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Summary

Background: This work assessed the value of novel throm-
bus markers—thrombin-antithrombin complex (TAT), plas-
min-a.2-plasmin inhibitor complex (PIC), thrombomodulin
(TM), and tissue plasminogen activator-inhibitor complex
(t-PAIC) applied in patients with respiratory failure (RF),
including their role in predicting thrombus formation, eval-
uating prognosis, and assessing disease severity.

Methods: Eighty patients with RF were enrolled and cate-
gorized into mild (n = 10), moderate (n = 9), and severe
(n = 71) groups based on disease severity. Meanwhile,
patients were also classified into thrombus (n = 14) and
non-thrombus (n = 76) groups based on the presence of
thrombus. Furthermore, they were assigned into survival (n
= 70) and death (n = 20) groups based on prognosis.
Traditional coagulation indicators, thrombus markers,
infection-related parameters, and respiratory-related indi-
cators were compared among patients in different groups.
This work explored the predictive effects of these indicators
on the degree of respiratory failure, thrombus formation,
and prognosis in various patient groups. Additionally, cor-
relations of thrombus markers and traditional coagulation
indicators to respiratory-related indicators and infection-
related indicators were analyzed.

Results: Upon admission, levels of thrombin-antithrombin
complex (TAT), plasmin-a2-plasmin inhibitor complex
(PIC), and tissue plasminogen activator-inhibitor complex
(t-PAIC) in the thrombus group were sharply higher in con-
trast to those in the non-thrombus group, showing obvious
differences (P<0.05). Patients in the death group experi-
enced remarkably elevated TAT, PIC, t-PAIC, thrombomod-
ulin (TM), and to the survival group (P<0.05). In addition,
high-sensitivity C-reactive protein (hs-CRP) in the death
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Kratak sadrzaj

Uvod: U ovom radu je procenjena vrednost novih markera
tromba — trombin-antitrombin kompleks (TAT), plazmin-
a2-plazmin inhibitorski kompleks (PIC), trombomodulin
(TM) i tkivni plazminogen aktivator-inhibitor kompleks (t-
PAIC) primenjenih u pacijenti sa respiratornom insuficijen-
cijom (RF), ukljuéujudi njihovu ulogu u predvidanju formi-
ranja tromba, proceni prognoze i proceni tezine bolesti.
Metode: Osamdeset pacijenata sa RF je uklju¢eno i kate-
gorisano u blage (n = 10), umerene (n = 9) i teske (n =
71) grupe na osnovu tezine bolesti. U meduvremenu, paci-
jenti su takode klasifikovani u grupe sa trombom (n = 14)
i bez tromba (n = 76) na osnovu prisustva tromba. Stavise,
oni su rasporedeni u grupe prezivljavanja (n = 70) i smrti
(n = 20) na osnovu prognoze. Uporedeni su tradicionalni
indikatori koagulacije, markeri tromba, parametri vezani za
infekciju i respiratorni indikatori medu pacijentima u
razli¢itim grupama. Ovaj rad je istrazivao prediktivne efekte
ovih indikatora na stepen respiratorne insuficijencije, formi-
ranje tromba i prognozu kod razli¢itih grupa pacijenata.
Pored toga, analizirane su korelacije markera tromba i
tradicionalnih indikatora koagulacije sa respiratornim
indikatorima i indikatorima vezanim za infekciju.

Rezultati: Po prijemu, nivoi trombin-antitrombin kompleksa
(TAT), plazmin-a.2-plazmin inhibitornog kompleksa (PIC) i
tkivnog aktivator-inhibitorskog kompleksa plazminogena (t-
PAIC) u grupi sa trombom bili su naglo vi§i u odnosu na
one u grupa bez tromba, pokazuju¢i ocigledne razlike
(P<0,05). Pacijenti u grupi smrti imali su znacajno
povisene TAT, PIC, t-PAIC, trombomodulin (TM) iu grupi za
prezivljavanje (P<0,05). Pored toga, visokoosetljivi C-reak-
tivni protein (hs-CRP) u grupi umrlih je bio vedi nego u
grupi za prezivljavanje (P<0,05). Broj trombocita (PLT) i
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group was higher to that in the survival group (P<0.05).
Platelet count (PLT) and procalcitonin (PCT) were sharply
lower in the survival group (P<0.05). In groups of varying
severity, PCT exhibited an elevated level in the severe,
demonstrating great differences to the mild to moderate
groups (P<0.05). Besides, TAT, PIC, TM, and t-PAIC
showed higher sensitivity and accuracy in predicting severe
RF, with higher specificity in predicting thrombus formation
in RF patients. In correlation analysis, a positive correlation
was observed between TT, PCT, and the fraction of inspired
oxygen (FiO,). The activated partial thromboplastin time
(APTT), PCT, and FiO, exhibited positive correlations.
Additionally, a positive association existed between fibrino-
gen (FIB), hs-CRP and PLT. A positive link was identified
between D-dimer and hs-CRP PIC and PLT, as well as t-
PAIC and PCT.

Conclusions: Thrombus markers exerted a crucial effect in
patients experiencing respiratory failure, serving as pivotal
indicators for assessing the severity of the condition, iden-
tifying thrombotic risk, and predicting prognosis.

Keywords: thrombus markers, respiratory failure, throm-
bus formation, prognosis, disease severity

Introduction

Respiratory failure (RF) is a common critical
condition characterized by the loss of the body’s oxy-
genation and carbon dioxide elimination functions,
and its severity can lead to a life-threatening situation.
Patients with RF exhibit symptoms such as difficulty
breathing, hypoxemia, and hypercapnia (1-3). RF
can be caused by various factors, including acute res-
piratory distress syndrome, chronic obstructive pul-
monary disease, pulmonary embolism, and more.
Due to the pathophysiology of respiratory failure dis-
eases, patients with respiratory failure have a high risk
of developing coagulation dysfunction (4, 5). The
occurrence of coagulation complications significantly
affects the prognosis of patients. Therefore, the man-
agement and intervention of thrombotic risk in respi-
ratory failure are crucial. In the clinical practice of
treating patients with respiratory failure, it is observed
that patients are in a more pronounced hyper-
coagulable state, with vascular endothelial damage.
This is closely related to the etiology and severity of
the patient’s condition. Currently, there is limited
research on coagulation indicators and vascular
endothelial damage markers for a large population of
patients with respiratory failure. This study aims to
focus on observing the changes in traditional coagu-
lation indicators and novel thrombotic markers in
patients with respiratory failure. The goal is to further
explore the value of new molecular markers in the
management of coagulation complications in patients
with respiratory failure.

Thrombus formation is a common complication
in patients experiencing with RF Excessive blood
coagulation and platelet activation in the blood can
lead to the formation of intravascular thrombi, there-
by triggering serious complications such as pul-

prokalcitonin (PCT) bili su znadajno nizi u grupi za preziv-
liavanje (P<0,05). U grupama razli¢ite tezine, PCT je
pokazao povisen nivo u teskim, pokazujudi velike razlike u
odnosu na blage do umerene grupe (P<0,05). Osim toga,
TAT, PIC, TM i t-PAIC su pokazali vec¢u osetljivost i taénost
u predvidanju teske RF, sa vecom specifi¢cnos¢u u predvi-
danju formiranja tromba kod pacijenata sa RF. U korela-
cionoj analizi uodena je pozitivna korelacija izmedu TT,
PCT i frakcije udahnutog kiseonika (FiO,). Aktivirano par-
cijalno tromboplastinsko vreme (APTT), PCT i FiO, su
pokazali pozitivne korelacije. Pored toga, postojala je pozi-
tivna povezanost izmedu fibrinogena (FIB), hs-CRP i PLT.
Identifikovana je pozitivna veza izmedu D-dimera i hs-CRR
PIC i PLT, kao i t-PAIC i PCT.

Zaklju¢ak: Markeri tromba su imali klju¢ni efekat kod paci-
jenata sa respiratornom insuficijencijom, sluzedi kao klju¢ni
indikatori za procenu tezine stanja, identifikaciju trombo-
tickog rizika i predvidanje prognoze.

Kljuéne reci: markeri tromba, respiratorna insuficijenci-
ja, formiranje tromba, prognoza, ozbiljnost bolesti

monary embolism and deep vein thrombosis (6, 7).
Therefore, timely identification of high-risk patients
for thrombus formation and implementation of pre-
ventive measures are crucial. Traditional thrombus
screening methods include platelet count, coagula-
tion function indicators, and D-dimer measurements,
but these indicators have certain limitations. In recent
years, there has been increasing focus on the applica-
tion of thrombus markers in respiratory severe disease
(8-13). Thrombotic markers refer to molecular indi-
cators associated with the physiological processes of
blood coagulation, thrombus formation, and throm-
bus dissolution. In a broad sense, thrombotic markers
include D-dimer (DD), von Willebrand factor (VWF),
antithrombin Il (AT lll), fibrinogen (FIB), and others.
Novel thrombotic markers specifically refer to indica-
tors such as thrombin-antithrombin complex (TAT),
lasmin-a.2-plasmin inhibitor complex (PIC), thrombo-
modulin (TM), and tissue plasminogen activator-
inhibitor complex (t-PAIC). The levels of these novel
thrombotic markers primarily reflect key processes in
the thrombus formation, including a hypercoagulable
state, fibrinolysis activation, and vascular endothelial
damage. As a result, these markers become valuable
indicators for predicting the risk of thrombus forma-
tion and rethrombosis (6, 14-16). In patients with RF,
the application of thrombus markers holds significant
clinical significance. Thrombus markers aid in the
early identification of high-risk patients for thrombus
formation, allowing for targeted preventive measures.
They can also be applied to assist in assessing the
severity of the underlying disease and predicting the
prognosis. Often, the more severe the underlying dis-
ease, the more significant the changes in thrombotic
markers in patients. As a novel diagnostic and moni-
toring tool, thrombus markers have the potential for
application in patients with RF.
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This study aims to explore the application value
of thrombus markers in patients suffering from RF. By
analyzing and comparing the variations in levels of
different types of thrombus markers in RF patients
and contrasting them with traditional thrombus
screening indicators, we aimed to investigate the pre-
dictive value of thrombotic markers for risk stratifica-
tion, thrombus occurrence, and prognosis in respira-
tory failure patients. The results herein were expected
to provide new guidance for the management and
treatment of RF patients, improving patient prognosis
and quality of life. Additionally, it may offer new
insights and methods for assessing and treating
thrombotic risks in patients, contributing to advance-
ments in the field.

Materials and Methods

Research objects

From August 1, 2022, to July 31, 2023, a total
of 90 cases of respiratory failure patients admitted to
our ICU were included in this work. These patients
had a duration of admission to the department of = 1
day and had records of the thrombus markers upon
admission. The study aimed to investigate the predic-
tive value of thrombotic markers for risk stratification,
thrombus occurrence, and prognosis in respiratory
failure patients. Patients were grouped based on the
oxygenation index (PaO,/FiO,) to assess the severity
of their conditions, with 10, 9, and 71 cases in the
mild (PaO,/FiO, > 300 mmHg), moderate (200
mmHg < PaO,/FiO, < 300 mmHg), and severe
(PaO,/FiO, < 200 mmHg) groups, respectively. They
were also categorized into thrombus and non-throm-
bus group, with 14 and 76 cases, respectively, based
on thrombus formation. In addition, they were
assigned into survival group (70 cases, not deceased
during hospitalization) and death group (20 cases,
deceased during hospitalization) based on prognosis.
The average age and male-to-female ratio of patients
in the mild group were 74.30 + 6.85 years and 8:2,
respectively; those in the moderate group were 61.00
+ 6.33 years and 6:3, respectively; and those in the
severe group were 66.65 + 6.25 years and 44:27,
respectively. Patients in the thrombus group had an
average age of 68.86 = 6.82 years and a male-to-
female ratio of 8:6; while those in the non-thrombus
group exhibited an average age of 64.22 * 6.67
years and a male-to-female ratio of 50:26. The aver-
age age and male-to-female ratio of patients in the
survival group were 63.54 + 6.12 years and 41:29,
respectively; whereas those in the death group were
69.85 + 6.37 years and 17:3, respectively. Diffe-
rences in age and gender among patients in various
groups were not great (P>0.05), ensuring compara-
bility.

Patients enrolled herein had to satisfy all the fol-
lowing conditions: (1) Diagnosed with respiratory fail-

ure (PaO, <60 mmHg, or accompanied by PaCO, >
50 mmHg); (2) comprehensive medical records were
available; (3) patients did not have any other infec-
tious diseases; and (4) patients and their families had
signed informed consent forms.

Patients with any of following conditions had to
be excluded: (1) those with concomitant significant
organ-related diseases; (2) individuals with malignant
tumors; (3) patients with genetic disorders; and (4)
those unwilling to participate in this study.

Methods

A cross-sectional study design was employed in
this research. Retrospectively, patient information
such as age, gender, and relevant medical history,
including the first and last thrombotic markers, coag-
ulation indicators, inflammatory markers, and respira-
tory indicators post-admission, was collected from the
hospital information system (HIS) and laboratory
information system (LIS). The inclusion and exclusion
criteria were used in data collection. The analysis
involved evaluating traditional coagulation indicators,
thrombus markers, infection-related indicators, and
respiratory-related indicators among different groups
of patients. The aim was to analyze the accuracy,
specificity, and sensitivity of these indicators in pre-
dicting the severity of RF, thrombus formation, and
prognosis. Furthermore, this work compared the pre-
dictive effects of different indicators and their com-
bined use. Correlation analyses were conducted
between thrombus markers and traditional coagula-
tion indicators, as well as between respiratory-related
and infection-related indicators. This exploration
aimed to assess the value of combining new biomark-
ers with traditional ones in specific ICU clinical prac-
tices.

Observation parameters

(1) The general information of patients in each
group, including gender and age, was compared.

(2) The traditional coagulation indicators were
comparatively analyzed by collecting data on plasma
prothrombin time (PT), activated partial thromboplas-
tin time (APTT), thrombin time (TT), fibrinogen (FIB),
and D-dimer from patient medical records.

(3) The thrombus markers were compared by
collecting data on thrombin-antithrombin complex
(TAT), plasmin-a.2-plasmin inhibitor complex (PIC),
thrombomodulin (TM), and tissue plasminogen acti-
vator-inhibitor complex (t-PAIC) from patient medical
records.

(4) The infection-related indicators were meas-
ured by collecting data on procalcitonin (PCT), high-
sensitivity C-reactive protein (hs-CRP), and platelet
count (PLT) from patient medical records.



34 Chen et al.: Thrombus markers in respiratory failure

(5) The respiratory-related indicators were deter-
mined collecting data on arterial oxygen partial pres-
sure (PaO,), fraction of inspired oxygen (FiO,), arteri-
al carbon dioxide partial pressure (PaCO,), and
PaO,/FiO, from patient medical records.

(6) This work analyzed the accuracy, specificity,
and sensitivity of traditional coagulation indicators,
thrombus markers, infection-related indicators, and
respiratory-related indicators in predicting the severity
of RF, thrombus formation, and prognosis for differ-
ent patient groups. Sensitivity, specificity, and accura-
cy were calculated using Equations (1), (2), and (3),
respectively, where PB referred to the number of true
negatives, PM represented the number of true posi-
tives, DB denoted the number of false negatives, and
DM signified the number of false positives.

Sensitivity = = X 100% (n
~ e OH

Specificity = o5 = 100% (2)
Accuracy = i::fj x® 100% (3)

(7) ROC curves for different indicators were
generated to assess their predictive performance for
the prognosis, disease severity, and thrombus forma-
tion in patients with RF. Additionally, the correlations
between thrombus markers, traditional coagulation
indicators, respiratory-related indicators, and infec-
tion-related indicators were analyzed.

Statistical analysis

Data were recorded and summarized using
Excel 2016 and statistically processed with Statistic
Package for Social Science (SPSS) 20.0 (IBM,
Armonk, NY, USA). Descriptive statistics, represented
as mean * standard deviation, were used for contin-
uous variables, which were compared employing t-
tests. Percentages were used for categorical data,
which were analyzed using the chi-square (x?) test.
Pearson correlation analysis was employed to exam-
ine the relationships among various indicators, with
statistical significance set at P<0.05. To assess the
predictive performance of different indicators for the
prognosis, disease severity, and thrombus formation
in patients with RF, ROC curves were generated.

Results

Differences in traditional coagulation indicators
and thrombus markers for patients in different groups

Overall, the values of coagulation indicators for
patients at the time of discharge showed a significant
decrease compared to those during hospitalization.
The differences in coagulation indicators between
discharge and admission were statistically significant

(P<0.05). Figure 17 illustrated the comparative analy-
sis of traditional coagulation indicators and thrombus
markers among different patient groups. In Figure
1A, the PT of patients in the Death group was signif-
icantly higher than that of the Survival group. In
Figure 1B, for the Moderate group, the TT at dis-
charge was significantly higher than at admission
(P<0.05). In Figure 1C, APTT for patients in the
Moderate group at discharge was significantly higher
than at admission (P<0.05). In Figure 1D, FIB for
patients in the Mile group at discharge was signifi-
cantly higher than at admission (P<0.05). In Figure
1E, the D-Dimer for patients in the Death group was
significantly higher than that of the Survival group
(P<0.05).

As observed, upon admission, patients in the
thrombus group exhibited higher PIC, TAT, and t-
PAIC in contrast to the non-thrombus group, exhibit-
ing visible differences (P<0.05). Additionally, patients
in the death group experienced significantly elevated
TAT, PIC, TM, and t-PAIC presenting remarkable dif-
ferences to those in the survival group (P<0.05)
(Table I).

Differences in respiratory-related and infection-
related indicators

Figure 2 depicted the comparative analysis of
respiratory-related indicators and infection-related
indicators among varying patient groups. It was evi-
dent that patients in the severe RF group experienced
remarkably higher PCT when comparing to those in
the mild to moderate RF group, showing observable
differences (P<0.05). Additionally, patients in the
death group possessed greatly upregulated hs-CRP
demonstrating obvious differences with those in the
survival group (P<0.05), while PLT and PCT were
significantly downregulated in the survival group
(P<0.05).

In Figure 2D, Figure 2E, and Figure 2F, the dif-
ferences in PaO,, FIO,, and PCO, at the time of dis-
charge were statistically significant compared to
admission, respectively (P < 0.05). There was a sig-
nificant difference in PaO, between the thrombus
group and the non-thrombus group (P < 0.05), with
the survival group having significantly higher PaO,
levels than the death group (P < 0.05). There were
no significant differences in FIO, and PCO, between
the thrombus group and the non-thrombus group
(P > 0.05).

Prediction effect of different indicators on mod-
erate and severe RF

Figure 3 presented a comparative analysis of the
predictive efficacy of thrombus markers for moderate
to severe RF. As depicted, TAT, PIC, TM, and t-PAIC
exhibited higher sensitivity in predicting moderate to
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Figure 1 Analysis on traditional coagulation indicators and thrombus markers (A: PT; B: TT; C: APTT; D: FIB; E: D-Dimer; F: PIC;
G: TM; H: TAT; I: t-PAIC). (* indicated a significant difference compared to admission, P < 0.05).
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Table | Comparative analysis of clinical indexes in six groups.

Index PT TT APTT FIB DD PIC ™ TAT t-PAIC
Group AA | AD | AA | AD | AA | AD | AA | AD | AA | AD | AA | AD | AA | AD | AA | AD | AA | AD
Mild group |15.3815.00[19.58[17.95/41.5641.72| 3.81 | 4.35 | 6.52 | 3.62 [ 2.25 | 1.23 |17.71[18.92[21.66| 8.48 |21.75[11.59
g’:gﬂ‘;rate 15.41|15.20|17.90|35.94(38.57(45.60| 4.54 | 4.16 | 5.30 | 5.89 [ 1.29 | 1.76 |28.68|30.30[19.83[11.69(11.92| 9.84
:fc‘)’j;e 15.68[14.70/28.79(19.32(45.63|40.13| 4.78 | 3.68 | 4.46 | 4.10 | 2.21 | 1.45 |17.75[18.41[21.11|11.16]19.39[16.32
;:‘Org;“b"s‘smnsm.zz 45.31[18.42(51.53(40.86| 4.84 | 3.92 | 6.18 [ 4.51 | 3.71 | 1.58 |19.66/21.39[41.51[10.32(22.02|17.76
Non

thrombotic |15.88|14.89(23.24(21.28|43.18|40.85| 4.62 | 3.78 | 4.52 | 4.17 | 1.83 | 1.43 |18.69(19.34(17.27|11.02|18.33|14.67
group

3;‘;‘;3' 15.78|14.55(26.63(19.15(43.97/|39.59| 4.60 | 3.73 | 4.41 | 3.56 | 2.04 | 1.37 16.83/16.84]19.32| 8.08 |18.43|13.56
5:)"’3;‘ 15.05|15.59/26.82|26.73(46.23(45.29| 4.83 | 4.07 | 6.05 | 6.54 | 2.40 | 1.75 |25.86/29.52[27.07[20.85[20.54(20.73

Note: AA: At admission, AD: At discharge, PT: Prothrombin Time, TT: Thrombin Time,APTT: Activated Partial Thromboplastin
Time,FIB: fibrinogen, PIC: Plasmin-a2-plasmin Inhibitor Complex, TM: Thrombomodulin, t-PAIC: Tissue Plasminogen Activator-
inhibitor Complex,, TAT: Thrombin-Antithrombin Complex
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Figure 3 Prediction effect of thrombus markers on moderate and severe RF (A: PIC; B: TM; C: TAT; D: t-PAIC).

severe RE Moreover, TAT, PIC, and TM demonstrated
higher accuracy in predicting moderate to severe RF
(P<0.05). This also suggested a close correlation
between the changes in thrombotic marker levels and
the worsening of the patient’s condition.

Figure 4 illustrated the ROC curve analysis for
various indicators in predicting moderate to severe RF.
Thrombotic markers exhibited a high diagnostic effi-
cacy in predicting moderate to severe respiratory fail-
ure patients. The combination of thrombotic markers
with traditional coagulation indicators allowed for a
more accurate prediction of the severity of respiratory
failure.

Predictive efficacies of varying indicators on
thrombus formation of RF patients

The predictive efficacies of thrombus markers
for thrombus formation in RF patients were com-
pared. Figure 5 signified that TAT, PIC, and TM exhib-
ited high specificity in predicting thrombus formation,
while t-PAIC displayed higher sensitivity in it
(P<0.05).

Figure 6 illustrated the ROC curve analysis for
various indicators in predicting thrombus formation in
RF patients. As observed, the combined prediction of
traditional coagulation indicators and thrombus mark-
ers, as well as the use of four types of indicators for
combined prediction, has showed effective perform-
ance in predicting thrombus formation in RF patients.
Therefore, in the management of critically ill patients
in the real world, the joint and dynamic monitoring of
coagulation markers and thrombus markers can help
identify patients’ coagulation abnormalities and
thrombotic risks at an earlier stage. This allowed for
more precise interventions, reducing the occurrence
of coagulation complications.

Predictive outcomes of various indicators on
prognosis of RF patients

The predictive efficacy of thrombus markers for
the prognosis of RF patients was compared, as expli-
cated in Figure 7. The results signified that TAT, PIC,
TM, and t-PAIC exhibited high specificity in predicting
mortality among RF patients (P<0.05).
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Figure 5 Predictive efficacies of thrombus markers on thrombus formation of RF patients (A: PIC; B: TM; C: TAT; D: t-PAIC).

Figure 8 illustrated the ROC curve analysis for
various indicators in predicting the prognosis of RF
patients. In Figure 8A, it can be observed that tradi-
tional coagulation indicators fluctuated above and
below the standard curve. In Figure 8B, most throm-
botic marker indicators were positioned above the
standard curve. In Figure 8C, the infection indicator
hs-CRP was at the upper end of the standard curve,
while other indicators fluctuated above and below the
curve. In Figure 8D, respiratory-related indicators ini-
tially fluctuated at the upper end of the standard
curve and then at the lower end. In Figure 8E, the
combined prediction of traditional coagulation indica-
tors and thrombotic markers yielded a ROC curve
area greater than that of individual indicators. In
Figure 8F, the ROC curve area was maximized. As
observed in the figure, the combined prediction using
traditional coagulation indicators, thrombus markers,
infection-related indicators, and respiratory-related
indicators demonstrated effective performance in pre-
dicting the prognosis of RF patients. Through the
comprehensive analysis of these indicators, it was
possible to assess the impact of different factors on
the prognosis of RF patients more comprehensively,

providing more accurate information for clinical deci-
sion-making.

Correlations of thrombus markers and traditional
coagulation indicators to respiratory-related and
infection-related indicators

Table Il represented the correlations between
thrombus markers, traditional coagulation indicators,
and respiratory-related and infection-related indica-
tors. It was evident that TT and PCT, as well as FIO,,
exhibited positive correlations. APTT and PCT, along
with FIO,, also showed positive associations.
Additionally, FIB positively correlated with Hs-CRP
and PLT. In addition, there existed a positive link
between D-Dimer and Hs-CRP PIC and PLT, as well
as t-PAIC and PCT. The results of these correlation
analyses strongly suggested that in patients with res-
piratory failure, the respiratory system, the clotting
system, and the immune system interact and influ-
ence each other. These findings were also in accor-
dance with the pathophysiology of respiratory failure.
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Table Il Correlations of thrombus markers and traditional coagulation indicators to respiratory-related and infection-related indi-
cators.

Hs-CRP PLT PCT PaO2 FI02 PCO2
r -0.075 -01 0.121 -0.025 0.154 0.071
o P 0.481 0.348 0.257 0.817 0.149 0.504
r 0.024 -0.152 0.264 -0.094 0.233 -0.023
o P 0.821 0.153 <0.05 0.379 <0.05 0.827
APTT r -0.046 -0.201 0.407 -0.067 0.246 -0.079
P 0.667 0.058 <0.05 0.528 <0.05 0.462
r 0.382 0.401 0.134 -0.119 0.179 -0.093
18 P <0.05 <0.05 0.207 0.265 0.091 0.383
D-Dimer r 0.223 -0.122 -0.024 0.08 -0.092 0.102
P <0.05 0.253 0.82 0.452 0.388 0.341
r 0.022 -0.053 0.04 -0.088 -0.088 0.097
" P 0.838 0.62 0.706 0.411 0.411 0.363
r 0.011 0.06 0.116 0.154 0.058 0.059
™ P 0.921 0.575 0.278 0.147 0.585 0.58
r -0.06 0.216 -0.168 -0.014 -0.093 0.05
PIc P 0.573 <0.05 0.114 0.894 0.382 0.638
CPAIC r 0.003 -0.171 0.518 0.017 0.061 -0.095
P 0.974 0.107 <0.05 0.874 0.569 0.372

Note: Hs-CRP: High-sensitivity C-reactive Protein, PLT: Platelet Count, PaO,: Arterial Oxygen Partial Pressure, FiO,: Fraction of Inspired
Oxygen, PaCO,: Arterial Carbon Dioxide Partial Pressure
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Figure 8 ROC curves for various indicators to predict prognosis of RF patients (A: traditional coagulation indicators; B: thrombus
markers; C: infection-related indicators; D: respiratory-related indicators; E: combined predicting results of traditional coagulation
indicators and thrombus markers; F: prediction of traditional coagulation indicators, thrombus markers, infection-related indicators,
combining with respiratory-related indicators).
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Discussion

Thrombus markers provide certain auxiliary
guidance for assessing the disease severity in patients
with RFE. The findings in this work unveiled that TAT,
PIC, TM, and t-PAIC exhibited higher sensitivity in
predicting moderate to severe RF, while TAT, PIC, and
TM demonstrated elevated accuracy in predicting
moderate to severe RF (P<0.05). Thrombotic mark-
ers provided a certain reference value for assessing
the severity of diseases in RF patients but cannot
replace the diagnostic function of respiratory-related
indicators. These results also strongly suggested that
as the underlying disease of the patient becomes
more severe, the coagulation-fibrinolysis system of
the patient became more abnormal, and their throm-
botic markers exhibited more significant abnormali-
ties.

The results of this work indicated that TAT, PIC,
and TM exhibit higher specificity in predicting throm-
bus formation in RF patients, while t-PAIC shows bet-
ter sensitivity (P<0.05). The results for TAT and PIC
aligned with previous findings, but TM and t-PAIC
showed differences in their value for assessing throm-
botic risk compared to previous reports (17,18). This
difference can be attributed to the focus of this work
on patients with respiratory failure who exhibit signif-
icant vascular endothelial damage, resulting in higher
levels of TM and t-PAIC. The combined prediction of
traditional coagulation indicators and thrombotic
markers, as well as the combination of the four cate-
gories of indicators, achieved good results in predict-
ing thrombus formation in RF patients. This under-
scores the significant value of thrombotic markers in
predicting thrombus formation. Many clinical studies
indicates that the elevated levels of TAT are associat-
ed with factors related to thrombus formation, such
as pulmonary embolism and deep venous thrombosis
(15-18). TAT is a complex of thrombin and
antithrombin, and an increase in TAT levels reflects
the generation of thrombin and activation of the
coagulation system (6, 14, 15, 19). In RF patients,
factors such as immune-inflammatory responses and
blood stasis may lead to increased coagulation system
activity, resulting in thrombus formation (4, 5). In RF
patients, endothelial damage can activate clotting
factors, leading to an increase in TAT levels and trig-
gering thrombus formation. The fibrinolysis system
dissolves fibrin through plasmin, playing a crucial role
in preventing thrombus formation. RF patients often
experience inflammatory responses, and the release
of inflammatory factors can disrupt the regulation of
the fibrinolysis system. There are reports indicating
that the fibrinolysis function in RF patients may be
inhibited, hindering fibrinolysis reactions and making
it difficult for thrombi to dissolve (4, 5). PIC is a com-
plex of plasmin and its inhibitor, and an increase in
PIC levels reflects the generation of plasmin and acti-
vation of the fibrinolysis system (6, 14, 19). Changes
in PIC levels are closely related to the occurrence and

development of thrombosis (17, 18). TM is a trans-
membrane glycoprotein present on the surface of
vascular endothelium, exerting anticoagulant and
anti-inflammatory effects on the membrane (8, 10,
20). In this work, soluble thrombomodulin (sTM) was
measured, which mainly reflects the degree of vascu-
lar endothelial damage. Some studies confirm that
TM is significantly elevated in severe infections and
can reflect the poor prognosis of septic patients.
When the vascular endothelium is damaged, t-PA and
PAI-1 are simultaneously released. t-PAIC is a com-
plex formed by the 1:1 binding of t-PA and PAI-1 in
the body (19). t-PAIC is not only a marker of the fib-
rinolysis system but also a marker of vascular
endothelial damage, reflecting endothelial damage
and its correlation with organ dysfunction (21).

In addition, this work demonstrated that TAT,
PIC, TM, and t-PAIC exhibited higher specificity in
predicting mortality in RF patients (P<0.05). The
combined detection of traditional coagulation indica-
tors, thrombotic markers, infection-related indicators,
and respiratory-related indicators can assist clinicians
in a more comprehensive and accurate assessment of
the patient’s condition, guiding treatment decisions,
and improving patient prognosis. Different indicators
reflect various aspects of pathophysiological changes.
Traditional coagulation indicators reflect changes in
coagulation function, thrombus markers reflect the
balance of thrombus formation and dissolution, infec-
tion-related indicators reflect the degree of inflamma-
tory response, and respiratory-related indicators
reflect changes in oxygenation and lung function. By
considering these different aspects of indicators col-
lectively, a more comprehensive understanding of the
patient’s condition and prognosis can be achieved.

Moreover, there may be mutual correlations and
influences among different indicators. This work
revealed positive correlations between TT and PCT,
as well as FIO,; APTT and PCT, as well as FIO,; FIB
and Hs-CRP as well as PLT; D-Dimer and Hs-CRP;
PIC and PLT; and t-PAIC and PCT. Infection-induced
inflammatory responses can activate the coagulation
system, leading to changes in coagulation function
and an increased risk of thrombus formation.
Thrombus formation, in turn, may result in gas
exchange disturbances and deterioration of respirato-
ry function. By combining different indicators, these
interconnected changes can be better captured, to
understand the pathophysiology of the patients and
assess the patient’s progress more accurately.

Conclusion

As specific coagulation markers, thrombosis
markers can sensitively reflect hypercoagulability,
hyperfibrinolysis and endothelial injury. The detection
of thrombotic markers aided in assessing the severity
of respiratory failure in patients, identifying thrombot-
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ic risk, and predicting prognosis. The changes in
thrombotic markers were closely associated with the
progression and prognosis of the patient’s condition.
This information aided in adjusting treatment plans
and making clinical decisions. Therefor, thrombus
markers can be used in critically ill patients, to provide
crucial information for the early intervention of
thrombotic risk and reducing the occurrence of coag-
ulation complications, in order to improve patient out-
comes. A limitation of this work lied in the relatively
small sample size, so future research could benefit
from large-scale, multicenter clinical studies to vali-
date the application effectiveness of thrombus mark-
ers in patients with respiratory failure. Additionally,
further exploration of their specific value in guiding
treatment and improving patient outcomes is war-
ranted.

Limitation

Although this study made some valuable find-
ings in exploring the use of thrombotic markers in
patients with RF, the sample size of this study was rel-
atively small, which may affect the statistical signifi-
cance and generalisability of the results. Moreover,
this study used a cross-sectional design, a design that
does not allow for the determination of causality.
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