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Background: Dysregulated host response is an important cause of critical illness. Coagulation reaction is the most primitive response
and can be used to assess patient status. Coagulation reactions may be amplified in very old patients (VOPs). This study aimed to
demonstrate coagulation reactions in critically ill VOPs by linking cytokines, coagulation, and fibrinolytic processes.

Methods: We analyzed 33 critically ill VOPs admitted to our hospital, with an average age of 91.97. Laboratory test results were
collected and double checked. In-hospital mortality, Intensive Care Unit (ICU) stay, and length of in-hospital stay (LOS)-associated
variables were assessed using a generalized additive mix model. Smooth curves and interaction tests were used to quantify statistical
interactions.

Results: The in-hospital mortality rate was 45.5% in this study. The D-dimer level was correlated with ICU stay [risk ratio (RR), 1.39;
95% confidential interval (CI), 1.16-1.67] and LOS (RR, 1.75; 95% CI, 1.19-2.57). Other function or quantity indices, such as platelet
(PLT), prothrombin time (PT), activated partial prothrombin time (APTT), and thrombomodulin (TM), were all correlated with clinical
outcomes. After the link between coagulation reaction and the outcomes was constructed, it was revealed that, compared to lower level
of IL-6, under high level of IL-6, elevated TM was likely to be associated with tissue plasminogen activator inhibitor complex
(t-PAIC) elevation, which probably promoted the production of D-dimer (RR, 3.216; 95% CI, 1.840-4.592).

Conclusion: D-dimer levels are associated with outcomes in VOPs with critical illness. There is a certain link between inflammatory
cytokines and the coagulation process. Under high IL-6 levels, the elevated TM may contribute to the increased t-PAIC, which
contributes to the higher D-dimer level. Conversely, under low IL-6 levels, elevated TM levels are associated with reduced t-PAIC
levels.
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Introduction

With an in-depth understanding of the pathophysiology of patients, critical illnesses have been redefined.' Dysregulated
host defense or response is revealed to be an important cause of critical illnesses. According to the definition from Sepsis
3.0, the patients with sepsis develop critical illness because of a dysregulated host response,? rather than direct invasion
by infected pathogens, which confirms this viewpoint. Previous study has shown that the inflammatory response and
activation of coagulation are two important responses in the host defense against infection.’ These two responses interact,
which affects prognosis.*
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Coagulation reaction refers to the process in which coagulation factors in the blood interact after blood vessel damage
to form fibrin clots, which includes a series of complex biochemical processes such as the activation of coagulation
factor, the production of thrombin and the conversion of fibrinogen to fibrin.> The coagulation reaction is the most
primitive response, which can be observed in ancient horseshoe crabs.® The coagulation reactions can be divided into
three main stages. The first stage is a cytokine reaction to injury in the tissues or endothelial cells. Many cells and
molecules, including white blood cells, platelets (PLT), and various cytokines, are involved in this process. The second
stage is the formation of a coagulation cascade in which both the intrinsic and extrinsic coagulation pathways are
activated. The final stage is the fibrinolytic process. With the rapid development of medical laboratory technology, almost
all coagulation processes can be detected, offering a good opportunity for medical staff to understand the different stages
of host response. Unlike other host responses, coagulation reactions increase with age, which is confirmed by higher
levels of biomarkers.” The CHA,DS,-VASc score has been used to guide anticoagulation therapy in atrial fibrillation
patients.®® In the score, patients older than 75 years will receive doubled points, which represents a higher risk for
thrombosis. Another study concluded that aging plays an important role in ischemic stroke.'® However, these studies
were conducted in patients with chronic diseases rather than those with acute illnesses. Recent studies have focused on
consumptive coagulopathy in critically ill patients and found that prolonged prothrombin time (PT) may be associated
with a dysregulated host response in patients with sepsis.''

At present, few studies have clearly linked cytokines, coagulation, and fibrinolytic processes to assess the coagulation
response in critically ill patients. As critical illness progresses rapidly, especially in very old patients (VOPs, > 80 years
old),'? which might amplify the coagulation reaction, we conducted the present study. Our study aimed to demonstrate
the coagulation reactions in critically ill VOPs and their effect on prognosis, and to preliminarily explore their relation-
ship with the inflammatory response from a clinical point of view.

Methods

Patients Enrollment

This study complies with the Declaration of Helsinki. This prospective study began in September 2022. The periodic
pandemic COVID-19 broke out in China between November 2022 and March 2023. During this period, many VOPs
actively sought medical help, and as a result, hospitals received more VOPs than usual, providing relatively sufficient
patients for study. Written informed consent was obtained from all the participants. The research protocol was approved
by the Ethics Committee of the Peking Union Medical College Hospital (Ethical Approval Number: 1-23YJ187). VOPs
(> 80 years of age) with various underlying diseases admitted to our inpatient department due to recent infections were
included between October 1%, 2022, and March 31%, 2023, from Peking Union Medical College Hospital. Patients with
critical illness during hospitalization were included, regardless of whether they were admitted to the intensive care unit
(ICU). Patients who refused to participate were excluded from the study. Ultimately, 33 VOPs were included in this
study. Among them, 17 VOPs were admitted to hospital due to COVID-19.

Data Collection

Demographic, clinical, laboratory, medication, and outcome data were obtained from an electronic medical record
system. The demographic data included age and sex. Clinical and medication data included clinical outcomes, comor-
bidities, length of hospital stay (LOS), and intensive care unit (ICU) days. The results of laboratory tests included routine
blood tests (eg, PLT count), 12 items of cytokines [including interleukin (IL)-1p, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-
12p70, IL-17, interferon (IFN)-a, IFN-y, tumor necrosis factor (TNF)-a], coagulation function-related parameters [eg,
fibrinogen (Fbg), activated partial thromboplastin time (APTT), PT, D-dimer], thrombosis-related parameters [including
thrombomodulin (TM), thrombin antithrombin complex (TAT), o2-plasmininhibitor-plasmin complex (PIC), tissue
plasminogen activator inhibitor complex (t-PAIC)], blood gas analyses, and other assessments (hepatorenal function,
myocardial enzymes, and electrolytes). The levels of cytokines were detected with immunofluorescence method by
a flow cytometer (FACScalibur, BD Biosciences, San Jose, CA, USA), with the corresponding kits (Saiji Biotech.,
Nanchang, China). Chemiluminescence method was applied to detect the levels of t-PAIC and PIC, with an automated
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immunoassay system (HISCL —2000i, SYSMEX, Takaoka, Japan). The data of other parameters were obtained from the
routine tests in the hospital. All of the above parameters were measured at baseline, while the testing frequency was
determined based on disease progression. Personal information was removed to protect privacy. The primary endpoint
was in-hospital mortality, while the secondary endpoints included ICU stay and length of in-hospital stay (LOS).

Statistical Analysis

Categorical variables are presented as numbers (percentages). After the Kruskal-Wallis test, only age conformed to
a normal distribution, which is presented as mean +standard deviation (SD). The rest of the continuous data are presented
as the minimum, 25™ percentile, median (50™ percentile), 75™ percentile, and maximum. A generalized additive mix
(GAM) model was used to conduct the univariate analysis, and smooth curves were used to quantify statistical interactions
with GAM package in R software. Interaction tests were performed to test for statistical significance. A 2-tailed P<0.05 was
considered to be statistically significant in all analyses. EmpowerStats (http://www.empowerstats.com) and R software,

version 4.2.0 (http://www.R-project.org/) were used for all the statistical analyses.

Results

Baseline Characteristics of the Patients

The ages of the patients ranged from 80 to 103 years, with a mean age of 91.97. Among them, 30 were male, accounting
for 90.9% of the study population. Most of them were hospitalized for more than six weeks, and the longest length of
stay in this group was 91 days. 20 of them experienced ICU during hospitalization. The in-hospital mortality rate was
45.5% (Table 1).

The Results of Laboratory Tests

The PLT was tested 206 times, 155 of which were below the normal lower limit, while almost none of them were higher
than the upper normal limit. A total of 12 cytokines were tested 61 times. IL-1p, IL-2, and IFN-a levels were all within
the normal range, whereas TNF-a levels were almost within the normal range in all patients. For IL-4, IL-5, IL-12p70,

Table 1 Demographic Characteristics and Clinical Outcomes of the Study

Population

N=33 N (%) MeantSD | Min | 25%" | 50" | 75" | Max
Age 91.97+6.23 | 80 88 92 96 103
Gender

Male 30 (90.9%)

Female 3 (9.1%)
LOS 4 23 46 89 9l
ICU stay 0 0 3 10 46

No 13 (39.4%)

Yes 20 (60.6%) I 3 8 17 46
Outcome

Death I5 (45.5%)

In hospital | 7 (21.2%)

Discharge 11 (33.3%)

Abbreviations: LOS, length of in-hospital stay; ICU, intensive care unit; N, number; SD, standard
deviation; Min, minimum; 25%, the 25 percentile; 507, the 50 percentile; 75, the 75 percentile; Max:
maximum.
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and IFN-y, over 75% of the measurements were within normal ranges. Almost half of the measurements were abnormal
for IL-10 and IL-17 levels. For IL-6, only 4 of the 61 measurements were within the normal range. This number was 7
for IL-8. These results suggested IL-6 and IL-8 were the main cytokines involved in the inflammatory response of VOPs.
PT, Fbg, APTT, and D-dimer levels were measured 201 times. A prolonged PT and APTT were observed in 125 and 136
tests, respectively. For Fbg, 17 tests were below the normal lower limit and 65 were above the upper normal limit. For
D-dimer, the results of 4 tests were normal, and the rest were abnormal. Thrombosis-related examination indicated that
the results of 24 tests of TMs were normal, whereas 108, 93, and 119 tests were outside the normal ranges for TAT, PIC,
and t-PAIC, respectively (Table 2).

The Relationship Between Laboratory Tests and Clinical Variables of the VOPs
The maximum parameters measured after admission were used to determine their relationship with the outcome
variables. As shown (Table 3), prolonged PT and APTT were correlated with increased mortality, whereas PLT was

Table 2 Coagulation Related Serum Biomarkers of the Study Population

Statistics | Normal Range | N Min | 25% 50" | 75% Max
PLT 100-350x | 0%/L 206 | 12 34 48 97 354
IL-2 <7.394pg/mL 61 0 0.13 0.48 0.99 6.86
IL-4 <7.541 pg/mL 6l 0 1.39 2.07 4.1 23.07
IL-6 <9.1 pg/mL 61 0.6 50 96.8 408.5 9513.9
IL-10 <8.051 pg/mL 6l 0 5.57 8.73 12.04 166.12
IL-17 <9.31 pg/mL 6l 1.34 6.31 8.48 14.46 47.58
TNF-a <14.19 pg/mL 6l 0.22 1.83 3.28 4.85 14.21
IFN-y <I11.25 pg/mL 6l 0.58 2.28 3.1 6.38 112.39
IL-8 <20.98 pg/mL 6l 6.18 44.69 86.59 | 129.49 | 419.21
IL-1B <13.04 pg/mL 6l 0.35 0.89 1.52 2.11 6.24
IFN-a <8.5 pg/mL 6l 0.2 0.6 0.8 1.2 5.9
IL-12p70 | <6024 pgimL | 61 |0 068 | 112 | 266 | 13.03
IL-5 <6398 pgmL |61 |0 17 | 256 | 401 | 49649
PT 10.4-12.6s 201 | 10.2 12.4 13.1 14.3 31.9
Fbg 1.8-3.5g/L 201 | 0.97 221 3.05 3.74 8.45
APTT 22.3-32.5s 201 | 2I.1 305 355 40.8 150
D-dimer <0.55mg/L 202 | 0.36 2.2925 | 3.595 | 10.008 | 96.08
TAT <4ng/mL 207 | | 3 5 14 72

™ 3.8-13.3TU/mL 207 | 7.7 17.75 233 27.05 50.7
PIC <|7ng/mL 207 | 2 Il 16 22.35 70
t-PAIC <0.8pg/mL 207 | 0.098 | 0.6 0.906 | 1.4 9.429

Abbreviations: PLT, platelet; IL, interleukin; IFN, interferon; TNF tumor necrosis factor; Fbg,
fibrinogen; APTT, activated partial thromboplastin time; PT, prothrombin time; TM, thrombomodulin;
TAT, thrombin antithrombin complex; PIC, a2-plasmininhibitor-plasmin complex; t-PAIC, tissue
plasminogen activator inhibitor complex; N, number; Min, minimum; 25”‘, the 25 percentile; 50‘h.
the 50 percentile; 75%, the 75 percentile; Max, maximum.
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Table 3 Maximum Levels of Coagulation Related Factors and Correlation with Mortality, ICU Stay and LOS in
Single-Factor Model

Mortality ICU stay LOS
RR Low | Up P-value | RR Low | Up P-value | RR Low | Up P-value
PLT 0.99 | 0.98 | 1.00 | 0.03 0.96 | 0.92 | 0.99 | 0.05 093 | 0.85 1.02 0.12
PT 2.07 | I.15 | 3.73 | 0.02 2.00 | 0.86 | 4.63 0.12 6.01 | 1.19 | 30.24 | 0.04
Fbg 0.82 | 0.49 1.37 | 045 142 | 0.07 | 28.74 | 0.82 0.05 | 0.00 16.67 0.32
APTT 1.23 | 1.07 | 1.42 | 0.00 1.28 | 1.06 | 1.53 | 0.01 1.72 | 1.21 | 2.43 0.00
D-dimer | 1.08 | 0.98 .19 | 0.10 1.39 | 1.16 | 1.67 | 0.00 1.75 | 1.19 | 2.57 0.01
TAT 1.06 | 0.99 I.14 | 0.09 1.33 | 1.06 | 1.67 | 0.02 149 | 093 | 2.40 0.11
™ 1.1 | 0.99 1.26 | 0.08 120 | 0.86 1.67 0.29 1.50 | 0.78 | 2.89 0.24
PIC 1.1l | 0.99 1.25 | 0.08 1.44 | 1.07 | 1.93 | 0.02 1.99 | I.11 | 3.58 0.03
t-PAIC 1.09 | 0.74 1.60 | 0.65 633 | 0.65 | 61.74 | 0.12 3.07 | 003 | 332.85 | 0.64

Notes: Bold text means statistical significance.

Abbreviations: APLT: platelet; PT: prothrombin time; Fbg: fibrinogen; APTT: activated partial thromboplastin time; TAT: thrombin antith-
rombin complex; TM: thrombomodulin; PIC: a2-plasmininhibitor-plasmin complex; t-PAIC:tissue plasminogen activator inhibitor complex. ICU:
intensive care unit; LOS: length of in-hospital stay. RR: risk ratio.

a protective factor against mortality. VOPs with higher APTT and D-dimer, TAT, and PIC levels had longer ICU stays.
PT, APTT, PIC, and D-dimer levels were risk factors for a longer LOS. Notably, a 1 mg/L increase in D-dimer level
will extend the ICU stay by 39%, while the LOS will be extended by 75%. We focused on D-dimer as it has been
examined as an outcome indicator. As shown (Figure 1), D-dimer levels changed in a curvilinear relationship over
time in both survivors and non-survivors, with an upward trend in the non-survivor group. Spearman correlation
analysis was used to preliminarily explore the correlation between inflammatory factors and coagulation reactions. As
shown (Table 4), statistically significant differences were observed between multiple pairs of cytokines and serum
coagulation biomarkers. A strong correlation, with a coefficient greater than 0.7, was observed between IL-2 and IL-
4, IL-4 and IL-17, IL-4 and IFN-a, and IL-17 and IFN-o. Moderate correlation, with a coefficient between 0.5 and
0.7, was observed between IL-2 and IL-17, IL-2,andIL-1f, IL-2 and IFN-q, IL-2 and IL-5, IL-6 and APTT, IL-6 and
IL-8, IL-6 and IL-10, IL-8 and PLT, IL-8 and TM, IL-8 and APTT, IL-8 and PT, IL-8 and TNF-a, IFN-a and IL-10,

outcome
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Figure | D-dimer trend in both survivors and non-survivors over time. The smooth curves were generated by generalized additive mix models.
Abbreviation: Test Time, days after admission.
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Table 4 Spearman Correlation Analyses Among Serum Biomarkers

PLT L2 IL4 IL6 ILIo L7 TNFa IFNy IL8 ILIp IFNa ILI2p70 IL5 PT Fbg APTT Ddimer TAT ™ PIC t-PAIC
PLT 1.00
IL-2 0.0l 1.00
IL-4 0.03 0.77* 1.00
IL-6 —0.38* —0.11 —0.02 1.00
IL-10 —0.29* 0.33*% 0.38% 0.51* 1.00
IL-17 —0.02 0.57* 0.74* 0.10 0.30% 1.00
TNF-a —0.41* 0.37* 0.42% 0.40%* 0.65% 0.29%* 1.00
IFN-y 0.04 0.40%* 0.60%* 0.28* 0.46* 0.53% 0.46* 1.00
IL-8 —0.62* 0.09 0.06 0.63*% 0.66* 0.06 0.60* 0.14 1.00
IL-1B -0.12 0.62% 0.68% -0.08 0.31% 0.56* 0.51* 0.47* 0.29* 1.00
IFN-o. —0.25 0.60%* 0.71%* 0.35% 0.61% 0.70%* 0.52% 0.57* 0.33* 0.42* 1.00
IL-12p70 —0.04 0.18 0.30% 0.00 0.18 0.36% 0.35* 0.33* 0.15 0.55* 0.16 1.00
IL-5 —0.15 0.53* 0.53* 0.06 0.32% 0.42% 0.68* 0.39* 0.30% 0.63* 0.44* 0.38* 1.00
PT —0.45* 0.18 0.12 0.31% 0.41* 0.10 0.34* —0.05 0.55* 0.18 0.28* —0.08 0.15 1.00
Fbg 0.41% 0.14 0.05 —0.27* —0.15 0.04 —0.27* —0.03 —0.38* -0.04 —0.07 —0.12 0.00 —0.19 1.00
APTT —0.35* 0.12 0.14 0.51% 0.40%* 0.12 0.42* 0.12 0.51* 0.12 0.31* —0.10 0.18 0.50% —0.09 1.00
D-dimer —0.46* 0.02 —0.14 0.19 0.25 —-0.20 0.14 -0.23 0.47* 0.01 —0.05 0.03 —0.13 0.28*% —0.36* —0.06 1.00
TAT —0.17* —0.04 —-0.20 -0.01 0.02 —0.26* —0.11 —0.31* 0.18 -0.19 -0.20 —0.29* —0.31%* 0.25% —0.30* —0.21* 0.69* 1.00
™ —0.36* —0.05 0.00 0.45% 0.39*% 0.10 0.53* 023 0.52% 0.13 0.26* 0.29* 0.22 0.16% —0.52%* 0.30* 0.14* —0.02 1.00
PIC —0.15* -0.17 —-0.02 0.33% 0.20 0.06 0.14 0.04 0.31* 0.06 0.03 0.16 0.02 0.32% —0.29* —0.13 0.24* 0.39* 0.23* 1.00
t-PAIC 0.25% 0.18 0.11 —0.36* —0.11 0.00 —0.19 —0.03 —0.37* —0.08 —=0.11 —0.05 —0.09 —0.27* 0.07 —0.27* 0.23* 0.30% —0.09 —0.17* 1.00

Notes: Bold text means have statistical significance. * P<0.05.
Abbreviations: PLT, platelet; IL, interleukin; IFN, interferon; TNF, tumor necrosis factor; Fbg, fibrinogen; APTT, activated partial thromboplastin time; PT, prothrombin time; TM, thrombomodulin; TAT, thrombin antithrombin complex;
PIC, a2-plasmininhibitor-plasmin complex; t-PAIC, tissue plasminogen activator inhibitor complex.
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IFN-a and IL-17, IFN-a and TNF-0, TNF-a and IL-1B, TNF-o and IL-5, TNF-a and TM, IFN-o and IFN-y, IL-1p and
IL-12p70, IL-1B and IL-5, TAT and D-dimer, TM, and Fbg. Among these, TM and Fbg levels were negatively
correlated.

Under Inflammation TM and t-PAIC May Contribute to Elevated D-Dimer

Furthermore, we conducted interaction tests for all the cytokines and coagulation factors. All repeated measurements of
the data were used for the interaction evaluation. The interaction between inflammation status, coagulation process, and
coagulation outcome indicators was statistically significant. Figure 2A—C shows the changing trend of statistically
significant parameters (including TM, t-PAIC, and D-dimer) over time. Figure 3A and B presents the association
between different parameters stratified by IL-6, and the results indicate that there are significant associations between
TM and t-PAIC levels and between t-PAIC and D-dimer levels, with P-values of 0.0343 and 0.0011, respectively. Table 5
quantifies risk ratio (RR) in Figure 1, using a multi-factor model adjusted for age, sex, and test time. Although TM and
t-PAIC do not directly affect the primary clinical outcomes, they can affect D-dimer levels during inflammation. The
inflammation status was divided into two groups on average, based on IL-6 levels. Elevated TM was associated with
t-PAIC elevation, which promoted D-dimer production in the presence of high IL-6 levels.

28

™
tPAIC

18
0.5

16

T
40
Test time

20

40
Test time

D-dimer

o | W"Wm)o
- RSttt %

Test time

Figure 2 The smooth curves of three parameters over time. (A) The change trend of TM after the VOPs admitted to the hospital. TM showed a downward trend after the
patients admitted to the hospital. (B) The change trend of t-PAIC after the VOPs admitted to the hospital. t-PAIC showed a downward trend after the patients admitted to
the hospital. (C) The change trend of D-dimer after the VOPs admitted to the hospital. D-dimer showed an upward trend after the patients admitted to the hospital. The
red solid dot represents the risk ratio value, and the blue control new store represents the 95% confidence intervals.

Abbreviations: Test Time, days after admission; TM, thrombomodulin; t-PAIC, tissue plasminogen activator inhibitor complex.
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Figure 3 The association among the parameters after the patients were stratified by IL-6 level (A) Smooth curves between TM and t-PAIC stratified by IL-6 status in single-
factor model. In condition of high IL-6 level, TM level and t-PAIC level showed a positive correlation; while in the condition of low IL-6 level, TM level and t-PAIC level
showed a negative correlation. (B) Smooth curves between t-PAIC and D-dimer stratified by IL-6 status in single-factor model. The model adjusts for age, gender and test
time. In condition of high IL-6 level, D-dimer level and t-PAIC level showed a positive correlation; while in the condition of low IL-6 level, D-dimer level and t-PAIC level
showed a negative correlation.

Abbreviations: IL-6, interleukin 6; TM, thrombomodulin; t-PAIC, tissue plasminogen activator inhibitor complex.

Discussion

This study was conducted in VOPs with critical illness, with an average age of 91.97 years old. The results showed that

coagulation abnormalities affect the prognosis in this special population. Notably, only under high levels of IL-6,

indicating excessive inflammation, elevated TM contributes to the increase in t-PAIC, which then contributes to

a higher D-dimer level. Furthermore, a higher D-dimer level was associated with prolonged ICU stay and LOS.
Critical illness is a life-threatening organ dysfunction caused by dysregulated host responses to various factors, such

9,'*715 severe acute pancreatitis,'® and traumatic brain injury.'”'® Coagulation reaction plays

as coronavirus disease 201
an important role in the host response.'® The coagulation reaction starts with injury or inflammation to the vascular wall
or endothelial cells. With the development of detection technology, there are many function and quantity indices for
every coagulation process. D-dimer is the product of fibrin degradation, which is the last process. Previously, we reported
that elevated D-dimer levels were associated with disease severity in patients aged > 65 years in the ICU.? This
conclusion is confirmed again in this small cohort of VOPs: patients with higher D-dimer levels had longer ICU stays and
LOS. Similar to a previous retrospective study,”” we did not find a significant correlation between D-dimer level and
mortality. The upward trend in D-dimer levels in the non-survivor group indicated that the coagulation reaction was not
well-controlled after admission. Good control of the coagulation reaction may affect the prognosis of VOPs. Another
factor that might influence prognosis is willingness for treatment. As VOPs have more basic diseases and poor

compensatory abilities, it is difficult to recover to a normal state after critical illness. To reduce pain, many families

Table 5 Risk Ratio for TM, t-PAIC and D-Dimer Stratified by IL-6 Status in the Single-Factor
Model and P-value for Interaction. The Model Adjusts for Age, Gender and Test Time

X Y IL-6 Low IL-6 high P-value
RR Low | Up P-value | RR Low | Up P-value

™ t-PAIC 0.974 | 0.953 | 0.995 | 0.0161 1.021 | 0.980 | 1.064 | 0.329 0.0343*

t-PAIC | D-dimer | 0.280 | 0.051 | 1.543 | 0.182 3216 | 1.840 | 4.592 | 0.0006 0.001 I*

Notes: Bold P value, results from interaction test. * P<0.05.
Abbreviations: TM, thrombomodulin; t-PAIC, tissue plasminogen activator inhibitor complex; IL, interleukin; RR, risk ratio.
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chose to withhold invasive resuscitative efforts at any time during hospitalization, such as tracheal intubation, blood
purification treatment, and chest compression, which may have influenced the statistical results.

Some function or quantity indices, such as PLT, PT, APTT, PIC, and TAT, are associated with prognostic factors.
Among these, PLT count appears to be a protective factor against mortality, ICU stay, and LOS. A U-shaped curve was
found between the baseline PLT count and total mortality in the Women’s Health Initiative Study.”® A meta-analysis
conducted among adults with COVID-19 admitted to the ICU showed that PLT counting is a protective factor against
mortality.>' This is both reasonable and understandable. In critical illness, a high PLT count is rare because most patients
have a low platelet count owing to coagulation reactions and platelet consumption. However, in patients with chronic
diseases, PLT counts with a level higher than the upper limit can be seen in a small group of patients, which is a risk
factor for mortality (eg, some patients with cancers).”> In our study, the highest PLT count was 354x10°/L, which is
slightly higher than the threshold value (350x10°/L). PT and APTT are functional indicators in coagulation reaction
assessment, whereas TAT and PIC are quantitative indicators for coagulation and fibrinolysis. They represented the
severity of the coagulation reaction. We did not positively associate TM and t-PAIC with the endpoints. Previous studies
have found the link between TM and increased mortality in children.”>** A meta-analysis of 12 studies has yielded simi-
lar results in adults.”> However, in the present study, similar findings were not observed for the VOPs. This may be
because TM has several physiological effects and has complex mechanisms of action. The targets of this action require
further exploration in VOPs.

Although we measured 12 cytokines, we did not use them directly for prognostic research. Cytokines produced by
various pathways initiate inflammatory and coagulation responses, which may influence the prognosis. Previous studies
have suggested that reduced inflammation, but not telomere length, contributes to the successful aging of centenaries.*®
However, other studies have suggested that older individuals tend to develop chronic inflammation.?’ In fact, not
cytokines, but their place of action, might determine whether they are dangerous or beneficial for physiological
responses. In addition, high levels of anti-inflammatory molecules in long-living groups may promote prognosis. Thus,
high systemic levels of unique cytokines would not confer outcomes in VOPs.?®

Inflammation is associated with coagulation reactions in the VOPs. Spearman correlation analysis revealed several
associations. Most of these associations were among the cytokines. Our findings suggest that IL-6 and IL-8 are involved
in the activation of coagulation, with significant upregulation in some VOPs, which is supported by another study.?’
However, the causal relationship between inflammation and thrombosis still remains unknown among VOPs. Increased
levels of IL-6, IL-8, and TNF-a have been observed in patients with venous thrombosis.>® Activation of Xa factor can
induce the expression of IL-6 and IL-8 in endothelial cells and monocytes.*' Some products of the clotting cascade may
also affect cytokine production and release of cytokines.’® These findings may explain the up-regulation of cytokines in
VOPs with infection. The concerted action of TNF-a and neutrophils promotes TM release from the endothelial cells.*?
In our study, we observed a positive relationship between TNF-o and TM levels, which is reasonable.

To further explore the relationship between cytokines and the coagulation process, we performed interaction analysis.
Fortunately, we identified an underlying mechanism linking TM and mortality in VOPs. In other words, under high IL-6
levels, TM may promote the formation of t-PAIC. Increased t-PAIC was correlated with D-dimer overproduction, which
affected the outcomes. Under relatively low levels of IL-6, high levels of TM were correlated with low levels of t-PAIC.
The possible mechanism is as follows: IL-6 is a pro-inflammatory factor; however, a lower level of IL-6 may be
associated with anti-inflammatory status.>* TM can reduce the clotting activity of thrombin by binding to it and
enhancing its activation of protein C, the main anticoagulant.”> The activation of the fibrinolytic system is weak due
to reduced thrombosis. Therefore, t-PAIC levels were low. The higher the level of TMs in the blood, the lower is the need
for t-PAICs. In contrast, a higher IL-6 level indicates more thrombosis, and TMs are related to the amount of thrombosis.
More TMs indicate that more t-PAICs are required. Under the latter circumstances, more t-PAICs eventually lead to more
D-dimers, which are a type of fibrin degradation product. At lower IL-6 levels, t-PAIC can promote fibrinolysis and
inhibit fibrinolysis, which can be adjusted accordingly in the VOPs. Further studies are needed to confirm this hypothesis
in the future.

Our study has some limitations. First, this was a single-center, prospective study. Limited by age and willingness to
seek medical help, the sample size is relatively small. A severe imbalance was observed in the proportion of male-to-
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female patients. The current study is ongoing, and the sample size will gradually expand with the extension of the
research time. However, trends in the main findings may not changed. Sex was not considered a relative risk in our study
because coagulation reaction is a classic biological process. In future, we will further explore the relationship between
chronic diseases and coagulation reactions. Secondly, it should be noted that, LOS is also a risk factor of thrombosis, and
in the future work, with larger sample size, the causal relationships among inflammation, LOS and coagulation disorders
should be clarified with more convincing data. Thirdly, the frequency of repeated measurements depends on the clinician.
Therefore, the individual heterogeneity was relatively high. We will fix the frequency in the future if possible.
Additionally, as mentioned above, mortality rate is affected by the wishes of the patient or family members in clinical
activities, which improves the heterogeneity of individuals. Nevertheless, the trend of the results will not change, which
still has a guiding significance for clinical research and further work. Last but not least, in the present work, COVID-19
was the main etiology for the enrolled patients (17/33). Even though COVID-19 leads to severe inflammation of the
“cytokine storm”, which is a typical characteristic of severe infection,’® in the future work, it is worth investigating, for
the VOPs with other types of infections (eg hospital acquired pneumonia), whether there exists an relationship between
inflammation-associated coagulation reaction and the clinical outcome of the patients.

Conclusion

In VOPs with critical illnesses related to infection, coagulation abnormalities including PLT, PT, APTT, TAT, PIC, and
D-dimer probably contribute to poor outcomes. A link exists between inflammatory cytokines and coagulation. Under
high IL-6 levels, elevated TM may contribute to the increase in t-PAIC, which contributes to a higher D-dimer level.
Conversely, under low IL-6 levels, elevated TM is linked to reduced t-PAIC, suggesting that actively controlling
inflammation in clinical practice is of great significance in improving the prognosis of these patients. More studies
should concentrate on inflammation-endothelial cell-fibrinolytic systems to decipher the regulatory mechanisms of
inflammation, TM, t-PAIC, and D-dimer levels.
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