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Fluid Electrophoresis as a Tool 
for Diagnosis in Ascitic Patients: 

A Cross-sectional Study
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INTRODUCTION
Ascites describes the condition of the accumulation of 
pathological fluid within the abdominal cavity. Healthy men have 
little or no intraperitoneal fluid, while women may normally have 
20 mL depending on the phase of the menstrual cycle [1]. Many 
aetiological factors have been documented as causative factors 
for ascites, including portal hypertension and hypoalbuminaemia 
[2], hepatocellular carcinoma [3], gastrointestinal cancer for 
malignant ascites [4], and portal hypertension leading to 
ascites include heart abnormalities, liver diseases, infections, 
and hypoalbuminaemia [5-8]. Other causes of ascites include 
Nephrotic Syndrome (NPh), ovarian disease, tuberculous 
peritonitis, and malignant conditions [7].

The work-up of patients with ascites includes a lot of effort such as 
history, physical examination, blood tests, abdominal ultrasound, 
abdominal paracentesis, ascitic fluid analysis, biochemical testing, non 
biochemical testing, and diagnostic laparoscopy to reach a definite 
diagnosis [9]. A study conducted by Dakwar GR et al., compared 
electrophoresis patterns of both human ascites fluid from peritoneal 
carcinomatosis patients and human serum from healthy donors to mice 
intraperitoneal fluid using capillary and agarose gel electrophoresis. 
They found a similar composition with an albumin fractures for 
human samples, while for mice, the major fractions were albumin and 
transferrin [10]. The presence or absence of specific proteins in ascitic 
fluid allows the distinction of specific protein electrophoresis bands 
in patients with various types of ascites, indicating the specificity of 
certain patterns [11]. The presence of specific bands correlated to 
already established diagnosis can suggest the detection of specific 
proteins and thus can be taken as a specific pattern indicator [12].

Electrophoresis in this study is suggested to be used for ascites 
diagnosis because it could be useful as a single diagnostic 
method rather than multiple investigations. In the cirrhotic pattern 

of serum protein electrophoresis, the distinction between beta 
and gamma globulin is blurred and is sometimes referred to as 
the “beta-gamma bridge” pattern [13]. The nephrotic pattern of 
serum protein electrophoresis illustrates the long-term loss of lower 
molecular weight proteins, for example, albumin and IgG, and the 
retention of higher molecular weight proteins, for example, alpha-2-
macroglobulin [14]. An experiment by Mustika S et al., was carried 
out to evaluate the factors involved in the production of ascitic fluid 
and to determine the various types of fluid [15]; proteins were studied 
by electrophoresis and compared with proteins of normal blood 
serum in each case. They found that serum protein electrophoresis 
revealed an M spike in the gamma region.

Ascitic patients are diagnosed by clinical, imaging, and laboratory 
investigations, which include ascitic fluid analysis. However, this 
process is tedious, and currently, no ascitic fluid electrophoresis 
patterns are used for rapid diagnosis. The search for a new tool to 
overcome this medical challenge is necessary. Hence, this study 
was carried out to observe the ascitic electrophoresis patterns and 
to relate the findings with each established diagnosis.

MATERIALS AND METHODS
The present study was a cross-sectional hospital-based study 
conducted at Khartoum and Alshaab Teaching Hospitals in 
Khartoum state, Sudan, from May to August 2018. After approval 
of the study protocol from the Department of Biochemistry at the 
Faculty of Medicine of Khartoum University, informed consent was 
obtained from each patient. Verbal informed consent was also 
obtained from both the hospital administrations and the consultants 
of the units.

Inclusion criteria: All diagnosed cases of ascites admitted to the 
two selected hospitals during the study period were included in 
the study.
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ABSTRACT
Introduction: Ascites is a condition in which there is 
accumulation of pathological fluid within the abdominal cavity. 
It is a challenging problem for healthcare personnel due to 
different pathological causes. To make a differential diagnosis, 
many investigations are needed. These investigations mainly 
depend on the analysis of ascitic fluids.

Aim: To determine electrophoresis patterns in ascitic fluid and 
to relate the findings to each established diagnosis.

Materials and Methods: This was a cross-sectional hospital-
based study conducted at Khartoum and Alshaab Teaching 
Hospitals in Khartoum state, Sudan, from May 2018 to August 
2018. The study population included all patients who were 
confirmed to have ascites using ultrasound. Fresh ascitic fluid 
samples were obtained from a total of 35 patients. All safety and 
aseptic conditions were applied. Immediately after collection, 

the samples were brought to the laboratory for electrophoresis 
of ascitic fluids. Data were analysed using descriptive statistics 
in terms of frequency and percentage.

Results: The study findings revealed that most of the patients 
were men 26 (74.3%) and were over 50 years old 16 (45.7%). 
The majority of them were diagnosed with Liver Cirrhosis (LC) 
(28.6%), while a few (5.7%) suffered from Periportal Fibrosis 
(PF), Hepatocarcinoma (HC), Ovarian Carcinoma (OC), Heart 
Failure (HF), or Peritonitis (PT). Different patterns of ascitic 
electrophoresis were detected in diagnosed patients with ascites. 
About 29 (82.9%) patients had specific electrophoresis patterns 
that helped with diagnosis, while only 6 (17.1%) did not.

Conclusion: Liver cirrhosis, hepatocellular carcinoma, and 
hepatitis B bands were specific compared to normal serum 
patterns, while no changes in ascitic fluid electrophoresis were 
observed in HF.
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All non specific electrophoresis patterns, 6 (17.1%), were seen in 
patients older than 50 years [Table/Fig-4].

Applying electrophoresis to diagnose, the studied cases revealed 
that OC 2 (33.3%) showed non specific patterns, while ATB and PT 
showed a mixed pattern with various ratios [Table/Fig-4].

Ascitic fluid electrophoresis analysis of 13 cases showed the 
following: one case of HF, one case of PT, two cases of Alcoholic 
Cirrhosis (ALC), one case of HC, four cases of LC, one case of 
OC, one case of PF, one case of NPh, and one case of Hepatitis-B 
(HB) showed β- and diffuse γ-globulin bands increased in all cases, 
except for the patient with NPh where no bands were observed in 
electrophoresis. Regarding HC, it had a distribution of bands similar 
to normal serum but with an increase in the albumin band and 
diffuse gamma bands. Patients with OC showed a large increase 
in all bands, especially albumin and beta and gamma bands. HF 
showed the same band distribution compared to normal serum but 
appeared diluted [Table/Fig-5a,d].

Among 12 patients (one case of HB, five cases of LC, one case of 
NPh, one case of PF, one case of HC, one case of OC, and two cases 
of ATB), four cases (two ATB, HC, and OC) had increased albumin 
bands. Two of them showed a diffuse increase and decrease in the 
gamma bands [Table/Fig-5b].

Among five patients (one case of HF, two cases of LC, one case of PT, 
and one case of HB peritonitis), the electrophoresis bands of the ascitic 

exclusion criteria: All patients who were not clinically diagnosed 
and confirmed by ultrasound attending the two selected hospitals 
and who did not agree to give informed consent were excluded 
from the study.

Sample size: All available samples (n=35) during the study 
period were taken from inpatients, and ascitic fluid samples were 
collected.

Study Procedure
A standardised data collection form was used, which included 
patient’s personal history, complaints, duration of ascites, onset, 
alcohol consumption, and previous and recent diagnosis. Full 
clinical examinations were conducted, including a general 
check-up for pallor, jaundice, clubbing, as well as abdominal 
examination for distension, organomegaly, lower limb oedema, 
and any other signs. A fresh ascitic fluid sample was obtained 
following all safety protocols and under proper aseptic 
conditions. Immediately after collection, the samples were 
brought to the laboratory for ascitic fluid analysis, including 
biochemical, cytology, total protein, albumin, and microbiology 
before electrophoresis analysis.

The electrophoresis apparatus (Paper Electrophoresis Kit Chamber 
Manufacturer, India) was utilised. A 100 mL of Barbiton buffer (pH 
8.6-1.84 g barbituric acid, 10.3 g of its sodium salt per liter of water) 
was placed in the electrophoresis tank. Cellulose paper (Cellulose 
acetate strip) was handled with forceps and laid on clean paper. 
A line of 3 cm was drawn from the edge of the cellulose paper; it 
marked the origin for the application of the sample. The strip was 
moistened with the buffer by gently dropping it onto the buffer 
surface in the Perspex tank for five minutes. The strip was blotted 
on a sheet of clean filter paper to remove excess buffer. The strip 
was placed across the bridge, the power supply was turned on, left 
for five minutes to activate the cellulose acetate, and then turned 
off. The method described by Block RJ et al., was applied for the 
sample analysis [16].

The primary variables of the study were sex and age, while the 
secondary ones were the clinical diagnosis of patients with ascites 
and ascitic fluid electrophoresis patterns. Associations were made 
between demographic parameters, diagnosis, and the specificity 
of electrophoresis patterns of ascitic fluid compared to normal 
serum to identify any similarities. All obtained electrophoresis band 
patterns were compared with the band patterns of normal serum 
electrophoresis.

STATISTICAL ANALYSIS
The statistical evaluation was performed using the Statistical 
Package for the Social Sciences (SPSS) computer program version 
16.0. The data were analysed using descriptive statistics in terms of 
frequency and percentage.

RESULTS
Most of study population were men, 26 (74.3%), and 16 (45.7%) of 
them were over 50 years old [Table/Fig-1].

[Table/Fig-2]: Differential diagnosis of ascites patients included in the study, n=35.

diagnosis

Sex, n (%) age (in Years), n (%)

Males Females 18-29 30-39 40-49 > 50

Liver Cirrhosis (LC) 3 (8.6) 7 (20) 3 (8.6) 1 (2.9) 6 (17.1) 0

Alcoholic Liver 
Cirrhosis (LC)

4 (11.4) 0 2 (5.7) 1 (2.9) 1 (2.9) 0

Periportal Fibrosis 
(PF)

2 (5.7) 0 0 0 2 (5.7) 0

Nephrotic 
Syndrome (NPh)

3 (8.6) 0 0 0 3 (8.6) 0

Hepatocarcinoma 
(HC)

2 (5.7) 0 0 0 0 2 (5.7)

Ovarian Carcinoma 
(OC)

0 2 (5.7) 0 0 0 2 (5.7)

Heart Failure (HF) 2 (5.7) 0 0 0 0 2 (5.7)

Abd. tuberculosis 4 (11.4) 0 0 0 0 4 (11.4)

Peritonitis (PT) 2 (5.7) 0 0 0 0 2 (5.7)

Hepatitis B 4 (11.4) 0 0 0 0 4 (11.4)

[Table/Fig-3]: Relationship between diagnosis and sex or age of the study group. 
n=35.

Patterns n (%)

Sex

Males 26 (74.3)

Females 9 (25.7)

age (in years)

18-29 5 (14.3)

30-39 2 (5.7)

40-49 12 (34.3)

> 50 16 (45.7)

[Table/Fig-1]: Demographic profile and distribution of ascites patients. n=35.

Most of the patients were diagnosed with LC 10 (28.6%) [Table/Fig-2].

The study findings showed that among the 10 cases diagnosed with 
LC 7, 20% were females and 3 (8.5%) were males. While alcoholic 
LC, Abdominal Tuberculosis (ATB), and hepatitis B presented 4 
(11.4%) of each were male patients. The study findings showed that 
among the 10 cases diagnosed with LC 6 (17.1%) cases were aged 
40-49 years, 3 (8.5%) cases were 18 to 29 years, and 1 (2.9%) case 
was 30-39 years [Table/Fig-3].
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fluid did not show specificity. Two cases (HF and HB) had albumin 
bands and showed diffuse diluted gamma bands [Table/Fig-5c].

On the other hand, among three patients (one case of NPh, one case 
of HB, and one case of LC), hepatitis B showed a decrease in the 
alpha bands and an increase in the gamma bands [Table/Fig-5d].

Among two patients with ATB, all bands showed an increase 
compared to normal serum [Table/Fig-5e].

alcohol consumption than women in the local community due to 
traditional reasons. This was consistent with a European study 
that shows a close link between male sex and alcoholism [17] 
and a Danish study that reported alcohol consumption being 
almost entirely confined to males in Islamic regions [18]. Half of 
the patients were older than 50 years, which can be taken as 
evidence that age was considered one of the main risk factors for 
ascites [19]. The study findings revealed that LC patients made 
up approximately one-third of the participants, which differs 
from the 75% reported in the literature review [20,21]. Peritonitis 
as a complication of ascites rather than a cause was found in 
6% of cases. These findings are higher than those reported 
internationally [21,22]. NPh was observed only in men, which was 
contrary to the normal distribution ratio between sexes in another 
study [23] that showed in 2005 and 2006 that the incidence in 
boys was 60.8% and 67%, respectively. HC was seen only in 
men, and this may be due to the large number of patients with LC 
who will eventually develop HC, consistent with the literature [24]. 
ATB and Hepatitis B virus represent significant aetiological factors 
of ascites among Sudanese, which was correlated with Awasthi 
S et al., who reported that ATB is a main public health issue in 
developing countries compared to developed ones and causes 
considerable morbidity and mortality [25].

Ascitic fluid electrophoresis patterns among the 13 studied cases 
showed increased β- and diffuse γ-globulin bands. This suggests that 
it is possible to diagnose these cases with a specific electrophoresis 
pattern of ascitic fluid. Relevant data are not available in the literature 
for comparison.

Among patients with NPh, no bands were seen in electrophoresis. 
This indicates that ascites due to NPh was not suitable for diagnosis 
by electrophoresis. This agrees with the study that reported the 
failure of electrophoresis to detect serum and urine monoclonal 
protein [26].

HC ascitic fluid electrophoresis showed a band distribution similar to 
normal serum, but with an increase in the albumin band and diffuse 
gamma bands. This may be taken as evidence of electrophoresis 
specificity in detecting specific bands in this case as a diagnostic 
tool. A recent study raised questions regarding the utility of Alpha-
Fetoprotein (AFP) in diagnosing hepatocellular carcinoma due to its 
complexity with multiple pathogenic mechanisms [27].

Patients with OC showed a significant increase in all ascitic fluid 
bands during electrophoresis, which might help identify a specific 
electrophoresis pattern of ascitic fluid in this condition. Relevant 
data for comparison are not available in the literature.

In patients with HF, there was a diluted distribution of the same bands 
compared to normal serum. This indicates that electrophoresis 
alone is not sufficient as a diagnostic tool for ascites associated 
with HF, possibly reflecting relatively well-preserved liver synthetic 
function [28].

In 12 patients diagnosed with ATB, 50% showed a specific change 
with an increase in the γ- band. This suggests the potential use of 
electrophoresis in diagnosing ATB ascites, aligning with Kashyap 
RS et al., who noted the diagnostic value of complex proteins in 
ATB ascites [29].

Among five patients, two cases with peritonitis did not exhibit 
specificity in ascitic fluid electrophoresis bands, leading to challenges 
in using this tool for diagnosis. This may be attributed to a low 
protein concentration as reported in other studies [30].

Conversely, in three patients with hepatitis B, there was an increase 
in the alpha and gamma bands. This suggests that ascitic fluid 
electrophoresis could be a useful tool in diagnosing these cases 
compared to a study that used capillary zone electrophoresis to 
diagnose Hepatitis C virus infection [31].

Two patients with ATB showed an increase in all bands, which may 
be related to the aforementioned ATB cases. This indicates that 

Variable Subvariable

electrophoresis pattern

Specific, 
n (%)

non specific, 
n (%)

Total: N=35 All 29 (82.9) 6 (17.1)

Sex, N (%)
Male, N=26 22 (75.9) 4 (66.7)

Female, N=9 7 (24.1) 2 (33.3)

Age (in years), 
N (%)

18-29 5 (17.2) 0

30-39 2 (6.9) 0

40-49 12 (41.4) 0

> 50 10 (34.5) 6 (100)

Diagnosis, N=35

Liver Cirrhosis (LC) 10 (34.5) 0

Alcoholic Liver Cirrhosis (LC) 4 (13.8) 0

Periportal Fibrosis (PF) 2 (6.9) 0

Nephrotic Syndrome (NPh) 3 (10.3) 0

Hepatocarcinoma (HC) 2 (6.9) 0

Ovarian Carcinoma (OC) 0 2 (33.3)

Heart Failure (HF) 2 (6.9) 0

Abd. tuberculosis 1 (3.4) 3 (50)

Peritonitis (PT) 1 (3.4) 1 (16.7)

Hepatitis B 4 (13.8) 0

[Table/Fig-4]: Frequency distribution of participants on the specificity of ascitic 
fluid electrophoresis.

[Table/Fig-5]: (a) Ascitic fluid electrophoresis of 13 patients and their already 
 established diagnoses , (b) 12 patients, (c) Five patients, (d) Three patients, and (e) 
Two patients (f) Compared to normal serum electrophoresis [12].
NS: Norm serum; HF: Heart failure; PT: Peritonitis; ALC: Alcoholic cirrhosis; HC: Hepatocarci-
noma; LC: Liver cirrhosis; OC: Ovarian carcinoma; NPh: Nephrotic syndrome; HB: Hepatitis-B; 
PF: Periportal fibrosis; ATB: Abdominal tuberculosis

DISCUSSION
The results of the sex distribution showed that most of the 
patients were men. This indicates that men were more prone to 
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electrophoresis alone is not sufficient as a diagnostic tool for ascites 
associated with ATB [28].

Ascitic fluid electrophoresis is a valuable tool for determining the 
diagnostic patterns of ascites due to various aetiologies. It is 
recommended to expand the findings of this study to include more 
hospitals with a larger sample size to validate the study outcomes 
for each specific diagnosis.

Limitation(s)
The study was conducted in only two hospitals in the state of 
Khartoum. A small sample size was used due to the unavailability of 
participants during the study period.

CONCLUSION(S)
The LC, hepatocellular carcinoma, and hepatitis B bands were 
specific compared to normal serum patterns, while no changes in 
ascitic fluid electrophoresis were observed in HF. The ascitic fluid 
electrophoresis was found to be useful and can be a newer tool to 
support the diagnosis.
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