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ABSTRACT 
Background: Subdural hematoma in infants is a challenging condition. Acute 

subdural hematomas can cause intracranial hypertension and a midline shift, but 

decompressive craniotomies in young patients have shown promising results with 

specific complications in this age group. Hinge craniotomy is an old technique used 

in many neurosurgical procedures associated with elevated intracranial pressure. 

The objective of this study is to report the usage of flail bone flap in the management 

of acute subdural hematoma in infants, its outcome, advantages, disadvantages and 

related complications. 

Methods: This is a review of the medical records of 5 infants younger than one-year-

old who underwent decompressive craniotomy as management of acute subdural 

hematoma at Mansoura university hospital. 

Results: In this series, five babies were included. Operative time for decompressive 

craniotomy (DC) ranged from 1 h and 40 min to 3 h. Four infants survived. Three 

infants recovered with good outcomes and one infant developed hemiparesis. 

Conclusion: The use of flail bone flap technique in decompressive craniotomy is 

associated with a high success rate and low incidence of complications. Large-based 

studies are still required for a better assessment of the results. 

 
 

 

INTRODUCTION 

Although acute subdural haematoma is considered uncommon in 

infants with an incidence of about 20-25 per 100000 cases but its 

management is a challenging condition. The most common cause in 

this age group is child abuse especially the shaken baby syndrome. [1]. 

Infantile subdural hematomas cause convulsive seizures, 

consciousness disorders, retinal haemorrhage, or apnea, which can 

progress to coma with hemiplegia or death [2]. If it is accompanied by 

intracranial hypertension, it will result in diffuse edoema, which will 

then lead to cerebral ischemia [3]. 

When treating infantile ASDH surgically, one must take into 

consideration how to best regulate intracranial pressure while 

minimising the risk of complications [4]. 

Decompressive craniectomy (DC) has been successfully used to 

alleviate (ICP) and massive brain swelling following infarction or 
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bleeding [5-7]. Improved cerebrovascular 

compliance, cerebral oxygenation, and cerebral 

perfusion can be achieved through reductions in ICP 

[8]. After a DC, a cranioplasty procedure is required 

[9] utilising either one's own autologous skull or 

more expensive synthetic materials [10]. 

Cranioplasty has been associated with some 

complications including surgical site infection (SSI) 

[11-13] and bone graft resorption (BGR) in pediatric 

populations [12-15]. 

During a decompressive craniotomy, a bone flap 

will be elevated followed by opening of the dura and 

evacuation of the hematoma. Finally, the bone flap 

will be repositioned loosely without fixation. The 

replacement of the bone flap eliminates the need of 

a second operation lead to avoidance of 

decompressive craniectomy and subsequent 

cranioplasty related complications. [16]. 

There is no clear guidelines for management of 

ASH using craniotomy, so we reported our 

experience with hinge craniotomy in 5 infants in our 

tertiary care centre.  

 

PATIENTS AND METHODS 

This retrospective case series that was conducted at 

Mansoura University Neurosurgery Department 

after obtaining approval from the local ethical 

committee and Institutional Review Board of 

Mansour Faculty of Medicine. We included five 

pediatric cases along one year duration. 

All patients were subjected to standard history 

taking, general and detailed neurological 

examination. initial GCS and presence of other 

intracranial pathologies were also assessed. On 

admission, a CT scan of the patient's brain was 

analyzed to determine the hematoma's thickness as 

well as the amount of midline shift. The Glasgow 

Outcome Scale (GOS) was used to evaluate the 

results, and the follow-up period was increased to six 

months. 

In addition, routine preoperative laboratory and 

radiological investigations were ordered. After 

deciding on surgical intervention, it was completely 

explained to the patients' guardians with its 

indications and complications and following that, 

informed written consent was obtained. 

All of the procedures were carried out under 

general anesthesia. A large frontotemproparital 

question mark skin incision was done on the affected 

side followed by preservation of pericranial graft to 

be utilized in duroplasty.After that a small burrhole 

was done in the temporal region as fast as possible 

with small opening to the dura to help in relieve of 

the increase intracranial pressure followed by 

dissection of the dura from the skull bone. Due to 

very thin bone we used a scissor to complete the 

craniotomy with continuous dissection and 

separation of the dura from the bone flap. At the 

level of coronal suture, the dissection was difficult 

due to tight adhesion of the dura to the bone so we 

utilized this limb to hinge the bone flap without doing 

complete bone elevation. The squamous temporal 

bone was rongeured to the temporal fossa floor, 

ensuring that no edge of bone remained that could 

prevent the swollen temporal lobe from being 

displaced laterally. The dura was opened in cruciate 

shape manner followed by evacuation of the 

haematoma and ensuring haemostasis. Then the 

pericranial graft was used to do duroplasty and the 

craniotomy flap was left hinged without fixation 

followed by anatomical closure in layers. 

All patients received standard post-operative 

care, with frequent assessment throughout the day. 

Any post-operative complications were noted and 

then recorded. Regular follow up visits were 

scheduled for these cases.  

Early follow up C.T scan was done to all patients 

to document evacuation of the hematoma, 

improvement of the midline shift and to detect any 

complications that need further management. 

During the follow up serial follow up C.T scans was 

ordered to evaluate the brain and the fate of the 

bone flap. 

 

STATISTICAL ANALYSIS  

Microsoft Excel was used to enter and analyse the 

data. This was followed by data being imported into 

the Statistical Package for Social Sciences (SPSS 27, 

IBM/SPSS Inc., Chicago, IL) for windows. According to 

Kolmogorov-Smirnov and Shapiro-tests, Wilk's the 

baseline characteristics of the study population were 

presented in the form of frequencies and 

percentages (percent) or mean values and standard 

deviations (SD) or median and range. 

 

RESULTS 

The study included 5 infants, 3 boys (60%) and 2 girls 

(40%). Their age ranged from 25 days to 180 days 

with mean age of 81.5 days. 
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The cause of SDH was spontaneous in four cases 

(80%) and traumatic in one case only (20%). The 

hematoma located in the left side in 3 cases (60%) 

and on the right side in 2 cases (40%). The SDH was 

associated with ICH in one case only. 

The lowest preoperative GCS was 5/15 (in one 

case) and the highest score was 11/15 (in two cases) 

while the other two cases had GCS of 8/15 and 10/15 

respectively.  

Coagulopathy was detected in 4 cases (80%). The 

mean operative time was 136 minutes with range 

between 100 minutes and 180 minutes. Regarding 

the outcome in our study, 3 cases (60%) showed 

favourable outcome in the form of full recovery while 

1 case Survived with Rt. Sided weakness G 3. One 

case died thar represented 20% mortality rate. 

 
Table 1. Detailed literature 
 

Gender Age Diagnosis Preop GCS Coagulopathy Operative time 

(min) 

Outcome 

Boy 25 days Lt. acute SDH 

(spontaneous) 

8/15 Yes 100 Fully 

recovered 

Girl 2 months Rt. Acute SDH 

(spontaneous) 

10/15 Yes 130 Fully 

recovered 

Boy 4 months Lt. acute ICH + SDH 

(spontaneous) 

11/15 Yes 180 Survived 

with Rt. 

Sided 

weakness G 

3  

Boy 3 months 14 

days 

Lt. acute SDH 

(spontaneous) 

5/15 Yes 150 Died 

Girl 6 months Rt. Acute SDH 

(trauma, fall) 

11/15 No 120 Fully 

recovered 

 
 

 

 

 
 

Figure 1. 25 days old male child with left acute SDH 
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Figure 2. First day post operative after hematoma evacuation and flail bone flap position. 

 

 

 

 
 

Figure 3. 2 months postoperative with disappearance of midline shift and bone flap return to normal position 



 207 Flail bone flap in decompressive craniotomy for infants 

DISCUSSION 

There are numerous surgical and non-surgical 

treatments for ASDHs, including burr holes, 

craniectomies, osteoplastic flaps, subtemporary 

decompressions, temporal lobectomy, dural 

openings, dural augmentation, and dural snips [17-

20] . In spite of everyone's best efforts, the reported 

mortality rate has remained somewhere between 80 

and 90 percent, and the morbidity rate among the 

population that has managed to survive has been 

extremely high [18, 19, 21, 22]. 

In addition to being less invasive surgically, the 

technique for hinged bone grafts leaves only one 

scar, eliminates the need for a second surgery to 

replace the bone graft, and is more anaesthetically 

preferred. 

Our results showed full recovery in 3 cases (60%), 

1 case died that represented 20% and 1 case 

survived with right sided weakness represented 20% 

morbidity.  

In a study involving 30 adult patients diagnosed 

with ASDHs and undergoing craniectomy, 

subcutaneous placement of a hinged flail was used, 

according to the findings of Abd El-Wahed and 

Ahmed, 17 patients passed away while being treated 

at the hospital, accounting for 66.7 percent of the 

total; 13.3 percent of the patients who survived did 

so in a vegetative state, while 9 patients made a full 

recovery (30 percent ) [23]. The variation could be 

explained due to different age groups. 

The DC group had a worse preoperative GCS, 

younger age, more extracranial injuries, and a more 

severe CT, according to a study by Li et al., indicating 

that DC may be more effective than CR based on the 

actual outcomes, which were comparable in the two 

groups despite the predicted outcomes being worse 

for the DC group [24].  

Tsermoulas et al. evaluated a total of 99 patients, 

69 of whom had DC, 17 of whom had CR with a 

"riding flap," and 13 of whom had CR with a "fixed 

retained flap.". Despite the fact that patients in the 

DC group had worse outcomes, the baseline 

characteristics of the two groups were very different; 

those with DC had significantly more severe 

mechanisms, lower GCS, more extracranial injuries, 

and higher Rotterdam CT scores than those in the 

control group [25]. 

More herniation (pupillary changes) was found in 

the DC group, which was found by Woertgen et al., 

who looked at 180 patients (111 CR and 69 DC) and 

found a higher mortality rate in the DC group. There 

was no significant difference in the outcomes of CR 

and DC for patients who did not exhibit signs of 

herniation; however, there was a significant 

difference in the outcomes of CR and DC for patients 

who did exhibit signs of herniation [26].  

Kwon et al. found that while patients with 

unfavourable features (age >70, anticoagulation or 

antiplatelet use, time to surgery > 4 hours, GCS < 8, 

nonreactive pupils, and major extracranial injury) 

had more poor outcomes those with less 

unfavourable features. [27].  

The CR group and the DC group were compared 

by Kim and his colleagues in terms of age, gender, 

GCS score, hematoma volume, midline shift, ICH 

score, and the amount of time that passed between 

the ictus and the surgery. During the course of the 

study, CR was carried out on a total of 139 patients, 

while DC was carried out on 125 patients. The 

mortality rate at 30 days was the same for both the 

CR group and the DC group (13.7 percent vs. 15.2 

percent, p = 0.729). On the other hand, the CR group 

had a functional survival rate of 46.0 percent after 12 

months, which was significantly (p = 0.014) higher 

than the DC group's survival rate (32.0 percent) [28]. 

 Our study has some limitations; it is a single-

centre study that included a relatively small sample 

size. It also lacks long-term follow up for the included 

patients. These drawbacks must be handled in the 

upcoming studies. 

 

CONCLUSION 

Using a flail bone flap to perform a decompressive 

craniotomy may be beneficial, especially in infant 

cases, because of a high rate of complications 

associated with DC and subsequent cranioplasty in 

children and infants. The efficacy of this technique in 

terms of clinical outcomes and the reduction of 

complications necessitates further large-scale 

studies. 

 
 

REFERENCES 

1. El Hadji Cheikh Ndiaye S, CISSE Y, NZISABIRA JM, DONZO 

A, NDIAYE PS, boubakar BADIANE S. Acute subdural 

hematoma post ventricular puncture in infants: A case 

report and review of the literature. International Journal 

of Surgery Case Reports. 2021:105913. 

2. Elliott CA, Ramaswamy V, Jacob FD, Sankar T, Mehta V. 

Early diffusion restriction of white matter in infants with 

small subdural hematomas is associated with delayed 

atrophy. Child's Nervous System. 2017;33(2):289-95. 



 208 Mohammad Fekry Elshirbiny, M.M. Amen, Assem Ahmed 

3. Karibe H, KaMeyaMa M, HayasHi T, Narisawa A, 

Tominaga T. Acute subdural hematoma in infants with 

abusive head trauma: a literature review. Neurologia 

medico-chirurgica. 2016:ra. 2015-0308. 

4. Yokota H, Sugimoto T, Nishiguchi M, Hashimoto H. 

Greenstick fracture-hinge decompressive craniotomy in 

infants: illustrative case and literature review of 

techniques for decompressive craniotomy without bone 

removal. Child's Nervous System. 2019;35(9):1491-7. 

5. Honeybul S, Ho K. The current role of decompressive 

craniectomy in the management of neurological 

emergencies. Brain injury. 2013;27(9):979-91. 

6. Honeybul S, Ho K, Gillett G. Reconsidering the role of 

decompressive craniectomy for neurological 

emergencies. Journal of critical care. 2017;39:185-9. 

7. Rahme R, Zuccarello M, Kleindorfer D, Adeoye OM, Ringer 

AJ. Decompressive hemicraniectomy for malignant 

middle cerebral artery territory infarction: is life worth 

living? Journal of neurosurgery. 2012;117(4):749-54. 

8. Hossain-Ibrahim MK, Wasserberg J. Decompressive 

craniectomy--time for a change? British journal of 

neurosurgery. 2011;25(4):538-9. 

9. Kolias AG, Kirkpatrick PJ, Hutchinson PJ. Decompressive 

craniectomy: past, present and future. Nature Reviews 

Neurology. 2013;9(7):405-15. 

10. Shah AM, Jung H, Skirboll S. Materials used in 

cranioplasty: a history and analysis. Neurosurgical focus. 

2014;36(4):E19. 

11. Frassanito P, Fraschetti F, Bianchi F, Giovannenze F, 

Caldarelli M, Scoppettuolo G. Management and 

prevention of cranioplasty infections. Child's Nervous 

System. 2019;35(9):1499-506. 

12. Rocque BG, Amancherla K, Lew SM, Lam S. Outcomes of 

cranioplasty following decompressive craniectomy in the 

pediatric population: A systematic review. Journal of 

Neurosurgery: Pediatrics. 2013;12(2):120-5. 

13. Rocque BG, Agee BS, Thompson EM, Piedra M, Baird LC, 

Selden NR, et al. Complications following pediatric 

cranioplasty after decompressive craniectomy: a 

multicenter retrospective study. Journal of Neurosurgery: 

Pediatrics. 2018;22(3):225-32. 

14. Bowers CA, Riva-Cambrin J, Hertzler DA, Walker ML. Risk 

factors and rates of bone flap resorption in pediatric 

patients after decompressive craniectomy for traumatic 

brain injury. Journal of Neurosurgery: Pediatrics. 

2013;11(5):526-32. 

15. Brommeland T, Rydning PN, Pripp AH, Helseth E. 

Cranioplasty complications and risk factors associated 

with bone flap resorption. Scandinavian journal of 

trauma, resuscitation and emergency medicine. 

2015;23(1):1-7. 

16. Phan K, Moore JM, Griessenauer C, Dmytriw AA, 

Scherman DB, Sheik-Ali S, et al. Craniotomy versus 

decompressive craniectomy for acute subdural 

hematoma: systematic review and meta-analysis. World 

neurosurgery. 2017;101:677-85. e2. 

17. Aarabi B, Hesdorffer DC, Ahn ES, Aresco C, Scalea TM, 

Eisenberg HM. Outcome following decompressive 

craniectomy for malignant swelling due to severe head 

injury. Journal of neurosurgery. 2006;104(4):469-79. 

18. Beck J, Raabe A, Lanfermann H, Berkefeld J, De 

Rochemont RDM, Zanella F, et al. Effects of balloon 

angioplasty on perfusion-and diffusion-weighted 

magnetic resonance imaging results and outcome in 

patients with cerebral vasospasm. Journal of 

neurosurgery. 2006;105(2):220-7. 

19. Buschmann U, Yonekawa Y, Fortunati M, Cesnulis E, 

Keller E. Decompressive hemicraniectomy in patients 

with subarachnoid hemorrhage and intractable 

intracranial hypertension. Acta neurochirurgica. 

2007;149(1):59-65. 

20. Malliti M, Page P, Gury C, Chomette E, Nataf F, Roux F-X. 

Comparison of deep wound infection rates using a 

synthetic dural substitute (neuro-patch) or pericranium 

graft for dural closure: a clinical review of 1 year. 

Neurosurgery. 2004;54(3):599-604. 

21. Bullock MR, Chesnut R, Ghajar J, Gordon D, Hartl R, 

Newell DW, et al. Surgical management of acute subdural 

hematomas. Neurosurgery. 2006;58(suppl_3):S2-16-S2-

24. 

22. Güresir E, Beck J, Vatter H, Setzer M, Gerlach R, Seifert V, 

et al. Subarachnoid hemorrhage and intracerebral 

hematoma: incidence, prognostic factors, and outcome. 

Neurosurgery. 2008;63(6):1088-94. 

23. Abd El-Wahed M, Ahmed S. Comparative Study between 

Bone Flap Insertion in Abdominal Wall Versus Flail 

Replacement in Decompressive Craniectomy of Acute 

Subdural Hematoma. The Medical Journal of Cairo 

University. 2018;86(December):3825-32. 

24. Li LM, Kolias AG, Guilfoyle MR, Timofeev I, Corteen EA, 

Pickard JD, et al. Outcome following evacuation of acute 

subdural haematomas: a comparison of craniotomy with 

decompressive craniectomy. Acta neurochirurgica. 

2012;154(9):1555-61. 

25. Tsermoulas G, Shah O, Wijesinghe HE, Silva AHD, 

Ramalingam SK, Belli A. Surgery for acute subdural 

hematoma: replace or remove the bone flap? World 

Neurosurgery. 2016;88:569-75. 

26. Woertgen C, Rothoerl RD, Schebesch KM, Albert R. 

Comparison of craniotomy and craniectomy in patients 

with acute subdural haematoma. Journal of clinical 

neuroscience. 2006;13(7):718-21. 

27. Kwon YS, Yang KH, Lee YH. Craniotomy or decompressive 

craniectomy for acute subdural hematomas: surgical 

selection and clinical outcome. Korean journal of 

neurotrauma. 2016;12(1):22-7. 

28. Kim DB, Park SK, Moon BH, Cho BR, Jang DK, Jang KS. 

Comparison of craniotomy and decompressive 

craniectomy in large supratentorial intracerebral 

hemorrhage. Journal of Clinical Neuroscience. 

2018;50:208-13. 

 


