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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 and 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 
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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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