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Abstract

The mortality rate of sepsis-associated disseminated intravascular coagulation (DIC) is high. This study aimed to explore the effi-
cacy of therapeutic plasma exchange (TPE) in sepsis-associated DIC patients by improving endothelial function. A total of |12
sepsis-associated DIC patients were randomly divided into the TPE group (n=40), the heparin (HP) group (n=36), and the
SHAM group (n=36). The SHAM group received conventional treatment; the HP group was treated with HP based on conven-
tional treatment; and the TPE group received conventional treatment plus TPE. The differences in thromboelastogram (TEG),
platelet (PLT), coagulation function, and the endothelial cell (EC) injury biomarkers at 6 h, 24 h, 48 h, 72 h, and 7 days after TPE
were compared among the three groups, and the three groups were compared in terms of Acute Physiology and Chronic Health
Evaluation Il (APACHE II) score, Sepsis-Related Organ Failure Assessment (SOFA) score, the length of intensive care unit (ICU)
hospitalization, 28-day mortality rate, 28-day cumulative survival rate, the incidence of bleeding events, the incidence of acute
kidney injury (AKI), and acute respiratory distress syndrome (ARDS). The efficacy of TPE is superior to the HP in increasing
PLT, improving coagulation function, increasing the 28-day cumulative survival rate, and reducing the length of ICU hospitaliza-
tion, 28-day mortality, and the incidence of bleeding events, AKI, and ARDS with statistically significant differences (P <.05).
Moreover, the effect of TPE outperforms HP on the EC injury biomarkers with statistically significant differences (P <.05).
Our results suggest that TPE may be more effective than HP in the treatment of patients with sepsis-associated DIC. The pos-
sible mechanism is via improving endothelial function.
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Introduction Inflammation and coagulation disorders interact and aggravate
each other, which can result in DIC, eventually leading to mul-
tiple organ failure and death”® The pathophysiological mecha-
nism of sepsis-associated DIC involves the stimulation of

In recent years, sepsis has become a major public health
problem due to its increasing incidence and high cost. Sepsis
in 30% to 50% of sepsis patients can cause disseminated intra-
vascular coagulation (DIC), which accounts for approximately
50% of the total No. of DIC patients.1 Currently, there is N0 Affiliated Hospital of Putian University, Putian, China
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inflammatory cytokines, which increase the expression of tissue
factor (TF) and initiate the exogenous coagulation pathway; this
pathway has been shown to promote a hypercoagulable state
and fibrinolysis inhibition. Then, the specific hypercoagulable
state leads to microvascular thrombosis in the systemic circula-
tion. At the same time, inflammatory cytokines act on ECs, acti-
vate or damage ECs, and interact with activated white blood
cells. Finally, coagulation and inflammation occur and form a
vicious cycle, which ultimately leads to microvascular obstruc-
tion, microcirculation bleeding, and deterioration of the circula-
tory state of the organism* Therefore, for sepsis-associated DIC
patients, the keys to treatment are removing inflammatory cyto-
kines, removing abnormal coagulation and fibrinolytic substan-
ces, supplementing coagulation factors to rebuild the normal
coagulation mechanism, inhibiting endothelial activation, and
protecting endothelial function.” At present, domestic and
foreign studies on DIC caused by sepsis are intervention treat-
ments for low-dose heparin (HP). The overall efficacy of HP in
the treatment of sepsis and sepsis-associated DIC patients has
not yet been determined, and there is a trend to reduce the mor-
tality rate, but there is also an increased risk of bleeding'®
Reports in recent years have shown that therapeutic plasma
exchange (TPE) has a good effect on the treatment of DIC”’
TPE takes the patient’s blood out of the body and separates
and discards the patient’s plasma from the whole blood
through a membrane plasma separation method to remove
various metabolic toxins and other pathogenic factors from
the patient’s body and then replenishes fresh frozen plasma,
coagulation factors, and other beneficial substances, which
can rebuild the normal coagulation mechanism, and regulate
the body’s immune balance and hemodynamic status.®
Plasmapheresis in treating DIC in patients stung by
Hemiscorpius lepturus stings can prevent death and encourage
recovery.” Studies have shown that DIC patients have signifi-
cant clinical efficacy after plasma exchange treatment.'
Trung et al.'" used TPE in 10 children with multiple organ dys-
function syndrome (MODS) (including DIC) to decrease the
severity of the disease and increase the survival rate of the
patients. In the treatment of a patient with meningococcemia
with DIC, TPE can eliminate the activation of complement,
coagulation factors, and lysosomal enzymes rather than
reduce the concentration of endotoxin in the patient’s blood,
thereby restoring the normal coagulation mechanism and cor-
recting the abnormality of DIC and coagulation index.'?
However, the protective mechanism of TPE in sepsis-associated
DIC patients is still unclear, and it is worthy of further study.
ECs have a high degree of biological activity and participate
in a variety of physiological processes in the body, including
regulating the tension of vascular smooth muscle, completing
the exchange of cells and nutrients, maintaining blood fluidity,
and forming a barrier between blood and tissues. It also has
important roles in inflammation, immune regulation, coagula-
tion and anticoagulation, fibrinolysis, and regulation of vascular
tension and permeability.'> Sepsis can induce phenotypic regu-
lation of ECs through many different mechanisms. In particular,
components of bacterial cell walls such as lipopolysaccharide

(LPS) can activate structural recognition receptors on the
surface of ECs, resulting in EC activation and functional
damage.'* EC activation, damage, and dysfunction are impor-
tant features of Sepsis and MODS. EC has potential diagnostic,
therapeutic, and prognostic value in sepsis and MODS, and may
become a potential therapeutic target for the treatment of
sepsis.'” Studies have emphasized the importance of endothe-
lial function to the pathophysiological process of
sepsis-associated DIC patients. Endothelial dysfunction is
closely related to the mortality and severity of sepsis-associated
DIC patients. Therefore, endothelial function is a new target for
the diagnosis and treatment of sepsis-associated DIC''® The bio-
markers reflecting endothelial function are as follows: tissue
factor pathway inhibitor (TFPI), Protein C, high-mobility
group box 1 (HMGB-1), Endocan, angiopoietin 2 (Ang-2),
von Willebrand factor (vWF), and others.'®""°

In this investigation, we hypothesized that TPE might
protect patients with sepsis-associated DIC by improving their
endothelial function.

Materials and Methods

Patient Samples

A total of 112 sepsis-associated DIC patients in the intensive
care unit (ICU) of the Affiliated Hospital of Putian University
were analyzed from January 2015 to December 2020. They
were randomly divided into 40 cases in the TPE group, 36
cases in the HP group, and 36 cases in the control (SHAM)
group. Patient baseline characteristics and coagulation indices
were collected before treatment, including demographic charac-
teristics, International Society on Thrombosis and Hemostasis
(ISTH) score, Sepsis-Related Organ Failure Assessment
(SOFA) score, and Acute Physiology and Chronic Health
Evaluation II (APACHE 1I) score. HP is used for anticoagula-
tion during TPE. To eliminate the influence of HP on blood
coagulation function, the study established a TPE group, HP
group, and SHAM group. This study was discussed and
approved by the Ethics Committee of the Affiliated Hospital
of Putian University, and all patients signed an “Informed
Consent in Clinical Research” form.

Inclusion and Exclusion Criteria

Inclusion criteria included (1) the diagnostic criteria for sepsis
in the “Surviving Sepsis Campaign: International Guidelines
for Management of Severe Sepsis and Septic Shock™?° and
(2) according to the “Scientific Subcommittee on DIC of the
International Society on Thrombosis and Hemostasis (ISTH)”,
a score > 5 points was diagnosed as DIC.?'

Exclusion criteria included (1) having a history of severe
allergies to plasma, HP, etc., (2) pregnant women, and (3) pres-
ence of intracranial hemorrhage or severe cerebral edema
accompanied by brain herniation.
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Methods

The three groups of patients were treated with conventional
treatments such as etiological treatment, coagulation factor sup-
plementation, anti-shock, platelet (PLT) increase, nutritional
support, and anti-infective treatment. The SHAM group
received conventional treatment; the HP group was treated
with low-dose HP anticoagulant based on conventional treat-
ment and continuously pumped for 24 h every day at a
dosage of 50 mg every 24 h. The TPE group received conven-
tional treatment plus TPE treatment.

Plasma exchange method: A femoral vein puncture double-
lumen hemofiltration tube was inserted to establish vascular
access, and 2000 mL of plasma was exchanged every day
(using the PRISMAFLEX system of the Jinbao Company).
The replacement time was 3 h, once a day, and the No. of
replacements was three times. When plasma exchange was per-
formed, a small dose of HP sodium was used for anticoagula-
tion, which was continuously pumped for 24 h, and the
dosage was 50 mg every 24 h.

Observation Index

Assessment of the protective effect of therapeutic plasma exchange
on sepsis-associated disseminated intravascular coagulation
patients. The differences in thromboelastogram (TEG), PLT
count, and coagulation function at 6 h, 24 h, 48 h, 72 h, and
7 days after TPE were compared among the three groups, and
the three groups were compared in terms of APACHE II
score, SOFA score, length of ICU hospitalization, 28-day mor-
tality rate, 28-day cumulative survival rate, the incidence of
bleeding events, the incidence of acute kidney injury (AKI)
and acute respiratory distress syndrome (ARDS).

Evaluation of the effect of therapeutic plasma exchange on the
improvement of endothelial function in patients with
sepsis-associated disseminated intravascular coagulation. At 6 h,
24 h, 48 h, 72 h, and 7 days after TPE, the differences in EC
injury biomarkers were compared between the three groups.

Detection of Indicators

The coagulation function indicators included the PLT counts,
activated partial thromboplastin time (APTT), prothrombin
time (PT), fibrinogen level (FIB), and D-dimer level. TEG
detection: the coagulation reaction time (R value), blood clot
formation time (K value), blood clot formation rate (a angle),
maximum width value (MA value), percentage of blood clot
lysis 30 min after the MA value is determined (LY30), etc.,
(using the TEG5000 coagulation analyzer and TEG detection
box provided by the Hemoscope Company). Biomarkers of
EC damage: TFPI, Protein C, HMGB-1, Endocan, Ang-2,
and vWF.

Statistical Analyses

Measurement data are expressed as the mean + standard devia-
tion. Differences between all groups were assessed through
one-way analysis of variance (ANOVA) followed by Tukey’s
post hoc test. P<.05 was considered statistically significant.
Counting data were using [n (%)] according to the y° test.
Survival curves were analyzed using the Kaplan—Meier
log-rank test. All statistical analyses were performed in
GraphPad Prism software version 8.0 (GraphPad Software,
Inc.).

Results

Comparing Baseline Characteristics Between the Three
Groups Before Treatment

There was no significant difference in demographic characteris-
tics, SOFA score, APACHE II score, and ISTH score between
the three groups before treatment (P> .05), as shown in Table 1.

Protective Effect of therapeutic plasma exchange in
Sepsis-Associated Disseminated Intravascular
Coagulation Patients

Effect of therapeutic plasma exchange on platelet in
sepsis-associated disseminated intravascular coagulation patients.
At 48 h and 72 h after TPE, the PLT count of the TPE group
was higher than that of the SHAM group, and the difference
between the two groups was statistically significant (P <.05);
Seven days after TPE, the PLT count of the TPE group was
significantly higher than that of the SHAM group, and the
difference between the two groups was statistically significant
(P<.01); Seventy-two hours and 7 days after TPE, the PLT
count in the TPE group was higher than that in the HP group,
and the difference between the two groups was statistically sig-
nificant (P <.05) (Figure 1).

Table I. Comparing Baseline Characteristics Between the Three
Groups Before Treatment.

Parameters TPE (n=40) HP (n=36) SHAM (n=36)
Age (years) 50.07 +£2.09 47.92+2.58 49.73 £2.50
Male patients 31 (77.5) 28 (77.7) 27 (75.0)
(%)
SOFA score 11.00+ 1.31 10.61+1.39 11.09+ 141
APACHE II 2029+ 1.29 19.17 £ 1.69 21.09+1.73
score
ISTH score 6.38 + .45 6.42 + .47 6.02+.51

The results are expressed as the mean + standard deviation. There was no
significant difference in demographic characteristics, SOFA score, APACHE I
score, and ISTH score between the three groups before treatment (P>.05).
Abbreviations: APACHE Il, Acute Physiology and Chronic Health Evaluation II;
HP, heparin; ISTH, International Society on Thrombosis and Hemostasis; SOFA,
Sepsis-Related Organ Failure Assessment; TPE, therapeutic plasma exchange.
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Figure |. Effect of TPE on platelets (PLT) in sepsis-associated DIC
patients. The results are expressed as the mean =+ standard deviation.
*P<.05 versus SHAM, ¥*P< .0l versus SHAM, **P<.05 versus HP.
Abbreviations: DIC, disseminated intravascular coagulation; HP,
heparin; TPE, therapeutic plasma exchange.

Effect of therapeutic plasma exchange on the coagulation function
in  sepsis-associated  disseminated intravascular  coagulation
patients. At 24 h and 72 h after TPE, the PT of the TPE
group was lower than that of the SHAM group, and the

difference between the two groups was statistically significant
(P<.05); at 48 h and 7 days after TPE, the PT of the TPE
group was significantly lower than that of the SHAM group,
and the difference between the two groups was statistically sig-
nificant (P <.01). Then, 7 days after TPE, the PT of the TPE
group was lower than that of the HP group, and the difference
between the two groups was statistically significant (P <.05)
(Figure 2A). At 6 h, 24 h, 48 h, and 7 days after TPE, the
APTT of the TPE group was lower than that of the SHAM
group, and the difference between the two groups was statisti-
cally significant (P <.05). Then, 72 h after TPE, the APTT of
the TPE group was significantly lower than that of the control
group, and the difference between the two groups was statisti-
cally significant. Academic significance (P<.01); 6 h, 24 h,
48 h, 72 h, and 7 days after TPE, APTT in the TPE group
was lower than that in the HP group, and the difference
between the two groups was statistically significant (P <.05)
(Figure 2B). At 48 h, 72 h, and 7 days after TPE, the FIB of
the TPE group was higher than that of the SHAM group, and
the difference between the two groups was statistically signifi-
cant (P <.05). Then, at 48 h, 72 h, and 7 days after TPE, the FIB
of the TPE group was higher than that of the HP group, and
there was a difference between the two groups There was stat-
istical significance (P <.05) (Figure 2C). At 24 h after TPE, the
D-dimer in the TPE group was lower than that in the SHAM
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Figure 2. Effect of TPE on coagulation function in sepsis-associated DIC patients. A: Effect of TPE on PT, B: Effect of TPE on APTT, C: Effect of
TPE on FIB, D: Effect of TPE on DD. The results are expressed as the mean =+ standard deviation. *P<.05 versus SHAM, **P<.01 versus

SHAM, **P< 05 versus HP.

Abbreviations: DIC, disseminated intravascular coagulation; HP, heparin; TPE, therapeutic plasma exchange.
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group, and the difference between the two groups was statisti-
cally significant (P<.05). Then, at 48 h, 72 h, and 7 days
after TPE, the D-dimer in the TPE group was significantly
lower than that in the SHAM group. The difference between
the two groups was statistically significant (P<.01).
Additionally,72 h and 7 days after TPE, the D-dimer in the
TPE group was lower than that in the HP group, and the
difference between the two groups was statistically significant
(P<.05)(Figure 2D).

Effect of therapeutic plasma exchange on thromboelastogram in
sepsis-associated disseminated intravascular coagulation patients.

First, 72 h after TPE, the R-value of the TPE group was
lower than that of the SHAM group, and the difference
between the two groups was statistically significant (P <.05).
Then, 7 days after TPE, the R value of the TPE group was sig-
nificantly lower than that of the SHAM group, and the differ-
ence between the two groups was statistically significant (P
<.01). Additionally, 72 h and 7 days after TPE, the R value
of the TPE group was lower than that of the HP group, and
the difference between the two groups was statistically signifi-
cant (P<.05) (Figure 3A). At 48 h and 72 h after TPE, the K
value of the TPE group was lower than that of the SHAM
group, and the difference between the two groups was statisti-
cally significant (P <.05). Moreover, 7 days after TPE, the K
value of the TPE group was significantly lower than that of
the control group, and the difference between the two groups
was statistically significant (P<.01); then, 48 h, 72 h, and 7
days after TPE, the K value of the TPE group was lower than
that of the HP group, and the difference between the two
groups was statistically significant (P<.05) (Figure 3B). At
48 h and 72 h after TPE, o angle in the TPE group was
higher than that in the SHAM group, and the difference
between the two groups was statistically significant (P <.05).
Then, 7 days after TPE, o angle in the TPE group was signifi-
cantly higher than that in the SHAM group, and the difference
between the two groups was statistically significant (P <.01);
At 48 h, 72 h, and 7 days after TPE, a angle in the TPE
group was higher than that in the HP group, and the difference
between the two groups was statistically significant (P <.05)
(Figure 3C). At 72 h after TPE, the MA of the TPE group
was higher than that of the SHAM group, and the difference
between the two groups was statistically significant (P <.05).
Moreover, 7 days after TPE, the MA of the TPE group was sig-
nificantly higher than that of the SHAM group, and the differ-
ence between the two groups was statistically significant (P <
.01). After TPE, 72 h and 7 days, the MA of the TPE group
was higher than that of the HP group, and the difference
between the two groups was statistically significant (P <.05)
(Figure 3D). Then, 72 h after TPE, LY30 in the TPE group
was lower than in the SHAM group, and the difference
between the two groups was statistically significant (P <.05).
Additionally, 7 days after TPE, The LY30 in the TPE group
was significantly lower than in the SHAM group, and the differ-
ence between the two groups was statistically significant (P <
.01). Finally, 72 h and 7 days after TPE, the LY30 of the

TPE group was lower than that in the HP group, and the differ-
ence between the two groups was statistically significant (P <
.05) (Figure 3E).

Effects of therapeutic plasma exchange on the Acute Physiology and
Chronic Health Evaluation Il score and the Sepsis-Related Organ
Failure Assessment score of sepsis-associated disseminated
intravascular coagulation patients. Forty-eight hours after TPE,
the APACHE II score of the TPE group was lower than that
of the SHAM group, and the difference between the two
groups was statistically significant (P<.05). At 72 h and 7
days after TPE, the APACHE II score of the TPE group was
significantly lower than that of the SHAM group, and the
difference between the two groups was statistically significant
(P<.01). At 48 h, 72 h, and 7 days after TPE, the APACHE II
score of the TPE group was lower than that of the HP group,
and the difference between the two groups was statistically sig-
nificant (P<.05) (Figure 4A). At 48 h after TPE, the SOFA
score of the TPE group was lower than that of the SHAM
group, and the difference between the two groups was statisti-
cally significant (P<.05). At 72 h and 7 days after TPE, the
SOFA score of the TPE group was significantly lower than
that of the SHAM group, and the difference between the two
groups was statistically significant. (P<.01). At 48 h, 72 h,
and 7 days after TPE, the SOFA score of the TPE group was
lower than that of the HP group, and the difference between
the two groups was statistically significant (P <.05)(Figure 4B).

Effect of therapeutic plasma exchange on the prognosis of patients
with sepsis-related disseminated intravascular coagulation. The
length of ICU hospitalization and 28-day mortality in the TPE
group were lower than those in the SHAM and HP groups,
and the difference between the two groups was statistically sig-
nificant (P<.05) (Figure 5, Table 2). The 28-day cumulative
survival rate in the TPE group was higher than that in the
SHAM and HP groups, and the difference between the two
groups was statistically significant ( P<.05) (Figure 6).

Effect of therapeutic plasma exchange on complications in
sepsis-associated disseminated intravascular coagulation patients.
The incidences of bleeding events, AKI, and ARDS in the
TPE group were lower than those in the SHAM and HP
groups. The difference between the two groups was statistically
significant (P <.05) (Table 3).

Effect of Therapeutic Plasma Exchange on Endothelial
Function in Sepsis-Associated Disseminated Intravascular
Coagulation Patients

At 48 h and 72 h after TPE, the TFPI of the TPE group was
higher than that of the SHAM group, and the difference
between the two groups was statistically significant (P <.05);
at 7 days after TPE, the TFPI of the TPE group was significantly
higher than that of the SHAM group, and the difference
between the two groups was statistically significant (P <.01);
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Figure 3. Effect of TPE on TEG in sepsis-associated DIC patients. A: Effect of TPE on R, B: Effect of TPE on K, C: Effect of TPE on o angel, D:
Effect of TPE on MA, E: Effect of TPE on LY30. The results are expressed as the mean + standard deviation. *P<.05 versus SHAM, **P< .0l

versus SHAM, **P< 05 versus HP.

Abbreviations: DIC, disseminated intravascular coagulation; HP, heparin; TEG, DIC, disseminated intravascular coagulation; HP, heparin; TPE,

therapeutic plasma exchange; TPE, therapeutic plasma exchange.

at 72 h and 7 days after TPE, the TFPI of the TPE group was
higher than that of the HP group, and the difference between
the two groups was statistically significant (P<.05)
(Figure 7A). At 48 h and 72 h after TPE, protein C of the
TPE group was higher than that of the SHAM group, and the
difference between the two groups was statistically significant
(P<.05). At 7 days after TPE, protein C of the TPE group
was significantly higher than that of the control group, and
the difference between the two groups was statistically signifi-
cant (P<.01). At 48 h and 7 days after TPE, Protein C in the
TPE group was higher than that in the HP group, and the differ-
ence between the two groups was statistically significant (P <
.05) (Figure 7B). At 48 h and 72 h after TPE, the HMGB-1
of the TPE group was lower than that of the SHAM group,
and the difference between the two groups was statistically

significant (P <.05); at 7 days after TPE, the HMGB-1 of the
TPE group was significantly lower than that of the SHAM
group, and the difference between the two groups was statisti-
cally significant(P<.01). At 48 h, 72 h, and 7 days after TPE,
the HMGB-1 of the TPE group was higher than that of the
HP group, and the difference between the two groups was stat-
istically significant (P <.05) (Figure 7C). At 72 h after TPE,
Endocan in the TPE group was lower than that in the SHAM
group, the difference between the two groups was statistically
significant (P<.05). At 7 days after TPE, Endocan in the
TPE group was significantly lower than that in the SHAM
group, and the difference between the two groups was statisti-
cally significant (P<.0l); 72 h and 7 days after TPE,
Endocan in the TPE group was lower than that in the HP
group, and the difference between the two groups was
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Figure 4. Effect of TPE on the APACHE Il score and SOFA score of
sepsis-associated DIC patients. A: Effect of TPE on APACHE Il score,
B: Effect of TPE on SOFA score. The results are expressed as the
mean + standard deviation. *P<.05 versus SHAM, *P < 0| versus
SHAM, **P< 05 versus HP.

Abbreviations: APACHE II, Acute Physiology and Chronic Health
Evaluation Il; DIC, disseminated intravascular coagulation; SOFA,
Sepsis-Related Organ Failure Assessment; TPE, therapeutic plasma
exchange.
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Figure 5. Effect of TPE on the length of ICU hospitalization of
sepsis-associated DIC patients. The results are expressed as the mean
+ standard deviation. *P<.05 versus SHAM, **P < .05 versus HP.
Abbreviations: DIC, disseminated intravascular coagulation; HP,
heparin; ICU, intensive care unit; TPE, therapeutic plasma exchange.

Table 2. Effect of TPE on 28-Day Mortality in Sepsis-Associated DIC
Patients.

Indicators TPE HP SHAM
n 40 36 36
28-day mortality 15.0%" 333 389

*P <.05 versus SHAM, ** P< 05 versus HP.
Abbreviations: DIC, disseminated intravascular coagulation; HP, heparin; TPE,
therapeutic plasma exchange.

statistically significant (P <.05) (Figure 7D). At 72 h after TPE,
the vWF of the TPE group was lower than that of the SHAM
group, and the difference between the two groups was statisti-
cally significant (P<.05). At 7 days after TPE, the vWF of
the TPE group was significantly lower than that of the SHAM
group, and the difference between the two groups was statisti-
cally significant (P<.01). At 72 h and 7 days after TPE, the
vWF of the TPE group was lower than that of the HP group,
and the difference between the two groups was statistically sig-
nificant (P <.05) (Figure 7E). At 48 h and 72 h after TPE, the
Ang-2 of the TPE group was lower than that of the SHAM
group, and the difference between the two groups was statisti-
cally significant (P<.05). Then, at 7 days after TPE, the
Ang-2 of the TPE group was significantly lower than that of
the SHAM group, and the difference between the two groups
was statistically significant (P<.01). Moreover, at 48 h, 72 h,
and 7 days after TPE, Ang-2 in the TPE group was higher
than that in the HP group, and the difference between the two
groups was statistically significant (P <.05) (Figure 7F).

Discussion

The pathophysiological process of sepsis-associated DIC
involves inflammatory cytokines activating or damaging ECs

TPE
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Figure 6. Effect of TPE on the 28-day cumulative survival rate of
sepsis-associated DIC patients. The results are expressed as the mean
+ standard deviation. *P<.05 versus SHAM and HP.

Abbreviations: DIC, disseminated intravascular coagulation; HP,
heparin; TPE, therapeutic plasma exchange.
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Table 3. Effect of TPE on Complications in Sepsis-Associated DIC

Patients.

Indicators TPE HP SHAM
n 40 36 36
Incidence of bleeding events% 45.0 200" 44.4
Incidence of AKI% 30.0T'** 44 4 55.6
Incidence of ARDS% 35.0%" 50.0 61.1

*P < .05 versus SHAM, **P < 05 versus HP.
Abbreviations: AKI, acute kidney injury; ARDS, acute respiratory distress

syndrome; DIC, disseminated intravascular coagulation; HP, heparin; DIC, TPE,
therapeutic plasma exchange.

and triggering coagulation disorders, and then inflammation
and coagulation disorders interact and aggravate each other.
Therefore, vascular ECs are a potential therapeutic target of
sepsis-associated DIC'®

Protective Effect of Therapeutic Plasma Exchange in
Sepsis-Associated Disseminated Intravascular
Coagulation Patients

It is currently known that thrombocytopenia is one of the inde-
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Figure 7. Effect of TPE on endothelial function in sepsis-associated DIC patients. A: Effect of TPE on TFPI, B: Effect of TPE on Protein C, C:
Effect of TPE on HMGB- |, D: Effect of TPE on Endocan, E: Effect of TPE on vWF, F: Effect of TPE on Ang-2. The results are expressed as the
mean + standard deviation. *P<.05 versus SHAM, **P<.0| versus SHAM, **P<.05 versus HP.

Abbreviations: DIC, disseminated intravascular coagulation; HP, heparin; TPE, therapeutic plasma exchange.
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thrombocytopenia in sepsis-associated DIC patients include (1)
toxins produced by infection inhibit the hematopoietic function
of bone marrow, (2) excessive PLT consumption due to throm-
bosis, and (3) production of a large No. of autoimmune antibod-
ies, leading to a reduction in PLT.?*?* The results of this study
showed that after TPE, the PLT count of the TPE group was
higher than that of the SHAM group, and the PLT count of
the TPE group was higher than that of the HP group. The
MA value in TEG is an index reflecting the function of PLT,
and MA decreases in sepsis-related DIC patients. After TPE,
the MA of the TPE group was higher than that of the SHAM
and HP groups. Because plasma exchange can clear patients’
inflammatory cytokines, micro thrombosis, and immune anti-
bodies,® it affects increasing PLT in sepsis-associated DIC
patients.

When sepsis-associated DIC occurs, due to the release of a
large No. of inflammatory cytokines, the coagulation system is
activated, micro thrombosis and thrombosis are formed, and a
large number of coagulation factors are consumed, which leads
to prolonged PT, APTT, and R time. At the same time, the fibri-
nolytic system is activated, which leads to reduced FIB, elevated
D-dimer, prolonged K time, expanded a angle and elevated
LY30. At this time, plasma exchange can not only remove the
patient’s inflammatory cytokines, micro thrombosis, and
immune antibodies but also enter normal plasma and can also
retain coagulation factors and ATIII, which are lacking in DIC.®
This study showed that the PT, APTT, and D-dimers in the TPE
group were lower than those in the SHAM and HP groups after
TPE. After TPE, the FIB of the TPE group was higher than that
in the SHAM group and HP group. After TPE, the R value, K
value, and LY30 of the TPE group were lower than those of the
SHAM and HP groups. After TPE, o angle in the TPE group
was higher than that in the SHAM and HP groups. Therefore, it
is inferred that TPE can help correct coagulation disorders in
patients with sepsis-related DIC and restore the normal coagulation
mechanism.

The APACHE II and SOFA scores are important indicators to
assess the severity of the disease and are closely related to the
prognosis of patients. According to domestic and foreign literature
reports,”> the mortality rate of sepsis patients increases as the
APACHE 1II and SOFA scores rise. The results of this study
showed that after TPE, the APACHE II and SOFA scores of the
TPE group were lower than those of the SHAM group and the
HP group. According to one study, TPE combined with conven-
tional treatment can significantly improve the survival rate of
patients with DIC and MODS.” Our results showed that TPE
reduced the length of ICU hospitalization and 28-day mortality,
and increased the 28-day cumulative survival while reducing the
incidence of ARDS, AKI, bleeding events, and other complica-
tions. As mentioned above, the mortality of septic patients
increases with increases in the APACHE II and SOFA scores,
while plasma exchange can reduce APACHE II and SOFA
scores and improves disease severity, thus reducing ICU stay,
AKI, and ARDS, and increased the 28-day survival rate. TPE
can improve blood coagulation and increase PLT, and it can
reduce the incidence of bleeding events. Therefore, combining

plasma exchange based on conventional treatment can improve
the condition and prognosis of patients with sepsis-associated DIC.

Therapeutic Plasma Exchange Protects Sepsis-Associated
Disseminated Intravascular Coagulation Patients by
Improving Endothelial Function

In sepsis, both the infection and the host’s response to the infec-
tion can lead to activation, damage, or dysfunction of ECs. This
is helpful to the development of DIC. Patients with
sepsis-associated DIC have endothelial damage and dysfunc-
tion, and vascular endothelial damage and dysfunction are asso-
ciated with the severity of coagulopathy and mortality in DIC
patients. From the perspective of pathophysiology, endothelial
injury is considered one of the necessary conditions for throm-
bosis. Biomarkers reflecting endothelial function include TFPI,
Protein C, HMGB-1, Endocan, Ang-2, and vWF. In
sepsis-associated DIC patients, HMGB-1, Endocan, Ang-2,
and VWF increase, while TFPI and protein C decrease.'®
After TPE, HMGB-1, Endocan, Ang-2, and vWF in the TPE
group decreased, and TFPI and Protein C increased in this
study. Therefore, TPE can improve the endothelial function
of patients with sepsis and DIC.

Recent studies have reported the beneficial effects of HP on
the morbidity and mortality of patients with sepsis-associated
DIC, but it increases the risk of bleeding.® Because HP was
used for anticoagulation during TPE, to exclude the influence
of HP on the results, the HP group was established in this
study. The results showed that the TPE group was better than
the HP group at protecting the blood coagulation function,
PLT, APACHE 1I score, SOFA score, length of ICU stay,
28-day mortality, rate of AKI, ARDS, and bleeding events,
and endothelial function.

This trial is a single-center prospective study with a rela-
tively small number of cases. A large, multicenter, randomized
controlled trial is still needed to validate the efficacy of TPE in
the treatment of patients with sepsis-associated DIC.

Conclusion

The efficacy of TPE is superior to the HP in increasing PLT,
improving coagulation function, increasing the 28-day cumula-
tive survival rate and reducing the length of ICU hospitaliza-
tion, 28-day mortality, and the incidence of bleeding events,
AKI, and ARDS. Moreover, the effect of TPE outperforms
HP on endothelial function in sepsis-associated DIC patients.
Our results suggest that TPE may be more effective than HP
in the treatment of patients with sepsis-associated DIC. The
possible mechanism is via improving endothelial function.
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