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Introduction

Traumatic brain injury (TBI) is one of the most common causes
of mortality and morbidity, leading to lifelong physical,
cognitive, behavioral, and emotional impairments.1,2 TBI
results in sequence of events leading to secondary brain
damage in which hemorrhagic expansion is certainly one of
the most important and devastating.3

When head trauma results in a contusion, the hemorrhagic
lesion often expands or a new hemorrhagic lesion may develop
remotely from the original contusion during the early hours

after injury.4 Contusions can appear in computed tomographic
(CT) scan as solid hematoma or a classic salt-and-pepper
appearance, and these lesions contribute significantly in
patients of closed-head injury.5 Progression of these lesions is
highly variable and has unpredictable course with few lesions
remaining unchanged for several days and some enlarging
rapidly causing catastrophic outcome.6,7

Previous studies showed that approximately half of the
patients with contusions demonstrated hemorrhagic
progression on serial CT scans, and generally these
progressions occurred in first 12 hours and some can be
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Abstract Objective To identify clinical and radiological factors to predict progression of
contusion and its impact on clinical deterioration of neurological status, which will
ultimately help deciding surgical intervention in initially conservatively managed
patients.
Methods This is a prospective, observational study containing a total of 110 patients
who had contusions after traumatic brain injury with size of �2 mL by computed
tomographic (CT) scan, managed conservatively in initial period, and had at least two
subsequent CT scans within 72 hours after injury. Significant radiological progression
was defined as >30% increase in volume from baseline in CT scan.
Results The progression of contusion was significantly associated with age, sex,
contusion volume in initial CT, effacement of cistern, subdural hematoma (SDH),
subarachnoid hemorrhage(SAH), and coagulopathy. SDH and SAH (p<0.05) were
found to be as independent risk factors for contusion progression. The need for
surgery after initial conservative management was required in 11.81% cases, and the
deterioration of Glasgow coma scale (GCS) volume in the second CT were found to be
significant independent predictors for the surgical intervention (p< 0.05).
Conclusions About half of the patients presenting with TBI managed conservatively
in initial period show significant progression of contusion mostly within 24 hours after
injury. Patients with SAH, SDH and deranged coagulation profile are particularly at
high risk for progression of contusion.
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delayed up to 3 to 4 days.8,9 However, previous studies
showing hemorrhagic progression of contusions were
mostly retrospective. There is lack of data in Indian
population about this dreaded complication.

The aim of our present study was to identify clinical and
radiologic factors to predict progression of contusions and
its impact on clinical deterioration of neurologic status,
which will ultimately help in deciding surgical intervention
in initially conservatively managed patients.

Methods

This prospective, observational study was conducted at our
medical college hospital in one of its neurosurgery units. The
patients were enrolled during the period from April 2014 to
March 2015. After the informed consent was obtained, all the
patients who had contusions after TBI with size of� 2mL by CT
scan, managed conservatively in initial period, and had at least
two subsequent CT scans within 72 hours after injury were
included. Of the patients who were operated after first CT scan,
those who were admitted but who did not undergo follow-up
CT scans were excluded.

A detailed patient history related to mode of injury, date
and time of injury, age, sex, etc. was recorded. Glasgow coma
scale (GCS) was obtained after resuscitation at the time of
admission. Laboratory data regarding prothrombin time (PT)
with international normalized ratio (INR) and platelet counts
were collected. Normal coagulation values as per our
laboratory standard were � 13.2 seconds for PT, < 1.2 for
INR, and � 100,000/µL for platelet count.

The initial CT scan was performed immediately upon
presentation, and subsequent CT scans were done at 24
hours and 72 hours after injury. Additional CT scans were
done as advised by senior consultant as and when required.

Types of hematomas coexisting with contusion were
recorded as EDH (epidural hematoma), SDH (subdural
hematoma), SAH (subarachnoid hemorrhage), and IVH
(intraventricular hemorrhage). Contusions were classified
as lobar (frontal, temporal, parietal, occipital) and deep
(brainstem, basal ganglia).The initial contusion volume was
evaluated by using the ABC/2 method.9 Progression in
contusion was defined as � 30% increase in contusion
volume from the baseline (progression group). This criterion
was used because similar cutoff was used in previous
studies.7

Statistical Analysis

Statistical analyses were done using computer software
(SPSS version 20 and primer, IBM, Armonk, New York). The
qualitative data were expressed in proportion and
percentages, and the quantitative data expressed as mean
and standard deviations. The difference in proportion was
analyzed by using chi-square test and the differences in
means were analyzed by using student t-test. Multivariate
logistic regression was used to find out the predictors of
progression of contusion. Significance levels for tests were
determined as 95% (p < 0.05).

Results

Total 110 patients were enrolled (►Fig. 1). Mean age of
study population was 37.55 � 14.83 and 76.3% were males.
Mode of injury was road traffic accident (RTA) in 83.6%
cases, fall from height (FFH) in 14.55% cases, and assault in
1.8% cases. Mean GCS score at the time of admission was
12.77 � 3.01 (►Table 1). Out of total four patients who died
in this study, three were from nonprogression group.

Total numbers of patients who 
underwent initial conservative 

management after first CT scan 
(n = 110) 

(After exclusion) 

Continuous conservative management 
(n = 97)

Surgery after second CT scan (n = 13)

Progression group 
(n = 10) 

(For evacuation of 
contusion) 

Nonprogression group 
(n = 3) 

(EDH as indication) 

Patients after second CT scan (n = 110) 

Nonprogression group 
(n = 57) 

Progression group 
(n = 40) 

Fig. 1 Flowchart regarding patients included in this study. CT, computed tomography; EDH, epidural hematoma.
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Total 147 contusions were found in 110 patients being
96.6% lobar and 3.40% deep. The most common location was
frontal lobe (43.54%), followed by temporal (36.73%),
parietal (14.29%), occipital (2%), brainstem (2%), and basal
ganglia (1.36%). The range of contusion volume found to be 2
to 10 mL in 66.36%, 11 to 25 mL in 27.27%, and 26 to 50 mL
in 6.36% patients. Among the associated CT findings, SAH
was found to be most common (31.82%), followed by SDH
(26%), EDH (6.36%), and IVH (1.82%). Abnormal INR (> 1.2)
was found in 27.27% cases.

The significant radiologic increase in contusion size was
found in 45.45% cases. (►Figs. 2 and 3). The mean contusion
volume found in initial, second, and third CT scans was,
respectively, 10.43 � 17 mL, 20.78 � 9.78 mL, and 12 � 7.77
mL in progression group, which was significantly different as
compared with initial CT (p < 0.001). The mean contusion
volume in initial CT was 7.8 � 6.81 mL and this increased to
8.51 � 7.59 mL in second CT in nonprogression group. There

was 10.35 � 9.58 mL increase in volume from baseline to
second CT scan at 24 hours in progression group while volume
change was found to be only 0.714 � 1.99 mL in
nonprogression group. In intergroup analysis, significantly
higher initial mean contusion volume was observed in
progression group as compared with nonprogression group
(p < 0.001S) (►Table 2).

On univariate analysis for progression of contusion,
significant association was observed with age, sex, contusion
volume in initial CT, effacement of cistern, SDH, SAH, and
abnormal coagulation profile, but the progression was not
significantly associated with initial GCS score, EDH, and IVH
(►Table 3). On the multivariate logistic regression analysis
coagulopathy, SDH and SAH (p < 0.05) made a significant
contribution to prediction of contusion progression. One unit
change in the significant predictors, the log odds of increase in
progression was found to be by 7.03 times (for INR), 2.83 times
(for SDH), and 3.44 times (for SAH) (►Table 4).

Table 1 Clinical-demographic profile of the study population

No. %

Total patients 110

Male 84 76.36

Female 26 23.64

Mean age (y): mean � SD (range) 37.55 � 14.83 (2–75)

Mode of injury

RTA 92 83.64

FFH 16 14.55

Assault 2 1.82

Initial GCS score (mean � SD) 12.77 � 3.01

GCS grade

3–8 10 9.09

9–12 29 26.36

13–15 71 64.55

Deterioration in GCS 18 16.36

INR (mean � SD) 1.25 � 0.34

Abnormal 30 27.27

Normal 80 72.73

Radiographic findings in initial CT scan

Effacement of cistern 35 31.82

SAH 35 31.82

SDH 29 26

EDH 7 6.36

IVH 2 1.82

Contusion size (mean � SD) 8.99 � 6.98

2–10 73 66.36

11–25 30 27.27

26–50 7 6.36

Abbreviations: CT, computed tomography; EDH, epidural hematoma; FFH, fall from height; GCS, Glasgow coma scale; IVH, intraventricular
hemorrhage; RTA, road traffic accident; SAH, subarachnoid hemorrhage; SD, standard deviation; SDH, subdural hematoma.
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The conservative management failed in 13 patients and
required surgical intervention, of whom 10 were from
progression group and 3 from nonprogression group. On
univariate analysis for operative versus conservative
management in contusion progression group, the surgical
intervention had significant association with contusion
volume in second CT scan, change in contusion volume (from
initial to second CT), and SDH (p < 0.05), but it was not
associated with age, sex, initial GCS score, contusion volume in
initial CT scan, coagulopathy, effacement of cistern, SAH, and
EDH. On the multivariate logistic regression analysis,
deterioration of GCS (odds ratio [OR] ¼ 48.25) and volume in
second CT (OR ¼ 1.24) were significant independent predictors
for the surgical intervention (p < 0.05) (►Table 5).

Discussion

TBI is one of the most common causes of death in patients with
trauma. Studies of progression of contusion are lacking in
Indian population. As per our study, in approximately 45%
patients managed conservatively contusion volume would be
later progressed in subsequent CT. Similar rate of progression
was found in other studies. Narayan et al reported 51%, Oertel
et al 51%, whereas Alahmadi et al reported 45% incidence of
progression of contusion volume.4,7,10 Among the patients in
whom contusions were progressed, approximately 90% showed
contusion progression in first 24 hours.

We found that female sex and elderly age were
significantly associated with progression of contusion as

Fig. 3 Computed tomographic (CT) scans showing example of progression of contusion associated with subarachnoid hemorrhage in a
45-year-old man after road traffic accident. Patient required surgical intervention. (A) Initial CT scan. (B) CT scan after 24 hours.

Fig. 2 Computed tomographic (CT) scans showing contusion progression in a 58-year-old woman after road traffic accident. Patient required
surgical intervention. (A) Initial CT scan. (B) CT scan after 24 hours.
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also reported in previous studies.7 Coagulopathy, SDH, SAH,
and initial contusion volume were significantly associated
with progression of contusion. On multivariate analysis only
SDH, SAH, and coagulopathy were found to be independent
predictors of progression of contusion, and of them,
coagulopathy was found to be the strongest predictor. One

unit change in INR, the log odds of increase progression was
found to be by 7.03 times. Similar finding is also reported by
Oertel et al, Stein et al, and Yadav et al.7,11,12 SAH was also
strongly and independently predicted radiologic progression
but less than coagulopathy. This was found in other studies
too.13,14 SDH was also reported as significant predictor of

Table 2 Traumatic contusion volume progression

Initial CT 2nd CT 3rd CT

Progression group (> 30% progression)

n 50 50 40

Mean � SD (mL) 10.43 � 17.080 20.78 � 9.78 11.3 � 12.779

Contusion volume increase from initial CT 10.35 � 9.58 (p < 0.001) 6.54 � 4.65 (p < 0.001)

Nonprogression group

n 60 60 57

Mean � SD (mL) 7.80 � 6.81 8.51 � 7.59 7.25 � 5.29

Contusion volume increase from initial CT 0.714 � 1.99 0.356 � 0.914

Intergroup comparison p value < 0.001 0.005

Abbreviations: CT, computed tomography; SD, standard deviation.

Table 3 Univariate analysis of factors for contusion progression versus nonprogression

p Value

Age 0.001

Sex 0.035

GCS score 0.918

Contusion volume in initial CT 0.049

Effacement of cistern < 0.001

SDH 0.003

SAH 0.007

Coagulopathy 0.003

EDH 0.3

IVH 0.58

Abbreviations: CT, computed tomography; EDH, epidural hematoma; GCS, Glasgow coma scale; IVH, intraventricular hemorrhage; SAH,
subarachnoid hemorrhage; SDH, subdural hematoma.

Table 4 Independent risk factors for progression of contusion (multivariate analysis)

Variables p Value Odds ratio 95% confidence interval

Minimum Maximum

GCS scale 0.13 1.14 0.96 1.36

Coagulopathya 0.02 7.03 1.43 34.7

Contusion volume in initial CT scan 0.95 1 0.93 1.07

SDH 0.04 2.83 1.05 7.63

SAH 0.01 3.44 1.3 9.14

Abbreviations: CT, computed tomography; GCS, Glasgow coma scale; SAH, subarachnoid hemorrhage; SDH, subdural hematoma.
aAbnormal INR.
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progression and we found similar finding in our study,8 but
in some cases SDH might be due to secondary to burst lobe
from underlying large expanding contusion.

A large initial contusion size has more chances of
progression than the smaller contusion, as shown in our
study. Other previous literature also reveals the same
factor.4,8,14

Failure of initial conservative management leading to
surgical intervention occurred in 11.81% cases, and
deterioration of GCS and contusion size on CT at 24 hours
after injury was found to be independent risk factors for this,
which was also found in other studies.5,8 All patients who
underwent surgical intervention in nonprogression group
required surgery for evacuation of EDH whereas those from
progressive contusion group required evacuation of
contusion due to expanding contusion. Four patients died
in our study, and of them three were from nonprogression
group. Deep location of contusion (basal ganglia and brain
stem) may have caused higher mortality in this group.

Conclusion

About half of the patients presenting with TBI managed
conservatively showed significant progressions of contusion
volume, and most of these progressions occurred within 24
hours after injury showing the significance of repeat CT scan
particularly within 24 hours. SAH, SDH, and deranged
coagulation profile were found to be independent predictors
of progression of contusion, and of them, coagulopathy was
found to be the strongest predictor. The monitoring of these
parameters will help in early detection of progression of
contusion and its consequences, and can guide in early
intervention. The worsening of neurologic status was
significantly associated with expanding hematoma that also
implies the importance of repeat CT scan within 24 hours after
injury.
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