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Introduction: Traumatic intracerebral contusion is a frequent factor culminating
in death and disability, and its progression relates to unfavorable outcome. We
evaluated the radiological factors associated with hemorrhagic progression of
contusions (HPC). Materials and Methods: Two hundred and forty-six patients
were enrolled in this prospective cohort over a period of 1 year. Contusion volume
was quantified using the “ABC/2” technique, whereas progression was considered
as >30% increase in the initial volume. Univariate and multivariate statistics
were used to examine the correlation between the risk factors of interest and
HPC. Results: HPC was seen in 110 (44.7%) patients. Binary logistic regression
showed in the final adjusted model that multiplicity (relative risk [RR]: 2.24, 95%
confidence limit [CL]: 1.00-5.48), bilateral lesions (RR: 2.99, 95% CL: 1.08-8.25),
initial volume of contusion (RR: 4.96, 95% CL: 1.87-13.13), frontal location
(RR: 1.42, 95% CL: 1.08-3.56), and presence of concomitant intracranial hematoma
(extradural-RR: 3.90, 95% CL: 1.51-10.01, subdural-RR: 2.91, 95% CL: 1.26-6.69,
and subarachnoid-RR: 2.27, 95% CL: 1.01-5.80) were significantly associated
with HPC. The overall mortality was 18.7% and was almost equal among patients
with and without HPC. Mortality was significantly associated with Glasgow Coma
Scale on admission (adjusted RR: 12.386, 95% CL: 4.789-32.035) and presence of
comorbid conditions (adjusted RR: 0.313, 95% CL: 0.114-0.860). Conclusion: Initial
computed tomography scan is a good predictor of high-risk group for HPC.

KEYWORDS: Brain contusion, intracerebral hematoma, intraparenchymal
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INTRODUCTION
Traumatic intraparenchymal hematomas (tIPH)
is a common sequel of primary traumatic

brain injury (TBI) occurring in up to 35% of severe
TBI.MY Primary TBI continues damaging brain via several
secondary injuries, with “hemorrhagic progression”
being one of these devastating entities.’”) Progression
of tIPH has been evaluated in several studies with
an incidence of around 16%-63%.2! Contusion is a
subtype of tIPH with ill-defined areas of mixed density
attenuation as salt-and-pepper appearance on computed
tomography (CT) scans.l”! It tends to progress more as
compared to other “solid appearing” tIPH.[")

Contusion is a frequent factor culminating in death
and disability of TBI victims, and its progression
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relates to unfavorable outcomes.®'”  Progression
of contusion, first evident in 1979, is being termed
differently throughout the literature, but to avoid this
ambiguity, Kurland et al. adopted the term “hemorrhagic
progression of contusion” (HPC).[':'2? HPC has been
found to be associated with several clinical (age, injury
severity, Glasgow Coma Scale [GCS] score, blood
alcohol level anticoagulation/antiplatelet use, platelet
count, international normalized ratio, and platelet
transfusion) and radiological (initial volume, location,
ventriculostomy status, skull fracture, concomitant
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subdural and subarachnoid hematoma, and duration from
injury to initial CT scan) parameters.**11 However,
consensus is lacking in literature. As the disease has
a short natural course and deterioration occurs within
hours of injury, it is crucial to identify the patients at
risk of progression.®

CT scan is the diagnostic modality of choice for
moderate-to-severe TBI. Radiological findings along
with clinical assessment help neurosurgeons categorize
the patients according to the level of care needed. Here,
we intend to evaluate the radiological factors that favor
the progression of traumatic contusion. Few studies have
been done for this purpose; however, majority of them
are either done on small sample size or are retrospective
studies with their innate limitations.

MATERIALS AND METHODS

Prospectively collected data after consecutive sampling of
study population during a period of 1 year from January
to December 2017 were used to construct the cohort
study at the Department of Neurosurgery, Jinnah Post
Graduate Medical Center (JPMC), Karachi, Pakistan.
The Institutional Review Board at JPMC, Karachi,
approved this research project. All patients >14 years of
age with a history of blunt TBI within 24 h and initial
CT scan showing contusion as a primary lesion were
included in the study. All patients with polytrauma, with
concomitant other intracerebral hematoma as a primary
lesion who underwent evacuation and those who expired
before repeat CT scan were excluded from the study.

All CT scans were evaluated by two independent senior
on-call neurosurgeons and a consultant radiologist
for contusion and all associated intracranial injuries.
Volume of contusion is calculated by ABC/2 technique
(where A = maximum diameter in cm, B = diameter at
90° to maximum diameter in cm, and C = total number of
I-cm axial slices).'” Volume of multiple contusion was
calculated separately by 4BC/2 method and then adding
them together to get the total volume of contusion.!’
Contusions were divided on the basis of initial volume
into small (<20 ml) or large (>20 ml), as lesions >20 ml
with signs of mass effect are indicated to be managed
operatively.' HPC is defined as >30% increase from
the initial volume on repeat CT scan.™'¥ The primary
outcome of the study was designated as HPC that
is hypothesized to be associated with radiological
parameters such as multiplicity, location, laterality,
initial volume contusion, associated intracranial injuries,
and presenting GCS.

Statistical analysis

Data were analyzed using SPSS version 20 for IBM
Corp. Released 2011. IBM SPSS Statistics for Windows,
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Table 1: Characteristics of the study population

Characteristics Frequency (%)
Gender

Male 212 (86.1)

Female 34 (13.8)
Mode of injury

RTA 212 (86.2)

Fall 32 (13)

Assault 2(0.8)
Number of contusions

Single 138 (56.1)

Multiple 108 (43.9)
Initial volume of contusion (ml)

<20 200 (81.3)

>20 46 (18.7)
Progression

No 136 (55.3)

Yes 110 (44.7)
Location of contusion

Frontal 92 (37.4)

Temporal 52 (21.1)

Parietal 38 (15.4)

Occipital 4(1.6)

More than one 60 (24.4)
Laterality

Unilateral 208 (84.6)

Bilateral 38 (15.4)
Associated intracranial injury

EDH 48 (19.5)

SAH 52 (21.1)

SDH 48 (19.5)

Fracture 64 (26.0)
GCS score on admission

>9 164 (66.7)

<8 82 (33.3)
Comorbidities

Yes 42 (17.1)

No 204 (82.9)
Mortality

Yes 46 (18.7)

No 200 (81.3)
Length of stay (mean) 4.61+£3.44

RTA: Road traffic accident, EDH: Extradural hematoma,
SAH: Subarachnoid hemorrhage, SDH: Subdural hematoma,
GCS: Glasgow Coma Score

Version 20.0. Armonk, NY: IBM Corp. MS Windows.
Means and standard deviations were calculated
for continuous variables, whereas frequencies and
percentages were calculated for categorical variables.
Chi-square test was employed to observe any statistically
significant difference in the distribution of independent
variables according to progression. Crude and adjusted
relative risks of progression were calculated for
independent variables. P < 0.05 was considered

statistically significant.
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RESuULTS

Among 246 patients, 212 (86%) were males, with a
mean age of 40.38 + 19.58 years, whereas the remaining
were females with a mean age of 34.29 + 15.38 years.
Road traffic accident (RTA) was the most common
mode of injury occurring in 212 patients (86.2%),
followed by fall in 32 patients (13%). A total of
108 (44%) patients suffered from multiple contusions,
whereas the most common region involved was frontal
in 92 patients (37.4%) [Table 1]. Detailed distribution of
regional involvement is shown in Figure 1.

The GCS score on admission was >9 in 66.7% (n = 164)
of the patients. Majority of the patients, that is,
81.3% (n = 200) had volume of contusion <20 ml, while
the remaining 18.7% (n = 46) had volume >20 ml.
HPC was seen in 110 (44.7%) patients. Binary logistic
regression in the final adjusted model showed that the
risk of HPC was 1.5 times more in patients with frontal
contusion. Similarly, patients with bilateral contusion
were at three times greater risk of progression compared
to those who had unilateral contusion. Multiple
contusions were three times more prone to develop
progression as compared to single contusion. Volume of
contusion >20 ml was associated with five times greater
risk of progression while the presence of concomitant
intracranial hematoma significantly increases the risk of
progression. Risk of progression of is increased fourfold
with extradural hematoma (EDH), whereas subdural
hematoma (SDH) and subarachnoid hematoma increase
the risk by three times and two times, respectively.

Mean length of stay was 4.6 days, with a difference
of 1.4 days in both groups (5.43 in HPC vs. 3.97
with P = 0.02). The overall mortality rate was 18.7%
(n = 46) and was almost equal among patients with and
without progression (8.94% vs. 9.75%). There was no
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Figure 1: Distribution of location of contusion and its progression on
repeat computed tomography scan

statistically significant difference in the mortality rate
of patients with and without progression (P = 0.37).
Tables 2 and 3 show the risk factors associated with
hemorrhagic progression and mortality, respectively.
Mortality was significantly associated with GCS scores
on admission and presence of comorbid conditions.
Patients with GCS <8 were at 12 times higher risk of
dying compared to those with better GCS scores on
admission. Similarly, patients with comorbid conditions
were at three times greater risk of death compared to
those patients with no comorbid conditions.

DiscusSsION

Profound understanding of the contributing factors
that leads to progression could be the major step in
the better management of TBI, especially in facilities
where cost of management outweighs the unsorted
placement of all patients to high-dependency and
intensive care units and frequent repeat CT scans.
Hematological and biochemical parameters are less
practical to use as they are time consuming and due
to their cost in resource-limited setups. All patients
with suspected TBI undergo CT scan as the first choice
of investigation; hence, we assessed the radiological
factors in order to highlight the group of patients at
risk for HPC.

Lack of standardization of the term “progression” and a
uniform cutoff value for initial contusion identified on
the first CT scan led to high variability in the incidence
of hemorrhagic progression from 16% to 74%, as
reported in literature.[*!316:19]

However, recent studies using progression as >30%
increase in size report incidence between 45% and
65%,1-1914201 which is comparable to our result (44.7%).
RTA is the major cause of injury in our study; similarly,
Hilmer et al. recently reported RTA, especially
motor bike accidents, as the major cause of traumatic
contusion.?

Prior studies associate a statistically significant relation
between older age and HPC;*!*¥ however, our
univariate analysis shows a borderline association of
age and HPC, but our multivariate analysis failed to
predict a positive relation between them. This difference
could be due to higher mean age in other studies.[>!3!4
A number of studies show result parallel to our study.®!
However, age is a proven predictor of outcome.['%2]

Oertel et al. hypothesized that female gender has a
neuroprotective effect of estrogen and progesterone
against HPC and showed a significant correlation
between male sex and HPC.?? Here, we relate our
findings to them that, on univariate analysis, it was
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Table 2: Risk factors associated with hemorrhagic progression among patients with contusion (n=246)

Progression, n (%) P* Crude RR (95% CI)  Adjusted RR (95% CI)**
No progression Progression

Age (years)

<50 92 (59) 64 (41) 0.08 - -

>50 44 (48.9) 46 (51) 1.50 (0.89-2.53) 0.86 (0.40-1.87)
Gender

Male 112 (52.8) 100 (47.2) 0.039 - -

Female 24 (70.6) 10 (29.4) 2.14 (0.98-4.70) 0.74 (0.25-2.21)
Location of contusion

Parietal 22 (57.9) 16 (42.1) 0.023 - -

Frontal 58 (63.0) 34 (37.0) 1.75 (1.11-2.74) 1.42 (1.08-3.56)

Temporal 28 (53.8) 24 (46.2) 1.46 (0.73-2.91) 0.90 (0.37-2.22)

Occipital 4 (100.0) 0(0.0) ok kkx
Laterality

Unilateral 126 (60.6) 82(39.4) <0.001 - -

Bilateral 10 (26.3) 28 (73.7) 4.30 (1.98-9.32) 2.99 (1.08-8.25)
Volume of contusion (ml)

<20 124 (62.0) 76 (38.0) <0.001 - -

>20 12 (26.1) 34 (73.9) 4.62 (2.25-9.47) 4.96 (1.87-13.13)
Number of contusions

Single 80 (58.0) 58 (42.0) 0.007 - -

Multiple 56 (51.9) 52 (48.1) 2.94 (1.20-4.45) 3.02 (1.35-6.78)
GCS score on admission

>9 96 (58.5) 68 (41.5) 0.094 - -

<8 40 (48.8) 42 (51.2) 1.48 (0.87-2.52) 0.671 (0.32-1.40)
EDH

No 114 (57.6) 84 (42.4) 0.096 - -

Yes 22 (45.8) 26 (54.2) 1.60 (1.04-2.55) 3.90 (1.51-10.01)
SDH

No 122 (61.6) 76 (38.4) <0.001 - -

Yes 14 (29.2) 34 (70.8) 3.89 (1.96-7.73) 2.91 (1.26-6.69)
SAH

No 122 (62.9) 72 (37.1) <0.001 - -

Yes 14 (26.9) 38 (73.1) 4.59 (2.33-9.06) 2.27 (1.01-5.80)
Fracture

Yes 38 (59.4) 26 (40.6) 0.269 - -

No 98 (53.8) 84 (46.2) 1.25(0.70-2.23) 0.909 (0.41-2.00)
Isolated head injury

Yes 108 (55.1) 88 (44.9) 0.519 - -

No 28 (56.0) 22 (44.0) 0.96 (0.51-1.80) 1.422 (0.64-3.16)
Comorbidity

Yes 20 (47.6) 22 (52.4) 0.177 - -

No 116 (56.9) 88 (43.1) 0.69 (0.35-1.34) 1.156 (0.47-2.81)
Length of stay

Mean+SD 3.97+2.68 5.43+4.08 0.02 - -

Mean difference (CI) 1.45 (0.59-2.3) - -

*P value is calculated through Chi-square test, **Adjusted RRs are calculated after adjusting for all the variables in the model, ***RR
cannot be calculated due to 0% in progression group. CI: Confidence interval, RRs: Relative risks, SD: Standard deviation, GCS: Glasgow
Coma Scale, EDH: Extradural hematoma, SAH: Subarachnoid hemorrhage, SDH: Subdural hematoma

found that male has a significant risk of HPC, but
these results are not significant on final adjusted model.
However, relatively fewer females (13.8%) in the study
sample could interfere this association. Number of
studies shows no significant association.”!33

Frontal contusions are known to progress over a period of
time, and extensive bifrontal contusion show syndrome of
delayed deterioration.**! Allison et al. reported that HPC
was associated with frontal location of contusion.'¥ Our
data conclude the same results where frontal contusion
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Table 3: Factors associated with mortality in patients with contusion (n=246)

Mortality, n (%) P* Crude RR (95% CI) Adjusted RR (95% CI)**
Alive Died

GCS score on admission

>9 150 (91.5) 14 (8.5) <0.001 - -

<8 50 (61.0) 32(39.0) 6.85(3.38-13.87) 12.38 (4.789-32.035)
Management

Conservative 148 (81.3) 34 (18.7) 0.562 - -

Surgery 52 (81.2) 12 (18.8) 1.01 (0.48-2.08) 0.424 (0.121-1.478)
Comorbid

Yes 30(71.4) 12 (28.6) 0.061 - -

No 170 (83.3) 34 (16.7) 0.50 (0.23-1.07) 0.313 (0.114-0.860)

*P value is calculated through Chi-square test, **Adjusted RRs are calculated after adjusting for all the variables in the model, CI:

Confidence interval, RRs: Relative risks, GCS: Glasgow Coma Scale

constitutes the majority of contusions and is more likely to
progress as compared to other locations. Four patients had
occipital contusion, and none of these lesions progress.

Initial volume of contusion is a well-identified
independent parameter for progression, positively
associated with HPC; larger contusions tend to

progress.®1% Carnevale et al. concluded that initial
volume of contusion is the most predictive factor of
progression among all the studied variables and the
rate of progression correlates linearly with it.['***] Some
analysts found it to be a prognostically relevant factor.®
Although smaller lesions tend to progress, this does not
have an impact on clinical outcome!® and unlikely to
require surgery.”® In our patients, initial volume of
contusion >20 ml was associated with fivefold increased
risk of HPC in the final analysis and is the most
important predictive factor among all variables.

Patients with bilateral lesions had three times more risk
of developing HPC compared to unilateral lesions. This
observation is probably associated with the severity
of lesion and additive volume of bilateral contusion
as initial volume shows a strong association with
progression. This variable is not included in previous
literatures of contusion. Multiplicity of location of
contusion is independently associated with HPC in the
final model, similar to other studies™ where multiplicity
of contusion is regarded as a risk factor as additive
volume of multiple contusion is higher.?%

Lower GCS is significantly associated  with
HPC,”!3 clinical deterioration,!'®? delayed surgical
intervention,[*”! and poor outcome as probability of going
home.!"*13] Contrary to this, a number of studies failed to
prove this association.*”*! Similarly, we conclude that
GCS on admission is not associated with HPC.

Previous literature has highlighted the significance
of associated extra-axial intracranial hemorrhages;
however, it is not clear that which type of hemorrhage is

strongly associated with progression. EDH,!'*) SDH,!*!4]
subarachnoid hemorrhage (SAH),”'*'¥ and vault
fracture!" are independently associated with HPC in
the reported literature. Our study showed similar results
that presence of EDH, SDH, and SAH is an independent
predictor of progression; however, EDH is more strongly
associated as compared to SDH and SAH.

Detrimental outcome of HPC in terms of mortality
and morbidity is extensively reported in literature.[®*%"!
However, a number of studies show contradictory results.
laccarino et al. identified neurological deterioration as a
better prognostic indicator as compared to progression
of hematoma.?® In our study, length of hospital stay in
HPC group was 5.43 days as compared to 3.97 days in
non-HPC group (P = 0.02), which is similar to the study
done by Juratli et al® Most of the studies have not
evaluated length of stay in relation to HPC.

The overall mortality rate in this study is almost equal
among both groups with or without HPC, similar to
the study done by Juratli et al.®) Low admission GCS
scores and presence of comorbidities (hypertension and
diabetes mellitus) are independently associated with
higher mortality. Patients with GCS score <8 were at
12 times higher risk of dying compared to those with
better GCS scores on admission [Table 3]. Younger age
and higher GCS scores are strongly associated with
good outcomes in different studies.'®!*?1 However, age
is neither related to HPC nor related to mortality in this
series. Younger mean age in our study comparative to
other studies could justify these findings.['*” Type 2
diabetes is associated with progression in one study;?
however, our study showed association with mortality
and not to progression.

A limitation of our study is that we repeat CT scan
within 24 h of hospital stay; however, a number of
contusions show late progression after 3—4 days.!'!
Hence, the result could only be associated with early
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HPC. Patients with severe nonsalvageable TBI were not
included in the study, which could exclude a proportion
of patients with severe TBI.

CONCLUSION

Progression of contusion in TBI is related to
multiplicity, bilaterality, volume, and frontal location
with concomitant intra- and extra-axial hematomas. The
initial CT scan is a good predictor of high-risk group for
progression.
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