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PSEUDOMYXOMA 
PERITONEI PART I
ZIYAD AL – DIBOUNI

The role of multi-modality imaging in the diagnosis of 
Pseudomyxoma Peritonei.

PSEUDOMYXOMA PERITONEI

P
seudomyxoma Peritonei (PMP) is a very rare 
clinicopathological condition with an estimated 
occurrence of one to two cases per million per 
year1. It is characterised by mucinous tumour 
inserts on the peritoneal surfaces, along with 

the collection of mucinous ascites and pools of mucin 
within the peritoneal cavity1-3. PMP is also referred 
to as ‘jelly belly’ due to this mucinous material and 
the treatment of this aggressive metastatic peritoneal 

condition is limited to specialist centres4-6. 
PMP has three typologies (Disseminated peritoneal 

adenomucinosis (DPAM) (low-grade), Intermediate 
group (IG) and Peritoneal mucinous carcinomatosis 
(PMCA) (high-grade))7, and each grade is associated 
with a different prognosis and treatment protocols8. 

The majority of PMP sufferers are diagnosed by 
laparotomy conducted for suspected appendicitis due 
to the mimicking nature of the disease, thus making 
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diagnosis of PMP clinically challenging8,9. Currently, 
ultrasound (US), computer tomography (CT) and 
magnetic resonance imaging (MRI) are used to assist 
in the detection of PMP by measuring the echogenicity, 
attenuation values and signal intensities (respectively) 
of this mucin7. Mucin is composed of water and a high 
molecular weight protein, and its imaging characteristics 
will vary, depending on the protein content7, hence the 
vitality of being able to evaluate modalities based on their 
sensitivity and specificity in detecting this mucin.

This review will discuss the role of the different 
imaging modalities that are commonly used in the 
diagnosis of Pseudomyxoma Peritonei. In becoming 
familiar with the physiological processes and imaging 
features of PMP, it can help facilitate in the early detection 
of the disease. Early detection improves prognosis, as 
referral to a specialist centre can be made, allowing the 
patient to have access to specialised treatment protocols, 
services and support groups.

METHODS
A pilot study was conducted before a review of the 
literature was performed 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. Due to the rarity of 
PMP, the pilot study was conducted in order to identify 
the relevant keywords to be used in this review, and to 
further refine the methodology in order to achieve the 
aims of this study.

Journal articles were eligible for inclusion in this 
review 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.

Studies were excluded if they were a clinical case 
study/presentation, clinical trial, histopathologic/genetic 
study, involved animal models, the focus was of treating 
with radiotherapy or chemotherapy and 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. 
Articles identified from the search strategy and met the 
inclusion criteria, had their titles and abstracts screened 
to determine suitability and potential eligibility for the 
study. If doubt arose due to vague titles and abstracts, the 
full article was reviewed. Table 2 lists the data items used 
to further refine the articles included in this review.   

RESULTS
After searching the keywords across the journal sites, 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 articles, only 
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 309 papers were further removed after 
screening against eligibility criteria, leaving only 18 
articles for initial inclusion. A total of six articles were 
identified from citation list and included making a total 
of 24 articles to be included in this review. 

The inclusion and exclusion process for these articles is 
shown in Figure 1 in the form of a PRISMA diagram. 
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Key Words

Pilot Study Identified

Pseudomyxoma 
Peritonei, Diagnosis, 
Imaging, x-ray, 
Ultrasound, 
ultrasonography, CT, 
MRI and 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.

Table 1: Key words identified through pilot study.

Key Words

Data Items 

Diagnostic characteristics: The descriptive features of PMP on radiological 
imaging were included, but were not limited to in-text descriptions with figure 
legend descriptions being eligible.

Safety: Statements relating to invasiveness or the use of ionising radiation were 
determined, including statements referring to patients’ physical well-being. 

Cost: Reports of economic burden of the modality were included but were not 
limited to a numerical value being present.

Availability: Descriptions relating to modality accessibility. 

Scanning time: Statements that related to scanning time or speed were included 
but were not limited to a numerical value being presented.

Tolerance: Explanations of discomfort, inconvenience or potential harm to the 
psychological well-being of the patient were included.

Sensitivity and specificity: Accounts concerning sensitivity and specificity were 
included but were not limited to percentage values.

Table 2: Data items for inclusion of articles.

XR US CT MRI PET-CT

Barium 
contrast 
enemas 
can detect 
abnormal 
cecal pole 
filling10

Does not 
use ionising 
radiation, safe and 
inexpensive2,12,24

Well tolerated by 
patients8,12

Quick image 
acquisition 
times14,20,24

Easily 
accessible12,14

High sensitivity 
in detecting 
omental caking, 
ascites and 
union of bowel 
loops8,12,24

Non-invasive13

No 
contraindications 
to metal implants/ 
ferromagnetic 
medical devices12,14

Cheaper than 
MRI12

Quick image 
acquisition 
times14,20,24

More available than 
MRI12,14

Availability of 
protocols and 
has high image 
resolution14,23

Can differentiate 
between mucinous 
and serous fluids23

More sensitive 
at detecting 
sub centimetric 
deposits than 
CT14

Contrast agents, 
the detection 
implants on 
peritoneal and 
serosal surfaces 
improves 
significantly in 
comparison14,20

Combining 
standard MRI 
protocols with 
DWI can increase 
sensitivity and 
specificity11,14,22

MRI is more 
sensitive than 
CT in discerning 
between 
mucinous and 
serous fluid2,21

Combining 
FDG PET 
with contrast 
CT improves 
sensitivity and 
specificity in 
the detection 
of peritoneal 
disease2,20

Table 3: Strength of modalities in the diagnosis of Pseudomyxoma Peritonei.
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EVALUATION AND DISCUSSION OF FINDINGS
The main strengths and limitations of each modality are 
summarised in Tables 3 and 4 respectively.

RADIOGRAPHY
Although projectional radiographs provide limited 
diagnostic information, they do demonstrate the signs 
of PMP. These include increased abdominal density with 
reduced delineation of internal organs, unclear psoas 
muscles, central shift of the small bowel, protruding 
flanks, rounded right iliac fossa calcifications and 
masses of the cecum4,10,11. Due to the occurrence of 
mucin and depending on the volume, the hepatic 
margin can become detached from the abdominal 
wall (Hellmer sign) due to the mucinous collections 
in the right sub-hepatic space, concealing the inferior 
hepatic margins4. This mucin also causes the central 
dislodgement of the ascending and descending colon 
as it amasses in the paracolic gutters4,10, while it 
appears as equal areas of opacity either side of the 
bladder in the pelvic region4. Additional information 
can be obtained from the use of barium enemas, 
which include non-filling of the appendix, cecal pole 
lesions, compression of the caecum and concentric ring 
appearances of the appendiceal mucosa (Figure 2 )10.

ULTRASOUND
PMP can be diagnosed on ultrasound by the presence 
of ascites10, where the fluid is echogenic, signifying the 
presence of the gelatinous material mucin4. Any PMP 
involvement of the omentum and parietal peritoneum 
will present as a focal or sheet like echogenic mass4, 
with enhanced echogenicity of the omentum believed 
to be generated by the presence of minor cysts8. 
Abnormal thickening of the peritoneum and omentum 
can reveal anechoic areas with septations and echogenic 
foci (Figure 3)10 however, the lack of omental cake 
visualisation could be indicative of DPAM8. 

Intra peritoneal fluid is highly echogenic and the 
internal echoes do not shift with body position11 and in 
PMP, the intestines would be centrally and posteriorly 
displaced exhibiting a star-like/star burst structure 
(Figure 4a) with hypoechoic gelatinous ascites (Figure 
4b)4. Ultrasound can detect scalloping of the liver and 
splenic margins4 in addition to ascertaining enlarged 
lymph nodes, which could indicate malignancy and be 
suggestive of PMCA8.

COMPUTED TOMOGRAPHY
Some pathologies, such as mucinous carcinomatosis, 
can mimic PMP on CT and so knowledge of the specific 
characteristic presentations, clinical and pathological 
processes of PMP can help in obtaining a true diagnosis4. 
For instance, PMP does not spread via the lymphatic 
system and does not directly infiltrate parenchymal or 
visceral organs4. This, in combination with a thorough 
patient history, can assist radiologists in making a 
PMP diagnosis via CT findings22, allowing CT to detect 
early signs of PMP (mucus around the appendix or 
ileocecal region, usually in the presence of the primary 
appendiceal tumour)23, which can lead to improved 
prognosis by referral for specialised treatments. 

Visualisation of the bowel wall, along with the serous 
membrane and the peritoneum, can be optimised by 
using a negative or water density contrast medium14 and 
there are two radiological findings on contrast enhanced 
CT scans that can predict the likelihood of complete 
cytoreduction: (i) segmental obstruction of the small 
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XR US CT MRI PET-CT

Can mimic 
massive 
ascites4

Mucinous ascites 
imitates free intra 
peritoneal fluid2,3

Patients’ habitus, 
bowel gas and 
poor tissue 
contrast further 
limits US ability 
in imaging the 
peritoneum, 
while image 
interpretation 
is operator 
dependant20

Low specificity in 
detecting omental 
caking, ascites 
and union of 
bowel loops8,12,24

Uses high dose 
ionising radiation6

Potential risk 
of anaphylaxis 
(iodinated contrast 
agents)6

Less specific when 
excessive amounts 
of mucin are 
present1,9

Oral contrast limits 
the detection 
of calcifications 
and peritoneum 
deposits14

Concentration 
of mucin 
determines the 
signal intensity11

Sensitivity of 
FDG PET being 
able to detect 
peritoneal 
deposits 
decreasing the 
smaller the 
deposit is11

Table 4: Limitations of modalities in the diagnosis of Pseudomyxoma Peritone.

Records identified through 
database searching 

(n=2,550)

Articles published after 2007 
(n=1,076)

Free, non-duplicate full-text 
articles identified 

(n=327)

Initial number of  
articles for inclusion 

(n=18)

Total number of articles 
(n=24)

Articles removed  
published before 2007 

(n=1,474)

Non-free and duplicate  
articles removed 

(n=749)

Additional articles  
from citation lists 

(n=6)

Articles removed for not  
matching criteria (n=309)

In press (n=9) 
Non-English/Translated  (n=38) 
Case Study/Presentation  (n=105) 
Clinical Trial/Non-surgical  (n=57) 
Histopathology/Genetics  (n=37) 
Other  (n=63)

Figure 1: PRISMA diagram.
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Figure 2.

Figure 3 a&b.

Figure 4 a&b.

Figure 5.

Figure 6.
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bowel and (ii) small bowel and mesentery tumour 
masses larger than 5cm in width1. This will not only help 
in determining the potential success of cytoreductive 
surgery, but will inherently determine prognosis. 

Thickening of the peritoneal surface is caused by the 
solid non-mucin, curvilinear calcifications of PMP6,13 
(Figure 5) and the use of oral contrast can limit the 
ability to detect calcified deposits of the serosa and 
peritoneum14. This is due to the fact that these nodules 
are of high attenuation values1, whereas mucinous 
implants (Figure 6) can appear as hypodense cystic 
masses exhibiting attenuation values of 5-20 Hounsfield 
Units (HU)5,11,15. Normal ascites display low attenuation 
values similar to water (± 0HU)15.

Additional characteristic signs of PMP include the 
presence of peritoneal ascites and cystic masses that cause 
scalloping of visceral organs, producing multifocal areas 
or septations of low attenuation (Figure 7)16,17. Peritoneal 
ascites will have a slightly higher attenuation value than 
water, due to mucin containing a high molecular weight 
protein which deposits in sites of stasis, such as the 
pouch of Douglas/retrovesical pouch, the sub phrenic 
spaces and at the hepatic and splenic surfaces7. 

Mucinous and fluid ascites can be differentiated by 
the typical scalloping of the liver and splenic surfaces1, 
as mucinous ascites is thicker compared to serous fluid18. 
Scalloping of the hepatic and splenic surfaces indicates 
that it is being compressed by gelatinous material5,16, 
with liver scalloping being the main feature, allowing 
PMP to be distinguished from simple ascites7.

MAGNETIC RESONANCE IMAGING
MRI has the capability to diagnose the same distinctive 
signs of PMP seen on CT, such as mucinous ascites, 
calcifications and hepatic scalloping12 in addition to the 
location of mucoceles, which present similarly to CT2. 
The use of gadolinium and water soluble enteric contrast 
has allowed MRI to rival CT in the detection of deposits 
less than 1cm in areas such as the subphrenic spaces and 
mesenteries, with the use of fat suppressed T1 and T2 
weighted post contrast studies14.

With the availability of T1 and T2 weighted sequences, 
it is able to discern between mucinous and serous 
fluid2,19, as the concentration of mucin within lesions 
regulates the signal intensity11, therefore the different 
properties of T1 and T2 sequences allows them to show 
up as hypointense and hyperintense areas respectively 
(Figure 8)11,20. The presence of gelatinous fluid on 
MRI images is also determined on the sequence used; 
gelatinous fluid shows up as a heterogenous hypersignals 
on T2 sequences, a hypersignal on high b value diffusion 
weighted MRI (DWI) and is heightened on post-contrast 
fat repressed T1 images19.

As MRI has higher contrast resolution than CT, it is 
able to easily characterise and depict tissues of mucinous 
tumours and clearly individualise them from mucoceles 
within the ileocecal region19,21. MRI does however, 
encounter difficulties in differentiating scar tissue and 
malignant peritoneal nodules in the absence of tumour 
masses, but DWI (Figure 9) can overcome this, allowing 
site specific areas of PMP (such as the mesenteries and 
hepatic regions) to be evaluated more effectively14.

POSITRON EMISSION TOMOGRAPHY CT
The key advantage of combining anatomical imaging of 
CT with the functional imaging of PET, is that it permits 
the precise localisation of diseases and their progressions, 
allowing the distinction between typical biological and 
pathological uptake14. It uses a radio-labelled tracer called 

Figure 7 a, b, c, d.

Figure 8.

Figure 9.

Figure 10.

Figure 11.
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(18F)- fluorodeoxyglucose (FDG) and seems to be of 
value in establishing the extent of high grade PMP11. 

In combination with CT, it allows the visualisation 
of the entire body allowing the detection of probable 
systemic metastases1. However, it offers restricted value for 
low-grade mucinous lesions, as small tumour deposits, 
mucinous tumours of the ovary and colon, can give false 
negative results1,14. PET-CT features of PMP comprise 
well confined nodules to disseminated uptake over the 
peritoneal and serosal surfaces (Figure 10)14. 

Reporting radiologists require a thorough 
comprehension of the limitations associated with FDG 
PET-CT11, as false positive results can transpire from new 
or pre-existing infections or inflammatory conditions14. 
Even though the role of PET in PMP is controversial, 
it has been suggested that it could still be of value in 
detecting high grade PMP, which is a contraindication for 
cytoreductive surgery2,11,21.

SUMMARY
Plain abdominal radiography is typically the first 
investigation for the exclusion of bowel obstruction or 
perforation in patients with abdominal discomfort or 
distension14. With regards to PMP, very little information 
can be obtained to provide a definitive diagnosis4.

On US, within gelatinous ascites, echogenic septations 
can be detected which epitomise the boundaries of 
mucinous nodules4, and multiple echogenic septations 
in a laminated concentric pattern which is characteristic 
of PMP11.

Mucinous ascites, calcifications and hepatic scalloping, 
are the characteristic signs of PMP on CT imaging12. 
The presence of a large omental thickening or caking12, 
fixed bowel loops10 with mucinous ascites that causes 
compartmentalisation centrally in the abdomen of the 
small bowel and its mesenteries9, are the first obvious 
findings on CT images (Figure 11).

Similar to CT, MRI is able to use contrast (gadolinium), 
which has shown promising results in establishing 
suitability for cytoreductive surgery1. MRI is not as 
widely used, in comparison to CT12, with its role in 
staging PMP still being explored1. Despite this, MRI has 
far superior soft tissue contrast and is able to distinguish 
discrete variations in multiple orthogonal planes14, along 
with the compression of the intestines by mucin23.

Even though the use of FDG PET may provide some 
value in the detection of PMP, it seems that the CT 
component is more reliable in being able to predict the 
extent of disease14. 

CONCLUSION
PMP is a very rare disease which mimics the symptoms 
of other pathologies, making its detection difficult. With 
the advancement in medical imaging, characteristic 
signs of the disease have been identified, with CT being 
preferred above other modalities. Becoming familiar with 
the clinical and radiological features of PMP is of the 
upmost importance in being able to increase chances of 
early detection and improve patient prognosis.
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  PMP is a very rare 
disease which mimics 
the symptoms of other 
pathologies, making its 
detection difficult.  


