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Abstract
Objectives: The aim of this study was to evaluate the most ideal inflammatory markers for treatment response and to determine a
cutoff value that could predict response to treatment for culture negative neutrocytic ascite (CNNA) patients.
Methods: This is a retrospective cross-sectional case-controlled study. Patients with CNNA were evaluated by taking ascites fluid
sampling at the beginning and on the 5th day of treatment. Neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio
(LMR), and neutrophil-to-monocyte ratio were calculated.
Results: Of the 123 cases with cirrhotic ascites disease, 59 were CCNA and 64 were the control group without ascite-fluid infection.
There were statistically significant differences for blood monocyte count, NLR (p<0.01), LMR, and C-reactive protein (CRP) (p<0.001)
between two groups. Patients in the CNNA group were compared before and after treatment among themselves for the treatment
response. There was statistically significant difference in mean platelet volume, monocyte, LMR, and CRP (p<0.05) between two
groups. After receiver operator characteristics curve analysis, the best cutoff value for monocyte was <0.64 × 10³/µL (sensitivity
49.2%, specificity 74.6%, positive predictive value [PPV] 65.9%, and negative predictive value [NPV] 59.5%) (p<0.01), for LMR was
≥1.7 (sensitivity 76.3%, specificity 78%, PPV 77.6%, and NPV 76.7%), and for CRP was ≤18 mg/L (sensitivity 91.5% specificity 57.6%,
PPV 68.4%, and NPV 87.2%) (p<0.001). When LMR and CRP were used together, sensitivity (86.5%), specificity (83.1%), PPV (83.6%),
and NPV (86%) were found to be statistically significantly higher (p<0.001).
Conclusion: Our results showed that in cirrhotic patients with CNNA, combined LMR + CRP can be used as a novel, low cost and
non-invasive test to predict treatment response.
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A

scites is the most common complication and reason
of the hospitalization in the cirrhotic patients. Almost
60% of patients with cirrhosis will develop ascites within

10 years after diagnosis of the disease.[1] Cirrhotic patients
with ascites are generally prone to developing bacterial infection of ascitic fluid. The prevalence of spontaneous bac-
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terial peritonitis (SBP) in outpatients is 1.5–3.5% and 10% in
inpatients. Also incidence of SBP ranges from 10% to 30%.
[2,3]
Ascites fluid infection (AFI) can be lead to increase the
mortality up to four hold in this patients.[4] The clinical presentation of SBP is quite variable. It can be asymptomatic
or present with fever, abdominal pain, acute kidney injury,
impaired liver function tests, and hepatic encephalopathy.
Therefore, diagnostic paracentesis should be performed
in all cirrhotic patients with ascites without delay at hospital admission to rule out AFI. Furthermore, it should be
performed in patients with fever or other signs of systemic
inflammation, gastrointestinal bleeding, shock, hepatic
encephalopathy, and deterioration of the liver and/or renal function tests.[3,5] However, diagnostic paracentesis has
very rare risks such as peritonitis, local infection at the site
of paracentesis, hemoperitoneum, visceral perforation, abdominal wall hematoma, and permanent leakage from the
paracentesis site.[6,7]
The diagnosis of SBP is based on neutrophil count in ascitic fluid of >250 cells/mm³ and positive bacterial culture
results. Culture-negative neutrocytic ascites (CNNA) is defined by greater or equal count of polymorph nuclear neutrophil (PMN) to 250 cells/mm³ without a positive culture.
[8]
Current American Association for the Study of Liver Diseases and European Association for the Study of the Liver
guidelines identify both conditions to have a similar high
risk of mortality.[8,9] However, a prompt result of ascitic fluid
cell count and culture result is not usually possible in clinical practice. Therefore, empirical antibiotics should be initiated in patients with PMN count >250 cells/mm³ without
waiting for the ascite culture result. Antibiotic treatment
can be revised if necessary according to the clinical followup and ascite culture results of the patient. Unfortunately,
the results of ascite fluid culture mostly take several days
to 1 week, which propose that they cannot be used as a
screening tool. In addition, sometimes PMNs can be lysed
during transport to the lab, which can lead to false negative results. For this reason, it is important to search biomarkers which are non-invasive, rapid, and easily applicable that help to predict ascites infection and response of
the treatment.[10,11] There are so many alternative biomarkers were used in the literature for diagnosis of SBP such as
procalcitonin, mean platelet volume (MPV), fecal calprotectin, tumor necrosis factor-α, interleukin-6, lactoferrin,
homocysteine, ascitic fluid triggering receptors expressed
on myeloid cells-1, macrophage inflammatory protein-1β,
platelet indices, and inflammatory markers.[12-19] In spite
of that, there is no study investigating the effectiveness
of these inflammatory markers in terms of evaluating the
treatment response in the literature.
Therefore, our objective was to compare and evaluate the
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inflammatory markers between cirrhotic ascitic patients
and without ascitic fluid infection. Besides that we aimed
to determine a cutoff value which could be able to predict
the response of the treatment.

Methods
Study Design
This was a retrospective cross-sectional case-controlled
study to evaluate and determine the inflammatory markers
which could be able to predict response of the treatment.

Patients
Medical records of cirrhotic patients who received inpatient
treatment at the Gastroenterology Department of “Gaziantep University Faculty of Medicine Hospital” between January 2014 and January 2016 were analyzed retrospectively.
We included all patients with cirrhotic patients with ascites who did not meet the exclusion criteria. The diagnosis
of cirrhosis was made on the basis of clinical, laboratory,
radiological, endoscopic, and histopathological findings.
We exclude patients with conditions that could affect the
inflammatory markers such as immunocompromised patients, sepsis, other bacterial infections, history of antibiotic use within 1 month or under prophylactic antibiotics
for SBP, detection of bacterial growth in ascites culture,
neoplastic and hematological disorder, diabetes mellitus,
hyperlipidemia, hypertension, cardiac failure, major cardiac problems, peripheral vascular disease, and malignant
ascites. Furthermore, we exclude patients with secondary
bacterial peritonitis due to any surgical cause. After retrospective evaluation, 239 cirrhosis patients with ascites were
identified among 1924 cirrhosis patients. A total of 123 cirrhotic ascites patients were included in the study due to
exclusion criteria. The study flow chart is given in Figure 1.
The following data were obtained from the hospital medi-

Figure 1. Flow chart of the study.
SBP: Spontaneous bacterial peritonitis; CNNA: Culture negative neutrocytic ascites; AFI: Ascitic fluid infection.
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cal records which include age, gender, hematological tests,
biochemical tests, ascites fluid and culture results, ChildPugh score, and model for end-stage liver disease (MELD)
score. The study was performed in accordance with good
clinical practice and the Declaration of Helsinki and was approved by the local ethical committee (Ethical Committee
of Gaziantep University Clinical Research, 2020/215).

Paracentesis and Ascitic Fluid Culture
Twenty ml of ascitic fluid was taken under complete aseptic
technique by paracentesis. The remaining 10 ml of ascites
fluid was sent for biochemical and cytological examination in tubes containing ethylenediaminetetraacetic ascites (EDTA) for analysis within 2 h after aspiration. Ascites
fluid cultures were done at the bedside. Inoculated blood
cultures were incubated with blood, chocolate, and MacConkey agars at 37°C for 3 sequential days.

Diagnostic Criteria of AFI and CNNA
According to international guidelines, AFI was diagnosed
if the PMN cell counts in the ascitic fluid ≥250 cells/mm³.
Besides that CNNA diagnosis was based on the presence of
PMN cell count in the ascitic fluid ≥250 cells/mm³ in the absence of other causes of peritonitis, but without a positive
culture in the appropriate setting, which includes; the fluid
must be cultured in blood culture bottles, no previous antibiotic therapy, and no other explanation for an elevated
PMN count.

Assessments of Blood Biochemistry and Ascite Fluid
In the assessment of ascite fluid; leukocyte, PMN count, albumin, total protein, glucose, and lactate dehydrogenase
(LDH) levels were evaluated. However, simultaneously with
paracentesis; leukocyte, platelet, neutrophil, lymphocyte,
monocyte, MPV, platelet distribution width, liver function
tests, albumin, bilirubin, and creatinine blood levels were
evaluated. C-reactive protein (CRP) was assessed by particle-enhanced immunoturbidimetric assay. The normal
value for CRP was accepted to be <5 mg/dl. All complete
blood count (CBC) analysis was performed in hematology
laboratory of Gaziantep University Hospital. Neutrophilto-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio
(LMR), and neutrophil-to-monocyte ratio (NMR) were calculated using routine laboratory tests. MPV increases over
time as platelet swell in EDTA; therefore, optimal MPV measurement should be within 2 h of blood sampling.[20] Our
CBC analysis was performed within 2 h after blood samples
were taken with the Sysmex XN 9000 automated hematology analyzer. All patients who have AFI received the same
antibiotic treatment. Control paracentesis were performed
after 48 h of initial treatment to evaluate response to treat-
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ment and to determine if there was any need to modify
antibiotic therapy or to initiate investigations to rule out
secondary peritonitis. Response to antibiotic treatment is
defined as a 25% reduction in PMN count. At the 5th day of
treatment, ascites sampling was performed again. Furthermore, CBC and inflammatory markers were re-evaluated.

Statistical Analysis
The data used in this study were analyzed using the “Statistical Package for the Social Sciences (SPSS) version 22.0
for Windows” (IBM Corp., Armonk, New York, USA). The normality of distribution of continuous variables was tested by
Shapiro–Wilk test. Mann–Whitney U test (for non-normal
data) was used for comparison of two independent groups
and Wilcoxon test (for non-normal data) was used for before-after comparisons. Receiver operator characteristics
(ROC) curve analysis was performed to determinate best
cutoff and estimate area under curve (AUC) for numerical
clinical variables. Furthermore, multivariate binary logistic
regression analysis was used to evaluate summed diagnostic ability of LMR and CRP. Sensitivities, specificities, AUCs,
and 95% confidence intervals were calculated. ROC curve
analysis was performed using MedCalc package 18.11.3
and SPSS was used for univariate analysis and multivariate
binary logistic regression analysis. P<0.05 was accepted as
statistically significant.

Results
Medical records of 1924 cirrhosis patients were evaluated.
Following the inclusion and exclusion criteria, 123 cirrhotic
ascitic patients were included in the study. Fifty-nine (48%)
of the patients included in the study were evaluated as
CNNA and 64 (52%) as the control group without ascitesfluid infection. There were no significant differences in mean
age between the CNNA group and in the control group (respectively, 58.1±15.4 years vs. 56.4±14.7 years, p=0.165). Sex
distribution was similar in both groups. Sixty-six (53.7%) of
the patients included in the study were male, and this rate
was 55.9% in the CNNA group and 51.5% in the control
group. According to the Child-Pugh classification, 2 (3.3%) of
the patients in the CNNA group were Child A, and 31 (52.5%)
patients were Child B, 26 (44.2%) patients were Child C. Besides that 5 (7.8%) of the patients in the control group were
Child A, 32 (50%) patients were Child B, and 27 (42.2%) patients were Child C. Both groups were compared for age, sex,
MELD, ascites and blood biochemical parameters, inflammatory markers, NLR, NMR, LMR, and aspartate transaminase
to alanine transaminase ratio (AAR). Clinical, laboratory, and
demographic details are shown in Table 1. There were a significant differences between ascite albumin, ascite leukocyte
count, and ascite neutrophil count as expected (p<0.05). In
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Table 1. Clinical and biochemical characteristic of patients with
CNNA and control group

Table 2. Clinical and biochemical characteristic of patients with
CNNA before treatment and after treatment

Parameters

Parameters

Control group
n=64

p

60.1±15.4
33/26
12.3±7
0.81±0.6
1.75±1.1
152.4±137.6
10.2±1.9
8.6±5.7
141.3±109.7
6.56±5.43
0.96±0.53
0.67±0.38
8.7±7.18
12.72±11.25
1.50±0.43
10.01±1.20
12.1±0.6
72.01±58.45
2.81±0.61
6.01±7.94
2.29±1.60

56.4±14.7
33/31
13.1±5.8
0.61±0.5
1.4±1.07
68.5±42.1
9.9±2
6.8±3.6
152.1±157.1
4.88±3.12
1.02±0.64
0.48±0.32
5.88±4.47
13.29±11.71
2.22±0.47
10.3±1.36
10.7±0.7
5.72±7.05
2.92±0.46
5.54±7.23
1.96±1.17

0.165
0.124
0.490
0.046
0.086
<0.001
0.542
0.048
0.661
0.036
0.617
0.004
0.010
0.787
<0.001
0.217
0.478
<0.001
0.247
0.247
0.193

MELD: Model for end stage liver disease; LDH: Lactate dehydrogenase; NLR:
Neutrophil to lymphocyte ratio; NMR: Neutrophil to monocyte ratio; LMR:
Lymphocyte to monocyte ratio; MPV: Mean platelet volume; PDW: Platelet
distribution width; CRP: C-reactive protein; AAR: Aspartate transaminase to
alanine transaminase ratio; CNNA: Culture negative neutrocytic ascites.

addition to this, there were statistically significant differences for blood monocyte count, NLR (p<0.01), LMR, ascite
LDH, and CRP (p<0.001) between two groups. No significant
differences were found on the other parameters. After that,
patients in the CNNA group were compared before and after treatment among themselves in terms of evaluating the
treatment response with non-invasive markers. There was a
statistically significant difference between the two groups in
terms of MPV, monocyte, LMR, and CRP (p<0.05), but no significant difference was found in other parameters (p>0.05)
(Table 2). ROC curve analysis was applied to determine the
best non-invasive marker that could evaluate the treatment
response and to determine the cutoff value for them. After
ROC curve analysis, the best cutoff value for monocyte was
found to be <0.64 × 10³/µL in the evaluation of treatment response (sensitivity 49.2%, specificity 74.6%, positive predictive value [PPV] 65.9%, and negative predictive value [NPV]
59.5%) (p<0.01). However, the best cutoff value for LMR was
≥1.7 (sensitivity 76.3%, specificity 78%, PPV 77.6%, and NPV
76.7%) and CRP was ≤18 mg/L (sensitivity 91.5% specificity

Ascite albumin (g/dl)
Ascite protein (g/dl)
Ascite LDH (U/L)
Hemoglobin (g/dl)
Leukocyte (10³/µL)
Platelets (10³/µL)
Neutrophil (10³/µL)
Lymphocyte (10³/µL)
Monocyte (10³/µL)
NLR
NMR
LMR
MPV (fL)
PDW (fL)
CRP (mg/L)

Before
treatment

After
treatment

p

0.81±0.6
1.75±1.1
152.4±137.6
10.2±1.9
8.6±5.7
141.3±109.7
6.6±5.4
0.96±0.53
0.67±0.38
8.7±7.2
12.7±11.2
1.5±0.4
10.1±1.2
12.1±0.6
72.1±58.4

0.74±0.4
1.67±0.9
123.6±48.3
10.2±1.8
7.9±5.4
133.6±92.4
5.9±4.5
0.98±0.54
0.48±0.25
7.6±6.1
14.9±11.7
2.1±0.5
9.6±1.4
11.5±0.4
5.72±7.1

0.236
0.135
0.089
0.644
0.327
0.274
0.304
0.760
<0.001
0.130
0.180
<0.001
0.004
0.614
<0.001

MELD: Model for end stage liver disease; LDH: Lactate dehydrogenase; NLR:
Neutrophil to lymphocyte ratio; NMR: Neutrophil to monocyte ratio; LMR:
Lymphocyte to monocyte ratio; MPV: Mean platelet volume; PDW: Platelet
distribution width; CRP: C-reactive protein; AAR: Aspartate transaminase to
alanine transaminase ratio; CNNA: Culture negative neutrocytic ascites.

57.6%, PPV 68.4%, and NPV 87.2%) (p<0.001). No statistically
significant cutoff value could be determined for MPV (Fig.
2 and Table 3). Furthermore, multivariate binary logistic regression analysis was used to evaluate summed diagnostic
ability of LMR and CRP. When LMR and CRP were combined
together, the sensitivity (86.5%), specificity (83.1%), PPV
(83.6%), and NPV (86%) were found to be statistically significantly higher (p<0.001).
100
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Figure 2. Receiver operator characteristics curves for C-reactive protein (blue line), lymphocyte to monocyte ratio (green solid line), monocyte (orange line), and mean platelet volume (green dashed line).
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Table 3. Area under the curve (AUC), cut off values, sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) for statistically significant parameters
Parameter

AUC

p

Cut-Off

Sensitivity (%)

Specifity (%)

PPV (%)

NPV (%)

Monocyte
LMR
CRP
MPV
LMR+CRP

0.64 (0.54–0.72)
0.83 (0.75–0.89)
0.78 (0.69–0.85)
0.59 (0.49–0.68)
0.85 (0.77–0.91)

0.007
<0.001
<0.001
0.095
<0.001

<0.64
≥1.7
≤18
<9.8
≥1.7–≤18

49.2
76.3
91.5
52.5
86.5

74.6
78
57.6
66.1
83.1

65.9
77.6
68.4
60.8
83.6

59.5
76.7
87.2
58.2
86

LMR: Lymphocyte to monocyte ratio; MPV: Mean platelet volume; CRP: C-reactive protein; CNNA: Culture negative neutrocytic ascites.

Discussion
AFI is a common bacterial infection in patients with cirrhotic ascite. It is associated with an approximately 20%
mortality rate if not diagnosed and treated immediately.
Therefore, diagnostic paracentesis should be performed in
all cirrhotic patients with ascites without delay at hospital
admission to rule out SBP.[21] AFI is divided into four groups
according to the neutrophil count in ascites fluid analysis,
culture result, and surgical requirement. SBP and CNNA
types are the most common. The morbidity and mortality
of both are similar. Treatment of AFI patients may be delayed due to the time-consuming ascite culture result and
problems with bacterial growth in the culture. Therefore,
treatment should be started immediately in patients with
AFI.[22,23] However, it has been observed that 33–75% nosocomial SBP patients can be fail to respond to first line empirical antibiotic treatment.[24,25] Many studies have stated
that failure of first-line empirical antibiotic treatment is associated with poor survival.[25-27] Therefore, it has become
necessary to investigate non-invasive laboratory markers
that predict treatment response.
Wehmeyer et al. suggested that the combination of age,
CRP, and platelet count in a simple scoring system helps
in the rapid diagnosis or exclusion of SBP.[28] Besides that
Galvez-Martinez et al. reported that MPV can be used as a
predictor of systemic inflammatory response in cirrhotic
patients with CNNA.[29] Furthermore, NLR and LMR are an
important index of systemic inflammatory responses. They
are an important marker for the balance of inflammatory
and immune systems. Mousa et al. suggested that NLR and
CRP are both easy, simple, and effective markers that can
be used in the diagnosis of SBP. They reported that NLR has
a 80.3% sensitivity and 88.9% specificity, CRP has a 88.8%
sensitivity, and 92.6% specificity. On the other hand, they
determined that when they combined NLR and CRP, sensitivity (95.1%) and specificity (98.4%) were better against
using alone in diagnosis of SBP.[30] Otherwise, Piotrowski et
al. showed that LMR as the best simple predictor of bacterial infection in cirrhotic patients. They proposed that

LMR was statistically significantly lower in patients with
infection than in those without infection.[31] In our study,
we found that ascites LDH, blood neutrophil count, blood
monocyte count, NLR, and CRP levels were significantly
higher in patients with CNNA than in patients without AFI.
On the contrary, LMR was statistically significantly lower in
patients with CNNA than in patients without AFI. These results were similar to the studies in the literature.
In the past CNNA has been considered as a less severe variant
of SBP. The previous studies showed that patients with SBP
had a higher hospital mortality as compared to patients with
CNNA, but on follow-up, they had a similar clinical course.
[32]
The efficacy of antibiotic treatment should be evaluated
with a second paracentesis at 48 h from initiating treatment
in SBP patients. Response to antibiotic treatment is defined
as a 25% reduction in PMN count.[33] Bhatt et al. proposed
that the response rate to first-line antibiotic therapy was
48% in SBP patients and 72.5% in CNNA patients. They also
reported that patients who did not respond to the initial empirical antibiotic treatment had a poor outcome.[34]
Although there are some studies for non-invasive markers
in predicting infection in CNNA patients in the literature,
there are no studies for non-invasive markers that can be
used to evaluate treatment response. This is the first study
in the literature for non-invasive markers in predicting treatment response in CNNA patients. We found that monocyte
count, MPV, and CRP levels were statistically significantly
lower after antibiotic treatment in CNNA patients. Furthermore, LMR was statistically significantly higher after treatment. We determine statistically significant cutoff value for
monocyte count, CRP level, and LMR but no significant cutoff value could be determined for MPV. Based on a serum
CRP cutoff value of ≤18 mg/L for the response of the treatment, the sensitivity was 91.5% and specificity was 57.6%.
In addition, when using a cutoff value of ≥1.7 for the LMR,
the sensitivity and specificity were 76.3% and 78%, respectively. When markers were used together, it was observed
that the highest sensitivity (86.5%) and specificity (83.1%)
were obtained in the combination of LMR + CRP.
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Conclusion
Although there are no studies on non-invasive markers
that can be used to evaluate treatment response in CNNA
patients, this study is the first study in the literature to
predict treatment response. LMR was found to be statistically significantly lower in CNNA patients after antibiotic
treatment. Our results showed that in cirrhotic patients
with CNNA, monocyte count, MPV, and CRP levels were
statistically significantly lower after antibiotic treatment.
Furthermore, LMR was statistically significantly higher after treatment. Although the LMR + CRP combination is a
non-invasive marker with the highest sensitivity and specificity in evaluating treatment response in our study, it can
be used as a new, low-cost, and non-invasive test to predict
treatment response.
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