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Abstract
Background: Abnormal blood coagulation after traumatic brain injury is a common finding. Some
studies have proposed these changes as useful predictors of outcome in patients with head trauma. This
study aimed at evaluating the association of the routine tests of blood coagulation within the first hours
after severe head trauma with prognosis of patients with severe head trauma.
Materials and Methods: A total of 52 patients with severe head trauma (Glasgow Coma Scale [GCS],
≤8) were admitted at Tabriz University Hospital for 1 year. Patients with major accompanying trauma
were excluded. On admission, serum levels of hemoglobin and hematocrit as well as the platelet count,
prothrombin time (PT), partial thromboplastin time (PTT), and international normalized ratio (INR)
were documented. The relation between these parameters with final outcome and also with GCS at
admission, 24 hours, 48 hours, and 1 week after admission and discharge time and Glasgow Outcome
Scale (GOS) were studied.
Results: Thirty three patients were discharged, and 19 died. There were significant negative correlations
between PT, PTT, and INRwith all GCS andGOS scores. These correlations were significant and positive
between the platelet count and all GCS and GOS scores. Median PT, PTT, and INR were significantly
higher in nonsurvivors. Median serum platelets count was significantly lower in nonsurvivors.
Conclusion: On-admission PT, PTT, INR and platelet count may be used as predictors of outcome and
prognosis of patients with severe head trauma.
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1. Introduction

Abnormal blood coagulation after brain injury was first
reported by Penick and McLendon [1] in a newborn suffered
during delivery. Soon, it was found that these abnormalities in
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coagulation system are very common in patients with head
trauma because the routine coagulation tests were increas-
ingly used [2-5]. The incidence of these abnormalities has
been reported to vary between 15% and 100% depending on
the severity of trauma [6-13]. Association between abnor-
malities in coagulation tests and poor outcome of patients
with head injury was first reported by Pondaag [14] in 1979.
Thereafter, a series of investigations confirmed the link
between coagulopathy and adverse outcomes in head trauma
in larger and more methodologically appropriate studies [15-
20]. Although not fully recognized, it is proposed that the
presence of abnormal coagulation tests in head traumamay be
caused by cerebral vascular endothelial damage after direct
damage, as well as indirect damage through inflammation,
toxins, and ischemia. It seems that there is a disseminated
intravascular coagulation condition in patients with head
trauma [21]. It is assumed that the routine tests of blood
coagulation are able to identify the earliest signs of
coagulopathy, assess its severity, monitor its course, and
predict the short-term and long-term outcome in patients with
severe head trauma. However, supporting data are very scarce
in the literature [22]. In this study, we aimed to assess the
probable association of abnormalities in routine tests of blood
coagulation within the first hours after severe head trauma
with prognosis of patients.
Table 1 Final diagnoses in the studied population

Diagnosis Percentage

Diffuse axonal injury 28.8
Brain contusion 17.3
Subdural hematoma 15.4
Subarachnoid hemorrhage 7.7
Subarachnoid hemorrhage and
diffuse axonal injury

7.7

Diffuse axonal injury and brain edema 7.7
Subarachnoid hemorrhage and
brain contusion

3.8

Epidural hemorrhage 1.9
Subarachnoid hemorrhage and brain edema 1.9
Diffuse axonal injury + brain contusion 1.9
Subarachnoid hemorrhage and
intraventricular hemorrhage

1.9

Intraventricular hemorrhage and brain contusion 1.9
Subarachnoid hemorrhage and subdural
hematoma

1.9
2. Methods

In this cross-sectional study, 54 patients with severe
head trauma (Glasgow Coma Scale [GCS], ≤8) were
evaluated during a 1-year period from January 2009 to
January 2010 at Tabriz University Hospital. Patients were
enrolled in the study immediately after being examined by
a neurosurgeon in the emergency ward. Patients included
had a GCS of 8 or less and no severe chest and/or
abdomen injury. Exclusion criteria were multisystem
trauma, existing coagulation disorders, alcohol intoxica-
tion, drug overdose, liver disease, hypothermia, use of any
medications affecting coagulation parameters, or presented
to emergency ward with more than 3 hours after head
injury. A critical care pharmacist screened patients on
admission for any drug effects on coagulation. We were
not able to follow up 2 patients; therefore, the study was
performed on 52 patients. Demographic and clinical data
collected included age; sex; mechanism of injury; admis-
sion to trauma step-down unit or intensive care unit;
coexisting injuries; hospital length of stay; GCS score on
admission and 24 hours, 48 hours, and 1 week after injury;
Glasgow Outcome Score (GOS) score on discharge; GOS
(discharged vs died); and final diagnosis. Routine serum
laboratory tests on peripheral venous blood samples
including the serum levels of hemoglobin and hematocrit
as well as the coagulation panel including platelet count,
prothrombin time (PT), partial thromboplastin time (PTT),
and international normalized ratio (INR) were drawn at
admission and every 6 hours until clinically stable. These
markers were thereafter obtained on a daily basis. Initial
admission readings were considered for predicting out-
come. Computed tomography of the brain was performed
on all patients, and its interpretation was performed by
radiologists. Relation between the serum coagulation panel
with the GCS and GOS scores, as well as the short-term
outcome, was determined. Informed consents were signed
by the first-degree relatives of the patients. This study was
approved by the institutional review board committee at
Tabriz University Hospital. Obtained data are presented as
mean ± SD and frequency (percentage). The SPSS version
15 statistical software (SPSS, Inc, Chicago, Ill) was used
for analysis. Quantitative variables were compared using
Mann-Whitney U test. Qualitative variables were compared
using contingency tables, χ2 test, or Fisher exact test when
appropriate. Correlation was evaluated by Spearman
coefficient (ρ). Results with P ≤ .05 were considered
statistically meaningful in all studied items.
3. Results

The mean age of the patients was 32.3 ± 14.7 years (range,
22-43 years; median 28 years). Forty eight (92.3%) patients
were male, and 4 (7.2%), female. Thirty three (63.5%) patients
were hospitalized in step-down units, and 19 (36.5%), in the
intensive care unit. Accompanied traumas existed in 8 (15.4%)
patients, which were all bone fractures. Thirteen (46.2%)
patients were traumatized in car accidents; 9 (17.3%), as
pedestrians; 4 (7.7%), with fall accidents; and 2 (3.8%), in
quarrel. The duration of hospital stay was 16.1 ± 10.8 days
(range, 8-45 days). Regarding serum laboratory findings, the
mean hemoglobin level was 12.7 ± 2.3 mg/dL (range, 8.4-19.2



Table 2 Correlation between coagulation markers and GCS and GOS in the studied population

Variable Base 24 hours 48 hours GCS GCS GOS

GCS GCS GCS After a week At discharge

Platelet count ρ 0.335 0.102 0.108 0.100 0.142 0.188
P .015 .042 .048 .032 .038 .040

PT ρ −0.429 −0.369 −0.413 −0.432 −0.455 −0.456
P .002 .021 b.001 .002 .001 .001

PTT ρ −0.406 −0.428 −0.498 −0.419 −0.416 −0.450
P .003 .003 b.001 .002 .002 .001

INR ρ −0.411 −0.332 −0.481 −0.503 −0.324 −0.403
P .002 .032 .002 .001 .034 .032
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mg/dL;median, 12.9mg/dL); mean hematocrit level was 34.2 ±
6.6 (range, 22-43; median, 37); mean platelet count was 233.2 ±
70.0 ×103/μL (range, 98-400 ×103/μL; median, 220.5 ×
103/μL); mean PT was 14.2 ± 2.2 seconds (range, 10.4-20.0
seconds; median, 13.5 seconds); mean PTT was 36.9 ± 18.7
seconds (range, 23-120 seconds; median, 32 seconds); mean
INR was 1.3 ± 0.5 (range, 1.0-3.4; median, 1.2); mean GCS at
admission, 24 hours, 48 hours, 1 week, and at discharge time
were 6.4 ± 1.5 (range, 3-8; median, 7), 6.8 ± 1.7 (range, 3-11;
median, 7), 6.7 ± 2.5 (range, 0-14; median, 7), 6.4 ± 5.1 (range,
0-15; median, 7.1), 8.1 ± 6.1 (range, 0-15; median, 10.5),
respectively; and the mean GOS was 2.6 ± 1.4 (range, 1-5;
median, 3). Finally, 33 patients (63.5%) were discharged, and
19 (36.5%) died. The final diagnoses are summarized in
Table 1. Accordingly, diffuse axonal injury, brain contusion,
and subdural hematoma were the 3 leading underlying
causes. The correlation between on-admission coagulation
panel and GCS and GOS is summarized in Table 2. There
were significant negative correlations between PT, PTT, and
INR with all GCS and GOS scores. These correlations were
significant and positive between the platelet count and all
GCS and GOS scores. Different variables, as well as the
Table 3 Different variables and coagulation panel in
survivors and nonsurvivors

Variable Survivors
(n = 33)

Nonsurvivors
(n = 19)

P

Sex, male/female 30/3 18/1 .534
Age (y) 31.3 ± 12.2 (28) 33.3 ± 15.6 (29) .302
Hospitalization
word, ICU/trauma

13/20 6/13 .573

Accompanying
fracture

7 1 .126

Platelet count
(×103/μL)

247.1 ± 73.5
(237)

209.1 ± 57.4
(201)

.048

PT (s) 13.7 ± 1.7
(13.5)

15.2 ± 2.7
(14.5)

.044

PTT (s) 31.3 ± 4.6 (31) 46.8 ± 28.2 (36) .008
INR 1.2 ± 0.3 (1.2) 1.5 ± 0.6 (1.3) .042

Data are shown as mean ± SD (median) or frequency.
ICU indicates intensive care unit.
coagulation markers, are compared between survivors and
nonsurvivors in Table 3. There were no significant
differences between the 2 groups regarding sex, hospitaliza-
tion ward, and accompanying fractures in other parts of
body. Median PT, PTT, and INR were significantly higher in
nonsurvivors. Median serum platelet count was significantly
lower in nonsurvivors. The receiver operating characteristic
curve of the coagulation parameters in predicting mortality is
shown in Fig. 1. Under-the-curve areas for all 4 markers
were significant (0.648, P =.007 for PT; 0.722, P = .008 for
PTT; 0.965, P = .020 for INR; and −0.810, P b .001 for
platelet count). The optimal cutoff points were platelet count
229 × 103/μL or less (sensitivity, 78.8%; specificity, 78.9%),
PT 13.8 seconds or more (sensitivity, 57.9%; specificity,
63.3%), PTT 33.5 seconds or more (sensitivity, 63.2%;
specificity, 81.8%), and INR 1 or greater (sensitivity, 73.7%;
specificity, 72.7%) in this regard.
Fig. 1 Receiver operator characteristic curve of coagulation
markers in predicting mortality in patients with severe head trauma.
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4. Discussion

In the present study, we evaluated early routine
coagulation markers in patients with severe head trauma
with regard to prognosis. Accordingly, PT, PTT, INR, and
platelet count correlated significantly with GCS and GOS.
Likewise, these parameters were significantly different
between the survivors and nonsurvivors. There are many
studies that have examined changes in the coagulation
system, but only a limited number of researches have
evaluated the predictive value of routine coagulation
laboratory tests (INR, PT, PTT, and platelet count) in this
regard [23-25]. In addition, these reports are heterogeneous
maybe because of various limitations [26]. Engström et al
[27] found that the significant fall in platelet counts after
severe head trauma was related to prolonged mechanical
ventilation [27]. Kaufman et al [28] reported dramatic
changes in PTT and PT after head trauma and correlated
them to multisystem damage, necrosis, and hemorrhage on
head computed tomographic scan. Olson et al [29] evaluated
the association between trauma outcome and hemostatic
abnormalities by examining platelet count, PT, and PTT
within 24 hours of head trauma. They reported that the
prolonged PTT strongly correlated with poor outcome [29].
Bayir et al [30] evaluated coagulation markers in 62 patients
with isolated head trauma. They found a negative relation-
ship between GCS and PT and PTT (P b .001). Platelet levels
did not correlate with GCS. Mortality was strongly related to
PT. They found no relationship between mortality and
platelet count or PTT. They concluded that only fibrinolytic
markers measured within the first 3 hours are useful in
determining the prognosis of patients with isolated head
trauma [30]. It should be noted that they recruited patients
with a wide range of age (2-76 years), which may have
influenced the final conclusion. We only enrolled patients 22
to 43 years old. Auer and Ott [5] also found a significant
relationship between PTT, PT, and platelet count and the
severity of brain trauma in 30 patients 7 to 14 days after
severe head trauma. Chiaretti et al [31] evaluated children
with severe head injury and found a significant and
independent association between delayed PTT and GOS.
They concluded that a delayed PTT may predict worse
outcome in children with severe head trauma [31]. The
survivors and nonsurvivors were matched for age, sex,
accompanying injuries, and ward of hospitalization. It may
be concluded that the relation between coagulation markers
and outcome is independent in our series, too. Harhangi et al
[32] also concluded that coagulopathy after traumatic brain
injury is an important independent risk factor related to
prognosis. We conclude that the coagulation parameters
within 3 hours after head injury are of value in determining
the patient outcome. This is in line with previous reports [33-
35]. Routine determination of the coagulation status,
therefore, should be performed in all patients with traumatic
brain injury [32]. The present study also determined the
optimal cutoff point of coagulation markers in predicting
mortality after severe head trauma. To the best of our
knowledge, there is no similar data in the literature yet. The
platelet count of 229 × 103/μL or less (sensitivity, 78.8%;
specificity, 78.9%), PT of 13.8 seconds or more (sensitivity,
57.9%; specificity, 63.3%), PTT of 33.5 seconds or more
(sensitivity, 63.2%; specificity, 81.8%), and INR of 1 or
greater (sensitivity, 73.7%; specificity, 72.7%) were the best
cutoff points in prediction of mortality in our series. These
values should be optimized in further studies with larger
sample sizes. Although there is limited understanding of the
mechanisms by which head trauma initiates coagulopathy, it
should be born in mind that the acute coagulopathy of trauma
should be considered distinct from disseminated intravascu-
lar coagulation as described in other conditions. Determining
the exact underlying pathophysiology and rapid diagnosis
are important areas for future research [36]. In addition,
future studies focusing on early treatment of coagulation
abnormalities should be performed to determine the effect on
morbidity and mortality.
5. Conclusion

On-admission PT, PTT, INR, and platelet count may be
used as predictors of outcome and prognosis of patients with
severe head trauma.
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