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Abstract
Background The role of coagulopathy in patients with traumatic brain injury has remained elusive. In the present study, we aim
to assess the prevalence of coagulopathy in patients with traumatic intracranial hemorrhage, their clinical features, and the effect
of coagulopathy on treatment and mortality.
Methods An observational, retrospective single-center cohort of consecutive patients with traumatic intracranial hemorrhage
treated at Helsinki University Hospital between 01 January and 31 December 2010. We compared clinical and radiological
parameters in patients with and without coagulopathy defined as drug- or disease-induced, i.e., antiplatelet or anticoagulant
medication at a therapeutic dose, thrombocytopenia (platelet count < 100 E9/L), international normalized ratio > 1.2, or throm-
boplastin time < 60%. Primary outcome was 30-day all-cause mortality. Logistic regression analysis allowed to assess for factors
associated with coagulopathy and mortality.
Results Of our 505 patients (median age 61 years, 65.5%male), 206 (40.8%) had coagulopathy. Compared to non-coagulopathy
patients, coagulopathy patients had larger hemorrhage volumes (mean 140.0 mL vs. 98.4 mL, p < 0.001) and higher 30-day
mortality (18.9% vs. 9.7%, p = 0.003). In multivariable analysis, older age, lower admission Glasgow Coma Scale score, larger
hemorrhage volume, and conservative treatment were independently associated with mortality. Surgical treatment was associated
with lower mortality in both patients with and without coagulopathy.
Conclusions Coagulopathy was more frequent in patients with traumatic intracranial hemorrhage presenting larger hemorrhage
volumes compared to non-coagulopathy patients but was not independently associated with higher 30-day mortality. Hematoma
evacuation, in turn, was associated with lower mortality irrespective of coagulopathy.
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Introduction

Traumatic brain injury (TBI) is a major cause of disability and
mortality. It has been predicted that TBI will be among themost
prevalent cause of mortality and disability worldwide due to

increasing incidence and more precise diagnostic protocols
[16]. A TBI is classified as either a primary brain injury due
to a direct force towards the cranium or as a secondary brain
injury resulting from the initial trauma [3]. To prevent and
minimize the extent of secondary injury, surgical treatment is
warranted in some forms of TBI, depending on the initial type
and location of the hemorrhage [11]. Among TBIs, a traumatic
intracranial hemorrhage (tICH) (epidural, subdural, subarach-
noidal, or parenchymal) appears in almost 50% of cases [22].

The state of coagulopathy is a factor that can cause more
severe intracranial bleeding and further increase mortality and
disability [7]. Coagulopathy can be related to an underlying
disease or to the use of antithrombotic medication, i.e.,
antiplatelets or anticoagulants. Coagulopathy can be defined
based on cut-off values of international normalized ratio
(INR) > 1.2, platelet count (PLT) < 100 E9/L, or thromboplas-
tin time (TT) < 60% [2, 38].
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We aimed to study the prevalence of coagulopathy in pa-
tients with tICH, clinical features of these patients, and how
coagulopathy affects their treatment and mortality.

Methods

We performed a retrospective, observational, single-center co-
hort study of consecutive patients with tICH treated at the
Helsinki University Hospital between 01 January and 31
December 2010. Our hospital serves as the only neurosurgical
unit with a 24/7 service for operative and neurocritical care for
a defined catchment population of 2.0 million. Ethics
Committee of the Helsinki and Uusimaa Hospital District ap-
proved the study and relevant institutional permission was
obtained. Patient consents were waived since the study is
based on data gathered for routine care without further patient
contacts.

We screened all patients with a suspected tICH from the
hospital discharge registry, using International Classification
of Diseases, 10th revision (ICD-10) codes S06.*, I60.*, I61.*,
and I62.*. After screening, we subsequently excluded patients
with no evidence of intracranial hemorrhage, non-traumatic
intracranial hemorrhage, or insufficient clinical or radiological
data to make judgment (Fig. 1).

Data was collected from electronic patient charts, and
laboratory and imaging archives. Comorbidities consid-
ered were hypertension, coronary heart disease, and atrial
fibrillation (patient history or electrocardiogram measure-
ment during the index hospital admission). Use of anti-
platelet or anticoagulation medication prior to hospitaliza-
tion was recorded. Of routine laboratory results, we record-
ed PLT, INR, and TT for this study. We estimated the use
of alcohol based on patient records and described related
admission findings for these patients (Fig. 2). Finland has
good and reliable register-based data on alcohol-related
hospitalization, which has been stated in alcohol consump-
tion related articles before [21]. Therefore, notes of abun-
dant use of alcohol in patient records come from well-
documented hospital or other healthcare visits. Further,
the current history of alcohol use was described on their
admission charts, which all were manually evaluated for
this study by an investigator (J.K.). WHO defines average
volume drinking categories by consumption of pure alco-
hol per sex, in which daily amounts range from 0 to 40 g
for women and 0 to 60 g for men [8]. According to Finnish
national guidelines, one standard alcohol drink is defined
as 12 g, and > 20 g/day or 12 to 16 drinks/week and > 40 g/
day or 23 to 24 drinks/week for women and men, respec-
tively, is defined as heavy drinking [14, 31].

Upon hospital arrival, all patients were assessed with
Glasgow Coma Scale (GCS) score and they underwent cranial
imaging by computerized tomography (CT). CT images were

reviewed by a staff neuroradiologist, who identified the intra-
cranial hemorrhage. The decision of surgical treatment was
made by a neurosurgeon on duty. Hematoma evacuation
was considered as a neurosurgical operation. There were only
few ventriculostomies, which we registered as an additional
procedure. We also recorded the use of any medicinal method
aiming to correct coagulopathy, including fresh frozen plas-
ma, specific coagulation factor concentrate, and red blood cell
infusion.

All CT images were re-evaluated by an investigator (J.K.)
to confirm intracranial hemorrhage. In case of multiple hem-
orrhagic components, the main component was chosen based
on clinical grounds, and its volume was measured and calcu-
lated using ABC/2 and XYZ/2 methods [18, 33].

We defined coagulopathy by the use of antiplatelet or an-
ticoagulant medication at a therapeutic dose or by admission
laboratory cut-off values PLT < 100 E9/L, INR > 1.2, or TT <
60%. In Finnish laboratories, TT value is defined as a throm-
boplastin time and the result is expressed as a percentage of
coagulation activity, where 100% is determined by a reference
plasma sample with full coagulation activity. An individual
plasma sample is compared to that forming a ratio, where 70
to 130% is a reference range for normal level of coagulation
activity. Subgroups of coagulopathy were further categorized
as (1) no coagulopathy, (2) medication-induced by use of
antithrombotic medication, (3) spontaneous by known disease
or without any specific causation, and (4) coagulopathy by
both medication and laboratory findings.

We used 30-day all-cause mortality as the primary out-
come. Mortality data came from the Statistics Finland.

For statistical analysis, we used SPSS 22.0 (IBM
Corp., Armonk, NY, USA). Normality of distributions
was assessed. We used Student’s t test for normally dis-
tributed continuous variables and Mann-Whitney U test
for non-normally distributed continuous variables.
Pearson’s chi-square and Fisher’s exact test allowed com-
parison of the categorical variables. Multivariable logistic
regression was used to assess factors associated with co-
agulopathy and 30-day all-cause mortality. Covariable se-
lection was based on existing literature, including demo-
graphics (age, gender), main cardiovascular comorbidities
(hypertension, coronary heart disease, atrial fibrillation),
clinical features (GCS, hemorrhage volume), and neuro-
surgical intervention. We also performed a sensitivity
analysis by removing treatment modalities from the mul-
tivariable analysis. A two-sided p < 0.05 was considered
significant. Subgroup analyses were performed for the
different groups of coagulopathy states as categorized
above, and separately for patients with coagulopathy
where they were considered as one group regardless of
the etiology of coagulopathy. Additionally, we did an
analysis, in which we defined the patients’ current use
of alcohol being either alcohol abuse or not.
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Results

A total of 1539 patients were admitted to the neurosurgical
emergency unit with a suspicion of intracranial hemorrhage in
2010. After exclusions, 505 patients with imaging-verified
tICH (epidural, subdural, subarachnoidal, or parenchymal)
were included in the study (Fig. 1). Of the included patients,
361 (65.9%) were male, median age was 61 years, 272
(53.9%) underwent neurosurgical hematoma evacuation, and
135 (26.7%) were transferred from another hospital to the

neurosurgical unit. On admission phase, delay from the index
traumatic event and symptom onset to hospitalization was 0
(IQR 0–1) days, which was found statistically significant on
mortality (p = 0.002). Delays from symptom onset and hospi-
tal admission to hematoma evacuationwere 1 (IQR 0–7) and 0
(IQR 0–1) days, respectively. Of them, the previous one was
statistically significant (p = 0.002) in relation to mortality
within the patient group of neurosurgical operation.

Coagulopathy was observed in 206 patients (40.1%). We
did not find any patients with previously known hereditary

Fig. 1 Patient selection flowchart
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coagulopathies. The majority of coagulopathy patients were
male (66.5%), and over a half (60.2%) underwent surgical
hematoma operation. In comparison to non-coagulopathy pa-
tients, those with coagulopathy were older (69.0 vs. 57.5
years), had more comorbidities such as hypertension or atrial
fibrillation or coronary heart disease, and had larger hemor-
rhage volumes. In multivariable analysis, age groups from 65
years above, atrial fibrillation, coronary heart disease, and
alcohol abuse were associated with presence of coagulopathy
(Table 1).

Of all 505 patients included in the study, a total of 68
patients (13.5%) died within 30 days. In univariable analysis,
those who died were older, had lower GCS scores, and larger
hemorrhage volumes, but they had undergone less often

hematoma evacuation. In multivariable analysis, the same var-
iables remained associated with 30-day mortality. The pres-
ence of coagulopathy did not differ between those who sur-
vived and died within 30 days (Table 2). In the sensitivity
analysis, differentiated coagulopathy etiologies did not show
any statistical significance in relation to 30-day mortality.
Also, a neurosurgical hematoma evacuation and coagulopathy
correction were excluded together and separately, and no as-
sociation between coagulopathy and 30-day mortality was
observed (see Tables, Online Resource 1–4, analysis for entire
study cohort).

When coagulopathy was divided into subgroups, a
univariable analysis showed higher 30-day mortality for those
with both medication-induced and spontaneous coagulopathy

Fig. 2 Patient screening for
alcohol abuse
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(see Table, Online Resource 5, analysis for coagulopathy
subgroups). However, in multivariable analysis, this differ-
ence was not significant (see Table, Online Resource 6,
analysis for entire study cohort with coagulopathy
subgroups), and not even in the sensitivity analysis with and
without adjustment for neurosurgical hematoma evacuation or
coagulopathy correction (see Tables, Online Resource 7–9,
analysis for entire study cohort with coagulopathy subgroups).

Of the 206 patients with coagulopathy, 39 (18.9%) pa-
tients died within 30 days. In univariable analysis, pa-
tients who died had lower admission GCS score, were less
often operated for hematoma evacuation, but underwent
more frequently ventriculostomy. In multivariable analy-
sis, age ≥ 80 years, admission GCS score between 3 and
8, as well as ventriculostomy were associated with higher
30-day mortality, whereas hematoma evacuation was the
only factor associated with a lower 30-day mortality
(Table 3).

In the secondary analysis based on alcohol use status, we
divided the patients with alcohol abuse to subgroups for
univariable analysis of 30-day mortality. Only one group, in
which patients had a history of previous heavy use of alcohol
and their admission laboratory values indicated coagulopathy,
showed higher 30-day mortality (see Table, Online Resource
10, analysis for alcohol abuse subgroups). We also included
the same subgroups in a multivariable analysis, in which older
age groups, lower GCS score, and higher hemorrhage vol-
umes were independently associated with higher 30-day mor-
tality. In the same analysis, hematoma evacuation remained
associated with a lower 30-day mortality (see Table, Online
Resource 11, analysis for entire study cohort with alcohol
abuse subgroups).

Discussion

Our study showed that coagulopathy was frequent in pa-
tients with tICH, but it did not convey independent effect
on 30-day mortality. Interestingly, larger hemorrhage vol-
umes were not associated with coagulopathy after adjust-
ment for confounders, albeit they indicated higher mortal-
ity. Neurosurgical hematoma evacuation was associated
with a lower 30-day mortality, irrespective of coagulopa-
thy, and adjusted for known factors associated with tICH
mortality.

Prevalence of coagulopathy in tICH

In our study, we used basic concepts to define coagulopathy
by routine laboratory values, being valid for detecting coagu-
lopathy state [38]. We also combined laboratory values and
use of antithrombotic medication to catch a wider population
of coagulopathy. However, there are more advanced methods

of measuring coagulopathy, which have the advantage over
more traditional methods of measuring coagulation potential
by laboratory values [5, 28, 32].

The prevalence of coagulopathy in our study was ap-
proximately 40%. In other studies, the proportion of co-
agulopathy defined with more advanced methods was as
high as 75%, also reporting that the discrepancy between
conventional and advanced methods ranged from 25 to
45% [10, 34]. Those figures correspond fairly well with
our findings.

Coagulopathy is associated with progressive hemor-
rhage and higher mortality in patients with TBI [20].
However, in our study, there was no association between
coagulopathy and larger hemorrhage volume. Regarding
the association between coagulopathy and 30-day mortal-
ity, we categorized the groups of coagulopathy to those of
(1) no coagulopathy, (2) medication-induced by use of
antithrombotic medication, (3) spontaneous by known dis-
ease or without any specific causation, and (4) coagulop-
athy by both medication and laboratory findings. Of these,
the latter group (4) was the only one with statistically
significant association with mortality in the coagulopathy
subgroup analysis. However, in multivariable analysis,
coagulopathy subtypes were not independently associated
with higher mortality, which is in conjunction with our
main findings that coagulopathy does not associate inde-
pendently to higher mortality in patients with tICH.

Mortality in tICH related to coagulopathy

Previous studies show tendency that tICH carry 40 to 50%
mortality from all-cause trauma-based fatal events [17, 24,
27]. In more targeted cohorts of tICH patients, the fatality rate
for tICH events in general was 15%, and it ranged from 10 for
non-coagulopathy group to nearly 50% in a coagulopathy
group [15, 24]. Our study resembles a similar scale with the
values of overall mortality being approximately 14% for tICH
events and with non-coagulopathy group mortality being
close to 10%, but it is discrepant with the coagulopathy fatal-
ity rate when ours showed 20% mortality.

In contrast to our findings, a recent study has found statis-
tical significance between coagulopathy and mortality in tICH
patient cohort, yet, the mortality was defined to be in-hospital
occurrence [24]. To our slight surprise, the volume of intra-
cranial hemorrhage had no association with mortality in coag-
ulopathy group analysis. Nevertheless, in our main analysis, it
did have association with higher mortality. One explanation
for these observations might be that patients with coagulopa-
thy are more intensively monitored and treated due to their
expectedly higher risk of neurological and medical complica-
tions, and death [39].

These variations in general could be due to different defi-
nitions of coagulopathy. Also, the treatment methods for
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coagulopathy have improved during the last decades with
more efficient ways of point-of-care testing of coagulopathy
and more goal-directed coagulation management by different
pro-coagulant products [10, 29]. In our study, we did not
differentiate between coagulopathy correction methods such
as prothrombin complexes or different coagulation factor
products as we made it a dichotomous variable.
Subsequently, we did not find any association between coag-
ulopathy and mortality, even after detailed sensitivity analy-
ses. Moreover, our study suggests that hematoma evacuation
was associated with lower mortality in a broad range of pa-
tients with coagulopathy.

Clinical features

Some studies suggest that alcohol has a protective effect in
TBIs [1, 26]. The role of alcohol in coagulopathy has been
shown to be a risk factor in chronic alcohol use and in acute
emergency setting [6, 25, 37]. Our study is in accordance with
these studies, as we did not find association between alcohol
abuse andmortality inmultivariable analysis. However, heavy
drinking was associated with coagulopathy.

In our study, older age was associated with higher 30-day
mortality in the entire cohort, but in the coagulopathy group,
there was no association with age and mortality. Among el-
derly, there is a higher risk of tICH, in particular with the use
of antithrombotic medication, and the outcomes are poorer
within this age group [30].

Lower GCS score is associated with higher mortality in
patients with tICH [23]. Our study supports this evidence.
Also, hypertension has been found to associate with tICH
[13]. In our study, hypertension was the most prevalent
comorbidity, yet hypertension was not associated with
higher 30-day mortality. Surgical treatment indications
vary between the types of intracranial hemorrhages [4,
9]. Furthermore, there is dispute regarding the optimal
surgical method related to intracranial hemorrhage types
and benefit of each surgical method [35]. Also, the effec-
tiveness of surgical approach is highly dependent on the
selected study and no clear consensus is available [35].
Variation in outcomes of coagulopathy patients seems to
be multifactorial and not as clear as it has been indicated
in previous patient cohort studies [12]. Based on our find-
ings, it is not possible to make conclusions regarding the
choice of surgical treatment or their separate effect on the
outcome since we pooled various forms of tICH.
Moreover, we did not differentiate between surgical
methods but instead used a binary variable for patients
having surgical hematoma evacuation or not. There are
also some patients with chronic subdural hemorrhages in
the patient population treated by a trepanation, known to
carry less risk for complications [19, 36].

Strengths and limitations

In our study, the main limitation is its retrospective and single-
center nature. However, a notable major strength is that we
could include consecutive patients as our study is entirely free
of consent bias. Many of our patients with head trauma may
have harbored comorbidities and other factors, such as alco-
holism, leading to the index traumatic event and hospitaliza-
tion, which may have hampered obtaining a consent.
However, there still might exist some selection bias due to
fact that the patient cohort is from a tertiary university facility,
which sorts out the milder cases of head trauma. We excluded
patients without CT positive intracranial hemorrhage; there-
fore, no further data were available for these patients.
Furthermore, majority of our patients with coagulopathy due
to medication were using warfarin for atrial fibrillation, while
currently, the use of oral anticoagulation with non-vitamin K
antagonist anticoagulants is preferred over warfarin. Also, our
cohort represents a decade old practice in treatment protocols
of the patient group in question. This choice was made due to
methodological reasons in pursuing adequate follow-up peri-
od, as we will later perform further analysis concentrating on
post-trauma rehabilitation and health economic issues. Yet,
our cohort will serve as a reference point when comparing
newer knowledge and advanced treatment options for this
patient group.

Conclusion

Coagulopathy was a frequent feature in patients with tICH and
larger hemorrhage volumes. However, coagulopathy per se
conveyed no higher 30-day mortality in these patients.
Surgical hematoma evacuation was associated with lower
mortality in patients with or without coagulopathy.
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