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Abstract

Background The role of acute coagulopathy after trau-
matic brain injury (TBI) on outcome has gained increasing
appreciation over the recent years. This study was con-
ducted to assess the frequency, outcome, and risk factors
associated with this complication.

Patients and Methods Using the large, multi-center pop-
ulation-based Trauma Registry of the German Society for
Trauma Surgery (TR-DGU), we retrospectively analyzed
adult patients with isolated blunt TBI (intracranial AISy.
Eap > 3 and extracranial AIS scores < 3) for the presence
of acute post-traumatic coagulopathy upon emergency room
(ER) arrival. Coagulopathy was defined as prothrombin time
test (Quick’s value) <70% and/or platelets < 100,000/pl.
Results From a total of 3,114 eligible patients with iso-
lated TBI, 706 (22.7%) presented with coagulopathy upon
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ER arrival. Coagulopathy was associated with higher rates
of craniotomies (P = 0.02), of single and multiple organ
failure and with less intubation-free days. In surviving
patients, ICU length of stay and hospital length of stay
were significantly longer, if coagulopathy had been present
at admission. The overall hospital mortality was 50.4%
(n = 356) in patients with coagulopathy vs. 17.3%
(n = 417) in non-coagulopathic patients (all P < 0.001).
Multivariate analysis identified AISggap severity grade,
GCS < 8 at scene, the presence of hypotension at scene
and/or at ER, pre-hospital i.v.-fluids >2,000 ml and age
>75 years as independent risk factors for coagulopathy
after TBI. Acute coagulopathy in TBI had an adjusted odds
ratio for hospital mortality of 2.97 (Clos: 2.30-3.85;
P < 0.001).

Conclusion Coagulopathy upon ER admission is frequent
after isolated blunt TBI and represents a powerful, inde-
pendent predictor related to prognosis. Future research
should aim to determine the beneficial effects of early
treatment of TBI-associated coagulopathy.

Keywords Traumatic brain injury - Coagulopathy -
Outcome - Mortality - Pre-hospital care

Introduction

Management of patients with traumatic brain injury (TBI)
centers around preventing secondary brain injury from
factors such as hypoxia, systemic hypotension, and intra-
cranial hypertension which have been shown to have a
profound effect on outcome [1, 2]. Recently, acute post-
traumatic coagulopathy has been recognized as another
major complication contributing to secondary brain injury
and impaired outcome after TBI [3-13], but detailed
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information on its frequency and potential risk factors to
aggravate the detrimental effects of this coagulopathy is
still lacking. This retrospective analysis was conducted to
assess the overall frequency of acute post-traumatic coag-
ulopathy in patients with isolated blunt TBI, to evaluate its
potential effects on outcome and to determine risk factors
contributing to acute TBI-associated coagulopathy, all by
using a large multi-center population-based trauma registry.

Patients and Methods

The Trauma Registry of the Deutsche Gesellschaft
fiir Unfallchirurgie (TR-DGU)

The TR-DGU [14] was initiated in 1993 by the German
Society for Trauma Surgery (DGU) for prospective, stan-
dardized and anonymous documentation of data on
severely injured patients requiring ICU treatment. Partici-
pation is voluntary and free of charge. At present, 145
trauma hospitals are participating at the TR-DGU, mainly
from Germany (www.traumaregister.de). The collected
data are structured in four consecutive time phases after
trauma: A—pre-hospital phase including treatment and
course on-scene/during transportation; B—emergency
room and initial therapy until ICU admission; C—ICU; and
D—discharge and list of injuries and interventions. The
registry comprises detailed information on demographics,
injury severity and pattern, pre- and in-hospital manage-
ment, laboratory findings, time course, and outcome of
each patient. Therefore, the documentation includes stan-
dardized scoring systems, e.g., the Glasgow Coma Scale
(GCS) and the Abbreviated Injury Scale (AIS) [15, 16],
where the grading of severity according to AIS scores
ranges from 1 to 6, with increasing severity: 1 = minor,
2 = moderate, 3 = serious, 4 = severe, 5 = critical, and
6 = maximal. The TR-DGU is approved by the review
board of the DGU and is in compliance with the institu-
tional requirements of its members.

Study Population

The TR-DGU database, comprising 35,664 patients
from 1993 to 2007, was retrospectively analyzed for
patients with an isolated blunt (=non-penetrating) TBI.
Patients < 16 years of age and secondary admissions (i.e.,
patients admitted from other hospitals) were excluded.
Patients were eligible if the documentation included com-
plete data on demographics, injury pattern and severity,
pre- and in-hospital courses (including i.v.-fluid therapy),
coagulation parameters upon hospital admission, and out-
come. Isolated TBI was defined as an intracranial AISggap
score of >3 with an extracranial AIS (AISgopy) of <3, as
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previously described [13, 17]. Based upon these criteria a
total of 3,114 patients were identified, comprising the
analyzed study population.

Definition of Coagulopathy

According to our previous work [18], coagulopathy was
defined by the presence of abnormal coagulation parame-
ters upon hospital admission of the patient, i.e.,
prothrombin time test (Quick’s value) <70% and/or
platelets <100,000/pl [19]. The prothrombin time (PT)
test—first introduced by A. J. Quick in 1935—is either
expressed in Quick-% (100% = normal) or as a PT ratio.
While the international normalized ratio (INR) was intro-
duced as a coagulation test, the PT in Quick-% is preferred
by the majority of German physicians and medical insti-
tutions, where a value of <70% is equivalent to an
INR > 1.3 [20-22]. Accordingly, the Trauma Registry of
the DGU documents PT in Quick-%.

Outcome Evaluation

The primary outcome parameters were mortality (after 6 h,
24 h, 30 days and overall in-hospital), incidence of organ
failure, Glasgow Outcome Scale (GOS), number of intu-
bation-free days, length of ICU stay, and overall hospital
stay. Organ failure was defined following the criteria of
Goris et al. [23] and neurological outcome was assessed
using the GOS according to Jennett et al. [24], where
favorable neurological outcome was defined as a GOS of 4
(moderate disability) or 5 (good recovery) at discharge.
The GOS is documented in the Trauma Registry since
2002, thus patients from 1993 to 2001 do not have a doc-
umented GOS. Intubation-free days during the first 28 days
after trauma were calculated for all patients by subtracting
the number of days with intubation from 28. If intubation
was longer than 28 days, intubation-free days were set to
zero. In the case, a patient died before day 28, intubation-
free days were set to zero as well, by definition. Thus,
intubation-free days range from 0 to 28 and lower values
are associated with a worse outcome [25, 26]. Furthermore,
lengths of stay on ICU (ICU LOS) and in hospital (HLOS)
were calculated for all patients and additionally for the
subgroup of surviving patients.

Statistical Analysis

Demographic and clinical data were compared between the
groups using the U-test for continuous variables and the
y-test for categorical variables. Data are presented as
mean with standard deviation (+SD) for continuous vari-
ables and as percentages for incidence rates. Statistical
significance was set at P-values less than 0.05. Multivariate
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analyses were performed by stepwise logistic regression
with forward variable selection, first with coagulopathy as
dependent variable to identify risk factors for the devel-
opment of early post-traumatic coagulopathy in TBI and
second with hospital mortality as dependent variable by
calculating odds ratios as well as 95% confidence intervals
(Clgs). Statistical analysis was performed applying stan-
dard statistical software (SPSS Version 15.0, SPSS,
Chicago, IL, USA).

Results

From the total of 35,664 patients in the TR-DGU, 3,114
(8.7%) were eligible for further analysis. Of these 3,114

patients with isolated blunt TBI, 706 (22.7%) presented with
coagulopathy upon ER admission. Table 1 summarizes the
demographic, clinical, and therapeutic characteristics of
patients with and without coagulopathy. In both groups
patients were predominantly male (68.2 and 69.3%). TBI
patients with coagulopathy were older (53 vs. 49 years) and
had sustained a more severe TBI as reflected by a higher
mean AISxgap (4.5 vs. 4.2) and a lower GCS at scene (6.8
vs. 9.2; all P < 0.001). The degree of extracranial injuries
was comparable between both groups (AlSgopy: 1.0 vs.
1.0). Additionally, patients in the coagulopathy group pre-
sented with a lower systolic blood pressure both at scene
(SBP: 125 vs. 134 mmHg) and upon ER arrival (125 vs.
134 mmHg; both P < 0.001). The mean rescue time from
the estimated time of injury to arrival in the ER was longer in

Table 1 Basic demographic, clinical, and therapeutical characteristics of TBI patients with and without acute coagulopathy

N Coagulopathy No coagulopathy P-value
706 (22.7%) 2,408 (77.3%)
Age (years; mean £ SD) 53 £ 22 49 £+ 21 <0.001
Male (n; %) 481 (68.2) 1669 (69.3) 0.55
ISS (points; mean £+ SD) 25+ 13 21 +9 <0.001
AlSyxeap (points; mean £+ SD) 45+ 0.7 424+ 0.7 <0.001
AlSpopy (points; mean + SD) 1.0 £ 0.9 1.0 £ 09 0.16
SBP at scene (mmHg; mean + SD) 125 + 45 134 + 34 <0.001
Heart rate at scene (bpm; mean + SD) 90 + 30 86 + 21 <0.001
GCS at scene (points; mean + SD) 6.8 44 92+ 44 <0.001
Intubation rate pre-hospital (n; %) 538 (76.2) 1329 (55.2) <0.001
Time from injury to ER (min; mean £ SD) 74 £ 50 68 £ 43 <0.001
i.v. fluids pre-hospital (ml; mean & SD) 1197 + 1006 893 £+ 704 <0.001
Crystalloids (ml; mean + SD) 825 + 642 716 £ 549 <0.001
Colloids (ml; mean £ SD) 355 £ 518 168 £+ 314 <0.001
SBP at ER (mmHg; mean £ SD) 125 £ 35 134 + 28 <0.001
Heart rate at ER (bpm; mean + SD) 90 + 24 84 + 18 <0.001
Hemoglobin (g/dl; mean 4+ SD) 11.2 £ 2.7 13£19 <0.001
Platelets (/nl; mean + SD) 153 £ 78 221 £ 66 <0.001
Prothrombin time (Quick%; mean £ SD) 55 +23 93 + 12 <0.001
Base excess (mmol/l; mean £+ SD) —4.1+£56 —-19 £ 46 <0.001
Epidural hematoma (n; %) 85 (12.0) 361 (15.0) 0.05
Subdural hematoma (n; %) 308 (43.6) 885 (36.8) 0.001
Subarachnoid hematoma (n; %) 44 (6.2) 192 (8.0) 0.12
Intracerebral hematoma/contusion (n; %) 168 (23.8) 670 (27.8) 0.03
Brain stem injury (n; %) 25 (3.5) 86 (3.6) 0.97
Craniotomy (n; %) 207 (29.3) 600 (24.9) 0.02
Blood product transfusion® (1; %) 163 (23.0) 183 (7.6) <0.001
pRBC units” (n; mean £+ SD) 1.3+34 0.3 £ 0.02 <0.001
FFP units® (n; mean £ SD) 0.6 £ 0.1 0.1 £ 0.02 <0.001

AIS abbreviated injury scale; bpm beats per minute; ER emergency room; FFP fresh frozen plasma; GCS Glasgow Coma Scale; /CU intensive
care unit; ISS injury severity score; pRBC packed red blood cells; SD standard deviation; SBP systolic blood pressure

* Blood products transfused between ER arrival and ICU admission
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patients with coagulopathy (74 vs. 68 min; P < 0.001) and
the pre-hospital intubation rate was higher in the coagu-
lopathy group (76.2 vs. 55.2%; P < 0.001).

The incidence of coagulopathy increased with increasing
injury severity, as coagulopathy rates in AISygap subgroups
3,4,5,and 6 were 14.0% (n = 72),17.3% (n = 242),31.6%
(n = 360), and 52.5% (n = 32), respectively (P < 0.001).
TBI patients with coagulopathy had received higher
amounts of i.v.-fluids prior to hospital admission (1,197 +
1,006 ml; crystalloid—colloid-ratio 2.3:1) than non-coagu-
lopathic patients (893 + 704 ml, P < 0.001; crystalloid—
colloid-ratio 4.3:1, P < 0.001). Figure 1 displays the
association between the presence of coagulopathy, injury
severity, and pre-hospital i.v.-fluid therapy.

Upon ER arrival, physiologic and laboratory values were
more deranged in patients with coagulopathy, for example
hemoglobin (11.2 vs. 13 g/dl), base excess (—4.1 vs.
—1.9 mmol/l) and heart rate (90 vs. 84 beats per minute; all
P < 0.001). Figure 2 depicts the association between the
presence of hypotension (defined as SBP < 90 mmHg) at
scene, upon ER admission and at both time points and the
presence of coagulopathy.

Coagulopathy was predominantly associated with sub-
dural hematoma (43.6 vs. 36.8%; P = 0.001), with a
higher frequency of craniotomies (29.3 vs. 24.9%;
P =0.02) and with significantly increased rates and
amounts of transfused blood products (Table 1).

100%
—O—AIS 6
——AIS 5 p=0.01
80% —~AIS 4 /O
——AIS 3

60%

Patients with coagulopathy (%)

p<0.001
a0 _
O/ —— / p<0.001
20% ey p:0.13
0% : :
<1000 1000 - 1999 >2000

i.v. fluids administered pre-clinically (ml)

Fig. 1 Association between incidence of TBI-associated coagulopa-
thy and pre-hospital i.v.-fluid therapy in respective AlSygap-
subgroups
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The presence of acute coagulopathy after TBI was
associated with increased morbidity and mortality. Table 2
lists outcome parameters for both patients with and without
coagulopathy. Patients in the coagulopathy group had
significantly higher incidences of single (SOF) and multi-
ple organ failure (MOF) and less intubation-free days.
Mortality rates were significantly higher in this group at all
time points. The overall hospital mortality totaled 50.4%
(n = 356) in the coagulopathy group in contrast to 17.3%
(n =417) among the patients without coagulopathy
(P < 0.001). In surviving patients, ICU length of stay
(LOS) and hospital length of stay (HLOS) were signifi-
cantly longer if acute coagulopathy had been present (ICU
LOS: 14 vs. 10 days; HLOS: 25 vs. 20 days; both
P < 0.001).

The outcome parameters (intubation-free days; inci-
dence of MOF; GOS; mortality) were further stratified
according to AlISugap severity grades (Fig. 3), demon-
strating that outcomes worsened with increasing TBI
severity but were generally impaired for patients with
coagulopathy across all severity grades.

Multivariate logistic regression analysis identified
AlISygap severity grade, GCS < 8 at scene, the presence
of hypotension at scene and/or at ER (defined as
SBP < 90 mmHg), the amount of pre-hospital i.v.-fluids
>2,000 ml and an age >75 years as independent risk fac-
tors for coagulopathy following TBI (Table 3). A second
multivariate analysis was performed to assess the impact of
TBI-associated coagulopathy on hospital mortality. After
adjustment for AISygap severity grade, GCS, hypotension
at scene or at ER (SBP < 90 mmHg) and age, coagulop-
athy in TBI carried an odds ratio of 2.97 (Clys: 2.30-3.85;
P < 0.001) in predicting hospital mortality.

Discussion

The present study was conducted to assess the overall
frequency of acute post-traumatic coagulopathy upon
hospital admission in patients with isolated blunt TBI, to
evaluate the potential impact of acute coagulopathy on
outcome and to determine contributing risk factors.
Previously, coagulopathy after trauma was considered to
be caused primarily by the loss and dilution of clotting
factors following volume therapy. However, the intrinsic
hemostatic regulatory mechanisms involve a complex
principal balance between clot formation and breakdown.
Following endothelial injury, clot initiation occurs through
vasoconstriction, platelet plug creation, fibrin mesh for-
mation, and lysis [27]. Accordingly, recent research
provides evidence that coagulopathy after traumatic injury
is a complex process involving all components of the
hemostatic system. Current literature suggests six key
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Fig. 2 Incidence of TBI-
associated coagulopathy in
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Table 2 Outcome of TBI patients with and without acute coagulopathy

Coagulopathy No coagulopathy P-value

706 (22.7%) 2,408 (77.3%)
Single organ failure (r; %) 429 (60.7) 932 (38.7) <0.001
Multiple organ failure (n; %) 252 (35.7) 467 (19.4) <0.001
Intubation-free days (days; mean £ SD) 11 £ 13 20 + 12 <0.001
ICU LOS (days; mean £ SD) 9+ 13 9+ 11 0.99
Survivors ICU LOS (days; mean &+ SD); n = 2,320 14 + 15 10 £ 12 <0.001
HLOS (days; mean + SD) 15+ 22 18 £ 20 <0.001
Survivors HLOS (days; mean + SD); n = 2,298 25 + 26 20 + 21 <0.001
Discharge GOS 4-5 (n; %); n = 2,104 155 (31.8) 1007 (62.3) <0.001
6-h mortality (n; %) 104 (14.7) 32 (1.3) <0.001
24-h mortality (n; %) 184 (26.1) 105 (4.4) <0.001
30-day mortality (r; %) 347 (49.2) 407 (16.9) <0.001
In-hospital mortality overall (n; %) 356 (50.4) 417 (17.3) <0.001

GOS Glasgow Outcome Scale (Results of GOS based on 2,104 patients with documented and complete GOS; the GOS is documented in the
Trauma Registry since 2002, therefore patients from 1993 to 2001 do not have a documented GOS); ICU intensive care unit; (H)LOS (hospital)

length of stay; SD standard deviation

initiators contributing to traumatic coagulopathy: tissue
trauma, shock, hemodilution, hypothermia, acidemia, and
inflammation [28]. At the same time each factor itself may
have the potential to substantially exacerbate the other
[29], leading to aggravated hemorrhage and eventually to
death. These recent findings have resulted in a new
appreciation of trauma-associated coagulopathy.

In the present investigation, nearly one out of four TBI
patients studied had abnormal coagulation parameters upon
ER admission. The incidence of coagulation disorders after
TBI has been reported to vary between 10 and more than

90% [4, 12]. This variation has mainly been attributed to (i)
the differences in study designs, (ii) the diversity of injury
severities among reported studies, (iii) different time points
for testing of coagulation parameters, and (iv) the absence
of a universally recognized definition of coagulopathy.
However, recent prospective studies with sufficient patient
numbers reported incidence rates for coagulopathy in TBI
between 17% [22] and 34% [13].

A growing body of literature suggests an association
between the presence of early coagulopathy after TBI
and impaired outcome [3—13]. In the present study, acute
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Fig. 3 Outcome in TBI patients with and without acute coagulopathy
in respective AISggap-subgroups. a Intubation-free days; b Incidence
of multiple organ failure (MOF); ¢ Patient rate discharged with a
favorable GOS of 4 or 5 (Results of GOS based on 2,104 patients with
documented and complete GOS; the GOS is documented in the

TBI-associated coagulopathy was a significant independent
predictor of an unfavorable outcome with respect to sur-
vival, not only in the acute phase after injury but also
during the later sequelac. While we report a threefold
increase in overall in-hospital mortality, this rate may
increase up to ten times as shown in a recent prospective
clinical trial [13]. The higher rate of single (SOF) and
multiple organ failure (MOF) in the presence of acute post-
traumatic coagulopathy corresponds to previous studies in
which coagulation disorders after TBI were linked to
ongoing hemorrhage, thromboembolic infarction, and
organ necrosis [30, 31]. These events may also contribute
to a negative neurological prognosis [6]. The present
results emphasize the association of coagulopathy with
impaired neurological outcome as reflected by GOS at
discharge. For the surviving patients ICU and hospital
lengths of stay were significantly longer when early post-
traumatic coagulopathy was present upon ER arrival.
Similar results have been published previously [3, 13]. We
also observed less intubation-free days in patients with
coagulopathy, a surrogate implicating that this group had a
more complicated hospital course.
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Trauma Registry since 2002, therefore patients from 1993 to 2001 do
not have a documented GOS.); d Mortality. All outcomes were
consistently impaired among TBI patients with coagulopathy (all
P < 0.001)

To date, only few studies have investigated the predic-
tive value of acute coagulopathy in TBI with logistic
regression models adjusted for other predictors [8, 10, 13],
confirming that coagulation parameters predict poor out-
come independently of other variables. Recently, the
prothrombin time has been identified as a powerful inde-
pendent prognostic factor after TBI [6]. In this study, odds
ratios for mortality were adjusted for hypotension which
appears to be mandatory given the high prognostic value of
low blood pressure as shown in other studies [1, 6, 9, 32,
33]. It is remarkable that in our study the adjusted risk for
hospital mortality in patients with coagulopathy after TBI
was three times higher than in non-coagulopathic patients.

Stepwise logistic regression identified AISygap scores
followed by GCS scores at scene as the most important
predictors for the development of acute coagulopathy after
TBI. These results correspond to prior investigations
demonstrating that the magnitude of brain trauma plays an
important role for the development of coagulation disor-
ders after TBI [5, 8, 13, 32, 34]. GCS has been applied
previously by several investigators to define the severity of
TBI [3, 8, 9, 32]. However, in this context it has to be
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Table 3 Independent risk factors for development of acute coagu-
lopathy in TBI (multivariate analysis)

Risk factor Odds ratio (Clgs) P-value
AlSpgap

AIS 4 1.36 (0.99-1.88) 0.057

AIS 5 2.25 (1.63-3.10) <0.001

AIS 6 4.04 (2.14-7.63) <0.001
GCS < 8 at scene 1.71 (1.38-2.12) <0.001
SBP < 90 mmHG at scene 1.74 (1.30-2.32) <0.001
SBP < 90 mmHG at ER 2.34 (1.64-3.34) <0.001
i.v. fluids pre-hospital

2,000-2,999 ml 2.15 (1.63-2.84) <0.001

>3,000 ml 3.48 (2.13-5.68) <0.001
Age

65-74 years 1.31 (0.99-1.73) 0.063

>75 years 2.30 (1.79-2.96) <0.001

The logistic regression model was started with eight variables, two
variables were excluded by the model (sex; subdural hematoma). AIS
abbreviated injury scale; GCS Glasgow Coma Scale; SBP systolic
blood pressure

considered carefully that the association between low GCS
and coagulopathy we could observe in our study might also
indicate that patients with a coagulation disorder are at
higher risk for neurological deterioration and decreased
GCS. In the present study, it was also observed that the
frequency of coagulopathy increased with increasing injury
severity as reflected by AISygap scores. One hypothesis is
related to the TBI-induced release of tissue factor (TF) into
the systemic circulation leading to the activation of the
coagulation cascade by instigating the extrinsic pathway
[12, 17, 35]. Further processes being activated in this context
include fibrinolysis, complement [31], and inflammatory
cascades [36]. Coagulopathy invokes on the one hand con-
sumption of coagulation factors further aggravating
clinically significant bleeding, and on the other hand diffuse
intravascular activation of coagulation, leading to fibrin
deposition and thromboembolic ischemia [12, 28]. Thus,
acute post-traumatic coagulopathy is not only a result from
injury, but may also trigger secondary injury. Prior investi-
gations have reported that the presence of coagulopathy
upon ER admission is associated with delayed cerebral
injury, progression of intracranial hemorrhages and
impaired outcome [7, 11, 12, 17].

Hypotension on admission has previously been described
as a further independent risk factor for coagulopathy [13]. In
the present study, the presence of hypotension at scene and/
or at ER and the amount of i.v.-fluids administered during the
pre-hospital phase of care were independently associated
with occurrence of coagulopathy after TBI. This observation
reflects once more the complexity of the underlying patho-
mechanisms of TBI-associated coagulopathy. On the one

hand, i.v.-fluids are administered to support cardiovascular
performance in an effort to maintain adequate cerebral per-
fusion and to limit secondary brain injury [1, 33].
Hypotension has recently been identified as another principle
driver of coagulopathy possibly via the activation of the
protein-C-pathway [28, 37]. On the other hand, concerns
are raised that aggressive fluid resuscitation can lead to
hemodilution including dilution of coagulation factors,
subsequently exacerbating hemostatic disorders [28, 33,
36, 38].

The age >75 years was calculated as a further inde-
pendent predictor for TBI-associated coagulopathy, which
corresponds to previous reports [7]. However, the authors
are aware that a higher frequency of pre-existing diseases
or anticoagulant medication in this group of patients may
partially be responsible for this observation. Data-collec-
tion on pre-existing diseases or medication has been added
to the TR-DGU just recently, and exclusion of patients
without this information would have reduced our study
population substantially. Still, even in prospective studies
some investigators have excluded these patients [17, 22],
while others have not [13], latters probably in an attempt to
assess the role of coagulation disorders on outcome
regardless of its origin.

Several studies reported coagulopathy to occur most
frequently with acute subdural hematoma (SDH), sub-
arachnoid hemorrhage, or parenchymal contusions [5, 13].
In our study population the incidence of SDH was signifi-
cantly higher in coagulopathic patients, but none of the
different types of intracranial pathologies were calculated to
be independently associated with coagulopathy after TBIL.

TBI-associated coagulopathy may be amenable to early
therapeutical approaches, as adequate and prompt inter-
vention may prevent secondary complications and poorer
outcome. Hence, investigating the beneficial effects of pre-
and in-hospital treatment protocols in TBI with respect to
effects on coagulation should be a priority for future
research.

The present study has certain limitations. First, the
partial thromboplastin time (PTT) was not available in all
datasets and could therefore not be used to define patients
with coagulopathy. Second, other laboratory values, which
might be of interest with respect to coagulation (e.g.,
fibrinogen, protein C) are not documented at all in the
Trauma Registry. The data is furthermore limited as the
TR-DGU has been designed to register severely and/or
multiply injured patients requiring ICU admission only.
The number of patients studied with an isolated AISygap 3
appears relatively low, as this subgroup is considered to be
injured relevantly but not severely and thus is included in
the registry less frequently by on-site hospital staff in
charge. Another issue refers to the unequal sample size of
the groups studied which may limit the interpretation of the
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obtained results. Despite the well-known importance of
hypothermia as a major contributing factor for coagulop-
athy [28], body temperature is documented only very
inconsistently in our registry. The exclusion of patients
with missing data would have substantially reduced our
study population to a small fraction. Furthermore, the
evaluation of intubation-free days has the limitation that
patients which were subjected to tracheostomy cannot be
abstracted from the database. Finally, we conducted a ret-
rospective analysis and only associations but no causalities
can be ascribed from the given data.

Conclusion

Coagulopathy upon hospital admission is a frequent finding
in adult patients after isolated blunt TBI and represents a
powerful and independent predictor related to prognosis.
Independent risk factors for coagulopathy in isolated TBI
are AlSggap severity grade, GCS < 8, hypotension at
scene and/or at ER, pre-hospital i.v.-fluids >2,000 ml and
age >75 years. Prospective clinical trials should be con-
ducted to determine the beneficial effects of early treatment
of TBI-associated coagulopathy.
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