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Abstract

Background: Coagulopathy is commonly observed after traumatic brain injury (TBI). However, it is not known
whether using the standard independent predictors in conjunction with coagulation tests would improve their
prognostic value. We determined the incidence of TBI-associated coagulopathy in patients with isolated TBI (iTBI),
evaluated the prognostic value of coagulation tests for in-hospital mortality, and tested their predictive power for
in-hospital mortality in patients with iTBI.

Methods: We conducted a retrospective, observational database study on 2319 consecutive patients with iTBI who
attended the Huashan Hospital Department of the Neurosurgery Neurotrauma Center at Fudan University in China
between December 2004 and June 2015. Two models based on the admission characteristics were developed:
model A included predictors such as age, Glasgow Coma Scale (GCS) score, pupil reactivity, type of injury, and
hemoglobin and glucose levels, while model B included the predictors from model A as well as coagulation test
results. A total of 1643 patients enrolled between December 2004 and December 2011 were used to derive the
prognostic models, and 676 patients enrolled between January 2012 and June 2015 were used to validate the
models.

Results: Overall, 186% (n =432) of the patients developed coagulopathy after iTBI. The prevalence of acute traumatic
coagulopathy is associated with the severity of brain injury. The percentage of platelet count <100 x 109/L,
international normalized ratio (INR) > 1.25, the prothrombin time (PT) > 14 s, activated partial thromboplastin
time (APTT) > 36 s, D-dimer >5 mg/L and fibrinogen (FIB) < 1.5 g/L was also closely related to the severity of
brain injury, significance being found among three groups. Age, pupillary reactivity, GCS score, epidural
hematoma (EDH), and glucose levels were independent prognostic factors for in-hospital mortality in model
A, whereas age, pupillary reactivity, GCS score, EDH, glucose levels, INR >1.25, and APTT >36 s exhibited
strong prognostic effects in model B. Discrimination and calibration were good for the development group in
both prediction models. However, the external validation test showed that calibration was better in model B
than in model A for patients from the validation population (Hosmer-Lemeshow test, p=0.152 vs. p =0.046,
respectively).

Conclusions: Coagulation tests can improve the predictive power of the standard model for in-hospital
mortality after TBI.
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Background

Traumatic brain injury (TBI) is the leading cause of
morbidity and disability in trauma patients and is
responsible for a significant proportion of traumatic
deaths in young adults [1, 2]. Coagulopathy is commonly
observed after TBI [3-5]. Although the incidence of
coagulopathy is strongly associated with the severity of
the injury, coagulopathy itself exerts an independent
effect on mortality [4, 6, 7].

The reported incidence of TBI-associated coagulopa-
thy ranges from 10 to 87.5% [8—10]. The wide range of
values reflects the lack of a standard definition for coag-
ulopathy. Other factors contributing to the variability in
incidence rates include differences in the patient popula-
tions evaluated, blood sampled at different time points,
and the use of various coagulation assays. Moreover,
studies investigating the same coagulation marker may
use different cutoff values or sensitivity levels, thereby
limiting generalizability. A recent meta-analysis of 22
studies found the overall incidence of TBI-associated
coagulopathy to be 35.2% [11]. A previous study found
that the presence of coagulopathy was associated with a
nine-fold increase in the odds for mortality and
increased the likelihood of a poor outcome by a factor of
36 [9]. Thus, it is clear that the development of coagu-
lopathy after TBI is significantly associated with in-
creased mortality and poor outcomes [12, 13].

Standard laboratory tests used to measure hemostasis
and bleeding risk in patients with TBI include the inter-
national normalized ratio (INR), prothrombin time (PT),
activated partial thromboplastin time (APTT), and
platelet counts (PLT). D-dimer and fibrinogen (FIB)
levels may provide additional useful data; however, their
use is not routine. PT and APTT were originally devel-
oped to measure the in vitro activity of specific coagula-
tion factors; however, they are currently used to predict
the bleeding risk in perioperative neurosurgical patients
[14]. The coagulation panel and PLT may also be used
to predict the bleeding risk.

Some admission predictors such as age, absence of
pupillary reactivity, the Glasgow Coma Scale (GCS)
score, and CT characteristics have been routinely used
to predict outcome in patients with TBI [15]. Although
coagulation abnormalities may be a better predictor of
mortality than the absence of the bilateral pupillary light
reflex in some patients [16], prognosis is rarely predicted
by coagulation status alone in the clinical setting.
However, it is not known whether using the standard
independent predictors in conjunction with coagulation
tests would improve their prognostic value.

The aims of our study were two-fold: first, to determine
the incidence of TBl-associated coagulopathy in patients
with isolated TBI (iTBI) who attended an adult neuro-
trauma center; second, to evaluate the prognostic value of
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coagulation tests with respect to in-hospital mortality and
to test their predictive power in prediction models for in-
hospital mortality in patients with iTBI. Furthermore, we
performed validation tests to assess the internal and exter-
nal validity.

Methods

Patient population

Two thousand three hundred nineteen consecutive
patients with iTBI who attended the Huashan Hospital
Department of the Neurosurgery Neurotrauma Center
at Fudan University in China between December 2004
and June 2015 were retrospectively collected in this
study. The inclusion criteria were as follows: TBI with
radiological signs of intracranial brain injury (epidural
or subdural hematoma [EDH or SDH], intraparenchy-
mal hemorrhage [IPH], contusion, or subarachnoid
hemorrhage [SAH]) documented using computed
tomography (CT); =14 years of age; and admission
within 24 h of TBI. Patients with traumatic injury to a
body region other than the brain with an Abbreviated
Injury Severity score > 3, a penetrating brain injury, preex-
isting coagulapthy or concurrent use of anticoagulant or
antiplatelet agents were excluded from the study. All
patients were evaluated and treated according to the
Guidelines for the Management of Severe Head Injury.
The course of the study was authorized from the Ethical
Committee of our institution.

Demographic data and coagulation tests

Clinical and demographic characteristics, including age,
sex, mechanism of injury, pupillary reaction to light,
GCS score at admission, use of an intracranial pressure
monitor, decompressive craniectomy (DC), and length of
stay (LOS) were recorded for all patients. Moreover, the
results of the initial CT scan on admission were used to
assess the severity and type of injury.

PLT and coagulation tests, including INR, PT, APTT,
and FIB and D-dimer levels, were performed in all pa-
tients within 12 h of injury and assessed at the Huashan
Hospital Central Clinical Chemistry Laboratory using
routine laboratory assays. We carefully examined the
distributions of the coagulation tests, and the shape of
the relationships between the continuous variables and
mortality were examined by univariate analysis with a
non-linear correlation (cubic spline functions). These
relationships were continuous with no clear indication
of threshold values. To obtain comparable odds ratios
for the relationships, we rescaled each variable as
follows: PT <14 to >14 s, APTT <36 to >36 s, INR <1.25
to >1.25, D-dimer level<1, 1-5 to >5 mg/L, and FIB
<1.5 to >1.5 g/L. PLT was classified as normal (2100 x
10°/L) and low (<100 x 10°/L). Coagulopathy was de-
fined as one or more of the following: PLT <100 x 10°/L,
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INR >1.25, PT >14 s, and APTT >36 s. Furthermore,
hemoglobin (Hb), hematocrit (HCT) and glucose levels
were measured and recorded. The main outcome meas-
ure was in-hospital mortality.

Statistical analysis

Continuous variables were expressed as means * standard
deviation or medians (interquartile range) and categorical
variables as percentages. The univariate analyses of
categorical data were performed using the chi-squared
test. Equality of variance was assessed using Levene’s test.
Normally distributed variables were compared using
Student’s t-tests or analysis of variance, whereas non-
normally distributed variables were compared using the
Kruskal-Wallis or Mann—Whitney U-tests. A univariate
analysis with non-linear correlation (cubic spline func-
tions) was used to evaluate the shape of the relationship
between the continuous variables and outcome.

The prognostic models were derived from the data of
1643 patients recruited between December 2004 and
December 2011. Following the univariate analyses, a for-
ward stepwise logistic regression analysis of in-hospital
mortality was used to develop the prediction models.
Two models for in-hospital mortality were developed
based on admission characteristics: model A included
standard predictors such as age, GCS score, pupil
reactivity, type of injury, Hb, and glucose levels, and
model B included the results of the coagulation tests in
addition to the predictors from model A.

Performance of the models was assessed according to
discrimination, by means of the c statistic (equivalent to
the area under the receiver operator characteristic curve)
and calibration, using the Hosmer—Lemeshow (H-L)
goodness-of-fit test. The bootstrap resampling method
was used to assess the internal validity of our models
[17]. External validation were assessed using an external
series of 676 patients with iTBI who were recruited
between January 2012 and June 2015. The c statistic was
used to assess discrimination and a smooth, nonpara-
metric calibration line created using the LOWESS algo-
rithm was used to assess calibration graphically in the
models. The H-L test used the R code function written
by Steyerberg [17]. The R statistical package for
Windows version 2.12.1 (The R Foundation for Statis-
tical Computing) was used to conduct the statistical
tests. P-values <0.05 were deemed to indicate statistical
significance.

Results

Overall, 18.6% (n=432) of the patients in our study
developed coagulopathy after iTBI. Coagulopathy devel-
oped in 30.4% of patients with severe iTBI and in 11.4%
(m=126) of patients with mild iTBL. The prevalence of
acute traumatic coagulopathy is associated with the
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severity of the brain injury. We observed an INR >1.25
in 5.8% of patients, PT >14 s in 8.1%, APTT >36 s in
5.6%, PLT <100 x 10°/L in 10.7%, FIB level < 1.5 g/L in
15.3%, and D-dimer level >5 mg/L in 22.1% of patients.
These percentages were closely associated with the
severity of brain injury, with significance detected
among the three groups. Patients with severe TBI had a
significantly higher median INR, PT, APTT, D-dimer
level and lower PLT and FIB level than those with milder
injuries (Table 1).

The patient characteristics and outcomes for the coag-
ulopathy and non-coagulopathy groups are shown in
Table 2. The proportions of patients with none pupillary
reactivity, IPH, ICP monitoring and craniectomy were
comparatively high in the coagulopathy group and low
in non-coagulopathy group. The glucose and LOS were
higher in the coagulopathy group, whereas the GCS at
admission and Hb levels were lower in the coagulopathy
group. The in-hospital mortality rate was significantly
higher in the coagulopathy compared with the non-
coagulopathy group.

The patient characteristics and outcomes for the
model-development and validation groups are shown in
Table 3. We found several significant between-group dif-
ferences: the validation patients were older than those in
the development group (mean age, 48.07 vs. 47.84 years,
respectively), and the proportions of patients with bilat-
eral pupillary reactivity, IPH, SAH, and a fractured skull
were comparatively low in the development group and
high in the validation patients. The proportions of
those with diffuse axonal injury, PT >14 s and PLT
<100 x 10°/L were high in the development compared
with the validation group. The median glucose, HCT,
and D-dimer levels were higher in the development
patients, whereas the median INR, PT, and Hb levels
were higher in the validation patients. The in-hospital
mortality rate was not significantly different between
groups.

The univariate analysis revealed that all predictors
were statistically significant with respect to in-hospital
mortality. A nonlinear relationship was observed be-
tween PLT and the coagulation tests; thus, each variable
was rescaled (Fig. 1).

The results of the multivariable logistic regression
analysis are shown in Table 4. Age, pupillary reactiv-
ity, GCS score, EDH, and glucose levels were inde-
pendent prognostic factors for in-hospital mortality
in model A. In model B, age, pupillary reactivity,
GCS score, EDH, glucose levels, INR >1.25, and
APTT >36 s were strong prognostic indicators of in-
hospital mortality. Epidural hemorrhage detected by
CT was a relatively favorable sign, whereas INR
>1.25 and APTT >36 s were associated with higher
in-hospital mortality.
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Table 1 Summary of patient characteristics and coagulation tests by the severity of TBI
Severe injury Moderate injury Mild injury Total
(GCS 3-8) (GCS 9-12) (GCS 13-15)

N 662 547 1110 2319
Age (yrs) (mean + SD) 4784 +16.03 4807 £15.95 4705+17.03 4752 +16.50
Sex

Male 513 (77.5) 430 (78.6) 819 (73.8) 1762 (76.0)

Female 149 (22.5) 117 214) 291 (26.2) 557 (24.0)
Mechanism of injury

Motor vehicle accident 422 (63.7) 334 (61.1) 593 (534) 1349 (58.2)

Fall 99 (15.0) 78 (14.3) 147 (13.2) 324 (14.0)

Stumble 86 (13.0) 83 (15.2) 219 (19.7) 388 (16.7)

Blow to head 32 (4.8) 29 (53) 113 (10.2) 174 (7.5)

Others 23 (3.5) 23 (4.2) 38 (34) 84 (3.6)
Pupillary reactions*

Both reacting 387 (58.5) 528 (96.5) 1110 (100) 2025 (87.3)

One reacting 195 (29.5) 19 (3.5) 0(0) 214 (9.2)

None reacting 80 (12.1) 0(0) 0 (0) 80 (34)
Type of injury

SDH* 263 (39.7) 154 (28.2) 231 (20.8) 648 (27.9)

EDH 184 (27.8) 152 (27.8) 304 (27.4) 640 (27.6)

IPH* 526 (79.5) 435 (79.5) 610 (55.0) 1571 (67.7)

TSAH* 405 (61.2) 311 (56.9) 521 (46.9) 1237 (53.3)

DAI* 60 (9.1) 11 (2.0) 3(03) 74 (3.2)

Skull fracture* 88 (13.3) 110 (20.1) 265 (23.9) 463 (20.0)
INR* 1.08 (1.02-1.16) 1.05 (1.00-1.12) 1.03 (0.99-1.08) 1.05 (1.00-1.12)
INR > 1.25% 76 (11.5) 27 (49 31 (2.9) 134 (5.8)
PT(s)* 124 (11.8-134) 120 (11.4-12.8) 118 (11.2-12.3) 120 (11.3-12.8)
PT> 14 s* 100 (15.1) 36 (6.6) 51 (46) 187 (8.1)
APTT(s)* 26.1 (23.5-29.8) 250 (22.0-28.9) 24.7 (22.0-27.5) 25.0 (224-285)
APTT > 36 s* 64 (9.7) 24 (44) 43 (3.9) 131 (5.6)
FIB(g/L)* 2.1 (1.5-3.1) 23 (1.8-3.1) 25 (1.9-3.1) 23(1.8-3.1)
FIB< 1.5 g/L* 174 (26.3) 82 (15.0) 98 (8.8) 354 (15.3)
D-dimer (mg/L)* 2.856 (0.840-7.080) 2.101 (0.852-5.174) 0.879 (0.300-2.451) 1.552 (0.453-4.298)
D-dimer <1 mg/L* 186 (28.1) 154 (28.2) 591 (532 931 (40.1)
D-dimer 1-5 mg/L 238 (36.0) 249 (45.5) 388 (35.0) 875 (37.7)
D-dimer >5 mg/L 238 (36.0) 144 (26.3) 131 (11.8) 513 (22.1)
PLT(x107/L)* 158 (115-204) 167 (129-210) 178 (147-213) 171 (134-210)
PLT < 100 X 10°/L* 115 (174) 63 (11.5) 69 (6.2) 247 (10.7)
Coagulopathy* 201 (304) 105 (19.2) 126 (11.4) 432 (18.6)
Hb(g/L)* 125 (108-141) 134 (117-146) 135 (123-147) 133 (117-145)
HCT(%)* 37.1(32.2-409) 38.8 (34.5-42.1) 395 (36.3-42.7) 387 (34.6-42.1)
Glucose(mmol/L)* 86 (7.3-104) 77 (6.7-9.2) 6.8 (6.0-8.0) 75 (64-9.0)
ICP monitoring*® 447 (67.5) 233 (42.6) 80 (7.2) 760 (32.8)
Craniectomy* 365 (55.1) 136 (24.9) 39 (3.5) 540 (23.3)
Mortality* 131 (19.8) 27 (49) 16 (1.4) 174 (7.5)
LOS* 18 (11-28) 15 (10-22) 9 (6-14) 13 (8-20)

The univariate analyses of categorical data were performed with a chi-square test. Normally distributed variables were compared using ANOVA, whereas
nonnormally distributed variables were compared using the Kruskal-Wallis test

*P<0.05
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Table 2 Patients Characteristics and Outcome of the
Coagulopathy and Non-coagulopathy Patients

Coagulopathy  Non-coagulopathy P value

(n=432)n (%) (n=1887) n (%)
N 432 1887
Age (yrs) (mean +SD) 4753 +17.16  4751+1634 0.984
Sex
Male 332 (76.9) 1430 (75.8) 0.639
Female 100 (23.1) 457 (24.2)
Mechanism of injury
Motor vehicle accident 273 (63.2) 1076 (57.0) 0.087
Fall 62 (14.4) 262 (13.9)
Stumble 58 (134) 330 (17.5)
Blow to head 25 (5.8) 149 (7.9)
Others 14 (3.2) 70 (3.7)
Pupillary reactions
Both reacting 337 (78.0) 1688 (89.5) <0.001
One reacting 61 (14.1) 153 (8.1)
None reacting 34 (7.9) 46 (2.4)
Type of injury
SDH 7 (31.7) 511 (27.1) 0.053
EDH 6 (29.2) 514 (27.2) 0419
IPH 330 (76.4) 41 (65.8) <0.001
tSAH 235 (544) 1002 (53.1) 0.626
DAl 19 44) 55 (29 0.114
Skull fracture 85 (19.7) 378 (20.0) 0.867
Injury severity(GCS at 9 (6-13) 13 (9-15) <0.001
admission)(mean + SD)
GCS 3-8 1 (46.5) 1(244) <0.001
GCS 9-12 105 (24.3) 442 (234)
GCS 13-15 6 (29.2) 984 (52.1)
Hb(g/L) 119 (101-137) 5 (121-147) <0.001
Glucose(mmol/L) 8.0 (6.6-9.8) 74 (6.3-8.8) <0.001
ICP monitoring 193 (44.7) 567 (30.0) <0.001
Craniectomy 167 (38.7) 373 (19.8) <0.001
Mortality 76 (17.6) 98 (5.2) <0.001
LOS 15 (8-25) 12 (8-19) <0.001

We developed two prediction models for in-hospital
mortality. The performance of each model is shown in
Table 5. The discrimination for in-hospital mortality in
the development group was good in both models (model
A, ¢=0.882 and model B, ¢=0.893), and the H-L test
revealed good calibration in both models (p > 0.05).

The internal validation test showed no over-optimism
bias in the predictive ¢ statistic of either model. The
external validation test showed good discrimination for
mortality in both predictive models (model A, ¢ =0.868
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and model B, ¢=0.875). However, calibration was
better in model B than in model A (H-L test, p = 0.152 vs.
p =0.046, respectively). Thus, model B was generalizable
and predicted in-hospital mortality in new patients more
accurately compared with model A. Calibration curves for
the outcomes are shown in Fig. 2.

Discussion

We examined the prognostic value of admission coagu-
lation tests with regard to in-hospital mortality after
iTBI and developed a series of prognostic models to pre-
dict the probability of in-hospital mortality.

Multivariate logistic regression analysis revealed that
age, pupillary reactivity, GCS, EDH, glucose levels, INR
>1.25, and APTT >36 s were independently associated
with in-hospital mortality. These variables can be readily
obtained on admission to a neurosurgical unit and are
consistent with prior studies of prognostic predictors [15].
Both of our prediction models, which were based on ad-
mission predictors, had excellent discrimination and cali-
bration in the development group. Good generalizability is
essential for predicting outcomes in new patients; thus, we
assessed the external validity of our prognostic models to
assess their generalizability. External validation confirmed
that the prediction model using a combination of standard
predictors and coagulation tests had better and more
accurate calibration than that of the model based on
standard predictors alone and had good generalizability.
Thus, the most important and novel finding of our study
is that the addition of coagulation test results to a multi-
variate logistic regression analysis can improve the
predictive power of the standard prognostic model for in-
hospital mortality. To the best of our knowledge, our
study is the first to demonstrate the feasibility of this com-
bined approach to predict outcomes in patients with TBIL

The ability to predict outcomes is crucial for effective
care of patients with TBI [18, 19]. Information provided
to relatives should be based on solid clinical and
scientific evidence, which will help them prepare for the
future and facilitate their understanding of the risky and
potentially painful interventions that TBI patients may
be required to undergo. Predictive systems promote
quality assurance by providing a means for assessing pa-
tient care that can be used to make comparisons across
or within institutions [20, 21]. The clinical value of pre-
dictors in an outcome prediction model is determined
by their reliability on assessment, the prevalence of
abnormalities, and the strength of the prognostic effect
(odds ratios). The coagulation tests we investigated are
standardized among laboratories and, thus, are objective
and reliable. The prevalence of abnormal values was
substantial for the coagulation tests investigated. The
strongest predictive effects were observed for INR and
APTT. Multiple associations were observed among
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Table 3 Patients Characteristics and Outcome of the

Development Patients and the Validation Patients
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Table 3 Patients Characteristics and Outcome of the
Development Patients and the Validation Patients (Continued)

Development Patients Validation Patients P value Development Patients Validation Patients P value
(n=1643) n (%) (n=676) n (%) (n=1643) n (%) (n=676) n (%)
N 1643 676 Hb(g/L) 130 (112-144) 131 (115-144) 0.023
Age (yrs) 47.84+£16.03 48.07 £15.95 0.042 HCT (%) 386 (33.6-42.3) 385 (344-41.8) 0.003
(mean £5D) Glucose(mmol/L) 74 (6.2-86) 72 (6.3-86) 0001
Sex ICP monitoring 509 (31.0) 251 (37.1) 0004
Male 1253 (763) 209(753) 9620 raniectomy 406 (24.7) 134 (19.8) 0011
Female 39023.7) 167 (247) Mortality 128 (7.8) 46 (68) 0413
Mechanism of injury LOS 11.(7-17) 1(7-18) <0001
Motor vehicle 970 (59.0) 379 (56.1) 0.233
accident
Fal 2150130 10906 coagulation tests and between coagulation tests and clin-
Stumble 268 (163) 120 (17.8) ical parameters; however, the prognostic effects
Blow to head 127 (77) 47 (70 remained substantial following adjusted analysis, sug-
Others 63 (3.8) 21 3.0 gesting that the coagulation tests are of considerable
Pupillary reactions prognostic relevance in TBL
Both reacting 1413 (86.0) 612 (90.5) 0011 We found that 18.6% of the study population devel-
_ oped coagulopathy after iTBI, and 30.4% of the patients
One reacting 169 (10.3) 45 (6.7) . . . .
with severe iTBI experienced coagulopathy. These find-
None reacting 61 (3.7) 19 28) ings are consistent with previous reports [9, 10]. A
Type of injury meta-analysis of 22 studies found an overall incidence of
SDH 443 (27.0) 205 (30.3) 0.101 TBI-associated coagulopathy of 35.2%; however, the
EDH 468 (28.5) 172 (25.4) 0137 definition of coagulopathy and the patient populations
Py 1076 (65.5) 495 (732) <0.00] varied ‘among the included studies [11]. .
AN 811 (494) 426 (630) 0001 Previous studies have shown that the most consistent
coagulation abnormality is PT [7, 22]. PT reflects the ac-
DA 61G7) 13019) 0026 tivation time of the extrinsic, or tissue factor, pathway
Skull fracture 280 (17.0) 183 27.1) <0001 based on the cascade model of hemostasis. Most previ-
Injury severity ous investigations of TBI-associated coagulopathy
GCS 3-8 486 (29.6) 176 (26.0) 0.180 focused on PT or INR abnormalities [23, 24]. The Inter-
GCS 9-12 388 (236) 159 (23.5) national Mission on Prognosis and Analysis of Clinical
Trials in TBI (IMPACT) study found that PT prolonga-
GCS 13-15 769 (46.8) 341 (504) . .. . .
tion on admission was present in 221 of 850 patients
INR 1.05 (1.00-1.11) 105 (100-1.12) 0012 (26%) and was associated with a 64% increase in mortal-
INR>1.25 97 (59) 37.(55) 0.686 ity risk [12]. APTT reflects the activation time of the in-
PT(s) 114 (109-12.1) 115 (109-12.3) <0001 trinsic, or contact activation, pathway and is particularly
PT>14 s 152 (93) 35 (52) 0,001 sensitive to deficiencies in coagulation factors IX, XI,
APTT(S) 241 (214-267) 244 (219-27.9) 0.05 and VI.II. Althopgh affected less. often than the PT,
APTT > 36 < % (60) 33 49) 0305 APTT is more highly correlated with poor outcome and
mortality than are other markers of coagulation [25, 26].
FIB(g/L 23(1.7-32) 23(17-31) 0638 Thrombocytopenia on admission is a complication of
FIB<15g/L 247 (15.0) 107 (15.8) 0629 TBI in fewer than 10% of cases [12, 27, 28]. In our study,
D-dimer (mg/L) 5005 (2.240-13.810)  3.230 (1.240-11.540) <0.001 10.7% of patients had a PLT <100 x 10°/L. Thus, coagu-
D-dimer <1 mg/L 729 (44.4) 202 (29.9) <0001 lation tests may provide more useful information on
D-dimer 1-5 mg/ 641 (39.0) 234 (346) mortality after TBI than do the standard admission
L variables.
D-dimer >5 mg/L 273 (166) 240 (35.5) Recognition of the importance of coagulopathy in TBI is
PLTOAIO) 7 (130-215) 171 137-213) 0999 increasing. The mechanisms underlying TBI—assoc1at‘ed
. coagulopathy are not well understood, although massive
PLT<100x 1070 189 (1135) 58 (86) 0038 release of tissue factor, altered protein C homeostasis,
Coagulopathy 1(20.1) 101 (14.9) 0.003

microparticle upregulation, and platelet hyperactivity have
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been shown to play prominent roles [5, 29]. Hypocoa-
gulable and hypercoagulable phenotypes have been
identified in patients after TBI; however, their clinical
significance, pathophysiological mechanisms, and tem-
poral relationships are not well understood. Routine
coagulation tests, such as PT, APTT, and PLT, dem-
onstrate poor sensitivity to the disturbances associated
with TBI-related coagulopathy and do not explain the
observed hypercoagulability.

Table 4 Multivariable Logistic Regression Analysis of Association
Between Predictors and in-hospital mortality

Predictors Model A (Basic) (95% Cl) Model B (Basic +
coagulation test) (95% Cl)
Age 1.03 (1.02-1.05) 1.03 (1.02-1.05)
GCS 0.76 (0.71-0.82) 0.76 (0.70-0.82)
Pupillary reactions  1.93 (1.35-2.76) 167 (1.15-243)
EDH 0.38 (0.21-0.67) 0.37 (0.21-0.68)
Glucose 1.14 (1.08-1.21) 4 (1.07-1.20)
INR>1.25 - 265 (1.34-5.23)
APTT>36s - 3.25 (1.67-6.34)

Although our results clearly indicate that coagulation
tests may play a significant role in prognostic models
and calculators for patients with TBI, caution should be
exercised in interpreting our data. First, although our
sample size was relatively large, the time course of our
study was relatively long and different levels of emer-
gency may exist. Furthermore, the low rate of mortality

Table 5 Performance and Validation of Prediction Models

In-hospital Mortality pe
C Statistic (95%Cl)

Development(n = 1643)

Model A 0.882 (0.855-0.909) 0.925

Model B 0.893 (0.865-0.920) 0.240
Internal Validation®

Model A 0.878 (0.851-0.905) -

Model B 0.890 (0.862-0.917) -
External Validation(n = 676)

Model A 0.868 (0.816-0.921) 0.046

Model B 0.875 (0.824-0.927) 0.152
?H-L tests

PInternal validation with 200 bootstrap re-samples using Harrell’s validation function
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among our patients may have exaggerated the predictive
power of our models. A second limitation of our study is
that although we demonstrated the potential prognostic
power of coagulation tests used in combination with
parameters obtained at admission, the technology and
methodology we used to assess coagulation tests cannot
be readily obtained at admission.

We believe our findings highlight the importance of
including coagulation test results in state-of-the-art out-
come prediction models and set the stage for using this
approach in future large-scale clinical trials. Moreover,
we believe our results pave the way for the development
of tools that connect basic science and clinical research
with clinical evidence-based decision making that will
ultimately improve the care of patients with TBL

Conclusion

Coagulopathy is commonly observed after TBI and is as-
sociated with the severity of brain injury. Coagulation
tests can improve the predictive power of the standard
model for in-hospital mortality after TBI.
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