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Abstract Malignant intracranial hypertension (IHT) intracranial tension (ICT) is a surgical emer-

gency. Routine decompressive craniectomy may not be sufficient in reducing the
malignant IHT. At present, we do not have the exact solution to this ominous situation.
Authors came across a similar scenario where we had to go forward with modification
of a previously known described procedure, removing bifrontal, temporal, and parietal
bones including midline bone strip over a superior sagittal sinus in a case of resistant
malignant ICT, following coiling of an anterior communicating artery aneurysm. This
radical technique, named as megacraniectomy, was used as a last resort in a rapidly
deteriorating patient. The patient survived the stormy phase of malignant ICT and
showed significant improvement in neurological status. Authors here describe this
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Introduction

Malignant intracranial hypertension (IHT) in the event of an
aneurysmal subarachnoid hemorrhage (SAH) and vasospasm
is a surgical emergency with near-universal poor outcome.
Wide frontotemporal decompressive craniectomy (DECRA) is
the standard life-saving surgical procedure for rapid reduc-
tion of resistant-raised intracranial tension (ICT). Seldom, it
becomes difficult to control the sudden rapid rise in intra-
cranial pressure (ICP) despite the optimal utilization of stan-
dard medical and surgical interventions. In a similar situation,
authors have attempted bilateral frontotemporoparietal cra-
niectomy (including the bony strip over the superior sagittal
sinus [SSS]) with ligation of the anterior third of SSS (megacra-
niectomy). The patient was successfully managed with inten-
sive care and later received cranioplasty. Authors have dis-
cussed the surgical nuances and the utility of this surgical
procedure in the light of resource-stricken hospital settings.

Case Report

A 32-year-old young female presented with spontaneous
SAH. She was admitted with Hunt and Hess grade II, World
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approach as a novel idea to be explored in resource-stricken situations.

Federation of Neurosurgical Societies grade 1, and Fischer’s
grade 3 status. Digital subtraction angiogram revealed a rup-
tured anterior communicating artery which is an aneurysm
with the dominant left anterior cerebral artery. An aneurysm
was successfully coiled. Immediate postoperative period was
uneventful. On the first postcoiling day, the patient developed
severe vasospasm and deteriorated to E2V2M5 status. Despite
adequate medical management, the patient showed rapid neu-
rological deterioration. Plain computed tomography (CT) head
showed signs of malignant intracranial edema and global vaso-
spasm corroborating with findings of transcranial ultrasonogra-
phy. The patient received intra-arterial nimodipine with no sig-
nificant improvement. External ventricular drainage was placed
with continuous ICP monitoring through the right frontal horn.
After a transient improvement, the patient rapidly deteriorat-
ed to decerebrate status with clinical features of Cushing’s triad
(ICP > 35 cm water). All resuscitative measures with ventilation
were continued. Repeat noncontrast computed tomography
(CT) head suggested diffuse brain edema, effaced gyri and sulci,
compressed ventricles, and evolving ischemic changes through-
out the brain (~Fig. 1A). With due consent, the patient was tak-
en for DECRA as a last resort to control rapid rise in ICP.
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Fig. 1 (A) Preoperative noncontrast computed tomography head
showing diffuse hypodensity and brain edema; (B,C) megacraniec-
tomy bone flap showing en mass removal of bone from frontal,
temporal, and parietal areas; (D) relaxed brain after durotomy and
removal of bone from skull except for occipital bone; (E) postopera-
tive noncontrast computed tomography head showing relaxed brain
parenchyma; (F) postcranioplasty noncontrast computed tomogra-
phy head at follow-up.

Megacraniectomy

In view of global cerebral hypodensity, the decision was taken
for widest possible DECRA for rapid reduction in ICP. Options
of bifrontal craniectomy and bilateral frontotemporal craniec-
tomy were considered; however, in view of chances of the
“scissoring effect on the cortical veins” at bony margins, the
decision was taken for bifrontotemporoparietal craniectomy.
An extended bicoronal incision placed 6 cm behind the coro-
nal suture (autopsy incision) was fashioned with anterior limb
just anterior to the tragus bilaterally (~Figs. 1B, C and 2A-C).

Posteriorly, occipital and some part of parietal bone were
left so that the head could be rested in the supine posture. Cra-
niectomy margins were flush with middle cranial fossa floor
bilaterally. Bone flap was gently separated from SSS. Eight burr
holes were made two on either side of SSS at the posterior
parietal end, two at keyholes, two posterior temporal, and last
two were directly on SSS in the midline. Star-shaped durotomy
was done on either side which initially released the tight brain
but inadequately. The brain was bulging in the midline causing
tenting pressure and kinking of the veins. Therefore, falx cere-
bri was cut anteriorly near crista galli after ligating SSS. As soon
as falx was totally released, the brain bulge seemed to ease. The
discoloring hue of the ischemic brain was released (=Figs. 1D,
E and 2D, E). Scalp flap was closed en masse.

The patient received mechanical ventilation postopera-
tively and gradually improved to E2VTM5 status in a week’s
duration. CT scan head revealed adequate decompression
with infarcts in the right frontoparietal, left frontal region,
and hypodensity in hypothalamic areas. With intensive care,
the patient survived the violent storm of vasospasm. After
a month of surgery, she received cranioplasty and was dis-
charged to home (=Fig. 1F). At follow-up, few weeks after
surgery, she was aphasic with hemiparesis of the left side.
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Fig. 2 (A) Centripetal forces acting on the brain leading to herniation;
(B) routine bifrontal decompression causing external herniation and
scissoring effect on the veins at the bone margin in cases of malignant
intracranial hypertension; (C) megacraniectomy relieving malignant
intracranial tension; (D) venous kinking leading to venous hyperten-
sion in preserved midline bone strip; (E) relieved venous kinking after
removing midline bone from superior sagittal sinus

At 1-year follow-up, we were informed of her death at home
due to a tracheostomy block because of a mucus plug.

Discussion

Refractory or malignant IHT is generally seen in cases of
diffuse traumatic brain injury (TBI) or aneurysmal SAH,
or malignant infarcts that frequently lead to devastating
and irreversible consequences, even fatality. Standard
protocol-based management of malignant ICT demands
stepwise management. However, in settings of rapid neu-
rological deterioration, unprecedented decisions might be
warranted to prevent irreversible and lethal consequenc-
es. In case of TBI or unilateral infarct or bleed, it is easy
to decide the site of decompression but in case of diffuse
brain edema and obliteration of basal cisterns, it is quite
difficult to decide the approach and side of decompres-
sion. Some studies have advocated bifrontal craniotomy,
especially in the pediatric age group.' In spite of best pos-
sible efforts, the outcome of patients with refractory IHT is
quite poor with almost 34% mortality, 40% severe disabil-
ity including vegetative status, 13% moderate disability,
and only 3% good outcome in the patients.??

Doing a wide DECRA as a treatment for IHT is well-rec-
ognized since the dawn of neurosurgery. The procedures
include uni- or bilateral frontal decompression or temporal
decompression, or circumferential hemicraniectomy.*® The
American Association of Neurological Surgeons has recom-
mended DECRA for patients with TBI and refractory ICT if
some or all of the following criteria were met:

1. Diffuse cerebral swelling on cranial CT imaging.
2. Within 48 hours of injury.
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3. No episodes of sustained, raised ICP > 40 mm Hg before
surgery.

4. Glasgow coma score (GCS) > 3 at some point subsequent
to injury.

5. Secondary clinical deterioration.

6. Evolving cerebral herniation syndrome.”

We did a megacraniectomy in our patient, which includ-
ed doing bifrontal and bitemporal decompression including
the part of the parietal bone on both sides by lifting a sin-
gle large flap of bone; additionally, we ligated SSS and frac-
tured crista galli. We did not attempt basal cisternostomy
because of significant brain edema. We could not find any
study mentioning division of SSS but that decision was the
need of that moment because of severe intraoperative brain
bulge not getting controlled in spite of best efforts. We did
not find any similar study describing identical technique;
hence, the comparison with standard techniques cannot be
done just on the basis of an anecdotal case. Our patient did
not become conscious but improved from E1VTM2 status to
E2VTM5 status and survived more than a year which may
not have been otherwise possible.

Large decompression provides immediate and effective
control of ICP than other types of decompressive surgeries, as
it provides adequate space for both hemispheres to expand,
which relieves subfalcine and transtentorial brain hernia-
tion, and early curtailment of medical measures for lowering
ICP#1° The timing of intervening surgically is considered as
an important predictor of outcome; ideally, the procedure
should be performed before the evolution of brain infarction
or development of secondary brain damage. Of the previous
factors, the amount of primary brain injury, timing of sur-
gery, level of ICP, and GCS score before surgery are considered
as predictive of outcome after large DECRA.'!!2

In the original technique described by Polin et al,®
which was also used in the DECRA™ trial, the surgery
comprised of decompressive craniectomies with a single-
frontotemporal bone flap extending across the midline.
The temporalis muscle was reflected inferiorly. Burr holes
were located at either side of the sagittal sinus at the pos-
terior extent and bilaterally at the keyhole and at the root
of the zygoma. This created a large bifrontal craniectomy
defect extending posteriorly onto the parietal bones 3 to 5
cm posterior to the coronal sutures. However, there were
significant issues in the technique, as they did not divide
the sagittal sinus and falx cerebri, limiting the procedural
efficacy for lowering intracranial pressure. Hence, the con-
clusions of the trial that better functional outcomes were
obtained when standard care was provided (including
inducement of coma with a barbiturate in 77% of patients
receiving standard care) than through craniectomy are
not generalizable, as can be seen by the number of issues
raised against the trial results.’> We firmly believe that in
the case of desperate situations, a megacraniectomy of this
nature may help in saving lives.

Conclusion

Whether such an extensive procedure was needed or not,
but at that particular moment, it was used as the last rescue
resort. In this race against time and odds, we were forced
to go for the largest possible decompression. The three key
determining steps in malignant brain edema were the sep-
aration of bone from SSS, flush bitemporal decompression,
and cutting of the anterior third of falx. All of these steps
were done with the utmost care. We do not have enough
data to support our approach to be used on a regular basis,
but it is a new approach, which should be investigated fur-
ther with adequate follow-up to support or refute. Once you
appreciate the brain getting released from the tightly hold-
ing dura and falx, it is a great sigh of relief that the job is
appropriately done.
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