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Abstract: Introduction: Traumatic brain injury is major cause of death, disability and economic cost to our society. Decompressive
craniectomy is proven surgical management of traumatic brain injury with raised intra cranial pressure. Decompressive craniectomy has
certain complications like syndrome of trephined, development of post-operative hydrocephalus, CSF leakage. Secondary surgery to
restore bone flap required in decompressive craniectomy which increase psychological and monetary burden over patients and increase
patient load over health care facilities. An alternative option require for decompressive craniectomy that has advantages of decompressive
craniectomy and avoid complication and disadvantages of decompressive craniectomy. Objective: To study Four Quadrant Osteoplastic
Decompressive craniotomy (FQOD) as an alternative method for Decompressive craniectomy (DC) in terms of operative time, duration
required for postoperative intensive care unit treatment, progression to decompressive craniectomy, postoperative complications, glasgow
outcome scale at 3 months. Material and Methods: The study was conducted from April 2022 to May 2025 in the Department of
Neurosurgery at Civil Hospital, Ahmedabad. Total 30 patients were included in the study as per selection criteria. Patients were
randomized into undergoing the Decompressive craniectomy (DC) or Four Quadrant Osteoplastic Decompressive craniotomy (FQOD)
procedures. All patients underwent routine preoperative investigations, and after obtaining informed written consent, they were taken up
for the surgical procedure. All patients were treated with established head injury protocols and pre-operative and post-operative intensive
care as required. Results: Total 30 patients included in this study. Majority patients undergone DC had acute subdural hematoma (SDH)
while intracerebral hematoma (ICH) was primary reason in patients undergone FQOD. Majority patients had GCS between 9-12 in both
group. Both group had comparable mid line shift in pre-operative scan (p=0.82). Mean operative time was 122.66 min for DC and 131.73
min for FQOD (p=0.019). Both group had comparable post-operative ICU stay (mean — 7 days) (p=0.29). 2 patient from decompressive
craniectomy group required ventriculo-peritoneal shunt for development of post-operative hydrocephalus while 1 patient from FQOD
group required removal of bone flap due to wound infection and 1 patient required ventriculo-peritoneal shunt for development of post-
operative hydrocephalus. Majority of patients (56.67%) had Glasgow outcome scale score 4 at end of 3 months. 1(6.67%) patient could
not survive post operatively in decompressive craniectomy group due to systemic complication. Conclusion: Four Quadrant Osteoplastic
Decompressive craniotomy is probable alternative candidate for patients requiring decompressive craniectomy. FQOD reduces post-
operative complications of decompressive craniectomy due to removal of bone flap like syndrome of trephined, hygroma, cosmetic
deformity, secondary surgery, resorption of bone flap without added complications. It also reduce psychological and economic burden to
patients for secondary surgery to restore bone flap and reduces patient load in high volume health care centre for the same in case of DC.
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DC. Neurological worsening has also been described after
craniectomy with improvement following cranioplasty. In
addition, as many as 17% of patients will have chronic,
debilitating headaches that only improve with replacement of
the cranial plate. Cranioplasty requires a second operation

1. Introduction

Traumatic brain injury (TBI) is the major cause of disability,
death, and economic cost to our society.l'! Cranial
decompression for the treatment of medically refractory

intracranial hypertension was first reported by Kocher in 1901
and Cushing in 1908. In the century following its
introduction, its role remained controversial. Recently, many
have reported a significant reduction in ICP and even a
positive effect on outcome using decompressive craniectomy
(DC). Like any other surgical procedure, there is morbidity
associated with DC. With a large bone defect, there is a
potential risk to the exposed underlying brain, which may
require the use of protective headgear. Known risks include
edema, hematoma formation, infarction, lack of protection
against further trauma, and strangulation of cerebral tissue at
edge of bone flap. Other complications include
hydrocephalus, syndrome of the trephined, and cerebrospinal
fluid (CSF) leak. Delayed postoperative seizures have been
reported in 37% and hydrocephalus in 40% of patients after

performed under general anesthesia and exposes the patient
to additional potential complications. Cranioplasty has a
significant infection risk with many patients requiring
removal of the autologous cranial plate or prosthetic impalnt
with subsequent revision. In addition, resorption of the bone
plate can be a problem, especially in the pediatric
population.! The ideal procedure for cranial decompression
would be one that combines the effectiveness of DC but limits
the aforementioned difficulties with which it is associated. A
relatively novel and less well-utilised technique to achieve
cerebral decompression in patients with brain swelling and/or
raised ICP is the Four quadrant Osteoplastic Decompressive
craniotomy (FQOD). In this technique bone flap cut in four
quadrant with cutter and placed back. This technique fullfills
requirement of reduction of intracranial pressure.]
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2. Material and Methodology

The study was conducted as a parallel group randomized,
controlled trial from April 2022 to May 2025 in the
Department of Neurosurgery at Civil Hospital, Ahmedabad.
Total 30 patients were included in the study as per selection
criteria. Patients were randomized into undergoing the
Decompressive craniectomy (DC) or the Four Quadrant
Osteoplastic ~ decompressive  craniotomy  (FQODC)
procedures. All patients underwent routine preoperative
investigations, and after providing informed written consent,
they were taken up for the surgical procedure. All patients
were treated with established head injury protocols and pre-
operative and post-operative intensive care as required. All
required data filled up in proforma and statistical analysis
done with t-test where required,

Inclusion Criteria

« Patients requiring decompressive craniectomy

o GCS >=7 at admission

o Patients or patient’s relative who are willing to give
informed consent

o Patient age >=12 years

Exclusion Criteria

o Patient age <12 years

e GCS at admission <7

o Patient requiring bilateral decompressive craniectomy,
bifrontal decompressive craniectomy or posterior fossa
decompressive craniectomy

o Patient having other associated injury.

« Patients or patient’s relatives not willing to participate in
study

3. Surgical Technique

Decompressive craniectomy

For unilateral DC, the patient was placed supine with a small
rolled towel underneath the ipsilateral shoulder and the head
turned toward the contralateral side. Once the site was
prepped and draped, a large reverse mark incision was made
starting at the level of zygoma and curving posteriorly above
the ear, over the parieto-occipital region, then superiorly and
anteriorly, approximately 2 cm lateral to the midline, and
stopping just behind the hairline. The posterior extent of the
incision was more than 15 cm behind the keyhole to allow for
an adequate craniectomy flap. The superficial temporal artery
was preserved and temporalis was dissected up to the zygoma
to allow for maximal temporal decompression. The
anteroposterior dimension was at least 15 cm and extended
down to the floor of the temporal fossa. An adequate number
of burr holes were made and underlying dura was separated
using a Penfield No. 3 dissector. Cutter was used to make the
craniectomy and temporal extent expanded till floor of middle
cranial fossa using a rongeur. Hemostasis with the bone and
epidural space was achieved using bone wax and dural tack
up stitches, respectively, and the dura was opened carefully in
a cruciate fashion. After evacuation of the hematoma, wound
drain was placed and scalp closure was done in layers and

Four Quadrant Osteoplastic Decompressive craniotomy
Patient positioned supine with lateral rotation of the head
under general endotracheal anesthesia. A Fronto-temporo-
parietal large trauma scalp flap was raised. Bone flap like the
decompressive craniectomy flap is made keeping the
temporal part attached to the muscle. The portion of the bone
flap removed, and temporal craniectomy extends to the floor
of the middle cranial fossa with rongeurs at the origin of the
zygomatic arch. The dura is opened in a stellate fashion and
a synthetic dural patch is kept tucked under the original dura
over the brain to prevent the brain from bulging out. The bone
flap is then divided into four quadrants with the periosteum in
situ. Then, the periosteum of the free bone pieces are sutured
with loose silk sutures to the other pieces so as to connect all
the four bone pieces together by the periosteum and then
connected to the periosteum of the calvaria under the galea.
The bone flap is now in its place as four pieces sutured
together with loose sutures and connected by the periosteum
only. As the brain expands, the bone flaps float out in all four
different directions giving space for the swollen brain. ]

4. Result
Table 1: Summary of demographic data
Variables FQOD Decompresswe
craniectomy
No. of patients 15 15
Male: Female 10:5 13:2
Mean age (years) |47.86 +14.75 43.94+13.72
Surgical indication
ICH 7 3
SDH 6 7
Contusion 2 5
Side of surgery
Right 9 9
Left 6 6

As per table 1 in this study patient randomly divided for
FQOD and Decompressive craniectomy. Majority of patients
undergone FQOD had ICH while acute SDH was major
indication of Decompressive craniectomy.

Table 2: GCS at time of admission

Group GCS <9 |GCS 9-12|GCS 13-15
FQOD 3 11 1
Decompressive craniectomy 5 10 0

As shown in table 2 majority patient undergone surgical
procedure had pre-operative GCS between 9 to 12. In both
group no significant difference in pre operative GCS (p=0.59)

Table 3: Midline shift

Group Mean midline shift (mm)
FQODC 10.4 +2.38
Decompressive craniectomy 10.2+£2.45

As indicated in table 3 both group had comparable midline
shift in brain imaging (p=0.82).

Table 4: Operative time in both method

bone flap sent for Ethylene Oxide (EtO) gas sterilization. Group Mean operative time (min)
FQOD 131.73
Decompressive craniectomy 122.66
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As per table 4 operative time was slightly higher in FQOD
group compared to decompressive cranieectomy group due to
time required to divide bone in four quadrant and suturing
periosteum. This difference is statistically significant.

(p=0.019).
Table 5: Post-op. ICU stay
Group Mean ICU stay (post op) (days)
FQOD 72+1.18
Decompressive craniectomy 6.8+1.24

As shown in table 5 in both group post-operative ICU stay
was comparable (p=0.29). Average ICU stay was around 7
days in both group.

Table 6: Additional intervention required
Additional intervention | FQOD | Decompressive craniectomy
Ventriculo peritoneal shunt 1 2
Bone flap removal 1 NA

As indicated in table 6, 2 patient from decompressive
craniectomy group required ventriculo-peritoneal shunt for
development of post-operative hydrocephalus while 1 patient
from FQOD group required removal of bone flap due to
wound infection and 1 patient required ventriculo-peritoneal
shunt for development of post-operative hydrocephalus.

Table 7: GCS at time of discharge
Group GCS at time of discharge
FQOD 13.5
Decompressive craniectomy | 12.92

As shown in table 7, both group patient had comparable GCS
at time of discharge. (p=0.30)

Table 8: Mortality in both method

FQOD Decompressive craniectomy
Alive 15 14
Dead 0 1

As per table 8, 1 patient could not survive post operatively in

decompressive craniectomy group due to systemic
complication.
Table 9: GOS at 3 month!®!
GOS FQOD Decompressive craniectomy
1 0 3
2 1 0
3 2 2
4 9 8
5 3 1

As shown in table 9, 3 patients in decompressive craniectomy
group could not survive upto 3 month. Probable cause was
aspiration or cardiac event. Sudden neurological deterioration
could be possible due to syndrome of trephined. No mortality
recorded in FQOD group. No significant difference in both
group (p=0.54)

5. Discussion

Peethambaran et. al presented a pilot study on a new
technique called four quadrant osteoplastic decompressive

craniotomy and found that this technique and DECRA were
similar regarding survival and brain expansion on CT scan.[”]

Decompressive craniectomy is associated with a varied
spectrum of complications because of absence of a bone
flap.[®! The main complications that may occur following a
DC include vulnerability of the underlying brain to direct
injuries due to the loss of bone, the need for a second surgery
to perform a cranioplasty, and a higher incidence of infection,
hydrocephalus, syndrome of the trephined, intracerebral
hematoma, delayed seizures, cerebrospinal fluid leak (3—5%),
extra-axial collection (both epidural [20%], and subdural
[5%]).[%*!9] Studies have shown that many of these
morbidities get reversed following replacement of the bone
flap.['""'?] With regard to the timing of cranioplasty, studies
have shown that patients with an early cranioplasty had a
better functional outcome.['*!4] Hence, every effort should be
made to reduce these specific complications associated with
the absence of a large area of the bone flap. We believe that
FQOD technique provided adequate compliance to the brain
(as has been achieved in DC) and was also effective in
reducing the above mentioned complications.

In our study total 30 patients included. Study results
demonstrate both group are comparable. There is no
significant difference in post-operative ICU stay, post-
operative outcome and mortality in both group (table 1) which
is comparable to study done by Peethambaran et al. [7]

In our study average ICU stay was 7 days (table 5) in both
group which is comparable to each other (p=0.29) because in
our institute limited availability of ICU bed and high patients
load patients required to shift from ICU to general ward once
they are stable. In similar study shows no significant
difference in ICU stay.[7]

In our study there is no significant difference in glasgow
outcome scale score at 3 month (p=0.54) (table 9) which is
comparable to similar study done by Vankipuram S et al.l’]
where comparable Glasgow outcome scale extended score at
6 month in both group.

One patient operated for four quadrant osteoplastic
decompressive craniotomy required removal of bone flap due
to wound infection while 2 patient (13.33%) operated for
decompressive craniectomy and 1 (6.67%) patient in FQOD
group required ventriculo peritoneal shunt for development of
post op hydrocephalus (table 9). The mechanism of
hydrocephalus is attributed to obstruction of the arachnoid
granulations by surgical debris. Early cranioplasty would
restore normal ICP dynamics and probably normalize the
hydrocephalus.”!

1 patient operated for decompressive craniectomy could not
survive due to systemic complications (table 8).

6. Conclusion

Four Quadrant Osteoplastic Decompressive craniotomy is an
alternative procedure for decompressive craniecotmy with
comparable outcome. Patient operated for decompressive
craniectomy requires second surgery for restoration of bone
flap which can be avoided with Four Quadrant Osteoplastic
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Decompressive craniotomy with similar post-operative
outcomes. With help of Four Quadrant Osteoplastic
Decompressive craniotomy, complications of decompressive
craniectomy like syndrome of trephined™*, hygroma,!'s!
cosmetic deformity, secondary surgery, resorption of bone
flap!'®! can be reduced without any additional procedure to the
patients. With help of Four Quadrant Osteoplastic
Decompressive craniotomy patient’s psychological and
monetary burden for second surgery can be reduced. Patient
burden for second surgery for cranioplasty can be reduced in
high volume center by this method.

FQOD is as efficacious as decompressive craniectomy in
improving the clinical outcome and producing adequate
decompression. Furthermore, FQOD reduces late mortality
due to acute neurologic deterioration from the absence of a
bone flap and the morbidity of wound infection.

7. Limitation of Study

Limitations of our study is limited size, heterogeneous
population, lack of long term follow up. In addition in our
study ICP data is not available. As our institute is tertiary care
hospital many patient came with brain imaging done outside
so volumetric analysis cannot be done.

Image 2: intraop photograph sowing bone flap divided in
four quadrant and pericranium sutured with silk

D \!.:‘ ‘
. P eovere e ’..i P

Image 4: 3D reconstruction of post op CT scan

References

[1]

[2]
[3]

[4]
[5]

(6]

Bullock MRHDA. Introduction to traumatic brain
injury. In:Bullock MR, editor. In: Youmans
Neurological surgery. 6th ed Philadelphia, PA:
Elsevier Saunders; 2011:3267-3269

Youman and winn neurological surgery 8" edition, pg
—3124:3134

Vankipuram S, Sasane SV, Chandra A, Ojha BK,
Singh SK, Srivastava C, Jaiswal S, Bajaj A, Jaiswal M.
A Comparative Analysis Between Four-Quadrant
Osteoplastic Decompressive Craniotomy versus
Conventional Decompressive Craniectomy  for
Traumatic Brain Injury. World Neurosurg. 2020 Mar;
135: €393-e404. doi: 10.1016/j.wneu.2019.12.004.
Epub 2019 Dec 9. PMID: 31821915.
Schmidek and sweet operative
techniques 7™ edition, pg -1438:1444
Peethambaran AK, Valsalmony J. Four-quadrant
osteoplastic decompressive craniotomy: a novel
technique for decompressive craniectomy avoiding
revision cranioplasty after surgery. Neurol India. 2012
Nov-Dec;60(6):672-4. doi: 10.4103/0028-
3886.105221. PMID: 23287349.

Wilson L, Boase K, Nelson LD, Temkin NR, Giacino
JT, Markowitz AJ, Maas A, Menon DK, Teasdale G,
Manley GT. A Manual for the Glasgow Outcome
Scale-Extended Interview. J Neurotrauma. 2021 Sep
1;38(17):2435-2446. doi:  10.1089/neu.2020.7527.

neurosurgical

Volume 15 Issue 4, April 2026
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WWWw.ijsr.net
DOI: https://dx.doi.org/10.21275/SR26414180248 904

Paper |D: SR26414180248



http://www.ijsr.net/

International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2025: 7.089

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Paper |D: SR26414180248

Epub 2021 Apr 6. PMID: 33740873; PMCID:
PMC8390784.

Peethambaran, Anil Kumar; Gopal, Vinu V.;
Valsalamony, Jiji'. Four-quadrant osteoplastic
decompressive craniotomy: A novel technique for
refractory intracranial hypertension - A pilot study.
Neurology India 63(6):;p 895-902, November—
December 2015. | DOI: 10.4103/0028-
3886.170081Kan P, Amini A, Hansen K, White GL Jr,
Brockmeyer DL, Walker ML, et al Outcomes after
decompressive craniectomy for severe traumatic brain
injury in children J Neurosurg. 2006;105(5
Suppl):337-42

Stiver SI.  Complications of decompressive
craniectomy for traumatic brain injury Neurosurg
Focus. 2009; 26: E7

Albanese J, Leone M, Alliez JR, Kaya JM, Antonini F,
Alliez B, et al Decompressive craniectomy for severe
traumatic brain injury: Evaluation of the effects at one
year Crit Care Med. 2003;31:2535-8

Schaller B, Graf R, Sanada Y, Rosner G, Wienhard K,
Heiss WD. Hemodynamic and metabolic effects of
decompressive hemicraniectomy in normal brain. An
experimental PET-study in cats Brain Res. 2003; 982:
31-7

Erdogan E, Diiz B, Kocaoglu M, Izci Y, Sirin S,
Timurkaynak E. The effect of cranioplasty on cerebral
hemodynamics: Evaluation with transcranial Doppler
sonography Neurol India. 2003; 51: 479-81

Chibbaro S, Di Rocco F, Mirone G, Fricia M, Makiese
O, Di Emidio P, et al Decompressive craniectomy and
early cranioplasty for the management of severe head
injury: A prospective multicenter study on 147 patients
World Neurosurg. 2011; 75: 558-62

Liang W, Xiaofeng Y, Weiguo L, Gang S, Xuesheng
Z, Fei C, et al Cranioplasty of large cranial defect at an
early stage after decompressive craniectomy
performed for severe head trauma J Craniofac Surg.
2007;18:526-32

Sveikata L, Vasung L, El Rahal A, Bartoli A, Bretzner
M, Schaller K, Schnider A, Leemann B. Syndrome of
the trephined: clinical spectrum, risk factors, and
impact of cranioplasty on neurologic recovery in a
prospective  cohort.  Neurosurg Rev. 2022
Apr;45(2):1431-1443.  doi:  10.1007/s10143-021-
01655-6. Epub 2021 Oct 7. PMID: 34618250; PMCID:
PMC8976790.

Aarabi B, Hesdorffer DC, Ahn ES, et al. Outcome
following decompressive craniectomy for malignant
swelling due to severe head injury. J Neurosurg. 2006;
104: 469.

Honeybul S, Ho KM. Long term complications of
decompressive craniectomy for head injury. J
Neurotrauma. 2010; 23: 23.

Volume 15 Issue 4, April 2026
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WWWw.ijsr.net
DOI: https://dx.doi.org/10.21275/SR26414180248

905


http://www.ijsr.net/



