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Abstract. The personal series of 30 cystic tumors 
of the pancreas [12 serous cystic tumors (SCT) and 
18 mucinous cystic tumors (MCT)] is presented. 
All neoplasms were evaluated with ultrasonogra- 
phy (US) 28 of 30 with computed tomography 
(CT); the tumoral histotype could be correctly de- 
fined in 73% of cases (seven of 12 SCT and 15 
of 18 MCT). Percutaneous fine-needle aspiration 
(FNA) with diagnostic aims (preparation of cyto- 
logical smears and/or biochemical assays) was per- 
formed in only 10 of 30 cases, yielding a 100% 
sensitivity; on the whole, the combined use of im- 
aging modalities and FNA allowed correct charac- 
terization of the cystic tumors in 27 of 30 cases 
(90%). The usefulness of a precise diagnostic 
workup of these neoplasms is emphasized, due to 
their prognostic and therapeutic outcome. 

Key words: Pancreas, tumors - Pancreas, cystic tu- 
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Pancreatic cystic tumors are uncommon neoplasms 
which can be divided into two categories with dif- 
ferent pathologic characteristics, as well as evolu- 
tion and prognosis: serous cystic tumors (SCT), 
always benign; and mucinous cystic tumors 
(MCT), often malignant and, otherwise, nearly al- 
ways potentially malignant [1, 2]. 

SCT are often large tumors (mean diameter, 
10 cm; ranging from 1-25 cm) formed by small 
cysts of  less than 1 mm up to 20 mm in diameter. 
SCT are also called microcystic tumors. The cysts 
have a glycogen-rich serous fluid content and are 
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lined by a single layer of cuboidal cells also rich 
in glycogen; they are separated by connective tis- 
sue septa, sometimes around a central, occasional- 
ly calcified, fibrous scar [1]. MCT are usually also 
very large (mean diameter, 10.5 cm; ranging from 
2-19 cm) formed by cysts not less than 2 cm in 
size, uni-or multilocular, rarely connecting with the 
pancreatic ductal system [3]. The cysts have a thick 
mucinous fluid content and are lined by a single 
layer or multiple layers of columnar cells with a 
mucin-rich cytoplasm. Not uncommon are papil- 
lary projections within the cysts, very variable in 
number;  a fibrous capsule 1-20 mm thick, eventu- 
ally with focal calcifications, is constantly present 
[21. 

Sometimes S e T  may show cysts up to 8 cm 
in diameter [4], usually peripherally located [5] 
moreover, although rarely, multilocular MCT may 
present some cysts less than 2 cm in size [6, 7]. 

There are many contributions in the literature 
on the use of ultrasonography (US) and computed 
tomography (CT) for the diagnosis of  these rare 
tumors [4-28]; however, there is one single paper 
discussing a large series of  tumors studied with 
both imaging modalities within a single institution 
[7]. 

The aim of this paper is to describe the personal 
experience (30 eases collected between January 
1981 and September 1989) stressing the possibili- 
ties and limits of  both US and CT in the diagnosis 
of  these tumors. 

Materials and Methods 

The personal series consists of 30 cases, 12 SCT and 18 MCT 
(six cystadenomas and 12 cystadenocarcinomas). SCT, ranging 
between 2.5 and 14 cm in diameter (median 6.1 cm), were lo- 
cated in the head (five cases), neck (two cases), bodytail (two 
cases), and tail (three cases). MCT, ranging between 3 and 
15.5 cm in diameter (median 8.6 cm), were located in the head 
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Fig. l. SCT. A, B US: contiguous axial scans. Mass of the 
pancreatic body, in which multiple small cysts can be seen (hon- 
eycomb appearance) and in its most anterior part, a cyst slightly 
more than I cm in diameter. C CT. The tumor, in which multi- 
ple small low-density areas can be recognized (cystic lesions), 
is well separated from the adjacent parenchyma. 1, aorta; 2, 
superior mesenteric artery; 3, splenoportal venous axis; 4, liver; 
5, inferior vena cava. 

Fig. 2. SCT. A US: longitudinal scan. Mass of the pancreatic 
head presenting, in its caudal part, multiple small cysts and, 
in its cranial part, a large cyst about 4 cm in diameter. B CT: 
cranial scan. The large cyst can be seen. C CT: caudal scan. 
Typical honeycomb appearance. 1, aorta; 2, inferior vena cava; 
3, stomach. 

(five cases), body (one case), bodytail (nine cases), tail (one 
case) as well as two that involved nearly the whole pancreas. 

All patients underwent US, 28 of 30 CT, and 10 of 30 
US-guided fine-needle aspiration (FNA). Only five of 30 pa- 
tients had selective abdominal angiography. One patient also 
had magnetic resonance imaging (MRI). 

Ten of 12 patients with SCT underwent radical surgery 
(three pancreatoduodenal resections, two segmental resections 

of the pancreatic neck, and five distal pancreatectomies with 
splenectomy). In the remaining cases, cystojejunostomy was 
performed in one patient because of the tumor size and large 
peripheral cysts; in another case, where the tumor was located 
in the pancreatic head, gastroenteroanastomosis with biliary 
diversion was performed due to the patient's age. 

Thirteen of 18 patients with MCT had radical surgery (two 
pancreatoduodenal resections, one segmental resection of the 
pancreatic body, one distal pancreatectomy without and nine 
with splenectomy). The remaining five patients bad palliative 
diversion operation due to the infiltration of peripancreatic ves- 
sels and/or to the presence of distant metastases. 

Results 

Serous Cystic Tumors 

Eigh t  o f  the 12 S C T  showed  a h o n e y c o m b  a p p e a r -  
ance  b o t h  a t  U S  a n d  CT,  due  to the p resence  o f  
smal l  c o n t i g u o u s  cysts (Fig.  1 A - C ) ;  in  three  cases, 
b o t h  moda l i t i e s  showed  the p resence  o f  cysts 
a r o u n d  a cen t ra l  sol id c o n n e c t i v e  t issue a rea  wi th  
a ca lc i f i ca t ion ;  in  two cases, the t u m o r ,  wi th  a h o n -  
e y c o m b  a p p e a r a n c e ,  h a d  large cysts m o r e  t h a n  
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Fig. 3. SCT. A US: axial scan. Hypoechoic mass of the pancre- 
atic head, with diffuse echostructural inhomogeneities. Slight 
dilation of the pancreatic duct (between calipers). B CT. Mass 
in the pancreatic head with solid inhomogeneous density. C 
Cytological smear (FNA). Clusters of serous cells with acinar 
pattern, characterized by scanty granular cytoplasm and mono- 
morphic nuclei (Hematoxylin & eosin, original magnification, 
x 400). I, aorta; 2, inferior vena cava; 3, splenoportal venous 
axis; 4, stomach; 5, liver. 

Fig. 4. SCT. A US : axial scan. Echo-flee mass of the pancreatic 
bodytail, with posterior enhancement. B CT. The fluid density 
of the mass is confirmed, a thin fibrous septum can be seen 
within. 1, aorta; 2, inferior vena cava; 3, superior mesenteric 
artery; 4, splenoportal venous axis. 

2 cm in diameter at its periphery (Fig. 2 A-C). CT 
with intravenous contrast allowed a better assess- 
ment of the vascularized connective bands between 
the cysts, as well as a better separation from the 
adjacent unaffected parenchyma. 

Two of 12 SCT appeared solid (hypoechoic at 
US, hypodense at CT: Fig. 3A and B); neverthe- 

less, both presented in their periphery some small 
areas with fluid content, misdiagnosed as necrosis. 
In the two remaining SCT, both modalities showed 
one large cystic lesion, 3.5 and 6 cm in diameter 
(Fig. 4A and B); one of these lesions also had a 
thin septum. 

The overall information yielded by US was sim- 
ilar to that yielded by CT. Of the eight SCT with 
a honeycomb appearance, only seven could be pro- 
perly characterized on the basis of  the US and 
CT patterns. In the remaining case, which also pre- 
sented two large peripheral cysts, the imaging mo- 
dalities were dubious and the correct diagnosis was 
obtained by US-guided FNA due to the presence, 
on the cytological smear, of  cells without atypias 
and a high-glycogen content. The two solid-ap- 
pearing tumors were considered by both US and 
CT to be ductal adenocarcinomas; US-guided 
FNA (performed in one case) properly character- 
ized the lesion (Fig. 3 C). 

The remaining two neoplasms presented as a 
cystic lesion more than 2 cm in diameter; the diag- 
nosis of  pseudocyst was unlikely, due to the lack 
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Fig. 5. MCT (cystadenoma). A, B US: contiguous axial scans. 
Large mass of the pancreatic bodytail characterized by evenly 
scattered echos (typical of the mucinous content). A large calci- 
fication (A) and a thin hyperechogenic septum (B) can be seen. 
C CT. The mass has a density of 20-30 HU, in its caudal 
part the thin connectival septum (also shown by US) and two 
calcifications (the smallest one not seen with US) are recog- 
nized. 1, splenoportal venous axis; 2, left renal vein; 3, kidney. 

Fig. 6. MCT (cystadenoma). A US: axial scan. Echo-free mass 
of the pancreatic body, slightly more than 3 cm in diameter. 
B CT. The mass has fluid density. CT allows good evaluation 
of the connective tissue wall, notably thin on the lateral side. 
C Cytological smear (FNA). Clusters of round epithelial cells 
with well-defined mucinous cytoplasm, with monomorphic nu- 
clei with chromatin even overall (Hematoxylin & eosin, magni- 
fication, x 250). 1, splenoportal venous axis; 2, inferior vena cava. 

Fig. 7. MCT (cystadenocarcinoma). A US: axial 
scan. Large echo-free mass of the pancreatic 
bodytail, with an endocystic papillary projection on 
the posteromedial wall. B CT. The posterior wall 
of the cystic lesion is irregular, with solid 
endoluminal papillary projections. 1, aorta; 2, 
splenoportal venous axis; 3, stomach. 
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Fig. 8. MCT (cystadenoma). A US : axial scan. Large multisep- 
tared mass of the pancreatic bodytail, with cysts of different 
sizes. B CT. The pattern is superimposable to the US one. 
The smaller cystic lesions (less than 2 cm in diameter) are well 
demonstrated in the posterior part of the tumor. Moreover, 
the thin tumoral connective tissue wall, as well as the collateral 
vessels (arrows) induced by the occlusion of the splenic vein 
are clearly shown. 1, splenoportal venous axis; 2, kidney. 

Fig. 9. MCT (cystadenocarcinoma). ACT. Large multiseptated 
mass of the pancreatic tail, with some small calcifications. Solid 
papillary projections mainly located in the medial part of the 
tumor. B, C MRI. The mass is characterized by low intensity 
on the Tl-weighted image (B); on the T2-weighted image (C), 
multiple high-intensity compartments, separated by low-intensi- 
ty septa, seen as "dark lines." The calcifications shown by 
CT cannot be recognized. 1, aorta; 2, kidney. 

o f  clinical da ta  o f  pancreat i t is ,  whereas  a M C T  
was suspected.  In  one case, 30 ml  o f  serous fluid 
were aspi ra ted  under  US  guidance;  by  means  o f  
cent r i fugat ion  it was  then possible  to p repa re  a 
few cytologic specimens and  to define the lesion 
as a SCT. 

Thus,  a correct  p reopera t ive  diagnosis  was 
achieved in 10 o f  12 SCT on  the basis o f  the infor-  
m a t i o n  p rov ided  by  the imaging  modal i t ies  and  
US-gu ided  F N A .  

Mucinos Cystic Tumors 

The great  ma jo r i ty  o f  M C T  consisted o f  single or 
mult iple  cystic lesions o f  m o r e  than  2 cm in d iame-  
ter (Figs. 5-7). Only  two mult icyst ic  masses  con-  
ta ined (along with cysts m o r e  than  2 cm in size) 
some cysts less than  2 cm in d iamete r  (Figs. 8 and  
9). In  14 o f  18 M C T ,  bo th  US  and  CT showed 
more  or less no tab le  septa  (Figs. 5, 8, and  9A)  
and  solid papi l la ry  projec t ions  o f  var ious  sizes in 
nine o f  18 (Figs. 7 and  9 A). In  four  o f  18 cases, 
US revealed the presence o f  fine echos (due to the 
muc inous  fluid content) ,  ei ther evenly scat tered 
within the mass  (Fig. 5 A  and  B) or  located in its 
m o s t  dependen t  par t ,  whereas  in two of  these lat ter  
cases CT demons t r a t ed  a conten t  wi th  a density 
value o f  20-30 H U ,  slightly super ior  to tha t  o f  
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fluid (Fig. 5C). CT, moreover, identified in four 
of 18 tumors the presence of calcifications either 
parietal or within the mass (Figs. 5C and 9A), 
whereas US provided the same result in only two 
of four cases (Fig. 5 A). Only CT was able to prop- 
erly assess the wall thickness, being between 2 and 
8 mm (Figs. 6 B and 8 B). The information of the 
two imaging modalities was similar; in fact, the 
additional data provided by either US or CT did 
not affect the final diagnosis. The US and CT fea- 
tures, in association with the clinical and history- 
related data (no previous bouts of acute pancreati- 
tis, clinical and laboratory data negative for chron- 
ic pancreatitis), achieved a correct diagnosis of 
MCT in 15 of 18 cases. It was impossible to differ- 
entiate between cystadenoma and cystadenocarcin- 
oma with the exception of four patients in whom 
there were signs pointing to the malignant nature 
of the neoplasm (infiltration of peripancreatic ves- 
sels and liver metastases). The diagnosis of MCT 
was confirmed in five of 14 patients by US-guided 
FNA; in three cases, the cytological smear showed 
mucin-rich columnar cells and in the remaining 
two, the aspirated fluid had a high content of car- 
bohydrate antigen (CA) 19-9, carcinoembryonic 
antigen (CEA), and lactic dehydrogenase (LDH), 
and a low content of amylase. 

On the contrary, in three of 18 cases a pseudo- 
cyst was suspected, since these patients had a histo- 
ry of previous bouts of acute pancreatitis; US- 
guided FNA, performed in two of three cases, 
solved the diagnostic problem, in one by means 
of a cytological smear, in the other due to high 
CEA and LDH and low amylase content. 

The preoperative diagnosis was correct in 17 
of 18 MCT by the information provided by the 
imaging modalities and by US-guided FNA. 

Discussion 

Pancreatic cystic tumors are a fairly rare occur- 
rence, comprising about 6% of all nonfunctioning 
pancreatic neoplasms (according to their incidence 
in the personal series of 658 pancreatic tumors col- 
lected between January 1970 and September 1989). 
They are 10%-15% of all pancreatic cystic lesions 
[23, 29]. 

Serous Cystic Tumors 

The very variable US and CT pattern, as described 
above, is fully justified by the pathologic features 
of the tumor. Often, both imaging modalities are 
capable of demonstrating these the pathogno- 
monic honeycomb appearance provided by the 

many small size cysts [5]. Moreover, it has to be 
emphasized that the connective tissue septa be- 
tween the cysts, as well as the calcifications some- 
times present within the central scar, are more 
easily detected by CT [4, 23]. Dynamic CT, after 
intravenous injection of large amounts of contrast 
material, allows in fact to demonstrate the stromal 
vascularization, similar to angiography [6]. Larger 
cysts can sometimes also be detected at the periph- 
ery of these microcystic tumors [4]; however, there 
are usually no problems of differential diagnosis 
[71. 

Nevertheless, in some occurrences the cysts are 
submacroscopic in size, thus beyond the resolution 
power of both US and CT [6] and therefore achieve 
a solid-appearing pattern, undistinguishable from 
other pancreatic tumors, notably ductal adenocar- 
cinoma [23, 30-32]. Moreover, whenever the neo- 
plasm presents a fairly homogeneous enhancement 
after intravenous injection of contrast material, the 
differential diagnosis vs. a nonfunctioning islet cell 
tumor is difficult [6]. 

Rarely, SCT consist mainly of cysts of more 
than 2 cm in diameter: in such cases their features 
are superimposable to the other cystic lesions of 
the pancreas (notably pseudocysts and MCT) [6, 
21, 22, 27]. The problem related to the differential 
diagnosis of pancreatic cystic lesions will be dis- 
cussed in detail in the paragraph on MCT. US 
and CT can almost always properly diagnose a 
SCT, in the case of honeycomb pattern. Con- 
versely, the solid-appearing lesions or lesions char- 
acterized by large cysts can be correctly defined 
by US-guided FNA, with cytological smears show- 
ing the presence of glycogen-rich columnar cells 
[33]. Among the lesions with large cysts, the differ- 
entiation between pseudocysts and cystic neo- 
plasms can be obtained also by the assessment of 
the amylase content of the aspirated fluid [34] ; the 
levels of CEA, LDH, and CA 19-9 are moreover 
sufficient to distinguish SCT from malignant but 
not benign MCT. Finally, SCT can be associated 
with von Hippel-Lindau disease [2, 7]: this clinical 
piece of information may be useful for a correct 
diagnosis. 

Mucinos Cystic Tumors 

In MCT, US and CT patterns are strictly related 
to pathologic features. US and CT show the pres- 
ence of uni- or multilocular cystic masses. Both 
modalities, in our personal experience, were 
equally reliable in the evaluation of the septa sepa- 
rating the cystic cavities (in the multilocular le- 
sions), as well as of the endocystic papillary projec- 
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tions. However, some authors [4, 8] consider US 
to provide more precise information. As to the as- 
sessment of the tumor wall thickness and calcifica- 
tions, CT proved superior in accordance to the 
literature [4]. The imaging modalities allow a diag- 
nosis of malignancy only if extrapancreatic spread 
is present (infiltration of peripancreatic vessels, 
lymph nodal, and/or liver metastases) [7, 28]. As 
to the differential diagnosis, there are several cystic 
lesions of the pancreas which can be difficult to 
distinguish from MCT: notably, one has to consid- 
er pseudocysts, duodenal duplications, as well as 
several other pancreatic tumors besides the rare 
SCT, characterized by large cysts (discussed 
above). 

Pseudocysts - especially the atypical ones con- 
taining blood clots or necrotic debris, those with 
uneven thickening of their wall, as well as the 
multiseptate ones [35] - can be difficult to discrimi- 
nate from MCT. A differential diagnosis can often 
be achieved, not on the basis of  imaging, but of  
clinical data; previous bouts of acute pancreatitis 
or clinical and laboratory data typical of chronic 
pancreatitis point to a pseudocyst, whereas the ab- 
sence of these factors justifies the suspicion of 
MCT. Nevertheless, patients with MCT can have 
a clinical history of pancreatitis; in our experience 
this was present in 17 % of cases, in fair accordance 
to the data reported by Johnson [7]. 

Duodenal duplications (uncommon in the 
adult) are located on the mesenteric side of the 
second part of  the duodenum and often have a 
cystic appearance by both US and CT. The differ- 
ential diagnosis is possible only when some septa 
can be recognized pointing to the plicae of the epi- 
thelial lining of the duodenum. The history of 
bouts of relapsing pancreatitis (not uncommon in 
duodenal duplications) must also be considered for 
a correct diagnosis [36]. 

With regard to pancreatic neoplasms, the dif- 
ferential diagnosis is fairly easy in cases of  necrotic 
solid tumors (adenocarcinomas [37] and metastases 
[38]): the areas of necrosis are usually uneven and 
scattered within the tumoral mass. The distinction 
between some nonfunctioning islet cell tumors with 
cystic appearance (a very rare occurrence [27, 39, 
40]) and some papillary tumors is more difficult 
to make; regarding the latter, it is useful to re- 
member that these tumors are typical of young 
women [41]. 

In cases in which neither US nor CT provide 
a definite diagnosis, the use of US-guided FNA 
is suggested. The detection, on the cytologic smear, 
of mucin-rich cells with abundant  mucinous mate- 
rial in the background is peculiar of MCT [33, 

42]. Although the presence of cellular atypias 
points to a cystadenocarcinoma [14], the absence 
of this latter datum does not rule out malignancy 
since the histologic assessment of the operative 
specimens has demonstrated the possible coex- 
istence, within the same tumor, of  areas of epitheli- 
al lining without atypias, along with other areas 
with signs of malignancy [2]. Nevertheless, after 
diagnosing a MCT, the preoperative evaluation of 
its benign or malignant nature has no clinical inter- 
est, since all these neoplasms must be considered 
potentially malignant [2]. Whenever US-guided 
FNA does not yield material for a cytologic smear, 
the diagnosis of  MCT (at least of cystadenocarcin- 
oma) can be made by detecting, in the aspirated 
fluid, a high content of  LDH (pointing to necrosis), 
CEA, as well as CA 19-9. Our experience in three 
cases is in accordance with the literature [9, 43-45]. 
Recently, Yanagisawa [46] proposed to subdivide 
MCT into two forms: megacystic tumors (the 
usual ones, object of  this paper) and ductectatic 
tumors. The latter are extremely rare space-occu- 
pying lesions 2.5-3.0 cm in diameter, usually lo- 
cated in the uncinate process. They consist of  small 
communicating cysts (1-2 cm in diameter), sur- 
rounded by a thin connective tissue capsule: their 
appearance is that of  a circumscribed dilation of 
a side branch of the main pancreatic duct. Histo- 
logically, the epithelial lining is the same as in the 
megacystic form. The US and CT pattern, de- 
scribed by Itai [47] in five cases, is that of  multilo- 
cular cystic masses. To be stressed is the role 
played by ERCP (or by percutaneous US-guided 
pancreatography if ERCP is technically not possi- 
ble) which shows the communication between the 
mass and the pancreatic ductal system: its opacifi- 
cation is usually inhomogeneous because of the 
presence of filling defects due to mucoid substance 
within the cystic lesions. 

Conclusion 

The correct characterization of cystic tumors has 
great clinical importance because of its therapeutic 
and prognostic outcome. In fact, SCT are benign 
tumors with no recurrence after resection; how- 
ever, the lack of local invasiveness justifies avoid- 
ing surgery in some circumstances (aged patients 
with no symptoms or with high operative risk), 
as clinical and US follow-up are often sufficient. 
MCT, without signs of infiltration of the adjacent 
vascular structures or distant metastases, require 
radical surgery. These tumors, whenever radical 
resection is possible, have a much better prognosis 
than ductal adenocarcinoma of the pancreas. A 
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recent review of a MCT series (21 cases collected 
between 1970 and 1989) showed, in fact, a survival 
at 5 years from radical surgery of 100% in patients 
with histologic diagnosis (on the operative speci- 
men) of cystadenoma, and of 38% in cases of cys- 
tadenocarcinoma. 

US and CT allow a correct diagnostic workup 
in a fair number of both SCT and MCT (73% 
in our experience) when relating the information 
provided by the imaging modalities with the clini- 
cal data. These results can be further improved 
resorting to US-guided FNA, integrating cytology 
with the biochemical assays: the data collected so 
far, both in our experience and in the literature, 
nevertheless must be verified further, especially 
with regard to the possibility of differentiating (on 
the basis of the biochemical assays alone) the rare 
SCT with large cysts from benign MCT, as well 
as the widely necrotic ductal adenocarcinomas 
from cystadenocarcinomas with important solid 
papillary projections. 

US and CT, along with FNA, have greatly lim- 
ited the use of angiography [4, 48, 49]: the latter 
now plays a minor role both in diagnosis and pre- 
operative workup. The MRI results are presently 
superimposable to those by the other noninvasive 
modalities (Fig. 9 B and C). Hopefully, in the fu- 
ture, faster scanning techniques will allow an im- 
proved spatial resolution. Moreover, the chemical 
shift imaging techniques could possibly differenti- 
ate between serous and mucinous fluid content 
[50], thus reaching a precise diagnosis in those 
cases with dubious US and CT features. 
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