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Definitions
A pseudocyst is present as a cystic cavity
bound to the pancreas by inflammatory tissue
[1]. Typically, the wall of a pancreatic
pseudocyst lacks an epithelial lining, and the
cyst contains pancreatic juice or amylase-rich
fluid [2, 3]. This is the histopathological
definition of a pancreatic pseudocyst. In the
past, there have been several different clinical
definitions of pancreatic pseudocysts - and
there are probably more to come in the future.
Today, the most used definitions differentiate
between peripancreatic fluid collections,
pseudocysts and pancreatic abscesses as in the
Atlanta classification system for acute
pancreatitis [4]:
Acute Fluid Collections occur early in the
course of acute pancreatitis, are located in or
near the pancreas, and always lack a wall of
granulation or fibrous tissue.
Acute Pseudocysts are constituted by
pancreatic juice enclosed by a wall of fibrous
or granulation tissue, arising as a consequence
of acute pancreatitis or pancreatic trauma.
Chronic Pseudocysts are constituted by
pancreatic juice enclosed by a wall of fibrous
or granulation tissue, arising as a consequence
of chronic pancreatitis and lacking an
antecedent episode of acute pancreatitis.

Pancreatic Abscess is a circumscribed intraabdominal collection of pus, usually in
proximity with the pancreas, containing little
or no pancreatic necrosis, arising as the
consequence of acute pancreatitis, trauma or
chronic pancreatitis.
The description of the separate entity of acute
fluid collections according to the Atlanta
classification is important inasmuch as it
represents an earlier stage in the development
of acute pseudocysts and abscesses as
compared to earlier definitions.
The distinction between a pseudocyst and
acute fluid collection leads to a better
understanding of the natural history of
peripancreatic fluid collections and facilitates
the progress of the treatment of these two
separate entities even though they are a part
of a continuous pathological process. The
presence of a well-defined wall composed of
granulation or fibrous tissue is what
distinguishes a pseudocyst from an acute fluid
collection.
A pseudocyst is usually rich in pancreatic
enzymes and is most often sterile. The
formation of a pseudocyst usually requires 4
or more weeks (many clinicians state six)
from the onset of acute pancreatitis [5]. In this
regard, an acute pseudocyst is a fluid
collection arising in association with an
episode of acute pancreatitis, lasting more
than 4 weeks and surrounded by a defined
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wall. Fluid collections lasting less than 4
weeks which lack a defined wall are more
properly termed acute fluid collections. In
contrast, chronic pseudocysts have a welldefined wall, but arise in patients with chronic
pancreatitis and lack an antecedent episode of
acute pancreatitis.
The
differentiation
in
the
Atlanta
classification between an acute and a chronic
pseudocyst is important, but it is confusing. It
is important to note that, in the classification,
the terms “acute” and “chronic” refer to the
pancreatitis associated with the pseudocyst
and not to the mode of symptomatology of the
pseudocyst itself. This means that an acute
pseudocyst may have been known for months
in one patient, whereas a chronic pseudocyst
in another patient may have been documented
for only a week or two.
Bacteria may or may not be present in a
pseudocyst culture. However, a pseudocyst is
defined as a fluid collection without clinical
signs of infection. The term “infected
pseudocysts” is not a well-chosen term as
there is no definition of it. Moreover, from a
biological point of view, it is probably
impossible to find a clear distinction between
these infected fluid collections and an
abscess. On the other hand, most positive
cultures from pseudocysts without clinical
signs of infection are of no clinical
significance
and
probably
represent
contamination during the culture procedure.
When obvious pus is present, the lesion is, of
course, more correctly termed a pancreatic
abscess [4].
Etiology
The occurrence of a pseudocyst parallels that
of pancreatitis and the etiology of pseudocysts
resembles the causes of pancreatitis closely.
Alcohol-related pancreatitis appears to be the
major cause in studies from countries where
consumption of strong beverages is relatively
high and accounts for 59-78% of all
pseudocysts [6]. Not only the differences
among the countries, but also the different
proportions of acute and chronic pseudocysts
in the studies can affect the prevalence of

alcohol-related pseudocysts. Alcohol abuse is
the presumed cause of pancreatitis in the
majority of patients with chronic pancreatic
pseudocysts, whereas the acute pseudocyst
may complicate the clinical picture of any
cause of acute pancreatitis, including ERCP
or pancreatic cancer [6].
Pseudocysts may also complicate certain
surgical procedures, such as partial
gastrectomy, when the pancreas is
inadvertently torn near its attachment to the
spleen or when an attempt has been made to
dig out a peptic ulcer which has penetrated
the pancreas.
Pseudocysts in children [7, 8] are known
complications of acute pancreatitis and
pancreatic trauma. It is not unlikely that a
blunt or non-penetrating injury, such as in a
steering wheel injury in an automobile
accident or a fall from a bike, in which the
pancreas sustains a crushing blow, be
complicated by a subsequent pseudocyst.
USA
An American study of 69 pseudocysts noted
that 78% were related to alcoholic
pancreatitis, 7% to complicated gallstone
pancreatitis, 6% were of unknown causation
(“idiopathic”) and 3% each were due to
trauma, hyperlipidemia or a recent surgical
operation [9]. Another study from America
presented similar results with 73% of cases
related to alcohol abuse and 6% to biliary
disease. Both of these possible causes were
present in 14% of patients and 7% had other
causes including trauma, penetrating duodenal
ulcers and hyperlipidemia [10].
Walt et al. reported data collected from
Wayne State University Hospital, Detroit. The
causative factors in the 357 admissions for
pancreatic pseudocysts included alcoholism in
251 cases (70%), biliary tract disease in 28
(8%), blunt trauma in 17 (5%), penetrating
trauma in 4 (1%), operative trauma in 1
(0.3%), and idiopathic in 56 (16%)
(alcoholism was difficult to exclude in about
half of these cases). In only 9 of the 28
patients with demonstrated biliary disease
could alcohol be definitely excluded as a
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causative factor. One patient in the idiopathic
group had hyperlipidemia; most of the others
were thought to have been alcoholic, but no
definite evidence was recorded [11]. The
proportion of acute and chronic pseudocysts
was not indicated in these studies.
South Africa
A prospective study of 83 patients from South
Africa reported 70% of pseudocysts to be
associated with alcohol-induced pancreatitis,
22% were due to blunt abdominal trauma and
8% were idiopathic [12]. Gallstone disease
was rare in this population though acute
pseudocysts were diagnosed in 54% of cases.
Europe
In a prospective study from France, chronic
pseudocysts were associated with alcoholic
pancreatitis in 94% of cases. The leading
cause of acute pseudocysts was gallstones
accounting for 45% of all acute cases. The
other causes were trauma (10%), ERCP (7%),
alcohol, pancreas divisum, surgery (4% each)
and idiopathic (28%) [13].
Alcohol as the principal cause of chronic
pancreatitis was demonstrated in 85% of
patients with pancreatic pseudocysts in a
Finnish study [14].
In recent prospective British study, patients
with chronic pancreatic pseudocysts had
established chronic pancreatitis as a result of
alcoholism in 71% of cases. Other causes
encountered were recurrent attacks of acute
pancreatitis (5%), cholelithiasis (4%) or
unknown causes (20%) [15].
Classification
There is a certain confusion in the literature
about the terms “acute” and “chronic” with
regard to pseudocysts. According to the
Atlanta classification - as described above an acute pseudocyst is a collection of
pancreatic juice enclosed by a wall of fibrous
or granulation tissue, arising as a consequence
of acute pancreatitis or pancreatic trauma,
whereas a chronic pseudocyst is a collection

of pancreatic juice enclosed by a wall of
fibrous or granulation tissue, arising as a
consequence of chronic pancreatitis and
lacking an antecedent episode of acute
pancreatitis. This means that the terms acute
and chronic regarding pseudocysts are used
differently in some respects than the way in
which these words are used in other medical
conditions.
Sometimes, classification of the pseudocysts
into acute and chronic types is - unfortunately
- based on the time interval (usually 4-6
weeks from the acute attack) in an attempt to
help decide on the timing of surgical
intervention and, in these cases, it does not
take the underlying disease into account. With
this use of the term, acute pseudocysts occur
in acute pancreatitis but can also develop in
chronic
pancreatitis
after
an
acute
exacerbation. On the other hand, chronic
pseudocysts are usually associated with
chronic pancreatitis but may develop after an
episode of acute pancreatitis as well [12]. The
situation is somewhat confusing and some
attempts have been made to set it clear by
classifying pseudocysts according to the
pathological changes underlying acute or
chronic pancreatitis.
Sarles’ Classification
As early as 1961, Sarles et al. [16, 17]
proposed a classification of pancreatic
pseudocysts depending on whether they were
associated with acute or chronic pancreatitis.
Pseudocysts associated with acute pancreatitis
were called necrotic pseudocysts because they
resulted from pancreatic necrosis and
extravasation of pancreatic juice. Based on
pathological studies, pseudocysts originating
from chronic pancreatitis were called
retention
pseudocysts.
Pathological
examinations revealed that intrapancreatic
fluid collections associated with chronic
pancreatitis were frequently true cysts caused
by dilation of pancreatic ducts behind calculi,
plugs,
or
strictures.
Extrapancreatic
pseudocysts complicating chronic pancreatitis
were more frequently caused by a rupture of
these pseudocysts into the peripancreatic
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tissues (retention pseudocysts) rather than by
acute necrotic pancreatitis complicating the
chronic lesion [13].
Sarles’ classification made a clear distinction
between acute and chronic pseudocysts based
on pathological grounds. They stressed that an
important aspect of chronic pseudocyst
formation is the underlying pancreatic duct
pathology. But they failed to recognize the
pseudocysts emerging after an episode of
acute-on-chronic pancreatitis even though
they reported one such case in their later
study [13].
The classification of pseudocysts proposed by
D’Egidio and Schein in 1991 [12] took into
account all the aspects mentioned above.
They identified three distinct types of
pseudocysts: Type I, or acute “post-necrotic”
pseudocysts, that occur after an episode of
acute pancreatitis and are associated with
normal
duct
anatomy,
and
rarely
communicate with the pancreatic duct; Type
II, also post-necrotic pseudocysts, which
occur after an episode of acute-on-chronic
pancreatitis (the pancreatic duct is diseased
but not strictured, and there is often a ductpseudocyst communication) and Type III,
defined as “retention” pseudocysts, occur
with chronic pancreatitis and are uniformly
associated with duct stricture and pseudocystduct communication. In this classification,
distinction between acute-on-chronic (Type
II) and chronic (Type III) can be subtle. It
often requires operation to show the presence
of necrotic debris, indicating a recent flare-up
of acute-on-chronic pancreatitis that may have
been missed clinically. Whenever possible,
the pancreatic duct should be delineated in
patients with chronic pseudocysts, since an
independent surgical approach may be
required to deal with underlying duct
pathology [18].
Classification According to Extent of Necrosis
Whether there is need to further subdivide
post-necrotic
pseudocysts
after
acute
pancreatitis is matter of discussion. However,
with the advance of conservative treatment
more and more patients with necrotic

pancreatitis survive the acute stage of the
disease without surgical intervention. With
extensive, i.e. more than 30%, necrosis of the
pancreas, the risk of pseudocyst occurrence
increases dramatically. Neoptolemos et al.
[19] divided their patients into two groups:
those who had either clinically mild
pancreatitis or severe disease but no surgery
for local complications and less than 25%
necrosis on contrast-enhanced CT, and those
who had clinically severe pancreatitis and
underwent surgery for local complications
and/or had at least 25% necrosis on CT, at
surgery or post mortem. The incidence of
pancreatic pseudocysts was 10% and 56%,
respectively [19].
Moreover, 12 of 18 patients in the group with
extensive necrosis of the pancreas underwent
diagnostic or therapeutic ERCP 5 days or
more after the onset of attack and seven
(58%) had disruption of the main pancreatic
duct in the head (n=4), body (n=2) or tail
(n=1) of the gland. By contrast, in none of the
89 patients with mild pancreatitis or with less
extensive pancreatic necrosis was there
evidence of main pancreatic duct disruption.
In such cases the complete disruption of an
otherwise normal pancreatic duct may be
observed [20]. Not only pathological
differences, but also different treatment
results [21, 22, 23, 24] makes distinguishing
between these two types of acute pancreatic
pseudocysts desirable.
Classification Based on Duct Anatomy
There is also a classification based entirely on
pancreatic duct anatomy proposed by Nealon
and Walser [20]. This system defines the
categories of ductal abnormalities seen in
patients with pseudocysts and relates the
authors’ experiences with different types of
treatment.
•
•
•

Type I: normal duct/no communication
with cyst.
Type II: normal duct with duct-cyst
communication.
Type III: otherwise normal duct with
stricture and no duct-cyst communication.
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•
•
•
•

Type IV: otherwise normal duct with
stricture and duct-cyst communication.
Type V: otherwise normal duct with
complete cut-off.
Type VI: chronic pancreatitis, no ductcyst communication.
Type VII: chronic pancreatitis with ductcyst communication.

So far, this classification, published in 2002,
has had limited use.
Incidence
Pseudocysts were once considered to be an
unusual complication of pancreatitis. As
recently as 1968, Becker et al. [25] wrote:
“The experience (with pseudocysts) in most
large surgical clinics is limited to relatively
few patients”. Some earlier studies, based on
upper gastrointestinal series, reported an
extremely low incidence (1.6-4.5%) of
pseudocyst formation, regardless of the cause
(0.5-1 per 100,000 adults per year) [26, 27,
28, 29, 30, 31, 32].
Incidence of
Pancreatitis

Pseudocysts

after

Acute

The estimated incidence of peripancreatic
fluid collections after acute pancreatitis is
dependent both on how a pseudocyst is
defined and on how it should be looked for.
Obviously, the incidence has increased with
the advent of ultrasonography and CT.
However, some authors still favor the terms
pancreatic
and
peripancreatic
fluid
collections, which now encompass two
separate entities such as acute fluid collection
and acute pseudocysts [5]. Others have used
the term pseudocyst without any explanation
[32, 33, 34], which makes it very difficult to
evaluate what they have found. Altogether
however, there is agreement on the fact that
significant fluid collections develop in 3060% of cases of acute pancreatitis [4].

Theoretical Problems
One problem when calculating the incidence
of pseudocysts in relation to acute pancreatitis
is that there are many cases of severe acute
pancreatitis which are not found until autopsy
[35].
Since alcohol is the commonest cause of acute
pancreatitis the distinction between acute and
chronic pancreatic pseudocysts is frequently
blurred clinically. It is frequently difficult to
establish in practice whether patients
presenting with their first attack of
pancreatitis, especially alcoholic pancreatitis,
have not had symptoms of the same kind but
less severe before. The diagnosis of chronic
pancreatitis is only made if there are
morphological, specific changes, and testing
which can show these changes are seldom
performed in uncomplicated cases - whereas
in complicated cases, e.g. in cases with
pseudocysts, more testing is done. Only
routine ERCP in all alcoholic patients could
allow the classification of all these patients
into the proper groups [12]. In a prospective
study by Nealon et al., alcohol was the
primary cause of pseudocysts in 93% of
cases, but the diagnosis of acute pseudocyst
was then made on the basis of clinical data.
Notably, nine (38%) of the 24 patients who
were originally thought to have pseudocysts
as a complication of simple acute pancreatitis
were found to have totally unanticipated
ERCP evidence of chronic pancreatitis [36].
Incidence Studies
Using ultrasonography, Bradley et al. found
acute fluid collections within the lesser sac in
52 of 92 patients (57%) with a clinical
diagnosis of moderately severe acute
pancreatitis. In 14 of these cases lasting less
than four weeks, surgical intervention was
considered necessary or advisable and an
additional 5 patients underwent diagnostic
laparotomy for suspicion of other abdominal
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disease. However, in 10 cases, the pseudocyst
spontaneously regressed within 3 weeks from
the time of onset and in 6 other cases,
adequate evaluative data were not available.
The remaining 17 patients exhibited
persistence of the acute pseudocyst beyond
the initial three week period of development.
Fifteen of these 17 patients later underwent
definitive surgery for a confirmed pseudocyst
at times ranging from 5 weeks to 6 months
after development. According to the Atlanta
classification only the latter 15 (16%) are
supposed to fulfill the criteria of a pancreatic
pseudocysts. Moreover, 65 of 92 patients with
moderately severe acute pancreatitis were
classified as having relapsing chronic or
chronic pancreatitis according to Marseilles
classification. Some of these patients may
have already presented with the pseudocysts
making exact incidence of pseudocysts after
acute pancreatitis unclear [5].
In a study by Imrie et al. [37], pseudocysts
developed after emergency hospital admission
for an episode of acute pancreatitis in 86
patients. Sixty-two of the 86 pseudocysts
consequent to acute pancreatitis were derived
from the local hospital population area, in
which 879 patients with acute pancreatitis
were admitted to hospital during the same
time period. This resulted in a 7% overall
incidence of pseudocysts as a complication of
acute pancreatitis.
London et al. [38] prospectively investigated
102 patients with acute pancreatitis by
abdominal computed tomography scans
within 72 hours of admission, at one week
and after six weeks. CT detected fourteen
(14%) pseudocysts. There is no certain
definition of a pseudocyst in this study and
acute pancreatitis was diagnosed on the basis
of clinical findings including serum amylase
elevation. This means that some patients with
acute fluid collections or acute-on-chronic
pancreatitis have probably been included in
the study. These statements are supported by
7 pseudocysts diagnosed on admission and 5
new pseudocysts diagnosed after 1 week.
From 12 pseudocysts diagnosed within one
week of admission, 7 resolved, 1 was drained
and 4 were still apparent on CT scan after six

weeks. These 4 pseudocysts together with 2
new pseudocysts diagnosed after six weeks
can be considered true pseudocysts, and not
fluid collections. In this case the incidence of
pancreatic pseudocysts is calculated to be
about 6%, i.e. the figure is in agreement with
the data from a more recent prospective
cohort study [38] where the Atlanta
classification definitions have been used to
distinguish between acute fluid collections
from acute pseudocysts.
In a series of 926 patients with non-alcoholic
acute pancreatitis, fluid collections were
observed in 83 (9%). At the end of six weeks,
48 (5%) still had a fluid collection evaluated
as a pseudocyst [39].
Kourtesis et al. included 128 consecutive
patients with acute pancreatitis diagnosed by
an elevated serum amylase level of 3 times
above normal into their prospective CT study.
Forty-eight (37%) developed fluid collections
in the pancreatic region. The majority of these
resolved spontaneously. In 15 (12%) patients,
symptomatic pseudocysts developed. Most of
these
patients
had
alcohol-induced
pancreatitis [34].
Although precise documentation may be
lacking, it has been estimated that 5,0007,000 new cases of pancreatic pseudocysts are
discovered each year in the United States in
the clinical setting of acute pancreatitis [40].
Incidence of
Pancreatitis

Pseudocysts

in

Chronic

Pseudocysts in chronic pancreatitis have a
higher incidence as compared to acute
pancreatitis. Incidence figures of 20-40%
have been reported in the literature [41, 42,
43]. However, there is a lack of precise data
based on the long-term follow-up of patients
with chronic pancreatitis - in contrast to acute
pseudocysts where the patient with chronic
pancreatitis may have had the disease for 10,
20 or more years giving him a high risk of
developing a pseudocyst at least once over a
long period of sickness. Also, there must be
some criteria concerning the size of chronic
pseudocysts; is it a pseudocyst if it is only
seen at resection or in the microscope or must
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it be larger than 0, 0.5, 1 or more centimeters
in diameter? There are pathologists who argue
that microcysts are an integral part of the
histologic picture of chronic pancreatitis,
which makes the term pseudocyst merely a
matter of definition of size - and maybe
severity of the desmoplastic reaction and
duration of the disease.
In a Swiss longitudinal study of a mixed
medical-surgical series of 245 patients, 163
had painful alcohol-induced pancreatitis [42].
The indication for operation was pancreatic
cyst or pseudocyst in 34% of the patients in
this group. But it should be mentioned,
however, that most of these patients were
observed
and
operated
on
before
ultrasonography, CT, and ERCP were
available. With these diagnostic techniques,
the incidence of cysts and pseudocysts among
patients with chronic pancreatitis could be
higher.
Influence of Etiology on the Incidence of
Pseudocyst Formation
There are few studies in the literature
addressing this issue. Imrie et al. [37] found
the acute pseudocyst to be more common in
those with an alcohol-related cause (12%)
than in those with gallstones (4%). However,
in their prospective long-term follow-up of
patients
with
severe
alcohol-related
pancreatitis, Imrie [44] found that acute
alcohol-induced pancreatitis does not have a
greater
predisposition
to
pseudocyst
formation.
In a prospective study from Italy, patients
with alcohol-related pancreatitis were
excluded. In the study population, biliary
pancreatitis was associated with a lower
incidence of fluid effusions or pseudocysts as
compared to other etiologies [39].
Anatomic Considerations
Knowledge of the anatomy of the pancreas
and the pathogenesis of pancreatic fluid
collections is essential for choosing the right
treatment method. Each patient has unique
ductal and parenchymal anatomy, which

combine in a unique pathophysiologic
mechanism. Once the anatomy and
mechanism are understood in each patient, the
management principles are directed towards
resolution of the anatomical basis of the
disease and the right management can be
proposed.
In the study by Bourliere and Sarles, most
pseudocysts were located in or near the tail of
the pancreas [13]. In another study, most
extrapancreatic pseudocysts were located in
the body and tail region, whereas most
intrapancreatic pseudocysts were in the head
of the pancreas [45].
Pancreatic pseudocysts are most often
retrogastric [46]. Blood-stained ascites and
abdominal fat necrosis have been explained
by fluid escaping via the foramen of Winslow
into the greater sac, and blockage of the
foramen may cause the fluid to become
“encysted” in the lesser sac [47].
There are also reports of pancreatic
pseudocysts in the heterotopic pancreas,
usually a silent gastrointestinal malformation,
such as a case of pancreatitis and extensive
pseudocyst formation in the gastric antrum,
which caused gastric outlet obstruction [48].
Pathogenesis of Acute Pseudocysts
Acute pseudocyst formation can be viewed as
the maturation of an acute inflammatory
process, with collection of pancreatic
secretions and the products of inflammatory
response with or without rupture of a
pancreatic duct. In acute pancreatitis, duct
disruption can occur as a consequence of
pancreatic necrosis. However, in some cases,
peripancreatic collection might also follow
leakage of juice from the inflamed surface of
the gland, analogous to the pleural effusion
which complicates pneumonia.
Although the pancreas does not have a firm
capsule, collections of pancreatic juice may
remain as focal masses in the region of the
duct disruption. If secretions breech the thin
layer of connective tissue that surrounds the
gland, the anterior pararenal space and the
lesser sac are immediately involved [49]. The
most common site of accumulation of the
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leaking pancreatic juice is the potential space
of the lesser omentum (lesser sac) limited
anteriorly by the stomach, inferiorly by the
transverse mesocolon, laterally by the spleen,
and by splenic flexure on the left and the
duodenum on the right [6].
At first, these fluid collections are poorly
demarcated,
generally
amorphous
in
configuration,
extending
along
the
peripancreatic and pararenal boundaries, and
should best be called acute fluid collections in
this phase. Most of these peripancreatic fluid
collections that follow an attack of acute
pancreatitis will probably resolve themselves
unless they become infected or contain large
quantities of necrotic tissue [50]. Only if
acute fluid collection persists more than 4 to 6
weeks and is well-defined by a wall of fibrous
or granulation tissue, can one say that an
acute pseudocyst has appeared. Such a
pseudocyst usually contains enzymatic fluid
and necrotic debris [6].
Evidence on Pancreatic Duct Disruption in
the Pathogenesis of Acute Pseudocysts
There are also observations which support the
concept that, at its origin, a pseudocyst must
have communication with the pancreatic duct.
The amylase levels of the aspirated cystic
fluid are many times greater than the
simultaneous serum levels and percutaneous
drainage of pseudocysts results in a prolonged
period
of
drainage
indicating
a
communicating fistula [6]. With time,
however, communication may or may not
persist because the inflammatory reaction that
follows cyst formation may occlude the
fistula [2]. This possibly explains the different
rates of pseudocyst-duct communication
presented in the literature.
Neoptolemos et al. [19] suggested that, in
considering the pathogenesis of local necrosis
and pancreatic pseudocyst, a distinction
should be made between a pseudocyst
communicating with the main pancreatic duct
during acute pancreatitis and duct disruption
with parenchymal staining by contrast as
shown by ERCP. In their study, only one of
18 pseudocysts (6%) communicated with the

main pancreatic duct and this was quite
separate from extravasation into the
parenchyma. Similarly, D’Egidio and Schein
[12] reported ten patients with acute
pseudocysts and pancreatic duct outlined
during ERCP and, in only one of their cases
of traumatic pancreatitis, was communication
to the pseudocyst demonstrated.
However, in other published studies, higher
pseudocyst-duct communication rates have
been found. In a study by Barthet et al. [41,
51],
communication
between
acute
pseudocysts and the pancreatic duct system
was observed in 20% of the cases. Nealon et
al. [36] suggested that the incidence of
communication in acute pseudocysts could be
as high as 60%.
Pathogenesis of Chronic Pseudocysts
The pathogenesis of pseudocyst formation in
chronic pancreatitis is less well-known, but at
least two mechanisms may be involved. First,
the cyst may develop as a consequence of an
acute exacerbation of the underlying disease,
in which case serial scans should reveal its
formation after a more severe attack of pain,
perhaps accompanied by transient increases in
serum amylase levels. This explanation fits
cysts that are diagnosed after an attack of
acute-on-chronic pancreatitis and contain
necrotic debris. Second, blockage of a major
branch of a pancreatic duct by a protein plug,
calculus or localized fibrosis could lead to
pancreatic cysts or pseudocyst formation [12,
18]. When there is blockage of the major
branch of the main pancreatic duct, the
ongoing pancreatic secretion proximal to the
obstruction leads to a saccular dilatation of
the duct, which is filled with pancreatic juice.
Such cysts are truly retention cysts. The
formed microcysts can eventually coalesce
and lose their epithelial lining as they enlarge.
Initially, cysts are intrapancreatic fluid
collections but can reach the capsule of the
pancreas when they grow. If the capsule
ruptures, a pancreatic fistula develops. The
rupture of the capsule can occur in one, two
or even multiple sites, resulting in pancreatic
juice entering the retroperitoneal or peritoneal
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cavities [52]. Pancreatic juice can migrate
from the pancreas, its limits being the
adjacent organs or a fibrous layer.
Occasionally, an enzyme-rich pancreatic juice
collection is noted in either pleural cavity. If
the ductal disruption persists, however, then a
pancreatic pseudocyst may develop. The
pseudocyst is, in fact, a longstanding
peripancreatic or intrapancreatic fluid
collection which develops a significant wall,
as defined by an imaging study [2]. This
process would develop insidiously, although
the cyst itself can become the source of pain
once it reaches sufficient size [18].
The location of pancreatic fluid collections
can be explained by the location of the ductal
disruption in the pancreatic ductal system. For
instance, a ductal disruption dorsally into the
space between the pancreas and portal vein
can lead to pancreatic fluid accumulation in
the right chest by travelling up the pancreatic
groove of the portal vein into the
hepatoduodenal ligament and then through
pleuroperitoneal windows [52]. In some
cases, this type of disruption can produce
pancreatic fluid collections in the mesentery
or left paranephric space. A disruption
dorsally from the pancreatic head might lead
to pancreatic fluid accumulation in the left
chest as it travels in the retroperitoneum
underneath the stomach or spleen and through
pleuroperitoneal foramina or in the left
paranephric space. A ductal disruption
ventrally results in fluid accumulation in the
lesser sac or in the peritoneum cavity, i.e.
pancreatic ascites. Therefore, the location of
the fluid collection is a key to the location of
the pancreatic duct disruption [52]. There are
also cases with extension of the pancreatic
juice located far from the pancreatic gland,
e.g. to the neck [53].
Regarding chronic pseudocysts, it must be
understood that it is extremely difficult - and
clinically most often unrewarding - to
differentiate between the symptoms caused by
chronic pancreatitis and the symptoms caused
by the pseudocyst which has its origin in the
chronic inflammatory process. However,
unique characteristics have also been
identified when pseudocysts are associated

with a diagnosis of chronic pancreatitis, and
special strategies have been employed [36].
Pancreatic Duct
Pathogenesis
of
Pseudocyst

Disruption in the
Chronic
Pancreatic

The term pancreatic ductal disruption is used
for a loss of ductal integrity anywhere in the
pancreatic ductal system. As demonstrated by
ERCP or percutaneous drain study 50% of
duct disruptions are located in the head of the
pancreas, 30% in the body and 20% in the tail
[54].
Traverso and Kozarek [55] credit Longmire
[56] who described the head of the pancreas
as the pacemaker of chronic pancreatitis
suggesting that the head was frequently the
cause of complications associated with
chronic pancreatitis. In the head of the
pancreas, the main pancreatic duct or duct of
Wirsung inclines caudally and dorsally, and
passes to the left of the intrapancreatic portion
of the common bile duct. The accessory duct
of Santorini, normally begins near the neck of
the gland at its junction with the main duct
and anterior to the common bile duct to open
at the minor duodenal papilla [57]. In the
normal ventral dominant system, the main
pancreatic duct changes from its medial and
inferior transverse position to course
superiorly and anteriorly. As the main
pancreatic duct resumes a transverse position
in the neck of the gland, it angles to assume a
more superficial location in the gland. This
angulation is described as the “genu” and may
be located in the head or the neck of the
pancreas. This knee may represent an
anatomically vulnerable region of the
pancreas subject to disruption or “blow out”,
which occurs with complicated pancreatitis
[58].
Traverso et al. [54] also observed that, in
complicated pancreatitis, ductal disruptions
are frequent at the bend and occur either
dorsally over the portal vein or ventrally into
the lesser sac. Persistent pancreatic fistulas
result from downstream ductal obstruction
which cannot be decompressed (e.g., "genu"
strictures) or from the disconnected duct
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syndrome, a gland that has been permanently
separated from the downstream pancreatic
parenchyma (e.g., "genu" obstruction) [54].
According to Nealon and Walser [59], a
pseudocyst in chronic pancreatitis always
represents a fistula between the main
pancreatic duct and the cystic fluid collection,
which means that the pertinent focus of
evaluation in the management of pseudocysts
should be the anatomic abnormality in the
main pancreatic duct.
However, duct communication with the cyst
is not always identified radiologically in
chronic pancreatitis, possibly because the duct
or ductules become completely obstructed
[18].
Using
ERCP
and
on-table
pancreatography, it was noted that only five
of 21 chronic pseudocysts communicated with
the main pancreatic duct in one study [60].
Others have found a much higher incidence of
pseudocyst-main
pancreatic
duct
communication (37-69%) on preoperative
ERCP [10, 15, 36, 61, 62, 63, 64].
In the material collected from all patients with
pancreatic pseudocysts at the University
Hospital in Galveston, Texas from 1985 to
2001, there were 103 patients with
pseudocysts and chronic pancreatitis having a
main pancreatic duct greater than 7 mm in
diameter. Communication between the duct
and the pseudocyst was confirmed in 72% of
cases with ERCP; in acute pancreatitis the
communication between the duct and the
pseudocyst is demonstrated in 17-31% of
cases [59].
Traumatic Pseudocysts
Pseudocysts may also develop in the
aftermath of pancreatic trauma, and are then a
direct sign of a rupture or at least a breach in
the pancreatic duct. Although adult series of
pseudocysts report trauma as the etiological
factor in only 3-8% of patients [9, 65, 66],
most pancreatic pseudocysts in children are
post-traumatic [67, 68]. Traumatic cyst fluid
has a high amylase content. Based on this,
two possible mechanisms have been
suggested. However, it is also possible that a

hematoma following a contusion of the gland
turns into a collection of pancreatic juice as
the blood is reabsorbed and replaced by
seepage from a capsular tear [18].
A direct traumatic disruption of the pancreas
as a result of extracorporeal shock wave
lithotripsy for left-sided renal calculi has also
been reported [69].
Macroscopic Anatomy
Initially, macroscopy referred to the study of
the diseased body or organ at autopsy and
later on at surgery. Regarding pancreatic
pseudocysts, today it is usually based on
findings at CT, MR imaging or
ultrasonography, but also combined with
information from surgery and autopsy.
The Wall
The fact that there are no lines of cleavage
between the well-developed pseudocyst and
the adjacent viscera is important both for
pathogenesis and treatment. If tissue is sent
for pathological study, it is often a portion of
the wall of the cyst. It is then found to be
shaggy, friable, and discolored [70].
On gross inspection of the pseudocyst wall, it
is usually not possible to identify the
connection with the main pancreatic duct
although, by injection study or endoscopic
pancreatography, a connection can be
demonstrated in many cases [70]. A
pseudocyst of the pancreas may, on occasion,
have a blue appearance on external
inspection, hence the appellation “blue-dome”
pseudocyst [71].
The Fluid Content of the Pseudocyst
The pseudocyst is characteristically fluctuant.
The contents may vary widely from an almost
colorless or turbid fluid to brownish thick
fluid containing debris of pancreatic digestion
[72]. The fluid can also be blood-tinged or
frankly hemorrhagic. Following the removal
of the fluid from the cavity, there may be
grumsy mud-like material remaining.
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Single versus Multiple Pseudocysts
Pseudocysts can be single or multiple. Most
cysts (90%) are single [6]. The existence of
multiple pseudocysts is usually mentioned
only in the largest published series of
pancreatic pseudocysts. This might also be of
importance from an etiological point of view.
In a series of 114 patients with pseudocysts,
Shatney and Lillehei [73] demonstrated that
3% had more than one pseudocyst at the same
time. Sankaran and Walt [74] observed
multiple pseudocysts in 6% of 112 cases. Frey
[65] found the frequency of multiple
pseudocysts to be 11% in 131 cases. In a
report of Bradley and Austin [75], where
extensive use was made of sonography and
CT, the diagnosis of multiple pseudocysts was
confirmed during surgery in 14 of 137
patients (10%). In another study 12% of 81
patients had multiple pseudocysts at surgery
[76]. More recent studies report an 11-18%
incidence of multiple pseudocysts with a
nearly equal distribution among patients with
acute and chronic pseudocysts [13, 15, 77,
78].
Bourliere and Sarles [13] prospectively
evaluated 77 patients with chronic pancreatitis
and 29 with acute. Multiple pseudocysts were
found in 13% of chronic pancreatitis patients
and in 17% of those with acute pancreatitis.
Similarly, Usatoff et al. [15] reported that
18% of their patients operated on for chronic
pancreatic
pseudocysts
had
multiple
pseudocysts. Aranha et al. [77] found
multiple pseudocysts in 11% of 93 patients
with cystic collections following acute
pancreatitis who had serial ultrasound
examinations. Multiple pseudocysts were
diagnosed in 10-19% of mixed acute and
chronic pancreatic pseudocyst series [79, 80,
81].
In a study bt Goulet et al. [78], the overall
incidence of the multiplicity of pseudocysts in
the 91 patients reviewed was 14%. All
patients with multiple pseudocysts had a
previous history of alcohol abuse. None was
noted to have biliary disease. The authors
concluded that multiple cysts are seen more
often in acute alcoholic pancreatitis [78]. This

is in accordance with the experience of
Nguyen et al. [82]. Multiple pseudocysts were
demonstrated in 23% of 90 patients with
pancreatic pseudocysts. Multiplicity was
found significantly more often in patients
with acute alcoholic pancreatitis than in all
groups combined (47% vs. 19%) [83]. This
might be explained by the fact that alcohol is
more likely to cause widespread, diffuse
injuries to the pancreatic duct at different sites
simultaneously [82, 84] and this may result in
the increased incidence of multiple
pseudocysts.
Location and Extension of Pseudocysts
There are certain controversial results about
pseudocyst location published in the
literature. In acute pancreatitis, one report
demonstrated that about 50% of all
pseudocysts were located in the tail of the
gland [85], whereas others found near equal
distribution of the pseudocysts in the head and
body with only 7% appearing in the tail [86].
The location of chronic pseudocysts is even
more variable in studies involving all parts of
the pancreas: head [85], body [87] and tail
[86] reported as the prevalent sites for
pseudocysts. A nearly equal distribution of
the pseudocysts between these parts was also
noted [14].
However, in the series on pseudocyst location
below, it can be seen that, in chronic
pancreatitis, there is a preponderance of
pseudocysts in the head of the pancreas. This
is in agreement with the Traverso “genu
blow-out” theory on the pathogenesis of
chronic pancreatic pseudocysts. There are few
data available on acute pancreatitis but it
seems that pseudocysts can occur in all parts
of the pancreas with nearly equal frequency.
In one series of acute pseudocysts, 19, i.e.
39%, were located in the lesser sac (or
omental bursa), 31% in the anterior pararenal
space, 10% within the substance of the liver
and 20% in other sites [49].
From the anatomical point of view, pancreatic
pseudocysts can also be either intrapancreatic
or extrapancreatic. Intrapancreatic pseudocysts are usually small with a reported
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incidence of about 80% in chronic
pancreatitis and 50% in acute pancreatitis [13,
15, 88]. Patients with multiple cysts can
present with a mixture of these two locations
[15]. Two-thirds of all intrapancreatic cysts in
chronic pancreatitis are located in the head of
the pancreas, whereas most of the
extrapancreatic pseudocysts originate from
the body or tail of the gland [13]. By contrast,
there are studies where a relatively even
distribution of chronic intrapancreatic
pseudocysts was found between the right and
the left sides of the gland [15].
The cyst may extend to the adjacent viscera.
Extension into the transverse mesocolon may
occur because of the anatomic relationship of
the transverse colon to the pancreas. The cyst
may also extend to the anterior or posterior
pararenal
space,
mediastinum,
and
retroperitoneum. Posterior pseudocysts, also
rare, may extend inferiorly into the pelvic
region and groin, and pseudocysts extending
to the scrotum have been encountered [6].
The pseudocysts of acute pancreatitis are
more prone to extension, but chronic
pseudocysts can also reach a considerable
size. Sometimes these pseudocysts appear to
be contained within the prolongation of the
pancreatic capsule and the lesser sac, at least
in part, tends to remain patent.
Mediastinal pancreatic pseudocysts are a rare
but
life-threatening
complication
of
pancreatitis [89, 90, 91, 92, 93]. They may
appear as a thoracic mass on X-rays and need
to be differentiated from other lesions.
Magnetic
resonance
cholangiopancreatography (MRCP) is a
valuable diagnostic tool in such cases [94].
Pseudocyst Size and Content
A pancreatic pseudocyst is commonly round
or oval, but some may be multilocular and
irregular in shape [71]. The size of
pseudocysts varies from 2 to 35 cm [12, 13,
15, 95, 96]. Estimated volumes range between
10 and 6,000 mL [6, 97, 98]. In the material

collected from all 253 patients with pancreatic
pseudocysts at the University Hospital in
Galveston, Texas from 1985 to 2001 the mean
diameter of the pseudocysts in the 103
patients with chronic pancreatitis was 9+1 cm
[58].
A case of pancreas divisum associated with a
giant retention cyst (cystic dilatation of the
dorsal pancreatic duct), presumably formed
following the obstruction of the minor papilla
has also been described. Computed
tomography and ultrasound examinations
revealed a giant cystic lesion expanding from
the pancreatic head to the tail. Endoscopic
retrograde cholangiopancreatography findings
showed a looping pancreatic duct which
drained only the head and uncinate process of
the pancreas to the main papilla. An
ultrasound-guided puncture to the cystic
lesion revealed that the lesion continued to the
main pancreatic duct in the tail of pancreas.
The amylase level in liquid aspirated from the
cyst was 37,869 IU/L [99].
The cyst contents have been thoroughly
studied. The fluid may be clear and watery or
xanthochromic or brown because of old blood
and necrotic tissue. The amylase, lipase, and
trypsin contents are usually markedly
elevated, and it is exceptional to find amylase
levels lower than serum levels [100]. The
amylase level may decrease in some older
pseudocysts. It is hypothesized that the cyst
may have lost its communication with the
duct system coupled with the possibility that
the fluid in the cyst exchanges with the
plasma. The aforementioned mechanism also
explains the spontaneous disappearance of
small cysts [6].
Bacterial cultures of cyst fluid are usually
positive in 20-50% of patients cultured [9, 74,
78, 101, 102]. However, these figures
probably overestimate the incidence of
positive bacterial growth inasmuch as patient
selection is rarely random. Not all specimens
of pseudocyst fluid have been cultured; in
some series, only cloudy or grossly purulent
fluids were checked. It is not clear from the
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available information whether all patients
with positive cultures had a clinical course
suggesting sepsis or abscess [103].

2. Richter HM. Natural history of pancreatic
pseudocysts. In: Howard J, Idezuki Y, Ihse I, Prinz R,
eds. Surgical diseases of the Pancreas. Baltimore:
Williams and Wilkins, 1998:417-21.

Concluding remarks

3. Breslin N, Wallace MB. Diagnosis and fine needle
aspiration of pancreatic pseudocysts: the role of
endoscopic ultrasound. Gastrointest Endosc Clin N Am
2002; 12:781-90. [PMID 12607787]

For the evaluation of different options in the
diagnosis and treatment of pancreatic
pseudocysts, it is of utmost importance to
note that acute and chronic pseudocysts have
different properties. The terms acute and
chronic with regard to pseudocysts are used
differently than they are in other medical
conditions. An acute pseudocyst arises as a
consequence of acute pancreatitis or
pancreatic trauma, whereas a chronic
pseudocyst arises as a consequence of chronic
pancreatitis and lacks an antecedent episode
of acute pancreatitis.
Knowledge of the etiology and ductal
anatomy may be important for the treatment
of choice and should be evaluated in each
case.
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