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Introduction

Decompressive craniectomy (DC) is a widely used
neurosurgical procedure for raised intracranial pressure
(ICP). It is a salvage procedure in patients with refractory
intracranial hypertension and cerebral edema when the
medical measures fail to control the ICP. An increase in ICP
is due to delayed hematoma or brain swelling within the

fixed volume of the skull. DC can lower raised ICP and aid in
improving brain tissue oxygenation. DC has beenproposed to
improve survival and clinical outcomes. The indications of
DC are varied and include traumatic brain injury (TBI),
malignant ischemic stroke, aneurysmal subarachnoid
hemorrhage, nontraumatic hypertensive intracranial
hemorrhage, and cerebral venous thrombosis.1–4

Two randomized, multicenter prospective trials,
RESCUEicp and DECRA, were conducted to determine
whether decompressive craniectomy alters the outcome in
the management of TBI.5–7 The DECRA trial concluded that
patients managed with DC for refractory raised ICP had
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Abstract Background Decompressive craniectomy (DC) is a frequently performed procedure
to treat intracranial hypertension following traumatic brain injury (TBI) and stroke. DC
is a salvage procedure that reduces mortality at the expense of severe disability and
compromises the quality of life. The procedure is not without serious complications.
Methods We describe the complications following DC and its management in a case-
based review in this article.
Results Complications after DC are classified as early or late complications based on
the time of occurrence. Early complication includes hemorrhage, external cerebral
herniation, wound complications, CSF leak/fistula, and seizures/epilepsy. Contusion
expansion, new contralateral epidural, and subdural hematoma in the immediate
postoperative period mandate surgical intervention. It is necessary to repeat non-
contrast CT head at 24 hours and 48 hours following DC. Late complication includes
subdural hygroma, hydrocephalus, syndrome of the trephined, bone resorption, and
falls on the unprotected cranium. An early cranioplasty is an effective strategy to
mitigate most of the late complications.
Conclusions DC can be associated with a number of complications. One should be
aware of the possible complications, and timely intervention is required.
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decreased mean ICP and duration of ICU stay compared to
standard therapy but with a significantly worse outcome at
6 months.6 A meta-analysis showed the DC results in an
improvement in the survival following TBI, while there was
no change in the functional outcome.8

A multicenter, open, randomized trial, HAMLET,
interpreted that surgical decompression for space-
occupying cerebral infarction within 48hours of stroke
onset reduces case fatality and poor outcomes.9

DC has many known complications with rates as high as
53.9%.10 Long-term deleterious neurocognitive and
psychosocial effects leading to poor quality of life and social
burden are well known following DC.11 The possible
complications of DC should be kept in mind, and it should
be done only when absolutely indicated. In this case-based
review,weaimtodescribesomeof the commoncomplications
of DC done in patients with TBI that we encountered.

For ease of understanding, complications following DC are
classified as early or late complications based on the time of
occurrence following DC. Early complications are those that
occur in the initial 4 weeks. Early complications, usually,
occur in the same hospital admission as DC. Early
complications include hemorrhagic complications
(contralateral hematoma, hemorrhagic progression of
contusion, and hemorrhagic transformation of infarction),
external cerebral herniation, wound complications, CSF
leak/fistulae, postoperative infection, and seizures. Late or
delayed complications include altered CSF hydrodynamics
(subdural hygroma and hydrocephalus) and the syndrome of
the trephined (sunken flap syndrome).

Case 1–Post Decompressive Craniectomy
Hydrocephalus

A 20-year-old male patient met with a road traffic accident
where the two-wheeler was hit by a four-wheeler and
sustained an injury to his head. His GCS was E1VTM5 on
presentation. His noncontrast CT head showed a bilateral
frontotemporal hemorrhagic contusion with bilateral

frontoparietal SDH with a thickness of 6.4mm on right and
4.5mm on left with a midline shift of 3.8mm (►Fig. 1A). The
patient underwent right FTP DC. Patient GCS gradually
improved to E4V5M6. On postoperative day 10, the patient
developed deterioration of GCS to E3V1M5, and repeat
noncontrast CT head showed features of hydrocephalus
(►Fig. 1B). The patient underwent CSF diversion via left
occipital horn with medium pressure ventriculoperitoneal
shunt (►Fig. 1C). Patient’sGCSgradually improved toE4V5M6.

Case 2–Ipsilateral New Onset Hematoma
with Mass Effect

A 73-year-old male patient, a known case of diabetes
mellitus, hypertension, and dementia on dual antiplatelets,
was brought with an alleged history of fall from the bed. He
was conscious since the fall. On presentation, his GCS was
E1VTM4. His noncontrast CT head showed left
temporoparietal acute SDH with a thickness of 1 cm and
midline shift of 9mm. The acute SDH extended along the falx
cerebri up to the tentorium and had amaximum thickness of
around � 1.6 cm (►Fig. 2A). The patient was transfused with
blood products in view of deranged blood coagulation
parameters. He underwent left FTP DC once his
coagulation parameters improved. Intraoperatively, there
was excessive bleeding, and all measures to achieve
hemostasis were taken. The patient was managed in the
ICU in the immediate postoperative period. Postoperative
noncontrast CT head showed bleeding in the ipsilateral
cerebral hemisphere with significant mass effect
(►Fig. 2B). Patient’s GCS gradually deteriorated to E1VtM1,
and he died on postoperative day 3.

Case 3–Meningitis with Post Decompressive
Craniectomy Hydrocephalus

A 22-year-old male patient met with a road traffic accident
when his two-wheeler skid and fellwhere hewas a helmeted
pillion rider. His GCS was E1VTM1 on presentation to our

Fig. 1 Post decompressive craniectomy hydrocephalus. Noncontrast CT head showing (A) a bilateral frontotemporal hemorrhagic contusion
with bilateral frontoparietal acute SDH with a thickness of 6.4mm on right and 4.5mm on left with a midline shift of 3.8mm. (B)
Postcraniectomy with features of hydrocephalus managed by CSF diversion (C).
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trauma center. His noncontrast CT head showed a large right
FTP acute SDH with a midline shift of 1.3 cm and uncal
herniation (►Fig. 3A). The patient underwent right FTP DC.
The patient’s GCS gradually improved to E2VtM5 in the
postoperative period. The patient developed a persistent
fever. Guarded lumbar puncture was done as his urine and
blood cultures revealed no bacterial or fungal growth. CSF
workupwas found to bemeningitic and the CSF culture grew
Acinetobacter baumannii. The patient was started on
intravenous antibiotics based on the culture sensitivity of
the organism. His GCS deteriorated to E2VtM3. Repeat
noncontrast CT head revealed the presence of
hydrocephalus (►Fig. 3B). An urgent external ventricular
draining catheter was inserted in the left frontal horn
(►Fig. 3C) and it drained � 240mL/day. Despite this, his
GCS deteriorated to E1VTM1, and had persistent fever not

responding to intravenous antibiotics. The patient was
started on inotropic support for hemodynamic instability.
The patient was hemodynamically unstable and died on
postoperative day 18.

Case 4–Subdural Hygroma

A2-year-old child presented to our trauma center following a
fall fromheight (approximately 20 feet). On presentation, the
GCS was E1Vcry M6SPONT. His non-contrast CT head showed
elevated right frontal fracture extending to the base of the
skull with right frontal lobe hemorrhagic contusion with
significant mass effect and midline shift of 8mm (►Fig. 4A).
Patient underwent right FTP DC and excision of the
contusion. The patient’s postoperative period was
uneventful. Later, the patient developed flap site swelling

Fig. 2 New ipsilateral hematoma. Noncontrast CT head showing (A) left temporoparietal acute SDH with a thickness of 1 cm and a midline
shift of 9mm. (B) Postcraniectomy with bleed in the ipsilateral cerebral hemisphere with significant mass effect.

Fig. 3 Meningitis with post-DC hydrocephalus. Noncontrast CT head showing (A) a large right FTP SDH with mass effect, a midline shift of
1.3 cm, and uncal herniation. (B) Postcraniectomy with the presence of hydrocephalus. (C) External cerebral herniation with hydrocephalus with
left frontal external ventricular drainage in situ.
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in the right frontal region. On examination, therewas a bulge
that was cystic in nature. Postoperative noncontrast CT head
showed right subdural hygroma with no mass effect
(►Fig. 4B). The patient underwent early autologous
cranioplasty following drainage of the hygroma (►Fig. 4C),
5 weeks after DC.

Case 5–Contralateral New EDH

A 17-year-old male patient met with a road traffic accident
of unknown mechanism. His GCS was E2VTM5 on
presentation to our trauma center. His noncontrast CT
head showed left FTP SDH and falcine acute SDH with
mass effect and midline shift of 8mm with effacement of
cisterns (►Fig. 5A). The patient underwent left FTP DC.
Immediate postoperative noncontrast CT head showed a
right parietal EDH with mass effect, which was not there in
the earlier scan (►Fig. 5B). He underwent right parietal
craniotomy and EDH evacuation (►Fig. 5C). His GCS
gradually improved to E4VtM5 at the last follow-up of
10 days following trauma.

Case 6–Wound Necrosis with CSF Leak

A60-year-old female patientmetwith a road traffic accident.
Her GCS was E1VtM4 on presentation to our trauma center.
Her noncontrast CT head showed left FTP acute SDH with
midline shift of 1.1 cm with left frontotemporal contusion
(►Fig. 6A). The Patient underwent left FTP DC (►Fig. 6B). The
patient developed wound infection in the postoperative
period. On postoperative day 6, she developed wound
necrosis with dehiscence followed by a CSF leak/fistula
(►Fig. 7A). The patient underwent a triple rhombic flap
cover (►Fig. 7B).

Case 7–External Cerebral Herniation

A 55-year-old male patient met with a road traffic accident
where he was a non-helmeted two-wheeler driver. His
vehicle hit another two-wheeler head-on, and he sustained
an injury to his head. His GCS was E1VtM4 on presentation.
His noncontrast CT head showed left FTP acute SDHof 12mm
thickness with a midline shift of 1.6 cm and left

Fig. 4 Subdural hygroma. Noncontrast CT head showing (A) elevated right frontal fracture extending to the base of the skull with right frontal
lobe hemorrhagic contusion with significant mass effect and a midline shift of 8mm. (B) Postcraniectomy with right subdural hygroma
with no mass effect. (C) Subdural hygroma treated by early autologous cranioplasty.

Fig. 5 New contralateral hematoma. Noncontrast CT head showing (A) left FTP SDH and falx SDH with mass effect and a midline shift
of 8mm with effacement of cisterns. (B) Postcraniectomy showed new ipsilateral hematoma with contralateral right parietal EDH. (C) Postright
parietal craniotomy and EDH evacuation.
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frontotemporal hemorrhagic contusion (►Fig. 8A). He
underwent left FTP DC. His GCS gradually improved to
E3VtM5. In the postoperative period, the patient
developed left external cerebral herniation (►Fig. 8B) with
1.61 cm of herniated brain tissue through the craniectomy
site and left subdural hygroma. The patient was managed
conservatively with decongestants and his GCS was E4VtM5
at the last follow-up 12 days following trauma.

Case 8–Syndrome of the Trephined

A 35-year-old male patient was brought following a fall from a
tree. His GCSwas E1VtM5 on presentation. His noncontrast CT

head showed bilateral basifrontal contusion with acute SDH
with amidline shift of 8mm(►Fig. 9A). Heunderwent bifrontal
decompressive craniectomy and placement of bone flap in the
abdominal pouch. His GCS gradually improved to E4VtM6. The
Patient was lost to follow-up during the COVID-19 pandemic
andpresented to us 2 years laterwith a bifrontal calvarial defect
with sunken flap syndrome (►Fig. 9B). He was conscious and
fullyalert andoriented, thoughhis familymembers complained
that he had some memory disturbance. His autologous bone
flap in the abdomen got partially resorbed. The patient then
underwent patient-specific implant cranioplasty (►Fig. 9C). He
had no neurological deficits at the last follow-up 12 days
following cranioplasty.

Fig. 6 Non-contrast CT head showing (A) left FTP SDH with a midline shift of 1.1 cm with left frontotemporal contusion who underwent (B) left
FTP DC.

Fig. 7 Wound necrosis. Postoperative wound infection with necrosis and CSF leak/fistula (A) which was managed by triple rhombic flap cover
(B).
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Case 9–Subdural Hygroma

A26-year-oldmale patientmet with a road traffic accident of
unknown mechanism. His GCS was E1VtM2 on presentation
to our trauma center. His noncontrast CT head showed left
frontoparietal acute SDH with a midline shift of 5mm with
bilateral frontotemporoparietal sulcal SAH (►Fig. 10A). He
underwent left FTP DC (►Fig. 10B). His GCS gradually
improved to E2VtM3. In the postoperative period, the
patient developed contralateral frontoparietal subdural
hygroma (►Fig. 10C). He underwent burrhole and drainage
of hygroma. His GCS was E2VtM3 on last follow-up 3 weeks
following trauma.

Case 10–Bone Resorption

An 8-year-old male patient met with a road traffic accident
where hewas a pedestrian hit by a two-wheeler. His GCSwas
E1VtM4 on presentation to our trauma center. His

noncontrast CT head showed left frontotemporoparietal
EDH with fracture of the left temporal bone (►Fig. 11A).
He underwent left FTP craniotomy and evacuation of EDH. In
ICU, he underwent ICP monitoring in the postoperative
period and it showed raised ICP. He then underwent left
FTP DC on postoperative day 2 (►Fig. 11B). His GCS gradually
improved to E4V5M6. He underwent autologous
cranioplasty 94 days following trauma (►Fig. 12A). His
postoperative period was uneventful. On follow-up, the left
FTP bone flap got resorbed within 20 months of cranioplasty
(►Fig. 12B). The patient then underwent patient-specific
implant cranioplasty (►Fig. 12C). He had no neurological
deficits following PSI cranioplasty.

Discussion

There is no doubt that DC has become a valuable tool in the
management of intractable intracranial hypertension due to
various pathologies. Most papers have focused on the risk

Fig. 8 External cerebral herniation. Noncontrast CT head showing (A) left FTP SDH of 12mm thickness with a midline shift of 1.6 cm
and left frontotemporal hemorrhagic contusion. (B) Postcraniectomy with external cerebral herniation with 1.61 cm of herniated brain tissue
through the craniectomy site.

Fig. 9 Syndrome of the trephined. Noncontrast CT head showing (A) bilateral basifrontal contusion with SDH with a midline shift � 8mm.
(B) Sunken flap syndrome that was managed by patient-specific implant cranioplasty (C).
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Fig. 10 Contralateral subdural hygroma. Noncontrast CT head showing (A) left frontoparietal acute SDH with a midline shift of 5mm with
bilateral frontotemporoparietal sulcal SAH. (B) Left FTP DC. (C) Contralateral frontoparietal subdural hygroma.

Fig. 11 Noncontrast CT head showing (A) left frontotemporoparietal EDH with fracture of the left temporal bone. (B) Left FTP DC.

Fig. 12 Bone resorption. (A) Post autologous cranioplasty with bone resorption (B) which was managed by patient-specific implant
cranioplasty (C).
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factors, techniques, and outcomes but relatively a few have
comprehensively discussed the complications of the DC.12

Early Complications of DC

Hemorrhage
Hemorrhagic progression of contusion which is
conservatively managed, contralateral hematoma, and
other hemorrhagic complications usually occur early
following DC (►Figs. 2B and 5B). Most expansion occurs in
the immediate postoperative period, which may lead to
neurological deterioration, prolonged ICU stays, and may
even be fatal. It is due to the loss of tamponade effect after the
removal of the bone, along with a fall in ICP which leads to
expansion of the hematoma.

A new hematoma mandated a second craniotomy in 50%
of TBI patients in one study.13 Repeat CT head in the
immediate postoperative period and 48hours later help in
the timely diagnosis of these bleeds and early treatment. We
routinely get an early postoperative noncontrast CT scan in
all patients undergoing DC for TBI.

External Cerebral Herniation
An external cerebral herniation is defined as more than
1.5 cm of herniated brain tissue through the center of the
craniectomy defect14 (►Fig. 8B). It is due to altered
hydrostatic gradients from the capillaries after
decompression and edema from cerebral reperfusion. It
can be avoided by large craniectomies and augmentative
duraplasty. The Brain Trauma Foundation recommends a
large FTP DC (12�15 cm diameter) in severe TBI patients
for reducing mortality and improving neurologic
outcomes.15

Wound Complications
Wound complications after DC are dehiscence, ulceration, or
necrosis. The factors that predispose to ischemic flap
breakdown are the large size of the scalp flap and the
injury to the superficial temporal artery during DC. This
can be prevented by preserving the superficial temporal
artery and limiting the posterior extension of the skin flap
to less than 5 cm posterior to the pinna.16 Wound
complications are more following DC in TBI due to
nonclean injuries and the presence of scalp lacerations.

Superficial wound infections following DC include wound
breakdown, surgical site infections, and wound necrosis
(►Fig. 7A). Deep infections include epidural abscesses and
subdural empyema. Surgical site infections are particularly
common following cranioplasty. Wound breakdown and
infection can also occur in abdominal wounds where the
bone flap is preserved.

CSF Leak/Fistulae
CSF leak refers to the escape of CSF into the extradural space.
These terms are used interchangeably. Augmentative
duraplasty and watertight scalp closure would prevent CSF
leaks from thewound. A randomized control trial comparing
watertight duraplasty with rapid-closure DC without

watertight duraplasty showed no statistically significant
difference in the development of CSF leak in the
postoperative period.17

Seizures/Epilepsy
Postoperative epilepsy is due to reduced epileptogenic
threshold and increased hyperexcitability. The incidence of
postoperative epilepsy is less following DC for TBI when
compared to malignant stroke.18 Increasing the dosage or
addition of another anticonvulsant is a reasonable strategy to
follow in the first 2 weeks post-injury. Early cranioplasty has
been proposed to mitigate the risk of seizures but lacks
conclusive evidence.19

Late Complications of DC

Subdural Hygroma
A subdural hygroma is a frequent complication following DC.
It is due to CSF flow abnormalities following decompression
due to surgical disruption of the subarachnoid pathway of
cerebrospinal fluid or increased cerebral perfusion pressure.
It is commonly located in the subdural, subgaleal, or
interhemispheric areas (►Fig. 4B). It can be reduced by
early pressure dressing during the 7th to 10th
postoperative day following DC20 (►Fig. 4C). If there is a
tense collection of fluid, by ball valve effect, it can cause
pressure on the brain. This condition requires drainage of the
collection and repair of the dural rent. Cranioplasty can be
done in the same sitting if the brain is lax.

Hydrocephalus
Communicating type of hydrocephalus followingDC is due to
altered CSF flow dynamics (►Figs. 1B and 3B). The
development of hydrocephalus is associated with
unfavorable outcomes.21 It should be managed by CSF
diversions such as external ventricular drainage or shunt
procedure (►Figs. 1C and 3C). Recently, endoscopic third
ventriculostomy has been tried in post-traumatic
hydrocephalus with limited success.22 Early cranioplasty
can mitigate the risk of hydrocephalus following DC.23

Craniectomy without early cranioplasty is associated with
an increased riskof post-traumatic hydrocephalus.19 The risk
factors for the development of post-traumatic hydrocephalus
include advanced age, a higher score on the Fisher grading
system, low post-resuscitation GCS, CSF infection, and
delayed cranioplasty.24

Syndrome of the Trephined
Syndrome of the trephined or sunken flap syndrome was
first reported by Grant and Norcross in 1939.25 The sunken
flap lacks bony support that causes altered cerebral blood
flow and underlying cortical dysfunction (►Fig. 9B). Early
cranioplasty, within 8 weeks after DC can mitigate this
complication (►Fig. 9C). Delayed cranioplasty and bone
flap resorption following cranioplasty can cause
depression of the flap, which produces an unappealing
cosmetic defect (►Fig. 13A). This requires reconstruction
with mesh or bone cement (►Fig. 13B).
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Falls on Unprotected Cranium
Accidental falls following DC can produce a higher chance of
injury even with trivial trauma due to unprotected cranial
contents. This can be prevented by early cranioplasty, close
monitoring, and being cautious.

Conclusion

DC is a proven treatment for refractory raised ICP due to
ischemic stroke or severe TBI. However, DC may be
associated with a wide spectrum of complications that can
negatively impact the functional outcome of the patient.
These complications need to be anticipated early and treated
accordingly.
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