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The problem of differential ascites diagnostics in different patients remains urgent for 

modern surgery. Apart from well known methods, authors propose an original algorithm 
for assessment of ascetic fluid. The main element of such studies is the determination of a 
lipid spectrum of ascetic fluid and content of lipid components in cell structures. 260 sam-
ples were examined which were obtained from patients having examination and treatment 
in the General Surgery Clinic of the Kirov Military Medical Academy (St. Petersburg). For 
examination of ascetic fluid, the methods of cytological analysis of ascitic fluid centrifugate 
were used, its cytochemical examination, as well a complex of biochemical methods: deter-
mination of the total protein, amylase, chylomicrons, triglycerides; bacterial inoculation was 
made. It has been shown that the ratio of chylomicrons, lipoproteins and cytosis permits a 
more precise differentiation of ascites type which influences the selection of further treat-
ment program especially in chyloperitoneum and lymphatic ascites. 

Keywords: ascites, chylomicrons, lipoproteins, chyle peritonitis. 
_____________________________________________________________________________ 
 

Ascites is a pathological fluid accumula-
tion in the abdominal cavity. The most common 
cause of ascites is liver cirrhosis (LC) (81% of 
cases) [1-3] and cancer diseases (14%) [4]. 
Such causes of ascites as cardiac failure, tuber-
culosis, pancreatic diseases do not exceed 5% 
rates [2, 5]. An important condition for a favor-
able prognosis in treatment of a patient with 
ascetic syndrome is a timely diagnostics.  

A modern clinician has not only meth-
ods of physical examination at his disposal, 
but also much more sensitive, reliable, specif-
ic instrumental methods of visualization of 
even insignificant fluid amounts in the ab-
dominal cavity. Thus, it is possible to detect 
ascetic syndrome even on the earliest (pre-
clinical) stages, sometimes at the first mani-
festation. A screening, routine method is the 
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ultrasound examination (USE) [3, 6, 7]. USE 
is widely available, highly informative, mo-
bile, economically feasible for the wide use, 
non-invasive, and easily reproducible if a dy-
namic control is required. Computerized to-
mography and magnetic resonance imaging 
also indicate the fluid amount in the ab-
dominal cavity, but do not provide infor-
mation about its nature. Diagnostic puncture 
and laparocentesis allow to assess visually the 
nature of the abdominal content, to make its 
cytological, laboratory examination. 

The differential diagnosis of diseases 
leading to ascites presents is rather difficult 
[3]. Modern guidelines on differential diag-
nostics of ascetic syndrome usually discuss 
pathogenetic mechanisms, clinical picture and 
a patient’s examination [2, 4], hereby less at-
tention is paid to laboratory and morphologi-
cal (cytological) diagnostics [8]. The algo-
rithm of examination of patients with ascites 
is not so far defined and should be supple-
mented with morphological methods. 

Aim of the work: to specify differential 
and diagnostic criteria for characterization of 
ascetic fluid.   

Materials and Methods 
A complex examination of 260 patients 

with ascites was made. On admission to the 
hospital each patient had a diagnostic punc-
ture of the abdominal cavity with laboratory 
examination of ascetic fluid (AF).  

AF evacuated during the diagnostic punc-
ture was subject to examinations which may in-
dicate the origin of ascites: determination of 
cytosis, sediment microscopy with determination 
of percentage of cell elements. Cytological prep-
arations were made from the ascetic fluid ac-
cording to the common practice [9]. 10 ml of AF 
were centrifuged at 1000 rpm. The supernatant 
fluid was removed from the centrifuged tube 
within 5 minutes, and the sediment was fixed 
with 10% neutral formalin within an hour. After 
that, smears were prepared. Cell composition of 
smears was examined after Giemsa staining. Cell 
elements found in microscopy were differentiat-
ed to lymphocytes, monocytes, neutrophils, cas-
tration cells, considering their morphological 
peculiarities (size of cells, presence of nuclei).  

To assess fat inclusions, Sudan III dye 
was used which stained the preparations bright 

orange. The preparations were further examined 
under binocular microscope “Bimam R-11 
LOMO“ (Russia). Semi-quantitative assessment 
of fat inclusions was made.  

For a cytological expedient analysis, the 
simplified method for making preparations 
was used – without counterstaining with 
hematoxylin; in such a case, the preparations 
were studied under low magnifications – 
x100-200. During the study, it was found that 
the presence of droplets in the liquid phase is 
not generally typical for serous ascetic fluid 
and ascites-peritonitis. Fat inclusions were 
represented by single, discrete, small-sized 
and non-fusing droplets.  

Biochemical parameters of patient as-
cetic fluid – total bilirubin, total protein, 
creatinine, urea nitrogen, amylase – were de-
termined on an automatic analyzer 
“Technicon”@ SMA 12/60, USA. Percent-
ages of protein fractions were determined by 
cellulose acetate electrophoresis. In each case, 
the ascetic fluid was inoculated on enrich-
ment medium for sterility control. Ascetic 
fluid was placed into a sterile test tube in the 
amount of 8-15 ml (in this case, the fluid acts 
as a transport medium), the tube was closed 
with a sterile rubber cork and sent to the la-
boratory. A strict adherence to the mentioned 
conditions for sampling and delivery of mate-
rials allowed to preserve aerobic and anaero-
bic microflora in the viable state.  

Differential and diagnostic criteria were 
determined by a pair-wise comparison of each 
diagnostic criterion using Mann-Whitney test, 
and an alternative hypothesis was accepted 
concerning the existence of differences with 
the level of statistical significance p=0.01. 
For statistical calculations Excel XP, Access 
XP and Statisticа 5.0 programs for personal 
computer were used.  

Results and Discussion 
After examination of 260 samples of the 

peritoneal fluid 3 groups of patients were with 
different nature of ascetic syndrome: serous 
ascites (SA), ascites-peritonitis (AP) and 
chyloperitoneum (ChP). The complex study 
of milky-colored peritoneal fluid showed a 
significant difference in lipid composition in 
10 patients which allowed to allocate them to 
the fourth group of patients with lymphatic 
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ascites (LA). The puncture in patients of this 
group resulted in peritoneal fluid of milky 
color having the composition similar to 
lymph, but with a lower content of chylomi-
crons and triglycerides (fig. 1). Direct com-
munication between the peritoneal cavity and 
the lumen of lymphatic vessels was excluded. 
It is known that decompensated LC goes with 
lymphatic hypertension, and the cause for 
lymph penetration into the peritoneal cavity 
lies in a high permeability of lymphatic ves-
sels. Lymph enriched by in protein, VLDLP 
and HDLP penetrates the peritoneal cavity 
through the thin-walled lymphatic vessels, 
and also through Glisson’s capsule from the 
dilated lymph collectors below the liver [10-
12]. In the settings of dynamic insufficiency 
of the outflow of lymph due to the general-
ized blockage of lymphatic vessels, lymph 
nodes sinuses and the thoracic lymph duct by 
a tumor mass, microfistulas in lymphatic ca-
pillaries are formed opening into the perito-

neal cavity [13]. Lipoproteins of the intestinal 
genesis partly diffuse in the intercellular 
space throughout the thickness of the intesti-
nal wall and, having reached the serous mem-
brane, enter the peritoneal cavity [14]. Based 
on our material of 10 observations, hepatic 
cirrhosis was diagnosed in 2 cases, and in 8 
cases – malignant neoplasms. The full-scale 
lipid profile of lymphatic and serous ascetic 
fluid from the peritoneal cavity of patients 
with HC showed the highest concentration of 
VLDLP. Chylomicrons in lymph amounted to 
8.75±1.2% and had the lower proportion in 
serous ascetic fluid (1.1±0.7%). 

The contents of the abdominal cavity in 
ChP reliably differ from that in SA and LA in 
lipid composition. A full-scale lipid profile 
showed higher concentration of chylomicrons 
(20.7±3.9%), and lower concentrations of 
VLDLP and HDLP. All patients with ChP 
showed a direct communication between perito-
neal cavity and the lumen of lymphatic vessels. 

 

  

 

 
 

 − chylomicrons 
 − LDLP 
 − VLDLP 

 − HDLP 

Fig. 1. Lipid profiles of peritoneal fluids:  
А − serous ascites; B − lymphatic ascites; В − chyloperitoneum 

 
Milky color of ascetic fluid with a high 

protein concentration protein was an indicator 
for examination of its lipid spectrum. The 
full-scale lipid profile showed that in ChP tri-
glycerides amounted to 4.17 0.9 mmol/l, and 
chylomicrons – 23.5 6.2%. The comparison 
with SA: triglycerides 0.72 0.29 mmol/l, 
chylomicrons 1.2 0.76%. The differences 
between the mentioned pairs of values are 
reliable (p=0.001). 

The content of chylomicrons in the peri-
toneal fluid in the range from 3.5% to 13.5% 
indicated LA. Concentration of chylomicrons 
above 13.5% confirmed the presence of ChP. 

Cytological and cytochemical (Sudan 
III) examination of smears (n=101) of  AF 
centrifugate showed different cell composition 
and lipid content of AF in different types of 
ascites. It was found that the presence of fat 
droplets in liquid phase in serous ascetic fluid 
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and in ascites-peritonitis was not, in general, 
typical. They were seen as single discrete 
small-sized non-confluent droplets (fig. 2a). 
The smears obtained from patients with lym-
phatic ascites contained a larger number of fat 
components were. Fat droplets were also scat-
tered in all fields of vision, were small and did 

not fuse with each other. However, the con-
glomerates of desquamated mesotheliocytes 
has a positive Sudan III staining (fig. 2b).  

A principally different picture was seen 
in ChP – high number of lipid droplets of dif-
ferent diameter in all fields of vision – from 
0.3-0.5 μm to 0 μm (fig. 2c). 

 

 
 

Fig. 2. Smears of peritoneal fluid centrifugate:  
а – SA; c. – LA; c – ChP. Staining: Sudan III. Magnification: а – ×200, b, c. – ×100 

 
To make the study objective, authors 

proposed the semi-quantitative scale for as-
sessment of the content of lipid components in 
the cytological smears of the peritoneal fluid: 

1 score: single small (0.1-0.3 μm) fat 
inclusions identified in some fields of vision 
scattered beyond cells; intracellular droplets 
(up to 0.3 μm) were seen only under high 
magnification in macrophages;  

2 scores: isolated small fat droplets (up to 
0.3 μm) beyond cells in all fields of vision; in-
tracellular – small single cells in macrophages; 

3 scores: numerous small and moderate 
fat droplets (0.3-0.5 μm) beyond cells in all 
fields of vision; intracellular – numerous 

small droplets in macrophages and in des-
quamated mesotheliocytes;  

4 scores: all fields of vision were covered 
with confluent fat droplets of different size (0.5-
1.0 μm), intracellular – diffused confluent fat 
droplets of different size (up to 1.0 μm). 

Depending on the concentration of lipid 
components, patients were allocated to differ-
ent groups per the score scale in the following 
way (tab. 1). 

During the cytological examination of 
SA smears (n=60) stained with Sudan III, 
76% of samples were assessed as 1 score. In 
some fields of vision, single small fat inclu-
sions scattered beyond cells were present. The 
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Table 1 

Allocation of patients per the score scale of assessment of lipid component content  
in peritoneal fluid 

 
Ascites 
(n=101) 

Score scale for assessment of lipid components content 
1 score 2 scores 3 scores 4 scores 

Serous ascites 
(n=60) 50 12 4 0 

Ascites-peritonitis 
(n=19) 13 4 2 0 

Lymphatic ascites 
(n=10) 0 2 8 0 

Chyloperitoneum 
(n=12) 0 1 3 8 

 
different picture was typical of ChP. The mi-
croscopy of 67% of smears revealed that con-
fluent fat droplets of different size were scat-
tered in all fields of vision (4 scores). Based 
on allocation of various groups of patients per 
score scale it followed that if peritoneal fluid 
by the content of lipid components was as-
sessed as 4 scores, it meant ChP. In LA pa-
tients, 75% of peritoneal fluid smears were as-
sessed as 3 scores. However, the small number 
of observations did not allow permit to differen-
tiate between LA and ChP. 3 scores points sug-
gested the presence of lymphatic component in 
the peritoneal fluid. And if smears were as-
sessed as 1 score allows to exclude LA and 
ChP. If scarce small fat droplets (less than 0.3 
μm) were detected beyond cells in all fields of 
vision and small single droplets in macrophages 
(point 2), it was not possibly to differentiate 
evidently the ascites type, and the examination 
of lipid composition was required.  

Thus, cytological and cytochemical 
analysis made it possible to differentiate the 
ascites type as soon as possible (expedient 
analysis). LA patients were allocated to a 
separate group, since LA was significantly 

different from ChP not only by lipid composi-
tion, but had a quite different origin.   

The average cytosis index in ChP was 
604 101 cells in 1 μl. For comparison: the av-
erage cell count was 320 140 in 1 μl in serous 
ascetic fluid of patients with hepatic cirrhosis. 
The significant reliable difference was shown 
between ChP and SA and AP (p= 0.001), how-
ever, it was impossible to make differential di-
agnostics of LA only by cytosis index, since the 
difference was not significant (p=0.2). 

As well, the relative lymphocyte count 
in AF plays a big role. As part of calculation 
of cell element percentage in serous ascetic 
fluid, lymphocytes accounted for 
56.8±15.2%, and neutrophils were a signifi-
cantly lesser proportion – 9.5±6.6%. Percent-
ages of cell elements of the fluid in ChP were: 
segmented neutrophils 20.2±4.7%, lympho-
cytes 80.6±6.7%. The comparison of all 
groups of patients for the lymphocyte count 
revealed significant differences (p=0.001). 

Table 2 presents the main laboratory pa-
rameters of the peritoneal fluid in various 
groups of patients. 

 
Table 2 

Main parameters of peritoneal fluid in various groups of patients 
 

Ascites 
(N=260) 

Cell and Biochemical Composition of Ascetic Fluid 
Cytosis 

(cells per 1 μl) Lymphocytes (%) Triglycerides 
(mmol/l) Chylomicrons (%) Total protein 

(g/l) 
SA (n=204) 320 140 56.8±15.2 0.64±0.33 1.1±0.7 17.6 5.1 
AP (n=27) 1312±623 20.9±7.1 0,59 0.25 1.2±0.6 19.5±4.2 
LA (n=10) 420 106** 71.7±6.1 3.32 0.96 8.8 1.2 28.4 6.4 
ChP (n=19) 604 101* 80.6±6.7* 4.9 1.12* 20. 7 3.9* 35.3 7.8 
 

Note: * – р=0.001 (relative to SA), ** – р=0.2 (relative to ChP) 
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To develop differential and diagnostic 

criteria, a linear model was made with cen-
troids reflecting the mean values of parame-
ters for different groups of patients. The val-
ues of confidence intervals were plotted over 
the distance of 2 sigmas and encircled with 
the vertical dimension (on Y axis) reflecting 
the number of observations. With the absence 
of intersection for more than one third of the 
confidence intervals (spheres), a separation 
line was drawn in the middle of the distance 
between centroids showing the diagnostic cri-
terion for the respective parameter. The loca-
tion of laboratory parameters within the range 

of values limited by the line allowed to allo-
cate a patient to this or another group with 
95% reliability. 

A linear statistical model was plotted 
for parameter of lymphocyte count on which 
the mean values (centroids) were established 
for different groups of patients. Double sig-
mas in all groups did not cross and did not 
have common values. Variations of this pa-
rameter among the patients’ groups were reli-
able. Separating points are positioned in inter-
section point 2δ between groups of SA and 
LA, LA and ChA patients – 72% and 78% 
(fig. 3). 

 

 
 

Fig. 3. Lymphocyte count in ascetic fluid in different groups of patients  
(linear statistical model with centroids) 

АП – AP; CA – SA; ЛА – LA; ХП – ChP 
 
Thus, relative lymphocyte count below 

72% indicates serous ascites (excluding AP), 
in the range from 72% to 78% inclusive – 
LA, above 78% – ChP. 

The necessary and sufficient condition 
to diagnose AP was the increase of  the 
cytosis in AF above 800 cells per 1 μl and 
neutrophilia above 250 cells per 1 μl. To ex-
clude contamination of peritoneal fluid, its 
bacterial control was made in each case by its 
inoculation on the enrichment medium. De-
spite the cloudy character of the fluid in LA 
and ChP, no microbial growth was noted.  

Further differential diagnostics of ascites 
included determination of: the presence of 
atypical cells (present in 55% of cases in hepa-
tocellular carcinoma, in 22% in metastatic liv-

er disease); aerobic and anaerobic microflora; 
serum-ascetic gradient (examination of serum 
albumin/ascitic albumin; parameter ≥ 1.1 con-
firmed the relationship of ascites with portal 
hypertension, the method sensitivity was 
80%); amylase (ascetic/serum gradient > 0.4 
indicated pancreatic genesis of ascites, perfora-
tion of the hollow organ); bilirubin (differen-
tial diagnostics with perforation of billiary 
tract); lactate dehydrogenase (differential di-
agnostics with inflammatory process in the 
abdominal cavity, oncopathology). Based on 
the laboratory examination of AF, the ascites 
type was determined in all patients (n=260) as 
soon as possible.  

Table 3 shows the criteria of ascetic flu-
id in various diseases. 
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Such a screening examination of perito-
neal fluid allowed the authors to determine the 
cause of ascetic syndrome in all patients. The 
examination of ascetic fluid for chylomicrons, 
triglycerides and content of lipid components 
confirmed the hypothesis on lymphogenic 
origin of ascites and allowed the differential 
diagnostics of ChP with lymphatic ascites (ra-
tionalization proposal N10030/5 dated 
25.10.2016). A surgical approach to treatment 
for resistant ascites in patients with hepatic 
cirrhosis should be selective with regards to 
the leading pathogenetic factors of ascites and 
the degree of decompensation of the underly-
ing disease. Early diagnostics of ascetic syn-
drome allowed to start pathogenetic treatment 
in all patients and to determine indications for 
surgery as soon as possible. 

The identification of chyloperitoneum 
by clinical signs, as a rule, was difficult in 
100% of cases [15, 16]. It can be stated that 
the results of laboratory and cytological ex-
aminations of the peritoneal fluid were of pri-
ority in diagnostics of chyloperitoneum  

Thus, according to the author, the most 
important element in examination of patients 
with ascites is to determine a lipid spectrum 
of the ascetic fluid and content of lipid com-
ponents in cell structures. The ratio of chylo-
microns, lipoproteins, cytosis allowed to dif-
ferentiate more precisely ascites type and to 
determine further treatment program, espe-
cially in the event of ChP and LA. 

Such a screening examination of AF al-
lowed to differentiate ascites associated with 
other diseases. Thus, tuberculosis-associated 
peritonitis was revealed in five patients, ascites 
in ten patients was associated with cardiac dis-

eases and cardiac failure. 25 patients showed a 
malignant neoplasm of IV stage with 
carcinomatosis of the peritoneum. 

The range of obligatory examinations of 
ascetic fluid was specified for identification of 
the disease nature, timely diagnostics of asci-
tes-peritonitis. The percentage of cell composi-
tion of AF, in particular, neutrophilia, played 
the key role in diagnostics of CP. The presence 
of infectious complications as ascites-
peritonitis required effective therapeutic ap-
proaches that included a full-scale sanitation of 
the infectious focus (complete evacuation of 
ascites), endolymphatic and intravenous anti-
bacterial therapy, and lymphosorption as an 
effective detoxication method. Early diagnos-
tics allowed to achieve positive treatment re-
sults in more than the half patients (13 of 19) 
with ascites-peritonitis. 

Conclusion  
The biochemical and cytochemical ex-

amination of ascetic fluid is found to be an 
important method of differential diagnostics 
of ascites type. The full-scale lipid profile 
demonstrating significant differences in the 
proportion of different lipid components of 
transudate in various ascites is of a particular 
importance. Thus, if ascites is detected in a 
patient, together with conventional instrumen-
tal examination the methods of diagnostic 
puncture of the peritoneal cavity should be 
used with subsequent laboratory, cytological 
and cytochemical examination of the ascetic 
fluid. 

The complete examination of ascetic 
fluid allows to identify the cause of ascites in 
a short time, to make the diagnosis and to 
start timely pathogenetic treatment. 
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