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O R I G I N A L  A R T I C L E

develops, the local and global brain hemodynamic and 
perfusion might be negatively influenced. In this study, 
the authors describe two patients showing a clear clinical 
improvement following skull defect repair as well as a 
clear clinical deterioration after cranioplasty removal 
due to infectious complications.

MATERIALS AND METHODS

This report describes two patients, selected in a group 
of 20  patients who suffered closed head injury and 
subsequently underwent decompressive craniectomy 
followed later on by cranioplasty. These two patients 
had to undergo synthetic flap removal due to infectious 
complications.

All patients were studied by brain perfusion computed 
tomography (CT) scan 1 week before and 6 weeks after 
cranioplasty as well as by trans‑cranial Doppler which was 
performed also 24 weeks afterwards. Clinical, functional 
and cognitive status was assessed by Glasgow outcome 
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INTRODUCTION

Currently, recommendations for cranioplasty following 
decompressive craniectomy include brain protection and 
cosmetic reasons.[1‑5]

Recently, however, some studies indicated that 
cranioplasty may improve patients functional and 
cognitive status due to a possible positive influence on 
brain hemodynamic and perfusion.[1‑3,6‑16]

Because of the protective and stabilizing effects of a rigid 
skull, it seems logical to think that once a skull defect 
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Results: These two patients, who represent  (not intentionally) two case control, showed a real clinical and cerebral 
perfusion improvement following repair of the skull defect followed by obvious clinical worsening after the skull flap had 
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brain hemodynamic and perfusion.
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scale, frontal assessment battery and mini‑mental state 
examination 1 week before, and 6 and 24 weeks after 
cranioplasty. The two patients being the subject of this 
report were also clinically and radiologically evaluated 
after cranioplasty removal.

RESULTS

A global clinical improvement was recorded in these two 
patients following repair of the skull defect. However, 
these two patients had to undergo later on  (at 8 and 
10  weeks, respectively) to removal of the bone flap 
because of local infection resistant to antibiotics. Within 
3 and 5 days, respectively, following removal of the flap 
it was noted that both patients developed a noticeable 
clinical deterioration; in addition we found very 
interesting that their cerebral perfusion (that improved 
after flap replacement), deteriorated following flap 
removal. Clinical outcome and investigations of these 
two patients are summarized in Tables 1‑3.

DISCUSSION

Patients with severe traumatic brain injury often need 
decompressive craniectomy to treat raised Intracranial 
pressure (ICP) not responsive to common medical 
management (i.e., raising of the head of the bed, osmotic 
diuretics, etc.). Current indications for replacement of the 
bone flap remain brain protection and cosmetic reasons.[1,2,4,5]

Recently, many studies have documented that 
cranioplasty seems to bear a positive influence on 
cerebral hemodynamic and metabolism; other studies 
have shown that early cranioplasty would limit 
complications as hydrocephaly and epilepsy and improve 
neurological outcome allowing faster recovery.[1‑6,11,13,14,16] 
We feel that the relevance of our report is based on the 
fact that the two cases that involuntarily represent two 
case control; as mentioned, these two patients requiring 
removal of the flap due to antibiotic resistant infection 
had enjoyed clinical and neurological improvement 
following bone flap replacement and suffered noticeable 
deterioration following the removal [see also Tables 1‑3 
as well as Figures  1‑3]. This view coincides with 
Yamaura,[4] who in 1977, reported that 30% of patients 
with depressed scalp flap (due to lack of a piece of the 
skull) causing obvious brain indentation improved 
after cranioplasty. Similar results have been widely 
described in literature. Sakamoto et al.[10] studied the 
syndrome of the sinking flap (SSSF), described as one 
of the causes of new neurological worsening after a large 
craniectomy, using dynamic xenon CT scan to evaluate 
cerebral blood flow (CBF). Although, the mechanism 
of SSSF remains still speculative, they felt it to be the 
results of the combined effects of atmospheric pressure, 
cerebrospinal fluid, and CBF changes.[17] The study of 
Sakamoto showed clear improvement of CBF in the 
SSSF following defect repair. Additionally and although, 
the physiopathology is still not fully understood, there 

Table 1: Cerebral perfusion outcome by computed tomography of the two patients in the affected hemisphere
Patient 1 Patient 2

CBV ml/100 mg CBF ml/100 mg/min CBV ml/100 mg CBF ml/100 mg/min
Frontal

Pre‑cranioplasty 5.55 69 4.65 62

Post‑cranioplasty 6.23 75.23 6.75 71.11

Post‑cranioplasty ablation 5.63 68 4.68 61

Parietal

Pre‑cranioplasty 6.79 59.27 5.99 59.27

Post‑cranioplasty 7.21 68.01 6.51 65.01

Post‑cranioplasty ablation 6.85 60.2 6.12 61.2

Occipital

Pre‑cranioplasty 6.27 55.87 5.17 59.81

Post‑cranioplasty 7.01 75.21 6.95 71.12

Post‑cranioplatsy ablation 6.02 63.40 5.10 61.45

Temporal

Pre‑cranioplasty 2.90 31.89 4.95 45.08

Post‑cranioplasty 2.87 34.59 6.21 48.79

Post‑cranioplatsy ablation 2.81 32.01 4.67 45.05

BG

Pre‑cranioplasty 5.07 56.08 4.89 55.21

Post‑cranioplasty 5.01 55.85 4.72 54.75

Post‑cranioplasty ablation 5.03 55.99 4.93 55.32

CBV – Cerebral blood volume; CBF – Cerebral blood flow; BG – Basal ganglia
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Table 2: Trans‑cranial Doppler parameters/results
Patient 1 (left cranioplasty)
Monitoring of vital constants

Pre‑cranioplasty MBP=120 mmHg HR=86 B/M

Post‑cranioplasty MBP=100 mmHg HR=80 B/M

Post‑cranioplasty ablation MBP=90 mmHg HR=78 B/M

R‑MCA (cm/s)

Pre‑cranioplasty S60 D30 Ip: 1.33

Post‑cranioplasty S70 D35 Ip: 1.34

Post‑cranioplasty ablation S85 D50 Ip: 1.30

L‑MCA (cm/s)

Pre‑cranioplasty S55 D15 Ip: 1.27

Post‑cranioplasty S70 D20 Ip: 1.55

Post‑cranioplasty ablation S58 D22 Ip 1.35

R‑ICA (cm/s)

Pre‑cranioplasty S60 D20 Ip: 1.5

Post‑cranioplasty S80 D50 Ip: 1.23

Post‑cranioplasty ablation S60 D30 Ip 1.3

L‑ICA (cm/s)

Pre‑cranioplasty S70 D30 Ip: 1.4

Post‑cranioplasty S90 D10 Ip: 1.5

Post‑cranioplasty ablation S78 D38 Ip 1.3

Patient 2 (left cranioplasty)
Monitoring of vital constants

Pre‑cranioplasty MBP=95 mmHg HR=82 B/M

Post‑cranioplasty MBP=80 mmHg HR=69 B/M

Post‑cranioplasty ablation MBP=120 mmHg HR=80 B/M

R‑MCA (cm/s)

Pre‑cranioplasty S80 D45 Ip: 1.28

Post‑cranioplasty S100 D45 Ip: 1.37

Post‑cranioplasty ablation S60 D30 Ip: 1.33

L‑MCA (cm/s)

Pre‑cranioplasty S50 D20 Ip: 1.42

Post‑cranioplasty S70 D45 Ip: 1.33

Post‑cranioplasty ablation S50 D15 Ip: 1.25

R‑ICA (cm/s)

Pre‑cranioplasty S60 D30 Ip: 1.3

Post‑cranioplasty S60 D30 Ip: 1.33

Post‑cranioplasty ablation S60 D35 Ip: 1.38

L‑ICA (cm/s)

Pre‑cranioplasty S70 D40 Ip: 1.27

Post‑cranioplasty S100 D45 Ip: 1.37

Post‑cranioplasty ablation S50 D20 Ip: 1.42

R‑MCA – Right middle cerebral artery; L‑MCA – Left middle cerebral artery; 
R‑ICA – Right internal carotid artery; L‑ICA – Left internal carotid artery; HR – Heart 
rate; MBP – Mean blood pressure; S – Systolic; D – Diastolic

Figure 1: (Patient 1) Brain computed tomography perfusion scan of right and 
left temporal area before left cranioplasty

Figure 2: (Patient 1) Brain computed tomography perfusion scan of right and 
left temporal area after left cranioplasty showing a clear global perfusion 
improvement in the affected hemisphere as well as in the opposite side 
comparing to prior skull reconstruction

Figure  3:  (Patient 1) Brain computed tomography perfusion scan of right 
and left temporal area after left cranioplasty removal showing a clear global 
brain perfusion deterioration in the affected hemisphere as well as in the 
opposite side

is general acceptation that cranial reconstruction 
is useful for not only cerebral protection but also 
for improving the functional and neuro‑cognitive 
outcomes.[18] These clinical data are supported by animal 
models as reported by Schaller et  al.;[15] in fact, after 
performing a hemicraniectomy in rats Schaller found a 
clear reduction of cerebral metabolism of normal brain 
tissue. In addition, it was also highlighted the higher 

susceptibility of oxygen metabolism to perfusional 
disturbances by documenting the reduction of cerebral 
metabolic rate of oxygen  (CMRO) to be larger than 
that of cerebral metabolic rate (CMR). Another very 
relevant feature to be considered is that the extracranial 
internal carotid artery flow is a global parameter of 
the brain perfusion; on the other hand, the middle 
cerebral artery (MCA) flow is representative of a large 
yet distinct cortical area. This means that MCA flow 
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changes are markedly influenced by the location of the 
skull defect. Because of this, we speculate that patients 
who still retain auto‑regulation of CBF also retain, 
following cranioplasty, of re‑establishing a normal local 
and global brain hemodynamic and perfusion. Data of 
the present study showed how cranial reconstruction 
after decompressive craniectomy might improve 
local and global cerebral perfusion and clinical and 
neuro‑cognitive status; this concept is also supported 
by the fact that removal of the flap worsened all the 
measurement parameters. It seems rather evident 
that cranioplasty, in these two patients, not only 
re‑established brain protection but also was associated 
with a significant functional and hemodynamic 
recovery; on the other hand, these two patients, showed 
a deterioration of clinical, cognitive and brain perfusion 
parameters as soon as the bone flap was removed again.

CONCLUSION

The current report suggests that cranioplasty following 
traumatic head injury may improve the clinical status 
by ameliorating brain hemodynamic and perfusion; this 
is pointed by the fact that the two patients who had to 
have the flap removed immediately regressed. At this 
point, because of the small number of patients in the 
study further multi‑center and larger trials are required 
to support our hypothesis.

Table 3: Clinical outcome
Patient 1 Patient 2

GOS Pre‑cranioplasty 4/5 Pre‑cranioplasty 3/5

Post‑cranioplasty 5/5 Post‑cranioplasty 4/5

Post‑removal 5/5 Post‑removal 3/5

MMSE Pre‑cranioplasty 23/30 Pre‑cranioplasty 19/30

Post‑cranioplasty 30/30 Post‑cranioplasty 23/30

Post‑removal 25/30 Post‑removal 22/30

FAB Pre‑cranioplasty 16/18 Pre‑cranioplasty 12/18

Post‑cranioplasty 18/18 Post‑cranioplasty 14/18

Post‑removal 16/18 Post‑removal 14/18

Symptoms 
and signs

Pre‑cranioplasty: 
Dysphasia

Pre‑cranioplasty: Severe 
dysphasia and R dense 
hemiparesis

Post‑cranioplasty: 
Normal

Post‑cranioplasty: 
Dysphasia, able to walk 
and cope independently

Post‑removal: Light 
dysphasia

Post‑removal: Severe 
dysphasia and R dense 
hemiparesis

GOS – Glasgow outcome scale; FAB – Frontal assessment battery; 
MMSE – Mini‑mental state examination
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