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In specific settings, biochemical and haematological analysis of ascitic fluid

may provide answers to important clinical questions. This review seeks fo

outline the value and limitations of ascitic fluid analysis and the main clinical

scenarios in which it may be useful.

scites refers to the accumulation of

fluid in the peritoneal space. Its pres-

ence can usually be established by

clinical examination, but in doubtful
cases ultrasound may be helpful. Contributory
pathogenetic factors include increased portal
venous pressure, decreased plasma oncotic pres-
sure, increased hepatic lymph formation and sec-
ondary hyperaldosteronism. The composition of
ascites varies depending on the underlying
cause, and this provides the basis for the role of
laboratory investigations in the differential diag-
nosis of ascites. Biochemistry and haematology
are also useful in the evaluation of suspected
peritonitis in patients with ascites; a detailed
account of the role of bacteriology is beyond the
scope of this review. There follows a section on
the diagnosis of malignancy-related ascites and
the value of ascitic fluid analyses in establishing
its pathogenesis. Finally, sample requirements
for ascitic fluid analysis are outlined briefly.

DIFFERENTIAL DIAGNOSIS OF ASCITES
Transudate or exudate

Most clinicians will be familiar with the classifi-
cation of ascites into transudates and exudates,
based on the protein concentration of the accu-
mulated fluid. Transudates have less protein than
exudates, although the cut-off total protein con-
centration is arbitrary and varies. Most cut-offs
lie between 20 and 30 g/litre. Inflammatory
causes of ascites such as malignancy or infection
are usually associated with exudates, while tran-
sudates more commonly reflect reduced plasma
oncotic pressure or increased plasma hydrostatic
pressure. However, the ability of the total protein
concentration on its own accurately to reflect
pathogenesis is limited. For example, ascites
resulting from congestive cardiac failure (car-
diac ascites) may have a high protein content,

and conversely a low protein content may be
seen in some cases of infective ascites. In any
case, the normal peritoneal fluid protein concen-
tration is in excess of 40 g/litre. It has therefore
been suggested that the exudate-transudate con-
cept should be discarded in the classification of
ascites, in favour of the serum ascites albumin
gradient (SAAG) (Runyon et al, 1992).

Serum ascites albumin gradient

The SAAG is defined as the serum albumin con-
centration minus the ascitic fluid albumin con-
centration. It is claimed that the SAAG
correlates directly with the portal pressure. In
their large series of 901 paired serum and ascitic
specimens collected prospectively from 330
patients, Runyon et al found that all patients
with SAAG of =11 g/litre had portal hyperten-
sion, whereas no patient with SAAG <11 g/litre
had this disorder (Runyon et al, 1992).

Table 1 categorizes some of the commoner
causes of ascites according to the SAAG.
Sometimes causes of ascites that are normally
associated with a narrow gradient will occur in
patients with portal hypertension, in which case
the gradient will be wide. In these situations
additional analyses may help to narrow the differ-
ential diagnosis. For example, abnormalities of
pH, lactate, glucose and/or lactate dehydrogenase
(LDH) may point towards an inflammatory
process; an ascitic lymphocytosis is found in
tuberculosis, lymphomas or fungal infections of
the peritoneum; and malignant cells are found in
nearly all patients with peritoneal carcinomatosis.

The SAAG classification has been used to pre-
dict the presence of oesophageal varices (Torres
et al, 1998). In this study of 31 patients with
ascites, these authors found that 87.5% of
patients with SAAG =14.35 g/litre had varices,
and 66.7% of patients with SAAG <14.35 g/litre
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did not. (The size of the varices did not depend
on the SAAG.) The SAAG has also been used to
investigate the mechanism of ascites formation
in patients with malignant ascites, and the
response to dietary sodium restriction and
diuretics (see below).

The SAAG should not be used indiscrimi-
nately. Its ability to predict accurately the pres-
ence or absence of portal hypertension may be
affected by diuresis, very low serum albumin
concentrations (<12 g/litre) or non-steady-state
conditions. In addition, Hoefs (1990) has
emphasized the importance of simultaneous
sampling of blood and ascites; even a few hours
difference may alter the gradient, making inter-
pretation difficult or impossible. Within these
limitations, the SAAG offers a useful physiologi-
cal approach to the initial differential diagnosis
of ascites.

PERITONITIS
Ten per cent or more of cirrhotic patients with
ascites develop peritonitis. This usually occurs in
the absence of an obvious focus of infection, in
which case it is known as spontaneous bacterial
peritonitis (SBP). Less commonly, an identifi-
able source of infection, such as a perforated vis-
cus or intra-abdominal abscess, is responsible
(secondary infection). Biochemical and haema-
tological investigations can assist in three ways:
1. They may be used to predict who is likely to
develop SBP
2. They may permit rapid detection of infection
3. They may help to differentiate SBP from sec-
ondary infection.

Risk stratification

It has been known for some time that a low pro-
tein concentration in ascitic fluid predisposes to
SBP; the ability to phagocytose bacteria disap-
pears below a total protein concentration of
10 g/litre (Runyon, 1986). More recently,
prospective analysis of 109 cirrhotic patients
with low ascitic fluid protein (<10 g/litre) has
shown that a high bilirubin (>55 umol/litre) or a
low platelet count (<98x10%/litre) identifies indi-
viduals who are at particularly high risk
(Guarner et al, 1999).

Early detection

The need for laboratory investigations in the
early detection of peritonitis arises from the
inability to make the diagnosis reliably by clini-
cal examination alone, and the length of time it
takes for positive culture results to develop.
Most episodes of SBP are associated with low
concentrations of bacteria, which may not be

detected using conventional culture techniques.
The rate of detection can be improved by bed-
side inoculation of 10 ml ascites into each cul-
ture bottle followed by incubation for 5-7 days
(Runyon et al, 1988a). For early detection of
peritonitis, the neutrophil count in the ascitic
fluid has been reported to be better than any bio-
chemical test (or combination of tests) (Albillos
et al, 1990); this is readily obtainable by doing a
full blood count and differential on the ascitic
fluid specimen. On the basis of this study and
others, it has been concluded that patients with
clinical peritonitis (regardless of the neutrophil
count) or patients with a neutrophil count
>0.5x10%litre should be treated for SBP;
patients with counts between 0.25 and
0.5x10%litre should be treated or the paracente-
sis repeated within 12 hours (Hoefs, 1990).

SBP or secondary infection
Secondary peritonitis tends to be more severe
than SBP, probably because of the heavier bacte-
rial load. This severity is reflected in the ascitic
fluid biochemistry. Both bacteria and host neu-
trophils consume glucose, concentrations of
which are therefore reduced. Anaerobic metabo-
lism of glucose, stimulated by the bacterial load,
results in the production of lactate, which corre-
lates inversely with pH. Lysis of stimulated neu-
trophils results in the release of LDH and other
cellular proteins, with a consequent rise in the
ascitic fluid total protein concentration. This
combination of biochemical findings has been
used to identify patients who have infected
ascites as a result of perforation of an intra-
abdominal viscus (Akriviadis and Runyon,
1990); it was found to be 100% sensitive but
only 45% specific.

Although the mean neutrophil count tends to
be higher in more severe infections, its variabil-
ity limits its usefulness in the initial assessment

TABLE 1.

Wide (=11g/litre) Chronic liver disease (cirrhosis)
Veno-occlusive disease
Massive hepatic metastases
Congestive cardiac failure
Spontaneous bacterial peritonitis

Narrow (<11g/litre)  Peritoneal carcinomatosis

Reduced plasma oncotic pressure (e.g. nephrotic syndrome)

Secondary peritonitis

Tuberculous peritonitis
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of the severity of infections. However, failure of
the neutrophil count to fall after 48 hours in
response to antibiotic treatment effectively
excludes SBP (Akriviadis and Runyon, 1990).

Bacteriology

It will be evident from the above discussion that
biochemical and haematological investigations
have an important role to play in the evaluation
of patients with peritonitis. However, they
should be seen as additional to rather than
instead of bacteriological investigations. The role
for biochemistry and haematology stems partly
from the delay in getting culture results back,
but also from the particular problems presented
by the low concentrations of bacteria commonly
present in SBP. This is responsible for low rates
of culture positivity (using conventional culture
techniques) and also for the low rate of positive
results for gram stains of ascitic fluid (10-50%),
even where the neutrophil count in the ascites
suggests the presence of infection (Hoefs and
Runyon, 1985).

As indicated above, secondary infection is
associated with a heavier bacterial load than
SBP. The finding that the gram stain is positive
for more than one organism, or that ascitic fluid
cultures remain positive despite antibiotic treat-
ment, points to secondary infection rather than
SBP. The role of laboratory investigations in dif-
ferentiating SBP from secondary infection is
summarized in Table 2.

MALIGNANT ASCITES

Pathogenesis

Malignant ascites arises in various ways, and
ascitic fluid analysis may be useful in establish-
ing its pathogenesis. In one large prospective
series of 448 patients, approximately 10% (45
patients) were found to have malignancy-related
ascites (Runyon et al, 1988b). Thirty patients
had peritoneal carcinomatosis, either on its own

(24) or in association with massive liver metas-
tases (6); smaller numbers had massive liver
metastases alone (6), hepatoma on a background
of cirrhosis (6), or chylous ascites (3). Nearly all
patients with peritoneal carcinomatosis had
malignant cells in the ascitic fluid.

Peritoneal carcinomatosis on its own was
associated with a high ascitic fluid protein con-
centration and a narrow SAAG, but where mas-
sive liver metastases were also present the
SAAG was wide. Patients with hepatoma (and
cirrhosis) had negative cytology, low protein
and a wide SAAG. Additional measurements
which were found to be useful included serum
alkaline phosphatase (elevated in massive liver
metastases), ascitic and serum alpha-fetopro-
tein (elevated in hepatoma), and ascitic triglyc-
erides (elevated above the serum concentration
in chylous ascites).

Pockros and colleagues have examined the
response to dietary sodium restriction and
diuretics of patients with malignant ascites of
different pathogenetic origin (Pockros et al,
1992). These authors found that ascites could be
mobilized (by diuretics) in patients with massive
hepatic metastases, but not in patients with peri-
toneal carcinomatosis or chylous ascites.

Malignant or benign

Some studies in this area have sought simply to
identify in ascitic fluid general pointers towards
malignancy. Others have examined the role for
measurement of tumour markers in ascitic fluid
in the diagnosis of malignancies of specific pri-
mary sites. Halperin et al (1999) found LDH
and cholesterol to be higher in ascitic fluid in
patients with ovarian cancer, regardless of his-
tological type, than in patients with benign
ovarian tumours. Greco et al (1995) found that
both the total concentration of free fatty acids
(FFA), and the ratio of unsaturated to saturated
FFA, were higher in patients with malignant

TABLE 2.

Ascitic fluid parameter
Glucose (mmol/litre) >2.8

Lactate dehydrogenase

= serum lactate dehydrogenase
upper limit of normal

vs secondary infection

Spontaneous bacterial peritonitis Secondary

<2.8

> serum lactate dehydrogenase
limit of normal

Total protein (g/litre) <10 >10

Gram stain Positive for <1 organism Positive for >1 organism

Culture positivity after antibiotic Rarely remains positive despite Usually remains positive despite
therapy antibiotic therapy* antibiotic therapy

Repeat neutrophil count after Always less than initial neutrophil count  Less than initial neutrophil count in
48 hours antibiotics ~50% casest

*Unless resistant organisms are present. tFailure of neutrophil count to fall in response in antibiotic treatment thus effectively excludes

spontaneous bacterial peritonitis
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ascites than in patients with non-malignant cir-
rhosis. It is unclear what advantage if any is
served by measurement of FFA in ascites
instead of cholesterol.

A similar principle applies to the measure-
ment of tumour markers in ascitic fluid. If this
is to be advocated, it is reasonable to ask what
additional information, if any, is provided by
such measurements over and above that which
may be obtained by serum measurements of the
same tumour markers, or indeed by other
modalities of investigation, notably diagnostic
imaging. In specific instances, this kind of evi-
dence may be available. For example, it has
been found that in patients with endometrial,
cervical and ovarian cancers, measurement of
total human chorionic gonadotrophin (hCG) in
ascitic or tumour cyst fluids may provide greater
diagnostic accuracy than serum hCG measure-
ment (Grossmann et al, 1995).

However, in another study, serum and ascitic
fluid levels of carcinoembryonic antigen (CEA),
cancer antigen 125 (CA125), carbohydrate anti-
gen 19-9 (CA19-9) and tissue polypeptide anti-
gen were compared in terms of their ability to
diagnose malignancy-related ascites (Chen et al,
1994); the sensitivity, specificity and accuracy of
serum and ascitic fluid measurements were simi-
lar. A study of alpha-fetoprotein in serum and
ascitic fluid produced similar findings
(Miedouge et al, 1999).

Specific observations may be made about
individual tumour markers. It is well-recog-
nized that serum levels of CA125 are elevated
in patients with ascites, irrespective of the
cause; it may be less widely appreciated that
CA125 in ascitic fluid is likewise a poor dis-
criminant between benign and malignant
pathologies (Ismail et al, 1994). Finally, ascitic
fluid CEA has been found to be of prognostic
value in two studies of patients with gastric
cancer (Nishiyama et al, 1995; Irinoda et al,
1998), predicting peritoneal recurrence.

Cytology

The finding of malignant cells in ascitic fluid
indicates the presence of malignancy, although
not all patients with malignant ascites will have
positive ascitic fluid cytology. Positive cytology
per se provides clues to the likely pathogenesis
of the ascites. As indicated above, nearly all
patients with peritoneal carcinomatosis have
positive cytology (Runyon et al, 1988b); by con-
trast, massive liver metastases, chylous malig-
nant ascites and hepatocellular carcinoma
superimposed on cirrhosis, are all characterized
by negative cytology.

Other

Analysis of ascitic fluid in other clinical situa-
tions has not achieved widespread application,
with the exception of chylous ascites, which
may be diagnosed by comparing triglyceride
concentrations in ascitic fluid and serum
(Murphy, 1999).

SAMPLE REQUIREMENTS

Biochemistry

The biochemical analyses outlined above can be
performed on ascitic fluid collected into a plain
universal container (i.e. no preservative), unless
the specimen is bloody, or grossly turbid. Junior
doctors may find that their local laboratory may
query some of their requests, especially for
analyses that are performed (on ascitic fluid) rel-
atively infrequently; this may reflect a failure to
recognize the value of the analysis. Specimens
for pH and lactate ideally require rapid process-
ing. However, although low pH and high lactate
in ascitic fluid correlate with the neutrophil
count, they are not thought to provide any addi-
tional information (Runyon and Antillon, 1991).

Haematology

The full blood count and differential required for
a neutrophil count can usually be performed on
ascitic fluid collected into a universal container.
However, for bloody specimens, it is advisable to
collect an aliquot into a standard full blood count
bottle in order to prevent clotting.

Bacteriology

Conventional culture techniques require only a
universal container. However, if the technique of
Runyon et al (1988a) is employed, it is recom-
mended that the fluid be collected at the bedside
into blood culture bottles; an additional speci-
men should be collected into a universal con-
tainer so that a gram stain can be performed.

Cytology

A universal container is adequate for the routine
cytological analysis. Although blood in an ascitic
fluid specimen does not preclude cytology, clot-
ting does. For similar reasons to those outlined
above, therefore, it may be advisable to collect
an aliquot into anticoagulant, e.g. a full blood
count bottle.

CONCLUSION

Analysis of ascitic fluid has an important contri-
bution to make to the investigation and manage-
ment of patients with ascites. It has an
established role in the differential diagnosis of
ascites, the evaluation of patients with peritoni-
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tis, and the diagnosis of malignancy. Focused
use of laboratory investigations in these scenar-
ios is likely to benefit patient care.
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