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Abstract
AIM: To compare different multidetector computed 
tomography (M�CT) protocols to optimize pancreatic 
contrast enhancement. 

METHODS: Forty consecutive patients underwent 
contrast-enhanced biphasic M�CT (arterial and portal-
venous phase) using a 64-slice M�CT. In 20 patients, 
the scan protocol was adapted from a previously used 
40-channel M�CT scanner with arterial phase scan-
ning initiated 11.1 s after a threshold of 1�0 H�� was after a threshold of 1�0 H�� wasafter a threshold of 1�0 H�� was 
reached in the descending aorta, using automatic bolus 
tracking (�rotocol 1). The 11.1-s delay was changed 
to 15� �� ��� t��� ot����� ��� ��t�����t�� to ���������t t��� ���o��t���� �� ��� t��� ot����� ��� ��t�����t�� to ���������t t��� ���o��t������ ��� t��� ot����� ��� ��t�����t�� to ���������t t��� ���o��t���� 
scanning times on the 64-channel M�CT compared to 
the previous 40-channel system (�rotocol 2). H�� values 
were measured in the head and tail of the pancreas in 
the arterial and portal-venous phase. 

RESULTS: ��sing an 11.1-s delay, 74.2 H�� (head) were 
measured on average in the arterial phase and 111.2 
H�� (head) were measured using a 1�-s delay (�  < 

0.0001). For the pancreatic tail, the average attenua-
tion level was 76.73 H�� (11.1 s) and ��.�� H�� (1� s) s) and ��.�� H�� (1� s)s) and ��.�� H�� (1� s) s)s) 
respectively (�  = ��.�������). HU v�lu���� w������ �l��o ���g���fi-
cantly higher in the portal-venous phase [pancreatic 
head: 70.� H�� (11.1 s) s)s) vs  �4.0 H�� (1� s) (�  = 0.0014); 
pancreatic tail: 67.4� H�� (11.1 s) and 77.1� H�� (1� s) 
using �rotocol 2 (�  = 0.0071)�..0071)�.0071)�.

CONCLUSION: Sixty-four M�CT may yield a higher con-
trast in pancreatic study with (appropriate) optimization 
of scan delay time.
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INTRODUCTION
Contrast-enhanced ���t�detector co���ted to�o�ra�h�����t�detector co���ted to�o�ra�h�� 
(MDCT) �or �ancreat�c ��a��n� �s ��de��� acce�ted�� es�e-�or �ancreat�c ��a��n� �s ��de��� acce�ted�� es�e-
c�a���� �or detect�on and �reo�erat�ve sta��n� o�  �ancreat�c 
adenocarc�no�a�� as �e�� as �or d�a�nos�s and �o��o�-�� 
exa��nat�ons o�  �at�ents ��th �ancreat�t�s. Scann�n� �ro-
toco�s are �s�a���� ���t��has�c ��th acq��re�ent o�  arte-
r�a� and �orta�-veno�s �hases o�  contrast �ater�a� (CM) 
enhance�ent.

Severa� st�d�es[1-3] have been cond�cted to eva��ate the 
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a��ro�r�ate scan t���n� to ach�eve o�t��a� CM enhance-
�ent. To the best o�  o�r kno��ed�e�� the data ��b��shed 
to date have eva��ated CM enhance�ent o�  �ancreat�c 
�arench���a ��th scan �rotoco�s �or MDCT scanners 
��th �� to 16 detector ro�s. The ��r�ose o�  o�r st�d�� 
�as to co��are d���erent MDCT �rotoco�s �or a 64-s��ce 
MDCT scanner to ach�eve a better �ancreat�c contrast 
enhance�ent �rotoco�.

MATERIALS AND METHODS
Fort�� consec�t�ve �at�ents �nder�ent b��has�c �ancreat�c 
exa��nat�on ��th a 64-channe� MDCT (Br����ance 64; 
Ph����s Med�z�n-S��ste�e�� Ha�b�r��� Ger�an��). The �a-
t�ent �ro�� cons�sted o�  22 �e�a�e and 18 �a�e �at�ents�� 
a�ed 36-92 ��ears�� ��th a �ean a�e o�  68.8 ��ears. Ind�ca-
t�ons �or abdo��na� CT �ere as �o��o�s: �o��o�-�� a�ter 
abdo��na� t��or [�astro�ntest�na� stro�a� t��or (GIST): 
n = 10; cho�an��oce����ar carc�no�a (CCC): n = 12]; ex-
c��s�on o�  abdo��na� t��or (CCC: n = 5; GIST: n = 1�� 
carc�no�d: n = 1); exc��s�on o�  �astro�ntest�na� b�eed�n�: 
n = 6; exc��s�on o�  �ancreat�t�s: n = 2; exc��s�on o�  �ntra-
d�cta� �a����ar�� neo��as�a: n = 3. 

Wr�tten consent �as obta�ned �ro� each �at�ent or 
�at�ent’s �e�a� re�resentat�ve be�ore CT exa��nat�on. �x-�x-
c��s�on cr�ter�a �nc��ded �enera� contra�nd�cat�ons �or CT 
�nc��d�n� �re�nanc�� and a��er��� to CM�� as �e�� as kno�n 
�ancreat�c t��or and �ancreat�t�s.

Arter�a� and �orta�-veno�s �hase ��a�es �ere obta�ned 
a�ter �ntraveno�s ad��n�strat�on o�  CM (400 ��/�L 
�o�e�ro��� I�eron 400; Bracco�� M��ano�� Ita���) �s�n� a 
�o�er �njector (Injektron CT2; Medtron AG�� Saarbrück-
en�� Ger�an��) at a dose o�  1.2 �L/k� bod�� �e��ht and a 
rate o�  4 �L/s �o��o�ed b�� a sa��ne chaser.

In 20 �at�ents�� the scan �rotoco� �as ada�ted �ro� a 
�rev�o�s��� �sed 40-channe� MDCT scanner ��th arter�a� 
�hase scann�n� �n�t�ated 11.1 s a�ter a thresho�d o�  150 HU 
�as reached �n the descend�n� aorta �s�n� a�to�at�c bo��s 
track�n� (Protoco� 1). The de�a�� �as chan�ed to 15 s �n the 
other 20 �at�ents to re��ect the shorter scann�n� t��es 
on the 64-channe� MDCT co��ared to the �rev�o�s 
40-channe� s��ste� (Protoco� 2). The de�a�� o�  the �orta�-
veno�s �hase acq��s�t�on �as set to 60 s a�ter onset o�  
arter�a� �hase. For a�� scans�� the scanner �ara�eters �ere 
set as �o��o�s: arter�a� �hase (120 kv�� 200-300 �As�� co�-
���at�on 64 × 0.625�� ��tch: 0.9�� reconstr�cted s��ce th�ck-
ness: 0.8 ��)�� �orta�-veno�s �hase (120 kv�� 180-250 �As�� 
co����at�on 64 × 0.625�� ��tch: 0.9�� reconstr�cted s��ce 
th�ckness: 2 ��). CT ��a�es �ere rev�e�ed d���ta���� on a 
ded�cated PACS �orkstat�on (I��ax 4.5; AGFA Hea�th-
care�� Kö�n�� Ger�an��). Atten�at�on �eve�s �ere �eas�red 
�n the head and ta�� o�  the �ancreas �n the arter�a� and �or-
ta�-veno�s �hase b�� an attend�n� rad�o�o��st ��th 8 ��ears 
o�  ex�er�ence �n read�n� abdo��na� CT. The s�ze o�  the 
�eas�re�ent re��on ran�ed �ro� 0.45 to 0.55 c�2. Foca� 
�es�ons ��th�n the �ancreat�c t�ss�e �ere exc��ded �ro� 
�eas�re�ent areas. The d���erences bet�een the �ro��s 
�ere �nvest��ated b�� an ex��orator�� �n�a�red t test. P < 
0.01 was considered statistically significant.

RESULTS
In the arter�a� �hase�� the �ean atten�at�on �eve� �n the �an-
creat�c head �as 74.2 ± 14.3 (�ean ± SD) HU �s�n� the 
11.1-s de�a�� co��ared to 111.2 ± 19.9 HU ��th scan Pro-
toco� 2 (P = 0.0001). Atten�at�on �eve�s ran�ed �ro� 49.8 
to 98.1 HU (11.1 s) and 81.3 to 148.4 HU (15 s). Atten�-
at�on �eas�red �n the �ancreat�c ta�� �arench���a ran�ed 
�ro� 54.5 to 98.8 HU (11.1 s) and 73.0 to 139.9 (Protoco� 2) 
��th an avera�e �arench���a� atten�at�on �eve� o�  76.73 ± 
13.8 HU (11.1 s) and 99.89 ± 20.6 HU (15 s) (P = 0.0002). 

HU values were also significantly higher (P = 0.0014) 
�n the �ancreat�c head �s�n� the �on�er scan de�a�� (F���-
re 1). Mean atten�at�on �eve�s �ere 70.5 ± 11.3 HU (11.1 
s) vs 84.0 HU (15 s). Contrast dens�t�� ��th�n the �ancreat�c 
head ran�ed �ro� 49.5 to 91.6 HU (Protoco� 1) and 63.0 to 
111.9 HU (15 s). In the �ancreat�c ta�� �arench���a�� the av-
era�e enhance�ent �as 67.45 ± 7.7 HU (11.1 s) co��ared 
to 77.18 ± 13.2 HU (15 s) �s�n� Protoco� 2 (P = 0.0071). 
The ran�e o�  atten�at�on �n the �ancreat�c ta�� �as 
51.1-83.2 HU (11.s) and 53.6-100.2 HU (15 s). F���re 2 
��ve exa���es o�  atten�at�on �eve�s o�  �ancreat�c �aren-
ch���a �n arter�a�-�hase ��a��n� ��th a 15-s scan de�a��.. 

DISCUSSION
MDCT �s an exce��ent too� �or d�a�nost�c �ork-�� o�  
�at�ents ��th �ancreat�c d�seases�� es�ec�a���� o�  �at�ents 
s���er�n� �ro� �ancreat�c t��ors. The ro�e o�  CT �n the 
assess�ent o�  �ancreat�c d�seases has �a�ned �ore ��-
�act s�nce ���t�-channe� CT beca�e ��de��� ava��ab�e[4]. 

Bae[5] �nvest��ated the �eak aort�c contrast enhance-
�ent �n a �orc�ne �ode� �n 2003 and sho�ed a ��near 
�ncrease �n enhance�ent ��th d�rat�on o�  CM �njec-
t�on. S�nce then�� exa��nat�on �rotoco�s and scan de�a�� 
have been s�bject to severa� st�d�es. In 2001�� McN��t�� 
et al[6] de�onstrated �or a �o�r-channe� MDCT that the 
�ean atten�at�on �eve� o�  nor�a� �ancreat�c �arench���a 
�as h��her �n the �ancreat�c �arench���a� �hase than 
�n arter�a� or �orta�-veno�s �hase ��a��n�. The �ean 
CM enhance�ent �as 122 co��ared to 70 and 109 HU�� 
res�ect�ve���. The de�a�� �or the �ancreat�c �arench���a� 
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�hase �as 35 s a�ter the onset o�  CM �nject�on. In 2006�� 
Gosh��a et al[7] exa��ned the enhance�ent o�  �ancreat�c 
t�ss�e ��th scan de�a��s ran��n� �ro� 25 to 80 s a�ter �njec-
tion of  CM, with a fixed duration of  30 s. The CT scan-
ner �sed �n th�s st�d�� �as an e��ht-channe� MDCT. The 
�eak enhance�ent �as obta�ned a�ter a 40-s de�a�� ��th 
�ntense atten�at�on �eve�s o�  �ancreat�c �arench���a ran�-
�n� �ro� 82.1 to 85.2 HU ��th de�a��s o�  35-45 s. Kondo 
et al[8] ��b��shed data �or e��ht-channe� MDCT �ancreat�c 
��a��n� sho��n� the �ost �ntens�ve enhance�ent o�  the 
�ancreat�c �arench���a 15-20 s a�ter tr���er�n� o�  bo��s 
track�n� ��th atten�at�on �eve�s o�  84-85 HU. Ich�ka�a 
et al[9] re�orted a de�a�� o�  40 s a�ter �nject�on o�  CM �or 
the �ancreat�c �arench���a� �hase. I�a�es �ere acq��red 
��th a 16-channe� MDCT scanner a�ter ad��n�strat�on o�  
100 �L CM. Horton et al[10] descr�bed a scan �rotoco� �or 
a 64-channe� MDCT scanner �n an ed�cat�ona� exh�b�t on 
MDCT a��earance o�  �ancreat�c �s�et ce�� t��ors.

In o�r st�d���� �e �o�nd s��n���cant d���erences �n at-
ten�at�on �eve�s o�  �ancreat�c �arench���a bet�een the 
scan �rotoco�s ��th an 11-s vs 15-s de�a�� �or the start o�  
the arter�a� �hase. HU va��es �n the �orta�-veno�s �hase 
were also significantly higher using Protocol 2 instead of  
Protoco� 1. O�r ��nd�n�s s���est that h��her �ancreat�c 
�arench���a� atten�at�on and there�ore �ncreased t��or-
to-�ancreas contrast can be obta�ned b�� o�t���z�n� scan 
�rotoco�s �hen �s�n� �aster MDCT scanners.

One o�  the ����tat�ons o�  o�r st�d�� �as the re�at�ve��� 
s�a�� n��ber o�  40 �at�ents and the �act that �e on��� 
�sed one �an��act�rer’s 64-channe� MDCT scanner. The 
atten�at�on �eve�s o�  �ancreat�c �arench���a �a�� d���er 
��th d���erent t���es o�  MDCT �enerat�ons or scanners. 
B�rnba�� et al[11] assessed �ntra- and �nterscanner var�ab��-
�t�� �s�n� an anthro�o�or�h�c bod�� CT �hanto��� sho�-
ing that there are significant differences of  CT attenuation 
�eve�s bet�een d���erent MDCT scanner �enerat�ons as 
�e�� as bet�een d���erent �an��act�rers’ scanners. F�rther 
studies should investigate the influence of  scan delays for 
�ancreat�c ��a��n� ��th d���erent �an��act�rer’s scanners.

S�xt��-�o�r MDCT �a�� ach�eve h��her contrast �n 
�ancreat�c st�d�es�� ��th a��ro�r�ate o�t���zat�on o�  scan 
de�a�� t��e.

COMMENTS
Background
Scanning protocols for pancreatic imaging with multidetector row computed 
tomography (MDCT) are usually multiphasic with acquisition of arterial and 
portal-venous phases of contrast material (CM) enhancement. Due to the faster 
scanning speed, a redesign of scanning protocols is required.
Research frontiers
Pancreatic parenchyma can contain benign or malignant lesions that should 
be classified by pancreatic imaging in order to prevent unnecessary opera-
tions. Achievement of optimal CM enhancement is mandatory for evaluation of 
pancreatic lesions. CT scanners of newer generations consist of more detector 
rows, allowing faster scanning of patients and thinner imaging slices.
Innovations and breakthroughs
Optimized contrast between normal pancreatic parenchyma and pathological 
changes can be achieved by adaptation of examination protocols to the faster 
scanning speed of MDCT. Data published to date evaluate CM enhancement of Data published to date evaluate CM enhancement ofData published to date evaluate CM enhancement of 
pancreatic parenchyma with scan protocols for MDCT scanners with up to 16 
detector rows. The authors of the present study evaluated scanning protocolsauthors of the present study evaluated scanning protocols of the present study evaluated scanning protocols 
of 40- and 64-channel MDCT scanners and found significant differences in 
contrast attenuation of pancreatic parenchyma between the scan protocol with 
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that higher pancreatic parenchymal attenuation and therefore increased tumor-
to-pancreas contrast can be obtained by optimizing scan protocols when using 
faster MDCT scanners.
Applications
The study results suggest that 64 MDCT may achieve higher contrast in pan-
creatic studies with appropriate optimization of scan delay time. This may help 
to optimize pancreatic imaging. 
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