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Introduction

Pancre atic ade nocarcinom a re m ains  th e  fourth  le ading
caus e  of cance r-re late d de ath  and it is  th e  s e cond
m os t com m on gas trointe s tinal m alignancy afte r
colore ctal cance r. It is  one  of th e  m os t aggre s s ive
m alignant tum ors  w ith  an ove rall 5-ye ar s urvival rate
of le s s  th an 4% . It is  a de vas tating tum or w h os e  e arly
de te ction re m ains  difficult. Im aging e valuation plays

PJR April - June 2017; 27(2): 79-84

OBJECTIVES: Th e  obje ctive  of our s tudy w as  to de te rm ine  th e  accuracy of CT us ing pancre atic protocol for
de te cting vas cular invas ion in patie nts  w ith  pancre atic carcinom a. STUDY DESIGN: Cros s  -Se ctional pros pe ctive
s tudy. PLACE AND DURATION OF STUDY: De partm e nt of diagnos tic Radiology and im aging, Civil H os pital
Karach i, from  Octobe r 2015 to De ce m be r 2016 METH ODS: Th irty cons e cutive  m ale  and fe m ale  patie nts  h aving
obs tructive  jaundice  w ith  age  range  of 40-75 unde rgoing MDCT w e re  include d in th is  s tudy. All patie nts  s e le cte d
w e re  ERCP guide d biops y prove n cas e s  of pancre atic ade nocarcinom a. Bas e d on ve s s e l invas ion, w e  as s igne d
patie nts  to one  of tw o CT groups : Vas cular invas ion &  Vas cular s paring. Th e  ve s s e ls  s tudie d w e re  coe liac trunk ,
com m on h e patic arte ry, and s upe rior m e s e nte ric arte ry.  At Civil h os pital, pancre atic ade nocarcinom a is  cons ide re d
to be  unre s e ctable  on MDCT if vas cular invas ion is  pre s e nt w h ich  is  de fine d as  tum or-to-ve s s e l contiguity > 50%
in th e  pe ripancre atic ve s s e l. Oth e r s tudie d factors  w e re  age , ge nde r and s iz e  of th e  tum or. Th e  radiologic findings
w e re  corre late d w ith  pe r-ope rative  findings  at e xploratory laparotom y, w h ich  w e re  tak e n as  gold s tandard.
De s criptive  s tatis tics  w e re  calculate d and Ch i s q uare  te s t w as  us e d to de te rm ine  th e  corre lation be tw e e n th e
variable s . All findings  w e re  analyz e d us ing SPSS 20.0 s oftw are . Th os e  patie nts  w h os e  MDCT m e e ts  th e  CT
crite ria of re s e ctability unde rw e nt palliative  com m on bile  duct s te nting and th os e  w h o m e e t don’t m e e t th e  CT
crite ria s ubs e q ue ntly unde rw e nt W h ipple ’s  proce dure . RESULTS: Th e re  w e re  86.6%  m ale  and 13.4%  fe m ale
patie nts  in th e  s tudy. Th e  m e an age  w as  58 ± 9 .2 ye ars  and m e an s iz e  of th e  tum or w as  5.2 cm . Th e  re s ults
s h ow e d th at by MDCT s can pos itive  findings  w e re  obs e rve d in 61.2%  cas e s  and pe r-ope rative  pos itive  findings
w e re  obs e rve d in 62.3%  cas e s .Th e  s e ns itivity, s pe cificity, pos itive  pre dictive  value , ne gative  pre dictive  value ,
and accuracy of s piral CT in ide ntifying non re s e ctability of pancre atic carcinom a w e re  9 1.6% , 83.3% , 9 5.6% ,
71.4%  and 9 0.0%  re s pe ctive ly. CONCLUSION: MDCT h as  a h igh  pos itive  pre dictive  value  for vas cular invas ion
and good accuracy for de te rm ining ove rall tum or non re s e ctability in patie nts  w ith  pancre atic carcinom a.
Ke y w ords : Pancre atic Carcinom a, pancre as ,nonre s e ctability, vas cular invas ion, CT.
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a ce ntral and prim ary role  in th e  initial de cis ion-
m ak ing proce s s  of patie nts  w ith  pancre atic ne o-
plas m .1-4

Th e  ability to diagnos e  pancre atic carcinom a h as
be e n rapidly im proving w ith  th e  re ce nt advance s  in
diagnos tic te ch niq ue s  s uch  as  contras t-e nh ance d
dopple r ultras ound (US), h e lical com pute d tom o-
graph y (CT), e nh ance d m agne tic re s onance  im aging
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(MRI), and e ndos copic US (EUS). Abdom inal US is
th e  m odality ofte n us e d firs t to ide ntify a caus e  of
abdom inal pain or jaundice .5

CT is  th e  m os t w ide ly us e d im aging e xam ination for
th e  de te ction and s taging of pancre atic carcinom a.5

A m ajor lim itation is  its  s e ns itivity for de m ons trating
s m all h e patic m e tas tas e s . MRI s h ould be  cons ide re d
as  an additional m odality if diagnos tic difficultie s
pe rs is t afte r CT.6

Pancre atic ade nocarcinom a is  ge ne rally de picte d as
a h ypoatte nuating are a on contras t-e nh ance d CT.
Maxim al e nh ance m e nt of th e  pancre atic pare nch ym a
and pe ripancre atic vas cular s tructure s  is  im portant
for th e  de te ction and s taging of pancre atic ne oplas m s
on CT.7

MDCT allow s  th e  us e  of e xtre m e ly th in collim ation
for th e  acq uis ition of h igh -re s olution s cans  during
m ultiple  ph as e s  of contras t e nh ance m e nt. Th e  e ffe c-
tive ne s s  of CT in th e  diagnos is  and s taging of carci-
nom a is  w e ll e s tablis h e d. Pos itive  pre dictive  value s
for s urgical non re s e ctability h ave  be e n e xce lle nt,
ranging from  89 %  to 9 5% .8

Surgical re s e ction is  th e  s tandard of care  for tre atm e nt
but only but <10%  of patie nts  w ith  pancre atic tum ors
h ave  re s e ctable  tum ors  at th e  tim e  of pre s e ntation.9

Carcinom a of th e  h e ad of pancre as  is  m anage d by
tw o options  de pe nding on th e  s tage  of th e  dis e as e ,
re s e ction w ith  pancre atico-duode ne ctom y or palliation
of s ym ptom s .10

Th e  s igns  of local non re s e ctability include s : Circum -
fe re ntially narrow e d or occlude d SMV or portal ve in
(PV); e ncas e d ve s s e l w ith  tum or e xte nding around
at le as t tw o s ide s  - (Fig. 1) (i.e , >180° of th e  pe rim e te r)

i.e  Pe rivas cular cuff of s oft tis s ue  or ; pre s e nce  of
te ardrop m e s e nte ric ve in s ign th at re fe rs  to a focally
te th e re d, te ardrop-s h ape d SMV. A tum or w ith out
contiguity w ith  portal ve in, s upe rior m e s e nte ric ve s s e ls ,
coe liac axis  or h e patic arte ry and th e  pre -s e nce  of
intact fat plane  or norm al pancre as  be tw e e n th e  tum or
and ve s s e l is  cons ide re d re s e ctable .11-13

Th e re  is  paucity of local data in Pak is tan for th e
im portance  of CT in s uch  cas e s .  Th is  s tudy focus e s
on th e  CT crite ria of non re s e ctability in pancre atic
carcinom a on th e  bas is  of vas cular involve m e nt.

Figure  1: Axial pos t contras t CT s e ction of Abdom e n s h ow ing
pancre atic h e ad m as s  invading s upe rior m e s e nte ric arte ry.14

Mate rial and M e th ods

Th e  cros s  - s e ctional pros pe ctive  s tudy w as  conducte d
in th e  de partm e nt of radiology, Civil h os pital Karach i
from  Octobe r 2015 to De ce m be r 2016. Cons e cutive
non probability s am pling te ch niq ue  w as  applie d.
Initially 35 patie nts  w e re  include d; 2 patie nts  w e re
los t on follow  up, th e re fore  pe r ope rative  re s ulte d
w e re  not available , 1 patie nt re fus e d to give  cons e nt
for s urge ry, and 2 patie nts  die d be fore  planne d
e xploratory laparotom y. Patie nts  w h o h ad a h is tory
of ch ronic re nal failure  or w ith  s e rum  cre atinine  gre ate r
th an 1.5 m g/dl w e re  e xclude d from  th e  s tudy popu-
lation - as  contras t inje ction us e d during proce dure
h as  ris k  of re nal dam age . 30 m ale  and fe m ale  patie nts
w ith  age  range  of 40 - 75 ye ars  w h o w e re  ERCP
guide d biops y prove n cas e s  of pancre atic ade nocar-
cinom a unde rgoing contras t e nh ance d biph as ic MDCT
e xam ination com pris e s  th e  s tudy population. Ve rbal
inform e d cons e nt w as  tak e n for proce dure  and
e nrolm e nt for e ach  patie nt in th is  s tudy.
MDCT s can w as  pe rform e d w ith  16 s lice  Tos h iba
Spiral CT As te ion Scanne r. Biph as ic CT s cans  w e re
obtaine d in pancre atic pare nch ym a ph as e  afte r 40
s e c. de lay, and in Portal ve nous  ph as e  afte r 65 s e c.
de lay, follow ing th e  contras t inje ction of I/V 100 m l
Ultravis t 370m g/m l adm inis te re d w ith  pow e r inje ctor
at flow  rate  of 4 m l/s e c. Scanning param e te rs  w e re
120 Kvp, 250 m As  and s lice  th ick ne s s  of 3 m m  and
5 m m  for e arly and de laye d ph as e s  re s pe ctive ly. All
patie nts  re ce ive d oral contras t m ate rial 2 h ours  be fore
CT e xam ination.
W e  e valuate  axial im age s , coronal and s agittal im age s ,
vas cular MIP re form atte d im age s  from  data obtaine d
during both  th e  pancre atic pare nch ym al and portal
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ve nous  ph as e s . Th e  ve s s e ls  s tudie d in th is  re s e arch
w e re  coe liac trunk , com m on h e patic arte ry, and
s upe rior m e s e nte ric arte ry. Bas e d on ve s s e l invas ion,
w e  as s igne d patie nts  to one  of tw o CT groups :
Vas cular invas ion &  Vas cular s paring. At Civil h os pital,
pancre atic ade nocarcinom a is  cons ide re d to be  non
re s e ctable on MDCT if vas cular invas ion is  pre s e nt
w h ich  is  de fine d as  tum or-to-ve s s e l contiguity > 50%
in any of th e  above  m e ntione d pe ripancre atic ve s s e l.
Th e  oth e r factors  de fining vas cular invas ion are
irre gularity of vas cular outline s , calibe r s te nos is  and/or
vas cular occlus ion. Vas cular s paring is  de fine d as
intact fat plane  around th e  ve s s e l w ith  abs e nce  of
th e  above  findings .
Corre lation be tw e e n im aging findings  and ope rative
findings  of vas cular involve m e nt w as  de te rm ine d in
30 patie nts  w ith  k now n pancre atic ade nocarcinom a.
Im aging bas e d pre dictions  of vas cular invas ion and
non re s e ctability w as  com pare d w ith  findings  of actual
ve s s e l invas ion at e xploratory laparotom y done  at
s urgical de partm e nt. Oth e r s tudie d variable s  w e re
patie nt’s  age , ge nde r and s iz e  of th e  tum or.
Data w as  re corde d on s tructure d proform a. A 2x2
table  w as  cons tructe d to find s e ns itivity, s pe cificity,
pos itive  pre dictive  value  (PPV), ne gative  pre dictive
value  (NPV) and diagnos tic accuracy of biph as ic
MDCT for as s e s s m e nt of vas cular invas ion tak ing
h is topath ology as  gold s tandard. Se ns itivity w as
de fine d as  th e  pe rce ntage  of corre ctly diagnos e d
nonre s e ctable  le s ions  (im aging pos itive  - vas cular
invas ion). Spe cificity re pre s e nte d th e  pe rce ntage  of
corre ctly ide ntifie d re s e ctable  le s ions  (im aging
ne gative  - vas cular s paring).
Colle cte d data w as  analyz e d th rough  SPSS (ve rs ion
20). Me an and s tandard de viation w as  calculate d for
age . Fre q ue ncie s  w e re  calculate d for cate gorical
variable s , lik e  ge nde r and vas cular involve m e nt. Ch i
s q uare  te s t w as  applie d and Kappa Value  w as  als o
calculate d to e valuate  th e  agre e m e nt of th e  re s ults .
P-value  0.05 and Kappa value  >0.8 w as  cons ide re d
as  s ignificant. Se ns itivity and s pe cificity of CT and
ope rative  findings  w e re  calculate d.

in th e  s tudy to de te rm ine  th e  accuracy of biph as ic
MDCT s can of abdom e n in de te ction of carcinom a
non re s e ctability by us ing ope rative  findings  as  gold
s tandard.
Th e re  w e re  86.6%  m ale  and 13.4%  fe m ale  patie nts
in th e  s tudy. Th e  m e an age  w as  58 ± 9 .2 ye ars  and
m e an s iz e  of th e  tum or w as  5.2 cm . Th e ir fre q ue ncy
dis tribution is  pre s e nte d in (Tab. 1).

Re s ults

Total 30 patie nts  biops y prove n cas e s  of pancre atic
ade nocarcinom a w ith  of e ith e r ge nde r, w e re  include d

Bas e d upon M DCT findings , vas cular invas ion
(pos itive  finding) w as  s e e n in 23 (76.7% ) out of 30
patie nts ; w h e re as  on s urgical e xam ination, it w as
pre s e nt in 73.3%  of th e  cas e s . In th e s e  23 patie nts ,
s upe rior m e s e nte ric arte ry w as  s e e n to be  invade d
in 15 (65.2 % ) patie nts , coe liac trunk  w as  e ncas e d
in 6 (26% ) cas e s , and com m on h e patic arte ry w as
involve d in only 2 (8.6 % ) patie nts . Th e ir fre q ue ncy
dis tributions  are  pre s e nte d in (Tab. 2).

Table  1: Fre q ue ncy dis tribution of patie nts  according to ge nde r
(n=30)

Frequency (n) %

Male

Female

Total

26

4

30

86.6%

13.4%

Histogram

Age (years)

40 50 60 70 80
0

2

4

6

Mean = 58.1
Std. Dev. = 9.241
N = 30

SMA = s upe rior m e s e nte ric arte ry; CA= coe liac arte ry; CH A=
com m on h e patic arte ry

CT Signs Total

Vascular

invasion
15

SMA CA CHA

6 2 23

Table  2: Th e  fre q ue ncy of arte rial invas ion on MDCT

Th e  re s ults  s h ow e d th at 22 patie nts  w e re  true  pos itive
and 5 patie nts  w e re  true  ne gative . W ith  th e  findings

H is togram  pre s e nting dis tribution age  (ye ars ) (n=30)
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of biph as ic MDCT and pe r-ope rative  finding, it w as
calculate d th at diagnos tic accuracy of MDCT w as
pos itive  in 9 0.0%  of th e  cas e s  for vas cular involve m e nt.
Se ns itivity, s pe cificity, pre dictive  value s  and diagnos tic
accuracy of biph as ic CT for de te cting th e  vas cular
invas ion tak ing gros s  s urgical e xam ination as  gold
s tandard w e re  als o calculate d. Se ns itivity, s pe cificity,
PPV, NPV and accuracy w e re  9 1.6% , 83.3% , 9 5.6% ,
71.4%  and 9 0.0%  re s pe ctive ly. Th e s e  de taile d re s ults
along w ith  agre e m e nt be tw e e n th e  tw o proce dure s
us ing Kappa are  pre s e nte d in (Tab. 3).

pancre atic carcinom a is  th at MDCT is  noninvas ive
and is  als o cos t e ffe ctive  and available  w ide s pre ad
as  com pare d to e xploratory laparotom y.
In one  s tudy,17 it w as  found th at carcinom as  of
pancre atic h e ad w e re  als o m ore  com m on in m ale s ,
m e an age  w as  55 ye ars , m e an tum or s iz e  w as  3.5
cm s , and ove r 65%  w e re  m ode rate ly diffe re ntiate d.
In concordance  w ith  th e  re s e arch  of H as s ane n O e t
al,18 th re e  pe ri-pancre atic arte rie s , nam e ly th e  ce liac
arte ry (CA), s upe rior m e s e nte ric arte ry (SMA) and
com m on h e patic arte ry (CH A) w e re  analyz e d In th is
s tudy as  th e ir infiltration is  an im portant crite rion for
non re s e ctability.
Buch s  e t al11 re porte d th at th e  CT crite ria for arte rial
invas ion m igh t be : an arte rial e m be dm e nt in tum or,
or th e  com bination of tum or involve m e nt of m ore  th an
one -h alf of th e  circum fe re nce  of th e  arte rie s  w ith
arte ry w all irre gularity or w ith  arte ry s te nos is  (s e ns i-
tivity of 79 % , s pe cificity of 9 9 % ).
M e gibow  AJ e t al19  s tudie d th at for th e  s upe rior
m e s e nte ric arte ry and ce liac axis , a circum fe re ntial
cuff of fat s urrounding th e  arte rie s  is  norm ally pre s e nt;
w h e n part of th is  cuff is  oblite rate d by s oft tis s ue  or
s tranding, tum or invas ion is  s ugge s te d.
In 2007, Z am boni GA e t al20 re tros pe ctive ly as s e s s e d
th e  s e ns itivity and s pe cificity of m ultide te ctor com pute d
tom ograph ic (CT) angiograph y in th e  pre ope rative
e valuation of pancre atic ade nocarcinom a by us ing
s urgical findings  as  th e  re fe re nce  s tandard. Eigh ty-
e igh t patie nts  h ad re s e ctable  le s ions  according to
CT angiograph ic crite ria (group A: 46 w om e n, 42
m e n; m e an age , 67 ye ars ; age  range , 39  - 85 ye ars ).
Tw e nty-s ix patie nts  unde rw e nt s urge ry de s pite  le s ion
non re s e ctability as s e s s e d according to CT angio-
graph ic crite ria (group B: 16 w om e n, 10 m e n; m e an
age , 62 ye ars ; age  range , 33 - 83 ye ars ); all le s ions
w e re  confirm e d as  non re s e ctable . Th e  inte rpre tation
of CT angiograph ic s cans  in all 114 patie nts  h ad
100%  s e ns itivity in th e  de te ction of re s e ctability, 72%
s pe cificity, 89 %  PPV, and 100%  NPV. Th e  s e ns itivity,
s pe cificity and pos itive  pre dictive  value  is  com parable
to our s tudy.
In 2003, Vargas  e t al10 s tudie d pre diction of vas cular
invas ion and re s e ctability on MDCT us ing a m ulti-
ph as ic te ch niq ue  w ith  curve d planar re form ations  in
pancre atic ade nocarcinom a. Th e  pre s e nce  of vas -
cular invas ion w as  as s e s s e d in 110 m ajor pe ripan-
cre atic ve s s e ls  in 22 patie nts  w h o unde rw e nt re s e c-

Kappa Te s t w as  applie d* Kappa Value  > 0.8 w as  cons ide re d as
s ignificant

Ch i Sq uare  Te s t w as  applie d; P-value  0.05 cons ide re d as
Significant ** Significant at 0.001 le ve ls

Per operative Findings
Kappa
Value

MDCT

Findings

YES

(n=23)

NO

(n=7)

TOTAL

Sensitivity

91.6%

YES

(n=27)

 22 (TP)

5 (TN)

24

Specificity

83.3%

0.931*

P value

NO

(n=3)

1 (FP)

2 (FN) 

6

PPV

95.6%

TOTAL

23

7

30

NPV

71.4%

0.001**

Accuracy

90.0%

Table  3: Diagnos tic accuracy of MDCT findings  for non re s e ctability
of pancre atic carcinom a w ith  h is topath ology as  gold s tandard

(n=30)

Dis cus s ion

MDCT h as  be com e  th e  m os t im portant and re liable
im aging m odality in as s e s s ing patie nts  w ith  pancre atic
ade nocarcinom a. In addition to diagnos ing and s taging
a pancre atic ade nocarcinom a, th e  re lations h ip of th e
tum or to critical arte rial and ve nous  s tructure s  s h ould
be  m e ntione d, s ince  th e ir involve m e nt can pre clude
re s e ction. In th e  abs e nce  of dis tant m e tas tatic dis e as e ,
vas cular invas ion is  th e  s ingle  m os t com m on crite rion
for non re s e ctability in patie nts  w ith  pancre atic ade no-
carcinom a.15

Buch s  NC e t al in 201016 s tudie d th at as s e s s m e nt of
vas cular invas ion is  cons ide re d one  of th e  m os t
im portant param e te rs  for re s e ctability in th e  abs e nce
of m e tas tatic dis e as e  w h ich  pre clude s  re s e ction.
Th e  m ain advantage  of MDCT for s e le cting it as  th e
m odality of ch oice  for th e  non re s e ctability crite ria of
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tion. On MDCT, 23 (9 2% ) of 25 patie nts  w e re  de e m e d
to h ave  re s e ctable  pancre atic Ade nocarcinom a on
th e  bas is  of MDCT re s ults , MDCT yie lde d a ne gative
pre dictive  value  of 100%  (108/108 ve s s e ls ) w ith  no
fals e -ne gative  findings  and an accuracy of 9 9 %  for
de te ction of vas cular invas ion. Th e  diagnos tic accuracy
of th is  re s e arch  is  com parable  to our s tudy (accuracy
9 0% ).
Th e re  w e re  fe w  lim itations  obs e rve d in our s tudy.
Firs t, th e  num be r of patie nts  include d in th e  s tudy
group w as  s m all, and it is  pos s ible  th at th e  re s ults
w ould diffe r w ith  a large r s e rie s . W e  focus e d on th re e
m ain pe ripancre atic arte rie s  for invas ion as  th e  crite ria
of re s e ctability and did not include d s upe rior m e s e n-
te ric ve in (SMV) in th e  s tudy as  ve nous  involve m e nt
is  not cons ide re d as  contraindication for s urge ry by
m os t of pancre atic s urge ons  as  m e ntione d by Li e t
al. Th is  is  be caus e  ve nous  re s e ctions  and re cons -
tructions  are  incre as ingly pe rform e d. W e  did not
include d lym ph  node  involve m e nt in th e  non re s e c-
tability crite ria as  th e  pre vious  w ork  h as  s h ow n th at
CT is  not accurate  in th e  as s e s s m e nt of nodal involve -
m e nt.21-22 Oth e r factors  th at im ply non re s e ctability
include  loco re gional e xte ns ion into vis ce ra, and
dis tant h e patic, pe ritone al or pulm onary m e tas tas is
w e re  als o not include d, due  to th e  com ple xity of th e
re s e arch .
Som e  form s  of pancre atitis  (for e .g. AIP/ tum e factive
pancre atitis ) clos e ly m im ics  pancre atic carcinom a on
MDCT. Autoim m une  pancre atitis  (AIP) is  an incre a-
s ingly re cogniz e d type  of ch ronic pancre atitis  th at
can be  difficult to dis tinguis h  from  pancre atic carci-
nom a but w h ich  re s ponds  to tre atm e nt w ith  corti-
cos te roids .23-24 Th e  failure  to diffe re ntiate  AIP from
m alignancy m ay le ad to unne ce s s ary pancre atic
re s e ction. Th e re fore , biops y of th e  prim ary le s ion is
m andatory be fore  tak ing m anage m e nt de cis ion.

Conclus ion

Th is  s tudy e m ph as iz e s  MDCT as  th e  te ch niq ue  of
ch oice  for de te rm ining tum or non re s e ctability of
pancre atic carcinom a as  w e ll as  th e  e xam ination of
ch oice  for tak ing th e  th e rape utic de cis ion of palliative
CBD s te nting or s urgical tum or re s e ction, w ith out
s uffe ring th e  patie nts  from  m orbidity of invas ive  m e ans
of e xploratory laparotom y.
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