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A stepwise approach in the diagnosis and management  
of Pseudomyxoma Peritonei.

PSEUDOMYXOMA 
PERITONEI PART II
ZIYAD AL – DIBOUNI

P
seudomyxoma Peritonei (PMP) is clinicopathological 
condition with an approximated occurrence of one 
to two cases per million per year1. The pathological 
process of PMP is initiated when abnormal 
appendiceal cells develop into a primary mucinous 

tumour which overproduce mucin, obstructing the lumen 
of the appendix, leading to the eventual rupture of the 
mucocele2. This allows access of abnormal appendiceal 
cells into the peritoneal space which are circulated and 
redistributed around the peritoneal cavity by peritoneal 

fluid2. Implantation of mucin producing tumour cells at 
peritoneal fluid re-absorption sites occur forming mucin 
pools, which is characteristic of PMP3. 

Since its initial description by Werth in 1884, there 
has been much speculation as to whether the primary 
tumour originates from the appendix or ovary, with recent 
evidence suggesting PMP is secondary to the rupture of 
an appendiceal mucoceles2-4. PMP occurs more commonly 
in females3 with any associated involvement of the ovary 
thought to be related to metastases that are consequential to 
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a ruptured appendiceal mucocele5.
PMP is classified into three categories: disseminated 

peritoneal adenomucinosis (DPAM) (low-grade), 
Intermediate group (IG) and Peritoneal mucinous 
carcinomatosis (PMCA) (high-grade)6. Correct classification 
is important as each is associated with a different prognosis 
and treatment protocols7, with DPAM having a higher 
five-year survival rate (84%) than IG (37.6%) and PMCA 
(6.7%)8.

Imaging modalities are able to detect signs of PMP due 
to the presence of mucin, by measuring the echogenicity, 
attenuation values and signal intensities produced by 
this compound6. Mucin comprises of water and a high 
molecular weight protein, and its echogenicity, attenuation 
values and signal intensities vary, depending on the protein 
content6. Understanding peritoneal anatomy along with 
knowledge of mucin presentation on imaging, can assist 
radiologist in looking at sites prone to deposits, assisting in 
diagnosis. 

This article is a follow-up to a review of the different 
imaging modalities used in diagnosing PMP (Imaging 
& Therapy Practice April 2018). By investigating (i) the 
methods used to diagnose and treat PMP, (ii) the qualities 
of the modalities used in the detection of mucin and to (iii) 
profile a diagnostic strategy and algorithm, this study will 
further add to the literature by increasing the awareness of 
PMP’s radiological appearance. This can help expedite the 
early discovery of the disease, instigating immediate referral 
to a specialist centre and so improve patient prognosis. 

METHODS
A pilot study was first conducted, which allowed a review 
of the literature across six journal sites (ScienceDirect, 
PubMed(NCBI), BioMed Central, SpringerLink, WileyOnline 
and the British Institute of Radiology) with additional 
sources being located from citation lists of relevant articles. 

Journal articles were eligible for inclusion if they were 
published within the last ten years, in English and in a peer 
reviewed journal and not in-press.

Studies that reported the descriptive features of PMP on 
radiological imaging were included, but were not limited to, 
in-text descriptions with figure legend descriptions being 
eligible.

A two-step decision model was used, with the first step 
(Figure 1a, page 22) screening for articles reporting the use 
modalities in diagnosing PMP. The second step (Figure 1b, 
page 22) screened the papers identified in the first step, if 
they reported the sensitivity and specificity, patient tolerance, 
safety, availability, cost, scanning time/speed of the modality. 
Articles not providing information on these were excluded.

Studies were also excluded if they were a clinical case 
study/presentation, clinical trial, genetic study, involved 
animal models or did not mention the characteristic features 
of PMP on imaging.

Search parameters were refined by using Boolean 
connectors and utilised the keywords found in Table 1.

RESULTS
After searching the keywords across the online databases 
mentioned, a combined total of 2550 articles were 
identified.

From these articles 1474 were published before the 
year 2007 and so were excluded, leaving 1076 articles 
from within the last ten years. Out of these, 327 free full 
text articles remained after the removal of non-free and 
duplicates, which were then screened against the first-step 
decision-making model criteria.

A total of 272 papers were further removed after 
screening against the first-step of the decision-making 
model, leaving only 55 articles for initial inclusion.

The 55 articles had their citation list assessed for 
additional articles, of which a total of six were identified. 
This resulted in a total of 61 articles to be checked against 
the second-step of the decision-making model, resulting in 
33 articles being eligible for inclusion in this study.

The inclusion and exclusion process for these articles is 
shown in Figure 2  on page 23, in the form of a PRISMA 
diagram. 

EVALUATION AND DISCUSSION OF FINDINGS
CLINICAL PRESENTATION
Diagnosis of PMP occurs in patients with a mean age of 49 
(range 23-83) years old, most commonly in women9 and 
typically presents with uncommon symptoms, dependent 
on the stage of the disease2. Patients who have advanced 
stage PMP can present with increased abdominal girth 
displaying signs of ‘jelly belly’ (Figures 3 and 4)10,11 and 
abdominal pain due to bowel obstruction2,3,12. Symptoms 
usually present as pain corresponding to the primary site 
of the tumour impersonating other pathologies such as 
appendicitis, peritonitis or cholecystitis1-3,12.

Additional indications include dyspnea and malnutrition, 
while some female patients may experience pelvic pain, 
menstruation problems or infertility7,13. 

PHLEBOTOMY TESTS
Blood test are used to analyse the levels of 
Carcinoembryonic Antigen (CEA), Cancer Antigen 19.9 
(CA 19.9) and Carbohydrate Antigen 125 (CA 125) 
which are used to monitor PMP progression, remission 
and prognosis14. Generally, patients will show elevated 
CEA and CA 19.9 serum markers15, instigating radiological 
investigations.

RADIOLOGICAL IMAGING
PLAIN RADIOGRAPHY
Abdominal radiography is very limited in providing an 
accurate PMP diagnosis in patients with excessive mucin, 
due to similarities to massive ascites9. Barium contrast 
enemas can assist in detecting abnormal cecal pole filling 
but is unnecessary, as cross-sectional imaging has become 
more specific and sensitive in PMP detection16.

Key Words

Key words used in search strategy

Pseudomyxoma Peritonei, diagnosis, treatment, imaging, x-ray, ultrasound, 
ultrasonography, CT, MRI, PET CT, appendiceal mucocele, clinical presentation, 
computed tomography, debulking, grading, magnetic resonance imaging, mucinous 
ascites, mucinous tumour, pathology, peritoneal adenomucinosis, peritoneal 
carcinomatosis, preoperative assessment, Sugarbaker, Sugarbaker technique, HIPEC.

Sugarbaker Technique

Procedures

• Right hemicolectomy, colectomy, anterior resection. 
• Greater omentectomy. 
• Splenectomy. 
• Cholecystectomy.
• Lesser omentectomy.
• Pelvic peritonectomy.
• Stripping of the peritoneum from the left hemi diaphragm.
• Stripping of the peritoneum from the right hemi diaphragm.
• Stripping of disease from the surface of the liver.

▲ Table 2: The 
Sugarbaker Technique.

▲ Table 1: Key words.
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Is the article originally in English, not in-press and refers to 
Pseudomyxoma Peritonei? 

Exclude

Is the article one of the following: 

Clinical case
study/presentation 

Clinical trial Genetic study
Other: (animal model, 

patient experience)

Is the imaging modality mentioned related to the 
diagnosis of Pseudomyxoma Peritonei? 

Include 

Exclude 

Does the article refer to imaging modalities 
XR/CT/MRI/US/PET CT? 

Yes No

No

Yes

Yes No

Does the article refer to any of the following? 

Sensitivity/
specificity Tolerance Cost Scanning speed/

time

Does the article include diagnostic criteria?

Include 

Exclude 

No

Yes

No

Safety Availability

Yes

▲ Figure 1: (a) First step of the decision-making model.

▲ Figure 1: (b) Second step of the decision-making model. 
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Records identified through
database searching 

(n = 2550) 

Articles published 
after 2007 

(n = 1076) 

Articles removed published 
before 2007 
(n = 1474) 

Free, non-duplicate 
full-text articles identified 

(n =327) 

Non-free and duplicate
articles removed 

(n = 749) 

Initial number of articles
for inclusion

(n =55)

Total number of articles  
(n =61)  

Number of articles used 
(n =33) 

Additional articles from 
citation lists (n =6) 

Articles excluded 
(n = 28)

Articles removed for not 
matching criteria (n =272) 

  In press  (n =9)
  Non-English/Translated   (n =38)
  Case Study/Presentation   (n =105)
  Clinical Trial/Non-surgical   (n =57)
  Genetic Study   (n =28)
  Other   (n =35)

1st Step of Decision criteria model 

2nd Step of Decision criteria model 

ULTRASOUND
The use of ultrasound (US) in diagnosing PMP is challenging due to the mimicking 
nature of the disease7 as mucinous ascites imitate free intra-peritoneal fluid2,15. The 
characteristic ‘star-like/star burst’ appearance seen on US only appears in the later stages 
of PMP when the echogenic ascites centrally displaces the bowel loops17. Furthermore, 
patients’ habitus, bowel gas and poor tissue contrast further limit imaging, while image 
interpretation is operator dependent18.

Separate studies conducted by Krause19, Que17 and Li7 are in agreement that US 
has a high sensitivity in detecting omental caking, ascites and union of bowel loops 
within the abdominal cavity, while the specificity is low7,17,19. Krause found the 
sensitivity (91.5% (range 74–100%)) was high while the specificity (33.8% (range 
18–55%)) was low for US in quantifying tumour nodules. They found that US had a 
lower sensitivity and specificity in detecting tumour nodules in the upper left quadrant 
(75 and 55%) and the left flank (74 and 49%) speculating that the cause was due to 
omental caking and mucinous deposits being less likely to occur on the right-hand side 
because of the liver. They also suggest that because the liver and spleen have such a high 
rate of perfusion, it makes it easier to detect lesions, despite the reduced vascularity of 
the visceral and parietal peritoneum. However, only Que’s study mentioned the type 
of transducer used, which could affect the detection rate of nodules. They inferred that 
compared to low-frequency transducers, high-frequency ones increased the detection 
rate of cysts in anechoic areas from 57.9 to 89.5%17.

Que compared PMP US images with other pathologies that displayed peritoneal 
lesions (Figure 5)20, finding that anechoic areas of the peritoneum were only displayed 
in PMP, stating that US has a high specificity (100%) and sensitivity (89.5%) in the 
detection of anechoic areas of the peritoneum, which is supported by both Krause19 
and Li7. Nevertheless, both Krause and Li suggest that specificity is low, compared 
to Que, suggesting that the limited understanding and the mimicking nature of 
the disease contributes to this7,17,19. Comparably, both studies used one experienced 
radiologist to review images, increasing the chance of bias, compared to the 
retrospective analysis of Que. Additionally, Que looked at the sensitivity and specificity 
in detecting the characteristic ‘star-like/star burst’ appearance (82.3 and 57.9%) as well 
as hepatic scalloping (42.1 and 88.1%)17.

COMPUTED TOMOGRAPHY
Computed tomography (CT) seems to be the modality of choice in diagnosing 
PMP, due to the availability of protocols and its high image resolution13,21. There is 
a continued debate on the optimum CT protocol along with the use of intravenous 
contrast, but in general there are three types of protocols: (i) non-contrast CT; (ii) 
intravenous contrast CT and (iii) contrast CT with or without the use of oral or 
intravenous contrast22. 

The ability of CT to analyse density properties (HU), makes it useful in 
differentiating between mucinous and serous fluids13 however, it becomes less specific 
in showing characteristic signs when the peritoneal cavity has excessive amounts of 
mucin1,8. CT signs of PMP are nonspecific due to the mimicking nature of the disease 
with other pathologies, such as appendicitis5,22. It is however preferred over US in the 
detection for appendiceal disease as it has a higher sensitivity22. A study by Whitley22 
showed that CT had the highest specificity compare to US in evaluating for appendiceal 
rupture22 despite one set of findings showing CT had a high specificity in the detection 
of abscess (99%), extra-peritoneal gas (98%) and appendiceal rupture (93%), with a 
low sensitivity (34%, 35% and 53% respectively)22. This led to the conclusion that the 
establishment of appendiceal rupture by CT is dependent on the presence of abscesses 
and extra-peritoneal gases22. 

According to Chua23, the capability of CT to estimate the extent of peritoneal disease 
is poor with oral contrast further limiting the detection of calcifications and deposits 
within the peritoneum21. CT has been shown to have a sensitivity and specificity of 25 
to 100% and 78 to 100% respectively, in the detection of peritoneal disease in addition 
to a low sensitivity (11 to 48%) in discovering sub-centimetric peritoneal implants21. 

CT can be used to determine the peritoneal cancer index, as demonstrated in the 
study by Chua23 showing that despite the sensitivities ranging from 67 to 84% and 
56% to 57% in the abdominal/pelvic area and small bowel respectively, CT is able to 
demonstrate a 100% specificity in both areas, implying that any suspicion of PMP is 
likely to be tangible23. However, image interpretation in this study was conducted by a 
single experienced radiologist, increasing the risk of bias. 

MAGNETIC RESONANCE IMAGING
Magnetic resonance imaging (MRI) looks for the same morphological criteria as CT 
and is primarily used for tumour localisation2,3. MRI is more sensitive at detecting 
sub-centimetric deposits than CT21, and with the addition of contrast, the detection 
of these implants on peritoneal and serosal surfaces improves significantly18,21. MRI is 

▲ Figure 2: PRISMA Diagram showing search outcome.

▲ Figure 3 (a and b) PMP patient displaying characteristic 
sign of ‘jelly belly’. (Image courtesy of G Abouelnagah et al, 2014)10.

 Figure 4: PMP patient 
displaying characteristic 
mucin filling the lower 
peritoneal cavity and 
the right inguinal canal. 
(Image courtesy of Y-T Lee et 
al, 2006)11.

 Figure 5: 
Disseminated gelatinous 
peritoneal lesions and 
mucus in the abdominal 
cavity found after 
exploratory laparotomy 
(Image courtesy of D. Inoue et 
al, 2015)20.
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Clinical examination

?increased opaqueness, 
?visible visceral organs and 

psoas muscles, ?bowel 
displacement, ?Hellmer 

sign, calcifications, ?cecum 
compression.

1st line diagnostic investigations  

Patient with suspected PMP 

XR US

Information and Support

Further diagnostic investigations 

Verbal and written 
information provided of 
treatment options, risks 
and benefits that is free 

of jargon1.

CT: Omental caking,? fixed 
bowel loops, ?ascites, 
?calcifications, 
?Hepatic/splenic 
scalloping. 

MRI: (Same as CT), Signal 
intensities of T1 and T2, 
DWI.  

PET-CT: ? FDG uptake, 
?confined nodules.

Image guided Biopsy?

Classification and Staging

DPAM, IG, PMCA& PCI

CT

MRI

PET-CT

Age, Sex, ?abdominal pain and 
distension, ?dyspnea, ?malnutrition, 

?appendicitis/cholecystitis/peritonitis 
like symptoms, blood tests.

?Echogenic ascites, ?Hepatic/splenic 
scalloping, ?star-like/starburst 

appearance, ?enlarged lymph nodes, 
?echogenic concentric septations. 

Prioritised to control symptoms1: 
Cytoreductive Surgery, Heated 

lntraperitoneal Chemotherapy, Wait and 
Watch', Chemotherapy, Debulking2,3. 

Histopathology test

 Final decision  Treatment 

No

Yes

▲ Figure 6: Coliseum technique 
(Images courtesy of M Wademan et al, 2012)29.

▲ Figure 7: Closed abdominal technique 
(Images courtesy of M Wademan et al, 2012)29.

▲ Figure 8: Laparoscopic technique (Images 
courtesy of M Wademan et al, 2012)29.

▲ Figure 9: Combined diagnostic strategy and 
algorithm (1. National Institute for Health and Care 
Excellence, 2017; 2. Basingstoke Colorectal, 2010; 
3. The Christie NHS Foundation Trust, 2015)33-35.

▲ Figure 10: (a) Star-like/starburst appearance and (b) centrally 
displaced bowel showing hypoechoic ascites containing non-mobile 
echoes (Images courtesy of Angela D Levy, 2009)9. 

 Figure 11: Axial 
CT scan showing 
(a) the right 
sub-diaphragmatic 
space with 
intraperitoneal 
fluid and 
calcifications 
(arrows) (b) free 
fluid collection 
(star) and a mass 
at the cecum and 
appendix (arrow) 
(Images courtesy of 
H Al-Buainain et al, 
2010)31.
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more sensitive than CT in discerning between mucinous 
and serous fluid, due to the use of T1 and T2 weighted 
sequences2,3. 

Current studies report that combining standard MRI 
protocols with diffusion weighted MRI can increase 
sensitivity and specificity to 90% and 95% respectively21-24. 
However, it should be noted that (i) no pre-combination 
sensitivities and specificities values were given in these 
studies; (ii) interpretation of MRI images is dependent 
upon the experience of the reporting radiologist and 
(iii) movement misregistration adds to the difficulty of 
interpretation. 

POSITRON EMISSION TOMOGRAPHY CT
The use of fluorodeoxyglucose positron emission 
tomography (FDG-PET) remains controversial as it has 
a lower sensitivity and specificity2,18, with the sensitivity 
of being able to detect peritoneal deposits decreasing the 
smaller the deposit is24. However, the combination of 
FDG-PET with contrast CT has demonstrated sensitivities 
and specificities in the range of 58 to 100% in the detection 
of peritoneal disease. In regards to the detection of ovarian 
tumours, PET-CT has shown sensitivity and specificity of 78 
to 97% in detecting peritoneal metastases, and according 
to a study by Moyle, is superior than US, CT and MRI18. 
This is supported by Krishnamurthy21, who states that 
compared to the other modalities, PET-CT had the highest 
sensitivity (92%) which is important with respect to PMP, as 
it occurs more commonly in females with suspected ovarian 
involvement3.

HISTOLOGICAL TESTS
PMP can be graded into DPAM, IG and PMCA6, but there is 
no general agreement on histopathological classification25. 
CT or US-guided biopsy can be used1 to obtain samples 
of mucin despite the risk of sampling errors and dry 
taps limiting histopathology tests1,13. When compared 
to other cancers, the histopathology of PMP cannot 
accurately forecast the behavioural pattern or the probable 
reoccurrence of the disease25.

TREATMENT
Specialist centres use cytoreductive surgery (CRS) (the 
Sugarbaker technique) which involves the aggressive 
removal of visible tumour6. Sugarbaker was the first 
to outline the technique, which can involve different 
procedures (Table 2)26, and is combined with hyperthermic 
intraperitoneal chemotherapy (HIPEC) as the optimal 
treatment strategy26-28. HIPEC involves using heated 
cytotoxic agents (mitomycin-C and 5-fluorouracil), which 
are administered directly into the abdomen26 by three 
different techniques: (i) Coliseum technique (involves using 
abdominal wall retractors and incorporating a plastic sheet 
into the suturing, allowing a more adequate distribution), 
(ii) closed abdominal technique (using catheters to 
administer agents to maintain hyperthermic conditions) and 
(iii) laparoscopically (Figures 6, 7 and 8)29. 

In some cases a ‘wait and watch’ approach is used 
for patients that present with a perforated mucinous 
appendiceal tumour with peritoneal involvement and a 
negative CT scan, as it is uncertain that PMP will develop26,30.

COMBINED DIAGNOSTIC ALGORITHM AND STRATEGY
The proposed diagnostic algorithm and strategy is displayed 
in Figure 9.

The patient’s symptoms, gender and age should be taken 
into consideration. PMP occurs at the mean age of 49 and 
is more common in women9 and phlebotomy tests can be 
done to look for elevated CEA and CA 19.912.

US is the first line investigative test, being preferred 

over abdominal radiography as clinicians can visualise free 
intra peritoneal fluid12, hepatic and splenic scalloping, the 
‘star-like/star burst’ sign (Figure 10)9 as well as evaluating 
the lymph nodes9.

Next, CT should be carried out, to demonstrate mucinous 
ascites, calcifications, hepatic and splenic scalloping19 
(Figure 11)31 in addition to analysing HU13 and providing a 
PCI score23. CT or US-guided biopsy can be used to obtain 
mucin samples1,13. 

If CT confirms a PMP diagnosis, there is no need to use 
MRI or FDG-PET, as they will not provide any further value, 
however, they can be used as part of the patient’s pre- and 
post-treatment follow-ups13.

Treatment can involve the conservative ‘wait and watch’ 
approach or CRS and HIPEC. Pre-operatively identifying 
patients that are eligible for CRS can help in reducing 
morbidity rates that while combining CRS and HIPEC can 
increase the five year survival rates32.

CONCLUSION
PMP is a very rare disease and due to its mimicking nature 
of other pathologies makes its diagnosis upon clinical 
examination difficult. The development of medical imaging 
has allowed the characteristic mucin found in PMP to be 
detected, with CT being favoured due to its rapid image 
acquisition, availability, sensitivity and specificity for PMP. 
The early detection of PMP and its classification is vital 
in establishing treatment options in order to be able to 
significantly enhance patient prognosis.
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