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Abstract We report 2 cases of pseudomyxoma peritonei

(PMP) combined with an intraductal papillary mucinous

neoplasm (IPMN) and a review of the literature. In both

cases, PMP emerged after surgical resection of the IPMN.

In one case, neoplastic foci were present in the surgical

margin and PMP was found 1 year after the initial resec-

tion, while PMP emerged 5 years after surgical resection in

the other case. Including these 2 cases, 8 cases of PMP

arising from IPMN have been reported. This condition

occurs more frequently in males (7 males, 1 female), while

the age at diagnosis ranges from 49 to 82 years, with a

mean of 63.3 years. IPMNs occur more commonly in the

tail of the pancreas (62.5%). Two different patterns

regarding the mechanism of PMP arising from IPMN have

been indicated; a rupture of the pancreatic duct, after which

the neoplasm spreads through the fistula into the peritoneal

cavity, and post-surgical development of PMP after insuf-

ficient surgical treatment for an IPMN. Our findings indi-

cate that attention must be given to avoid mucous leakage

and obtain a negative surgical margin during surgical

treatment of an IPMN.
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Introduction

Pseudomyxoma peritonei (PMP) is a clinical condition in

which the abdominal cavity becomes filled with gelatinous

collections from mucinous implants. It is well recognized that

PMP arises predominantly from an appendiceal mucinous

neoplasm [1]; thus, its biological behavior has been examined

primarily based on origination from the appendix. However,

PMP can occasionally arise from mucinous neoplasms of

other organs, such as the ovary, colorectum, stomach, gall-

bladder, and pancreas [2–4]. An intraductal papillary

mucinous neoplasm (IPMN) is a type of neoplasm composed

of mucin-producing cells that arise in the pancreatic duct.

Although the clinical manifestation of an IPMN has been

gradually clarified, it is not well accepted whether an IPMN is

associated with PMP. Here we report 2 cases of PMP com-

bined with an IPMN and our review of the relevant literature.

Case 1

A 74-year-old woman was referred to our hospital with a

cystic lesion in the tail of the pancreas in January 2000.

Computed tomography (CT) revealed a 40-mm cystic lesion

with a mural nodule and dilation of the main pancreatic duct.

Although laboratory data were within normal limits, cytol-

ogy of the pancreatic juice showed possible malignancy.

Based on these findings, a distal pancreatectomy was per-

formed, although an intraoperative frozen section was not

obtained. Histological examination of the surgical specimen

revealed an IPMN invading the stroma, which was diag-

nosed as an invasive IPMN. Although high-grade dysplasia

was also present in the surgical margin (Fig. 1a), the patient

rejected additional surgery. Thus, we carefully followed the

case.
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A follow-up CT examination found a 20-mm multicystic

lesion at the edge of the remnant pancreas only 6 months

after the initial resection (Fig. 1b) and additional resection

of the remnant pancreas was performed. Microscopic

findings clearly showed recurrence of an invasive IPMN

(Fig. 1c); vascular invasion and lymph node metastasis can

also be seen. Six months after the second surgery, mucin-

ous ascites emerged and multiple cystic lesions were

identified in the peritoneal cavity (Fig. 2a). Although the

patient received systemic chemotherapy with gemcitabine,

she died of disease progression in July 2003. An autopsy

showed that the peritoneal cavity was filled with yellowish

mucus. Macroscopically, disseminated tumor implants

appeared as mucinous globules attached to the peritoneal

surface, intestinal serosa, and other abdominal organs.

Microscopic findings also revealed mucin-producing neo-

plastic cells present in pools of mucin (Fig. 2b). Based on

these findings, the patient was finally diagnosed with PMP.

Case 2

A 56-year-old man was admitted to our hospital for treat-

ment of a cystic lesion in the head of the pancreas in

January 1999. Abdominal CT findings revealed a dilated

main pancreatic duct with a mural nodule (Fig. 3a).

Endoscopic retrograde pancreatography (ERP) showed an

outpouring of gelatinous mucus from the major papilla as

well as mucinous-filling defects with a dilated main pan-

creatic duct. Based on these findings, we diagnosed the

tumor as a main pancreatic duct IPMN, and a pylorus-

preserving pancreatoduodenectomy was performed. The

resected specimen showed dilation of the main pancreatic

duct with a papillary projection composed of mucin-

secreting columnar epithelial cells with high-grade dys-

plasia (Fig. 3b). Thus, the lesion was diagnosed as an

IPMN with high-grade dysplasia and a negative surgical

margin was confirmed (Fig. 3c).

A follow-up CT examination performed in April 2004

revealed dilation of the main pancreatic duct with a nodule

in the remnant pancreas. Although ERP was performed

again, cytology of the pancreatic juice showed no malig-

nancy. Thus, the patient was carefully followed. Finally,

cystic lesions were shown around the pancreas along with

increased dilation of the main pancreatic duct in CT images

obtained in April 2007 (Fig. 4a). Laboratory results

showed carcinoembryonic antigen at 5.3 ng/mL (normal

range \5.0 ng/mL) and carbohydrate antigen 19-9 at

99.3 U/mL (\50 U/mL). We considered these findings to

be evidence of IPMN recurrence and a total pancreatec-

tomy was performed. As macroscopic examination identi-

fied cystic lesions with gelatinous mucus around the

Fig. 1 Microscopic findings show high-grade dysplasia in the

surgical margin (H&E staining, original magnification 9200) (a).

Computed tomography (CT) image showing a multicystic lesion at

the edge of the remnant pancreas (white arrow) (b). Microscopic

image showing neoplastic epithelial cells arranged in a papillary

pattern (H&E staining, original magnification 9200) (c)

Fig. 2 CT image showing

ascites and multiple cystic

lesions in the peritoneal cavity

(a). Microscopic image showing

neoplastic cells floating in pools

of extracellular mucin (H&E

staining, original magnification

9200) (b)
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pancreas, left kidney, left adrenal, and transverse colon,

these organs were also resected. Microscopic findings

showed a papillary tumor consisting of adenocarcinoma

cells in the pancreatic duct of the remnant pancreas. In

addition, mucin-producing adenocarcinoma cells were also

seen floating in abundant extracellular mucin (Fig. 4b).

Thus, the case was finally diagnosed as recurrence of

IPMN along with PMP. The patient was alive 4 years after

resection.

Discussion

PMP is an uncommon condition in which the peritoneal

cavity becomes filled with mucinous ascites and peritoneal

implants. It has been demonstrated that the underlying

causes of this condition are mainly appendiceal mucinous

neoplasms, though others have also been reported,

including ovarian, colorectal, gastric, and gallbladder

neoplasms [2–4]. However, the condition is quite rare, as

we found only 6 other reports of PMP arising from an

IPMN [5–10], with little known about this combination.

We treated 2 patients with PMP combined with an

IPMN. In the first case, an invasive IPMN caused PMP

after surgery. We confirmed epithelial dysplasia in the

surgical margin, from which a recurrent lesion emerged

6 months after the operation. Furthermore, PMP recurred

despite additional resection. In the second case also, an

IPMN caused PMP after surgery. Once surgical resection

was performed in this patient, IPMN recurred in the rem-

nant pancreas along with PMP. These findings suggest that

in IPMN cases, the presence of neoplastic foci in the sur-

gical margin and mucous leakage from the pancreas may

be associated with the origin of PMP.

Table 1 shows a summary of reported cases of PMP

combined with IPMN. This combination occurs predomi-

nately in males (7 males, 1 female), while the mean age at

diagnosis is reported to be 63.3 years, with a range of

49–82 years. PMP combined with an IPMN may have a

relatively favorable clinical course with longer survival as

compared to a conventional pancreatic adenocarcinoma,

despite tumor implants becoming disseminated throughout

the peritoneal cavity. Although only a limited number of

cases have been reported, these clinical features are similar

to those of an ordinary IPMN. A primary IPMN can occur

in all parts of the pancreas (head, 3 cases; body–tail, 4

cases; diffuse, 1 case), although they are more common in

the tail. This fact is not surprising, because the tail of the

pancreas is exposed to the peritoneal cavity, in contrast to

the head. Two cases were diagnosed based on imaging

findings, while histological confirmation of an IPMN was

obtained in the other 6 cases. Five cases were combined

Fig. 3 CT image showing a mural nodule in the dilated main

pancreatic duct (white arrow) (a). Microscopic image showing a

papillary projection composed of mucin-secreting columnar epithelial

cells (H&E staining, original magnification 9100) (b). In the surgical

margin, epithelium showed no architectural structure or cytological

atypia (H&E staining, original magnification 940) (c)

Fig. 4 CT image showing

cystic lesions around the

pancreas (a). Microscopic

image showing mucin-

producing neoplastic cells

floating in abundant

extracellular mucin (H&E

staining, original magnification

9200) (b)
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with an invasive IPMN. PMP arising from an appendiceal

mucinous neoplasm is different from that arising from an

IPMN, in that appendiceal low-grade mucinous neoplasms

often cause PMP [11].

These reports also suggest 2 different patterns for the

mechanism of PMP caused by an IPMN. One is rupture of

the pancreatic duct, in which the IPMN spreads through the

fistula into the abdominal cavity. We previously reported a

case of PMP caused by acute pancreatitis in a patient with an

IPMN, in which mucus and alcoholic pancreatitis may have

raised the pressure in the pancreatic duct, leading to rupture

and dissemination [8]. Lee et al. [9] also reported a case of

PMP caused by a ruptured IPMN without history of acute

pancreatitis. The other pattern is post-surgical development

of PMP after surgical treatment for an IPMN. Zanelli et al.

[6] proposed that the presence of neoplastic foci in the

resection line and mucous leakage from the pancreas might

be the cause of PMP. In this pattern, dissemination may be

caused iatrogenically by surgical intervention.

It is well recognized that an IPMN has malignant

potential and demonstrates a wide spectrum of histological

presentations, ranging from low-grade dysplasia to invasive

adenocarcinoma [12]. Although its biological behavior has

been gradually clarified, it is not well known that an IPMN

can cause PMP. Since PMP is not sensitive to regular sys-

temic chemotherapy and radiation, aggressive treatments,

such as surgical treatment and intraperitoneal chemother-

apy, have been used. Misdraji et al. [11] noted that the

median survival in patients with debulking surgery and

intraperitoneal chemotherapy was 7.5 years, while Sugar-

baker et al. [13] also reported promising long-term results of

cytoreductive surgery and intraoperative heated intraperi-

toneal chemotherapy. However, PMP still remains a

refractory disease, since these aggressive treatments are

complex, and associated with significant morbidity and

mortality (33–56% and 0–18%, respectively), while 8–47%

of patients suffer from recurrence [14]. Our review indicates

that PMP combined with an IPMN can arise in association

with mucus leakage into the peritoneal cavity. Such leakage

can result from not only rupture of the pancreatic duct, but

also the surgical intervention itself. In order to avoid dis-

semination, we propose that sufficient peritoneal lavage is a

potential preventative option during resection of an IPMN.

The utility of intraoperative pancreatoscopy for evaluating

intrapancreatic duct extension caused by an IPMN has been

reported. Moreover, the possibility of endoscopic diagnosis

and therapy for pancreatic cystic lesions under EUS has

recently been explored [15, 16]; however, these have the

potential risk to cause unexpected PMP in cases of IPMN,

since puncture of a cyst filled with mucous can cause

mucous leakage from the pancreas. Thus, it is important to

draw attention to avoiding mucous leakage in clinical

management of an IPMN.

In conclusion, we treated 2 cases of PMP that emerged

after surgical treatment for an IPMN and also conducted a

review of the literature. Findings of that review indicate

that PMP can be caused by an IPMN via mucus leakage

into the peritoneal cavity, a situation which it is important

to avoid during clinical management.
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