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ABSTRACT

Background: The prognostic value of mean platelet volume (MPV) and plasma fibrinogen level in terms of survival
in patients with sepsis and septic shock is still incompletely documented. The aim of the present study was to find a
correlation between MPV and plasma fibrinogen with the severity of sepsis and mortality.

Methods: Three hundred eleven patients having quick sequential organ failure assessment score 2/3, systolic blood
pressure <100 mmHg, respiratory rate >22/minute and altered mentation <15 (Glasgow coma scale) were included for
this prospective observational study. Acute physiology and chronic health evaluation (APACHE) Il score, MPV on
days one and four, fibrinogen on days one and seven were tested. The number of days of intensive care unit (ICU),
and hospital stay, in-hospital mortality was recorded. Categorical and continuous variables were tested using the chi-
square test/Fisher’s exact test and analysis of variance/Kruskal-Wallis H test respectively.

Results: The mean plasma fibrinogen at day one and day seven was significantly higher in patients who had septic
shock and in expired patients. The mean MPV at day four was significantly higher in patients who expired compared
to those who survived. The mean MPV on day four was significantly higher compared to the mean MPV at day one in
patients who expired.

Conclusions: Fibrinogen level at admission is the predictor of mortality in patients with sepsis or septic shock. An

increase in MPV was strongly correlated with mortality and can be used as a prognostic indicator.
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INTRODUCTION

Sepsis is the leading cause of mortality in critically ill
patients. Delay in diagnosis and treatment often results in
rapid progression to circulatory collapse, multiple organ
failure and eventually death. The incidence of severe
sepsis and septic shock has increased over the past 30
years. Approximately two-thirds of the cases occur in
patients with significant underlying illness.! Sepsis-
related incidence and mortality rates increase with age
and pre-existing co-morbidity. The mortality rates of
these conditions are 25 to 80%, depending on the illness
severity, the number of occurrences and the severity of
organ failure.? Hence, early detection of progressive

severe sepsis and/or septic shock will not only be useful
for risk stratification in allocating resources, but also
helpful in monitoring treatment efficacy and disease
progress.

The diagnosis of sepsis is difficult because clinical signs
of sepsis are subtle and overlap with other non-infectious
causes of systemic inflammation. These signs include
tachycardia, leukocytosis, tachypnoea and pyrexia, which
are collectively termed systemic inflammatory response
syndrome (SIRS). SIRS is common in trauma, surgery
and hypoxic injuries. Though microbiological cultures
were used to document infections, they cause substantial
time delay, lack sensitivity and specificity.
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The pro-inflammatory response to sepsis leads to
activation of the coagulation system with concurrent
inhibition of anticoagulant mechanisms and fibrinolysis.*
Consequently, fibrinolytic and fibrinogen products are
consumed; so, disseminated intravascular coagulation
occurs in forms of thrombus and bleeding.® MPV is a
machine-calculated measurement of the average size of
platelets found in blood and is typically included in blood
tests as part of the complete blood count. It is considered
as an indirect marker for acute thrombocytopenia. There
are high MPV levels in destructive thrombocytopenia and
low MPV levels in hypo proliferative thrombocytopenia.®

MPV and plasma fibrinogen are very useful to provide
critical information quickly for SIRS and sepsis. The
prognostic value of MPV and plasma fibrinogen level in
terms of survival in patients with sepsis and septic shock
and their relation to other inflammatory markers such as
white blood cell count, C-reactive protein (CRP) and
procalcitonin  is  still  incompletely = documented.
Conflicting reports have surfaced regarding the
usefulness of MPV and plasma fibrinogen as a prognostic
marker in severe sepsis. The aim of the present study was
to find the correlation between MPV and plasma
fibrinogen with the severity of sepsis and outcome.

METHODS

This prospective observational study was conducted
between July 2017 and October 2018 in Poona hospital
and research center, Pune, India. After approval from the
scientific advisory committee (letter No.
RECH/SAC/2017-18/294) and institutional ethics
committee (letter No. RECH/EC/2017-18/369), written
informed consent was obtained from all the patients.
Patients aged more than 18 years having quick sequential
organ failure assessment score 2/3, systolic blood
pressure <100 mmHg, respiratory rate >22/minute and
altered mentation <15 (Glasgow coma scale) were
included. Pregnant or lactating women, patients having
known platelet disorder (immune thrombocytopenic
purpura, essential thrombocytosis), acute coronary
syndrome, cerebrovascular attack, recently thrombolysed,
active gastrointestinal  bleeding, malignancy and
coagulation defect were excluded from this study.

Detailed clinical history and examination findings were
noted for each patient. Sepsis was diagnosed in patients
with either positive blood culture (viral, bacterial, fungal
culture) or raised serum procalcitonin (>2 ng/ml). For
disease severity assessment, APACHE Il score were
determined according to the worst values within the
initial 24 hours of hospital admission. Septic shock was
defined as suspected/documented infection, vasopressor
therapy needed to maintain mean arterial pressure >65
mmHg and serum lactate level >2.0 mmol/l despite
adequate  fluid  resuscitation. Hemogram, serum
creatinine, arterial blood gas, serum lactate, MPV on days
one and four, serum fibrinogen on days one and seven,
total cholesterol, total bilirubin, CRP and serum albumin

were tested for all the patients. Venous blood samples for
laboratory counts were collected from all the patients in
tubes containing ethylene diamine tetra acetic acid and
analyzed with an Advia 2120 hematology analyzer
(Siemens healthcare diagnostics, Deerfield, IL) within 30
minutes of sample collection. The normal reference range
for plasma fibrinogen level and MPV in our hospital
laboratory is 180 to 350 mg/dl and 9.3 to 12.1 fL
respectively. The number of days of ICU stay, number of
days in the hospital, in-hospital mortality, cure, or
discharge were recorded.

The primary outcome measures were to correlate the
levels of plasma fibrinogen and MPV with the severity of
sepsis and mortality. The secondary outcome measures
were to correlate the severity of sepsis with the duration
of ICU and hospital stay and mortality. On the basis of a
previously published study, a sample size of 311 patients
was calculated by formula with 80% power and 5%
probability of type I error to reject a null hypothesis.”®

Statistical analysis

Data collected were entered in excel 2007 and analysis of
data was done using statistical package for social sciences
for windows, version 20.0 from IBM corporation,
Armonk, NY, USA. The data on categorical variables are
shown as n (% of cases) and the data on continuous
variables are presented as mean and standard deviation
(SD). The inter-group comparison of the distribution of
categorical variables was done using the chi-square test
or Fisher’s exact test. The statistical significance of the
inter-group difference of means of continuous variables
was tested using analysis of variance (ANOVA)
technique with post-Hoc Bonferroni’s correction for
multiple group comparisons. The underlying normality
assumption was tested before subjecting the study
variables to ANOVA. Non-parametric data on continuous
variables (duration of ICU stay and hospital stay) are
presented as the median with inter-quartile range (IQR).
The statistical significance of difference across two or
more variables of non-parametric data was tested using
the Kruskal-Wallis H test. The p values of less than 0.05
were considered to be statistically significant.

RESULTS

Of 311 cases studied, 208 (66.9%) patients were males
and 103 (33.1%) patients were females. Sixty-seven
(21.5%), 54 (17.4%), 35 (11.3%), and 155 (49.8%) had
no sepsis, sepsis, severe sepsis and septic shock
respectively. Of 244 patients of sepsis, 54, 23, 159 and
eight patients had serum procalcitonin >2 ng/ml, viral,
bacterial and fungal culture-positive respectively. Of 311
cases, 50 (16.1%) died within four days; 93 (29.9%) died
within seven days and a total number of 126 patients died
during the study period.

The incidence of sepsis was significantly higher in
patients who were >60 years of age, whereas there was
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no statistically significant difference in the incidence of
sepsis between male and female patients (Table 1). The
mean APACHE Il score was significantly higher in
patients who had severe sepsis and septic shock. There
was no statistically significant difference in mean MPV
on day one and day four according to the severity of

seven was significantly higher in patients who had septic
shock. There was no statistically significant difference in
the median duration of ICU and hospital stay according
to the severity of sepsis. The incidence of mortality was
significantly higher in patients who had septic shock
(Table 2).

sepsis. The mean plasma fibrinogen on day one and day

Table 1: Age and gender distribution according to sepsis.

Variables No sepsis, n=67 (%) Sepsis, n=244 (%) Total, n=311 (%) P value |
Age group (in years)

<30 10 (26.3) 28 (73.7) 38 (100.0)

31-40 19 (41.3) 27 (58.7) 46 (100.0)

41-50 12 (17.9) 55 (82.1) 67 (100.0) 0.001*
51-60 20 (26.3) 56 (73.7) 76 (100.0) '
61-70 2 (4.5) 42 (95.5) 44 (100.0)

>70 4 (10.0) 36 (90.0) 40 (100.0)

Gender

Male 44 (21.2) 164 (78.8) 208 (100.0) 0.812%*
Female 23 (22.3) 80 (77.7) 103 (100.0) '

*Fisher’s exact test was used, **Chi square test was used

Table 2: Outcome measures according to the severity of sepsis.

Variables

No sepsis Sepsis
(n=67) (n=54) (n=35)

Severe sepsis  Septic shock

(n=155)

Mean APACHE II, score + SD 28.248.2 30.946.2 34.5+7.5 33.7+7.9 0.001*
Mean MPV

Day 1 + SD, (n=311) 9.7+0.8 9.8+0.7 9.8+0.6 9.4+0.9 0.999*
Day 4 + SD, (n=261) 10.1+0.7 9.8+0.7 10.0+0.6 10.1+0.7 0.999*
Mean plasma fibrinogen

Day 1 = SD, (n=311) 461.8+153.8 441.5+100.6 461.6+124.2 519.2+163.0 0.010*
Day 7 + SD, (n=218) 452.0+80.6 453.3+69.2  474.8+88.8 535.7+116.3  0.001*
?I"S‘gz';"” duration of ICU staysindays 5 3.7y 40(3-5)  60(411)  50(38 0338
Median duration of hospital stays in o
days (IOR) 9.0 (2-30) 9.0 (4-21) 11.0 (5-20) 9.0 (1-60) 0.719
Incidence of mortality (%)

Died 20 (29.9) 11 (20.4) 10 (28.6) 85 (54.8) 0.001%**
Discharged from hospital 47 (70.1) 43 (79.6) 25 (71.4) 70 (45.2) '

*Analysis of variance (ANOVA) with post-Hoc Bonferroni’s test was used, ** Kruskal-Wallis H test was used, ***Chi square test was
used, SD-standard deviation, MPV- mean platelet volume, ICU- intensive care unit, IQR- interquartile range, APACHE Il-acute
physiology, age, chronic health evaluation I1.

Table 3: Mean MPV and plasma fibrinogen in survivors and non-survivors.

Variables Survivor group (n=185) Expired group (n=126)

Mean MPV

Day 1 +SD 10.0+0.7 9.1+0.8 0.001*
Day 4 +SD 9.9+0.6 10.2+0.6 0.001*
Intra-group comparison p value 0.095 0.001 *x
Mean plasma fibrinogen (mg/dl)

Day 1 +SD 425.1+70.8 565.4+185.4 0.001*
Day 7 £SD 471.1466.2 566.1+163.3 0.001*
Intra-group comparison p value 0.001 0.327 **

* Unpaired ‘t’ test was used, ** Paired ‘test’ was used, SD- standard deviation, MPV- mean platelet volume
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The mean MPV on day one was significantly lower in the
expired group of patients compared with the survived
group of patients whereas the mean MPV on day four
was significantly higher in the expired group of patients
compared with the survived group of patients. The mean
MPV on day four was significantly higher compared with
the mean MPV at the day one in the expired group of
patients. The mean plasma fibrinogen on day one and day
seven was significantly higher in the expired group of
patients compared with the survived group of patients.
The mean fibrinogen on day seven did not differ
significantly compared with the mean fibrinogen on day
one in the expired group of patients, whereas the mean
fibrinogen on day seven was significantly higher
compared with the mean fibrinogen on day one in the
survived group of patients (Table 3). The mean + SD of
APACHE 1 score among survived (n=185) and expired
(n=126) was 31.0+£7.0 and 34.0+8.6 respectively which
was statistically significant (p=0.001).

DISCUSSION

Three hundred eleven patients were enrolled in this
prospective observational study in which 244 (78.5%)
had sepsis and 67 (21.5%) had “no sepsis.” The mean
MPV was significantly higher on day four compared to
day one in non-survivors. The increase of MPV was
higher in non-survivors compared with survivors.
Persistent high levels of fibrinogen were in the non-
survivor group.

In the present study, of 311 patients, 54 (17.4%), 35
(11.3%) and 155 (49.8%) had sepsis, severe sepsis and
septic shock respectively. In a study conducted by
Mavrommatis et al 45 (60.8%), 15 (20.27%) and 14
(18.9%) had sepsis, severe sepsis and septic shock
respectively.® In our study, the mean APACHE Il score
was significantly higher in the group of patients with
severe sepsis and septic shock. The mean APACHE II
score was significantly higher in the expired group of
patients (34.0+8.6) compared to the survived group of
patients (31.0+£7.0). Gao et al reported that the median
APACHE I score was 30.0 in survivors and 35.0 in non-
survivors.’® Kim et al stated that the mean APACHE II
score was 16.5+6.6 in survivors and 25.9+6.8 in non-
survivors (p<0.001).1* A study conducted by Lorente et al
showed the APACHE Il score was (20.2+2.9) in
survivors and (23.3+2.3) in non-survivors.’? These
findings are similar to our study.

In the present study, the mean MPV on day one and day
four did not differ significantly between the groups of
patients with no sepsis, sepsis, severe sepsis and septic
shock. Sadaka et al also reported that there was no
significant change in MPV according to the severity of
sepsis.’® The incidence of mortality was significantly
higher in the group of patients with septic shock because
of multiple organ failures compared “no sepsis” group.

In our study, the mean MPV on day one was significantly
lower in the expired group of patients compared to the
survived group of patients. The mean MPV on day four
was significantly higher in the expired group of patients
compared to the survived group of patients. The possible
explanation for the link between MPV and mortality is an
inflammatory response which is significantly associated
with the adverse clinical outcomes in ICU patients.
Platelet volume indices are immediate indicators of
platelet activation that are regulated by the inflammatory
process.’* The uncontrolled inflammatory response is
thought to be associated with the activation of the
coagulation system, consumption of platelet and adverse
outcome. Higher MPV as strong predictors of mortality
was also reported by Zhang et al.'® In the present study,
we found that AMPV (day four-day one) significantly
increased in non-survivors than in survivors. A persistent
rise or a further increase might indicate that the treatment
response is inadequate, or the disease was too severe.
This result is similar to the study conducted by Kim et
a|.11

Kim et al reported that non-survivors exhibited a
significantly higher baseline MPV than survivors
(9.54+1.66 vs. 8.54+1.10; p=0.001). MPV levels
increased significantly during the first 72 hours in both
non-survivors (p=0.001) and survivors (p<0.001).%!
Becchi et al examined the trends of MPV and platelet
count during the course of sepsis in a small population
and found that the average MPV gradually increased in
non-survivors, whereas it decreased in survivors.” In a
study conducted by Sadaka et al MPV was (10.5+0.9) for
survivors and (10.6+0.9) for non-survivors on day one.
They observed that single MPV was not a useful
predictor of mortality in septic shock.’® Kitazawa et al
reported that an increase in the MPV levels was
significantly lower in the non-survivors than in the
survivors during the initial period but later in the course
of the disease, an increase in the MPV levels was
significantly higher in the non-survivors than in the
survivors. The degree of elevation of the MPV levels at
the onset was lower in the non-survivors than in the
survivors; however, after the elevation of MPV, the MPV
levels remained higher in the non-survivors than in the
survivors.6

In the present study, mean fibrinogen on day one and day
seven was significantly higher in the expired group of
patients compared to the survived group of patients. With
the severity of sepsis, more marked inflammation and
stronger activation of coagulation lead to a more marked
rise in fibrinogen level. ° In contrast, in severe sepsis and
mainly in septic shock, most of the coagulation factors
are depleted; platelets are also decreased and global
coagulation tests are prolonged, indicating exhaustion of
haemostasis. In our study, mean fibrinogen on day one
was 461.8+153.8, 441.5+100.6, 461.6+124.2, and
519.2+163.0 in no sepsis, sepsis, severe sepsis and septic

International Journal of Advances in Medicine | December 2020 | Vol 7 | Issue 12 Page 1833



Chalodiya K et al. Int J Adv Med. 2020 Dec;7(12):1830-1835

shock group respectively (p <0.05).This result is similar
to the study conducted by Mavrommatis et al in which
distribution of the mean fibrinogen on day one were
301.71+£20.9,  429.53+22.2,  598.93+43.17, and
578.57+35.83 in no sepsis, sepsis, severe sepsis and
septic shock group respectively (p<0.001). ° Fibrinogen
is an acute-phase reactant; so, plasma fibrinogen is
elevated two to 20 fold, in “no sepsis” group (SIRS) and
sepsis group initially but returned to baseline following
resolution of the inflammatory stimulus and control of
infection.t”1® But with the severity of sepsis, more
marked inflammation and stronger activation of
coagulation lead to a more marked rise in fibrinogen
level.

The profile described here in septic patients during one
week indicates that most of the differences between
survivors and non-survivor may not become evident until
several days after the diagnosis was established or if only
isolated parameter measurements of coagulation profile
were performed. Many parameters should be measured to
know about complete coagulation profile-changes such as
anti-thrombin 111, plasminogen/a2-antiplasmin ratio,
protein C and plasminogen activator inhibitor-1 (PAI-1)
levels because these more characteristically varied
differently in the group of survivors as compared with the
non-survivor.*? It remains to be established whether a
pharmacologic intervention to modify that profile, i.e.
inhibiting PAI-1 secretion, administering activated
protein C, or anti-tissue factor antibodies alters the
outcome of these patients. In severe sepsis, and mainly in
septic shock, the entire coagulation system seems to be
exhausted, as suggested by a marked decrease in
coagulation factors, prolongation of global coagulation
tests and reduction of platelets but fibrinogen, an acute
phase reactant, was elevated in all groups of septic
patients its adequate production by the liver in response
to inflammation was greater than increased consumption.®

Lorente et al reported that fibrinogen plasma levels were
high in both the survived and non-survived group. Levels
in the non-survivor group on day seven were significantly
higher than in the survivors.!? Azfar et al reported a
significant correlation of APACHE |Il, platelet,
prothrombin time, activated partial thromboplastin time,
fibrinogen and D-dimer with mortality in patients with
severe sepsis or septic shock. They further stated that the
fibrinogen level at the admission was an independent
predictor of mortality in patients with sepsis or septic
shock.?

Potential limitations of the study merit consideration.
Patients were enrolled from a single medical center. We
included all critically ill patients suspected to be having
sepsis for analysis, heterogeneity of the study population
may arise. Multiple parameters should be measured in a
study to know about complete coagulation profile-
changes in antithrombin 111, plasminogen/a2-antiplasmin
ratio, protein C and PAI-1 levels. Higher mortality and
prolonged hospital stay may be due to patients with

multiple co-morbidities. A blood culture can miss many
genuinely infected septic patients (falsely falls into the
"no sepsis"” group). Procalcitonin can be falsely positive
in any intense inflammatory conditions like a circulatory
shock.

CONCLUSION

Mean plasma fibrinogen on day one and day seven were
significantly higher in patients who had septic shock and
in expired patients. The mean MPV on day four was
significantly higher in patients who expired compared to
those who survived. The mean MPV on day four was
significantly higher compared to the mean MPV on day
one in patients who expired.
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