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Objective : Dural substitutes have been widely used in decompressive craniectomy to prevent adhesion, and have significantly reduced 
blood loss and operation time. However, there are only limited studies providing information regarding detailed techniques and the 
specific operation time that is associated with good prognoses. In this study, we evaluate the effectiveness of using a dural substitute as an 
anti-adhesive material during cranioplasty, focusing on technical details and operation time from incision to bone closure.

Methods : A retrospectively reviewed total of 66 patients were included who underwent a craniectomy and subsequent cranioplasty 
caused by either a severe traumatic brain injury (n=35) or malignant infarction (n=31). The patients were divided into two groups 
depending on whether Neuro-Patch was used or not (31 in the Neuro-Patch group, 35 in the non-Neuro-Patch group). Propensity score 
matching was used to minimize the differences. Associated morbidities as well as operation time, and blood loss were analyzed and 
compared between the two groups.

Results : To prevent adhesion, Neuro-Patch was placed as an onlay, enough to cover the surrounding skull at least 1 cm beyond the 
bone edges. A small piece was also placed over the temporalis muscle during the craniectomy. A step-by-step dissection was performed 
to minimize retraction-related injury during the subsequent cranioplasty. The mean estimated blood loss was significantly lower in the 
Neuro-Patch group (54.6±34.9 vs. 149.0±70.8 mL, p<0.001) and the mean time from incision to bone closure in the Neuro-Patch group 
was 40.8±14.3 minutes, which was significantly lower than in the non-Neuro-Patch group (91.5±38.2 minutes) as well. For each analysis 
of complications, the differences were not significant, however, the overall complication rate was significantly lower in the Neuro-Patch 
group (9.7%) than in the non-Neuro-Patch group (42.9%).

Conclusion : Neuro-Patch can be used safely and effectively as an anti-adhesive substitute during cranioplasty. To improve clinical 
outcomes as well as intraoperative parameters including the time from incision to bone closure, planned placement of Neuro-Patch during 
craniectomy and the step-by-step dissection during cranioplasty is important. 
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INTRODUCTION

Decompressive craniectomy and subsequent cranioplasty are 
the basic neurosurgical procedures widely performed to treat 
severe traumatic brain injury (TBI) or malignant infarction2,20). 
Besides the large bone flap, wide opening of the dura is crucial 
in lowering the intracranial pressure13). In this process, multiple 
adhesions on the dura, temporalis muscle, and galea inevitably 
develop making the subsequent cranioplasty difficult. These 
adhesions can cause cranioplasty-related morbidities including 
infection, cerebrospinal f luid (CSF) leak, cosmetic problems 
caused by temporalis muscle injury, intra-axial hematoma, and 
extra-axial hematoma, which can occasionally necessitate re-
operation3,8,9,18). Different craniectomy techniques have been re-
ported that use various dural substitutes as anti-adhesive mate-
rials in an attempt to reduce the morbidity associated with 
subsequent cranioplasty, with most concluding that dural sub-
stitutes can lead to reduced blood loss and overall operation 
time during cranioplasty6,11,15,16). However, few studies are avail-
able for operation time from incision to bone f lap closure, 
which reflect the key time for complete dissection and bleeding 
control during cranioplasty. Additionally, a detailed descrip-
tion of step-by-step dissection during cranioplasty has been 
lacking in previous studies.

We have been using a double-layer technique during craniec-
tomy, using Lyoplant (B. Braun, Melsungen, Germany) to cover 
the brain surface and Neuro-Patch (B. Braun, Boulogne, 
France) as an anti-adhesive material. This study evaluates the 
efficacy of Neuro-Patch in cranioplasty by focusing on how to 
reduce the time from incision to bone flap closure and improv-

ing associated clinical outcomes.

MATERIALS AND METHODS

Study population
This study was approved by the Institutional Review Board of 

Chonnam National University Hospital (IRB No. BCRI20005), 
and informed consent was obtained from all individual partici-
pants or their families. We retrospectively reviewed 236 pa-
tients diagnosed with severe TBI or malignant infarction who 
were treated with subsequent cranioplasty following decom-
pressive craniectomy between January 2016 and December 
2021. We excluded patients treated with anti-adhesive materials 
other than Neuro-Patch, those using artificial bone or synthetic 
implants which may affect infection and confuse interpretation 
of outcomes, those with ambiguous medical records whether 
the Neuro-Patch was used or not, those with a small bone flap 
size of <15 cm, or those with previous infection or CSF leak. In 
total, 66 patients were included in this study. Baseline demo-
graphic data and intraoperative data were collected, which in-
cluded estimated blood loss, the interval between craniectomy 
and cranioplasty, and time from skin incision to bone flap clo-
sure, as well as total operation time. The blood loss was calcu-
lated as follows; [total amount of fluid in suction bottle (mL) – 
total amount of irrigation (mL)] + [total weight of used gauze 
(g) – total weight of gauze before use].

Treatments
All patients diagnosed with severe TBI, or malignant infarc-

Fig. 1. Intraoperative findings during craniectomy. A : The dura is opened in a stellate fashion to achieve maximal decompression. B : A Lyoplant (B. 
Braun, Melsungen, Germany) is placed to cover the brain surface underneath the dura. C : Finally, a large piece of Neuro-Patch is placed over the 
dura and the Lyoplant, separating the overlying temporalis muscle and galea at least 1 cm beyond the bone margin. Note that a small piece of Neuro-
Patch (asterisk) is applied between the galea and temporalis muscle.
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tion underwent a standard fronto-temporoparietal craniecto-
my with a bone flap size of >15 cm. The scalp and temporalis 
muscle were ref lected separately with interfascial dissection, 
not a single flap. Following craniotomy, the dura was opened in 
a stellate fashion extending to the bone margins (Fig. 1A) and 
the Lyoplant was placed so that it covered the exposed brain 
surface underneath the dura (Fig. 1B). Next, a large Neuro-
Patch was placed over the dura as an onlay graft separating the 
dura from the overlying temporalis muscle and galea at least 1 
cm beyond the bone margin. A small piece of Neuro-Patch was 
also applied between the galea and temporalis muscle (Fig. 1C). 
The subsequent cranioplasty was performed in two stages. 
First, the scalp flap was elevated, maintaining the galea-Neuro-
Patch plane, ensuring not to dissect between the Neuro-Patch 
and dura first (Fig. 2A). After the scalp flap was fully retracted, 
the small piece of Neuro-Patch covering the temporalis muscle 
was carefully dissected and removed (Fig. 2B). Second, the tem-
poralis muscle was fully dissected from the underlying Neuro-
Patch (Fig. 2C) before the Neuro-Patch was finally removed by 
sharply dissecting it from the underlying dura (Fig. 2D). The 

schema of the operating procedure is described in Fig. 3. Any 
dural tears or defects were carefully inspected and restored 
with small pieces of Lyoplant. Finally, after the meticulous 
bleeding control, the autologous bone flap was closed with tita-
nium screws and plates. 

Outcomes and data analysis
Follow-up computed tomography (CT) scans were per-

formed immediately after cranioplasty, then after 7 days, after 3 
months, and finally after 1 year. Perioperative complications 
were reviewed, which included CSF leak, infection, and intra- 
and extra-axial hematomas. CSF leak was indicated as epidural 
and subgaleal fluid collection documented on the postoperative 
CT scans or persistent drainage of clear fluid into the drain bag. 
To assess clinical outcomes, pre- and post-cranioplasty modi-
fied Rankin scales (mRSs) were ascertained at discharge and at 
the final follow-up based on a chart review and the previous 
clinical follow-ups. All statistical analyses were performed us-
ing IBM SPSS Statistics software (SPSS, Chicago, IL, USA). To 
minimize the differences in baseline clinical characteristics be-

Fig. 2. Intraoperative findings during cranioplasty. A : The scalp is carefully elevated maintaining the galea-Neuro-Patch plane. B : After the scalp is 
fully retracted, a small piece of Neuro-Patch (asterisk) overlying the temporalis muscle is dissected and removed. C : The temporalis muscle is fully 
dissected from the underlying Neuro-Patch. D : Finally, a large piece of Neuro-Patch is removed by sharply dissecting it from the underlying dura.
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tween two groups, propensity score matching with caliper 
method was used before evaluating clinical outcomes. Propen-
sity score was estimated using logistic regression model that in-
cluded age, sex, primary neurologic insult, underlying diseases, 
thrombocytopenia, abnormal prothrombin time, activated 
partial thromboplastin time, interval between craniectomy to 
cranioplasty, pre-cranioplasty mRS, and follow-up period. This 
led to the formation of 19 pairs, total of 38 patients. Chi-
squared tests and Fisher’s exact tests were performed to com-
pare categorical variables between the Neuro-Patch group and 
the non-Neuro-Patch group, while a Student’s t-test was per-
formed to compare continuous variables. Fisher’s exact tests 
were performed to assess the effects of the Neuro-Patch on 
postoperative complications such as CSF leak, infection, intra- 
and extra-axial hematomas. p-values of <0.05 denoted statisti-
cal significance. 

RESULTS

Baseline characteristics
Of the 66 patients, 35 were treated for TBI and 31 for malig-

nant infarction. The mean age was 53.1±17.2 years, and the 
mean follow-up duration was 32.2±17.8 months. The patients 
were divided into two groups depending on whether Neuro-
Patch was used or not (31 in the Neuro-Patch group, 35 in the 
non-Neuro-Patch group). The baseline characteristics of the 
two groups are presented in Table 1. Age and sex did not differ 
significantly between the two groups. Also, the type of primary 
neurologic insult, underlying diseases including liver disease or 
diabetes mellitus, and bleeding tendencies did not differ signifi-
cantly between the two groups. The mean time from craniecto-
my to cranioplasty was 97.1±48.8 days in the Neuro-Patch 
group and 91.9±45.1 days in the non-Neuro-Patch group 
(p=0.655). There were no significant differences in the mean 
pre-cranioplasty mRS and mean follow-up period between the 
two groups. Propensity score matching yielded 38 patients (19 

Fig. 3. A : Schema of step-by-step dissection during cranioplasty. B :  First step 1. Scalp elevation between the galea and the underlying Neuro-Patch. 
C : Second step 2 and 3. Temporalis muscle dissection. D : Final step 4. Dissection and removal of a large piece of Neuro-Patch.
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patients in each group) for analysis. There were no significant 
intergroup differences in baseline characteristics between the 
matched pairs (Table 2).

Complications and clinical outcomes
Complications and clinical outcomes in the two groups fol-

lowing cranioplasty are presented in Table 3. The mean mRS 
change (last follow-up mRS – pre-cranioplasty mRS) was not 
significantly different between the two groups. Regarding in-
traoperative factors, the mean estimated blood loss (mL) was 
significantly less in the Neuro-Patch group than in the non-
Neuro-Patch group (54.6±34.9 vs. 149.0±70.8 mL, p<0.001). The 

Table 1. Baseline characteristics of the two groups with or without Neuro-Patch

Neuro-patch (n=31) Non-Neuro-patch (n=35) p-value

Age (years) 54.6±18.3 59.2±13.5 0.83

Sex 0.54

Male 25 (80.7) 26 (74.3)

Female 6 (19.3) 9 (25.7)

Primary neurologic insult 0.83

Malignant infarction 15 16

Severe traumatic brain injury 16 19

Underlying diseases 12 9

Liver disease 2 1 0.39

DM 10 8 0.60

Thrombocytopenia, abnormal PT/aPTT 1 2 1.0

Interval between craniectomy to cranioplasty (days) 97.1±48.8 91.9±45.1 0.66

Pre-mRS 3.9±1.0 3.9±1.1 0.96

Follow-up period (months) 32.8±15.0 31.7±20.2 0.32

Values are presented as mean±standard deviation or number (%). DM : diabetes mellitus, PT : prothrombin time, aPTT : activated partial thromboplastin 
time, mRS : modified Rankin scale 

Table 2. Propensity-matched baseline characteristics of the two groups with or without Neuro-Patch

Neuro-patch (n=19) Non-Neuro-patch (n=19) p-value

Age (years) 54.8±15.6 59.2±13.5 0.67

Sex 0.74

Male 13 (68.4) 26 (74.3)

Female 6 (31.6) 9 (25.7)

Primary neurologic insult 1.0

Malignant infarction 7 8

Severe traumatic brain injury 12 11

Underlying diseases 5 6

Liver disease 1 1 1.0

DM 4 5 1.0

Thrombocytopenia, abnormal PT/aPTT 1 0 1.0

Interval between craniectomy to cranioplasty (days) 99.3±52.3 88.4±7.4 0.47

Pre-cranioplasty mRS 4.0±1.0 3.8±1.1 0.78

Follow-up period (months) 32.6±16.9 34.7±25.4 0.66

Values are presented as mean±standard deviation or number (%). DM : diabetes mellitus, PT : prothrombin time, aPTT : activated partial thromboplastin 
time, mRS : modified Rankin scale 



 Efficacy of Neuropatch in Cranioplasty | Kim YS, et al.

365J Korean Neurosurg Soc 68 (3) : 360-368

mean total operation time was significantly lower in the Neuro-
Patch group than the non-Neuro-Patch group (114.0±29.5 vs. 
166.4±41.9 minutes, p<0.001), while the mean time from inci-
sion to bone closure was also lower in the Neuro-Patch group 
than the non-Neuro-Patch group (40.8±14.3 vs. 91.5±38.2 min-
utes, p<0.001). The overall incidence of any complication was 
30.3% (20/66 patients), and the incidence rate was significantly 
higher in the non-Neuro-Patch group than in the Neuro-Patch 
group (15/35, 42.9% vs. 6/31, 19.4%; p=0.018).

CSF leak occurred in 10 of the 66 patients (15.2%). The inci-
dence of CSF leak was 9.7% (three of 31 patients) in the Neuro-
Patch group and 20.0% (seven of 35 patients) in the non-Neuro-
Patch group. However, the difference was not significant 
(p=0.314). The overall incidence of infection was 6.1% (four of 
66 patients) comprising three epidural abscesses and one scalp 

infection. The rate of infection rates was 3.2% (one of 31 pa-
tients) in the Neuro-Patch group and 8.6% (three of 35 patients) 
in the non-Neuro-Patch group (p=0.241). Regarding intra-axial 
hematomas, including three temporal contusions and one fron-
tal contusion (6.1%, four of 66 patients), there were no signifi-
cant differences between the Neuro-Patch group (3.2%, one of 
31 patients) and the non-Neuro-Patch group (8.6%, three of 35 
patients). The incidence of extra-axial hematomas, which com-
prised three acute epidural hematomas (4.5%, three of 66 pa-
tients), was also not significantly different between the Neuro-
Patch group (3.2%, one of 31 patients) and the non-Neuro-Patch 
group (5.7%, two of 35 patients). Reoperation was necessary for 
four patients : one for scalp infection, two for epidural hemato-
mas, and one for a cosmetic problem caused by temporalis 
muscle atrophy. In propensity-matched clinical outcomes, esti-

Table 3. Clinical outcomes following cranioplasty with or without Neuro-Patch

Neuro-patch (n=31) Non-Neuro-patch (n=35) p-value

mRS change 0.0±0.0 -0.1±0.4 0.13

Estimated blood loss (mL) 54.6±34.9 149.0±70.8 <0.001*

Total operation time (minutes) 114.0±29.5 166.4±41.9 <0.001*

Time from incision to bone closure (minutes) 40.8±14.3 91.5±38.2 <0.001*

Complications 6 (19.4) 15 (42.9) 0.018*

CSF leak 3 (9.7) 7 (20.0) 0.31

Infection 1 (3.2) 3 (8.6) 0.24

Intra-axial hematoma 1 (3.2) 3 (8.6) 0.62

Extra-axial hematoma 1 (3.2) 2 (5.7) 1.0

Reoperation 0 (0.0) 4 (13.0) 0.12

Values are presented as mean±standard deviation or number (%). *p<0.05. mRS : modified Rankin scale, CSF : cerebrospinal fluid

Table 4. Propensity-matched clinical outcomes following cranioplasty with or without Neuro-Patch

Neuro-patch (n=19) Non-Neuro-patch (n=19) p-value

mRS change 0.0±0.0 0.0±0.0 -

Estimated blood loss (mL) 52.7±37.4 140.3±73.2 <0.001*

Total operation time (minutes) 116.3±32.6 155.8±40.0 <0.001*

Time from incision to bone closure (minutes) 42.1±15.0 81.8±35.0 <0.001*

Complications 3 (15.8) 11 (57.9) 0.017*

CSF leak 1 (5.3) 5 (26.3) 0.18

Infection 0 (0.0) 2 (10.5) 0.49

Intra-axial hematoma 1 (5.3) 3 (15.8) 0.60

Extra-axial hematoma 1 (5.3) 2 (10.5) 1.0

Reoperation 0 (0.0) 2 (10.5) 0.49

Values are presented as mean±standard deviation or number (%). *p<0.05. mRS : modified Rankin scale, CSF : cerebrospinal fluid
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mated blood less, total operation time, time form incision to 
bone closure, and rate of overall complications were also signif-
icantly less in the Neuropatch group than in the non-Neuro-
patch group (Table 4).

DISCUSSION 

The most time-consuming, but also the key step at the time 
of cranioplasty, is complete dissection between the galea, tem-
poralis muscle, and dura until the bone margin is fully ex-
posed. Multiple adhesions and scarring frequently develop be-
tween these structures, making dissection difficult. In this 
setting, dural substitutes act as an effective barrier to prevent 
adhesion and scar formation between the temporalis muscle, 
dura, and galea, thereby providing a comfortable dissection 
plane14).

Double-layer technique during the craniectomy might be su-
perior to the single-layer technique regarding decreased opera-
tion time and blood loss during cranioplasty as reported in sev-
eral literatures11,14,19). Complications in double-layer duroplasty 
including infection or extra-axial hematoma between the dural 
substitutes seems to be always risky following initial craniecto-
my.

In the Neuropatch group of this study, extra-axial fluid col-
lection including hematoma was developed in 12 patients 
(12/31, 38.7%) following craniectomy, however, most were treat-
ed conservatively and absorbed spontaneously during follow-
up period. Only one patient required reoperation for massive 
epidural hematoma following craniectomy in Neuropatch 
group (1/31, 0.3%). Wright et al.19) reported that there was no 
differences in complications requiring reoperation following 
craniectomy between single-layer and double layer group. 

In this study, the mean total operation time and estimated 
blood loss were significantly lower for patients in the Neuro-
Patch group (114.0±29.5 minutes) than in the non-Neuro-Patch 
group (166.4±41.9 minutes). These results are much better when 
compared with previously published double-layer tech-
niques10-12). Considering that the role of a dural substitute is to 
promote easy dissection and reduced blood loss, the total oper-
ation time may not truly reflect its advantages. Therefore, we 
also measured and analyzed the time from incision to bone 
closure, reflecting the time for complete dissection and bleed-
ing control. The mean time from incision to bone closure in the 

Neuro-Patch group was 40.8±14.3 minutes, which was less than 
half the mean time for the non-Neuro-Patch group (91.5±38.2 
minutes). Our better results can be attributed to the maximiza-
tion of the role of Neuro-Patch. Although placing a dural sub-
stitute during a craniectomy and dissecting the surrounding 
structures during cranioplasty seems relatively simple, however, 
planned placement and step-by-step dissection of the Neuro-
Patch is crucial to achieve the goal of reducing operation time 
and blood loss. Previous reports described the effects of Neuro-
Patch in cranioplasty, but none of them were available on the 
time for complete skin flap dissection including bleeding con-
trol and on the detailed techniques4,5).

Dense adhesion with thick scarring mainly occurs between 
the galea and dura around the bone edge. In most cases, signifi-
cant bleeding develops at the surrounding bone and dura 
around the bone edge, as seen in Fig. 2A and D. Another dense 
adhesion occurs between temporalis muscle and underlying 
dura. During cranioplasty, dissecting these sites often requires 
excessive retraction digitally or using large forceps, for a con-
siderable period of time. In this process, excessive retraction 
can lead to underlying brain injury especially in the frontal 
lobe and temporal lobe, where underlying dura is thin or dense 
adhesion exists, which are particularly vulnerable to retraction 
injuries as well as extra-axial hematoma. In this study, the inci-
dence of both intra-axial and extra-axial hematoma formation 
after cranioplasty was lower in the Neuro-Patch group than in 
the non-Neuro-Patch group, although the difference was not 
significant. Although intra-axial hematomas were treated con-
servatively, two patients in the non-Neuro-Patch group re-
quired reoperation for epidural hematoma.

In order to optimize the role of the Neuro-Patch during the 
operation, three key factors must be considered. First, during 
craniectomy, the Neuro-Patch should be placed from the epi-
dural space to the surrounding skull at least 1 cm beyond the 
bone edges of the craniectomy defect, as described in Fig. 1C. 
Second, even if the Neuro-Patch is effective in preventing adhe-
sion, significant adhesion can still develop between the Neuro-
Patch and the underlying dura. Therefore, when dissection be-
gins, the scalp f lap must be elevated from the underlying 
Neuro-Patch first, instead of dissecting between the scalp-Neu-
ro-Patch complex and the underlying dura first to avoid exces-
sive retraction of underlying brain or dural tearing.

Third, another dense adhesion develops at the site of the tem-
poralis muscle. Placing a small piece of Neuro-Patch over the 
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temporalis muscle during craniectomy can facilitate the clear 
dissection of muscle without bleeding and helps to minimize 
muscle injury leading to volume loss during the subsequent 
cranioplasty. So, it seems better to consider Neuropatch as an 
additional layer rather than an anti-adhesive material itself, and 
step by step dissection is important to minimize retraction-re-
lated injury.

Most studies have been reported that using dural substitutes 
during a craniectomy does not correlate with increased infec-
tion risk4,17). Similarly, in our analysis, the overall incidence of 
infection was 6.1% and the incidence did not differ significantly 
between the two groups. The incidence is rather lower in Neu-
ro-Patch group (3.2%, one of 31 patients) than in the non-Neu-
ro-Patch group (8.6%, three of 35 patients). Also, one patient in 
the non-Neuro-Patch group required reoperation due to a scalp 
infection. In fact, infection after cranioplasty is more complex 
and interacted with various factors such as long operation time, 
temporalis muscle resection, or subgaleal fluid collection rather 
than the use of a dural substitute itself7). Paradoxically, the anti-
adhesive role of dural substitutes in cranioplasty may have the 
advantage of preventing infections by reducing operation time 
and intraoperative bleeding. In this study, the Neuro-Patch as 
an anti-adhesive material did not increase the incidence of in-
fection at least.

CSF leak was more prevalent in the non-Neuro-Patch group 
(20.0%) than in the Neuro-Patch group (9.7%). All CSF leaks 
were managed conservatively without reoperation. Epidural or 
subgaleal fluid collection by CSF following cranioplasty is com-
monly observed on postoperative CT scans up to 41.8% and 
most CSF leaks can be treated conservatively8). However, even 
without a duroplasty at the time of craniectomy, the incidence 
of CSF leak has been reported low because severe brain injury 
accompanies with decreased CSF volume with brain atrophy1,4). 
This may explain why the most CSF leaks after cranioplasty 
may result from an iatrogenic injury during dissection not 
from initial duroplasty status. Moreover, in our double-layered 
technique (first-layer for duroplasty, second layer for anti-adhe-
sion), the exposed brain is fully covered by another dural sub-
stitute and remaining dura as described in Fig. 1B. Our results 
show that a Neuro-Patch can potentially prevent this iatrogenic 
injury, although the difference was not significant between the 
two groups. There were no significant differences between the 
groups when analyzing individual complications. However, the 
overall complication rate was significantly lower in the Neuro-

Patch group (9.7%) than in the non-Neuro-Patch group (42.9%).
The results of this study are limited by the small sample size 

and relatively short follow-up period. Although the double layer 
technique seems to be safe and effective during cranioplasty, 
most studies including this study were retrospective. So, future 
prospective studies need to be performed to investigate the safety 
of double layer technique compared to single layer technique at 
the time of initial craniectomy and to evaluate whether de-
creased operation time and blood loss during cranioplasty affect 
morbidities regarding infection, hematoma, and CSF leak. 

CONCLUSION

In this study, using a Neuro-Patch has been shown to reduce 
overall complications as well as the time from incision to bone 
closure and intraoperative bleeding. Considering that the pa-
tients who survive severe TBI or malignant infarction follow-
ing craniectomy often have functional dependency or medical 
problems already, every effort should be taken to avoid iatro-
genic injury-related morbidities by proper placement and step-
by-step dissection of a Neuro-Patch during surgery. 
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