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Objective: We aimed to investigate the associations between inflammatory immune indicators, specifically systemic immune inflammation
index (SII), platelet-to-lymphocyte ratio (PLR) and the coagulopathy and prognosis of traumatic brain injury (TBI) patients in ICU.
Methods: One hundred sixty-one TBI patients were grouped into four groups. The outcomes included TBI-related coagulopathy and
prognosis at six months after discharge. The association between SII, PLR and coagulopathy, and prognosis in TBI patients was
elucidated by applying trend analysis, sensibility analysis, spearman correlation, restricted cubic splines and so on.

Results: Sixty-four (39.75%) of 161 TBI patients were diagnosed with coagulopathy. In the unadjusted model, TBI patients in
the lowest quarter of SII (£966.60) and PLR levels (<97.99) had a higher risk of coagulopathy than those in the highest quarter
of SII (=23096.16) [OR 0.169 (95% CI 0.052-0.547)] and PLR (>255.39) [OR 0.098 (95% CI 0.028-0.340)]. After adjusting for
covariates, the significant negative associations of results remained consistent in the sensitivity analyses. Restricted cubic
splines revealed that an almost linear relationship between SII, PLR and coagulopathy risk and poor prognosis (P for all
nonlinearities > 0.05). Finally, receiver operating characteristic (ROC) curves indicated that the SII and PLR had certain
diagnostic and predictive values for TBI-related coagulopathy [AUC sy = 0.666 (95% CI 0.566-0.766), AUCpg) = 0.752
(95% CI 0.662—0.842)] and prognosis [AUC sy = 0.657 (95% CI 0.548-0.766), AUCppLr) = 0.700 (95% CI 0.596-0.805)].
The stratification of isolated TBI and TBI with multi-trauma does not affect SII and PLR in predicting TBI-related coagulo-
pathy and poor prognosis in the subgroup analysis (P > 0.05).

Conclusion: This study demonstrated that the SII and PLR had a significant correlation with coagulopathy risk and prognosis at 6
months after discharge. SII and PLR were predictive of coagulopathy and poor prognosis, specifically PLR value. It suggests that the
SII and PLR might be promising biomarkers for predicting TBI-related coagulopathy and prognosis.

Trial Registration: The study was registered in the ethics committee of the Third Affiliated Hospital of Southern Medical University
(2024-ER-005).

Keywords: traumatic brain injury, coagulopathy, inflammation, prognosis, SII, PLR

Introduction
Traumatic brain injury (TBI) is a common clinical emergency, with high rates of disability and mortality. The prevalence
of TBI is estimated to be as high as 50 million globally, and the mortality rate of TBI patients in China is approximately
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13 cases per 100,000 people.' The disease progression of TBI is highly complex and heterogeneous, which has led to its
treatment of TBI being a challenging clinical problem. Moreover, primary mechanical damage from TBI is difficult to
avoid and intervene in. Therefore, preventing secondary injuries from causing further damage to TBI patients is currently
a research priority.

Previous studies have shown that, among various secondary injuries, coagulopathy is a severe complication of TBI with
a prevalence of approximately 7-63%.” Factors related to TBI may disrupt the balance between bleeding and thrombosis in
patients,’ leading to an impaired coagulation system and further aggravating the primary injury. Coagulopathy refers to
a state of hypocoagulation prone to bleeding and a state of hypercoagulation with an increased tendency toward thrombosis.

1.*° Extensive research has elucidated

There was no standardized and definitive chronological sequence of the states after TB
various mechanisms underlying coagulation disorders after TBL.>*® However, there is still a lack of clinical indicators at
admission to predict coagulation outcome in TBI patients. As the report goes, TBI-associated coagulopathy is an
interdependent’ result of the coagulation system and inflammatory response in vivo after injury. Therefore, we intend to
explore some inflammatory- and immune-related indicators to predict blood coagulation function.

Over time, in addition to routine laboratory parameters, some indicators have proven their clinical utility in assessing
the inflammatory response,® including the systemic immune inflammation index SII (platelet count x neutrophil count/
lymphocyte count) and PLR (platelet-to-lymphocyte ratio). SII and PLR were the excellent indicators that could
comprehensively reflect the immune and inflammatory response, and were currently used to reflect the clinical outcome

. . . . . 10—1
or prognosis of cancer, inflammation, cardiovascular disease'®"?

and so on, which were the highlights of recent clinical
research. However, only a few studies have focused on the connection between these indicators and TBI, like
constructing a predictive model of SII combined with CO, for prognosis in patients with TBL'* and PLR for
inflammatory response and short-term mortality'® in patients with moderate-to-severe TBI. To date, the focus on SII
and PLR is still mainly on inflammation, with no further development or jumping out of it. Few clinical studies have
explored the effects of inflammation indicators on coagulation in TBI. Meanwhile, many clinicians have limitations in the
early diagnosis of coagulopathy after TBI in ICU.

Therefore, the study aimed to explore the relevance of inflammatory immune indicators SII and PLR to coagulation

and prognosis in patients with TBI.

Materials and Methods

Study Design

In this retrospective cohort study, patients admitted with the first diagnosis of moderate-to-extremely severe TBI in EICU
or ICU of the Third Affiliated Hospital of Southern Medical University from January 01, 2017 to November 30, 2023
were consecutively included. Data was extracted from the electronic medical records of medical institutions by
professionals. This study was approved by the Ethics Committee of the Third Affiliated Hospital of Southern Medical
University (2024-ER-005) and was conducted in compliance with the latest version of the Declaration of Helsinki and
Good Clinical Practice Guidelines.

Study Population
All patients with TBI admitted to the ICU or EICU within the study timeframe were screened for eligibility.

Inclusion Criteria

1) Patients were diagnosed with TBI by specialized clinical practitioners; 2) Glasgow Coma Scale (GCS) score < 12 on
admission; 3) admission time within 24h after trauma (including 24h); and 4) primary computed tomography findings
showing brain injury (epidural/inferior hematoma, subarachnoid hemorrhage, cerebral contusion, cerebral edema and
SO on).

Exclusion Criteria
1) Patients died within 24h (including 24h) after admission; 2) patients treated with anticoagulants or antiplatelet agents,
like heparin, aspirin, rivaroxaban and warfarin before admission; 3) patients with malignant tumors, hematological
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disorders, gastrointestinal tract ulcers, and other diseases with a potential bleeding risk; and 4) Patients with incomplete
information.

Data Collection
Specialized investigators collected basic information, vital signs, and clinical data on admission for the included patients,
including length of ICU stay and invasive mechanical ventilation, head acute injury scale (AIS) score, GCS score,
platelet count, hemoglobin, lymphocyte count and coagulation function-related indicators measured firstly within 24h of
admission. Glasgow Outcome Scale (GOS) scores at 6 months after discharge were measured by specialized clinicians.
EDTA-anticoagulated blood samples (2 mL) were collected for the determination of complete blood count (CBC),
such as lymphocyte count and platelet count, measured by the Sysmex XN-2000 Automated Hematology Analyzer
(Japan). Besides, considering the small number of missing data which is mainly the missing medical records and the
follow-up prognostic outcome of 15 TBI patients at 6 months after discharge; therefore, the missing data would be
deleted directly when we review the data initially, in order to avoid the error caused by the data filling-in.

Definition of Coagulopathy
Current clinical guidelines and consensus still lacked the generally acknowledged definition of TBI-associated coagulo-
pathy. Coagulopathy was defined according to many previous conclusions and reference values proposed by laboratories
in the medical facilities.>"®

According to the current guidelines,'” the diagnostic criterias for coagulopathy were defined as an international
normalized ratio (INR) > 1.2, activated thromboplastin time (APTT) > 35s, or platelet count < 100,000/pL, fibrinogen

(FIB) < 2 g/L, or other coagulation indicators suggesting impaired coagulation function.

Outcomes
The primary outcome of the study was the association between inflammatory immune indicators SII, PLR and TBI-
related coagulopathy.

The secondary outcome was the correlation between SII, PLR and the prognostic outcome at 6 months, assessed by
the GOS score, after the discharge of patients.

Statistical Analysis
Continuous variables collected in this study, if normally distributed, were described as mean + standard deviation (SD), and
differences between groups were determined by Student’s #-test; if non-normally distributed, they were described as median
(interquartile range [IQR]) and used Mann—Whitney U-test. The remaining categorical variables were expressed as n (%), and the
chi-square test or Fisher’s exact test was used. In addition, Spearman correlation was performed to ascertain the association
between the GOS score and SII and PLR. Using the above tests, we performed a preliminary univariate analysis of the data.
Next, we further performed a multivariate analysis. The odds ratios (ORs) and 95% confidence intervals (Cls) of TBI-
related coagulopathy were investigated using logistic regression models, grouped by SII and PLR levels at admission
(converting continuous variables into four categorical variables according to the quartile), to assess the tendency of SII,
PLR, and TBI-related coagulopathy. In the trend analysis, the unadjusted group was used as the control group, and logistic
regression analysis was conducted and different covariates were included to establish three models. In adjusted model 1, the
adjusted covariates included age and sex. In adjusted model 2, the adjusted covariates included heart rate and GCS score on
admission, and covariates in model 1. In adjusted model 3, the adjusted covariates included creatinine level, white blood
cell (WBC) count, hemoglobin level, and covariates in models 1 and 2. The subsequent multivariate analysis all used the
above variables, and no collinearity errors would be among the variables (Supplemental Tables 1 and 2). Sensitivity

analyses using logistic regression models were performed among TBI patients taking antibiotics, anticoagulants, lower
limb venous thrombosis and multi-trauma on admission.

After fitting the models with 2 to 7 knots separately, we selected the model with the smallest Akaike Information
Criterion (AIC) value. The smaller the AIC value, the better the fitting effect of the model. We used this optimal model
for the restricted cubic spline regression analyses adjusted for the same variables as in model 3 to account for the
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relationship between the SII, PLR, as well as coagulopathy risk and prognostic outcome. Receiver operating character-
istic (ROC) curves were used for diagnostic value analysis, and the area under the curve (AUC) was computed to
quantify the predictive power of the SII and PLR for coagulopathy risk and prognostic outcomes. We also performed the
ROC curve in isolated TBI patients and TBI patients with multi-trauma to compare the difference between them.
Subgroup analyses were performed to evaluate the risk stratification values of the SII and PLR indicators for further
analysis of multiple subgroups of patients with TBI.

All tests were two-way, with P < 0.05. Data were analyzed using R statistical software (version 4.4.1) and SPSS
(version 26.0).

Results

Basic Characteristics

A total of 161 patients with TBI were enrolled in the designated hospital from January 01, 2017, to November 30, 2023.
This study excluded patients with mild TBI (n = 17), admission beyond 24h after trauma (n = 17), died within 24h after
admission (n = 1), and missing medical records (n = 13). Finally, 113 patients with TBI were eligible for this study
(Figure 1); of these, 98 patients were successfully followed up through telephone interviews or subsequent medical
records, and 15 patients failed to access.

161 TBI patients from
ICU and EICU

48 patients was excluded:

17 with mild TBI

17 with admission
beyond 24 hours post
>| trauma

1 died within 24h
after admission

13 with missing
medical records

15 patients fail to

follow-up

98 patients

113 TBI patients >

Coagulopathy Non-coagulopathy
(N=64) (N=49)

Figure | Flow diagram.
Abbreviation: TBI, Traumatic brain injury.
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Table | Baseline Characteristics of |13 Patients

Variable ALL Patients Coagulopathy Non-Coagulopathy P-value
(N=113) (N = 64) (N =49)
Age (years, mean * SD) 4801 £ 18.36 46.21 * 18.06 49.65 £ 17.56 0.296
Sex (males, n, %) 89.00 (78.80%) 50.00 (78.10%) 39.00 (79.60%) 0.850
Heart rate [M(IQR)] 87.00 [76.50, 102.50] 92.00 [80.00, 108.00] 84.00 [71.75, 97.75] 0.027
Blood pressure (mmHg) [M(IQR)]
Systolic pressure 124.00 [107.00, 137.00] 122.00 [107.50, 133.50] 124.50 [106.25, 143.25] 0.407
Diastolic pressure 75.00 [64.00, 87.00] 73.00 [60.50, 89.50] 77.00 [64.25, 82.00] 0.499
Temperature (°C) [M(IQR)] 36.80 [36.20, 37.30] 36.50 [36.15, 37.35] 36.80 [36.20, 37.30] 0.405
Time to hospital after injury (h) [M(IQR)] 5.00 [5.00, 24.00] 5.00 [2.00, 22.50] 7.00 [2.25, 24.00] 0.266
AlS score [M(IQR)] 4.00 [3.00, 5.00] 5.00 [3.00, 5.00] 3.00 [3.00, 4.00] <0.001
GCS score [M(IQR)] 7.00 [4.00, 12.00] 6.00 [3.00, 8.00] 10.00 [7.00, 12.00] <0.001
Abnormal Pupillary reflex (n, %) 64.00 (56.60%) 42.00 (65.70%) 22.00 (44.90%) 0.254
Blunt injury (n, %) 110.00 (97.30%) 62.00 (96.90%) 48.00 (98.00%) 0.722
Mortality in hospital (n, %) 22 (19.5%) 20 (31.3%) 2 (4.1%) <0.001
GOS score [M(IQR)] 3.00 (1.00, 5.00) 1.00 (1.00, 4.00) 4.00 (2.00, 5.00) 0.001
ICU/EICU LOS (d) [M(IQR)] 11.00 [5.00, 21.00] 13.00 [7.25, 21.00] 9.00 [4.00, 20.00] 0.196
Respirator LOS (d) [M(IQR)] 4.00 [0.00, 11.00] 6.50 [0.00, 13.75] 1.00 [0.00, 8.00] 0.023
Total LOS (d, mean * SD) 20.00 [12.00, 32.00] 20.00 [10.25, 30.00] 23.00 [13.00, 35.00] 0.415
Antibiotic usage (n, %) 108.00 (95.60%) 28 (43.80%) 2| (42.90%) 0.031
Anticoagulant usage (n, %) 49.00 (43.40%) 64.00 (100.00%) 44.00 (89.80%) 0.924
TBI patients with multi-trauma (n, %) 52 (46.0%) 32 (50.0%) 20 (40.8%) 0.332
Laboratory findings
Creatinine [M(IQR)] 78.00 (61.50, 99.50) 87.00 (67.00, 116.00) 72.50 (58.50, 82.00) 0.002
Hemoglobin (mean * SD) 105.60 + 27.04 96.65 + 27.82 118.67 + 21.30 <0.001
C-reactive protein [M(IQR)] 27.39 (5.32, 86.15) 19.75 (4.32, 65.80) 36.90 (9.76, 115.00) 0.133
Neutrophile [M(IQR)] 10.66 (8.26, 16.42) 10.65 (8.66, 17.90) 10.72 (8.19, 16.06) 0.752
White blood cell [M(IQR)] 12.90 (10.02, 17.83) 13.30 (10.28, 19.70) 12.72 (9.70, 17.22) 0.576
SII [M(IQR)] 2011.89 (963.94, 3140.27) | 1455.29 (627.52, 2612.37) | 2322.57 (1364.92, 3982.39) 0.002
PLR [M(IQR)] 164.62 (97.65, 256.72) 118.28 (74.03, 187.83) 234.45 (159.90, 288.03) <0.001

Note: Sl = platelet count * neutrophil count / lymphocyte count.
Abbreviations: AlS score, head acute injury scale score; GCS score, Glasgow Coma Scale score; GOS score, Glasgow Outcome Scale score; IQR, interquartile range; LOS,

length of stay; PLR, platelet-to-lymphocyte ratio.

Table 1 described the basic characteristics, laboratory findings, and other data of TBI patients. TBI Patients with

coagulopathy were mainly male (78.10%), with a mean age of 46 + 18 years and a median time from injury to admission

of 5 h. Compared with patients without coagulopathy, patients with coagulopathy showed a faster heart rate on admission (92

vs 84; P = 0.027) and a longer duration of invasive mechanical ventilation (6.5 vs 1.0; P = 0.023). Additionally, the
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Table 2 Main Characteristics and Laboratory Findings of Participants According to Sll Levels (n = |13)

Variable

SIl level (median [range])

QI (Lowest) (545.92
[<966.60])

Q2 (1387.21
[966.61-2011.89])

Q3 (2340.01
[2011.90-3096.15])

Q4 (Highest) (5378.72
[>3096.16])

N

29

27

29

28

Heart rate [M(IQR)]

88.00 (78.00, 108.00)

87.50 (82.75, 101.75)

86.50 (73.50, 104.25)

84.50 (72.50, 101.75)

AlS score [M(IQR)]

4.00 (4.00, 5.00)

4.00 (3.00, 5.00)

3.50 (3.00, 4.75)

3.00 (3.00, 5.00)

GCS score [M(IQR)]

4.00 (3.00, 7.00)

8.00 (4.75, 12.00)

7.50 (5.00, 12.00)

10.00 (7.00, 12.00)

Mortality in hospital (n, %)

10 (34.5%)

4 (14.8%)

5 (17.2%)

3 (10.7%)

GOS score [M(IQR)]

1.00 (1.00, 4.00)

4.00 (1.00, 5.00)

3.00 (1.00, 4.00)

5.00 (3.0, 5.00)

Creatinine [M(IQR)]

91.00 (68.25, 119.00)

74.00 (52.00, 98.50)

69.00 (56.25, 87.75)

78.50 (64.50, 102.75)

Hemoglobin (mean * SD)

83.55 + 31.56

107.06 + 21.00

118.72 £+ 20.00

116.00 + 19.78

C-reactive protein [M(IQR)]

39.86 (5.60, 78.99)

65.00 (6.97, 140.50)

21.60 (5.44, 33.63)

13.69 (3.79, 107.79)

Neutrophile [M(IQR)]

7.76 (6.19, 10.66)

10.04 (8.69, 12.37)

11.17 (8.51, 16.76)

18.21 (12.82, 19.96)

White blood cell [M(IQR)]

10.40 (7.71, 13.43)

11.97 (10.10, 14.60)

12.72 (9.70, 18.54)

19.63 (14.19, 22.37)

Coagulopathy (n, %)

23 (20.4%)

17 (15.0%)

13 (11.5%)

11 (9.7%)

coagulopathy group had higher AIS scores (5 vs 3; P < 0.001), lower GOS scores (1 vs 4; P =0.001), and lower GCS scores
(6 vs 10; P < 0.001) indicating that these patients had worse consciousness, more critical condition, and higher mortality rates
(31.3% vs 4.1%; P < 0.001). According to the statistics, 46% of TBI patients with multi-trauma have no statistical difference
between the groups (P > 0.05). The inflammatory immune indicators SII (P = 0.002) and PLR (P < 0.001) in the coagulopathy
group were statistically lower than those in the non-coagulopathy group, suggesting that TBI patients with more severe
inflammation were more likely to have coagulopathy.

The Association of Coagulopathy-Related Factors After TBI to SIl and PLR
Next, all cases were divided into four groups, classified, respectively, by quartiles of the indicators SII and PLR (Table 2
and Table 3) (the continuous variables were converted into the categorical variables), and then the variables with

Table 3 Characteristics and Laboratory Findings of the Participants According to PLR Levels (n = 113)
Variable PLR level (median [range])
QI (Lowest) (67.95 Q2 (131.18 Q3 (205.77 Q4 (Highest) (314.66
[<97.99]) [98.00-164.62]) [164.63-255.38]) [>255.39])
N 28 29 27 29

Heart rate [M(IQR)]

101.00 (85.00, 115.00)

85.00 (66.25, 99.00)

87.00 (80.00, 101.50)

82.00 (71.50, 101.00)

AlS score [M(IQR)]

4.00 (4.00, 5.00)

4.00 (3.00, 5.00)

3.00 (3.00, 5.00)

3.00 (3.00, 4.00)

GCS score [M(IQR)]

5.00 (3.00, 7.00)

7.00 (3.25, 12.00)

9.00 (5.00, 12.00)

10.00 (7.00, 12.00)

Mortality in hospital (n, %)

10 (35.7%)

7 (24.1%)

2 (7.4%)

3 (10.3%)

GOS score [M(IQR)]

1.00 (1.00, 4.00)

1.00 (1.00, 4.75)

4.00 (2.00, 5.00)

4.00 (2.25, 5.00)

(Continued)
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Table 3 (Continued).

Variable

PLR level (median [range])

QI (Lowest) (67.95
[<97.99])

Q2 (131.18
[98.00-164.62])

Q3 (205.77
[164.63-255.38])

Q4 (Highest) (314.66
[>255.39])

Creatinine [M(IQR)]

89.00 (68.00, 118.50)

83.50 (53.00, 96.00)

71.00 (53.50, 97.00)

78.00 (63.00, 92.00)

Hemoglobin (mean * SD)

86.76 + 31.60

103.50 + 23.22

117.82 £ 15.97

117.63 £ 22.71

C-reactive protein [M(IQR)]

59.00 (5.97, 111.01)

13.54 (5.16, 33.59)

31.00 (3.78, 65.91)

27.39 (8.79, 103.00)

Neutrophile [M(IQR)]

10.08 (6.49, 12.37)

10.00 (7.89, 19.09)

11.67 (9.33, 17.82)

12.74 (8.81, 18.56)

White blood cell [M(IQR)]

12.74 (8.81, 15.35)

11.90 (9.71, 21.03)

12.74 (11.06, 19.83)

13.89 (10.00, 20.03)

Coagulopathy (n, %)

23 (20.4%)

20 (17.7%)

12 (10.6%)

9 (7.9%)

Note: Sl = platelet count X neutrophil count / lymphocyte count.
Abbreviations: AlS score, head acute injury scale score; GCS score, Glasgow Coma Scale score; GOS score, Glasgow Outcome Scale score; PLR, platelet-to-lymphocyte
ratio.

statistical significance in the basic characteristics were again analyzed to maintain the practicability of the model. Table 2
illustrated that the fluctuations in AIS score and creatinine decreased with increasing SII level, whereas hemoglobin,
GCS score, and GOS score increased with increasing SII level. Table 3 demonstrated that the PLR of TBI patients with
higher heart rates (up to 110), higher AIS scores (up to 4.0), and lower GCS scores (low to 5.0) decreased accordingly.
The results revealed that low SII and PLR were associated with a slightly increased risk of coagulopathy among TBI
patients in univariate analysis. In addition, patients in the lowest SII and PLR groups had the highest mortality during
hospitalization (34.5% and 35.7%, respectively) and the lowest post-discharge GOS scores (1.0 and 1.0, respectively),
indicating that these patients tended to have worse prognostic outcomes.

Trend Analysis

Currently, the relationship between inflammatory immune indicators and TBIl-related coagulopathy was unclear.
Therefore, we sequentially transformed the continuous variables (SII and PLR) into the categorical variables and then
included the confounders to construct the regression models. In the unadjusted model, the association between the SII
and the development of coagulopathy in TBI patients was statistically significant (P = 0.004; Table 4). Patients with the
highest SII levels (>3096.16) had a lower risk of coagulopathy [0.169 (95% CI 0.052—0.547); P trend = 0.004; Table 4]
than those in the reference group (SII < 966.60). In models 1, 2, and 3, after gradually adjusting for potential covariates
(age, sex, heart rate, GCS score, WBC, creatinine, hemoglobin), the association between SII and coagulopathy remained

Table 4 Adjusted ORs and 95% Cls for Sl Levels and Coagulopathy Risk (n = 113)

Sll level (median [range])

QI (Lowest) Q2 (1387.21 Q3 (2340.01 Q4 (Highest) (5378.72 | P for
(545.92 [<966.60]) [966.61-2011.89]) [2011.90-3096.15]) [=3096.16]) trend

No. of Coagulopathy (n, %) 23 (79.3%) 17 (63.0%) 13 (44.8%) 11 (39.3%)
Unadjusted [ 0.443 (0.135, 1.459) 0.212 (0.067, 0.675) 0.169 (0.052, 0.547) 0.004
Model | [ 0.371 (0.107, 1.287) 0.201 (0.062, 0.652) 0.153 (0.046, 0.516) 0.004
Model 2 [ 0.519 (0.137, 1.965) 0.258 (0.072, 0.918) 0.250 (0.068, 0.916) 0.050
Model 3 | 0.535 (0.122, 2.342) 0.251 (0.053, 1.195) 0.093 (0.016, 0.549) 0.008

Notes: Model | adjusted for age and sex. Model 2 additionally adjusted for heart rate, GCS score, and covariates included in model |. Model 3 additionally adjusted for
WBC, Creatinine, Hemoglobin, and covariates included in model | and 2.
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Table 5 Adjusted ORs and 95% Cls for PLR Levels and Coagulopathy Risk (n = 113)

PLR Level (median [range])
QI (Lowest) (67.95 Q2 (I131.18 Q3 (205.77 Q4 (Highest) (314.66 P for
[£97.991) [98.00-164.62]) [164.63-255.38]) [>255.39]) trend
No. of 23 (82.1%) 20 (69.0%) 12 (44.4%) 9 (31.0%)
Coagulopathy, (n, %)
Unadjusted | 0.483 (0.139, 1.681) 0.174 (0.051, 0.595) 0.098 (0.028, 0.340) <0.001
Model | | 0.492 (0.140, 1.721) 0.170 (0.049, 0.587) 0.099 (0.028, 0.348) <0.001
Model 2 | 0.758 (0.198, 2.904) 0.300 (0.080, 1.122) 0.181 (0.048, 0.688) 0.004
Model 3 | 0.876 (0.203, 3.786) 0.413 (0.094, 1.823) 0.203 (0.046, 0.904) 0.012

Notes: Model | adjusted for age and sex. Model 2 additionally adjusted for heart rate, GCS score, and covariates included in model |. Model 3 additionally adjusted for
WBC, Creatinine, Hemoglobin, and covariates included in model | and 2.

statistically significant, showing consistency with the former unadjusted model. Compared to the SII value of Q2 grade,
the probability of developing coagulopathy decreased by 27.4% in TBI patients with Q4 grade. This finding rigorously
proved that SII levels were negatively related to coagulopathy orientation after TBI.

PLR fluctuations in TBI patients with coagulopathy were approximately the same as SII value (Table 5). In the
unadjusted model, a decreased risk of coagulopathy was observed in TBI patients with the highest PLR (>255.39)
compared with those with the lowest PLR (<97.99) [0.098 (95% CI 0.028-0.340); P trend < 0.001; Table 5]. Patients
with Q4 grade were 38.5% less likely to develop coagulopathy than patients with Q2 grade. Next, the three types of
models with layer-by-layer adjustment for potential covariates were unanimous in stating that there was a statistically
significant negative correlation between PLR and the incidence of TBI-related coagulopathy, which was consistent with
the analysis of SII.

In all constructed regression models, the results of the trend analysis all indicated that the SII, PLR and TBI-related
coagulopathy are negatively correlated, and that was possibly considered to be the trend of a linear change.

Sensitivity Analyses

To further determine whether the conclusions of our study were persuasive, the sensitivity analysis (Supplemental
Tables 3—-12) was performed by including TBI patients with antibiotics, anticoagulants, lower limb venous thrombosis
and multi-trauma on admission. Finally, no significant interactions between these factors were observed. Consistent
results were observed for all models in sensitivity analyses and trend analysis, suggesting that the analysis results were
robust. At the same time, this analysis ruled out the indirect effects of antibiotics on coagulopathy by altering
inflammation levels. Besides, we also divided the participants into isolated TBI patients and TBI patients with multi-
trauma and separately analysed. The analysis showed that the parts of isolated TBI and TBI with multi-trauma did not
affect SII and PLR in predicting TBI-related coagulopathy. It showed the same conclusion that the two parts of patients
with the low values of SII and PLR generally had a higher risk of coagulopathy (Supplemental Tables 9-12).

The Association of Prognostic Outcome in TBI Patients to Sll and PLR

In addition to having higher AIS and lower GCS scores, the GOS < 3 group manifested lower levels of SII and PLR,
which reflects more severe situations and inflammatory responses on admission compared with the GOS > 3 group
(Supplemental Table 13). Furthermore, we also found that inflammatory markers commonly used clinically, such as

C-reactive protein and neutrophils, had little significance in predicting the outcome of TBI patients after discharge.
Thus, we concluded that SII (P = 0.008) and PLR (P = 0.001) were statistically significant for predicting prognosis of
TBI patients.
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Later, we included sex, age, heart rate, GCS score, WBC, creatinine, and other covariates, to construct the models of
trend analysis through multivariate analysis (Supplemental Tables 14 and 15). The results showed that patients with the

highest values of SII and PLR owned the higher GOS scores after TBI. Through reverification, we also found a positive
correlation between the GOS score at 6 months after discharge and SII (Spearman’s rho = 0.334, P < 0.001; Figure 2A)
and PLR (Spearman’s rho = 0.395, P < 0.001; Figure 2B), implying that SII and PLR were qualified to inform clinicians
about the prognosis of TBI patients ahead of time.

The Almost Linear Relationship between Sll, PLR and Coagulopathy Risk, and

Prognostic Outcome
Restricted cubic spline (RCS) is a specific spline function, which fits the spline function by selecting the location and
number of knots. This approach can not only handle complex nonlinear relationships but also be equally applicable to
describe linear regression analysis. Using RCS regression, an almost linear relationship between SII, PLR and coagulo-
pathy risk and prognosis was found after adjustment for multiple covariates (P for all nonlinearities > 0.05) (Figure 3).
The risk of TBI-associated coagulopathy increased rapidly with the decrease in SII, especially if the SII was smaller than
2000 (Figure 3A). With PLR < 165, PLR and the occurrence of TBI-associated coagulopathy were inversely proportional
(Figure 3B). The RCS model was described in more detail that TBI patients were more likely to develop coagulopathy,
when PLR < 165 (Figure 3B). In addition, TBI patients with the higher interval of SII and PLR values had a higher GOS
score compared to those with the lower interval of SII and PLR (Figure 3C and D), which was consistent with the results
of the correlation analysis. The results of the RCS models were further illustrated that an almost linear relationship
existed between SII, PLR and coagulopathy risk and poor prognosis.

When the predicted outcome was TBI-related coagulopathy, the AUC values of the SII and PLR were 0.666 (95%
CI 0.566-0.766) and 0.752 (95% CI 0.662-0.842) by ROC curve (Figure 4A and B). The AUC values of the SII and
PLR were 0.657 (95% CI 0.548—0.766) and 0.700 (95% CI 0.596-0.805) in predicting prognosis at 6 months after
discharge (Figure 4C and D). It is suggested that SII and PLR have some predictive effect on coagulopathy and
prognosis in TBI patients. PLR has a more superior prediction capability than SII, judging from the AUC value of the
models. These results were consistent with our conclusions and had been validated a priori. Subsequently, we
compared the predictive value of SII and PLR in isolated TBI patients and TBI patients with multi-trauma. It suggested
that the predictive value of SII and PLR in TBI patients with multi-trauma was greater than isolated TBI patients
[(AUC(pLR-coagulopathy): 0.750 vs 0.730), (AUC (pLr-prognosis): 0.744 v8 0.663), (AUC s11-coagulopathy): 0.706 vs 0.657),
and (AUC si1prognosis) 0-721 vs 0.611)] (Supplemental Figures 1 and 2).

Subgroup Analysis
The risk stratification value of the SII and PLR for TBI-related coagulopathy and prognosis was further analyzed in
multiple subgroups of the enrolled patients through stratified logistic regression analysis and interactive effect analysis,
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Figure 3 RCS analysis on the association between the Sl and TBl-associated coagulopathy (A). RCS analysis on the association between the PLR and TBl-associated
coagulopathy (B). RCS analysis on the association between the SIl and poor prognosis (C). RCS analysis on the association between the PLR and poor prognosis (D).

including sex, age, anticoagulant use, blood products, traumatic wet lung disease and multi-trauma (Figure SA-D). Only
patients who used blood products may have influenced the association between the SII and secondary coagulopathy
among all TBI patients (P = 0.003; P for interaction = 0.047) (Figure 5A). Elderly patients (>65Y) with anticoagulant use
might show a more pronounced risk of worse prognosis than other patients.

In addition, no significant interactions (P > 0.05 for interaction tests; Figure 5B—D) were observed for coagulopathy
risk and poor prognosis in the remaining subgroups. In particular, the group of patients who combined with multi-trauma
similarly did not show a statistically significant effect on SII and PLR in predicting TBI-associated coagulopathy and
poor prognosis (all P > 0.05 for interaction in multi-trauma subgroup). The statistical differences between individual
subgroups were not significant, further demonstrating the reliability of our conclusions. The SII and PLR can be used to
predict secondary coagulopathy and prognosis in TBI patients and were nearly unaffected by the above risk stratification
factors, with more convenience and flexibility to operate in clinical practice.

Discussion
In this study, we investigated the relationship between inflammatory immune indicators SII, PLR and secondary
coagulopathy and poor prognosis at 6 months after discharge by using routinely available clinical data and statistical
methods to further identify high-risk TBI patients admitted to the ICU and implement corresponding clinical preventive
measures as soon as possible.

Firstly, we conducted an initial screening using univariate analysis, and investigated the effects of SII and PLR
separately on coagulopathy after TBI and selected significant variables. Then, we converted the continuous variables (SII
and PLR) into categorical variables by interquartile range. Trend analysis was used to initially explore whether there was
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a strong correlation between inflammatory immune markers and coagulopathy and prognostic outcome. After that, it
illustrated that TBI patients with the highest SII (=3096.16) and PLR (>255.39) had the lowest hazard of secondary
coagulopathy. Different covariates (TBI patients with antibiotics, anticoagulants, lower limb venous thrombosis and
multi-trauma on admission) were progressively included in the models of the sensitivity analysis to further validate the
results of trend analysis, and finally the conclusions drawn were consistent with those repeatedly validated. Patients with
low SII and PLR had stronger inflammatory responses and were more likely to develop coagulopathy. We used restricted
cubic spline regression to again identify a linear relationship between the SII, PLR and coagulopathy risk and prognosis.
ROC curves were used to quantify the predictive power of SII and PLR. In our study, a strong correlation between SII,
PLR and coagulopathy risk and prognostic outcome was confirmed with multiple dimensions and depth gradation. The
final subgroup analysis indicated that the SII and PLR can be widely used and flexible in clinical practice, without
excessive consideration of the influence of age and sex, anticoagulant use, and other factors.

Previous studies had been elucidated that SIT and PLR were mainly used to predict the clinical outcome or prognosis of

19-13 and other respects. Piotr Defort and his teammates demonstrated that SIT and

cancer, inflammation, cardiovascular disease
PLR had predictive value for GCS score and prognosis in patients with traumatic cerebral haemorrhage, with the predictive
value of SII being slightly better than PLR (AUCgmy= 0.816; AUCppgr)= 0.570).18 Another studies showed by univariate
analysis that TBI patients in the coagulopathy group had lower PLR values (P < 0.001)."” However, until now current studies
did not deeply explore the association between inflammatory indicators and coagulopathy. Considering that a vital knowledge
gap exists in understanding the interactions between inflammatory indicators and TBI-related coagulopathy, we conducted the
study by multiple validation and found that SII and PLR have predictive value for TBI-related coagulopathy and poor

prognosis based on previous results and references. In conclusion, SII and PLR were strongly associated with the incidence of
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Figure 5 Subgroup analysis of the effect of Sl on TBl-associated coagulopathy (A). Subgroup analysis of the effect of PLR on TBl-associated coagulopathy (B). Subgroup
analysis of the effect of Sll on poor prognosis at 6 months after TBI patients discharge (C). Subgroup analysis of the effect of PLR on poor prognosis at 6 months after TBI

patients discharge (D).
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TBI-related coagulopathy and poor prognosis at 6 months after discharge. In particular, the PLR compared to SII has an
excellent predictive value for the outcome of coagulopathy and poor prognosis.

The pathophysiology of TBI involves a complex series of biochemical reactions, mainly including primary and
secondary injuries. Among them, secondary injury involves the neuroinflammatory response in TBI patients.
Inflammatory response is a common pathophysiological response after TBI, including the release of several cytokines
and chemokines. Previous basic experiments showed that inflammatory factors (eg TNF-a, IL-1p) can activate exogenous
coagulation pathway by upregulating tissue factor (TF).>'*! There is also another article suggesting that inflammation
and coagulation systems are interactive.”> The pathophysiology of TBI-related coagulopathy was similar to the results
observed in the study. Moreover, we have demonstrated that inflammatory immune indicators had a strong correlation
with TBI-related coagulopathy in this study, which can be used to predict coagulopathy and poor prognosis of TBI
patients. It followed that, in addition to the molecular level of the basic experiments, the inflammatory immune response
occurring after TBI is closely associated with coagulopathy from the perspective of clinical research. Based on the above
conclusions, we can have a more profound understanding of the pathophysiological process of TBI, especially in
inflammation and coagulation.

Coagulation dysfunction after TBI is mainly due to the imbalance® between bleeding and coagulation. And, after

1*3 uncertain. This

experiencing brain damage, whether the body is in a hypercoagulable or hypocoagulable state is stil
uncertainty made it difficult for clinicians to quickly capture the changes in coagulation status after TBI and make
response plans. In addition, especially for patients with moderate and severe TBI admitted to ICU, the collapse of the
coagulation system was often instantancous and then broke out a sudden disseminated intravascular coagulation
(DIC).**** In the current clinical practice, we had plenty of diagnostic methods® for coagulation disorders after TBI,
but no effective predictors on admission. The purpose of this article was to identify the patients who were more likely to
develop coagulopathy at the earliest stage of brain injury. Although the predictive value of SII was not so perfect after
quantified by ROC curves, clinicians can still mainly use PLR to predict TBI-related coagulopathy and prognosis,
supplemented by the judgment of SII as a reference.

In this case, clinicians can make a preliminary judgment of patients with moderate-to-severe TBI based on
inflammatory immune indicators, and found the trend of changes in the coagulation system and poor prognosis in
advance, which made them more cautious in the use of anticoagulants or blood products. It will be beneficial to reduce
the occurrence of the breakdown of coagulation system and subsequent DIC. In the future, we still need to expand the
sample size, or build the validation model with the help of the database, to deeply consider the relationship between the
inflammatory immune indicators SII and PLR on TBIl-related coagulopathy and prognosis and verify their quantified
predictive value. Or, the PLR or SII can combine with multiple indicators to construct models, which not only improve
the accuracy of prediction but also optimize the choice of threshold, providing important reference and guidance for the
diagnosis and treatment of TBI-related coagulopathy.

In the subgroup analysis, we found that only the patients who used blood products would affect the relationship
between SII and TBI-related coagulopathy (P = 0.003; P for interaction = 0.047). No such interaction effect was seen in
the remaining subgroups. Besides, the results of analysis also mentioned that patients using blood products may also
affect the accuracy of PLR in predicting TBI-related coagulopathy (P = 0.006; P for interaction = 0.517). As illustrated in
the previous literature, infusion of blood products can cause hemodilution and prolonged surgical times,?® which might
eventually worsen the clinical outcome. These results could explain the conclusions we reached in the subgroup analysis
that the use of blood products might affect the predictive accuracy of SII and PLR for TBI-associated coagulopathy.
Moreover, the infusion of different blood components or different proportions would have different influences on TBI
patients. The PROMMTT?’ study showed that patients with a higher survival rate after 6 hours may receive higher ratios
of plasma to RBC or platelets to RBC. However, the PROPPR?® study evaluating 1:1:1 (plasma: platelets: RBC) vs 1:1:2
transfusion strategies revealed a statistically insignificant reduction in 30-day mortality in 680 severely injured patients.
Thus, there had still been a great debate on the use of blood transfusion strategy in coagulopathy therapy. And there was
also no clear conclusion in the latest guidelines.*” In our study, we only roughly classified TBI patients who had received
any blood component into the “blood products” group, but did not divide patients with different blood components or
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different proportions in more detail, to discuss the influence of this baseline on SII and PLR in predicting TBI-related
coagulopathy. It will require a deeper exploration in the future studies.

The mechanism of TBIl-related coagulopathy is mainly related to the destruction of blood—brain barrier and
cerebrovascular endothelial cells and other factors caused by trauma,*’ which finally destroys the balance of coagulation
system. While the mechanism of traumatic coagulopathy is not limited to craniocerebral injury, it also includes other
forms of severe trauma. It also mainly involves inflammatory response, shock, acidosis and other systemic factors.>*’
Some scholars had even suggested that, traumatic coagulopathy can be understood as a global inflammatory state.>' SII
and PLR happen to be inflammatory immune indicators, which may have a more obvious correlation and predictive effect
on traumatic coagulopathy. This result was consistent with the conclusion that we got from the ROC curve. It suggested
that the predictive value of SII and PLR in TBI patients with multi-trauma was greater than isolated TBI patients.
However, isolated TBI patients and TBI patients with multi-trauma had no statistical differences between the coagulo-
pathy and non-coagulopathy groups in the sensitivity analysis and subgroup analysis. The stratification of isolated TBI
and TBI with multi-trauma did not affect SII and PLR in predicting TBI-related coagulopathy and poor prognosis.
Therefore, SII and PLR still have the strong correlation with TBI-related coagulopathy and poor prognosis, and had
predictive values. Subsequent prospective studies with large samples were still needed to prove the conclusion.

According to previous studies, age and sex may influence normal coagulation function. In clinical tests, coagulation
parameters were mainly age-dependent,’® whether in adults®® or children.** When talking about sex, it is mainly
manifested as that sex hormones were associated with®> partial thromboplastin time,>® antithrombin and other factors.
In addition, based on our statistical analysis, the heart rate (P = 0.027) and GCS score (P < 0.001) of the coagulopathy
group were significantly different from those of the other group, proving that these factors influenced the development of
coagulopathy. Identically, this was also in line with the previous study that the development of coagulopathy after TBI
was related to the severity of trauma.>'® Moreover, clinical test indicators such as white blood cells, hemoglobin, and

3739 were also considered risk factors for coagulopathy after TBI. Studies had shown that’’ creatinine,

creatinine
combined with other factors, was helpful in predicting the prognosis of patients with TBI in an established clinical
model. Patients with low hemoglobin levels were found to have a slightly hypercoagulable state®® on ROTEM, and other
studies had indicated that some components of hemoglobin®® may be related to the hyperfibrinolytic state. Therefore, we
performed the sensitivity analysis. After adjusting for covariates such as age, sex, heart rate, GCS score, and laboratory
indicators (WBC, creatinine, and hemoglobin), we found that the main result, namely, a statistically significant difference
between SII and PLR and coagulopathy occurring after TBI, remained consistent, indicating that the negative association
was independent of these adjusted covariates.

One of the tangible strengths of this study was that, based on basic experiments and physiopathological character-
istics, it explored the relationship between clinical inflammatory immune indicators and TBI-related coagulopathy and
prognosis, the association of which had not been widely discussed. In the analysis, we selected uncomplicated and easily
obtained inflammatory indicators, and gained the approximately predicted ranges for SII and PLR. Therefore, the
clinician can make a preliminary judgment of coagulation function based on the SII and PLR values on admission and
prevent its deterioration. The study provided new insights into the identification of a simplified assessment of coagulo-
pathy and potential future therapeutic interventions. Furthermore, we considered comprehensive potential covariates,
including age, sex, GCS score, laboratory indicators and different subgroups, and made multiple adjustments to draw
highly credible conclusions.

Inevitably, this study had some limitations. First, because of its retrospective design, it was difficult to longitudinally
analyze the causal relationship between inflammatory indicators and TBI-related coagulopathy by only analyzing the
lateral correlation. Second, this was a single-center study with a small number of patients. Third, the study only analyzed
the coagulation parameters of TBI patients on admission but did not gain insight into the timing and process of normal
coagulation recovery. Cases still need to be included prospectively for further large-scale cohort studies to clarify the
specific values of the SII and PLR. Researchers can use public database to establish a validation cohort or combine with
other indicators to construct a composite prediction model in order to validate the findings. Fourth, in addition to the
relevant confounders adjusted for in this study, the occurrence of coagulopathy after TBI may also be related to the

patient’s BMI***' and hemorrhage volume** and other factors after injury.
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In conclusion, we found that inflammatory immune indicators, both SII and PLR, can reflect TBI-related coagulopathy
and show a negative correlation. The SII and PLR also had a slightly strong correlation with the GOS score at six months
after discharge. The predictive value of SII and PLR in TBI patients with multi-trauma was greater than isolated TBI
patients, however the two subgroups did not influence the prediction of the indicators. It suggests that SIIT and PLR may be
the promising biological indicators with clinical utility for predicting the development of coagulopathy and prognostic
outcomes after TBI. However, more in-depth research is required to explore relevant mechanisms and causality.

Conclusion

Our study demonstrated a negative association between inflammatory immune indicators SII and PLR on admission and
the risk of TBI-related coagulopathy (all P < 0.05). In addition, the SII and PLR are strongly correlated, to some extent,
with poor prognosis of TBI patients (Spearman’s rho = 0.334, and 0.395, P < 0.001). And PLR had a better predictive
value for TBI-related coagulopathy and poor prognosis. From another perspective, it also suggests that SII and PLR may
be the promising biomarkers for predicting coagulopathy and prognosis after TBI, providing a more scientific basis.
While these indicators have potential utility, further validation by expanded sample size and a prospective study are
required.
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