British Journal of Medicine & Medical Research

8(1): 30-40, 2015, Article no.BJMMR.2015.424
ISSN: 2231-0614

SCIENCEDOMAIN

SCIENCEDOMAIN international
www.Ssciencedomain.org

Ascitic Fluid Fibronectin: A Marker to Differentiate
Between Malignant and Non-malignant Ascites

E. E. L. Ekpe"’, E. C. Azinge? and D. M. Bolarin?®

"Department of Chemical Pathology, University of Calabar Teaching Hospital, Calabar, Nigeria.
’Department of Clinical Pathology, University of Lagos, Lagos, Nigeria.

Authors’ contributions

This work was carried out in collaboration between all authors. Author EELE designed the study,
wrote the protocol, and wrote the first draft of the manuscript and did the data analysis with Prof
Ekanem. Author ECA corrected the various drafts of manuscripts and author DMB supervised the
experimental processes and the overall work. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/BJMMR/2015/12615

Editor(s):

(1) Franciszek Burdan, Experimental Teratology Unit, Human Anatomy Department, Medical University of Lublin, Poland and
Radiology Department, St. John’s Cancer Center, Poland.

Reviewers:

(1) Papa Dasari, Department of Obstetrics and Gynaecology, Jawaharlal Institute of Postgraduate Medical Education and
Research, India.

(2) Nasrollah Maleki, Department of Internal Medicine, Ardabil University of Medical Sciences, Iran.

(3) Anonymous, Bulgaria.

Complete Peer review History: http://www.sciencedomain.org/review-history.php?iid=1113&id=12&aid=8881

Received 9" July 2014

Original Research Article Accepted 14" Ogtober 2014
Published 18" April 2015

ABSTRACT

Background and Aims: So far, the differentiation between malignant and non-malignant ascites
by laboratory parameters has not been fully achieved yet. Fibronectin is a glycoprotein which plays
an important role in cell adhesion, growth, migration, and differentiation. The aim of the study was
to assess the accuracy of fibronectin for the diagnosis of malignant ascites and to compare it with
conventional use of cytology.

Study Design: A cross sectional study to determine the correlation between ascitic fluid fibronectin
and malignant and non-malignant ascites.

Place and Duration of Study: This study was carried out at the clinics of gastroenterology,
surgery, and obstetrics/gynecology at the Lagos University Teaching Hospital (LUTH), between
August 2011 and July 2013.

Methods: Ascitic fluid and serum samples from 75 patients were taken. 37 of them (7 males
and 30 females) had malignancy-related ascites (Group 1), while the other 38 (18 males and
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20 females) had non-malignant ascites (Group 2) respectively. These were analysed for
fibronectin, lactate dehydrogenase (LDH), total protein, and albumin. Cytology was also done for
all ascitic fluid samples.

Results: Mean values of ascitic fluid fibronectin and LDH were higher in malignancy-related
ascites (97.5 ug/ml, and 900.60 IU/L) respectively than in non-malignant ascites (47.7 pg/ml, and
199.31 IU/L) respectively (P less than 0.001). Ascitic fluid fibronectin with a cut-off value of
73 pg/ml gave the best diagnostic accuracy with a sensitivity and specificity of 94.7% and 94.6%
respectively, while ascitic fluid LDH with a cut-off value of 310 IU/L gave diagnostic accuracy with a
sensitivity and specificity of 97.3% and 84.2% respectively. The mean total protein level in the
malignant group was 38.72+18.00 g/L and 30.21+15.00 g/L for the non-malignant group. The mean
albumin levels were 28.08+10.32 g/L and 31.23+10.01 g/L for the malignant and non-malignant
groups respectively. For both total protein and albumin, the P value was statistically insignificant. In
this study, cytology yielded a sensitivity of 56.8% and a specificity of 100%.

Conclusion: The results of this study suggest that fibronectin concentration in ascitic fluid may be
useful in differentiating malignant from non-malignant ascites and could supplement cytology in the

differential diagnosis of ascites. Further studies are needed to confirm these results.

Keywords: Fibronectin; cytology; lactate dehydrogenase; malignant and non-malignant; ascites.

1. INTRODUCTION

Ascites is an important clinical situation that can
be described as the pathological accumulation of
fluid in the peritoneal cavity [1,2]. It is a common
clinical sign with a wide range of causes [3].
Though many theories try to explain the
pathogenesis of ascites, the exact mechanism
regarding the formation of ascites remains
controversial 1. The most common reason for the
appearance of ascites is cirrhosis [3], although
tuberculosis peritonitis, congestive heart failure,
pancreatic, and renal induced ascites also occur

[4].

Differentiation between malignant and non-
malignant ascites is a common clinical problem
because no single routine biochemical laboratory
test can completely distinguish between them [5]
and, although cytological examination of ascitic
fluid is highly specific, its diagnostic sensitivity is
only about 40-60% [6,71].

There are no distinctive features and no single
diagnostic test is accurate in differentiating
malignant and non-malignant ascites [8] and a
large percentage of false-negative results may
be produced by cytological investigation [7,9].

Based on these, other parameters of ascitic fluid
need to be investigated. These other parameters
would therefore be helpful to speed up the
diagnostic process as inconclusive or false
negative results from analysis of ascites could
lead a clinician to consider the need for a more
invasive  diagnostic  application such as
laparascopy [2,10].
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Diagnostic performance has been improved by
combining cytology with ascitic fluid analysis in
some studies [11], but complete discrimination
between malignancy-related and non-malignant
ascites has never been achieved [5,8].

Recent investigations have drawn attention to the
surface properties of cancer cells, suggesting
new possible markers of malignant effusions
[12]. Cholesterol and fibronectin have been found
to be elevated in malignant ascites [3,8,13].

However, in comparing fibronectin and
cholesterol in terms of sensitivity, fibronectin has
been found to be 100% sensitive in differentiating
between malignant and non-malignant ascites
[3,8,13-14].

In addition, ascitic fluid fibronectin results can be
obtained in less than three hours after
paracentesis, thereby enhancing patients’ short
stay in hospital.

Furthermore, there is no published material on
the differential diagnosis of ascitic fluid using
fibronectin in the scientific literature in our
environment to our knowledge.

Though, the usefulness of fibronectin among
patients with sickle cell disease [15], malnutrition
[16] and pregnancy [17] have been studied in our
environment, but no mention of it has been made
concerning its role in differentiating ascites. Few
articles concerning the usefulness of ascitic fluid
fibronectin have been documented worldwide.
Even then, many of them are on Caucasians.
This study may probably be the first to explore
the role of fibronectin in differentiating malignant
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from non-malignant ascites adult

Nigerians.

among

In this aspect, the aim of the current study is to
try to find a discriminate model to distinguish
malignancy-related from non-malignant ascites
using fibronectin. Its aim is to determine the
correlation between ascitic fluid fibronectin and
malignant and non-malignant ascites.

2. PATIENTS AND METHODS

This is a cross-sectional study involving
unselected patients with clinically detectable
ascites who were admitted to Lagos University
Teaching Hospital (LUTH). LUTH is a referral
tertiary health institution in Nigeria, receiving
patients from all over the country on a daily
basis. All patients recruited for this study (both
males and females) were between 18 and 65
years of age. 75 patients were totally recruited
for this study.

The patients were divided into two groups, 1 and
2. Group 1 consisted of patients with malignancy-
related ascites and group 2-of patients with non-
malignant ascites respectively.

In group 1, malignancy was documented by
histology; clinical features, ultrasonography and
computerized tomography (CT) scan where
applicable. Patients with proven diagnosis of
cancer who had negative ascitic cytology were
also included in group 1.

Group 2 consist of patients with ascites from any
other cause outside malignancy.

Patients diagnosed with cancer who had
previously received anticancer treatment were
excluded from this study.

2.1 Ethical Consideration

Ethical Committee approval was obtained for the
current investigation from the research and
ethical committee of Lagos University Teaching
Hospital and it was done in accordance with the
ethical protocol of LUTH. A written and verbal
consent was obtained from each participant after
a detailed explanation of the procedures
involved. For the patients who were illiterates,
their close relation explained the procedure to
them. All subjects were requested to fill a
questionnaire. Information necessary on the
questionnaire included: age, sex, causes of
admission, history of alcohol ingestion, smoking,
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drug abuse, presence /absence of co-morbid risk
factor such as tuberculosis.

The procedure of ascitic fluid collection was well
explained to the patients. They were compliant.
After explaining the procedure, the patients were
well rested, placed in supine position, and
inclined at 45° on bed. The skin on the left lateral
side (hypochondria) was well cleaned with 70%
alcohol and cotton wool. Then using a 20 ml
syringe, ascitic fluid was collected by backflow
pressure into the 20 ml syringe and the needle
was removed and pressure applied on the area
with fresh dry cotton wool. It was collected into a
universal bottle.

75 patients with ascites from various etiologies
underwent abdominal paracentesis in the first
24hours after admission preferably before any
intervention was done.

Before analysis, ascitic fluid was centrifuged at
12000 rpm for 5 minutes at room temperature to
remove cellular debris, and it was then assayed
for ascitic fluid fibronectin, total protein and
albumin.

Venous blood was collected at the time of ascitic
fluid collection. The procedure of venepuncture
was explained to the patients. Patients were
seated, or lying down, well relaxed and rested.
Venous blood was aspirated from the cubital
fossa, after it was well cleaned with 70% alcohol
and cotton wool and allowed to dry. Then a 5ml
syringe was used to collect the blood sample and
put it into a sample bottle. For each one of the
patients, 5 ml of blood was drawn from the vein
using a 5 ml syringe. The blood obtained was
spun for separation of plasma from the cells. The
plasma obtained was used to assay for
fibronectin, total protein and albumin.

An enzyme-linked immunosorbent assay (ELISA)
kit, Assaymax Human Fibronectin ELISA kit was
used(ANTIBODIES-ONLINE Inc., Atlanta, GA,
USA), for quantitative determination of fibronectin
in plasma and ascitic fluid and read out using
Emax® micro tube well reader.

Biuret method was applied for common
quantification of protein in both plasma and
ascitic fluid. This method was chosen because it
is the most widely used, it is not cumbersome
and is highly recommended by International
Federation of Clinical Chemistry (IFCC) [18].
Also, only a small quantity of sample is usually
required.
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For Albumin assay, Bromocresol Green (BCG)
Colorimetric method was used. The principle
here is that albumin binds to BCG at a pH of 4.2
to form a colored compound. The blue color
formed is directly proportional to the amount of
albumin. This was used to estimate the plasma
and ascitic fluid albumin levels.

A commercially available protein assay kit
(Randox R Laboratories Ltd, UK.) was used.

2.2 Statistical Analysis

The statistics was carried out by the SPSS®
version 15.0 (SPSS Inc., Chicago, IL, USA)
statistical package for Windows . The mean
values, standard deviation, as well as median
values and range of plasma and ascitic fluid
concentrations of fibronectin, total protein, and
albumin were calculated. The variance,
correlation and regression analysis were
employed. Receiver Operating Characteristic
(ROC) curves were calculated by standard
procedures. This was created by plotting the
fraction of true positive rate TPR (sensitivity)
against the false positive rate FPR (1-specificity).
The area under the curve is a relative measure
of the diagnostic test performance. By
superimposing the ROC curves of different
markers of malignancy, the most predictive
marker can be selected. Applying cut-off limits
for the determined parameters permitted
classification into four categories:

(a)True positive

(b)True Negative

(c) False positive

(d) False negative

Sensitivity = a/a+d x100%

Specificity=b/b+c x100%

Positive predictive value= a/a+c x100%
Negative predictive value= b/b+d x100%
Diagnostic efficiency= (a+b)/a+b+c+d x 100%

The significance of differences of sensitivity,
specificity, efficiency between various
parameters was evaluated by chi-square test. A
p value of less than 0.05 was considered
statistically significant.

Comparison of clinical and biochemical
characteristics between the levels of fibronectin
in malignant and non-malignant ascites was
performed by the chi square test for discrete
variables and the student unpaired t-test for
continuous variables. The student f-test was
applied for comparison of mean values between
groups. The Pearson correlation coefficient was
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used to correlate the studied variables. In all the
tests, the level of significance was set at P<0.05.

3. RESULTS

The total number of patients enrolled in the
current study was 75. From this total number, 25
(33.3%) were males and 50 (66.7%) females.
These patients were divided into two groups, |
and 2 (Table 1).

Table 1. Showing the division of patients into

two groups
Type of Male Female Total
ascites
Malignant 7 30 37(49.3%)
(Group 1)
Non- 18 20 38(50.7%)
malignant
(Group 2)
Total 25(33.3%) 50(66.7%) 75(100%)

Group 1 consisted of 37 patients (49.3%) of the
total 75 patients with malignancy-related ascites.
This was made up of 7 males and 30 females.
The etiological distribution of these 37 individuals
(7 males and 30 females) was: primary liver cell
carcinoma, twelve (32.4%); cancer of the cervix,
five (13.5%); Ovarian cancer, eleven (29.7%);
cancer of the bladder, one (2.7%) Endometrial
cancer, one (2.7%); seminoma, one (2.7%),
Cholangiocarcinoma, one (2.7%); Renal cell
carcinoma, one (2.7%); Breast cancer, three
(8.1%); undifferential abdominal neoplastic
infiltration, one (2.7%).Diagnosis was confirmed
by a biopsy and histology. Also, clinical features
were noted in those with long-standing cancer
alongside by radiological investigations like
ultrasound and CT scan where affordable.
However, histology confirmed malignancy in all
the patients.

Group 2 consisted of 38 patients (50.7%) of the
total study group and was made of patients with
non-malignant  ascites (18 males, 20
females).The etiological distribution of these 38
individuals (18 males and 20 females) was:
congestive cardiac failure, twelve (31.6%);
chronic kidney disease, seven (18.4%); liver
cirrhosis, seventeen (44.8%); tuberculosis, one
(2.6%); and leukemia, one (2.6%). None of the
patients from this group had any malignancy.

A gender difference between the two groups was
also established. Group 1 had more females,
while group 2 had more males (Table 1). All
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these patients were Nigerians from the three
major ethnic tribes: Hausa, Ibo and Yoruba
(Table 2).

The mean age of the study group was
46.58+12.44 years with a range of 18 years to 65
years. Patients in group 1 were slightly older than
those in group 2 (mean age +SD: 48.43+11.13
vs. 44.79+13.51 respectively). Summary of age
distribution is seen in (Table 3).

The mean blood pressure was 122.10+17.01
mmHg for systolic value and 73.34£9.97 mmHg
for diastolic blood pressure. Mean body mass
index (BMI) was 24.56+3.49 kg/m°. More than
half of the study population (57.3%) was traders,
businessmen/women, farmers or unskilled
people by profession.

Ascitic fibronectin levels of higher than 100 ug/ml
(cut-off value was 73 pg/ml) were found in 18
patients with malignancy-related ascites and in
none with non-malignant ascites. Ovarian
cancers had the highest value of fibronectin
concentration. The mean ascitic fibronectin
concentration in patients with malignant ascites
was 97.54+17.73 pg/ml as against 47.76+£13.32
pg/ml seen in non-malignant ascites (P<0.001).
The mean ascitic fibronectin concentration in
both groups was 72.32429.97 pg/ml. At a cut-off
value of 73 pg/ml for ascitic fibronectin, the
sensitivity was 94.6%, specificity 94.7%, positive
predictive value 94.6%, negative predictive value
94.7%, and diagnostic accuracy of 94.7%

The mean plasma fibronectin was 42.73+10.02
pg/ml. Patients with malignant ascites had a
mean plasma fibronectin of 46.24+10.28 pg/ml,
while those with non-malignant ascites of
39.3248.58 pug/ml (P <0.05) respectively.
Patients with liver cirrhosis had lower values of

fibronectin when compared to other non-
malignant disease entities.
The mean ascitic fluid total protein was

34.41+16.97 g/L and 71.75+7.35 g/L for plasma
concentration. Sensitivity of ascitic protein was
62.7% at a cut off limit of 41.5 g/L. The mean
ascitic albumin concentration was 29.6+10.2 g/L
while mean plasma albumin concentration was
40.42+7.75 g/L (see Table 4). The accuracy of
ascitic albumin was 50.7%. There was a positive
correlation between SAAG and ascitic fibronectin
(P<0.05, r 0.34) while there was a poor
correlation between serum ascites albumin
gradient (SAAG) and plasma fibronectin (Figs. 1
and 2).

As illustrated by the Receiver Operating
Characteristic (ROC) curve (Figs. 3 and 4), the
differential diagnostic accuracy of ascitic
fibronectin was superior to that of other
parameters. This observation was confirmed
when sensitivity, specificity, positive and negative
predictive values were calculated. Ascitic
fibronectin, SAAG, total protein and albumin at
discrimination points of 73 pg/ml, 11.50 g/L,
415 g/L, 49 g/L separated patients with
malignancy from patients with non-malignant
ascites with accuracy of 94.7%, 73.3%, 62.7%,

see Table 4). :
( ) 50.7% respectively (Table 5).
Table 2. Table showing distribution of ascites by tribes
Tribe Non-malignant ascites Malignant ascites Total Percentage (%)
Yoruba 21 15 36
Hausa 3 2 5 7
Ibo 9 11 20 27
Others 10 4 14 18
43 32 75 100

Table 3. Age distribution of subjects with malignant and non-malignant ascites

Age (years)

Group 1 (Malignant) (%)

Group 2 (Non-malignant) (%)

<20 0
20-29 54
30-39 18.9
40-49 18.9
50-59 324
60-65 24.3

53

13.2
10.5
23.7
28.9
18.4

34
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Correlation between SAAG and Ascitic Fibronectin
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Fig. 1. Positive significant correlation between ascitic fibronectin and SAAG
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Fig. 2. Positive insignificant correlation between plasma fibronectin and SAAG
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Table 4. Results of analysis of malignant and non-malignant ascitic fluid

Parameter NMA(x£SD) MA(x*SD) (Difference) P value
Fibronectin (ug/ml) 47.76+15.32 97.54£17.73 P<0.05

Total protein (g/L) 30.21+15.00 38.72+18.00 Not significant
Albumin (g/L) 31.23+10.01 28.08+10.32 Not significant
SAAG (g/L) 6.74+4.8 13.56+7.5 P<0.05

Table 5. Sensitivity, specificity, accuracy and positive and negative values of variables in
separating 37 patients with malignant-related ascites from 38 patients with non-malignant
ascites (Total 75 patients)

Sensitivity  Specificity Accuracy Positive Negative Cut-off value
(%) (%) (%) predictive predictive
value (%) value (%)

Fibronectin  94.6 94.7 94.7 94.6 94.7 73 pg/ml
LDH 97.3 84.2 90.7 85.7 97.0 310 U/l
Protein 37.8 86.8 62.7 73.7 58.9 41.5g/L
Albumin 0.0 100 50.7 0 50.7 49 g/L
Cytology 56.8 100 78.6 100 704
SAAG 59.5 86.8 73.3 81.5 68.8 11.5¢g/L
A ROC Curve: Ascitic fluid fibronectin B ROC Curve: Ascitic Protein
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Fig. 3. ROC curve in ascitic fluid
Ascitic Fibronectin; B. Ascitic Total protein; C. Ascitic Albumin
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4. DISCUSSION

Ascites is one of the most common clinical
problems confronting physicians in Nigeria. It is a
common clinical sign with a wide range of causes
[38]. There are no distinctive features and no
single diagnostic test is accurate in differentiating
malignancy-related from non-malignant ascites
[8]. Discrimination of malignancy-related ascites
from non-malignant causes of ascites is of
paramount importance in the differential
diagnosis of ascites because the therapy and
management of the two groups is radically
different [19]. The differential diagnosis of ascites
remains a major clinical problem, and
unfortunately so far none of the analytes used to
distinguish one type from another has a
diagnostic accuracy of 100%. Attempts to
achieve a complete differentiation of patients with
malignancy-related ascites and non-malignant
ascites by means of simple laboratory test have
so far failed [20].
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Recent studies have drawn attention to the
surface properties of cancer cells, suggesting
new possible markers of malignant effusions
[12]. Lipids (mainly cholesterol) and fibronectin, a
high molecular weight (HMW) glycoprotein
derived from the extracellular matrix have been
found to be elevated in malignant ascites

[8,13,21].
Cytological examination of ascitic fluid has
proven rather insensitive, with detection of

malignant cells in only 40-70% of malignancy-
related ascites [7,9]. Castaldo et al. [22] have
cited a sensitivity of 40-60% for cytology in their
article. In this index study, the sensitivity of
cytology was found to be 56.8%. Lack of
sensitivity may be due low number of neoplastic
cells present in some ascitic fluid samples
[9,23-24]. As is well known, cytological
examination of ascites can only detect
malignancy when the tumor cells involve the
peritoneum and exfoliate into the ascitic fluid
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[25]. Another reason for this low sensitivity may
be that most tumors shed their neoplastic cells
into ascitic fluid intermittently [24].

Taking into account the limitation of cytology,
ascitic fluid has been examined for other
parameters which might allow for its differential
diagnosis. Therefore, other parameters of ascitic
fluid have been investigated for their differential
diagnostic value. Some of these biochemical
parameters explored in this regard so far include,
ascitic fluid fibronectin, cholesterol, protein, LDH,
and other tumor markers.

Recently, an accuracy of above 90% was
reported for concentrations of fibronectin [23,26].
According to this index study, fibronectin levels
have been shown to correlate with malignancy.
Levels of fibronectin are higher in ascites
associated with malignancies, whereas levels are
lower in ascites related to non-malignant
condition.

The most common cause of ascites between the
two groups was liver cirrhosis secondary to
chronic viral hepatitis (types B, and C) found in
17 patients (22.6%) of the total group
investigated. This corroborates with the study
done by Malabau et al. [27] at Ibadan.

Sood et al. [28] showed that high concentrations
of ascitic fibronectin were significantly higher in
malignancy-associated than in non-malignant
ascites. They also showed that there is a link
between malignancy and fibronectin levels. In
this index study, the diagnostic accuracy of
fibronectin in ascitic fluid was found to be 94.7%,
using a cut-off value of 73 pug/ml. The sensitivity,
specificity, and accuracy of fibronectin were
94.6%, 94.7% and 94.7% respectively. This
agrees with earlier studies done by Sood et al.
[25] who got an accuracy of 97.1% in their study
and a sensitivity of 100%. Chilan JM et al. [29]
showed that the diagnostic accuracy of
fibronectin in differentiating malignant and non-
malignant ascites was 85%. Lee CM et al. [30]
also conducted similar studies and arrived at a
diagnostic accuracy of 95.9% for ascitic
fibronectin.

In a similar study, Siddqui et al. [31] had 100%
accuracy for fibronectin as against 78.7% for
malignant cytology. This implies that fibronectin
may be more sensitive for diagnosis of malignant
ascites. A proposal that one of the reasons for
the increased levels of fibronectin in the ascitic
fluid could be its increased production from the
neoplastic cells, which therefore could explain
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the high values of this protein in malignancy-
related ascites [32,33]. The transformed
malignant cell may shed matrix fibronectin which
then may be found in the body fluids [20]. The
specificity of ascitic fibronectin in this study
(94.7%), is similar to that reported by Colli et al. 8
(93%), and superior to the 88% reported by
Gerbes et al. [34], but inferior to the 100%
accuracy observed by Scholmerich5 and
Archimandritis et al. [26] and the 98% observed
by Prieto et al. [35]. It should be noted that the
cut-off levels were different in the five studies
mentioned.

According to the results of the current study, total
protein levels were higher in malignancy-
connected than in non-malignant patients, while
specificity and sensitivity were low (86.8%,
37.8% respectively).These findings support the
views of various investigators, that protein

concentration is not a definite criterion for
differentiating malignant from non-malignant
ascites.

5. CONCLUSION

The presented paper focused on the usefulness
of fibronectin in the differential diagnosis of
ascites and these data and findings suggest that
fibronectin may have potential value in oncology,
it may be used as tumor marker in differentiating
malignant from non-malignant ascites. Also,
fibronectin is more sensitive in diagnosing
malignancy, when compared to cytology. Further
prospective studies on larger number of subjects
might be necessary for validation of these
findings.

6. LIMITATION

This study may be limited by the fact the sample
study size is rather small. Using a larger number
of sample size maybe needed to validate these
findings.

ACKNOWLEDGEMENTS

The authors strongly appreciate Prof. E. E.
Ekanem, Biostatician at the College of Medicine,
University Of Lagos; for the data analysis.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing



Ekpe et al.; BIMMR, 8(1): 30-40, 2015; Article no.BJMMR.2015.424

REFERENCES

1.

10.

11.

12.

Runyon BA. The serum-ascites albumin
gradient is superior to the exudate-
transudate concept in the differential
diagnosis of ascites. Ann Intern Med.
1992;117(3):215-220.

Tuzun Y, Yilmaz S, Dursun M, Canoruc F.
How to increase the diagnostic value of
malignancy-related Ascites: Discriminative
ability of the ascitic tumor markers. The
Journal of International Medical Research.
2009;37:87-95.

Kuiper JJ,van Buuren HR, de Man RA.
Ascites in  Cirrhosis: a review of
management and complications. Neth J
Med. 2007;65(8):283-8.

Rector WG, Reynolds TB. Superiority of
the serum-ascites albumin difference over
the total protein concentration in
separation of transudate and exudate
ascites. Ann J Med. 1984;77:83-85.
Scholmerich J, Volk BA, Kottgen E, Ehlers
S, Gewk W. Fibronectin concentration
in ascites differentiates between
malignant and non malignant ascites.
Gastroenterology. 1984;87:1160-1164.
Chen SJ, Wang SS, Lu CW, Chao Y, Lee

FY, Lee SD. Clinical value of tumor
workers and serum-ascites  albumin
gradient in the diagnosis of
malignancy-related ascites. Journal of

Gastroenterology and Hepatology. 1994;
9:396-400.

Garrison RN, Kaelin LD, Hauser LS,
Galloway RU. Malignant ascites: Clinical
and experimental observations. Ann Surg.
1986;203:644-651.

Colli A, Bussan G, Cecil M, Paravicini R,
Mariani F, Scaltrin G. Diagnostic accuracy
of sialic acid in the diagnosis of malignant
ascites. Cancer. 1989;63:912-916.

Tomb J. A cytological study on serous fluid
in cancer. Lab Med J. 1974;27:51-58.
Alexandrakis M, Moschandrea J,
Koulocheri S, Kouroumalis E, Eliopoulos
G. Discrimination between malignant and
non-malignant ascites using serum and
ascitic fluid protein in a multivariate
analysis model. Dig Dis Sci. 2000;45:500-
508.

Rana SV, Babu SG, Kocchar R.
Usefulness of Ascites fluid cholesterol as a
marker for malignant ascites. Med. Sci.
Monit. 2005;11:CR136-CR142.

Aksoy H, Kiziltunc A, Aksoy Y, Kurtal N,
Bakan E. Determination of pH, fibronectin,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

cholesterol, lactate dehydrogenase and
sialic acid in the differentiation of non-
malignant and malignant ascites. Tr. J.
Med. Sciences. 1998;28:549-553.
Deverbizier G, Beauchant M, Chapron A,
Touchard G., Reiss D. Fibronectin: A
marker for malignant ascites. The Lancet.
1984;10:1104.

Adamson S, Jonsson P, Bradin B,
Lindberg, Jorpes P. Measurement of
fibronectin concentration in benign and

malignant ascites. Eur J Surg. 1991;
157:325-328.

Bolarin DM, Adenuga AO. Plasma
fibronectin in sickle cell disease. Acta

Haematol. 1986;75:209-210.

Akenami FO, Koskiniemi M, Ekanem EE,
Bolarin DM, Vaheri A, Simmies MA.
Assessment of plasma fibronectin in
malnourished Nigerian children. Journal of
pediatric gastroenterology and nutrition.
1997;24(2):183-188.

Ekaidem 1S, Bolarin DM, Udoh AE, Etuk
SJ, Udiong CE. Plasma fibronectin
concentration in obese/overweight
pregnant women: a possible risk factor for
pre-ecclampsia. Indian  Journal  of
Biochemistry. 2011;26(2):187.

Layne E.  Spectrophotometric  and
Turbidimetric method for measuring
proteins. Methods for Enzymology.

1957;10;445-447.

Mohammed W. Saif, Imran AP. Siddiqui,
Mohammed A. Sohail. Measurement of
ascites due to gastrointestinal malignancy.
Ann Saudi Med. 2009,29(5):369-377.
Romette  JD, Gonstanzo-dufetel  J.
Biochemical markers of the tumor origin of
ascites. Pathol Bio (Paris). 1989;37(6):
720-726.

Gerbes AL, Xie Y, Mezger J, Jungst D.
Ascitic fluid concentration of fibronectin
and cholesterol: comparison of differential
diagnostic value with conventional protein
determination. Liver. 1990;10:152-157.
Castaldo G, Oriani G, Cimino L. Total
Discrimination of Peritoneal Malignant
Ascites from Cirrhosis and Hepatocellular
carcinoma associated ascites by assays
of ascitic cholesterol and lactate
dehydrogenase Clin Chem. 1994;40:478-
483.

Runyon BA. Care of patients with ascites.
N Engl J Med. 1994;330-337.

Aslam H, Marino CR. Malignant ascites:
New concepts in  pathophysiology,



25.

26.

27.

28.

29.

30.

Ekpe et al.; BIMMR, 8(1): 30-40, 2015; Article no.BJMMR.2015.424

diagnosis, and management. Arch Intern
Med. 2001;161:2733-7.

Sears D, Hujdu Sl. The cytologic diagnosis
of malignant neoplasms in pleural and
peritoneal  effusions.  Ascites cytol.
1987;31:95-97.

Archimantritis A, Kapsalos D, Duovora M,
Tjivras S, Tsirantonaki M, Fertakis. Value
of ascitic fibronectin and cholesterol in the
differentiation of malignancy related and
non-malignant ascites. Ann Med Interne.
1996;147-150.

Malabu UH, Olubugide 10, Shuabu ME,
Olawuyi F. Ascites in Ibadan, Nigeria-
usefulness of albumin gradient in its
etiologic diagnosis. Biomedical Research.
2006;17(2):105-109.

Sood A, Moudgil A, Sood N, Kharay AS,
Kaushal S, Narang AP. Role of fibronectin
in diagnosis of malignant ascites. J Assoc
Physicians India. 1997;45(4):283-5.

Ghilain JM, Henrion J, Schapira M Ascitic
Fluid: The value of various biological tests
in the differential diagnosis between
cirrhosis and neoplastic ascites. Acta
gastroenterol Belg. 1990;53(2):168-179.
Lee CM, Changchien CS, Shyu WC, Liaw
YF. Serum ascites albumin concentration

31.

32.

33.

34.

35.

gradient and ascites formation in the
diagnosis of malignant ascites. Cancer.
1992;70(8):2057-2060.

Siddiqui RA, Sing V, Korchar R, Rajwanshi
A, Goenka MK, Mehta SK. Evaluation of
fibronectin as a marker of malignant
Ascites. J. Gastroenterol Hepatol. 1992;
7(2):161-164.

Kohn EC, Travers LA, Kassis LA, Broomie
J, Klominek J. Malignant effusions are
sources of fibronectin and  other
promigrating and pro-invasive
components. Diagnostic Pathology. 2005;
33(5):300.

Rieder H, Ramador G, Diemes HP.
Genesis of fibronectin in ascites -
detection of cellular and plasma fibronectin

in portal and malignant ascites. Z-
Gastroenteroll. 1991;29(1):16-21. (Article
in German)

Gerbes AL. Recent aspects in the

diagnosis and therapies of ascites. Z.
gastroenterol. 1987;25(10):677-682.
(Article in German).

Prieto M, Gomez-Lecton MJ, Hoyos M,
Custel JV, Carvasco D, Beranguer J.
Diagnosis of malignant ascites. Dig. Dis.
Sci. 1980;33:883-839.

© 2015 Ekpe et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=1113&id=12&aid=8881

40



