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ABSTRACT

Background: Modern technical capabilities have made minimally invasive surgery increasingly popular. Small
incisions can reduce surgical duration and the degree of tissue trauma, which reduces the risk of complications.
Burr hole microsurgery is a relatively new minimally invasive technique used in neurosurgery. The objective of
this study was to assess the feasibility and outcomes of using burr hole microsurgery for the management of
intracranial lesions.
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Levan Teymurazovich Methods: Forty-four adults were treated with burr hole microsurgery. Patients were divided into groups according
to the presence of (1) brain tumors (n = 20); (2) congenital brain cysts (n = 16); (3) cavernous angiomas (n = 3);
and (4) neurovascular conflicts of the 5% cranial nerve (n = 5). All surgical interventions were performed using
the “MARI” device.
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Conclusion: Burr hole microsurgery can treat different intracranial lesions effectively. Despite a smaller
craniotomy diameter of 11-14 mm compared with keyhole approaches, surgery was successful.
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INTRODUCTION

Minimally invasive brain surgery is possible throughout advances in modern neurosurgery.
The past century was marked by the emergence of innovative solutions, such as an operating
microscope and updated endoscopic systems, which predetermined the rapid development
of small incisions and microsurgery in general. The progressive introduction of “keyhole”
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incisions in clinical practice was due to Perneczky, a pioneer
in endoscopic and minimally invasive microsurgery.”!!
These approaches should be carried out within a 2.5 x 3.0
cm craniotomy. The main criteria for minimally invasive
approaches are safety, in relation to functionally significant
areas of the brain and vascular structures, the intervention
speed, and whether the craniotomy affects the surgery’s
radicality. For a long time, minimally invasive intracranial
surgery was associated only with neuroendoscopy.
Endoscopy has several disadvantages over microsurgical
techniques, such as an inability to ensure surgery radicality,
deep structure manipulation safety, and, in the sequel,
adequate hemostasis. Often, endoscopy allows only minor
interventions to be performed, such as perforation of the
arachnoid membranes, triventriculostomy, biopsy, and
removal of tumors in the ventricular system fluid.*10141517)

The MARI device, which was introduced into practical
neurosurgery by Pitskhelauri, has made it possible to
define new approaches to microsurgery. The MARI device
provides the same control capabilities as an operating
microscope, where the surgeon’s hands are free from
adjusting the microscope and the optical field settings during
manipulation.™ Under the control of the MARI device and
Zeiss microscopes with various modifications, it is possible
to perform microsurgery using standard trephination (burr
hole) approaches with a diameter of 10-14 mm. Therefore,
this technique provides a narrow, safe surgical corridor
for radical interventions in case of deep brain lesions. All
manipulations are feasible when combined with standard
microsurgical instruments. The technique was presented by
the author as “burr hole microsurgery,” which corresponds to
all aspects of minimally invasive surgery.!'?

In this paper, we present our own experience with burr hole
surgery in treating patients with a heterogeneous group
of pathologies: intracranial tumors, brain cavernomas,
congenital intracranial cysts, and neurovascular conflicts in
cranial nerves.

MATERIALS AND METHODS

From January 2019 to November 2019 in our medical
center, 44 surgical interventions were performed using the
burr hole technique. The age of patients ranged from 25 to
68 years (median, 46 + 1 year). Patients were divided into
the following surgical groups: (1) brain tumors (n = 20,
45%); (2) congenital brain cysts (n = 16, 37%); (3) cavernous
angiomas (n = 3, 7%); and (4) neurovascular conflicts of the
5% cranial nerve (n =5, 11%) [Table 1].

The inclusion criteria were as follows: (1) intracranial
tumors (including metastatic lesions), except for convex and
subcortically localized tumors of >2 cm, skull base tumors,
and and insular and brainstem lesions; (2) symptomatic
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hemispheric cavernous angiomas, except for convex
cavernomas; (3) symptomatic congenital cysts in different
brain regions; and (4) trigeminal neuralgia and magnetic
resonance positive forms of neurovascular conflict.

Operating room equipment and instrumentation

Surgery was performed using an OPMI® Pentero® 800
microscope (Zeiss, Germany). In the entire series, surgery
was performed using the MARI device. In some cases (9%),
a neuronavigation system (BrainLab, Germany) was used if
it was necessary to perform open biopsy on various parts of
the tumor. Microsurgical sets were presented by standard
bayonet instrumentation (i.e., bipolar cautery, tumor
grasping forceps, microdissectors, microscissors, and suction
tubes with adjustable aspiration intensities and diameters of
2.5, 3.5, and 4.5 mm [Aesculap, Germany]).

Burr hole technique

The patient was positioned on the operating table, in
accordance with common neurosurgical standards, which
were determined by localization of the pathological process.
In this series, the sitting position was not used. Skin incisions
were linear or C shaped with a 3-4 cm diameter. The
“bone stage” was performed using a craniotome (Aesculap,
Germany). The skull window diameter varied from 11 to
14 mm depending on the specific craniotome nozzle used
[Figure 1a]. In cases of intracranial tumors and cavernomas,
a standard 14 mm window was used [Figure 1b]. Arachnoid
cyst fenestrations and the microvascular decompression of
the roots of the 5" cranial nerves were performed through
a bone window measuring 11 mm (i.e., a mini burr hole;
Figure. 1c and d].

After craniotomy, a cone-shaped extension of the internal
cortical bone around the trephination window was
performed using Kerrison-type bone nippers so that the
bone window’s internal diameter increased to 15-18 mm
depending on the initial trephination window size (11 or
14 mm). After opening with a pointed mini scalpel, the
dura mater was sutured along the edge of the trephination
with 5/0 threads. In the bulk of cases, an X-shaped dural
opening was performed, except for parasagittal and
retrosigmoid approaches, where a C-shaped incision was
used.

At the end of the main stage of surgery, the dura mater was
sutured at its central department with one node using the
aforementioned suture material. The dura mater was sealed
by applying the TachoComb® (Takeda Austria GmbH)
surgical sponge or the hemostatic sponge with fibrin glue.
The trephination window was closed using a 20 mm titanium
CranioFix” clamp (Aesculap, Germany). The skin incision
was sutured with 3/0 thread and an atraumatic needle.
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Table 1: Distribution of patients operated using burr hole technique.
Type of lesion/localization ~ Histological type/grade (WHO) Variant of surgery Count of patients
Brain tumors Removal Biopsy 20
Cerebral hemispheric mass lesions
Frontal lobe G-1V, G-IV, G-IV 3 - 5
Mts 1 -
PCNSL - 1
Temporal lobe G-I, G-1I, G-1I 3 - 3
Parietal lobe G-1V, G-1V 2 - 3
Mts 1 -
Occipital lobe G-IV 1 - 1
Midline and deep localized brain tumors
Corpus callosum G-IV - 1 2
PCNSL - 1
Lateral ventricles G-11, G-1I, G-I 3 - 3
Third ventricle G-I 1 - 1
Basal ganglia G-IV, G-IV 1 1 2
Congenital brain cysts Fenestration Third ventriculostomy 16
Anterior cranial fossa Arachnoid 1 - 2
Ependymal (heterotopic) 1 -
Middle cranial fossa Arachnoid 9 - 9
Posterior cranial fossa Arachnoid 1 - 1
Hemispheric Arachnoid 1 -
Neuroglia 1 - 2
Intraventricular Ependymal 2 2
Cavernous malformations Removal
Temporal lobe Cavernous angioma 2
Parietal lobe Cavernous angioma 1
Trigeminal neuralgia MVD 5
Mts: Metastasis, PCNSL: Primary central nervous system lymphoma, MVD: Microvascular decompression, G: Grade of tumor

Surgical treatment

Forty-four surgical interventions were performed using
the burr hole technique. To remove intracerebral tumors
[Figures 2 and 3] in 16 patients and an open biopsy in
4 patients, a transhemispheric transcortical approach
was performed. Intracranial masses were divided into
three groups in accordance with the maximal size in
centimeters: (1) up to 2 cm; (2) 2-4 cm; and (3) 4-6 cm.
Tumors >6 cm were not observed. Preference was given
to the transgyral approach because of the reduced risk
of sulcal vein convexity and regional artery damage. In
rare cases, mainly near the parasagittal region, it was
necessary to conduct arachnoid dissection to mobilize
the main veins, with their subsequent abstraction from
the operative corridor. In cases of planned surgery near

functionally significant areas and large tracts, the approach
and surgical corridor trajectory were calculated to achieve
the safest option, taking into account the shortest path
to the target. Intracerebral masses were removed using
standard techniques for intratumoral decompression and
tumor aspiration. All brain tumor surgical approaches
were performed within 14 mm. Thanks to the use of tumor
microforceps and tumor micronippers, it was possible to
achieve radical tumor removal.

Aspiration tubes with diameters of 3.5-4.5 mm allow
visualization of the surgical field in different modes and
removal of low-density portions of tumors. Hemostasis in the
bed of removed tumors was performed using surgical gauze.
In rare cases, after removal of hypervascularized tumors and
tumors with a swallowed parenchyma with severe venous
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Figure 1: Variety of approaches and devices. (a) General view of craniotomy cutters 11 and 14 mm. (b) standard burr hole approach 14 mm.
(c and d) - Mini burr hole approach 11 mm.

Figure 2: Removal of glioblastoma of the right hemisphere with spreading into the corpus callosum, through the transcortical approach.
(a) The type of planned skin incision. (b and ¢) MRI before surgery. (d) 3D CT reconstruction of the skull after surgery. (e and f) MRI control
on the 1% day after surgery.
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Figure 3: Removal of colloid cyst of the third ventricle. (a) supine position for precoronal burr hole approach. (b and ¢) MRI before surgery.
(d) 3D CT reconstruction of the skull after surgery. (e and f) MRI on the 3™ day after surgery.

hypertension, when standard parenchymal hemostasis was
difficult, composite fibrin—gelatin complexes were used.

All patients with intracranial congenital cysts underwent
surgery for severe cephalalgic syndrome (an average of 7
points on the VAS). Patients participated in >1.5 years of
follow-up during the preoperative period, during which
they consulted with a neurologist and were examined by
an optometrist and a neuropsychiatrist. The surgical group
consisted exclusively of patients with symptomatic congenital
cysts who noted no positive effects from conservative therapy.
The presence of a mass effect and impaired cerebrospinal
fluid dynamics, according to fast imaging employing steady-
state acquisition (FIESTA) magnetic resonance imaging
(MRI) (i.e., phase-contrast MRI with pulse synchronization),
was noted in all 16 surgical cases. In these cases, surgery
was performed within a diameter of 11-12 mm using small
milling cutters.

Depending on the cysts’ topographical and anatomical
characteristics, and the involvement of spaces significant
for CSF flow (e.g., skull base cisterns and ventricular
system of the brain), the following types of fenestration
were performed: (1) cystocisternostomy (n = 12) for
cysts involving the skull base, when it was possible to
conduct a wide fenestration with drainage of the cyst
into a large cistern; (2) cystoventriculostomy (n = 2)
in cases of hemispheric cysts, when it was necessary to
drain the cyst into the ventricular system; (3) ventriculo-
cysto-cisternostomy (n = 2), where cyst fenestration was

performed after ventricular access with simultaneous
microsurgical third ventriculostomy.

Cyst fenestration was performed using standard microsurgical
instruments, mainly with an acute approach. During surgery
on brain cysts, in conditions of small access, suction tubes
with a small diameter (~2.5 mm) were used, since adequate
manipulation of two instruments simultaneously was difficult.
In two cases of intraventricular lesions with occlusive
hydrocephalus, microsurgical third ventriculostomies
were performed. In all arachnoid cyst cases, there was high
cerebrospinal fluid pressure after the cystic membrane was
opened. Intraoperative biopsies and histological examinations
were performed in 100% of patients. The biopsy material was
a shell of the arachnoid cyst or a portion of the cystic tissue in
cases of intracerebral cysts. After fenestration, closure of the
dura mater and bone window was carried out using a similar
approach to that used in brain tumor surgery.

Burr hole surgery was carried out in patients with cavernous
angiomas in the temporal lobe and neurovascular conflict
in the roots of the 5" cranial nerve [Figure 4]. Symptomatic
cavernomas presented in the projection of the inferior
temporal sulcus with signs of subacute hemorrhage and
a fusiform gyrus in the left hemisphere. Microvascular
decompression of the 5" cranial nerves was performed
using a retrosigmoid approach to reach the upper floor of
the posterior cranial fossa. In three cases, an arterial vessel
caused neurovascular interaction. In two cases, venous
compression was detected.
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Figure 4: Microvascular decompression of the left trigeminal nerve. (a) The patient is positioned in a park bench. (b) The short line of skin
incision for left-sided retrosigmoid burr hole approach. (c) Left 5% nerve after decompression (compression of 5* nerve by the anterior
inferior cerebellar artery). (d) CT image after mini burr hole craniotomy. (e) View of Titanium CranioFix® after burr hole closure. (f) 3D CT

reconstruction of the skull after surgery.

RESULTS

Forty-four patients underwent burr hole microsurgery.
Twenty patients with intracranial mass lesions underwent
surgery. A transhemispheric transcortical approach was
performed to remove 16 tumors (80%), while tumor
biopsies were performed in 2 patients (10%). A parasagittal
interhemispheric tumor biopsy was performed on 2 patients
(10%) with primary central nervous system lymphoma and
malignant glioma of the corpus callosum.

In tumor removal cases, a high radicality and total removal
were observed in 62.5% of patients where the tumor size
reached up to 4 cm. Subtotal tumor removal was achieved
in 25% of patients, mainly with large tumors, while partial
tumor removal was achieved in 12.5% of patients. The
postoperative hospital stay was 5-9 days. Difliculty in
achieving hemostasis due to narrow access was not noted in
our study.

In all patients with congenital cysts, cephalalgic syndrome
regression was noted (in 75% of patients with 0 points on
the VAS and in 25% of patients with 2-3 points on the VAS).
In patients with cavernous angiomas, complete regression
of paroxysmal symptoms occurred. Repeated seizures in
the postoperative period were not observed in patients with
prophylactic antiepileptic drug use. The follow-up period in
this group of patients was 4-6 months.

Patients with trigeminal neuralgia noted symptomatic
regression without functional impairment in sensitivity. The
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surgical duration, from the beginning of the skin incision to
suturing closure, was within 30-180 min (median, 75 min).
The shortest surgical duration was observed in patients with
arachnoid cysts in the brain. The longest surgical duration
was observed in patients with intracerebral tumors of >4 cm.
Postoperative cerebrospinal fluid leakage was not observed.
Postoperative mortality was also not noted.

Complications

Hemorrhagic complications were observed in one patient
with hydrocephalus due to occlusion in the oral part of the
cerebral aqueduct. After microsurgical third ventriculostomy,
an ipsilateral subdural hematoma was noted in postoperative
images. In this patient, during dynamic observation, the
hematoma regressed, and repeated intervention was not
required. Postoperative cerebrospinal fluid leakage was not
observed. No fatalities were reported.

DISCUSSION

Minimally invasive microsurgery is a progressive solution
for treating patients with various intracranial pathologies.
Minimally invasive methods in neurosurgical practice
underwent positive changes with the advent of modern
endoscopic devices and high-resolution microscopes.” Deep
cerebral structures, such as the third ventricle, pineal region,
insular lobe, and brainstem, can now be safely subjected
to surgery.> In recent decades, the keyhole approach
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in neurosurgery has been used widely to treat various
intracranial pathologies.”® Practical data related to the
keyhole approach have several undeniable advantages over
standard trephination, which are associated mainly with low
tissue traumatization and high cosmetic effect. It should be
noted that microsurgical and endoscopic minimally invasive
approaches are difficult and require a substantial degree of
surgical experience.["**]

Burr hole microsurgery is a recent trend in minimally
invasive intracranial surgery.'>* While maintaining high
surgery radicality and reducing surgical duration, the
method is performed with a craniotomy size of no more
than 14 mm and in the absence of retractor systems. In
combination with modern microscopes and the MARI
device, it is possible to conduct surgery on the deep
structures of the brain. Previously, this was difficult due to
the restriction of the optical corridor. Thus, these types of
surgery required a significantly longer surgical duration and
could increase the risk posed to patients. Furthermore, a
small encephalotomy and the size of the dura mater defect
make it possible to complete the main stage of surgery
quickly and efficiently.

In all patients with intracranial tumors, the resection
radicality remains high, which provides a positive view
of this technique. The most commonly used transcortical
approach is associated with minor trauma to associative and
commissural fibers close to functionally significant areas of
the brain.[*'¢l

Full fenestration of cysts was performed through 11 mm
access. No cases required conversion to a standard
craniotomy or endoscopic assistance. Microsurgical third
ventriculostomy makes it possible to solve liquorodynamic
problems associated with intraventricular invasion.
Regarding to neurovascular conflicts and cavernomas, the
technique allows the possibility of small access on vascular
formations with different complexities of arachnoid
dissection in the projection of arteries and veins.

At this stage, due to the short observation period, the small
sample size of 44 patients, and the heterogeneity of lesions
examined, we did not conduct a comparative analysis with
standard microsurgery.

As experience is gained, we hope to conduct a deeper analysis
of the method and present it in future publications.

CONCLUSION

The minimally invasive burr hole approach can provide
high-quality surgery to treat various types of intracranial
lesion. Despite the small craniotomy diameter (11-14
mm) compared with keyhole approaches, surgery was
successful.
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