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Abstract

AIM: To identify a mean platelet volume (MPV) cutoff
value which should be able to predict the presence of
bacterial infection.

METHODS: An observational, analytic, retrospective
study. We evaluated medical records of cirrhotic patients
who were hospitalized from January 2012 to January
2014 at the Gastroenterology Department of “Hospital
General de México Dr. Eduardo Liceaga”, we included
51 cirrhotic patients with ascites fluid infection (AFI),
and 50 non-infected cirrhotic patients as control group.
Receiver operator characteristic curves were used to
identify the best cutoff value of several parameters
from hematic cytometry, including MPV, to predict the
presence of ascites fluid infection.

RESULTS: Of the 51 cases with AFI, 48 patients

(94.1%) had culture-negative neutrocytic ascites
(CNNA), 2 (3.9%) had bacterial ascites, and one (2%)
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had spontaneous bacterial peritonitis. Infected patients
had greater count of leucocytes and polymorphonuclear
cells, greater levels of MPV and cardiac frequency (P <
0.0001), and lower mean arterial pressure compared
with non-infected patients (P = 0.009). Leucocytes,
polymorphonuclear count, MPV and cardiac frequency
resulted to be good or very good predictive variables
of presence of AFI in cirrhotic patients (area under the
receiving operating characteristic > 0.80). A cutoff MPV
value of 8.3 fl was the best to discriminate between
cirrhotic patients with AFI and those without infection.

CONCLUSION: Our results support that MPV can be
an useful predictor of systemic inflammatory response
syndrome in cirrhotic patients with AFI, particularly
CNNA.

Key words: Mean platelet volume; Cirrhosis; Ascites
fluid infection; Culture negative neutrocytic ascites;
Systemic inflammatory response

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To suspect and recognize promptly those
patients with ascites fluid infection (AFI) is crucial.
Systemic inflammatory response syndrome and clinical
signs are not always present in cirrhotic patients with
AFI, and gold standard tests for diagnosis, such as
neutrophils count and ascites cultures are not always
quickly available in many clinical settings. The mean
platelet volume (MPV) is a very good predictor of
systemic inflammatory response. A MPV cutoff value
equal or greater than 8.3 fl predicts the presence of
AFI particularl culture-negative neutrocytic ascites.

Galvez-Martinez M, Servin-Caamaiio Al, Pérez-Torres E, Salas-
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INTRODUCTION

Bacterial infections are considered one of the main cause
of death in decompensated cirrhotic patients, they are
also related to the development of other complications,
such as hepatic encephalopathy, hepatorenal syndrome,
and recurrence of variceal bleeding™?.

Spontaneous bacterial peritonitis (SBP) is the most
common infection in patients with cirrhosis, counting for
10% to 30% of all bacterial infections, and representing
around 10% to 50% off in-hospital mortality, meanwhile
mortality at 1 year has been reported around 31% to
93%",

According to the definition of ascites fluid infection
(AFI) in the cirrhotic patient there are three main
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categories: Culture-negative neutrocytic ascites (CNNA) is
defined by greater or equal count of polymorphonuclear
(PMN) to 250 cells/mm? 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.

Bacterial ascites is defined as a positive result of
culture, without increment of polymorphonuclear cell
count and it has been reported in 2%-3% of ambulatory
patients and 11% in hospitalized cirrhotic patients.

Spontaneous bacterial peritonitis is found in patients
where besides the increase of polymorphonuclear
counting, they present a positive result in culture.

CNNA has the same mortality rate as SBP and must
be treated promptly™*®!, The PMN count is not always
quickly available in clinical practice and the culture result
usually takes 72 h or more, these situations could delay
the start of antibiotic therapy, therefore it is important
to search biomarkers wide and quickly available that
help to predict ascites infection™" ™!,

Platelet size is a determinant factor of platelet pro-
inflammatory functions®. Several studies have found
relationship between the mean platelet volume (MPV)
and pro-inflammatory conditions, particularly acute
infections, such as, pyelonephritis™” and endocarditis*®*.,
Thus they may predict the severity of sepsis’®”. Recently,
two different studies have found increase in MPV levels in
cirrhotic patients with AFI and proposed it as an accurate
diagnostic test to predict AFI, nevertheless, these two
studies differ in their propose cutoff values, and found
different sensitivity, specificity and predictive values'***,
Therefore, our objective was to determine if there is
difference between MPV value in cirrhotic patients without
infection and cirrhotic patients with AFI and to identify
a MPV cutoff value which could be able to predict the
presence of bacterial infection in cirrhotic patients.

MATERIALS AND METHODS

Study design
Observational, analytic, retrospective study. We
evaluated medical records of cirrhotic patients who were
hospitalized from January 2012 to January 2014 at the
Gastroenterology Department of “Hospital General de
México Dr. Eduardo Liceaga”, México City, we included 51
cirrhotic patients who met the diagnosis of SBP, CNNA
and bacterial ascites according to the latest guidelines
of the American Association for the Study of Liver
Disease!'®, and we included 50 non-infected cirrhotic
patients as control group. We excluded patients with
conditions that could affect the MPV value, such as other
bacterial infections, diabetes, hypertension, history of
cerebrovascular event, cardiac failure, dyslipidemia,
recent hemorrhage, or antibiotic use in the previous
month.

We also collected the following data: age, gender,
cause of cirrhosis, Child-Pugh class, parameters which are
part of the systemic inflammatory response syndrome
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Table 1 Demographic characteristics of the patients

Variable Group A Group B P 95%CI
n =50 n =51
Age (yr) 57+9.8 55+10.8 030 -19to6.2
Gender (female), n (%) 35 (70) 27 (53) 0.08
Child-Pugh A/B/C 9/26/15 0/7/44 <0.0001
Cause of cirrhosis:
Alcohol 18 27 0.34
NASH 9 4
CHC 13 9
Autoimmune 2 2
Cryptogenic 8 9

Group A (controls: cirrhotic patients without infection); Group B
(cases: cirrhotic patients with ascites infection); NASH: Non-alcoholic
steatohepatitis; CHC: Chronic hepatitis C. P < 0.01 was considered
statistical significant.

Table 3 Clinical and hematological predictors of acute pro-

inflammatory response in cirrhotic patients with ascites
infection

Variable AUROC 95%Cl P

Leukocytes 0.89 0.82-0.95 <0.0001
PMN 0.94 0.90-0.99 <0.0001
MPV 0.90 0.84-0.96 <0.0001
MCV 0.73 0.63-0.83 <0.0001
MCH 0.72 0.61-0.82 <0.0001
CF 0.86 0.78-0.94 <0.0001

PMN: Polymorphonuclear cells; MPV: Mean platelet volume; MCV: Mean
corpuscular volume; MCH: Mean corpuscular hemoglobin; CF: Cardiac
frequency; AUROC: Area under the receiving operating characteristic.

(SIRS); such as, cardiac frequency, respiratory frequency,
temperature, leukocytes count. Additionally we addressed
the mean arterial pressure (MAP) and we collected other
relevant data from the hematic cytometry report: PMN
count, MPV, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH).

Statistical analysis
The distribution of numerical variables was analyzed
trough kurtosis, asymmetry and Kolmogorov-Smirnov
test, in case of non-normal distribution we performed
base 10 logarithmic transformation. Numerical variables
were expressed as median and standard deviation, and
categorical variables were expressed as proportion and
percentages. To compare between groups, student’s
t test, chi square test or Fisher’s exact test were used
as appropriate. Receiver operator characteristic (ROC)
curves were used to identify the best cutoff value of
several parameters from hematic cytometry, including
MPV, to predict the presence of AFI.

The statistical methods of this study were reviewed
by Fatima Higuera de la Tijera, MD, MSc. from “Hospital
General de Mexico, Dr. Eduardo Liceaga”.

RESULTS

We included 101 cirrhotic patients, 50 of them were
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Table 2 Comparison between groups regard to different
clinical and cellular parameters as predictors of pro-inflammatory

acute response in presence of ascites infection in cirrhotic
patients

Variable Group A Group B P 95%CI
n =50 n =51
Leukocytes (10°/mcl) ~ 4.9£21 124+72 <0.0001 -9.6to-5.4
PMN (10°/mcl) 30+1.6 107+68 <0.0001 -9.6to-5.7
Platelets (10°/mcl) 106.7 £56.0 110.0£69.0 080 -28.1to21.6
MPV (fl) 7.7£05 9.0+£08 <0.0001 -1.5t0-0.9
Hemoglobin (g/dL)  11.6+25 11.1+22 033  -05to14
MCV(fl) 89.7+133 985+94 <0.0001 -13.3 to-4.3
MCH (pg) 30.1+43 33.0+37 <0.0001 -45t0-1.3
RDW (%) 17.7+31 18346 047  21t01.0
MAP (mmHg) 81.9+103 747+161 0009 18to125
CF (beats/min) 73+16 96+£18  <0.0001 -30.0to-16.0
RF (breaths/min) 20+2 24 +14 0.04 -8.4t0-0.2
Temperature ('C) 364+05 36708 0.12 -0.5t0 0.6
SIRS, 1 (%) 0(0) 38 (74.5)  <0.0001 NA

Group A (controls: cirrhotic patients without infection); Group B (cases:
cirrhotic patients with ascites infection); CF: Cardiac frequency; MAP:
Mean arterial pressure; MCH: Mean corpuscular hemoglobin; MCV: Mean
corpuscular volume; MPV: Mean platelet volume; PMN: Polymorphonuclear
cells; RDW: Red cell distribution width; RF: Respiratory frequency; SIRS:
Systemic inflammatory response syndrome. P < 0.01 was considered
statistical significant.

used as controls without bacterial infection (group A),
51 of them were cases with AFI (group B), of them, 48
patients (94.1%) had CNNA, 2 (3.9%) had bacterial
ascites, and one (2%) had SBP. Eighty eight patients
were women who corresponded to 87.1% of our study
population.

The media and standard deviation of age was 55.7
+ 10.3 years. According to Child-Pugh class, 59 patients
(58.4%) were class C, 33 patients (32.7%) were class B,
and 9 patients (8.9%) were class A. The most frequent
cause of cirrhosis was alcohol intake, other etiologies
are summarized in Table 1.

When we compared between groups the different
parameters of the SRIS and parameters from the
hematic cyotmetry, patients in the group B had greater
count of leucocytes and PMN, also greater levels of
MPV, MCV, MCH and cardiac frequency (P < 0.0001).
Furthermore, patients in the group B had lower MAP
compared with patients in the group A (P = 0.009).
Other hematological and clinical variables which are
part of the SRIS, such as, temperature and respiratory
frequency were not different between groups (Table 2).

The variables that were different between groups:
leucocytes and PMN count, MPV, MCV, MCH, and cardiac
frequency (P < 0.0001) were tested trough ROC curves.
From all of them, leucocytes and PMN count, MPV and
cardiac frequency resulted to be good or very good
predictive factors of presence of AFI in cirrhotic patients
[area under the receiving operating characteristic
(AUROC) > 0.80]. MCV and MCH were regular predictors
of presence of AFI in cirrhotic patients (AUROC > 0.60
and < 0.75) (Figure 1 and Table 3).

We determined sensitivity, specificity, positive
predictive value, negative predictive value and accuracy
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Table 4 Different cutoff values for mean platelet volume as indicators of inflammatory response in cirrhotic patients with ascites

infection

Cutoff value (fl) Sensibility % (95%CI) Specificity % (95%CI) PPV % (95%ClI) NPV % (95%CI) Accuracy
8.0 92 (84-100) 62 (48-76) 71 (60-83) 89 (77-100) 77 (69-86)
8.1 88 (78-98) 78 (66-90) 80 (69-92) 87 (76-98) 83 (75-91)
8.2 84 (73-95) 80 (68-92) 81 (70-93) 83 (72-95) 82 (74-90)
8.3 84 (73-95) 82 (70-94) 83 (72-94) 84 (72-95) 83 (75-91)
8.4 78 (66-91) 88 (78-98) 87 (76-98) 80 (69-91) 83 (75-98)
8.5 76 (64-89) 88 (78-98) 87 (76-98) 78 (67-90) 82 (74-90)

NPV: Negative predictive value; PPV: Positive predictive value.
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Figure 1 Area under de receiver operator characteristic curves from different
clinical and hematological parameters as predictors of presence of ascites
infection in cirrhotic patients. MCH: Mean corpuscular hemoglobin; MCV: Mean
corpuscular volume; MPV: Mean platelet volume; PMN: Polymorphonuclear cells
count.

for different cutoff MPV values. A cutoff MPV value of
8.3 fl was the best to discriminate between cirrhotic
patients with AFI and those without infection (Table 4).

DISCUSSION

AFI is a severe condition with a high mortality rate if
is not diagnosed and treated promptly. Although, gold
standard for diagnosis is based on the determination of
PMN cells count equal or greater than 250 cells/mm? of
ascites, with or without a positive culture®”, in many
settings the results from these gold standard tests are
not quickly available, causing the delay in the diagnosis
and early treatment. For this reason, other methods,
more rapid and widely available have been proposed;
nevertheless, some of them, such as the use of reagent
strips have a low diagnostic accuracy for the diagnosis of
AFI®, In addition, many patients with AFI may have not
classic symptoms or signs of peritonitis®®**! nor develop
classic manifestations of sepsis. Several characteristics
of the cirrhotic patients may difficult the diagnosis of
SIRS and sepsis, for example: Baseline reduced PMN
count due to hypersplenism, baseline elevated heart
rate because of the hyperdynamic circulatory syndrome,
baseline hyperventilation due to hepatic encephalopathy
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or blunted elevation of body temperature that is often
observed in cirrhotic patients., In our study we found
that although temperature and respiratory frequency
are variables which integrate the SIRS, there were not
differences between them in patients with and without
AFIL. On the other hand, patients with AFI had greater
count of leucocytes and PMN, but also greater levels of
MPV, MCV, MCH and cardiac frequency, and they had also
lower MAP compared with patients without AFI.

In our study, leucocytes and PMN count, MPV and
cardiac frequency resulted to be good or very good
predictive variables of presence of AFI in cirrhotic
patients (AUROC > 0.80). Leucocytes and PMN count
and cardiac frequency are variables already well known
predictors of systemic inflammatory response, however,
the novelty of our study is that the MPV resulted on
being an additional variable of great utility to predicting
systemic inflammatory response. Several conditions,
such as, thrombotic events, endothelial dysfunction and
inflammation are associated with platelet activation and
consumption®?®!, Besides their hemostatic function,
platelets also play a role in recruiting neutrophils to sites
of injury and infection; platelets also help to the activation
of neutrophils via engagement of neutrophil and
endothelial cell receptors and release of chemokines'”.,

There are two previous studies conducted in patients
with cirrhosis and AFI, which demonstrated that MPV
could be a predictor of SIRS. In the first study by Suvak
et al”, the authors found that MPV increased the
response to AFI in patients with cirrhosis, compared with
those patients without AFI and with healthy controls.
These authors proposed a cutoff value of 8.45, with a
sensitivity, specificity, negative predictive value (NPV)
and positive predictive value (PPV) of 70.7%, 67.5%,
75.4% and 62.1% respectively (area under the curve:
0.768). A recently study by Abdel-Razik et alf*®, also
found a greater level of MPV in cirrhotic patients with
AFI compared with cirrhotic patients without AFI and
healthy controls. These authors found that MPV had
95.9% sensitivity and 91.7% specificity for detecting AFI
(area under the curve: 0.964) at a cutoff value of 8.77.
In our study, we tested different cutoff values, and we
found that the best was the cutoff value of 8.3 fl, with
sensitivity, specificity, PPV, NPV and accuracy of 84%,
82%, 83%, 84% and 83% respectively.

Our results support that MPV can be an useful
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predictor of SIRS in cirrhotic patients with AFI, particularly
CNNA, better than other variables such as temperature
or respiratory frequency.

COMMENTS

Background

Bacterial infections are considered one of the main causes of death in
decompensated cirrhotic patients, being the spontaneous bacterial peritonitis the
most common infection, clinical data and laboratories, such as polymorphonuclear
count, or ascites culture, are not always available and close to 30% of patients
remain asymptomatic. A diagnosis and timely treatment of the infection of ascites
fluid is able to reduce the mortality rate of 80% to 20%. Hence the reason for
using non invasive markers, that are fast and easy to apply, which can help to
predict the development of ascites infection.

Research frontiers

Platelet size is a determinant factor of platelet pro-inflammatory functions.
Several studies have found relationship between the mean platelet volume
(MPV) and pro-inflammatory conditions, particularly acute infections, such as,
pyelonephritis and endocarditis.

Innovations and breakthroughs

Recently, two different studies have found increase in MPV levels in cirrhotic
patients with ascites fluid infection (AFI) and proposed it as an accurate
diagnostic test to predict AFI, nevertheless, these two studies differ in their
propose cutoff values, and found different sensitivity, specificity and predictive
values, being that the main reason why the authors attempted to determine if
there is any difference between MPV value in cirrhotic patients without infection
and cirrhotic patients with ascites fluid infection and to identify a MPV cutoff
value, able to predict the presence of bacterial infection in cirrhotic patients.
Applications

The study results suggest that MPV can be an useful predictor of systemic
inflammatory response syndrome in cirrhotic patients with AFI, particularly
culture-negative neutrocytic ascites (CNNA), better than other variables such
as temperature or respiratory frequency.

Terminology

According to the definition of spontaneous bacterial peritonitis there are three
main categories: CNNA is defined by greater or equal count of polymorphonuclear
to 250 cells/mm® but without a positive culture. Bacterial ascites is defined as
a positive result of culture, without increment of polymorphonuclear cell count.
Spontaneous bacterial peritonitis is found in patients where besides the increase
of polymorphonuclear counting, they present a positive result in culture.
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