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Abstract 
Background: Cystic tumours of the pancreas are relatively uncommon tumours but 
there is an increasing awareness of their importance. Modern advances in imaging 
had resulted in a more prompt diagnosis of these tumours. The understanding of the 
pathology, clinical features, diagnosis and management of these tumours is continu-
ously evolving. Data Sources: Systematic literature review. A PubMed database re-
search was performed. Relevant articles published in English were identified and 
scrutinized. Duplications of information and persistently unsolved uncertainties 
were excluded. Results: Cystic tumours of the pancreas should be differentiated from 
pancreatic pseudocysts. Cystic tumours could be classified into: cystic serous neo-
plasms (SCN), mucinous cystic neoplasms (MCN), intraductal papillary neoplasms 
(IPMN), solid pseudopapillary neoplasms (SPPN) and the rarer tumours cystic pan-
creatic endocrine neoplasms (PEN). Except for SCN, all these tumours should be re-
garded, at least, as potentially malignant but they may be frankly malignant. The age 
of the patient and site of the lesion may be helpful in the diagnosis. In particular, 
MCN is always encountered in females in their middle age and often in the body and 
tail of the pancreas. Many of these tumours are diagnosed incidentally. Pancreatitis 
and hyperamylasaemia should be interpretted with caution as IPMN may present as 
pancreatitis. CT is the primary diagnostic tool although MRI, EUS, PET, abdominal 
ultrasound and ERCP have all been utilised. Biochemical markers are of limited 
value in the diagnosis. Conclusions: Management decision depends primarily on the 
understanding of pathology and on how confident the preoperative diagnosis is. SCN 
may be observed. Partial pancreatectomy is the usual operation performed for most 
other tumours according to the location of the lesion which means that distal pan-
createctomy is usually the operation performed for MCN. Total pancreatectomy for 
IPMN, enucleation and central pancreatectomy have all been described in the litera-
ture. Laparoscopy is more suitable for benign or low grade malignant tumours in the 
context of distal pancreatectomy. Spleen should be preserved unless splenectomy is 
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indicated and splenic vessels should be preserved wherever possible when preserving 
the spleen. 
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1. Introduction 

Cystic tumours of the pancreas have been increasingly recognized in the last two dec-
ades [1]. Generally speaking, most of these tumours are either serous or mucinous neo-
plasms [2] [3]. Their malignant potential has to be well emphasized [1] [2]. Because of 
the aging of the population, prevalence of medical checkups, and advances in imaging 
studies, the number of incidentally detected pancreatic cystic lesions has increased [4]. 
The approach to incidentally noted pancreatic cysts is constantly evolving [5]. Parame-
ters including symptoms, cyst size, presence of solid components, radiological appear-
ance and pancreatic duct involvement have all to be taken into consideration when de-
ciding which patients would benefit from surgical resection [5]. Neoplastic cysts should 
be differentiated from non-neoplastic cysts and further differentiation between benign 
and malignant cysts should be made [4]. The surgeon has to have good understanding 
of these tumours to minimize the chance of missing what could turn to be a malignant 
tumour. This review aims to cover the pathology, diagnosis and different management 
options of these tumours with some emphasis on the role of laparoscopic surgery. 

Epidemiology and Prevalence 

Cystic neoplasms of the pancreas are relatively uncommon conditions of the pancreas 
comprising less than 1% of primary pancreatic tumours but are becoming increasingly 
important in clinical practice because of the advancement of the diagnostic modalities 
used to detect asymptomatic lesions [6], and therefore, they are much more common 
than previously appreciated. Between 10% and 15% of pancreatic cystic lesions are pri-
mary cystic neoplasms whilst most of the remaining majority are pseudocysts [7]-[9]. 

2. Pathology 
2.1. Classification 

Cystic tumours of the pancreas can be classified into [3] [7] [10]:  
1) Cystic serous neoplasms (SCN): Previously known as serous cystadenoma. Serous 

cystadenocarcinoma is very rare. 
2) Mucinous cystic neoplasms (MCN): which could be further classified into muci-

nous cystadenoma, mucinous cystadenoma with mild dysplasia, mucinous cystadeno-
carcinoma non-infiltrating and mucinous cystadenocarcinoma infiltrating. 

3) Intraductal papillary neoplasms (IPMN) which are further categorised into intra-
ductal papillary mucinous adenoma, IPMN with mild dysplasia, intraductal papillary 
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mucinous cystadenocarcinoma non-infiltrating and intraductal papillary mucinous 
cystadenocarcinoma infiltrating. 

4) Solid pseudopapillary neoplasms (SPPN). 
5) Rarer tumours: cystic pancreatic endocrine neoplasms (PEN), cystic ductal ade-

nocarcinoma and acinar cell cystadenoma. 
Mucin producing cystic tumours of the pancreas would, therefore, comprise MCN 

and IPMN. 

2.2. Description of the Main Pathological Features 

Cystic serous neoplasms (SCN): Represent 25% - 30% of primary cystic tumours of 
the pancreas [8]. These tumours are more common females [8] with the mean age be-
ing 62 years [10] and are evenly distributed throughout the pancreas [10]. They exhibit 
macroscopic variation and can be divided into two categories: serous microcystic and 
serous oligocystic [3] [8]. 

Mucinous cystic neoplasms (MCN): Represent 40% -50% of primary cystic tu-
mours of the pancreas [7]. These tumours are formed of mucin producing cells and are 
characterised by the presence of ovarian like stoma [10] which stains for human chori-
onic gonadotropin in 62% of cases [11] although non ovarian stoma MCNs have been 
reported [7]. They always occur in females in their middle age i.e. in the 40 to 50 year 
age range [12] [13]. They are often found in the body and tail of the pancreas [10] [12]. 

Intraductal papillary neoplasms (IPMN): These tumours, reported first in 1982 by 
Ohhashi et al., make up 20% - 30% of primary cystic tumours of the pancreas [14]-[16]. 
They are found most often in male patients in their 60 s and 70 s although they have 
been reported in females [7] [11]. They can occur anywhere in the pancreas [6] but are 
more often in the pancreatic head and neck region [7] i.e. they are more common in, 
but not confined to, the head and neck of pancreas. They have been reported to arise in 
association with Peutz-Jeghers syndrome and familial adenomatous polyposis [11]. 
These tumours produce mucin like MCN but they are a different category [6]. They al-
ways communicate with the pancreatic duct, a feature not seen in MCN [7]. The lesions 
can be divided into two categories: 1) Main duct type and 2) Branch duct type [10]. 
Unlike MCN, SCN and IPMN lack ovarian-type stroma [17]. The potential for multi-
focality and late recurrence has made surgical management of IPMN quite challenging 
[17].  

Solid pseudopapillary neoplasms (SPPN): Are a rare clinical entity [18]. SPPN 
were described by Frantz in 1959 [18]. Different synonyms have been used (solid and 
cystic papillary neoplasms, papillary cystic neoplasms, Frantz’s tumours, papillary and 
cystic epithelial neoplasms) [18]. These tumours occur more often in young women 
mostly in the second and third decades of life although have been reported in men and 
are evenly distributed throughout the pancreas [7] [18]-[20]. They are usually large well 
encapsulated tumours sharply demarcated from the pancreatic tissues and have a mix-
ture of solid and cystic components with a papillary pattern [18] [19]. They can be mis-
diagnosed as acinar cell carcinoma, non-functioning islet cell tumour, cystadenoma or 
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even adenocarcinoma [17]. Due to the paucity of these tumours, the natural history of 
the disease is not fully understood [19]. 

Cystic pancreatic endocrine neoplasms (PEN): They are cystic variants of their 
solid counterparts which can give a picture similar to the cystic tumours of the pancreas 
described above [6].  

2.3. Risk of Malignancy 

Broadly speaking these tumours are classified into benign, potentially malignant and 
malignant [10]. 

Cystic serous neoplasms (SCN): are generally considered benign. Malignant cha- 
nges in SCN are extremely rare [3] [21]. Indeed, the interpretation of these cases as ma-
lignant has been controversial [8]. 

Mucinous cystic neoplasms (MCN): are at least potentially malignant [10] with a 
malignant potential ranging from 6% to 36% [7]. The prognosis after resection is better 
than ductal adenocarcinoma of the pancreas [6]. 

Intraductal papillary neoplasms (IPMN): Main duct tumours have a higher chance 
of malignancy, which could be invasive or non invasive carcinoma compared with 
branch duct tumours (between 60% and 90% for the former and 6% and 46% for the 
latter respectively) [11] [14] [15]. IPMNs may range from premalignant lesions with 
low-grade dysplasia to invasive malignancy and they have a clear tendency to become 
invasive carcinoma [13]. As with mucinous cystadenocarcinoma, invasive IPMN is re-
ported to recur after margin negative pancreatic resection [17] but unlike benign MCN, 
noninvasive IPMNs have been reported to recur after R0 pancreatic resections [17].  

Prognosis of a ductal carcinoma developing from IPMN does not differ significantly 
from “classic” ductal adenocarcinoma, with a very poor (10%) 5-year survival rate [16]. 
However, prognosis of IPMN can still be regarded favourable, because the survival rate 
can be as high as 70% if the tumour is non-invasive [16]. 

Solid pseudopapillary neoplasms (SPPN): They are generally regarded benign or 
tumours with low grade malignant potential but have been reported to grow to a large 
size, infiltrate surrounding organs and vessels, metastasise to the liver and in the peri-
toneal cavity to produce Krukenburg-type distant metastasis and indeed recur after 
radical surgical excision [10] [18] [19] but they can run a very indolent course [10]. 
Prognosis is excellent after resection [18].  

The behaviour of the cystic pancreatic endocrine neoplasms (PEN) is similar to 
their solid counterparts [6]. 

3. Diagnosis 

40% - 75% of these lesions are asymptomatic diagnosed incidentally in the course of 
investigating other abdominal conditions [9]. There are two important questions to 
answer. The first question is how to differentiate a cystic pancreatic tumours from a- 
pancreatic pseudocyst. The other question is the nature of the lesion and whether it is 
benign or malignant. Taking careful clinical history and using the imaging modalities 
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and biochemical markers described below could be helpful to establish a preoperative 
diagnosis although making a definitive preoperative diagnosis may still not be possible 
[22]. Caution should be exercised when interpreting the clinical and radiological find-
ings. In particular, clinical history of pancreatitis and hyperamylasaemia should be in-
terpreted with caution as IPMN can present with acute pancreatitis by compression of 
the pancreatic duct or occlusion of the pancreatic secretion [22] [23]. Indeed, mucinous 
cystadenoma with histologically proved ovarian like stroma has been reported to pre-
sent with acute pancreatitis [24]. Moreover, communication with pancreatic duct on 
MRI may also be a misleading sign as it is reported to happen both in pseudocysts and 
IPMN [8] [23]. Inadequate management or even inappropriate surgical treatment is not 
unknown if a cystic tumour is mistaken for a pseudocyst [16]. 

Historically, 80% - 90% of cystic lesions were considered to be pseudocysts lacking 
an epithelial lining on the inner cyst surface and 10% - 20% are true cysts with an 
epithelial lining on the inner cyst surface [8] [23]. Many of these true cysts are now 
known to be cystic tumours [24]. Furthermore, although pseudocysts always lack 
epithelial lining, the lack of epithelial lining does not rule out cystic tumours [25]. 

The diagnostic tools are primarily imaging and biochemical studies. 

3.1. Imaging 

CT scan: CT with intravenous contrast scan is often employed as the main diagnostic 
modality [7]. 

SCN: The pathognomoic feature of the microcystic SCN is the “honeycomb” ap-
pearance [9] where many small cysts are found within the larger cyst [10]. A central 
stellate scar is often seen in the centre of the SCA and is considered pathognomonic [7]. 
Sunburst pattern of calcification is also diagnostic [8] [9]. The oligocystic adenoma ap-
pears macrocystic rather than microcystic and can be misdiagnosed as MCN or pseu-
docysts [8] (Figure 1(a) and (b)). 

 

 
(a)                                               (b) 

Figure 1. Microcystic serous cystadenoma. 
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MCN: MCN usually appear unilocular but could be multilocular [6]. MCN are often 
macrocytic although microcystic lesions occur and are characteristically multilocular 
[7]. Dilatation of pancreatic duct is uncommon and pancreatic duct communication is 
rare in SCN and MCN [7]. Features of malignancy are size more than 2 - 3 cm, septal 
enhancement, wall nodularity, calcification, solid component within the cyst and local 
infiltration and distant metastasis [6]. 

IPMN: Main duct IPMN appears as a segmentally dilated tortuous pancreatic duct 
with filling defects [6]. Brach duct IPMN appears as a unilocular cyst [6]. Nodules in 
the main duct system and dilatation of the main duct (>1 cm) suggest main duct IPMN 
whilst a mucinous cyst communicating with the pancreatic duct outside a main duct of 
normal diameter indicates branch duct IPMN [11]. Communication with the pancre-
atic duct helps distinguish branch duct IPMN from other cystic lesions of the pancreas 
[8]. Multiplicity of the cysts, multifocality of the lesion and pancreatic ductal dilatation 
distal to the lesion favour the diagnosis of IPMN. The presence of a mural nodule often 
signifies an invasive cystic neoplasm [7]. 

SPPN: SPPN is a well capsulated large lesion with a heterogenous mixed solid and 
cystic appearance [6]. 

Differentiating benign from malignant lesions may still be difficult on CT [22]. The 
diagnostic accuracy of CT has been reported to range between 20% and 90%. This wide 
range is attributed to the study design, characteristics of the lesions and the presence of 
lesions with atypical features [7]. Fisher et al. [26] reported accurate specific diagnosis 
in only 39% and accurate prediction of malignant potential in 61% of pancreatic cystic 
neoplasms using modern CT equipments with expert interpretation.  

 
MRI: The features of pancreatic cystic lesions on MRI are rather similar to CT and 

accuracy more or less similar to CT has been reported [26].  
 
Endoscopic Ultrasound (EUS): There had been initial enthusiasm for EUS in diag-

nosing cystic tumours of the pancreas with a wide range of diagnostic accuracy re-
ported ranging from 40% to 96%. However, EUS has limited ability to differentiate be-
nign from malignant tumours although its main value is to obtain cyst fluid for analysis 
[4] [5] [11]. 

 
Positron Emission Tomography (PET): PET has been advocated for diagnosing 

and staging cancers. However, PET is unable to differentiate borderline from malignant 
pancreatic cystic tumours and there is no reliable evidence to validate its accuracy over 
CT and MRI. Its use, therefore, is limited as a diagnostic tool for pancreatic cystic tu-
mours [11]. 

 
Transabdominal ultrasound has its well known limitations in imaging the whole of 

the pancreas and its sensitivity is limited by the overlying bowel gas [7]. 
 
ERCP is the most sensitive modality to detect the main pancreatic duct lesions [1]. In 
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some of cases, which has been reported to be up to 50% of the lesions, the diagnosis of 
IPMN can be established if a patulous papilla with mucin extrusion is found, a sign 
called “fish eye” sign [7] [23]. The use of ERCP as the primary diagnostic tool is, how-
ever, not recommended [7].  

3.2. Role of Biochemical Markers 

A. Serum markers: Serum carcinoembryonic antigen (CEA) and CA 19 - 9 are not 
useful in diagnosing cystic tumours of the pancreas as they are in pancreatic adenocar-
cinoma [6]. Most cystic neoplasms of the pancreas would have normal levels [6]. The 
sensitivity and specificity are low (<50%) [6]. 

B. Cystic fluid examination:  
1) Image or EUS guided aspiration of the cyst fluid to examine the macroscopic ap-

pearance (e.g. aspiration of mucinous fluid in MCN and glycogen rich cells in SCN) is 
often of little help and so are the amylase level and cytological examination of the cyst 
fluid [6] [25]. 

2) Tumour markers in the cyst fluid could, however, be of some help [27].  
Carcinoembryonic antigen: (CEA) is regarded as the most useful marker in the cyst 

fluid to diagnose mucinous lesions [27]. Levels higher than 400 ng/mL are indicative of 
mucinous adenocarcinoma or mucinous cystadenoma with a malignant potential [6]. 
The basic use of CEA is to differentiate mucinous (where CEA is usually but not always 
high) and serous lesions (where the level is low) [7]. The sensitivity and specificity of 
CEA in this regard are 50% - 100% and 77% - 95% respectively [7].  

High cyst fluid levels of CA-125 and CA 72-4 are suggestive of a malignant or prema-
lignant potential [6].  

Cyst fluid CA 19-9 is of a much limited value in benign and malignant cystic tu-
mours compared with pancreatic adenocarcinoma [6]. 

C. Genetic markers: The genetic markers such as K-ras mutation have not been well 
studied in cystic tumours of the pancreas [6]. Furthermore, these genetic tests may not 
be readily available in the hospital setting. 

4. Management 

Management decision depends on how confident the preoperative diagnosis is which is 
mainly based on imaging. 

As the treatment is essentially surgical because chemotherapy and radiotherapy have 
no defined role here [10] and provided that pseudocyst has been excluded, there are 
usually four main questions to answer: 

(A) Decision to operate  
(B) What operation to choose 
(C) Open or laparoscopic 
(D) How to manage the spleen 
(A) Decision to operate or manage conservatively: The objectives of surgical 

treatment are to treat symptoms, excise malignant lesions and prevent the progress of a 
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potentially malignant lesion into a malignant spreading one. 
Cystic serous neoplasms (SCN) can generally be observed unless they are sympto-

matic which would often be the case in bigger tumours (larger than 4 cm) [23]. SCN 
could increase in size or become symptomatic during the conservative follow up, 
therefore changing the management from conservative to surgical [8]. 

Mucinous tumours: The teaching in the past has always been to remove all mucin 
producing neoplasms [11] and although many of these tumours would still be excised 
in modern surgical practice, a more tailored selective approach should, however, be 
adopted. 

Mucinous cystic neoplasms (MCN) should be resected in view of their malignant 
potential particularly that most patients are young with a long life expectancy [11].  

Main duct intraductal papillary neoplasms (IPMN) should be resected, unless the 
tumour is small (less than 10 mm) in high risk patients. Nevertheless, all patients re-
gardless of the operative risk should be offered surgery if there is a preoperative evi-
dence of intramural nodule as there is evidence that these tumours have a high risk of 
invasiveness, not only because of their potential malignant transformation but also be-
cause it is difficult to be sure of the nature of the existing lesion preoperatively [8] [17]. 

Branch duct IPMN tumours can be observed if they are less than 3 cm in size with no 
suspicious features on imaging [6]. Small branch duct IPMN that are less than 30 mm 
in diameter and do not contain mural nodule on imaging rarely have a malignant po-
tential [11]. 

There is, however, a school of thought that in absence of risk factors for malignancy 
and/or worrisome features on radiological assessment, mucin producing cystic lesions 
of the pancreas (IPMN and MCN) can be conservatively managed as long as the di-
ameter does not exceed 4 cm provided that the patient is followed up promptly [28]. 
Understandably, vigilance has to be exercised if the latter policy is followed. 

SPPN: Due to their variable behaviour described above and in spite of the general 
benign nature of solid pseudopapillary neoplasms (SPPN), they should be resected par-
ticularly that they often occur in young patients [20].  

For all tumours, if it remains impossible to make a definitive diagnosis after all the 
above described investigations, resection should be considered [22].  

Spenilli et al. [29] reported that cystic pancreatic neoplasms occur in 0.7% of hospital 
patients, increase in 19% over 16 months, and are likely (60%) to be malignant in pa-
tients older than 70 years. Therefore, they recommend surgical excision for pancreatic 
cysts that are increasing under observation, symptomatic, or detected radiologically in 
fit older patients. 

Suggested steps in decision making [11] [13] [27]:  
Step 1: Exclusion of pseudocys by CT and/or MRI 
Step 2: Once the pseudocyst has been excluded, cystic tumours can be classified into: 
(A) Symptomatic tumours which should be resected  
(B) Asymptomatic tumours which, again, could be: 
(1) Tumours with typical features on imaging: 
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SCN: observe unless larger than 4 cm, 
MCN and SPPN: should be resected, 
IPMN: main duct tumours should be resected whilst branch duct tumours should be 

managed as explained above. 
(2) Tumours with indeterminate features: which in turn could be 
(a) Suspicious tumours should be resected. 
(b) Simple or compound cysts and lesions with atypical features: individual decisions 

have to be made e.g. further investigations by EUS, FNA or biochemical markers.   
Step 3: For the last category of tumours where definitive diagnosis can not be made 

with confidence preoperatively, a decision has to be finalised whether to operate or ob-
serve in the light of understanding of the behaviour of individual tumours. 

(B) Selection of the operation: Depending on the location of the tumours described 
above, the operations available are: pancreaticoduodenectomy, distal pancreatectomy, 
total pancreatectomy, segmental resection such as middle pancreatectomy and enuclea-
tion [11] [30]. Distal pancreatectomy is the most commonly performed operation [27]. 

Because of their location, the usual operation for MCN is distal pancreatectomy [11]. 
The objective of treatment in IPMN is to achieve a surgical negative resection (R0 

resection) [11]. That can be achieved by partial pancreatectomy in most cases, depend-
ing on the location of the tumours [11]. Because IPMN is characterised by multifocal-
ity, total pancreatectomy has been advocated [11] [31] [32]. Advocates of this policy 
argue on the basis that up to 30% of patients will have multifocality at the time of diag-
nosis [11] [33] [34]. Furthermore, achieving clear margins does not necessarily mean 
there would be no missed foci in the pancreatic tissue left behind in the context of a 
multifocal disease. However the policy of total pancreatectomy can be criticised as there 
is no genuine reason for the patients to suffer the disabling endocrine and exocrine se-
quences of total pancreatectomy for a disease (IPMN) where the recurrence rate in ma-
lignant IPMN is similar in total and partial R0 pancreatectomy [11] [35] [36]. Total 
pancreatectomy has significant metabolic endocrine and exocrine consequences [14]. 
In brief, in terms of endocrine effects, there would be less need for insulin compared to 
partial pancreatectomy as there would be no source for glucagon but the therapeutic 
window is narrow resulting in frequent postprandial hypoglycaemia which initiates a 
cerebral autonomic response that attenuates epinephrine secretion from the adrenal 
[14]. This reduction causes episodes of diabetic unawareness which when combined 
with insulin insensitivity is termed brittle diabetes, a term described in 1930s [14]. The 
exocrine insufficiency is also significant. Even with aggressive pancreatic enzyme re-
placement of up to 1,200,000 IU of lipase per meal in combination with proton pump 
inhibitors to minimize the early inactivation of the enzymes by gastric acid, these pa-
tients often have moderate steatorrhoea and glucose malabsorption which further com-
plicates diabetes management [14]. These patients may need up 5000 kcal a day to 
maintain their body weight [14]. It has been a practice in some centres [14] [17] to at-
tempt partial pancreatectomy according to the location of IPMN and perform intraop-
erative frozen section to make sure margins are clear. If there is evidence of severe dys-
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plasia or invasive cancer, resection should be extended up to total pancreatectomy al-
though there is some evidence that this may not be necessary for non invasive tumours 
[37].  

SPPN in the pancreatic head should be treated with pancreaticoduodenectomy whilst 
those in the body and tail can be treated with distal pancreatectomy [18]. 

Enucleation, which is traditionally the treatment of benign pancreatic endocrine 
tumours, has been practised for pancreatic cystadenomas (serous and mucinous) [38] 
and branch duct IPMN [39]. Tumours suitable for enucleation are the benign tumours 
which should be ascertained intraoperatively, small and superficial tumours where the 
main pancreatic duct is not expected to be jeopardised by enucleation [38] [40]. The 
size suitable for enucleation is debateable and it had been estimated to be less than 4 
Cm although some authors would perform enucleation for tumours up to 6 cm [29] 
and others would only recommend enucleation for tumours less than 2 cm [40]-[42]. 
Advantages are less operating time, less blood loss, quicker recovery and preservation 
of more pancreatic parenchyma with less chance of endocrine and exocrine conse-
quences compared to resection [38]. There is, however, more chance of developing 
pancreatic fistula with enucleation [38]. Pancreatic fistula has been defined as draining 
more than 30 mL of amylase rich fluid a day [23], persistent draining of lipase rich fluid 
for 6 days [43] or radiological draining of lipase rich fluid [43]. It is argued that the 
reason for most papers to report more pancreatic fistula than reality is that most opera-
tions were performed for endocrine tumours which are different from cystadenomas in 
that the latter have fibrous capsules the dissection along which would decrease the in-
cidence of pancreatic fistula [38]. Long follow up after enucleation is lacking [38]. Ge et 
al. reported no recurrence with enucleation after a follow up period of up to 67 months, 
which is probably an unnecessary conclusion in a series of benign tumours. Further-
more, no new onset diabetes was reported in the same paper [38]. 

Central pancreatectomy (middle pancreatectomy, middle segment pancreatectomy) 
has been proposed as a better alternative to enucleation for benign or low grade tu-
mours including pseudopapillary tumours larger than the size suitable for enucleation 
located in the central pancreas i.e. in the neck and proximal body [40] [44] [45]. For 
IPMN, it is most suitable for branch duct tumours [40]. In central pancreatectomy, the 
proximal stump is oversewn and the distal stump is anastomosed to the jejunum using 
a Roux-en-Y reconstruction but some authors have described anastomosing the distal 
stump to the stomach [40] [44] [45]. Frozen sections could be performed and central 
pancreatectomy should be abandoned if malignancy is found [46]. Advantages over 
formal pancreaticoduodenectomy and distal pancreatectomy are preservation of pan-
creatic endocrine and exocrine function, preservation of gastrointestinal continuity and 
preservation of spleen [40]. Advocates of central pancreatectomy further argue that the 
effect of pancreatic resection on these functions are unpredictable in patients with ap-
parently normal pancreas because factors such as fibrosis of the pancreatic remnant, 
Wirsung duct obstruction and pre-existing chronic pancreatitis could affect the func-
tional outcome [44]. However, central pancreatectomy, which leaves two ends of the 
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pancreatic duct would, at least in theory, double the chance of pancreatic fistula [40] 
[46] [47]. Furthermore, the incidence of endocrine and exocrine functional effects after 
formal pancreatectomy is rare [47]. Moreover, the spleen can often be preserved in 
more formal resection [47]. Central pancreatectomy is not an oncological operation 
and what appears to be a benign tumour could turn to be a malignant one postopera-
tively [47]. 

(C) Laparoscopic versus open approach: Generally speaking, all the available op-
erations, pancreaticoduodenectomy, distal pancreatectomy, total pancreatectomy, seg-
mental resection such as middle pancreatectomy and enucleation, can, in principle, be 
performed open or laparoscopically [12] [17] [48]. Benign lesions such as SCN and po-
tentially malignant lesions such as MCN and IPMN are more suitable for laparoscopic 
approach than the frankly malignant tumours where the chance of open conversion is 
less in the former [44]. There is less blood loss with laparoscopic resection [17]. Gumbs 
et al. [17] have reported less operating time and less hospital stay, less incidence of bile 
leak and gastric volvolus in laparoscopic compared with open pancreatectomy for 
IPMN although the number of pancreatic fistula was the same in both groups. Laparo-
scopic pancreatic surgery has been relatively slow to develop compared with other areas 
of laparoscopic surgery due to technical challenges of this complex surgery, the diffi-
culty in obtaining adequate operative field for the retroperitoneal structures and the 
anxiety about serious complications [48]. Furthermore, localizing the pancreatic tu-
mours often requires tactile feedback which is largely lost in laparoscopic surgery and 
that is why many surgeons use laparoscopic ultrasound or laparoscopically assisted 
techniques [48]. The learning curve is expectedly long and slow. Laparoscopic distal 
pancreatectomy is more widely practised than pancreaticoduodenectomy [48]. This is 
because of the perceived difficulty in dissecting the neck of pancreas off the portal vein 
and the duodenum off the superior mesenteric vessels and performing the complex re-
construction [17]. Moreover, the nature of the lesions in the distal pancreas, being 
more often benign or low grade neoplasms with less concern about the resection mar-
gins, has encouraged more laparoscopic distal pancreatectomy compared with pan-
creaticoduodenectomy [48]. Enucleation can be performed laparoscopically with dif-
ferent degrees of success [48]. However, the incidence of pancreatic fistula is higher in 
laparoscopic compared with open enucleation (being 29% and 16% - 23% respectively) 
and certainly the lack of tactile feeling particularly applies here [38]. If the lesion can 
not be adequately localised by laparoscopic ultrasound during enucleation, conversion 
to open would be indicated [48]. Nevertheless, with the increasing experience in both 
pancreatic and laparoscopic surgery, the learning curve is on a significant increase. 

(D) The question of splenectomy: Spleen should be preserved unless splenectomy 
is oncologically indicated, [14] [49] [50] the pancreatic lesion is adherent to spleen [13] 
or the lesion is too large to allow preservation of spleen [12]. Splenic preservation-apart 
from preventing postsplenectomy sepsis-has been reported to delay the onset of diabe-
tes mellitus but that mostly applies to patients with chronic pancreatitis [40]. Splenic 
vessels should be preserved wherever possible although spleen preservation with divi-
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sion of the splenic vessels depending on the short gastric vessels has been reported [43] 
[51] as described below (Warshow technique). However, splenic infarcts (40%) have 
been reported after Warshaw technique in cases of enlarged spleen with insufficient 
short gastric vessels [43] [51]. Infarctions may be partial affecting a segment of spleen 
or total affecting the whole spleen [43]. Warshaw technique can also be complicated 
with splenic abscesses [43]. It is, therefore, suggested that Warshaw’s technique is con-
traindicated in cases of splenomegaly [50]. This is entirely understandable anatomically 
as both the left gastroepiploic and short gastric arteries originate from the distal part of 
the splenic artery or from its terminal branches. If the splenic artery is ligated proxi-
mally, that would leave the spleen dependant on some anastomotic vessels supplying 
the short gastric arteries from elsewhere in the stomach or possibly the oesophagus 
which may not be sufficient for the spleen to survive. 

A Brief Description of the Technique of Laparoscopic Distal  
Pancreatectomy with and without Splenectomy 

There are much more papers describing laparoscopic distal pancreatectomy compared 
with those describing laparoscopic pancreaticoduodenectomy as there is more experi-
ence with the former and therefore, the technique of laparoscopic distal pancreatec-
tomy will be summarized here. 

Distal pancreatectomy is usually performed with the patient in right lateral position 
(about 60 degrees) [12] but could be performed in supine position [49]. 

Four or five ports may be used (3 ports 12 mm each and one 15 mm port) [12] [27] 
[49] [52]. Four 5 mm ports have been used [52]. The epigastric port is used for stomach 
retraction [49]. Retracting the stomach, the lesser sac is entered by dividing the gastro-
colic omentum [49]. The approach used is medial to lateral [43] [49] i.e. dissection to-
wards the spleen with preservation of the short gastric vessels. The tail and body of 
pancreas are dissected off the retroperitoneum along the embryonic plane and sepa-
rated from the splenic flexure [49]. The splenic artery is dissected off the pancreas using 
a combination of blunt and bipolar energy dissection and preserved [49]. Once a seg-
ment of the artery is freed, it is elevated and held up to facilitate dissection [49]. The 
pancreas is dissected off the splenic vein using a combination of blunt and bipolar en-
ergy dissection [49]. Further dissection of the pancreas off the splenic artery is accom-
plished with the dissection heading towards the splenic hilum [49]. The tail of pancreas 
is freed from the splenic hilum [49]. The pancreas, now completely free, is transacted 
using a vascular stapling device [49]. The pancreatic neck can be divided either by ul-
trasound dissector or stapler [27] [43] [45] [52]. Stapler is preferred [43]. The stapler 
used to divide the pancreatic neck should be fired slowly [12]. If splenectomy is per-
formed, the splenic artery is clipped proximally [12]. The splenic artery and vein are di-
vided with the pancreatic neck [43]. If spleen is preserved, splenic vessels are either 
preserved with ligation of pancreatic branches using clips or ultrasound dissector or 
resected with the distal pancreas using a stapler making sure the short gastric vessels are 
preserved [43] [52]. The splenic vessels could be divided twice, firstly at the level of the 
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pancreatic neck and then close to the splenic hilum, and if the spleen is going to be 
preserved, anastomotic branches to the short gastric vessels at the hilum should be pre-
served. Different techniques have been described to address the pancreatic stump in-
cluding staplers alone, augmented by fibrin sealant, sutures or omental patch or suture 
closure if transaction is carried out using ultrasonic shears [43]. The incidence of pan-
creatic fistula is not related to the technique of dealing with the pancreatic stump [43]. 
The specimen is put in a plastic bag then a 4 cm incision is made in the left flank and 
the specimen is removed [12] [43] [49]. Particular attention is paid to avoid spillage of 
the tumour [12]. A suction drain is usually needed [43]. Following the same principles, 
central pancreatectomy could be performed where the proximal stump is secured and 
the distal stump is used for pancreaticojejunal or pancreaticogastric anastomosis [44]. 
The expected technical difficulty in performing these anastomosis is quite obvious here. 

5. Follow-Up 

Patients who have resection for benign MCN do not need follow up as these tumours 
do not recur in the remaining pancreas whilst patients who have resection for a malig-
nant MCN should be followed up with CT as there a chance of local recurrence and 
haematogenous metastasis [11].  

For asymptomatic branch duct IPMN which are observed, follow up is required.  
It has been suggested [6] that these patients should have a yearly follow up if the le-

sions are <10 mm, a 6 to 12 months follow up if the lesions are 10 - 20 mm and a 6 
months follow up if the lesions are >20 mm. If here is an unfavourable progress during 
the follow up as defined by sequential growth, appearance of new symptoms, appear-
ance of intramural nodules, increase in the cyst size to more than 30 mm or dilatation 
of the main pancreatic duct to more than 6 mm, resection would be indicated [6]. If 
there is no change during the follow up, the interval of follow up can be increased after 
two years although long term follow up is recommended [11]. 

There is a real risk of recurrence (up to 70%) after curative resection for IPMN and 
that applies to those who have resection for low and high grade dysplasia [11]. There-
fore, follow up both clinically and with CT is essential as some patients would need 
further resection [10].  

6. Conclusion 

Cystic tumours of the pancreas are relatively rare tumours that are challenging to 
manage. A general plan of management should be in place when the initial diagnosis is 
made which should be refined during the subsequent stages of management. There is 
no unified agreement as to what the best treatment is. However, resection should al-
ways be considered if there are features suspicious for malignancy. Laparoscopic sur-
gery has an increasing role to play in this field. 
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