and left 
phrenic arteries (55). PDAC extending to the 
right and the left hepatic arteries requires com-
plex vascular reconstruction by using autologous 
transposition arterial grafts (56) or a bifurcated 

jump graft from the common or external iliac 
arteries (57) (Fig 15).

Another important consideration is the 
distance between the edge of the tumor and 
the celiac artery at the level of the origin of the 
splenic artery for cancers arising in the pancreatic 
body and/or tail. In a retrospective analysis of 52 
consecutive cases of distal pancreatectomy for 
PDAC, investigators showed a higher incidence 
of positive resection margin (R1) in tumors 
located 10 mm or less from the origin of the 
splenic artery from the celiac artery, compared 
with patients who underwent distal pancreatec-
tomy with celiac artery resection (53). Therefore, 
measurement of this distance is important for 
determining the prognosis of these patients.

Celiac artery stenosis is observed in 2.0%–7.6% 
of patients undergoing pancreaticoduodenectomy 
(58) and may affect the surgical approach in these 
patients. Ninety percent of cases of celiac artery 
stenosis are caused by external compression by the 
median arcuate ligament, a condition referred to 
as median arcuate ligament syndrome, followed 

Table 2: Different Criteria for Arterial Resectability of PDAC

Criteria Celiac Artery Common Hepatic Artery SMA

National Comprehensive 
Cancer Network criteria

Head tumor: no abutment; 
body or tail tumors:  
abutment

Abutment or short-segment encasement 
allowing reconstruction

Abutment

MD Anderson criteria Abutment Abutment or short-segment encasement 
allowing reconstruction

Abutment

AHPBA/SSO/SSAT  
criteria

No abutment or encase- 
ment

Abutment or short-segment encasement 
allowing reconstruction

Abutment

Intergroup criteria Abutment Abutment or short-segment encasement 
allowing reconstruction

Abutment

Note.—AHPBA/SSO/SSAT = Americas Hepato-Pancreato-Biliary Association/Society of Surgical Oncology/
Society for Surgery of the Alimentary Tract.
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Figure 14.  PDAC involving the pancreatic body and tail in a 64-year-old man. (a) Preoperative axial 
contrast-enhanced CT image shows encasement of the celiac axis (thin arrows) by the pancreatic mass, 
along with distal pancreatic atrophy (thick arrow). (b) Axial contrast-enhanced CT image obtained 2 
months after a modified Appleby procedure with resection of the pancreatic tail, splenectomy, and arte-
rial reconstruction of the celiac axis and the common hepatic artery with a cadaveric jump graft shows a 
patent hepatic artery jump graft (arrow).

Figure 15.  PDAC involving the pancreatic body and tail in a 40-year-old 
woman. (a) Axial contrast-enhanced CT image obtained in the arterial 
phase shows tumor encasement (arrows) of the celiac axis and the he-
patic artery. The patient underwent distal pancreatectomy and splenec-
tomy with celiac artery resection and reconstruction with a bifurcated 
6-mm ringed jump graft. (b) Postoperative volume-rendered CT image 
shows the bifurcated jump graft between the right common iliac artery 
(thick arrow) and the right and left hepatic arteries (thin arrows). (c) Axial 
contrast-enhanced CT image shows gastric distention with a thickened 
wall (arrows), findings indicative of ischemic gastritis, at 1 month after 
surgery. The findings were due to the compromised blood supply caused 
by the loss of the left gastric artery.

by internal occlusion with atherosclerotic plaque 
(59). In the presence of celiac axis involvement 
when pancreaticoduodenectomy is required, me-
dian arcuate ligament release is important because 
the gastroduodenal artery is resected during this 
operation, with reliance on flow to the liver via the 
celiac axis. For distal pancreatectomy, the gastro-
duodenal artery is left intact, and usually celiac 
artery stenosis is overcome by the development of 
a collateral pathway between the common hepatic 
artery and the SMA through retrograde flow via 
the gastroduodenal artery and the arc of Buhler 
(60). In 2012, Sugae et al (61) proposed a mor-

phologic grading system to describe the degree of 
median arcuate ligament compression, a system 
that could help in predicting the procedure that 
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Figure 16.  Diagrams of the classification of celiac axis stenosis caused by median arcuate liga-
ment compression into three types, as proposed by Sugae et al (61): type A, diameter of the 
stenosis (A); type B, diameter of the normal portion of the vessel (B, double-headed arrow on 
type A diagram); and type C, length of the stenosis (C). D = distance of stenosis from the aorta.

may be required during surgery to release the 
compression on the celiac artery; the system is 
based on the stenosis rate and length, the distance 
of the stenotic segment from the aorta, and the 
presence or absence of a collateral pathway (Table 
3, Fig 16). In addition, the presence of hepatic 
artery pulsation is first assessed during surgery 
after clamping of the gastroduodenal artery, with 
celiac artery revascularization being considered if 
the pulsation is diminished even after release of 
the median arcuate ligament compression (Fig 
17). Therefore, in addition to a description of the 
tumor-vessel interface (abutment or encasement), 
a comprehensive description of the relationship 
between the tumor and the celiac artery, includ-
ing the patency of the gastroduodenal artery, the 
distance between the tumor edge and the origin of 
the celiac artery from the aorta (which serves as 
the proximal stump that is clamped and either li-
gated or reconstructed), and the distance between 
the tumor edge and the celiac artery at the level 
of the origin of the splenic artery are part of the 
preoperative evaluation for PDAC resection.

SMA Involvement
PDAC frequently invades the lymphatic vessels 
and the periarterial neural plexus once it extends 
to the extrapancreatic fatty tissue. Tumor adher-
ent to the SMA may invade its rich periarterial 
lymphatic and neural plexus and may increase the 

Table 3: Classification of Celiac Axis Stenosis Caused by Median Arcuate Ligament Compression, as 
Proposed by Sugae et al (61)

Classification Criteria Type A Type B Type C

Rate of stenosis (Fig 16, line A/line B) (%) <50 50–80 80–100
Length of stenosis (Fig 16, line C) (mm) <3 3–8 >8
Distance from the aorta (Fig 16, line D) (mm) 5 NA <5
Collateral pathways No Small periampul- 

lary
Large arcade between IPDA 

and GDA
Expected procedure None Median arcuate  

ligament division
Arterial reconstruction to pre-

serve the collateral pathways

Note.—GDA = gastroduodenal artery, IPDA = inferior pancreaticoduodenal artery, NA = not applicable.

risk of recurrent disease (62). Radical resection 
frequently yields positive margins (4) and remains 
controversial (5). In addition to the SMA being 
a major blood supplier to the bowel, resection 
of the sympathetic nerve plexus of the intestinal 
tract around the SMA may result in intractable 
diarrhea because of rapid gastrointestinal transit. 
Consensus exists on abutment of the tumor-SMA 
interface as a cutoff that distinguishes borderline 
resectable from locally advanced unresectable 
disease (26,52,63). Variations in the anatomic con-
figuration of the SMA, particularly those related 
to the origin of the hepatic artery, are important 
considerations for preoperative planning.

Anatomic Variants of the Peripancreatic 
SMA and Hepatic Artery That May 
Interfere with Resection
Pancreaticoduodenectomy is a technically chal-
lenging surgical procedure associated with high 
morbidity and mortality (64). Furthermore, 
pancreaticoduodenectomy in the presence of ana-
tomic arterial variants increases the risk of vascular 
complications, and preoperative imaging may help 
identify such variants. Thus, evaluation of anatomic 
arterial variants is an important part of the preop-
erative evaluation before pancreaticoduodenectomy 
because preventing an intraoperative vascular in-
jury reduces the risk of postoperative complications 
such as ischemia, hemorrhage, biliary anastomotic 
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Figure 18.  Peripancreatic arterial anatomic variants in two patients. A replaced right hepatic artery is 
one of the most common anatomic variants in the peripancreatic arterial structures. (a) Maximum inten-
sity projection CT image of a 67-year-old man shows a replaced right hepatic artery (RHA) and a replaced 
left hepatic artery (LHA) originating from the SMA. (b) Axial CT image of a 66-year-old woman shows a 
replaced right hepatic artery (arrow) arising from the aorta.

Figure 17.  PDAC in the pancreatic head in a 78-year-old-woman. (a) Sagittal CT image shows celiac artery stenosis (arrow) with 
poststenotic dilatation. During surgery, the common hepatic artery was hypotrophic, the gastroduodenal artery was engorged, and 
when clamped, the proper hepatic artery pulse notably diminished, findings that are indicative of dependence on blood flow to the 
liver through the gastroduodenal artery. (b) Intraoperative photograph after pancreaticoduodenectomy was performed shows an 
end-to-side anastomosis between the gastroduodenal artery (GDA) and the right renal artery (RRA). CBD = common bile duct, CHA = 
common hepatic artery, IVC = inferior vena cava, PHA = proper hepatic artery, SA = splenic artery. (c) Postoperative volume-rendered 
CT image shows the successful arterial reconstruction 1 month after the Whipple procedure. CHA = common hepatic artery, GDA = 
gastroduodenal artery, PHA = proper hepatic artery, RRA = right renal artery. 

leak, or pseudoaneurysm formation (58,65). The 
classic anatomic structures of the peripancreatic ar-
teries and their variants have been described in the 
literature (66). An anatomic variant of the hepatic 
arterial system is seen in 55%–79% of the patients 
(58). The most common anatomic variants of the 
hepatic arterial system are a replaced right hepatic 
artery, a replaced left hepatic artery, and an ac-
cessory right hepatic artery or left hepatic artery. 
Although the aberrant vessels should be preserved 
during resection, variants such as accessory he-
patic arteries and the replaced left hepatic artery 
arising from the left gastric artery usually do not 
determine resectability (67).

Replaced Right Hepatic Artery.—A replaced 
right hepatic artery is the most common hepatic 
arterial anatomic variant. The rate of occurrence 
of this variant, in which the proper hepatic artery 
gives off only the left hepatic artery while the right 
hepatic artery originates from the SMA to pass 
posterolateral to the portal vein, has been reported 
in the literature to range from 11% to 21% (68) 
(Fig 18). A replaced right hepatic artery has also 
been reported to travel behind or through the pan-
creatic head, predisposing it to tumor extension 
and/or iatrogenic injury. Because the right hepatic 
artery is the major source of blood supply to the 
bile ducts, injury to the replaced right hepatic 
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Figure 19.  Diagrams show reconstruction of a replaced right hepatic artery by using the gastroduo-
denal artery transposition technique. The tumor (T) in the pancreatic head involves the replaced right 
hepatic artery (RHA). The distal stump of the replaced right hepatic artery is anastomosed with the proxi-
mal stump of the gastroduodenal artery (GDA) to reconstitute the right hepatic artery blood supply. CA = 
celiac artery, IPDA = inferior pancreaticoduodenal artery, LGA = left gastric artery, LHA = left hepatic artery.

artery may affect the bile duct vascularity, with a 
subsequent leak from the bilioenteric anastomosis 
(69). Several methods have been described for 
reconstruction of the replaced right hepatic artery 
in case of resection, including venous and pros-
thetic graft interposition, as well as a gastroduo-
denal artery transposition technique in which the 
distal stump of the replaced right hepatic artery 
is anastomosed with the proximal stump of the 
gastroduodenal artery (70) (Fig 19).

A potential pitfall in the identification of a 
replaced right hepatic artery is in the presence of 
celiac artery stenosis. In such cases, the infe-
rior pancreaticoduodenal artery may become 
enlarged and may be confused with a replaced 
right hepatic artery. In other cases, there may be 
a common origin of the inferior pancreaticoduo-
denal artery and the replaced right hepatic artery 
from the SMA (71). Therefore, it is important 
to follow the first branch arising from the right 
side of the SMA and see whether it ascends to 
the porta hepatis (replaced right hepatic artery) 
or communicates with the superior pancreatico-
duodenal artery from the gastroduodenal artery 
(inferior pancreaticoduodenal artery).

Replaced Common Hepatic Artery.—Instead of 
arising from the celiac axis, the common hepatic 
artery may originate from the SMA by a common 
trunk referred to as the hepatomesenteric trunk, 
a variant with an incidence ranging from 0.4% to 
4.5% (58). The replaced common hepatic artery 
runs through the pancreatic parenchyma or ascends 
behind the head of the pancreas and then reaches 
the porta hepatis medial to the common bile duct 
in the usual location of the gastroduodenal artery 
(65). Accidental ligation can lead to a biliary leak 

caused by ischemia to the bilioenteric anastomo-
sis, as well as liver ischemia and necrosis (69). 
The common hepatic artery may less commonly 
originate from the left gastric artery (68), but this 
configuration would not interfere with the surgical 
approach except in cases of a large pancreatic neck 
mass, which requires celiac axis resection.

Common Trunks.—A common hepatic trunk 
arising from the SMA, which is termed a hepato-
mesenteric trunk, may course through the pan-
creatic parenchyma, and its ligation can lead to 
hepatic necrosis (72). A celiomesenteric trunk is 
a rare variant with the celiac artery and the SMA 
arising from the aorta as a common trunk (73). 
Multidetector CT angiography is superior to 
conventional angiography because of the added 
information it provides about the course of the 
vessel within the pancreatic parenchyma.

Radiographic Evaluation  
of the Neoadjuvant Response

Preoperative Therapy
Patients with borderline resectable PDAC are 
treated with preoperative or neoadjuvant ther-
apy to increase the potential of decreasing the 
stage of the tumor (tumor downstaging) and to 
achieve an R0 resection (tumor negative) from 
R1 (microscopic residual tumor) or R2 (mac-
roscopic residual tumor) disease. Treatment 
typically consists of a combination of chemo-
therapy and radiation therapy, and the treatment 
regimens are usually based on the experience 
of individual institutions. Combined treatment 
with chemotherapy and radiation therapy allows 
tumor downstaging in about 30% of patients (7). 
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Figure 21.  PDAC in the pancreatic head in a 71-year-old man. PV = portal vein. (a) Coronal contrast-
enhanced CT maximum intensity projection image shows a mass in the pancreatic head, with nearly 
complete occlusion (arrows) of the portal vein. The patient received neoadjuvant chemoradiation therapy 
for 5 months. (b) Coronal contrast-enhanced maximum intensity projection CT image obtained after the 
patient completed the preoperative treatment shows that the portal vein has regained its normal caliber. 
The patient underwent successful resection, with negative resection margins.

Figure 20.  PDAC in the pancreatic head in a 54-year-old man. PV = portal vein. (a) Coronal contrast-enhanced CT image shows 
a pancreatic head tumor (T) interfacing with the portal vein, without luminal narrowing. (b) Coronal contrast-enhanced CT image 
shows the tumor (T) in the pancreatic head growing in size after 4 months of neoadjuvant chemotherapy. Margin-positive resection 
of the mass and total pancreatectomy were performed. (c) Coronal contrast-enhanced CT image obtained 4 months after surgery 
shows a recurrent mass (R) in the surgical bed, with narrowing of the SMV (arrow).

Patients who develop progressive disease during 
preoperative therapy may be spared unneces-
sary surgery because they likely have aggressive 
tumors with poor outcomes (Fig 20).

Multidetector CT is used to evaluate tumor 
behavior according to the change in tumor size, 
the tumor-vessel relationship, and the develop-
ment of distant metastasis during preopera-
tive neoadjuvant treatment of PDAC (Fig 21). 
A problem with using tumor size as a marker 
for treatment response is the development of 
fibrosis and scar tissue after the administration 
of neoadjuvant therapy, findings that are dif-
ficult to distinguish from the residual tumor by 
using multidetector CT alone. In a study by 
Katz et al (74), no association was seen between 
the change in tumor size at multidetector CT 
according to the Response Evaluation Criteria 
in Solid Tumors (RECIST) and postopera-
tive outcomes. A similar problem exists when 
comparing attenuation differences before and 
after neoadjuvant therapy. In a recent prospec-

tive study that included 47 patients with lo-
cally advanced pancreatic adenocarcinoma who 
received neoadjuvant chemoradiation therapy 
and underwent surgical exploration, the multi-
detector CT images obtained before and after 
neoadjuvant therapy were reviewed, and a score 
was given for tumor contact with the portal vein 
and/or SMV, with the hepatic artery, and with 
the celiac artery (0, no contact; 1, <50% con-
tact; 2, ≥50% contact) and for the tumor-SMA 
contact (0, no contact; 1, <25% contact; 2, 25% 
to <50% contact; 3, ≥50% contact) (75). Nar-
rowing of the portal vein and/or SMV was also 
graded (0, absent; grade 1, stenosis of <50%; 
grade 2, stenosis of ≥50%). One point or more 
decrease in the tumor-vessel circumferential 
contact was found to be associated with higher 
rates of a negative resection margin (R0), with 
a specificity of 86%, sensitivity of 61%, positive 
predictive value of 91%, and negative predictive 
value of 48%. The change in the tumor size was 
not significantly associated with R0 resection 
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(75). Multidetector CT evaluation may suffer 
from decreased specificity in determining the 
operability and R0 resectability of PDAC after 
preoperative treatment because of overestima-
tion of the tumor size and vascular involvement 
(76).

Diffusion-weighted MR imaging has shown 
promise in predicting the response to chemo-
radiation therapy. Tumors with a low value for 
the apparent diffusion coefficient at baseline 
may respond poorly to chemoradiation therapy 
because of the presence of dense fibrosis that 
limits the delivery of radiosensitizing systemic 
therapy and requires more aggressive treatment 
(77). In a study of the neoadjuvant treatment 
response evaluated by assessing the change in 
the maximum standard uptake value (SUVmax) 
for locally advanced PDAC by using 18F-fluo-
rodeoxyglucose PET with CT and providing 
anatomic data (PET and CT) according to the 
European Organisation for Research and Treat-
ment of Cancer (EORTC) guidelines (78), in-
vestigators showed that the pre- and posttreatment 
SUVmax difference was an independent predictor 
of the postoperative clinical outcomes, including 
longer median overall survival, progression-free 
survival, and local-regional progression-free sur-
vival (79). Two nonradiologic factors routinely 
used to evaluate tumor response to neoadjuvant 
therapy are a change in the serum carbohydrate 
antigen 19-9 (80) and improved performance 
status (52).

Imaging Report
Imaging plays a vital role in the initial staging 
and the decision-making process for patients 
with PDAC. Considerable variability exists in the 
terms used by radiologists to describe the extent 
of disease. Furthermore, freestyle narrative reports 
can potentially be confusing because the critical 
information may not be presented in a concise 
manner that is understandable to all members of 
the multidisciplinary clinical team. Although the 
surgeons need to assess the extent of the disease 
at preoperative imaging themselves and decide on 
the surgical approach on the basis of the imaging 
findings, it is nevertheless vital to have a compre-
hensive and uniform reporting system by which 
key descriptors that define disease extent can be 
conveyed not only to the surgeons but also to 
other members of the team, including the oncolo-
gists, radiation oncologists, and gastroenterolo-
gists, for appropriate management of the disease.

Apart from the clinically relevant features 
of PDAC described herein, interest has been 
growing in the use of standardized reporting 
templates for clinical and research purposes. 
Although such initiatives have been successful 

in other domains, such as for prostate cancer, 
breast imaging, and musculoskeletal imaging, 
structured reporting for PDAC remains con-
tentious because of concerns about a lack of 
completeness, the rigidity of the report tem-
plates, and the increased time consumption 
(81,82). The superiority of a structured radio-
logic template, compared with the free text style, 
in reporting the multidetector CT findings has 
been previously addressed (83). Brook et al (84) 
compared structured reporting to descriptive 
reporting and concluded that the use of struc-
tured reports for evaluation of PDAC provides 
superior evaluation of PDAC for surgical plan-
ning by improving confidence among surgeons 
for decisions about treatment paradigms. In this 
study by Brook et al (84), structured reporting 
provided an increased number of key descrip-
tors, such as tumor staging, vascular thrombosis, 
aberrant vascular anatomic structures, and the 
presence of atherosclerotic disease of the celiac 
axis. Also, the information was more easily ex-
tracted by the referring physician.

A standardized imaging reporting template was 
proposed by a multi-institutional group of PDAC 
experts under the joint sponsorship of the Society 
of Abdominal Radiology and the American Pan-
creatic Association (50). The template consists of 
morphologic evaluation of the pancreatic tumor, 
as well as vascular (both arterial and venous) and 
extrapancreatic evaluation, as summarized in Table 
4 (50). The proposed PDAC staging template is 
comprehensive because it includes not only the 
findings described in the National Comprehen-
sive Cancer Network guidelines for criteria for 
resectability (63) but also other findings that may 
change the surgical plan of resection and/or recon-
struction (eg, extension of the tumor to the origin 
of the right hepatic artery and left hepatic artery, 
extension to the veins draining into the SMV, and 
the presence of arterial variants). Template-based 
reporting should help decrease the incomplete 
documentation of descriptors that define the 
tumor-vessel relationship, and such incomplete 
documentation interferes with the decision-mak-
ing process for patients with PDAC. Adoption of 
uniform terminology should help with the man-
agement decisions for patients with PDAC and 
promote standardization of research and clinical 
protocols across institutions.

Conclusion
An understanding of the key descriptors of 
PDAC and their importance, especially in 
relation to the perivascular spread of disease, 
provides essential information that helps deter-
mine treatment options. Borderline resectable 
PDAC is an important clinical entity because of 
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the large percentage of patients presenting with 
stage III disease and the increasing number of 
treatment options available for such patients. 
With the evolution of newer surgical and chemo-
radiation therapy options, the definition of 
borderline resectable disease continues to evolve; 
and optimized accuracy of preoperative stag-
ing for metastases and an accurate assessment 
of disease response, especially to new promising 
chemotherapeutic agents, are high-yield areas for 
affecting patient outcomes. A comprehensive de-
scription of the relationship between PDAC and 
the peripancreatic vessels and their variants can 
be obtained by careful evaluation of the multide-
tector CT images in multiple planes to include 
all of the descriptors that surgeons may need for 
surgical planning and for the administration of 
neoadjuvant therapy. The use of standardized 
terminology and a radiologic template to docu-
ment the multidetector CT findings for PDAC 
can limit the subjective evaluation of the tumor-
vessel relationship and mandates the provision of 
key information that may otherwise be missed.
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