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Abstract
Introduction: Spontaneous bacterial peritonitis (SBP) is the most frequent and life-threatening infection in 

patients with decompensated liver cirrhosis. Diagnosis should be prompt and treatment must not be delayed until 
the microbiology results are available. 

Aims and Methods: The current study was conducted to assess the potential role that MPV may have in the 
diagnosis of SBP in cirrhotic patients with ascites Three groups were included in the study. Group I (SBP group) 
included 100 patients with liver cirrhosis and ascites complicated by SBP, group II (non-SBP group) included 98 
patients with liver cirrhosis and ascites without SBP and group III included 50 healthy subjects to serve as a control 
group.

Results: ESR, CRP and total leucocytic count (TLC) in ascitic fluid were significantly higher in SBP group 
compared to non-SBP group (median 37.5 vs. 12, 12 vs. 5 and 530 vs. 60 respectively with p value<0.01). The MPV 
was significantly higher in SBP group vs. non-SBP group and healthy control group (8.5, 7.9 and 8.3 respectively and 
P value<0.0001). On constructing ROC curve for the MPV; at a cutoff value of 8.4 fl, MPV had 73% sensitivity and 
85.7% specificity for detecting SBP with overall accuracy 79.3%, (AUC=0.84 with negative predictive value (NPV) 
and positive predictive value (PPV) for MPV of 75.7 and 83.9%, respectively). Regarding ESR; at a cutoff value of 20. 

Conclusion: MPV is increased in SBP in cirrhotic patients with ascites than the other inflammatory markers.
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Introduction
Spontaneous bacterial peritonitis (SBP) is infection of the ascitic 

fluid with no intra-abdominal source of infection or malignancy. It is 
one of the most frequent complications in patients with liver cirrhosis 
and ascites [1]. Ascitic fluid infection is extremely common at the time 
of hospital admission of a patient with cirrhosis and ascites that requires 
a diagnostic paracentesis [2].

 For SBP diagnosis, the count of polymorphonuclear leucocytes 
[PMN] in the ascitic fluid obtained by paracentesis must exceed 250 
cells/mm3 Because SBP is in most cases an infection with a single 
organism, the presence of many organisms in the culture, raise the 
suspicion of secondary peritonitis [3].

Ascitic Fluid Infection (AFI) occurs in 10 to 30% of hospitalized 
cirrhotic patients. Despite the early start of treatment, which may 
lead to good results in most cases, the mortality still remains 
considerably high [4].

For this reason, early detection of inflammation is important for the 
assessment of AFI and for treatment options. Although the diagnosis is 
based mainly upon clinical suspicion, several methods have also been 
studied for early detection of AFI in cirrhotic patients [5].

Additional diagnostic tools, such as leucocyte esterase reagent 
strips, pH testing, and lactoferrin in ascitic fluid are also considered 
to be helpful in SBP diagnosis. Fecal calprotectin (FC), ascitic fluid 
calprotectin, proinflammatory cytokines like interleukin 1b [IL1b], 
tumor necrosis factor a (TNFa), and interleukin 6 (IL6) were also 
studied. Another study focused on the diagnostic role of plasma and 
ascitic fluid procalcitonin for estimating SBP diagnosis [6].

Circulating platelets are a plentiful source of prothrombotic 
agents which are inflammatory markers that have an important 
role in the inflammatory cascade [7]. The platelet content of 
granules increases as the platelet size increases to have their 
hemostatic and pro-inflammatory actions with more efficiency, 
for this reason mean platelet volume (MPV) is proposed to be 
an indicator of platelet function and activation. Some studies 
have reported that MPV increases in myocardial infarction, 
cerebrovascular disease, Alzheimer’s disease, hypertension, and 
celiac disease [8].

The current study was conducted to assess the potential role that 
MPV may have in the diagnosis of SBP in cirrhotic patients with ascites 
together with other inflammatory markers; ESR and CRP.

Patients and Methods
The current study is a case control study that took place during 
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the period from May 2015 to March 2016 at Tropical medicine 
department, Faculty of Medicine, Ain Shams University, Egypt. Patients 
with ascites due to liver cirrhosis who were admitted to the hospital 
were included after signing an informed consent. History taking and 
physical examination with baseline Complete blood count (CBC), 
Erythrocytes Sedimentation Rate (ESR), C-reactive protein (CRP) 
and liver and kidney function tests and abdominal ultrasonography 
were performed. Ascitic fluid samples were aspirated under complete 
aseptic precautions. All areas of scarring were avoided since they are 
often the site of collateral vessels formation or adherent bowel loops 
in patients with portal hypertension [9]. The aspirated samples were 
checked for total and differential white blood cells (WBC). Culture of 
ascitic fluid was done by inoculating 10 ml of ascitic fluid at the bedside 
in two blood culture bottles one for aerobic and the other for anaerobic 
bacteria under complete aseptic precautions. Incubation was done at 
37°C for 48 to 72 hours. Any colony (growth) or turbidity appearing on 
the media was subjected to microscopic examination of film stained by 
Gram stain, biochemical reaction and serological examination. Patients 
were then classified into two groups: 

1. Group I (AFI group) included 100 patients with PMNs count ≥ 
250 cell/cmm. 

2. Group II (Non-SBP group) included 98 patients with PMNs 
count <250 cell/cmm.

3. Control group of 50 healthy subjects were also included to serve 
as a control group (Group III). They were 35 males and 15 females, their 
age ranged from (23-61 years) with a mean of 44.93 ± 12.73 years.

All group I patients received intravenous third generation 
cephalosporins antibiotics for at least five days and followed up 
clinically and laboratory to confirm resolution of infection. Antibiotic 
response was assessed by another ascitic fluid sample after 48 hours of 
initiation, and patients were considered responsive if a 25% decrease or 
more was achieved in PMNs count.

Patients with ascites due to local causes (such as tuberculous 
and malignant ascites), or those who have recent abdominal surgery 
were excluded. Also, patients with medical diseases affecting platelets 
(e.g. heart failure, hypertension, diabetes, hyperlipidemia, peripheral 
vascular disease, hematological and neoplastic disorders) were excluded 
as well as patients who received antibiotics or anti-platelet medications 
prior to hospital admission.

Statistical analysis
Data analysis was done using Statistics/Data Analysis (STATA) 

version 13.1 software. Continuous variables were tested for normality 
by the Shapiro-Wilk normality test. Values are presented as mean ± 
standard deviation, or in the case of non-normally distributed data 
as median and inter-quartile range. The Chi-squared test was used to 
compare percentages between different groups of patients. Normally 
distributed data were analyzed using independent samples T-test. 
Data found to be non-normally distributed were analyzed using the 
Mann-Whitney U test. Non-normally distributed paired samples were 
analyzed using the Wilcoxon signed-rank test. Kruskal-Wallis equality-
of-populations rank test was used to compare non-normally distributed 
data in the 3 groups. Spearman's correlation analysis was done between 
MPV & inflammatory markers; ESR, CRP, WBCs and platelets. Receiver 
operating characteristic [ROC] curve analysis was used to identify the 
best cut-off value of MPV with maximum sensitivity and specificity for 
differentiation of cirrhotic patients with SBP from those without SBP.

Results
 The age of the studied population ranged from 26 to 61 years with 

a mean of 50.43 ± 7.49 years in group I (SBP group); and 75% of them 
were males. In group II (Non SBP group), the age ranged from 35 to 75 
years with a mean of 53.8 ± 8 years; and 73 (74%) were males. In group 
III (control group), the age ranged from 23 to 61 years with a mean 
of 44.93 ± 12.73 years. Thirty-five persons (70%) were males. Baseline 
laboratory characteristics of the studied groups are shown in Table 1. 
The results of ascitic fluid culture in group I (SBP group), Escherichia 
coli was detected in 15 patients (15%), Klebsiella in one patient (1%) 
and Acinetobacter in one patient (1%) while no bacterial growth had 
occurred in 83 patients (83%).

As shown in Table 2; MPV is significantly higher in group I more 
than group II and more than the control subjects (P value in group I 
vs group II<0.0001, P value healthy controls vs group II<0.0001 and P 
value group I vs healthy controls=0.05). Also, in group I patients, MPV 
was significantly reduced after treatment of AFI (Table 3).

On constructing ROC curve for the sensitivity and specificity of 
MPV: At a cutoff value of 8.4 fl, MPV had 73% sensitivity and 85.7% 
specificity for detecting SBP with overall accuracy of 79.3%, (AUC=0.84 
with negative predictive value (NPV) and positive predictive value 
(PPV)for MPV of 75.7 and 83.9%, respectively). On the other hand, at 
a cutoff value of 20, ESR had 78% sensitivity and 63.4% specificity for 
detecting SBP with overall accuracy 70.7, AUC= 0.845 with negative 
predictive value NPV and positive predictive value of 73.8 and 68.5%, 
respectively). However, at a cutoff value of 7, CRP had 66% sensitivity 
and 67.4% specificity for detecting SBP with overall accuracy 66.6%, 

Laboratory characteristic
Group I

 (SBP group)

Group II
 (Non-SBP 

group) P value

N=100 N=98
Hemoglobin (Mean (SD)) 12.04 (2.15) 12.15 (1.78) 0.60

WBCs (Median (IQR)) 5 (2.6) 5.45 (3) 0.03*
Platelets (Median (IQR)) 116.5 (77.5) 150 (73) <0.001*

ESR (Median (IQR)) 37.5 (60) 12 (12) <0.001*
CRP (Median (IQR)) 12 (10) 5 (4.5) <0.001*

Bilirubin (Median (IQR)) 1.6 (1.6) 1.7 (1.4) 0.23
Albumin (Median (IQR)) 2.9 (0.6) 2.9 (0.6) 0.23

INR (Median (IQR)) 1.3 (0.45) 1.4 (0.4) 0.08
AST (Median (IQR)) 60.74 (35.66) 37.54 (22.11) <0.001*
ALT (Median (IQR)) 74.49 (53.09) 44.5 (31.28) <0.001*

TLC in ascetic fluid (Median 
(IQR)) 530 (370) 60 (50) <0.001*

Creatinine (Mean (SD)) 1.04 (0.28) 1.04 (0.27) 0.9
*P values were considered significant if less than 0.05

Table 1: Baseline laboratory characteristics of the studied groups.

Variable Group I
N=100

Group II
N=98 P value Controls

N=50 P value

Mean Platelets 
volume

Median (IQR)
8.5 (0.65) 7.9 (0.6) <0.0001 8.35 (1) 0.0001

Table 2: Comparison of the mean platelets volume between SBP, non-SBP, and 
healthy controls (Kruskal-Wallis equality-of-populations rank test).

Variable AFI, before treatment Resolved AFI P value
Mean platelets volume

Median (IQR) 8.5 (0.6) 8.1 (0.8) <0.0001

Table 3: MPV in the AFI group, before & after treatment (Wilcoxon signed-rank 
test).
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difference was noted between SBP group and healthy controls (P<0.05) 
and between non-SBP group and healthy controls as well (P<0.0001). 
Similar results were obtained by Suvak and colleagues who reported a 
significant difference between MPV levels between cirrhotic patients 
with AFI compared to cirrhotic patients without AFI (P<0.001) and 
healthy controls (P<0.001) (8.79 ± 1.01 fl, 8.05 ± 0.83 fl and 7.88 ± 0.47 fl, 
respectively). No statistically significant difference was observed between 
cirrhotic patients without AFI and healthy controls (P=0.368) [5].

Data obtained by Suvak and colleagues showed a significant 
correlation between MPV and CRP (r=0.535, P ≤ 0.001). No correlation 
was observed with WBC (r=0.049, P=0.714), ESR (r=0.105, P=0.524) 
[5]. On the other hand, our study showed a significant correlation 
between MPV and CRP (r=0.275, P=0.0001), ESR (r=0.3720, P<0.0001), 
but no correlation was observed with WBC (r=0.0218, P=0.76). The 
positive correlation between MPV and other inflammatory markers 
may support the hypothesis that increased MPV could reflect ongoing 
systemic inflammatory responses in cirrhotic patients with SBP.

In the present study, we found that MPV is statistically significant 
(AUC=0.84, P<0.0001) in the diagnosis of SBP with overall accuracy 
79.3% and we recommend MPV cutoff value of 8.4 fl as an optimal 
cutoff value for diagnosis, with 73% sensitivity and 85.7% specificity, 
independent of the severity of liver disease as determined by CTP score. 
Suvak and colleagues recommended MPV cutoff value of 8.45 fl, with a 
sensitivity 70.7% and specificity 67.5%, (AUC=0.768) [5]; while Abdel-
Razik and colleagues suggested MPV cutoff value of 8.77 fl, for the 
diagnosis with 95.9% sensitivity and 91.7% specificity, (AUC=0.964) 
[12]. Gálvez-Martínez and colleagues supported that MPV can be 
a useful predictor of systemic inflammatory response syndrome in 
cirrhotic patients with AFI, particularly culture-negative neutrocytic 
ascites and found that the best cutoff value of MPV was 8.3 fl, with 
sensitivity 84% and specificity 82%, (AUC=0.9) [13].

The ROC curve for sensitivity and specificity of MPV for detection 
of SBP was found to be comparable to CRP and ESR while Suvak and 
colleagues reported that the increase in MPV in cirrhotic patients with 
AFI is comparable to CRP, but superior to ESR [5]. Abdel-Razik and 
colleagues concluded similar results but did not include ESR [12].

To the best of our knowledge, no data exists regarding the role that 
MPV may have in the follow-up of patients with SBP after treatment up 
to the time of writing this manuscript. Our results showed a significant 
decrease in MPV (8.1 ± 0.8 fl) after receiving antibiotic therapy Vs 
before receiving therapy (8.5 ± 0.6 fl) (P value<0.0001).

Conclusion
MPV was significantly elevated in cirrhotic ascitic patients with 

SBP compared to non- SBP patients regardless of the severity of liver 
disease. MPV measurement can be considered an accurate, simple, 
noninvasive test in the diagnosis of SBP and can be useful in the follow-
up in assessing the response to treatment. 
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