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lesions). Detailed evaluation by CT angiography showed that
the hepatic artery was involved in 35 cases, the SMA in 49
cases, the celiac trunk in 29 cases and the gartroduodenal
artery in 47 cases. There was no arterial vascular involvement
in 25 cases. Finally as regards the anatomical variations;
accessory right hepatic artery was detected in 11 cases,
Accessory left hepatic artery in 12 cases, replaced left hepatic
artery in 14 cases, replaced right hepatic artery in 10 cases,
replaced common hepatic artery in 9 cases and 23 cases
showed no anatomical variants.

Abstract
Background: Pancreatic cancer is the fourth leading cause
of cancer related deaths worldwide. It has poor prognosis
especially in locally advanced tumours. Treatment of pancreatic
tumours remains a challenge regarding their growth into the
adjacent anatomical and vascular structures. Multidetector
computed tomography (MDCT) plays an important role in
diagnosing of patients with resectable and borderline resectable
tumours. Evaluation of borderline resectable tumours should
involve the accurate identification of the relationship between
the tumour and the surrounding vessels and other vital structures.

Conclusion: Multidetector CT with CT angiography plays
a major role in the diagnosis and staging of pancreatic carcinoma. The use of standardized technique and radiologic
reporting method can improve the evaluation of the tumorvessel relationship and precisely evaluate the arterial anatomical variants.

Aim of Study: Evaluation of the role of CT angiography
in the assessment of tumor vascular relationship in patients
with pancreatic tumors in order to choose the proper treatment
decision.

Key Words: MDCT – CT angiography – Pancreatic carcinoma
– Celiac trunk – Superior mesenteric artery.

Material and Methods: This study is a prospective study
which was conducted in the Radiology Department of Mansoura University Hospital over the period from August 2016
to September 2019. This study included 79 patients, their ages
ranged from 45 to 74 years old with mean age 58.3 years old.
All patients were referred from oncology Center of Mansoura
University and outpatient surgery clinics. The study was
approved by our institution's ethics committee, and all patients
gave their informed consent before inclusion in the study. CT
scans were obtained with a MDCT scanner (Aquilion 64,
Toshiba Medical Systems). CT protocols for pancreatic imaging
vary at different institutions but typically include a multiphasic
technique with a very thin section imaging and multiplanar
reconstruction. Contrast enhanced images include: A late
arterial or pancreatic phase and a portal or venous phase after
injection of 100-120mL of intravenous non-ionic water soluble
contrast material usually at rate of 4-5mL/sec.

Introduction
PANCREATIC cancer (PC) is considered as one
of the leading causes of cancer-related deaths
among the world according to a 2012 review [1] .
The best outcome of this tumour is offered by
Surgical resection with chemotherapy [2] .
Pancreatic cancer diagnosis remains difficult
with non-invasive imaging modalities [3,4] . At the
time of diagnosis, less than 20% of pancreatic
tumours are surgically resectable, and the remaining
tumours present with involvement of major vessels
and/or distant metastasis [5] . Tumour invasion of
the superior mesenteric artery (SMA) and celiac
artery is common from pancreatic head tumours
because of their proximity, which makes negative
resection margin challenging [6] . Vascular involvement was considered as a sign of unresectability
for pancreatic tumours historically. However, since
the early 1990s, researchers showed that the survival of patients undergoing negative margin venous
resection is equivocal to that of patients undergoing

Results: This study included 79 patients, their ages ranged
from 45 to 74 years old with mean age was 58.3 years. The
most common affected site in the pancreas was the pancreatic
head (47 lesions). All the lesions in our study were histopathological proven malignant. The most common histopathological
type in our study was pancreatic adenocarcinoma representing
61 lesions (77.21%). As regards the CT appearance of the
pancreatic masses, most of the lesions were hypodense (71
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pancreaticoduodenectomy and is superior to locally
advanced tumours treated without surgical resection
[7] . Some studies showed that endoscopic ultrasound has higher specificity and sensitivity than
MRI and CT in the diagnosis of pancreatic tumours,
especially for tumours ( < 2cm). However, it is
operator dependent and invasive technique [8,9] .
MDCT affords sub-millimeter scanning and reconstruction and post processing techniques, such as
multiplanar reformatting and CT angiography
(CTA) which allows accurate assessment of the
exact vascular involvement and identification of
anatomic variations [10-12] .
The importance of common hepatic artery variations, celiac axis and origin of middle hepatic
artery has been of great interest since 1756 when
Haller described celiac axis variations. Michel
described the classification of anatomic variation
of hepatic artery based on the results of 200 cadavers in 1955 [13] while in 1969, Vandamme et al.,
did research on hepatic artery anomalies on 156
cadavers [14] . Suzuki et al., published their results
based on angiographic study of 200 patients and
investigated the importance of hepatic artery variations in 1971 [15] Song et al., published their
work on celiac axis and hepatic artery variations
in 5002 patients and this was in 2010 [16] . Sureka
et al., evaluated the anatomic variations of celiac
axis, gartroduodenal artery, common hepatic artery,
right, middle and left hepatic artery and by using
spiral computed tomography [17] .
With improvements in neoadjuvant therapies
together with development of new vascular reconstruction techniques have made disease with border
line respectability potentially respectable [18] .
Multidisciplinary team including surgeons,
oncologists, radiologists, radiation oncologists,
and pathologists, is required to improve survival
in patients with resectable and borderline resectable
diseases. Standardized radiology report is recommended to create uniformity in the evaluation of
the tumour among physicians and across institutions
[6] .
We aimed in this study: Evaluation of the role
of CT angiography in the assessment of tumor
vascular relationship in patients with pancreatic
tumors in order to choose the proper treatment
decision.
Patients and Methods
This study is a prospective study which was
conducted in the Radiology Department of Mansoura University Hospital over the period from

August 2016 to September 2019. This study included 79 patients, their ages ranged from 45 to
74 years old with mean age 58.3 years old.
All patients were referred from oncology Center
of Mansoura University and outpatient surgery
clinics.The study was approved by our institution's
ethics committee, and all patients gave their informed consent before inclusion in the study.
Inclusion criteria:
Patients with suspicious pancreatic lesion, either
clinically or by ultrasound examination.
Exclusion criteria:
• Un-cooperative patients.
• Patients with hypersensitivity to the contrast
agents.
• Patients with renal impairment.
All the patients underwent the following:
I- Full history (at both Oncology Center and
radiology departments) including:
- Onset, course and duration of the present complaint.
- History of previous radiological examination
- Local and general examination.
The patients in our study had variable clinical
presentations as shown in Table (1); 37 patients
presented with jaundice, 12 patients presented by,
10 patients presented with cachexia, 8 patients
presented with gastric outlet obstruction.
Table (1): Showing the clinical presentations of the patients.
Clinical presentation
Jaundice
Abdominal pain
Cachexia
Gastric outlet obstruction

Number
37
24
10
8

CT imaging technique:
CT scans were obtained with a MDCT scanner
(Aquilion 64, Toshiba Medical Systems). CT protocols for pancreatic imaging vary at different
institutions but typically include a multiphasic
technique with a very thin section imaging and
multiplanar reconstruction. Contrast enhanced
images include: A late arterial or pancreatic phase
and a portal or venous phase after injection of 100120mL of intravenous non-ionic water soluble
contrast material usually at rate of 4-5mL/sec. The
late arterial or pancreatic phase is achieved at 3350 seconds for the assessment of peri pancreatic
arterial anatomic structures & optimal evaluation
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of the pancreatic parenchyma, while the portal
venous phase, achieved at 60-90 seconds, allows
detection of hepatic and distant metastasis & allows
assessment of the venous anatomic structures and
their involvement by the tumour [ 9-12] . MDCT
may include thick (3-5-mm) sections for primary
review & thin (0.75-1.50-mm) sections for image
post processing. Post processed images include
multiplanar reformatted images (MPR) (coronal
and sagittal), maximum intensity projection images
(MIP), and volume-rendered (VR) images, which
are important in the identification of subtle changes
in vascular calibres, together with accurate identification of any anatomic variation. Volume-rendered
images assess vessels in the optimal plane for exact
tumoral involvement & variant anatomic structures
[9-12] . Knowing normal and variant anatomic structures is crucial to assess exact extent of the disease
and to guide surgery for possible vascular reconstruction.
Statistical analysis:
Descriptive statistical data were calculated for
the anthropometric measurements and laboratory
data in the form of:
• Mean ± Standard deviation (SD) for quantitative
data.
• Frequency (number and percent) for qualitative
data.
Results
This study included 79 patients, their ages
ranged from 45 to 74 years old with mean age 58.3
years old.
According to the site of the lesions, 47 lesions
were in the pancreatic head, 15 lesions in the
pancreatic body, 9 lesions in the pancreatic tail, 5
lesions in the uncinate process, 3 lesions in the
pancreatic neck as shown in Table (2).
Table (2): Showing the distribution of the lesions in the
pancreatic parenchyma.
Site of the lesions

Number of lesions

Pancreatic head
Pancreatic body
Pancreatic tail
Uncinate process
Pancreatic neck

47
15
9
5
3

All the lesions in our study were biopsied by
different methods such as endoscopic ultrasound
guided biopsy, upper gastrointestinal tract endoscopic guided biopsy or radiologically guided
biopsy. All the lesions were histopathological
proven malignant as shown in Table (3).

The most common histopathological type in
our study was pancreatic adenocarcinoma representing 61 lesions (77.21 %), followed by 8 lesions
(10.12%) mucinous cystadenocarcinoma, then 3
lesions (3.79%) serous cystadenocarcinoma, then
5 lesions (6.32%) acinar cell carcinoma and finally
2 lesions (2.53%) adenosquamous carcinoma.
Table (3): Showing the histopathological types of the lesions.
Histopathological types

Number of lesions

Pancreatic adenocarcinoma
(undifferentiated type)

26

Pancreatic adenocarcinoma
(moderately differentiated type)

19

Pancreatic adenocarcinoma
(well differentiated type)

16

Pancreatic mucinous cystadenocarcinoma

8

Pancreatic serous cystadenocarcinoma

3

Acinar cell carcinoma of pancreas

5

Adenosquamous carcinoma of pancreas

2

As regards the CT appearance of the pancreatic
masses, most of the lesions were 71 hypodense
lesions, then 5 isodense lesions, then 3 hyperdense
lesions.
While as regards the relation between peripancreatic vascular arterial structures and pancreatic
tumours there where specific items which we were
concerned about in the current study and these
items were:
1- The vessels involved (celiac trunk, SMA, hepatic
artery and gastro-duodenal artery).
2- The type of involvement (tumor-vessel interface)
whether fat haziness, abutment or encasement.
3- The degree of involvement (to assess the presence or absence of vascular narrowing and
whether it is unilateral or bilateral narrowing).
4- The presence of arterial variant, and its type.
Detailed evaluation by CT angiography is mandatory to cover all of the previously mentioned
points to allow accurate assessment of the respectability of the pancreatic tumours and to decide the
proper treatment plane for each patient.
In our study the individual vessels involved by
pancreatic tumours were: The hepatic artery in 35
cases, the SMA in 49 cases, the celiac trunk in 29
cases and the gartroduodenal artery in 47 cases.
There was no arterial vascular involvement in 25
cases.
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Table (4): Showing individual vessel involvemed by malignant
pancreatic tumours.
The vessel involved
Hepatic artery
SMA
Celiac trunk
Gastroduodenal artery

Number
35
49
29
47

1- Celiac trunk:
The celiac trunk was involved in 29 cases, in
20 cases there was contact between the artery and
the tumour tissue either by fat haziness or by direct
soft tissue contact but there was no change in the
diameter of the celiac trunk as shown in Table (5).
While in 9 cases there was narrowing of the arterial
lumen, 6 cases showed unilateral luminal narrowing
and 3 cases showed bilateral luminal narrowing.
The distance of narrowing from the aorta and the
ratio of luminal stenosis was also carefully assessed.

3- Hepatic artery:
The hepatic artery was involved in 35 cases,
in 29 cases there was contact between the artery
and the tumour tissue either by fat haziness or by
direct soft tissue contact but there was no change
in the diameter of the celiac trunk as shown in
Table (7). While in 6 cases of them there was
narrowing of the arterial lumen, 4 cases showed
unilateral luminal narrowing and 2 cases bilateral
luminal narrowing. The extent of the involved
segment of the artery was also assessed to define
which segment of the artery is involved whether
the common hepatic artery (it was involved 25
cases), hepatic artery proper (it was involved in
19 cases) or the hepatic artery bifurcation (it was
involved in 17 cases).
Table (7): Showing different types of the tumour interface
with the hepatic artery.
The degree of involvement

Table (5): Showing different types of the tumour interface
with the celiac trunk.
The degree of involvement
Fat haziness less than 180 degree
Fat haziness more than 180 degree
Soft tissue contact less than 180 degree
Soft tissue contact more than 180 degree

Number
5
4
11
9

2- SMA:
The SMA was involved in 49 cases, in 37 cases
there was contact between the artery and the tumour
tissue either by fat haziness or by direct soft tissue
contact but there was no change in the diameter
of the celiac trunk as shown in Table (6). While in
12 cases there was narrowing of the arterial lumen,
7 cases showed unilateral luminal narrowing and
5 cases showed bilateral luminal narrowing. Also
involvement of the first order branch of the SMA
was accurately assessed, and it was involved in 25
cases and not involved in 24 cases.

Fat haziness less than 180 degree

5

Fat haziness more than 180 degree

6

Soft tissue contact less than 180 degree

18

Soft tissue contact more than 180 degree

6

4- The gartroduodenal artery:
The gartroduodenal artery was assessed for its
involvement and whether its lumen is patent or
occluded. This artery was almost involved in most
of the cases of pancreatic head tumours (49 cases).
Its lumen was still patent in 12 cases and narrowed
in 30 cases and near totally occluded in 7 cases.
5- Types of arterial variants:
In the current study we had different types of
anatomical variants as shown in Table (8).
Table (8): Showing different types different types of anatomical
variants in our study.
Type of the anatomical variant

Table (6): Showing different types of the tumour interface
with the SMA.
The degree of involvement
Fat haziness less than 180 degree
Fat haziness more than 180 degree
Soft tissue contact less than 180 degree
Soft tissue contact more than 180 degree

Number
6
11
20
12

Number

Number

Normal

23

Accessory right hepatic artery

11

Accessory left hepatic artery

12

Replaced left hepatic artery

14

Replaced right hepatic artery

10

Replaced common hepatic artery

9

Mona Zaky, et al.

165

Fig. (1): (A,B,C) Axial CT images showing malignant pancreatic head mass, with replaced right hepatic artery arising from
the right side of the SMA. (D,E) Coronal CT images showing the replaced right hepatic artery totally separable from
the PHM (F) Volume-rendered CT image showing the replaced right hepatic artery arising from the right side of the
SMA.

Fig. (2): (A,B) Axial CT images showing malignant pancreatic body mass, contacting the anterior aspect of the celiac trunk
(soft tissue contact less than 180 degree) with surrounding fat stranding. (C) Sagittal CT image showing significant
narrowing of the celiac trunk. (F) Volume-rendered CT image showing the normal anatomy of the celiac trunk and
SMA (no detected anatomical variant).
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Fig. (3): (A,B) Axial CT images
showing malignant pancreatic head
mass totally encasing the replaced
common hepatic artery arising from
the SMA (soft tissue contact more
than 180 degree) with significant luminal narrowing. (C) Coronal CT
image showing the replaced common
hepatic artery arising from the SMA.
(D) Maximum intensity projection
CT image showing the replaced common hepatic artery arising from the
SMA. (E) Volume-rendered CT image
showing the replaced common hepatic
artery arising from the SMA.

Fig. (4): (A,B,C) Axial CT images showing accessory right hepatic artery arising from the SMA. (D,E) Coronal CT images
showing malignant pancreatic head mass (arrow head) totally separable from the accessory right hepatic artery arising
from the SMA (arrow). (F) Volume-rendered CT image showing the accessory right hepatic artery arising from the
SMA.
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Fig. (5): (A,B) Axial CT images showing malignant pancreatic body mass totally encasing the SMA (soft tissue contact more
than 180 degree) and its first order branch (the superior pancreatico-duodenal artery that showed significant luminal
narrowing). (C,D) Coronal and sagittal CT images showing malignant pancreatic body mass totally encasing the SMA.
(E) Maximum intensity projection CT image normal vascular anatomy. (F) Volume-rendered CT image showing the
normal vascular anatomy.

Fig. (6): (A) Axial CT images
showing malignant pancreatic body
mass abutting the SMA (soft tissue
contact less than 180 degree) with
no detected significant luminal narrowing. (B,C,D) Coronal CT images showing malignant pancreatic
body mass abutting the SMA (soft
tissue contact less than 180 degree)
with no detected significant luminal
narrowing. (E) Volume-rendered
CT image showing the normal vascular anatomy.
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Discussion
This study is a prospective study which was
conducted in the Radiology Department of Mansoura University Hospital over the period from
August 2016 to September 2019. This study included 79 patients, their ages ranged from 45 to
74 years old with mean age 58.3 years old. All
patients were referred from oncology Center of
Mansoura University and outpatient surgery clinics.
The study was approved by our institution's ethics
committee, and all patients gave their informed
consent before inclusion in the study.
Pancreatic cancer is one of the leading causes
of death worldwide. It is considered the fourth
most common cause of cancer-linked mortality in
the United States. Pancreatic ductal adenocarcinoma (PDAC) is the most common pathological type
and forms more than 90% of all pancreatic cancers.
Multiple genetic and life related risk factors play
an important role in the development of PDAC
which include smoking, diabetes, obesity, high fat
diet, past history of chronic pancreatitis, certain
types of infections and abdominal surgeries [19] .
Presenting signs or symptoms of PDAC vary
according to the location of the pancreatic mass;
however, the disease can present in late stages with
no prior signs or symptoms. In the current study
the most common symptom was obstructive jaundice, followed by typical epigastric abdominal
pain, then the malignant cachexia and gastric outlet
obstruction. These finding are in agreement with
many clinical studies that showed that most of the
pancreatic tumors affect the pancreatic head, so
they are typically presented with obstructive jaundice as early clinical symptom [20] .
The location of the tumor in the pancreatic
parenchyma determines its way of spread and the
lymph nodes involved in the disease, when the
tumor is located in the anterior part of the pancreatic
head, it usually extends along the anterior pancreatico-duodenal and the proper hepatic artery. If the
tumor is located in the posterior part of the pancreatic head, it extends along the posterior pancreaticoduodenal vein toward the inferior surface of the
portal vein. A pancreatic tumor in the uncinate
process grows within the inferior pancreaticoduodenal arcade along the posterior aspect of the
superior mesenteric artery or extends into the
jejunal mesentery. If the tumors in the pancreatic
body and tail, it generally infiltrates the celiac
trunk, the splenic vessels [21,22] .
In our study the most common site affected by
the pancreatic tumors was the pancreatic head that

was affected in 47 cases and this was in agreement
with many studies stating that the pancreatic head
is the most affected site and it usually shows early
infiltration of the hepatic and gartroduodenal arteries [23,24] .
The pathological types of pancreatic carcinoma
are classified into epithelial or non-epithelial. Also
they are classified according to their biological
behaviour into benign, pre-malignant or malignant
tumors. Epithelial neoplastic tumor may be either
exocrine or endocrine, while the category of exocrine neoplasms is also classified in ductal and
acinar neoplasms.
As regards the histopathological types the most
common one type in our study was pancreatic
adenocarcinoma (PDAC) representing 61 lesions
(77.21%), as this was in agreement with Schlitter
et al., 2017 who stated that Pancreatic ductal adenocarcinoma (PDAC) is actually the most common
type of pancreatic malignant neoplastic tumors
representing about 90% of all pancreas neoplasms
[6] . Hence, the term of “pancreatic cancer” and
“pancreatic ductal adenocarcinoma” are the same
and often used synonymously [25] .
The PDAC is usually located in the proximal
pancreas, while its involvement of the distal parts
as the pancreatic body or tail is not common. In
PDAC of the pancreatic head, obstruction of the
common bile duct can lead to painless jaundice
and usually associate with early vascular involvement of the hepatic, SMA and gartroduodenal
arteries [26] .
The PDAC are further classified into grade 1
(well-differentiated type), grade 2 (moderately
differentiated type) and grade 3 (poorly differentiated type) the worst prognosis is usually associated
with the poorly differentiated type which is characterized by being very invasive, growing into and
extending into the pancreatic ducts. Perineural
invasion is also very common finding with these
lesions (90%), as well as the spread into peripancreatic fat planes [23,24] . Other types of malignant
pancreatic neoplastic masses are relatively uncommon [7] and these was in agreement with our study
as the histopathological types other than PDAC
represented only 22% of the pancreatic lesions and
they were relatively more common in the pancreatic
body and tail.
As regards the CT appearance most of the
pancreatic masses are isodense mass with convex
infiltrative borders while in CECT in arterial/pancreatic phase: The pancreatic masses are
usually poorly enhancing masses with ill-defined
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irregular margins. In portal and delayed phases,
most of pancreatic masses show poor enhancement
or progressive heterogeneous enhancement. Small
pancreatic masses are usually non-deforming and
appear isodense with the remaining of the pancreatic parenchyma. Rare CT appearance is complex
cystic heterogeneously enhancing masses wit area
of haemorrhage and necrosis [22] .
The evaluation of arterial vascular involvement
in patients with pancreatic carcinoma is one of the
key factors that define the possible of respectability
of the pancreatic tumors and the multidetector CT
angiography is superior to conventional CT angiography because of the important information
which it gives about the course of the vessel within
and around the pancreatic parenchyma. Different
methods are used for the evaluation of the incomplete or complete neoplastic soft tissue surrounding
the peripancreatic vascular structures with assessment of the wall irregularities, and vessel calibre
changes [19] . In our study we tried to assess the
tumoral encasement of peri-pancreatic arteries
using standardized method by the multi-detector
CT that showed high sensitivity of up to 80% and
high specificity of 98% for detection arterial invasion.
The arteries have walls thicker than that of the
vein, and the flow rate of blood inside the arteries
is higher than its flow inside the vein, so any
change in the diameter of the artery or the presence
of arterial thrombus carries a higher risk of invasion
than those findings in the vein [26] .
In our study we evaluated the type of the tumor
vascular interface whether it is fat haziness (less
than or more than 180 degree) or direct soft tissue
contact (less than or more than 180 degree). If
there was soft tissue contact more than 180 degre
with the arterial lumen, the wall irregularity and
the degree of narrowing whether unilateral or
bilateral was also assessed.
For detection of the respectability of pancreatic
tumors many arteries have to be assessed including
celiac trunk, hepatic artery and SMA and gartroduodenal arteries. Our study was in agreement with
Shen et al., 2017 and Varadhachary, 2017 as regards
the celiac and hepatic artery involvement, they are
usually involved as a result of the cephalic growth
of PDAC of the pancreatic head and neck. Therefore, sometimes, when a short segment of the
hepatic artery is involved close to the origin of the
gartroduodenal artery, the lesion can't be resected
[27] .

Involvement of the celiac trunk is one of the
major criteria that affect the locally advanced
PDAC either resectable or not. Our study is also
in agreement with other studies that showed that
the PDAC arising from the neck of the pancreas
is more likely to involve the celiac artery and its
trifurcation, along with possible involvement of a
segment of the hepatic artery. Therefore, it is
important to assess the extent of the tumor on the
common hepatic artery proximal to the origin of
the gartroduodenal artery and to assess also the
patency of the gartroduodenal [29-31] .
Multidetector CT angiography also provide
important information about the course of the
vessel within the pancreatic parenchyma and can
detect the presence of arterial variants of the celiac
and SMA. The replaced right hepatic artery is the
most common arterial anatomical variant. Its percent is about 11% to 21%. In this condition the
right hepatic artery originates from the SMA and
runs just postero-lateral to the portal vein or passes
behind or through the pancreatic head, the accidental injury of the replaced right hepatic artery can
cause injury of the bilio-enteric anastomosis during
and after surgery [32] .
Another common arterial variant is the replaced
common hepatic artery which arises from the SMA
by a common arterial trunk referred which is called
the hepatomesenteric trunk, the incidence of this
variant ranges from 0.4% to 4.5%. The replaced
common hepatic artery passes through the pancreatic parenchyma or runs upwards behind the head
of the pancreas and to reach the porta hepatis just
medial to the CBD in the common site of the
gartroduodenal artery [33] . The accidental injury
of the common hepatic artery causes biliary leak
as well as hepatic ischemia and necrosis [34] .
Conclusion:
Multidetector CT with CT angiography plays
a major role in the diagnosis and staging of pancreatic carcinoma. The use of standardized technique and a radiologic reporting method can improve the evaluation of the tumor-vessel
relationship and precisely evaluate the arterial
anatomical variants.
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