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Review Article

Abstract

Cranioplasty is a surgical procedure performed to restore a defect on the cranial vault after a
previous decompressive craniectomy made for traumatic brain injury, ischemic or hemorrhagic
disease, or even after the removal of cranial tumors. Although apparently it may resemble an
easy and routine surgical procedure, cranioplasty has a rate of complications up to 41% of cases.
The most frequently reported complications are infections, autologous bone flap resorption, and
hematomas. Other possible complications are wound dehiscence, seizures, hygroma, and poor
cosmetic results. In this paper we report an overview of the possible complications deriving
from cranioplasty. The most evident causes of complications are discussed, suggesting, when
possible, solutions to avoid or limit them.
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Introduction reconstruction is important for several
motives: it can provide protection to the

Cranioplasty (CPL) it’s a secondary surgical —underlying brain, may improve neurological

procedure performed to restore a defect on
the cranial vault after a previous operation
made with the removal of skull bone flap.
This  commonly  happens when a
decompressive craniectomy is needed for
brain edema due to traumatic injury, ischemic
or haemorrhagic stroke, after the removal of
cranio-dural tumors, or even after the
correction of skull malformations. In many
patients with severe neurological conditions,
decompressive craniectomy is a life-saving
procedure, but then it requires in survivors
the Dbone flap replacement or its
reconstruction with cranioplasty. Cranial
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function by recovering cerebro-spinal fluid
(CSF) dynamics and cerebral blood flow, and
it can restore cosmetically the cranial contour.
Cranial reconstruction may be performed
with autogenous and natural material, like the
skull bone of the patient, or with alloplastic
materials, like ceramics, acrylic resin,
titanium, and others. Apparently, CPL may
appear like an easy and routine surgical
procedure, with few risks and possibly a low
rate of complications.

Indeed, CPL is a risky surgical procedure,
since at least one-third of cranial
reconstructions are burdened by
complications [1, 2]. Several factors may
influence the appearing of complications: time
lapse between bone decompression and
cranial reconstruction, materials used for
CPL, age and conditions of patients, the
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Figure 1: Computed Tomography ( CT ) scan
image of a left frontal cerebral abscess in
patient with previous CPL
experience of the cranial
reconstruction [3-5].

surgeon on

The main CPL complications will be analysed
in this paper, discussing their possible causes
and proposing, where possible, solutions to
lower their rate.

Discussion

Cranial reconstruction is a surgical procedure
burdened by a high rate of complications,
ranging between 15 and 41% of cases, in
contrast with the lower complication rate of 2
- 5% for routine neurosurgical operations [6].
In addition, patients with CPL complications
may need in 25-76% of cases of further
surgical ~procedures to correct these
complications, with a mortality rate over 3%
of cases [7]. The causes for this high rate of
CPL failure are not completely clear, since
many factors may negatively influence the
surgical results.

Complications after CPL are more frequently
reported in male patients [6 - 11], and older
age has been associated to a higher risk for
CPL complications [11]. Some differences in
the rate of complications have been described
between procedures performed on the
convexity, or in the suboccipital and bifrontal
cranial locations [7].
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The most frequent CPL complications
reported in the literature are: infections, bone
resorption, wound dehiscence, hemorrhage
on or under the prostheses, seizures,
hygromas [7, 8, 10, 12-16]. Although
uncommonly mentioned [1, 11, 17], also poor
cosmetic result must be recorded among
possible CPL complications.

Infections

Infections due to CPL represent until more
than 26% of cases [7, 14], in contrast to a lower
rate of 0.8% estimated for standard clean
neurosurgical  cranial  procedures  [3].
Infections are usually attributed to some
relevant factors, like timing of surgery and the
material used for CPL grafts. Commonly,
after craniectomy, most of the cranial
reconstructions are performed in a period
ranging from 1 month to 1 year, without a
specific consensus about the most proper
timing for CPL. Replacement of cranial flap
may be considered as “early” when
performed before 3 months, “traditional”
when performed between 3 and 6 months,
and “delayed” when performed after 6
months [3]. Although recently it has been
stated that patients submitted to CPL within
1-3 months after craniectomy are at higher
risk (42% vs 13%) for infections respect to
those operated on after 12 months [18], other
recent studies [14, 15, 19, 20] have shown that
an “early” surgery (within 3 months) does not
entail differences in the risk rate of infections
compared  with  “delayed” surgery.
Furthermore, an early surgery may prevent
also complications due to  brain
decompression [21], that in 2-29% may be
complicated by CSF flow disorders [22], or
other cerebral alterations, such as the
“syndrome of the trephined” or the “sinking
brain syndrome” [23, 24].

Therefore, a CPL performed within a
“traditional” time span, between 3 and 6
months after operculectomy craniectomy, is
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Figure 2: Bone flap resorption sequence on CT scan in a patient submitted to cranial
reconstruction with autologous bone flap. A) - CT scan showing a left fronto-parietal cranial
defect after brain decompression for head trauma. An external CSF drainage is visible inside the
skull. B) - Same patient, six months later, after cranial reconstruction with cryopreserved
autologous bone flap. C) - Ten months later a CT scan is clearly showing the bone flap
resorption, causing further reoperation in the patient.

actually the most balanced line of action [25],
since an “early” replacement of bone flap
versus “delayed” implantation is not
influencing the complication rate for
infections [15], while an indolent infection in
some cases may develop also after years from
the cranial reconstruction.

Another supposed critical factor involved in
the risk of infections is the material used for
the cranial reconstruction. However, there is
no strong evidence that allograft synthetic
materials may predispose more than the
autologous bone to infections [16, 27]. On the
contrary, the use of autologous bone in CPL
does not guarantee a lower risk of
complications, including infections that have
been observed in 8-11% of cases [8, 19, 28-30].
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Probably, the general health state of patients
is the most important factor, among those
implied in the risk of infections after CPL. In
fact, in patients with long hospitalization,
immunocompromised by traumatic injuries
and reoperations, the bacterial colonization of
the skin is more easy [15]. This risk may be
increased by  simultaneous  surgical
procedures for hydrocephalus; therefore,
concurrent surgical procedures for cranial
reconstruction and CSF shunt are commonly
discouraged [31]. The use of subcutaneous
drain after CPL is controversial; surely, it’s
not recommended in patients where the
meningeal tissues presented a CSF leakage
during the cranial reconstruction. Other
factors reported in the literature as potentially
causing an increasing risk of infections are:
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Figure 3: Postoperative CT scan in a patient
submitted to right fronto-parietal CPL.
Extradural blood collection is visible under
the prosthesis, although patient resulted
asymptomatic from this hematoma.

length of surgical time to perform the CPL;
multiplicity of head lesions (skull fractures
with meningeal and cerebral lacerations);
traumatic or surgical violation of the frontal
sinuses; width of cranial defect (bilateral
craniectomy); older age; lack of pre- and
postoperative antibiotic therapy [14, 15, 32].

Clinically, infections in patients submitted to
a CPL wusually present with spontaneous
reopening of the surgical scar; in most typical
cases, clinical signs of infection are
represented by scalp tenderness with pain,
redness, and swelling over the implant
(Figure 1). Diagnosis of infection may be
accomplished with specific wound specimens
for determination of the bacterium, and from
the careful analysis of laboratory
inflammatory markers on patient blood
samples: white blood cell count, erythrocyte
sedimentation rate, and C-reactive protein [3].
Once the infection is detected, these markers
may be wused also to determine if an
antimicrobial therapy is the most appropriate
[33].

Prevention of infections, however, must be
done at time of surgical brain decompression:
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in case of wide craniectomy for traumas, a
large spectrum antibiotic therapy for patients
is mandatory in the pre- and postoperative
course until tissue specimen or blood bacterial
examinations lead to a specific antimicrobial
therapy. In patients who had gross
contamination of the scalp at the time of the
head trauma and subsequent craniectomy, it
may be best to delay the CPL until head skin
conditions and the neurological recovery of
the patient are adequate to surgical timing.

Bone resorption

In case of cranial reconstruction, autologous
bone is commonly considered the most
biocompatible material, and its use has been
advocated instead of allograft prosthesis [34].
Once bone decompression is performed, the
autologous flap may be stored in the
subcutaneous fat, usually in the abdominal
wall, or in a freezer, after adequate sterile
wrapping, until the time of replantation.
Compared to other materials, autologous
bone is economically advantageous, although
the cost of cryopreservation. Unfortunately,
complications due to autologous bone
represent on average 29-31% of cases of CPL
[19], with a general resorption rate of 21% [22,
27]. Younger age, bone flap fragmentation,
and shunt-dependent hydrocephalus have
been reported as adjunctive risk factors for
bone resorption [35] that is radiologically and
clinically evident in 3-12 months from the
cranial reconstruction (Figure 2).

Among the possible causes of complications
with the use of autologous bone, its storage
methods after craniectomy have to be
considered: preservation methods, in the
subcutaneous fat and the cryopreservation,
are both burdened by problems, and bone
resorption is the most common critical one.
While the risk rate for autologous bone
resorption in adults has been estimated in 3-
12% of cases [12], this rate may rise up to 50%
of cases for pediatric patients [22, 36, 37].
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Although the bone capacity to regenerate
itself is higher in the pediatric age, this may
be hindered by the volumetric development
of intracranial structures that occurs for the
80% during the first two years of life.
Therefore, the bone healing process between
two fragments that tend to move away from
each other may be limited by the brain
development [38]. As a consequence, the use
of acrylic resin has been suggested not only in
adults, but also in pediatric patients for its
good results and the low rate of complications
[39,40], although ceramics and hydroxyapatite
materials may be considered the most suitable
substitutes of autologous bone. The
mechanisms involved in the autologous bone
resorption are probably based on multiple
factors [41]: the traumatic or non-traumatic
origin of the bone flap, the storage method,
the length of the storage, the size of it.

It has been observed that bone flaps coming
from a cranial decompression due to trauma
are more prone (8.5% vs 1.8%) to resorption
than those coming from decompression for
other motives [37]; similarly, bone resorption
seems higher when flap is stored in the
abdominal wall [42]. Indeed, many traumatic
bone flaps are originally damaged and their
recover based on the osteoconduction is
impossible when they are detached from
surrounding resident skull bone. However,
there is no proved evidence that opercula
coming from non-traumatic decompressions
are less prone to resorption. Probably, when
bone is storaged some biological deterioration
may happen in time, and this is in accord with
the observation that bone flaps cryopreserved
for more than 6 weeks tend to resorb more
easily [43].

Also the size of the flap may negatively
influence bone replantation: it seems that
flaps larger more than 70 c¢m? tend more
easily to resorb [44]. Furthermore, when the
autologous bone is cryopreserved doubts
persist as to whether the degree of
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sterilization is adequate, and there is no good
way to sterilize an autologous bone without
predisposing the flap to resorption. The
temperature of cryopreservation is usually
between -35 and -80 C°, which may preserve
the bone from infections, but probably is
causing a biological tissue alteration when the
bone is defrosted. Finally, also the removal
from its anatomical site and its handling
during surgery may negatively affect the
original bone structure, causing the basis for
the flap resorption [35]; once the bone flap is
replanted, beside the risks of biological
alterations from storage, resorption may be
promoted also by its temporary mobilization.
Since the infection risk rate of autologous
bone seems to be similar to that of allograft
material [8, 29, 30], the postoperative risk of
hematoma is not inferior to that of synthetic
material [31], the long-term failure of
autologous bone is possible [19], and the
outcome of patients treated with synthetic
material seems to be better than that of
patients treated with autologous bone [45], it’s
natural to wonder if it is worth the use of
allograft synthetic ~material from the
beginning instead of the autologous bone in
case of a cranial reconstruction. Some
suggestions may derive from these
considerations: the bone flap must be
carefully fixed to the edges of the cranial
defect in order to avoid pseudoarthrosis, and
facilitating osseous fusion; in case of a very
large decompression defect, a custom-made
prosthesis is recommended

Wound Dehiscence

Wound dehiscence caused by a prosthesis
represents more than 4% of CPL
complications [46] and is mostly due to the
use of prosthetic materials that are corrosive
for the skin (steel mesh, protruding metal
plates, etc.), or due to implant dislodgement
[9]. A debilitated physical condition, previous
skin irradiation or inadequate care of the
surgical wound over the prosthesis may
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facilitate the formation of dehiscence from a
decubitus skin area. This should be avoided
since a skin dehiscence may evolve into
infection in 0.7% of cases [11].

Infections are  often  attributable to
saprophytes that can more easily exert their
pathogenic action when the patient is
debilitated by a long-term hospitalization.
Therefore, many cases of dehiscence from
CPL procedures may be avoided by paying
attention to limit the metallic material used
during the cranial reconstruction and, overall,
to the skull points where this material is
positioned, usually to fix the prosthesis.
Furthermore, good care of surgical wound
with cleaning of the skin flap may
dramatically reduce the risk of infections that
develop from wound dehiscence.

Hematoma

Hemorrhage over or under a prosthesis is
diagnosed in 1.8 - 1224% of all CPL
procedures [1, 2, 8, 11]. However, not all the
postoperative hematomas require a new
surgical revision, because they are often
tolerated (Figure 3). In fact, many patients
submitted to cranial reconstruction have an
atrophic brain from a previous traumatic
lesion or stroke; as a consequence, the
residual cavity underneath the CPL may be
easily filled up with postoperative hematoma.
Usually, the risk of hemorrhage is not
correlated to the material used for the
prosthesis, although some authors reported a
higher rate (20% of cases) of hematomas in a
series with autologous bone [8]. Extradural
hemorrhage may occur in the early
postoperative period, representing 1.65 -
3.13% of surgical CPL complications [1, 14,
47]. Commonly, risk factors for hemorrhage
after CPL are: surgical manipulation of soft
tissues  (muscles, subcutaneous layers)
without a careful hemostasis; dural
compression by prosthesis with risk of
cerebral lesions; blood loss from bone edges
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of the skull defect; anticoagulant-antiplatelet
therapy not preventively discontinued before
the cranial reconstruction, or shortly resumed
after. The most important factors remain the
persistent bleeding by scalp arteries along
with a negative transluminal pressure caused
by a subgaleal drain [7, 47], although it’s
controversial ~ whether an  extradural
hematoma may be adequately prevented by
the use of subcutaneous drainage [1, 10].

Seizures

Seizures after cranial reconstruction may
range from 0.45% [2] to almost 15% of cases
[1, 7, 14, 16]; however, in some series seizures
are not reported among CPL complications,
but are attributed to pre-existing causes [10].
Bifrontal cranial reconstruction and old age
have been reported as factors predisposing to
seizures [7]. Clinically, seizures can be
considered “immediate” when appearing
within 24 hours after surgery (12.5% of
cases), “early”, the most rare, when appearing
within 7 days from surgery ( 3.12% of cases),
or “delayed”, the most frequent, when
appearing after 7 days  (over 40% of cases)
[14]. Seizures are thought to be triggered by
the surgical manipulation of the brain during
cranial reconstruction, increasing its
epileptogenic susceptibility and probably
altering other factors in CSF dynamics [16]. In
case of traumatic cranial defects, seizures
have mostly an early onset and may be
caused by ischemic or edematous cerebral
alterations, together with axonal injury and
cerebral distortion [14]. In patients that
underwent craniectomy for non- traumatic
reasons (tumor, hemorrhage, stroke) seizures
are mostly delayed, and may be caused by
gliosis, residual hemosiderin, or other
inflammatory factors [14]. Prevention of
seizures with antiepileptic therapy before
cranial reconstruction is still controversial; in
the past, antiepileptic therapy was delivered
when the postoperative epilepsy rate
exceeded 10-15% of cases [48]. Actually, the
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standard line of therapy has changed:
perioperative  prophylactic  antiepileptic
therapy should be carefully considered only
in patients with documented history of
epilepsy. In order to decrease the risk of
seizures after cranial reconstruction, it's
recommended to avoid or reduce as much as
possible the manipulation of the dura mater
when preparing the skull edges of the cranial
defect, paying attention also to not compress
the brain by forcing the placement of the
prosthesis.

Hygroma

Hygromas following a cranial reconstruction
represent around 2.2% of CPL complications
and are wusually associated with CSF
abnormalities due to a CSF shunt or a pre-
existing subdural hematoma [11]. Commonly,
hygromas may be controlled by radiological
follow-up and rarely have to be treated with a
new operation; however, when a hygroma
appearing after CPL is related to a pre-
existing CSF shunt, dramatic intracranial
hemorrhage may be avoided up-regulating
the shunt valve pressure. Furthermore,
concurrent operations for CSF shunting and
cranial reconstruction have a higher risk of
infections [31]; therefore, these operations
should be performed in two different surgical
steps. The first one should be the CPL, and
the second one, if still needed after a while,
the correction of the hydrocephalus. In fact,
the cranial reconstruction is able in many
cases to restore CSF dynamics, improving also
cerebral blood flow and neurological brain
functions.

CSF collection

This is a common complication of cranial
reconstruction in patients with traumatic
damage of meningeal tissues or in patients
who underwent several surgical procedures,
in whom a dural tearing with CSF leakage
may present with pseudomeningocele [1].
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However, the surgical revision is not always
needed, since the installation of a CSF spinal
drainage in the patient, eventually aided from
head bandage, may often resolve this
complication. The presence of subcutaneous
CSF may increase infection risks; therefore,
any surgical manoeuvre that may damage
dura mater during the CPL should be
avoided, especially when preparing the skull
edges of the cranial defect. Finally, when
performing craniectomy, the use of further
synthetic dural layer over the original one
proves to be helpful, allowing an easier
detachment of the skin flap from the cranial
defect during cranial reconstruction [1, 49].

Poor cosmetic result

After a cranial reconstruction, poor cosmetic
result is possible; however, in the literature
this complication is rarely mentioned,
probably because in many cases hair and soft
tissues of head are covering the unsightly
area. In the literature, poor cosmetic results
have been recorded from 1.5 to 8.7% of cases
[1, 11, 17], and may be caused by several
factors: the irregular modelling of acrylic resin
may result in an inadequate prosthesis; in
case of autologous bone, the resorption may
cause the sinking of the flap; in every case of
malpositioned prosthesis a poor cosmetic
result is possible. However, poor cosmetic
results are probably underscored and rarely
reported in the literature, because there is the
general conviction that the aesthetic result
after CPL, especially in patients with bad
neurological state, is less important than
improvement of neurological brain functions
and quality life. Furthermore, it has not been
proposed yet in the literature a scientifically
accepted method of evaluation of cosmetic
results that may be suitable for all surgical
centers performing CPLs, and even harder is
to propose a method based on a computerized
comparison between the real cranial
reconstruction and the one ideally designed.
On the other hand, when taken into account
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the cosmetic results, these should be based
also on degree of satisfaction expressed by
patients, but this judgment is not always
available in an adequate manner due to the
neurological inability of some patients or their
refusal to provide an opinion. It's our opinion
that in patients with good neurological
conditions, especially young people with a
socially active life, the aesthetic result remains
one of the most important goals to be
achieved with cranial reconstruction. In case
of CPL with acrylic material, some technical
tips for a successful procedure may be
adopted [50], but the surgeon’s skill remains
one of the most critical factors for the
achievement of cosmetically adequate results.
We suggest also the maximum care in
positioning the prosthesis in the cranial
defect, since implant dislodgement is possible
in more than 3% of cranial reconstructions [9].

Undoubtedly, for a better cosmetic result the
cranial reconstruction should be made with
custom-made prosthesis.

Conclusions

From this review of the literature, it seems
well established that CPL is a surgical
procedure affected by high rate of
complications. Risks for complications may
derive from surgery timing, inadequate
prosthetic material, concurrent CSF
abnormalities or systemic diseases.

Nevertheless, CPL is too often considered an
easy and routine surgical procedure,
occasionally performed by surgeons not very
skilled with cranial reconstruction, and
without the supervision of an experienced
surgeon. This may cause a suboptimal
surgical management, increasing the risk for
complications and possibly conditioning the
cosmetic result, especially with materials such
as acrylic resin or autologous bone. Indeed,
cranial reconstruction is a delicate type of
operation that should be carried out with

29

Cranioplasty

meticulous surgical technique, not
underestimating in patients their general
health state, neurological conditions, and
head skin integrity around the cranial defect.
Only with the careful evaluation of risk
factors for failure, and substantial surgical
experience, CPL morbidity and complications
may be reduced.

Abbreviations

Cranioplasty -CPL; Cerebro-spinal fluid- CSF;
Computed Tomography-CT

Learning Points

e Cranioplasty is too often considered a
routine surgical procedure, with low
risks, while indeed is a challenging
operation, with high rate of complications

e Complications from Cranioplasty are
believed more frequent with alloplastic
materials, while indeed a high rate of
complications is possible also with
autologous bone

e Since Cranioplasty is considered an easy
surgical procedure, it is performed often
by surgeons not skilled with cranial
reconstruction, and this may rise the rate
of complications, including also poor
cosmetic results
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