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Abstract 
Introduction: Acute post traumatic subdural hematoma is a clinical condi-
tion with increased morbidity and mortality despite the developments in 
neurosurgery and urgent intervention is required to have best clinical out-
come. We will evaluate hinged craniotomy technique in terms of offering 
adequate brain decompression plus avoiding removal of bone flap which re-
quires second replacement surgery in comparison to cisternostomy effect. 
Material and Methods: A prospective study was conducted over 30 patients 
with traumatic acute subdural hematoma presented to neurotrauma unit in 
Cairo University hospitals from January 2017 to February 2018, operated by 
hinged craniotomy plus evacuation of hematoma and duroplasty. We avoid 
rapping the head with elastic bandage post-operative. Generous subcutaneous 
dissection (5 - 7 cm) all around skin flap was done routinely. Effect of brain 
decompression was evaluated by measuring the level of brain in relation to 
skull in post-operative computerized topography. Results: Twenty-one pa-
tients operated with initial GCS less than eight. Ten cases (33%) show that 
cortical surface in relation to skull bone was at inner table, nine cases (30%) 
at diploid layer and two cases (6.7%) at outer table in post-operative CT 
brain. Twenty patients died (66.7%); eight patients (26.6%) became fully con-
scious and two patients (6.7%) had vegetative outcome. No re-operation was 
done in any of our patients. Conclusion: Hinged craniotomy may be a safe 
and effective alternative technique with comparable results to cisternotomy in 
cases of traumatic brain injury that require decompression to avoid second 
surgery, especially in centres lacking cisternostomy experience. Although 
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gaining cisternostomy experience may help in other indications, future pro-
spective studies with larger number are required.  
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1. Introduction 

Traumatic brain injury (TBI) is still a major universal health problem with 
nearly the same epidemiology in the last three decades [1]. The increasing inci-
dence of death or handicapped life for TBI victims was mentioned in World 
Health Organization report [2]. And it is expected to be a major cause of mortal-
ity and disabilities. 

Currently, decompressive craniectomy is a well-established operation for dif-
ferent indications in cases of increased intracranial pressure (ICP) [3]-[8]. 

Removal of large craniotomy bone flap with duroplasty and proper haemosta-
sis leads to better brain compliance, cerebral perfusion, thus, lowering ICP with 
possible reduction in secondary brain insults [9] [10]. 

Decompressive craniotomy (DC) operation in cases of TBI becoming popular 
in developing countries recently [11] may be due to higher incidence of TBI than 
in developed countries. 

There are several technical notes during DC operation which are not usually 
applicable in developing countries with limited resources service [12] [13] [14] 
[15] [16]. 

One of these logistic difficulties is the storage place of harvested bone flap, es-
pecially in absence of bone bank in many of developing countries [17]. 

Lype Cherian recommends doing cisternotomy to avoid post decompression 
hemicraniectomy morbidities and second bone re-positioning surgery [18]. 

Leaving the bone flap in place but loosely fixed is recently done to solve this 
problem and is known as hinge craniotomy (HC) [19] [20]. 

We will present our experience in HC with special focus on surgical tricks that 
would make it efficient in improving radiological singes of increased intracranial 
pressure in cases of TBI, and subsequently avoiding second surgery for bone de-
fect. 

2. Patients and Methods 

We retrospectively analysed the data of thirty patients presented to our neuro-
trauma unit at Cairo University Emergency hospital with traumatic brain injury 
in the form of acute traumatic subdural haematoma during the period from 
January 2017 to February 2018. 

Demographic data from hospital records, GCS on presentation, site of sub-
dural hematoma, relation of the cortical surface in relation to skull, Glasgow 
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Outcome Score and mechanism of injuries were collected. Routine pre-operative 
laboratory investigations were sampled. 

After resuscitation of the clinical condition according to advanced trauma life 
support (ATLS) guide lines [20] and radiological confirmation for surgical indi-
cation to do decompression craniotomy (midline shift more than 5 mm or he-
matoma thickness more than 1 cm), inclusion criteria include age between 15 - 
65 years ,moderate and severe head injury and free chronic medical association 
and we excluded patients with age out of range ,subdural hematoma with no 
symptoms and patients with high risk medical conditions. Patients were trans-
ferred to operation room. 

1) Pre-operative considerations: 
− Endotracheal intubation and hyperventilation for cases with Glasgow Coma 

Scale GCS below 8. 
− Intravenous anti-epileptic drug (phenytoin sodium) was administrated with 

loading dose (15 - 18 mg/kg) and maintenance dose (5 - 7 mg/kg). 
− Intravenous mannitol 20% (0.5 mg/kg) followed by frusemide (0.25 mg/kg) 

were given routinely pre-operative as trial to lower ICP. 
− Head elevation and neck extension to facilitate venous drainage and subse-

quent decrease in ICP. 
2) Operative tricks: 

− Head tilt to the opposite side 20 degree and large trauma skin flap is done. 
− Large frontotemproparietal bone flap with imaginary line connecting the 

following burr holes; 
 temporal burr hole just above middle fossa base. 
 posterior temporal burr hole just 5 - 7 cm behind the temporal one. 
 parietal burr hole at the parietal eminence. 
 three parasagittal burr holes one cm lateral to sagittal suture. 
 frontal burr hole one cm above supraorbital ridge. 
 key burr hole. 
− Subgaleal dissection 5 - 7 cm around the skin flap which helps the scalp to 

accommodate for the hinge craniotomy during closure and decrease its hard 
pressure on expected swollen brain. 

− Large duroplasty using pericranium over the bone flap; together with large 
bone flap (>12 × 15 cm) decrease the incidence of mushrooming effect of 
brain oedema and possible ischemia or haemorrhage at cortical edges.  

− We usually use giggly saw to do craniotomy and we intentionally do bevel-
ling in all bone flap limbs to prevent sinking of bone flap if later the ICP was 
normalized. 

− Re-positioning of the bone flap and loose fix with vicryl sutures, putting suc-
tion drain between temporalis muscle and bone flap. 

3) Post-operative tricks: 
− We don’t use crepe bandage to avoid pressure over the loose bone flap with 

no risk of subgaleal collection formation especially with suction drain. 

https://doi.org/10.4236/ojmn.2019.91002


A. El-Fiki, E. Abd-Haleem 
 

 

DOI: 10.4236/ojmn.2019.91002 10 Open Journal of Modern Neurosurgery 
 

Follow up CT scan was done 24 hours postoperative. All survivors were fol-
lowed up 30 days after operation with CT scan and complete neurologic exami-
nation. 

Approval was obtained from the research ethical committee (ERC) of the fac-
ulty of medicine of Cairo University to perform this study. All patients had 
signed the consent of the operation. 

3. Results 

This study included 30 patients with traumatic acute subdural hematoma show-
ing male predominance eighteen males (80%) and twelve females (20%), the 
mean age was 46.92 years. 

Microsoft excel 2013 was used for data entry and the statistical package for so-
cial science (SPSS version 24) was used for data analysis. Statistical methods: 
Mann-Whitney and Kruskal-Wallis test were used to compare non-normally 
distributed quantitative data. Descriptive statistics is used to summarize a sam-
ple rather than using the data to learn about the population that the sample of 
data is thought to represent. In this study; sample size in important subgroups 
and their demographic data such as the mean of age was represented by mean 
and standard deviation, while frequency and percentage distribution are used to 
describe different qualitative and non-numeric variables such as gender and 
clinical presentation. The level of significance was set at probability (P) value < 
0.05. 

Twenty-seven patients (90%) were simple acute traumatic subdural hema-
toma. While three patients (10%) were complicated subdural hematoma with 
either contusions or extradural hematoma or depressed fracture, in the simple 
hematoma group sixteen patients (59.25%) were males and eleven patients 
(40.74%) were females. While in the complicated hematoma group two patients 
(66.6%) were males and one patient (33.3%) was female as showed in Table 1.  

The mean presenting GCS is 8 while the mean Glasgow outcome score is 2 
and this is expressed in Table 2 in relation to age of patients.  

The primary cause of ASDH were motor car accidents affecting sixteen pa-
tients (53.3%), fall affecting nine patients (30%), blunt impact injuries affecting 
three patients (10%), and assaults (other factor) affecting two patients (6.66%). 
There was no observable difference in mortality and functional recovery rate re-
gardless of injury mechanism (Figure 1). 

Patients was assessed preoperatively according to the Glasgow Coma Scale pa-
tients presenting with GCS (4) was in six patients (20%), GCS (5) was in seven 
patients (23.3%), GCS (8) was in nine patients (30%), GCS (13 - 14) was in five 
patients (16.7%), GCS (15) was in three patients (10%). 

Regarding the surgical outcome according to Glasgow outcome scale, twenty 
patients (66.7%) were dead, eight patients (26.7%) with good recovery and two 
patients (6.7%) were persistent vegetative state of coma (Figure 2). 

Nineteen patients (86.3%) their post-operative CT scan showed improvement 
in the midline shift with cortical surface related to inner table of the skull or  
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Table 1. Results with percentages according to age, diagnosis, presenting GCS, Glasgow 
outcome scale and cortical surface in relation to skull bone. 

 Count Column N % 

Sex 
Male 18 60.0% 

Female 12 40.0% 

Presenting GCS 

Extension (4\15) 6 20.0% 

Fully conscious (FC) (15\15) 2 6.7% 

FC & right sided weakness G3 (15\15) 1 3.3% 

Flexion (5\15) 7 23.3% 

Localizing (8\15) 8 26.7% 

Localizing, sp. Movements (9\15) 1 3.3% 

Confused (14\15) 5 16.7% 

Cortical surface  
in relation to  
skull bone (in 

post-operative CT) 

Diploid 9 30.0% 

Inner table 10 33.3% 

Not available 8 26.7% 

Outer table 2 6.7% 

Outside the skull 1 3.3% 

Diagnosis 

Left frontotemproparietal ASDH 7 23.3% 

Left parietal ASDH &  
compound depressed fracture 

1 3.3% 

Left EDH + ASDH 1 3.3% 

Left parietal ASDH 3 10.0% 

Left temporoparietal ASDH 1 3.3% 

Right frontotemproparietal ASDH 7 23.3% 

Right frontotemporal ASDH 1 3.3% 

Right parietal ASDH 3 10.0% 

Right parietal EDH + ASDH + Contusion 1 3.3% 

Right temporal ASDH 2 6.6% 

Right temporoparietal ASDH 3 9.9% 

Glasgow  
Outcome Scale 

Dead 20 66.7% 

good recovery 8 26.7% 

persistent vegetative state of coma 2 6.7% 

Outcome 

Dead 20 66.7% 

FC & Full Motor power (FMP) 7 23.3% 

FC & same motor power 1 3.3% 

Vegetative 2 6.7% 

 
Table 2. Mean age in relation with presenting GCS and Glasgow outcome scale. 

 Mean Median Mini. Maxi. 
Standard 
Deviation 

Percentile 
25 

Percentile 
75 

Age 46.92 52.00 0.66 80.00 22.50 29.00 68.00 

Presenting  
GCS score 

8 9 4 15 4 5 10 

Glasgow  
Outcome score 

2 1 1 5 2 1 5 
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Figure 1. A graph showing the incidence of different mechanisms of injury. 

 

 
Figure 2. Bar chart showing the Glasgow outcome score. 
 
diploe while three patients (13.6%) showed no improvement in the midline shift 
with cortical surface related to outer table of skull or outside the skull. Eight pa-
tients were dead before doing CT scan post-operative but the total dead cases 
were 20 patients (Table 1 and Figure 3).  

The duration of operation ranged from 2 to 4 hours with average of three 
hours, and we encountered three cases of wound infection; two cases responded 
to antibiotic course for one week according to culture and sensitivity and an-
other one required debridement. 

4. Discussion 

Kocher and Cushing were the first to introduce decompressive craniectomy as a 
solution to decrease increased ICP in TBI patients in beginning of 20th century. 

Many complications can follow decompression craniectomy operation in-
cluding ischemia, mushrooming of oedematous brain, subdural collections, in-
fections and syndrome of trephined [10]. Many technical new trials aim to lower 
these morbidities [20]. 
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Figure 3. Pre (above with red arrows) and post (below with orange arrows) operative CT 
scan for left frontotemproparietal subdural hematoma shows midline shift improvement. 
 

Our technique in hinge craniotomy ensuring large bone flap with the 
above-mentioned burr hole sites plus generous subgaleal dissection which facili-
tate the created pocket to accommodate for the return of bone flap with minimal 
pressure on both; oedematous brain and skin flap. 

Doing hinge craniotomy in our series allowed our patients to achieve lowered 
intracranial pressure proved by improvement of midline shift in 19 cases 
(86.3%) in post-operative CT brain and this was interestingly enough to avoid 
another surgery to replace previously removed bone flap in classic decompres-
sive hemicraniectomy and comparable to what Iype Cherian proposed about 
adding cisternostomy as a step in decompressive craniotomy to avoid second 
surgery [19]. Plus, that cisternostomy operation need learning curve with skull 
base and vascular surgery skills which may not be available in the majority of 
neurotrauma centres 24 hours. 

These steps are effective in cost benefit burden especially in developing coun-
tries in comparison with other techniques which can help in avoiding second 
surgery like titanium devices that can be used to hinge the bone flap [22]. 

Seelig et al. described 82 patients with ASDH, the average age was 15 years old 
and he concluded that the outcome wasn’t affected by the age [23]. The mean 
age of our patients was 46.9 years. 

In our study regarding the surgical outcome according to Glasgow outcome 
scale, 20 patients (66.7%) were dead, 8 patients (26.7%) with good recovery and 
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2 patients (6.7%) were persistent vegetative state of coma. There was significant 
difference with Iype Cherian et al., 2013 results which revealed that 34.8% mor-
tality in decompressive craniotomy group and 26.4% mortality in decompressive 
craniotomy in addition to cisternostomy group. And this may be explained by 
low GCS in most of our cases (8 and below) in 21 patients (70%) but in spite of 
that the majority of our cases (86.3%) show signs of improvement ICP and mid-
line shift in post-operative CT scan. 

In our study the time taken in decompressive craniotomy operation starting 
from the anaesthesia till the recovery of the patient was average of 3 hours taking 
in considerations absence of facilities (e.g.: craniotome) while Iypecherian only 
commented on the time taken for the entire cisternostomy from dural opening 
after the learning curve to be about 10 - 20 min depending on the case, surgeon 
and the facilities. 

In our series, Motor car accidents occurred in (53.3%), of our patients with 
ASDH and ranked first in mortality while the falls occurred only in (30%) of the 
cases, which was like what was found by Seelig et al. [23]. There was no differ-
ence in the outcome and prognosis between different mechanisms of injury. 

The incidence of TBI has increased in middle-income, low-income countries 
and developing countries which are mostly attributable to inadequate motor ve-
hicle and traffic laws and safety regulations. 

Our study limitations include small sample size and that we focused on cases 
of traumatic brain injury with acute subdural hematoma where GSC was usually 
low and that was reflected on outcome. Long term follow up is needed to check 
delayed complications. 

5. Conclusion 

Hinge craniotomy may be a safe and effective alternative technique for cister-
notomy in traumatic brain injury cases that require decompression to avoid 
second surgery especially in centres lacking cisternostomy experience. Although 
gaining cisternostomy experience may help in other indications, future prospec-
tive studies with larger number are required. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Corrigan, J.D., Selassie, A.W. and Orman, J.A. (2010) The Epidemiology of Trau-

matic Brain Injury. The Journal of Head Trauma Rehabilitation, 25, 72-80.  
https://doi.org/10.1097/HTR.0b013e3181ccc8b4  

[2] Murray, C.J. and Lopez, A.D. (1996) Evidence-Based Health Policy—Lessons from 
the Global Burden of Disease Study. Science, 274, 740-743.  
https://doi.org/10.1126/science.274.5288.740 

[3] Aarabi, B., Hesdorffer, D.C., Ahn, E.S., Aresco, C., Scalea, T.M. and Eisenberg, H.M. 

https://doi.org/10.4236/ojmn.2019.91002
https://doi.org/10.1097/HTR.0b013e3181ccc8b4
https://doi.org/10.1126/science.274.5288.740


A. El-Fiki, E. Abd-Haleem 
 

 

DOI: 10.4236/ojmn.2019.91002 15 Open Journal of Modern Neurosurgery 
 

(2006) Outcome Following Decompressive Craniectomy for Malignant Swelling due 
to Severe Head Injury. Journal of Neurosurgery, 104, 469-479.  
https://doi.org/10.3171/jns.2006.104.4.469 

[4] Agrawal, D. and Hussain, N. (2005) Decompressive Craniectomy in Cerebral 
Toxoplasmosis. European Journal of Clinical Microbiology & Infectious Diseases, 
24, 772-773. https://doi.org/10.1007/s10096-005-0017-7  

[5] Cooper, D.J., Rosenfeld, J.V., Murray, L., Arabi, Y.M., Davies, A.R., D’Urso, P., et al. 
(2011) Decompressive Craniectomy in Diffuse Traumatic Brain Injury. The New 
England Journal of Medicine, 364, 1493-1502.  
https://doi.org/10.1056/NEJMoa1102077 

[6] Kakar, V., Nagaria, J. and John Kirkpatrick, P. (2009) The Current Status of De-
compressive Craniectomy. British Journal of Neurosurgery, 23, 147-157.  
https://doi.org/10.1080/02688690902756702  

[7] Kolias, A.G., Kirkpatrick, P.J. and Hutchinson, P.J. (2013) Decompressive Craniec-
tomy: Past, Present and Future. Nature Reviews Neurology, 9, 405-415.  
https://doi.org/10.1038/nrneurol.2013.106 

[8] Wachter, D., Reineke, K., Behm, T. and Rohde, V. (2013) Cranioplasty after De-
compressive Hemicraniectomy: Underestimated Surgery-Associated Complica-
tions? Clinical Neurology and Neurosurgery, 115, 1293-1297.  
https://doi.org/10.1016/j.clineuro.2012.12.002  

[9] Honeybul, S., Ho, K.M. and Lind, C.R.P. (2013) What Can Be Learned from the 
DECRA Study. World Neurosurgery, 79, 159-161.  
https://doi.org/10.1016/j.wneu.2012.08.012 

[10] Stiver, S.I. (2009) Complications of Decompressive Craniectomy for Traumatic 
Brain Injury. Neurosurgical Focus, 26, E7.  
https://doi.org/10.3171/2009.4.FOCUS0965  

[11] Adeleye, A.O. (2010) Decompressive Craniectomy for Traumatic Brain Injury in a 
Developing Country: An Initial Observational Study. Indian Journal of Neuro-
trauma, 7, 41-46. https://doi.org/10.1016/S0973-0508(10)80010-3  

[12] Akins, P.T. and Guppy, K.H. (2008) Sinking Skin Flaps, Paradoxical Herniation, 
and External Brain Tamponade: A Review of Decompressive Craniectomy Man-
agement. Neurocritical Care, 9, 269-276. https://doi.org/10.1007/s12028-007-9033-z  

[13] Burger, R., Duncker, D., Uzma, N. and Rohde, V. (2008) Decompressive Craniot-
omy: Durotomy Instead of Duroplasty to Reduce Prolonged ICP Elevation. Acta 
Neurochirurgica, 102, 93-97. https://doi.org/10.1007/978-3-211-85578-2_19  

[14] Chibbaro, S., Marsella, M., Romano, A., Ippolito, S. and Benericetti, E. (2008) Com-
bined Internal Uncusectomy and Decompressive Craniectomy for the Treatment of 
Severe Closed Head Injury: Experience with 80 Cases. Journal of Neurosurgery, 108, 
74-79. https://doi.org/10.3171/JNS/2008/108/01/0074  

[15] Gooch, M.R., Gin, G.E., Kenning, T.J. and German, J.W. (2009) Complications of 
Cranioplasty Following Decompressive Craniectomy: Analysis of 62 Cases. Neuro-
surgical Focus, 26, E9. https://doi.org/10.3171/2009.3.FOCUS0962  

[16] Guresir, E., Vatter, H., Schuss, P., Oszvald, A., Raabe, A., Seifert, V., et al. (2011) 
Rapid Closure Technique in Decompressive Craniectomy. Journal of Neurosurgery, 
114, 954-960. https://doi.org/10.3171/2009.12.JNS091065 

[17] Flannery, T. and McConnell, R.S. (2001) Cranioplasty: Why Throw the Bone Flap 
out? British Journal of Neurosurgery, 15, 518-520.  
https://doi.org/10.1080/02688690120097732 

https://doi.org/10.4236/ojmn.2019.91002
https://doi.org/10.3171/jns.2006.104.4.469
https://doi.org/10.1007/s10096-005-0017-7
https://doi.org/10.1056/NEJMoa1102077
https://doi.org/10.1080/02688690902756702
https://doi.org/10.1038/nrneurol.2013.106
https://doi.org/10.1016/j.clineuro.2012.12.002
https://doi.org/10.1016/j.wneu.2012.08.012
https://doi.org/10.3171/2009.4.FOCUS0965
https://doi.org/10.1016/S0973-0508(10)80010-3
https://doi.org/10.1007/s12028-007-9033-z
https://doi.org/10.1007/978-3-211-85578-2_19
https://doi.org/10.3171/JNS/2008/108/01/0074
https://doi.org/10.3171/2009.3.FOCUS0962
https://doi.org/10.3171/2009.12.JNS091065
https://doi.org/10.1080/02688690120097732


A. El-Fiki, E. Abd-Haleem 
 

 

DOI: 10.4236/ojmn.2019.91002 16 Open Journal of Modern Neurosurgery 
 

[18] Cherian, L., Yi, C. and Munakomi, S. (2013) Cisternostomy: Replacing the Age Old 
Decompressive Hemicraniectomy? Asian Journal of Neurosurgery, 8, 132-183. 

[19] Kenning, T.J., Gandhi, R.H. and German, J.W. (2009) A Comparison of Hinge Cra-
niotomy and Decompressive Craniectomy for the Treatment of Malignant Intracra-
nial Hypertension: Early Clinical and Radiographic Analysis. Neurosurgical Focus, 
26, E6. https://doi.org/10.3171/2009.4.FOCUS0960 

[20] Ko, K. and Segan, S. (2007) In Situ Hinge Craniectomy. Neurosurgery, 60, S2558. 

[21] Bouillon, B., Kanz, K.G., Lackner, C.K., Mutschler, W. and Sturm, J. (2004) The 
Importance of Advanced Trauma Life Support (ATLS) in the Emergency Room. 
Der Unfallchirurg, 107, 844-850. (In German)  
https://doi.org/10.1007/s00113-004-0847-2 

[22] Salvatore, C., Fabrice, V., Marco, M., Leonardo, T., Thomas, L., Benoit, L., et al. 
(2013) The “Skull Flap” a New Conceived Device for Decompressive Craniectomy 
Experimental Study on Dogs to Evaluate the Safety and Efficacy in Reducing In-
tracranial Pressure and Subsequent Impact on Brain Perfusion. Journal of Neuro-
sciences in Rural Practice, 4, 421-426. https://doi.org/10.4103/0976-3147.120244 

[23] Seelig, J., Becker, D., Miller, J., et al. (1981) Traumatic Acute Subdural Hematoma: 
Major Mortality Reduction in Comatose Patients Treated within Four Hours. The 
New England Journal of Medicine, 304, 1511-1518.  
https://doi.org/10.1056/NEJM198106183042503  

  
 

https://doi.org/10.4236/ojmn.2019.91002
https://doi.org/10.3171/2009.4.FOCUS0960
https://doi.org/10.1007/s00113-004-0847-2
https://doi.org/10.4103/0976-3147.120244
https://doi.org/10.1056/NEJM198106183042503

	The Use of Hinged Craniotomy in Comparison to Cisternostomy for Avoiding Bone Flap Replacement Second Surgery in Cases of Decompressive Craniotomy in Traumatic Brain Injury
	Abstract
	Keywords
	1. Introduction
	2. Patients and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

