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ABSTRACT

Preliminary evidence has shown that intracerebral hemorrhages, either spontaneous (sICH) or trau-
matic (tICH) often expand over time. An association between hemorrhage expansion and clinical out-
comes has been described for sICH. The intent of this prospective, observational study was to charac-
terize the temporal profile of hemorrhage progression, as measured by serial computed tomography
(CT) scanning, with the aim of better understanding the natural course of hemorrhage progression in
tICH. There was also a desire to document the baseline adverse event (AE) profile in this patient group.
An important motive for performing this study was to set the stage for subsequent studies that will ex-
amine the role of a new systemic hemostatic agent in tICH. Subjects were enrolled if they had tICH le-
sions of at least 2 mL on a baseline CT scan obtained within 6 h of a head injury. CT scans were re-
peated at 24 and 72 h. Clinical outcomes and pre-defined AEs were documented. The data showed that
51% of the subjects demonstrated an increase in tICH volume, and that most of the increase occurred
early. In addition, larger hematomas exhibited the greatest expansion. Thromboembolic complications
were identified in 13% of subjects. This study demonstrates that tICH expansion between the baseline
and 24-h CT scans occurred in approximately half of the subjects. The earlier after injury that the ini-
tial CT scan is obtained, the greater is the likelihood that the hematoma will expand on subsequent
scans. The time frame during which hemorrhagic expansion occurs provides an opportunity for early
intervention to limit a process with adverse prognostic implications.
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INTRODUCTION

TRAUMATIC BRAIN INJURY (TBI) is the most common
cause of death and disability among young individ-

uals (under the age of 40 years), and its incidence is in-
creasing among the elderly (Kannus et al., 2001; Luuki-
nen et al., 1999; Pace et al., 2006). TBI represents a wide
spectrum of pathophysiological entities, including diffuse
axonal injury with damage to white matter tracts, trau-
matic intracerebral hemorrhage (tICH), and extracerebral
bleeding, with or without mass effect. The primary injury,
inflicted at the moment of impact, initiates a complex se-
quence of events leading to secondary brain damage. This
secondary damage may result from an expansion of 
hemorrhagic lesions, brain swelling, hypotension, hypoxia,
hyperglycemia, pyrexia and the consequent activation of
several biochemical cascades. Of the many potential sec-
ondary processes, hemorrhagic expansion is certainly one
of the most important and devastating (Clifton et al., 1980)
and the main causal factor in patients with head injury who
“talk and die” (Reilly et al., 1975).

Several publications originating in the 1970s have
demonstrated that ICH following TBI progresses over time
(Brown et al., 1978; Diaz et al., 1979; Gudeman et al.,
1979; Merino-deVillasante et al., 1976; Yamaki et al.,
1990). All of these studies were retrospective reviews of
data from a single center, with varying times of initial com-
puted tomography (CT) scan, limited sample sizes, and
semi-quantitative estimates for hemorrhage measurement.
Since then, Servadei et al. (2000) demonstrated in a large,
prospective, multicenter study that 20% of patients admit-
ted with an initial diagnosis of diffuse injury, progressed
to a mass lesion requiring surgical intervention.

The concept of lesion progression has been addressed
in three recent papers (Chang et al., 2006; Chieregato et
al., 2005; Oertel et al., 2002). Oertel et al. (2002) charac-
terized the progression of hemorrhage in 142 TBI patients.
Traumatic ICH was evident in approximately 49% of TBI
patients who had CT scans performed within 2 h of injury
and intracerebral hematomas expanded in 51% of patients
with tICH. Chieregato et al. (2005) studied lesion evolu-
tion in a series of 141 patients admitted with a diagnosis
of traumatic subarachnoid hemorrhage (SAH). Indepen-
dent factors associated with significant CT progression
were the amount of initial SAH, and both the presence of
and the volume of brain hemorrhage upon admission. More
specifically, only 3% of patients with no hemorrhage on
admission had CT progression, as compared with 34%
when there was a hematoma of less than 5 mL on admis-
sion and 60% when there was a larger hematoma.

Chang et al. (2006) quantified lesion size and further
characterized the natural course of tICH. Four percent of
the hemorrhagic lesions shrank, 58% remained unchanged,

and 38% grew. Initial baseline hematoma volume was
found to be a strong predictor of hematoma expansion,
with larger hematomas tending to increase in size, while
smaller hematomas did not (for each cm3 of initial vol-
ume, the odds of growth increased by 11%).

In patients with spontaneous intracerebral hemorrhage
(sICH), hemorrhage expansion has been shown to play a
significant role in a patient’s clinical outcome (Broderick
et al., 1993; Brott et al., 1997). A similar, although not as
well documented, impact on outcome has been observed
with hemorrhage growth in tICH. In a series of patients
with closed head injury (n � 124) and Glasgow Coma
Scale (GCS) � 8, Clifton et al. (1980) showed that neu-
rological deterioration occurred more frequently in trauma
patients with intracerebral hematomas (14 of 31 subjects,
45%) as compared with those with diffuse brain injury (10
of 69 subjects, 15%). Of the subjects in coma who deteri-
orated, 19% had large, delayed intracerebral hematomas.

Prior randomized clinical trials have focused primar-
ily on neuroprotection. As no therapy has been identified
(Doppenberg et al., 2004; Maas et al., 2007; Narayan et
al., 2002), current strategies in treatment approaches to
TBI have been merely supportive in nature. An alterna-
tive approach is to focus on methods of limiting hemor-
rhagic progression in TBI. The recent study of hemosta-
tic agents in spontaneous ICH has rekindled an interest
in the study of hematoma expansion in the tICH patient
population with the aim of limiting this progression. This
approach is particularly relevant, as patients with TBI
have been reported to demonstrate a high rate of coagu-
lopathy, which has been shown to be a significant inde-
pendent predictor of hemorrhage progression and poor
outcome (Engstrom et al., 2005; Stein et al., 1992, 2004).
A potential disadvantage to the use of systemic hemo-
static therapies is the risk of inducing thromboembolic
complications. Prospective studies of hematoma expan-
sion and the baseline incidence of thromboembolic events
have not yet been evaluated in this population. In this
study, we aimed to investigate the natural history of
hematoma progression, with emphasis on hematoma size
and expansion, in a systematic, quantitative, controlled
clinical environment in patients with tICH. We also
wanted to establish the baseline incidence of pre-speci-
fied adverse events (AEs) in this patient group.

METHODS

Study Design

This prospective, multi-center, observational study in-
cluded the entire severity spectrum of closed head injury
except for the most and least severe (GCS 4–14) with
traumatic intracerebral hematomas that were not initially
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planned to have surgical evacuation. The study was con-
ducted at 20 sites in the United States and Canada with
approval from local Institutional Review Boards, as well
as local and national ethics boards as applicable. In-
formed consent was obtained from the subject or a legally
authorized representative prior to any study-related pro-
cedures. The active recruitment period was for 12
months. No investigational therapeutic agents were ad-
ministered in this observational study. All subjects re-
ceived standard care for TBI in accordance with guide-
lines published by the Brain Trauma Foundation (BTF),
American Brain Injury Consortium (ABIC), and the
American Association of Neurological Surgeons (AANS)
(Bullock et al., 2000). The standard of care, at each study
center, was evaluated by an independent Committee of
Management Adherence (COMA) to ensure adherence to
protocol and treatment guidelines. No treatments were
withheld for any subject enrolled in this study.

Subjects were initially enrolled in the study if hemor-
rhage/contusion(s) of at least 5 mL were evident on base-
line CT scans, obtained within 4 h of injury. After 13%
of the subjects had been enrolled, the study was amended
to improve recruitment by changing the minimum lesion
volume from 5 to 2 mL, the time from injury to baseline
CT scan from 4 to 6 h, and the baseline GCS to include
scores of 4–14. Frequent examinations, including head CT
scans at 24 and 72 h following injury, and other standard
clinical assessments were performed during the first 5
days. Additional CT scans were performed at the discre-
tion of the investigator. The study duration was 15 days
with daily recording of AEs, with a special focus on
thromboembolic complications. Routine ultrasound scan-
ning of the lower extremities for deep vein thrombosis
(DVT) was scheduled at 72 h post-injury. Clinical as-
sessments included the GCS, the extended Glasgow Out-
comes Scale (GOSE), and the Barthel Index (BI), evalu-
ated at Day 15 or upon discharge, whichever came first.

It was originally anticipated that 100 subjects would
be enrolled. However, the study was terminated by the
sponsor after the enrollment of 63 subjects due to slow
recruitment, and because it was believed that the number
of recruited subjects with evaluable data was adequate to
meet the study objectives.

Study Population

Subjects between the ages of 18 and 85 years who had
clinical evidence of TBI (GCS 4–14), and tICH con-
firmed by CT scan (presence of hemorrhagic lesion(s) of
�2 mL) were enrolled in this study. Exclusion criteria
included the presence of penetrating head injury or spinal
cord injury, life expectancy of less than 8 h after hospi-
tal admission, and any planned surgical evacuation of
intracerebral hematoma within 24 h after initial injury.

Furthermore, subjects with isolated subarachnoid hemor-
rhage, intraventricular hemorrhage, epidural or subdural
hematomas or sICH, significant cardiovascular disease or
hemodynamic instability, and pregnancy were excluded.

Computed Tomography Image Analysis

The initial head CT scan was performed immediately
upon presentation (per standard clinical procedures) and
no later than 6 h after the injury. The diagnosis of TBI
was made on the basis of history, physical findings and
radiological criteria. The initial evaluation of hematoma
volume for inclusion was made by the investigator using
the ABC/2 method (Kothari et al., 1996). CT scans were
repeated at 24 and 72 h after injury. Additional CT scans
were performed at the discretion of the investigator.

All data from the CT scans were transmitted in digi-
tal format to the Imaging Core Laboratory (Bio-Imaging
Technologies, Inc., Newtown, PA). Computerized plani-
metric volumes of all intracranial hemorrhages were cal-
culated. The contusions were compartmentalized where
possible (e.g., hemorrhage and edema) using AnalyzeTM

software (Mayo Clinic, Rochester, MN) with interactive
display, processing, and measurement capabilities. Ad-
ditional evidence of hemorrhage type (e.g., intraventric-
ular, subdural, subarachnoid) was also recorded. All CT
scans were evaluated in a temporal sequence by two in-
dependent neuroradiologists masked to subject and study
center information. The data from these measurements
were used for all subsequent analyses. If a subject un-
derwent surgical evacuation of hematomas, the data ob-
tained for the time points prior to surgery were included
in the analyses.

Safety Assessments

All AEs, including specific pre-defined AEs, were re-
ported for all subjects from admission until Day 15 or
discharge from hospital, whichever occurred first. These
critical events included brain death, DVT, pulmonary em-
bolism (PE), myocardial infarction (MI; defined as chest
pain, acute change in blood pressure and pulse, arrhyth-
mias, signs of pump failure and/or ECG changes with ST
elevations and increased troponin-I elevations), cerebral
infarction (CI), vasospasm, and disseminated intravascu-
lar coagulation (DIC)/coagulopathy (based upon the de-
finition from the International Society on Thrombosis and
Haemostasis [ISTH]) (Carrick et al., 2005). An ultra-
sound screening of the lower extremities for DVT was
mandated at 72 h.

Statistical Analysis

As an observational study, no formal sample size cal-
culations were performed. It was anticipated that enroll-
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ment of 50–100 subjects would be required to permit
meaningful analysis, based on the assumption that ap-
proximately 50% of the subjects would experience
hematoma expansion. Descriptive statistics were used to
describe the subject characteristics. In this study,
hematoma progression was assessed by evaluating both
hemorrhage volume changes as well as volume increases.
The term “volume change” included both increases as
well as decreases in hematoma size, while “volume in-
creases” included only expansions in hematoma size.
Changes in hemorrhage volume from baseline to 24 and
72 h post-injury were analyzed by a generalized linear
mixed model. For analyses evaluating tICH volume in-
creases the distribution was truncated, since subjects with
decreases in tICH from baseline were excluded, result-
ing in invalid variance estimates and meaningless p-val-
ues. Logistic regression analysis was performed to in-
vestigate the relationship between CT characteristics,
hematoma expansion, and the BI. The p-values were cal-
culated based on a linear mixed model with two repeated
factors: reader and visit.

RESULTS

Subject Recruitment

A total of 3,232 subjects diagnosed with TBI and hav-
ing an initial CT scan were screened for entry into the
study. However, fewer than 2% (63 subjects) of those
screened were determined to be eligible for enrollment.
The high screen exclusion rate was due to the restrictive
enrollment criteria and the stringent initial tICH volume
in combination with the large number of TBI patients
with baseline CT scans without evidence of hemorrhage.
Other major reasons for screening exclusions included le-
sion volumes of �2 mL (30%), GCS outside the pre-
scribed range (23%), presentation outside the protocol
mandated time window (9%), age outside required range
(9%), penetrating head injury and isolated extra-axial
hemorrhage (6%), inability to obtain informed consent
within the appropriate time window (4%), and spinal cord
injuries (3%).

Sixty subjects were analyzed as part of the safety pop-
ulation. For four subjects, the baseline CT scans were not
of adequate quality to accurately assess tICH volume evo-
lution. Therefore, 56 subjects had evaluable data for
hematoma progression and comprised the observed pop-
ulation. The term “observed population” is used in lieu
of “intent-to-treat” as this was an observational study.

Baseline Characteristics

The baseline characteristics of the subject population
are summarized in Table 1. Subjects enrolled were pre-

dominantly male Caucasians with a mean age of 43.8
years (range, 18–84 years). The median GCS was 8.0,
and motor vehicular accidents were the cause of 47% of
the TBIs, with falls being the second most frequent cause.
Ten subjects (17%) were identified as being coagulo-
pathic at baseline (defined as platelets � 100,000, PT �
14 sec, PTT � 45 sec or INR � 1.2). AANS/BTF/ABIC
treatment guidelines were adhered to in 45 subjects
(75%). The management of the remaining 25% was not
entirely consistent with the treatment guidelines. The me-
dian baseline GCS for this latter group was 7.0 compared
to 9.0 for those subjects who maintained treatment tar-
gets. GCS assessment between these two groups was dif-
ferent (p � 0.02) at all time points. At discharge/D15 the
final GCS was 7.0 for those who were unable to meet
treatment guidelines and 14.0 for those who met treat-
ment targets.

On central review of the baseline CT scan, 91% (n �
51) of the enrolled subjects were confirmed as having
tICH of � 2 mL. The average volume of tICH lesions at
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TABLE 1. SUBJECT DEMOGRAPHICS

AND BASELINE CHARACTERISTICS

Parameter n � 56

Age, years
Mean (SD) 43.8 (19.6)
Median 42.5
Range 18–84

Male gender, n (%) 42 (75)
Caucasian ethnicity, n (%) 46 (82)
Baseline Glasgow Coma Scale

Median 8
Range 4 to 15

Marshall Classification, n (%)
Grade 1 0 
Grade 2 32 (56)
Grade 3 10 (18)
Grade 4 6 (11)
Grade 5 0 
Grade 6 9 (16)

Causes of injury, %
Motor vehicular accidents 47 
Falls 35 

Grade 1: No intracranial pathology visible on CT scan.
Grade 2: Lesions and/or midline shift �5 mm with open basal

cisterns. No high or mixed density lesion � 25 mm.
Grade 3: Midline shift �5 mm with cisterns compressed or

absent. No high or mixed density lesions � 25 mm.
Grade 4: Midline shift �5 mm. No high or mixed density 

lesions � 25 mm.
Grade 5: Any surgically evacuated mass.
Grade 6: High or mixed density lesion � 25 mm, not surgi-

cally evacuated.



baseline was 8.8 mL. Fourteen subjects were enrolled
with an initial lesion volume of 2–5 mL, 34 subjects
with lesion volumes greater than or equal to 5 mL, and
eight subjects with baseline lesion volumes smaller than
2 mL (the initial estimations of tICH volume made by
the investigators using the ABC/2 method was greater
than 2 mL). Overall, there was no difference in the mea-
surement of tICH volume size between the two inde-
pendent readers of the CT scans. The intra-class corre-
lation coefficient for the determination of tICH volume
between the two independent readers was 0.9613. Con-
current hematoma/hemorrhage types included sub-
arachnoid (77%), subdural (57%), intraventricular
(23%), epidural (12%), cerebellar contusion (9%), and
brainstem contusion (7%). Of these subjects, only 5%
had epidural and 3% had subdural evacuations during
the study period.

Progression of Traumatic 
Intracerebral Hemorrhage

Table 2 summarizes tICH volume change and increase
over 72 h. Volume change was defined as any increase
or decrease in tICH volume, while volume increase de-
scribed only tICH lesion expansion. When compared to
baseline volumes, the mean change in tICH lesion vol-
umes at 24 and 72 h were 3.6 and 2.7 mL, respectively.
These volume changes from baseline were statistically
significant (p � 0.004 and p � 0.018). The subsequent
change in volume between 24 and 72 h (-0.82 mL, p �
0.28), however, indicated that the largest volume change
occurred within the first 24 h, with little further change
thereafter.

Hematoma volume increased 7.3 mL between baseline
and 24 h in 26 of the 51 (51%) subjects (Table 2). At 72
h, the tICH volume increase from baseline was 5.8 mL
(n � 24), demonstrating that the largest tICH volume in-

creases occurred within the first 24 h. The data also in-
dicated that hematoma expansion was observed more fre-
quently in subjects in whom the initial baseline CT scan
was performed early (Fig. 1). If the initial CT scan was
conducted more than 3.5 h following injury then the per-
centage of subjects with measurable changes in hema-
toma volume was greatly reduced.

In this study, intermediate CT scans (conducted be-
tween the baseline and the 24-h CT scan) were obtained
at the discretion of the physician for the subset of 25
(50%) subjects. The presumption is that these additional
CT scans were undertaken because of neurological dete-
rioration. This subset of subjects provided an opportunity
to evaluate lesion volumes at a time point earlier than the
protocol-mandated 24-h CT scan. The mean interval be-
tween injury and the intermediate CT scan was 9.1 � 3.5
h, with the largest proportion of subjects having inter-
mediate scans conducted at 6–9 h (Fig. 2). The mean vol-
ume change from baseline to the intermediate scan was
5.7 mL (p � 0.0003; Table 3). The difference in mean
tICH volume between the intermediate scan and 24 h was
0.3 mL, indicating that the maximal change in tICH vol-
ume had occurred by the intermediate scan. More rapid
CT following injury (�3.5h compared to �3.5 h) resulted
in greater proportion of patients with hematoma expan-
sion measured at 24 h (57% vs. 28%), which was even
more striking (80% vs. 20%) when an intermediate CT
was performed (Fig. 3).

Seventeen of the 25 subjects with an intermediate
scan (68%) demonstrated a mean increase in tICH vol-
ume of 9.3 mL (Table 3). The mean difference in vol-
ume increase between the intermediate time point and
24 h was only 0.2 mL, indicating, similar to the mea-
surements for tICH volume change, the maximal in-
crease in volume had occurred by the intermediate scan
(Table 3). For the 47% of subjects who did not have
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TABLE 2. TRAUMATIC ICH VOLUME PROGRESSION: BASELINE, 24 AND 72 H

Baseline, n � 56a 24 hours, n � 51a 72 hours, n � 45a

Subjects with volume changeb from baseline
n (%) 51 (100) 45 (100)
tICH volume, mL (SE) 8.8 (1.3) 12.4 (1.7) 11.5 (1.4)
Mean volume change (SE), mL 3.6 (1.21), p � 0.004 2.7 (1.14), p � 0.018

Subjects with volume increasec from baseline
n (%) 26 (51) 24 (53)
tICH volume, mL (SE) 7.39 (0.97) 14.7 (2.02) 13.2 (1.25)
Mean volume change (SE), mL [95% Cl] 7.3 (1.53) [4.29, 10.38] 5.8 (1.25) [3.31, 8.29]

aNumber of patients with CT scans.
bChange from baseline includes increases as well as decreases in tICH volume from baseline.
cIncrease in volumes describes expansion of tICH lesion size.
p-values were calculated based on a linear mixed model with two repeated factors: reader and visit.



an intermediate scan, the mean volume increase be-
tween baseline and 24 h was 6 mL.

Five subjects had six surgeries for intraparenchymal
hematoma evacuation, all of whom had baseline tICH vol-
umes greater than 5 mL. Two of the surgeries occurred less
than 8 h after injury, two between 8–24 h after injury, one
between 24–72 h after injury, and one almost 6 days after
injury.

Baseline tICH Lesion Volume Progression

Since previous reports have demonstrated that baseline
hematoma volume is a strong predictor of hematoma in-
crease (Chang et al., 2006; Chieregato et al., 2005), we
investigated whether an association existed between the
initial lesion volume at admission and lesion progression.
Baseline lesion volumes were assigned to four groups
(�2 mL; �2 to �5; �5 to �11 mL; and �11mL). Sub-
jects with baseline hematoma volumes of �2 mL were
not excluded as this observational study also functioned
as a feasibility study to evaluate the possibility of per-
forming central CT scan reads, as well as to assess the
underlying AE rate in this patient population. The largest
mean volume increase (14.5 mL) over 24 h was observed
in the 5–11 mL group (Table 4). Overall, there appeared
to be a trend towards larger lesions (5–11 mL) demon-
strating larger increases in hemorrhage volume, although
the �11 mL group demonstrated less increase.

Functional Outcomes

There was no apparent association between baseline
GCS and the presence of hematoma, hematoma size at
baseline, nor expansion in lesion size.

The median extended GOSE for the 56 subjects with
Day 15/Discharge data was 3.0. At Day 15/Discharge,
52% (29/56) of subjects had scores of 3–4 (i.e., lower to
upper severe disability), limiting the possibility of analy-
sis of the association between GOSE and lesion pro-
gression.

The BI permits a more sensitive analysis of subjects
with lower GOSE. The mean and median BI for the 54
subjects with data at Day 15/Discharge were 34.5 � 10.0
and 41.1, respectively. In general there was a trend to-
ward subjects with smaller baseline lesions having more
favorable functional outcomes. However this trend was
not statistically significant (p � 0.60) and given the rel-
atively small sample size in this study no correlation with
outcome could be reasonably expected. Regression
analyses indicated that baseline lesion volume, change in
lesion volume from baseline to 24 h, age, and time to
first CT scan were not predictive of BI at Day 15/Dis-
charge.

An assessment of hematoma expansion and mortality
indicated that of the 35 subjects with hematoma expan-
sion, seven subjects (20%) died. Of the remaining 25 sub-
jects without hematoma expansion, only one subject (4%)
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FIG. 1. Mean traumatic intracerebral hemorrhage (tICH) volume change and increase at 24 h, by time from injury to baseline
computed tomography (CT) scan. n represents the number of subjects within each time window, and the percentages describe
the mean tICH volume increase or change within the specified time window. As the time interval between injury and baseline
CT scan increases, the percent tICH volume increase/change from baseline to 24 h decreases.



died. Subjects that died had a baseline tICH volume of
18.9 mL, with a mean tICH volume change of 8.15 mL
and 11.9 mL increase in tICH volume.

Adverse Events

Forty-eight of the 60 (80%) subjects reported 256
AEs, of which 15 were serious in nature (Table 5). There
were eight events that had been pre-specified to be of
special interest with possible thromboembolic etiology.
These included one event each of CI, PE, DIC, and el-
evated troponin-I level. Four DVTs were reported, two
of which were clinically asymptomatic, detected by
ultrasound of the lower extremity, and classified only 
as AEs.

The mortality rate at Day 15/Discharge was 8/60 (13%).
The most common causes of death (5/8 subjects) were re-
lated to brain injury, and included brain death, brain her-
niation, and hemorrhage expansion, All of these subjects
demonstrated an increase in tICH, and four of these sub-
jects died following the intermediate CT scan but before
the 24-h scan. DIC, CI, and cardiorespiratory arrest were
the reported causes of death in the other 3 subjects. 

DISCUSSION

The current study is the first multicenter, prospective
study, with high-quality, source-verified data, as well as
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FIG. 2. Percentage of subjects with intermediate computed tomography (CT) scan demonstrating traumatic intracerebral hem-
orrhage (tICH) volume increase, by time from injury to intermediate CT. n represents the number of subjects within the group.
As the time interval between injury and the intermediate scan increases, the proportion of subjects demonstrating tICH volume
increase decreases.

TABLE 3. TRAUMATIC ICH VOLUME PROGRESSION FOR SUBJECTS WITH INTERMEDIATE SCANS

Baseline, n � 56a Intermediate, n � 25a 24 h, n � 51a

Subjects with volume changeb, n (%) 25 (100) 21 (41)
Mean volume (SE), mL 8.11 (1.02) 13.82 (1.77) 13.53 (1.87)
Mean volume change (SE), mL 5.72 (1.51), p � 0.0003 5.43 (1.53), p � 0.0007

Subjects with volume increasec, n (%) 17 (68) 12 (57)
Mean volume (SE), mL 8.2 (1.20) 16.9 (2.01) 17.1 (2.16)
Mean volume change (SE), mL [95% Cl] 9.27 (1.49) [6.18, 12.36] 9.96 (1.82) [6.20, 13.73]

aNumber of subjects with CT scans.
bChange from baseline includes increases as well as decreases in tICH volume from baseline.
cIncrease in volumes describes positive growth of tICH lesions.
p-values were calculated based on a linear mixed model with two repeated factors: reader and visit.



standardized CT collection and centralized CT analysis.
The goals of the study were to describe the natural his-
tory of tICH and to investigate the incidence of throm-
boembolic complications in TBI subjects. In this study,
it was demonstrated that tICH expansion occurred in 51%
of the subjects enrolled, a finding consistent with previ-
ous retrospective single-center reports (Chang et al.,
2006; Oertel et al., 2002). Perhaps more importantly, this
study provided evidence that hemorrhage progression pri-
marily occurs within the first 24 h, suggesting that any
agent designed to limit hematoma expansion should be
administered as early as possible following injury.

This study provided an opportunity for the analysis of
additional physician-directed CT scans conducted prior
to the protocol-mandated 24-h CT scan. These scans were
presumably obtained because of clinical deterioration and
therefore may represent a biased subset. The data indi-
cated that these subjects demonstrated a greater likeli-
hood of hemorrhage expansion as well as a larger vol-
ume increase, and that the majority of the volume
increase occurred within 9 h from injury. For these sub-
jects an association between possible clinical deteriora-
tion and lesion progression was also observed.

Many existing guidelines (Lobato et al., 1997; Pro-
caccio et al., 2000) for the treatment of TBI already con-
tain recommendations for repeat CT scans to be con-
ducted within 24 h. Our data suggest that in addition to
routine clinical assessments, there may be potential value
in conducting these CT scans even earlier in the course
of treatment.

The results of this study also confirmed previous ob-
servations that while small tICH lesions (�2 mL) may
expand, larger initial baseline lesions tend to have sub-
stantially greater hematoma increase, with a greater like-
lihood of clinical impact. Although, a consistent defini-
tion of lesion progression has not been established in TBI,
lesion enlargements of �2 mL may not be relevant to the
subject’s clinical outcome. Traumatic ICH volume as re-
flected in increases of 25% (Oertel et al., 2002) and of
50% (Chieregato et al., 2005) in at least one dimension
of the tICH have been considered significant. Mean vol-
ume increase of more than 5 mL in 24 h is probably rel-
evant to patient outcomes and management and has been
identified as a risk factor for late surgery (Chang et al.,
2006). In this study, 29% (15/51) of subjects demon-
strated a tICH volume increase of greater than 5 mL be-
tween the baseline and the 24-h CT scan.

Previous studies have demonstrated that hematoma ex-
pansion in subjects with spontaneous ICH were associ-
ated with greater clinical morbidity, as determined by out-
come scales (e.g., modified Rankin Scale [mRS], Oxford
Handicap Scales) (Brott et al., 1997; Mayer et al., 2005).
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TABLE 4. TRAUMATIC ICH VOLUME PROGRESSION: BASELINE, AND 24 H, BY BASELINE HEMATOMA SIZE

Baseline traumatic ICH volume (mL)

�2, n � 8 �2 to �5, n � 14 �5 to �11, n � 19 �11, n � 15

Subjects with tICH volume change, n (%) 6 (75) 14 (100) 17 (89) 14 (93)
Mean volume change (SD), mL 0.5 (1.3) 3.1 (4.9) 4.3 (14.5) 3.5 (9.5)

Subjects with tICH volume increase, n (%) 2 (25) 9 (64) 7 (37) 8 (53)
Mean volume increase (SD), mL 1.9 (1.32) 5.3 (4.72) 14.5 (18.72) 10.2 (6.52)

One subject in the �2 mL group, two subjects in the �2 to �5 mL group, and one subject in the �11 mL group were missing 
24 CT scans.

FIG. 3. Impact of timing of baseline computed tomography
(CT) on follow-up CT scan for change in hematoma. In the pa-
tients scanned at 24 h (as per protocol), patients with an early
initial CT (less than 3.5 h post-injury) showed hematoma ex-
pansion of 57% as compared 36% when their initial CT was
after 3.5 h post-injury. This difference is even more evident in
patients who underwent a second CT scan for clinical indica-
tions before the planned 24-h study (Intermediate CT-Scan
Group). In this sub-set of 80% of patients, those scanned within
3.5 h of injury had hematoma expansion, compared to only 20%
if they were scanned later than 3.5 h post-injury.



In the setting of TBI, Stein et al. (1993) showed that pa-
tients (n � 149) with delayed brain injury (hematoma
progression or new hematoma) had a higher mortality, a
slower recovery and a worse outcome. Patients with CT
evolution have a statistically significant increase in the
risk of unfavorable outcomes, as reported by a di-
chotomized GOS at 6 months from injury (Fainardi et al.,
2004; Lobato et al., 1997; Servadei et al., 2000). It there-
fore seems similar to sICH in that a relationship between
tICH evolution and long-term poor outcomes may exist,
but studies with a sample size adequately powered to
demonstrate have been difficult to perform.

We observed an association between possible clinical
deterioration and lesion progression for subjects with
tICH who had intermediate CT scans, providing some
evidence to suggest the deleterious effect of tICH ex-
pansion in TBI, and arguing in favor of limiting lesion
expansion. Based on this information, future trials in-
vestigating the impact of agents aimed at limiting ex-
pansion of tICH, may focus on CT measurements as an
early mechanistic endpoint. The use of planimetric vol-
ume measurements as an accurate and reliable tool has
been previously demonstrated (Zimmerman et al., 2006).

The use of such volumetric measurements would be of
particular importance if a clear relationship can be es-
tablished between hemorrhage progression and clinical
outcome as it has been for spontaneous ICH (Broderick
et al., 1993; Mayer et al., 2005).

Injury to the central nervous system and the associated
complications of immobilization and altered levels of
consciousness (due to sedation or injury) along with the

high brain tissue factor release, secondary to injury, are
significant risk factors for the development of arterial and
venous thrombotic complications. Therefore, TBI pa-
tients may be at greater risk for thromboembolic events
as compared with polytrauma or ICU subjects (Geerts et
al., 2004). Limited data exist to describe the incidence of
thromboembolic AEs for patients with TBI. For exam-
ple, lower extremity ultrasound screens to monitor and
detect DVTs have rarely been implemented in a TBI clin-
ical protocol (Kurtoglu et al., 2004). In our study, the fre-
quency and nature of AEs were carefully monitored. A
total of four DVTs and one PE were observed for the 60
subjects who entered the trial. These data indicate that
thromboembolic complications are not uncommon in TBI
and careful monitoring for such thromboembolic com-
plications is recommended in any future studies. These
results provide a useful baseline against which future
therapeutic trials can be compared.

Several limitations of the present study should be ac-
knowledged. Only a highly selected subset of the TBI
population was evaluated. This was done in an attempt
to focus the highly diverse TBI patient group to evaluate
a population of TBI patients that would be representative
of a general trauma population but focused enough to
identify a target population that could potentially benefit
from therapeutic intervention. Therefore, individuals that
demonstrated an initial hemorrhage and who presented
shortly after injury were enrolled.

We did not report the development or progression of
other components of the traumatic hemorrhagic lesions
such as epidural hematoma, acute subdural hematoma,
subarachnoid hemorrhage, or intraventricular hemorrhage.
In order to avoid the difficulties in accounting for the ef-
fect of surgery on hematoma volumes and clinical out-
come, it was decided by the Steering Committee, while
planning the study, to exclude these lesion types from the
study analyses. In addition, we did not investigate the de-
velopment of new lesions in subjects for whom the initial
CT did not show any intraparenchymal hemorrhage com-
ponent; nor could we identify predictors of tICH progres-
sion. In addition, a confounding factor in analyzing lesion
progression was the variability in the time interval between
injury and baseline CT scan (0.7–8.67 h). However, greater
standardization is not possible in clinical practice.

In this trial, the primary focus was on hemorrhage pro-
gression and immediate AE profiles. The outcome scores
(GOSE and BI) were assessed at Day 15 or discharge and
not at the conventional time point of 6 months. To date,
most of the emphasis in TBI research has been on neu-
roprotection for long-term functional improvement
(Narayan et al., 2002). Therefore, most of the clinical as-
sessment tools in TBI have focused on long-term out-
comes using the GOS or GOSE (Narayan et al., 1981,
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TABLE 5. SERIOUS ADVERSE EVENTS

AND PREDEFINED CRITICAL EVENTS

WITH POTENTIALLY THROMBOEMBOLIC ETIOLOGY

Total

n (%) E (%)

No. of subjects 60 
No. of AEs 48 (80) 256
No. of SAEs 12 (20) 15 (6)
No. of deaths 8 (13)
No. of predefined critical AAEs 8 (13) 8 (3)

DIC 1 (2) 1 (�1)
Cerebral infarction/ 1 (2) 1 (�1)

cerebral hemorrhage
Pulmonary embolism 1 (2) 1 (�1)
Deep venous thrombosisa 4 (7) 4 (2)
Troponin-I elevated 1 (2) 1 (�1)

aTwo cases were described as serious, and two cases were 
described as non-serious.

n, number of subjects; E, number of events.



1982). The current TBI outcomes measures were not de-
signed to detect changes occurring in the acute phase fol-
lowing injury nor to assess the primary impact of hem-
orrhage progression.

CONCLUSION

This study clearly demonstrates tICH expansion be-
tween the baseline CT scan and subsequent follow-up
scans within 24 h in approximately half of the subjects,
and that larger hematomas exhibit the greatest expansion.
Furthermore, the earlier the initial CT scan is obtained
after injury, the more likely it is that significant growth
of the hematoma will be observed on subsequent scans,
suggesting that most of the hematoma expansion occurs
early after injury. This study also demonstrates the po-
tential value of serial CT scans in the study of tICH evo-
lution, and that CT scan measurements could serve as an
early surrogate marker for the impact of therapeutic in-
terventions with hemostatic agents.
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