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Objective: Despite the excellence and modernization in medicine and 
neurosurgery, many countries, including Greece, still lack neuronavigational 
techniques, or hospital budget to cover the neuronavigation expenses. 
Therefore, help in the craniotomy design is needed, not only to safely remove 
a superficial lesion but also to help cut the expenses of neuronavigation in 
cases of economic challenges. The current study aims to present a new simple 
technique for craniotomy design for superficial cortical lesions.
Materials and methods: The technique was applied as an urgent lifesaving 
method because of lacking frameless neuronavigation to 35 patients (19 males 
and 16 females) with superficial cortical lesions during a five-year period. This 
technique requires computer tomography (CT) scan, needle, and methylene 
blue dye. The patients were operated on at the neurosurgical department of 
Democritus University Hospital in Alexandroupolis, Greece.
Results: From those 35 individuals, 16 had brain metastases, six patients 
had meningioma, six patients had glioma tumor, two had an abscess, two 
patients had arteriovenous malformation (AVM) and three patients had brain 
hematoma. The lesion was completely resected in all the 35 patients without 
any complications from the craniotomy or the colorant dye infusion. The 
accuracy of the technique compared with the frameless neuronavigation of 
the literature was extremely high.
Conclusion: This is a simple and cheap technique for craniotomy design in 
case of superficial cortical lesions. It could be used in rural conditions or in 
hospitals with limited resources, as long as there is a computed tomography 
scan, craniotomy device and a dye stain.
Keywords: craniotomy; CT scan; rural conditions; design; superficial cortical 
lesion
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Introduction
Incision and craniotomy planning are crucial 

components in the field of neurosurgery. The primary 
target of the optimal craniotomy is to protect the 
underlying structures and anatomy while permitting the 
most optimal exposure of the lesion [1]. The lesion is the 
primary navigation to the used approach.

During the last few years, there has been a 
rapid development of technological aids designed to 
solve the issues as mentioned above. The following 
guidance techniques are indicatively referred to as 
neuronavigation. These techniques, which are currently 
available and provide very high accuracy, are still too 
expensive to obtain. Worldwide, numerous hospitals 
lack the equipment that would enable them to use the 
advantage gained from the implementation of these 
techniques.

The current study aims to present a new technique 
for the design of craniotomy for superficial lesions in 
rural conditions and the authors' experience with the 
utilization of this simple and easily applicable method.

Material and Methods
Surgical Technique
In order to identify cortical lesions, and thus, design 

a craniotomy, the author (T.B.) has developed the 
following simple technique. Each patient has a written 
consent for the performance of the technique, as well 
as for his personal data usage.

The leading indicator for the utilization of the 
technique is the detection of a small (<5cm) superficial 
lesion so that the precise design of the craniotomy could 
be achieved.

The requirements for employing the technique are 
simple and inexpensive materials, in a specific methylene 
blue solution, a needle and an insulin syringe. It is also 
required that the hospital has a computer tomography 
(CT) scanner and a craniotomy device.

The patient undergoes a CT scan of the brain initially. 
While he is lying in the scanner, we choose the image 
showing the largest diameter of the lesion. Then, the 
technician/ operator opens the laser of the machine, thus 
pointing it out to the location of the lesion on the skull.
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After that, the physician sterilizes the skull area 
and inserts a small needle of insulin in the theoretical 
centre of the lesion (or the location that he believes is 
the centre of the lesion). The needle remains pinned 
subcutaneously on the skull.

A second CT- scan is obtained with the needle wedged 
in the skin (theoretically in the centre of the lesion).

The physician repositions the needle if it is not in the 
centre so that it is located precisely in the centre of the 
lesion and obtains a repeated CT scan to ensure that it is.

When the surgeon is confident for the location of 
the needle, he marks its position on the skin (Figure 1).

After that, a tiny amount of methylene blue (0.5–1cc) 
is injected into the galea aponeurotica.

On the next day, the patient is taken into the 
operating room. We make the incision according to our 
mark at the most optimal location for lesion exposure 
and postoperative restoration process, trying to position 
it in the centre. After the skin flap has been restored, 
the surgeon detects the exact point of stained with 
methylene blue of the galea aponeurotica. This point is 

where the first keyhole is made. Thereafter, the drilling 
is made in a circle-wise way, so that the keyhole can 
remain in the centre (Figure 2).

Data Collection and Selection
This method was adopted in the department of 

neurosurgery at the University Hospital of Alexandroupolis 
for a period of five years (2005-2010). The patients 
were operated on as isolated cases in urgent need 
of navigation but lacking hospital resources. Each 
patient was informed for the procedure and possible 
complications and signed a written consent form. For 
the present study, the authors retrospectively collected 
the data from those cases.

The inclusion criteria included superficial lesions 
<5cm.

The technique was applied in 35 brain surgeries, 
involving 19 males and 16 females with an average age 
of 56.5 years. From those 35 individuals, 16 had brain 
metastases, 6 – meningioma, 6 – glioma tumor, 2 – 
abscesses, 2 – arteriovenous malformation (AVM) and 
3 – brain hematoma.

Figure 1. Preoperative craniotomy design. A - needed tools; B - CT scan showing 
the largest diameter of the lesion; C - CT scan with pinned needle.
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Figure 2. Surgical performance of the 
technique. A - Craniotomy performance;  
B - resected lesion; C - Postoperative x-ray

Results
Mean number of CT scans obtained during the 

preoperative navigation was 2.
The lesion of each participant was superficial so 

that it was identified macroscopically. Among the 
sample group (N= 35), 80% (28) of the incidents was 
associated with superficial cortical brain tumors with a 
diameter of approximately 3 cm. All the lesions were 
resected successfully with 100% success rate without 
any inaccurate resection.

In Figure 3 the localization of the lesions is depicted 
(18 parieto-occipital; 10 frontal; 7 tempo-occipital).

No complications were observed due to the 
subcutaneous injection of the dye (e.g. infection) or the 
craniotomy. The patients were lost for follow-up.

Figure 3. Results. A - Preoperative CT showing the lesion; B - Postoperative CT showing its resection.
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Discussion
Craniotomy is one of the most ancient procedures 

dating up to the Mayan [2]. The craniotomy as 
procedure, however, was structured for the first time 
by Hippocrates, who succeeded to review and constitute 
practice recommendations [3]. Despite of the wide use 
of craniotomy for the variety of skull injuries, it was not 
long ago when the craniotomy was first used for the 
removal of cortical lesion [3, 4].

The resection of the lesion was based on preoperative 
images, surgeon’s imagination and good knowledge of 
anatomy [5]. Craniotomies and surgical orientations 
were applied based on the preoperative images and 
anatomical landmarks. This was changed with the 
introduction of neuronavigation systems and stereotaxy. 
The surgical practice thereafter was easier and safer for 
the patients.

Currently, patient’s positioning and craniotomy 
design are fundamental for the neurosurgical practice 
of lesion resection. Patient’s positioning is also the 
fundamental part of the neuroanesthesiology. The most 
favorable head position is the one providing maximal 
exposure of the lesion at the shortest distance; and if 
possible, positioned in a way that the craniotomy would 
be parallel to the ground [6].

According to Clatterbuck et al. [7] there are five 
classical types of craniotomy approaches: frontal, 
temporal, parietal, occipital and one to the posterior fossa 
and six, according to the modern neurosurgery: anterior 
and posterior parasagittal, pterional, subtemporal, 
midline and lateral suboccipital. As mentioned earlier, 
the lesion defines the used approach.

The nowadays known methylene blue dye was 
initiated by Caro et.al. in the XIX century by replacing 
the p-phenylenediamine with N, N-dimethyl-p-
phenylenediamine [8, 9, 10]. Until now, the methylene 
blue is known with about 222 other names [10].

Its medical application began early with Paul Ehrlich 
in 1880 year, who discovered the staining properties of 
the methylene blue [11]. A few years later, Bodoni et.al. 
[12] found the “calming” opportunities of the dye without 
sharing very detailed information on the subject.

Currently, methylene blue is used mainly to treat 
methemoglobinemia, vasoplegic adrenaline-resistant 
shock, Alzheimer’s disease, pediatric malaria, priapism 
and to prevent urinary tract infections in advanced-age 
patients [10]. Moreover, it is widely used to do lymphatic 
mapping in cancer patients [13]. Long before that, it 
has been reported that MB injection could be used in 
attempt to find an arteriovenous malformation (AVM) 
in the intestines. Such study was reported by Fogler 
et.al. [14], where methylene blue injection was used 
as an intraoperative guide for the resection of AVMs in 
the small intestine. After this discovery, Gifford et.al. 
[15] used MB for mapping of the enteric hemorrhage. 
Similarly, Liu et al. [16] used MB to find the exact 
structure of a brain AVM.

Other applications include experimental works with 
animals and plants [10].

After the approval of the methylene blue or 
PROVAYBLUE® by the Food and Drug Administration 
(FDA), the latter approved other three dyes, based on 
the methylene blue formula: Evans Blue, Patent Blue 
and Trypan Blue [17]. Evans Blue was withdrawn for 

safety reasons, Trypan Blue (VisionBlue®) is used in 
ophthalmology and Patent Blue appeared to be the same 
as the methylene blue in lymphatic cancer mapping 
[18, 19].

Methylene b lue is a dye, used for year s 
in neurosurgery. Initially it was utilized to detect 
cerebrospinal fluid blockage and leakage [20, 21, 22]. 
Later, because of its indisputable help in cancer 
detection, it was used for the detection of glioma [23]. 
Others, such as Phelan and colleagues [24] used the 
methylene blue intraoperatively to detect the intracranial 
extent of the dermoid cysts, thus avoiding unnecessary 
craniotomy.

Watts et al. [25] tested the methylene blue dye in 
rats with mild traumatic brain injury (TBI). According 
to his study, the rats injected with the dye had smaller 
lesions. Moreover, Shen et.al. [26] found that MB had 
a protective role in vivo and in vitro for the blood-brain 
barrier and reduced the rate of apoptosis after TBI.

In a triple-blind randomized placebo-controlled 
study, Farrokhi et al. [27] found that methylene blue 
improves the postoperative low back pain, as well as 
the quality of life.

Lee et.al. [28] in a novel study found that MB has 
cytotoxic action in neuroblastoma and astrocytoma cells, 
thus, inhibiting the action of guanylyl cyclase. The latter 
is an enzyme that transforms guanosine triphosphate 
(GTP) to cyclic guanosine monophosphate (cGMP) and 
pyrophosphate.

Finally, Snuderl et al. [29] presented the use of MB in 
the field of perioperative neuro-oncology. In his attempt 
to achieve better intraoperative diagnosis, he took tissue 
samples from the tumors and “normal tissue” which 
should be resected and injected them with methylene 
blue. After a few minutes the samples were image 
recorded on the microscope. The images were similar 
to the ones obtained with a typical histopathological 
staining with eosin and hematoxylin.

However, to our knowledge, no study has reported 
its use for craniotomy design to date.

Nevertheless, this method cannot be applied to 
deep lesions, as no visual contact is feasible in this case. 
Furthermore, the size of lesions should not be smaller 
than 5 cm, because in that case the accuracy of the 
method could not be maintained at the desired level, 
due to the possible displacement of the skin (during the 
placement of the head in Mayfield).

Neuronavigation
The need of anatomical localization started gaining 

importance with the progress of understanding of spatial 
organization [30, 31]. The progress of imaging such as 
CT and magnetic resonance imaging (MRI) enhanced the 
knowledge of anatomical localization and the need for 
neuronavigation. Leksell [32] and Spiegel [33] improved 
further the precision of neurosurgery with the frame-
based navigation, until the frameless neuronavigation 
system emerged. The latter combines data from variety 
of modalities (MRI, functional MRI, diffusion tensor 
imaging (DTI), CT) reorganizing it into 3Dimensional 
(3D) images, in order to target a lesion located in any 
area within the nervous system. [31]

The frameless navigation systems are believed to 
be accurate as much as the frame-based navigation 
systems, targeting accuracy intraoperatively in the 
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range of two-three mm [34]. The mistakes of the 
frameless stereotactic navigation system either from the 
preoperative technique of probe tracking, or from the 
preoperative images (too old images or low quality) and 
their registration to the frameless navigation system.

As mentioned previously, the present technique had 
a quite high accuracy taking into consideration the fact 
that it was CT-guided infusion of MB. The images were 
taken a few hours before surgery and the surgeon, as 
well as the radiologist were present at the moment of 
their performance.

To our knowledge, this is the first study in the 
literature to present the use of MB as a cheap tool 
for neuronavigation. Even though technology and 
resources for healthcare are improving, many hospitals 
lack neuronavigation and resources. Therefore, the 
physicians should be able to still perform at their best 
despite the present challenges. Despite of its novelty, 
the study has a few limitations. The patients were 
enrolled during a long period of time and no follow up 
was available. The hospital covers a large area of the 
North – East Greece and many of the patients were lost 
due to their localization. Finally, the study sample was too 
heterogenous and insufficient to obtain any comparison 
for navigation accuracy.

Conclusion
The present technique is effortless and cheap, with 

sufficiently good precision for specific lesions. Therefore, 
the authors would like to introduce the above-described 
technique as it is a safe, easy and affordable method 
which can be widely used in hospitals that do not have 
the potential of using neuronavigation.
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