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Abstract

Objective: To evaluate the capability of ascitic fluid dipstick results for pH, glucose, and
protein in order to predict a low serum-ascites albumin gradient (SAAG) at the bedside of
the patient in the emergency department (ED).

Methods: This prospective cross-sectional study was conducted during one year in the
ED of Afzalipour hospital in Kerman, Iran. All patients with diagnostic or therapeutic
paracentesis of ascitic fluid were considered as eligible patients. Exclusion criteria included
clinical suspicion for spontaneous bacterial peritonitis (SBP), any contraindications to
paracentesis, and patients’refusal to participate in the study. Dipstick values were obtained
at the bedside, and SAAG was calculated after the determination of serum and ascitic fluid
albumin by laboratory. A low SAAG ascitic fluid was defined as the study outcome. We
also used our study population as a test group to evaluate an equation proposed in one
previous study: K=0.012 Protein—0.012 Glucose—3.329 pH+23.498

Results: A total of 50 patients were enrolled in the study. Based on multivariate regression
analysis, dipstick values for protein and glucose were independently predictive of a low
SAAG ascitic fluid (P=0.23, OR=1.04; and P=0.001, OR=0.81, respectively). The formula
proposed in one of the previous studies was tested by our data set, with sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) at 84%,
83%, 84%, and 80%, respectively.

Conclusion: Dipstick test of ascitic fluid for pH, glucose, and protein has an acceptable
sensitivity and specificity as a point of care test, but it cannot be recommended as a

substitute for SAAG determination based on the current findings.
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Introduction

Sending ascitic fluid to the laboratory for analysis is fre-
quently done in healthcare facilities. Although the cause
of ascites may seem clinically obvious in many cases, but
an exact diagnosis needs to be clarified by analyzing this
fluid. The recommended first-line laboratory test for as-
citic fluid is serum-ascites albumin gradient (SAAG), after
which other tests are performed based on the results (1).
Formerly, alow SAAG ascetic fluid was termed “exudative
ascitis” and a high SAAG was termed “transudative asci-
tis” (2), but these terminologies were brought into ques-
tion later and most authors preferred to use “low SAAG”
and “high SAAG” instead of “exudates” and “transudates”
(3,4). Based on ascitic fluid SAAG, a spectrum of differ-
ential diagnoses can be considered for further workup. In
the case of low SAAG, differential diagnoses may include
tuberculous peritonitis-induced ascites, malignancy-
induced ascites (for instance, peritoneal carcinomatosis,
gastric and ovarian cancer metastases), pancreatic asci-

tes, renal ascites, biliary ascites, bacterial peritonitis, and
serositis-induced ascites. On the other hand, high gradi-
ent ascites are uncomplicated cirrhosis-induced ascites,
heart-failure-induced ascites, those induced by extensive
liver metastases and other circumstances such as fulmi-
nant hepatic failure (5-7).

Point of care examination of the ascitic fluid by urinary
dipstick was studied extensively by some investigators,
but their focus was mainly maintained on detecting in-
fections (namely, spontaneous bacterial peritonitis [SBP])
rather than differentiating between high and low values of
SAAG (8-11). Some studies found acceptable accuracy for
dipstick tests (leukocyte esterase) to detect peritonitis in
ascitic fluid (12,13), whereas other studies (including the
largest one) concluded that dipstick test does not have suf-
ficient sensitivity to detect SBP (14,15). The focus of pre-
vious studies on dipstick tests for ascetic fluid was perhaps
due to the fact that a rapid diagnosis of SBP would be use-
ful in initiating a suitable empirical antibiotic awaiting the
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results of culture. The differentiation of low SAAG from
high SAAG ascitic fluid by a point of care test in the emer-
gency department (ED) may not have such a treatment
effect, but undoubtedly, it can omit the first step of SAAG
determination that is recommended today if it proves to
be reliable enough.

In the present study, we evaluated the association between
dipstick values of pH, protein, and glucose with a low
SAAG (exudative) fluid and their predictive value for this
outcome. We also assessed the reliability of an equation
introduced by Heidari et al (16) to differentiate between
low SAAG and high SAAG fluids by our data set.

Methods

This was a cross-sectional study performed prospectively
on patients with ascites admitted to the ED of Afzalipour
hospital. Afzalipour hospital is a referral center for Inter-
nal Medicine, Pediatrics, and Obstetrics/Gynecology lo-
cated in Kerman, a large city with a population of nearly
1 million in the southeast of Iran. The Internal Medicine
ED has an annual census of approximately 30000 patient
encounters.

All patients admitted to Internal Medicine ED in which an
abdominal diagnostic (e.g. in new onset ascites) or thera-
peutic (e.g. tense ascites with respiratory distress) para-
centesis were performed by the managing team between
February 15, 2014 and February 14, 2015 were considered
as eligible patients. Exclusion criteria were defined as
clinical suspicion for SBP (e.g. fever or abdominal tender-
ness), any contraindications to paracentesis (e.g. severe
coagulopathy), and patients” refusal to participate in the
study. All patients read (or made a companion read for
them) and signed an informed consent form.

Abdominal paracentesis in Afzalipour ED is performed
by residents of emergency medicine (post-graduate year
(PGY) 1 or 2). The decision for paracentesis is made by
the attending physician of emergency medicine. When the
volume of ascitic fluid is estimated to be low, paracentesis
is performed after marking the best site for the procedure
by a resident of radiology. Paracentesis is mostly done
from left or right lower quadrant sites rather than midline
in our center.

After a patient was enrolled in the study, paracentesis
was performed by one of the members of the managing
team in the presence of our researcher; the researcher
was a resident of emergency medicine (PGY 3) with the
responsibility of performing the dipstick test and record-
ing all available variables in a predesigned standardized
sheet. A 5-10 ml specimen was taken by the researcher to
perform dipstick tests according to the instructions of the
producing company, and 10 ml specimens in other appro-
priate tubes were immediately sent to the laboratory for
cell count and cytology, biochemistry (albumin and total
protein), and culture. A simultaneous blood sample for
albumin was also taken for each patient to measure se-
rum albumin level. As the results of our standard variable
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(SAAG) were not available immediately, blinding of the
researcher was not considered at the bedside in this study.
All of this process was performed under the supervision
of an attending physician of emergency medicine (a single
person), and all dipstick readings were done by both the
researcher and the supervisor. Inter-observer agreement
was calculated to be 90% (excellent agreement), and the
remaining cases of disagreement were resolved by consen-
sus with a third party.

Dipstick strips used in this study were urinary dipsticks
(KimiaPajoohan, IRAN ) with cut points of 30, 100, and
500 md/dL for protein; 50, 100, 250, and 500 mg/dL for
glucose, and 5, 6, 6.5, 7, 8, and 9 for pH.

For each patient, SAAG was calculated by subtracting as-
citic fluid albumin from blood albumin level; both were
measured in the laboratory of Afzalipour hospital by an
autoanalyzer (Selectra 2). SAAG was defined as our gold
standard and set as the definition of high SAAG (>1.1 mg/
dL or formerly transudate) and low SAAG (<1.1 mg/L or
formerly exudate). We chose a low SAAG ascitic fluid as
the study outcome. Dipstick values for blood, pH, glucose,
and protein were read and recorded. For protein and glu-
cose, the cut points equivalent to the color of dipstick were
recorded as mg/dL.

For univariate analysis, continuous data were analyzed us-
ing the ¢ test if the data were normally distributed (accord-
ing to the Kolmogorov-Smirnov, Shapiro and Levene test);
otherwise, the adjusted f test was used. Categorical data
were compared using Pearson x2 test. A P value less than
0.05 was considered to be statistically significant. In multi-
variable model, we entered all variables with a potential to
predict the outcome according to our clinical experience.
The multivariable analysis was performed by construct-
ing a logistic regression model according to forward Wald
method. Independent associations were reported accord-
ing to the model. In the final step, we put the whole group
as the test group for evaluation of the model introduced by
Heidari et al (16), which presented the following equation
to evaluate its accuracy:

K =0.012 Protein—0.012 Glucose—3.329 pH+23.498

Results

A total of 50 patients were enrolled in the study. Twen-
ty-nine (58%) were male and 21 (42%) were female. The
mean (SD) age was 53.6 (1.8), with the minimum of 18
and the maximum of 90 years. Twenty-nine patients
(58%) had high SAAG and 21 patients (42%) had low
SAAG ascitic fluids.

Table 1 shows the characteristics of ascitic fluids in each
group. The dipstick values for glucose, protein, and pH
were all significantly different between the 2 groups
(P<0.001, P=0.002, and P<0.001, respectively). The
mean laboratory measured value for pH was also signifi-
cantly lower in the low SAAG group, whereas laboratory
measured values for glucose and protein did not show a
significant difference between two groups.
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The dipstick values for pH, protein, and glucose were put
in a multivariate regression model. Since the values for
glucose and protein were 3 digit variables, they were divid-
ed by 10 to magnify their true association with the SAAG
group. There were dipstick protein and dipstick glucose
levels remained in the final step (P=0.23, OR=1.04; and
P=0.001, OR=0.81, respectively). Dipstick pH was not
associated with the outcome in this analysis (P=0.36).
There was a 95% greater probability of obtaining a low
SAAG ascitic fluid in a 50 mg/dL (1+) dipstick glucose
level relative to a 100 mg/dL (2+) level. Other associations
would also be calculable according to this analysis.

In the final step of the analysis, we entered our data set into
the equation found by Heidari et al (16) to determine its
accuracy (see Methods/Statistical analysis). We obtained
a sensitivity of 84%, specificity of 83%, positive predictive
value (PPV) of 84%, and negative predictive value (NPV)
of 80% for this equation to predict a low SAAG (formerly
exudative) ascitic fluid.

Discussion

Determining a low or a high SAAG ascitic fluid in the
bedside can lead to ordering further tests in the ED, pre-
venting a second fluid tap and reducing the admission
time of patients. After taking the study of Heidari et al (16)
into consideration, in which the accuracy of dipstick test
to differentiate between high and low SAAG was evalu-
ated, we were inspired to perform this study with the same
method in a different setting and with different popula-
tion to assess the congruency of the results. In the study of
Heidari et al (16), an independent association was found
between dipstick values of ascitic fluid (pH, protein, and
glucose) with low SAAG (they used the term “exudative,’
which we prefer not to use it) ascitic fluid. They proposed
an equation based on the logistic regression analysis and
tested its sensitivity, specificity, PPV, and NPV by a sub-
set of their study population not included in the analy-
sis (93.8%, 94.4%, 89.5%, and 96.9%, respectively). These
high values tempted us to assess this formula by a different
data set.

In our study, we found independent associations between
ascitic fluid dipstick values of protein and glucose with
low SAAG ascitic fluid. PH did not show an independent
association, although it was correlated with a low SAAG
fluid in the univariate analysis. This was an indicator to
the fact that our data would not yield a sensitivity, speci-

ficity, PPV, and NPV as high as those found by Heidari et
al (16). After entering values in the formula, we obtained
these values as stated in the results section. These param-
eters, although not as high as those found in the previous
study, are still in an acceptable range for a point of care
diagnostic test. However, the gold standard test (SAAG
determination by laboratory) is still reccommended to be
done absolutely by our findings. Some confirming tests
for the ultimate diagnosis (which are ordered after SAAG
determination by current recommendations) may be cost
effective to be performed by the results of this point of
care test, but this needs to be investigated further in order
to determine its cost effectiveness.

Limitations

Our low sample size and fewer patients with a low SAAG
ascitic fluid (21 vs 29) were probably the major limitations
of this study. Because of these limitations, we preferred
not to present a new equation by our data set and use the
whole group as a test group for evaluation of the equation
introduced by Heidari et al (16). Also, we did not make the
researcher blinded to the results of the dipstick test since
the results of SAAG were not available immediately. But in
the case of therapeutic ascitic taps, the previous diagnosis
of patients did not make any bias in the interpretation of
the researcher.

Conclusion

Dipstick test of ascitic fluid for pH, glucose, and protein
has an acceptable sensitivity and specificity as a point
of care test. Further studies with larger populations are
needed to recommend for or against its usage as a guide
to order further confirmative tests (to identify the cause
of cirrhosis) in the ED and decrease the admission time
of the patient.
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Table 1. Mean (SD) values for glucose, protein, and pH in low SAAG and high SAAG groups

Laboratory Dipstick
Glucose (mg/dL) Protein (g/L) pH Glucose (mg/dL) Protein (mg/dL) pH
Low SAAG 99.8 (74.3) 3.09(0.8) 7.41(0.15) 92.3(52.3) 404.0(178.3) 7.02(0.72)
High SAAG 134.5 (66.7) 2.34(1.7) 7.14(0.16) 185.4 (68.3) 211.7 (217.1) 7.83(0.56)
Pvalue 0.09 0.08 <0.0001 <0.001 0.002 <0.001

Abbreviation: SAAG, serum-ascites albumin gradient.
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