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Abstract

Progression of intracranial hemorrhage (PICH) is a significant cause of secondary brain injury in patients with traumatic brain

injury (TBI). Previous studies have implicated a variety of mediators that contribute to PICH. We hypothesized that patients

with PICH would display either a hypocoagulable state, hyperfibrinolysis, or both. We conducted a prospective study of adult

trauma patients with isolated TBI. Blood was obtained for routine coagulation assays, platelet count, fibrinogen, thrombe-

lastography, markers of thrombin generation, and markers of fibrinolysis at admission and 6, 12, 24, and 48 h. Univariate

analyses were performed to compare baseline characteristics between groups. Linear regression models were created, ad-

justing for baseline differences, to determine the relationship between individual assays and PICH. One hundred forty-one

patients met entry criteria, of whom 71 had hemorrhage progression. Patients with PICH had a higher Injury Severity Score

and Abbreviated Injury Scale score (head), a lower Glasgow Coma Scale score, and lower plasma sodium on admission.

Patients with PICH had higher D-dimers on admission. After adjusting for baseline differences, elevated D-dimers remained

significantly associated with PICH compared to patients without PICH at admission. Hypocoagulation was not significantly

associated with PICH in these patients. The association between PICH and elevated D-dimers early after injury suggests that

fibrinolytic activation may contribute to PICH in patients with TBI.
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Introduction

Traumatic brain injury (TBI) is uniquely associated with a

coagulopathic state, though the mechanism is incompletely

understood.1–3 In patients with TBI, the extent of brain damage is

determined by the severity of the primary mechanical injury as well

as the degree of secondary brain injury. Coagulopathy has been

recognized as a major factor contributing to progression of intra-

cranial hemorrhage, a major cause of secondary brain injury, and

worse outcome after TBI.4 Overall, up to 50% of patients with TBI

develop progression of intracranial hemorrhage (ICH), as evi-

denced by a new or increasing size lesion on repeat head computed

tomography (CT) scans.5

The brain is rich in tissue factor, and the release of tissue factor in

TBI leads to activation of the coagulation system and may even-

tually contribute to disseminated intravascular coagulation, con-

sumptive coagulopathy, microvascular thrombosis, and the acute

coagulopathy of trauma.1–3,6–8 Eighty-five percent of patients with

at least one abnormal routine coagulation test will develop pro-

gression of ICH, yet even in patients with normal coagulation as-

says, one third of patients will still develop progression.4 This

highlights the controversial nature of correlating routine coagula-

tion tests and progression of ICH, as shown in the literature. Stein

and colleagues demonstrated that an abnormal international nor-

malized ratio (INR), activated partial thromboplastin time (aPTT),

and platelet count are independently correlated with progression of

intracranial hemorrhage.9 Oertel and colleagues showed that only

the aPTT correlated with injury progression,10 whereas Schnuriger

and colleagues showed that decreased platelet count is associated

with increased ICH progression.5

Although the relative impact of individual clotting abnormalities on

progression of ICH continues to be the subject of debate, it is clear that

patients with demonstrated coagulopathy after TBI have a signifi-

cantly increased rate of ICH progression compared to those without

coagulopathy.11 Given that progression of ICH is independently as-

sociated with increased need for surgical intervention, poorer long-

term neurological outcome, and a 5-fold increase in mortality, a better

understanding of the mechanism involved has the potential to lead to

the development of an intervention that could limit ICH progression

and have a major impact on patient outcomes.12

Thrombelastography (TEG) has been used to study trauma pa-

tients.13 In a prospective study, hyperfibrinolysis occurred in 6% of

the study population.14 In severely injured trauma patients receiving

massive transfusions, the incidence of fibrinolysis may be as high as
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34%.15 Further, hyperfibrinolysis (lysis at 30 min [LY30] >3%) in

trauma patients was associated with a 76% mortality rate.16 We

sought to characterize the coagulation profile in patients with ICH to

determine the relationship between specific coagulation pathways

and PICH. We hypothesized that patients with PICH would display

either a hypocoagulable state, hyperfibrinolysis, or both.

Methods

Patients and laboratory assays

We conducted a single-center, prospective, observational study of
major trauma patients presenting to an urban Level I trauma center
from October 2011 to December 2014 in accordance with the De-
claration Helsinki code of ethics. The primary aim of this study was to
examine the association between progression of intracranial hemor-
rhage and TEG values. The association between intracranial hemor-
rhage and coagulation parameters was a secondary analysis. Adult
trauma patients with isolated blunt TBI (head Abbreviated Injury
Scale [AIS] ‡3 and £2 in other regions) were enrolled. Exclusion
criteria included age <15 years, pregnancy, warfarin or clopidogrel use
within 30 days of the injury, red cell, platelet, fresh frozen plasma, or
cryoprecipitate transfusion in the first 6 h after admission, use of
recombinant factor VIIa, or the presence of a known coagulation
disorder. Consent was obtained under an institutional review board–
approved waiver of informed consent. Attempts were made to consent
the patient, or a legally authorized representative if the patient was not
able to provide consent, as soon as possible. In the situation where no
legally authorized representative was available or the patient did not
become consentable, the patient was excluded from the study.

Patient characteristics, including demographics, admission phys-
iological and laboratory values, AIS scores, and Injury Severity
Score (ISS), were recorded. Blood was obtained at admission, 6,
12, 24, and 48 h for coagulation assays, prothrombin time (PT),
INR, aPTT, fibrinogen, and D-dimer (STAGO compact; Diagnostica
Stago S.A.S., Asnières-sur-Seine, France), TEG (TEG 5000; Hae-
monetics Corporation, Boston, MA), thrombin-antithrombin com-
plexes (MyBioSource, San Diego, CA), prothrombin fragments
1 + 2, (MyBioSource), plasminogen activator inhibitor 1 (PAI-1),
and tissue plasminogen activator (tPA; Procarta Biosystems Ltd.,
Norwich, UK). TEG was performed at the same time points. Fresh
whole-blood specimens in kaolin-activated cups were used. Stan-
dard TEG measurements, including R value, K value, maximum
amplitude, a angle, and LY30, were obtained.

Imaging

Computerized axial tomography (CAT) of the head was per-
formed at admission and 6 h after admission in all patients, per insti-
tutional protocol. Volumes of subdural, epidural, and intraparenchymal
hemorrhages were quantified using the previously validated ABC/2
method.17 Briefly, the CAT slice with the largest area of hemorrhage
was identified. The largest diameter (A) of the hemorrhage on this
slice was measured. The largest diameter 90 degrees to A on the
same slice was measured next (B). Finally, the approximate
number of 10-mm slices on which the ICH was seen was calculated
(C).17,18 Progression of hemorrhage was defined as ‡30% increase
in the total hemorrhage volume, or by attending radiologist in-
terpretation in the case of subarachnoid hemorrhage. Previous
literature has established that hemorrhage growth of *30% on
serial head CAT is a conservative definition for progression of
intracranial hemorrhage.19

Statistical analyses

Baseline patient characteristics were compared between patients
with and without progression of intracranial hemorrhage. Median
values of each lab value were plotted over time by progression status.

Labs at admission and 6 h were compared between patients with and
without progression of intracranial hemorrhage. To determine whe-
ther there was a significant difference in lab values between patients
with and without ICH progression, linear regression was conducted
with the lab value as the outcome and progression status as the pri-
mary predictor. The analysis was conducted separately for admission
and 6 h. Patient covariates were included in this regression analysis if
p < 0.25 when comparing those who progressed and those who did
not. The covariates included in the linear regression model were sex,
aspirin use within week preceding injury, age, ISS, Glasgow Coma
Scale (GCS), and AIS head.

Labs at admission and 6 h were compared between patients who
progressed and did not progress. To determine whether there was a
significant difference in lab values between patients who did and did
not have ICH progression, linear regression was conducted with the
lab value as the outcome and progression status as the primary pre-
dictor. Lab values were log transformed when heavily right skewed.
This analysis was conducted separately for admission and 6 h.
Patient covariates were included in this regression analysis if they
were thought to be clinically meaningful and p < 0.25 when
comparing between progressers and non-progressers; therefore,
the covariates included were sex, aspirin in week preceding age,
ISS, GCS, and AIS head. In order to correct for multiple com-
parisons, a Bonferroni correction was used and a p value of <0.002
was considered significant (13 labs, two times, 26 comparisons,
0.05/26 = 0.0019, *0.002).

Descriptive statistics and plots over time were performed for
all time points (admission, 6 h, 12 h, 24 h, and 48 h). A receiver
operating characteristic (ROC) curve was generated to illustrate
the performance of log-transformed D-dimer at admission and 6 h
in classifying patients with and without progression. No other
patient characteristics were controlled for in the generation of
these ROC curves.

Patient data were deidentified and maintained in a Microsoft
Excel database (Microsoft Corporation, Redmond, WA). Data are
presented as mean – standard deviation or median (interquartile
rage; IQR) or percentage, as appropriate. Univariate comparisons
were made using Student’s t-test for normally distributed data,
Mann-Whitney U tests for non-normally distributed data, and chi-
square or Fischer’s exact test for proportions. Analyses were per-
formed using SAS software (SAS Institute Inc., Cary, NC). This
study was approved by the Institutional Review Board at Oregon
Health & Science University and followed the ethical principles of
the Declaration of Helsinki.

Results

Patients

One hundred forty-one patients met entry criteria, of which 71

demonstrated PICH on repeat head CT at 6 h (50%). Patients with

PICH had a higher ISS (25.77 [9.78] vs. 18.99 [9.12]) and AIS head

(4 [4–5] vs. 4 [3–4]), a lower GCS (14 [4–14] vs. 14 [14–15]),

slightly lower blood sodium levels (139.28 [3.18] vs. 140.36

[2.41]), and larger 6-h hemorrhage volumes (1.64 [0.60–4.03] vs.

0.36 [0.14–0.77]). No other differences in patient characteristics at

admission were observed (Table 1).

Coagulation parameters

There were no significant differences in coagulation assays,

including INR, fibrinogen, platelet count, or aPTT at admission, 6,

12, 24, or 48 h between patients with PICH and those without

(Table 3). INR values showed a trend toward prolongation in both

groups over time (Supplementary Fig. S1). Similar to the INR, the

aPTT values showed a trend toward prolongation in both groups

(Supplementary Fig. S2). Interestingly, fibrinogen levels tended to
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increase in both groups over time, which may reflect the fact that

fibrinogen is an acute phase reactant that increases during inflamma-

tion (Supplementary Fig. S3). In contrast, platelet levels tended to

decrease over time in both groups, suggestive of consumption (Sup-

plementary Fig. S4).

No trends were observed in the temporal profile of thrombin-

antithrombin complexes (TAT) or prothrombin fragments 1 + 2

[F1 + 2] between patients with PICH and those without (Supple-

mentary Figs. S5 and S6; Table 3). These results suggest that hem-

orrhage progression was not attributable to alternations in thrombin

Table 1. Patient Characteristics by Progression

Patient characteristics at admission

Progression status

p value
No progression

(n = 70)
Progression

(n = 71)

Sex, n (%)
Male 47 (67.1) 54 (76.1) 0.24
Female 23 (32.9) 17 (23.9)

ASA in week before, n (%)
Yes 8 (11.4) 12 (16.9) 0.65
No 61 (87.1) 58 (81.7)
Unknown 1 (1.4) 1 (1.4)

Age, mean (SD) 47.1 (20.75) 53.07 (21.58) 0.10
SBP, mean (SD) 151.53 (32.47) 150.93 (26.33) 0.90
ISS, mean (SD) 18.99 (9.12) 25.77 (9.78) <0.001
GCS 14 (14–15) 14 (4–14) <0.001
AIS head 4 (3–4) 4 (4–5) <0.001
Sodium, mean (SD) 140.36 (2.41) 139.28 (3.18) 0.04
6-h hemorrhage volume (mL) 0.36 (0.14–0.77) (n = 39) 1.64 (0.60–4.03) (n = 61) <0.001
Total hemorrhage volume (mL) 0.35 (0.16–0.76) (n = 37) 0.59 (0.33–0.91) (n = 65) 0.06
TBI mortality, n 0 2 0.1

Tests used: t-test for two samples: age, SBP, ISS, sodium; Wilcoxon’s two-sample test: AIS head, GCS; Wilcoxon’s rank-sum test: hemorrhage
volumes; chi-square: sex; Fisher’s exact test: ASA. Bold italicized values are used to indicate significant findings ( p < 0.05). Interquartile range (25th–
75th percentile).

ASA, American Society of Anesthesiologists; SD, standard deviation; SBP, systolic blood pressure; ISS, Injury Severity Score; GCS, Glasgow Coma
Scale; AIS, Abbreviated Injury Scale; TBI, traumatic brain injury.

Table 2. Median (IQR) of Labs by Progression

Admission 6 h

No progression Progression No progression Progression

n Median (IQR) n Median (IQR) n Median (IQR) n Median (IQR)

INR 67 0.94 (0.89–1.03) 62 0.99 (0.94–1.12) 59 1 (0.93–1.07) 54 1.08 (0.98–1.16)
PT

(sec)
67 12.8 (12.3–13.7) 62 13.25 (12.78–14.55) 59 13.4 (12.7–14.1) 54 14.2 (13.18–15.03)

aPTT
(sec)

67 25.4 (23.1–28.3) 62 25.8 (23.93–28.53) 60 26.4 (23.40–28.25) 54 27.1 (24.50–29.53)

FIB
(mg/dL)

67 307 (256–367) 63 284 (236–377) 60 281 (224–364) 55 290 (230–352)

Plt
( · 103/lL)

68 242 (193–270) 69 217 (160–267) 29 217 (171–243) 33 181 (139–252)

F1 + 2
(pg/mL)

40 273 (210–349) 46 264 (156–373) 39 271 (193–353) 43 233 (158–394)

TAT
(lg/mL)

47 409 (186–524) 47 320 (188–510) 43 338 (180–514) 42 340 (166–490)

D-DI
(lg/mL)

64 0.57 (-0.64 to 1.48) 67 1.64 (0.77–2.68) 61 0.88 (0.14–1.50) 60 1.9 (1.07–2.91)

PAI-1
(pg/mL)

67 9355 (7201–21,800) 68 9346 (5934–25,904) 61 7033 (5557–16,455) 60 10,408 (7303–19,843)

tPA
(pg/mL)

67 1306 (578–2183) 68 1464 (740–2685) 61 794 (396–1319) 61 922 (636–1401)

LY30
(%)

69 0.6 (0–2) 69 0.3 (0.00–1.35) 58 0.35 (0.00–1.43) 59 0.4 (0.0–1.8)

INR, international normalized ratio; PT, prothrombin time; aPTT, activated partial thromboplastin time; FIB, fibrinogen; Plt, platelets; F1 + 2,
prothrombin fragments 1 + 2; TAT, thrombin-antithrombin; D-DI, D-dimer; PAI-1, plasminogen activator inhibitor 1; tPA, tissue plasminogen activator;
LY30, lysis at 30 min; IQR, interquartile range.
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generation. We therefore investigated markers of fibrinolysis to

see whether there was an association between fibrinolytic markers

and PICH.

Fibrinolysis parameters

The p value for the association between the initial volume and

D-dimers was 0.35, with an R2 value of 0.01, suggesting that there

was no significant association between the initial hematoma volume

and levels of D-dimer. In addition, the p value for the association

between the change in volume and change in D-dimer concentrations

from admission to 6 h was 0.31, with an R2 value of 0.01, suggesting

that there was no significant association between the change in vol-

ume and change in D-dimer concentrations from admission to 6 h.

In contrast to coagulation markers, there was a significant as-

sociation between D-dimers and hemorrhage progression. Patients

with PICH had higher D-dimers on admission ( p = 0.04). D-dimers

peaked at 6 h and progressively decreased over 48 h in patients with

PICH while remaining low at all time points in non-PICH patients

(Fig. 1). These results indicate that patients with PICH initially had

increased fibrinolysis at admission.

In order to ascertain whether decreased PAI-I levels or increased

tPA levels contributed to increased fibrinolysis, we measured both

of these fibrinolytic components at all time points. Both PAI-1

and tPA were highest at admission and tended to decrease in both

groups over 48 h (Supplementary Figs. S8 and S9). However, there

was no significant difference in PAI-I or tPA between patients with

PICH and those without. There was no difference in the TEG LY30

at any time point between patients with PICH and those without

(Table 2; Supplementary Fig. S9). This may be attributable to the

relative insensitivity of the LY30 to changes in fibrinolysis com-

pared to D-dimers.

The temporal relationship between PICH and D-dimers is also

important because the second CT scan was performed *6 h after

admission. Therefore, the timing of the D-dimer differences cor-

relates with the timing of the CT scan. The area under the ROC

curve (AUROC) indicates that log-transformed D-dimer discrimi-

nates between patients with and without PICH (AUROC = 0.69 at

admission; 0.72 at 6 h; Table 3; Figs. 2 and 3).

FIG. 1. D-dimer values admission to 48 h (median with IQR).
IQR, interquartile range.

Table 3. Linear Regression Models

Admission 6 h

Coefficient (95% CI) p value Coefficient (95% CI) p value

INRa 1.02 (0.98–1.05) 0.32 1 (0.97–1.03) 0.99
FIBb 0.69 (-19.79 to 21.17) 0.95 2.23 (-20.79 to 25.24) 0.85
D-DIa 1.27 (1.01–1.60) 0.04 1.18 (0.98–1.42) 0.08
Pltb –3.05 (-16.13 to 10.03) 0.65 0.97 (-18.36 to 20.30) 0.92
aPTTa 0.99 (0.96–1.03) 0.63 1.01 (0.98–1.04) 0.60
F1 + 2a 0.91 (0.75–1.09) 0.28 0.86 (0.70–1.06) 0.15
TATa 0.93 (0.78–1.12) 0.45 0.95 (0.79–1.14) 0.60
PAI-1a 1.1 (0.92–1.32) 0.30 1.11 (0.95–1.30) 0.20
tPAa 0.93 (0.77–1.12) 0.43 0.99 (0.84–1.18) 0.94
LY30a 1 (0.76–1.30) 0.98 1.22 (0.90–1.64) 0.19

Bolded italicized values are used to indicate significant findings ( p < 0.05).
aLog-transformed value used in linear regression. Coefficients are in terms of the ratio of the geometrical mean.
bRaw value used in linear regression. Coefficients are on the original scale of the lab.
cAll models controlled for sex, ASA in week before, age, ISS, GCS, and AIS head.
INR, international normalized ratio; FIB, fibrinogen; D-DI, D-dimer; Plt, platelets; aPTT, activated partial thromboplastin time; F1 + 2, prothrombin

fragments 1 + 2; TAT, thrombin-antithrombin; PAI-1, plasminogen activator inhibitor 1; tPA, tissue plasminogen activator; LY30, lysis at 30 min; CI,
confidence interval; ASA, American Society of Anesthesiologists; ISS, Injury Severity Score; GCS, Glasgow Coma Scale; AIS, Abbreviated Injury Scale.

FIG. 2. ROC curve for the classification of progression using
log-transformed admission D-dimers. ROC, receiver operating
characteristic.
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Discussion

TBI has been associated with a coagulopathic state since Penick

and McLendon described a case of a coagulopathic newborn who

suffered TBI during delivery.20 Patients with TBI are at risk for de-

veloping abnormalities of both coagulation and fibrinolysis, and there

is evidence that the extent of injured brain tissue correlates with the

degree of coagulopathy.21,22 Recent findings from the PROPPR trial

suggest that coagulopathy induced by TBI is substantial because

patients with combined TBI and hemorrhagic shock had worse coa-

gulopathy compared to those who endured either condition alone.23

Although the mechanism of coagulopathy after TBI has been

investigated extensively, the numerous hypotheses that have been

proposed indicate that the mechanisms are complex and remain

unclear. In 1974, Goodnight and colleagues hypothesized that

tissue thromboplastin released from damaged brain (now known as

tissue factor) enters the circulation, activates the extrinsic coagu-

lation pathway, and produces fibrin clot.3,12 Cerebral endothelial

cells are rich in tissue factor,24 which is considered the primary

initiator of the extrinsic pathway, and its release can activate the

coagulation system excessively in patients with TBI.3,25 Addi-

tional proposed mechanisms involve depletion of platelets and

clotting factors after blood loss or consumption from disseminated

intravascular coagulation.26,27 A more recent hypothesis suggests

that TBI alone does not cause early coagulopathy, but must be

coupled with hypoperfusion to lead to coagulation derangements

associated with the activated protein C pathway.28

Depletion of the fibrinolytic system may also contribute to the

coagulopathy after TBI. Based on this hypothesis, several studies have

investigated whether indices of fibrinolytic degradation, particularly

D-dimer, may be useful markers to assess coagulopathy in this patient

population. A cumulative assessment of the current literature indicates

that D-dimer levels may be a useful prognostic tool for predicting

PICH, but not all studies are in full agreement.29 Whereas several

studies have shown that the D-dimer value is a strong predictor of

PICH,30–33 others did not observe a significant association.34

In agreement with the majority of the literature, we demon-

strated that PICH on serial head CT was associated with elevated

D-dimers in patients with isolated blunt TBI. When plotted during

the first 48 h after injury, D-dimers peaked at 6 h and progressively

decreased in patients with PICH while remaining low at all time

points in patients without PICH. D-dimer is a fibrin degradation

product that is present in the blood when the coagulation system

is activated (as in thrombosis and disseminated intravascular co-

agulation). Given that fibrinogen is upregulated relatively slowly

with a half-life of *3–4 days,35 these finding suggest that this is a

result of clot breakdown. To explain the observed differences in

D-dimers, we examined markers of coagulation as well as markers

of the fibrinolytic pathway. To determine whether the observed

elevation in D-dimer in progressors was a result of prothrombotic

FIG. 3. ROC curve for the classification of progression using log-
transformed 6-h D-dimers. ROC, receiver operating characteristic.

FIG. 4. Fibrinolysis pathway (courtesy of Thomas Deloughery, MD). PAI-1, plasminogen activator inhibitor 1; TAFI, thrombin
activatable fibrinolysis inhibitor; tPA, tissue plasminogen activator.
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fibrin generation, we examined prothrombin fragments (F1 + 2) as

well as thrombin-antithrombin complexes.

No differences were found between progressors and non-

progressors at any time point in either marker, suggesting that the

elevated D-dimers were not a result of excess thrombin generation.

This provides confirmation of previous studies, such as those of

Folkerson and colleagues36 and Karri and colleagues.37 Of note, a

slight decrease in both groups occurred during the first 48 h after

injury, suggesting that thrombin generation decreased in both

groups, and D-dimer formation was not attributable to differences

in initiation of clot formation.

We then examined mediators involved in the fibrinolytic

pathway, which is regulated by several activators and inhibitors

(Fig. 4). The primary enzyme involved in the fibrinolytic cascade

is plasmin. Plasmin is formed when tPA and plasminogen bind

fibrin, resulting in the proteolytic cleavage of plasminogen by tPA

to its active form, plasmin. Plasmin then cleaves fibrin, leading to

the production of various products, including D-dimers. We first

looked at tPA, which is primarily responsible for the conversion

of plasminogen to plasmin. tPA was found to progressively de-

crease over time in both groups, indicating that fibrinolysis was

occurring; however, given that no differences were observed be-

tween progressors and non-progressors, the differences observed

in D-dimer formation are not likely the result of differences in

tPA. PAI-1 is another primary regulator of the fibrinolytic system

and its synthesis is highly regulated.38 PAI-1 inhibits tPA; thus,

higher levels of active PAI-1 would be expected to be associated

with decreased fibrinolysis. As with tPA, however, no differ-

ences were observed between progressors and non-progressors in

PAI-1 at any time point, suggesting that similar to tPA, differ-

ences in PAI-1 are not likely to be responsible for the observed

differences in D-dimers.

Although we propose that elevated D-dimer in patients with

PICH in this study is attributable to increased fibrinolysis, no

differences were observed in the lysis of clot based on TEG results

at 30 min (LY30). However, LY30 is a relatively insensitive

marker and continues to undergo examination for appropriate cut-

off points (hyperfibrinolysis vs. fibrinolysis shutdown, etc.). Others

have demonstrated similar findings. In one study of fibrinolytic

activation in trauma patients, fibrinolysis (as demonstrated by in-

creased plasmin-antiplasmin complexes, elevated tPA, and elevated

D-dimers) was associated with more severe injury and worse out-

come; however, 90% of the patients in the study did not meet criteria

for hyperfibrinolysis based on viscoelastic testing. The researchers

concluded that thrombelastography was an insensitive measure of

endogenous fibrinolytic activity, which they attributed to rapid hy-

drolysis of free plasmin.39

Given that our findings suggest that hyperfibrinolysis, rather

than impaired coagulation, is responsible for PICH, this further

supports the use of tranexamic acid (TXA) as a treatment to prevent

PICH in TBI patients. TXA prevents fibrinolysis by inhibiting the

conversion of plasminogen to plasmin. The CRASH-2 trial showed

that the use of TXA attenuates PICH in patients with moderate-to-

severe TBI.40 Further studies, including a large multi-center study

involving our institution, are currently ongoing to elucidate the

precise mechanisms by which TXA prevents PICH. These future

studies will additionally have sufficient power to allow for analyses

across all parameters concurrently to determine whether relation-

ships exist between coagulation parameters.

There are several limitations of this study. First, there are mul-

tiple regulators of fibrinolysis that we did not measure, including

a2-plasmin inhibitor and factor XIII. Additionally, although we

were able to measure progression of intracranial hemorrhage using

serial head CT and determine its association with a marker of fi-

brinolysis, we were unable to make any association between mor-

tality in our population and coagulopathy because our overall

mortality rate in this study was low. Finally, although we sought to

select patients with isolated TBI, study patients with progression of

intracranial hemorrhage did have significantly higher ISS. Thus,

the elevated D-dimers could be partially attributable to increased

injury severity and were therefore included in the linear regression

modeling.

In conclusion, the association between PICH and elevated

D-dimers at admission suggests that fibrinolytic activation may, in

part, be responsible for PICH in patients with TBI. D-dimer levels

may therefore be useful as a predictor of PICH in clinical settings,

which could be used to justify more aggressive treatment to prevent

PICH, such as TXA.
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