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Abstract

Decompressive craniectomy in people suffering from head injuries have been performed since the early twentieth century. At first 
they were performed in both hemispheres and today it is usually performed in the affected hemisphere. Although it is usually the last 
measure to be taken by neurosurgeons due to the strong risk it entails at the functional level, its practice is still necessary for some 
patients.

Sometimes patients have a comminute cerebral fracture so it is very difficult to re-implant the intact skull after the indicated pe-
riod, when edematous symptoms are reduced and it is necessary to resort to other grafts.

This paper presents the results of two patients with TBI after performing a cranioplasty and subsequent incorporation into a neu-
ropsychological rehabilitation program for one year (cognitive stimulation and interfamilial-intercultural groups) in a rehabilitation 
service. An improvement was observed in different neuropsychological parameters, being an indicator that cranioplasty improved 
cerebral blood flow and cortical atrophy. Likewise, the findings suggest that after 6 months, the brain organization has already oc-
curred and no further improvements are obtained in the parameters and neuropsychological measures studies.
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Abbreviations
MCA: Middle Cerebral Artery; AVBD: Basic Activities of Daily Liv-
ing; CD: Decompressive Craniectomy; EDTC: Transcranial Doppler 
Ultrasound; HTIC: Intracranial Hypertension; TBI: Head Trauma; 
RESCUEIcp: Randomized Evaluation of Surgery with Craniectomy 
for Uncontrollable Elevation of Intracranial Pressure 2016

Introduction
Neuropsychological alterations of acquired brain damage

Within the clinical neuropsychology, the different aspects that 
may be affected in acquired brain damage are studied with the aim 
of establishing an adequate treatment plan. The most frequently 
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altered domains in these cases are memory, attentional processes, 
and executive functions. 

The prefrontal cortex is the brain region where the most com-
plex and evolved cognitive functions of the human being are locat-
ed, and it is attributed an essential role in activities as important as 
creativity, the execution of complex activities, the development of 
formal operations of thought, social behavior, decision-making and 
ethical and moral judgment [1,2]. Executive functions are defined 
as a set of skills that are involved in the generation, supervision, 
regulation, execution and readjustment of appropriate behaviors 
to achieve complex objectives, especially those that are novel to 
the individual and that require a creative solution [3]. Sholberg 
and Mateer [4] consider executive functions to encompass a num-
ber of cognitive processes, including anticipation, choice of goals, 
planning, behavior selection, self-regulation, self-monitoring, and 
feedback. 

The brain damage that occurs when there is a TCE is diffuse and 
does not only involve a focal injury. Hence, we are not only talking 
about an impairment of memory or an aphasic picture if it covers 
the temporal lobe, but also involved pathways of connection with 
other brain regions.

As for specific damage to the left hemisphere, Kolb and Wishaw 
[5] have identified eight symptoms associated with temporal lobe 
injuries: 1) alterations in sensation, perception and hearing; 2) al-
terations of the selective attention of the auditory and visual input; 
3) alterations in visual perception; 4) alterations in the organiza-
tion and classification of verbal material; 5) alteration in verbal 
comprehension; 6) long-term memory impairment; 7) personality 
changes, affective disorders and clinical paranoid onset; 8) altered 
sexual behavior.

The temporal lobes are involved in the primary organization of 
sensory input [6]. Individuals with temporal lobe lesions have dif-
ficulty naming and classifying by category. Left temporal lesions al-
ter the knowledge of words and are associated with memory skills. 
Left temporal injuries have also been associated with memory 
alterations of non-verbal material, such as music and drawings. 
Damage to the temporal lobe can have dramatic effects on an in-
dividual's personality, with increased sexual behavior [7] or caus-
ing language disorders (aphasias) and inability to perceive objects 
(agnosias). Temporal lobe epilepsy has been associated with lan-

guage disturbances (persevering speech), paranoia and aggressive 
behaviors [8]. 

As for damage to the right hemisphere, there is usually a pre-
dominance in alterations of spatial functions and attention [9].

What is a decompressive craniectomy and why are they per-
formed?

It is a surgical procedure whose main medical indications are: 
a) intracranial hypertension secondary to ischemic or hemorrhagic 
stroke (mainly in malignant infarcts of the arteria cerebral media 
or less frequently, in ischemic lesions of the posterior fossa); b) 
post-traumatic intracranial hypertension (as a second-level mea-
sure when previous treatments for the control of intracranial pres-
sure fail or in patients requiring urgent surgery, usually for evacu-
ation of blood collection); c) uncontrollable cerebral edema after 
a scheduled craniectomy. Surgery is usually the last of the treat-
ments for the control of post-traumatic refractory HTIC.

There are two prospective, randomized, multicenter, controlled 
studies on the benefits of decompressive craniectomy in post-
traumatic brain injury. Cooper., et al. [10] conducted the DECRA 
study between 2002 and 2010 to test how it improves functional 
prognosis in patients with refractory intracranial hypertension fol-
lowing post-traumatic injury. The sample consisted of 155 patients 
from 15 hospitals in Australia, New Zealand and Saudi Arabia, aged 
between 15 and 59 years. Patients who maintained HF pressures 
greater than 20 mmHg after 72 hours were randomly divided into 
two groups: a) hypothermia and/or barbiturate coma; b) surgical 
group: bifront parietotemporal decompressive craniectomy. The 
results were negative: although in the surgical group the HTIC 
and the stay in the ICU decreased, at 6 months the mortality rates 
were similar in both groups and the degree of severe disability was 
worse in the group of the patients operated on, so craniectomy was 
associated with a more unfavorable functional prognosis.

In the RESCUEIcp Trial [11], researchers included 400 patients 
from the Cambridge Department of Neurosurgery who had in-
tracranial pressure above 25 mmHg for 12 hours despite the ap-
plication of first and second level measures. They were randomly 
divided into two groups: 1) usual medical treatment; 2) Surgical 
treatment, which consisted of unilateral front temporoparietal 
decompression. Lower mortality rates were observed in the surgi-
cally operated group but associated with higher levels of disability.
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Cranioplasty and clinical implications

Cranioplasty, or posterior cranial reconstruction is a technique 
dating back to the ancient Incas in Peru (2000 BC.C.), who used 
gold plates to camouflage a frontal defect as a result of trepana-
tion [12]. It was from the work of Kocher [13] in the early twen-
tieth century that the use of this surgical procedure spread. The 
goal of performing a cranioplasty is to protect the underlying brain, 
restore aesthetics, prevent brain atrophy, and reduce the risk of 
secondary seizures. The time elapsed between decompressive cra-
niectomy and the decision to perform a cranioplasty is a controver-
sial issue [14-16] due to the appearance of medical complications 
in this type of intervention.

Winkler., et al. [17] found in a study with 12 subjects an increase 
in the uptake of 18-fluoro-deoxy-glucose (18-FDG), a marker of cel-
lular glycidic metabolism, of 12% and 4%, in the sick and healthy 
hemispheres, respectively, after performing cranioplasty. They also 
found that the asymmetry between hemispheres in the uptake of 
18-FDG decreased from 35 to 28% after surgery, and correlated it 
with their clinical findings: 10 of the 12 PET performed demon-
strated an improvement in perfusion, and in all these cases a clini-
cal improvement was observed. Table 1 shows other studies with 
similar findings.

Authors Number of 
Patients

Image 
mode Conclusion

Suzuki., et 
al. [18] 6 TCP

Increase between 2 and 20% 
on sick and healthy side 

respectively

Won., et al. 
[19] 27 TCP

Increase from 39.1 to 44.7 
ml/100g/s and from 42.9 to 
47.2 ml/100gr/s on the sick 

and healthy sides respectively

Paredes., et 
al. [20]

49 TCP

Increase from 101.86 to 
117.17 ML/100gr/s and from 
128.14 to 145.73 ml/100gr/sg 
on the sick and healthy sides 

respectively

Table 1: Studies on cranioplasty and cerebral perfusion.

Erdogan., et al. [21] found in a study with 18 patients that all 
ipsilateral defect velocities measured by EDTC were significantly 
lower, while they were close to normal values on the healthy side. 
These low speeds increased to normal levels after plasty. Table 2 
shows studies in this regard.

Aim of the Study
The present study aims to: a) demonstrate whether cranio-

plasty is associated with improvements in cognitive abilities in two 
patients after the implantation of heterologous plasty; and b) to 
check whether neuropsychological rehabilitation after cranioplas-
ty improves cognitive functioning 6 months after surgery.

Materials and Methods
Participants
Patient 1 (left TCE)

A 38-year-old male who in October 2016 suffered a TCE in his 
left hemisphere (Figure 1). Craniotomy is performed for evacua-
tion of acute hemorrhagic and subdural contusion. Replacement 
of bone flap per month, which had to be removed for E. coli infec-
tion. He presented bursting in the left temporal lobe with bleed-
ing at multiple points towards the subdural space, left parietal and 
frontal hemorrhagic bruises. Decompressive craniectomy with 
Duragen-covered open dura mater. A year later, heterologous cra-
nioplasty is performed.

Patient 2 (right TCE)

A 31-year-old male with no relevant history. TCE in the right 
hemisphere after motorcycle accident with acute subdural hema-
toma, subsequent right hemispheric hematoma, which required 
craniectomy, leaving residual osseous defect. Glasgow of 15, brad-
ypsychia, left 4/5 hemiparesis. Cranial bone defect in sunken right 
convexity, without scar abnormalities. Heterologous cranioplasty 
one year after decompressive craniectomy (Figure 2 and 3). Re-
opening of right fronto-parieto-temporal incision. Gallia dissec-

Authors Number of 
patients Conclusion

Winkler., et al. [17] 13 Increased velocity of Arteria 
Cerebral Media after surgery

Won., et al. [18] 27
Slowing down in both Arteria 

Cerebral Media and Arteria Ce-
rebral Izquierda after surgery

Paredes., et al. 
[20] 47

Increase Lindegaard index vari-
ation on the sick side of patients 
who will improve. This variation 

disappears after surgery.

Table 2: Studies on cranioplasty and transcranial Doppler  
ultrasound.
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Figure 2: Patient with right TCE.

Figure 4: The right fronto-temporal encephalomalacica  
encephalomalacica.

Figure 1: Patient with left TCE.

tion and temporary muscle flap. Placement of custom plasty and 
fixation with plates and screws. Temporary m. flap anchorage to 
osteosynthesis plates. Cranial CT showed right fronto-temporal en-
cephalomalacica lesion and pale nucleus encephalomalácica attrib-
utable to a superficial and deep infarction in right MCA (Figure 4).

Evaluation tools

Clinical evaluation through initial interview and battery of neu-
ropsychological tests composed of the following instruments:

Figure 3: Cranioplasty on the right side.

Trail making test [22]

Neuropsychological test that evaluates different cognitive func-
tions, including attention, psychomotor speed and cognitive flex-
ibility. It consists of two parts: part A, in which it is intended to con-
nect, by means of lines and consecutively, 25 numbers distributed 
randomly on a sheet; and part B, in which the connection has to 
follow the same logic but joining numbers and letters alternately. 
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WMS-III. Wechsler memory scale (Subtest Word List I and II) 
[23]

It is an individual application scale that evaluates different am-
nesic abilities. It can be applied between 16 years and 89 years and 
11 months and has scales for spanish population. The word list 
subtest values immediate and deferred memory, pending learning 
and recognition of a list of words presented aurally.

Mini mental state examination MMSE [24]

It is a screening test widely used internationally to measure cog-
nitive decline. It has a score scale ranging from 0-30 points in which 
scores below 26 are susceptible to possible cognitive decline.

 Barcelona-revised test [25]

Neuropsychological scanning battery that assesses cognitive 
status. It includes a wide number of cognitive functions, such as 
language, orientation, attention, memory, reading, writing, praxis, 
recognition, memory and abstraction. The following tests were 
selected to evaluate memory: Naming by visual confrontation of 
sheets, objects and body parts; categorial evocation of animals and 
evocation of words beginning with P.

Complex king-osterrieth figure [26]

It allows to evaluate the perceptual organization and also the 
visual memory in the people. It was originally used in individu-
als with brain injury, but has also subsequently been shown to be 
useful in the evaluation of cognitive functions in the non-lesional 
population. Consta of two phases: copy and memory playback.

Frontal assessment battery FAB [27]

Instrument that allows to evaluate the executive functions lo-
cated in the frontal lobes quickly. It consists of 6 tests correspond-
ing to each specific cognitive or behavioral domain related to the 
frontal lobes (conceptualization, mental flexibility, programming 
and motor planning, inhibitory control, sensitivity to interference 
and impulsivity. The maximum score is 18 and is obtained from the 
sum of each of its 6 tests, which are scored between 0 and 3. 

Beck depression inventory, BDI-II [28]

Spanish version. Scale of 21 items with response 0 to 3 points 
and score range of 0-63 that measures depressive symptomatology. 
Its internal consistency for psychiatric and non-psychiatric popula-
tions is α=.76 and α=.95 respectively.

Treatment
Neuropsychological intervention models

During the cycle of sessions that the 2 patients received, the 
attention intervention programs of Sohlberg and Matter, 2001 
(working focused, sustained, selective, divided attention), declara-
tive memory, the executive functions components of Sohlber and 
Matter were included. and the different executive functions of Pro-
fessor Tirapu that has been supporting his research (Muñoz and 
Tirapu, 2004) (working memory proposed by Baddeley, cognitive 
flexibility, decision-making, process speed). They also completed 
naming and comprehension language tasks, along with abstrac-
tion tasks. All the activities were carried out with pencil and paper 
activities and some computer support to carry out the tasks that 
were most relevant in each of the patients. Within an approach 
where we do not forget social cognition, and the intervention from 
interfamily and intercultural groups that we carry out in the Reha-
bilitation service to address acquired brain damage (Espinosa and 
Monteagudo 2020). Systemic family therapy was also performed. 
We do not forget the application of strategies and self-instructions 
to carry out mainly attentional tasks.

We follow the principles of Sohlberg and Mateer for a rehabilita-
tion program, which guide the selection process of tasks and inter-
vention strategies:

• Use a treatment based on a theoretical model.

• Use hierarchically organized tasks.

• Give the opportunity to repeat the tasks.

• Decisions about treatment should be based on the data ob-
tained from the evaluation of the patient.

• Facilitate generalization from the beginning of treatment.

• Be flexible and adapt therapy to each patient (Ríos., et al. 
2007).

Results
Patient 1

The first patient presented a moderate design syndrome, with 
altered episodic memory, language (mixed aphasia) and depressive 
symptomatology without reaching diagnostic criteria of major de-
pressive disorder. The changes observed after cranioplasty togeth-
er with neuropsychological rehabilitation sessions were as follows: 

• In memory tasks there was an improvement in retention 
percentage (75% compared to 25% before cranioplasty).
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• In terms of recognition tasks, the patient obtained a scalar 
score of 3 in the initial evaluation. Tras the surgical interven-
tion improved 3 points and after completing the neuropsy-
chological rehabilitation managed to place himself in a scalar 
score of 11.

• There was an improvement in executive functions (go-no go 
tasks and similarities), keeping phonetic creep slightly al-
tered (18 versus 26 words). 

• While in cognitive parameters, the patient presented or a 
considerable improvement, the level of functionality in their 
basic activities of daily living remained compromised, re-
quiring some supervision from a family member. The main 
cognitive sequel was its ability to categorize and abstract.

Patient 2

He was diagnosed with a dyssejecutive syndrome prior to cra-
nioplasty, with main involvement in working memory, premotor 
series, go-no-go tasks and conflicting instructions. He had a level 
of mild depression (score of 13 in BDI) at the beginning of cogni-
tive treatment, with autolytic ideation without structured plan and 
mild hemiplegia (which forced him to make a lateralization change 
for writing).

After cranioplasty and together with neuropsychological reha-
bilitation sessions, changes were observed in: a) working memory, 
being able to perform 6 correct steps in the TMT-B (cuando at the 
beginning of treatment was impracticable);b) significant improve-
ment in phonetic creep (words by P and categorial evocations of 
animals), going from 12 to 22 words and from 19 to 31, respec-
tively; c) the visuoconstructive praxis measured with the Complex 
Figure of King were within the normality after surgical and cog-
nitive treatment; and d) at the clinical level, depressive symptom-
atology and autolytic ideation disappeared (score of 2 in BDI). The 
patient's functionality was more satisfactory, being able to perform 
BVBD and instruments autonomously. We cannot say that the pa-
tient recovered his premobid level, but he only showed a more sat-
isfactory functional evolution, despite presenting spasticity in the 
left upper extremity and some difficulty in gait. 

Discussion
After plasty there is a slight acceleration in the recovery of 

certain cognitive processes, which stabilize and reach their ceil-
ing after a few months. It has been observed that after joint treat-

ment (surgical and neuropsychological) there is an increase in the 
perception of personal self-efficacy. Cranioplasty produces clinical 
benefits beyond mere protection and aesthetic improvement, in 
the same line of other studies [17-20] that report an objective im-
provement of 40% and subjective improvement of 56%in these pa-
tients. According to these results, it can be said that executive func-
tions improve when neuropsychological rehabilitation sessions are 
incorporated together with cranioplasty, in addition to decreasing 
the comorbid depressive symptomatology. 

Conclusion
Neuropsychological rehabilitation is a global treatment that 

not only includes pencil and paper exercises (brain training), but 
also needs to include experiences that have an ecological validity 
and thus achieve transfer of what has been learned to the patient's 
natural environment. That is why, from the Rehabilitation service 
of our hospital, we not only include these exercises, but we also 
work with interfamily groups to promote coping and generate a 
better overall patient that prepares them for their normal daily 
life. It is also included, within the therapeutic approach, sessions 
of systemic family therapy to favor the processes of differentiation 
after an AD.

Craniopathy is necessary and it is advisable to complement it 
with neuropsychological rehabilitation. In the two patients we 
have seen and presented in this study, a rapid evolution was ob-
served after thelastia craniop (an aspect that probably has to do 
with the increase in cerebral irrigation). Although, after a certain 
time, certain parameters stabilized and its performance decreased 
slightly. There are other cognitive aspects that improved consider-
ably. 

It is interesting to note that patient 2, his apparent damage 
being more severe, his functional recovery was more prominent, 
requiring less supervision after discharge. This may be because 
left-handed people could develop skills that correspond to differ-
ent hemispheres, making them less vulnerable to injuries from a 
dominant hemisphere, as some authors claim [29-34].

To conclude, we believe that the different health specialties 
(neurology, neurosurgery, physical medicine and rehabilitation, 
clinical psychology...), should work in an interdisciplinary way so 
that patients can be recipients of what research brings from the 
different disciplines.
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