
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Computer tomography in pre-oprative staging of pancreatic cancer

Phoa, S.S.K.S.

Publication date
2003
Document Version
Final published version

Link to publication

Citation for published version (APA):
Phoa, S. S. K. S. (2003). Computer tomography in pre-oprative staging of pancreatic cancer.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/computer-tomography-in-preoprative-staging-of-pancreatic-cancer(2876e1e1-412e-4801-b39e-23fe754a5a29).html


taginf ee of 
pancreati cc  cance r 

Saffir ee Sylveste r Khee Suei Phoa 



Computerr tomography in pre-operative 
stagingg of pancreatic cancer 



Acknowledgement:: the publication of this thesis was financially supported by 

Guerbett Nederland BV and Amersham Health. 

ISBNN 90-5170-681-2 

©© SSKS Phoa, Amstelveen 2003 

Cover:: Chris Bor, Saffire Phoa 

Printedd by Thela Thesis, Amsterdam 



Computerr tomography in pre-operative 
stagingg of pancreatic cancer 

ACADEMISCHH PROEFSCHRIFT 

terr verkrijging van de graad van doctor 

aann de Universiteit van Amsterdam 

opp gezag van de Rector Magnificus 

prof.. mr. P.F. van der Heijden 

tenn overstaan van een 

doorr het college voor promoties ingestelde commissie, 

inn het openbaar te verdedigen in de Aula der Universiteit 

opp donderdag 6 februari 2003, te 14.00 uur 

door r 

Saffiree Sylvester Khee Suei Phoa 

geborengeboren te Amsterdam 



Promotiecommissie: : 

promotoren:: Prof. dr. J.S. Laméris 

Prof.. dr. DJ. Gouma 

overigee leden: Prof. dr. P.M.M. Bossuyt 

Prof.. dr. G.J. den Heeten 

Prof.. dr. F.J.W. ten Kate 

Prof.. dr. H. Obertop 

Prof.. dr. DJ. Richel 

Prof.. dr. G.N.J. Tytgat 

Faculteitt Geneeskunde 



Contents s 

Chapterr 1 Introduction and outline of the thesis. 7 

Chapterr 2 The value of spiral CT in pre-operative staging of potentially resectable 15 

carcinomaa of the pancreatic head. 

Chapterr 3 CT criteria for venous invasion in patients with pancreatic head 27 

carcinoma. . 

Chapterr 4 Re-interpretation of radiological imaging in patients, referred to a 39 

tertiaryy center, with a suspected pancreatic or hepato-biliary 

malignancy.. Impact on treatment strategy. 

Chapterr 5 Three-dimensional CT angiography in pancreatic head carcinoma: 51 

limitedd value in pre-operative staging. 

Chapterr 6 Value of CT criteria in predicting survival in patients with potentially 65 

resectablee pancreatic carcinoma. 

Chapterr 7 Staging of pancreatic cancer, current opinions on new diagnostic 83 

modalities. . 

Chapterr 8 Summary and conclusion 109 

Samenvattingg en conclusie 117 

Dankwoordd 123 

Curriculumm vitae 127 7 





C h a p t e r r 

Introductionn and outline of the thesis 

1 1 





Introductionn and outline 

Introduction n 

Pancreaticc carcinoma has a poor prognosis and the only chance of cure is a resection of the 

tumor.. In 1995, shortly after introduction of spiral CT in the Academic Medical Center, the 

mediann survival of patients who had undergone a resection of a pancreatic carcinoma, was 

stilll only 14-15 months. The hospital mortality of a pancreatic resection was very high, 

rangingg from 5 -10% for a pancreaticoduodenectomy (Whipple's procedure) up to 20% 

forr a total pancreatectomy, although mortality was declining in specialised centers123. The 

actuariall 5-years survival after a resection was approximately 10-15%, but only patients 

thatt had received a resection with microscopically tumor negative resection margins, 

actuallyy had a better chance of survival45'6. 

Forr pre-operative staging no single diagnostic study appeared to be sufficient and it was 

advisedd to use a combination of diagnostic modalities as ERCP, ultrasonography, CT , 

angiographyy and laparoscopy7. Although conventional CT was reported to predict 

irresectabilityy of a pancreatic carcinoma with a high accuracy8, this was probably largely 

duee to patient selection. Most patients, including a large proportion of patients that had 

irresectablee tumors, underwent a surgical exploration because surgical palliation, consisting 

off a double bypass (hepato-jejunostomy and gastrojejunostomy), was regarded as the 

treatmentt of choice for irresectable tumors. In one series for example, the resectability 

ratee in patients that underwent a surgical exploration was only 6 percent8. Currently 

insertionn of biliary stents by an endoscopic procedure as a palliative treatment has 

becomee an accepted alternative for surgical palliation. 

Inn other series in which the resectability rate was higher, probably due to a better 

patientt selection, the accuracy of CT for staging was found to be lower, approximately 

70%9'10.. It was concluded that CT predicton of irresectability of a tumor was relatively 

good,, while CT prediction of a tumor to be resectable was more difficult and only 

correctt in approximately 50% of the patients10. Besides the presence of small metastases, 

thatt were often missed by CT, an important cause for tumor irresectability was invasion 

byy tumor in the peripancreatic vessels, like the portal vein and the superior mesenteric 

veinss and arteries. This invasion was often discovered at a late stage during surgical 

exploration,, meaning that a lot of surgical dissection already had been made. Therefore 

aa more adequate detection of vascular invasion was an important goal of pre-operative 

imaging.. To improve pre-operative staging several modalities were being used. Pulsed 

Dopplerr was added to sonography (duplex sonography), which enabled measurement 

off increased velocity of flow in vessels, which signified narrowing of a vessel, followed 
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Chapterr 1 

byy Color Doppler sonography, which enabled color coding of flow velocities11. Double 

catheterr angiography was performed, with simultanous injections in the superior 

mesentericc artery and celiac trunc, in order to enhance portal, splenic, and superior 

mesentericc veins. These modalities were the standard pre-operative examinations to 

determinee vascular invasion until spiral CT was introduced. 

Inn spiral CT the X-ray tube continuously rotates around the patient, who is moved at a 

fixedd speed through the CT opening (gantry). Large datasets are thus collected in a spiral 

fashion,, instead of the discontinuous slice by slice mode, that had been used previously12. 

Thiss spiral or helical technique allowed rapid acquisition of data and enabled a more 

effectivee use of intravenously administered contrast material, to enhance the liver, the 

pancreaticc parenchyma, and the surrounding vessels. Further developments of CT has 

ledd to the use of multiple detector rings instead of only one ring (multirow CT). At first in 

Duall slice CT, two parallel rings of detectors were present instead of one row, and this 

enabledd simultaneous acquisition of the data of two slices during a single CT rotation. 

Thiss technique not only allowed a shorter examination time, but also enabled the use of 

veryy thin slices, of 1 mm thickness or less, that could be reconstructed from the acquired 

volumetricc data. These thin slices could be used for a multitude of (so-called post-process) 

renderingg techniques, such as multiplanar reconstructions, Maximum Intensity Projection 

(MIP),, 3D Surface rendering, and 3D Volume rendering1314. These rendering techniques 

laterr enabled interactive 3D renderings such as virtual endoscopy and virtual bronchoscopy. 

Becausee of the shorter scan times, multiple-phase scanning became possible, e.g. during 

bothh the arterial phase (at a delay of 20 s after contrast injection) and the portal 

venouss phase (at a delay of 70 s). In later studies scanning during a single phase, at the 

optimall delay of 40-50 s after contrast injection, was shown to be sufficient for pancreatic 

imaging1518.. Dual slice CT was introduced in the AMC in 1997, followed by "quadslice" 

CTinn 1999. 

Att present CT scanners with 32 detector rings are operational and manufacturers are 

developingg detectors with as many as 256 parallel rings. Other diagnostic modalities 

suchh as, endosonography, laparoscopic sonography, MRI and nuclear scintigraphy were 

introducedd and developed rapidly, parallel to CT, and many aspects of their role for 

pre-operativee staging are still uncertain. Because of these rapid developments further 

investigationn of spiral CT and its value for pre-operative staging was needed. 
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Introductionn and outline 

outlinee of the thesis 

Thee purpose of this thesis was therefore to establish the value of spiral CT for pre-

operativee staging of patients with a pancreatic and peri-ampullary tumors. 

Manyy patients suspected to have a pancreatic carcinoma are referred to a tertiary 

center,, like the AMC, for further diagnostic evaluation and/ or treatment. Among 

otherr diagnostic modalities, CT has currently an important role in staging pancreatic 

cancerr and for treatment planning, especially in deciding whether or not to perform a 

surgicall exploration in an attempt to perform a so-called curative resection. Because of 

thee rapid technical development of CT, with presumed improvement of diagnostic 

capabilities,, a re-evaluation of the use of these new CT scanners was needed. 

Inn chapte r 2 of this thesis, the value of spiral CT to determine surgical resectability was 

examined.. In a cohort of 56 patients with a pancreatic head carcinoma, findings on 

singlee slice spiral CT were compared with findings during surgical exploration and with 

findingss at histo-pathological examination of resected tumors. 

Vascularr invasion by tumor is found in approximately half of the patients with a pancreatic 

carcinoma,, that proves to be locally irresectable at surgical exploration. However, this 

invasionn is often detected at a late stage of the surgical exploration, meaning that a lot 

off the surgical dissection already has been performed. Pre-operative detection of venous 

invasionn is one of the goals of CT. In chapte r 3 we examined CT criteria that might 

determinee the presence of vascular invasion by a pancreatic tumor. In 50 patients with 

aa pancreatic carcinoma, who had undergone a surgical exploration, such CT criteria, 

e.g.. the length of contact between a tumor and the portal vein, the amount of 

circumferentiall involvement of the vein, and the irregularity of the vessel wall, were 

scoredd on the pre-operative CT scans. Findings at CT were compared with surgical and 

histo-pathologicall findings of venous invasion, in to order to establish which CT criteria 

weree most valuable. 

Manyy patients, suspected to have a resectable hepato-biliary malignancy, are referred 

too a tertiary center for further diagnostic evaluation and/or treatment, but in most of 

thesee patients diagnostic examinations have been performed prior to referral. This 

raisedd the question, what the yield is of reviewing these studies and what the yield is of 

additionallyy performed studies. In chapte r 4 we examined the value of re-interpreting 
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Chapterr 1 

thee radiologic examinations, that had been performed outside the AMC, in patients 

withh suspected hepato-biliary tumors, who were referred to the AMC. A blinded panel 

reviewedd the examinations of 87 consecutive patients. A tentative diagnosis, diagnostic 

plann and treatment plan were made by the panel. Also additional examinations, 

performedd in the AMC in these patients, were reviewed and again a diagnosis and a 

plann were formulated. Findings of the panel were compared with the original radiological 

reports,, the followed treatment and the surgical, histo-pathological and final clinical 

outcome.. The value of re-interpretations and the value of additionally performed studies 

weree assessed especially with regards to whether this had resulted in an important 

changee in diagnosis or in a change of the treatment plan. 

Detectionn of vascular invasion by tumor is important as this precludes a resection. For 

evaluationn of vascular structures the transverse plane may be sub optimal, and this 

mayy be a limitation of axial CT. Spiral CT enables three dimensional rendering of vessels 

andd this might have additional value to assess the patency of vessels. In chapte r 5 we 

examinedd whether 3D rendering, compared to axial CT alone, had additional value for 

stagingg venous invasion in patients with a pancreatic head carcinoma. In 32 patients 

withh a pancreatic head carcinoma, who underwent a surgical exploration, the findings 

off venous invasion at 3D CT angiography were compared with findings at the axial CT 

scans,, and with findings of venous invasion at surgical exploration and at histo-

pathologicall examination. 

CTT has limitation in determining tumor irresectability. Often a surgical exploration is 

performedd and even a resection of the tumor (with or without positive resection margins) 

althoughh CT indicates tumor irresectability or suggests a high chance for irresectability. 

Thiss raised the question how patients perform after such a resection and how CT 

findingss are correlated with survival in these patients. In chapte r 6 we examined whether 

CTT criteria, as visible on a pre-operative CT scan, could predict the survival of patients 

withh a pancreatic carcinoma. In 72 consecutive patients with a pancreatic head carcinoma 

thatt underwent a surgical exploration, with intent to perform a resection of the tumor, 

thee prognostic value of CT criteria, that are generally used to determine tumor 

irresectability,, were correlated with the survival of the patients (corrected for whether 

orr not a surgical resection had been performed). 

Inn chapte r 7 an overview is given of the diagnostic imaging modalities at present and 
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Introductionn and outline 

theirr relative importance for the pre-operative staging of pancreatic and peri-ampullary 

cancer. . 

Inn chapte r 8 a summary and a conclusion of this thesis are given. 
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Chapterr 2 

Abstract t 

Purposee To assess the value of spiral CT in the pre-operative staging of potentially 

resectablee pancreatic head carcinoma. 

Methodss In 56 consecutive patients with pancreatic head carcinoma spiral CT findings 

weree prospectively correlated with operative and histo-pathologic findings. 

Criteriaa for irresectability at CT were infiltration of the peripancreatic fat and 

vascularr ingrowth grade D, on a scale A to F. 

Resultss At surgery 27 of 56 tumors were irresectable (48%). Small metastases were 

foundd in seven patients (12%). Ingrowth in portal or mesenteric vein was present 

inn 19 patients (34%). Sensitivity and specificity of CT for irresectability were 

78%% and 76%. Resection rates with a vascular margin free of tumor were 

respectivelyy for grade A: 100%, B: 63%, C: 44%, D: 15%, E: 0%, with a predictive 

valuee for ingrowth of 88% for grades D or higher. Resectability rate was 1 1 % 

(1/9)) when infiltration of the anterior peripancreatic fat was present and 6 1 % 

whenn infiltration was absent (x2,p<0.01). 

Conclusionn Spiral CT with thin slices seems to improve detection of distant metastases and 

vascularr ingrowth in patients with pancreatic head carcinoma. 
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Pre-operativee staging 

Introduction n 

Patientss with a pancreatic head carcinoma have a poor prognosis and the only chance 

off cure is surgical resection. Pre-operative staging focusses on the detection of non-

resectablee disease in order to prevent an unnecessary laparotomy 13. Before the 

introductionn of spiral CT, dynamic CT was regarded as the best technique for staging 

pancreaticc head carcinoma, with a reported accuracy of 90-100 % for predicting 

irresectablilityy of the tumor 2:3. However, the predictive value for resectability of a 

tumorr was reported as low as 28%4. The predictive value for resectability was reported 

too be slightly better (56%) for spiral CT, in a series using CT with 8 mm thick sections5. 

Undetectedd small metastases and vascular ingrowth (in the portal or the mesenteric 

veins)) accounted for approximately 40% each, in causing a false negative spiral CT 4. 

Detectionn of liver lesions and visualization of anatomic details of pancreas and 

peripancreaticc vessels can be improved using thinner sections in spiral CT 67. 

Thee aim of this study was to evaluate the use of spiral CT with thin sections (5mm), for 

stagingg of patients with potentially resectable malignancy in the pancreatic head region. 

Thee CT findings were correlated with findings at surgery and histo-pathology in 56 

patientss with pancreatic head carcinoma, who underwent an as curative intended 

resection. . 

Patientss and methods 

Betweenn June 1995 and December 1996, 113 consecutive patients, suspected to have 

aa pancreatic head carcinoma underwent both a spiral CT and a duplex sonography 

(DUS)) as pre-operative assessment. 

Inn 14 patients benign disease was diagnosed: chronic focal pancreatitis in seven, 

obstructingg bile duct stones in three, and no pancreatic abnormalities in four. In eight 

patientss percutaneous biopsy proved metastases to the liver or to distant lymphnodes. 

Inn 16 patients the pancreatic mass was considered to be irresectable, due to the local 

extentt of tumor, due to vascular occlusion or to perivascular mass, with narrowing of 

thee vessel and with an abnormal Doppler shift. Ten patients presumed to have resectable 

tumorss were unfit for surgery (n=1), refused operation (n=1), or were treated at other 

institutionss (n=8). 

Thee remaining 65 patients underwent a diagnostic laparoscopy with laparoscopic 
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Chapterr 2 

sonographyy (DLU5) and subsequent surgery for attempted resection. In two patients 

noo final diagnosis was obtained (in one patient extensive pancreatitis prohibited 

resection,, the other patient died of cholangitis before surgery). In two patients surgery 

wass delayed for more than two months after CT. Five patients underwent a resection 

butt no carcinoma was found present (one carcinoid tumor was found and four cases 

off a chronic focal pancreatitis). 

Ourr study consisted of the remaining 56 patients, with proven pancreatic head 

carcinoma,, in whom CT could be correlated with surgical findings: 34 males and 22 

females,, with a mean age of 59.9 years (40-76 yr). 

Spirall CT Technique 
Spirall CT was performed on a Siemens Somatom Plus scanner. Unenhanced contiguous 

100 mm slices of the liver and the pancreas were followed by contrast enhanced spiral 

CTT of the pancreas (5 mm slice thickness, 24 rotations, pitch of 1). An iv contrast 

infusionn rate of 2 ml/s was used for 130 ml megluminejoxithalamathe 300 mg/ml 

(Guerbet),, the scan delay was 55 seconds. A second spiral CT with 5 mm slice thickness 

wass made through the liver. 

CTT staging 
Thee CT examinations were prospectively scored by a radiologist, who was blinded for 

alll clinical and other diagnostic information. Obstruction of the biliary or pancreatic 

ductt and presence of a mass in the pancreatic head was noted. Tumors were scored as 

irresectable,, if infiltration of peripancreatic fatplanes was present or when involvement 

off portal vein (PV) or superior mesenteric vein (SMV) was graded as D or higher. 

(Gradee A: fatplane visible between tumor and vessel, grade B: normal pancreatic tissue 

betweenn tumor and vessel, grade C: tumor adjacent to vessel with a convex contour 

towardss vessel, grade D: tumor adjacent to vessel with a concave contour towards 

vessel,, grade E: circumferential involvement of the vessel and grade F: vascular occlusion, 

afterr Loyer et al8). Lesions were also scored as irresectable, when arterial encasement 

wass present: complete circumferential involvement (cuff sign), narrowing or occlusion 

off the artery. All other lesions were scored as resectable, including liver lesions that 

couldd not be punctured percutaneously. 

Att DLUS and at surgical exploration tumor irresectability due to metastases or due to local 

tumorr extent was always confirmed by biopsies. The CT findings were correlated with the 

findingss at laparoscopy, at surgical exploration, and at histopathological examination. The Chi 

squaree test with one degree of freedom was used for statistical analysis. 
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Results s 

CTT Diagnosis: 
Inn 54 of the 56 malignant lesions CT demonstrated a mass in the pancreatic head. In 

twoo patients CT could only demonstrate dilatation of both the pancreatic duct and the 

commonn bile duct. Forty-nine of the 54 detected lesions (90%) were qualified by CT as 

beingg malignant ( hypodense lesion, clearly demarcated from normal pancreas, with 

ductall obstruction). In five cases distinction from a pancreatitis was not possible by CT. 

Thee mean diameter of the tumors, visible at CT was 2.8 cm (range 1- 4.5 cm). At 

pathologyy the average size of resectable lesions was 3 cm. 

Surgicall findings: 
Twenty-sevenn of the 56 (48%) carcinomas were irresectable: liver metastases were 

foundd in six patients (11 %) and peritoneal metastases were found in one patient. One 

patientt also had distant malignant lymphnodes. In 21 patients without liver metastases, 

locall irresectability of the tumor was proven with biopsies at trial dissection (19 patients 

hadd venous ingrowth). 

Twenty-ninee of the 56 (52%) carcinomas were resectable, and a resection was 

performed.. Three patients underwent a sleeve resection of the vein, due to tumor 

ingrowthh detected at a late phase of the resection (after transsection of the pancreas). 

CTT Staging 
CTT data were correlated with the overall resectability at surgical exploration, including 

patientss who had metastases. In 28 patients CT scored the tumor as resectable, correctly 

inn 22 (79%), six were proven irresectable due to vascular ingrowth. CT graded 28 

tumorss as irresectable, correctly in 21 patients. In seven of these a resection could be 

performedd (three with tumor-positive vascular resection margins ). All six patients with 

liverr metastases were in the group scored as irresectable. Sensitivity, specificity and 

positivee and negative predictive value of CT for irresectability at surgery were 78% (21 / 

27),, 76% (22/29), and 75% (21/28) and 79% (22/28), respectively. Excluding the 

patientss with metastases, CT findings are correlated with local surgical resectability in 

Tablee 1. Sensitivity and positive predictive value for local irresectability were slightly 

lowerr than for overall resectability (71% and 68%, respectively). 

AA radical resection (tumor-negative resection margins at pathology) was obtained in 20 

off 29 resected tumors, including in one case of a sleeve resection (Fig 1). 

Inn Table 2 the resectability at CT is correlated with radically of the resection, excluding 
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Tablee 1 Resectability at CT correlated with local surgical resectability 

Resectable e Irresectable e Total l 

CT T 

Resectable e 
Irresectable e 

22 2 
7 7 

28 8 
22 2 

Total l 29 9 21 1 50 0 

Sensitivity,, specificity, positive and negative predictive value of CT for local irresectability at surgery 
weree 7 1 % (15 of 21), 76% (22 of 29), 68% (15 of 22), and 79% (22 of 28), respectively. 

Figg 1: Small pancreatic head carcinoma (T). CT 
gradee C contact with SMV with flattening of 
thee vein (arrow). Radically resected lesion, sleeve 
resectionn necessary. 

Tablee 2 Resectability at CT correlated with radicality at pathology. 

Radical l 
resection n 

Non-radical l 
resection n 

Total l 

CT T 

Resectable e 
Irresectable e 

16 6 
4 4 

12 2 28 8 
22 2 

Total l 20 0 30 0 50 0 

Thee sensitivity, specificity, positive and negative predictive value of CT for a non-radical resection at 
pathologyy were: 60% (18 of 30), 80% (16 of 20), 82% (18 of 22), and 57% (16 of 28), respectively. 
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Pre-operativee staging 

thee patients with metastases. The positive predictive value of CT for a non-radical 

resectionn was 82%, with a sensitivity of 60%. If patients with metastases were included, 

thee overall positive predictive value of CT for a non-radical resection would be 86%, 

withh a sensitivity of 67%. 

CTT vascular grading. 
Inn 19 patients local irresectability at surgery was due to venous ingrowth. Arterial 

ingrowthh was found in 8 patients, but never without coexisting venous ingrowth. 

Excludingg patients with metastases and using the highest CT grade for PV and SMV 

invasionn as a single parameter, surgical resection rates for grades A-E were respectively: 

100%,, 75%, 67%, 31 %, and 0% (Fig 2). The resection rate was 76% (25/33) at grades 

A-CC and 24% (4/17) at grades D-E fc2, p O.001) . 

Figg 2 CT Grade of Venous Involvement correlated 
withh Local Surgical Resectability 

Figg 3 CT Grade of Venous Ingrowth correlated 
withh Vascular Ingrowth at Pathology 
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Thee sensitivity, specificity and positive and 
negativee predictive values of CT for local 
irresectabilityy at surgery (CT grade D and E) 
were:: 6 1 % , 86%, 76% and 75% respectively 

DD venous ingrowth 

MM no ingrowth 

nn = 50 

CC D 

Vascularr Grade 

Thee sensitivity, specificity, positive and negative 
predictivee value of CT ( grades D and higher) 
forr venous ingrowth at pathology were: 55%, 
9 1 % ,, 88% and 64% respectively. 

(Gradee A/B: fat/normal tissue between tumor and vein; grade C/D: convex/ concave contour of 
tumor;; grade E: circumferential involvement.) 

Venouss ingrowth at histopathology could be assessed in 50 patients, after resection or 

iff biopsies were taken of the vascular plane during trial dissection. A sleeve resection 

wass considered as ingrowth, regardless of involvement of the resection margins. Venous 

ingrowthh was thus found in 15 of 17 tumors with CT grades D or E, yielding a predictive 

valuee of 88% (Fig 3). Infiltration of peripancreatic fatplanes was one of the CT parameters 
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forr local irresectability. Correlation with local surgical resectability was examined for 

patientss without metastases. Infiltration of the anterior peripancreatic fatplane was 

seenn in nine patients and a resection could be performed in only one (11%)(Fig 4). If 

anteriorr fatplane infiltration was absent the resectability rate was 67% (x2 ,p < 0.01). 

Posteriorr fat infiltration was present in 16 patients, and seven of these underwent 

resectionn (the resection margins were free of tumor in five). 

Furthermore,, there were seven patients with indeterminate liver lesions at CT that 

couldd not be biopsied percutaneously. Sizes of these lesions were: < 1 5 mm in two, 

<< 10mm in two, and < 5mm in three. Two lesions were proven malignant at LUS, and 

44 were proven to be benign, 1 lesion had negative biopsies at LUS, but proved 

malignantt on short follow up. 

Figg 4 Pancreatic head carcinoma (T). Subtle 
infiltrationn of anterior peri-pancreatic fat 
(arrows).. No sign of venous invasion. At 
surgeryy irresectable tumor was found due 
too local extention of tumor. 

Discussion n 

CTT has been regarded the most accurate diagnostic modality in pre-operative staging of 

pancreaticc head carcinoma. The sensitivity and specificity for irresectability have been 

reportedd to be up to 100% (Table 3) WA2. The findings from the present study seem 

comparablee with those of McCarthy9, but are less accurate compared to studies using a 

33 mm helical CT technique ,0. Results should be interpreted cautiously, as variation in 

resectabilityy rates could indicate differences in patient selection or in surgical strategy. In 

thee present series with 5 mm slice thickness, small metastases were undetected or 

unprovenn after CT in 12% of the patients. As only patients with biopsy proven metastases 

weree excluded from further work-up, this seems an improvement in pre-operative detection 
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off metastases compared to series using dynamic CT11 or helical CT with 8 mm slice thickness. 

Metastasess were found at surgery in 40% of the patients, that were considered to have 

resectablee tumors at CT in one series5. This improved detection of metastases may partly 

bee due to improved fine needle biopsy (FNB) techniques oftenn performed under CT or US 

guidance,, but it may also be partly due to patient selection. 

Laparoscopyy and LUS have been advocated in pre-operative staging 1315. In a recent 

reportt LUS with laparoscopy showed metastases, undetected pre-operatively in 35% 

off patients with pancreatic head carcinoma 16. DLUS with diagnostic puncture may be 

usefulll in patients with indeterminate liver lesions at CT, that cannot be punctured 

percutaneously.. In our study these patients were regarded potentially resectable and 

Tablee 3 Sensitivity and specificity of CT for irresectability, correlated with surgery 

Author r 

McCarthyy 98 * 
Diehll 98 
Bluemkee 95 
Megiboww 95 
Warshaww 90 
Freenyy 88 
Presentt series 

sens s 

72% % 
9 1 % % 
53% % 
77% % 
56% % 
95% % 
78% % 

spec c 

80% % 
90% % 

100% % 
50% % 
87% % 

100% % 
76% % 

Noo of 
patients s 

67 7 
76 6 
64 4 

143 3 
55 5 
51 1 
56 6 

Resection n 
rate e 

48% % 
28% % 
34% % 
18% % 
29% % 

3% % 
52% % 

Pancreaticc carcinoma 
Pancreaticc carcinoma 
Pancreaticc carcinoma 
Pancreaticc neoplasms 
Pancreaticc head ca. 
Pancreaticc carcinoma 
Pancreaticc head ca. 

Technique e 

Duall slice 
Spiral l 
Dynamic c 
Dynamic c 
Dynamic c 
Spiral l 

33 mm 
88 mm 
55 mm 

--
10mm m 
55 mm 

retrospectivee study 

receivedd further work-up by laparoscopy. CT was reported to detect a high number of 

smalll benign lesions 17, and our data agree with this finding (four of seven indeterminate 

lesionss were proven to be benign). 

Vascularr encasement is the major cause of local irresectability and is found in 

approximatelyy 50% of patients thought to have resectable tumors after CT5. Data are 

hardd to compare because different CT criteria have been used. When correlating findings 

withh surgical resectability, results are also dependent on varying attitudes towards 

performingg a venous resection 18. Complete encirclement of the vessels and total 

occlusionn of a vessel are considered to be 100% specific for irresectability, but these 

criteriaa are not found in many of the patients. In a study that used thin-section helical 

CT,, patients with more than 180 degrees of vessel encirclement were found to have 

vascularr ingrowth in 88% 19. In our series the latter criterium represented 100% surgical 

irresectability,, although it was only present in grade E tumors { that had complete 
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circumferentiall involvement of the vessel). In grade D tumors ( concave contour of 

tumorr towards vessel) the resectability rate was also low (25%), and all of these tumors 

hadd less than 180 degrees of venous involvement. If radicality is also taken into account, 

aa resection with tumor free vascular margins could only be obtained in 13% of these 

gradee D tumors. It is questionable, whether this criterium should be used to exclude 

patientss from resection. 

Thee sensitivity of 53% for vascular ingrowth seems low when correlating CT with 

pathology.. This may partly be due to exclusion of patients, that had evident vascular 

encasementt at pre-operative US and CT, and exclusion of patients, that had encasement 

att CT without histological confirmation, because of metastases that were found at 

surgery.. In nearly one third of the patients that had undergone a resection, vascular 

ingrowthh was found at pathology. Microscopic ingrowth seems therefore hard to predict 

att surgery as well. The predictive value of CT for vascular ingrowth at surgery was 

76%.. A recent study, using 3 mm spiral CT, found a predictive value for ingrowth of 

70%% for axial CT compared to surgical findings. In the same study CT with 3D rendering 

off the vessels showed a predictive value for ingrowth of 90% 20. 

Inn conclusion spiral CT with thin slices seems to improve the detection of liver metastases 

andd of vascular ingrowth in patients with carcinoma of the pancreatic head. Further 

studiess should be performed to find definitive criteria that can exclude patients from 

laparotomy,, because of a high predictive value for vascular ingrowth. 
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Abstract t 

Purposee To evaluate several CT criteria for venous invasion in patients with potentially 

resectablee pancreatic head carcinoma by correlation with surgical and histo-

pathologicall findings. 

Patientss and 

methods s 
Inn 113 patients evaluated with spiral CT ( 5 mm slice thickness, 3 mm 

reconstructionn index, 130 ml joxithalamathe i.v.) for suspected pancreatic head 

carcinoma,, several CT criteria for venous ingrowth in the portal and the superior 

mesentericc veins (PV,SMV) were scored prospectively: Length of tumor adjacency 

too the PV/SMV (0 mm, < 5mm, >5 mm); Circumferential involvement of the 

veinn {0, 0-90, 90-180, >180 degrees); Degree of stenosis (normal, flattened, 

narrowed,, thrombus / occlusion); Irregularity of the vessel margin (absent / 

present);; Tumor Convexity towards the vessel ( A: fatplane intact between the 

tumorr and the vein, B: normal pancreatic tissue between the tumor and the 

vein,, C: convex contour of the tumor towards the vein, D: concave contour of 

thee tumor towards the vein, E: complete circumferential involvement of the 

vein);; and Peripancreatic infiltration (absent/ present). 

Sixty-fivee of the patients underwent surgery, a pancreatic head carcinoma was 

provenn in all and in 50 patients pathology was obtained of the vascular margin 

(( by resection or by trial dissection of the vascular plane with a biopsy being 

taken).. The CT findings were correlated with findings at pathology in these 50 

patients,, in 30 patients venous invasion was established at pathology. 

Resultss Venous ingrowth was found in 100% for SMV narrowing (n=7), for PV contour 

involvementt of > 90 degrees (n=6), for PV narrowing (n=5), and for PV wall 

irregularityy (n=3). Vascular ingrowth rates were 89 % (8/9) for anterior 

peripancreaticc infiltration, and 88 % (15/17) for tumor concavity towards the 

PV/SMV.. Poor predictors of ingrowth were: length of tumor adjacency >5mm 

too PV (78 % ingrowth, 14/18 ), posterior peripancreatic infiltration (75 % 

ingrowth,, 12/16), and contour involvement of SMV of > 90 degrees (76 % 

ingrowth,, 10/12). Absence of vascular ingrowth could not be predicted with 

1 0 0 %% certainty. 

Conclusion n Venouss ingrowth remains hard too predict. Narrowing of SMV and PV seems the 

mostt reliable criterion, as well as circumferential involvement of the PV of > 90 

degrees.. The best combination of CT criteria was combination of tumor concavity 

withh circumferential involvement of more than 90 degrees.This combination 

hadd a sensitivity of 60 % and a positive predictive value of 90 % for venous 

invasion. . 
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Introduction n 

Inn patients with pancreatic head cancer selected for surgery only 30-50 % prove 

resectablee at operation 1 M h e most important cause for local irresectability is venous 

ingrowthh in portal or superior mesenteric vein, as these vessels are closely related to 

thee pancreatic headirS. Vascular ingrowth is an important prognostic factor for survival 

andd preoperative detection of this may prevent surgery. If resection is performed tumor-

positivee resection margins are also prognostically important9. Spiral CT allows improved 

imagingg of the pancreas and peripancreatic vessels and is regarded as the most important 

non-- invasive staging technique 7'1018. However, the CT criteria for vascular ingrowth 

differr among medical centers, as well as the surgical opinion whether venous ingrowth 

precludess a resection or whether a venous resection should be attempted 19. Previous 

studiess have correlated various CT criteria with surgical resectability and in many series 

venouss resection was routinely used. We prospectively evaluated CT criteria for venous 

ingrowthh in patients with pancreatic head carcinoma, that underwent surgery for 

attemptedd resection (without a venous resection being used as an option for cure), 

andd correlated CT findings with surgical findings and findings histopathology. Data 

fromm the present series have been published before, showing a low sensitivity of CT for 

vascularr invasion20. In this study we evaluated whether additional CT criteria for venous 

ingrowthh could improve detection of venous invasion. 

Patientss and methods 

Betweenn June 1995 and December 1996, 65 patients with presumed pancreatic head 

carcinomaa underwent surgery. Fifteen patients were excluded due to livermetastases 

(n=6),, benign disease (n=5), lack of histological and surgical confimation (n=2) or delay 

inn surgery (n=2). Our study consisted of 50 patients with confirmed pancreatic head 

carcinomaa , in whom CT findings could be correlated with presence or absence of 

venouss invasion, established at surgical dissection and at histopathological examination 

(300 males and 20 females, with a mean age of 60.2 (43-76 ) years). 

CTT staging 
Severall CT criteria for venous ingrowth in portal and superior mesenteric vein (PV, 

SMV)) were scored prospectively by a radiologist, blinded for all clinical and diagnostic 
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information:: Tumor convexity towards vessel was graded A-F according to Loyer4 (Grade 

A:: fatplane visible between tumor and vessel, grade B: normal pancreatic tissue between 

tumorr and vessel, grade C: tumor adjacent to vessel with a convex contour towards 

vessel,, grade D: tumor adjacent to vessel with a concave contour towards vessel, grade 

E:: circumferential involvement of vessel and grade F: vascular occlusion). Furthermore 

weree scored: i) length of tumor adjacency to PV/SMV: 0 mm, < 5mm, >5 mm, ii) 

circumferentiall involvement of vein { 0, 0-90, 90-180, >180 degrees), iii) degree of 

stenosiss of the vessel {normal, flattened, narrowed, occlusion/thrombus), iv) irregularity 

off vessel margin (absent, present), and v) infiltration of anterior and posterior 

peripancreaticc fatplanes (absent, present). CT findings were correlated with findings at 

surgicall exploration and with histopathologic findings. In tumors that were locally 

unresectablee at surgical exploration the standard for ingrowth was a biopsy taken at 

thee vascular margin. In tumors that were resectable a tumor-positive vascular margin 

att histopathology was considered as ingrowth. A sleeve resection of the vein was also 

consideredd as ingrowth. For statistical analysis 2-sided Fisher's exact test was used. 

Spirall CT Technique 
Contrastt enhanced Spiral CT of the pancreas was performed with 5 mm slice thickness, 

244 rotations, pitch 1, reconstruction index 3 mm (Siemens Somatom Plus scanner). 

Contrastt injection rate was 2 ml/s for 130 ml megluminejoxithalamathe 300 mg/ml, 

delayy of 55 s (Telebrix 30, Guerbet, France). A second spiral CT with 5 mm slice thickness 

wass made through the liver. 

Results s 

Att surgery 21 of the 50 tumors were proven to be locally unresectable due to venous 

ingrowthh found at trial dissection. Twenty-nine patients underwent a resection. A sleeve 

resectionn of the vein had to be performed in three patients. At pathologic examination 

200 patients had a radical resection and 9 had a tumor positive vascular margin. Overall 

venouss ingrowth was thus found in 30 patients. 

Sensitivityy and specificity for vascular invasion are shown in table 1; for some CT 

criteriaa different cut-off points are shown e.g. for circumferential involvement of the 

PVV (patients with > 180 degrees PV involvement, are included in the group that had 

>> 90 degrees PV involvement). The highest sensitivity for vascular invasion was found 

30 0 



Venouss invasion 

Tablee 1 CT criteria correlated with vascular invasion at pathology 

CTT criteria noo invasion vascular 
invasion n 

sensitivityy specificity 

n=20 0 n=30 0 

anteriorr fat infiltration 
posteriorr fat infiltration 
PVV contact > 5mm 
PVV irregular margin 
PVV contour > 90 degrees 
PVV contour > 180 degrees 
PVV narrowing 
PVV flattening / narrowing 
SMVV narrowing/ thrombus 
SMVV flattening/narrowing/ thrombus 
SMVV contact > 5mm 
SMVV contour > 90 degrees 
SMVV contour > 180 degrees 
Tumorr concavity > grade C 

1 1 
4 4 
4 4 
0 0 
0 0 
0 0 
0 0 
2 2 
0 0 
2 2 
4 4 
2 2 
1 1 
2 2 

8 8 
10 0 
14 4 
3 3 
6 6 
2 2 
5 5 
7 7 
7 7 

12 2 
17 7 
10 0 
3 3 

15 5 

27 7 
33 3 
47 7 
10 0 
20 0 

7 7 
16 6 
23 3 
23 3 
40 0 
57 7 
33 3 
10 0 
50 0 

95 5 
80 0 
80 0 

100 0 
100 0 
100 0 
100 0 
90 0 

0 0 
90 0 
80 0 
90 0 
95 5 
90 0 

forr tumor concavity grade D and E, with a specificity of 90 %. Criteria that showed a 

specificityy of 100 % (no false positives) showed a low sensitivity. The best criteria were 

PVV contour involvement of > 90 degrees (identifying six cases of invasion) and SMV 

narrowingg (identifying seven). Stenosis of PV was graded as normal in 41 cases, as 

flattenedd in four and as narrowed in five. No occlusion or thrombus was found. Venous 

ingrowthh was present in 100 % at narrowing of the vessel, and in 57 % in case of a 

normall or a flattened vessel. If flattening of the vein would be regarded as invasion, 

fourr false positive cases would have been found for PV and SMV (Fig 1). 

Figg 1 Pancreatic head carcinoma (T), stent in 
hepato-choledochall duct. Tumor concavity and 
flatteningg of the superior mesenteric vein 
(arrow).. Tumor was resection without venous 
resection,, no venous invasion was found at 
pathology. . 
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Tablee 2 Risk of vascular invasion 

CTT criteria 

anteriorr fat infiltration 
posteriorr fat infiltration 
PVV contact > 5mm 
PVV circumferential involvement 
>> 90 degrees** 
PVV circumferential involvement 
>> 180 degrees** 
PVV narrowing 
PVV flattening / narrowing 
SMVV narrowing/ thrombus 
SMVV flattening /narrowing/thrombus 
SMVV contact > 5mm 
SMVV circumferential involvement 
>> 90 degrees 
SMVV circumferential involvement 
>> 180 degrees 
Tumorr concavity grade D or E 

present t 

899 % (8/9) 
711 % 
7 8 % % 

100% % 

100% % 

8 3 % % 
7 8 % % 

1000 % 
8 6 % % 
811 % 
7 6 % % 

7 5 % % 

8 8 % % 

(10/14) ) 
(14/18) ) 
(6/6) ) 

(2/2) ) 

(5/6) ) 
(7/9) ) 
(7/7) ) 
(12/14) ) 
(17/21) ) 
(10/12) ) 

(3/4) ) 

(15/17) ) 

absent t 

5 4 %% (22/41) 
566 % (20/36) 
5 0 %% (16/32) 
511 % (21/41) 

555 % (25/45) 

577 % (25/44) 
5 6 %% (23/41) 
533 % (23/43) 
5 0 %% (18/36) 
4 5 %% (13/29) 
533 % (20/38) 

599 % (27/46) 

4 5 %% (15/33) 

pp value* 

0.13 3 
0.22 2 
0.04 4 
0.03 3 

0.50 0 

0.08 8 
0.21 1 
0.03 3 
0.03 3 
0.01 1 
0.05 5 

0.63 3 

0.01 1 

** Fisher's exact test 
* ** in 3 cases PV contour could not be judged. 

Tablee 3 Risk of vascular invasion (%) for combined CT criteria 

CTT criteria combined present t absentt P value* 

lengthh contact PV > 5mm an d SMV>5mm 9 0 % ( 9 / 1 0 ) 5 2 % (21/40) 0.04 

infiltrationn anterior fat o r infiltration posterior fat 8 0 % (16/20) 4 6 % (14/30) 0.04 

concavityy > grade C or infiltration anterior fat 8 8 % (16/18) 4 4 % (14/32) 0.02 

concavityy > grade C or circumferential involvement 90% (18/20) 4 0 % (12/30) <0.01 

>> 90 degrees 

Fisher'ss exact test 

Thee risk of vascular invasion at presence or absence of a given CT criterion is shown in 

Tablee 2. Circumferential involvement of the PV was graded as 90-180 degrees in four 

casess and as > 180 degrees in two. Venous invasion was present in all. At circumferential 

involvementt of the SMV three false positive cases due to pancreatitis were found (one 

showingg more than 180 degrees of involvement). Even if clear vascular abnormalities 

weree absent, a high rate of ingrowth was still present, the lowest percentage was 45 
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Figg 2 Pancreatic head carcinoma (T). Stent in 
hepatocholedochall duct. Tumor contact with 
concavityy (= grade D) towards the superior 
mesentericc vein (arrow), circumferential 
involvementt between 90 and 180 degrees. 
Resectionn with tumorpositive vascular margin at 
pathology. . 

%% in cases with SMV contact of less than 5 mm. Most criteria did not reach statistical 

significancee due to small numbers of cases identified; especially criteria with a predictive 

valuee of 100 % identified only a few cases of invasion. 

Combiningg length of tumorcontact for PV and SMV (both more than 5 mm) showed 

ann increased sensitivity of 30 % (9/30) with a predictive value of 90 % (9/10) (Table 3). 

PVV contour involvement had a 100 % predictive value for invasion. Combining this with 

otherr criteria that had a predictive value of 100 % did not improve the sensitivity, e.g. 

thee three patients with PV irregularity also showed circumferential involvement of more 

thann 90 degrees. The most effective combination of 2 criteria were tumor convexity of 

>> grade C with vessel involvement of > 90 degrees (either for PV or SMV). Sensitivity 

andd specificity were 60 % and 90 % with a predictive value of 90 % (Fig 2). 

Discussion n 

Inn potentially resectable pancreatic carcinoma vascular ingrowth is an important cause 

forr local irresectability and is found in 50-65 % of patients that undergo surgical 

explorationn 57. Sensitivity and specificity of CT to detect vascular ingrowth have been 

reportedd as high as 70-96 % when correlated with surgery. Accepted criteria for ingrowth 

aree complete circumferential involvement of the vein, occlusion and narrowing with a 

nearlyy 100 % specificity 4|5'21. Criteria were modified by several authors to improve 

detectionn of unresectable disease: vascular involvement of more than 180 degrees 

representedd unresectability in the series of Lu 22. Concavity of tumor contact with the 

vessell represented irresectability in 53 % of cases in the series of Loyer4 (but only if a 
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highh rate of venous resection would be performed) and findings at 3D CT rendering 

showedd a predictive value for unresectabiiity of 96 %16. In these studies CT was correlated 

withh surgical resectability. However, resectability is often dependent on the surgeon's 

attitudee towards venous resection and a resection may well be performed when ingrowth 

iss considered to be present19-23. At our institution a venous resection is not regarded as 

ann option for cure. Therefore we focused on the question, whether the surgeon could 

separatee the tumor from the vessel (regarding venous resection as ingrowth) and if so, 

whetherr this vascular margin was tumor positive. These differences should be kept in 

mindd when comparing the present series with other studies. 

Wheree surgical resection is the only option for cure, criteria for vascular invasion should 

havee a very high specificity and predictive value, in order not to exclude resectable 

tumorss from surgery. Vascular ingrowth was 100 % for vessel narrowing and for vessel 

walll irregularity. The SMV being involved most frequently. This finding is comparable 

too the surgical irresectability found with the criterium of vessel stenosis in several 

series15-710-24.. Circumferential involvement of >180 degrees showed good correlation 

withh surgical irresectability in the series of Lu 22. In the present series all patients with > 

1800 degrees of involvement of the PV had ingrowth, but one false positive CT was 

foundd for the SMV (as in the series of Lu, who found one false positive CT in six cases, 

thiss proved to be due to pancreatitis). In the present series venous ingrowth was also 

presentt at lower degrees of circumferential involvement: in all patients with 90-180 

degreess of PV involvement and in seven of eight patients with 90-180 degrees of SMV 

involvement.. This would mean that > 90 degrees involvement had a predictive value 

forr ingrowth of 89 % (16/18) for all vessels. Moreover, we found that a clear surgical 

marginn cannot be obtained in a considerable number of patients with a less than 90 

degreess of venous involvement. Similar findings are seen using the grading system of 

Loyerr et al1. Tumor concavity graded as D or E had an ingrowth rate of 88 %, comparable 

too the series of Loyer in which only one of 15 tumors with grade D involvement was 

resectablee (if venous resection would not have been performed). However, in the present 

seriess tumors graded A-C showed venous invasion in 45 % of cases (1 5/33). This means 

aa low sensitivity for invasion, which may partly be explained by the used standard of 

microscopicc invasion, and it showed that CT will not be able to predict a curative resection. 

Peripancreaticc infiltration posterior to the pancreas had a poor predictive value for 

vascularr invasion as opposed to anterior infiltration. Inflammatory changes may lead to 

aa false positive finding of ingrowth. It is not likely that inflammation will occur more 

34 4 



Venouss invasion 

frequentlyy on the posterior side of the pancreas, along the SMV, than anteriorly, but 

perhapss detection of inflammatory changes posteriorly is easier for CT, due to the 

amountt of fat at this location. 

Thee criterion of flattening of the vein has been used as a sign of irresectability. Although 

flatteningg is significantly associated with vascular invasion, false positive cases were 

foundd for both PV and SMV. Flattening seemed also a less reliable criterion in a series 

comparingg axial CT with CT angiography 16. 

AA limitation of the study is that the true sensitivity and specificity of CT for detection of 

vascularr ingrowth cannot be evaluated from this series. Patients were highly selected 

byy exclusion of those that had evident invasion or advanced disease. The selection 

towardss more resectable cases is also apparent from the resectability rate of operated 

tumors:: 58 % in this series, compared to 28-37 % in some series1*7'22. The resectability 

ratee was less than the 64 % found in one series, in which venous resection was performed 

moree often 4. We feel that CT may prevent surgical exploration more often, especially 

whenn a curative resection is aimed for. If expected vascular ingrowth is 100 % most 

surgeonss will agree to refrain from exploration, but discussion is ongoing how to act 

whenn the chance for a positive resection margin is 80 - 90 % . Survival rate is poor 

whenn macroscopic tumor is left in situ after resection, but data are lacking on survival 

off patients with merely a positive resection margin 925. 

Anotherr limitation is that Spiral CT in the study was performed with 5 mm slice thickness 

andd without the use of multiplanar reformatting or 3D rendering. Especially for tumors 

att the undersurface of the portal vein this may have been a limitation. Clinical studies 

comparingg 3 mm and 5 mm axial CT have not been performed, but there is a tendency 

too use 3 mm slice thickness in staging pancreatic carcinoma and even thinner slices 

withh multidetector CT scanners. Also 3D rendering and multiplanar reformatting are 

superiorr with the thinner slices and this may add in detection of vascular ingrowth 26. 

Furtherr studies evaluating CT with operative results should take more in account whether 

aa curative resection has been obtained. 
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Abstract t 

Objective e 

Patientss and 

methods s 

Too determine the clinical importance of re-interpretation of radiological 

examinations,, performed in a referring hospital, and the value of additional 

investigations,, performed in a tertiary referral center. 

AA panel of four experts retrospectively made re-interpretation reports and 

evaluatedd the technical quality of radiological examinations, that had been 

performedd previously, in 78 patients referred with suspected pancreatic or 

hepatobiliaryy malignancy. Accordance of the panel's findings with the referral 

reportt and the value of additional radiological investigations, performed in the 

centerr that patients were referred to, were assessed. 

Resultss The quality of ultrasonographic and CT examinations was judged as sufficient 

forr re-interpretation in 52% (36/69) and 70% (42/60), respectively. For US 

examinationss the re-interpretation reports, compared with the original reports, 

weree in accordance in 83% (30/36), had minor discordance in 8% (3/36), and 

hadd major discordance in 8% (3/36). For CT scans accordance was 69% (29/ 

42),, minor and major discordances were 19% (8/42) and 12% (5/42), 

respectively. . 

Additionall US examinations (n=55) did not reveil additional findings in 16%. 

Minorr additional findings were found in 53%, and major additional findings in 

311 %. For additionally performed spiral CT scans (n=47) results were 21 %, 47%, 

andd 32%, respectively. 

Re-interpretationn of US and CT examinations resulted in a change in treatment 

strategyy in 7 patients (9%). Additionally performed US and CT examinations 

resultedd in a change in treatment strategy in 24 patients (30%). 

Conclusionn Re-interpretation of radiological investigations may reduce the number of 

unnecessaryy referrals and may limit the use of additional examinations. Compared 

too referral examinations, additional US and CT examinations resulted in treatment 

changee in 30% of the referred patients. 
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Introduction n 

Thee only chance of cure for patients with a pancreatic or hepatobiliary malignancy is 

resectionn of the tumor. Because of the complexity of tumor staging and resection, 

manyy patients with a suspected pancreatic or hepatobiliary malignancy are referred to 

aa tertiary care center, generally after radiological work-up elsewhere, for further 

diagnosticc investigations, subsequent treatment, or for second opinion at the patients 

request1'2.. Between referring hospitals diagnostic possibilities differ, due to local 

circumstancess and availability of equipment and expertise. Occasionally, marked 

differencess in interpretations were noted when reviewing radiological studies, that 

hadd been performed elsewhere, in patients that were referred to our hospital. 

Discordancess between the initial and the new interpretations of these prior investigations 

sometimess resulted in a change in tumor stage, with important therapeutic implications. 

Somee patients, referred for resection of a pancreatic or hepatobiliary carcinoma, were 

judgedd to have an unresectable tumor at re-interpretation of prior radiological studies. 

Thee aim of this study was to determine the clinical importance of re-interpretation of 

radiologicall studies, performed in a referring hospital, and to determine the accuracy 

off the referral diagnosis. Furthermore, to assess the technical quality of the radiological 

examinations,, the completeness of the radiological reports from referring hospitals, 

andd the value of additional investigations performed in the tertiary center. 

Patientss and Methods 

Patientss with suspected pancreatic or hepatobiliary malignancy, referred to the Academic 

Medicall Center, Amsterdam, the Netherlands, for diagnostic work-up, treatment, or 

forr second opinion are being discussed in a multidisciplinary meeting, in which gastro-

enterologists,, hepatologists, hepatobiliary surgeons and abdominal radiologists are 

gatheredd twice weekly. 

Seventy-eightt consecutive patients with a suspected pancreatic or hepatobiliary 

malignancy,, who had been discussed between January 1999 and January 2000, were 

includedd in this study. These patients (41 male, 37 female, mean age of 59 years, 

rangee 29-80) were referred from 51 hospitals throughout the Netherlands. The 

radiologicall studies from the referring hospitals were retrieved together with the 

radiologicall reports and the referral letters. 
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Seventy-twoo patients (92%) were referred for additional diagnostic work-up and/or 

treatment,, and 6 patients (8%) were referred for a second opinion (at the patient's 

request).. The final diagnoses were: periampullary carcinoma in 32 patients (40%), hilar 

cholangiocarcinomaa in 18 (23%), gall bladder carcinoma in 6 (8%), pancreatic body or 

taill carcinoma in 3 (4%), primary or secondary liver tumor in 2 (3%), and focal pancreatitis 

inn 16 patients (21%). 

AA panel consisting of two experienced abdominal radiologists, a hepatobiliary surgeon, 

andd a gastroenterologist, was assembled for this study. In a consensus reading the 

panell evaluated and re-interpreted the radiological investigations (US examinations 

andd CT scans) from the referring hospital. The members of the panel were blinded for 

thee content of the initial radiological report, for the letter at referral, and for the final 

diagnosis,, but they were aware of the clinical symptoms that the patient had at the 

timee of the investigations. 

Thee US examinations and CT scans were reviewed to assess image quality and 

completenesss of visualisation of the organs of interest. Other investigations such as 

ERCPP and MRI were not studied, because of the mainly therapeutical purpose of ERCP 

andd the relative small number of the MRI examinations. 

Thee quality of the investigations was rated as "sufficient" or "insufficient" for re-

interpretation.. The US examinations regarded as sufficient for re-interpretation complied 

withh the following criteria: 1) complete visualisation of organs of interest, 2) if a tumor 

wass present the localization, size, and relationship with adjacent structures needed to 

bee visible. The CT scans had to comply with the following criteria to be considered as 

"sufficient"" for re-interpretation: 1) slice thickness of < 8 mm, 2) intravenous contrast 

administration,, resulting in sufficient enhancement of the portal-venous system, the 

liverr and the pancreatic parenchyma, 3) absence of artefacts that degraded image 

quality.. If the quality of a US or CT examination was found to be insufficient for re-

interpretation,, no further re-interpretations were made. 

AA re-interpretation report was written down on standard forms and was scored as 

beingg "accordant" or as having "minor" or "major" discordance, compared to the initial 

radiologicall report. A minor discordance was defined as one that had no therapeutical 

consequencess (meaning no change in therapy). For example: if ingrowth from a 

periampullaryy tumor into the duodenum was missed at initial interpretation, but it was 

notedd at re-interpretation, this would be regarded as a minor discordance. This findings 

wouldd not have resulted in change of treatment strategy (a resection) as the duodenum 
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wouldd have been resected during a pancreaticoduodenectomy. A "major" discordance 

wass defined as one that would have had therapeutical consequences. For example: 

thee finding of a liver metastasis during re-interpretation, in a patient with pancreatic 

cancer,, that would have changed the treatment strategy from exploratory laparotomy 

intoo a non-surgical palliation. 

Alll diagnoses were verified with the best available standard. The standard in decreasing 

orderr of validity was: pathology of resected specimen, histological or cytological 

percutaneouss biopsy, findings at surgery, dedicated pancreatic and liver CT scan 

confirmedd with clinical follow-up and survival data. 

Thee diagnosis at referral was compared with the final diagnosis. 

Thee completeness of the referral radiological reports of US examinations and CT scans 

wass assessed by the panel, according to a list made by the panel of minimally required 

descriptionss in a radiological report (presence or absence of a tumor, its localization 

andd extent, ingrowth into adjacent structures and presence or absence of enlarged 

lymphh nodes or metastases). 

Inn the referral center additional radiological investigations were performed in order to 

stagee the tumor. Additional US examinations, performed by an abdominal radiologist, 

includedd Doppler studies of the portal venous system and of the hepatic and superior 

mesentericc arteries. The additional CT scans were performed using the following 

protocol:: dual slice spiral CT scan, 3.2 mm slice thickness, 130 ml iv contrast, 3 ml/sec 

injectionn rate, delay 55 s3. The additional value of the radiological examinations 

performedd in the AMC was rated as "not present" if already known results were 

confirmed,, as "present, without a change in treatment" if new viewpoints did not 

resultt in a change in treatment strategy, and as "present, with change in treatment" if 

neww viewpoints result in a change in treatment strategy. Statistical analysis was 

performedd using the SPSS 9.0 statistical package. 

Results s 

Thee diagnosis at referral was the equal to the final diagnosis in 40 of the 78 patients 

(511 %) and in the differential diagnosis at referral the final diagnosis was mentioned, as 

thee first or second most likely diagnosis, in 27 of the 78 patients (35%). An incorrect 
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diagnosiss at referral was present in 11 of the 78 patients (14%). The final diagnosis 

wass based on findings at pathology in 50 of the 78 patients (64%), and was based on 

CTT findings and clinical follow up in 28 of the 78 patients (36%): 19 patients were 

consideredd to have unresectable tumors ( median survival was 9 months, range 3-22 

months,, after referral). Nine patients were considered to have a focal pancreatitis, of 

thesee two patients have died (one due to cardiovascular disease, one due to oesophageal 

cancer),, and seven patients are alive at present (5 with signs of pancreatitis). 

Ultrasoundd examination 
Transabdominall ultrasound examination of the abdomen was performed in 74 patients 

inn the referring hospital (Table 1). Of 5 patients no hard copies to document the 

examinationn were available, so 69 examinations could be considered for re-interpretation. 

Inn 33 cases (48%), the quality of the ultrasound was regarded as "insufficient for re-

interpretation".. The remaining 36 examinations were re-interpreted. In three cases a 

"majorr discordance" occurred: in one patient a tumor in the pancreatic tail was missed, 

inn another patient the tumor was localized in the gallbladder instead of in the pancreatic 

headd as was presumed and in the third patient with a pancreatic head carcinoma, 

tumorr invasion into the duodenum and the portal vessels had been missed. 

Tablee 1 Results of evaluation of US examinations, performed before referral 

nn (%) 

Ultrasoun d d 
Reviewed d 
Quality y 

Nott sufficient for re-interpretation 
Sufficientt for re-interpretation 

Conclusionn of re-interpretation* 
Accordant t 
Minorr discordance 
Majorr discordance 

74 4 
69 9 

33 3 
36 6 

30 0 
3 3 
3 3 

(100) ) 

(48) ) 
(52) ) 

(83) ) 

(8) ) 
(8) ) 

'aa re-interpretation report was made only if the US exams were sufficient for re-interpretation. 

CTT scan 
AA CT scan was performed in 60 patients in the referring hospital and all examinations 

weree available for re-interpretation (Table 2). In 18/60 cases (30%) the quality of the 

CTT scan was regarded as "insufficient for re-interpretation". Of the remaining 42 CT 

scanss a re-interpretation report was made. In 8 cases (19%) a minor discordance was 
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Tablee 2 Results of evaluation of CT scans performed before referral 

(%) ) 

18 8 
42 2 

29 9 
8 8 
5 5 

(30) ) 
(70) ) 

(69) ) 
(19) ) 
(12) ) 

CT T 
Reviewedd 60 (100) 
Quality y 

Nott sufficient for re-interpretation 
Sufficientt for re-interpretation 

Conclusionss of re-interpretation* 
Accordant t 
Minorr discordance 
Majorr discordance 

** a re-interpretation report was made only if CT scans were sufficient for re-interpretation. 

found;; in 5 cases (12%) a major discordance was found. The five cases in which "major 

discordance"" occurred were the following: the tumor was not identified in three patients 

(11 gallbladderca, 1 papillary ca, 1 pancreatic head ca), in one patient a proximal bile 

ductt tumor turned out to be a gall bladder carcinoma and in one patient extensive 

portall venous ingrowth, precluding a resection, was missed. 

Seventy-sevenn of the 78 re-interpretations of US examination and CT scans, made by 

thee panel, turned out to be concordant with the final diagnosis. One re-interpretation 

off a CT scan resulted in the suggestion of a pancreatic head malignancy, which finally 

turnedd out to be a focal chronic pancreatitis. So there was one false positive finding 

afterr re-interpretation. 

Completenesss of radiological reports 
Thee completeness of the radiological reports was evaluated according to the description 

off the absence or presence of a tumor, enlarged lymph nodes and metastases in the 

reportss f rom US examinations and CT scans (Table 3). Description slightly more 

incompletee for US exams than for CT scans. Description of livermetastases in US was 

Tablee 3 Content of radiological report; description of features, needed for tumor staging, in the 
radiologicall report 

Descriptionn available on Ultrasound CT 
Presencee / absence of: n= 67 n= 50 

tumorr 65 (97%) 49 (98%) 
livermetastasess 27 (40%) 32 (64%) 
enlargedd lymph nodes 9 (13%) 23 (46%) 
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onlyy 40%. Presence of lymphnodes was poorly described in both US and CT. 

Additionall investigation in the referral center 
Afterr referral to the AMC, an additional US examination, in combination with Doppler 

studies,, was performed in 55 patients (71%) (Table 4). These examinations confirmed 

thee conclusions of the referring hospital in 9 patients (16%), revealed minor additional 

informationn in 29 patients (53%) and revealed additional information with a change in 

treatmentt strategy in 17 patients (31%). 

Ann additional CT scan was performed in the AMC in 47 patients (60%). These scans 

confirmedd the conclusions of the referring hospital in 10 patients (21 %), revealed extra 

informationn without change in treatment strategy in 22 patients (47%) and revealed 

extraa information with a change in treatment strategy in 15 patients (32%). 

Thee median period of time between the initial investigation performed in the referring 

hospitall and the first examination in the AMC was 24 days. 

Tablee 4 Additional diagnostic value of extra US examinations and CT scans performed in the 
referrall center 

Ultrasoundd CT 
nn (%) n (%) 

Additiona ll  valu e 55 (100) 47 (100) 
nott present 9 (16) 10 (21) 
present,, without a change in treatment 29 (53) 22 (47) 
present,, with a change in treatment 17 (31) 15 (32) 

Discussion n 

Thee value of re-interpretation of radiological investigations of patients with a suspected 

pancreaticc or hepatobiliary malignancy, who are referred to a specialised center, is 

considerable,, as shown in this study. Discrepancies in interpretation of the same images 

betweenn radiologists from the referring hospital and the re-interpretation panel are shown. 

Inn re-interpreting examinations, that were sufficient for re-interpretation (36 US, 42 

CT),, additional information was revealed in 24% (19/78); in 14% minor discordances, 

andd in 10% major discordances were found, with an actual change in treatment strategy 

inn 7 patients. 

Earlierr studies showed similar results: major discordance was found in 13-30% after re-

interpretationn of CT scans4 ; 5 and in 23-42% after re-interpretation of MRI exams6 7 . 
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Thee relatively large difference in discordances found may be due to differences in the 

patientt populations and to selection. The population in this study may have been changed 

ass 30-50% of the investigations could not be re-interpreted due to limitations of the 

qualityy and were therefore excluded from further analysis. If these investigations would 

havee been of better quality one could suggest re-interpretation might have shown 

evenn more effect. 

Performingg re-interpretations has been shown to increase sensitivity and to decrease 

errorss in a variety of radiological examinations8"10. Errors in the interpretation of 

radiographicc studies may be due to perceptual misses or to cognitive errors, such as 

unfamiliarityy with a specific disease, its pattern of spread and its staging criteria or they 

mayy be due to lack of state-of-the-art-technique. Insufficient clinical information about 

aa patient may also play a role. Although the members of the panel in this study received 

thee same clinical information, that the radiologist in the referring hospital had at the 

timee of the examination, the members of the panel were aware that all patients were 

suspectedd of having pancreatic or hepatobiliary disease. Furthermore the panel reading 

wass done in consensus, to order to mimic the normal approach of discussion of these 

patientss in the multidisciplinary meeting in our hospital. This will not have been the 

situationn in all the referring hospitals, but we considered this the optimal approach in a 

referrall center. Furthermore, consensus reading precluded a Kappa analysis of the 

variancee between the individual members of the panel. Previously substantial variation 

hass been described in interpretation of radiological investigations 1,; n. 

Althoughh fourteen percent of the 78 patients were referred with an incorrect diagnosis 

inn the letter of referral, it is difficult to draw conclusions from these findings because 

thee intention of the referral could have been quite different. Some specialists only refer 

patientss who are considered to have a resectable tumor after extensive work-up and 

staging,, whereas others refer all patients with a diagnostic dilemma. 

Itt is remarkable that only a few reports of radiological examinations from referring 

hospitalss contained all the information needed to stage a tumor, and of which description 

inn a radiologica! report was suggested as being required by the re-interpretation panel. 

Thiss may partially be due to the fact that these reports were often made in an early 

stagee of the diagnostic process, in patients with initially unidentified abdominal symptoms 

andd without the clinical suspicion of pancreatic or hepatobiliary disease. An issue may 

bee that there are no guidelines in the Dutch radiological society for the minimal content 
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off a radiological report of a US examination or a CT scan in patients with suspected 

malignantt pancreatic or hepatobiliary tumor. Similar problems have been addressed 

forr multiple myeloma 13 and lung cancer '4 ' ,5. 

Developmentt of standards or guidelines in order to make radiological reports more 

uniformm and complete may improve the quality of these reports. 

Thee quality of US examinations and CT scans was scored as insufficient for re-

interpretationn in a relatively large number of cases. One explanation for this finding is 

thatt it is difficult to assess a dynamic US examination by means of reading hard copy 

images.. Another factor could be the limited experience of the radiologist in the referring 

hospitalss with the relatively rare pancreatic or hepatobiliary malignancies, together 

withh the lack of available protocols tailored to this specific disease. 

Thee US examinations and CT scans performed in the tertiary center revealed additional 

informationn in a relatively high percentage of patients, 53% and 47 %, respectively 

andd were responsible for a change in the treatment strategy in 3 1 % and 32% of 

patients,, respectively. Reasons for the relatively high additional value of these extra 

investigationss are multiple: most important, the presence of dedicated and more 

experiencedd radiologists, scanning protocols tailored to these specific diseases together 

withh state-of-the-art equipment. However, we cannot exclude that the time interval 

betweenn the initial and additional investigations, (although limited to approximately 

fourr weeks), allowed the disease to progress, and may have lead to a change in the 

outcomee of radiological investigations and tumor stage. 

Severall biases may have affected the outcome of this study. Firstly, the classification of 

thee technical quality of the US examinations and CT scans are subjective 5. Secondly, 

thee reference standard is not of uniform validity because pathological proof could not 

alwayss be obtained. A relatively large number of patients with unresectable tumors 

weree referred back to the initial hospital for palliative care, without histological proof 

off the diagnosis being available. However, follow-up data in these patients matched 

withh the diagnosis made, as all patients died with disease related symptoms and within 

3-222 months after referral. 

Inn summary, among patients with a suspected pancreatic or hepatobiliary malignancy, 

re-interpretationn of previously performed radiological investigations resulted in a change 

inn treatment strategy in 7 patients (9%). Furthermore, the reports of the initial 

investigationss were often incomplete. Additional US or CT examinations resulted in a 
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changee of treatment strategy in 24 patients (30%). Therefore, we conclude that re-

interpretationn by an experienced panel potentially benefits patients with a pancreatic or 

hepatobiliaryy malignancy. The expertise of specialised radiologists, possibly facilitated by 

recentlyy available telecommunication techniques, could be used to re-evaluate (technically 

appropriate)) CT scans performed elsewhere. This may result in fewer unnecessary referrals 

andd patient movements, especially in patients with unresectable tumors. 
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Abstract t 

Objectivee The purpose of the study was to examine whether 3D CT angiography has 

additionall value to axial CT in the pre-operative assessment of porto-mesenteric 

venouss invasion in patients with pancreatic head carcinoma. 

Patientss and 3D CT angiograms were reconstructed from axial CT scans obtained in 32 patients 

methodss with pancreatic head carcinoma, who underwent explorative laparotomy for 

attemptedd resection and in whom the presence or absence of venous invasion 

byy tumor could be established by trial dissection or by resection and histological 

confirmation.. A blinded panel judged the presence of invasion separately for 

axiall CT (tumor concavity towards the vein or > 90 degrees of circumferential 

involvementt of the vein) and for 3D CT (irregularity, clear impression or 

narrowing).. CT findings were correlated with findings at surgery and at 

histopathology. . 

Resultss At laparotomy 6 of 32 patients were found to have venous encasement that 

precludedd a resection. Twenty-six patients underwent a resection. In eight of 

thesee the venous resection margins were tumorpositive. Thus venous invasion 

wass considered to be present in 14 of 32 patients. Axial CT detected 8 cases of 

venouss invasion and 3D CT detected 6. For axial CT the sensitivity and positive 

predictivee value for venous invasion were 57% and 67%, respectively, for 3D 

CTT these were 43% and 75%, respectively. Compared to axial scan, 3D CT 

detectedd one additional case of invasion. 

Conclusionn 3D CT angiography had limited additional value for staging venous invasion in 

pancreaticc head carcinoma, compared to axial CT alone. 
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Introduction n 

Inn pancreatic carcinoma resection is the only chance of cure. A local resection is precluded 

byy vascular invasion, therefore detection of vascular invasion is of major importance in 

pre-operativee staging ]S. Spiral CT with thin sections is the primary imaging modality 

forr staging pancreatic cancer and it has obviated the need for conventional angiography 
712.. Still at axial CT scans vascular invasion is underestimated 5'n '3. CT angiography 

withh three-dimensional rendering is capable of showing peripancreatic vessels accurately 

andd the use of 3D CT for staging pancreatic carcinoma has been advocated ,4"'9. Studies 

onn the clinical application of 3D rendering for staging are rare; only one study reports on 

improvedd accuracy of CT to detect vascular invasion using 3D CT. In 38 patients that 

underwentt surgery the predictive value of 3D CT for vascular invasion was 96% compared 

too 70% for axial CT alone19. In that study CT findings of invasion were compared with 

surgicall inability to dissect the tumor from the vessel, but not with findings at 

histopathology.. Also the CT criteria used for venous invasion were slightly different,2'20. 

Thee aim of our study was to examine whether 3D CT angiography can improve detection 

off venous invasion compared to axial CT alone in patients with potentially resectable 

carcinomaa of the pancreatic head. CT findings were correlated with surgery and 

histopathology. . 

Patientss and methods 

AA consecutive series of 108 patients underwent a protocol spiral CT examination for 

suspectedd pancreatic carcinoma. Fifty patients (46%) underwent an explorative 

laparotomy.. Metastatic disease, precluding resection, was found in 14 patients. Thirty-

sixx patients with proven carcinoma of the pancreatic head underwent a trial dissection 

andd a resection of the tumor (pylorus preserving pancreatico-duodenectomy) or a surgical 

dissectionn of the porto-mesenteric veins. Four of these 36 patients were excluded from 

analysiss (in one CT data were insufficient, in one surgical exploration was prohibited 

duee to severe concomitant pancreatitis, and in another patient delay of surgery was 

moree than 6 weeks. In a fourth patient the tumor was irresectable due to caval vein 

invasionn and the porto-mesenteric system was not explored). The remaining 32 patients 

weree evaluated in this study and findings during resection of the tumor and at pathologic 

examinationn were correlated with CT. 
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Thee routine preoperative work-up also consisted of Doppler US and ERCP with 

endoscopicc drainage of the biliary ducts. Diagnostic laparoscopy was performed in 

selectedd cases. 

CTT scanning protocol: all patients underwent a dual slice helical CT (Elscint CT Twin 

Flash,, Haifa), collimation 2 x 2.5 mm, rotation time 1 sec, tablespeed 7,5 mm/sec. One 

hundred-and-thirtyy ml of non-ionic contrastmaterial was injected intravenously at a 

ratee of 3.5 ml/sec (Omnipaque 300, Nycomed). Pancreatic phase scanning was 

performedd with a delay of 50 seconds and was used for 3D rendering (A second porto-

venouss phase scan of the liver was also performed). Images were reconstructed at 1.6-

mmm interval and were processed at an Omnipro workstation (Elscint, Haifa). 

CTT post-processing: three-dimensional surface-rendered angiographic models of the 

portall and superior mesenteric veins were reconstructed in a semi-automatic way by 

ann experienced abdominal non-observer radiologist, who was also blinded for surgical 

andd histopathologicat findings. A region of interest surrounding the veins was drawn 

manually,, while segmentation of the vessels within this region was performed using 

windoww settings to highlight a vessel and by point seeding. The complete 3D 

angiographicc model was saved on harddisk for interactive viewing by a panel. 

Imagee evaluation: 
Consensuss reading was performed at a workstation by a panel consisting of an 

experiencedd abdominal radiologist and a pancreatic surgeon, both blinded for outcome. 

Firstt only the 3D angiography was examined for presence and severity of vessel 

irregularityy or indentation (scored as: normal; slight irregularity; clear impression/ 

narrowing;; severe narrowing > 50% of the lumen). If an abnormality was scored, pointing 

thiss area would show the correlating axial slices. Then the panel judged on these axial 

slices,, whether the vessel irregularity or narrowing was related to tumor (the software 

allowedd exact correlation of any point of the 3D model with a corresponding point on 

thee axial CT slice). Only the 3D findings regarded as tumor-related were used for further 

correlationn with surgery and pathology. The quality of 3D rendering was judged as 

good,, adequate (sufficient for diagnosis) or poor (limiting diagnostic evaluation). The 

3DD CT angiography was not used in the decision to operate. 

Inn a separated blinded session the panel reviewed only axial CT scans. Criteria for 

venouss invasion at axial scans were circumferential involvement of the vein, scored in 

threee categories (0-90 degrees, 90-180 degrees, >180 degrees) and tumor contact 

towardss the vein judged as convex or concave, modified after Loyer3. The assumption 
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wass that tumor concavity and/or > 90 degrees circumferential involvement would signify 

venouss invasion. A convex contour with less than 90 degrees involvement was regarded 

ass absence of invasion 31112'20. 

CTT findings were correlated with surgical findings in non-resected tumors and with the 

reportss of histopathology in resected specimen. Venous invasion was considered present 

iff tumor adherence to the vessel was found at surgical dissection precluding a resection 

(withh tumor confirmed in frozen section biopsy) or if vascular margins were positive for 

tumorr at histopathologic examination of the resected tumors. 

Results s 

Theree were 14 males and 18 females included in the study, with a mean age of 64 years 

(37-766 yrs). The mean size of the tumors at CT was 2.4 cm (range of 1.4 - 4.5 cm). The 

meann size of resected tumors was 2.8 cm at pathologic examination (range 1 - 5 cm). 

AA resection was performed in 26 of the 32 patients. In six patients the tumor was 

locallyy unresectable due to venous invasion. In eight of the 26 resected tumors (31%) 

thee vascular margin was tumor-positive at histopathologic examination. Overall venous 

invasionn was present in 14 patients. 

Tablee 1 CT criteria correlated with venous invasion at surgery and histopathology 

CTT criteria for invasion nn surgery and histopathology sens spec ppv ace 

invasion n 
present t 

invasion n 
absent t 

Axiall CT 
invasonn present 
(>> 90 degrees or concavity) 
invasionn absent 
(<< 90 degrees and convexity) 

3DCT T 
severee narrowing 
clearr indentation 
slightt irregularity 

3DD abnormal overall 
3DD normal 

12 2 

20 0 

1 1 
6 6 
1 1 

8 8 
24 4 

8 8 

6 6 

1 1 
4 4 
1 1 

6 6 
8 8 

4 4 

14 4 

0 0 
2 2 
0 0 

2 2 
16 6 

57%% 78% 67% 69% 

43%% 89% 75% 69% 
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Correlationn of CT findings and presence of venous invasion at surgery or histopathology 

off resected specimen are given in Table 1. At axial CT eight of fourteen patients with 

venouss invasion were identified correctly as well as 14 of the 18 cases without invasion. 

Thiss yielded a sensitivity of 57%, a specificity of 78%, and a positive predictive value for 

invasionn 67%. Overall accuracy was 69%. 

Three-dimensionall angiographic images could be reconstructed in all patients. Image 

qualityy was judged as good in 20, adequate in 11 and poor in one patient. At 3D CT 

severee narrowing was seen in one patient (invasion proven), a clear indentation was 

seenn in six (four wi th invasion), and slight irregularity was seen in one (invasion proven). 

Figg 1a Axial CT: 3 cm pancreatic head carcinoma Fig 1b 3D venography: anterior view shows 
(T).. Tumor contact with the SMV was judged as tumor-related irregularity of the SMV (arrows), 
convexx (no invasion). There is slight indentation Resection was performed and a tumor positive 
onn the vein (arrow). Note peripancreatic fluid venous margin was found, 
duee to pancreatitis. 

Tablee 2 Combined 3D and Axial CT correlated with venous invasion at surgery and histopathology. 

surgeryy and 
histopathology y 

combinedd Axial and 3D CT criteria 

Axiall and 3D bot h abnormal 
Eithe rr  abnormal 
Onee or bot h abnormal (subtotal) 
Bot hh  normal 

n== 7 
n== 6 
n - 1 3 3 
nn = 19 

invasion n 
present t 

5 5 
4 4 
9 9 
5 5 

invasion n 
absent t 

2 2 
2 2 
4 4 

14 4 

sensitivity y 
forr invasion 

36% % 

64% % 

pos s predictive e 
value e 

80% % 

69% % 
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Figg 2a Axial CT: small tumor adjacent to SMV. Fig 2b 3D CT Venography: right sided view of 
Irregularityy at interface was not appreciated by SMV/PV clearly shows tumor-related irregularity 
thee panel (arrow). and indentation of the SMV (arrows). Resection 

wass performed with tumor positive venous 
marginn at pathology. 

Overalll 3D CT correctly detected invasion in six of 14 patients with a sensitivity and 

positivee predictive value of 43% and 75%, respectively. The specificity of 3D CT was 

89%% and overall accuracy was 69%. This was not significantly different from axial CT. 

Iff axial CT was combined with 3D CT, one additional case of invasion could be detected. 

Iff both axial and 3D CT were abnormal, the predictive value for invasion was slightly 

higherr (80%) (Table 2). Subjectively the panel agreed that 3D CT had added little new 

informationn to axial scans. Only in three patients the panel found 3D helpful: in two 

patientss 3D showed vascular irregularity or indentation that was not suspected at axial 

scans.. This finding would have changed tumor staging in one patient compared to the 

axiall scans. Both lesions were resected and in both a tumor-positive vascular margins 

wass found at pathology (Fig 1,2). In a third patient 3D CT appeared normal, while axial 

scanss showed the tumor as concave with circumferential involvement between 90 and 

1800 degrees. This tumor was resectable without evidence of invasion at pathology. 

Markedd vascular indentations that were not related to tumor were seen four times at 

3DD imaging, e.g. impressions caused by a dilated pancreatic or biliary duct (Fig 3). 
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Figg 3a Axial CT: large pancreatic head carcinoma Fig 3b Axial scan cranial plane: severe dilatation of 
(T)) with stent in the common bile duct. Severe the pancreatic duct and common bile duct with 
tumorr indentation of SMV (arrow). stent. Impression on SMV by the dilated pancreatic 

ductt (arrows).(SV splenic vein) 

Figg 3c 3D CT angiography anterior view: Clear 
tumorr impression (T) on SMV with irregularity 
off vessel wall (arrows). Marked smooth 
impressionss by dilated pancreatic duct (pd). At 
surgeryy the tumor proved to be unresectable 
duee to venous invasion. 

Discussion n 

Inn local staging of pancreatic head carcinoma CT criteria for unresectability due to 

vascularr invasion have received much attention 13,5.6,10-13,20-22̂  Detection of vascular 

invasionn by CT has major implications as this precludes a potentially curative resection 

off the tumor. However, axial CT alone still underestimates the presence of vascular 

invasion8'11-'3.19.. Three- dimensional CT angiography has been used to image splanchnic 

vesselss and is capable of depicting peripancreatic vessel anatomy accurately , 5 , s . The 
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usee of 3D CT in clinical practice has become more widespread as reconstruction times 

off 3D images have decreased from several hours to a couple of minutes. A potential 

advantagee of 3D CT angiography is that it may show subtle changes in vessel contour. 

Alsoo some advantage of 3D CT may be expected, if tumor extension is not in the 

transversee plane and axial scan direction would be sub-optimal (e.g. for a pancreatic 

headd tumor extending cranially towards the caudal surface of the portal vein). The 

clinicall impact of 3D imaging on staging pancreatic carcinoma has not been studied 

widely.. One problem in evaluating the additional value of 3D is in reading the images 

trulyy independent from axial CT scans. As the 3D volume is segmented from the axial 

scanss these images cannot be ignored. For this reason the 3D images were prepared 

byy a non-observer radiologist. After reading the 3D volume as abnormal the panel also 

lookedd at the correlating axial scans. This procedure was meant to exclude the cases of 

markedd impressions on a vessel that were clearly non tumorous e.g. caused by a dilated 

biliaryy duct. From the 3D images alone it is not possible to know at what location the 

tumorr is, therefore correlation with the axial scans at this point was allowed. This may 

alsoo have had some influence on interpretation of 3D findings at the level of the tumor, 

withh potential exclusion of false positive 3D findings, however, we think that this 

proceduree was valid to demonstrate the additional abnormalities that 3D CT might 

havee over axial CT. 

Thee present study did not show an additional value of 3D for staging vessel invasion. In 

aa study of Raptopoulos et al. 3D CT angiography was shown to be more accurate than 

axiall CT in predicting vascular involvement19. Reported accuracy was 96% for 3D CT 

comparedd to 70% for axial scans. Some differences between the studies exist: vascular 

invasionn at CT in their study was correlated with surgical resection and 29% of the 

patientss (11/38) had an irresectable tumor at surgery. In our study only 6 of 32 tumors 

weree irresectable (19%). Secondly, as resection is performed with an intention to cure 

wee chose to correlate invasion at 3D CT angiography with a positive venous resection 

marginn at histopathology and not only with surgical resectability. The rate of vascular 

invasionn found was high (44% overall and 31% in resected tumors), in spite of the 

relativelyy high surgical resection rate. This is probably due to the fact that microscopic 

involvementt was considered as venous invasion. This also explains the low sensitivity 

forr invasion that was found for both axial and 3D CT. Raptopoulos et al. found a 

differencee in vessel encasement grading for 3D CT and axial CT, in general with lower 

gradess of venous invasion for axial CT scans. The grading system they used for axial 

scanss was slightly different than ours. For example circumferential involvement of 2/3 
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off the vessel perimeter was regarded as invasion in their study, where we regarded 

involvementt of >90 degrees as invasion. Circumferential involvement of >180 degrees 

andd tumor concavity towards the vein have been recommended as signs for vascular 

invasionn and surgical unresectability 11J2. The criterion of >180 degrees involvement or 

concavityy would have yielded a sensitivity of 43% with a predictive value of 67% in the 

presentt study. In a previous study we correlated CT findings of invasion with findings 

att pathology. In that study the best combination of criteria to judge venous invasion 

weree involvement of >90 degrees and presence of tumor concavity (with a sensitivity 

forr invasion of 60% and a positive predictive value of 90% 20. Vessel irregularity and 

vessell narrowing were also important signs of invasion, but these findings did not have 

additionall value over the combined criteria 20. 

Inn the present study axial CT had an accuracy of 69% for venous invasion, while reported 

accuraciess of CT for resectability and invasion are often much higher, up to 91% 23. 

Partlyy this may be explained by the histologic criteria we used for invasion. Invasion 

wass present in a high number of patients, but in many this was microscopic invasion 

diagnosedd at the resection specimen, and it would not be detectable by CT (Fig 4). 

Figg 4a Axial scan: pancreatic cancer, scored as Fig 4b 3D CT: posterior view of normal SMV at 
noo vascular invasion. the level of the tumor (arrow). After resection 

aa tumor positive venous margin was found. 

Anotherr factor that may have lowered accuracy is patient selection. If a large proportion 

off patients with unresectable tumors will have surgical exploration the expected 

sensitivityy for unresectability and accuracy of CT will be higher. The patients in the 

presentt study were highly selected as indicated by the resectability rate: at surgery 19% 

hadd an irresectable tumor. For example in the study of Diehl 72% of patients had 
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irresectablee tumors at surgery. Sensitivity for vascular invasion was 88% in that study23. 

Inn the present study there were three patients with >180 degrees of venous involvement. 

Reviewingg the original reports showed there had been doubt in two of these cases, 

whetherr this finding was partly due to co-existing pancreatitis, which may have added 

inn the decision not to refrain from surgery. In one of these two patients invasion at 

axiall CT indeed proved to be due to pancreatitis. 

AA limitation of the study is the relative number of patients with exploration of the 

veins.. Patients with severe encasement or narrowing were excluded from surgery on 

thee basis of axial CT alone and thus the true sensitivity of 3D for invasion cannot be 

establishedd in this selected group. We expect that 3D CT in these excluded patients 

wouldd not have yielded additional clinical value. 

Anotherr limitation may be that other post-processing techniques such as Multi Planar 

Reformattingg (MPR), Maximum Intensity Projection (MIP) and Volume Rendering were 

nott evaluated. MPR may be of value when interpreting axial scans e.g. if tumor is lying 

closee to the undersurf ace of the portal vein. Volume rendering may have had advantages 

overr surface shaded 3D, because both the vessel and the tumor can be evaluated in 

onee image. Furthermore, surface rendering only gives information about the vessel 

contourr (lumen contour) and not of the intraluminal structure of the vessels and generally 

itt is more difficult to segment smaller vessels 14'24. However, in this study we evaluated 

largee vessels and the area of contact between tumor and vessel could well be evaluated 

withh 3D surface rendering. Interactive viewing can easily be performed on predefined 

3DD tissues, but Volume Rendering would have required time-consuming editing. An 

advantagee of 3D surface rendering is that during segmentation the correctness of the 

renderedd volume can be verified: when a treshold is chosen, the pixels included in the 

3DD volume are highlighted on the axial scans allowing visual verification. Such a 

verificationn was not possible for the available volume rendering software. The 3D CT 

angiographyy was well feasible showing a good image quality and little extra time was 

neededd for segmentation. Multislice CT technique has evolved further and using a slice 

thicknesss of 1 mm or less is feasible and may improve the quality of 3D imaging. 

Inn conclusion, 3D CT angiography is capable of showing anatomic relations between 

tumorr and vessels and can suggest a high risk of vascular invasion, but the additional 

valuee of 3D CT angiography for staging pancreatic head carcinoma is limited. 
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Too establish the prognostic value of CT data obtained from a pre-operative CT 

scann in patients with potentially resectable pancreatic head carcinoma. 

Pancreaticc tumors are frequently explored and sometimes resected, in spite of 

aa high risk for unresectabiiity predicted by CT. We correlated CT data with 

survivall in patients with pancreatic head carcinoma, to find criteria that are 

usefull in deciding whether or not to attempt a surgical resection. 

Inn 71 consecutive patients with potentially resectable pancreatic head carcinoma 

prognosticc factors on CT were scored e.g. tumor size, peripancreatic infiltration, 

gradess of vascular encasement and enlargement of lymph nodes. CT Criteria 

forr local irresectability were > 180 degrees circumferential vascular encasement, 

tumorr concavity towards a vessel and presence of any infiltration. All patients 

underwentt surgical exploration. CT findings were compared with results of 

surgeryy and histopathology. Prognostic factors for resected and unresected 

tumorss were analysed using single and multivariable analysis 

AA resection was performed in 41 of the 71 patients (in 24 the resection was 

radical).. The sensitivity, specificity and positive predictive value of CT with respect 

too surgical irresectability were 0.67, 0.63 and 0.57 respectively. With respect to 

aa non-radical resection these were 0.62, 0.75 and 0.83, respectively. Median 

survivall was 21 months for resectable and 9.7 months for unresectable tumors. 

Forr resected tumors survival was relatively poor if tumors had a diameter of > 3 

cmm (relative hazard 3.8) or if CT signs of local unresectabiiity were noted. The 

mediann survival of resected tumors < 2 cm was nearly 30 months. Encasement 

off the superior mesenteric artery had a poor prognosis in all tumors. 

CTT signs of local irresectability and tumor diameter >3 cm predict a poor survival 

inn resected tumors. 
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CTT criteria in predicting survival 

Introduction n 

Pancreaticc carcinoma has a very poor prognosis. Only 10-15% of tumors are resectable 

att the time of diagnosis and hence are potentially curable'. Many techniques are used 

too determine the resectability including CT, MRI and diagnostic laparoscopy 2_6. In the 

diagnosticc work-up of patients CT is predominantly used to determine unresectability 

off tumors and thus to avoid unnecessary surgery. The accuracy of CT in determining 

surgicall resectability is 77-90%713. In patients with signs of local unresectability on CT, 

resectionss are often attempted, sometimes successfully. Prediction of unresectability 

byy CT is not 100% accurate. Resectability may also depend on the surgeons opinion 

whetherr a venous resection is done or whether a high risk of tumor-positive resection 

marginss is accepted 14"16. Thus surgical resection itself is not an optimal reference standard 

forr evaluation of CT or to evaluate succes of treatment. A better reference standard 

forr CT would be a radical resection confirmed histologically, but even this standard 

mayy be influenced by the individual surgeon. Clinically the most important outcome is 

survivall of the patient. Previous studies on survival have examined prognostic factors in 

patientss with tumors, that were already known to be unresectable or in patients after 

aa resection had already been performed 17"26. One study demonstrated that the CT 

findingg of venous invasion had prognostic value27. 

Thee aim of this study was to examine the chances of survival in a group of patients with 

pancreaticc head carcinoma, who were potential surgical candidates, and to determine 

whetherr a pre-operative CT scan can predict survival. If CT findings can be identified that 

predictt survival, they may be helpful in selecting candidates for surgery or other therapy. 

Patientss and methods. 

Betweenn February 1997 and July 1999 approximately 200 patients suspected of having 

pancreaticc carcinoma underwent a spiral CT for staging at the Academic Medical Center, 

Amsterdam.. Of these, 72 consecutive patients with pancreatic head carcinoma eventually 

underwentt surgery for attempted resection with curative intent. The diagnosis was 

confirmedd histologically in all of these patients. Periampullary tumors were included, 

butt distal cholangiocarcinomas, cystic tumors or endocrine tumors were excluded. One 

patientt was excluded from analysis because of lack of follow up. The remaining 71 

patientss were included in this study. 
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Patients s 
Theree were 33 males and 38 females, their median age was 62 years {range 42- 76). 

Forty-onee patients underwent a pylorus preserving pancreatico-duodenectomy (PPPD). 

Inn 30 the tumors were proven unresectable at surgery, because of metastases (n=10) 

orr local tumor extension into surrounding blood vessels or the mesocolon. Patients 

withh unresectable tumors usually had a double bypass surgery (hepato-jejunostomy 

andd gastro-enterostomy with cholecystectomy and celiac plexus blockade with alcohol), 

threee patients had a single bypass only. 

CTT technique 
Alll patients were prospectively included to undergo a pre-operative CT according to 

protocol,, using a dual slice technique (CT Twin Flash, Elscint, Haifa). Collimation was 2 

xx 2.5 mm, 120 kVp, 199 mAs, table speed 7.5 mm/s. IV contrast injection was given at 

aa rate of 3.5 ml/s (130 ml Omnipaque 300, Nycomed, Oslo). A dual phase scan was 

performed,, the pancreatic phase of the scan had a delay of 50 seconds. 

Thee CT scans were retrieved after surgery and reviewed on a workstation by two 

experiencedd abdominal radiologists, separately. The only information given to the 

radiologistt was that patients had been explored for suspected pancreatic cancer. If 

theree was disagreement between readers, a third consensus reading was held. 

CTT variables used for survival analysis were (i) tumor size (if tumors were visible at CT); 

(ii)) infiltration of peripancreatic fatplanes, the hepato-duodenal ligament and the 

mesentery,, scored as present or absent (regardless whether this infiltration was 

presumedd to be due to tumor infiltration or to inflammatory infiltration); (iii) encasement 

ofof the portal or superior mesenteric vein, measured in three degrees of circumferential 

involvementinvolvement (< 90 degrees, between 90-180 degrees, > 180 degrees), (iv) tumor 

convexityconvexity grade A-E. ( according to Loyer 7: grade A: fatplane visible between tumor 

andd vessel; grade B: normal pancreatic tissue between tumor and vessel; grade C: 

tumorr adjacent to vessel with a contour convex towards the vessel; grade D: tumor 

adjacentt to vessel with a contour concave towards the vessel, grade E: circumferential 

involvementt of vessel; grade F: thrombosis or occlusion of vessel, (v) encasement of 

thethe hepatic artery and the superior mesenteric artery, regarded as present if involvement 

waswas >180 degrees, (vi) suspected liver metastases, and (vii) distant lymphnodes larger 

thann 1 cm. Also an overall CT variable local resectability was scored. Local resectability 

combinedd several CT criteria: a tumor was regarded as locally not resectable if any 

infiltrationn was present, or if any vessel showed involvement of > 180 degrees or if 

tumorr convexity was scored as grade D or E. 

68 8 



CTT criteria in predicting survival 

Thee CT variable local resectability was also compared to whether surgical resection 

wass done and the histopathology of resected tumors. Completeness of the resection 

{whetherr resection margins were tumor negative) was established by reviewing 

histopathologyy reports. 

Survival l 

Inn February 2001, 12 of the patients were known to be alive. In these patients the 

averagee follow up time after surgery was 34 months (range 23-41). This was used as 

survivall time {censored cases). The time of death was known in 57 patients, survival 

waswas calculated from the date of surgery. In 2 patients known to have died, the exact 

datee of death could not be determined. The last visit to the outpatient clinic was used 

ass endpoint for survival in these patients. 

Wee compared the survival for patient groups defined according to CT criteria, using 

separatee variables and a multivariable model. All CT variables, as well as the clinical 

variabless age and sex, were used for survival analysis. For univariable analysis Kaplan 

Meierr survival curves were determined, using the logrank for significance. The median 

agee of 62 years was used as the cut-off level for age. For tumor size several cut-off 

levelss were analysed. Multivariable analysis was performed for all tumors and for 

surgicallyy resectable and unresectable tumors separately. A Cox regression analysis 

waswas performed for factors that had significant prognostic value to determine the relative 

riskk for death. 

Results s 

CT'ss of 36 of the 71 patients were scored as locally resectable and of 35 as locally 

unresectable. . 

AA surgical resection could be performed in 26 and 15 patients respectively. The overall 

resectionn rate was 57 percent. The sensitivity of CT for surgical irresectability was 0.67 

(20/30)) and the predictive value for irresectability was 0.57 (20/35), (Table 1a). 

Inn the 26 and 15 patients that underwent a resection, the resection margins were 

tumor-negativee at pathology in 18 and 6 patients, respectively. Accordingly, the rate of 

aa radical resection was 59 percent (24/41). The sensitivity of CTfor a non-radical resection 

wass 0.62 (29/47) with a predictive value of 0.83 (29/35), (Table 1b,c). 
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Tablee 1a local resectability at CT correlated with surgical resection 

surgeryy performed 

resectedd not resected 

CTT prediction of 

surgicall irresectability non-radical resection 

total l 

CTT local resectable 
CTT not local resectable 
total l 

26 6 
15 5 
41 1 

Tablee 1b local resectability at CT correlated with radicc 

CTT local resectable 
CTT not local resectable 
total l 

10 0 
20 0 
30 0 

II resection 

histopathology y 

resectionn with not resected or 
neg.. margins pos resection margin 

18 8 
6 6 

24 4 

18 8 
29 9 
47 7 

36 6 
35 5 
71 1 

total l 

36 6 
35 5 
71 1 

Tablee 1c 

sensitivity y 
specificity y 
poss predictive value 
negg predictive value 
accuracy y 

0.677 (20/30) 
0.633 (26/41) 
0.577 (20/35) 
0.722 (26/36) 
0.655 (46/71) 

0.622 (29/47) 
0.755 (18/24) 
0.833 (29/35) 
0.500 (18/36) 
0.666 (47/71) 

Thee estimated mean survival of the group (n=71) was 16 months (median 10.8 months) 

withh a probability of survival at 6, 12, 24 months of 82 %, 43 %, and 20 %, respectively. 

Mediann survival time was 21 months for patients with resected tumors (n=41), compared 

too 9.7 months after a bypass procedure (n=30), (Fig 1). 

Univariabtee analysis 
Factorss that were used in univariable analysis for non-resected and resected tumors are 

listedd in table 2. In non-resected tumors the only significant survival factor was 

encasementt of the mesenteric artery, which implied a median survival time of 4 months. 

Thee mortality increased by a factor of 5 if encasement was present, (Table 2a). 

70 0 



CTT criteria in predicting survival 

Tablee 2a predicting factors for survival 

predictingg factors 

agee > 62 

agee < 62 

sexx f 

sexx m 

T < 2 c mm * * 

TT > 2 cm 

TT < 3 cm 

TT > 3 cm 

T < 4 c m m 

TT > 4 c m 

Venee circumference < 90 degrees 

Venee circumference > 90 degrees 

Venee circumference <180 degrees 

Venee circumference >180 degrees 

TT convexity (grade ABC) 

TT concavity (grade DE) 

TT convexity grade A 

TT convexity grade BCDE 

hepp artery not encased 

hepp artery encased 

Supp mes artery not encased 

Supp mes artery encased 

hepato-duodd lig. Infiltration absent 

hepato-duodd lig. Infiltration present 

peripancreaticc fat infiltration absent 

peripancreaticc fat infiltration present 

mesenteriall infiltration absent 

mesenteriall infiltration present 

lymphh nodes > 1 cm absent 

lymphh nodes > 1 cm present 

noo suspected liverlesion 

suspectedd liverlesion 

CTT locally resectable 

CTT locally not resectable 

unresectablee total 

inn non 

n= = 

16 6 

14 4 

15 5 

15 5 

1 1 

28 8 

11 1 

18 8 

24 4 

5 5 

17 7 

13 3 

24 4 

6 6 

17 7 

13 3 

3 3 

27 7 

27 7 

3 3 

28 8 

2 2 

25 5 

5 5 

14 4 

16 6 

18 8 

12 2 

18 8 

12 2 

24 4 

6 6 

10 0 

20 0 

30 0 

resectedresected tumors 

median n 
survival* * 

10,4 4 

7,9 9 

8,4 4 

8,2 2 

11 1 

7,9 9 

9,4 4 

7,6 6 

8,2 2 

7,6 6 

7,9 9 

8,7 7 

7,9 9 

8,4 4 

6 6 

8,7 7 

16,7 7 

8,2 2 

8,4 4 

7,6 6 

8,4 4 

4 4 

8,4 4 

7,6 6 

8,4 4 

7,6 6 

8,2 2 

7,9 9 

7,6 6 

10,4 4 

8,2 2 

5,9 9 

8,2 2 

7,9 9 

8,4 4 

95%% CI 

2,8-17,9 9 

6,9-8,9 9 

4,0-12,8 8 

6-10,3 3 

4,8-11 1 

4,0-14,8 8 

3,6-11,6 6 

4,1-12,2 2 

2,9-12,3 3 

4,9-10,9 9 

5,4-11,9 9 

4,6-11,2 2 

4,3-12,5 5 

3,1-11,0 0 

5,8-11,6 6 

0-33,7 7 

6,8-9,5 5 

7,00 -9,7 

22 -13,2 

6,4-- 10,4 

7,11 -9,7 

2,9-12,3 3 

6,11 -10,7 

3,4-11,3 3 

3,11 -13,2 

2,5-13,3 3 

3,6-11,6 6 

6,3-14,4 4 

6,99 -9,5 

0-12,3 3 

2,88 13,5 

6,22 -9,6 

6,4-10,3 3 

p-value e 

0,36 6 

0,56 6 

0,81 1 

0,33 3 

0,43 3 

0,86 6 

0,84 4 

0,99 9 

0,07 7 

0,39 9 

0,04 4 

0,26 6 

0,17 7 

0,7 7 

0,81 1 

0,76 6 

0,29 9 

relativee risk 
forr death 

1,4 4 

1,2 2 

1,3 3 

1,5 5 

1,5 5 

1,1 1 

1,1 1 

1 1 

3,5 5 

1,7 7 

5,3 3 

1,8 8 

1,8 8 

1,2 2 

0,9 9 

1,2 2 

1,4 4 

*mediann survival in months. **size of nonvisible tumors not measured 
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Tablee 2b predicting factors for survival 

predictingg factors 

agee > 62 

agee < 62 

sexx f 

sexx m 

T < 22 cm * * 

T >> 2 cm 

TT < 3 cm 

TT > 3 cm 

TT < 4 cm 

TT > 4 cm 

Venee circumference < 90 degrees 

Venee circumference > 90 degrees 

Venee circumference <180 degrees 

Venee circumference >180 degrees 

TT convexity (grade ABC) 

TT concavity (grade DE) 

TT convexity grade A 

TT convexity grade BCDE 

hepp artery not encased 

hepp artery encased 

Supp mes artery not encased 

Supp mes artery encased 

hepato-duodd lig. Infiltration absent 

hepato-duodd lig. Infiltration present 

peripancreaticc fat infiltration absent 

peripancreaticc fat infiltration present 

mesenteriall infiltration absent 

mesenteriall infiltration present 

lymphh nodes > 1 cm absent 

lymphh nodes > 1 cm present 

noo suspected liverlesion 

suspectedd liverlesion 

CTT locally resectable 

CTT locally not resectable 

resectionn performed total 

inn resected tumors 

n= = 

25 5 

16 6 

23 3 

18 8 

9 9 

27 7 

26 6 

10 0 

34 4 

2 2 

35 5 

6 6 

39 9 

2 2 

31 1 

10 0 

15 5 

26 6 

37 7 

4 4 

40 0 

1 1 

34 4 

7 7 

33 3 

8 8 

38 8 

3 3 

36 6 

5 5 

34 4 

7 7 

26 6 

15 5 

41 1 

median n 
survival* * 

18,2 2 

10,9 9 

16,6 6 

15,6 6 

29,9 9 

9,9 9 

19,3 3 

8,7 7 

13 3 

7,4 4 

18,2 2 

8,7 7 

17,6 6 

6,9 9 

20,3 3 

7,4 4 

28,7 7 

9,4 4 

17,6 6 

6,9 9 

16,6 6 

6,4 4 

18,2 2 

7,9 9 

19,3 3 

7,9 9 

16,6 6 

8,5 5 

17,6 6 

8,5 5 

16,6 6 

15,6 6 

23,1 1 

8,5 5 

16,7 7 

95%% CI 

7.8-28.6 6 

0-22.0 0 

5.11 -28.1 

1.8-29.3 3 

x x 

7.4-- 12.4 

5.4-33.2 2 

6.4-11 1 

3.3-22.6 6 

x x 

9.7-26.7 7 

5.5-- 11.9 

9.8-25.4 4 

X X 

8.8-31.8 8 

6.2-8.5 5 

19.6-37.8 8 

7.9-11 1 

10.0-25.2 2 

5.6-8.1 1 

8.5-24.7 7 

X X 

11.4-25.0 0 

5.9-9.8 8 

12.0-26.6 6 

5.6-- 10.1 

8.7-24.5 5 

5.2-11.8 8 

12.11 -23.1 

4.11 - 13.0 

6.3-26.9 9 

0.0-31.4 4 

8.9-37.3 3 

6.9-- 10.1 

7.6-25.7 7 

p-value e 

0,34 4 

0,56 6 

0,02 2 

0,001 1 

0,46 6 

0,04 4 

0,06 6 

0.0000 0 

0,008 8 

0,03 3 

0,02 2 

0,004 4 

0.0005 5 

0,73 3 

0,16 6 

0,96 6 

0.001 1 

relativee risk 
forr death 

1,4 4 

1,2 2 

3,2 2 

3,8 8 

1,7 7 

2,6 6 

3,8 8 

5,1 1 

2,9 9 

3,2 2 

19,5 5 

3,4 4 

4,2 2 

1,3 3 

2,1 1 

1 1 

4,2 2 

'mediann survival in months. **size of nonvisible tumors not measured 
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Surgery y 

Resectablee n-41 
censoredd n= 12/41 

Unresectablee n=30 

11 H—H-t-

p-- 0.0000 

400 50 

months s 

Figg 1 Survival surgical resection 

Forr resected tumors, size was a significant prognostic factor (Table 2b). Median survival 

timee was 19.3 months for tumors with a diameter smaller than 3 cm, and 9.9 months 

forr tumors with a diameter larger than 3 cm. Ten of the 28 tumors with diameters 

largerr than 3 cm could be resected, but the resection margins were tumor-negative in 

onlyy three. All patients that were alive had tumors smaller than 3cm. Further analysis 

showedd a difference in survival between tumors with a diameter of 2 -3 cm and those 

withh a diameter smaller than 2 cm. Seventeen patients, who had a tumor with diameters 

off 2-3 cm, had a median survival time of 16.6 months (Fig 2). 

Infiltrationn of the hepato-duodenal ligament and infiltration of the peripancreatic fat 

hadd prognostic value. All patients that survived had no evidence of infiltration on CT. 

100 20 

Tumorr size at CT 

<< 3 cm n=11 

>> 3 cm n=18 

p-033 3 

400 50 

months s 

Tumorr size at CT 

<< 2 cm n=9 
2-33 cm n-17 
>> 3 cm n=10 

p-- 0.02 for T> 2 cm versus T< 2 cm 
p== 0 001 tor T> 3 cm versus T< 3 cm 

400 50 

months s 

Figg 2a Survival for tumorsize at CT in unresected 
tumorss n=29 

Figg 2b Survival for tumorsize at CT in resected 
tumorss n=36 
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Venouss encasement of > 90 degrees had prognostic value. The prognostic value of 

involvementt of > 180 degrees was statistically not significant. The median survival of 

patientss that had > 180 degrees tumors was 8.7 months, for patients with < 180 

degreess tumors this was 17.6 months. Tumor concavity had significant prognostic 

value.. For patients with grade DE tumors the relative risk of death was a factor 5 

greaterr than for patients with grade ABC tumors. Patients with grade A tumors showed 

aa significantly longer survival time of almost 30 months. 

Agee and sex did not have a significant influence on survival. 

Thee factor local resectability had significant prognostic value with median survival time 

off 8.5 months if tumors were considered as being locally unresectable (Fig 3). 

CTT local resectability 

CTT resectable n=10 

CTT not resectable n=20 

p=0 .29 9 

30 0 400 50 
months s 

Figg 3a Survival in unresected tumors for local 
resectabilityy at CT, n= 30 

I.U U 

.88

.66

.44

.22 -

on n 

ft ft N N 
i i 

CTT local resectability 

CTT resectable n=26 
-ff censored n-11 

CTT not resectable n=15 
11 + censored n = 1 

~l l 11 p-U.001 

20 0 30 0 400 50 

months s 

Figg 3b Survival in resected tumors for local 
resectabilityy at CT, n= 41 

Multivariablee analysis 

Thee CT factors with statistically significant prognostic value in the univariable analysis 

weree included in a stepwise Cox regression model. For analysis of all patients the factors 

includedd were: presence of peripancreatic fat infiltration, encasement of the superior 

mesentericc artery, tumor diameter of > 3 cm, tumor convexity > grade A, venous 

involvementt of > 90 degrees and presence of infiltration of the hepato-duodenal 

ligament.. Of these factors the model showed that independent factors for survival 

weree encasement of the SM artery, tumor convexity grade B or higher and tumor 

diameterr larger than 3 cm. Corrected for age and sex the relative risk for death increased 

byy a factor of 4.7 for SMA involvement, by a factor of 2.1 for tumors larger than 3 cm 

andd by a factor of 3.2 for tumor convexity grade B or higher (Table 3a). 
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Tablee 3a Relative hazard of independent factors in a Multivariate Model For all tumors 

Variablee relative risk for death p value 

SMM Artery encased 4,71 0,027 
Tumorr convexity B or larger 3,22 0,011 
Tumorr > 3 cm 2,08 0,022 
Malee gender 1,53 0,164 
Agee < 62 years 1,51 0,142 

Tablee 3b Relative hazard of independent factors in a Multivariate Model For resected tumors 

Variablee relative risk for death p value 

Tumorr convexity D or E 4,9 0,001 
Tumorr > 2 cm 3,2 0,05 

Forr resected tumors the analysis showed two independent factors: tumor convexity 

gradee DE and tumorsize larger than 2 cm (Table 3b). The relative risk for death increased 

byy a factor of 4.9 and 3.2 respectively. 

Thee variable local resectability at CT was compared separately. There was an increased 

riskk of death, that was indepent of the factor tumor diameter of > 2 cm. The relative 

riskk for death increased by a factor of 3.2 if tumors were considered to be unresectable 

accordingg to the CT (p-value 0.008). 

Discussion n 

Prognosticc factors for survival have been described in patients in whom a surgical 

resectionn has been performed and in patients with advanced pancreatic cancer1726. In 

thee group of pre-operative patients data on prognosis are lacking. We examined CT 

findingss and assessed whether there are prognostic factors in this selected group of 

patients.. The results show that a tumor diameter larger than 2 cm, tumor convexity 

gradee DE, and "local resectability" predicted by CT have important prognostic value. 

Ideallyy one would like to analyse CT criteria in a group of patients with pancreatic 

cancerr that are surgical candidates. However, to compensate for the effects of a surgical 

resection,, the predictive values of CT factors had to be analysed separately for resected 

andd unresected tumors. If a significant CT factor is found in either subgroup, potentially 

therapeuticc strategy would be changed. If no signifant factor can be identified, this 
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wouldd imply no change in surgical strategy. However, if a CT factor predicts a poor 

survivall in all patients, it may merely predict the resectability of the tumor. Most CT 

factorss relate to unresectability of the tumor, but their predictive values vary. This can 

bee quantified by comparing the relative numbers of patients for each factor in resected 

andd unresected patients (Table2ab). For example: in unresectable tumors 18 of 29 

hadd a diameter larger than 3 cm and in resected tumors 10 of 36 had diameters 

largerr than 3 cm. The relative risk of a tumor diameter > 3 cm to be unresectable was 

0.644 (18/28) compared to the risk of 0.30 (11/37) for tumors with diameters < 3 cm. 

Iff a factor has a high risk for unresectability the number of patients with this factor in 

thee resected group will be relatively low e.g. for venous encasement of > 180 degrees. 

Thee prognostic value for survival may not reach statistical significance for these factors, 

butt an important effect on prognosis may be suggested if large differences in survival 

timee exist. 

Forr unresected tumors CT factors had little predictive value. A poor effect on survival 

wass seen for mesenteric artery encasement, although the number of patients was 

low.. Tumors completely separate from the vessels (grade A convexity) seem to have 

aa slightly better (but not significant) survival. Probably unresectability is the major 

factorr that determines survival. 

Severall CT factors predict survival after a resection has been performed (Table 2b). In 

thee multivariable analysis 2 factors remained: tumor diameter >2 cm and tumor 

convexityy > grade C. Nearly all tumors with diameters smaller than 2 cm were resected 

andd median survival time of patients with these tumors was nearly 30 months after 

resection.. Tumor size is a well known prognostic factor in patients with resected 

tumors,, as well as in those with advanced carcinoma 2231-32. A comparable prognosis 

forr patients with small tumors was found previously in patients after a resection: for 

patientss with tumors < 2cm at pathology the median survival was 29.7 months 

comparedd to 10.7 months for patients with tumors > 2 cm 33. The present study also 

showedd that patients with resected tumors with diameters of 2 - 3 cm have a better 

prognosiss than patients with resected tumors larger than 3 cm. Furthermore no patient 

thatt survived had a tumor resected with a diameter larger than 3 cm. 

SMAA involvement and tumor convexity grade D are CT signs of local unresectability. 

SMAA involvement indicated a poor prognosis. Survival was also relatively poor in patients 

withh non-resected tumors. The number of patients with arterial involvement was very 

limited.. It is probable that surgery had already been avoided in most patients with 

arteriall involvement. 
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Thee overall CT variable for local unresectability, takes into account the risk of both 

arteriall and venous invasion. Median survival after resection was 8,5 months for tumors 

consideredd to be locally unresectable and 23.1 months if considered to be locally 

resectable.. The number of survivors in both groups were one and eleven, respectively. 

Forr the variable local unresectabilityvenous involvement of > 180 degrees was regarded 

ass an indicator of an unresectable tumor. This was based on a previous study 13. Portal 

veinn involvement of > 90 degrees also has a high predictive value for invasion 11 and 

Furukawaa showed that portal vein involvement of > 90 degrees is associated with a 

poorr survival (33% 1 year survival)27. Indeed in the present study involvement of > 90 

degreess had significant prognostic value. There were four tumors resected with 

involvementt between 90-180 degrees. Median survival of these patients was 8.6 months, 

whichh is comparable to the survival of those regarded as locally unresectable by CT. 

Suspectedd metastases and enlarged lymph nodes at CT did not have prognostic value. 

Thiss is probably due to selection; most patients with metastases had already been 

excluded.. Depending on localisation, metastases in enlarged lymph nodes on CT can 

bee confirmed with fine needle aspiration and if confirmed surgery will not be performed. 

Whenn there is doubt about metastases, laparoscopy with laparoscopic ultrasonography 

mayy confirm metastases and preclude a resection. Absence of liver metastasis was 

shownn to be the most important prognostic factor in unresectable carcinoma 18J9. 

Microscopicc lymph node status after resection is known to correlate with survival313334. 

CTT is not able to indicate lymph node status in non-enlarged nodes. 

Forr staging pancreatic carcinoma, CT is regarded as the primary modality and it may 

demonstratee unresectable disease in the majority of patients. The reported accuracy of 

CTT in determining surgical resectability is 77-90%, but accuracy is generally high in patient 

groupss that have a low resection rate, sometimes less than 30%713. In the present study 

fifteenn of 35 patients regarded as unresectable by CT underwent a resection. This meant 

thatt CT had a predictive value for surgical unresectability of 57 %, prediction of a resectable 

tumorr by CT was correct in 72%. The predictive power of CT was therefore only moderate 

inn excluding patients from surgical exploration. This may be partly explained by selection 

biass as only patients that underwent surgical exploration were selected for this study. 

Patientss with tumors that were regarded as clearly unresectable on CT e.g. by 

demonstrationn of extensive invasion or metastases, would not have been selected for 

surgery. . 
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AA major problem is the detection of local tumor extension and vascular invasion, which 

iss present in about 50% of surgical patients 7 8 1 1 1 3 3 . Depending on the criteria used, 

CTT can predict vascular invasion with 100 % predictive value, but with a low sensitivity11. 

Thereforee a large proportion of patients cannot be excluded from surgical exploration. 

Extensivee surgery is often performed and venous resection is sometimes advocated, 

evenn if tumor invasion is demonstrated on CT 1516. 

Whetherr a resection is of therapeutic value is partly dependent on the histopathological 

findingss in resected tumors. Presence of tumor positive resection margins are an 

importantt prognostic factor for survival24 2831. In the present study, CT had a predictive 

valuee for positive margins of 83%. There were 6 patients with radically resected tumors, 

thatt were regarded as being locally unresectable on CT. CT underestimated tumor 

positivee microscopic margins: in 50% of tumors predicted as locally resectable by CT, 

resectionn margins were shown to be tumor positive. These findings are similar to a 

previouss study comparing CT findings and tumor invasion of vessels: a high risk for 

invasionn can be demonstrated, but in many patients microscopic invasion is 

underestimatedd by CT11. It is questionable whether the predictive value of 83% for a 

positivee margin will be sufficient to influence the decision on surgical exploration. These 

findingss support the aim of this study: to find CT criteria that predict a poor survival 

andd thus to refrain from surgery. 

AA limitation of the present study is that mainly CT variables were evaluated. Other 

variabless that may be obtained pre-operatively, such as baseline clinical performance 5 

orr serum CA 19-9 26,are known to have an influence on survival. Furthermore all patients 

hadd a pancreatic head adenocarcinoma with histological confirmation. Caution should 

bee taken in extrapolating these data to patients with a pancreatic mass, that is suspected 

off being a malignant tumor. Tumors with a different histology e.g. an endocrine tumor, 

mayy have a better prognosis. Also post-operative treatment was not taken into account. 

Adjuvantt therapy, however, is known to have a limited effect on survival5. 

Inn summary: our findings suggest that prognostic factors can be identified in CT scans 

obtainedd pre-operatively in patients with carcinoma of the head of the pancreas. The 

mostt important are factors that predict survival for patients with resectable tumors. 

Survivall is longest for patients with tumors that have a diameter smaller than 2 cm, A 

poorr survival is seen in patients with resected tumors that are larger than 3 cm diameter 

andd in patients with tumors associated with CT signs of local unresectability: tumor 

convexityy grade D, vascular encasement of >180 degrees and infiltration surrounding the 
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pancreas.. To these findings might be added the finding of portal venous encasement of 

>> 90 degrees. Patients in whom the mesenteric artery was encased had an extremely 

poorr prognosis, irrespectively whether the tumors were resected. 

Thesee findings may add to the value of CT for staging pancreatic cancer and may 

influencee the choice of therapy. 
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Neww modalities 

Introduction n 

Thee prognosis of pancreatic cancer has remained poor over the decades. The five years 

survivall rate is less than 10 %, although higher survival rates have been found in selected 

groupss of patients, that had undergone a radical resection of the tumor1'2. Peri-operative 

mortalityy and morbidity have declined from more than 10% to less than 5% in specialised 

centres.. In approximately 20% of the patients with a pancreatic carcinoma a surgical 

explorationn is performed, but a resection of the tumor is possible in only half of the 

exploredd patients. In the majority of patients the tumor is already irresectable at the time 

off the diagnosis. On the other hand, surgical exploration may be under-utilised as many 

patientss regarded as having stage I disease do not receive a surgical exploration 2. 

Earlyy detection of tumor and improved pre-operative selection of patients may benefit 

thee results of surgery. Diagnostic imaging techniques, such as Doppler ultrasonography 

(US),, endoscopic and laparoscopic US, multidetector CT, and MRI have developed rapidly. 

Inn this paper their relative value and role in a (cost-) effective diagnostic strategy are 

discussed. . 

Demography,, etiology and risk factors. 
Thee incidence of pancreatic carcinoma is about 8-10 per 100,000 persons per year and 

iss relatively increasing. In Western countries pancreatic carcinoma is responsible for 5% 

off all cancer related deaths, preceded by lung cancer, colorectal cancer and breast 

cancer.. Pancreatic carcinoma affects approximately 29.000 patients each year in the 

Unitedd States. The related direct costs (mostly hospital based) are estimated to be 

nearlyy 900 million dollars per year. In the Netherlands the incidence of pancreatic 

cancerr is 2% of all new cancers, approximately 1500 cases per year. Due to the high 

mortalityy from pancreatic cancer, the number of annual deaths due to pancreatic cancer 

iss approximately equal to the incidence 3. 

Theree is a predominance of pancreatic cancer in men over women of 1.5 to one 4. 

Establishedd environmental risk factors are a previous history of pancreatitis (hereditary 

andd alcoholic), diabetes mellitus, cholelithiasis, and exposure to tobacco and salted foods. 

Freshh fruits and vegetables are thought to lower the risk for pancreatic cancer57. The 

mortalityy of pancreatic carcinoma seems to be increased by smoking of cigarettes. 

Otherr factors associated with increased mortality are a family history of pancreatic 

cancer,, black race, and an increased body mass index 7. 

Mostt pancreatic tumors (85%) are invasive ductal adenocarcinoma arising from the 

exocrinee pancreatic ducts. Approximately 75% of ductal adenocarcinoma are located 
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inn the pancreatic head, 15% in the pancreatic body and 10% in the pancreatic tail. 

Otherr epithelial malignant tumors are serous and mucinous cystadenocarcinomas, and 

thesee mainly arise in the body and tail of the pancreas. Intraductally located pancreatic 

neoplasmss consist of papillary adenomas and adenocarcinomas (mucinous ductectatic 

tumors).. Tumors originating from the endocrine part of the pancreas such as apudoma, 

insulinoma,, vipoma, gastrinoma, and glucagenoma contribute to less than 2 % of 

pancreaticc neoplasms238. 

Clinicall presentation 
Pancreaticc cancer usually produces symptoms, when the disease is already in an advanced 

stage.. The most important symptoms are weight loss and jaundice. Invasion of the celiac 

plexuss causes severe pain radiating to the back. A painless and palpable gallbladder 

(Courvoisier'ss sign) has been called pathognomonic for peri-ampullary tumors. A recent 

onsett of diabetes mellitus may be the first symptom and is highly specific for pancreatic 

cancer. . 

AA study in 1020 patients with suspected pancreatic disease showed that clinical 

examinationn and simple laboratory findings can discriminate between the patients with 

pancreaticc cancer and those without. A high risk of having cancer was found for patients 

withh recent onset diabetes (with a likelihood ratio of 8), a distended gallbladder (LR 

3.7),, or weight loss (LR 2.4)9. 

Molecularr aspects 
Thee molecular profile of pancreatic cancer has been studied extensively. Overexpression 

off important oncogenes such as K-ras and bcl-2 have been described, as well as deletions 

orr mutations of tumor suppression genes, such as p53, DPC4, p16, CDKN2, and the Rb 

gene. . 

Nearlyy all pancreas cancers show one alteration or a combination of oncogenic 

mutationss and inactivations of tumor suppressor genes10. In hyperplastic and dysplastic 

ductall lesions, that are assumed to be non-malignant precursors lesions of pancreatic 

carcinoma'1,, mutations of K-ras and p16 have also been described ,213. 

Inn bilio-pancreatic secretions of patients with pancreatic carcinoma, and in samples 

suchh as duodenal aspirates, stool or blood, identical K-ras mutations and 18q deletions 

havee been detected. These findings raise the possibility to screen clinical samples for 

molecularr markers in order to detect pancreatic cancer or even premalignant lesions 

(inn patients of well defined populations at risk)14. Well known serum markers for gastro-

intestinall malignancies as CEA, CA 19-9, CA 50 and CA 242 are elevated in pancreatic 
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cancerr as well. They show a high sensitivity for detection of tumor, but in symptomatic 

patientss the sensitivity and accuracy of markers are lower than of CT. Serum markers are 

frequentlyy used for monitoring disease activity in patients who receive non-surgical treatment 

andd it has been shown that these markers have prognostic value for survival '520. 

Inn pancreatic cancer a variety of growth factors as well as growth factor receptors are 

expressedd at increased levels eg: fibroblast growth factors, nerve growth factors, platelet-

derivedd growth factors, insulin-like growth factors, and their respective ligands. All 

thesee factors contribute to the malignant phenotype of pancreatic cancer and eventually 

influencee the prognosis. For example, presence of the EGF-receptor (epidermal growth 

factor)) has been shown concomitantly with its ligands EGF and TGF-alpha (transforming 

growthh factor). This was shown to be associated with enhanced tumor aggressiveness 

andd lower survival rates after tumors had been resected 2UZ. 

Furthermoree sex hormones, such as estrogens, progesterone and androgens, seem to 

playy a role in pancreatic cancer 23. Estrogen receptors and androgen receptors have 

beenn found in ductal pancreatic cancer. In experimental pancreatic cancer an influence 

off estrogens on tumor growth has been shown. Some clinical studies suggest that 

Tamoxifenn has an inhibitory effect on tumor growth in pancreatic cancer24 25'27. 

Imagingg and staging 
Diagnosticc imaging is aimed at the detection of tumor and at establishing the resectability 

off a tumor. The TNM-classification is used for staging and has prognostic value for 

survivall 28. Usually, the diagnostic work-up includes ultrasonography, ERCP and 

multidetectorr helical CT. 

Tenn to twenty percent of patients with a pancreatic carcinoma have a tumor, that can 

bee treated by an intentionally curative resection. 

Tumorss generally regarded as resectable are those staged as T1 or T2 tumors, with 

infiltrationn limited to the bile ducts or to the duodenum. In some institutions tumors 

stagedd as T3, with invasion of major veins, are also treated with venous resection. 

TT Staging 

TOO No visible tumor 
T11 Tumor limited to pancreas 
T22 Tumor extends into peripancreatic tissues (mesentery.mesocolon), into bile ducts or into the 

duodenum m 
T33 Tumor involves major arteries (celiac,splenic) or major veins ( mesenteric, portal), stomach, 

colonn or spleen 
Txx Tumor stage unknown 
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Ultrasonography y 
Ultrasonographyy (US) is an operator dependent modality of which the yield is partly 

dependentt on to the specific experience of the performing radiologist. Most pancreatic 

carcinomass present as a mass that is hypo-echoic compared to normal pancreatic 

parenchyma.. Indirect signs of a tumor are dilatation of the common bile duct and of 

thee pancreatic duct. A diameter of the pancreatic duct of > 2.5 mm in the head and of 

>> 2 mm in the tail is regarded as abnormal. The sensitivity of US for detection of a 

lesionn in the pancreatic head is 72 - 98% 2930. Due to overlying bowel gas, visualisation 

off the pancreatic body and tail by sonography may be difficult. However, if the pancreas 

iss seen well, the sensitivity for a carcinoma is up to 95% 31. In a large prospective study 

(inn 919 patients) the sensitivity of US for pancreatic cancer was 90%, with a specificity 

off 98.9 % (770/779 )32 . In a smaller series the sensitivity of US for detection of peri-

ampullaryy tumors was 88% (78/488). The sensitivity of helical CT in the same series 

wass 94% 33. 

Differentiatingg a pancreatic carcinoma from a focal pancreatitis, lymphoma or a 

metastasiss is difficult by US imaging. US guided needle biopsy is a safe procedure with 

feww major complications reported (0.18%). Needle tract seeding is a rare complication 

off abdominal biopsies, but seeding of a pancreatic carcinoma has been reported relatively 

frequently3436.. The use of endosonographic guided biopsy, performed transduodenal^, 

mightt reduce the risk of tract seeding, as the tract of the needle would be resected 

togetherr with the tumor. 

AA major problem of biopsies is the yield of false negative results due to sampling errors. 

Evenn at endosonographic guided biopsy, performed in the presence of a cytologist, the 

numberr of false negative biopsies is reported to be up to 7% 37A\ In our institution a 

biopsyy of a pancreatic mass suspected to be malignant is not performed if the mass is 

potentiallyy resectable. However, a biopsy may be useful, if there is suspicion of a 

metastaticc lesion to the pancreas, as results of this biopsy may alter the therapeutic 

strategy.. Also a biopsy may be useful to confirm the presence of a malignancy in 

patientss who have an unresectable tumor. 

Forr staging bilio-pancreatic malignancies, US visualization is adequate in more than 

90%% of cases42. Porto-venous invasion is the most important determinator that precludes 

aa resection. An abnormal pulsed Doppler signal obtained from the portal venous system 

iss due to vascular narrowing and indicates vascular involvement. The finding of a normal 

pulsedd Doppler signal however, does not exclude vascular involvement by tumor. 

Ann additional sonographic sign for vascular invasion is loss of the echogenic interface 
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betweenn tumor and vessel. This sign had a positive predictive value for invasion of 77% 

(10/13)) in a study of 48 patients, although the sensitivity of this sign was low (50%)43. 

Colorr doppler US is also helpful for evaluation of vessels, compared to greyscale US 

alonee M. Involvement of the porto-mesenteric veins was detected by color doppler US 

inn 79% (26/33) of patients, that had surgically confirmed vascular invasion by a pancreatic 

tumor.. Demonstration by US of tumor involvement of > 50 % of the vessel circumference 

hadd a predictive value for surgical irresectability of 90% (26/29)45. Another study showed 

thatt a resection was technically possible in only 13% of patients with these findings on 

USS examination, and in no patient with this finding resection margins could be obtained 

thatt were free of tumor46. Arterial invasion can equally well be demonstrated with 

colorr doppler US 47. 

Inn enlarged lymph nodes the US finding of a hyper-echoic centre is indicative for 

benignn disease (reactive lymph nodes). The size of a lymph node is a poor discriminator 

betweenn a benign or a malignant node. In nodes that are enlarged (smallest node 

diameterr of > 1 cm), or nodes, that have a long axis to short axis ratio of < 2, needle 

biopsyy is therefore mandatory, in order to confirm the presence of a metastasis 48. 

Thee sensitivity of US for detection of liver metastases is lower than the sensitivity of CT. 

Liverr metastases and peritoneal metastases are often small in pancreatic carcinoma 

andd may only be detectable during laparoscopy and/or laparoscopic sonography (LUS). 

Inn approximately 14 % of patients, examined with LUS after a negative abdominal US 

examination,, metastases were detected by LUS 43. 

Furtherr improvement of pancreatic sonography is expected of tissue harmonic imaging49. 

Byy this technique echo's of high frequency (harmonics) are sampled, which reduces the 

amountt of sonographic image artefacts. Also this technique enables contrast enhanced 

imagingg by administration of sonographic contrast media intravenously. 

ERCP P 

ERCPP (Endoscopic Retrograde Cholangio Pancreaticography) will be performed in almost 

alll patients with obstructive jaundice. It allows differentiation between an obstruction 

causedd by biliary stone disease and a biliary stenosis caused by a tumor. A "double 

duct-sign"" (= simultaneous stenosis of both the hepatocholedochol duct and the 

pancreaticc duct) is indicative for a pancreatic head carcinoma. Occasionally, a focal 

pancreatitiss can lead to a single or double duct obstruction 50. In larger retrospective 

studiess the sensitivity of ERCP to detect a pancreatic carcinoma was 80-90%5152, which 

iss slightly higher than the sensitivity of CT or US. However, the sensitivity of combined 
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CTT and US was found to be equal to the sensitivity of ERCP. In a recent prospective 

study,, the sensitivity of ERCP for diagnosing pancreatic cancer was 70%, with a specificity 

off 94%, comparable to the results of MRCP53. Other imaging modalities may therefore 

replacee diagnostic ERCP. 

Thee most important aspect of ERCP is the ability to accomplish biliary drainage by 

placingg an endoprosthesis into the bile ducts 5456. Stent placement may diminish 

complaintss related to the obstruction temporarily, during pre-operative work-up, or 

moree permanently, as a palliative treatment for irresectable tumors. Palliation by an 

endoprosthesiss is preferable to a surgical palliation ( bilio-digestive anastomosis) because 

off the lower mortality, morbidity and associated costs 56-57. Sphincterotomy, needed 

priorr to endoscopic stent placement, does have a mortality of approximately 0.2 %. 

Anotherr disadvantage of endoprosthesis placement is that the procedure may give rise 

too cholangitis or to focal pancreatitis, due to the intraductal canulation, sphincterotomy 

andd contrast injection. This focal pancreatitis may interfere with CT interpretation, and 

makee statements on dimensions and vascular involvement of the tumor more difficult. 

Alsoo the stent itself may cause image artefacts on CT scans5863. 

Thee use of pre-operative drainage, in patients with potentially resectable pancreatic 

cancer,, has been questioned. While most studies show no beneficial effects of pre-

operativee drainage on surgical morbidity or mortality 6 4 " , others have found an 

associationn with post-operative infection and mortality6567 64. Self-expandable metallic 

stentss should not be used for preoperative drainage as these are difficult to remove 

duringg surgery. 

PTCD D 

Iff endoscopic drainage by ERCP is not possible, PTCD (Percutaneous Transhepatic 

Cholangiographyy with Drainage) may be an alternative procedure. Via a transhepatic 

routee a bile duct is punctured, using US guidance, and a catheter is introduced over a 

guidewire.. Using fluoroscopy a stenosis of the biliary duct can be visualized. A biliary 

drainagee catheter can be left proximal to a stenosis, to drain externally, or the stenosis 

mayy be passed with a catheter to obtain internal drainage. Risks of the procedure are 

haemorrhage,, and leakage of bile into the abdominal cavity. The risk of cholangitis 

afterr PTCD seems to be lower than after an endoscopic drainage procedure68. Diagnostic 

PTCC is no longer performed for pancreatic cancer. 
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CT T 
Untill recently, dual phase helical CT (performed during arterial and porto-venous phase) 

withh 3 mm slice thickness has been regarded as the state of the art technique for 

stagingg 69. Arterial phase scanning, with a delay of 20 sec after iv contrast injection, is 

noww only performed if endocrine tumors are suspected, ass these may show early contrast 

enhancement.. Most tumors are equally well detected during the so-called pancreatic 

parenchymall phase at 40 s delay70"72. During this phase both the peri-pancreatic arteries 

andd the veins are well enhanced, while the tumor is shown as a hypodense lesion 

comparedd to normal pancreas. 

Withh this CT technique the detection rate of pancreatic cancer is 92-97%73-74. For detection 

off small peri-ampullary tumors EUS and MRI are regarded as superior to CT757S. 

Forr local tumor staging, the determination of venous invasion is the most important 

aspect.. Arterial encasement is rarely present without concomitant presence of venous 

invasionn 77. Criteria that are considered to be conclusive for invasion are narrowing, 

occlusion,, complete encirclement of the vessel by tumor, and irregularity of the vessel 

wall7M0.. If encirclement of a vein is > 180 degrees, the changes for surgical irresectability 

off the tumor are high ( 83-95%)7a74J7. However, this finding may also rarely be caused 

byy a pancreatitis 70'74'77. 

Iff a tumor shows contact with the porto-mesenteric veins, the tumor may show a 

convexx border towards the vessel or this border may be concave. In 15 tumors that 

showedd concavity towards a vessel, only one (7%) was found to be resectable without 

havingg to perform a resection of the vein 79 (actually in this series 6 patients underwent 

aa venous resection). In another series 15% (2/15) of tumors that showed concavity 

weree found to be curatively resectable (having tumor negative resection margins at 

pathology)74. . 

AA teardrop shape of mesenteric vein on CT has been described as an additional sign of 

vascularr invasion. In 8 of 32 patients, who underwent surgical exploration and who 

hadd been regarded by CT as having tumors without venous invasion, presence of the 

teardropp sign was noted. Venous invasion was surgically confirmed in seven of these 

patients81. . 

Thee sensitivity of CT for hepatic metastases varies from 73 to 79% 73'82. However, the 

actuall number of missed metastases in surgical candidates is relatively low (7-12 % of 

patients)5283.. In patients in whom CT shows a tumor to be completely separated from 

thee veins or to have less than 90 degrees of circumferential contact with the vein, 

laparoscopyy to detect metastases is no longer advocated, as the resectability rate of 
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thesee tumors is over 95% 84. If a pancreatic tumor appears to be unresectable at CT, 

andd this cannot be confirmed in a less invasive way, laparoscopy may be useful as it 

mayy help to prevent a surgical exploration 85. 

MRCP P 

Magneticc resonance cholangiopancreatography (MRCP) is used for non-invasive imaging 

off the biliary and pancreatic ducts. By using heavily T2-weighted sequences and fat 

suppression,, only static fluids like bile are imaged, while background signal of tissue 

andd fat is suppressed. Thick-slab MRCP renders ERCP-like images in a short acquisition 

time.. Another, more time consuming, technique is multislice MRCP. This technique 

producess multiple thin-slices (source-images), from which ERCP-like images can be 

renderedd using a MIP projection (maximum intensity projection). Although ERCP like 

imagess are appealing and easy to view, it should be noted that bile duct stones may 

onlyy be detectable on source-images, and that they may be missed if only ERCP-like 

projectionss and thick slabs MRCP's are used 8590. 

ERCPP and MRCP are regarded as being equivalent for the diagnosis of extrahepatic bile 

ductt abnormalities 86.8791. Imaging the pancreatic duct with MRCP is more difficult 

becausee of its smaller size. Approximately 80% of normal pancreatic ducts are visible 

onn MRCP. The development of ultrafast MR techniques may improve pancreatic duct 

imaging.. Also the intravenous administration of secretin may facilitate pancreatic duct 

imagingg with MR by stimulating the pancreatic secretion. Besides giving functional 

information,, the use of secretin may also reduce the number of false positive findings 

off ductal stenosis 88-909295. 

Interpretingg MRCP findings is similar to ERCP interpretation. A double duct obstruction 

iss highly suggestive of a pancreatic head malignancy. Irregular dilatation of side branches 

off the pancreatic duct suggests a chronic pancreatitis. In a prospective study the 

sensitivityy and the specificity to detect a pancreatic carcinoma were equivalent for 

MRCPP (84% and 97%, respectively) and ERCP ( 70% and 94%, respectively)53. 

Somee advantages of ERCP over MRCP are the better spatial resolution of ERCP and the 

possibilityy to inspect the papilla of Vater. In this area MRCP may demonstrate obstruction, 

butt establishing the cause of the obstruction may be very difficult. Also, at ERCP contrast 

injectionn into the ducts can unequivocally proof leakage from the duct or establish 

fistulouss communications with the duct. In favour of MRCP is the capability to image 

ductss that are proximal to a complete obstruction. Both techniques are not sufficient 

too exclude a pancreatic cancer or for staging a pancreatic cancer. 
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MRI I 
Contrastt enhanced Magnetic Resonance Imaging (MRI) is used for detection and staging 

off pancreatic carcinoma sometimes after MRCP, and sometimes combined with MR 

angiographyy (one-stop-shop). MRI for staging was found to be equivalent to CT in 

mostt series8096-97. Pancreatic carcinomas usually show a low signal intensity on T1 - and 

T2-- weighted images, compared to normal pancreatic tissue, and have little or no 

contrastt enhancement. Endocrine tumors may show an intermediate or high signal on 

T2-- weighted images and may show early enhancement after intravenous contrast 

administrationn with gadolinium (Gd). MR sequences are developing rapidly. Detection 

off endocrine tumors and pancreatic tumors was found to be equivalent in recent series 

thatt compared dual phase helical CT and MRI9 8". Because of its high contrast resolution, 

MRII is probably superior to CT in detection of small tumors75. Semelka reported on the 

usee of MR in patients after negative CT findings. MR increased confidence of diagnosis 

especiallyy in patients in whom CT showed an enlarged pancreatic head 10 . 

Forr staging, some authors found CT to be slightly superior in depiction of vessels and 

peri-pancreaticc infiltration 10\ while other authors slightly favoured the use of MRI " . 

Inn a recent study, that used a 3D multiphase gradient recalled echo (GRE) sequence, 

thee sensitivity of MR angiography for vascular invasion was 85% with a predictive value 

off 83%, which is comparable to CT 102. This GRE MRI technique allows rapid acquisition 

off multiple series of thin slices through the pancreas, during breath hold of the patient. 

Analogouss to multiphase CT scanning, these series allow evaluation of arteries and 

veins,, as well as the pancreatic tumor. Another MRI technique is 3D phase contrast MR 

angiography,, which only allows evaluation of the vessels. Phase contrast MRA should 

thereforee be combined with other MRI sequences. Overall results of phase contrast 

MRAA are comparable with dual phase CT 98. 

Mangafodipirr (MnDpDp) is a manganese containing contrast agent for MRI, that selectively 

accumulatess in normal pancreatic tissue. Although the signal-to-noise ratio on MRI 

improves,, and the confidence in diagnosis increases, MRI detection and staging of 

pancreaticc carcinoma were found not to differ significantly from CT 103104. In general, 

MRII can poorly discriminate between a malignant tumor and an inflammatory mass 105. 

Thee use of MnDpDp with MRI also may show false positive findings of malignancy 103, 

duee to decrease in uptake of mangafodipir in pancreatitis. 
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Endosonography y 
Endosonographyy (EUS) is a combination of endoscopy and US. Close proximity to the 

tumorr can be achieved by endoscopy and this allows the use of high frequency 

sonographicc transducers (7.5- 12 MHz). These transducers have a limited depth of 

view,, but show an excellent spatial resolution. Detection of small tumors by EUS is 

superiorr to US or to helical CT with 3 mm slice thickness, and sensitivities of EUS were 

reportedd between 94-100% 7696106. EUS may therefore be used to confirm presence of 

aa small, potentially resectable, pancreatic mass, especially in the ampullary region. Like 

otherr imaging modalities, EUS cannot differentiate between a small carcinoma or an 

inflammatoryy mass ,07109. 

Endoluminall ultrasonography has been further developed into intraductal US (IDUS), 

byy using small sonographic catheters that are introduced into the lumen of the pancreatic 

duct.. IDUS is capable of detecting small intraductal pancreatic lesions (solid and cystic), 

andd may suggest malignancy by demonstrating small solid components within intraductal 

cystss n o ' i n . 

Thee role of EUS for staging pancreatic carcinoma is controversial. Some recent reports 

suggestt that T stage accuracy is low (64%), although EUS can demonstrate tumor size 

welll 1121'3. EUS criteria for vascular invasion consist of i) loss of echogenic interface 

betweenn tumor and vessel and ii) demonstration of tumor mass inside the vessel or iii) 

completee obstruction or thrombosis of the vessel. With these EUS criteria an accuracy 

forr invasion was reported of 93%114. Few studies on EUS have been performed, that 

weree blinded and prospective. In a blinded retrospective study the sensitivity and 

specificityy of EUS for venous invasion were 43% and 91%, respectively. Visualisation of 

EUSS of the SMV was very limited 1'5. A comparative and blinded prospective study 

foundd EUS for staging comparable to 3mm dual phase helical CT76. In a retrospective 

studyy CT and EUS were found comparable in staging venous invasion, but CT was 

superiorr in staging arterial invasion106. 

Finee needle puncture under EUS guidance has been used abundantly. Presence of a 

cytologistt during puncture may limit the number of needle passes and increase the 

yieldd of "adequate" specimen to 95% 38. However, because of the high rate of false-

negativee biopsies (10-20%) 37'3M116, a pancreatic biopsy should not be performed pre-

operative^^ in potentially resectable tumors. EUS biopsy is useful for metastases that 

aree suspected and that would preclude a resection, if their presence was confirmed. If 

surgeryy is performed for suspected carcinoma without a biopsy being taken, an 

inflammatoryy mass will be present in approximately 5% of the patients50. 
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IVUS S 
Inn patients with carcinoma of the pancreatic head the portal and the superior mesenteric 

veinn are easily invaded by tumor, making the tumor a locally irresectable T3 tumor, 

accordingg to the TNM staging. Although in some centres experimental studies are 

performedd with portal resection, the value of this extended resection is still under 

debate117'"8. . 

Intravascularr ultrasound catheters with high spatial resolution have previously been used 

too examine coronary arteries and peripheral vessels, as well as urinary tracts and biliary 

tractss 119"1Z1. Intravascular ultrasound (IVUS) of the portal vein was initially described by 

Noguchii et al.122, IVUS, performed during laparotomy, was evaluated in 30 patients with 

aa pancreatico-biliary carcinoma 123. A branch of the superior mesenteric vein was exposed 

andd cut down to introduce the ultrasound catheter. The sensitivity, specificity and accuracy 

off IVUS for detection of tumor invasion of the vessel wall were 100%, 93.3%, and 

96.7%,, respectively. Comparable results were found in other small series,24. 

Becausee of the disadvantages of a laparoscopic procedure, we evaluated the feasibility 

off IVUS, performed percutaneously. Percutaneous IVUS, using a transhepatic approach, 

wass performed safely in 20 patients, using a 6 French catheter and local anaesthesia. 

Percutaneouss IVUS had additional value to helical CT for staging, and may be performed 

pre-operativelyy if helical CT demonstrates contact between tumor and vessel, without 

definitee invasion125. In another small series complications of percutaneous IVUS were 

found,, including one fatal case, and also false-positive findings of tumor invasion occurred 

thatt were caused by inflammatory changes126. Furthermore, IVUS has limited penetration 

depthh and is not able to demonstrate perivascular structures e.g. lymph node metastases. 

Laparoscopy y 
Laparoscopyy (LAP) is accepted as staging method for pancreatic and peri-ampullary 

tumors127132.. The main additional benefit of laparoscopy is detection of small metastases 

att the liver surface and on the peritoneum and thus to prevent an unnecessary 

laparotomy.. These metastases can easily be missed with non-invasive imaging techniques 

andd were previously only detected at laparotomy. In early studies laparoscopy, performed 

afterr conventional CT, could demonstrate metastases in 40% of patients with pancreatic 

carcinoma.. At present, metastases that are missed by helical CT are found in only 12 % 

off patients with pancreatic carcinoma 83. Bottger stated that laparoscopy performed 

afterr CT and US would detect additional metastases in approximately 7% of patients52. 

Laparoscopicc staging can be combined with laparoscopic ultrasound (LUS), which is a 

sensitivee method for detection of intrahepatic metastases. In addition LUS allows 
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assessmentt of vascular invasion by tumor 130133. The relative contribution of LUS 

comparedd to LAP is also diminishing. Of 40 patients with pancreatic carcinoma LUS 

couldd exclude an additional 7 patients from surgical exploration, after LAP alone had 

alreadyy excluded 14 patients of these 40 '30. In another study, LAP findings were 

equivocall in 13 of 90 patients with a pancreatic tumor, but LUS could exclude these 13 

patientss from surgery (14%) 134. LUS had little additional value to LAP in a series of 

Dump:: of 20 patients regarded as resectable after LAP, LUS could exclude only 3 

patientss from surgical exploration135. Pietrabissa foundd that after dynamic CT, LAP alone 

couldd exclude 20% of patients from surgical exploration. Although LUS detected 

additionall liver lesions in 8% of the patients, the majority of those liver lesions were 

benign.. The major advantage of LUS over LAP was establishing vascular invasion, but 

thee predictive value of LUS for invasion of 91 % {10/11) was comparable to the predictive 

valuee of 100% (8/8) of CT ,35. 

LAPP and LUS do not seem to have additional value in patients that show no signs of 

vascularr invasion at CT. In a series of 100 patients with peri-ampullary tumors 49 were 

judgedd by CT to have no sign of vascular invasion. The resectability rate was over 96% 

inn these patients 84. 

Ass stated before, laparoscopic staging of patients should no longer be performed for 

(peri-ampullary)) tumors that appear as resectable on CT 85'137.138, 

Nuclearr scintigraphy 
Pancreaticc carcinomas, like other malignancies, have an increased biochemical activity 

andd an increased glucose metabolism. This enables the detection of pancreatic 

carcinomass by using deoxyglucose labeled with 18F (FDG), a positron emitting tracer 

thatt accumulates in pancreatic cancer tissue. In the body a positron interacts with a 

freee electron, which produces two photons, radiated in opposite directions. PET scanning 

(positronn emission tomography) can detect both of these simultaneous photons using 

aa gamma camera, which is circumferential around the patient. PET enables imaging in 

aa 3D fashion with high spatial resolution. PET scanners are expensive and few in number. 

Ann alternative for PET scanning is FDG-SPECT (single photon emission computed 

tomography).. SPECT only detects one of the paired photons, that are radiating 

simultaneously,, but it is able to produce 3D images, like PET, by rotating a camera 

aroundd the patient analogous to a CT scanner. Spatial and temporal resolution of 

SPECTT is slightly less than the resolution of PET. 

Thee sensitivity and specificity of FDG PET for detection of a pancreatic carcinoma are 
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reportedd to be high (over 93%)139, but in most studies pancreatic lesions had already 

beenn detected with other modalities. PET has been used for differentiation of benign 

andd malignant pancreatic masses, with accuracies reported as being 90-92% 140143. |f 

PETT is truly blinded for results of other imaging techniques, the accuracy of PET seems 

too be lower, approximately 70% 144. 

Inn chronic and acute pancreatitis FDG uptake is increased, but in most cases this is less 

thann in pancreatic carcinoma. FDG uptake seems to be prolonged in malignant pancreatic 

lesionss compared to uptake in inflammatory masses 145. False negative PET scans for 

malignancyy are rare and may be due to altered glucose metabolism in patients with 

diabetess 146, Although PET can exclude malignancy more reliable than CT the role of 

PETT in preoperative evaluation of pancreatic masses seems limited. 

Potentiall advantages of PET over CT are the capability to detect lesions distant of the 

primaryy tumor, although the number of metastases in reported series is low 147148. Also 

PETT is capable to detect recurrent malignant disease in an early stage. 

Inn a series by Romijn it was suggested that survival of patients with malignant tumors, that 

showedd a high uptake of FDG, was lower than for tumors with low uptake of FDG149. 

Anotherr potential role of PET may be the monitoring of tumor metabolic activity during 

non-surgicall treatment. 

Conclusion n 

Inn the past decade many tools have been developed for diagnosing and staging 

pancreaticc cancer. An important goal of diagnostic imaging is a better patient selection 

forr surgical treatment, which may lead to optimal use of surgical resources and perhaps 

diminishh peri-operative morbidity and mortality. The prognosis of pancreatic cancer 

howeverr is poor, even after a tumor resection. 

Thee use of diagnostic tools should be limited as much as possible. 

Wee feel that in jaundiced patients ultrasonography should be a first screening modality 

too depict a pancreatic lesion, liver metastases or enlarged lymph nodes, if a pancreatic 

tumorr is demonstrated without liver metastases, Doppler US can confirm vascular 

involvement. . 

Contrastt enhanced helical CT, with a slice thickness of 3 mm or less, should be the next 

stepp to stage pancreatic tumors that seems resectable at US. Preferably CT should be 

performedd prior to biliary drainage or ERCP. Contrast enhanced MRI is regarded as 
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equivalentt to CT and may be used instead of CT. In general, MRI is more expensive and 

moree time consuming than CT. 

Iff no pancreatic mass is demonstrated by US, in a jaundiced patient several alternatives 

exist.. If there is high clinical suspicion for biliary stones, ERCP, with potential stone 

removal,, may be performed. If biliary stones should be excluded, MRCP may be sufficient. 

Iff a small peri-ampullary tumor is suspected, EUS or contrast enhanced MRI are the 

methodss of choice. MRCP and ERCP are capable of showing the level of obstruction 

(doublee duct lesion), and ERCP allows inspection of the papilla, with potential biopsy or 

brushh of a lesion, but these modalities alone are not sufficient for staging. In daily 

practice,, ERCP is often performed as the first diagnostic modality, probably because 

biliaryy drainage is opted for. In fact, drainage after a diagnostic ERCP is mandatory in 

orderr to diminish the risk of infection in biliary obstruction. Complications of ERCP may 

interferee with diagnostic staging, and an acute pancreatitis induced by ERCP may 

postponee a surgical resection. Whether biliary drainage influences surgical outcome 

hass not been established. Perhaps pre-operative drainage may be avoided if time to 

surgeryy can be reduced. 

Biopsyy should not be performed in pre-operative patients, because of the false negative 

findingss that occur. This policy will also lead to resection of inflammatory pancreatic 

massess in 5% of patients. 

Inn patients without CT signs of vascular invasion laparoscopy and LUS should not be 

performed.. The role of FDG PET is limited. Perhaps PET may be used to monitor activity 

off tumor in non-surgical patients or early recurrencee of tumor in post-operative patients. 

IVUSS is as yet an experimental tool. 

Thee future role of molecular markers lies further ahead. 
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Summaryy and conclusion 

Summary y 

Inn this thesis the value of spiral CT for pre-operative staging of pancreatic carcinoma is 

evaluated.. CT is not a static diagnostic modality. The yield of CT is also dependent on 

performancee of other diagnostic modalities, that are used prior to CT and that for 

instancee may determine what cohort of patients are referred to the tertiary center. On 

thee other hand the diagnostic yield of other modalities, as laparoscopy, depends on 

thee performance of CT in selecting patients. Furthermore, there has been an enormous 

technicall progression of CT and developments have been fast and are still ongoing, 

nott only for CT, but also for other modalities like MRI and sonography. A continuous 

evaluationn of all these modalities is therefore necessary to optimise their use. 

Pancreaticc carcinoma still has a poor prognosis. Although the mortality of a resection 

off the tumor (by pylorus preserving pancreatico-duodenectomy) has declined to less 

thann 2% in specialised centers, associated surgical morbidity is still substantial and 

survivall of the patient is only improved by a radical resection. For patients who need 

palliation,, endoscopical treatment seems to be a good alternative to surgical treatment. 

Thee aim of pre-operative diagnostic imaging is to select those patients that may benefit 

fromm a resection from those that need palliative treatment. In this thesis the role of CT 

inn this diagnostic process has been evaluated. 

Inn chapte r 2 the value of spiral CT, with 5 mm slice thickness, for pre-operative staging 

off pancreatic head carcinoma was studied in 56 patients that underwent a surgical 

exploration.. CT in 12% of the patients had missed small metastases, detected at surgery. 

Thee sensitivity and specificity of CT in determining surgical irresectability were 78% and 

76%,, respectively. If patients with metastases were excluded, the sensitivity of CT to 

predictt a non-radical resection was 60%, with a predictive value of 82%. CT could 

establishh venous invasion by tumor with a sensitivity of 56% and a predictive value of 

88%.. It was concluded that spiral CT seemed to improve detection of metastases and 

vascularr invasion, compared to non-spiral CT and spiral CT with 8 mm slice thickness, 

butt the diagnostic accuracy for local resectability was not higher than 74%. 

Inn approximately half of the patients with tumors that prove to be locally irresectable 

att surgical exploration, this irresectability is caused by tumor invasion of the portal or 

superiorr mesenteric veins. This finding is often discovered at a late stage of the surgical 

dissection.. Patients with obvious invasion of major veins (e.g. thrombosis or complete 

circumferentiall involvement of the vein) are generally excluded from surgical exploration. 
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Too improve the pre-operative detection of vascular invasion we examined which CT 

criterionn best determined venous invasion. In chapte r 3 several CT criteria for venous 

invasionn were correlated with surgical and pathological findings of venous invasion in 

500 patients with a pancreatic head carcinoma, that had undergone a surgical dissection 

off the vessels or a resection of the tumor. Invasion was found in 100% of cases with 

thee following CT signs, in decreasing order of sensitivity: narrowing of the superior 

mesentericc vein (SMV), involvement of >90 degrees of the portal vein (PV), narrowing 

off the PV, and irregularity of the wall of the PV. The sensitivities of these signs to 

predictt venous invasion and local irresectability were relatively low, ranging from 23% 

to10%.. If a tumor showed concavity towards a vessel (= invasion grade D or E), the 

predictivee value for invasion was 90%, with a sensitivity of 50%. The best single criterion 

too predict venous invasion was narrowing of the SMV or the PV. If criteria for invasion 

weree combined, this combination had relatively little additional value. The best 

combinationn of criteria were tumor concavity and vascular involvement of > 90 degrees. 

Thee predictive value for invasion was 90% with a sensitivity of 60%, if one of these 

criteriaa was found on the pre-operative CT scan. 

Manyy patients suspected to have a pancreatico-biliary malignancy are referred to a 

tertiaryy center for further diagnosis and/or treatment. In most patients diagnostic 

investigationss already have been performed prior to referral, which raises questions 

aboutt the yield of re-interpretation of these studies and whether further radiological 

studies,, especially spiral CT scans, are useful. In chapte r 4 the re-interpretation of 

radiologicall examinations, performed elsewhere in 78 patients with suspected 

pancreatico-biliaryy tumors, who were referred to the AMC, is described. The quality of 

thesee radiological studies and their reports varied widely, probably due to varying local 

circumstancess in the referring hospitals (n=51) e.g. concerning the availability of 

diagnosticc equipment and expertise. Revision resulted in additional findings in 30% of 

thee patients, and in a change of treatment plan in 10% of the patients. Additional 

examinationss that were performed in the AMC, a US examination in 71% (55/78) of 

patientss and a spiral CT scan in 60% (47/78) of patients, resulted in a change of 

treatmentt plan in approximately 30% of the examinations. It was concluded that 

reviewingg examinations performed before referral, may limit unnecessary referral of 

patientss with irresectable tumors, and that the use of additional investigations had an 

importantt impact on treatment planning. 

Onee of the limitations of axial CT to detect vascular invasion is that the transverse 
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planee may not be optimal to fully assess the vessel. Spiral CT allows three-dimensional 

(3D)) rendering of vessels, which could have additional value in determining vessel 

patency.. In chapte r 5 the value of 3D CT angiography (using a surface rendering 

technique)) for pre-operative detection of venous invasion was evaluated in 32 patients 

withh a pancreatic head carcinoma and compared to staging with axial CT alone. 

Venouss invasion confirmed at surgery and at histopathologic examination, was present 

inn 1 4 / 3 2 patients that had undergone a surgical exploration. Three-dimensional CT 

waswas found to have a sensitivity for venous invasion of 43% and a predictive value of 

75%,, which was comparable to the results of axial CT. Three-D CT demonstrated 

venouss invasion in one additional case, compared to axial CT findings alone. It was 

concludedd that the value of 3D CT for detection of venous invasion at pre-operative 

stagingg of pancreatic carcinoma was limited. 

CTT has limitations in determining tumor irresectability. Often a surgical exploration and 

evenn a resection of a tumor are performed, when CT suggests irresectability of a tumor 

orr a high chance, but not 100% certainty, for irresectability of the tumor. This raised 

thee question how patients perform after such a resection. In chapte r 6 the prognostic 

valuee of CT criteria were established in a multivariable analysis of survival in 71 patients, 

whoo had a pancreatic carcinoma. A resection was performed in 41 of the 71 patients, 

withh a median survival after resection of 21 months, and a survival of 9.7 months after 

aa palliative bypass. CT criteria that are generally used to determine tumor irresectability 

(>> 180 degrees of vascular involvement, tumor concavity and peripancreatic infiltration) 

weree found to be associated with a poor survival of patients, even if tumors had been 

resected.. If these criteria were found present at CT the relative risk of death increased 

aa factor 3.8, and the median survival was only 8.5 months in patients after resection. 

Alsoo a tumor diameter of more than 3 cm predicted a poor survival in patients after 

resection.. Patients that had a tumor resected with a diameter less than 2 cm had a 

relativelyy good prognosis: the median survival was over 30 months. It was concluded 

thatt CT criteria have prognostic value for survival and that this may be helpful to guide 

thee choice of treatment. 

Inn chapte r 7 an overview is given of the diagnostic modalities and their relative role for 

stagingg pancreatic carcinoma at present. Pre-operative staging should preferably be 

performedd prior to drainage procedures or ERCP. Ultrasonography is a first diagnostic 

stepp that will exclude most patients from surgery. Multidetector CT is the modality of 

choicee for staging, its yield in determining tumor irresectability is equivalent to MRI. 
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Iff no tumor can be demonstrated at CT or sonography, endosonography (or MRI) may 

bee able to demonstrate a very small tumor. Pre-operative biopsy should not be performed 

inn potentially resectable lesions, but it may be useful to confirm the presence of a 

malignancyy if the tumor is regarded as irresectable. Laparoscopy and laparoscopical 

sonographyy are not indicated in tumors that seem to be resectable at CT. Pre-operative 

biliaryy drainage currently is under discussion and may perhaps be avoided if time to 

surgeryy can be reduced. FDG PET in future may play a role in monitoring non-surgical 

treatmentt of a pancreatic carcinoma or to detect early recurrence of tumor ( if this 

wouldd have implications for treatment ). The role of FDG PET to distinguish an 

inflammatoryy mass from a pancreatic cancer seems limited. Intravascular sonography 

andd intraductal sonography are as yet experimental. The role of molecular markers 

mayy become important in selected patient groups at risk. 

Conclusionn and future perspectives 

Spirall CT or helical CT is at present the most important modality for staging pancreatic 

cancer.. It has led to a better selection of patients for surgery, as in only 12% of these 

patientss metastases are found at exploration. In patients referred to the AMC, 

additionallyy performed spiral CT scans lead to important changes in therapeutic decisions 

inn more than 30% of the examinations. Prediction of the resectability of tumors in 

patientss that are explored after spiral CT is still not 100 %. However, a high risk for 

vascularr invasion can be established by spiral CT, and findings on spiral CT may indicate 

aa poor prognosis, even if a resection can be accomplished. Three-dimensional rendering 

waswas not helpful for staging. Other, more superior, rendering techniques have been 

developedd that may contribute to a better anatomical insight, though the value for 

stagingg of these remains uncertain. 

Multidetectorr CT scanners with 16 or more detector rows will become a wide spread 

standardd of CT imaging, allowing high resolution CT to become a rapid examination 

requiringg a few minutes of time for the patient and only seconds of acquisition time. CT 

willl become the first step, and perhaps the only step, in diagnostic work-up for pancreatic 

tumors.. High field strength MRI will take over this position of CT as soon as acquisition 

timess of MRI become shorter, and the availability of MRI equipment is raised. 

ERCPP should be abandoned as the first diagnostic step, a selection of patients suspected 

too have a pancreatic cancer and that are potentially candidates for a resection should 
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bee referred to specialised centers, and their prior diagnostic examinations should be 

reviewedd before referral, in order to decide on further diagnostic steps and treatment. 

Suchh decisions require a multidisciplinary approach. The time span currently used for 

diagnosticc work-up and treatment planning can be reduced greatly. A strategy may be 

too have a differentiated management on the basis of CT findings. 
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Samenvatting g 

Ditt proefschrift onderzoekt de waarde van spiraal CT voor de pre-operatieve stagering 

vann pancreas carcinomen. 

Beeldvormendee onderzoek technieken zoals computer tomografie zijn geen statische 

modaliteiten.. De diagnostische opbrengst van CT hangt mede af van de opbrengst van 

anderee modaliteiten, die voorafgaand aan CT worden toegepast, en die bijvoorbeeld 

bepalenn welk cohort van patiënten wordt verwezen naar een tertiair centrum, en de 

diagnostischee opbrengst van andere modaliteiten, zoals laparoscopie, wordt beïnvloed 

doorr de resultaten van CT. Verder is de technische ontwikkeling van diagnostische 

modaliteitenn enorm en dit geldt niet alleen voor CT maar ook voor bijvoorbeeld MRI en 

echografie.. Hierdoor is het nodig om continu de diverse diagnostische onderzoeken te 

evaluerenn om te komen tot een optimaal gebruik ervan. 

Dee prognose voor een patiënt met een pancreas carcinoom is nog steeds slecht. Hoewel 

inn gespecialiseerde centra de mortaliteit van tumor resectie (door een pylorus-sparende 

pancreatico-duodenectomie)) is gedaald tot minder dan 2%, is de chirurgische morbiditeit 

nogg aanzienlijk en wordt de overleving van de patiënt alleen verbeterd indien de resectie 

radicaall is. Voor palliatieve behandeling wordt endoscopische drainage beschouwd als 

eenn goed alternatief voor chirurgische drainage. 

Hett doel van de pre-operatieve beeldvormende diagnostiek is om die patiënten te 

selecterenn die baat hebben bij een resectie, en deze te onderscheiden van degenen die 

inn aanmerking komen voor palliatie of niet-chirurgische therapie. Dit proefschrift 

evalueertt de rol van CT in dit diagnostisch proces. 

Inn hoofdstu k 2 werd de waarde van spiraal CT, met 5 mm dikke coupes, onderzocht 

voorr pre-operatieve stagering van pancreaskop carcinomen bij 56 geopereerde patiënten 

mett een pancreaskop carcinoom. Door CT werden kleine metastasen gemist in 12 % 

vann de patiënten. De sensitiviteit en specificiteit van CT voor chirurgische irresectabiliteit 

warenn respectievelijk 78% en 76%. Indien patiënten met een metastase werden 

uitgesloten,, was de voorspellende waarde van spiraal CT voor een niet-radicale resectie 

82%,, met een sensitiviteit van 60%. Tumor ingroei in de vena portae of in de vena 

mesentericaa superior kon met CT worden vastgesteld met een sensitiviteit van 56% en 

eenn voorspellende waarde voor ingroei van 88%. Er werd geconcludeerd, dat spiraal 

CTT de detectie van metastasen en van veneuze ingroei verbeterde, vergeleken met 

non-spiraall CT en met spiraal CT vervaardigd met 8 mm coupediktes, maar dat de 
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accuracyaccuracy voor lokale resectabiliteit niet meer bedroeg dan 74 procent. 

Inn ongeveer de helft van de patiënten met een pancreascarcinoom, die een chirurgische 

exploratiee ondergaan en die daarbij een lokaal irresectabele tumor blijken te hebben, 

wordtt deze lokale irresectabiliteit veroorzaakt door tumor ingroei in de vena portae of 

inn de vena mesenterica superior. Deze ingroei wordt vaak pas laat tijdens de chirurgische 

dissectiee ontdekt. Patiënten met duidelijke ingroei in de venen (bijvoorbeeld met op CT 

thrombosee van de vene of met volledig circumferentiële betrokkenheid van de vene) 

zijnn meestal al uitgesloten van een chirurgische exploratie. Om de pre-operatieve detectie 

vann vaatingroei te verbeteren werd onderzocht welke CT criteria het beste veneuze 

ingroeii detecteren. In hoofdstu k 3 werden verschillende CT criteria voor veneuze ingroei 

doorr tumor, vergeleken met chirurgische en patholoog-anatomische bevindingen bij 

500 patiënten met een pancreaskop carcinoom, die een chirurgische dissectie van de 

vatenn of een resectie van de tumor hadden ondergaan. Met afnemende sensitiviteit, 

werdd veneuze ingroei gevonden in 100 % bij de volgende CT criteria: vernauwing van 

dee vena mesenterica superior (SMV), circumferentiële betrokkenheid van > 90 graden 

vann de vena portae (PV), vernauwing van de PV, en onregelmatigee contour van de PV. 

Dee sensitiviteit van deze criteria was relatief laag: 23% tot 10%. Als een tumor contact 

mett een vene toonde met een concave contour (= vaatingroei graad D of E ), was de 

positieff voorspellende waarde voor ingroei 90%, met een sensitivitieit van 50%. Het 

bestee enkelvoudig criterium voor het voorspellen van vaatingroei was vernauwing van 

dee SMV of van de PV. Wanneer verschillende criteria voor ingroei werden gecombineerd 

waswas er relatief weinig aanvullende waarde. De beste combinatie van criteria werd 

gevondenn voor de criteria tumor concaviteit en circumferentiële betrokkenheid van > 

900 graden. De voorspellende waarde voor ingroei was 90% , met een sensitiviteit van 

60%,, indien een van deze twee criteria aanwezig was. 

Veell patiënten met verdenking op een pancreatico-biliaire tumor worden verwezen 

naarr een tertiair centrum voor verdere diagnostiek en/of behandeling. Bij de meeste 

vann deze patiënten is voorafgaand aan de verwijzing al eerder diagnostisch onderzoek 

gedaan.. De vraag rees wat de diagnostische waarde was van herbeoordeling van deze 

onderzoekenn en wat de opbrengst was van aanvullend verricht onderzoek, met name 

spiraall CT. Hoofdstu k 4 beschrijft de herbeoordeling van radiologische onderzoeken, 

diee elders waren verricht bij 78 patiënten, verwezen onder de verdenking van een 

pancreatico-biliairee maligniteit. De kwaliteit van de radiologische onderzoeken en van 
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Samenvattingg en conclusie 

dee verslagen varieerde sterk, waarschijnlijk ten gevolge van lokale omstandigheden in 

dee verwijzende ziekenhuizen (n=51), zoals de beschikbaarheid van diagnostische 

apparatuurr en van de aanwezige expertise. Bij herbeoordeling werden in 30% van de 

patiëntenn additionele bevindingen gedaan, die in 10% van de patiënten leidden tot 

e e nn verandering in het behandelingsplan. Aanvullende diagnostiek die verricht werd in 

hett AMC, namelijk een echografie in 7 1 % van de patiënten (55/78) en een spiraal CT 

inn 60% van de patiënten (47/78), resulteerde bij ongeveer 30% van de onderzoekingen 

inn een verandering van het behandelingsplan. Concluderend zou herbeoordeling kunnen 

leidenn tot een vermindering van het aantal verwijzingen van patiënten met tumoren 

diee niet resectabel zijn, en werd het behandelingsplan sterk beïnvloed door diagnostische 

onderzoeken,, die aanvullend waren verricht. 

Eenn beperking van axiale CT voor het detecteren van vaatingroei kan zijn, dat het 

transversalee vlak onvoldoende is om de vaten volledig te beoordelen. Met spiraal CT is 

hett mogelijk om een drie-dimensionale afbeelding te maken van de vaten en dit zou 

aanvullendee waarde kunnen hebben voor het beoordelen van deze vaten. 

Inn hoofdstu k 5 werd de waarde voor het vaststellen van veneuze ingroei onderzocht 

vann drie-dimensionale CT angiografie ( waarbij een surface rendering techniek werd 

gebruikt)) bij 32 patiënten met een pancreaskop carcinoom, en vergeleken met axiale 

CTT scans. Bij 14 van deze 32 patiënten, die een chirurgische exploratie ondergingen, 

werdd er veneuze ingroei door tumor vastgesteld aan de hand van de chirurgische en/ 

off histo-pathologische bevindingen. De sensitiviteit van 3D-CT voor het vaststellen van 

veneuzee ingroei was 43% en de voorspellende waarde was 75%, vergelijkbaar met 

axialee spiraal CT. Drie-dimensionale CT kon slechts in één additioneel geval veneuze 

ingroeii vaststellen, vergeleken met uitsluitend de axiale CT scans. De conclusie was, 

datt 3D-CT een beperkte waarde heeft voor het aantonen van veneuze ingroei bij de 

stageringg van het pancreaskopcarcinoom. 

CTT heeft beperkingen in het vaststellen van tumor irresectabiliteit. Vaak wordt er een 

chirurgischee exploratie gedaan, soms zelfs met een resectie van de tumor, terwijl op de 

CTT tumor irresectabiliteit, of een zeer grote kans hierop, wordt gesuggereerd. Hierbij 

reess de vraag hoe het beloop is bij dergelijke patiënten na een resectie en of CT dit 

beloopp kan voorspellen. In hoofdstu k 6 werd middels een multivariabele analyse, de 

prognostischee waarde voor overleving onderzocht van CT criteria, zichtbaar op een 

pre-operativee CT scan bij 71 patiënten met een pancreaskop carcinoom, die allen een 
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chirurgischee exploratie hadden ondergaan. Een resectie kon worden verricht bij 41 van 

dee 71 patiënten, waarbij de mediane overleving 21 maanden was na een resectie en 

9,77 maanden na een palliatieve bypass. De aanwezigheid van CT criteria, die in het 

algemeenn gebruikt worden voor het vaststellen van irresectabiliteit van een tumor 

(aanwezigheidd van > 180 graden vasculaire betrokkenheid, tumor concaviteit of 

peripancreatischee infiltratie), had een slechte prognostische waarde voor de overleving 

vann patiënten, ook indien de tumor geresecteerd was: bij patiënten na resectie was bij 

aanwezigheidd van deze criteria het relatieve risico op sterfte een factor 3,8 groter, de 

medianee overleving bedroeg 8,5 maanden. Ook een tumordiameter van meer dan 3 

cmm op CT voorspelde een slechte overleving van patiënten na resectie van de tumor. 

Patiëntenn hadden een relatief goede prognose na resectie van een tumor met op CT 

eenn diameter kleiner dan 2 cm: de mediane overleving was meer dan 30 maanden. 

Concluderendd hebben CT criteria prognostische waarde voor de overleving en dit zou 

gebruiktt kunnen worden om de therapiekeuze te helpen bepalen. 

Inn hoofdstu k 7 wordt een overzicht gegeven van de beschikbare diagnostische 

modaliteitenn en hun relatieve rol voor pre-operatieve stagering van pancreas carcinomen. 

Pre-operatievee stagering moet bij voorkeur verricht worden voorafgaande aan drainage 

proceduress of aan ERCP. Echografie kan als eerste diagnostisch onderzoek het merendeel 

vann de patiënten uitsluiten van een chirurgische behandeling. Multidetector CT is het 

onderzoekk van keuze voor stagering, waarbij de waarde voor het vaststellen van 

irresectabiliteitt van een tumor vergelijkbaar is aan die van MRf. Als er geen tumor 

zichtbaarr is op CT of echografie, is het soms mogelijk met endo-echografie (of met 

MRI)) een kleine tumor aan te tonen. Pre-operatieve biopsie dient niet te worden verricht 

bijj tumoren die potentieel resectabel zijn, maar kan nuttig zijn om de diagnose maligniteit 

tee bevestigen bij irresectabele tumoren. Laparoscopie en laparoscopische echografie 

zijnn niet langer geïndiceerd bij tumoren die resectabel lijken op CT. Pre-operatieve 

drainagee staat ter discussie en kan wellicht vermeden worden door patiënten snel te 

operen.. FDG PET heeft mogelijk een toekomstige rol in het monitoren van niet-

chirurgischee therapie of voor het vaststellen in een vroeg stadium van recurrente tumor 

groeii (indien dit therapeutische consequenties zou hebben). FDG PET lijkt een beperkte 

waardee te hebben om bij een pancreas massa te differentieren tussen een maligniteit 

enn een ontstekingsmassa. Intravascular echografie en intraductale echografie verkeren 

nogg in het experimentele stadium. Moleculaire markers worden mogelijk in de toekomst 

belangrijkk bij geselecteerde patiënt groepen. 
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Samenvattingg en conclusie 

Conclusie e 

Spiraall CT (helical CT) is op dit moment de belangrijkste diagnostische modaliteit voor 

hett stageren van pancreas carcinomen. Spiraal CT heeft geleid tot een verbetering in 

patiëntt selectie voor chirurgie, waarbij in ongeveer 12% van de geëxploreerde patiënten 

nogg metastasen worden gevonden, die gemist werden door CT. Bij patiënten die werden 

verwezenn naar het AMC, leidde aanvullende spiraal CT (en echografie) tot belangrijke 

veranderingenn in het therapeutisch plan bij meer dan 30% van de onderzoeken. De 

irresectabiliteitt van tumoren kan niet met 100% betrouwbaarheid worden voorspeld 

doorr spiraal CT. Echter een zeer hoog risico voor vaatingroei kan wel door CT worden 

vastgesteld,, en CT kan een slechte prognose aangeven, ook als een resectie van een 

tumorr verkregen zou kunnen worden. Drie-dimensionale CT heeft geen additionele 

waardee voor de stagering van pancreas tumoren. Inmiddels zijn er betere en snellere 

"rendering"" technieken beschikbaar, die wel een bijdrage kunnen leveren aan 

anatomischh inzicht, maar waarvan de waarde voor stagering nog onzeker is. 

Multislicee of multidetector CT scanners met meer dan 16 detector ringen zullen een 

algemeenn verspreide standaard van CT onderzoek worden. Hiermee kan een hoge 

resolutiee CT onderzoek gedaan worden in enkele seconden acquisitietijd en in enkele 

minutenn tijd voor de patiënt. CT za! daardoor de eerste stap in het diagnostische traject 

wordenn en wellicht ook de enige stap. MRI, met hoge veldsterkte, zal de positie van CT 

overnemenn zodra de acquisitietijden van MRI omlaag gaan en de beschikbaarheid van 

apparatuurr verbeterd wordt. ERCP moet niet langer als eerste diagnostische stap verricht 

wordenn bij de verdenking op een pancreascarcinoom. 

Patiëntenn die een potentieel resectabele pancreastumor hebben, moeten worden 

verwezenn naar gespecialiseerde centra. Diagnostische onderzoeken moeten herbeoordeeld 

wordenn en verdere diagnostische stappen en een behandelingsplan moeten multi-

disciplinairr bepaald worden. Het tijdspad dat gebruikt wordt voor het diagnostische traject 

enn het vaststellen van een behandelingsplan kan sterk verkort worden. Een mogelijke 

strategiee hierbij is een meer gedifferentieerde behandeling op basis van spiraal CT. 
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Dankwoord d 

Zo,, met voldoening terugkijkend op de hoeveelheid werk die gedaan is, is het ook 

duidelijkk dat deze promotie mogelijk was, dankzij de steun van velen. Graag wil ik allen 

bedankenn die direct of indirect hebben bijgedragen aan dit proefschrift, een aantal in 

hett bijzonder: 

Professorr Gouma, beste Dirk, vanwege het ontbreken van een hoogleraar radiodiagnostiek 

hebb je mij bij dit onderzoek begeleid, vanaf het begin, met een zeer groot enthousiasme 

enn met een bijzondere scherpzinnigheid en een gedegen klinische visie. Het was en is mij 

eenn groot genoegen met je te werken en van je te leren. 

Professorr Laméris, beste Han, 

jee komst naar het AMC betekende een enorme stimulans voor onderzoek op onze 

afdelingg en mijn onderzoek in het bijzonder. Weloverwogen gaf je richting aan het 

onderzoekk en werden de resultaten en benodigde verdere stappen beoordeeld. 

Professorr Den Heeten, beste Ard, 

niett alleen liet je mij de ruimte om onderzoek doen. Ook jij hebt er voor gezorgd dat 

hett motortje enthousiast bleef draaien. 

Professorr Bossuyt, beste Patrick, 

dankk voor je geduldige uitleg en voor je heldere analyse van de juiste methodologische 

aanpak. . 

Professorr Tytgat, beste Guido, 

jouww enorm stimulerende invloed op je omgeving heeft zeker ook bijgedragen om de 

radiologiee op een hoger niveau te brengen. Het was mij altijd een genoegen met je 

samenn te werken en ik ben vereerd datje in mijn commissie hebt willen deelnemen. 

Hooggeleerdenn Ten Kate, Obertop, Richel, 

ikk wil U hartelijk danken voor uw bereidwillige deelname aan de promotiecommissie 

enn voor de inspanningen die daar toch mee gepaard gaan. 



Dr.. Stoker, beste Jaap, 

mett jouw enthousiasme en grote werkkracht heb je een flinke duw gegeven aan mijn 

wetenschappelijkee kar. Binnen korte tijd waren velen, waaronder jij aan het scoren. 

Dr.. Van Delden, beste Otto, 

ookk jij was altijd bereid om te scoren, te lezen of te corrigeren, met de nodige souplesse 

enn een flinke dosis humor. 

Dr.. De Wit en Dr. Busch, beste Laurens, Olivier en overige mede-auteurs, 

bedanktt voor jullie hulp en deelname aan de diverse panels. Shandra, bedankt voor de 

hulpp bij het verzamelen van de literatuur. 

Dr.. Jones, Tony 

veell dank voor de zeer gedetailleerde spellings correcties in het manuscript. 

Dee CT laboranten, Marloes, Shanta, Petra, Sandra, en vooral Martin, 

bedanktt voor al de inspanningen, de extra patiënten die gedaan moesten worden en 

dee stapels blauwe mappen die gemaakt werden. 

Drr Oldenburger, beste Foppe, 

bedanktt voor de hulp bij het achterhalen van patiënt gegevens voor de overlevingsstudie 

enn voor de praktische en morele ondersteuning. 

Dankk ook aan mijn collega's van de afdeling, staf en assistenten, die mijn afwezigheid 

moestenn opvangen of zien te regelen, maar die mij ook veel hebben bijgebracht en 

waarvann ik dagelijks nog kan leren. 

Mijnn opleider prof. D Westra, op wiens lessen ik soms nog teer. 

Benn Verbeeten, beste Ben, 

dokterr en jr. vallen er altijd af. Jij hebt mij de beginselen van de CT bijgebracht, de 

nauwgezetheidd en de zorg voor de patiënten. Misschien moet ik ook proberen meer 

vann jouw vriendelijkheid over te nemen. 

Drr Reeders, beste Jack, 

jijj bent degene geweest, die de aanzet heeft gegeven om onderzoek te verrichten bij 

pancreass tumoren. Eindelijk zie je nu het resultaat. 
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Dankwoord d 

Dee medewerkers van de afdeling, laboranten, administratie, het secretariaat en de IT 

will ik danken voor hun ondersteuning. Mirjam, Astrid, Marga, veel dank voor jullie 

hulpp bij het manuscript. Chris Bor voor zijn zeer gewaarderde hulp bij de layout van dit 

proefschriftt en bij vele eerdere projecten. 

Mijnn ouders, 

julliee hebben mij altijd veel vrijheid gegund. 

Dee paranimfen, Yung en Hans, 

julliee aanwezigheid maakt het extra leuk om te promoveren. 

Lievee Bianca, 

bedanktt voor jouw grote steun, waardoor het maken van dit boekje mogelijk was. 

Nadinee en Kai Yang, als ik ooit trots ben, dan misschien op deze promotie, maar vooral 

benn ik trots op jullie. 

3*j8«5--
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Stellingenn behorend bij het proefschrift 

Computerr Tomography in pre-operative staging 
off pancreatic cancer 

11 Multidetector CT is de belangrijkste modaliteit voor pre-operatieve stagering van het pancreas 

carcinoom. . 

22 Drie-dimensionele CT angiografie heeft geen aanvullende waarde voor het vaststellen van 

vaatingroeii bij pancreas tumoren. 

33 De kans op overleving bij pancreas carcinomen kan goed worden afgeleid van CT scans. 

44 When in doubt, don't cut it out. 

Bijj twijfel geen resectie verrichten is een goede benadering bij pancreas carcinomen. 

55 Onderzoek van een nieuwe radiologische techniek afronden voordat die techniek verouderd 

is,, zal een blijvend probleem zijn. 

66 Promoveren nadat men medisch specialist is geworden heeft als voordeel, dat men het 

eigenn klinisch handelen kritisch kan evalueren. 

77 Diagnostiek met computer tomografie is onderzoeker afhankelijk. 

88 Stellingen die geen betrekking hebben op het proefschrift, worden het beste onthouden. 

99 " A tune a day, keeps the doctor away:" is voor medici waar in beide betekenissen. 

100 Teveel aandacht wordt in de gezondheidzorg geschonken aan "cure" in plaats van aan 

"care",, door de politiek, maar ook door de patiënten en artsen. 

Saffiree Phoa, februari 2003 
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