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Abstract: �Pancreatic�cysts�involve�a�wide�spectrum�of�pathologies�from�post-inflammatory�cysts�to�malignant�neoplasms.�Pancreatic�pseudocysts,�
serous�cystadenomas,�mucinous�cystadenomas,�intraductal�papillary�mucinous�neoplasms�(IPMNs)�and�solid�pseudopapillary�tumors�
occur�most� frequently.�Differential�diagnosis� involves� the� following� imaging� investigations:� transabdominal�ultrasonography�(TUS),�
contrast�enhanced�ultrasonography�(CEUS)�and�endoscopic�ultrasonography�(EUS),�computed�tomography�(CT),�magnetic�resonance�
(MR)�and�magnetic�resonance�cholangiopancretography�(MRCP),�endoscopic�retrograde�cholangiopancretography�(ERCP).�The�cyst�
fluid�cytology�is�performed�in�difficult�differential�diagnosis�between�pseudocysts�and�benign�and�potentially�malignant�or�malignant�
tumors.�Most� frequently,� viscosity,� amylase,�CEA�and�CA�19-9� levels�are�determined.� Imaging�findings�should�be�correlated�with�
cytology.�The�management�depends�on�the�cyst�type�and�size.�Small�asymptomatic�pseudocysts,�serous�cystadenomas�and�branch-
duct�IPMNs�should�be�carefully�observed,�whereas�symptomatic�large�or�uncertain�serous�cystadenomas�and�cystadenocarcinomas,�
mucinous�cystadenomas�and�cystadenocarcinomas,�main-duct�IPMNs�and�large�branch-duct�IPMNs�with�malignant�features,�serous�
and�mucinous�cystadenocarcinomas,�and�solid�pseudopapillary�tumors�require�surgery.�Pseudocysts�are�usually�drained.�Percutaneous�
/�EUS-guided�or�surgical�cyst�drainage�can�be�performed.�Complicated�and�uncertain�pseudocysts�and�cystic�tumors�need�surgical�
resection.�The�type�of�surgery�depends�on�cyst�location�and�size�and�includes�proximal,�central,�distal,�total�pancreatectomies�and�
enucleation.

� ������������������©�Versita�Sp.�z�o.o.
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Abbreviations
ANC acute necrotic collection
APFC	 acute	peripancreatic	fluid	collection
AREG amphiregulin
CEUS	 contrast	enhanced	ultrasonography
CT		 computer	tomography
ERCP	 endoscopic	retrograde	cholangiopancretography
ESGE	 European	Society	of	Gastrointestinal	Endoscopy
EUS	 endoscopic	ultrasonography
EUS	BR	endoscopic	ultrasonography	guided	cytology	brushing
FNA	 ine	needle	aspiration
IPMN	 intraductal	papillary	mucinous	neoplasm	
MCA	 mucinous	cystadenoma
MRCP	 magnetic	resonance	cholangiopancretography
MRI magnetic resonance imaging
NOTES	 Natural	Orifice	Translumenal	Endoscopic	Surgery

SCA	 serous	cystadenoma
SPN	 solid	pseudopapillary	neoplasm
SPT	 solid	pseudopapillary	tumor
TUS	 transabdominal	ultrasonography
WON	 walled-off necrosis

1. Introduction
Pancreatic	 cysts	 involve	 a	 wide	 and	 heterogeneous	
spectrum	of	pathologies	including	non-neoplastic	post-
inflammatory	 cysts	 as	 well	 as	 benign	 and	 malignant	
neoplastic	 cystic	 tumors.	 Therefore,	 descriptive	 “pan-
creatic	 cystic	 lesions”	 is	 used	 to	 define	 all	 pancreatic	
cysts	[1,2].	There	are	different	classifications	of	pancre-
atic	cystic	lesions	in	the	literature.	According	to	epithe-
lial	 lining	of	 the	pancreatic	cysts,	 they	are	divided	 into	
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true	cysts	 (lined	with	 the	epithelium)	and	pseudocysts	
(without	 the	epithelium)	 [1].	According	 to	development	
type	 and	 etiology,	 they	 are	 divided	 into	 primary	 and	
secondary	 cysts	 [2,3].	Primary	 lesions	 include	 the	 fol-
lowing	 pathologies:	 pseudocysts,	 serous	 cystic	 neo-
plasms	(cystadenoma	and	cystadenocarcinoma),	muci-
nous	non-neoplastic	cysts,	mucinous	cystic	neoplasms	
(cystadenoma	 and	 cystadenocarcinoma),	 intraductal	
papillary	mucinous	neoplasms	 (IPMNs),	 solid	 pseudo-
papillary	tumors	and	lymphoepithelial	cysts.	Secondary	
lesions	are	a	 result	of	 the	 transformation	of	solid	pan-
creatic	 tumors	 (adenocarcinomas	and	neuroendocrine	
tumors)	 in	 the	 cystic	 forms	 [2,3].	 Pseudocysts	 due	 to	
acute	and	chronic	pancreatitis	are	most	common	pan-
creatic	cysts	 (70%)	 [1-6].	Pancreatic	cystic	neoplasms	
constitute	 less	 than	 1%	 of	 all	 pancreatic	 tumors	 [1].	
Proper	differential	 diagnosis	of	 the	pancreatic	 cysts	 is	
very	 important	 for	 decision	 regarding	management.	 It	
is	very	important	to	differentiate	pseudocysts	from	neo-
plastic	 cysts	 because	management	 is	 different.	 Pseu-
docysts	and	incidental	benign	cystic	neoplasms	can	be	
observed	or	drained	and	other	pancreatic	cysts	should	
be	removed	surgically.	Therefore,	it	is	an	essential	prob-
lem	for	gastroenterologists,	 radiologists	and	surgeons.	
The	aim	of	this	paper	is	to	present	classifications,	diag-
nostics	and	management	 in	different	pancreatic	 cystic	
lesions.	The	most	common	pseudocysts	and	cystic	pan-
creatic	tumors	and	the	importance	of	proper	differential	
diagnosis	in	both	pathology	groups	were	discussed.
 

2. Etiology and classifications of pan-
creatic cysts
2.1 Pancreatic pseudocysts
2.1.1. Pancreatic post-inflammatory pseudocysts
Pancreatic	pseudocysts	are	localized	collections	of	pan-
creatic	secretions	enclosed	in	a	wall	of	fibrous	or	granu-
lation	tissue	lacking	an	epithelial	lining.	They	occur	due	
to	inflammation	and	ductal	disruption	usually	as	a	com-
plication	 of	 acute	 and	 chronic	 pancreatitis	 or	 less	 fre-
quently	as	a	result	of	pancreatic	trauma	[4].	The	Atlanta	
classification	distinguished	acute	and	 chronic	 pseudo-
cysts.	According	to	this	classification,	an	acute	pseudo-
cyst	is	a	collection	of	pancreatic	juice	enclosed	by	a	wall	
of	fibrous	or	granulation	tissue,	which	arises	as	a	result	
of	 acute	pancreatitis	 or	 pancreatic	 trauma,	whereas	a	
chronic	pseudocyst	is	a	collection	of	pancreatic	juice	en-
closed	by	a	wall	of	fibrous	or	granulation	tissue,	which	
arises	as	a	 results	of	chronic	pancreatitis	and	 lack	an	
antecedent	episode	of	acute	pancreatitis	[7].	Definition	
of	 the	pancreatic	pseudocyst,	 as	 local	 complication	of	
acute	pancreatitis,	was	revised	in	2012	and	published	in	

2013	by	Banks	et	al.	[8].	The	authors	defined	the	pan-
creatic	pseudocyst	as	an	encapsulated	collection	of	fluid	
with	a	well	defined	inflammatory	wall	usually	outside	the	
pancreas	with	minimal	 or	 no	necrosis	 that	 usually	 oc-
curs	more	than	4	weeks	after	onset	of	interstitial	oede-
matous	pancreatitis	maturation.	The	authors	pointed	the	
following	 criteria	 for	 the	 pancreatic	 pseudocysts:	 well	
circumscribed,	 usually	 round	 or	 oval;	 homogeneous	
fluid	density;	no	non-liquid	component,	well	defined	and	
completely	 encapsulated	 wall;	 maturation	 usually	 re-
quiring	>4	weeks	after	onset	of	acute	pancreatitis;	and	
occurrence	after	interstitial	oedematous	pancreatitis.	In	
this	 classification,	 an	 important	 distinction	 was	 made	
between	 collections	 composed	 of	 fluid	 alone	 versus	
those	arisen	from	necrosis	and	containing	a	solid	com-
ponent	 which	might	 also	 contain	 different	 amounts	 of	
fluid.	Therefore,	a	pancreatic	pseudocyst	should	be	dis-
tinguished	 from	other	morphological	 features	 of	 acute	
pancreatitis	such	as	interstitial	oedematous	pancreatitis	
(acute	inflammation	of	the	pancreatic	parenchyma	and	
peripancreatic	 tissues,	but	without	 recognizable	 tissue	
necrosis),	 necrotizing	 pancreatitis	 (inflammation	 as-
sociated	with	 pancreatic	 parenchymal	 necrosis	 and/or	
peripancreatic	necrosis),	acute	peripancreatic	fluid	col-
lection	(APFC)	(areas	of	peripancreatic	fluid	seen	within	
the	first	4	weeks	after	onset	of	 interstitial	oedematous	
pancreatitis	and	without	the	features	of	a	pseudocyst),	
acute	necrotic	collection	(ANC)	(a	collection	containing	
variable	amounts	of	both	fluid	and	necrosis	associated	
with	 necrotizing	 pancreatitis),	 and	 walled-off	 necrosis	
(WON)	(heterogeneous	with	 liquid	and	non-liquid	den-
sity	with	different	degrees	of	loculations).
	 Acute	 pseudocysts	 are	 usually	 a	 result	 of	 acute	
pancreatitis	but	they	also	can	develop	due	to	exacerba-
tion	of	chronic	pancreatitis.	On	the	other	hand,	chronic	
pseudocysts	 may	 also	 develop	 following	 an	 episode	
of	 acute	 pancreatitis.	 So,	 the	 Atlanta	 definitions	 are	
sometimes	 confusing.	 In	 order	 to	 clear	 it,	 some	 other	
pseudocysts	 classifications	 have	 been	 described	 in	
the	 literature	 [8].	 Sarles	 et	 al.	 [10]	 (1961)	 proposed	 a	
classification	of	 pancreatic	 pseudocysts	depending	on	
whether	they	were	associated	with	acute	or	chronic	pan-
creatitis.	Pseudocysts	associated	with	acute	pancreati-
tis	were	called	necrotic	pseudocysts	because	they	de-
veloped	from	pancreatic	necrosis	and	extravasations	of	
pancreatic	 juice.	Pseudocysts	originating	 from	chronic	
pancreatitis	 were	 called	 retention	 pseudocysts	 based	
on	histopathological	findings.	This	classification	made	a	
clear	differentiation	between	acute	and	chronic	pseudo-
cysts	based	on	pathological	 investigations	but	has	not	
taken	into	consideration	pseudocysts	developing	due	to	
acute-on-chronic	pancreatitis	 [9-12].	The	D’Egidio	and	
Schein’s	 classification	 (1991)	 took	 into	 consideration	
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both	aspects	mentioned	above	 [13].	Based	on	clinical	
and	 radiographic	 analysis	 of	 pancreatic	 pseudocysts	
in	83	patients,	D’Egidio	and	Schein	divided	pancreatic	
pseudocysts	into	three	types	presented	in	Table	1.

This	classification	has	got	important	practical	manage-
ment	 implications.	Percutaneous	pseudocyst	 drainage	
may	be	successfully	performed	 in	 type	 I	and	 II,	but	 in	
patients	with	 type	 II	 it	 should	 be	 prolonged	 and	 often	
followed	by	 surgical	 internal	 drainage.	 In	 type	 III,	 per-
cutaneous	 drainage	 is	 contraindicated	 and	 surgical	
internal	 drainage	 considering	 ductal	 pathology	 should	
be	performed	[13,14].	Anatomy	of	 the	main	pancreatic	
duct	was	 considered	 in	Nealon’s	 classification	 (2002).	
Nealon	and	Walser	hypothesized	that	pancreatic	ductal	
anatomy	could	predict	the	likely	success	of	percutane-
ous	 drainage	 of	 the	 pancreatic	 pseudocysts.	 Authors	
defined	seven	categories	of	ductal	abnormalities	seen	
in	253	patients	with	pseudocysts	and	related	their	own	
experiences	with	different	types	of	treatment.	The	types	
of	the	pancreatic	duct	anatomy	are	presented	in	Table	2.	

Authors	 concluded	 that	 pancreatic	 duct	 anatomy	 pro-
vided	a	clear	correlation	with	the	failure	and	successes	
of	pseudocysts	managed	by	percutaneous	drainage	as	
well	as	predicting	the	total	length	of	drainage.	Percuta-
neous	drainage	is	best	applied	to	patients	with	normal	
ducts	and	is	acceptably	applied	to	patients	with	stricture	
but	no	cyst-duct	communication	[15].
	 Acute	pseudocysts	develop	as	a	result	of	the	matu-
ration	of	an	acute	inflammatory	process,	with	collection	
of	 pancreatic	 secretions	and	products	of	 inflammatory	
response	with	or	without	rupture	of	the	pancreatic	duct.	
In	acute	pancreatitis,	duct	disruption	can	occur	as	a	con-
sequence	of	pancreatic	necrosis.	In	some	cases,	leak-
age	of	the	pancreatic	juice	from	an	inflamed	pancreatic	

surface	 can	 be	 observed.	Although	 the	 pancreas	 has	
not	 got	 a	 firm	 capsule,	 collections	 of	 pancreatic	 juice	
may	 remain	as	 focal	masses	 in	 the	 region	of	 the	duct	
disruption.	 If	 secretion	 breeches	 the	 thin	 layer	 of	 sur-
rounding	connective	tissue,	the	anterior	pararenal	space	
and	lesser	sac	are	involved.	The	acute	pancreatic	pseu-
docyst	can	be	recognized	 if	 it	 is	enclosed	by	a	wall	of	
fibrous	or	granulation	tissue	4-6	weeks	after	an	episode	
of	acute	pancreatitis.	The	presence	of	a	wall	differenti-
ates	 the	pseudocyst	 from	acute	 fluid	 collection.	There	
are	 two	main	mechanisms	 in	 pathogenesis	 of	 chronic	
pseudocysts.	They	can	be	a	result	of	acute	exacerba-
tion	of	chronic	pancreatitis	(acute-on-chronic	pancreati-
tis)	 or	 as	 a	 result	 of	 blockade	 of	 the	major	 branch	 of	
the	main	pancreatic	duct	by	a	protein	plug,	calculus	or	
localized	fibrosis.	Initially,	cysts	are	intrapancreatic	fluid	
collections	but	they	can	reach	the	pancreatic	capsule	as	
they	grow.	 If	 the	capsule	 ruptures,	a	pancreatic	fistula	
develops	[12].

2.1.2. Other types of pancreatic pseudocysts
Post-inflammatory	pancreatitis-related	pseudocysts	are	
most	 common	 but	 some	 other	 infrequent	 pancreatic	
pseudocysts	have	been	described	in	the	literature:	para-
duodenal	wall	cysts	(cystic	dystrophy)	and	infection-re-
lated	pseudocysts	(parasitic	and	tuberculous	cysts)	[1].	

2.1.2.1. Paraduodenal wall cysts (cystic dystrophy)
Paraduodenal	 wall	 cysts	 are	 an	 unusual	 complication	
of	chronic	pancreatitis.	These	cysts	occur	as	a	conse-
quence	of	chronic	fibrosing	inflammation	in	the	periam-
pullary	 region	 in	which	 one	 or	more	 of	 the	 accessory	
ducts	form	a	cyst	on	a	duodenal	wall	and	mimic	duode-
nal	duplication.	The	cysts	may	be	partly	lined	by	ductal	
epithelium	and	partly	by	inflammation	as	well	as	granu-
lation	 tissue.	Most	 frequently,	 they	are	 localized	within	
the	 descending	 part	 of	 the	 duodenum	around	 the	 ac-
cessory	ampulla.	They	occur	predominantly	in	males,	at	
age	40–50	years,	often	with	a	history	of	alcohol	abuse,	
and	complaints	on	severe	abdominal	symptoms	[1].

2.1.2.2. Infection-related Pseudocysts
Infection-related	pseudocysts	 include	parasitic	 and	 tu-
berculosis	pseudocysts.	They	are	reported	sporadically.	
Hydatid	cyst	(caused	by	the	larval	stage	of	Echinococcus	
granulosus)	should	be	considered	in	differential	diagno-
sis	of	all	pancreatic	cysts,	especially	in	the	geographical	
regions	where	the	disease	is	endemic	(Middle	East	and	
other	parts	of	world	including	India,	New	Zealand,	Aus-
tralia,	Turkey	and	South	Europe).	Pancreatic	location	of	
hydatid	disease	 is	extremely	 rare	with	an	 incidence	of	
less	than	1%	of	all	locations.	Clinical	presentation	is	dif-
ferent	and	depends	on	the	size	and	anatomic	 location	

I
Acute post-necrotic pseudocysts occuring following an episode of 
acute pancreatitis and associated with normal duct anatomy, and 
rarely communicating with the main pancreatic duct.

II

Post-necrotic pseudocysts that occuring following an episode of 
acute-on-chronic pancreatitis (the pancreatic duct is diseased but 
not strictured), and frequently with communication between the 
pseudocyst and main pancreatic duct.

III Retention pseudocysts occuring due to chronic pancreatitis and 
associating with duct stricture and pseudocyst-duct communication.

Table 1. Types of pancreatic pseudocysts according to D’Egidio 
and Schein’s classification.

I Normal duct/no communication with cyst.

II Normal duct with duct-cyst communication.

III Otherwise normal duct with stricture and no duct-cyst communication.

IV Otherwise normal duct with stricture and duct-cyst communication.

V Otherwise normal duct with complete cut-off.

VI Chronic pancreatitis, no duct-cyst communication.

VII Chronic pancreatitis with duct-cyst communication.

Table 2. Pancreatic duct anatomy according to Nealon’s classification.
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of	the	cyst	within	the	pancreas	and	the	degree	of	bilio-
pancreatic	involvement.	Abdominal	pain,	discomfort	and	
vomiting	 are	 the	 main	 clinical	 symptoms.	 The	 others	
are:	obstructive	jaundice,	weight	loss,	epigastric	mass,	
and/or	recurrent	acute	pancreatitis	[1,16,17].

2.2. Pancreatic cystic neoplasms 
Pancreatic	 cystic	 neoplasms	 account	 for	 10–15%	 of	
pancreatic	cysts	and	1%	of	all	pancreatic	 tumors.	The	
WHO	 classification	 (2010)	 distinguished	 four	 main	
groups	 of	 pancreatic	 cystic	 neoplasms:	 serous	 cystic	
neoplasm,	mucinous	cystic	neoplasm,	 intraductal	pap-
illary	 mucinous	 neoplasm,	 and	 solid	 pseudopapillary	
neoplasm	 [18,19].	Classification	 of	 four	 common	 pan-
creatic	cystic	neoplasms	is	presented	in	Table	3.	

2.2.1. Pancreatic serous cystic neoplasms
2.2.1.1. Serous cystadenoma and cystadenocarcinoma
Serous	 cystadenomas	 (SCAs)	 are	 rare	 pancreatic	
tumors	 composed	 of	 cuboidal	 epithelium	 producing	
serous	 fluid.	 They	 account	 1–2%	 of	 all	 exocrine	 pan-
creatic	 tumors	 and	 about	 30%	 of	 pancreatic	 cystic	
neoplasms.	These	tumors	occur	more	frequently	 in	fe-
males	(female:male	ratio	1.5–4.5:1)	who	are	older	than	
60	years	(mean	age	70	years	old).	Therefore,	the	term	
“grandmother”	lesion	has	been	coined	to	describe	these	
tumors.	Serous	cystadenomas	are	benign,	asymptomat-
ic	and	are	usually	found	incidentally	[20,21].	They	do	not	
require	surgery	and	can	be	observed	because	they	are	
benign	and	most	frequently	asymptomatic	(30%).	Large	
tumors	can	cause	epigastric	pain,	weight	loss,	nausea,	
and	vomiting.	They	are	usually	single.	hHowever,	multi-
focal	lesions	may	be	associated	with	Von	Hippel-Lindau	
disease.	According	to	the	appearance,	they	are	divided	
into	two	groups:	microcystic	(multilocular)	and	oligocys-
tic	(unilocular)	lesions.	SCAs	are	usually	<5	cm	in	diam-
eter,	with	a	median	size	of	25-30	mm.	Typically,	SCAs	
have	 a	microcystic	 appearance,	 with	 numerous	 small	
(2	cm),	well-defined	cystic	loculations,	central	calcifica-
tions,	 enhancement	 around	microcysts	 after	 injection,	
and	larger	cysts	on	the	periphery	of	the	mass	in	comput-

ed	tomography.	A	central	stellate	scar	caused	by	calcifi-
cation	of	the	central	fibrous	stroma	creates	the	pathog-
nomonic	“starburst”	radiological	appearance.	Malignant	
serous	cystadenocarcinomas	account	for	only	1–3%	of	
serous	tumors	of	the	pancreas	[3,18,21].

2.2.1.2. Pancreatic mucinous cystic neoplasms
2.2.1.2.1. Mucinous cystadenoma and cystadenocarcinoma 
Mucinous	 tumors	 represent	 approximately	 2%	 of	 all	
pancreatic	 neoplasms	 and	 one	 third	 of	 cystic	 neo-
plasms.	They	are	typically	large	multilocular	cysts	com-
posed	of	mucin-producing	columnar	epithelium,	resting	
on	a	fibrous	ovarian-type	stroma.	According	to	their	ma-
lignant	behavior,	they	are	divided	into	benign	mucinous	
cystadenomas,	 borderline	 with	 malignant	 potential,	 or	
malignant	 (carcinoma	 in	 situ	 or	 invasive	 carcinoma).	
Most	 frequently,	 mucinous	 neoplasms	 are	 reported	 in	
females	(female:male	=	9:	1)	at	the	middle	age	(mean	
age	at	diagnosis:	48	years).	The	common	clinical	symp-
toms	are	epigastric	pain,	palpable	mass,	nausea,	vomit-
ing,	diarrhea,	anorexia	and	weight	loss.	Most	frequently	
(70–90%),	 mucinous	 cystic	 neoplasms	 are	 located	 in	
the	pancreatic	body	or	tail,	and	only	10–30%	is	located	
in	the	pancreatic	head.	Mucinous	cystic	neoplasms	are	
usually	 large	with	 a	mean	 diameter	 from	 7	 to	 10	 cm.	
These	 cysts	 usually	 have	 got	 a	 thick	wall	with	 calcifi-
cations	(30%).	The	irregular	wall	and	solid	components	
suggest	an	aggressive	behavior.	These	tumors	usually	
do	not	communicate	with	the	main	pancreatic	duct	but	
they	can	cause	pancreatic	duct	obstruction	[18,22,23].

2.2.1.2.2. Pancreatic Intraductal Papillary Mucinous Neo-
plasms (IPMNs)
IPMNs	 represent	 approximately	 1%	 of	 all	 pancreatic	
neoplasms	and	25%	of	cystic	neoplasms.	The	WHO	de-
fined	IPMNs	as	intraductal	mucin-producing	neoplasms	
with	tall,	columnar,	mucin-containing	epithelium	with	or	
without	 papillary	 projections	 [24].	Absence	 of	 ovarian-
type	stroma	differentiates	these	tumors	from	mucinous	
cystic	neoplasms.	 IPMNs	are	divided	 into	 three	 types:	
main-duct,	branch-duct	and	combined	types.	The	main-
duct	 type	 is	 characterized	by	 involvement	of	 the	main	
pancreatic	duct	with,	or	without,	associated	involvement	
of	 the	 branch	 ducts	 (combined	 IPMNs).	 Branch-duct	
type	involves	the	side	branches	of	 the	pancreatic	duct	
and	 appears	 as	 cystic	 lesions	 communicating	 with	 a	
non-dilated	main	pancreatic	duct.	Papillary	proliferation	
leads	to	obstructive	dilation	of	the	main	or	side	branch	
pancreatic	 ducts.	 According	 to	 the	 epithelial	 dyspla-
sia	and	malignancy	potential,	 IPMNs	are	classified	as	
adenoma,	 borderline,	 carcinoma	 in	 situ,	 and	 invasive	
carcinoma.	Most	frequently,	these	tumors	occur	in	men	
older	than	60	years	[18,20].	According	to	most	authors,	

Serous cystic neoplasm

Serous cystadenoma

Serous cystadenocarcinoma

Mucinous cystic neoplasm

Mucinous cystadenoma

Mucinous cystadenocarcinoma

Intraductal papillary mucinous neoplasm

Main-duct type intraductal papillary mucinous neoplasm

Branch-duct type intraductal papillary mucinous neoplasm

Combined-duct type intraductal papillary mucinous neoplasm

Solid pseudopapillary neoplasm

Table 3. Classification of pancreatic cystic neoplasms.
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branch-type	 IPMNs	 are	 more	 frequently	 non-invasive	
compared	 with	 main-duct	 IPMNs.	 Bernard	 et	 al.	 [24],	
based	on	the	analysis	of	53	patients	with	IPMNs,	did	not	
reported	 carcinoma	 in	 the	 branch-type	 IPMNs	 smaller	
that	30	mm	and	without	mural	nodule.	Hwang	et	al.	[25] 
analyzed	factors	determining	malignancy	in	the	branch-
type	IPMNs.	The	tumor	size	and	mural	nodule	were	fac-
tors	determining	malignancy	 in	a	multivariate	analysis,	
and	elevated	CEA,	 tumor	size	and	mural	nodule	were	
factors	determining	malignancy	 in	an	univariate	analy-
sis.	 Based	 on	 their	 analysis,	 authors	 constructed	 a	
malignancy-predicting	scoring	formula:	22.4	(mural	nod-
ule	(0	or	1))	+	0.5	(cyst	size	(mm)).	The	tumor	staging	
influences	on	the	patients	prognosis.	Turrini	et	al.	[26],	
based	on	an	analysis	of	412	patients	with	 IPMNs,	 re-
ported	 that	 the	 tumor	size	 large	 than	2	cm	and	 lymph	
node	involvement	were	associated	with	a	poorer	prog-
nosis.	In	IPMNs,	adenoma-carcinoma	sequence	is	pos-
tulated.	 IPMNs	seem	to	 follow	progressing	 from	IPMN	
adenoma,	 to	borderline	 IPMN	with	dysplasia,	 to	 IPMN	
with	carcinoma	in	situ	(CIS),	and	to	invasive	carcinoma.	
Patients	 with	 invasive	 IPMNs	 are	 older	 than	 patients	
with	non-invasive	tumors.	The	increase	of	tumor	dyspla-
sia	degree	associated	with	 the	older	patients	age	has	
been	reported	in	the	literature	[23,25,26].

2.2.1.3. Pancreatic Solid Pseudopapillary Neoplasms (Tu-
mors) (SPNs, SPTs)
SPNs	 constitute	 0.1%–5.0%	 of	 all	 pancreatic	 tumors.	
They	are	called	Frantz’s	tumors	because	were	first	re-
ported	by	Frantz	 in	 1959.	They	have	a	 low	malignant	
potential	and	occur	most	commonly	in	young	women	in	
second	and	third	life	decade	as	a	palpable	mass.	SPNs	
can	arise	from	ductal,	acinar,	endocrine	or	multipotential	
stem	 cells.	These	 tumors	 are	 often	 located	within	 the	
pancreatic	head	and	tail.	Guo	et	al.	[27]	suggested	the	
following	 features	 indicating	malignant	potential:	histo-
logical	findings	of	high	nuclear	grade,	cellular	pleomor-
phism,	venous	invasion	and	necrobiotics;	and	immuno-
histochemistry	findings	of	expression	of	Ki-67.

2.3. Rare pancreatic cystic lesions
The	 other	 pancreatic	 cystic	 tumors	 occur	 very	 rarely	
and	involve:	acinar	cell	cystadenocarcinoma,	lymphan-
gioma,	hemangioma,	paraganglioma,	adenocarcinoma	
(due	 to	 cystic	 degeneration	within	 solid	 tumors),	 neu-
roendocrine	 tumors,	 metastasis,	 cystic	 teratoma,	 sar-
coma.	The	rare	non-neoplastic	pancreatic	cystic	lesions	
include	 true	pancreatic	cysts	such	as	 lymphoepithelial	
cysts	and	cysts	associated	with	von	Hippel–Lindau	dis-
ease,	 autosomal-dominant	 polycystic	 kidney	 disease,	
and	cystic	fibrosis	[18,28-31].

3. Diagnosis of pancreatic cysts
Diagnosis	 includes	 medical	 review,	 physical	 exami-
nation,	 and	 accessory	 investigations.	 In	 patients	 with	
post-inflammatory	 pseudocysts,	 an	 acute	 pancreatitis	
episode	or	chronic	pancreatitis	is	usually	reported.	But	
it	should	be	emphasized	 that	pancreatic	 tumors,	com-
monly	 intraductal	 papillary	 mucinous	 neoplasms,	 can	
present	as	recurrent	pancreatitis	due	to	the	pancreatic	
duct	obstruction	and	mimicking	pancreatic	pseudocysts.	
Mucinous	 adenomas	 mimicking	 an	 acute	 pancreatitis	
have	been	also	reported	 in	the	 literature.	Serous	cyst-
adenomas	seldom	cause	acute	pancreatitis	that	is	relat-
ed	to	obstruction	or	communication	with	the	pancreatic	
duct.	It	has	been	reported	that	both	benign	and	malig-
nant	 IPMNs	 can	 lead	 to	 recurrent	 pancreatitis	 due	 to	
pancreatic	duct	obstruction.	According	to	the	literature,	
the	rate	of	acute	pancreatitis	in	patients	with	IPMNs	has	
varied	from	12%	to	67%.	Both	the	main	duct-IPMN	and	
side	branch-IPMN	may	be	 the	cause	of	acute	pancre-
atitis	with	a	similar	risk	[32-34].	A	number	of	pancreatic	
cysts	are	asymptomatic.	Patients	with	pancreatic	cysts	
usually	 complain	 of	 a	 palpable	mass,	 epigastric	 pain,	
nausea,	vomiting	and	weight	loss.	Accessory	laboratory	
and	imaging	investigations	can	be	useful	 in	differential	
diagnosis.	 It	 has	 been	 reported	 that	 elevated	 enzyme	
levels	are	noted	in	approximately	75%	of	patients	with	
pancreatic	 pseudocyst,	 whereas	 enzymes	 fall	 within	
normal	 limits	 in	 the	majority	 of	 pancreatic	 neoplasms.	
However,	 in	 case	 of	 an	 acute	 pancreatitis	 due	 to	 the	
cystic	 tumor	enzymes	 (amylase	and	 lipase)	 levels	are	
also	elevated.	In	IPMNs,	increased	enzymes	levels	re-
flect	 communication	 of	 the	 cystic	 tumor	with	 the	main	
pancreatic	duct	or	its	branch	[35].	Differential	diagnosis	
of	all	pancreatic	cysts	is	presented	in	Table	4.

3.1. Radiological investigations
Radiological	 investigations	 are	 most	 useful	 in	 diag-
nostics	of	pancreatic	cysts.	They	allow	differentiation	
of	pseudocysts	from	cystic	tumors	as	well	as	serous	
from	mucinous	neoplasms.	The	following	imaging	in-
vestigations	are	used	in	diagnosis	of	pancreatic	cysts:	
transabdominal	 ultrasonography	 (TUS),	 contrast	 en-
hanced	 transabdominal	 ultrasonography	 (CEUS),	
computed	tomography	(CT),	magnetic	resonance	im-
aging	 (MRI)	with	magnetic	 resonance	cholangiopan-
creatography	 (MRCP),	 endoscopic	 retrograde	 chol-
angiopancreatography	 (ERCP),	 EUS	 (endoscopic	
ultrasonography)	[3,5,17,18,19,28,36-44].

3.1.1. Transabdominal ultrasonography (tus)
TUS	is	simple	and	non-invasive.	Therefore,	a	transab-
dominal	conventional	B-mode	US	is	the	investigation	of	
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first	choice	 in	patients	with	pancreatic	cysts.	On	TUS,	
pancreatic	pseudocysts	are	hypoechogenic	and	homo-
geneous	 lesions	with	a	 thin	wall.	Pancreatic	 cystic	 tu-
mors	are	usually	not	homogeneous	with	a	thick	wall.	The	
presence	 of	 identifiable	mass	 lesions	within	 a	 cyst	 or	
a	cystic	lesion	with	(peripherally)	located	solid	nodules	
(with	 or	 without	 septae)	 are	 considered	 indicators	 for	
neoplasia.	TUS	is	an	initial	screening	investigation	and	
it	usually	requires	further	imaging	investigations	[45].

3.1.2. Contrast Enhanced Ultrasonography (CEUS) 
CEUS	 improves	 differentiation	 between	 pseudocysts	
and	pancreatic	cystic	neoplasms,	 in	comparison	to	the	
conventional	US,	by	analysis	of	the	perfusion	within	the	
mass	lesions,	nodules	and	septae	within	the	pancreatic	
cysts.	It	has	been	reported	that	CEUS	is	helpful	in	differ-
ential	diagnosis	of	cystic-solid	pancreatic	 lesions	(pan-
creatic	cysts	with	solid	components).	In	CEUS,	patients	
are	 investigated	 before	 and	 after	 intravenous	 contrast	
administration.	It	allows	the	assessment	of	the	pancreat-
ic	lesion	during	different	phases	of	contrast	distribution.	
Based	on	these	findings,	vascularization	type	of	the	pan-
creatic	cyst	can	be	described.	Macrovascularity	visual-
ized	 as	 the	 cyst	 transversing	 arterial	 macrovessels	 is	
typical	for	pseudocysts	and	pancreatic	necrosis	where-
as	microvascularity	is	typical	for	pancreatic	neoplasms.	
In	cystic	neoplasia,	 iso-	or	hyper-vascularisation	within	
solid	parts,	compared	to	the	surrounding	pancreatic	pa-
renchyma	(independently	of	being	benign	or	malignant),	
is	visualized.	It	has	been	reported	that	most	cystic	neo-
plasms	are	hypervascular	and	hyperenhancing	in	com-
parison	to	the	surrounding	pancreatic	parenchyma,	but	
the	difference	between	benign	and	malignant	neoplasia	
is	 not	 detectable	 [45].	 Beyer	 et	 al.	 [45]	 compared	 the	
conventional	US	with	CEUS	in	differentiation	of	pseudo-
cysts	versus	neoplasia	and	concluded	that	conventional	
US	had	a	sensitivity	of	94%	and	a	low	specificity	of	44%	
whereas	CEUS	had	a	higher	specificity	of	77%	with	the	
same	sensitivity	of	conventional	USG.	Xu	et	al.	[46] com-

pared	the	accuracy	of	the	conventional	US	with	CEUS	
in	diagnostics	of	54	solid-cystic	pancreatic	 lesions	and	
concluded	that	CEUS	characterized	a	significant	higher	
diagnostic	accuracy	compared	to	conventional	US.

3.1.3. Endoscopic Ultrasnonography (EUS)
EUS	 provides	 better	 delineation	 of	 pancreatic	 cysts	
compared	 to	 TUS.	 It	 allows	 delineation	 of	 lesion	
characteristics,	 pancreatic	 ductal	 anatomy,	 pancreatic	
parenchyma,	peripancreatic	 tumor	 invasion	and	 lymph	
node	 involvement.	 Similarly	 to	 TUS,	 the	 presence	
of	 solid	 components	 within	 the	 cystic	 lesion,	 thick	
wall,	 multiple	 septae,	 invasion	 outside	 the	 pancreas,	
pancreatic	ductal	obstruction	and	lymphadenopathy	are	
typical	 for	 pancreatic	 malignancy.	 EUS	 alone	 cannot	
reliably	 differentiate	 between	 benign	 and	 malignant	
pancreatic	 cystic	 lesions,	but	EUS	offers	guidance	 for	
fine	needle	aspiration	(FNA)	of	cystic	lesions	which	has	
been	 demonstrated	 to	 be	 as	 accurate	 as	 CT-guided	
FNA.	Volmar	et	al.	[46]	reported	that	for	lesions	<3	cm,	
the	EUS-guided	FNA	had	higher	accuracy	 than	US	or	
CT.	With	CT	or	EUS	guidance,	samples	of	the	cystic	fluid	
and	cyst	walls	 can	be	 taken	by	fine	needle	aspiration	
and	brushing	for	cytology	and	measurement	of	tumour	
markers,	viscosity,	and	amylase	(that	will	be	described	
in	 the	 further	part	of	 this	paper)	 [17,28,47-52].	Similar	
to	 transabdominal	US,	EUS	 also	 allows	 a	 therapeutic	
approach	 such	 as	EUS-guided	 pancreatic	 pseudocyst	
drainage	(that	will	be	discussed	in	a	chapter	regarding	
management)	[53-61].

3.1.4. Computed tomography (CT)
A	contrast	enhanced	CT	is	very	important	in	diagnosis	of	
pancreatic	cysts.	It	 is	usually	performed	as	second	im-
aging	investigation	following	ultrasonography	because	it	
is	more	 precise	 than	TUS.	 It	 allows	 delineation	 of	 the	
pancreatic	cyst	size,	communication	with	the	pancreatic	
duct,	and	staging	of	pancreatic	neoplasms	(involvement	
of	the	surrounding	structures	and	lymph	nodes	and	pres-

Cyst type PC SCA MCA IPMN SPT

Mean age Any 70 48 >60 31
Main gender Male  Female Female Male Female

Main location Any Any Body/Tail Head Any

Typical image Unilocular Central scar Unilocular/ Macrocystic Solid

Uniform Honeycomb Multilocular Ductal Component

Microcystic Macrocystic Involvement

Viscosity Low Low High High Low

Amylase High Low Low High Low

CEA Low Low High High Low

CA 19-9 Low Low High Any Low

PC Pseudocyst; SCA Serous cystadenoma; MCA Mucinous cystadenoma; IPMN Intraductal papillary mucinous neoplasm; SPN Solid pseudopapillary 
neoplasm.

Table 4. Differential diagnosis of pancreatic cysts.
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ence	of	metastases).	CT	is	important	for	surgeons	during	
surgical	procedure	planning	because	 it	allows	 them	 to	
determine	resectability	of	the	pancreatic	lesion.	Accord-
ing	to	Le	Borgne	et	al.	[20],	spiral	CT	is	the	investigation	
of	choice	for	a	correct	prediction	of	cystic	tumor	type.
	 A	 typical	 pancreatic	 pseudocyst	 is	 usually	 a	 hy-
podense	unilocular	well	defined	 lesion	without	 internal	
septae,	solid	components,	or	central–cyst	wall	calcifica-
tion	with	uniform	enhancing	walls.	It	may	be	associated	
with	inflammation	within	the	peripancreatic	fat	[28].	
	 SCA	is	visualized	as	a	hypodense	mass	with	fibrous	
septa	and	a	small	calcification	located	in	50%	of	cases	
within	 the	pancreatic	head.	 In	70%	of	serosus	cystad-
enomas,	 CT	 demonstrate	 a	 polycystic	 or	 microcystic	
lesion	consisting	of	a	collection	of	cysts	 (usually	more	
than	six)	that	range	from	a	few	millimeters	up	to	2	cm	in	
size.	A	central	scar	is	a	pathognomonic	feature	of	SCA	
and	it	is	seen	in	30%	of	cases.	In	20%	of	cases,	these	
tumors	 are	 composed	 of	 microcysts	 in	 a	 honeycomb	
pattern	and	appear	as	well	delineated	“spongy”	lesions	
with	soft-tissue	or	mixed	attenuation	and	a	sharp	inter-
face	with	the	vascular	structures	at	CT	[18,28].	
	 MCA	is	visualized	as	a	hypodense	unilocular	or	sep-
tated	multilocular	macrocystic	lesion	without	communi-
cation	with	the	pancreatic	duct	(which	 is	different	 from	
IPMN)	located	usually	within	the	pancreatic	body	or	tail.	
Although	communication	with	the	pancreatic	duct	is	not	
typical	for	this	tumor,	obstruction	of	the	pancreatic	duct	
by	the	cystic	mass	may	be	visible	in	CT	[18,28].	
	 IPMN	 is	also	a	multilocular	macrocystic	 lesion,	but	
with	 characteristic	 dilatation	 and	 communication	 with	
the	pancreatic	duct	in	contrast	to	MCA.	On	CT	without	
contrast	 enhancement,	 a	 main-duct	 IPMN	 is	 demon-
strated	as	a	dilated	and	tortuous	main	pancreatic	duct.	A	
branch-duct	IPMN	appears	as	a	lobulated	cystic	lesion	
with	characteristic	grape-like	clusters	or	“tubes	and	arcs”	
appearance	limited	to	segmental	ducts.	A	combined	type	
IPMN	is	demonstrated	as	cystic	lesion	located	typically	
in	the	uncinate	process.	It	has	a	characteristically	lobu-
lar	appearance	with	multiple	intercommunicating	cysts,	
and	a	grossly	dilated	main	pancreatic	duct.	On	contrast	
enhanced	CT,	a	thin	irregular,	peripheral	ring-enhancing	
multicystic	lesion	associated	with	branch-duct	lesions	is	
apparent.	 Cholangiopancreatography	 (MRCP	 or	 more	
rarely	ERCP)	 is	performed	 in	order	 to	demonstrate	all	
morphologic	IMPN	features	[18,28].
	 SPN	 is	 manifested	 as	 a	 clear-bordered	 heteroge-
neous	cyst	with	a	solid	component.	The	enhancement	
of	the	solid	part	of	the	tumor	and	the	capsule	is	showed	
in	CT	 [18,27,28].	Yin	et	al.	 [62]	analyzed	CT	and	MRI	
features	 that	 could	 delineate	 the	malignancy	 of	 SPN.	
Based	on	analysis	of	82	SPNs	confirmed	histopathologi-
cally,	authors	concluded	that	a	focal	discontinuity	of	the	

capsule,	 large	 tumor	 size	 (>6.0	 cm)	 and	 a	 pancreatic	
tail	location	might	suggest	malignancy	of	SPN	whereas	
amorphous	or	scattered	calcifications	and	all	near-solid	
mass	might	be	indicative	of	benignancy.	
	 CT	aids	the	differential	diagnosis	of	pancreatic	cysts	
for	malignancy	assessment.	Pongpornsup	et	al.	[63] an-
alyzed	accuracy	of	64	slice	multidetector	computed	to-
mography	(MDCT)	in	delineation	of	malignancy.	Authors	
indicated	the	type	of	cyst	(unilocular,	multilocular	micro-
cystic,	multilocular	macrocystic	and	solid	component)	as	
the	only	 finding	 that	had	statistical	 significance	 for	dif-
ferentiating	between	the	benign	and	malignant	groups.
 
3.1.5. Magnetic resonance imaging (MRI) and magnet-
ic resonance imaging with cholangiopancreatography 
(MRCP)
MRI	plays	an	additional	role	in	differential	diagnosis	of	
pancreatic	cysts	[28].	It	is	useful	in	differentiation	of	be-
nign	 from	malignant	 pancreatic	 cystic	 tumors	 and	 as-
sessment	of	communication	of	cysts	with	the	pancreatic	
duct	[64].	According	to	some	authors,	MRI	provides	bet-
ter	 resolution	 than	CT	 for	 evaluating	 small	 pancreatic	
cysts	less	than	3	cm	and	delineation	of	ductal	commu-
nication	and	cyst	morphology	[28].	Currently,	MRCP	as	
non-invasive	imaging	is	considered	as	the	investigation	
of	 choice	 for	 demonstrating	 the	 morphologic	 features	
of	the	pancreatic	cyst	(including	septae	and	mural	nod-
ules).	 It	can	show	the	presence	of	communication	be-
tween	the	cystic	lesion	and	the	pancreatic	duct	and	can	
be	used	to	evaluate	the	extent	of	pancreatic	ductal	dila-
tation	in	IPMNs	[18].	Song	et	al.	[65]	compared	MDCT	
and	MRI	 in	 differentiation	 of	 IPMNs	 from	 other	 cystic	
lesions	and	concluded	that	MRI	was	significantly	more	
accurate	than	MDCT.	Endoscopic	retrograde	cholangio-
pancreatography,	which	 is	an	 invasive	 investigation,	 is	
now	rarely	required	for	diagnosis	of	IPMNs.

3.1.6. Endoscopic Retrograde Cholangiopancreatogra-
phy (ERCP)
ERCP	is	an	invasive	investigation.	Therefore,	currently	
its	role	in	pancreatic	cysts	imaging	is	limited	when	it	is	
compared	 to	 non-invasive	 MRCP.	 The	 advantage	 of	
ERCP	(that	is	superior	to	MRCP)	is	the	therapeutic	pos-
sibility,	but	in	pancreatic	cysts,	surgery	is	the	treatment	
of	choice.	 It	can	delineate	pancreatic	duct	system	and	
communication	of	 the	pancreatic	cyst	with	 the	pancre-
atic	duct.	It	can	be	useful	in	diagnosis	of	IPMNs	(dem-
onstrating	mucin	at	the	ampulla	and	diffuse	dilatation	of	
the	pancreatic	ducts)	[66].	ERCP	can	demonstrate	so-
called	triad	of	Ohashi:	bulging	ampulla	of	Vater,	mucin	
secretion	and	dilated	pancreatic	duct.	This	investigation	
can	real-time	visualization	of	increased	mucin	secretion	
within	the	papilla	of	Vater	[28].	ERCP	is	also	performed	
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in	order	to	describe	the	pancreatic	ductal	system	in	pan-
creatic	 pseudocysts,	 because	 communication	 of	 the	
cyst	with	pancreatic	ducts	is	contraindication	for	percu-
taneous	cyst	drainage	[13,15].	

3.2. Laboratory investigations
3.2.1. Pancreatic cyst fluid analysis 
The	cyst	fluid	analysis	plays	an	important	role	in	differen-
tial	diagnosis	of	doubtful	cases	of	pancreatic	cysts.	Ac-
cording	to	European	Society	of	Gastrointestinal	Endos-
copy	 (ESGE)	 Clinical	 Guideline	 (2011),	 EUS-FNA	with	
determination	of	amylase	and	carcinoembryonic	antigen	
(CEA)	 levels	 plus	 cytopathological	 examination	 of	 fluid	
aspirate	is	recommended	for	lesions	>2	cm	in	diameter	
(Recommendation	grade	B).	EUS-guided	cyst	wall	brush-
ing	may	be	useful	in	well-selected	cases	(Recommenda-
tion	grade	D)	[49].	Cyst	fluid	can	be	studied	after	aspira-
tion	 in	order	 to	analyze	cytology,	viscosity,	extracellular	
mucin,	tumor	markers	(CEA,	CA	19-9,	CA	15-3,	Ca	72-4,	
etc.),	enzymes	(amylase,	lipase),	as	well	as	DNA	analy-
sis	of	DNA	quality/content	or	mutational	analysis	to	study	
allelic	imbalance/LOH	(loss	of	heterozygosity)	and	K-ras	
mutations	[67].	Cyst	fluid	analysis	is	useful	in	differential	
diagnosis	 between	 mucinous	 and	 non-mucinous	 pan-
creatic	cystic	 tumors	 [37].	 It	has	been	 reported	 that	an	
amylase	concentration	<250	U/L	excluded	the	pancreatic	
pseudocyst	and	suggested	serous	cystadenoma,	muci-
nous	 cystadenoma,	 or	 mucinous	 cystadenocarcinoma	
(sensitivity	 44%,	 specificity	 98%).	 A	 carcinoembryonic	
antigen	 (CEA)	 <5	 ng/mL	 suggested	 a	 pseudocyst	 or	
serous	 cystadenoma	 (sensitivity	 50%,	 specificity	 95%)	
whereas	 CEA	 >800	 ng/mL	 strongly	 suggested	 muci-
nous	tumors	(MCA	or	MCAC)	(sensitivity	48%,	specific-
ity	98%).	A	carbohydrate-associated	antigen	 (CA)	19-9	
<37	U/mL	strongly	suggested	pseudocyst	or	serous	cyst-
adenoma	(sensitivity	19%,	specificity	98%)	[38].	Accord-
ing	 to	Brugge	et	al.	 [42]	analysis	of	CEA	concentration	
in	 the	cystic	fluid	 is	 the	best	available	 test	 for	differen-
tial	 diagnosis	 of	 mucinous	 from	 non-mucinous	 tumors	
and	proposed	optimal	cutoff	of	192	ng/mL.	In	this	study,	
the	accuracy	of	CEA	 (88	of	 111,79%)	was	significantly	
greater	than	the	accuracy	of	EUS	morphology	(57	of	112,	
51%)	or	cytology	(64	of	109,	59%).	Sperti	et	al.	[43] ana-
lyzed	fluid	aspiration	for	enzymes	(amylase	and	lipase),	
tumor	markers	(CEA,	CA	19-9,	CA	125,	CA	72-4)	and	cy-
tology	in	52	pancreatic	cysts	including	pseudocysts	and	
neoplasms.	 Authors	 reported	 that	 an	 amylase,	 lipase,	
CEA,	and	CA	19-9	concentrations	were	variable	and	did	
not	discriminate	pancreatic	lesions.	In	this	study,	CA	125	
fluid	levels	were	high	in	63%	of	malignant	cysts.	CA	72-4	
fluid	 levels	were	significantly	higher	 in	mucinous	cystic	
tumors	 than	 in	pseudocysts	showing	95%	specificity	 in	
detecting	mucinous	or	malignant	cysts.	Cytology	showed	

a	sensitivity	of	61%	and	a	specificity	of	100%.	A	CA	72-4	
determination	raised	the	sensitivity	of	cytology	to	92%	in	
detecting	mucinous	or	malignant	cysts.	Park	et	al.	 [52] 
validated	the	accuracy	of	CEA	and	amylase	fluid	concen-
tration	in	differential	diagnosis	of	mucinous	from	non-mu-
cinous	 cystic	 lesions,	 benign	 from	malignant	mucinous	
tumors,	and	pseudocysts	from	non-pseudocysts.	Authors	
noted	significantly	higher	CEA	levels	in	mucinous	versus	
non-mucinous	cysts,	but	CEA	levels	did	not	differentiate	
benign	 from	malignant	mucinous	cysts.	Amylase	 levels	
were	significantly	higher	in	pseudocysts	than	non-pseu-
docysts	and	malignant	mucinous	cysts	had	significantly	
lower	 amylase	 levels	 than	 benign	 mucinous	 tumors.	
Leung	et	al.	[68]	analyzed	the	accuracy	of	fluid	viscosity,	
CEA	and	CA	19-9	 levels	 in	 differential	 diagnosis	 of	 79	
pancreatic	cysts.	Authors	noted	a	significantly	lower	me-
dian	fluid	CEA	level	1.0	ng/mL	in	benign	cysts	compared	
to	471.1	ng/mL	in	potentially	malignant	cysts.	Cyst	fluid	
CA	19-9	was	not	statistically	significant.	 Increased	cyst	
fluid	viscosity	was	significantly	associated	with	potentially	
malignant	cysts.	Linder	et	al.	[69]	reported	that	elevated	
CEA	≥	480	ng/mL)	and	viscosity	(>1.6)	accurately	differed	
mucinous	cystadenomas	from	serous	cystadenomas	and	
pseudocysts	whereas	CEA	levels	≥6000	ng/mL	differed	
mucinous	 cystadenocarcinomas	 from	cystadenomas.	 It	
has	been	reported	that	CEA	level	alone	was	not	useful	in	
differentiating	mucinous	 from	 non-mucinous	 pancreatic	
cysts.	Sawhney	et	al.	[70]	noted	that	molecular	diagnosis	
improved	diagnostic	 sensitivity.	 In	 this	 study,	 combined	
CEA	 and	 molecular	 analysis	 increased	 sensitivity	 to	
100%.	In	the	PANDA	study	[71],	the	accuracy	of	cyst	fluid	
DNA	 analysis	 was	 assessed.	 The	 study	 included	 113	
patients	with	benign,	pre-malignant	and	malignant	pan-
creatic	cysts.	Authors	concluded	that	increased	amounts	
of	pancreatic	cyst	fluid	DNA,	high-amplitude	mutations,	
and	specific	mutation	acquisition	sequences	were	indica-
tors	of	malignancy.	The	presence	of	a	k-ras	mutation	was	
also	indicative	of	a	mucinous	cyst.	In	the	authors’	opinion,	
DNA	analysis	should	be	considered	when	cyst	cytology	
is	negative	for	malignancy.	Tun	et	al.	 [36]	analyzed	the	
accuracy	of	the	secreted	epidermal	growth	factor	recep-
tor	ligand,	amphiregulin	(AREG),	as	a	cyst	fluid	biomark-
er	 for	 the	 presence	 of	malignancy	 in	 pancreatic	 cysts.	
Authors	concluded	that	cyst	fluid	AREG	levels	were	sig-
nificantly	higher	in	cancerous	and	high-grade	dysplastic	
cysts	compared	to	benign	mucinous	cysts.

3.2.2. Cytology brushing 
A	number	studies	have	documented	an	important	role	of	
EUS-guided	cytology	brushing	(EUS	BR)	in	differential	
diagnosis	of	pancreatic	cysts.	Sendino	et	al.	[39] report-
ed	that	the	EUS	BR	was	significantly	superior	to	the	as-
pirated	fluid	for	detecting	diagnostic	cells	(73%	vs.	36%)	
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and	mucinous	cells	(50%	vs.	18%).	In	this	study,	EUS	
BR	increased	cellular	diagnosis	of	pancreatic	cyst	com-
pared	to	fluid	analysis,	and	more	so	in	mucinous	lesions.	
Authors	did	not	recommend	this	investigation	in	patients	
under	anticoagulation	therapy	due	to	a	risk	of	haemor-
rhage	complications.	Thomas	et	al.	[40]	compared	EUS-
guided	aspiration	alone	 versus	EUS-guided	aspiration	
and	cyst	wall	brushing	 in	differential	diagnosis	of	pan-
creatic	cysts.	In	this	study,	the	cellular	yield	was	similar	
in	aspiration	and	brushing	group.	Authors	noted	greater,	
but	not	statistically	significant,	proportion	of	patients	with	
malignant	cystic	pancreatic	 lesions	diagnosed	by	EUS	
sampling	in	the	brushing	compared	to	aspiration	group.	
Al-Haddad	et	 al.	 [55]	 compared	 fine-needle	 aspiration	
and	brushing	 cytology	 in	 differential	 diagnosis	 of	 pan-
creatic	cysts	and	reported	the	significantly	higher	accu-
racy	of	brushing	cytology	compared	to	aspiration	one	in	
detecting	of	intracellular	mucin	that	would	be	helpful	in	
diagnosis	of	mucinous	lesions.

4. Management in pancreatic cysts
Management	 depends	 on	 the	 pancreatic	 cyst	 type.	
Therefore,	above	mentioned	diagnosis	is	very	important.	

4.1. Pancreatic pseudocysts
4.1.1. Choice of the management type in pancreatic 
pseudocysts
Decision	regarding	pseudocyst	management	(conserva-
tive	treatment	with	observation	or	intervention)	depends	
on	 the	cyst	persistence,	size	and	etiology.	Most	 (85%)	
post-inflammatory	 (especially	 due	 to	 an	 acute	 pancre-
atitis)	pseudocysts	have	a	tendency	to	spontaneous	re-
sorption	within	4-6	weeks	[2,71].	After	this	period,	spon-
taneous	resorption	of	the	cyst	is	unlikely.	Therefore,	most	
authors	 recommend	 the	 treatment	 of	 pancreatic	 cysts	
with	a	diameter	 larger	 than	6	cm,	and	persisting	more	
than	6	weeks	 following	pancreatitis	 [2,4].	Yeo	et	al.	 [5] 
noted	that	67%	of	the	cysts	with	a	diameter	of	more	than	
6	cm,	and	only	40%	of	the	cysts	with	a	diameter	of	less	
than	6	cm	required	surgical	intervention.	Cysts	caused	by	
acute	pancreatitis	are	characterized	by	a	much	greater	
tendency	to	spontaneous	resorption	than	cysts	in	chron-
ic	 pancreatitis,	which	 is	 related	 to	 the	 slow	process	of	
maturation	of	cyst	wall	caused	by	acute	pancreatitis	and	
the	presence	of	a	mature	cyst	wall	due	to	chronic	pan-
creatitis	 [73-76].	 In	chronic	pancreatitis,	 less	 than	10%	
of	 the	 cysts	 are	 likely	 to	 spontaneous	 resorption.	 The	
factors	 that	 reduce	 spontaneous	 regression	 tendency	
of	pancreatic	pseudocysts	 include:	duration	>6	weeks,	
chronic	pancreatitis,	pancreatic	duct	anomaly	and	a	thick	
cyst	wall	[2,77].	Lankish	et	al.	[78]	indicated	the	following	

factors	for	the	spontaneous	pseudocyst	resolution:	no	or	
mild	symptoms	(nausea,	vomiting,	abdominal	pain)	and	
a	maximal	cyst	diameter	of	<4	cm.	In	authors’	opinion,	
patients	with	a	first	 severe	attack	of	acute	pancreatitis	
and	fluid	collections	at	discharge	should	be	checked	by	
ultrasonography	 for	 pancreatic	 pseudocysts	 3	 months	
later.	In	patients	with	a	small	pseudocyst	and	mild	symp-
toms,	therapy	may	be	postponed	for	a	further	3	months,	
since	 spontaneous	 resolution	 is	 possible.	 Concluding,	
large	 and	 symptomatic	 pseudocysts	 require	 interven-
tion.	The	following	complications	are	indications	for	the	
pseudocyst	 treatment:	 large	vessel	 compression	caus-
ing	ischemia	or	peristaltic	disturbance,	compression	on	
surrounding	organs	such	as	a	stomach	and	duodenum	
manifested	with	nausea	and	vomiting,	bile	duct	obstruc-
tion	 caused	 cholestasis,	 infection	 or	 bleeding	 into	 the	
cyst	lumen,	pancreatic-pleural	fistula.	The	following	clini-
cal	 symptoms:	 abdominal	 pain,	 nausea	 and	 vomiting,	
gastrointestinal	 bleeding	 are	 also	 indications	 for	 inter-
vention.	 Relative	 indications	 for	 the	 pseudocyst	 treat-
ment	include:	diameter	more	than	4	cm,	regression	lack	
or	progression	within	6	weeks,	chronic	pancreatitis,	pan-
creatic	duct	anomaly	or	lithiasis,	difficulties	in	differential	
diagnosis	with	neoplastic	cysts	[2,79].

4.1.2. The methods of intervention in pancreatic pseu-
docysts
There	are	many	treatment	methods	of	pancreatic	pseu-
docysts.	The	management	 includes	 less	 invasive	 and	
surgical	methods.	Percutaneous	and	endoscopic	(trans-
papillary	or	transmural)	drainage	is	less	invasive	treat-
ment	whereas	cystgastrostomy,	cystduodenostomy	and	
cystjejunostomy	by	open	or	laparoscopic	approach	are	
performed	as	the	surgical	treatment	[80-84].	All	types	of	
the	treatment	in	pancreatic	pseudocysts	are	presented	
in	Table	5.

Pancreatic cyst drainage

External drainage

Internal drainage

Endoscopic 

Transmural (via the stomach or duodenum)

Transpapillary

Surgical

Cystgastrostomy

Cystduodenostomy

Roux-Y Cystjejunostomy

Pancreatic cyst resection

Enucleation

Proximal pancreatectomy (Pancretoduodenectomy)

Central pancreatectomy (Middle segment resection)

Distal pancreatectomy

Table 5. Types of the treatment in pancreatic pseudocysts
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4.1.2.1. Percutaneous and endoscopic drainage of pancreatic 
pseudocysts 
Percutaneous	 drainage	 is	 indicated	 for	 patients	 with	
proper	 pancreatic	 duct	 anatomy	 and	 without	 commu-
nication	 between	 pancreatic	 cyst	 and	 pancreatic	 duct	
system	[13,15].	Endoscopic	drainage	may	be	performed	
under	 EUS	 and	 endoscopy	 guidance.	 Park	 et	 al.	 [56] 
compared	 endoscopic	 ultrasound	 (EUS)-guided	 trans-
mural	drainage	versus	conventional	transmural	drainage	
by	endoscopy.	Authors	concluded	that	both	EUS-guided	
and	conventional	methods	could	be	considered	first-line	
methods	of	endoscopic	transmural	drainage	of	bulging	
pseudocysts	 whereas	 EUS-guided	 assess	 should	 be	
preferred	 for	 non-bulging	 pseudocysts.	 In	 this	 study,	
the	 technical	 success	 rate	 was	 significantly	 higher	 in	
EUS-guided	assessment	whereas	the	complication	rate	
was	comparable	in	both	groups.	In	Varadarajulu’s	et	al.	
opinion	[85],	EUS	should	be	considered	as	the	first-line	
treatment	modality	 for	endoscopic	drainage	of	pancre-
atic	pseudocysts	given	its	high	technical	success	rate.	
In	their	study,	comparing	EUS	and	endoscopy	guidance	
in	pancreatic	cyst	transmural	drainage,	the	clinical	suc-
cess	and	complications	rates	were	comparable	in	both	
methods,	but	the	technical	success	rate	was	significant-
ly	higher	in	the	EUS-guided	group.	Endoscopic	drainage	
may	be	performed	as	so-called	single-step	endo-ultra-
sonography	 (EUS)-guided	 and	 two-(multi)-step	 EUS-
guided	 drainage	 technique.	 Mangiavillano	 et	 al.	 [86] 
compared	these	two	techniques	in	pseudocyst	drainage	
and	noted	that	the	single-step	was	superior	to	the	two-
step	 EUS-guided	 drainage	 technique	 for	 pseudocyst	
drainage.	Heinzow	et	al.	[87]	compared	the	single-step	
versus	 multi-step	 endoscopic	 ultrasonography	 (EUS)-
guided	endoscopic	transmural	drainage	in	patients	with	
symptomatic	 pancreatic	 pseudocysts	 of	 >4	 cm	 size.	
Authors	noted	the	comparable	technical	(94%	vs.	83%)	
and	clinical	(88%	vs.	90%)	success	rates	in	both	groups.	
The	mean	procedure	time	was	significantly	longer	in	the	
multi-step	access	(36	±	9	min)	compared	to	single-step	
asses	(62	±	12	min).	In	authors’	opinion,	the	single-step	
assess	 is	effective	and	 timesaving.	Ahlawat	et	al.	 [53] 
estimated	 efficacy	 and	 safety	 of	 a	 one-step	 real	 time	
EUS-guided	 pancreatic	 pseudocyst	 transmural	 drain-
age	approach	using	a	larger	3.8	mm	channel	linear	ar-
ray	echoendoscope	and	cystotome.	Authors	concluded	
that	this	approach	appeared	safe	and	effective	in	man-
aging	 selected	 patients	 with	 symptomatic	 pancreatic	
pseudocysts.	

4.1.2.2. Natural orifice translumenal endoscopic surgery 
(notes) in pancreatic pseudocysts
Pallapothu	 et	 al.	 [54]	 described	 the	 Natural	 Orifice	
Translumenal	Endoscopic	Surgery	(NOTES(®))	stapled	

cystgastrostomy	as	the	less	invasive	surgical	treatment.	
In	this	study,	 the	procedure	 included	endoscopic	ultra-
sound	 (EUS)-guided	puncture	of	 the	stomach	 just	be-
low	the	gastroesophageal	junction	to	gain	access	to	the	
pseudocyst,	guidewire	placement,	and	dilatation	with	a	
balloon	 to	 18-20	 mm.	 Endoscopic	 necrosectomy	 and	
debridement	 were	 performed	when	 possible,	 followed	
by	 transoral	 surgical	 anastomosis	 under	 endoscopic	
visualization	 with	 the	 SurgAssist™	 SLC	 55	 (Power	
Medical	Interventions,	Langhorne,	PA)	4.8-mm	stapler.	
Authors	noted	that	this	technique	was	comparable	with	
traditional	 surgical	 internal	 drainage	 of	 the	 pancreatic	
pseudocysts.	Moreover,	 this	approach	 is	 less	 invasive	
than	laparoscopic	or	open	cystgastrostomy	and	allows	
for	complete	recovery.	

4.1.2.3. Surgical (laparoscopic and conventional) treatment 
of pancreatic pseudocysts
The	 laparoscopic	 assessment	 as	 an	 alternative	 less	
invasive	 approach	 for	 traditional	 surgery	 in	 pancreatic	
pseudocysts	is	a	safe	and	effective	treatment.	Accord-
ing	to	the	literature,	it	associated	with	a	low	postopera-
tive	complication	rate	and	an	effective	permanent	result.	
Compared	 to	 endoscopic	 internal	 drainage,	 some	 dif-
ficulties	 can	 be	 avoided,	 particularly	 bleeding	 [88].	 In	
some	cases,	especially	uncertain	pancreatic	cysts	that	
are	difficult	 to	differentiate	 from	pancreatic	cystic	neo-
plasms,	traditional	surgical	 treatment	 including	 internal	
drainage	and	resection	is	required	[2].	Internal	drainage	
(cystgastrostomy,	 cystduodenostomy	 or	 cystjejunos-
tomy)	 is	 recommended	 for	 un-complicated	 pancreatic	
pseudocysts.	Roux-Y	cystjejunostomy	is	the	most	com-
mon	surgical	drainage.	Pancreatic	resection	is	required	
in	chronic	pancreatitis,	multiple	synchronic	cysts,	gas-
trointestinal	 bleeding	 due	 to	 spurious	 aneurysm,	 bile	
duct	or	duodenum	compression,	or	technical	impossibil-
ity	of	 surgical	drainage	of	 the	cyst	within	 the	uncinate	
process	[2,74].	The	pancreatic	resection	type	(proximal,	
central,	and	distal	pancreatectomies	or	enucelation)	de-
pends	commonly	on	cyst	location,	size	and	presence	of	
other	pathology	within	the	pancreas	[2].

4.2. Management in serous cystic neoplasms
4.2.1. Management in serous cystadenoma and cystad-
enocarcinoma
Serous	cystadenomas	are	characterized	by	a	 low	ma-
lignant	potential.	The	management	depends	commonly	
on	 clinical	 presentation,	 tumor	 size	and	patient’s	 gen-
eral	condition	such	as	the	age	and	co-morbidities.	Ac-
cording	to	Kashab	et	al.	[89],	large	tumor	size	and	head	
location	predicted	aggressive	behavior,	therefore	these	
two	factors	should	be	considered	in	SCA	management.	
Small	and	asymptomatic	tumors	in	elderly	patients	with	
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co-morbidities	(that	make	the	preoperative	risk	higher)	
do	 not	 require	 surgery,	 but	 these	 patients	 should	 be	
carefully	 observed	 including	 a	 least	 TUS	 every	 6	 to	
12	months.	A	serous	cystadenocarcinoma	is	reported	in	
3%	of	serous	cystadenomas.	Therefore,	in	case	of	the	
conservative	 management	 careful	 observation	 should	
be	performed.	Surgery	should	be	considered	in	low-risk	
patients	with	symptomatic	tumors,	with	tumors	at	least	
4	cm	in	maximum	size,	or	in	those	with	worse	diagnosis	
of	malignancy	 that	 cannot	 be	excluded.	Most	 patients	
undergo	pancreatic	resection	for	symptomatic	or	doubt-
ful	SCA	when	preoperative	differential	diagnosis	is	un-
certain.	New	symptoms	onset,	clinical	worsening	or	rap-
id	 tumor	 enlargement	 are	 also	 indications	 for	 surgery.	
According	to	the	tumor	location,	different	pancreatic	re-
section	 types	 are	 performed:	 pancreatoduodenectomy	
(for	SCAs	 located	within	 the	pancreatic	head),	 central	
pancreatectomy	(for	SCAs	located	within	the	pancreatic	
isthmus	or	body),	distal	pancreatectomy	 (for	SCAs	 lo-
cated	within	 the	pancreatic	body	or	 tail).	Simple	cystic	
enucleation	(for	peripherally	located	SCAs),	in	order	to	
preserve	pancreatic	parenchyma,	has	been	described	in	
the	literature.	Kiely	et	al.	[90]	compared	enucleation	and	
resection	 (proximal	and	distal	pancreatectomy)	 results	
in	30	patients	with	mucinous	cystic	neoplasms	(n=16),	
serous	 cystadenomas	 (n=10),	 and	 cystic	 islet	 cell	 tu-
mors	(n=4).	Authors	reported	significantly	shorter	opera-
tive	time	in	the	enucleation	group	(199	vs.	298	minutes)	
and	significantly	reduced	blood	loss	in	the	enucleation	
group	(114	vs.	450	ml)	compared	to	the	resection	group.	
Pancreatic	 fistula	 rates	 (27%	 vs.	 26%)	 and	 length	 of	
hospital	stay	 (12.6	vs.	15.7	days)	were	comparable	 in	
both	groups.	Generally,	short-term	results	of	the	surgi-
cal	treatment	depend	on	the	pancreatic	resection	type.	
Pancreatoduodenectomy	is	associated	with	the	highest	
morbidity	and	mortality	rates.	Therefore,	in	doubtful	tu-
mors,	decision	is	easier	in	case	of	distal	pancreatic	loca-
tion	(within	pancreatic	the	body	or	tail)	than	in	proximal	
location	 (within	 the	pancreatic	 head).	The	 follow-up	 is	
satisfactory	and	 recurrence	after	surgery	 is	not	 typical	
for	SCAs	[20,91-93].	

4.2.2. Management in mucinous cystic neoplasms
4.2.2.1. Management in mucinous cystadenoma and cystad-
enocarcinoma
Mucinous	 cystadenomas	have	a	 higher	malignant	 po-
tential	 compared	 to	 serous	 cystadenomas.	 Therefore,	
patients	with	these	tumors	require	surgery.	Sometimes,	
differential	diagnosis	between	a	mucinous	cystadenoma	
and	pseudocyst	is	very	difficult.	In	patients	without	pan-
creatitis	 in	 their	medical	 history	 and	other	 pancreatitis	
features	 within	 the	 pancreas,	 mucinous	 cystadenoma	
should	be	suspected	and	surgical	cyst	resection	 is	re-

quired.	Similarly	to	SCAs,	pancreatic	resection	type	de-
pends	 on	 tumor	 location.	 So,	 the	 following	 pancreatic	
resections	are	performed:	proximal,	central,	distal	and	
total	pancreatectomies.	The	tumor	enucleation	in	small	
peripheral	 lesions	 located	 within	 the	 pancreatic	 unci-
nate	process	or	head	is	possible	[20].	Talamini	et	al.	[94] 
compared	 cystic	 enucleation	 performed	 in	 10	 (28%)	
patients	 and	 pancreatic	 resection	 performed	 in	 other	
patients	for	MCAs.	Authors	concluded	that	enucleation	
had	taken	significantly	less	time	and	had	been	associ-
ated	with	 less	blood	 loss	compared	to	resection.	They	
reported	a	significantly	higher	rate	of	pancreatic	fistula	
in	enucleation	group	compared	to	resection	group.	How-
ever,	 the	 incidence	 of	major	 complications	 and	 recur-
rence	 rate	were	comparable	 in	both	analyzed	groups.	
Authors	concluded	that	enucleation	might	be	safe	and	
effective	 alternative	 for	 patients	 with	 benign	 MCAs.	
MCAs	 are	 also	 mentioned	 and	 cited	 in	 Kiely’s	 et	 al.	
study	[90].	Similarly	 to	 the	SCAs,	short-term	results	of	
the	surgical	treatment	depend	on	the	pancreatic	resec-
tion	type.	Long-term	results	in	the	MCAs	treatment	are	
good.	The	recurrence	is	very	rare,	but	possible.	In	cases	
of	 cystadenocarcinomas,	 long-term	 results	 are	 worse	
compared	to	MCAs,	but	better	compared	to	pancreatic	
adenocarcinomas	[20].

4.2.2.2. Management in intraductal papillary mucinous 
neoplasms
According	 to	 the	 International	 Association	 of	 Pancre-
atology	 guidelines	 for	 the	 management	 of	 IPMNs,	 all	
suspected	main-duct	 and	 combined	 IPMNs	 should	 be	
resected	 due	 to	 a	 high	 risk	 of	malignancy.	 In	 asymp-
tomatic	patients,	surgery	is	required	if	differential	preop-
erative	diagnosis	between	benign	and	malignant	IPMNs	
is	not	possible	 [95].	So,	decision	regarding	the	IPMNs	
treatment	depends	commonly	on	IPMN	type.	The	above	
recommendations	 are	 associated	 with	 different	malig-
nant	potential	depending	on	the	IPMN	type.	According	
to	 the	 literature,	 carcinoma	 and	 invasive	 carcinoma	
forms	 are	 significantly	 less	 frequent	 in	 branch	 type	
IPMNs	[24].	Therefore,	patients	with	peripheral	branch-
types	IPMNs	without	any	malignant	parameters	should	
be	candidates	for	a	strict	clinical	and	radiological	“wait	
and	see”	 follow-up.	Only	 in	such	cases,	surgery	 is	not	
required.	In	the	remaining	patients,	surgical	resection	is	
still	the	treatment	of	choice	[96].	The	main-duct	IPMNs	
as	the	tumors	with	a	high	malignancy	potential	require	
surgical	resection,	whereas	asymptomatic	<3	cm	in	size	
and	without	radiologic	features	of	malignancy	(i.e.	mu-
ral	nodules)	branch-duct	 IPMNs	can	be	observed	due	
to	their	lower	malignant	potential	[93].	The	type	of	pan-
creatic	 resection	 also	 depends	 on	 tumor	 location	 and	
involves:	 proximal	 pancreatectomy	 (pancreatoduode-
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nectomy)	(for	IPMNs	located	in	the	head,	uncinate	proc-
ces	or	isthmus),	central	pancreatectomy	(for	IPMNs	lo-
cated	in	the	pancreatic	isthmus),	distal	pancreatectomy	
(for	 IPMNs	 located	 in	 the	pancreatic	body	or	 tail)	 and	
total	pancreatectomy	(for	IPMNs	diffusely	involving	the	
pancreas	or	those	involving	the	head	and	extending	into	
the	pancreatic	body)	with	lymphadenectomy	[23,96-98].	
Total	pancreatectomy	 is	 the	treatment	of	choice	 in	pa-
tients	in	good	general	condition	with	extensive	involve-
ment	of	IPMNs	[99].	Enucleation	can	be	also	performed	
in	some	cases	of	 IPMNs.	Hwang	et	al.	 [97]	compared	
efficacy	of	enucleation	and	pancreatoduodenectomy	for	
small	 (<3	 cm)	 branch-duct	 type	 IMPNs	 located	within	
the	pancreatic	head	and	uncinate	process.	Authors	re-
ported	that	the	mean	operation	time	and	blood	loss	were	
significantly	 lower	 in	 the	 enucleation	 group	 compared	
to	the	resection	group.	Authors	concluded	that	enucle-
ation	is	safe	and	effective	alternative	surgical	procedure	
in	branch	duct	type	IPMNs	of	size	<3	cm	that	required	
surgery.	There	were	no	significant	differences	 in	other	
surgical	morbidities.	 Intra-operative	decision	 regarding	
the	extent	of	pancreatic	 resection	 is	also	an	 important	
problem	in	IPMNs.	The	negative	resection	margins	are	
reported	in	49-81%	with	a	0-25%	pancreatic	recurrence	
rate	 in	follow-up	of	6	months	to	11	years	after	the	first	
surgical	procedure.	Therefore,	with	the	exception	of	the	
total	 pancreatectomy,	 intra-operative	 histopathological	
of	resection	margins	is	very	important	and	influence	on	
surgeon’s	decision	regarding	the	resection	extent	[96].	
The	long-term	treatment	results	as	survival	are	compara-
ble	in	all	(branch-duct,	main-duct,	and	combined)	types	
and	all	histopathological	stages	(adenomas,	borderline	
neoplasms,	and	carcinomas	in	situ)	IPMNs	[23] Patients 
following	surgical	resection	of	IPMNs	require	careful	ob-
servation	due	to	a	recurrence	risk.	Sohn	et	al.	[23] rec-
ommended	MDCT	or	MRCP	as	 imaging	 investigations	
of	choice	performed	in	1-year	intervals.	Turrini	et	al.	[26] 
analyzed	efficacy	of	adjuvant	therapy	in	invasive	IPMNs	
patients	with	 poorer	 prognosis.	Authors	 did	 not	 report	
survival	 benefit.	 In	 the	 authors’	 opinion,	 re-resection	
should	 be	 considered	 in	 selected	 patients	 with	 recur-
rence	of	invasive	IPMN	in	the	remnant	pancreas.	

4.2.3. Management in solid pseudopapillary neoplasms
Solid	pseudopapillary	tumors	have	a	low	malignant	po-
tential	and	are	characterized	by	only	 local	aggressive.	
Surgery	 is	 the	 treatment	of	 choice	even	 in	cases	with	

distal	metastases	and	local	recurrence.	Overall	5-years	
survival	 in	 patients	 undergoing	 surgical	 resection	 is	
97%.	The	surgical	resection	type	depends	on	tumor	lo-
cation	and	staging.	The	types	of	surgical	resection	are	
similar	to	the	above	mentioned	tumors	(pancreatoduo-
denectomy,	 central	 and	 distal	 pancreatectomies	 or	 lo-
cal	resection	depending	on	tumor	location).	Partial	liver	
resection	is	performed	in	tumors	with	hepatic	metasta-
ses	 [27,100-102].	Laparoscopic	 resection	of	SPTs	can	
be	performed	as	the	safe	and	effective	procedure.	Ca-
vallini	et	al.	 [103]	described	 the	distal	pancreatectomy	
by	 laparoscopic	 approach	 with	 good	 results.	 Authors	
recommended	 this	 surgical	 procedure	 especially	 for	
young	patients	with	SPTs.

5. Conclusions
Pancreatic	cysts	involve	a	wide	spectrum	of	lesions	from	
post-inflammatory	pseudocysts	through	benign	cystad-
enomas	to	malignant	cystadenocarcinomas.	Pancreatic	
pseudocysts,	serous	cystadenomas,	mucinous	cystade-
nomas,	intraductal	papillary	mucinous	tumors	and	solid	
pseudopapillary	 tumors	 occur	most	 frequently.	 Proper	
differential	diagnosis	of	pancreatic	cysts	is	very	impor-
tant	because	it	allows	for	the	appropriate	treatment.	Dif-
ferential	diagnosis	should	involve	imaging	investigations	
(TUS,	CT,	MRCP)	that	should	be	supplemented	by	the	
cyst	fluid	analysis.	Imaging	findings	should	be	correlat-
ed	with	cyst	fluid	cytology.	The	management	depends	
on	 the	cyst	 type	 (pseudocyst	or	 tumor)	and	neoplasm	
type	 (because	 tumors	 have	 different	malignant	 poten-
tial)	 and	 size.	 General	 patient’s	 condition,	 age,	 and	
co-morbidities	also	influence	on	decision	regarding	the	
management.	 Small	 asymptomatic	 pseudocysts	 (that	
can	resolve),	small	asymptomatic	serous	cystadenomas	
and	branch-duct	 IPMNs	should	be	carefully	observed,	
whereas	symptomatic	 large	or	doubtful	serous	cystad-
enomas	 and	 cystadenocarcinomas,	 mucinous	 cystad-
enomas	 and	 cystadenocarcinomas,	 main-duct	 IPMNs	
and	 large	 branch-duct	 IPMNs	with	malignant	 features	
(mural	 nodules),	 and	 solid	 pseudopapillary	 tumors	 re-
quire	surgery.	Pseudocysts	are	usually	drained.	Compli-
cated	and	uncertain	pseudocysts	and	all	cystic	tumors	
require	surgical	resection.	The	type	of	surgery	depends	
on	cyst	location	and	size	and	includes	proximal,	central,	
distal,	total	pancreatectomies	and	enucleation.
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