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ABSTRACT

AIM: Traditional surgical strategies for severe brain contusion are constantly associated with variable degree of postoperative neurological
dysfunction, which is in part attributed to the location and severity of contusion. The purpose of this study was to compare and evaluate these
current surgical strategies, with an emphasis on neurological function preservation.

MATERIAL and METHODS: A retrospective review of surgical strategies employed for 142 cases of severe brain contusion was performed. The
surgical strategies were stratified into four types, Type |, Simple DC, without resection of contusion; Il, Resection of contusion, combined with
DG; Ill, Safe cerebral lobe resection and DC, without resection of contusion; IV, Simple resection of contusion, without decompression. The
patients were accordingly separated into four groups.

RESULTS: The favorable prognosis rate in Group |, Il and Ill was higher than Group IV on 6-month follow-up Glasgow Outcome Score (GOS). No
significant difference of mortality rate was observed among Group |, Il and Ill (p>0.05), but the favorable prognosis rate of Group Il was lower
than Group | and Il (p<0.05).

CONCLUSION: Simple DC and safe cerebral lobe resection combined with DC might achieve better therapeutic effect, and could be
recommended as the preferred surgical strategies for severe brain contusion.
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AMAC: Beyin kontlizyonu icin geleneksel cerrahi stratejiler degisken derecede postoperatif nérolojik disfonksiyonla daima iliskilidir ve bu
kismen kontiizyonun yeri ve siddetiyle iliskili bulunmustur. Bu calismanin amaci, norolojik islev koruma vurgulanarak mevcut cerrahi stratejileri
karsilastirmak ve degerlendirmektir.

YONTEM ve GEREGLER: 142 siddetli beyin kontiizyonu vakasi icin kullanilan cerrahi stratejilerin retrospektif bir gézden gegirmesi yapilmistir.
Cerrahi stratejiler dort tipe ayrilmistir: Tip |, Basit DC, kontlizyon rezeksiyonu yapilmadan; Il, Kontiizyon rezeksiyonu, DC ile kombine; Ill Glvenli
serebral lop rezeksiyonu ve DC, kontlizyon rezeksiyonu yapilmadan; IV, Basit kontlizyon rezeksiyonu, dekompresyon yapilmadan. Hastalar
buna gore dort gruba ayriimistir.

BULGULAR: Grup |, Il ve lll icin olumlu prognoz orani Glasgow Sonug Skoruna (GOS) gore 6 aylik takipte Grup IV'te daha iyi bulunmustur. Grup
I, Il ve Il arasinda mortalite oraninda 6nemli bir farklilik gérilmemis (p>0,05) ama Grup Il icin olumsuz prognoz orani Grup | ve llI'ten daha
distik bulunmustur (p<0,05).

SONUCG: Basit DC ve DC ile kombine edilen giivenli serebral lob rezeksiyonu daha iyi terapétik etki saglayabilir ve siddetli beyin kontlzyonu
icin tercih edilen cerrahi stratejiler olarak onerilebilir.

ANAHTAR SOZCUKLER: Travmatik beyin hasari, Beyin kontiizyonu, Dekompresif kraniyektomi, Nérolojik islev koruma

INTRODUCTION location, type and severity of the contusion (1). Effective and

Traumatic brain injury with severe contusion is usually
characterized by significant encephaledema, medically
refractory intracranial hypertension, and progressive
neurological dysfunction, which is associated with poor
outcomes. Current strategies of both conservative and
surgical treatment are mainly based on the escalation
principle of intracranial hypertension (3, 4, 5, 23). A variety
of surgical strategies has been adopted according to the
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commonly employed therapies to ameliorate intracranial
hypertension include surgical excision of necrotic brain tissue,
decompressive craniectomy (DC), or both. However, resection
of necrotic brain tissue is always associated with the loss of
neurological function to a certain extent. We attempted to
address this issue and improved surgical strategies based on
the location and severity of contusion, with an emphasis on
the preservation of neurological function.
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PATIENTS and METHODS
Patient characteristics

A retrospective review of prospectively collected data was
performed for a total of 142 patients with acute severe brain
contusion admitted between Jan. 2004 and Dec. 2009. Of
this, 127 patients were admitted immediately after injury,
and 15 were transferred from other hospitals after surgery.
There were 92 males and 50 females in the study, and the M/F
ratio was 1.84:1. The mean age of patients was 34.3 (range,
12-66 years). The mode of injury included traffic accident (91
cases), fall from height (28 cases), and others (23 cases). All the
cases were diagnosed by clinical presentations and medical
imaging. Severe brain contusion was defined as a wide range
of unilateral or bilateral scattered high-density hemorrhagic
focus and encephaledema on CT scan, with a Glasgow Coma
Scale (GCS) score of 3-8 (less than 5 in 46 cases (32.4%)).
29 patients were complicated with multisystem injuries
including bone fracture (19 cases), hemopneumothorax or
traumatic pulmonary edema (6 cases), and other injuries (4
cases). Exclusion criteria included the time to admission >20
hours, non-traumatic brain lesions (such as tumor, AVM or
aneurysm), anticoagulation therapy, concomitant infection,
hemophilia, hemolysis, elevated liver enzymes, decreased
platelet count, and pregnancy.

Treatment Strategies

A total of 111 patients with contused tissue >20 ml, severe
edema, and cistern compression or midline shift >5mm,
underwent emergent surgery (6). 15 patients transferred
from other hospitals were admitted into the Neurosurgical
Intensive Care Unit (NICU) with intensive monitoring,

intracranial pressure (ICP) monitoring and conservative
treatment. The other 16 patients who did not undergo
emergent surgery were also offered conservative treatment,
but later presented with exacerbation of unconsciousness,
increased intracranial pressure, contusion focus enlargement,
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or encephaledema development, and were then merited for
surgery. A significant increase in contusion was defined as
an enlargement of = 30% of the original size on CT scan (3).
Among the 15 transferred patients, 3 patients who developed
traumatic cerebral infarction and 1 patient who had delayed
intracerebral hematoma underwent reoperation.

Based on the location and severity of contusion, and the
principle of neurological function preservation, surgical
strategies were classified into four types. The patients were
divided into Group |, II, lll and IV according to the surgical
strategies employed. Type | strategy, for patients with localized
contusion in functional area, or mass effect mainly caused by
encephaledema, was simple decompressive craniectomy (DC)
without resection of the contused tissue. This strategy was
mainly applied to brain contusion of the frontal lobe, lateral
fissure, post-temporal and eloquent regions of the brain
(Figure 1A,B). Type II, for patients with severe and extensive
contusion in superficial non-functional area, was resection of
contused tissue combined with DC. This strategy was mainly
employed for brain contusion of the frontal and temporal
lobe (Figure 2A,B). Type llI, for patients with brain contusion
in functional area, multiple contusion foci in eloquent regions
of the brain, or small intracerebral hematoma, when simple
decompression could not completely resolve the intracranial
hypertension, was DC combined with resection of safe
cerebral lobe such as ipsilateral frontal pole or temporal pole,
instead of contusion tissue evacuation. This strategy was
mainly employed for contusion in post-frontal, post-temporal,
parietal lobe and eloquent regions of the brain (Figure 3A,B).
Type IV, for patients with severe but localized contusion
which was mainly responsible for the mass effect, was surgical
excision of the necrotic brain tissue without decompression.
This strategy was mainly applied to localized contusion with
intracerebral hematoma in unilateral frontal-parietal lobe
or temporal-parietal lobe (Figure 4A,B). Decompression was
achieved by unilateral or bilateral fronto-temporal standard
trauma craniectomy and expanded duraplasty (16).

Figure 1: Pre- and postoperative
computed tomography (CT)
imaging of patient who
underwent type | strategy.

(A) Preoperative CT scan
demonstrating severe contusion
in right lateral fissure region and
obliterated cisterns.

(B) Postoperative CT scan
showing significantly decreased
brain edema after decompressive
craniectomy (DC).
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Figure 2: Pre- and postoperative
CT scan of patient who
underwent type |l strategy.

(A) Preoperative CT scan
showing extensive contusion

in right frontal lobe and
compressed ventricles.

(B) Postoperative CT scan
indicating decreased
compression of the ventricles
after DC combined with
resection of the contusion tissue.

Figure 3: Pre-and postoperative
computed tomography(CT) scan
of type Ill (A) Preoperative CT
scan demonstrating contusion,
small hematoma and brain
edema in left eloquent regions
with compressed ventricles.

(B) Postoperative CT scan
showing outward shift of the
hematoma and decreased
compression of ventricles after
DC combined with anterior
temporal lobe resection.

Figure 4: Pre- and postoperative
computed tomography(CT) scan
of type IV strategy.

(A) Preoperative CT scan
showing contusion of left frontal
lobe.

(B) The contusion was resected
on postoperative CT.
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All the patients were transferred into NICU after surgery.
Conservative treatment included early-stage tracheostomy,
ICP monitoring, preservation of effective cerebral perfusion
pressure (CPP), parenteral resuscitation therapy, prevention
of infection and gastrointestinal bleeding, early-stage
enteral nutrition therapy, awaking therapy, and early-stage
rehabilitation. All the cases underwent CT scan reexamination
24-72 hours after the surgery.

Complications and Prognosis Evaluation

Postoperative complications such as delayed hematoma,
hematoma enlargement, cerebral infarction, encephalocele,
intracranial infection, hydrocephalus, incisional herniation
(brain herniation through the incision) and CSF leakage were
observed. The complications in each group were analyzed
and compared.

Neurological outcome was assessed for each patient at
6-month follow-up based on the Glasgow Outcome Scale
(GOS). The GOS score of patients was determined respectively
by two experienced attending trauma surgeons who did
not participate in the surgical treatment of these patients,

W Group |
= Group |l
& Group Il

Favorable prognosis Unfavorable prognosis

Figure 5: The figure compares therapeutic effect in Group I~Ill
(%). The rate of favorable prognosis was lower in Group Il (44.2%),
compared to Group | (68.2%) and Group Il (72.2%).

Table I: Comparison of the Complications in Four Groups [n (%)]

via face-to-face interviews with patients, their next of kin or
caregivers in our hospital, or via telephone interview when
the patients were unable to come back for a follow-up. As the
mortality of Group |, Il and lll showed no significant difference,
the patients in these groups were further classified into the
favorable prognosis group and poor prognosis group. The
favorable prognosis group was defined as good recovery
(GOS 5) and moderate disability (GOS 4) on GOS; and the poor
prognosis group as severe disability (GOS 3), vegetative status
(GOS 2) (persistent coma more than three months) and death
(GOS 1).

Statistical analysis

Statistical analysis was performed using commercially
available software SPSS 18.0 for Windows. The Pearson chi-
square test was performed to compare the complications and
prognosis in each group.

RESULTS

There were 44 patients (31.0%) (1 case transferred from
other hospital) of Type |, 52 (36.6%) (9 transferred) of Type II,
36 (25.3%) of Type Il and 10 (7.0%) (5 transferred) of Type IV
strategy. A total of 113 (79.6%) patients underwent unilateral
surgery, and 29 (20.4%) underwent bilateral surgery.
Postoperative complications included delayed hematoma,
hematoma enlargement, cerebral infarction, encephalocele,
intracranial infection, hydrocephalus, incisional herniation
(cerebral herniation through the incision), and CSF leakage.
The incidence of cerebral infarction was highest in Group IV
(x*=11.471,v=3, P=0.009). No significant difference was found
regarding the other complications among the four groups.
The overall rate of complications in Group IV was higher than
other groups, and the difference was statistically significant
(x2=12.906, v=3, P=0.005) (Table I).

On 6-month follow up, there were 23 patients (16.2%) with
good recovery, 59 (41.5%) with moderate disability, 22
(15.5%) with severe disability, 23 (16.2%) in vegetative status
and 15 patients (10.6%) who had died. Patients with good
recovery and moderate disability scores were classified
into favorable prognosis group, and those who had severe

Delayed o
. Incisional
hematomaor | Cerebral Intracranial . Overall
. . Encephalocele | . . Hydrocephalus | hernia or CSF
hematoma infarction infection rate
leakage
enlargement
| 44 6(13.6) 5(11.4) 4(9.1) 1(2.3) 3(6.8) 1(2.3) 20 (45.5)
Il 52 3(5.8) 6(11.5) 2(3.9) 1(1.9) 4(7.7) 0 (0.0) 16 (30.8)
1l 36 4(11.1) 4(11.1) 2(5.6) 0(0.0) 3(8.3) 0(0.0) 13 (36.1)
\% 10 1(10.0) 5 (50.0) 1(10.0 0(0.0) 1(10.0) 1(10.0) 9(90.0)
X 1.749 11.471 1.369 0.993 0.142 6.810 12.906
P 0.626 0.009 0.713 0.803 0.986 0.078 0.005

The incidence of cerebral infarction was the highest in Group IV (x? =11.471, v=3, P=0.009). No significant difference was found in other complications among
the four groups. The overall rate of complications in Group IV was higher than the other groups (x> =12.906, v=3, P=0.005).
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Table Il: Comparison of the Prognosis in Four Groups [n (%)]

m Moderate disability | _Severe disability | Vegetative status | _Death |

| 10 (22.7) 20 (45.5) 5(11.4) 6 (13.6) 3(6.8)

N 52 5(9.6) 18 (34.6) 12 (23.1) 12 (23.1) 5(9.6)

m 36 8(22.2) 18 (50.0) 4(11.1) 3(8.3) 3(8.3)
v 10 0(0.0) 3(30.0) 1(10.0 2(200) 4(40.0)

% 5.937 2914 3616 3.772 10.064

P 0.115 0.405 0.306 0.287 0.018

Group IV demonstrated the highest mortality rate (x*=10.064, v=3, P=0.018). No significant difference of mortality rate was observed among Group |, Il and Il
(P >0.05).

Table lll: Comparison of the Therapeutic Effect in Group I-lll [n (%)]

m Favorable prognosis | _Unfavorable prognosis

| 30(68.2) | 14 (31.8)
I | 52 23 (44.2) | 29 (55.8)
Il | 36 26(72.2) | 10 (27.8)

The rate of favorable prognosis was lower in Group Il (44.2%), compared to Group | (68.2%) and Group Ill (72.2%) (x*=8.843, v=2, P=0.012).

disability or vegetative status or had died were classified into
the unfavorable prognosis group. Group IV demonstrated
the highest mortality rate, and the difference was statistically
significant (x>=10.064, v=3, P=0.018) (Table II). No significant
difference of mortality rate was observed among Group |, Il
and Ill (p>0.05). However, the rate of favorable prognosis was
lower in Group Il (44.2%), compared to Group | (68.2%) and
Group Il1(72.2%) (Figure 5), and the difference was statistically
significant (y>=8.843, v=2, P=0.012) (Table Il).

DISCUSSION

Severe brain contusion is often associated with
nonhemorrhagic mass effect that progresses rapidly within
12 to 48 hours after injury. The mechanisms underlying such
a rapid progression of mass effect cannot be fully explained
by classic concepts of vasogenic and cytotoxic brain edema
(19, 21, 22). The breakdown of debris of membrane and
cytoplasmic structures generates high osmolality within the
contused brain tissue. The high osmotic potential across the
central and peripheral areas results in water accumulation in
the contused tissue, which is postulated to be the main cause
of rapid progression (18,19). Intracranial hypertension and
low perfusion pressure secondary to severe brain contusion
may result in cerebral ischemia, brain damage and death (15,
20). It has been purported that surgical intervention should
be considered as early as possible when surgical indications
are met (24, 26, 27). However, the surgical strategy employed
varies depending on the institutional experience. Although
controversial, early DC is still considered by many authors to
be effective in preventing secondary brain damage, reducing
edema formation, and achieving a better outcome (7, 9,
13, 25). Kawamata et al. believe that early massive edema
is caused by brain contusion, and surgical excision of the
necrotic tissue provides satisfactory control of progressive
elevation in ICP and clinical deterioration (17-19).
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Before 2007, the surgical strategy for acute severe brain
contusion in our hospital was primarily resection of the
contused tissue followed by DC, which was consistent with
Rubiano et al. and Kawamata et al. This study indicated that
resection of contused tissue combined with DC (Type II)
was the most commonly employed strategy (36.6%), mainly
suitable for contusion located in a relatively nonfunctional
area.Although the mortality rate (9.6%) decreased significantly
under this type of strategy, the resected region was constantly
associated with a certain degree of neurological dysfunction
(55.8%), including mild symptoms such as memory
deterioration, affective disorder, poor expression or response
retardation, as well as severe symptoms such as dyskinesia or
even hemiplegia, and aphasia (12, 14, 28, 29). It was probably
not suitable for all the cases.

Then how about treating severe brain contusion without
resection of the necrotic tissue? As it has been generally
acknowledged that bone flap decompression can significantly
relieve intracranial hypertension in severe craniocerebral
injury and improve therapeutic outcome (2, 29), we first
tried to perform simple DC (Type ) in some cases of located
contusion around lateral fissure, without evacuation of the
necrotic tissue, to avoid postoperative angiospasm, cerebral
ischemia and impairment of neurological function such as
aphasia. Satisfactory control of intracranial hypertension and
favorable outcome was achieved, and we intended to extend
this strategy to localized contusion with relatively mild
encephaledema in functional area. The favorable prognosis
rate of this group reached 68.2%, and mortality rate decreased
to 6.8%. However, simple DC could still not completely
ameliorate intracranial hypertension in some patient and the
resection of the safe cerebral lobe was therefore contemplated
(Type ). This surgical strategy was employed for the
treatment of severe brain contusion in the functional area,
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the lateral fissure region, and eloquent regions, where simple
DC could not suffice to control intracranial hypertension.
The resection of prefrontal or anterior temporal lobe not
only relieved intracranial hypertension, but also increased
intracranial space (10, 30), avoiding further exacerbation of
functional impairment. The mortality rate of this group was
only 8.3%, and the favorable prognosis rate reached 72.2%.

Simple resection of contused tissue without DC (Type IV) was
employed in a total of 10 patients (5 cases were transferred
from other hospitals). The incidence of traumatic cerebral
infarction and secondary intracranial hypertension was
significantly higher in this group, which led to an increase
of the mortality rate (40.0%). Encephaledema and cerebral
ischemia secondary to acute severe brain contusion is an
important pathophysiological mechanism (17-19), and
difficult to prevent by simple resection of necrotic brain tissue
(6, 8, 9). This strategy is therefore only suitable for patients
with localized contusion and mild encephaledema, and may
not be recommended for routine clinical application.

CONCLUSION

The aim of surgical intervention in acute brain contusion is
to control malignant intracranial hypertension, to preserve
cerebral perfusion, and to protect neurological functions (3,
11, 24). Simple DC (Type I), contused tissue resection with DC
(Type Il) and safe cerebral lobe resection with DC (Type IlI)
are all able to achieve the aim of controlling ICP, preserving
cerebral perfusion and decreasing the mortality rate.
However, simple DC (Type 1) and safe cerebral lobe resection
with DC (Type Ill) seemed to be better than contused tissue
resection with DC (Type Il) for the preservation of neurological
function in this study. These two strategies might achieve a
better therapeutic effect, and could be recommended as the
preferred surgical strategies for severe brain contusion.
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