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ABSTRACT

Background: Sepsis is an unorganized host response to infection that is manifested by the failure
of organs and DIC and systemic coagulation due to failure of Plasmin as an important fibrin Iytic
protein that is regulated by plasminogen activators and inhibitors. Our theory is that elevated PAI-1
may have a role in multi-system organ failure in patients with septicemia and systemic
coagulopathy.

Aim: to evaluate plasminogen activator inhibitor-1 as a prognostic factor in patients with
septicemia and DIC.

Patients and Methods: 60 cases with septicemia and in shock, in addition to 20 healthy
individuals. Cases were selected from surgical ICU, Tanta University hospitals. Normal healthy
subjects were matched by age and gender with the patients' group.

Results: Respiratory system and urinary tract infections, were the most common infections and
high SOFA and APACHE scores in the selected cases. The hematological findings in septic
patients are anemia, thrombocytopenia, and leukocytosis. There was a significant increase in urea,
creatinine, SGOT, SGPT levels, and CRP in patient groups. Higher levels of PAI-1 in cases
suffering sepsis. An increased mortality rate after 28 days of follow-up was noticeable in cases with
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APTT, and Procalcitonin.

to our emergency center.

established septic shock compared to other patient groups in Tanta university surgical intensive
care. We found a direct correlation between PAl-1and SOFA, APACHE, bilirubin, creatinine, PT,

Conclusions: PAI-1 level has a prognostic value in cases with infections or septicemia presented

Keywords: Plasminogen activator inhibitor-1; Sepsis.

1. INTRODUCTION

In ancient Greek, "Sepsis" means to break apart
and this expression appeared in very ancient
Greek poetry [1].

Sepsis is a clinical syndrome of bacteremia.
When micro-organisms break into the natural
body barriers and get over the immune system,
they can cause generalized systemic infection to
more than one body organ or what is known as
septicemia or may affect vital systems like
pneumonia or encephalitis [2].

Bacteria are the main cause of infection that
causes sepsis, only a small portion of septicemia
is caused by viruses, fungi, and parasites. Which
could be the infectious agent when a certain
bacteria species could not be found, despite
septicemia [3].

The Morbidity and Mortality rates in cases of
Sepsis despite intensive medical care and the
use of proper wide-spectrum antibiotics have
become a major health problem. Physicians
need to have more specific and sensitive tools to
identify patients who require early broad
antibiotic coverage and intensive supportive care
and we also need to collect more information
about the immune—pathogenesis of septicemia
and sepsis to generate appropriate treatment
modalities and preventive measures [4].

Initial appropriate antibiotic therapy reduces
morbidity and mortality in septic patients as
empiric inappropriate use of antibiotics develops
multidrug resistance organisms that are difficult
to manage [5].

More than 178 sepsis markers have been found,
most of which are intermediate inflammatory
products and pro-inflammatory cytokines as
(CRP, procalcitonin, interleukin-6, etc.) [6].

Multiple organ failure (MOF) is the result of
Sepsis as an example: Cardiovascular
dysfunction or acute respiratory failure [7].

septic shock is manifested by cardiovascular
failure, requiring inotropes and vasopressors.
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Due to the rising importance of blood biomarkers,
much research has been done to find biomarkers
that would predict sepsis [8].

Plasminogen  activator  inhibitor-1  inhibits
fibrinolysis by inhibiting plasminogen activator
which activates plasmin that breaks down fibrin a
main component of coagulation, the abnormal
increase in PAI-1 activity in case of sepsis will
lead to coagulation in many body organs DIC
and MOF multi-organ failure [9].

This study aimed to evaluate plasminogen
activator inhibitor-1 as a prognostic factor in
patients with septicemia and DIC.

2. SUBJECTS AND METHODS

This study was done on 60 cases of septicemia
and cardiovascular shock, in addition to 20
normal individuals as reference. Patients were
selected from surgical ICU, Tanta University
hospitals from June 2019 to Feb 2020 in the
clinical pathology department, Tanta University
Hospitals. Normal healthy subjects were
matched by age and gender with the patients'
group. The studied subjects were put into three
groups:

Group (1): Thirty cases with sepsis. They were
17 males and 13 females with ages ranging from
21-62 years.

Group (2): Thirty patients with septic shock.
They were 19 male cases and 11 female cases
with ages from 23 to 71 years.

Group (3): Twenty healthy individuals were 12
males and 8 females with ages ranging from 20-
61 years.

2.1 Inclusion Criteria

Cases that were admitted to the ICU due
to one or more than one organ damage
with sepsis include one or more organ
failures including cardiovascular system
failure or disturbed conscious level.

All control subjects were non-medicated,
apparently healthy, and showed no
evidence of any pathological conditions.
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2.2 Exclusion criteria

» The following cases were excluded from
the study:

e Younger than 18 years.

e Presence of blood malignancy, chronic
liver damage, Diabetes mellitus, and
cardiac arrest on admission.

e Occurrence of death within 24 hours of
ICU admission.

» All cases and controls were subjected to
the following:

e Complete clinical examination.

e Routine laboratory investigations
(complete blood cell count, liver function
test, renal function test, blood glucose
level, arterial blood gases, CRP level,
procalcitonin level, prothrombin time and
activated partial thromboplastin level.

e Specific laboratory investigations:
measurement of plasminogen activator
inhibitor-1 level by ELISA technique.

e Sequential Organ Failure Assessment
(SOFASCORE) [10]: Respiratory system
assessment by PaO2/FiO2 (ABG),
Nervous system evaluation by Glasgow
coma scale, Cardiovascular system
assessment by mean arterial pressure
OR administration of vasopressors,
bilirubin level to assess liver function,
creatinine level for renal function
evaluation and platelet count for
coagulation system).

2.3 Statistical Analysis

Statistical presentation and analysis of the
present study were conducted, using the mean
value + standard deviation using ANOVA test
and chi-square test by SPSS V.22. The p-value
is a measure of the probability that an observed
difference could have occurred just by random
chance. The lower the p-value, the greater the
statistical significance of the observed difference.

The Acute Physiology and Chronic Health
Evaluation (APACHE) score is an illness severity
score that was used in predicting the mortality of
sepsis and septic shock upon admission to
intensive care.

3. RESULTS

Table 1 showed that the mean value of the
SOFA score inpatient group ranged between
(7.13 £2.05 and 16.60+£3.94) in sepsis and septic
shock respectively.

Regarding APACHE score the mean value of the
patient group ranged between (11.17 + 4.14 and
20.93+ 5.11) in sepsis and septic shock
respectively.

There was a significant difference in SOFA and
APACHE scores in patient groups as their levels
increased with the severity of sepsis.

Table 2 showed that serum C - reactive protein
(CRP) levels in the studied groups ranged
between (4-150, 40- 210, and 2-6 mg/l) in
sepsis, septic shock, and control groups
respectively with a mean value of
(44.10+£36.14,119.43465.11and 4.95 + 1.28) in
sepsis, septic shock, and control groups
respectively.

There was a significant difference in CRP levels
in patient groups as their levels increased with
severity of sepsis (p-value) = 0.001). p1 between
sepsis and septic shock group (0.001), p2
between sepsis and control group (0.004), and
p3 between septic shock and control group
(0.001).

Table 3 showed that procalcitonin levels in the
studied groups ranged between (2-10, 15—
28and 1-5 ng/ml) in sepsis, septic shock, and
control groups respectively with a mean value of
(5.87 £2.46, 21.70+£3.74 and2.75+£1.33) in sepsis,
septic shock, and control groups respectively.

Table 1. Clinical scoring system of patients groups

Range Mean * S.D T.test P.value
SOFA SCORE Sepsis 3 - 11 713 + 205 11.668 0.001*
Septic 9 - 28 16.60 + 3.94
Shock
APACHE Sepsis 5 - 20 1117 + 414 8.128 0.001*
SCORE Septic 11 - 30 2093 + 5.11

Shock
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There was also a significant increase in
procalcitonin levels in patient groups as their
levels increased with the severity of sepsis (p-
value = 0.001). p1 between sepsis and septic
shock group (0.001), p2 between sepsis and
control group (0.004), and p3 between septic
shock and control group (0.001).

Table 4 showed that PAI-1 levels in the studied
groups ranged between (7.7-63.2, 18.5-65and
2.5-5 ng/ml) in sepsis, septic shock, and control

groups respectively with a mean value of
(19.2049.82, 42.71+9.04 and3.91+0.75) in
sepsis, septic shock, and control groups

respectively.

There was also a significant increase in PAI-1
levels in patient groups as their levels increased
with the severity of sepsis (p-value =0.001).

4. DISCUSSION

In the present work, there was a significant
difference in CRP levels in patient groups as
their levels increased with the severity of sepsis.

CRP levels in septic shock were significantly
higher than cases in sepsis and the control group
(p =0.001).

This was in accordance with Seki et al. [11] and
Koyama et al. [12] as they found much increased
levels of CRP in cases with sepsis with increased
morbidity and mortality.

CRP is a well-known marker of infection and
inflammation because the levels of CRP rise

rapidly in the early phases of inflammation and
reach higher levels more than any other
biomarkers so it is a sensitive indicator for
systemic inflammation [13].

In the present work, there was a significant
difference in procalcitonin levels in patient groups
as their levels increased with the severity of
sepsis (p=0.001).

This copes with Liu et al. [14] and Samsudin and
Vasikaran [15] as they found that septic patients
had significantly higher levels of procalcitonin.

The primary pathophysiological trigger for an
elevated level of PCT is infection. Investigations
identified PCT as part of the complex
proinflammatory response of the innate immune
system. A marked increase in serum PCT often
indicates an exacerbation of the disease, and a
decreasing level is a sign of improvement [16].

In the present study, the results showed that
there is no significant correlation between serum
PAI-1in the studied groups and their age and
gender.

This was in agreement with Hoshino et al. [17]
who didn’t find a significant correlation between
serum PAI-1 levels and age. Unlike, Lorente et
al. [18] who found significantly higher levels of
serum PAI-1 in elderly patients, and Koyama et
al. [11] who found that PAI-1 was slightly higher
in men compared with women.

Table 2. Serum C-Reactive protein levels in patient and control groups

Range Mean * S.D F.test P.value
CRP  Sepsis 4 - 150 4410 + 36.14 41.563 0.001* P10.001
(mg/l) Septic Shock 45 - 210 11943 + 65.11 P2 0.004
Control 2 ) 4.95 + 1.28 P3 0.001
Table 3. Procalcitonin (ng/mL) levels in the studied groups
Range Mean * S.D F.test P.value
Procalcitonin  Sepsis 2 - 10 5.87 + 246 149.429 0.001* P10.001
(ng/mL) Septic 15 - 28 2170 = 3.74 P2 0.004
Shock
Control 1 - 5 2.75 + 1.33 P3 0.001
Table 4. PAI-1 (ng/mL) levels in the studied groups
Range Mean + S.D F.test P.value
PAI-1 Sepsis 7.7 - 632 1920 * 9.82 138.933 0.001* P10.001
(ng/mL) Septic 185 — 65 4217 + 9.04 P2 0.001
Shock
Control 25 - 5 3.91 + 075 P3 0.001
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In the present study, the 28-day mortality rate is
significantly higher in patients with a high level of
PAI-1.

This is in accordance with Okabayashi et al. [19]
who found that high PAI-1 levels predicted
increased mortality, PAI-1 is a strong marker of
mortality risk.

Peres et al. [20] also found that high levels of
PAIl-1had been widely demonstrated to correlate
with morbidity and outcome, supporting its value
as a prognostic biomarker in infected patients.

Despite the relatively small number of patients
included in the study, there were significantly
higher levels of plasma PAI-1 in patients with
severe sepsis compared to less severe septic
patients upon admission to the ICU. The results
suggest that PAI-1 is a marker of inflammation in
patients with sepsis. The difference between
severe sepsis and less severe septic patients
prompted the power of PAI-1 to assess the
severity of sepsis.

This was in agreement with Shapiro et al. [21]
and Seki et al. [22] as they found that Plasma
levels were significantly higher in patients with
severe sepsis than in the less severe group.
Their study suggested that PAl-1is a powerful
marker of coagulation-fibrinolytic disorders in
patients with sepsis.

5. CONCLUSION

Based on our present study’s findings, the PAI-1
level has been shown to represent a crucial
prognostic value in the cases of patients
suffering infections or septicemia. It's also
evident that there is a direct correlation between
PAl-1and SOFA, APACHE, bilirubin, creatinine,
PT, APTT, and procalcitonin.

6. RECOMMENDATIONS

Given the findings of the present study, we
recommended the following:

i. The need for further studies on a larger
number of patients for more
comprehensive statistical analysis.

Future follow-up studies may be needed to
clarify the clinical usefulness of the
combination of PAI-1 with other biomarkers
like CRP in critically ill patients and
combination with clinical scores like SOFA
and APACHE.
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iii. PAI-1 can be incorporated as a predictor
for ICU and overall survival in septic

patients.
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