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Introduction

Immediate contralateral epidural hematoma (EDH) and 
traumatic intracerebral hematoma (T-ICH) after craniec-
tomy performed for traumatic subdural hematoma (SDH) 
are rare but devastating post-operative complications.8) A 

delayed diagnosis of post-operative contralateral hemato-
ma can be fatal. 

The requirement for bilateral surgery after decompres-
sive craniectomy is rare (1-4%). Consequently, its clinical 
features and outcome are not well studied.5,11) In addition, 
the management guidelines for contralateral hematoma 
have not been established.5) 

In this study, we present the clinical features and outcome 
of 10 cases of immediate contralateral acute hematoma that 
required a second operation. This study can augment the 
understanding of this rare postoperative complication. 

Materials and Methods

Study design 
A total of 528 patients who underwent craniectomy for 
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the evacuation of traumatic SDH between 2004 and 2015 
were studied at the Gachon University, Gil Medical Cen-
ter. Of these 528 cases, data from 10 patients with immedi-
ate contralateral EDH and T-ICH were analyzed retrospec-
tively. 

Clinical data collection
Medical records including demographic data, mechanism 

of trauma, associated injuries, past medical history, lab 
finding, cause of accident, brain swelling during hematoma 
evacuation, and neurological examination were reviewed 
and analyzed. The neurological parameters included the 
Glasgow Coma Scale (GCS) score, the Glasgow Outcome 
Scale (GOS) score. 

Radiographic data 
The radiographic findings, including the initial and post-

operative computed tomography (CT) findings, were re-
viewed. In our medical center, all the patients routinely un-
derwent post-operative CT scans in 5 minutes. The location 
of hematoma and skull fracture (if any), the Rotterdam CT 
score including the compression of basal cisterns, midline 

shift, epidural mass lesion, intraventricular blood, and/or 
traumatic subarachnoid hemorrhage were assessed.

Statistical analysis
 Data were analyzed using SPSS version 22.0 (SPSS Inc., 

Chicago, IL, USA). One-way analysis of variance was per-
formed to evaluate the relationship between prognosis and 
potential prognostic factors including past medical history, 
mechanism of injury and numbers of associated injury. In 
this study, Difference between pre-operative GCS and dis-
charge GCS was used for evaluation of patient prognosis.

Results 

A total of 528 patients underwent craniectomy for the 
evacuation of traumatic subdural hemorrhage in a single 
center. Among them, 10 patients (1.89%) developed imme-
diate post-operative EDH (n=5), T-ICH (n=5) (Figure 1). 
All patients received mannitol infusions to control the in-
creased intracranial pressure (ICP) before hemorrhage evac-
uation. The clinical features and radiographic data are not-
ed in Table 1. The mechanisms of trauma were recorded as 

FIGURE 1. A 58-year-old woman requir-
ing bilateral craniectomy caused by de-
layed epidural hematoma (EDH) after 
craniectomy for acute subdural hemato-
ma (SDH). (A) Pre-operative computed 
tomography (CT) scan show traumatic 
SDH and subarachnoid hemoorhage 
on the left frontotemporoparietal region. 
(B) Pre-operative CT (bone setting) show 
skull fracture on right temporoparietal 
bone. (C) Post first operative CT show left 
craniectomy state and contralateral EDH. 
(D) CT taken after bilateral craniectomy.
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traffic accidents (n=5) and accidental falling (n=5). Among 
patients who suffered trauma due to traffic accidents, there 
were two cases of pedestrian traffic accidents, both there 
patient died. Mechanism of injury seems to be one of the 
important prognostic factors. However, in this study, it can-
not show statistical significance (Table 2). Seven patients 
had a low admission GCS (GCS≤8) score, while three pa-
tients had a high admission GCS (GCS＞8) score in the pre-
operative state. The average admission GCS score was 7.7. 
Five patients died (50%) and the overall prognosis was very 
poor. The average discharge GCS score was 3.4, while the 
average discharge GOS score was 2.0. Displacement and 
severe intra-operative brain swelling were noted in all the 
patients. CT findings revealed, skull fractures in the con-
tralateral hematoma in six patients, and the basal cisterns 
of all cases were compressed. The average Rotterdam CT 
score was 4.3. A skull fracture over the contralateral EDH 
was found in all the EDH cases (n=5). 

The associated injuries of cases of bilateral decompres-
sive surgery are described in Table 1 and 3. Multiple asso-
ciated injuries with at least 4 fractures were characteristic 
of all the patients who died (except case 3). The patients died 
after organ donation. 

Cases 6 and 9 showed an acute aggravation of the GCS 
score, which decreased by over seven points after surgery 

compared to the admission score. These patients on medi-
cation for heart disease, which increased their bleeding 
tendency. The past medical history and medications are 
described in Table 3. Statistical analysis showed significant 
differences between pre-operative GCS and discharge GCS 
from patients with past medical history and patient don’t 
have past medical history (Table 4). 

Preoperative diagnoses of intracranial hematoma are de-
scribed in Table 3. In case 3, Amount of EDH was increased 
after first craniectomy so that case requiring a second op-
eration for increasing EDH. In another cases we cannot find 
out relationship between preoperative diagnoses of intra-
cranial hematoma and kinds of immediate contralateral 
intracranial hematoma that requiring second surgery. 

We review preoperative lab finding which include plate-
let count, prothrombin time (PT), activated partial throm-
boplastin time (aPTT) and international normalized ratio 
(INR). Each patient had more than 100,000 platelets and all 
patients had a normal PT, aPTT and INR.

Discussion

Contralateral acute intracranial hematoma after decom-
pressive surgery following acute SDH is rare but poten-
tially lethal.8) 

The overall prognoses of bilateral craniectomy cases are 
bad. Methods to predict the prognosis have not yet been in-
vestigated. In order to predict the prognosis of immediate 
contralateral hematoma cases, considering the mechanism 
of brain injury is important. In this study, all the patients 
who suffered trauma due to pedestrian traffic accidents died. 
This result probably relate to a severe brain injury such as 
diffusion axonal injury that could not be visualized on a CT 

TABLE 1. Clinical features and radiographic data of 10 cases with delayed contralateral acute intracranial hematoma after decom-
pressive surgery

Case Age/Sex Mechanism 
of injury

Pre-operative GCS/ 
discharge GCS/GOS*

No. of 
associated injury

Rotterdam 
CT score

Contralateral skull fracture†/ 
hematoma

1 36/F Fall 4/7/3 1 5 +/EDH
2 40/M Pedestrian TA 6/Died/1 1 4 -/T-ICH
3 48/M Fall 5/5/3 4 5 +/EDH
4 16/M Motorcycle TA 7/8/3 1 5 +/EDH
5 30/M Motorcycle TA 7/Died/1 4 3 -/T-ICH
6 73/M Fall 10/Died/1 4 4 +/EDH
7 51/M Fall 4/9/3 1 5 +/T-ICH
8 71/M Fall 14/5/3 1 4 -/T-ICH
9 59/M Bicycle TA 14/Died/1 5 4 -/T-ICH

10 58/F Pedestrian TA 6/Died/1 6 4 +/EDH
*1=death, 2=persistent vegetative state, 3=severe disability, 4=moderate disability, 5=good recovery, †Skull fracture: +=pres-
ent, -=absent. F: female, M: male, TA: traffic accident, GCS: Glasgow Coma Scale, GOS: Glasgow Outcome Scale, CT: 
computed tomography, EDH: epidural hematoma, T-ICH: traumatic intracerebral hematoma

TABLE 2. Comparisons of difference between pre-operative 
GCS and discharge GCS from patients who with pedestrian traf-
fic accident and patients who have other trauma mechanisms

Mechanism 
of injury

GCS difference
(mean±SD) T-score p-value

Pedestrian TA 3.00±0.00
0.058 0.956

Others 2.75±5.87
GCS: Glasgow Coma Scale, TA: traffic accident
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scan.4) Diffuse axonal injury in deep structures is known 
to show poor outcomes.13) 

The exact mechanism of contralateral postoperative EDH 
formation is debatable.3) The most accepted hypothesis is 
that initial decompression surgery for contrecoup injury 
has a compression effect on the contralateral hematoma.11) 
The reduced ICP and tamponade effect contribute to the 
formation of a contralateral hematoma in case of coup in-
jury.11) A recent study of risk factors for the development 
of contralateral EDH following decompressive craniecto-

my shows that age and the number of bone plate fractures 
are important risk factors.10) Our results also support that 
hypothesis. In previous studies, severe brain swelling and 
a contralateral skull fracture were indicators of high risk 
of contralateral acute intracranial hematoma.1,2,8,9) In this 
study, similar to the previously reported results, severe brain 
swelling and a contralateral skull fracture appears as a warn-
ing sign of contralateral acute intracranial hematoma. 

CT findings such as the Rotterdam CT classification have 
been used as predictors of outcomes in patients undergo-

TABLE 3. Associated injury and past medical history of bilateral decompressive surgery cases

Case Pre-operative diagnosis Associated injury Past medical history
1 SDH FT Lt., HC F Lt. Liver laceration None
2 SDH FTP Rt., T-SAH Tibia Fx None

3 SDH FTP Rt., minimal EDH Lt., 
falx hemorrhage

Tibia open Fx, tibula Fx, femur shaft 
fracture, nasal bone Fx

None

4 SDH FTP Rt., HC FT Rt., T-SAH Pan-peritonitis None

5 HC FT bilateral, EDH T Rt., SDH FT Rt., 
T-SAH

Maxillar Fx, zygomatic arch Fx, orbital 
blow out Fx, sphenoid bone Fx

None

6 SDH FTP Lt., HC FT Lt. Femur open Fx, patella open Fx, tibia 
fibula Fx, abdominal stab wound

Angina pectoris, self-medication: 
diltiazem, isosorbide dinitrate, 
valsartan

7 T-ICH F Rt., SDH FTP Lt., HC FT bilat Temporal bone Fx None

8 SDH TP Rt., T-ICH FT Rt., T-ICH T Lt.,
T-SAH

Clavicle Fx Gastric cancer, chronic heart failure, 
atrial flutter, hypertension, self-medi-
cation: ramipril, digoxin, aspirin

9 SDH FTP bilat, HC FTP Lt., F Rt. Hemothorax, pneumomediastinum, 
multiple rib Fx, lung contusion, 
lumbar transverse process Fx

None

10 SDH FTP Lt., T-SAH, HC F Lt., 
falx hemorrhage

Temporal bone Fx, nasal bone Fx, 
multiple rib Fx, retroperitoneal 
hematoma, humerus Fx, zygomatic 
arch Fx

None

SDH: subdural hemorrhage, FT: frontotemporal, Lt.: left, HC: hemorrhagic contusion, F: frontal, FTP: frontotemporoparietal, Rt.: 
right, T-SAH: traumatic subarachnoid hemorrhage, EDH: epidural hemorrhage, T-ICH: traumatic intracranial hemorrhage, Fx: 
fracture

TABLE 4. Comparison of difference between pre-operative GCS and discharge GCS from patients with past medical history and 
patient don’t have past medical history

Past medical history GCS difference (mean±SD) T-score p-value

None 1.50±4.96
3.221 0.014

Present 8.00±1.41
GCS: Glasgow Coma Scale

TABLE 5. Comparisons of difference between pre-operative GCS and discharge GCS from patients with difference number of as-
sociated injury

No. of associated injury No. of cases GCS difference (mean±SD) T-score p-value
1 5 0.60±5.55

1.268 0.367
4 3 3.67±3.51
5 1 11.00
6 1 3.0

Total 10 2.80±5.18
GCS: Glasgow Coma Scale
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ing decompressive craniectomy.6,12) However, in this study, 
the predictive ability of the Rotterdam CT classification is 
limited and lacks clarity. The mean score of patients under-
going bilateral decompressive craniectomy was 4.3. We be-
lieve the uneven distribution of the score reduced the pre-
dictive ability. 

Interestingly, associated injury seems to be an important 
prognostic factor. All the patients who died (except case 3) 
had four or more associated injuries. More Severe trauma 
mechanisms lead to multiple associated injury and severe 
brain damage. A previous study has shown that severed 
extremities and external injury are most common in pedes-
trians among road traffic accidents. Another previous study 
found that 40% of the pedestrians had three regions in-
jured.7) However, this study cannot show statistical signifi-
cance (Table 5).

Another noticeable result from our study is that medical 
history of the patients seems to be an important prognos-
tic factor. Statistical significant is shown in Table 4.

It was difficult to find statistical significance in our results 
given the small sample size. In further study, the more cas-
es are needed to confirm statistical significance. However, 
while considering the fact that overall incidence is small, 
this study is of value in understanding clinical features and 
outcome of bilateral craniectomy. 

Conclusion

Prognosis of immediate contralateral hematoma is very 
poor, specially, in cases involving accidents of pedestrian 
traffic. Severe brain swelling and contralateral skull frac-
tures appear as warning signs of contralateral acute intra-
cranial hematoma. Associated injury and medical history 
seem to be important prognostic factors.

■ The authors have no financial conflicts of interest. 
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