
Introduction

Imaging is now integral for diagnosing pancreatic
disease and neoplasms. The use of multidetector
computed tomography (MDCT) scanners has dra-
matically reduced scan acquisition time, with re-
sultant improvement in patient compliance and
image quality. Fast scanning time enables the ac-
quisition of multiple phases of enhancement,
which is of paramount importance in imaging the
pancreas. The improved Z-axis resolution permits
excellent image reconstructions, which play a crit-
ical role in diagnosis and staging of pancreatic
neoplasms due to the anatomic layout of the pan-
creas and its vasculature. The cross-sectional im-
aging of splenic pathology has also improved due
to the improvement in MDCT technology. MDCT
can rapidly image the spleen and is valuable in the
diagnosis of a variety of congenital, neoplastic, in-
flammatory, and traumatic lesions of the spleen.

Concepts in Pancreatic Imaging

Detection of lesions within the pancreas on CT de-
pends largely on the enhancement pattern of the
lesion and the alteration in contour of the normal
pancreas. Before initiation of contrast-enhanced
MDCT of the pancreas, administration of negative
oral contrast medium is performed to distend the
stomach and duodenum, which facilitates detec-
tion of abnormalities in the pancreatic bed. The
use of negative oral contrast medium has an added
advantage in that it does not mask radiopaque
stones in the common bile duct, and it may aid in
the evaluation of gastric and duodenal wall lesions
[1].
Enhancement of the pancreatic parenchyma and
lesions is influenced by volume, iodine concentra-
tion, and injection rate of the contrast medium.
Contrast-enhanced imaging of the pancreas can

be performed in three distinct phases [2]. The ear-
ly arterial phase, which is seen at approximately
20 s after contrast administration, demonstrates
contrast uptake preferentially within the arterial
tree with almost no enhancement of the pancreat-
ic parenchyma. The next phase is the delayed arte-
rial phase or the pancreatic phase, which is ac-
quired at about 35–40 s following contrast admin-
istration. In this phase, there is optimal enhance-
ment of the pancreatic parenchyma and excellent
delineation of the arterial vascular system [2]. The
third phase is the portal venous phase, which is
usually acquired at 65–70 s after contrast adminis-
tration. This phase offers the highest contrast up-
take by the portal venous vessels, with good en-
hancement of the liver parenchyma. The exact
timing of scan delay is variable based on the indi-
vidual patient and can be optimized using bolus
tracking techniques, where the initiation of the
scan is based on the time when arterial enhance-
ment peaks to a predetermined Hounsfield unit
(HU) value. The Smart Prep technique used at our
institute involves placing the region of interest
(ROI) in the aorta just above the level of the pan-
creas and setting an HU value between 120 and
130 as the trigger. Scanning for the pancreatic
phase starts 15 s after this threshold is reached.

Rationale for High-Concentration Contrast
Media

An important determinant of image quality is con-
trast medium dynamics. The use of intravenous
iodinated contrast media is routine with MDCT,
and the dose and rate of contrast injection must
be adapted to the higher scanning speeds of multi-
detector systems. The recommended maximum
amount of iodine is 35–45 g, which should not
change based on the concentration of the contrast
medium used [3].
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Higher concentrations of contrast in the ROI
can be achieved by either an increase in injection
rate or increase in the iodine concentration of the
contrast medium. Since the contrast injection rate
is limited by IV access and vessel diameter, the
concentration of iodine (total iodine dose being
kept constant) becomes an important factor. For a
description of contrast enhancement of organs, a
computer-generated, two-compartment model was
used [4]. According to this model, organ enhance-
ment is a result of enhancement of intravascular
and extracellular–extravascular spaces. Contrast
enhancement of the extracellular–extravascular
space depends on the concentration gradient be-
tween intravascular and extracellular–extravascu-
lar spaces, the volume of the extracellular–ex-
travascular space, the permeability of organ mi-
crovasculature and cellular interfaces, and surface
area and time. A high concentration gradient be-
tween intravascular and extracellular–extravascu-
lar spaces allows a high influx of contrast material
into the extracellular–extravascular space and con-
tributes to high organ enhancement.

In a study by Fenchel et al. [5], the use of
400 mgI/ml of contrast medium concentration
(Iomeprol 400) led to a significantly higher arterial
and portal venous phase enhancement as compared
with 300 mgI/ml concentration, the rate of contrast
injection and the total dose of iodine being kept
constant. It is likely that the use of high concentra-
tions of contrast medium would improve conspicu-
ity of hypovascular and hypervascular lesions in the
pancreas.

Scanning Technique

A noncontrast CT of the upper abdomen is per-
formed using 10-mm slice collimation to cover the
pancreas. Depending on the scanner type, a pan-
creatic phase is performed using 1- to 2-mm slice

collimation. Acquisition of the pancreatic phase is
usually at a delay of 35–40 s following a bolus of
125–150 cc of iodinated contrast medium injected
at a rate of 4–5ml/s. The scanned area extends
from the diaphragm to below the transverse duo-
denum in a single breath hold [6]. A weight-based
approach to IV contrast medium administration is
now considered more appropriate in order to opti-
mize the iodine dose for a study. An iodine dose of
550 mg/kg body weight can be used for both pan-
creatic and vascular enhancement that translates
into 1.8–2.0 cc/kg body weight.

For the next phase, the patient is instructed to
breathe deeply following the pancreatic phase ac-
quisition, and a second spiral acquisition is per-
formed at a 70–80 s scan delay. This is the portal ve-
nous phase, which covers the entire upper abdomen
using 2.5- to 5-mm slice collimation, depending on
the patient’s body habitus (Table 1). This phase is
critical for the detection of small hypodense liver
metastases and in the diagnosis of venous encase-
ment by a tumor. Early arterial phase scans can be
performed if a CT angiogram is desired.

Dual-Phase Imaging for the Pancreas

Dual-phase MDCT of the pancreas is typically un-
dertaken in the late arterial (pancreatic) phase and
the portal venous phase and is considered optimal
for assessment of pancreatic adenocarcinoma [2].
The gland enhances avidly during the pancreatic
phase, thus, most pancreatic adenocarcinomas ap-
pear as low-density lesions compared with the
normal enhancing pancreatic parenchyma, mak-
ing tumor conspicuity maximal during this phase
[7, 8] (Figs. 1a, b and 2a, b) The pancreatic phase
also facilitates visualization of major arterial
structures and permits staging the tumor and de-
termining resectability based on vascular involve-
ment (Fig. 3a, b). The criteria of unresectability of

Table 1. Multidetector computed tomography (MDCT) parameters for the pancreas: Protocols for GE Scanners at our institute

Parameters 4 channel 1 6 channel 6 4 channel
DC (mm) 1.25 0.625 0.6
TS (mm/s) 15 18.75 38

Beam Pitch 1.0–2.0
Slice thickness (mm)

Arterial (CTA) 1.25 1.0 1.0
Arterial  (liver) 2.5–5.0 2.5 2.5
Venous (CTA) 2.5 2.0 2.0
Venous (liver) 5.0 5.0 5.0

Delay arterial bolus tracking empirical delay 25–30 s
Venous Delay (s) 65–70 65–70 65–70
DC detector collimation, TS table speed, CTA computed tomographic arteriography
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Fig. 1a, b. Importance of optimal phase imaging: a Early arterial phase axial multidetector computed tomography (MDCT) image in a pa-
tient with adenocarcinoma of the pancreatic head. Suboptimal enhancement of the normal pancreas (long white arrow) and portal vein
(short white arrow). b Pancreatic phase helical computed tomography (CT) in the same patient, demonstrating optimized parenchymal
(long white arrow) and vascular enhancement. Furthermore, the tumor is clearly identified and encases the portal vein (short white arrow)

a b

Fig. 2a, b. Importance of optimal “pancreatic phase” imaging: a Image acquired in the pancreatic phase clearly reveals the relatively hy-
podense mass in the pancreatic head. b Axial multidetector computed tomography (MDCT) image in a different patient taken later than the
pancreatic phase shows a soft tissue invading into the superior mesenteric vein (SMV); however, the mass is not conspicuous on this phase
due to equal enhancement of the mass and the normal pancreatic parenchyma

a b

Fig. 3a, b. Axial contrast-enhanced 16-channel multidetector com-
puted tomography (MDCT) image in a 79-year-old woman demon-
strates an infiltrating mass involving the head and uncinate process
of the pancreas, which encases the origin of the celiac axis, superior
mesenteric vein (SMA), and invades into the inferior vena cava (IVC).
(a) Coronal reformatted image in the same patient gives a better idea
of the true extent of the tumor in the vertical dimension (b) a

b
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pancreatic adenocarcinoma now includes extra-
pancreatic invasion of major vessels (defined as
tumor-to-vessel contiguity >50%) such as celiac
artery, hepatic artery, portal vein, superior mesen-
teric artery or superior mesenteric vein, or mas-
sive venous invasion with thrombosis (Fig. 3a, b).
Likewise, the presence of distant metastasis to the
liver, regional lymph nodes, or omentum is a con-
traindication for surgical resection. However, par-
tial venous invasion (tumor-to-vessel contiguity
<50%) without thrombosis or obliteration of the
venous lumen can still be classified as resectable
adenocarcinoma [9, 10]. (Table 2).

Functioning or hormone-producing neuroen-
docrine tumors are typically hypervascular, and
they enhance in the early arterial phase (20–25 s).
Therefore, the scanning protocol for these tumors
should be optimized to include arterial phase im-
aging. Neuroendocrine tumors are often seen as
homogenously enhancing discrete lesions in the
arterial phase [18] (Fig. 4a, b). Gouya et al., in their
study comparing endovascular ultrasound (EUS)
and CT, observed that MDCT alone has 94.4% di-

agnostic sensitivity for detecting insulinomas us-
ing the multiphasic protocol. EUS had a sensitivity
of 93.8% and a combination of MDCT and EUS a
sensitivity of 100% [19]. Although other modali-
ties such as gadolinium-enhanced magnetic reso-
nance imaging (MRI), somatostatin-receptor im-
aging, and EUS have emerged as possible diagnos-
tic modalities for pancreatic endocrine neoplasm,
multiphasic MDCT is far superior in both detec-
tion and staging of pancreatic islet-cell tumors
[20]. The presence of hypervascular metastatic de-
posits to the pancreas can be detected in the arte-
rial phase (Fig. 5). Arterial-enhancing liver metas-
tasis from neuroendocrine tumors is also well seen
during this phase.

Cystic Lesion Detection and 
Characterization

Cystic lesions in the pancreas are now frequently
diagnosed due to the increased utilization of CT.
These lesions encompass true neoplasms as well as

Table 2. Comparative results for detection and respectability of pancreatic adenocarcinoma

Image mode Sensitivity Specificity Accuracy
Single-slice CT 81–89% 81–89% 69–87%

Nishiharu T et al [11] Nishiharu T et al [11] Trede M et al [12]

MDCT 96% 77% 85–90%
Ellsmere J [13] Grenacher L [14] Kulig J et al [15]

EUS 89–100% 100% 69–87%
DeWitt J et al [16] Wiersema MJ [17] Trede M et al [12]

CT computed tomography, MDCT multidetector computed tomography, EUS endovascular ultrasound

Fig. 4a, b. Pancreatic arterial phase helical computed tomography (CT) demonstrating a hypervascular tumor (white arrow) in the head
of the pancreas. (a) Portal venous phase image reveals a hypodensity in the region of the tumor. It is imperative to perform an arterial phase
CT in a patient with suspected endocrine tumor to allow adequate characterization of the mass, which is well demonstrated in this case (b) 

a b
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inflammatory lesions. The accurate characteriza-
tion of a cystic lesion is critical to triage a treat-
ment decision in these patients. Serous cystadeno-
ma is seen as a solid lesion, with a “honeycomb”
appearance due to presence of microcysts [21].
The previously described appearance of a large
mass with a central scar and “sunburst” calcifica-
tion is uncommonly seen, as these lesions are be-
ing detected at early stages. Central scar when
present is considered characteristic for serous cys-
tadenoma. Mucinous neoplasms, on the other
hand, are macrocystic, with few discrete compart-
ments [22]. The classical septal or peripheral
eggshell calcification, which is diagnostic of muci-
nous cysts, is an uncommon feature [23, 24]. Intra-

pancreatic mucinous neoplasms (IPMN) arise
from the epithelium of the main pancreatic duct
and its side branch and may be benign or malig-
nant. Demonstration of communication between
the ductal system and the cystic neoplasm is diag-
nostic of IPMNs [25] (Fig. 6). MDCT with postpro-
cessing is now considered excellent for the com-
prehensive evaluation of cystic lesions. Pancreatic
ductal anatomy and pathology, including cyst
communications, can be reliably detected with CT
(Fig. 7).

Inflammatory Pathologies of the Pancreas

Although inflammatory pathologies in the pan-
creas are primarily diagnosed from clinical and
laboratory findings, such as serum amylase, lipase,
etc., CT is often used to confirm the diagnosis, de-
termine the severity, and evaluate for any associat-
ed complication. There have been some minor
changes in the protocol for imaging patients sus-
pected of having pancreatitis with the use of MD-
CT. The use of positive oral contrast is no longer
required to distinguish collections from hollow
viscus since the high resolution of the MDCT scan-
ners and the availability of reformatted images al-
low easy differentiation of the two. Intravenous
contrast-enhanced multiphasic MDCT can detect
all but the mildest forms of pancreatitis. The subtle
findings of relatively poor enhancement of the
pancreatic parenchyma, either diffusely or focally,
and the loss of normal parenchymal lobulations
can be a clue to the diagnosis of this condition

Fig. 5. Axial contrast-enhanced 16-channel multidetector com-
puted tomography (MDCT) image reveals a hypervascular lesion in
the head of pancreas. This patient is status postright nephrectomy
for a renal call carcinoma. The lesion in the pancreas is an enhanc-
ing metastatic deposit from the renal cell carcinoma

Fig. 6. Portal venous phase helical computed tomography (CT) in
a 77-year-old man with chronic abdominal pain, demonstrating
diffuse dilatation of the pancreatic duct (white arrow) with numer-
ous side-branch cysts, consistent with a diagnosis of combined
main duct and side branch intrapancreatic mucinous neoplasm
(IPMN)

Fig. 7. Curved reformatted image in a middle-aged woman re-
veals segmental dilatation of the pancreatic duct without transi-
tion. These findings are consistent with main duct intrapancreatic
mucinous neoplasm (IPMN) 
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(Fig. 8). Dual phase imaging for pancreatitis can
be beneficial if a vascular complication, such as a
pseudoaneurysm, is suspected clinically.

Autoimmune pancreatitis is a rare form of dif-
fuse or focal enlargement of the pancreas. Diffuse
“sausage-shaped” enlargement of the pancreas
with a rim or “halo” around it is considered a char-
acteristic finding for this entity. Also, lack of vas-
cular encasement may aid in distinguishing the fo-
cal form of autoimmune pancreatitis or focal
chronic pancreatitis from adenocarcinoma of the
pancreas [26].

Chronic pancreatitis, on the other hand, occurs
due to repeated episodes of inflammation, which
can lead to glandular atrophy and subsequent
glandular scarring and fibrosis. The presence of
calcifications within part or whole of the gland or
intraductal calculi may be associated with these
features. These findings may occur alone or with
pancreatic ductal dilatation.

Image Processing and Display

Various types of image postprocessing can be used
for the evaluation of tumor resectability. The ad-
vantage of MDCT is the ability to obtain a volu-
metric data set with near-isotropic voxels. This im-
proves the quality of two-dimensional (2-D) and
three-dimensional (3-D) reformations. The evalu-
ation of peripancreatic vasculature is of para-
mount importance in the diagnosis of locally ad-
vanced pancreatic adenocarcinoma. The addition
of 2-D and 3-D reformatted images provides infor-
mation regarding tumor extent, which may be dif-
ficult to evaluate on axial images alone. The pres-

ence of reconstructed images allows rapid identifi-
cation of salient features by surgeons and gas-
troenterologists [27].

It is important to perform overlapping recon-
structions at one half the slice thickness of the
scan acquisition so as to ensure optimal spatial
resolution [6]. A variety of image processing op-
tions are available, such as curved reformatted
images, minimum-intensity projections, volume-
rendered images, standard coronal and sagittal
plane reformations, and coronal oblique reforma-
tions. Curved reformations are easily understood
by surgeons and gastroenterologists. These are
routinely obtained in two orthogonal planes.
Curved-transverse and curved-coronal reforma-
tions are both useful. Since soft tissues are dis-
played with the ductal and vascular structures,
curved reformations are important in determin-
ing vascular involvement and ductal abnormali-
ties [28].

Minimum-intensity projections are used to vi-
sualize low-attenuation structures, such as pancre-
atic and common bile ducts [29]. Maximum-inten-
sity projections evaluate high attenuation struc-
tures, such as peripancreatic vasculature. Volume-
rendered images aid in peripancreatic vessel and
tumor encasement.

MDCT Imaging of the Spleen

Evaluation of the spleen is most often done in con-
junction with the liver and pancreas. Focal lesions
in the spleen are encountered in patients with or
without a risk of malignancy. There exists a signif-
icant overlap in the imaging features of these le-
sions, and thus accurate characterization of a le-
sion into benign or malignant histopathologic sub-
types is often difficult.

When MDCT is performed specifically for im-
aging the spleen, images are obtained at 50–70 s
after contrast injection, which is the phase of ho-
mogenous parenchymal enhancement of the
spleen. When the splenic parenchyma is imaged in
the arterial phase, a typical inhomogeneous
“tigroid” enhancement pattern is noted due to dif-
ferential enhancement of the white and red pulp
[3] (Fig. 9a, b). At least 50% of normal spleens
demonstrate heterogenous enhancement on dy-
namic CT, which is more pronounced on MDCT
due to high levels of bolus contrast opacification
[30]. Ideally, thin-detector collimation (2.5 mm) is
preferred for evaluation. Image reconstructions
are performed at 1–2 mm, which improves the
quality of the 3-D images. Three-dimensional and
multiplanar reconstructions are very helpful in de-
tecting splenic and perisplenic processes.

Splenomegaly can be due to a variety of condi-
tions. MDCT can determine whether the spleen is

Fig. 8. Curved reformatted image along the pancreatic duct in a
patient who presented with abdominal pain reveals an area of poor
enhancement of the pancreatic parenchyma at the body due to
parenchymal edema and presence of two pseudocysts in the tail of
the pancreas. These features are typical of pancreatitis. The excel-
lent resolution of 16-channel multidetector computed tomography
(MDCT) permits accurate diagnosis of even subtle pancreatic in-
flammatory processes
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enlarged and the degree of enlargement. Infiltrat-
ing conditions, such as malignancy, lymphoma
(Fig. 10), and leukemia; and infectious processes,
such as infective endocarditis and mononucleosis,
can result in splenomegaly. Systemic processes,
such as Gaucher’s disease and sarcoidosis, can
present with splenomegaly with or without focal
masses.Angiosarcoma is the most common malig-
nant primary nonlymphoid tumor of the spleen
[31]. It has an aggressive growth pattern on CT,
with cystic and necrotic areas seen within the tu-
mor.

Splenic cysts may be congenital-epithelial true
cysts, acquired posttraumatic pseudocysts, or par-
asitic cysts (echinococcal cysts). True epithelial-
lined cysts are relatively uncommon (20%) [32].
Congenital cysts are well-defined, low-density le-
sions with sharply defined borders and no en-
hancement following contrast administration.

Splenic hemangiomas are often cavernous le-
sions, which may be from a few millimeters to
several centimeters in size. Central punctate calci-
fications in the solid component and curvilinear
peripheral calcifications may be seen. MDCT can
identify these lesions as low density with enhanc-
ing periphery due to the vascular nature of the
pathology. Lymphangiomas may be single or mul-
tiple and filled with proteinaceous material. Cys-
tic variants may contain thin-walled, septated
cysts, which do not enhance on contrast adminis-
tration.

Splenic metastases on MDCT are usually low
attenuation single or multiple foci. Distinction of
cystic splenic metastasis from benign cysts is of-
ten difficult. MDCT may detect an enhancing
component within the lesion, which favors malig-
nancy (Fig. 11a, b). Splenic abscesses are typically
focal and hypodense with a thick enhancing cap-
sule. Presence of gas is a critical feature in making
the diagnosis, and MDCT with multiplanar recon-
struction is useful in detection of gas when pres-
ent [33]. Splenic infarcts occur due to embolic oc-
clusion of the splenic artery. A focal wedge-
shaped area of decreased attenuation is the typi-
cal CT finding of splenic infarct (Fig. 12). Trau-
matic involvement of the spleen results in lacera-
tions, subcapsular hematomas, or frank splenic
rupture. These conditions can be diagnosed us-
ing MDCT.

a b

Fig. 9a, b. Arterial phase multidetector computed tomography (MDCT) of the abdomen shows the typical heterogenous enhancement
pattern of the spleen sometimes called “tigroid” enhancement. (a) Equilibrium (venous) phase confirms the absence of pathology in the
splenic parenchyma with homogenous enhancement of the spleen (b) 

Fig. 10a, b. Axial multidetector computed tomography (MDCT)
image of the abdomen demonstrates an exophytic heterogeneous-
ly enhancing mass within the spleen. (a) Abnormal periportal and
portocaval lymphadenopathy is also visualized. These findings
were suspicious of lymphoma on MDCT scan. Pathology examina-
tion proved this to be a non-Hodgkin’s lymphoma (b) 
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Conclusion

The availability of MDCT scanners has added new
dimensions to spatial and temporal resolutions in
CT imaging. The use of appropriately designed
scanning protocols is the key issue for obtaining
optimal quality studies. Availability of thinner-
slice collimations leads to almost isotropic voxels
and permits high-quality 2-D and 3-D reconstruc-
tions. Multiphasic imaging is especially important
in the pancreas, where conspicuity of a tumor may
change dramatically in the optimal phase. For pan-

creatic cancer detection, a pancreatic phase is con-
sidered optimal whereas for hypervascular lesion
detection, early arterial phase scanning is re-
quired. Three-dimensional imaging with MDCT is
now an integral part of preoperative staging and
surgical planning. The use of high-concentration
contrast media may further improve contrast en-
hancement in the tissue and vasculature.

MDCT has improved the diagnostic confidence
for splenic lesions as well. Since there is consider-
able overlap between benign and malignant
pathologies affecting the spleen, it is often difficult
to accurately classify a lesion into a histopatholog-
ical subtype. However, the use of multiphasic im-
aging and postprocessing techniques has consider-
ably improved the scope for diagnosis of splenic
pathology.
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